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( 57 ) ABSTRACT 
Configurations are described for utilizing light - activated 
proteins within cell membranes and subcellular regions to 
assist with medical treatment paradigms , such as hyperten 
sion treatment via anatomically specific and temporally 
precise modulation of renal plexus activity . The invention 
provides for proteins , nucleic acids , vectors and methods for 
genetically targeted expression of light - sensitive proteins to 
specific cells or defined cell populations . In particular the 
invention provides systems , devices , and methods for mil 
lisecond - timescale temporal control of certain cell activities 
using moderate light intensities , such as the generation or 
inhibition of electrical spikes in nerve cells and other 
excitable cells . 
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AGFSILLLMFY 
AYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTCP 
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YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTI IDLMSKNCWGLLGHYLRV 
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GQCFCLAWLKSNGTNAEKLAANILQWI TEALSALCLMFYGYQTWKSTCGWETIYVATIE 
MIKFIIEYFHE 
FDEPAVIYSSNGNKTVWLRYAEWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDVGCI 
VWGATSAMCTG 
WTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGICRELVRVMAWTFFVAWGMFPVLF 
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GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWEEIYVATIE 
MIKFIIEYFHE 
FDEPAVIYSSNGNKTVWLRYATWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDVGCI 
VWGATSAMCTG 
WTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGICRELVRVMAWTFFVAWGMFPVLF 
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GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWETIYVATIE 
MIKFIIEYFHE 
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MIKFIIEYFHE 
FDEPATLWLSSGNGVVWMRYGEWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDIACI 
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KGICRELVRVM 
AWTFFVAWGMFPVLFLLGTEGFGHISPYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEH 
ILLYGDIRKKO 
KITIAGQEMEVETLVAEEED 

T C * 12 

11111 3 

FIG . 530 
ReaCHR [ gi / 5307526551 gb AGT48260 . 1 ] [ SEQ ID NO : 23 ] 
MVSRRPWLLALALAVALAAGSAGASTGSDATVPV?TQDGPDYVFHRAHERMLFQTSYTL 
ENNGSVICIPN 
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EMMKSIIEAFH 
EFDSPATLWLSSGNGVVWMRYGEWLLTCPVILIHLSNLTGLKDDYSKRTMGLLVSDVGC 
IVWGATSAMCT 
GWTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGL CRQLVRAMAWLFFVSWGMFPVL 
FLLGPEGFGHI 
SPYGSAIGHSILDLI AKNMWGVLGNYLRVKIHEHILLYGDIRKKQK ITIAGQEMEVETL VAEEEDKYESS 

FIG . 54A 
H 



Patent Application Publication Apr . 25 , 2019 Sheet 52 of 102 US 2019 / 0117993 A1 

VCOMET [ gi / 530752657 gb AGT48261 . 1 ] [ SEQ ID NO : 241 
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UN G ) med www . ArchT [ gi 328672376 / gb AEB26832 . 1 ] [ SEQ ID NO : 261 
MDPIALQAGYDLLGDGRPETLWLGIGTLLMLIGTFYFIVKGWGVTDKEAREYYSITILV 
PGIASAAYLSM 
FFGIGLTEVTVAGEVLDIYYARYADWLFTTPLLLLDLALLAKVDRVSIGTLVGVDALMI 
VTGLIGALSHT 

. Innen VE VV 

IIGTEGAGVVG 
LGIETLLFMVLDVTAKVGFGFILLRSRAILGDTEAPEP 

FIG . 55B 
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eArch 3 . 0 - EYFP ( SEQ ID NO : 24 from published PCT application 
from Published PCT application Wo / 2013 / 126521 ] [ SEQ ID 
NO : 271 
MDPIALQAGYDLLGDGRPETLWLGIGTLLMLIGTFYFLVRGWGVTDKDAREYYAVTILV 
PGIASA 
AYL SMFFGIGLTEVTVGGEMLDIYYARYADWLFTTPLLLLDLALLAKVDRVTIGTLVGV 
DALMIV 

MIVLY 
VLWTAYP 
ILWIIGTEGAGVVGLGIETLLFMVLDVTAKVGFGFILLRSRAILGDTEAPEPSAGADVS 
AADRPVV 
AVSKAAAKSRITSEGEYIPLDQIDINVVSKGEELFTGVVPILVELDGDVNGHKFSVSGE 
GEGDATY 
GKLTLKFICTTGKLPVPWPTLVTTFGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTI 
FFKDDG 
NYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKV 
NFKIRH 
NIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHMVLLEFVTAAG 
ITLGM DELYKFCYENEV 

