Extended data figures & legends 
Extended data table 1. Data collection and refinement statistics (molecular replacement) for Pcobs
	
	AbPcob dark
(8J2Y)
	SasPcob dark
(8J2W)
	SasPcob light
(8J2X)

	Data collection
	
	
	

	Space group
	C 2 2 21
	C 1 2 1
	P 32 2 1

	Cell dimensions  
	
	
	

	    a, b, c (Å)
	108.773 125.836 124.63
	132.111 97.5389 72.6624
	109.667 109.667 98.0743

	    α, β, γ (°) 
	90 90 90
	90 116.716 90
	90 90 120

	Resolution (Å)
	44.31 - 2.3 (2.382 - 2.3)
	75.18 – 1.70 (1.73 - 170)
	95.16 - 1.98 (2.051 - 1.98)

	Rmerge
	0.1766 0.9439)
	0.0765 (0.8162)
	0.07186 (2.404)

	I / σI
	6.95 (0.94)
	15.0 (1.1)
	20.64 (0.67)

	Completeness (%)
	99.86 (99.79)
	99.8 (95.9)
	99.92 (99.79)

	Redundancy
	13.7 (13.3)
	6.9 (5.6)
	20.6 (20.5)

	
	
	
	

	Refinement
	
	
	

	Resolution (Å)
	44.31 - 2.3 (2.36 - 2.30)
	75.18 - 1.699 (1.74 – 1.70)
	94.97 - 1.98 (2.03 - 1.98)

	No. reflections
	36278 (2610)
	85824(6228)
	45541 (3314)

	Rwork / Rfree
	0.2094/0.2366
	0.1829/0.2118
	0.1832/0.2003

	No. atoms
	
	
	

	    Protein
	4902
	4997
	2568

	    Ligand/ion
	231
	336
	141

	    Water
	131
	406
	80

	B-factors
	
	
	

	    Protein
	66.53
	35.14
	61.54

	    Ligand/ion
	43.60
	26.55
	50.37

	    Water
	46.05
	39.64
	56.82

	R.m.s. deviations
	
	
	

	    Bond lengths (Å)
	0.027
	0.011
	0.011

	    Bond angles (°)
	2.01
	1.72
	1.65


Values in parentheses are for highest-resolution shell.

 


Extended data figures

Figure 1. Chromophore binding properties of photocobilins. a, The binding ratio (chromophore:protein) of B12 and BV for SasPcob. The binding ratio was calculated based on the chromophore and protein molar concentrations. b, The binding ratio of B12 and BV for AbBGD protein. c, The absorbance increase of AdoCbl at 540 nm at increasing concentrations of SasPcob was used to calculate the binding constant (Kd) for AdoCbl to the protein. d-e, The absorbance increase of BV at 700 nm at increasing concentrations of SasPcob was used to calculate the (Kd) for BV in the absence of AdoCbl (d) and with AdoCbl pre-bound (e). f, BV titration with AbDPcob. BV was kept at 3.5 mM and AbDPcob ranging from 12 to 80 mM. All measurements were repeated 3 times for data collection.

Figure 2. Absorbance spectra of photocobilins with BV and AdoCbl bound. a, absorbance spectra of SasPcob with either BV, AdoCbl or both bound. b, absorbance spectra of AbDPcob with either BV, AdoCbl or both bound. c-d, absorbance spectra of SasBG with BV bound before and after light illumination with red (c) or green (d) light. e-f, difference spectra of AbDPcob with both AdoCbl and BV bound after illumination with green (e) or red (f) light

Figure 3. Light response of photocobilin proteins with methycobalamin bound. a-b, Difference absorbance spectra of SasPcob with methylcobalamin bound after illumination with green (a) or red (b) light. c-d, Difference absorbance spectra of SasPcob with methylcobalamin and BV bound after illumination with green (c) or red (d) light. e-f, Difference absorbance spectra of AbDPcob with methylcobalamin and BV bound after illumination with green (e) or red (f) light. A dark spectrum was collected prior to any illumination and used as the blank in each case. g, SasPcob with only BV bound illuminated at 530nm. h, SasPcob with only AdoB12 bound illuminated at 660nm.

