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(57) ABSTRACT 

Configurations are described for utilizing light-activated pro 
teins within cell membranes and Subcellular regions to assist 
with medical treatment paradigms, such as hypertension 
treatment via anatomically specific and temporally precise 
modulation of renal plexus activity. The invention provides 
for proteins, nucleic acids, vectors and methods for geneti 
cally targeted expression of light-sensitive proteins to specific 
cells or defined cell populations. In particular the invention 
provides systems, devices, and methods for millisecond-ti 
mescale temporal control of certain cell activities using mod 
erate light intensities. Such as the generation or inhibition of 
electrical spikes in nerve cells and other excitable cells. 
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VCOMET gi530752657 gb, AGT48261. 1 SEQ ID NO: 24 
MVSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYWFHRAHERMLFQTSYTL 
ENNGSWICIPN 
NGOCFCLAWLKSNGTNAEKLAANILQWWWFALSWACLGWYAYQAWRATCGWEEVYWALI 
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Arch gi282892261 IgbADBO3110. 1 SEQ ID NO:25) 
MDPIALOAGYDLLGDGRPETLWLGIGTLLMLIGTFYFLVRGWGVTDKDAREYYAVTILV 
PGIASAAYLSM 
FFGIGLTEVTWGGEMLDIYYARYADWLFTTPLLLLDLALLAKVDRVTIGTLVGWDALMI 
VTGLIGALSHT 
AI ARYSWWLFSTICMIWVLYFLATSLRSAAKERCPEVASTFNTLTALVLVLWTAYPILW 
II GTEGAGVVG 
LGIETLLFMVLDVTAKVGFGFILLRSRAILGDTEAPEPSAGADVSAAD 
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ArchT gi 328672376 gb|AEB26832. 1 SEQ ID NO: 26) 
MDPIALQAGYDLLGDGRPETLWLGIGTLLMLIGTFYFIVKGWGVTDKEAREYYSITILV 
PGIASAAYLSM 
FFGIGLTEVTVAGEVLDIYYARYADWLFTTPLLLLDLALLAKVDRVSIGTLVGWDALMI 
VTGLIGALSHT 
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e Arch3. 0-EYFP SEQ ID NO: 24 from published PCT application 
from Published PCT application WO/2013/126521) SEQ ID 
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ARSRITSEGEYIPLDoIDINvvskGEELFTGVPILVELDGDyNGKFSysGE 
SRicTIG-LPvPPTLVITFGYGLocFarPDhuko-DFFKSMPEGyvaERT 
RivkFEGDTLVNRIELKGIDFKEDGNILCHLEYNYNs-Nvviu DKokNGiky 

NEvalADHYoonTPIGDGPyLLPDNYLSYosalskoPNEKRD-NVLLErving 
ITLGM DELYKFCYENEW 
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Mac gi282892265gb. ADB03112. 1 SEQ ID NO: 28) 
MIVDQFEEVLMKTSQLFPLPTATQSAQPTHWAPWPTVLPDTPIYETVGDSGSKTLWWWF 
VLMLIASA AFT 
ALSWKIPVNRRLYHVITTI ITLTAALSYFAMATGHGVALNKI VIRTQHDHVPDTYETVY 
RQWYYARY IDW 
AITTPLLLLDLGLLAGMSGAHIFMAIWADLIMVLTGLFAAFGSEGTPQKWGWYTIACIA 
YIFVWWHLVLN 
GGANARVKGEKLRSFFWAIGAYTLILWTAYPIVWGLADGARKIGWDGEII AYAVLDVLA 
KGVFGAWLLWT 
HANLRESDVELNGFWANGLNREGAIRIGEDDGA 

FIG 56 





Patent Application Publication Feb. 11, 2016 Sheet 55 of 102 US 2016/0038757 A1 

NpHR (gi 134153992gbABO64387. 1 SEQ ID NO:32) 
MTETLPPVTESAVALQAEWTQRELFEFVLNDPLLASSLYINIALAGLSILLFWFMTRGL 
DDPRAKLIAWS 
TILVPVVSIASYTGLASGLTISVLEMPAGHFAEGSSWMLGGEEWDGWVTMWGRYLTWAL 
STPMILLALGL 
LAGSNATKLFTA ITFDIAMCWTGLAAALTTSSHLMRWFWYAISCACFLWWLYILLVEWA 
QDAKAAGTADM 
FNTLKLLTVWMWLGYPIWWALGVEGIAVLPWGWTSWGYSFLDIWAKYIFAFLLLNYLTS 
NESVVSGSILD 

