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1. Supplemental Figures
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Figure S1. Transient flash-induced absorption changes of NaR from Indibacter alkaliphilus in
three different time ranges.
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Figure S2. Transient flash-induced absorption changes of NaR from 1. alkaliphilus.
Measurements were performed at 25°C in 50 mM Tris-HCI, pH 7.0, 0.2 M NaCl. (A) NaR was
solubilized by 0.05% DDM. (B) NaR was reconstituted with a 9:1 (w/w) mixture of
1,2-dimyristoyl-sn-glycero-3-phosphocholine/1,2-dimyristoyl-sn-glycero-3-phosphate
(DMPC/DMPA) at 1:20 protein-to-lipid (Mole fraction) ratio.
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Figure S3. Time-dependent population changes of P,—P; states. P, is the initial dark state, whereas
P,—P; are the kinetically defined states calculated by global fitting.
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Figure S4. Plot of the observed ethylenic stretching frequency V.. and the absorption maximum
Amax Of retinal proteins and model compounds. The closed symbols in black represent data for the
light-adapted BR, HR from Natronomonas pharaonis, GR, and SRII from Natronomonas
pharaonis.' The colored symbols are data for NaR from Indibacter alkaliphilus: dark state NaR
(black), K (orange), L. (green), M (blue), and O (magenta). The open circles are data for several
retinal proteins and model compounds taken from Ref 1 and Ref 2.

Figure S5. Structural differences in the all-trans retinal chromophore between NaR (KR2) and
BR. The active site structures of (A) KR2 and BR based on their crystal structure. PDB codes:
3X3C (KR2) and 1C3W (BR).



Table S1. Selected Dihedral Angles of the Retinal Chromophore for NaR (KR2), BR, PR, and
SRII

C6-C7 C7-C8 C8-C9 C9-C10 | C10-C11 | C11-C12 | C12-C13 | C13-C14 | Cl4-C15 CI5-N
KR2,3X3C* -170.2 176.9 1743 1772 -179.1 167.49 -166.7 169 4 162.5 142.0
KR2,3X3B’ 1799 178.5 -178.6 178.8 -179.1 174.1 -172.0 179.7 -1713 1375
KR2,4XTL* -178.7 176.7 -179.8 -177.7 -174.1 169.88 177.7 1749 -173.1 137.1
KR24 XTN* -179.5 1794 -179.9 -178.3 -169.5 164.08 -179.2 1794 177.7 139.6
KR2,4XTO* 1799 -179.8 -179.8 -179.7 -160.9 -172.41 -179.6 1799 174.0 125.1
BR, 1C3W/ 176.3 1752 -173.7 -178.5 178.8 178.9 177.6 -156.9 179.0 -162.7
GPR, 2L6X* 1755 176.7 -158.1 -176.8 1772 -176.0 -170.7 -1734 -169.6 -166.4
BPR, 4]1Q6" 179.3 -179.7 1799 -179.9 -179.6 179.7 179.8 -179.9 -179.4 -1715
SRII, 1H68' 1779 179.9 177.6 -179.2 177.6 -178.3 178.1 -179.4 179.1 -1434

“KR2 at pH 4.0. Ref. 3. ’KR2 at pH 7.5-8.5. Ref. 3. “Type A KR2 crystal in Ref. 4. pH 4.3. “Type
B KR2 crystal in Ref. 4. pH 4.9. “Type C KR2 crystal in Ref. 4. pH 5.6./The crystal structure of
BR, Ref. 5. ¢The green-light absorbing PR solved by solution NMR spectroscopy. Ref. 6. "The
crystal structure of blue-light absorbing PR. Ref. 7. ‘The crystal structure of SRII from
Natronomonas pharaonis, Ref. 8.
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Figure S6. Transient resonance Raman spectra of photointermediates for NaR from Indibacter
alkaliphilus. The excitation wavelength was 441.6 nm, and the medium was 50 mM Tris-HCI
buffer, 400 mM NaCl, and 0.05% DDM at pH 8 .0.
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Figure S7. Transient resonance Raman spectra of NaR from Indibacter alkaliphilus with 532 nm

