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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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Determine a desired nervous system functional modulation to 
be facilitated by optogenetic excitation and / or inhibition 

Select targeted neuroanatomy for achieving the desired functional 
outcome with excitation and / or inhibition 

Deliver an effective amount of polynucleotide comprising a 
light - responsive opsin protein which is expressed in neurons of 

the targeted neuroanatomy 

Wait for a period of time to ensure that sufficient portions of 
the targeted neuroanatomy will express the light - responsive opsin 

protein upon exposure to light 
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Deliver light to the targeted neuroanatomy to cause controlled , 1 - 10 
specific excitation and / or inhibition by virtue of the presence of 

light - responsive opsin protein in such neuroanatomy 
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Color 
Name 

Fwd Voltage Imtensity Viewing 
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@ 50mA 15 * 

LED dye Material 
GaAIAS / GaAs - - 
Gallium Aluminum 
Arsenide / Gallium 
Arsenide 
GOAIAS / GAAS . com 
Gallium Aluminum 
Arsenide / Gallium 
Arsenide 
GOAIAS / GOAS - - 
Gallium Aluminum 
Arsenide / Gallium 
Arsenide 
GOAIAS / GaAs - - - 
Gallium Aluminum 
Arsenide / Gallium 
Arsenide 

850 Infrared 1 26mW 
050mA 15 " 
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* * w LLL LLLLLLLLLLL 
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15 * 
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VAN www . 
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74 Preoperative diagnostics and analysis , such as renal circulation 
study with contrast agent under fluoroscopy and / or ultrasound 

Injection of polynucleotide comprising light - responsive opsin 
protein to be expressed in the neurons of the renal plexus 

( for example , the parenchyma of one or both kidneys may be 
injected , or a gel solution may be topically applied to the 

renal plexus ) f76 
Wait for a period of time to ensure that sufficient portions of 
the renal plexus will express the light - responsive opsin protein 

upon exposure to light 78 

Surgical installation of light delivery interface ( for example , one 
or more renal artery illumination cuffs may be installed and 

connected to a power supply and illumination source prosthesis 
by a light transmission element such as one or more light 

transmitting fibers ) more light - 180 
Deliver illumination through the light delivery interface to 
illuminate the renal plexus , thereby causing inhibition of 

hypertension related to the secretion of renin by the kidneys F 82 
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14 Preoperative diagnostics and analysis , such as renal circulation 
study with contrast agent under fluoroscopy and / or ultrasound 

NNNNNN 

Injection of polynucleotide comprising light - responsive opsin 
protein to be expressed in the neurons of the renal plexus 

( for example , the parehchyma of one or both kidneys may be 
injected , or a gel solution may be topically applied to the 
renal plexus ) while also surgically installing light delivery 

interface ( for example , one or more renal artery illumination 
cuffs may be installed and connected to a power supply and 
illumination source prosthesis by a light transmission element 

such as one or more light - transmitting fibers ) 
wwwwwwwwwwwwwwwwwwwwwwwwwwwww 

Wait for a period of time to ensure that sufficient portions of 
the renal plexus will express the light - responsive opsin protein 

upon exposure to light 178 

Deliver illumination through the light delivery interface to 
illuminate the renal plexus , thereby cousing inhibition of 

hypertension related to the secretion of renin by the kidneys 
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Preoperative diagnostics and analysis , such as renal circulation 
study with contrast agent under fluoroscopy and / or ultrasound 

Injection of polynucleotide comprising light - responsive opsin 
protein to be expressed in the neurons of the renal plexus 
while also surgically installing light delivery interface ( for 

example , one or more renal artery injection / illumination cuffs 
may be installed and connected to a power supply and 

illumination source prosthesis by a light transmission element 
such as one or more light - transmitting fibers , and also 

temporarily connected to an injection source ) 186 wwwwwwwwwwwwwwwwwwwwwwww 
Wait for a period of time to ensure that sufficient portions of 
the renal plexus will express the light - responsive opsin protein 578 upon exposure to light 

Deliver illumination through the light delivery interface to 
illuminate the renal plexus , thereby cousing inhibition of 

hypertension related to the secretion of renin by the kidneys mm 82 
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74 . Preoperative diagnostics and analysis , such as renal circulation 
study with contrast agent under fluoroscopy and / or ultrasound www 

Injection of polynucleotide comprising light - responsive opsin 
protein to be expressed in the neurons of the renal plexus 