FIG 59A 
VPSASGTPADD 

eYFP-NpHR3. O SEQ ID NO: 2 from Published PCT application 
WO/2013/126521) SEQ ID NO: 33) 
MTETLPPWTESAVALQAEWTQRELFEFWLNDPLLASSLYINIALAGLSILLFWFMTRGL 
DDPRAKLIAW 
STILVPVVSIASYTGLASGLTISWLEMPAGHFAEGSSWMLGGEEVDGVWTMWGRYLTWA 
LSTPMILL 
ALGLLAGSNATKLFTA ITFDIAMCVTGLAAALTTSSHLMRWFWYA ISCACFLWWLYILL 
VEWAQDA 
KAAGTADMFNTLKLLTVVMWLGYPIWWALGVEGIAVLPWGWTSWGYSFLDIVAKYIFAF 
LLLNYLT 
SNESWWSGSILDWPSASGTPADDAAAKSRITSEGEYIPLDQIDINVVSKGEELFTGVWP 
ILVELDGDWN 
GHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFGYGLQCFARYPDHMKQHD 
FFKSAMP 
EGYWQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSH 
NVYIMAD 
KQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPWLLPDNHYLSYQSALSKDPNEK 
RDHMVLL EFWTAAGITLGMDELYKFCYENEV 
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Optoal AR Published US patent application 2011 0112179 SEQ 
ID NO:36) 
MNGTEGPNFYVPFSNKTGVWRSPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTL 
YWVACHRHLHSVLNYILLNLA 
VADLFMVFGGFTTTLYTSLHGYFWFGPTGCNLEGFFATLGGEIALWSLVVLAIERY VVV 
SYPLRYPTIWTQRRAIMGWAF 
TWVMALACAAPPLVGWSRYIPEGMQCSCGIDYYTPHEETNNESFWIYMFWVHFI IPLIV 
IFFCYGRVYWVAKRESRGLKS 
GLKTDKSDSEQVTLRIHRKNAPAGGSGMASAKTKTHFSWRLLKFSREKKAARMWIIMVI 
AFLICWLPYAGVAFYIFTHQG 
SDFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRKAFQNVLRIQCLCRKQSSKHALGYT 
LHPPSQAVEGQHKDMVRIPWG 
SRETFYRISKTDGVCEWKFFSSMPRGSARITVSKDQSSCTTARVRSKSFLQVCCCWGPS 
TPSLDKNHQVPTIKVHTISLS 
ENGEEVTETSQWAPA 

FIG 60B 

Trafficking sequence of human inward rectifier potassium 
channel Kir2. 1 SEQ ID NO; 12 from Published PCT application 
WO/2013/126521) SEQ ID NO:37) 
KSRITSEGEYIPLDQIDINV 

FIG. 6A 

Signal peptide of hChR2 SEQ ID NO: 13 from Published PCT 
application WO/2013/126521) SEQ ID NO:38) 
MDYGGALSAVGRELLFWTNPVVVNGS 

FIG. 6B 

B2 subunit signal peptide of the neuronal nicotinic 
acetylcholine receptor SEQ ID NO: 14 from Published PCT 
application W0/2013/126521) SEQ ID NO:39) 
MAGHSNSMALFSFSLLWLCSGVLGTEF 

FIG. 61C 
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Nicotinic acetylcholine receptor signal sequence SEQ ID 
NO: 15 from Published PCT application W0/2013/126521) SEQ 
ID NO: 40 
MGLRALMLWLLAAAGLVRESLQG 

FIG 61D 

Nicotinic acetylcholine receptor signal sequence SEQ ID 
NO: 16 from Published PCT application W0/2013/126521) SEQ 
ID NO: 41 
MRGTPLLLVVSLFSLLQD 

FIG. 6E 

Endoplasmic reticulum (ER) export sequence Published PCT 
application W0/2013/126521 SEQ ID NO: 42) 
VXXSL (where X is any amino acid) 

