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20 Background
The stimulation of various cells of the body has been used to produce a number of

beneficial effects. One method of stimulation involves the use of electrodes to introduce
an externally generated signal into cells. One problem faced by electrode-based brain
stimulation techniques is the distributed nature of neurons responsible for a given mental
25  process. Conversely, different types of neurons reside close to one another such that only
certain cells in a given region of the brain are activated while performing a specific task.
Alternatively stated, not only do heterogeneous nerve tracts move in parallel through tight
spatial confines, but the cell bodies themselves may exist in mixed, sparsely embedded
configurations. This distributed manner of processing seems to defy the best attempts to
30  understand canonical order within the central nervous system (CNS), and makes
neuromodulation a difficult therapeutic endeavor. This architecture of the brain poses a
problem for electrode-based stimulation because electrodes are relatively indiscriminate
with regards to the underlying physiology of the neurons that they stimulate. Instead,

physical proximity of the electrode poles to the neuron is often the single largest



2 determning factor as to which neurons will be stinulated. Accordingly,

it is generally not feasible to absolutely restrict stinulation to a single
cl ass of wewpemssxilng el ectrodes. Anot her issue WRCTRISRIDS/04EE3 Of

el ectrodes for stinulation is that becadse el ectrode pl acenent dictates

whi ch neurons wll be stinulated, nmechanical stability is frequently
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excitabl e cel.ls include skelet.al scle, ..cardi nmuscl e, and endocri ne

cel | s?l%NeLﬁ’ngdgcrﬁ%sg%?ealb‘?”dtea‘geéioﬁ%gﬂl 10, of gadi O?é?cjﬁa]ism' t signals throughout the
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contractions), sensory responses (e.g., touch, hearing, and other senses)

and conputgimwatalargefeells imrrsspoaseto, light. akor insiansei lighd petiveradproteins cewher ol of
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i nvol ves the generation_of heat which can 25be %assed to cells of the body.
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i ncl udiong mdtbe cdritrod) (spomusaie cargratiionshgensmireresponses (e.g., touch, hearing, and
other senses) and computational functions (e.g., brain functions). Thus, the control of the
depolarization of cells can be beneficial for a number of different purposes, including (but
not limited to) psychological therapy, muscle control and sensory functions.
Optical-based stimulus, however, often involves the generation of heat which can
25  be passed to cells of the body. Heat affects both the function and the physical viability of
many cell types and may cause cell damage or death. In brain tissue, for example, the
threshold for cell death is generally about fifty-six degrees Celsius maintained for one
second, or fifty-two degrees for longer periods of time. Tissues held above forty-three
degrees Celsius for more than an hour or so may have their physiological processes
30  (including cell division) interrupted. Even more subtle elevations in temperature, above

the normal thirty-seven degrees Celsius, are thought to change metabolic processes

including affecting spontaneous firing rate.



WO 2009/ 155371PCT/ US2009/ 047703 3 Sunmary The clained invention is
directed to photosensitive bio-nolecular structures and rel ated net hods.
The presanod 200wispi7iion is exenplified in a nunber of i nplPEwAISREVIO®TTE3 5 and
appl i cations, sone of which are sunmari Zed bel ow. An enbodi nent of
the present invention is directed towards an optical delivery device for
delivering light to a patient. The device includes a |ight source for
producing light fromelectrical power. An optical transm ssion elenent is
made froma material that is substan%iallé transparent to the light from
the light source. This transm ssion 10substantially encases the
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t r ansni ssi sited wathads. fThe praserttieeniiap isseremplified i eurabeseé implamehiations
patient. A fjxat.ion portio sically.couples to the optical transm ssion
el ements an dsa %Ll(rzegls?n ’hq‘gmgeo\%i“f:hga{%ets e a%?dé{%h(.)w'A heat di ssi pation portion

renoves heat frAafeibedineat oDfbk peabnttinansioh fsdifdtel 36WadE Bh optitdl 8Bty ght

source and_di ssipates .the renoved heat through the fixation portion.
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are engineered I'n one or nore In vivo target cells. evice I's surgically

i mpl ant ed. is Shilsstabtially @anspatentesthaliphtghdm gedighe sduce. priaslttansngsdiorgélemésitom
ower, an optical .transm ssion e nmade 20frog;a mat eri al
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source at a proxinmal end and that is for deliverihg the light fromt
| i ght sourdemers faciliates ahplentng ef the rlamieonwithinta patienth s fixationypoctoapl ed to t he

optical tragnsm.ssion . elenqent far attachnent to the patient,. and a heat

051 pat | HSSGRES tHRIeS 1 DRpcRldstom RS AEment M GERrE e EYSEIT G of 25 ¢ he
optical trafsAl ¥6h& dRSPARM pdfien Fdhtoviel BEHt foatHhe Reapticl tiinshisRhe t he
renoved heat through the fixation portion. After inplantation, the |ight
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ar r angenmenginall@hghagetrcells 0 High.CBighpadtivard idMéetianfiEld bfd gircafed h ofiebd s f or
stinmulation in response to |ight generated ght-generation neans in

vivo. Sti rieEtR so fgetsellyediderise @cﬁua@&él.‘/ﬂﬁgmiegf eil“ghlﬂd&ﬂ% includeg a lightcr eased
neuronal fdofB%Aitbding R ght Hom WAL Yoler 3A b HRAIIREDA 4ElRnt made
20  from a material that is substantially transparent to the light from the light source, the
material having an elongated shape that substantially encases the light source at a
proximal end and that is for delivering the light from the light source to a distal end, a
fixation portion physically coupled to the optical transmission element for attachment to
the patient, and a heat dissipation portion to remove heat from near the optical coupling of
25  the optical transmission element and the light source and to dissipate the removed heat
through the fixation portion. After implantation, the light source is activated to stimulate
the target cells.
According to one example embodiment of the present invention, an implantable
arrangement is implemented having a light-generation device for generating light. The
30 arrangement also has a biological portion that modifies target cells for stimulation in
response to light generated by the light-generation means in vivo. Stimulation may be

manifested as either upregulation (e.g., increased neuronal firing activity), or




4 downregul ation (e.g., neuronal hyperpolarization, or alternatively,

chroni c depol arization) of activity at the target. According to

anot her axarepésiseirbodi mnent of the present invention, a RETRSA00H47703

i mpl emented for stinulating target cell$ using photosensitive proteins that
bind with the 5 target cells. The nmethod includes a step of inplanting the
phot osensitive proteins and a |ight generating device near the target

cel I s. Theddwgbgulgeme(eat, inegrodeMiyperpotarizetion; at eltereattyelyh ehiphivtdepelaszationp
protein stimlates he target cells in response to the generated |ight.
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involve, in a ne endgl neerin respon