( for example , the parenchyma of one or both kidneys may be 
injected , or a gel solution may be topically applied to the 

renal plexus L - 76 

Wait for a period of time to ensure that sufficient portions of 
the renal plexus will express the light - responsive opsin protein 

upon exposure to light 178 

Surgical installation of light delivery interface ( for example , one 
or more renal artery illumination cuffs may be installed and 

connected to a power supply and illumination source prosthesis 
by a light transmission element such as one or more light 
transmitting fibers ) and implantable blood pressure sensor ; 

interconnect blood pressure sensor with illumination controller 

Deliver illumination through the light delivery interface to 
illuminate the renal plexus under closed - loop control with 
blood pressure monitor output as an input to illumination 

controller , thereby cousing inhibition of hypertension related to 
the secretion of renin by the kidneys - 98 
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ChR2 lgi 134153990 gb AB064386 . 11 SEQ ID NO : 11 
MDYGGALSAVGRELLFVTNPVVVNGSVLVPEDOCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTCP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTI IDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEAEAGAVP 

MA found 

ST VW J 1 WOL 

furning 

FIG . 51A 
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ChR2 ( C128A ) [ SFO ) [ SEQ ID NO : 21 
MDYGGAL SAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEE I YVCA IEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTAP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGT IVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG YHTVPKGRCRO 
VTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHT I IDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEREAGAVP 

IVWGA T 

Forumas E 

FIG . 51B 
ChR2 ( C128S ) ( SFO ) [ SEQ ID NO : 3 ] 
MDYGGAL SAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEEI YVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTSP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTIIDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEAEAGAVP 

FIG . 510 
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VI 

ChR2 ( C128T ) ( SFO ) [ SEQ ID NO : 4 ] MDYGGAL SAVGRELLFVÍNOVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEETYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTTP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHT IIDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEAEAGAVP 

I TUIN 
VI US I F framek i US 

I 

FIG . 510 
CHR2 ( D156A ) [ SFO ) [ SEQ ID NO : 5 ] 
MDYGGAL SAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTCP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSAIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
WTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHT IIDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEREAGAVP 
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GMIL 

FIG . 51E 
ChR2 ( D156A / C128S ) ( SSFO ) [ SEQ ID NO : 6 ] 
MDYGGALSAVGRELLEVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 

MVKVILLE El 2 

fement MVKVI 

G I VA 

VILIHLSNLTG 
LSNDYSRRTMGLLVSAIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTIIDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEREAGAVP 
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WY 

ChR2 ( T1590 ) SEQ ID NO : 71 
MDYGGAL SAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTCP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGCIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTIIDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 

TEVE EAGAVI 

har 

12 

. 

FIG . 51G 

1 

CLIVALMV ?? VOW RYA 

ChR2 ( L132C ) ( CatCH ) [ SEQ ID NO : 8 ] 
MDYGGAL SAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEET YVCA IEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTCP 
VICIHLSNLTG 
LSNDYSRRTMGLLVSDIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTI IDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 

F Y 193 f 

femmes E VE T 

FIG . 51H 
CHR2 ( E123T / T159C ) SEQ ID NO : 97 
MDYGGAL SAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEET YVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYATWLLTCP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGCIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
WTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTIIDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEAEAGAVP 
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ChR2 ( H134R ) [ SEQ ID NO : 101 
MDYGGALSAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAEWLLTCP 
VILIRLSNLTG 
LSNDYSRRTMGLLVSDIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTIIDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEAEAGAVP 

G 

brand E E 

FIG . 51J 

na 

ChR2 CHETA ( E123A ) [ SEQ ID NO : 11 ] 
MDYGGALSAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 
AYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVQWLRYAAWLLTCP 
VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
WTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHT I IDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 

US C 

WGV pomment 7 

front A 

13 V 

FIG . 51K 
ChR2 CHETA ( E123T ) [ SEQ ID NO : 12 ] 
MDYGGAL SAVGRELLFVTNPVVVNGSVLVPEDQCYCAGWIESRGTNGAQTASNVLQWLA 
AGFSILLLMFY 

YY F WOW WWV Amy 

VILIHLSNLTG 
LSNDYSRRTMGLLVSDIGTIVWGATSAMATGYVKVIFFCLGLCYGANTFFHAAKAYIEG 
YHTVPKGRCRQ 
VVTGMAWLFFVSWGMFPILFILGPEGFGVLSVYGSTVGHTI IDLMSKNCWGLLGHYLRV 
LIHEHILIHGD 
IRKTTKLNIGGTEIEVETLVEDEAEAGAVP 
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C1V1 ( splice variant 2 ) [ gi | 342356711 | gb | AEL28924 . 1 ] ( SEQ 
ID NO : 137 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTLE 
NNGSVICIPNN 
GQCFCLAWLKSNGTNAEKLAANILQWI TEALSALCLMFYGYQTWKSTCGWEEIYVATIE 
MIKFIIEYFHE 
FDEPAVIYSSNGNKTVWLRYAEWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDVGCI 
VWGATSAMCTG 