FIG. 61R 

Endoplasmic reticulum (ER) export sequence SEQ ID NO: 17 
from Published PCT application WO/2013/126521) SEQ ID 
NO: 43) 
WKESL 

FIG 61G 

Endoplasmic reticulum (ER) export sequence SEQ ID NO: 18 
from Published PCT application WO/2013/126521 SEQ ID 
NO: 44) 
WLGSL 

FIG. 6f 
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Endoplasmic reticulum (ER) export sequence SEQ ID NO: 19 
from Published PCT application WO/2013/126521 SEQ ID 
NO: 45) 
NANSFCYENEVALTSK 

FIG 61 

Endoplasmic reticulum (ER) export sequences SEQ ID NO: 20 
from Published PCT application WO/2013/126521 SEQ ID 
NO:46) 
FXYENE (where X is any amino acid) 

FIG. 611 

Endoplasmic reticulum (ER) export sequence SEQ ID NO: 21 
from Published PCT application WO/2013/126521 SEQ ID 
NO: 47) 
FCYENEV 

FIG. 61k 

Signal peptide SEQ ID NO: 22 from Published PCT application 
WO/2013/126521) SEQ ID NO: 48) 
MTETLPPVTESAVALQAE 

FIG 61L 
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to OCOC cct go CogctctggtCttggtgctgtggOccgct toccC to tcc tgtggotco 
toggCOCt9 Oggg.cgctgg.cg 
tggtgggCC tigggcotcgo O Oct Ctgctgtt totggtgttggoCgtgo CtgCCO agg to 
ggct ttggct t to tcc tdttg 
OgotcCCgggct Ottotggg.cgo COCC gogg CoCCogOOCC Cogt gCCggtgCC gatgt 
Cogt gcc.gc.cgo Coogogcog 
got CoCCOgC gaggg.cgog to Cat CCCCC to goCCOgotcgacot Coacgtggg.cgc.gc 
ccggct CC ggogc.co.cgo Oct 
tC to tctgtto dog CoogCOggogoCgtggoogoOOOCCCCgg to CCotgg OCC tigoog 
goigt COC CadgC gagggotco 
Ctgcogcc at Coogcott Coga t t t t c gC too to coogcococtgcocggcotc.cggco 
totct tcgtgtocggcc.coct 
goccott C9g Ogogt CCtgtgggCOgtggCCtttgtcggoogcCtgggOctgct gCtgg 
tggogo.gct CC goodgagt co 
gttoctott to tca tot cogcocgtgoC to OggtggoCgoggtgg togct Cog tocc tg 
gtgttt CCC gCOgtCOCCCtg 
tgCOOCC tigootgggitt Cogg titt to tcgCC tigo CCOCOOOC goCCtgtocCOcgc.cgg 
Ogogct gCtggct Ctgctggo 
tgtgaotctgcagotcc cogoc CCC cotctggCC got CCOOccgtgctggadgCOctgo 
ggcago aggcca act tcodoc 
OctoCOOgCCCOOOCOgttcagcotgctggogtt to tyco CC gCgtggga CotgoCCtg 
Odaga tot got gCtgtott gC 
dogttcaaaggcCoggogtgtgggcot Cogg act tcoct accgtgtt to codog tacgg 
codotgttacotgttcaactic 
cgggga agatggada accitctgctgo Caact gtgagggg.cggga Cagg gaatggaCtgg 
Ogot Cotgctggo CottcogC 
Oggotgagtacct gccootctggggogoOOctgoggoo acco cott.cgoggc.cgg.cgtg 
Qogg to Cogat CCOC too cog 
OgcgogCCCCC titt cott CoggaOctgggatttggogtgg CocCaggottcColgacott 
tgtc.gctact Coggagcogcg 
cCtgo CC to tctgcCoCCCCCttgggg.cgogt gcc.gotic togt gadotggggctggact 
tott toctgtgtactictatoo 