produci ng @fls,in¢luding deyroas]skelstal, b@rdﬁhcsaubsih@oodlepmlsae cellt amhinsdlin- mrdmﬁgr on.
In one such nmethod, the protein is hal or hodopsin- baéed and j.n anot her
met hod Ot hePaBersatds PPtil gellgn Mwm dhisgasps with alﬁ%%eﬁf%tatwlarg ectorrcoupipgwsbds

cofactor. I?e%% cﬁﬁr %ﬁ es SRS a‘?ﬁ”%%f@bilﬁ [%5 P, Opfa}eﬁ%@ rd%@%&tlon

i nvention, a rret or co |ng acti n ’pot ent a’ néuron I nvol ves
the foll owindgclsitzegﬂuemmg |Ameerdmmy ahd pnesetnt irivghtiorr keess puoitityi i\nethq:)treettment afra t he

neur on; producin inre nse t.o |i n i nhi bitor urrent in the
neur on andw‘%Féﬂ‘? El?ﬁmg‘fg C@mm?légsgg nﬁ?noi@?‘??seégfb REEI S I second

l'i ght 1 espaRfhyysPitRSis ol dlaichs, ﬁﬁ%@&le@aﬁnpr oducing, in response to
light, an excitation 25current in the neuron fromthe second |ight

res pori§| ve protA¢oording to 0th¢nﬁxamptdmquan¢mwoff‘fb¢ pesentriotentiog racthedstfaye | evel
across a cell conpri ses. en |neer|or%8na first
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the cel|l nRAEpIRs RNENPHPPrUEEg ah Mlﬁ&ﬂp B&ert @ Hisgiiate aépoaaﬁzqaﬁaﬁ of the
wavel ength and using the first I1ght responsive protein, a current across

the cel I 3JBurmsnin anesudhancthed. thasprotedn ipdia Qdﬁ’éﬁﬁé)&%f@r?é’é iy anethefemetbod| .
The above fiélgnb lsambﬂglt&é,\}%g@}n Qﬁv‘v{%ngéoé}}d,"g%ﬂb?‘% {)%Et%pded to descri be each

illustrate ry 1 nplenen e present invention.
The fi2gures andAdtetding RchndeRe txphple BmbodiinehDofl thevpresere ip@ntiog ul racthyd for

exenplify ctoplggl?mg reltc)‘[(l)o(ilI pn(}%égtlsal of a neuron involves the following step: engineering a first
light responsive protein in the neuron; producing, in response to light, an inhibitory
current in the neuron and from the first light responsive protein; engineering a second
light responsive protein in the neuron; and producing, in response to light, an excitation
25  current in the neuron from the second light responsive protein.

In another method for controlling a voltage level across a cell membrane of a cell,
the method comprises: engineering a first light responsive protein in the cell; measuring
the voltage level across the cell membrane; and producing, in response to light of a first
wavelength and using the first light responsive protein, a current across the cell

30 membrane that is responsive to the measured voltage level.
The above summary of the present invention is not intended to describe each

illustrated embodiment or every implementation of the present invention. The figures and

detailed description that follow more particularly exemplify these embodiments.
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The invention nay be nore conpletely understood in consideration of the

det ai | ed WO=2009156370n of vari ous enbodi nents of the i nveRCIram2eMaas77mdl | ows
in connection with the acconpanyi ng drawiings, in which: 5FIG | A depicts an
i npl ant abl e devi ce as inplenented for deep-brain neuronodul ati on,
consistent with an enbodi nent of the present invention; FIG 1B
illustrates a detail ed vi ew BHiefDpaesiptiohefithoDaawimigs on ori entati on and

| ocation, consistent wth enbodi nents of th resent inventiop; .

FIG 2A depi ct sTRN¥eSI0g4RYY %m%@mh@@’@g&%{?@g}g BLepgsiegrapign Bﬂfhfl‘—_if)taél%rrent

for 10effi &is?ﬂ%tL&ﬁ ACLHYES b dih &S of Be %Jeﬁfi%?féai Uk MeormOFInSk@theW t h an

enbodi ment o e present | nvention; 2B depi cts an enbodi nent of
t he pr esendccompantingdraivmgshinohhieh:ongate structure is integrally fornmed to

the electronic tions;, FIG 2C.illystrates an e i pent, of the present
i nvent iSon in 1 epf%aﬁ@pﬁ%%lﬁa?w%%ﬁl ?et%eélrgégigf\gf : %e.,p'béalﬁleat

si nk/ mount gy REESation! EH4RESt Fithag3tibe8inkRaef B8 PradeRabventive; | ead;

FIGs. 3A and 3B depict an el ongate structure for controlljing light by

rotational movelténtlBotlustratesel dstraled aviest oflapassible iomhantajtoamrionfatipn and
enbodi nent, of..the present..i nveniion; F ad .3D show npbvenent of a
| i ght del i]ggartgpnsquﬁgfe&fgl%epﬁp ﬁ“%ef’?% &%ﬁ? r%%%?&ie%&’consi stent with an

enbodi nent of €. pRekPiths Anvishtatddtiucanéintegrally dduBled4o ah DED eeheghfor
delivery structure, consistent with an enbodjnment of th (gir esené i nventi on.
Wi | e Whe sfficiently deliviesng Hehidp Rdarget 10eation conmsient With ap smeodiment ek B8 nat i ve

forms, present invention;

FIG. 2B depicts an embodiment of the present invention in which elongate
structure is integrally formed to the electronic portions;

FIG. 2C illustrates an embodiment of the present invention in which, at the

15  proximal end of the device, a heat sink/mounting base surrounds a negative lead and a
positive lead;

FIGs. 3A and 3B depict an elongate structure for controlling light by rotational
movement of the elongate structure, consistent with an embodiment of the present
invention;

20 FIGs. 3C and 3D show movement of a light delivery structure within a fixation
portion, consistent with an embodiment of the present invention; and

FIG. 4 shows a light delivery structure, consistent with an embodiment of the
present invention.

While the invention is amenable to various modifications and alternative forms,

25  specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of
the invention.

