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Designation Sequence (5’-3') Application
vgaA-F AGTGGTGGTGAAGTAACACGAAA

Detection of vgaA
vgaA-R TCCGAAGGTTCAATACTCAATCG
IsaE-F ACAGCGAGTTGTTTCCTGCT

Detection of IsaE
IsaE-R GCTTTTGCAGCCTTATGTCC
salA-F GTTGATTCAGCGATGATGGA

Detection of salA
salA-R CCATGTGGTTTGTTGGTTCA
salB-F GGTGGTGGTACCTCGGGAGGCAACATTATGC

Cloning of salB
salB-R GGTGGTGAATTCACCATTTTATAAAATTGACTAGAAGTCTG
salC-F GGTGGTGGTACCGGAATAAGGAGGCAACATTATGC

Cloning of salC
salC-R GGTGGTGAATTCGACTAGAACTCTGTTTCTCTATTTCTTTC

Supplementary Table 1. Oligonucleotide primers for PCR amplification. Engineered restriction sites

are underlined.



SalA_gb|AGN74946_Staphylococcus_sciuri TMLELEEEKALEVEHKYV PELTFSIEDH LAV HQDQ SVDSAM TPYYDWTVMDMI I ES 78
SalB_MBW0770001.1_Staphylococcus_lentus 1TMLELEEEKPLE!EN KRLSFHIEDH LALI HKNELIDTAM SKHDDIDVMDMVMSA 78
SalC _MBW0764195.1_Staphylococcus_fleurettii TMLELEEKKISLEI DNKL PSLTFIIEEN LAV HHKENIETAM TKYGTLNVMEMIMLT 78
SalD_WP_082039181.1 Staphylococcusgallmamm 1MSIEY BT EKP FERFGKT EEVNLSVEPG AV YNKYNDSTYL SKYKNETAINMIMSW 78
SalE_WP_( 2.1 h cus_ 1 MsSEYEAQKP FEMFGKT SVDLQFEKG 1AV 1 T KALNNKYKEDTY L NMTTFGNMTGIDMIVISL 78
SalA_gb|AGN74946_Staphylococcus_sciuri 79 EIAKIRLQL- NHTDMINK D I TEGEMVT EA.K Gl KEEQLEQK ST E SF KVKMIKAS LE! 155
SalB_MBW0770001.1_Staphylococcus_lentus 79 KEVELRKDL- SDIDSLNS D NVENN IEGNKLGLSSTHFEQKIGT E SFLKVILSDAPELEI 155
SalC_MBW0764195.1_Staphylococcus_fleurettii 79 SSLRENL- SDLDNINR D El N 1 E GIK GLT !R HFDQLIEST SFLKVKLDKAREBLEI 155
SalD_WP_082039181.1_Staphylococcus_gallinarum 79 LDIKLAMQTDYEKIGD N El EQ LQAKQLNLEESDLDKQMGQ ALVRAM | EKNEIELD 156
SalE_WP._( 2.1 cus_t 79 NTELFHLKQAEMDNY EkV s DNMABNGYIE F TKAKQMALTEADLDKPIKV RLAL.RAFI NKP LD 156
SalA_gb|AGN74946_Staphylococcus_sciuri 156 L KEWLTKAF F I PDAILELSLDGA KlV I L 233
SalB_MBW0770001.1_Staphylococcus_lentus 156 K KVWL I KAF F D PDAILELTKDGATRY SGH E 233
SalC_MBW0764195.1_Staphylococcus_fleurettii 156 E KVWLTNAF F DKT PDAILELSSSGA T YS I 233
SalD_WP_082039181.1_Staphylococcus_gallinarum 157 LBDKQMIHIVVDY | A KQ S Y ATHILIBITPQATRKFTGN 234
SalE_WP_ 2.1 g 157 L 1oQliNHIQQSKRTHMIY 1DQEASHV I ITPESTR FNGNWKQWKIE | KDILEsolEQR | MINKQ 234
SalA_gb|AGN74946_Staphylococcus_sciuri 234 | |E AWYQK KR DQEHIPNPIHKK E- SIQHHN- F 309
SalB_MBWO0770001.1_Staphylococcus_lentus 234 | BES EMYQR KR F EESKSDNPILEEN- SIENNE- 309
SalC_MBW0764195.1_Staphylococcus_fleurettii 234 I EE EMYQK K K F EQTNLSDPEEEG- SMQHHA - F 309
SalD_WP_082039181.1_Staphylococcus_¢ gallmamm 235 LEBATV DR V NWHKT EKI1KVQQRKSDD- R H HFENQDAL 311
SalE_WP_( 2.1 1 235 L ER RVQTWHH S EKHIQERSKET - .SVYFSHQTSL 3n
SalA_gb|AGN74946_Staphylococcus_sciuri 310 KSH vQ FAYDNRKWMFDDV SEY R K LGELE 387
SalB_MBW0770001.1_Staphylococcus_lentus 310 KSH FSYKSREMFKDTYBE R K LGNLL G 387
SalC_MBW0764195.1_Staphylococcus_fleurettii 310 KSH TESYNEKPWFNDV SEHI KR LGQ 387
SalD_WP. 082039181 'I Staphylococcus galllnamm 312 NKK Q L Y D F ITIDGKNIBYQNANBE D P KQS |1 389
SalE_WP_( cus_| 312 PKRF |RIED VNIDGQAMYKHAHEEM P RQHIS 389
SalA_gb|AGN74946_Staphylococcus_sciuri 388 MHHTVEDE I LEIPEMKEAD DVVET K 465
SalB_MBW0770001.1_Staphylococcus_lentus 388 PNNSVIBEEVMD | ENMM I T D R DKVRQ K 465
SalC_MBW0764195.1_Staphylococcus_fleurettii 388 MKNTVIBEE IMS IQEMKEAEAR NY Y NENR DVVAN K 465
SalD_WP_082039181.1_Staphylococcus_gallinarum 390 YDSTABTMLLNMEGMERSQ NQK LPIsQ L 467
SalE_WP_( 2.1 cus_t 390 EAESPISMLLVRTNITRSQ KDQILKKP IRY L GANLILV 467
SalA_gb|AGN74946_Staphylococcus_sciuri 466 QIEN SQIKDQT HQMTHENVQVKDP |I- TESMKHHBKELEQYTDERNR EF 541
SalB_MBW0770001.1_Staphylococcus_lentus 466 QIE K