FIG 61M-2 
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CCgCCtgcc.go Ottgottgtgago CoCgg to to tcgtggood actgco Ottgtoggotg 
gtCCOCotgcCtgg.cgoCgCC 
CCottctg.coct CCC god cogco todagogtgtgct go OCC tigCOctggggctgctggC 
tgogo aggotog to Octoctg 
cCtgtgtogdococcct g to Occt goctogg to too to Oggo Octdogcotggt googo 
to cott CCodoocotctgcao 
OgtocCtggo.googoogttcoOCOOgtctgogoOgtocot Cogt goOOOCottctggtg 
Ctggocotct tctittgoogct 
Ctgo Otto.cgogo Ccott goOCOgoogood gCototgoggtggcc.gctctgctgggggo 
to ttggoggCCOgotgggoct 
gttcatcggcgc.cogCCtgctgo CoottctggogctgtttgoctocotC totgogct go 
tto OggoOOOOctgctggotC 
tgctggggadggaggoogaggo aggot cococq OC godoocot.gogcoct tcgot OCC 
Otgcc tootcocogcqog occ 
OtCtcCCotocogt goatgtcCCOctg.cogoctgcoctgg gCOCCC to goggOOOttgc 
Ctgtgcggcc.gc.ca Ogogcog 
got CoCCogC gaggg.cgog to Cdt CCCCCtggOCCOgotcgdcot COOCgtggtgagco 
Ogggcgoggogctgttcoccg 
gggtggtgcc catcCtggtc.gogctggOcggcgacg to docggCCocoagttcagcgtg 
tCC gg.cgaggg.cgagggcgot 
gcc OCC to cgg Coogctgo CCC tigaOgttcotctgcoccaccgg Coogct gCCCgtgcC 
CtggCCCOCCC togtgo CCOC 
Ctt Cq.gctoCggCCtgCOgtgct tcgc.ccgct OCCCCgOCCocot.googcogcocgoct 
tott coogtocgccot.gc.ccg 
Oaggctacgt. CCOggo.gc.gcoccot Cttct tcologgoCgoCggCOOctocoogOCCC gC 
gcc gaggtgaagttcgagggc 
go CoCCCtggtgaOCCgcotcgagct googggcatcgo Ctt CogggaggoCggCOOCot 
Cctggggcocoogctggag to 
COOC to COOCOgCCOCOOcgt.ctatot Cotggcc.go Coogcogcogdocggcot Coogg 
tgoOCtt Coogatcc.gc.coco 
Ocotic gaggoCggcogcgtgcogctC gcc.go CCOC to Ccogcogcoco CCCCCotcggC 
goCggCCCC gtgCtgct gCCC 

FIG 6M-3 
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titccoot gotgagcoctitt tood gttctgctotgtggcgcgg tot to tcc.cgtottgac 
gccggg Cooga gCOOcticggit 
cgc.cgcotococt attctoogaatgaCttggttgagtact Coccogtoo cogoOOOgco 
tct toCggotggcot.go.cogt 
OOgogo at totgCOgtgctgcco to OCCotgagtgo toococtg.cggcco act to Ctt C 
tgo Cao Cqotcggoggaccgo 
Oggo.gctooccgct t t t t t gCOCOOCotgggggotcotg to OctogcCttgotcgttgg 
go accggagctgaatgaogcc 
Otaccodoc.go.cgagcgt.gococco C got gcc tigtogco otgg Coacoacgttgcgcao 
Octott doctggcgo Octoct 
to CtctogCtt CCC ggCOOCOOtto OtogactggotggoggCggoto OogttgCoggac 
COC titctg.cgct C ggCCC titc 
cggctggctggitt to ttgct go too Otctggo.gc.cggtgogcgtggg to tcgcgg to tc 
Ottgcogcoctgggg.cCOgot 
ggtoogCCCtcCCg to tcgtogt totC to COC goCggggogtCOggCOOctotggot go 
OC good togOCOgotcgct go 
gotoggtgcct Coctgot toogcottggtooctgtcogoc Coogtt to Ctcotototo C 
tittagattgatt to adact tc 
Ottitt toott tood aggotc toggtgoogotcCtttittgo tootcitcotgaccooootc 
cct too.cgtgogt t t t c gttc 
COC togCgtCOgOCCCCgtogoOOOgot COOOggotct tcttgogotcCttitt t t t Ct 
gcgcg to atctgct gCttgco 
OOCOOOOOOOccaccgct occagcggtggtttgtttgc.cggot Coogagc tocco actic 
tttitt CC googg to actggct 
tcogcogcogcgcagotocCOO at Octgtc.ct tctogtgtogc.cgtogt toggcCocco C 
tt Coog OOC to td togCOCCg 
cc tocotocCtcgctctgctootcCtgttoccogtggctgct gccogtgg.cgot Oogt C 
gtgtct toccgggttggactic 
Oagacgatogt toccggata aggcgcogcgg togggctgaacggggggttcgtgCaCOC 
Ogcc.cogCttggagcgaacgo 
CC tococcgo Oct gogo to CC to cog C9tgogC totgogodog CGCCoCgct tcCC god 
gggagadaggcgga Cogg tat 