ULL 
IV UNIVTT I 

FIG . 550 

T 
Y 

1 T ALV 11 . 

Mac [ gi | 282892265 / gb / ADB03112 . 1 ] [ SEQ ID NO : 28 ] 
MIVDQFEEVLMKTSQLFPLPTATQSAQPTHV?PVPTVLPDTPIYETVGDSGSKTLWVVF 
VLMLIASAAFT 
ALSWKIPVNRRLYHVITTIITLTAALSYFAMATGHGVALNKIVIRTQHDHVPDTYETVY 
RQVYYARYIDW 
AITTPLLLLOLGLLAGMSGAHIFMAIVADLIMVLTGLFAAFGSEGTPQKWGWYTIACIA 
YIFVVWHLVLN 
GGANARVKGEKLRSFFVAIGAYTLILWTAYPIVWGLADGARKIGVDGEIIAYAVLOVLA 
KGVFGAWLLVT 
HANLRESDVELNGFWANGLNREGAIRIGEDDGA 

IYU 

FIG . 56 
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I 

BR ( Published US patent application 20130019325 ] [ SEQ ID 
NO : 291 
MLELLPTAVEGVSQAQITGRPEWIWLALGTALMGLGTLYFLVKGMGVSDPDAKKFYAIT 
TLVPAIAFTMYLSMLLGYGLT 
MVPFGGEQNPIYWARYADWLFTTPLLLLDLALLVDADQGTILALVGADGIMIGTGLVGA 
LTKVYSYRFVWWAISTAAMLY 
ILYVLFFGFTSKAESMRPEVASTEKVLRNVTVVLWSAYPVVWLIGSEGAGIVPLNIETL 
LFMVLDVSAKVGFGLILLRSR 
AIFGEAEAPEPSAGDGAAATSD 

W 

Burunnut 1 VV Y1 

1 M 

FIG . 57 

banat T 1 

TA 
V V bermint 

DChR1 [ gi | 373427779 / gb / AEY68833 . 1 ] [ SEQ ID NO : 30 ] 
MRRRESOLAYLCLFVLIAGWAPRLTESAPDLAERRPPSERNTPYANIKKVPNITEPNAN 
VOLDGWALYQD 
FYYLAGSDKEWVVGPSDQCYCRAWSKSHGTDREGEAAVVWAYI VFAICIVOLVYFMFAA 
WKATVGWEEVY 
VNI IELVH A V? WEFDKPAM YNDSQMVPW _ RYSA WSCPV / LIHSN _ TSKGD 
YSKRTMGLLVS 
DIGTIVFGTSAALAPPNHVKVILFTIGLLYGLFTEFTAAKVYIEAYHTVPKGQCRNLVR 
AMAWTYFVSWA 
MFPILFILGREGFGHITYFGSSIGHFILEIFSKNLWSLLGHGLRYRIRQHII IHGNLTK 
KNKINIAGDNV 
EVEEYVDSNDKDSDV 

w ? T I Y 

FIG . 581 

} T 

GtR3 ?oi 373427781 gb AEY68834 . 11 SEQ ID NO : 317 
MDYGGALSÁVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGASSFGKALLEFV 
FIVFACITLLL 
GINAAKSKAASRVLFPATFVTGIASIAYFSMASGGGWVIAPDCRQLFVARYLDWLITTP 
LLLIDLGLVAG 
VSRWDIMALCLSDVLMIATGAFGSLTVGNVKWVWWFFGMCWFLHIIFALGKSWAEAAKA 
KGGDSASVYSK 
IAGITVITWFCYPVVWVFAEGFGNFSVTFEVLIYGVLDVISKAVFGLILMSGAATGYES 

F W E . 

LIT 
VVV 

FIG . 58B 
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NPHR ( gi | 1341539921gb | AB064387 . 1 ] [ SEQ ID NO : 32 ] 
MTETLPPVIESAVALQAEV?ORELFEFVLNDPLLÄSSLYINIALAGLSILLFVFMTRGL 
DDPRAKLIAVS 
TILVPVVSIASYTGLASGLTISVLEMPAGHFAEGSSVML GGEEVDGVVTMWGRYLTWAL 
STPMILLALGL 

