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610
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937
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1021

TGGTTCCTCTTCATCTTCTGCTTCATTGTGCCTCTCTCCCTCATCTGCTTCTCCTACACTCAGCTGCTGAGGGCCCTGAAAGCTGTTG- -
ATTGTCCTCATGGTCACCT GCT GCATCACCCCACTCAGCATCATCGTGCTCTGCTACCTCCAAGTGT GGCTGGCCATCCGAGCGGTGG- -

ATTGTCCTCATGGTCACCT GCTGCATCATCCCACTCGCTATCATCATGCTCTGCTACCTCCAAGTGT GGCTGGCCATCCGAGCGGTGG- -
GCAGCTCGTCTTCACCGTCAAGGAGGCCG- -]

ATCTACATGT TCGTGGTCCACTTCACCATCCCCATGATTATCATCTTTTTCT GCTATGG|
CTTTTCTTATTTCTTGG CTGGTGGTGCCC GT' G AGCCCAT: TGG TATTCTATATT [T] ATGCTTC:
ATGCTTCTCTGCTGCTTCGTGT TCTTCCTCCCTCTGCTTATCATCATCTACTGCTACATCTTCATCTTCAGG

GCCATCCGGGAGA CAGGA|
CTGAACATCCTCTTCTTCTGCCTCTTGCTCCCAACGGCTGTGATCGTGT TCTCCTACGTAAAGATCATTGCCAAGGTTAAGT CCTCTTCC

--------- CAGCTC---------------AGCAGCAG- GAGTC- - - - - AGCTACGACCCAGAA GGC T GA ACGEGIEE T AGETGAGCCGE
--------- CAAAGC- ----AGCAGAAA- GAGTC- - - - - TGAATCCACCCA GAA GGC AGA GAA GG = AAGTGACGC GO
......... CAAAGC- --------------AGCAGAAA- GAGTC- - - - - TGAATCCACCCA GAA GGC AGA GAA[BG= === AAGTGACGCGC

G: TTGT GT: GGAAGATCT T ACAATTCAAGT GATCAAGAT TTTAAAATATGAA] Al CTGGCCAAA
AAAGAAG- - TAGCTCATT- - - - - - T[C====GACAGICG-GATCC--=---- ATAGCAGCCATG- - TGCTGGAAATG- - - AAACTGACAAAG

63

-
;

AT CGAACACTGTA! TCCAGTGATT:

(@
=

TAAAGACCTACCAGCAGCTGGAAGTGAAATG
CTGCCCTGCCTG- GGGGT GCTGCT GGGTGTATCACGCCGGCACAGTCGCCCCTACCCCAGCT

TAA
CAGATCAGACCCATTGTGATGT CACAGAAAGATGGGG- - ACAGGCCAAAGAAAAAAGT GACTTTCAACTCTTCTTCCATCATTTTTATCA
ACCGCTCCACCCACCGCTCCACGCT G- ACCAGCCACACCTCCAACCTCAGCTGGATCTCCATACGGA GGCGCCAGGAGT CCCTGGGCTCG
AGEGAAGTCTTCTGCTGTGCTGGA- - AATTCATGAAGAGTGGGAATAA
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Fig. S1. Alignment of the human opsins cDNA surrounding the bases coding for
the conserved retinal-binding lysine residue (red box).



A OPNa3 splice isoforms

20 30 40 50 60 70 80

(O] NKRN I ONE KPP T GTACT CGGGGAACCGCAGCGGCGGCCACGGCTACT GGGACGGCGGCGGGGCCGCGGGCGCT GAGGGGCCGGCGCCGGC
(O] NEET I [-RYZ- 1A T GT ACT CGGGGAACCGCAGCGGCGGCCACGGCTACT GGGACGGCGGCGGGGCCGCGGGCGCT GAGGGGCCGGCGCCGGC

S

T T T T T T T
90 100 110 120 130 140 150 160

O N E RN B YA GGG GA CACT GAGCCCCGCGCCCCTCTTCAGCCCCGGCACCTACGAGCGCCT GGCGCT GCTGCTGGGCTCCATT GGGCT GC
(1[0 NKETo][[T-RV- T GG GGA CACT GAGCCCCGCGCCCCTCTTCAGCCCCGGCACCTACGAGCGCCTGGCGCT GCTGCT GGGCTCCATTGGGCTGC