FIG 61M-6 
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ccgg to agcggcaggg toggaacaggagdg.cgcacgagggagct tccagggggaaacgc 
Ctgg totctt totagtoctgt 
Cggg titt CqCCOCC to to CttgogCgtC gott tttgttgatgct C9tcogggggg.cggo 
gCC totggOOOOOCg CCOgCO 
Ocgcggcct t t t to cqgttcc tiggcct tittgctggCCtt ttgct cocot.gt 

FIG 61M-7 
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Patient analysis and diagnostics 1050 

Identification of targeted tissue structure, such as at least 
one branch of the renal nerve plexus 1052 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 
delivery, electroporation, ultrasound, hydrodynamic delivery, or 1054 

introduction of naked DNA by direct infection or as 
complemented by additional facilitators such as cationic lipids 

Implanting an optical applicator and coupling it to at least one 
tissue structure such that it can deliver photons to at least 1036 

one branch of the targeted tissue structure (such as the renal 
nerve plexus) that has been genetically modified to have light 

sensitive protein 

Implanting an implantable light source and intercoupled 
implantable power supply and coupling each to at least one 1038 

tissue structure, the implantable light source being configured 
to deliver photons as an input to the optical applicator When 

the implantable light source is drawing power from the 
implantable power supply 

Deploying an implantable sensor within the body of the patient, 1040 
the sensor configured to provide an output signal that is 

Correlated With the blood pressure of the patient 

Implanting an implantable controller and coupling it to at least 
one tissue structure, the implantable controller configured to 

cause the implantable light source to direct enough illumination 
to the light sensitive protein through the implantable light 1042 
source and implantable light applicator to at least partially 
inhibit action potential transmission within the at least one 

branch of the renal nerve plexus based at least in part upon 
the output signal received from the implantable sensor 

FIG. 90 
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Patient analysis and diagnostics 1050 

Identification of targeted tissue structure, such as at least 1032 
One branch of the renal nerve plexus 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 
delivery, electroporation, ultrasound, hydrodynamic delivery, or 

introduction of naked DNA by direct injection or as 
complemented by additional facilitators such as cationic lipids 

1054 

Implanting an optical applicator and coupling it to at least one 
tissue structure such that it can deliver photons to at least 1O36 

one branch of the targeted tissue structure (such as the renal 
nerve plexus) that has been genetically modified to have light 

sensitive protein 

Implanting an implantable light source and intercoupled 
implantable power supply and coupling each to at least one 

tissue structure, the implantable light source being configured 1038 
to deliver photons as an input to the optical applicator when 

the implantable light source is drawing power from the 
implantable power supply 

Implanting an implantable controller operatively coupled to the 
implantable light source and configured to cause the 

implantable light source to direct enough illumination to the 
light sensitive protein through the implantable light source and 
implantable optical applicator to at least partially inhibit action 
potential transmission within the at least one branch of the 

renal nerve plexus 

FIG 91 

104.4 
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Patient analysis and diagnostics 1O3O 

Identification of targeted tissue structure, such as one or 104.8 
fore eLIOS 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 
delivery, electroporation, ultrasound, hydrodynamic delivery, or 1034 

introduction of naked DNA by direct infection or as 
complemented by additional facilitators such as cationic lipids 

Providing an implantable optical applicator configured to deliver 
light to the targeted tissue structure after implantation in a 1050 

location adiocent to the taraeted tissue structure 

Operatively coupling the implantable optical applicator to a 
light source, a controller, a power supply, and an implantable 
illuminance sensor such that the controller causes the power 
supply to allow current to flow to the light source to cause 1052 
an emission of photons to the implantable light actuator 
based at least in part upon an output signal from the 

illuminance sensor, wherein the implantable illuminance sensor 
is positioned such that it captures at least a portion of the 
photons directed toward the targeted tissue structure by the 

implantable light applicator 

FIG. 92 
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Patient analysis and diagnostics 1O3O 

