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Results 3: The extreme radiation sensitivity of
FutA provides insights into it’s biological
function.

Background Results 2: Does FutA bind ferric or ferrous iron?

FutA proteins are iron binding proteins that are typically found as two
homologues in cyanobacterium; FutA2 is a periplasmic ferric iron binding

protein associated with the Fut ABC transporter which mediates iron FutA Oxidised FutA Reduced

uptake, whilst FutA1 is a cytoplasmic ferrous iron binding protein _
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Metalloproteins are particularly sensitive to specific radiation damage as 1. Obtain a radiation damage free ground state structure of FutA using serial femtosecond .
metal ions are rapidly reduced by photoelectrons [5]. We study FutA from crystallography (SFX). Magnetic Field (mT)
the cyanobacterium Prochlorococcus MED4 and utilise XFEL data O Tvrld3
collection, electron paramagnetic resonance (EPR), and neutron _ _ , _ | | y
crystallography to probe ground state FutA, free from radiation damage. 2. Investigate the iron redox state using electron paramagnetic resonance (EPR) N\ Tyri3 k\&‘}_«b\ p
Finally, we characterise the sensitivity of FutA to specific radiation spectroscopy and neutron crystallography. | ) ~
damage and exploit photoreduction of FutA to investigate it’s | — |
physiological function. 3. Characterise the sensitivity of FutA to specific radiation damage and capture a ferrous
state of FutA.

Results 1: Zero dose XFEL data collection reveals radiation damage free FutA.

Data were collected at SACLA, Japan using silicon nitride fixed target chips for sample delivery [7]. In total 3 chips were collected equating to 76800 images, of which 24380 were scaled and merged to 1.6 A.

Room temperature single crystal structure of FutA (blue), overlaid with
the SFX structure (yellow). The damaged state of FutA (blue) with an
average incident dose of 50 kGy reveals a 3.3 A movement of Arg203 into the
iron binding site. The +1 charge provided by Arg203 would stabilise the shift in
charge from Fe (lll) to Fe () and may represent a mechanism by which
Prochlorococcus FutA can bind ferrous iron. This ability to stabilise a ferrous
charge supports the hypothesis that Prochlorococcus FutA may have both a
periplasmic ferric iron binding function and a cytoplasmic ferrous iron binding

Neutron structure of FutA. The Fo-Ffc neutron map is shown as meshes
contoured at 3o. Positive density (green) indicates protonation sites. Arg103 is
fully protonated, providing a +1 charge, whilst the tyrosine hydroxyl groups
are unprotonated, providing a total -4 charge. Overall, with an Fe (lll) redox
state of the bound iron, the net charge within the iron site is O.

function.
Overlay of Prochlorococcus MED4 FutA (yellow) and Ligand coordination by four tyrosines Conc_l U_SIOH . . .
Overall fold of Prochlorococcus MED4 FutA. The N-terminal  Synechocystis 6803 FutA2 (grey) [8]. Prochlorococcus and a water shows the iron in a trigonal || The radiation damage free structure of Prochlorococcus MED4 FutA was elucidated using serial femtosecond crystallography and the redox state of the
domain is shown in magenta and the C-terminal domain in blue.  MED4 FutA is crystallised in an open conformation where bipyramidal geometry. Red: oxygen, cyan:|| iron was confirmed using both EPR spectroscopy and neutron crystallography. The acute sensitivity of FutA to specific radiation damage illustrates the
The iron binding site sits within a cleft between both domains. conserved His12 is unable to complete iron site closure water, orange: ferric-ion, grey dashes: requirement for dose limiting data collection regimes for metal binding substrate binding proteins (SBPs). Yet, it is the sensitivity of FutA to specific

Residues involved in iron binding are shown in yellow. and iron coordination is instead fulfilled by a water. geometry. radiation damage which allowed a potentially biologically relevant ferrous state of FutA to be captured.
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