Supplementary Text.
Supplementary results text
First we modelled the Salmonella AcrA (Uniprot ID Q8ZRA6_SALTY) based on the E. coli homologue. There is no gap in the alignment between the two with a pairwise equivalence of the sequence and identical numbering from N- to C-termini. The two sequences present 91.4% identity (34 substitutions over 397 residue overlap), with zero gaps, and could be effectively treated as point mutants of each other. 
[bookmark: _GoBack]While the level of identity between the Salmonella AcrA and AcrE (Uniprot ID Q8ZLN5_SALTY) is significantly lower (69.3%), the alignment between their sequences reveals just a single amino-acid gap at position 39, (corresponding to the variable post-signal-sequence region), with the rest of the structure presenting a direct pairwise correspondence, that translates into an unequivocal assignment of secondary structure and a predicted RMSD of AcrA and AcrE is less than 0.5 Angst over full length C-alpha backbone. In particular, the membrane proximal domains were virtually identical in terms of fold and structure based on high level of identity and lack of any gaps in the structural alignment (RMSD <0.4 Å) (Figure 3A). However, while structure is conserved there is a loop between residues 327 and 331 of AcrA (326 to 330 of AcrE) that varies significantly in sequence between the two proteins. Comparing the position of this loop to the recent cryoEM structure of Wang and colleagues suggests that this loop does not contact with AcrB but is surface exposed (1).

In contrast, the sequences, and correspondingly the predicted structures of both MdtA  (Uniprot ID Q8ZNQ3 (MDTA_SALTY)) and MdsA (Q8ZRG8_SALTY) are markedly different with identities below 30% and significant gaps in the alignments. The models suggested that MdtA and MdsA were most similar to each other (RMSD <0.3 Å) but much less similar to AcrA and AcrE both in terms of overall structure and specifically the structure of membrane proximal domain (RMSD 1-2 Å). Both have a significantly more extended C-termini bringing the overall length to 413 residues in the case of MdtA), and more hydrophobic N-termini, as well as a clear shortening of the alpha helix 4 (see Espript structural alignment presented in Figure 3a ). In addition, MdsA has also an extended loop between beta10 and beta11; while MdtA also features an N-terminal insertion (residues 37-54), of unknown function, which could possibly correspond to a transmembrane anchoring domain.

Despite the above differences, which are mostly restricted to the C- and N-termini, and a couple of variable loops, the core of the structure and in particular the hairpin tips which are presumed to interact with the OMF TolC are well conserved – notably the ‘RLSD” signature sequence is present in all of them (2). The overall structure of the beta-barrel and MP domains is also conserved across the family (Figure S2).

Supplementary discussion text

Our structural analysis has also provided several additional insights regarding the PAP-RND interaction. The AcrB trimer has several intramolecular solvent accessible channels that have been hypothesised to play the role of drug-extrusion conduits (3-5). 3 main conduits have been identified leading to a main binding pocket, each with their separate entry. The first (entrance 1) is within the inner membrane (6), the second (entrance 2) at above membrane level in the intraprotomer cleft (PC1/PC2 interface) (7), as well as the central-cavity access channel (5). These entrances all lead to a proximal drug-binding pocket in “access” (“loose”) protomer, and the cargo is then transferred to the deeper distal binding pocket in the “binding” (“tight”) protomer. Proximal and distal binding pockets are separated by a switch loop (containing F617) and in “extrusion” (“open”) protomer a new, outward conduit is created towards the AcrA/TolC funnel, while the entry pockets are closed, allowing the substrate to diffuse out of the cell. In addition, there is evidence that the inter-protomer clefts, also referred to as a “vestibules” may function as substrate entry pathways (8). It is remarkable that both PAP1 and PAP2 associate closely with the PN2/PC1 lobe of the periplasmic domain of AcrB, and thus both protomers are flanking the primary entrance (entrance 2) to the proximal binding pocket, while the entrance 1 and the vestibule pathway (located between the protomers) are away from any visible interaction. As these alternative entry pathways have been shown to also bind substrate (8) it is thus tempting to suggest, that perhaps PAPs contribute to the selectivity and processivity of the pump via entrance 2 for a sub-group of substrates, while substrates are pumped via entry 1 and vestibules in a non-PAP dependent fashion.
Our analysis of the association of PAP2 with PN2 observed in the cryo-EM structures provides a further hint at functional speciation between the PAP protomers. Early experiments with chimeric transporters formed of part AcrB and part MexB, (9) have shown that the specificity of PAP-RND association is restricted within the residue range 60-612, which covers the first structural repeat of the RND protein (from PN1, PN2, to TM7 and major part of PC1 domain). The new structural data suggests that PAP2, and not PAP1 is involved in this selection, which also suggests that the PAP2 is likely to participate in substrate presentation. The functioning of the chimeric assemblies which are roughly 50:50 AcrB/MexB also suggests, that PAP1 plays more of a generic role in stabilizing the assembly, and may be promiscuous (Figure S9). 
While all the current cryo-EM derived structures, including those obtained in the presence of substrate, appear to be symmetric and present similar conformations of PAP1 and PAP2 relative to the RND protomers, it needs to be stressed that PAPs might be able to undergo significant conformational changes during the efflux cycle which are not necessarily reflected in the currently available artificially stabilized pump complexes. Indeed the analysis of the currently only available crystal structures of PAP-RND co-complex - namely CusBA (10) including the only asymmetric structure of the complex - 4DNT.pdb (11) demonstrates a PAP2 conformation and interaction with RND-transporter which strongly deviates from the cryo-EM complexes discussed (Figure S10).
Whether this is down to the specialized nature of the CusBA as a metal transporter is hard to say, but considering that the CusB structure in the complex with CusA transporter is the only one to show defined the extended C- and N-termini of the PAP, and these appear to form extensive contacts with the PC1/PC2 cleft which is the primary site of drug entry in the efflux transporters such as AcrB (corresponding to entry tunnel No2 discussed above) it is possible that this conformation reflects on some intermediate functional transport state. 
Finally, our analysis of the site-directed mutations introduced into the sequence boxes and their subsequent mapping onto the structure of the assembled complexes revealed some unanticipated parallels between the previously described asymmetric structures of AcrB (7, 12) and the PAP-engaged cryo-EM structures (1, 13). Namely, the detectable effect of the Q310F mutation is quite unexpected, given that Q310 is predicted to only make contact with the RND transporter in PAP protomer 1. A closer inspection however, revealed that in asymmetric cryo-EM structures Q310 appears to coordinate the AcrB funnel domain hairpin (N8-N9 hairpin) from the neighbouring RND protomer, which is implicated in the oligomerisation of the RND-protomers. It is notable that in the asymmetric DARPin-stabilised structures of the AcrB (e.g.  4u8v.pdb (12)) one of the DARPin molecules interacts with the same region of the N8-N9 hairpin as the AcrA Q310. It is tempting to suggest that such interaction mimics the functional interaction provided by the PAP and can be used by the PAP for either sensing of the substrate occupation state of the neighboring RND protomer possibly stabilizing a L-to-T transition, or for active coupling of the conformational states of the RND protomers during the cycle. While future research is needed to elucidate the exact role of these mutations, our data narrows down dramatically the range of residues involved and provides a testable hypothesis for the role of PAPs in the assembly and conformational communication during the efflux cycle. 
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