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Experimental details
Protein expression and crystallyzation

Dm(6-4) photolyase gene was codon optimized and ordered at GenScript. The gene was inserted
between Ncol and Xhol in pET21d (+) plasmid with a stop-codon before the C-terminal His-tag
sequence. The plasmid was transformed in BL21(DE3) cells and grew in a Studier medium{with
additional 50 wg/mL carbenicillin for 2-3 hours at 37 ° and then overnight at 20 °. Cells were lysated
with sonication (Q700 sonicator, Qsonica) with the settings: 30 % amplitude, pulse-on time 10 second,
pulse-off time 30 second and process time of 10 min. The protein was purified through Hi-trap Heparin
Column purification (Ge Healthcare) followed by size exclusion chromatography (Hiload Superdex
16/600 200 pg, Ge Healthcare)?. The protein concentration was estimated by determining the FAD
concentration and the photoconversion of the protein was evaluated by illuminating the sample with

a 445 nm LED®. All the experimental procedures were performed under safe red light.

Batch crystallization



The crystals were first grown at 4 ° C in hanging drop plates with a reservoir of 100 mM bis-tris
pH=6.5, 200 mM lithium sulphate monohydrate, 22 % PEG 3350, 0.5 % Ethyl acetate. After two
days, the macrocrystals were crushed and used as seeds for batch crystallization* . Prior to collecting
data, the crystals were spun down, 90 % of the mother liquor was removed and the content of the
vial was mixed in 1:3 ratio with hydroxy ethyl cellulose (HEC) matrix. HEC matrix was produced by

dissolving 22 % of HEC in water (w/w).
Data collection

The data were collected at beamline X06SA at the Swiss Light Source Synchrotron (SLS). The
sample was extruded through a high viscosity injector with a 75 um diameter nozzle®. The sample
flow rate was set to 0.08 ul/min (300 um/s) for both dark and light steady state data sets. For the light
data set, a CW 473 nm laser(Crystalaser CL-473-150) with a fluence of 612 mW/mm2 was employed.
From the flow speed and distance between nozzle tip and x-ray interaction point (90 um) we estimate
that the sample was illuminated for approximately 0.3s before being probed by the x-ray. The sample

was prepared and data were collected at room temperature.
Data analysis

The diffraction images were indexed, integrated and merged with Crystfel 0.9.1°. Indexamajig was
used for indexing patterns with xgandalf®. These patterns had indexing ambiguity issues related to
the tetragonal Bravais lattice of the crystals. This issue was addressed and corrected with ambigator
by using the operator h,k,-. The resulting stream file was merged, scaled and post-refined with
partialator. The partial reflection were treated using the unity model in partialator. The dark state
structure is phased using MR (PDB ID: 7AYV), The structure was further refined using Phenix” and

subsequently modelled with COOT®,

Difference maps (Fobsdark-Fobslight) were computed using PHENIX’s Isomorphous difference map
module” and loaded in Coot® as reference for residues position refinement for the light structure. The

extrapolated structure factors were calculated as follows: (Fe = Fo(dark)+ 1/rAFo®10,

The extrapolated maps were used to estimate the percentage of activation (the percentage of the
protein that get excited by the laser). The mean electron density of the residues that we see changes

occurring at and the mean negative features at 3 rmsd were plotted against different level of activa-
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tion (Fig.S1)1L. The point at which the two plots intersects gives us the percentage of protein that
is activated by light. The activation factor was deemed to be 14 %. The extrapolated map was used
to refine the light activated structure in COOT®. Further, the calculated difference maps were plotted
using the reported methods1<.

The dark structure has been deposited in PDB with the 7QUT ID, whereas the light structure can be
found in the CXIDB (ID 202) .

UV/vis spectroscopy UV/VIS absorption measurements of Dm(6-4)photolyase in solution were per-
formed to investigate which state is reached by illumination. The sample was excited for 100 ms with
light from an LED at 453 nm and spectra were recorded 5 ms after the end of the illumination. The
results are presented in Fig. |3} panel A shows the raw spectra for illuminated and dark measurement.
Panel B shows the background corrected spectra, calculated from the spectra in panel A. This corre-
sponds to the absorption spectra of Dm(6-4)photolyase before and after illumination. For the dark
measurement (blue) we observe a good agreement with the expected absorption profile for a pho-
tolyase in the oxidized FAD state and a reduced state in light (red). Panel C shows absorption spectra
of the different oxidation states of the FAD taken from literature.’® Panel D displays the difference ab-
sorption spectrum between light and dark (blue) which was computed by subtracting the two spectra
in panel A. A matrix division was performed using the spectra in C and this yielded the contribution of
the states to the difference scattering (see inset). The resulting difference spectrum is shown in red.
This verifies that after illumination for 100ms the photolyase is in the semi-reduced FAD~ state. The

minor negative contribution of FADH is attributed to uncertainties in the measurement.



