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Table S1. Summary of course grained simulations, Related to STAR Methods 
 
System Membrane 

size (nm) 
Time (µs) Membrane % Composition 

PE PhG CL 
1 16.1x16.1 6x5 75 25 0 
2 16.1x16.1 6x5 76 16 8 
3 16.3x16.3 6x5 72 12 16 

 
 
Table S2. Summary of atomistic simulations, Related to STAR Methods 
CG label refers to the coarse grained system (Table S1) from which the simulations were 
constructed.  
 
System Time (µs) CG Label  
4 2x0.25 1 r1 
5 2x0.25 1 r2 
6 2x0.25 2 r1 
7 2x0.25 2 r6 
8 2x0.25 3 r1 
9 2x0.25 3 r4 



Figure S1. Sequence alignment showing putative MurM binding site residues, 
Related to STAR Methods and Figure 4. Alignment of W. viridescens FemX, S. 
pneumoniae MurM, S. aureus FemA and S. aureus FemX using CLUSTAL Omega 
(1.2.4). The sequence identity between MurM and S. aureus FemA, S. aureus FemX and 
W. viridescens FemX was 20.25 %, 26.93 % and 24.38 % respectively. Residues of the 
putative MurM binding site, proposed to interact with the Lipid II substrate are indicated 
by red boxes. 
 
  

10/27/2020 https://www.ebi.ac.uk/Tools/services/rest/clustalo/result/clustalo-I20201028-002838-0030-70297618-p2m/aln-clustal_num

https://www.ebi.ac.uk/Tools/services/rest/clustalo/result/clustalo-I20201028-002838-0030-70297618-p2m/aln-clustal_num 1/1

CLUSTAL O(1.2.4) multiple sequence alignment 
 
 
W.vi_FemX      --MPVLNLNDPQAVERYEEFMRQSPYGQVTQDLGWAKVK--NNWEPVDVYLEDDQGAIIA 56 
S.pn_MurM      MYRYQLG----IPLSEYDGFVKEHPMVNLLQSSAWEKVK--SDWNHERLGVYEGE-NLLA 53 
S.au_FemA      --MKFTN----LTAKEFGAFTDSMPYSHFTQTVGHYELKLAEGYETHLVGIKNN--NNEV 52 
S.au_FemX      --MEKMH----ITNQEHDAFVKSHPNGDLLQLTKWAETKKLTGWYARRIAVGRDG-EVQG 53 
                             ...  *  . *  .. *     : *   .:    : :  .       
 
W.vi_FemX      AMSMLLGDTPT--DKKFAYASKGPVMDVTDVDLLDRLVDEAVKA-LDGRAYVLRFDPEVA 113 
S.pn_MurM      VASILIKSLPL--GYKMFYIPRGPILDYRDTELLKFVLQSIKSYARSKRAVFVTFDPSIC 111 
S.au_FemA      IAACLLTAVPVMKVFKYFYSNRGPVIDYENQELVHFFFNELSKYVKKHRCLYLHIDPYLP 112 
S.au_FemX      VAQLLFKKVPKL-PYTLCYISRGFVVDYSNKEALNALLDSAKEIAKAEKAYAIKIDPDVE 112 
                   *:   *     .  *  :* ::*  : : :. ..:.  .     :.  : :** :  
 
W.vi_FemX      YSDEFNT-----------TLQDHGYVTRNRNVADAGMHATIQPRLNMVLDLTKFPDAKTT 162 
S.pn_MurM      LSQHLVNQDKREYPENLAIVEILGQLGVKWSGRTIEMDDTIQPRIQAKIYKENFEEDKL- 170 
S.au_FemA      YQYLNHDGEITGNAGNDWFFDKMSNLGFEHTGFHKGFDPVLQIRYHSVLDLKDKTADDI- 171 
S.au_FemX      V-----------DKGTD-ALQNLKALGFKHKGFKEGLSKDYIQPRMTMITPIDKNDDEL- 159 
                                  .:    :  : .     :           :   .    .   
 
W.vi_FemX      LDLYPSKTKSKIKRPFRDGVEVHSGNSATELDEFFKTYTTMAERHGITHRPIEYFQRMQA 222 
S.pn_MurM      ----SKSTRQAIRTARNKGLEIQYGG-LELLDSFSELMKKTEKRKEIHLRNEAYYKKLLD 225 
S.au_FemA      IKNMDGLRKRNTKKVKKNGVKVRFLS-EEELPIFRSFMEDTSESKAFADRDDKFYYNRLK 230 
S.au_FemX      LNSFERRNRSKVRLALKRGTTVERSD-REGLKTFAELMKITGERDGFLTRDISYFENIYD 218 
                       :   :   . *  :.  .    *  * .      : . :  *   :: .    
 