30



25 specifics thereof have been shown by way of exanple in the draw ngs and
wi |l be described in detail. It should be understood, however, that the
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described. On the contrary, the intentién is to cover all nodifications,
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i nvention. WD 2009/ 155371PCT/ US2009/ 047703 6 Detail ed Description

The present invention is believeddtailsbDeseiptionf or facilitating practical

| icati f i et f.ph it i.Q- nol ecul I uct ur.es., d
The i nvent i on bk BEwR: OGRS CBRBAA P CreR " BEA EaeRER T @epljcaion ™
arr angenenis, M@ﬁﬁ%e&%}é B8 nMIddulf SirbdthRSE, add IR &Rton 'k bagefotad! 1 Ol

and stimul ati on, ding those using an optical transm ssion el enent
desi gned ftorbeipapicatarbytsuted fontis¢ i artaogemensemd metheds deghing witheellWetessari |y

limted to such a icatio various aspegts of the inveption may .

appr eci“at e %ﬁgﬁft%e&oggglzdﬁd&ﬁn’&?a%\?ﬁrlinglﬂ m&@?’?ﬁ Iuélggﬁgioﬁgéatl %ﬁagsq%%%@gxt . An
enbodi nment ¢|gheht iR siBh&BRPImplANENSA. OWNils tith presehenhvERivarisl forrbceyhrilgaimital i very
10device for delivering light to a patient. The device jncludes a |ight

sour ce f ortopndtapnliegtionsgyarious asneets of theiinentipn wmay. beappisgiafeddhroughasni ssi on
el ement is.nmade frema mteri A -] stantially transparent to the
| i ght fronq1§W§SIPI|18 aréogap%aerpf)]%}mé@%a{rl%%io%?eggi on el ement substantially

encases the |i ghh embbdigRnedf the preeitimlentionlis difeetet tawads asogtivabddiverit
delivers light fromthe light source to a distal end. The shape Ci’:md si ze of
the tri¥hsndeyigedpr delivpenglightita apaiienis dbe dadeemineivdes hghtsaurse g%ﬁ? Uitehi n a

patient. AR xat] agct{:i%{ltpg%r. PRY %iaﬁ\&;l]ernﬁﬁ%@&r?éleﬁlglﬁttipﬁlagp%ﬁ% mileRABMALSSi on
el enent and®secures the device to the patient. A heat dissipation portion
renoves hegtkubistamtialiyn eamsparenofpt the Hihttfroan ghei lipht soured. eftentramndssidreclemepit

source and di ssipates the renoved heat thro the fixati.on portion.
Anot her e_nfb‘B ky Braseh ed}%ggwcq %\?é’ﬁ?)f”&‘ﬁf%' ﬁﬁ"é@f‘%‘&@@%%&l‘?%
transm ssi MV@I@Q{%&%&&] thS1iPRLEurcl M &sBRESRT | Ble shBgd ardSsiadrthéfhdsalisston

transparent to t l'tght fromthe Iight source. This transm ssion el ement
subst ait i adléererfaabets implahfighef the elepentvithinprpakentalA BxationTegtiay ansni ssi on

el enent delivers light fromthe |ight source to di stal. end. . .The shape and
si ze of u@ﬁ%ﬁ%ﬁ%?ﬁ@?"i%ﬁ the 9 b@%tmf’%@fsﬂoflg[e&enlg %‘fsaeﬁ?rieﬁgleocgvgﬁéo tehl%emsnt

Wi thin a pafieRNtA héd dSiph@bmporiibh RRIVed hé Tom the@chr dptidal temb@ikshement can
be designed for fixation to the 25 person or animal under test/treatnent.

Li ght can dlemergland ghediizht soures ansk dissinagesdhe trovey hegs threugh the fixptiemperiphg
00 o e, Kk SIBRIGR o B LGRS, ke T L ol (150
preci 99, deepediamadd fromanhatetigsinthatds subd@ntially transparent to the light from the light

source. This transmission element substantially encases the light source at a proximal end.

The transmission element delivers light from the light source to a distal end. The shape

and size of the transmission element facilitates implanting of the element within a patient.

In certain implementations, the transmission element can be designed for fixation to the

25  person or animal under test/treatment.

Light can be delivered to targeted locations by optical fiber carrying light from an
external source, or by implanted light-emitting diode (LED). An optical fiber approach to
optogenetic stimulation, is well-suited to precise, deep-brain implantation, as the
cylindrical shape and narrow-diameter (for example 20 microns) permit stereotactic

30 insertion with minimal trauma to tissue, while assuring focused delivery of light at the
end of the fiber. Such an optical fiber approach uses a bulky, high-power-consumption,

heat-generating light source (for example a Xenon lamp with an optical coupling to the

fiber). Heat is generated not only by the light generation process, but also by the optical
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20 reflection of light when implanted within a patient. Total internal reflection occurs when
the angle of incidence of the light is sufficient relative to the critical angle above which
reflection occurs.
In an embodiment of the present invention, the transmission element is designed
to be maintained in a relatively rigid or unbending physical shape. This can be
25  particularly useful for designing the transmission element with respect to the total internal
reflection of light when implanted within a patient. For instance, fiber optic cable is often
specifically designed to allow for a maximum bending angle. This bending angle is
determined as a function of the optical properties of the core and the surrounding cladding.
Reducing or eliminating such bending from the transmission element relaxes the design
30  constraints, e.g., by effectively increasing the range of acceptable angles of incidence of
the light.
Some implementations use a transmission element that has a desired critical angle

that is defined by an interface between the transmission element and properties of internal
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heat-conductive section can be designed to dissipate heat away from the insertion point of

15  the transmission element. This can include dissipation of heat into the air, the
vascularized bone and/or soft tissue. Thermally-insulating material can be placed
between the thermally-conductive (heat-sink) section and the insertion point, thereby
mitigating heating of internal tissue.

The heat-conductive section can be designed with sufficient surface area to

20  dissipate the required amount of heat. The heat-conductive section can be designed from
a number of different conductive materials including, but not limited to, thermally-
conductive metals like copper. The surface area of the heat-conductive section can be
designed with porous material, fins or other aspects that help increase the surface area. In
a particular implementation, the heat-conductive section is insulated from external

25  environmental heat sources. The heat is thereby substantially all dissipated into the
vascularized bone and/or soft tissue. This can be particularly useful for allowing use of
the device in varying environments and external temperatures.

According to one embodiment of the present invention, a thermal sensor is used to
monitor the temperature near the insertion point. In response to the temperature reading,

30 the device can emit a warning signal and/or modify operation of the light source. For
instance, the device can disable the light source in response to the temperature exceeding

a predetermined threshold level.
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or as part of, .a_rmuntln%abase that is affixed to the patient, _e.g., to the
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heat transfer to the insertion point. In _certain i&pl nﬁn&ﬁ%i ons.i nvol vi ng
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can be individu II¥ nodj f.i ed for each procedure. This can be acconplished
by renovi ngfPh ebiBE igRsIEssiPhelemedlhs i ssion el enent to obtain the desired