Sunt funnet OW 

framme tament VVV VAR AL 
QDAKAAGTADM 

VAWCYP VWALOV 
NESVVSGSILD 
VPSASGTPADD 

FIG . 59A 

A S CIT 
MI 

T Bersund LVV pemand 

WGV D 

eYFP - Np HR3 . O SEQ ID NO : 2 from Published PCT application 
WO / 2013 / 126521 ] [ SEQ ID NO : 331 
MTETLPPVTESAVALQAEVTQRELFEFVLNDPLLASSLYINIALAGLSILLFVFMTRGL 
DOPRAKLIAV 
STILVPVVSIASYTGLASGLTISVLEMPAGHEAEGSSVMLGGEEVDGVVTMWGRYLTWA 
LSTPMILL 
ALGLLAGSNATKLFTAITFDIAMCVTGLAAALITSSHLMRWFWYAISCACFLVLYILL 
VEWAQDA 

TVVMV IVW 
LLLNYLT 
SNESVVSGSILDVPSASGTPADDAAAKSRITSEGEYIPLDQIDINVVSKGEELFTGVVP 
ILVELDGDVN 
GHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFGYGLQCFARYPDHMKQHD 
FFKSAMP 
EGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSH 
NVYIMAD 
KQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSYQSALSKDPNEK 
RDHMVLL EFVTAAGITLGMDELYKFCYENEV 

DIVAKY 

? IKE F T Vs 

FIG . 59B 
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SE 
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eYFP - NPHR3 . 1 [ SEQ ID NO : 3 from Published PCT application 
WO / 2013 / 1265211 SEQ ID NO : 347 
MVTQRELFEFVLNDPLLASSLYINIALAGLSILLFVEMTRGLDDPRAKLIAVSTILVPV 
VSIASYTGLA 
SGLTISVLEMPAGHFAEGSSVMLGGEEVDGVVTMWGRYL TWALSTPMILLALGLLAGSN 
ATKLFT 
AITEDI AMCVTGLAAALTTSSHLMRWFWYAISCACFLVLYILLVEWAQDAKAAGTADM 
FNTLKL 
LTVVMWL GYPIVWALGVEGIAVLPVGVTSWGYSFLDIVAKYIFAFLLLNYLTSNESVVS 
GSILDVPS 
ASGTPADDAAAKSRITSEGEYIPLDQIDINVVSKGEELFTGVVPILVELDGDVNGHKFS 
VSGEGEGDA 
TYGKLTLKFICTTGKLPVPWPTLVTTFGYGLQCFARYPDHMKQHDFFKSAMPEGYVQER 
TIFFKDD 
GNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIK 
VNFKIRH 
NIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHMVLLEFVTAAG 
ITLGMDE LYKFCYENEV 

VAKY formand 

ti S NVVT YA 

FIG . 590 
i franska 1 7 OptoB2AR [ Published US patent application 20110112179 ] 

TSEQ ID NO : 351 
MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTL 
YVIAKFERLQTVLNYILLNLA 
VADLFMVEGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALWSLVVLAIERYVVV 
TSPFKYQSLLTKNKAIMGVAF 
TWVMALACAAPPLVGWSRYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHF IIPLIV 
IFFCYGRVFQVAKRQLQKIDK 
SEGRFHSPNLGQVEQDGRSGHGLRRSSKFCLKEHKALRMVI IMVIAFLICWLPYAGVAF 
YIFTHQGSDFGPIFMTIPAFF 
AKTSAVYNPVIYIMMNKQFRIAFQELLCLRRSSSKAYGNGYSSNSNGKTDYMGEASGCQ 
LGQEKESERLCEDPPGTESFV 
NCQGTVPSLSLDSQGRNCSTNDSPLTETSQVAPA 

hu 

formand 

FIG . 60A 
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4 [ funika bund jennika 

T 1 

OptoalAR [ Published US patent application 20110112179 ] [ SEQ 
ID NO : 361 
MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTL 
YVVACHRHLHSVLNYILLNLA 
VADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEI ALWSLVLAIERYVVV 
SYPLRYPTIVTQRRAIMGVAF 
TWVMALACAAPPLVGWSRYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIV 
IFFCYGRVYVVAKRESRGLKS 
GLKTDKSDSEQVTLRIHRKNAPAGGSGMASAKTKTHFSVRLLKFSREKKAARMVIIMVI 
AFLICWLPYAGVAFYIFTHQG 
SDFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRKAFQNVLRIQCLCRKQSSKHALGYT 
LHPPSQAVEGQHKDMVRIPVG 
SRETFYRISKTDGVCEWKFFSSMPRGSARITVSKDQSSCTTARVRSKSFLQVCCCVGPS 
TPSLDKNHQVPTIKVHTISLS 
ENGEEVTETSQVAPA 