VAWGN 
LLGTEGFGHIS 
PYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEHILLYGDIRKKOKITIAGQEMEVETLV 
AEEED 

FIG . 52A 

TAAKVV US Ut VRVMAWI fremmed 

1 AANMWG T 7 

T benang 

C1V1 ( splice variant 2 ) ChETA ( E122T ) SEQ ID NO : 147 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTLE 
NNGSVICIPNN 
GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWETIYVATIE 
MIKFIIEYFHE 
FDEPAVIYSSNGNKTVWLRYAEWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDVGCI 
VWGATSAMCTG 
WTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGICRELVRVMAWTFFVAWGMFPVLF 
LLGTEGFGHIS 
PYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEHILLYGDIRKKQKITIAGQEMEVETLV 
AEEED 

AAKV Jannat A HIN YI 

FIG . 52B 
C1V1 ( splice variant 2 ) ChETA ( E162T ) [ SEQ ID NO : 15 ] 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLÉQTSYTLE 
NNGSVICIPNN 
GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWEEIYVATIE 
MIKFIIEYFHE 
FDEPAVIYSSNGNKTVWLRYATWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDVGCI 
VWGATSAMCTG 

VA 

? V LVRVMAWT 
LLGTEGFGHIS 

fenaud KNMWGV um TVK beant parang 
AEEED 

FIG . 52C 
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C1V1 ( splice variant 2 ) ChETA ( E122T / E1627 ) [ SEQ ID NO : 161 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTLE 
NNGSVICIPNN 

LOWI VIS mwand 

brand AWA 

MIKFIIEYFHE 
FDEPAVIYSSNGNKTVWLRYATWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDVGCI 
VWGATSAMCTG 
WTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGICRELVRVMAWTFFVAWGMFPVLF 
LLGTEGFGHIS 
PYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEHILLYGDIRKKQKITIAGQEMEVETLV 
AEEED 

FIG . 52D 

VEV 

O 

C1V1 ( splice variant 1 ) CHETA ( E162T ) 
Tail 3423567091 ab AEL28923 . 11 SEO ID NO : 171 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDY17VFHRAHERMLFQTSYT 
LENNGSVICIPNN 
GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWEEIYVATIE 
MIKFI IEYFHE 
FDEPATLWLSSGNGVVWMRYGTWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDIACI 
VWGATSAMCTG 

from 
NAH T T 

IIS C TEL VIVI 

: 

VRV MAW AWM " 
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T 

LLGTEGFGHIS 
PYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEHILLYGDIRKKQKITIAGQEMEVETLV 
AEEEDDTVKQS 
TAKYASR 

FIG . 52E 
TI 

3 T femming 

C1V1 ( splice variant 1 ) CHETA ( E122T ) SEQ ID NO : 181 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLÉQTSYTLE 
NNGSVICIPNN 
GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWETIYVATIE 
MIKFIIEYFHE 
FDEPATLWLSSGNGVVWMRYGEWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDIACI 
VWGATSAMCTG 
WTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGICRELVRVMAWTFFVAWGMFPVLF 
LLGTEGFGHIS 

L 

band wollen Homemad Smart QEMEV E 
AEEEDDTVKQSnphr 
TAKYASR 
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front TYVAT I 21 

V WAVATI VYTV 1 

C1V1 splice variant 1 ChETA ( E122T / E1627 ) [ SEQ ID NO : 19 ] 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTLE 
NNGSVICIPNN 
GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWETIYVATIE 
MIKFIIEYFHE 
FDEPATLWLSSGNGVVWMRYGTWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDIACI 
VWGATSAMCTG 
WTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGICRELVRVMAWTFFVAWGMFPVLF 
LLGTEGFGHIS 
PYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEHILLYGDIRKKQKITIAGQEMEVETLV 
AEEEDDTVKQS 
TAKYASR 

1 E 1 
ty 

I ? T 

FIG . 52G 
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C1V1 splice variant 1 SEQ ID NO : 497 
MSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTLE 
NNGSVICIPNN 
GQCFCLAWLKSNGTNAEKLAANILQWITFALSALCLMFYGYQTWKSTCGWEEIYVATIE 
MIKFIIEYFHE 
FDEPATLWLSSGNGVVWMRYGEWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDIACI 
VWGATSAMCTG 

AKVYI LVRVMAWTFFVAWGMFPV 
LLGTEGFGHIS 
PYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEHILLYGDIRKKQKITIAGQEMEVETLV 
AEEEDDTVKQS 
TAKYASR 
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FIG . 52H 