I ength. I n anot gkl BinBRUISIBRAL A Ot eseRindehitbnt ralatetoRBbive® hodbmbdter flINt | Ng
base allows for control of the depth of the transm ssion elenent. Certain

enbodi ment sarsmissien geresdmelativeiorthe mauntiigshase pbtha syssewd Faninsiaaess thef t he
Ao o g BTN RSB Gl S RS L LB IR T e
in a lgafer @hedhk @ahirRiBsion BIEReR! it PRopeflfNsoatedsihe indn€ng bascisscuzether | y
| ocat ed, the nounting base secures the o .
transmission element to prevent future movement. The transmission element is secured
using a clamping mechanism, a cementing agent or other suitable fixation mechanisms.
Another potential use of allowed movement of the transmission element relative to the
mounting base of the system relates to further control of the light delivery location. The
25 tip of the transmission element can be designed to direct light at an angle relative to the
long-axis of the transmission element. By allowing rotational movement of such a
transmission element, the light-stimulus location can be adjusted. Once the desired
orientation is determined, e.g., by testing the effectiveness of various orientations, the
transmission element can be fixed to prevent further movement.
30 While not so limited, embodiments of the present invention are particularly well-

suited for use with one or more of the following example embodiments directed towards

light responsive proteins.



transm ssion elenment to prevent future novenent. The transm ssion el enent
is secured using a clanping nechanism a cenenting agent or other suitable
fixati on Woche@issita. Anot her potential use of allowed nPCEASRW0IOETOhe
transm ssion elenent relative to the nouhti ng base of the systemrelates to
further control of the light delivery |ocation. The 25tip of the

transm ssion el enent can be designed to direct |ight at an angle relative
to the | ong-axi Goﬁstérh@vﬁhhﬂi&%ﬁhﬁpie@mtﬁﬂﬁmmbfthB)préslehtOm/engionm hglitonal
novenent of such a transm ssion elenent, the |ight- Std s |l ocation can be
adj ust ed. TRRWSIEPIIEIB1F engingeresinaicelin The PERi¢iB AfPFea 0@’ 1ongAeress 8 g t he
effectiven o i n be
fixed to p?egl\slneln%lb u% Ilé%o?r%‘!\:/goq ?Q%\XRE"P% ‘%g‘?p@éy’ éll%hlf%? ggbﬁg%gg%l?%ent s of

t he pr esenthanpyanthé eleciaicel mapd;mesﬂfahd sellaahdludisg)iforeckafnpie, tsevolfaghamhe or

nore of_ the follow ng exanp]e e od| nts directed towards,.l i responsi ve
protei s, CWISD Y AEHSS flﬁei']r ?‘?@gls??ﬁce the pmteébﬁ’?fﬂé‘?lga’f’ Y%t h one

exanpl e enhodl é‘fﬁé}{dogénoh'g'eoiraa%%%oa@ﬁﬁtﬂ&@acrasslthamrm@ﬁgﬁﬁél earRkikei n i s
engi neered I m a cel rotein affects a flow of ions across the cell

menbr ane i imstaesp tregeoten dhlaggﬁs theTltage hemagpethe pel mﬁmlbram/ se pe bt &igsugde

correspondln chan n t.h rical he. cel | cl udi ng,
f or exarrpl%p pRatey ﬂﬁt%’@”& @uﬁ?gﬁﬁa@ﬁ’g&ﬁﬁ@ ih 8%6 1M brir%éfgne I n one
i nstance, éﬂ&ﬁglﬁg%@a&tﬁw}?&dﬁéﬂ&s o thel 4R v Sevarhl afiio@Rnasst ke lighteing 0
nmodify ion flow across the cell nenbrane. In another instance, the protein

changel¥) t hiatrodudedgEonfwibesdatiils anedeliversef sughepretsingsrefesersiegnayafamads toon

tential th 3
Popabl ¢ of UehEAGH SpRkEaa Ner 185 le BT bRINY T ARESy e PPbRE0 L2
mi | 1i secongsiwked Gaidni CHinél@nd WstOTherbsOwEieH is fally 1ﬂa¢mdmed Hﬁ*eﬂn Bys on

delivery of such proteins, reference may be nade to U. S. Patent Application
No. 11/ 45%e63encki| ed on Jul y 24, 2006 and entitled "Light-Activated Cation
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Consi stent with icrexa I ment e present invention
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Nplllt is strongly relative to ChR2 but "operates at simlar
| i ght poweThe atidn KpddRufrusfaN pIdR $s stronglymeddskifiad r¢latine te Xdderiob spereteast ors. | n

similar light power, and NpHR functions in mammals without exogenous cofactors. In

20  one instance, both NpHR and ChR2 can be expressed in the target cells. Likewise, NpHR
and ChR2 can be targeted to C. elegans muscle and cholinergic motoneurons to control
locomotion bidirectionally. In this regard, NpHR and ChR2 form an optogenetic system
for multimodal, high-speed, genetically-targeted, all-optical interrogation of living neural
circuits.

25 Certain aspects of the present invention are based on the identification and
development of an archaeal light-driven chloride pump, such as halorhodopsin (NpHR),
from Natronomonas pharaonis, for temporally-precise optical inhibition of neural activity.
The pump allows both knockout of single action potentials within rapid spike trains and
sustained blockade of spiking over many minutes, and it operates at similar light power

30  compared to ChR2 but with a strongly red-shifted action spectrum. The NpHR pump also
functions in mammals without exogenous cofactors.

According to other example embodiments of the present invention, methods for

generating an inhibitory neuron-current flow involve, in a neuron, engineering a protein
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In more detailed embodiments, such a system is further adapted such that the

delivery device introduces the light responsive protein by one of transfection,
transduction and microinjection, and/or such that the light source introduces light to the
25  neuron via one of an implantable light generator and fiber-optics.

Another aspect of the present invention is directed to a method for treatment of a
disorder. The method targets a group of neurons associated with the disorder; and in this
group, the method includes engineering an inhibitory proteins that use an endogenous
cofactor to respond to light by producing an inhibitory current to dissuade depolarization

30  of the neurons, and exposing the neurons to light, thereby dissuading depolarization of the
neurons.

According to yet another aspect of the present invention is directed to identifying

and developing an archaeal light-driven chloride pump, such as halorhodopsin (NpHR),
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chol i ner gi genpiigaldengetsd. alboptisal ingrragaiemeflivane puilcdetitonal |y Toget her NpHR
and ChR2 can b : I = j C system
for nultinodal ,elnhélﬁgﬂlpgg%gg?ﬂg;%ﬁle %F&f%&g@@% agﬁagg%ﬁoggﬁﬁléﬁt er)r/ogati on
of 1ivisng mdatrhédopsing candtraicrdbinl agsihé ihatcandeNphiReand tdChgizally heputataioa fhixnunmber
of channel rhodopsi ns, 15 hal.or hodapsi ns, i crobj al opsins that can be

ng. mc
engi neer e&ftséccﬁﬂtm%géiqgﬁfsr‘@@lup selés- i atiops GSP%B megts g dhempxaiiogdpduds ¢adon-

cells. Vatdrpg%igzwg&@ tOE HuficEd, o PoR. Podi@E dt6lEns BFGMERYisdIGEied

mut at ed, atéd, fusion proteins, targetéd versions, or otherw se
modi fi ed wersomnss soth ®uoptica meguiitorsaThng giiR2 and NpHR (e g. , CarBarkragcogsidr

(e.g., GenBank a i nunber is EF474018 for the ° jani.zed' NpHR
sequence Fmb&gforﬁf‘e Wmﬂéﬂ%‘fﬁfﬂ. éﬁ%que@l‘iﬁﬁ’?‘?- Oqz&ﬁ} fice) are
used a9 I epBHEANlAlANECRR2@-N8TRRuele) are used as representative of a number of

different embodiments. Discussions specifically identifying ChR2 and NpHR are not

meant to limit the invention to such specific examples of optical regulators. For further

details regarding the above mentioned sequences reference can be made to “Multimodal

fast optical interrogation of neural circuitry” by Feng Zhang, et al, Nature (April 5, 2007)
25  Vol. 446: pp. 633-639, which is fully incorporated herein by reference.