I
I
SalC_MBW0764195.1_Staphylococcus_fleurettii 466 QIEKINI
SalD_WP_082039181.1_Staphylococcus_ galllnamm 468 QDLINL
SalE_WP_( 2.1_ 468 QIDLINL

() LKSQITATH DKKLMNLTLSEKHSPNMVDDT LKLEDDYKSIDEFGHF DN 544

L sHBNY F T

L N | s | FKDE I RDQV MWK CKIEIHENVSINTP ID- AESMKDEK | LEQYTDERNKERDF 541
L STL I's FKEKLKDQ | T LDLVHENLK I ENPLN- ADSIKNQENELEQYTDERNRETEF 541
LKQJfA T T

sM T T LQSQFKAVHME QLYNVSLTHTRESN- LDETLKLIGEYKF IDENGHFEMDN 543

Supplementary Figure 1. Sequence alighment of five distinct Sal-type proteins [Sal(A-E)] that
mediate pleuromutilin resistance in staphylococci. Blue highlighting shows the degree of amino acid
conservation, with darker colouration indicating greater conservation. The interdomain linker is
underlined in red. Key sites at which amino acid substitutions were engineered in this study are
indicated; the catalytic glutamate residues within the nucleotide-binding domains that were changed
to glutamine in the Sal(B) EQ, mutant are underlined in black, whilst the site of the tyrosine residue
whose role in antibiotic resistance was explored in mutagenesis experiments is indicated with a red
triangle.
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Supplementary Figure 2. Cryo-EM image processing pipeline. (A) Image processing flow-chart
outlining the steps from micrograph movies to final multibody reconstructions. (B) Representative
cryo-EM micrograph, scale bar 100 nm. (C) Representative 2D class averages, mask diameter 35 nm.
(D) Mask around the P- and E-sites that was used in the focused classification procedure (yellow),
shown around a 3D reconstruction of the complex low-pass filtered to 15 A (grey). (E) 50S mask
(purple), 30S body mask (yellow) and 30S head mask (blue) used for multibody refinement, shown
around the consensus reconstruction (grey).
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Supplementary Figure 3. Cryo-EM structure determination of the Sal(B)eribosome complex. (A)
Consensus map of the Sal(B)eribosome complex filtered and coloured by estimated local resolution.
(B) Superposed maps of the 50S, 30S body and 30S head following multibody refinement, filtered and
coloured by estimated local resolution. (C) FSC curves between the two half maps as a function of
resolution for the consensus reconstruction. The resolution that corresponds to an FSC coefficient of
0.143 is 2.9 A. (D) FSC curves between the two half maps as a function of resolution for the 50S
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(Supplementary Figure 3 legend continued)

