








Extended DataFig. 5| Overall view of Fourier difference mapsfromthetime  Fourier difference maps F A-30m/em2.SACLA _ | dark ref SACLA (At:10 ns,300 ns, 3 s,
series collected at SACLA and SwissFEL. Models of dark_ref TtCBD tetramer 100 pis, 3 ms) and F At30m/em2.SwissFEL _ p darkref.SwissFEL (A¢: 3115, 10 ms) are contoured
(dark_ref_SACLAordark_ref_SwissFEL) arerepresented asagrey cartoon. at+3.5(green)and -3.5d(red).
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Extended dataFig. 6 |See next page for caption.



Extended dataFig. 6| Cryotrapping ofintermediatestatesinthe photochemical
reaction of T¢CBD in solution as monitored by temperature-resolved
absorptionspectroscopy measurements. (a) 77 Kabsorbance spectraof 7tCBD
insolution (50 pM) after illumination (530 nm) for 15 min at different temperatures
ranging from77 Kto190 K (77 Kill, 100 Kill, etc) or after illumination at 190 K
for15minandincubationinthedarkfor15minatincreasing temperatures

(200 K dark, 210 K dark, etc). (b) Difference spectra after successive 15 min
illumination atincreasing temperatures from77to190 K. The non-illuminated
sample wasused as abaseline. (c) Difference spectraafter illumination at 190 K
for15minandincubationinthe dark for 15 min ateither 260 or 298 K. (d) 77K
absorbancespectraofthe dark, light (298 K dark) and intermediate states

(190 Kand 260 K) identified by cryogenic absorbance measurements at 77 K.
Thewavelengths of the main spectral changes arelabelled accordingly in panelsb
and c. (e) The temperature-resolved absorption spectroscopy datayield the
reactionscheme shown here, indicating the temperatures at which each of the
intermediate states is formed. Thei, iii,ivand vlabelsillustrate how these species
relate to those depicted in Fig.1of the main text. (f) Spectroscopicintermediate
measured at 77 K after illumination (530 nm) at 190 K for 15 min and incubation
inthe dark for15minat260 K (red curve) and spectrum of the 7tCBD-H132A
mutantlight state measured at room temperature after illumination (530 nm)
until complete photoconversion (black curve).
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Extended DataFig.7|Intrachain distance difference matrices (DDM) of monomer Bat10 ns, 300 ns, 3 ps, 100 ps, 3 ms, and 10 ms. DDMs were calculated
using dark_ref_SACLAmodel as the reference model from10 nsto 3 msand dark_ref_SwissFEL model for 10 ms.



Extended DataFig.8|QM/MM optimised models of 3us_30mj/cm’ SACLA. specieswhere the Co(ll)/C5% radical pair (RP) is formed, (c) atertiary diradical
QM/MM models generated from the 3 ps crystal structure where four possible specieswhere the Co(ll)/C4’»RPis formed, and (d) astable Co-C4’ adduct.
scenarios are optimised including (a) the photoproducts, (b) a primary diradical
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Extended DataFig.9|SVD analysis of TR-XSS datain the30 ps-100 ms time
range. (a) First three SVD basis patterns (left singular vectors) (rank O - blue,
rankl1-orange,rank2-green). (b) Thesingular valuesare plotted with blue dots
asafunctionoftherank. Theinset shows the autocorrelation of the basis patterns
asafunctionoftherank.Agrey dotted lineindicates anautocorrelation of 0.8.
SVD analysis shows that only two basis patterns containasignal out of noise.
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Extended DataFig.10|Proposed CarH photoactivation mechanismbased
on DFT cluster model calculations. Shown is homolytic photolysis from the
dark state (a), toadiradical (b) followed by formation of the photoproduct (c),
which canleadto the reversible formation of the Co-C4’ adduct (e), viaan
undetected intermediate species (d), or the release of the photoproduct

d A e (5A)

(4,5-anhydroadenosine)?’, which leads to the formation of a water-ligated
Co(lll) species (f) and the final light-adapted state® (g). Names in parentheses
refertothe correspondingstructures (where appropriate) from Supplementary
Fig.9 and Supplementary Tables 3and 10. The adenine (Ade) moiety of the
5-deoxyadenosyl group was omitted for clarity.
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Data collection  Data collection was performed at multiple facilities. Time-resolved crystallographic data were collected at the SwissFEL using the Cristallina
experimental station, and at SACLA using beamline BL2-EH3. Time-resolved solution scattering was conducted at the ESRF on beamline 1D09.
Macromolecular crystallography data were collected at the ESRF using beamline BMO7-FIP2, while serial crystallography data were acquired
at the Diamond Light Source on beamline 124. Each facility provided in-house data collection software, which were used during the respective
experiments.

Data analysis X-ray crystallography: CrystFEL (0.10.1 and 0.10.2), DIALS (3.22.1), XDS (Version June 30, 2023), PHASER (2.8), COQT (v 0.9.8.96) CCP4
(8.0.017), Phenix (1.19.2-4158), Xtrapol8 (1.0.0), RADDOSE-3D (v5), PyMOL (3.161), bootstrapping script at https://github.com/coquellen/
Bootstrapping. TR-XSS: CRYSOL (3.0), txs (0.0.1) package. Quantum chemistry: GaussianQ09, Gaussianl6rev. EPR: EasySpin toolbox (5.2.36),
Matlab (MATLAB_R2022a). Mass spectrometry: Thermo Scientific Foundation Software v3.0 (Xcalibur). NMR: MestReNova v14.3 (Mestrelab
Research). All references are included in the Supplementary Methods section.
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Crystal structures have been deposited at the Protein Data Bank (PDB), accession codes: 9SOA, 9SOB, 9S0C, 950D, 9SOE, 9SOF, 9S0G, 9S0H, 9501, 9S0J, 9506, 9507,
9508, 9S09. All indexed raw images, as well as CrystFEL stream files and merged mtz files for each SFX dataset of this study have been deposited in the Coherent X-
ray Imaging Data Bank website (CXIDB) with accession ID 237 (https://dx.doi.org/10.11577/2999572). For all time-resolved datasets, the Fourier difference maps
computed with their respective reference datasets have also been deposited (https://dx.doi.org/10.11577/2999572). The CXIDB nomenclature for the different
datasets corresponds to the one used in Supplementary Tables 4-6. The TR-XSS data (https://doi.esrf.fr/10.15151/ESRF-ES-704502367 and https://
doi.esrf.fr/10.15151/ESRF-ES-1437867878) and cryo-MX data (https://doi.esrf.fr/10.15151/ESRF-DC-2303883862) are available as raw acquisition data from the
ESRF WEB site.
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Sample size The number of collected and indexed images in TR-SFX experiments necessary to obtain statistically meaningful data has been judged
according to the CC1/2 value. For all other experiments, the sample size has been determined based on the SNR.

Data exclusions  No data were excluded from the analyses

Replication TR-SFX datasets at 3 us were collected at both SACLA (3us_30mJ/cm2_SACLA ) and SwissFEL (3us_30mJ/cm2_SwissFEL) facilities. All other
SFX time points have not been repeated, as is common practice in the field (scarcity of XFEL beamtime). All experiments other than SFX have
been repeated several times and only the results from a single experiments are shown.
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