Figure 4. Structural comparison of photocobilins with CarH3 and BV binding protein11,12. a, Structural alignment of SasPcob, AbPcob and CarH proteins(5C8A). The B12 binding region is shown as green (SasPcob), cyan (AbPcob), and magenta (CarH) ribbons. The BV binding domain is shown as yellow (SasPcob) and blue (AbPcob) ribbons. b, Sequence alignment of SasPcob, AbPcob and CarH proteins. The alignment result is coloured according to sequence identity by MView39.  The residues in the red box are the key residues at the dimer interface. c, Structural alignment of BV binding domain of SasPcob (green) and AbPcob (cyan). The BV molecule is shown as red sticks. d, Structural alignment of BV binding domains of SasPcob (green) and AbPcob (cyan) with phycobilisome proteins 1B33 (yellow) and 3MWN (magenta). e, Structural alignment (same as c) showing position of BV chromophore in the binding pocket. The BV is shown in red for SasPcob, yellow for 1B3311 and blue for 3MWN12. f, Sequence alignment of photocobilins with 3MWN and 1B33. The residues in the red box forms the BV binding motif.

Figure 5. Chromophore binding of SasPcob and BV docking into AbPcob. a and b, AdoCbl and BV binding in SasPcob. Protein residues are shown as orange sticks. Residues from another protein chain are shown as blue sticks. AdoCbl and BV molecule are shown as yelllow and pink sticks, respectively, and water molecules as blue spheres. Conserved water molecules are shown as green spheres. Salt-bridges and its centre are shown as yellow dash and cyan sphere, hydrophobic interactions as a blue dash and hydrogen bonds as a red dash. c-f, Clustered AbPcob protein structures after MD simulation showing possible binding pose with BV. The grey cartoon and sticks are the representations for SasPcob as comparision. BV molecule and its binding region in AbPcob are coloured as yellow sticks and red cartoon. g-h, comparison of BV binding in AbPcob(g) and SasPcob(h). Binding poses in cluster 6 was selected for comparison. BV and B12 molecules are shown as above. Residues around BV with 4Å are shown as red (AbPcob) and grey (SasPcob) sticks. 

Figure 6. Regulation of DGC activities in AbDPcob. a, LC-MS chromatograms showing the production of cyclic-di-GMP for the apo, dark and light states of the AbDPcob protein. b, DGC activity of AbDPcob upon addition of different cobalamin cofactors under dark and light condition. Light induced structural change in AbDPcob (c-e). SAXS signals of AbDPcob in the dark state and after illumination at 530nm for 10 minutes (c). The inset shows the difference between the two signals. The distance distribution p(r) reveals an expansion of the protein upon illumination (d). Low-resolution ab-initio modelling based on the SAXS data provides the envelope of the protein electron density distribution for both dark and light state (e). Results in panel e show that the AlphaFold2 prediction (orange structure) is compatible with the dark structure in solution, while the light state is characterised by an extended conformation.

Figure 7. Size exclusion chromatography-multi-angle light scattering (SEC-MALS) analysis of AbDGC and AbPcob proteins. SEC-MALS chromatograms are shown for the following samples: AbDGC and AbPcob with different concentration, a (1 mg/mL), b (5 mg/mL), c and d (1 mg/mL). AbPcob protein was run through SEC-MALS under dark (c) and light (d) condition. e-h, AbDGC protein was mixed with AbBG at different concentration and run through the SEC-MALS under dark (e, g) and light (f, h) condition. e and f, AbDGC mixed with AbPcob at equal molar ratio. g and h, AbDGC mixed with 5 times of AbPcob.

Figure 8. The protein-protein interaction network analysis showing the functions of potential partner proteins for standalone photocobilins. a, The potential protein-protein interaction network of proteins for four species. Each node represents a protein with mapped proteins of 506 sequences in a certain species coloured in a darker colour, while predicted interacting proteins are coloured in a light colour. The edges between nodes represent the confidence score that integrates the protein-protein interaction information, containing text-mining, co-expression, gene neighbourhood, gene fusion, co-occurrence, etc. The intensity of the colour represents a more confident interaction between two proteins. b, TEnrichment analysis based on gene list from protein-protein interaction network in different species. Terms with detailed descriptions are annotated in the figure. 

Figure 9. Bioinformatic and structural analysis of photocobilin-containing proteins. a, PPI network analysis of Pcob proteins. The functional enrichment analysis of potential protein-protein interaction network predicted by the STRING database40 in four species. Enriched terms (p-value < 0.05) that occurs in at least two species are shown. b-d, Structural alignment of predicted AlphaFold2 structures with SasPcob. Protein structures are shown as cartoons. B12 and BV domain of SasPcob are coloured as blue and orange respectively. Predicted structures and extra functional domains are shown as green and magenta cartoons.


