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Phytochromes (PHY's) are photoreceptor proteins first discovered in plants, where they control a
variety of photomorphogenesis events. PHYs as photochromic proteins can reversibly switch
between two distinct states: a red light absorbing (Pr) and a far-red light absorbing (Pfr) form. The
discovery of bacteriophytochromes (BphPs) in non-photosynthetic bacteria has opened new frontiers
in our understanding of the mechanisms by which these natural photoswitches can control single
cell development. BphPs are dimeric proteins that consist of a photosensory core module (PCM)
and enzymatic domain, often histidine kinase. The PCM is composed of three domains (PAS, GAF,
PHY). It holds a covalently bound linear tetrapyrrole (biliverdin, BV) chromophore. Upon absorption
of light, the double bond between BV rings C and D isomerizes and switches the protein between Pr

and Pfr states.

The two BphPs from the non-photosynthetic myxobacterium S. aurantiaca, SaBphP1 and SaBphP2,
have distinct photochemistry, although they bind the same bilin chromophore and share a large
sequence identity. Unlike SaBphP2, the wild-type SaBphP1 lacks a conserved histidine that
stabilizes the bilin chromophore in the Pr and Pfr states. We solved the structures of both SaBphP1
and SaBphP2 in wild-type and mutant forms involving substitutions of the conserved His. The wild-
type SaBphP2 crystals diffract to a resolution of 1.7 A at the synchrotron, and microcrystals to about
2.3 A at the Japanese X-ray Free Electron Laser (XFEL) SACLA, the highest resolution for PCMs

so far.

To investigate the structural changes that occur in the phytochrome chromophore, its binding-pocket
and the adjacent PHY domain with Time-Resolved Serial Femtosecond X-ray crystallography (TR-
SFX), we plan to study SaBphP2 using the ultrashort X-ray pulses available at XFELs. Our
experiments will not only show structural changes near the chromophore, but also describe signal
transduction into the PHY domain which moves several tens of Angstréms after the light stimulus in

real time.
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Fig. 1. Structural comparison of SaBphP1-PCM (1) (Pr state in yellow, green, magenta) with related
BphPs. Superposition (a) onto the DrBphP-PCM (Pfr) in blue (2) highlighting the displacement of the
PHY domains (blue curved arrow) and (b) onto the full length BphP with a di-guanylyl cyclase effector

domain from Idiomarina sp. (blue) (3).
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