Table 1 Data and refinement statistics.

dark light
PDB code 7QUT
Space group P41 P41
Cell constants
a, b, c (A) 103.60 103.60 52.08 103.60 103.60 52.08
o, B,y () 90.0 90.0 90.0 90.0 90.0 90.0
Resolution (A)Jr 19.30-2.24 (2.24-2.26) 19.30-2.50 (2.50-2.52)
Data completeness (%) 100 (100) 100 (100)
Rypiir (%) T* 9.53 (151.63) 7.87 (72.15)
ccx 0.99(0.58) 0.99 (0.34)
CC1/2°2 0.96 (0.20) 0.96 (0.06)
<I/o(D>T 8.58 (0.71) 13.95 (1.41)
Multiplicity 1948 2902
Number of hits 461638 829692
Number of indexed hits 64785 82895
Number of total reflection 52396029 56202479
Number of unique reflections 26853 19365
Refinement
Ryyork/R free 0.15/0.19 0.41/0.44 3
Wilson B-factor (A2) 41.6 n/a
Total number of atoms 4277 4277
Average B, all atoms ( A?) 59.72 60.05
R.m.s deviations
Bond lengths ( A) 0.007 0.014
Bond angle (°) 1.56 1.53

* Highest resolution shell is shown in parenthesis.
+ Rsplit= 1/ 2%

o2 +oe?
where o+ is the variance of the difference between the intensities and their average and ce? is the variance of random error of merged half datasets.

3 The R values are not meaningful because the structure was refined only in real space and only in selected areas.
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Fig.S 1 Negative features plotted in function of the percentage of activation. The point of intersection determines