(a—d) and 441.6 nm (e-h) excitation.
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Figure S8. A global fitting analysis of the transient resonance Raman spectra of NaR from
Indibacter alkaliphilus. (a) A, = 532 nm, At = 0.56 ms. (b) A,, = 441.6 nm, Ar = 0.44 ms. The
magnified spectra are also displayed in the C=N stretching region. The spectra for K (orange), L.
(green), M (blue), and O (magenta) intermediates are shown. Dotted lines represent the individual
Gaussian band shape components.

2. Supplemental Experimental Section

Expression and Purification of IaNaR

Escherichia coli (E. coli) strain DH5a was used for DNA manipulation. The IaNaR gene
(GenBank accession number: EOZ93469) was amplified by PCR from the genomic DNA of
Indibacter alkaliphilus KCTC 22604 and firstly ligated to the Ndel/Xhol site of the pET-21c (+)
vector (Merck). This plasmid encodes IaNaR having additional amino acids in the C-terminus
(-LEHHHHHH). Next, the IaNaR coding region was amplified by PCR while introducing the
Hindlll site after the stop codon. The resultant DNA fragment was inserted into the pKAOO1
vector under the lacUV5 promoter with Ndel and HindIll sites.’” The DNA sequence was
confirmed by a standard procedure using an automated DNA sequencer (model 3100, Applied
Biosystems, Foster City, CA, USA).

E. coli strain BL21 was used for the expression and purification of [aNaR. The procedures
were essentially the same as the ones previously described." Briefly, the cells harboring the
pKAOO1 vector were grown in 2 x YT medium at 37°C, and expression was induced by the
addition of 1 mM isopropyl-f-D-thiogalactopyranoside in the presence of 10 uM all-trans retinal.



After 4 h of induction, the cells were harvested and broken with a French press. The collected cell
membrane fraction was solubilized with 1.5% n-dodecyl -D-maltopyranoside (DDM) (Dojindo
Lab., Kumamoto, Japan), and the solubilized IaNaR was purified using Ni-NTA agarose (Qiagen,
Hilden, Germany). The yield of IaNaR was approximately 30 mg from 1 L culture. The
concentration of IaNaR was determined from the absorbance at 525 nm with an assumed
extinction coefficient of 50,000 M~ cm™.

Determination of the P, Spectrum

The absorption spectrum of P, state was determined from the measured spectrum of the dark
state and used for the spectral calculations of the P, states in Figure 3. The procedures were
shown in Figure S9. Besides the scattering background, the measured spectrum (black line in the
inset) includes three absorption bands: main band around 525 nm, 3-band around 400 nm and the
band from the aromatic amino acid residues around 280 nm. For the same analyses in the
previous reports,’ we used the sum of former two bands as the P, spectrum. However, the
presence of (-band often confuses the appearance of short wavelength intermediates in the P,
states. Here, we estimated the main band and used as the P, spectrum. Firstly, we estimated the
scattering background (red broken line in the inset) by the term of a / A* (A in nm). The
determined value of o was 1.43 x 10°. This scattering curve was subtracted from the measured
spectrum. For the resultant spectrum (red solid line), we estimated the P-band (blue line) by the
skewed Gaussian function, which is defined by the four parameters: A, (in nm), A ., (amplitude
at A,,.), p (skewness of the band) and Av (half-bandwidth in cm™)."” The determined values were
Apax = 380 nm, A, =0.057, p =134, and Av = 5345 cm™, respectively. Then, the main band
(black line) was calculated by subtracting the 3-band from the spectrum shown in red solid line.
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Figure S9. Determination of the P, spectrum. The main absorption band around 525 nm (black
line) was calculated by subtracting the scattering background (broken line in the inset) and the
B-band (blue line) from the measured absorption spectrum of the dark state (black line in the
inset), and then used as the P, spectrum (for details see text).
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