FIG . 60B 

tramand 
Trafficking sequence of human inward rectifier potassium 
channel kir2 . 1 [ SEQ ID NO : 12 from Published PCT application 
WO / 2013 / 1265211 [ SEQ ID NO : 371 
KSRITSEGEYIPLDQIDINV 

a 

mento 

FIG . 61A 
D Signal peptide of h ChR2 [ SEQ ID NO : 13 from Published PCT 

application WO / 2013 / 126521 ] [ SEQ ID NO : 38 ] 
MDYGGALSAVGRELLFVTNPVVVNGS 

FIG . 61B 
B2 subunit signal peptide of the neuronal nicotinic 
acetylcholine receptor [ SEQ ID NO : 14 from Published PCT 
application WO / 2013 / 126521 ] [ SEQ ID NO : 39 ] 
MAGHSNSMALFSFSLLWLCSGVLGTEF 

FIG . 61C 
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forward 
had a heart 

Nicotinic acetylcholine receptor signal sequence RID 
NO : 15 from Published PCT application Wo / 2013 / 126521 ] [ SEQ 
ID NO : 401 
MGLRALMLWLLAAAGLVRESLQG 

FIG . 610 
femrat 

www for a m 

Nicotinic acetylcholine receptor signal sequence ( SEQ ID 
NO : 16 from Published PCT application WO / 2013 / 126521 ] [ SEQ 
ID NO : 411 
MRGTPLLLVVSLFSLLQD 

FIG . 61E 
Endoplasmic reticulum ( ER ) export sequence [ Published PCT 
application WO / 2013 / 126521 ] [ SEQ ID NO : 42 ] 
VXXSL ( where X is any amino acid ) 

FIG . 61F 
2 Endoplasmic reticulum ( ER ) export sequence [ SEQ ID NO : 17 

from Published PCT application WO / 2013 / 126521 ] ( SEQ ID 
NO : 431 
VKESL 

FIG . 616 

i LE Bonament U 

Endoplasmic reticulum ( ER ) export sequence [ SEQ ID NO : 18 
from Published PCT application WO / 2013 / 126521 ] [ SEQ ID 
NO : 441 
VLGSL 

FIG . 61H 
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0 

Endoplasmic reticulum ( ER ) export sequence ( SEQ ID NO : 19 
from Published PCT application WO / 2013 / 126521 ] [ SEQ ID 
NO : 451 
NANSFCYENEVALTSK 