Consistent with a particular embodiment of the present invention, a protein is
introduced to one or more target cells. When introduced into a cell, the protein changes
the potential of the cell in response to light having a certain frequency. This may result in
a change in resting potential that can be used to control (dissuade) action potential firing.

30  In a specific example, the protein is a halorhodopsin that acts as a membrane pump for
transferring charge across the cell membrane in response to light. Membrane pumps are
energy transducers which use electromagnetic or chemical bond energy for translocation

of specific ions across the membrane. For further information regarding halorhodopsin
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implemented for deep-brain neuromodulation, consistent with an embodiment of the
20  present invention. FIG. 1A and the following discussion specifically mention and discuss
deep-brain neuromodulation; however, the invention is not so limited. The system of
FIG. 1A includes elongate transmission elements 104 and 106. Fixation bases 114 and
112 fix the transmission elements 104 and 106, respectively, to the skull of the patient
102. Light source, such as LEDs, produces light that is directed to target locations by
25  transmission elements 104 and 106. A pulse-generator circuit 115, having a power source
116, generates control pulses that cause the LEDs to produce light.

In a specific implementation, a surgeon implants flexible power/control leads 113
and 115 under the skin. The battery 116 and pulse-generator unit 115 are implanted
separately from the LEDs 104 and 106, for example against the chest wall. Heat-

30  sink/fixation base 112 surrounds the proximal portion of LED with elongate structure 106,
while heat-sink/fixation base 114 surrounds the proximal portion of LED with elongate
structure 104. Implantation to sub-surface regions of the brain or body can be

accomplished by pushing the device in a linear fashion from the external surface of the



Turning nowto the figures, FIG | A depicts an inplantable device as
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the Surgi calf tNeyd @at is 0Rs hes Ranibei tha Wb virgitesll{ Griaraidsed tlssu€0) of Medtronic
Inc. (M nneapolis, N) . By integrally formng an elongate structure
with the el ect ridfi éBéllesistes @ dstatlgd viemo! a passigloimplingdion pesntatiop ap

o ey SR R S IR g B i A RS T
ti ssugs sumLED, dupich el dlongasdeisttuctiral 2§l artigeistimpatddsn beinril 29. gldeatd. For
instance, the heat sink at the proximal (fnd icg%%ﬂlreeﬁs h?go%réjei Jnfdue £ atkéeat into
vascul ari zZaek/Bepeondase 140 attaches to the proximal portio g g
structure, surrounding the point of electricity-to-light conversion. Heat-sink/fixation base
130 may be adhered to skull 132, for example with methacrylate, or sutured or otherwise
affixed to tissue 133 overlying or underlying bone. The distal end of the combination of
20  LED and elongate structure 125 is placed so as to illuminate the biological portion 127,
which may be described as an anatomical target optical stimulation. In this illustration
biological portion 127 is Brodmann’s Area 25 of the brain. Other potential targeted
biological portions depend upon the specific experimental or therapeutic application and
can include, but are not limited to, the subthalamic nucleus, the globus pallidus interna,
25  the dentate gyrus, the CA-1 field of the hippocampus, the medial hypothalamic area and
the lateral hypothalamic area.
FIG. 2A depicts an elongate structure integrally coupled to an LED element for
efficiently delivering light to a target location, consistent with an embodiment of the
present invention. Elongate structure 210 is depicted as a cylindrical to conical, linearly—
30 extending, optically transparent or translucent object of generally uniform internal
consistency. Elongate structure 210 need not be limited to any specific materials but can

be implemented using glass or plastics, such as polycarbonate. Elongate structure 210 is

tightly formed to LED element 202, and the distal portions of negative electrode 206 and



soft tissue that is |ess heat sensitive than the target cells or interposed
tissue. FIG 1B illustrates a detailed view of a possible

i npl ant atworzoevisgitaati on and | ocation, consistent wth ecageenenszodf the
present invention. A light source, suchi;as 15an LED, couples to an el ongate
structure 125, which is inplanted in brain 129. Heat- sink/fixation base
140 attaches to the proximl portion of the |ight source and el ongate
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i1 lustration biological portion 127 is Brodmann's Area 25 of _the brain.
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to LED el enent 202, and the distal portions of negative electrode 206 and
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el ongatse sipuBHNIAiIght036.Assum ng the angl e of incidence of the light is
sufficient relative to the critical angle above which reflection occu[s,

the light is 5rladinaséquial impleaentatiog, the argsd legatipm & Lingtudgs orey & mArg neyra
substanti aéellg) g)gfgriesosglngogn (;p%aﬁ}i %Qﬁonsive ion channel or pump such as ChR2. When pulses
of blue light 236 falls upon ChR2-expressing neural cell 218, this cell exhibits an action
potential with each pulse, and is thereby regulated by electrical input to leads 224 and 226.
20 FIG. 2C illustrates an embodiment of the present invention in which, at the
proximal end of the device, heat sink/mounting base 262 surrounds negative lead 256 and
positive lead 254. In a particular implementation, the diode element interposed between
them (not shown) emits yellow light. Elongate structure 260 is a longitudinally tapering
cylinder of optical-grade material such as glass or plastic, which delivers light to neuron
25 265, which has been genetically modified to express NpHR. When yellow light is
emitted from elongate structure 260 and falls upon neuron 265, this cell exhibits
resistance to action potentials. Heat sink/mounting base 262 serves dual purposes as both
a mass which conducts and diffuses heat from near the site of light generation within the
device, and as a base which can be affixed firmly to skull.
30 The LED designed with an integrally-formed elongate structure which correlates
to the dimensions of an optical fiber, for delivering light to cells with light-activated ion
channels to sub-surface regions of the brain or body. The elongate structure (e.g., 104,
106, 125, 210, 230, 260) can assume a smooth shape, for example a cylinder, tapering



ultimately passes out of elongate structure 210 as beans 216, which
illumnate a target location 218, e.g., a light-sensitive cell, in a manner
t hat nodiwDegowvtss37activity. FIG 2B depicts an enbodi neRCTAS200884702sent
invention in which elongate structure 280 is integrally formed to the
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clusters of neurons. Smaller dianeter |enses (for exanp ggfég(f m crons or
I

