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Supplementary Table S1. Primary sequence of PsaA (from PDBid 3Z7K, chain A) used in the
EPR and MD simulations of this study.

KLKVVATNSIIADITKNIAGDKIDLHSIVPIGQDPHEYEPLPEDVKKTSEADLIFYNGINLETGGNAWFTKLVENAKKTE
NKDYFAVSDGVDVIYLEGQNEKGKEDPHAWLNLENGIIFAKNIAKQLSAKDPNNKEFYEKNLKEYTDKLDKLDKESKDKF

NKIPAEKKLIVTSEGAFKYFSKAYGVPSAYIWEINTEEEGTPEQIKTLVEKLRQTKVPSLFVESSVDDRPMKTVSQDTNI
PIYAQIFTNSIAEQGKEGDSYYSMMKYNLDKIAEGLAK

Supplementary Table S2. Oligonucleotide primers used in this study

Primer Sequence (5’-3")

L56C-PsaA_F aaatattgctggtgacaaaattgactgccatagtatcgttccgattgggeaag

L56C-PsaA_R cttgcccaatcggaacgatactatggcagtcaattttgtcaccagcaatattt

S58C-PsaA_F ttgctggtgacaaaattgaccttcattgcatcgttccgattgg

S56C-PsaA_R ccaatcggaacgatgcaatgaaggtcaattttgtcaccagcaa

[125C-PsaA_F cagcgacggcgttgatgtttgctaccttgaaggtcaaaat

[125C-PsaA_R attttgaccttcaaggtagcaaacatcaacgccgtcgcetg

[236C-PsaA_F aagaagaaggaactcctgaacaatgcaagaccttggttgaaaaacttc

[236C-PsaA_R | gaagtttttcaaccaaggtcttgcattgttcaggagttccttcttctt

S266C-PsaA_F | tggatgaccgtccaatgaaaactgtttgccaagacacaaacatc

S266C-PsaA_R | gatgtttgtgtcttggcaaacagttttcattggacggtcatcca




Supplementary Table S3. Comparison of inter-residue distances in the metal coordination site
of Mn-bound PsaA and metal-free PsaA in solution. Inter-residue distances for the Mn-bound
PsaA are taken from the respective crystal structures. Distances for the different conformations of
metal-free PsaA in solution are extracted using a series of structures from the MD simulations
representative of the conformations in the four most populated clusters.

PsaA conformation 8 His67-N - Glu205-0 (A) | & His139-N - Asp280-0 (A)
Mn-bound, closed (3ZTT) ! 3.1 2.9
Mn-bound, open*

(3ZKA, PsaAD280N) 2 4.6 7.6
Metal-free PsaA

(3KZ7) 2 5.9 8.2
Metal_—free PsaA, clust?r 1 127+ 2.2 64412
(dominant conformation)

Metal-free PsaA, cluster 2 17.6 £ 2.4 56+1.3
Metal-free PsaA, cluster 3 12.1+1.6 53+1.4
Metal-free PsaA, cluster 4 13.3+2.7 12.2+1.8
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Supplementary Figure S1: Clustering of PsaA structures in solution. 840 structures from
simulations of the five Cys-PsaA variants and 80 structures from simulations of wild-type PsaA
were combined and clustered using a 0.25 nm cut-off resulting in 11 clusters (with 2 ore more
structures). The number of structures in each cluster are: cluster 1, 82%; cluster 2, 5%; cluster 3,
4%:; cluster 4, 3%; cluster 5, 2%, cluster 6,7 and 8, 1% each and cluster 9, 10 and 11 <1% each.
Structures from WT simulations are found in clusters 1,3, 6, 7, 9 and 11. Structures from both WT
and all five Cys-PsaA variants are found in the dominant cluster (cluster 1) while structures from
WT simulations are found in clusters 1,3, 4, 6,7,9 and 11.
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Supplementary Figure S2: Transitions between clusters of PsaA in solution from cluster
analysis of simulations of wild-type PsaA. 840 structures from simulations of the five Cys-PsaA
variants and 80 structures from simulations of wild-type PsaA were combined and clustered using a
0.25 nm cut-off resulting in 11 clusters with 2 ore more structures (cluster 12 and 13 contain only 1
structure each). There are a large number of transitions to and from clusters 1, 3, 4, 5, 7 and 8,
which together contain more than 93% of structures.
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Supplementary Figure S3: Comparison of metal coordination site in Mn-bound and metal-
free PsaA. (a) In the Mn-bound PsaA, the metal is coordinated by the side chains of residues
His139, His67, Asp280 and Glu205. (b) In the dominant conformation from the MD simulations of
metal-free PsaA in solution, the inter-residue distance between His67 and Glu205 is significantly
higher. In none of the conformations sampled in the MD simulations of metal-free PsaA in solution
are the residues close enough to coordinate a metal ion. See also the inter-residue distances
provided in Table S2.
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Supplementary Figure S4: Volumetric maps of the MTSL spin labels in the five different Cys-
PsaA variants. The volumetric maps (orange) show the occupancy of the MTSL probe throughout
the 3 x 300ns of unrestrained MD simulation of each of the five Cys-PsaA variants.
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