AT 

VChR1 [ gi 189015852 gb ACD70142 . 1 ] [ SEQ ID NO : 201 
MDYPVARSLIVRYPTDLGNGTVCMPRGQCYCEGWLRSRGTSIEKTIAITLQWVVFALSV 
ACLGWYAYQAW 
RATCGWEEVYVALIEMMKSIIEAFHEFDSPATLWLSSGNGVVWMRYGEWLLTCPVLLIH 
LSNLTGLKDDY 
SKRTMGLLVSDVGCIVWGATSAMCTGWTKILFFLISLSYGMYTYFHAAKVYIEAFHTVP 
KGICRELVRVM 
AWTFFVAWGMFPVLFLLGTEGFGHISPYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEH 
ILLYGDIRKKQ 

frank A 

1 Mitt 

I V 3 E 
FIG . 53A 
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VChR1 ( C123S ) [ VSF0 ] [ SEQ ID NO : 211 
MDYPVARSLIVRYPTDLGNGTVCMPRGQCYCEGWLRSRGTSIEKTIAITLQWVVFALSV 
ACLGWYAYQAW 

E I NGVVWMRYGEW Le bon 
LSNLTGLKDDY 
SKRTMGLLVSDVGCIVWGATSAMCTGWTKILFFLISL SYGMYTYFHAAKVYIEAFHTVP 
KGICRELVRVM 
AWTFFVAWGMFPVLFLLGTEGFGHISPYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEH 
ILLYGDIRKKQ 
KITIAGQEMEVETLVAEEED 

FIG . 53B 

VChR1 ( C123S / D151A ) ( VSSFO ) [ SEQ ID NO : 221 
MDYPVARSLIVRYPTDLGNGTVCMPRGQCYCEGWLRSRGTSIEKTIAITLQWVVFALSV 
ACLGWYAYQAW 
RATCGWEEVYVALIEMMKSIIEAFHEFDSPATLWLSSGNGVVWMRYGEWLLTSPVLLIH 
LSNLTGLKDDY 

30 / 

MAAK VYA 

T * * 
KGICRELVRVM 
AWTFFVAWGMFPVLFLLGTEGFGHISPYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEH 
ILLYGDIRKKQ 

E 
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1 

VAYA 

ReaCHR [ gi / 530752655 | gb | AGT48260 . 1 ] [ SEQ ID NO : 23 ] 
MVSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTL 
ENNGSVICIPN 
NGQCFCLAWLKSNGTNAEKLAANILQWVVFALSVACLGWYAYQAWRATCGWEEVYVALI 
EMMKSIIEAFH 
EFDSPATLWLSSGNGVVWMRYGEWLLTCPVILIHLSNLTGLKDDYSKRTMGLLVSDVGC 
IVWGATSAMCT 
GWTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGLCRQLVRAMAWLFFVSWGMFPVL 
FLLGPEGFGHI 
SPYGSAIGHSILDLIAKNMWGVLGNYLRVKIHEHILLYGDIRKKQKITIAGQEMEVETL 
VAEEEDKYESS 

FIG . 54A 
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VANWY AY 1 UN 
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VCOMET ( gi / 530752657 / gb / AGT48261 . 1 ] [ SEQ ID NO : 24 ] 
MVSRRPWLLALALAVALAAGSAGASTGSDATVPVATQDGPDYVFHRAHERMLFQTSYTL 
ENNGSVICIPN 

LQWVVF YVAL 
EMMKSIIEAFH 
EFDSPATLWLSSGNGVVWMRYGEWLLTCPVLLIHLSNLTGLKDDYSKRTMGLLVSDVGC 
IVWGATSAMCT 
GWTKILFFLISLSYGMYTYFHAAKVYIEAFHTVPKGLCRQLVRAMAWLFFVSWGMFPVL 
FLLGPEGFGHI 

T V VC 
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TAKNMWGI KVK ih 

VAEEEDKYESS 

FIG . 54B 

LL 

Arch [ gi / 282892261 / gb / ADB03110 . 1 [ SEQ ID NO : 25 ] 
MDPI ALQAGYDLLGDGRPETLWLGIGTLLMLIGTFYFLVRGWGVTDKDAREYYAVTILV 
PGIASAAYLSM 
FFGIGLTEVTVGGEMLDI YYARYADWLFTTPLLLLOLALLAKVDRVTIGTLVGVDALMI 
VTGLIGALSHT 
AIARYSWWLFSTICMIVVLYFLATSLRSAAKERGPEVASTENTLTALVLVLWTAYPILW 
IIGTEGAGVVG 
LGIETLLFMVLDVTAKVGFGFILLRSRAILGDTEAPEPSAGADVSAAD 