10l ess) mEypais ehasiredes for waﬁ%iltépéleﬂ%rqahfjcmdgr& Ying thes e pacyldndetse of
lar ger25d| NTh&hed over a small area, and are then linearly stretched. At the proper length and

reduced diameter, the micropipette/electrode glass is cut. This process and facilitating
devices (which are commercially available) similarly serves the process of creating an
elongate structure of the proper length and diameter, with the difference that a cylindrical
lens with formed-in electronic elements (including the diode itself) replaces the glass

30  cylinder used for making a microelectrode. This same process may be accomplished with
plastic elongate structures, either by heating and drawing out as with glass, or by drawing

out the plastic before it has cured.



| enses (for exanple 1 nmx 1 mmsquare | enses or 1 mmdi aneter cylindrical
| enses) may be useful for illumnating | arge swaths of targeted tissue.
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20 The direction of travel for the light can be controlled using a variety of optical-
based principles, such as focusing or directing light using refraction or reflection caused
by differing indices of refraction. For instance, FIG. 3A shows the tip 306 being other
than perpendicular to the longitudinal direction 302, such as perpendicular to direction
308. Moreover, the tip 306 can be constructed with a curve surface to further direct the
25  light. FIG. 3B shows a section 310, which can be made from one or more materials
having a different index of refraction relative to that of the remainder of elongate
structure 304. Various other directing options are possible including, but not limited to,
reflective material or an attached lens.
FIGs. 3C and 3D show movement of a light delivery structure within a fixation
30  portion, consistent with an embodiment of the present invention. Fixation portion 312
allows the elongate structure 304 to rotate about the longitudinal axis. Alternatively, the
elongate structure 304 can also be allowed to move along the longitudinal axis as shown

by the vertical arrows in FIG. 3D.



10i nvention. Elongate structure 304 directs light toward the distal tip
306. The longitudinal direction 302 of elongate structure 304 shows the
general dwvoeowism7ef travel for the Ilght The di stal tiPPTABR0MVSH4TIESiI gned
to generally direct the light at an angll® relative to the |ongitudinal
direction 302. Thus, by rotating the elongate structure 304 around the
distal tip (shown by arrows 310), the illum nation pattern can be changed.
This all ows forFKTr rﬂeshowsadighh@lb'brﬁmc‘ew eoudistentdath aneergbddomentiodthef or t he

optical stimul a ntat ngate structure 304
obn be r ot bt e Eredi S ey SRashits i s ad iRt AR HRLTBUA AN ed ¢ o
stinul at e pgan@t 4008 dtiondlnan&f1hRe U0y SResmdo funidhetoat lmuh@imﬁan@@au&ﬁ the
assessed and the rotational position can be fixed accordin

assessnent lugfentipmade frem glassoe plasiea sudieastaapipetecys migtopingtien @g@ égh,t. i$ic

goal [t rseat g’g&téeéﬁplo%gﬁ rﬂﬂn%ﬁ'tagglsgu erelnz%upﬁ%y%r 4 é‘:ct,an Cp[IJ, dlI‘éCt g‘}éel , EOI’ the

i ght can u3|ng varl ase I'nNCi such

as focusi ngong thdilémgh oNignlend0d. The n@ne"nefaﬁ@etﬁuea“atharmﬁﬂeﬁ@lt ligiideaused by
differing |nd| ces of refraction, For instance, FIG 3A shows the tip 306
bei ng ot hePthemuse, frprexidaitie desired epticabpioperges. UinTrinstanse, e fyresm BdRE such as

per pendi cul,afeihCadivk@Std QQrai 1t t 6ﬁﬂ¥ﬂﬁ%ht Eog Elt érgﬂaﬁgﬁln_g g& g%aéflh Q?ﬁ(fe'i(:t ed

with a curve surface to furt rect t
secti on 31¢f thevhinodn ardmaving arrmnihxforf mﬁamnen suffinientty dﬁfemnt &lom tll’latvofrtge hlmen
differgnt jndex,of refrac gﬁn relati.ve to th%il of the remai nder of elongate

st ructifr e BREOVIdR ot ftermphsHlectiongwithip fhedymep fdling mateialsi b e i ncl udi ng, but

not |imted to,Figef higgtiipias ﬁ@ét%rh@*{lal QlenftRts08280240.) EhSe efdnfdhits & and 3D
show novenent of "a light delivery structure within a fixation 30 portion,

consi st entthmahlyamu sdihrthetighifsouriee, xplmelwrwbmuaﬂmeomsecthtam thalypaart i on
312 all ows ate .str 304 t bou i,nal

axis. Al teA} d@’é?‘ﬁfg utt‘?{éa@r(lz)lﬁéa Sater’inﬁX @%}go@a?ﬁn&ﬂ 8&@8’% 0 nove
al ong t he 1igngbiredlhdiedissipdtds REt hRRIGA t}liéﬁnh cé/rﬁfubtlﬁeﬁdtrl?§'4ﬂ)ﬂ5rﬂeﬁh5{rﬁlly3[) WO
2009/ 155371PCT/ US2009/ 047703 18 FIG ™ 4 shows a light delivery

st r uctldr e, congpdive sEips 4\M)104m bmcq;m@ad teethe ﬁefﬁtutthféevmeefgénme othee piricyre thate
light deli c?ra\é teays%%ﬂg Lélgt‘i:‘\culaq‘l ﬁ 10n4[8 er1a R ds er@gem ng

402. Optiona GeSuTroan n one |rrp dtion,

t he | umen high ﬂﬁﬁﬂalfré@m@edﬁf&e&falwvﬂﬁg 'substaﬁti@lly @Bhéat péreeitéEbPtheltight Opi pette.
The light is 5directed throug | umen as_ di scussed herein. Quter |ayer

406 can hePpregite Bedistipged ﬂgwghéh%h@attrmo‘raéﬁlgm@n@f‘mﬁ@ﬁéﬂlﬁm The | umen can
be filled wth @ fgf @' thiftl of ah'e%ihgle%hlbgflﬂﬁern%(?ﬁ sltén?“}?ﬂlq:\ﬁ}dgar{lchl?d cdesi red

optical properties. I nstance unen mat er i can be used to
trans20t tdosmnogtialipmahuigbtirdoyl ED the is smbuinded@ytlhée)« mbtchttiginvaediaided of t he

| unen or haV|n an .i.ndex of raction sufficien di ffer romt hat of
the | umen “PBRET Srvmhlla T CgRRlpd mﬁtamgs OFé’fl?r@E{PF‘ES%M 19RYS 3 Réle Lh‘af%‘r’{eﬁ I1ing

mat eri al . element. The distal end of the pipette or micropipette is implanted at the neuronal target.