W.vi_FemX      AFDADTMRIF-------------------------------------------------- 232 
S.pn_MurM      NFKEDSYITLTSL--DVSKRLRELEEQLEKNRVVAEKF-ND-----------ATRSSKVQ 271 
S.au_FemA      YYKDRVLVPLAYI--NFDEYIKELNEERDILNKDLNKALKDIEKR-PENKKAHNKRDNLQ 287 
S.au_FemX      ALHEDGDAELFLVKLDPKENIAKVNQELNELHAEIAKWQQKMETSEKQAKKAQNMINDAQ 278 
                 .      :                                                   
 
W.vi_FemX      --------------------VAEREGKLLSTGIALKYGRKIWYMYAGSMDG-NTYYAPYA 271 
S.pn_MurM      ENIKEKERLKEEIDFLQGYMNMGKSNIPLAATLSLEFGNTSVNLYAGMDDDFKRYNAPIL 331 
S.au_FemA      QQLDANEQKIEEGKRLQ---EEHGNELPISAGFFFINPFEVVYYAGGTSNAFRHFAGSYA 344 
S.au_FemX      NKIAKNEDLKRDLEALE---KEHPEGIYLSGALLMFAGSKSYYLYGASSNEFRDFLPNHH 335 
                                       .   ::  : :          ..  :  . :      
 
W.vi_FemX      VQSEMIQWALDTNTDLYDLGGIESESTD----DSLYVFKHVFVKDAPREYIGEIDKVLDP 327 
S.pn_MurM      TWYETARYAFERGMVWQNLGGVENS-----LNGGLYQFKEKFNP-TIEEYLGEFTMPT-H 384 
S.au_FemA      VQWEMINYALNHGIDRYNFYGVSGKFTEDAEDAGVVKFKKGYNA-EIIEYVGDFIKPINK 403 
S.au_FemX      MQYTMMKYAREHGATTYDFGGTDNDPDKDSEHYGLWAFKKVWGT-YLSEKIGEFDYILNQ 394 
                     .:* : .    :: * ...        .:  **. :      * :*::       
 
W.vi_FemX      EVYAELVKD------------- 336 
S.pn_MurM      PLYPLLRLALDFRKTLRKKHRK 406 
S.au_FemA      PVYAAYTALKKVKDRIF----- 420 
S.au_FemX      PLYQLIEQ-------------- 402 
                :*                    



Figure S2. Structures of lipids investigated in these studies, Related to Figure 3 
and Figure 6. A) UDP-MurNAc-pentapeptide (Lysine variant), B) Lipid II, C) Truncated 
Lipid II structure where the C55 prenyl chain has been replaced with a methyl group, D) 
cardiolipin, E) phosphatidyl-glycerol and F) phosphotidylethanolamine. All Lipid II 
precursors and variants contain L-Lysine at the third position of the pentapeptide chain. 
Structures produced in ChemDraw (Version 19.1). 
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Figure S3. The remaining four highest scoring poses from molecular docking of 
truncated Lipid II to MurM using AutoDock Vina, Related to Figure 3. All possessed 
identical binding affinities A) and B) show the phosphate group located near the entrance 
of the cavity, with the pentapeptide located deeper into the pocket. C) and D) show 
orientations that are not considered possible, since the phosphate group would be linked 
to the membrane embedded Lipid II, and this would prevent the phosphate from being 
located deep in the binding site as shown. 
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Figure S4. Top 3 binding poses for the docking of different lipids to the MurM 
binding site, Related to STAR Methods. Docking of A) Lipid II, B) cardiolipin, C) 
phosphatidyglycerol and D) phosphotidylethanolamine to the MurM binding site, where 
residues K35, W38, R215 and Y219 are shown in yellow. 
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Figure S5. The association of coarse-grained MurM to the surface of the membrane, 
Related to STAR Methods. A) The minimum distance between MurM and the membrane 
surface for System 1 (top), System 2 (middle) and System 3 (bottom). Snapshots taken 
of the B) first and C) last frame of repeat 2 (r2), for System 1 (Supplemental Information: 
Table S1) Colour key: red = Lipid II, blue = protein, and grey = membrane. 
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Figure S6. Flow chart showing the logistics of the computational studies, Related 
to STAR Methods. 
 

Molecular docking 1:
Docking of a truncated Lipid II to identify plausible 
Lipid II binding sites

Coarse Grained (CG) MD simulations:
Orientations in which MurM adheres to the 
membrane, and any orientations which permit Lipid 
II binding are identified

Coarse Grained (CG) MD simulations:
The impact of MurM binding upon the local 
membrane environment is investigated

Atomistic MD simulations:
Atomistic MD simulations are employed to refine 
the Lipid II-MurM complex obtained from docking 
and CG MD

Molecular docking 2:
Docking of full length Lipid II, cardiolipin, 
phophatidylglycerol and phosphatidylethanolamine 
to the putative MurM binding site in order to 
confirm specificity of lipid binding



 
 
Figure S7. Discrete Optimized Protein Energy Profile for MurM and FemX, Related 
to STAR Methods. Comparison of DOPE-HR profiles for MurM model (red) and FemX 
template (green). 