Identification of targeted tissue structure, such as one or 104.8 
777 Ole ?elf OS 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 
delivery, electroporation, ultrasound, hydrodynamic delivery, or 1O34 

introduction of naked DNA by direct infection or as 
complemented by additional facilitators such as cationic lipids 

or polymers) 

Providing an implantable optical applicator configured to 
engage the targeted nerve and to deliver light to the targeted 
nerve, the implantable optical applicator operatively coupled to 1054 
a light source configured to deliver photons to the implantable 

optical applicator which may be ermitted by the implantable 
optical applicator into the targeted nerve to cause a 
membrane polarization change in the targeted nerve 

Providing an implantable electrical stimulation applicator 
configured to engage the targeted nerve, the implantable 

electrical stimulation applicator operatively coupled to a power 
source configured to deliver electrons to the implantable 1056 

electrical stimulation applicator which may be emitted by the 
implantable electrical stimulation applicator into the targeted 

nerve to cause a membrane polarization change in the 
taraeted nerve 

Operatively coupling a controller to the light source and the 
power source, the controller configured to cause both current 
to flow to the implantable electrical stimulation applicator and 11058 
photons to be directed to the implantable optical applicator, 

such that an action potential is created which propagates in a 
first desired direction along the nerve, and which does not 

substantially propagate in a reverse direction along the nerve 

FIG 93 
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Patient analysis and diagnostics 1O3O 

Identification of targeted tissue structure, such as one or 104.8 
177Ore feLIFO/S 

Genetically modifying the targeted tissue structure to encode 
two different light sensitive opsin proteins (such as by viral 

mediated gene delivery, electroporation, ultrasound, 1060 
hydrodynamic delivery, or introduction of naked DNA by direct 
injection or as complemented by additional facilitators such as 

cationic lipids or polymers) 

Providing a first implantable optical applicator configured to 
engage the targeted nerve and to deliver light to the targeted 

nerve, the first implantable optical applicator operatively 1062 
coupled to a first light source configured to deliver photons to 
the first implantable optical applicator which may be emitted 
by the first implantable optical applicator into the targeted 

nerve to cause a membrane polarization change in the 
targeted nerve 

Providing a second implantable optical applicator configured to 
engage the targeted nerve and to deliver light to the targeted 

nerve, the second implantable optical applicator operatively 1064 
coupled to a second light source configured to deliver photons 

to the second implantable optical applicator which may be 
emitted by the second implantable optical applicator into the 
targeted nerve to cause a membrane polarization change in 

the targeted nerve 

Serially coupling the first implantable optical applicator and 
second implantable optical applicator to the nerve 1066 

Operatively coupling a controller to the first light source and 
the second light source, the controller configured to cause 106.8 
photons to be directed to each of the first and second 

implantable optical applicators, such that an action potential is 
Created which propagates in a first desired direction along the 
nerve, and which does not substantially propagate in a reverse 

direction alona the nerve 

FIG 94 
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Patient analysis and diagnostics 1O3O 

Identification of targeted tissue structure, such as one or 1045 
777 Ole fell POPS 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 1034 
delivery, electroporation, ultrasound, hydrodynamic delivery, or 

introduction of naked DNA by direct injection or as 
complemented by additional facilitators such as cationic lipids 

Providing an implantable optical applicator configured to be 
permanently operatively coupled to at least a portion of the 
targeted tissue structure, an implantable light source, an 

implantable power supply, an implantable controller, Wherein 
the implantable optical applicator, implantable light source, 
implantable power supply, and implantable controller are 

provided in a pre-coupled and hermetically-sealed 
configuration and designed to be installed together through a 

Connon surgical access port 

107O 

Creating the common surgical access to a first anatomical 
location at which the implantable power supply and implantable 

Controller are to be implanted 1072 

Inserting an elongate delivery conduit defining a Working lumen 
therethrough along an insertion pathway to a second 

anatomical location Without creating further surgical access for 
the insertion pathway, the second anatomical location being 

adjacent the targeted tissue structure 

1074 

Inserting the implantable optical applicator through the 
elongate delivery conduit to implant the implantable optical 1076 
applicator at the second anatomical location operatively 

coupled to at least a portion of the targeted tissue structure, 
such that a least portion of photons delivered through the 

implantable optical applicator will reach the targeted 
tissue structure 

FIG 95 
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Patient analysis and diagnostics 1030 