170 180 190 @xon 1200 210 220 230 240

(O] NKRN L O RYPAT GGGCGT CGGCAACAACCTGCTGGTGCTCGTCCTCTACTACAAGT TCCAGCGGCTCCGCACTCCCACTCACCTCCTCCTG
(O R N R I3 |l T GGGCGT CGGCAACAACCT GCTGGT GCTCGT CCT CTACTACAAGT T CCAGCGGCT CCGCACT CCCACTCACCTCCTCCTG

250 260 270 280 290 300 310 320
(O] KRN N RYPAGT CAACAT CAGCCT CAGCGACCT GCTGGT GTCCCTCTTCGGGGTCACCTTTACCTTCGT GTCCTGCCT GAGGAACGGCTG
(YOl NI SR Ml G T CAACAT CAGCCT CAGCGACCTGCTGGTGTCCCTCTTCGGGGT CACCTTTACCTTCGTGTCCTGCCT GAGGAACGGCTG

T T T T T T T
330 340 350 360 370 380 390 400

410 420 430 440 450 460 470 480

OIS NI\ IOR PR PPAT GCT GGCCTATGAACGT TACATTCGCGT GGT CCAT GCCAGAGT GATCAATTTTTCCT GGGCCT GGAGGGCCATTACCTAC
hOPN3 splice var =~ - - - - - ---mmomo oo ocoooococooooeo e

OIS SR\ IR PPAA T CT GGCT CTACTCACT GGCGT GGGCAGGAGCACCTCTCCT GGGAT GGAACAGGTACATCCTGGACGTACACGGACTAGG
hOPNS splice var e L e L L L L L L LY

570 580 590 600 610 620 630 640

O NSRRI PN T GCACT GT GGACT GGAAAT CCAAGGAT GCCAACGATTCCTCCTTTGTGCTTTTCTTATTTCTTGGCT GCCT GGT GGT GC
hOPN3 splice var == - - - - - - - oo oo oo oo oo immmmmmmmoccoeeememeeeeeeeeo o

T T T
730 740 750 @Xon 3760 770 780 790 800

(O] KRN R ON KPP T T CAAGT GAT CAAGATTTTAAAATAT GAAAAGAAACT GGCCAAAATGTGCTTTTTAATGATATTCACCTTCCTGGTCTG
RG] NSRS o] [IT-RV-TJA T T CAAGT GATCAAGATTTTAAAATAT GAAAAGAAACT GGCCAAAATGTGCTTTTTAATGATATTCACCTTCCTGGTCTG

810 820 830 840 850 860 870 880
(O] KRN R ONERPPAT T GGAT GCCTTATATCGT GATCTGCTTCTTGGTGGTTAATGGT CATGGT CACCT GGTCACTCCAACAATATCTATTGTTT
(OIS KR [ S- 22 9l T GGAT GCCTTATATCGTGATCTGCTTCTTGGTGGTTAATGGT CATGGT CACCT GGT CACT CCAACAATATCTATTGTTT

—

890 900 910 920 930 940 950 960

(O NN R OR PR YA G T ACCTCTTTGCTAAAT CGAACACT GTATACAATCCAGT GATTTATGTCTTCATGATCAGAAAGT TTCGAAGATCCCTT
(OIS KR o[- RV Tl CG T ACCT CTTTGCTAAAT CGAACACT GTATACAAT CCAGTGATTTATGT CTTCATGAT CAGAAAGT TTCGAAGATCCCTT

970 980 990 €XoN 40, 1010 1020 1030 1040

NIOI KRNV AR WPA T T GCAGCTTCTGT GCCTCCGACT GCTGAGGT GCCAGAGGCCT GCTAAAGACCTACCAGCAGCT GGAAGT GAAATGCAGAT
(0T N R [IS-RV=T Sl 1 T GCAGCT TCTGTGCCTCCGACT GCT GAGGT GCCAGAGGCCT GCTAAAGACCTACCAGCAGCT GGAAGT GAAAT GCAGAT