FIG . 55A 
Www 

ArchT [ gi 328672376 / gb AEB26832 . 1 ] [ SEQ ID NO : 26 ] 
MDPIALQAGYDLLGDGRPETLWLGIGTLLMLIGTFYFIVKGWGVTDKEAREYYSITILV 
PGIASAAYLSM 

I - O 

1 YA forma II wimmen S 

VDT 
NYV 

VTGLIGALSHT 
PLARYSWWLFSTICMIVVLYFLATSLRAAAKERGPEVASTFNTLTALVLVLWTAYPILW 
I IGTEGAGVVG 
LGIETLLFMVLDVTAKVGFGFILLRSRAILGDTEAPEP 
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VIVGG 1 
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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 
AYLSMFFGIGLTEVTVGGEMLDIYYARYADWLFTTPLLLLDLALLAKVDRVTIGTLVGV 
DALMIV 
TGLIGALSHTAIARYSWWLFSTICMIVVLYFLATSLRSAAKERGPEVASTENTLTALVL 
VLWTAYP 
ILWIIGTEGAGVVGLGIETLLFMVLDVTAKVGFGFILLRSRAILGOTEAPEPSAGADVS 
AADRPVV 
AVSKAAAKSRITSEGEYIPLDQIDINVVSKGEELFTGVVPILVELDGDVNGHKFSVSGE GEGDATY 
GKLTLKFICTTGKLPVPWPTLVTTFGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTI 
FFKDDG 
NYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKV 
NFKIRH 
NIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSYQSALSKOPNEKRDHMVLLEFVTAAG 
ITLGM DELYKFCYENEV 
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VNIIELVHIALVIWVEFDKPAMLYLNDGQMVPWLRYSAWLLSCPVILIHLSNLTGLKGD 
YSKRTMGLLVS 
DIGTIVFGTSAALAPPNHVKVILFTIGLLYGLFTEFTAAKVYIEAYHTVPKGQCRNLVR 
AMAWTYFVSWA 
MFPILFILGREGFGHITYFGSSIGHF ILEIFSKNLWSLLGHGLRYRIRQHIIIHGNLTK 
KNKINIAGDNV 
EVEEYVDSNDKDSDV 
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STILVPVVSIASYTGLASGLTISVLEMPAGHFAEGSSVMLGGEEVDGVTMWGRYLTWA 
LSTPMILL 
ALGLLAGSNATKLFTAITFDIAMCVTGLAAALITSSHLMRWFWYAISCACFLVVLYILL 
VEWAQDA 
KAAGTADMFNTLKLLTVVMWLGYPIVWALGVEGIAVLPVGVTSWGYSFLDIVAKYIFAF 
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eYFP - NPHR3 . 1 ( SEQ ID NO : 3 from Published PCT application 
WO / 2013 / 1265211 SEQ ID NO : 341 
MVTQRELFEFVLNDPLLASSLYINIALAGLSILLFVEMTRGLDDPRAKLIAVSTILVPV 
VSIASYTGLA 
SGLTISVLEMPAGHFAEGSSVMLGGEEVDGVVTMWGRYL TWAL STPMILLALGLLAGSN 
ATKLFT 
AITFDI AMCVTGLAAALTTSSHLMRWFWYA ISCACFLVVLYILLVEWAQDAKAAGTADM 
FNTLKL 
LTVVMWLGYPIVWALGVEGIAVLPVGVTSWGYSFLDIVAKYIFAFLLLNYLTSNESVVS 
GSILDVPS 
ASGTPADDAAAKSRITSEGEYIPLDQIDINVVSKGEELFTGVVPILVELDGDVNGHKFS 
VSGEGEGDA 
TYGKLTLKFICTTGKLPVPWPTLVTTFGYGLQCFARYPDHMKQHDFFKSAMPEGYVQER 
TIFFKDD 
GNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIK 
VNFKIRA 
NIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSYQSALSKDPNEKRDHMVLLEFVTAAG 
ITLGMDE LYKFCYENEV 
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SEQ ID NO : 357 

MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEPWQFSMLAA YMFLLIMLGFPINFLTL 
YVIAKFERLQTVLNYILLNLA 
VADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGE I ALWSLVVLAIERYVVV 
TSPEKYQSLLTKNKAIMGVAF 
TWVMALACAAPPLVGWSRYI PEGMQCSCGIDYYTPHEETNNESFVI YMFVVHF IIPLIV 
IFFCYGRVFQVAKRQLQKIDK 
SEGRFHSPNLGQVEQDGRSGHGLRRSSKFCLKEHKALRMVI IMVIAFLICWLPYAGVAF 
YIFTHQGSDF GPIFMTIPAFF 
AKTSAVYNPVIYIMMNKQFRIAFQELLCLRRSSSKAYGNGYSSNSNGKTDYMGEASGCQ 
LGQEKESERLCEDPPGTESFV 
NCQGTVPSLSLDSQGRNCSTNDSPLTETSQVAPA 
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ID NO : 367 
MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTL 
YVVACHRHLHSVLNYILLNLA 
VADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALWSLVULAIERYVVV 
SYPLRYPTIVTQRRAIMGVAF 
TWVMALACAAPPLVGWSRYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHF IIPLIV 
IFFCYGRVYVVAKRESRGLKS 
GLKTDKSDSEQVTLRIHRKNAPAGGSGMASAKTKTHFSVRLLKFSREKKAARMVIIMVI 
AFLICWLPYAGVAFYIFTHQG 
SDFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRKAFQNVLRIQCLCRKQSSKHALGYT 
LHPPSQAVEGQHKDMVRIPVG 
SRETFYRISKTDGVCEWKFFSSMPRGSARITVSKDQSSCTTARVRSKSFLQVCCCVGPS 
TPSLDKNHQVPTIKVHTISLS 
ENGEEVTETSQVAPA 
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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 ] 
KSRITSEGEYIPLDÕIDINV 

- 

FIG . 61A 
Signal peptide of hChR2 [ SEQ ID NO : 13 from Published PCT 
application WO / 2013 / 126521 ] [ SEQ ID NO : 381 
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 
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Nicotinic acetylcholine receptor signal sequence [ SEQ ID 
NO : 15 from Published PCT application WO / 2013 / 126 
ID NO : 401 
MGLRALMLWLLAAAGLVRESLQG 
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Nicotinic acetylcholine receptor signal sequence ( SEQ ID 
NO : 16 from Published PCT application WO / 2013 / 126521 ] [ SEQ 
ID NO : 411 
MRGTPLLLVVSLFSLLQD 
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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 
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Endoplasmic reticulum ( ER ) export sequence [ SEQ ID NO : 17 
from Published PCT application WO / 2013 / 126521 ] [ SEQ ID 
NO : 43 ) 
VKESL 

FIG . 61G 

1 
Endoplasmic reticulum ( ER ) export sequence [ SEQ ID NO : 18 
from Published PCT application WO / 2013 / 126521 ] [ SEQ ID 
NO : 441 
VLGSL 
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Endoplasmic reticulum ( ER ) export sequence [ SEQ ID NO : 19 
from Published PCT application WO / 2013 / 126521 ] [ SEQ ID 
NO : 451 
NANSE?YENEVALTSK 

FIG . 611 
S Komment 

S 2 and 

Endoplasmic reticulum ( ER ) export sequences [ SEQ ID NO : 20 
from Published PCT application WO / 2013 / 126521 ] [ SEQ ID 
NO : 461 
FXYENE ( where X is any amino acid ) 