The proximal end of this pipette contains the light production element. This light
production element may be a standard commercially available light-emitting diode

25  package such as the SML0805-B1K-TR (LEDtronics Inc. Torrance, CA). Suitable
micropipettes may be made in accordance with standard laboratory procedures from glass
tubing stock B200-156-10 and a micropipette puller machine model P1000, both available
from Sutter Instrument (Novato, CA). The internal or external surface of the pipette may
then be coated with a reflective substance so as to increase internal reflection. For

30 example, “silvering” is a chemical process of coating glass with a reflective substance. In
this process, the pipette may be sputtered with powdered aluminum by placing it in a

vacuum chamber with electrically heated nichrome coils which sublime the aluminum.




Fig. 4 also depicts heat renoval elenments 408 and 410. These elenents are
thermally coupled with the light source, which is substantially encased
wi t hi n t WOol200045537@4 and/ or the outer |ayer 406. Heat r @gdasRooglogrreht 408
is in thermal contact with the |ight sodf ce and di ssi pat es heat through
thermal |y conductive strips 410. The thermally 15conductive strips 410 can
be connected to the fixation device or sone other structure that acts as a
heat sink ¥Wien spbsequenslyekpesed to pxigen mean avdnon layehef draslde.itednspasent| uren 404
has a high ! hermal r essi tand:e thereby allow ng substantially all heat
gener at ed %M‘H‘éﬂ”f’&ﬁt‘ S6UFCe to be dissi pat ed t hrough the heat renoval

el ements 408 angn4dddx-fratehing ma@t@fadina§ beusewida dﬁ ebedafdl B tEONEDSt ent
with FIG 4 include a 20 comerci ally manuf actured E_ED that is surrounded
by i ndex- mM§BE# #gosamoet alclignepte Histteanpidign w rofagtivcondicpufiteeen by LEDbiepet t e
or m cropi pet t A |4 . L ver. | i, The di | end of
the' pi por t Bese bR e haftrst UG R E M b bR h b,

proxi mal erfractivetindisegathp &dnk enataiulai Index-matchingiquidsedd elat@taledrement . Thi s

i ght production, el enent may. be a standard commrercially avail abl e

i ght - eni t%qrwgeralaﬁw@e%%%%g@ %&Fﬁw wany peuregsindgng Trntgeen. by lakecs | nc.

Torrance, Spyrt a - ) ienet i A
A L A S S SR S S
m cr opi pet sueh psILEBrlemss,hs pencnal edvaiPdld© 85 pdrovfa mamifhabiees fpecificBidnt ar

| nstr nt (Novat . .The internal or, external surface of fhe pipette
may then b B%P‘é@@?]%%\vaélap]gﬂs@éﬁt. &*Sul Eéorésﬁjeéas‘flopds ﬁ’ﬁd’ﬁ‘@%‘g"i nt er nal
reflecti OnwaxFe%n‘glﬂQ%m%hﬁto beskd 8 thiXEan laffe@ (RORILE B rdPh@GRSS of coating

glass with a reflective substance. In this process, the pipette may be

sputtered with Pepiescatingentianroas dgo ¢ wssidder precisely delivesing hghtiarsbesifioi t h

el ectrical)l eat ed pi.chr colls i,ch subline the alum num WO

2000/ 1553 PR e bR g B rtehermatBlie ey 3 st ¥y gen i n an

oven, a | aygrel@dbthdWr éibhtare kiGWs RIS badbticlial proforiiciewhBe b@eMREvelengths AN

i ndex-matching material nmay be used within the pipette and around the LED

| ens d8 asnepindhesothh pEduetiometrgrtainidesired malerylaoprofiyety.ef ract i ve i ndi ces

bet ween the LE . . i i @l | m nating

air space and E{oﬂgre‘%%f)ﬁn%??ﬁ%&]{a%%ﬂs ;dg% ?i gg ?‘%/J&%iag%ﬁ?gfsdgg ﬁgkﬁgﬁgh@#g@%ﬂal S.

| ndex- mat chilygnd shgulddst e donsained iodliit secincaivivar Gasdd on theabdacdistuedorand sol d

by many sources includi ng Tjnpbercon, Inc.,. Lake @swego, OR The_index of

refract i orf‘néflﬁ'\ll%rlap%?s 3\%?&4@@&?@ ath Vi FeRdidp secesmizaihabyaripus modifigatigas | ED

| enses, i i ; iof WERHS : Lfication or
Sanﬁ%f];ﬁ{g%% R/éy%\é%%d@% ﬁle%ﬁed%ﬁ{ 1 VéHt ol ‘d{ aatk ﬁﬁl%wﬁr%etg)b

10vari ous pub avai l abl e I'i st s/ dat abases. Anot ter con eration is
t he pabti cukm@plary embodiments and applications illustrated and described herein. For instance,

such changes may include the use of digital logic or microprocessors to control the
emitted light. Such modifications and changes do not depart from the true spirit and

scope of the present invention, which is set forth in the following claims.



wavel ength(s) of light to be used as this can affect the index of
refraction. The present invention may al so be used for precisely

del i veri nyol2oghtss37e specific target regions of the bodyPCoUSRH17703

phot ot her apy purposes. For exanple, som&®wavel engths of |ight are known to
have bactericidal properties, while other wavel engths 15 may induce the
production of certain desired nol ecul ar products. The vari ous

enbodi ment Wikt $celaineal isbove are provided by way of illustration only and
shoul d not be construed to limt the invention. Based on the above

di scussion and illustrations, those skilled in the art will readily
recogni ze {hat XabhOehd AR H&AEd ﬁ?ﬁelﬁfé@inghﬁ%ﬁﬂﬁzﬁziﬁ@ﬁle%vﬁ@@&mbﬁsih@e present
invention without strictly Tollow ng the 20 exenpl ary enbodi nents and

appl i cations i |4 lightsawed farmaodheingrlighe fromegledirical Powet; nst ance, such changes
may include the use. of. digital lLogic or. mcroprocessor.s t,0 control the

e tted |ignt . &b SNl a¥n HegL e RRGARRRE SRR e L ue
spirit andr@spgentab thdlehpHREEME lishv@iideOthe nidiéridd hiveing e cloggdtéd sHapé ket
following clains. WO 2009/ 155371PCT/ US2009/ 047703 20 What is clainmed is:
1. An opt i whtagellyeaedseythgilight saywrcerd pipyerimabend agmtthatas {or delivering tirehight e
conpri si ngg i e f- ducing light fromelectrical power;

an opti ca%?@é#ésgﬁg%gég%%g%%aﬁ%de froma material that is substantially
transparent to 4 fieationglottidnr physichley ¢ouphdd te dher rical thasmisdshieldmdnaforng an

el ongat ed shali%g t hat suhstantjally encases the |ight source at a proxinal
end and t Hi@chentdo thedatignt; #y the 1ight fromthe |ight source to a distal
end; a fj j t o PorPhN S '

transm ssion eldeﬁn%%?@%]g@%ltﬂto%nent %C%Jh% ﬁ%’ﬁgat. gﬁ?i;;vg tﬁglefop%mag Iheggt

di ssi pat i dompocaritbeligltsomgea t hermal |y conductive path for renoving heat
fromnear the |ight source. 2. The device of claim1l, wherein the optical
transm ssion elenment is a lunen and the material is one of glass and
plastic. B. ThenedRVice®f ehirk !l 2ivitrbin A BpEIaN trhiignibdioPElemOmtiah Ninéh sdbst ance
havi ng an index of refraction that is substantially the same as the

mat eri al ¢he materialiswne of glass and plastic.