T T T T T T T T
1050 1060 1070 1080 1090 1100 1110 1120

OIS NCR N\ IROR KPP A GACCCATT GT GATGT CACAGAAAGAT GGGGACAGGCCAAAGAAAAAAGT GACTTTCAACTCTTCTTCCATCATTTTTA
OIS N IR o] I[T-RV--I Sl CA GACCCAT T GT GATGT CACAGAAAGAT GGGGACAGGCCAAAGAAAAAAGT GACTTTCAACTCTTCTTCCATCATTTTTA

1130 1140 1150 1160 1170 1180 1190 1200

(O] KRNV UK YPAT CATCACCAGT GATGAAT CACT GT CAGT TGACGACAGCGACAAAACCAATGGGT CCAAAGT TGATGTAATCCAAGTTCGT
(OIS KRS [ S-2'2- [Ml T CA T CACCAGT GATGAATCACTGT CAGT T GACGACAGCGACAAAACCAAT GGGT CCAAAGT T GATGTAAT CCAAGT TCGT

e e R
Fig. S2A. Alignment of full-length OPN3 cDNA and the splice variant identified in
HEMs and KERs.



OPNa3 splice isoforms

B

T
10 20 30 40 50 60
hOPN3 MYSGNRSGGHGYVVDGGGAAGAEGPAPAGTLSPAPLFSPGTYERLALLLGSI GLL GVGNNL
(O] \KETIITRV-TN Y S GNRS GGHGY WDGGGAAGAEGPAPAGTLSPAPLFSPGTYERLALLLGSI GLL GVGNNL

70 80 90 100 110 120
([OJ KRNI SBOTARYY /L VL YYKFQRLRTPTHLLLVNI SLSDLLVSLFGVTFTFVSCLRNGWWDTVGCVWDGF S
(OIS NKRSTOI[U-AVETR \/L VL YYKFQRLRTPTHLLLVNI SLSDLLVSLFGVTFTFVSCLRNGWWDTVGCVWDGFS

130 140 150 160 170 180
OIS NERN SRV URIAGS L F GI VS| ATLTVLAYERYI RVVHARVI NFSWAWRAI TYI WLYSLAWAGAPLL GWNRY
hOPNS3 splice var [ESJMFASL CGRSSDNSSDQDF KI

T T T T T T
190 200 210 220 230 240
(OIS AN SVSLYY)) DV HGL GCTVDWKSKDANDSSFVLFLFLGCLVVPLGVI AHCYGHI LYSI RMLRCVEDL QT

250 260 270 280 290 300

OIS NERNISRVNRYY| QV | K| L KYEKKLAKMCFLMI FTFLVCWMPYI VI CELVVNGHGHLVTPTI SI VSYLFAKS

310 320 330 340 350 360
(O] NKRNISRVEISU VAN T VY NP VI YVFMI RKFRRSLLQLLCLRLLRCQRPAKDLPAAGSEMQI RPI VMSQKDGDRP

T T T T
370 380 390 400
OIS NERN VKU RIAK KKV TFNSSSI | FI | TSDESLSVDDSDKTNGSKVDVI QVRPL

Fig. S2B. Alignment of full-length OPN3 protein and the protein predicted by the
splice variant identified in HEMs and KERs.
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A

10 20 s0 exon 140 50 60 70 80
1O S RN |V KAWL Y WA T GGCGTTAAATCACACTGCCCTGCCTCAGGACGAGCGCCTGCCCCATTACCTTCGAGATGGGGATCCTTTTGCTTCCAA
N N R S G REYA T GGCGT TAAAT CACACT GCCCT GCCTCAGGACGAGCGCCTGCCCCATTACCTTCGAGAT GGGGAT CCTTTTGCTTCCAA

110 120
ACTTTCTTGGGAAGCGGATTTAGTGGCTGGCTTTTACCTAACAATAATTGG
AAnnNeAmNcicicr.v.Xclofclcr.NMmW-NCANcIcion Neicion i M M W.Xo1on W VN . VN W-V-ARMNCIECAGCT GTACCAGATTCTCATTTATACACA

hOPN5 NM_181744
hOPN5 with exon 1a

hOPN5 NM_181744 ATTCTGTCCACATTTGGAAA
hOPNS5 with exon 1a GCTACACTAT GAGGCAAGAATTCCTGAAGAAATCTACTCTACATGT TAAGCTAT GGAA G NfReRcyieleyNol-ummiccl V-V