FIG . 611 
bermamma 

O 

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 

Summoned 
Endoplasmic reticulum ( ER ) export sequence ( SEQ ID NO : 21 
from Published PCT application WO / 2013 / 126521 ] [ SEQ ID 
NO : 471 
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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coggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgo 
ctggtatctttatagtcctgt 
cgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcgga 
gcctatggaagaacgccagca 
acgcggcctttttocggttcctggccttttgctggccttttgctcacatgt t ????? t t t 
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Polynucleotide encoding Champ SEQ ID NO : 50 
cctgcaggcagctgcgcgctcgctcgctcactgaggccgcccgggcaaagcccgggcgt 
cgggcgacctttggtcgcccg 
gcctcagtgagcgagcgagcgcgcagagagggagtggccaactccatcactaggggtto 
ctgcggccgcacgcgtgtgtc 
tagactgcagagggccctgcgtatgagtgcaagtgggttttaggaccaggatgaggcgg 
ggtgggggtgcctaccogacg 
accgaccccgacccactggacaagcacccaacccccattccccaaattgcgcatcccct 
atcagagagggggaggggaaa 
caggatgcggcgaggcgcgtgcgcactgccagcttcagcaccgcggacagtgccttcgc 
ccccgcctgggggcgcgcgcc 
accgccgcctcagcactgaaggcgcgctgacgtcactcgccggtcccccgcadoctcco 
cttcccggccaccttggtcgc 
gtccgcgccgccgccggcccagccggaccgcaccacgcgaggcgcgagataggggggca 
cgggcgcgaccatctgcgctg 
cggcgccggcgactcagcgctgcctcagtctgcggtgggcagcggaggagtcgtgtcgt 
gcctgagagcgcagtcgagaa 
ggtaccggatccgccaccatggaccccatcgctctgcaggctggttacgacctgctggg 
tgacggcagacctgaaactct 
gtggctgggcatcggcactctgctgatgctgattggaaccttctactttctggtccgcg 
gatggggagtcaccgataagg 
atgcccgggaatattacgctgtgactatcctggtgcccggaatcgcatccgccgcatat 
ctgtctatgttctttggtatc 
gggcttactgaggtgaccgtcgggggcgadatgttggatatctattatgccaggtacgo 
cgactggctgtttaccacccc 
acttctgctgctggotctggcccttctcgctoaggtggatcgggtgaccatcggcaccc 
tggtgggtgtggacgccctga 
tgatcgtcactggcctcatcggagccttgagccacacggccatagccagatacagttgg 
tggttgttctctacaatttgc 
atgatagtggtgctctattttctggctacatccctgcgatctgctgcaoaggagcgggg 
ccccgaggtggcatctacctt 
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FIG . 61M - 1 
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taacaccctgacagctctggtcttggtgctgtggaccgcttaccctatcctgtggatca 
taggcactgagggcgctggcg 
tggtgggcctgggcatcgadactctgctgtttatggtgttggacgtgactgccaaggtc 
ggctttggctttatcctgttg 
agatcccgggctattctgggcgacaccgaggcaccagaacccagtgccggtgccgatgt 
cagtgccgccgacaagagcag 
gatcaccagcgagggcgagtacatccccctggaccagatcgacotcaacgtgggcgcgc 
ccggctccggagccocgaact 
tctctctgttaaagcaagcaggagacgtggaagaaaaccccggtcccatggacctgaag 
gagtcaccaagcgagggatca 
ctgcagccatcoagcattcagattttcgctoatacaagcacactgcacggcatccggca 
tatcttcgtgtacggcccact 
gaccattcggagagtcctgtgggcagtggcctttgtcggaagcctgggactgctgctgg 
tggagagctccgadagagtca 
gttactatttctcatatcagcacgtgactaaggtggacgaggtggtcgctcagtccctg 
gtgtttcccgcagtcaccctg 
tgcaacctgaatgggttcaggttttctcgcctgaccacaoacgacctgtaccacgccgg 
agagctgctggctctgctgga 
tgtgaatctgcagatoccagacccccatctggccgatccaaccgtgctggaagcactga 
ggcagaaggccaacttcadac 
actacaagcccaaacagttcagcatgctggagtttctgcaccgcgtgggacatgacctg 
adagatatgatgctgtattgc 
aagttcaaaggccaggagtgtgggcatcaggacttcactaccgtgtttacacagtacgg 
caaatgttacatgttcoacto 
cggggaagatggaaaacctctgctgacoactgegaagggcgggacagggaatggactgg 
agatcatgctggacattcago 
aggatgagtacctgccaatctggggagaaactgaggaaaccacattcgaggccggcgtg 
aaggtccagatccactcacag 
agcgagccccctttcattcaggaactgggatttggagtggcaccaggattccagacatt 
tgtcgctactcaggagcagcg 
cctgacctatctgccacccccttggggcgagtgccgatctagtgaaatggggctggact 
tctttcctgtgtactctatca 
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martpanen 
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) and 0 

???? 0 0 O 

0 med 

O 

merge o 
D ) . Der 0 ???? 

0 mm 
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ccgcctgccgaattgattgtgagacacggtatatcgtggaddoctocaattgtaggatg 
gtccacatgcctggcgacgcc 
ccattctgcactcccgaacagcatadagagtgtgctgaacctgcactggggctgctggc 
tgagoaggatagtaactactg 
cctgtgtagaacaccctgtaacctgactaggtataataaggaac tgagcatggtgaaga 
tcccttccaaaacatctgcao 
agtacctggagaagaagttcaacaagtctgagaagtacatcagtgaaaacattctggtg 
ctggacatcttctltgaagct 
ctgaattacgagaccattgaacagaagaaagcatatgaggtggccgctctgctggggga 
tattggaggccagatgggact 
gttcatcggcgccagcctgctgacaattctggagctgtttgactacatctatgagctga 
ttaaggagagactgctggato 
tgctggggaaggaggaagaggaaggatcacacgocgadaacatgagcacttgcgatacc 
atgcctaatcacagcgagacc 
atctcccatacagtgaatgtcccactgcagactgcactgggcaccctggaggaaattgo 
ctgtgcggccgccaagagcag 
gotcaccagcgagggcgagtacatccccctggaccagatcgacotcaacgtggtgagca 
agggcgaggagctgttcaccg 
gggtggtgcccatcctggtcgagctggacggcgacgtaaacggocacaagttcagcgtg 
tocggcgagggcgagggcgat 
gccacctacggcaagctgaccctgaagttcatctgcaccaccggcoagctgcccgtgcc 
ctggcccaccctcgtgaccac 
cttcggctacggcctgcagtgcttcgcccgctaccccgaccacotgaagcagcacgact 
tcttcaagtccgccatgcccg 
aaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgc 
gccgaggtgaagttcgagggc 
gocaccctggtgaaccgcatcgagctgaagggcatcgacttcagggaggacggcaacat 
cctggggcacaagctggagta 
coactacaacagccacaacgtctatatcatggccgacaagcagoagaacggcatcaagg 
tgaacttcaagatccgccaca 
acatcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggo 
gacggccccgtgctgctgccc 
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t C 

