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Supplementary Fig. 1 Comparison of the amino acid sequences among bovine
rhodopsin, squid rhodopsin, Opn5m and Opn5L1.

Amino acid sequences of bovine rhodopsin (K00506), squid (Todarodes pacificus) rhodopsin
(X70498), mouse Opn5m (AY318865), Xenopus tropicalis Opn5m (XM_002935990), chicken
Opn5L1 (AB368181) and X. tropicalis Opn5L1a (XM_031904599) were aligned using ClustalW
2.1'. Three residues at positions 167, 188 and 212 are highlighted in red. The sequence

similarity between squid rhodopsin and X. tropicalis is about 28 %.
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A WT+11-cis syn___anii
0.070 T T T
1 1 1
40035 - g'” y i
< 9 ATq3 13’y AT
& 0.000 o
o =T |9 ]
-0.035} 4 2
< |- .
-0.070 1 1 1 1 1 1
300 400 500 600 700 5 10 15 20
Wavelength (nm) Time (min)
b W167F+11-cis syn anti
0.03 ! ! ! T T T
. 002} 1 EF 1 .
[%2} o _ n
g ool Jeble 3w
. o
& 0.00 -
5 S0 1
-0.01}F 1 5 L1313y
-0.02} 4 2L i
-0.03 1 1 1 1 1 1
300 400 500 600 700
Wavelength (nm)
C L212F+11cis sy __ant
0.08 T T T T T T
s 004f 1 ELY i
< Slar 0 ar
& 0.00 %
e = l 1313y
-0.04 4 2
<} .
-0.08 1 1 1 1 1 1
300 400 500 600 700
Wavelength (nm)
d T188C+11-cis syn anti
0.02 ! ! ! T T T
001k 4 EF AT i
3 0.00 \ St AT -
2 1] 13 13 A
. o
& -0.01}f 4o
a o .
-0.02F s I R ET K A
-0.03} 4 %L i
-0.04 1 1 1 1 1 1
300 400 500 600 700 5 10 15 20
Wavelength (nm) Time (min)

€ wr+all-trans syn anti
0.070 - . :
1 1 1
0.035| 4 ET ar AT 7
8 113 7
/\ 8 13
0.000 = [
S 11 -
& 9
-0.035f 4 2
< | .
-0.070 1 1 1 1 1 1
300 400 500 600 700 5 10 15 20
Wavelength (nm) Time (min)
f W167F+all-trans syn anti
0.03 ; r : : : :
0.02} - g AT - 4
01~ 180, X
0.00 C M
=T 11 .
-0.01F 4 9
a
-0.02- 41 <}k -
-0.03 1 1 1 1 1 1
300 400 500 600 700
Wavelength (nm)
9 L212F+all-trans syn_ __ant
0.08 - r ¢ : : :
E[ AT }
0.04} 1&t l AT 1
"\ Q| _J 1313 A
0.00 ol
il 1
! 9
-0.04f 4 @ A A
< | 4
0.08 1 1 1 1 1 1
300 400 500 600 700
Wavelength (nm)
h T188C+all-trans syn anti
0.02 - r . : . :
0.01L,,\ 1EF AT AT .
0.00 § - |1§ 13 A -
-0.01f 1
2T 11 9 7]
-0.02- i 2 1 A
-0.03¢ 4 2L ]
-0.04 1 1 1 1 1 1
300 400 500 600 700 5 10 15 20
Wavelength (nm) Time (min)

Supplementary Fig. 2 Spectral changes and retinal configuration changes of wild-type
and W167F, L212F and T188C mutant Opn5m proteins
a-d (left) Spectral change caused by yellow light (>500 nm) irradiation of Opn5m wild-type (a)
and W167F (b), L212F (c) and T188C (d) mutant proteins purified after the addition of 11-cis

retinal to the collected cell membranes. Difference spectrum was calculated based on the

spectra shown in Figs. 1b-1e. (right) Retinal isomers before irradiation (black) and after yellow
light (>500 nm) irradiation (red) extracted from Opn5m wild-type (a) and W167F (b), L212F (c)
and T188C (d) mutants purified after the addition of 11-cis retinal to the collected cell



membranes (Figs. 1b-1e). Retinal configurations were analyzed with HPLC after extraction of
the chromophore as retinal oximes (syn and anti forms of 9-cis, 11-cis, 13-cis, and all-trans
retinal oximes). e-h (left) Spectral change caused by yellow light (>500 nm) irradiation of
Opn5m wild-type (e) and W167F (f), L212F (g) and T188C (h) mutant proteins purified after the
addition of all-trans retinal to the collected cell membranes. Difference spectrum was
calculated based on the spectra shown in Figs. 1b-1e. (right) Retinal isomers before irradiation
(black) and after yellow light (>500 nm) irradiation (red) extracted from Opn5m wild-type (e) and
W167F (f), L212F (g) and T188C (h) mutants purified after the addition of all-frans retinal to the