reconstruction. The resolution that corresponds to an FSC coefficient of 0.143 is 2.8 A. (E) FSC curves
between the two half maps as a function of resolution for the 30S body reconstruction. The resolution
that corresponds to an FSC coefficient of 0.143 is 3.0 A. (F) FSC curves between the two half maps as
a function of resolution for the 30S head reconstruction. The resolution that corresponds to an FSC
coefficient of 0.143 is 3.0 A. FSC curves are shown for phase-randomised maps (red), unmasked maps
(green), masked maps (blue), and masked maps after correction for mask convolution effects (black).
(G) FSC curves between the final atomic model and the consensus map (blue) and consensus half maps
(grey, orange).



interdomain
NBD1 i interdomain

A : linker B
. el : NBD1_ linker

NBD2 45° >
NBD2
N BN
2.6 A

Supplementary Figure 4. Local resolution of the density for Sal(B) and the distorted P-site tRNA. The
resolution of the Sal(B) density ranges from 2.6 A in the interdomain linker to 4.6 A where NBD1
interacts with the L1 stalk. The resolution of the P-site tRNA density remains fairly consistent, with a
small variation from 2.8 A to 3.4 A. (A) Front view, (B) top view. Dashed line represents unbuilt
residues 80-109. The relative positioning of the L1 stalk is shown by a black circle.
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Supplementary Figure 5. Structural comparison of ARE ABC-F proteins. (A) Superposition of six ARE
ABC-F proteins in their ribosome-bound form, highlighting the nucleotide-binding domains (NBDs) and
interdomain linker. The models are aligned by their 23S rRNA chains (not shown). (B) Sal(B) (this
study). (C) MsrE (PDB 5ZLU), (D) VmIR (PDB 6HAS8), (E) LsaA (PDB 7NHK), (F) VgalL (PDB 7NHN), (G)
VgaA.c (PDB 7NHL).
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Supplementary Figure 6. The C-terminal extension of Sal(B). (A) Density of Sal(B) (purple) situated in
the E site of the ribosome, with C-terminal extension wrapping around the 30S ribosome subunit,
making contacts with 30S subunit proteins uS7 and uS11, and reaching towards the mRNA : 16S rRNA
duplex in the mRNA exit channel (blue). (B) Proximity of the C-terminal extension to the mRNA : 16S
rRNA duplex. 16S rRNA residue labelled according to S. aureus numbering followed by E. coli
numbering in parentheses. (C) Comparison of the C-terminal extensions of Sal(B) and VmIR (PDB
6HAS), after alignment of the models of the ribosome-protein complexes by their 23S rRNA chains.
The nearest part of the 3’ end of 16S rRNA from the Sal(B)eribosome complex is shown for reference.
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Supplementary Figure 7. Distortion of P-site tRNA on Sal(B) binding. (A) Superposition of P-site tRNA
from an elongation-competent ribosome (green; PDB 609J) onto the distorted P-site tRNA of the
Sal(B)eribosome complex (brown). The acceptor stem of the elongation-competent P-site tRNA would
overlap with the position of the interdomain linker of Sal(B). Therefore, on Sal(B) binding, the acceptor
stem of the P-site tRNA is distorted away from the PTC, with the 3'-CCA end moving by 22 A, as shown.
To allow for this movement, the TWC and D loops of P-site tRNA swing towards NBD2 of Sal(B). The
location of the PTC is represented by a black circle. (B) Superposition of the P-site tRNA from an
elongation-competent ribosome (green; PDB 609J) with the distorted P-site tRNAs from the ribosome
in complex with Sal(B) (brown), VmIR, LsaA, VgaA.c, Vgal (grey; PDBs 6HAS8, 7NHK, 7NHL, 7NHN) and
(C) MsrE (pink, PDB 5ZLU)
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Supplementary Figure 8. Identification of P-site tRNA™¢t, (A) A model of S. aureus tRNA™M® fits well
to the P-site tRNA density of the Sal(B)eribosome complex (brown) and a model of an AUG mRNA start
codon fits well into the mRNA density (pink). (B) A run of G-C base pairs in the anticodon stem confirms
the identification of tRNA™¢t, (C) The base-pairing of an AUG mRNA start codon with a CAU anticodon
also confirms the identification of tRNA;™Met,
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Supplementary Figure 9. Interaction of Sal(B) interdomain linker with the PTC. (A) Sal(B)eribosome
complex with Sal(B) cryo-EM density (purple) and ribosome density (grey), fitted around the atomic
model in cartoon form. Left to right: view from E-site, with L1 stalk and Sal(B) at the front; view from
below the 30S subunit; in plane rotation and slice through with ribosome density removed to show
interaction of the Sal(B) interdomain linker with the ribosome. Zoomed-in view of boxed region shown
in part (B). (B) Atomic model of the interdomain linker loop of Sal(B) (purple) with key sidechains
shown, and atomic model of 23S rRNA (indigo) with key residues shown. (C) Atomic model of 23S rRNA
residues A2477-C2479 (2450-2452) and Sal(B) residues Arg261-Pro263, with inter-chain distances
shown. (D) Atomic model of 23S rRNA residue U2612 (2585) and Sal(B) residue Tyr264, with inter-
chain distances shown. For 23S rRNA residues, E. coli numbering is shown in parentheses.
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Supplementary Figure 10. Conformational changes in 23S rRNA on binding of Sal(B) to the ribosome.
(A) Comparison of the atomic models of the Sal(B)eribosome complex (purple cartoon, grey stick
model) and the apo S. aureus ribosome (green cartoon and stick model), focused on 23S rRNA residues
2477-2479 (2450-2452). (B) Sal(B)eribosome complex cryo-EM density of these residues (grey, this
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(Supplementary Figure 10 legend continued)