T T T T T T T T
160 170 180 @X0oNn 2 190 200 210 220 230

(0101 S RN AW T GGATATGTCCTTTACATGTCTTCTAGACGAAAGAAGAAGCT GAGACCCGCT GAAATAATGACTATCAATTTAGCAGTCT
O N R AN e Y GGATATGTCCTTTACATGTCTTCTAGACGAAAGAAGAAGCT GAGACCCGCT GAAATAATGACTATCAATTTAGCAGTCT

B

T
10 20 30 40 50 60 70 80

[IOTNRN LRSIV I\ A L NHT AL PQDERL PHYL RDGDPFASKL SWEADL VAGFYLTI | Gl LSTFGNGYVLYMSSRRKKKLRPAEI MTI NLAVCDL
hOPNS5 with exon 1a VNSNIRENSIelo I N NN Tl N T AR I N IR/ AM NS CTRF SF I HSYTMRQEF L KKSTL HVKL WKDSVHI WK
90 100 110 120 130 140 150 160

(OIS NCRNI SR LV SV VGKPFTI | SCFCHRW FGW GCRWY GWAGFFFGCGSLI TMTAVSLDRYLKI CYLSYGVW. KRKHAYI CLAAI WAYA

hOPNS5 with exon 1a W CPLHVF@

170 180 190 200 210 220 230 240

(O RN SR SIS ISVA IS F WT T MP L VGL GDYVPEPFGTSCTL DWW AQASVGGQVFI LNI LFFCLLLPTAVI VFSYVKI | AKVKSSSKEVAHFDSRI

250 260 270 280 290 300 310 320

(OIS NN N SR SISIeI VA IS S HY L EMKL TKVAML | CAGFLI AW PYAVVSVWSAFGRPDSI Pl QLSVVPTLLAKSAAMYNPI | YQVI DYKFACCQT GG

330 340 350

hOPN5 NP_859528

Fig. S3A-B. Alignment of cDNA and predicted protein of full-length OPN5 and the
exon1 splice variants identified in HEMs and KERs.
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10 20 30 exon 1 4o 50 60 70 80
(O] NS N\ IR AN L2 W T GGCGT TAAATCACACT GCCCTGCCT CAGGACGAGCGCCT GCCCCATTACCTTCGAGAT GGGGATCCTTTTGCTTCCAA
IO N R Y CUIEENA T GGCGT TAAAT CACACT GCCCTGCCT CAGGACGAGCGCCT GCCCCATTACCTTCGAGAT GGGGATCCTTTTGCTTCCAA
9 100 110 120 130 140 150 160

hOPN5 NM_181744 \
ez LR A CT T TCTTGGGAAGCGGATTTAGT GGCTGGCTTTTACCTAACAATAATT GGGATTCTGT CCACATTTGGAAATGGATATG

ACTTTCTTGGGAAGCGGATTTAGTGGCTGGCTTTTACCTAACAATAATTGGGATTCTGTCCACATTTGGAAATGGATATG

hOPN5 NM_181744 170 180 190 @X0N 2 200 210 220 230 240
(O SRV WS IR CCT T TACATGTCTTCTAGACGAAAGAAGAAGCT GAGACCCGCT GAAATAAT GACTATCAATTTAGCAGTCTGTGATCTG
CCTTTACATGTCTTCTAGACGAAAGAAGAAGCT GAGACCCGCT GAAATAATGACTATCAATTTAGCAGTCTGTGATCTG

hOPN5 NM 181744 250 260 270 280 290 300 310 320
YO N LR = I MGGGAT T TCAGT TGTAGGCAAGCCGTTCACCATCATCTCTTGCTTTTGTCACCGCTGGGTGTTTGGCTGGAT CGGCTGCCG
GGGATTTCAGTTGTAGGCAAGCCGTTCACCATCATCTCTTGCTTTTGTCACCGCTGGGTGTTTGGCTGGATCGGCTGCCG