collected cell membranes (Figs. 1b-1e).
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Supplementary Fig. 3 Spectral changes of Opn5m Thr188 mutant proteins after the
addition of 11-cis or all-trans retinal

a-f Spectral change caused by yellow light (>500 nm) irradiation of Opn5m T188S (a), T188G
(b), T188A (c), T188N (d), T188M (e), and T188Q (f) mutant proteins purified after the addition
of 11-cis retinal to the collected cell membranes. Difference spectrum was calculated based on
the spectra shown in Figs. 2a-2f. g-l Spectral change caused by yellow light (>500 nm)
irradiation of Opn5m T188S (g), T188G (h), T188A (i), T188N (j), T188M (k), and T188Q (1)
mutant proteins purified after the addition of all-trans retinal to the collected cell membranes.

Difference spectrum was calculated based on the spectra shown in Figs. 2g-2I.
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Supplementary Fig. 4 HPLC chromatograms of retinal isomer analysis

Retinal configurations were analyzed with HPLC after extraction of the chromophore as retinal
oximes (syn and anti forms of 9-cis, 11-cis, 13-cis, and all-trans retinal oximes). a-f Retinal
isomers before irradiation (black) and after yellow light (>500 nm) irradiation (red) were
extracted from Opn5m T188S (a), T188G (b), T188A (c), T188N (d), T188M (e), and T188Q (f)
mutant proteins purified after the addition of 11-cis retinal to the collected cell membranes
(Figs. 2a-2f, right). g-l Retinal isomers before irradiation (black) and after yellow light (>500
nm) irradiation (red) were extracted from Opn5m T188S (g), T188G (h), T188A (i), T188N (j),
T188M (k), and T188Q (I) mutant proteins purified after the addition of all-frans retinal to the
collected cell membranes (Figs. 2g-2I, right). AT, all-trans retinal; 9, 9-cis retinal; 11, 11-cis

retinal; 13, 13-cis retinal.
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Supplementary Fig. 5 Spectral changes of Opn5m wild-type and Thr188 mutant proteins
Spectral changes of Opn5m wild-type (a) and T188S (b), T188G (c), T188A (d), T188N (e), T188M
(F), T188Q (g) and T188C (h) mutant proteins caused by yellow light (>500 nm) irradiation (curve 1),
subsequent UV light (360 nm) irradiation (curve 2), yellow light

re-irradiation (curve 3), UV light re-irradiation (curve 4) and yellow light re-irradiation (curve 5) were

calculated based on the spectra shown in Fig. 3.
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Supplementary Fig. 6 Spectral changes of T188C mutant Opn5m protein

a Spectral changes of Opn5m T188C mutant protein at 10 °C. Difference spectra were
obtained by subtracting the spectrum before irradiation (curve 1 of Fig. 4a) from the spectra
measured after yellow light (>500 nm) irradiation (curves 2-6 of Fig. 4a) (curves 1-5,
respectively). b Spectral changes of Opn5m T188C mutant protein at 37 °C. Difference
spectra were obtained by subtracting the spectrum before irradiation (curve 1 of Fig. 4b) from
the spectra measured after yellow light (>500 nm) irradiation (curves 2-6 of Fig. 4b) (curves 1-5,

respectively).



c,d Absorption spectra of Opn5m wild-type (¢) and T188A mutant proteins (d) purified after the
addition of all-trans retinal to the medium of the transfected cultured cells. The spectra were
recorded in the dark (curve 1) and 0 min (curve 2) and 30 min (curve 3) after yellow light (>500
nm) irradiation at 10 °C. e Absorption change of Opn5m wild-type and T188C and T188A
mutant proteins at 470 nm after light irradiation at 10 °C. Time course of the absorbance of
T188C mutant protein at 470 nm was fitted with a single-exponential function (1= 1405.2 sec). f
Proposed model of retinal structural changes during the photocyclic reaction of Opn5m T188C
mutant protein. Opn5m T188C protein binds all-trans retinal in the dark and photoisomerizes it
into 13-cis and 11-cis retinals. These cis isomers are expected to form an adduct with the thiol
group of Cys188. This accelerates the thermal isomerization of the retinal to all-trans form to

recover to the original dark state.
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Supplementary Fig. 7 Phylogenic view of opsin family and amino acid residue at
position 188 Most bistable opsins, including parapinopsin, Opn3/tmt opsin, Gg-coupled
opsins, Go-coupled opsins and Opn5m/Opn5L2, have a threonine or serine residue at position

188. By contrast, Opn5L1 uniquely has a cysteine residue at position 188.



Supplementary References

1 Larkin, M. A. et al. Clustal W and Clustal X version 2.0. Bioinformatics 23, 2947-2948,
doi:10.1093/bioinformatics/btm404 (2007).



	Supplementary-Information_211210
	figS1-1
	figS2
	figS2-1
	figS3
	figS3-1
	figS4
	figS4-1
	figS5
	figS6
	figS6-1
	figS7