gacaaccactacctgagctaccagtccgccctgagcaaagaccccaacgagaagcgcga 
cgtgaccgccgccgggatcactctcggcatggacgagctgtacaagttctgctacgaga 

atatcaagcttatcgataatcaacctctggattacaaaatttgtgaaagattgactggt 

tttacgctatgtggatacgctgctttaatgcctttgtatcatgctattgcttcccgtat 

gtatasatcctggttgctgtctctttatgaggagttgtggcccgttgtcaggcaacgtg 

ctgacgcaacccccactggttggggcattgccaccacctgtcagctcctttccgggact 

gocacggcggaactcatcgccgcctgccttgcccgctgctggacaggggctcggctgtt 
gttgtcggggaaatcatcgtcctttccttggctgctcgcctgtgttgccacctggattc 

acgtcccttcggccctcaatccagcggaccttccttcccgcggcctgctgccggctctg 

cttcgccctcagacgagtcggatctccctttgggccgcctccccgcatcgataccgago 
tggcatccctgtgacccctccccagtgcctctcctggccctggaagttgccactccagt 

aaaattaagttgcatcattttgtctgactaggtgtccttctataatattatggggtgga 

ggcaagttgggaagacaacctgtagggcctgcggggtctattgggaaccaagctggagt 

actgcaotctccgcctcctgggttcaagcgottctcctgcctcagcctcccgagttgtt 
caggctcagctaatttttgtttttttggtagagacggggtttcaccatattggccaggc 

aggtgatctacccaccttggcctcccaaattgctgggattacaggcgtgaaccactgct 

tcacatggtcctgctggagtt 

acgaggtgtaatgagaattcg 

attcttaactatgttgctcct 

ggctttcattttctcctcctt 

gcgtggtgtgcactgtgtttg 

ttcgctttccccctccctatt 

gggcactgacaattccgtggt 

tgcgcgggacgtccttctgct 
cggcctcttccgcgtcttcgc 

gctgctcgagagatctacggg 

goccaccagccttgtcctaat 

ggggggtggtatggagcaagg 

gcagtggcacaatcttggcto 

gggattccaggcatgcatgac 

tggtctccoactcctaatcto 

cccttccctgtccttctgatt 
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ttgtaggtaaccacgtgcggaccgagoggccgcaggaacccctagtgatggagttggcc 
actccctctctgcgcgctcgc 
tcgctcactgaggccgggcgaccadaggtcgcccgocgcccgggctttgcccgggcggc 
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light sensitive opsin protein ( such as by viral mediated gene 
delivery , electroporation , ultrasound , hydrodynamic delivery , or 1034 

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

or polymers ) 
T 

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 11086 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 

. . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . 

. . . . . . . . . . . 

1000 Creating the common surgical access to a first anatomical 
location at which the implantable power supply and implantable 

controller are to be implanted 

- 1090 
Inserting an elongate delivery conduit defining a working lumen 

therethrough along on 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 

. . . . . 

. . . . - 1092 

. . . . . . . . 

. . 

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

coupled to ot 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 
more neurons - 1048 

mmmmmmmmmm 
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 

or polymers ) 

- 1034 

mmmmm 
AAAA 

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 L - 1094 

Implanting the implantable optical applicator such that it 
engages the taroeted tissue structure F1096 

wwwwww Operatively coupling the implantable optical applicator to a 
light source 11098 

W 

Illuminating the targeted tissue structure through the F1100 implantable light applicator using photons transferred to the 
implantable light applicator from the light source 

FIG . 98 
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Patient analysis and diagnostics 71030 w 

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

subcutaneous location 

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

delivery , or introduction of naked DNA by direct injection or as - 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 T1104 
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 






































































































































































