the level of activation. In our case, the activation level is about 14%

258T 268G 278K 288K 294- 301M 311A 321- *33*9W
D.melanogaster(6-4)PL/1-540 250 APNS - LEPSTTVLSPYLKFGCLSARLFNQKLKE | I KRQPKHSQPP - - - - --- VSL IGQLM FYYTVAAAEPNFDRML-GNVYCMQ | PWQE-HPD 335
X.laevis_CRY1/1-616 240NANS-LLASTTGLSPYLRFGCLSCRLFYFKLTDLYKKVKKNSSPP------- LSLYGQLL FFYTAATNNPRFDKMD-GNP ICVQIPWDR-NPE 325
E.rubecola_CRY1/1-620 240NANS-LLASPTGLSPYLRFGCLSCRLFYFKLTDLYKKVKKNSSPP - ------ LSLYGQLL FFYTAATNNPRFDKME-GNPICVQIPWDK-NPE 325
C.livia_CRY1/1-620 240NANS-LLASPTGLSPYLRFGCLSCRLFYFKLTDLYKKVKKNSSPP------- LSLYGQLL FFYTAATNNPRFDKME-GNPICVQIPWDK-NPE 325
D.rerio(6-4)PL/1-519 240 SPNS-LIPSTTVLSPYVRFGCLSARTFWWRLADVYRGK- THSDPP - - - - - - - VSLHGQLL FFYTTAVGIPNFNKME-GNSACVQVDWDN-NPE 324
X.laevis(6-4)PL/1-526 240 EPNS-LTPSTTVLSPYVKFGCLSARTFWWK I AD | YQGK-KHSDPP - - - - - - - VSLHGQLL FYYTTGAGIPNFNKME-GNPVCVQVDWDN - NKE 324
A.thaliana_(6-4)PL/1-556 267DPSAFLKPATTVMSPYLKFGCLSSRYFYQCLQN IYKDVKKHTSPP - - - - - - - VSLLGQLL FFYTTAFGTPNFDKMK-GNRICKQIPWNE-DHA 353
E.coli CPD _PL/1-472 229 FPAV- - -EGTSRLSASLATGGLSPRQCLHRLLAEQPQALDGGAGS-------- VWLNEL | FYRHLITYHPSLCKHRPF IAWTDRVQWQS-NPA 312
A.thaliana_CRY2/1-612 238 KVVG---NSTSLLSPYLHFGEISVRHVFQCARMKQ | IWARDKNSEGEE--SADLFLRGIGLREYSRYICFNFPFTHEQS-LLSHLRFFPWDA-DVD 326
A.thaliana_CRY1/1-681 241 KADS - - -ATTSFLSPHLHFGEVSVRKVFHLVR I KQVAWANEGNEAGEE- - SVNLFLKSIGLREYSRY ISFNHPYSHERP-LLGHLKFFPWAV-DEN 329
Dmelanogaster CRY1/1-542 255 ALPN- IHDSPKSMSAHLRFGCLSVRRFYWSVHDLFKNVQLRACVRGVQMTGGAH I TGQL | YFYTMSVNNPNYDRME-GND ICLS | PWAKPNEN 348
C.livia_CRY4/1-525 238 IPNS-LLPSTTGLSIPYFSMGCLSVRITFFHRLSN I YAQAKHHSLPP------ - VSLQGQLL FFYTVASATQNFTQMA-GNPICLQ IHWYE-DAE 323
339A 349F 359Q 369H ?3792 389R 399D 409w 419Y 427A
D.melanogaster(6-4)PL/1-540 336 HLEAWTHGRMGYPF DA IMRQLRQEGWIHHLARHAVACFLTRGDEWI SWEEGQRVFEQLELBQPWALNAGNWMWL SASAFFHQYFR- -VYSPVAFG 429
X.laevis CRY1/1-616 326 ALAKWAEGRTGF PWIDBA IMTQLRQEGWIHHLARHAVACFL TRGDLWI SWEEGMKVEEELLLDABDWSVNAGSWMWLSCSSFFQQFFH--CYCPVGFG 419
E.rubecola_CRY1/1-620 326 ALAKWAEGRIGF PWI AIMTQLRQEGWIIHLA HAVACFLTRGDLWISWEEGMKVFEELLLBABWS VNAGSWMWLSCSSFFQQFFH--CYCPVGFG 419
C.livia_CRY1/1-620 326 ALAKWAEGRTGF PWIDBA IMTQLRQEGWIHHLARHAVACFL TRGDLWISWEEGVKVEEELLLDABDWSVNAGSWMWLSCSSFFQQFFH--CYCPVGFG 419
D.rerio(6-4)PL/1-519 325HLAAWREARTGFPF | TIMTQLRQEGWIIHLA HAVACFLTRGDLWISWEEGQKVFEELLLDSDWSLNAGNWQWLSASTFFHQYFR--VYSP IAFG 418
X.laevis(6-4)PL/1-526 325HLEAWSEGRTGYPF IDA IMTQLRTEGWIHHLARHAVACFL TRGDLWISWEEGQKVFEELLLDADWS LNAGNWLWLSASAFFHQFFR--VYSPVAFG 418
A.thaliana_(6-4)PL/1-556 354 MLAAWRDGKTGYPWIDA IMVQLL KWGWMHH L ARHC VACF L TRGDLF IHWEQGRDVEERLL IDSDWA INNGNWMWLSCSSFFYQFNR- - IYSP ISFG 447
E.coli CPD_PL/1-472 313HLQAWQEGKTGYP | VDAAMRQLN S TGWMHN RLEBM | TASFLVK-DLL IDWREGERYEMSQL IDGD|L AANNGGWQWAAS TG TDAAPYFR- I FNPTTQG 406
A.thaliana_CRY2/1-612 327 KFKAWRQGRIGYP L V! AGMRELWATGWMINRI VIVSSFAVK-FLLLPWKWGMKYFWD TLL AILECDILGWQ ISGS IPDGHELDR-LDNPALQG 420