study). (C) Apo S. aureus ribosome cryo-EM density of these residues (green, EMD-10076). (D)
Comparison of the same atomic models as in (A), focused on 23S rRNA residues 2530-2532 (2503-
2505). (E) Sal(B)eribosome complex cryo-EM density of these residues (grey, this study). (F) Apo S.
aureus ribosome cryo-EM density of these residues (green, EMD-10076). (G) Comparison of the same
atomic models as in (A), focused on 23S rRNA residue U2612 (2585). (H) Sal(B)eribosome complex
cryo-EM density of this residue (grey, this study). (I) Apo S. aureus ribosome cryo-EM density of this
residue (green, EMD-10076). The apo S. aureus model was made by refining regions of the 23S rRNA
of the Sal(B)eribosome model into map EMD-10076 (green density). For 23S rRNA nucleotides, E. coli
numbering is shown in parentheses. Distances between select atoms are shown (yellow dashed lines).
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Supplementary Figure 11. Sequences of Sal variants mapped onto the structure of the Sal(B)
interdomain linker. (A) Structure of the Sal(B) interdomain linker loop in the Sal(B)eribosome
complex, with residues R261 to 264 shown; these residues are identical in Sal(A) and Sal(B). (B) The
same structure as in (A) but with Ser262 virtually mutated to Asn to give a representative Sal(C)
structure, assuming no change in the overall structure of the linker loop. (C) The same structure but
with virtual mutations S262N and Y264L to represent Sal(D). (D) The same structure but with virtual
mutations S262N and Y264l to represent Sal(E). (E) The same structure but with virtual mutations
$262D and Y264l to represent the Sal protein from S. xylosus. (F) The same structure but with virtual
mutations S262D and Y264S to represent the Sal protein from S. equorum. (G) The same structure but
with virtual mutations $262D and Y264N to represent the Sal protein from S. saprophyticus. Residues
that differ from Sal(B) are in each case highlighted in gold. For 23S rRNA residues, E. coli numbering is
shown in parentheses.
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Supplementary Figure 12. Relative positions of Sal(B) and ribosome-targeting antibiotics in the
ribosome. Superposition of the atomic models of antibiotics with the Sal(B)eribosome complex, after
alignment of antibiotic-ribosome and Sal(B)eribosome models by their 23S rRNA chains. (A)
Retapamulin from PDB 20GO. (B) Tiamulin from 1XBP. (C) Lincomycin from 5HKV. (D) Clindamycin
from 4V7V. (E) Virginiamycin M1 from 1YIT. (F) Erythromycin from 6S0X. (G) Quinupristin from 4U1U.
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