FIG . 61J 
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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 
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Polynucleotide encoding Champ ( SEQ ID NO : 50 ] 
cctgcaggcagctgcgcgctcgctcgctcactgaggccgcccgggcaaagcccgggcgt 
cgggcgacctttggtcgcccg 
gcctcagtgagcgagcgagcgcgcagagagggagtggccoactccotcactaggggtto 
ctgcggccgcacgcgtgtgtc 
tagactgcagagggccctgcgtatgagtgcaagtgggttttaggaccaggatgaggcgg 
ggtgggggtgcctacctgacg 
accgaccccgacccactggacoagcacccaacccccattccccaaattgcgcatcccct 
otcagagagggggaggggaga 
caggatgcggcgaggcgcgtgcgcactgccagcttcagcaccgcggacagtgccttcgc 
ccccgcctggcggcgcgcgcc 
accgccgcctcagcactgaaggcgcgctgacgtcactcgccggtcccccgcadactccc 
cttcccggccoccttggtcgc 
gtccgcgccgccgccggcccagccggaccgcaccacgcgaggcgcgagataggggggca 
cgggcgcgaccatctgcgctg 
cggcgccggcgactcagcgctgcctcagtctgcggtgggcagoggaggagtcgtgtcgt 
gcctgagagcgcagtcgagaa 
ggtaccggatccgccaccatggaccccatcgctctgcaggctggttacgacctgctggg 
tgacggcagacctgaaactct 
gtggctgggcatcggcactctgctgatgctgattggaaccttctactttctggtccgcg 
gatggggagtcaccgataagg 
atgcccgggaatattacgctgtgactatcctggtgcccggaatcgcatccgccgcatat 
ctgtctatgttctttggtato 
gggcttactgaggtgaccgtcgggggcgadatgttggatatctattatgccaggtacgo 
cgactggctgtttaccacccc 
acttctgctgctggotctggcccttctcgctaaggtggatcgggtgaccatcggcaccc 
tggtgggtgtggacgccctga 
tgatcgtcactggcctcatcggagccttgagccacacggccatagccagatacagttgg 
tggttgttctctacaatttgc 
atgatagtggtgctctattttctggctacatccctgcgatctgctgcaaaggagcgggg 
Ccccgaggtggcatctacctt 
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taacaccctgacagctctggtcttggtgctgtggaccgcttaccctatcctgtggatca 
taggcactgagggcgctggcg 
tggtgggcctgggcatcgadactctgctgtttatggtgttggacgtgactgccaaggtc 
ggctttggctttatcctgttg 
agatcccgggctattctgggcgacaccgaggcaccagaacccagtgccggtgccgatgt 
cagtgccgccgacaagagcag 
gatcaccagcgagggcgagtacatccccctggaccagatcgacatcaacgtgggcgcgc 
ccggctccggagccacgaact 
tctctctgttaaagcaagcaggagacgtggaagaaaaccccggtcccatggacctgaag 
gagtcaccaagcgagggatca 
ctgcagccatcaagcattcagattttcgctoatacaagcacactgcacggcatccggca 
tatcttcgtgtacggcccact 
gaccattcggagagtcctgtgggcagtggcctttgtcggaagcctgggactgctgctgg 
tggagagctccgaaagagtca 
gttactatttctcatat?agcacgtgactoaggtggacgaggtggtcgctcagtccctg 
gtgtttcccgcagtcaccctg 
tgcaacctgaatgggttcaggttttctcgcctgaccacaaacgacctgtaccacgccgg 
agagctgctggctctgctgga 
tgtgaatctgcagatoccagacccccatctggccgatccaaccgtgctggaagcactga 
ggcagaaggccaacttcadac 
actacaagcccaaacagttcagcatgctggagtttctgcaccgcgtgggacatgacctg 
adagatatgatgctgtattgc 
aagttcadaggccaggagtgtgggcatcaggacttcactaccgtgtttacacagtacgg 
caaatgttacatgttcaacto 
cggggaagatggaaaacctctgctgacaactgegaagggcgggocagggaatggactgg 
agatcatgctggacattcago 
aggatgagtacctgccaatctggggagagactgaggaaaccacattcgaggccggcgtg 
aaggtccagatccactcacag 
agcgagccccctttcattcaggaactgggatttggagtggcaccaggattccagacatt 
tgtcgctactcaggagcagcg 
cctgacctatctgccacccccttggggcgagtgccgatctagtgadatggggctggact 
tctttcctgtgtactctatca 
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ccgcctgccgaattgattgtgagacacggtatatcgtggaaaactgcaattgtaggatg 
gtccacatgcctggcgacgcc 
ccattctgcactcccgaacagcatagagagtgtgctgaacctgcactggggctgctggo 
tgagaoggatagtaactacto 
cctgtgtagaacaccctgtaacctgactaggtataataaggaactgagcatggtgaaga 
toccttccaaaacatctgcaa 
agtacctggagaagaagttcaacaagtctgagaagtacatcagtgaaaacattctggtg 
ctggacatcttctttgaagct 
ctgaattacgagaccattgaacagaagaaagcotatgaggtggccgctctgctggggga 
tattggaggccagatgggact 
gttcatcggcgccagcctgctgacaattctggagctgtttgactacatctatgagctga 
ttaaggaaaaactgctggato 
tgctggggaaggaggaagaggaaggatcacacgacgadaacatgagcacttgcgatacc 
atgcctaatcacagcgagacc 
atctcccatacagtgaatgtcccactgcagactgcactgggcaccctggaggaaattgo 
ctgtgcggccgccaagagcag 
gatcaccagcgagggcgagtacatccccctggaccagatcgacatcaocgtggtgagca 
agggcgaggagctgttcaccg 
gggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtg 
tccggcgagggcgagggcgat 
gccacctacggcoagctgaccctgaagttcatctgcaccaccggcoagctgcccgtgcc 
ctggcccaccctcgtgaccac 
cttcggctacggcctgcagtgcttcgcccgctaccccgaccacatgaagcagcacgact 
tcttcaagtccgccatgcccg 
aaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaoctacaagacccgc 
gccgaggtgaagttogagggc 
gacaccctggtgaaccgcatcgagctgaagggcatcgacttcagggaggacggcaacat 
cctggggcacaagctggagta 
coactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaagg 
tgaacttcaogatccgccaca 
acatcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggc 
gacggccccgtgctgctgccc 
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gacoaccactacctgagctaccagtccgccctgagcagagaccccaacgagaagcgcga 
cgtgaccgccgccgggatcactctcggcatggacgagctgtacaagttctgctacgaga 
atatcaagcttatcgataatcaacctctggattacaaaatttgtgadagattgactggt 