A.thaliana_CRY1/1-681 330 YFKAWRQGRITGYPLVDAGMRELWATGWLHDR | RVVVSSFF VK- VLQLPWRWGMKYFWD TLL LESDALGWQX | TGTLPDSREFDR- IDNPQFEG 423
Dmelanogaster CRY1/1-542 349 LLQSWRLGQTGFPL | GAMRQLLAEGWLIHTL NTVATFLTRGGLWQSWEHGLQHFLKYLLBABWSVCAGNWMWYSSSAFERLLDSSLVTCPVALA 444
C.livia_CRY4/1-525 324 RLHKWK TAQMGF PWIDA IMTQLRQEGWIHHLARHAVACFL TRGDLWI SWEEGMKVEEELLLDABYS INAGNWMWLSASAFFHHY TR- - IFCPVRFG 417
437H 447s 457P 467A 477p 487H 497A 507G 510-
D.melanogaster(6-4)PL/1-540 430 KIT PQGHY IRKYVPELSKYPAGC IYEPWKASLVDQRAYGCVLG TDMPHRIVKHEVVHKEN | KRMGAAYKVNREVRTGKE - - - - - -« --------- 509
X.laevis_CRY1/1-616 420 KRTDPNGDY IRRYLP I LKGFPPKY I YDPWNAPE TVQKAAKC | IGVNYPKPMVNHAEASRLN | ERMKQ I YQQLSRYRGLGL - == - ==« =--«--=-- 499
E.rubecola_CRY1/1-620 420 RRTDPNGDY I RRYLPVLRGFPAKY I YDPWNAPES IQKAAKC | IGVNYPKPMVNHAEASRLN | ERMKQ 1 YQQLSRYRGLGL - - = - == == c e mm o= 499
C.livia_CRY1/1-620 420R T PNGDYIHRYLPVLRGFPAKYIYDPWNAPESIQKAAKCI IGVNYPKPMVNHAEASRLN I ERMKQ I YQQLSRYRGLGL - - - - ------------ 499
D.rerio(6-4)PL/1-519 419 K T KHGDY | KKYLPVLKKFPTEY IYEPWKAPRSVQERAGC I VGKD¥PRP IVDHEVVHKKN I LRMKAAYAK- - --RSPED---------------- 494
X.laevis(6-4)PL/1-526 419 K KNGDY I KKYLP ILKKFPAEY IYEPWKSPRSLQERAGC | IGKD¥PKP IVEHNVVSKQN IQRMKAAYAR- - - -RSGST-------=--------- 494
A.thaliana_(6-4)PL/1-556 448 K Y PDGKY IRHFLPVLKDMPKQY IYEPWTAPLSVQTKANC | VGKD¥PKPMVLHDSASKECKRKMGEAYALNKKMDGKVD - - - - - = - - - - - - - - - - 527
E.coli CPD_PL/1-472 407 EKFPHEGEF IRQWLPELRDVPGKVVHEPWKWAQKAG- - - - - - VTLD¥PQPIVEHKEARVQTLAAYEAARKGK - - - - - - - - - - oo oo oo 472
A.thaliana_CRY2/1-612 421 AKYBDIPEGEY IRQWLPELARLP TEWIHHPWDAPL TVLKASGVELGTNYAKP IVD IDTARELLAKAISRTREAQIMIGAAPD- - - - ------- E | VAD 505
A.thaliana_CRY1/1-681 424 YKFDPNGEYVRRWLPELSRLP TDWIHHPWNAPESVLQAAGIELGSNYPLPIVGLDEAKARLHEALSQMWQLEAASRAAIENGSEEGLGDSAEVEEA 519
Dmelanogaster CRY1/1-542 445 KRLPPDGTY | KQYVPELMNVPKEFVHEPWRMSAEQQEQYECL IGVH¥PERI IDLSMAVKRNMLAMKSLRNSL I TPPPHCR- - - - -------mmm- - 524
C.livia_CRY4/1-525 418 KRTBIPEGQY IRKYLPVLKNFPTKY IYEPWTASEEEQRQAGC | IGRD¥PFPMVNHKEASDRNLQLMRRVREEQ---RGTAQ---------------- 494

Fig.S 2 Alignment of the C-terminal region of photolyases and cryptocrome. The alignment was performed in Jalview
2.11.1.4 with Clustal omega™ . Residues conserved more than 25% are coloured according to clustal color scheme. The
asterisks are placed on top of residues which show difference signal in our data.
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Fig.S 3 Results from the UV/Vis spectroscopy measurements. A: Raw spectra, B: absorption spectra before and
after illumination, C: absorption spectra of different oxidation states of FAD from™3, D: difference spectrum from
experiment (blue) and result from matrix division (red). For details see text.
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