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13. SUPPLEMENTARY NOTES

14. ABSTRACT
• For the first time, a cryptochrome (Cry4) from a truly migratory animal (the European robin, Erithacus rubecula, Er) has been expressed in high purity with
stoichiometric incorporation of the FAD chromophore. We have also generated associated mutants, eliminating in turn each of the four tryptophans involved
in the electron transport chain.
• We have reported the first measurements of magnetic field effects on the photocycle of ErCry4 in both the wild type protein and in Trp to Phemutants.
• Magnetic field effects on ErCry4 are 1-2 orders of magnitude stronger than those on Cry4 from non-migratory chicken and pigeon.
• EPR experiments clearly establish that ErCry4 has a functioning Trptetrad.
• The relative magnetic sensitivities of the 3rd (C) and 4th (D) flavintryptophan radical pairs in ErCry4 suggest that TrpC does most of the magnetic sensing
whereas TrpD is mainly responsible for initiating biochemical signalling.
• Molecular dynamics simulations suggest that the 3rd and 4th radical pairs are in rapid dynamic equilibrium.
• We have shown that ErCry4 is specifically localised in the outer segments of double cone and long-wavelength single cone photoreceptor cells in the
retinas of several bird species.
• We have suggested why localisation of ErCry4 in the double cones could be advantageous and how the Cry4 molecules could be oriented in the two
components of the double cones.
• Quantitative PCR data show that Cry4 is expressed ~2.5 times more in the migratory season in night-migratory robins, whereas there are no seasonal
differences in non-migratory chicken.
• The crystal structure of Columba livia (pigeon) Cry4 has been determined. Homology modelling has been used to propose a structure for ErCry4.
• Hydrogen-deuterium exchange mass spectrometry of Drosophila cryptochrome (DmCry) has revealed blue light-dependent conformational changes that
could initiate magnetic signal transduction.
• Cry4 has been identified as the most likely of the bird cryptochromes to be responsible for magnetic sensing.
• Broadband radiofrequency electromagnetic fields have a greater disruptive effect on the ability of migratory songbirds to use their magnetic compass than
do strong narrow-band fields. These effects are consistent with a spin-coherence time of 2-10 Î¼s.
• Using a new computational approach, we have shown that the current model of radical-pair magnetoreception can qualitatively, but not quantitatively,
account for the effects of broadband radiofrequency noise on the orientational abilities of migratory birds.
• We have suggested conditions for behavioural experiments using broadband radiofrequency noise that have the potential to distinguish between the two
types of radical pairs currently postulated as magnetic compass sensors.
• Six potential ErCry4 interaction partner proteins have been identified and possible magnetic signaling pathways have been discussed.
• No evidence has been found for an interaction between Cry4 and IscA1 (iron-sulphur cluster assembly 1 protein).
• A unique suite of optical spectroscopic techniques has been developed specifically for the detection of magnetic field effects on cryptochromes and model
compounds.
• Studies of DmCry have shed light on the different magnetic sensitivities of radical pairs in proteins that have 3 or 4 tryptophans in the electron transfer
chain.
• Four maquettes (non-natural proteins) have been designed, expressed and studied as models of the first of the sequential light-induced electron transfers
in cryptochromes. Their magnetic sensitivity shows some surprising similarities to the natural proteins.
• A carotenoid-porphyrin-fullerene model compound has been shown to exhibit pronounced anisotropic magnetic field effects at field strengths relevant to
magnetoreception (~50 microtesla).
• No statistically significant magnetic field effects have been found in studies of fruit flies in two behavioural assays. This result casts serious doubt on
whether Drosophila can sense magnetic fields at all and thus strongly suggests that night-migratory songbirds remain the organism of
choice for elucidating the mechanism of light-dependent magnetoreception.
• Molecular dynamics simulations have been performed to assess the likelihood that the spin-relaxation of flavin-tryptophan radical pairs in cryptochrome is
slow enough to allow significant sensitivity to Earthstrength magnetic fields.
• We have shown that modulation of exchange and dipolar interactions could boost the magnetic sensitivity of a cryptochrome-based radical pair
magnetoreceptor.
• Spin dynamics calculations on realistic models of cryptochrome-based radical pairs have suggested a new type of magnetic response that would give
birds a much more precise compass bearing than hitherto thought possible.
• Chemical mechanisms for the amplifying the effects of magnetic fields on radical pairs in cryptochromes have been studied experimentally and
computationally.
• We have proposed a simple solution to the problem of detecting small magnetic field effects in the presence of large variations in the intensity and
polarization of the light required to activate the magnetic compass sensor.
• We have proposed an in vivo experiment with the potential to determine whether the involvement of cryptochrome in magnetoreception is as a magnetic
sensor or a signal transducer downstream of a different the primary sensor.
• Spin dynamics simulations of superoxide-containing radical pairs argue strongly against the involvement of superoxide radicals in compass
magnetoreception.
• In answer the question, How quantum is radical pair magnetoreception? We have shown that accurate simulation of anisotropic magnetic field effects
relevant to magnetoreception seems to require full quantum mechanical calculations.
• Results from Information Theory have been used to obtain a lower bound estimate of the precision with which a bird could orient itself using only
geomagnetic cues.
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