hOPN5 NM 181744 330 340 350 @XoN 3 s60 370 380 390 400

O] N BRI E A EERCT GGTATGGATGGGCTGGATTTTTCTTTGGCTGT GGAAGCCTTATCACCATGACTGCTGTCAGCCTGGATCGATATTTGA
CTGGTATGGATGGGCTGGATTTTTCTTTGGCTGT GGAAGCCTTATCACCATGACTGCTGTCAGCCTGGATCGATATTTGA

hOPNSIQM_181744 AAATCTGC;QiTTATCTT;?Z
hOPNS5 with exon 3a NN NN N EARNNNE T TCTGACTTCTGGAGCAACACAGAACCAATCTACTAATCTACTCCCTCCTGTACTTGAC

hOPN5 NM_181744
hOPN5 withexon3a --------------------- GGGTTTGGCTGAAAAGAAAGCACGCCTACATCTGCCTGGCAGCCATCTGGGCCTATGCT
INclloa i oV Yooy S WA eIV VNUGGGT T T GGCT GAAAAGAAAGCACGCCTACATCTGCCT GGCAGCCATCTGGGCCTATGCT

490 500 510 @Xxon 4 520 530 540 550 560

hOPN5 NM_181744
O =N R X e ARl CCTTCTGGACCACCATGCCCTTGGTAGGT CTGGGGGACTACGTACCTGAGCCCTTCGGAACCTCGTGCACCCTGGACTG
TCCTTCTGGACCACCATGCCCTTGGTAGGTCTGGGGGACTACGTACCTGAGCCCTTCGGAACCTCGTGCACCCTGGACTG

D

10 20 30 40 50 60 70 80

O] NN\ SRR TIC VA IIMA L NHT AL PQDERL PHYL RDGDPFASKL SWEADLVAGFYLTI | GI LSTFGNGYVLYMSSRRKKKLRPAEI MTI NLAVCDL
e N o VAL NHT AL PQDERL PHYL RDGDPFASKL SWEADLVAGFYLTI | GI LSTFGNGYVLYMSSRRKKKLRPAEI MTI NLAVCDL
90 100 110 120 130 140 150 160
(O] RN SRRSOV ING | SVVGKPFTI | SCFCHRWEF GW GCRWYGWAGFFFGCGSLI TMTAVSLDRYLKI CYLSYGVWL. KRKHAYI CLAAI WAYA
hOPNS5 with exon 3A [N RTNES A RN AT AR NI NAT N AN A MO AR/ L T SGATQNQSTNLL PPVL D
170 180 190 200 210 220 230 240

OIS N R\ SR IS VA Il S F WT T MPL VGL GDYVPEPFGTSCTL DWW AQASVGGQVFI LNI LFFCLLLPTAVI VESYVKI | AKVKSSSKEVAHFDSRI
hOPNS5 with exon 3A SLSPYWNGF G

250 260 270 280 290 300 310 320

NIOT R\ SRR SIS I VAS IS SHV L EMKL TKVAML | CAGFLI AW PYAVVSVWSAFGRPDSI Pl QLSVVPTLLAKSAAMYNPI | YQVI DYKFACCQTGG

330 340 350

hOPN5 NP_859528

Fig. S3C-D. Alignment of cDNA and predicted protein of full-length OPN5 and the
exongd splice variants identified in HEMs and KERs.



A OPN1-SW OPN1-M/LW OPN2 = OPN3 | OPN4 & OPN5

@ HEK293

Human Lung Fibroblasts

Figure S4. RT-PCR screen for the region surrounding the retinal-binding site of
human opsins in HEK293 cells and human lung fibroblasts.



4.E-03 -
@ 3.E-03 -
[¢)]
>
@
<
Z
O’ 2.E-03 -
€
(0]
>
©
F 1.E-03 -
0E+00 - - T
o)
= ©
B 3 £ | 8| 8 O
= < x > | 5 & | 3 =
L w w S o) 5 | 5
T T v 3 Z @M I T

.' anti-OPN3

150 kDa _-” w anti-Integrin o5

N
(@) ]
=
W)
Q

Figure S5. qPCR and western blot analysis of OPN3 expression in different human
cells.
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Figure S6. Opsin expression levels in HEMs and KERs stimulated with UVR.




