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As there is no published assay for cryptochromes, the following procedures were used to ensure correct incorporation of the flavin cofactor and to remove all traces of free flavin. Excess unbound flavin was eliminated by a final desalting step using HiTrap 5 ml columns (Amersham Bioscience), followed by an additional concentration step by ultrafiltration through 30 kDa microconcentrators (Millipore, Billerica, MA, USA), during which the flowthrough was periodically monitored spectroscopically: concentrations of free flavin were below the detection limit of 1 μM. 

1.
Determination of an upper limit on the free FAD concentration in gwCry1a samples by NMR spectroscopy.

Figure S1 shows the aromatic region of the 600 MHz 1H NMR spectrum of the sample of recombinantly expressed Cry1a of migratory garden warbler used for the transient absorption experiments before (blue) and after (red) addition of 20 M FAD. Any significant amount of free flavin would have been clearly detectable in the form of narrow resonances at characteristic chemical shift positions superimposed on the broad envelope of signals from the protein. Resolved resonances from protein-bound flavin are not expected to be observable because of the line broadening that would result from the slow molecular tumbling of the protein. No narrow resonances at the chemical shift positions of FAD protons were detected, allowing us to put an upper limit on the concentration of free flavin of ~2(M. Given the measures taken to exclude free flavin from the protein samples (see Experimental Procedures section of the paper) we believe the concentration of free flavin is considerably less than 2 (M. See Figure S1.
[Figure Legend Fig. S1] Aromatic region of the 600 MHz 1H NMR spectrum of the CRY1a sample used for the transient absorption experiments before (blue) and after (red) addition of 20 µM FAD. Note the additional signals from FAD in the latter spectrum and their absence in the former. 

2.
Control experiments to demonstrate that the reported transient absorption data cannot be due to free flavin.

(a)
Intensity of transient absorption signals.

Even though a sub-micromolar concentration of free flavin is guaranteed by the methods used to prepare the Cry1 samples for the optical spectroscopy experiments, and to verify their composition, it is important to demonstrate convincingly that the transient absorption data reported here (Fig. 1) cannot arise from photochemical reactions of free flavin molecules with surface aromatic amino acid residues in the protein. Accordingly, we have recorded transient absorption signals for reactions of FAD and FMN with tryptophan and with surface tryptophan residues in hen lysozyme.

Free flavins undergo photoinduced electron transfer reactions with three of the four aromatic amino acids with rate constants in the order k(Trp) > k(Tyr) >> k(His) [S1-S3]. There is no reaction with phenylalanine. We have therefore performed flash photolysis experiments on flavins in the presence of tryptophan, the most reactive of the three. 

Using ~20 (M equimolar solutions of FAD or FMN and tryptophan, the initial absorbance at 550 nm, which is the maximum of the flavin radical absorption band, is ~2 ( 10(4. The extinction coefficient of flavin radicals at this wavelength is ~2000 M(1 cm(1 and the path length in the transient absorption experiment was 0.3 cm. The initial radical concentration in the FAD/Trp and FMN/Trp experiments is therefore ~2( 10(4/(0.3 ( 2000) ( 0.3 (M. Similar absorbances, and therefore similar initial concentrations, were found (Fig. S2) in experiments on equimolar mixtures of FAD and lysozyme (a ~14 kDa protein containing two solvent accessible tryptophan residues, W62 and W123, that are known to be reactive with photoexcited flavins [S4, S5]). 

The 550 nm absorbance measured for the 20 (M Cry sample was 3 ( 10(3, corresponding to an initial radical concentration of 5 (M. This is an order of magnitude larger than found in any of the three control experiments (Fig. S2). Had this signal been due to 1 (M free flavin contaminating a 20 (M apo-Cry sample, we would have seen an initial absorbance of at most ~2 ( 10(4/20 = 10(5, i.e. two orders of magnitude smaller than actually observed.

The transient absorption signals are thus much stronger than expected for the reaction of free flavin with surface aromatic amino acid residues. The signals reported in Fig. 1 are only weak in absolute terms because the protein concentration is low.

(b)
Kinetics of transient absorption signals.

Further evidence that free flavin cannot be responsible for the observed transient absorption signals (Fig. 1) comes from the lifetimes of the absorption signals measured for the photoreaction of FAD with lysozyme (Fig. S2).

Using an equimolar 80 (M solution of FAD and lysozyme, the initial absorbance is found to be ~10(3 (Fig. S2) indicating an initial radical concentration of ~2 (M. The first half life of this signal is ~500 (s. It is reasonable to assume that the radicals recombine with second order kinetics with a diffusion controlled rate constant [S6] of ~109 M(1 s(1. The radical lifetime can therefore be estimated to be 1/(109 ( 2 ( 10(6) ( 500 (s, which is close to the observed value.

Using the same rate constant and the initial radical concentration measured in the Cry experiment (5 (M, see above), the radical lifetime in that experiment would have been 1/(109 ( 5 ( 10(6) ( 200 (s if the signal had arisen from reaction of free flavin with accessible amino acid residues in the protein. As reported in the paper, and as shown in Fig. S2, the radical lifetime observed for the Cry sample is approximately 14 ms, i.e. almost two orders of magnitude slower than the estimate of 200 (s.

The observed transient absorption signals are thus too long lived to be the result of reactions of free flavin. See Figure S2.
[Figure Legend Fig. S2] Transient absorption signals at 550 nm recorded for aqueous solutions of 20 (M cryptochrome (purple) and for equimolar mixtures (20, 40 and 80 (M) of FAD with hen lysozyme (blue, orange and red, respectively). The abscissa is time ((s); the ordinate is absorbance. Note the much stronger and much longer lived signal from flavin radicals in the case of the cryptochrome compared to that observed for reactions of free flavin with lysozyme.

3.
Additional Factors

In general, proteins from the photolyase superfamily are not normally correctly folded and tend to degrade when no FAD is present in the binding pocket. We see no evidence of misfolding or instability in our gwCry1a samples.

In separate experiments it was established that solutions of free flavin (in contrast to the gwCry1 samples) showed no evidence of photoreduction under the same experimental conditions.
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