tttacgctatgtggatacgctgctttadtgcctttgtotcatgctattgcttcccgtat 

gtataaatcctggttgctgtctctttatgaggagttgtggcccgttgtcaggcaacgtg 

ctgacgcaacccccactggttggggcattoccaccacctgtcagctcctttccgggact 
gccacggcggaactcatcgccgcctgccttgcccgctgctggacaggggctcggctgtt 
gttgtcggggaaatcatcgtcctttccttggctgctcgcctgtgttgccacctggatto 
acgtcccttcggccctcaatccagcggaccttccttcccgcggcctgctgccggctctg 
cttcgccctcagacgagtcggatctccctttgggccgcctccccgcatcgataccgagc 

tggcatccctgtgacccctccccagtgcctctcctggccctggaagttgccactccagt 
aagattaagttgcatcattttgtctgactaggtgtccttctataatattatggggtgga 

ggcaagttgggaagacaacctgtagggcctgcggggtctattgggaaccaagctggagt 

actgcaatctccgcctcctgggttcaagcgattctcctgcctcagcctcccgagttgtt 

caggctcagctaatttttgtttttttggtagagacggggtttcaccatattggccaggo 

aggtgatctacccaccttggcctcccaaattgctgggattacaggcgtgaaccactgct 

tcacatggtcctgctggagtt 

acgaggtgtaatgagaattog 

attcttaactatgttgctcct 

ggctttcattttctcctcctt 

gcgtggtgtgcactgtgtttg 

ttcgctttccccctccctott 

gggcactgacaattccgtggt 

tgcgcgggacgtccttctgct 
cggcctcttccgcgtcttcgc 

gctgctcgagagatctacggg 

goccaccagccttgtcctaat 
ggggggtggtatggagcaagg 

gcagtggcacaatcttggcto 

gggattccaggcatgcatgac 

tggtctccoactcctaatcto 

cccttccctgtccttctgatt 
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ttgtaggtaaccacgtgcggaccgagoggccgcaggaacccctagtgatggagttggcc 
actccctctctgcgcgctcgc 
tcgctcactgaggccgggcgaccaaaggtcgcccgacgcccgggctttgcccgggcggo 
ctcagtgagcgagcgagcgcg 
cagctgcctgcaggggcgcctgatgcggtattttctccttacgcatctgtgcggtattt 
cacaccgcatacgtcaaagca 
accatagtacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgcgca 
gcgtgaccgctacacttgcca 
gcgccctagcocccactcctttcactttcttcccttcctttctcgccacottcgccggc 
tttccccgtcaagctctadat 
cgggggctccctttagggttccgatttagtgctttacggcacctcgaccccaaaaaact 
tgatttgggtgatggttcacg 
tagtgggccatcgccctgatagocggtttttcgccctttgacgttggagtccacgttct 
ttaatagtggactcttgttcc 
adactggaacaacactcaaccctatctcgggctattcttttgatttataagggattttg 
cogatttcggcctattggtta 
aaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttac 
aattttatggtgcactctcag 
tacaatctgctötgatgccgcatagttaagccagccccgacacccgccaacacocgctg 
acgcgccctgacgggcttgtc 
tgctcccggcatccgcttacagacaagctgtgaccgtctccgggagctgcatgtgtcag 
aggttttcaccgtcatcaccg 
aaacgcgcgagacgaaagggcctcgtgatacgcctatttttataggttaatgtcatgat 
aataatggtttcttagocgtc 
aggtggcacttttcggggaagtgtgcgcggaacccctatttgtttatttttctadatac 
attcaaatatgtatccgctca 
tgagacaataaccctgatacatgcttcaataatattgoogaaggaagagtatgagtatt 
caacatttccgtgtcgccctt 
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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 

- 1034 

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 

views 
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 

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

Operatively coupling the implantable optical applicator to a 
light source 098 

- 1100 Illuminating the targeted tissue structure through the 
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 1030 

1 1102 
vwvvwvevi 

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

subcutaneous location 

Arvik 
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 
complemented by additional facilitators such as cationic 

lipids or polymers ) 
- 1034 

1104 Wwwvvwvvwvvvvvvvvvvvvvv 
Providing an implantable light conductor configured to be 

permanently coupled between the first subcutaneous location 
and a second location selected such that extracorporeal 
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 




































































































































































