3. The device of claim 1, wherein the lumen contains a substance having an index of

refraction that is substantially the same as the material of the lumen.

4. The device of claim 1, wherein the optical transmission element is rigid along a

direction of transmission for the light.

5. The device of claim 4, wherein the optical transmission element includes an outer
layer of a second material that facilitates light traveling along the direction of

transmission.

6. The device of claim 1, further including a temperature sensor for sensing a
temperature near the optical transmission element and a control circuit for controlling the

activation of the light source in response to the sensed temperature.

7. The device of claim 1, wherein the optical transmission element is configured to

direct light along a longitudinal axis that extends from the proximal end to the distal and



4. The device of claim1l, wherein the optical transm ssion elenent is rigid
along a direction of transm ssion for the light. 5. The device of claim4,
wher ei n tWe 20p¥i583h transm ssi on el ement i ncl udes an ouPET/US2408/04T7H3 a
second material that facilitates Iight £taveling along the direction of
transm ssion. 6. The device of claim1, further including a tenperature
sensor for sensing a tenperature near the optical transm ssion el enent and
a control wheeul ﬁhepgtica&,@nnsfmrs?ﬂpmglemhet @comfmerdmdcmana@ toidgriect leghtir ce i n

response t n de &8 qQf wherein the
opt | ca tr RUE ARG SRIRE R b porfimrddRel Rpf G B meigReghom s

| ongi tudinal axis that extends fromthe proxinmal end to the distal and WO
2009/ 155371PCT/ US2009/ 047703 21 wherein_ the optical transm ssion elenment is
confi gureddand &h¢ deideecoficdainn I sdherain Higtfinaten pergon econfigusdiand paangsdéorent  at
a non-zero e of claim
L "oher of n et RaPbYeinci?, i @ Ml i My 8 opflol [ 0

r ot at i onal elemesindeming 1mblautatlbhl and pNgetdnd thea:btaaasmai m@%m%ﬂt&lf&p tmplahtanon.

transm ssion elenment during inplantation and to prevent the rotational
novenent after inplantation. 9. The device of claim1l, wherein the

mat eri al of opt J: Sl L i 0 th a
reflecti veé subs}%T'jlcflléclzeevtl & muﬁlégglgge}lrg@%géat%%éig%@at s 1§S1(?}1né§1§rﬁ%|1 \ré:gg an

i mpl ant abl gasithatas ceaned with hasflaotivasybotaace. suppl y, a cont rol circuit for
generating electrical signals that activate the |ight source and conductors
for transmtting the electrical signals to the light source. 11. The
device of gf ai Middevl&Seldim!N furlPLRMIARY & RipRRRlb1S QUM Solrge H@ﬁh@&ed for
pl acenent wthin the chest cavity in connection wth the optical

t r ansni ssipwesisepnta dosimbcirovitl fangendrating hlmtrtchmgnaiﬂ that ac@vata thegtighod f or

i gt - act | DAEA s i o*iiine Br TRres ST hefguitt e

surgically inplanting a device having

11.  The device of claim 10, wherein the implantable signal source is designed for
placement within the chest cavity in connection with the optical transmission element

being implanted within the brain.

12. A method for stimulating target cells in vivo, the method comprising:
engineering light-activated ion channels in one or more in vivo target cells;
surgically implanting a device having

a light source for producing light from electrical power,

an optical transmission element made from a material that is substantially
transparent to the light from the light source, the material having an elongated
shape that substantially encases the light source at a proximal end and that is for
delivering the light from the light source to a distal end,

a fixation portion physically coupled to the optical transmission element
for attachment to the patient, and

a heat dissipation portion having a thermally conductive path for removing
heat from near the light source; and

activating the light source to stimulate the target cells.



a light source for producing light fromelectrical power, an optica
transm ssion el enment made froma material that is substantially transparent
to the |igbt2odwisa7mhe |i ght source, the terial havi ngPam/usk@agatesl shape
that substantially encases the |light sotifce at a proxinmal end and that is
for delivering the light fromthe Iight source to a distal end, a
fixation portion physically. coupled to the optical .transm ssjaon el enent for
attachnent 13-0 t hiee mathpd qf claigm 42, wherein the e ofpngiieprrg Brthghineiugss havi ng a

thermal |y i . O i t, £ i e; and
T o 1o SRR R 3 Plnd R, DRl s bl el

2009/ 1553 7dRETdakiSRROANDR2 HNE NAHR.13. The net hod of claim 12, wherein the
step of engineering further includes expressing, one or nore in vivo target

cells, light-activated ion channels that are variants of at |east one of
ChRz and NpHR.  ilémeihbg of"?l%ﬁx‘i’@z,%he‘féiﬁ'tﬁg oﬁfyﬁgﬂﬁﬁﬂg filkhe? HrRARE rdthilgaNt | NG
further includes rotating the optical transm ssion el enent about a

| ongi t udi nthk opticad framuission elagetntebobi glongitwlina exispadivatng tht dightwumedoor nor e
target cells; lagézli?ssi ng the effectli_veness %f ?f rot ati onal thSi tli on.as a
funct i on o PRI AR EATE LArEck Cal: AP e GIRETVSHEH ObBLPRRN! BFAHE
optical tranSMh&RInT sEhRIRIEsUIB, MATRASErdtRidnBEpRRRATTIRI Ypticall 5. The nmet hod
of claim 12, further including the step of disabling the I'ight source in

response tigangmissigpealenent én reparse to the @ssesymeentret hod of clai m 12, wherein the
step of inplanting is acconplished using stereotactic insertion of the
optical transm ssion elenent. 17. The nmethod of claim 12, wherein the one

or nore inyvi vOrkeah&Bbd 6£¢1hisn 82, Fulledififideding the step of disabling the light source in

response to a temperature sensor.

16.  The method of claim 12, wherein the step of implanting is accomplished using

stereotactic insertion of the optical transmission element.

17.  The method of claim 12, wherein the one or more in vivo target cells are neurons.