Identification of targeted tissue structure, such as one or 104.8 
IOre eLIFOS 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 
delivery electroporation, ultrasound, hydrodynamic delivery, or 

introduction of naked DNA by direct injection or as 1054 
complemented by additional facilitators such as cationic lipids 

Providing an implantable optical applicator configured to be 
permanently operatively coupled to at least a portion of the 1078 
targeted tissue structure, an implantable light source, an 

implantable power supply, an implantable controller 

Creating the common surgical access to a first anatomical 
location at which the implantable power supply and implantable 

controller are to be innplanted 1080 

Inserting an elongate delivery conduit defining a Working lumen 
therethrough along an insertion pathway to a second 1082 

anatomical location without creating further surgical access for 
the insertion pathway, the second anatomical location being 

adjacent the targeted tissue structure 

Creating a second surgical access port to the second 
anatornical location 1084 

Implanting the implantable optical applicator at the second 
anatornical location through the second surgical occess port 1086 

Implanting the implantable power supply and implantable 1088 
controller at the first anatomical location through the common 

access port 

Inserting a delivery segment through the elongate delivery 
conduit to operatively couple the implantable optical applicator 
with the implantable power supply and implantable controller 1O90 

FIG 96 
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Patient analysis and diagnostics 1030 

Identification of targeted tissue structure, such as one or 1045 
fore ?elf OS 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 
delivery, electroporation, ultrasound, hydrodynamic delivery, or 1054 

introduction of naked DNA by direct infection or as 
complemented by additional facilitators such as cationic lipids 

or polymers) 

Providing an implantable optical applicator configured to be 
permanently operatively coupled to at least a portion of the 
targeted tissue structure, an implantable light source, an 1086 

implantable power supply, an implantable controller, wherein 
the implantable power supply and implantable controller are 

provided in a pre-coupled and hermetically-sealed 
configuration and designed to be installed together through a 

common surgical access port 

Creating the common surgical access to a first anatomical 1088 
location at Which the implantable power supply and implantable 

Controller are to be implanted 

Inserting an elongate delivery conduit defining a Working lumen 
therethrough along an insertion pathway to a second 1090 

anatomical location Without creating further surgical access for 
the insertion pathway, the second anatomical location being 

adjacent the targeted tissue structure 

Inserting the implantable optical applicator through the 
elongate delivery conduit to implant the implantable optical 1092 
applicator at the second anatomical location operatively 

coupled to at least a portion of the targeted tissue structure, 
such that a least a portion of photons delivered through the 

implantable optical applicator will reach the targeted 
tissue structure 

FIG 97 
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Patient analysis and diagnostics 1030 

Identification of targeted tissue structure, such as one or 
IOre fell OS 104.8 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 
delivery, electroporation, ultrasound, hydrodynamic delivery, or 1054 

introduction of naked DNA by direct injection or as 
complemented by additional facilitators such as cationic lipids 

Providing an implantable optical applicator configured to 
engage the outer surface of the targeted tissue structure and 

to deliver light directly to the targeted tissue structure 1094 

Implanting the implantable optical applicator such that it 
engages the targeted tissue structure 1096 

Operatively coupling the implantable optical applicator to a 
light source 1098 

Illuminating the targeted tissue structure through the 11OO 
implantable light applicator using photons transferred to the 

inplantable light applicator from the light source 

FIG 98 
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Patient analysis and diagnostics 1O3O 

Identification of targeted tissue structure, such as one or 1102 
more neurons, to be stimulated using illumination at a first 

subcutaneous location 

Genetically modifying the targeted tissue structure to encode a 
light sensitive opsin protein (such as by viral mediated gene 

delivery, or introduction of naked DNA by direct injection or as L-1034 
complemented by additional facilitators such as cationic 

lipids or polymers) 

Providing an implantable light conductor configured to be 
permanently coupled between the first subcutaneous location 
and a second location selected such that extracorporeal 1104 
photons directed toward the second location will be 

transmitted, at least in part, through the implantable light 
conductor to the targeted tissue structure 

FIG 99 

  


































































































































































































