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Fig. S1. Structure determination of E. coli MurJ. 2F,-F_electron density map for BRIL (A)
and Mur] (B) contoured at 1.0 o. (C) The crystal packing of BRIL-MurJ fusion protein is shown.
BRIL and Mur]J are colored in magenta and green respectively.



1
E. coli - MNBEESL AAAISM MFSRVLGF' I GMATDA AFKNL EGASQ‘ B E\A(KSKQGED
B. subtilis -MSSKERNGT FARAL GIAARIR NG\ L - ATGGA YGYNQYT F MGPA‘ SK KUNSKGDYE
S. aureus MSESKEWANGTFERE S| [ESTQUNEREF | NY G- QENMAP@TYAYAZYN PLISASK KUNAT GAYK
T. africanus - - -MSI| BFSS- | [BFS A RS0y LGLF SYELDA Al MEHF F KV GEGA S SNAV P EKSG- - - - -
[ 1] [] [] [ ] = [ ]
3 4
80 120
E. coli -ATRV[@ISYVSGL BTLALA G‘ AP\ MUUTAPGFADT----- - - ADKFALTSQ TFPY GA [ENT
B. subtilis - TSRKMEKAGMSV UL VTGM L \@8S AP ENSLGGK- DNNGLT- - - - - - | DHVVY VSLA RG 2QG
S. aureus - VSQK[@EAKSSFI ViSI TGV GF L \A3L AP\AWSE STLARNI HDKNGWS- - - - - VDDI T | SMV P LATWRG 2QG
T. africanus EEKDKSSVI NG SLI I LALV S FPEMN NMFEGABS--------- SHETKI LAKKWSL BTSPS AﬂSYS NT
5 6

. 160

E. coli WNR[@SI P

B. subtilis  HQMNGP T/

[=}

PTSL N{§S MEGF A FAAPY N---P-P----- VLALAL
EQEVR{M FLESATFL LKVFNGG LVI AVGYAT

220
PH K- KI GMEV- LPRI NFHD
NKRKGS HLAMMPNTGPT

S.aureus  YKSNGPTINSE/TEQNARY FI BI GS YL'LNVFDGS I LLANGI AT L RKRKHN]DRMVESDYTD
T. africanus NNK gF WP} PS'SN Iy GT@LSTK--Y----- G----- Il SPT F S ----- SI 1 KHKYYFTI
© [ ] o900 o . L ]
8
260 280
E.coli  ------ AGAMR KQMG I GVSVSQ mFAS F@®AS- - - ------ GS DRL \UE@PSGVMGVARGT
B. subtilis ANLSYKKM.FE FSﬂAA Y VGLAI P NTFNKA EAGH QAl SQDM YVQKEVI PVSMATARGL
S. aureus | DVSYGKM NP (3 SLNYP ETHNGA LVGI PSQLQDI F@N\ENNSTNK BV PTSMSAGEAV
T. africanus - --- - - EF TMVVSQ NT MNVVS- FIDK- - - - - - - - - GS ASRF\ALWPYGL(@AVS\YST
[ ] L] L ) e o0 °
9 10

. 300
E. coli | SMIKSFASGNHDE N RL GRL C P (NG (WS G A8 VSQYGKFTA---FDALMTQRA | AlSVGL FG
B. subtilis T WIESFTSGNYKLEN QQ QT QT | G[lS "[NS G = F #MGSES- - - - - - LHPELGANI PVARL
S.aureus S WPKTFAEGRLHEYH HQ[ER T S[MGVL P S G MA QANATV/AMGYDP| VLGH- DPNHDGSRL (RF Y @APVA[RL
% P

T. africanus KIEINDRK - - - - - NEN YH DAKTT S M ST ANERF IMMEHGAFTS- - - KDTLI TSKI [l AlTLGLPF
[ ] [ ]

11 12

380 420
E. coli W WIKLAPG@YsrRaDl JTP K LTQL GPEKHAGLS S| GMAACHNASL QIRK- - - aK[JF TPQPaN
B. subtilis  [{SHAT NAA[ QGI NKQ{F A KLJQAD@AI | GYI'ASLL Gl MEKRHAGYS\JKI LVKRT
S. aureus  [IsHils ASM QGI DKQ4L T ML HTP@AI s LLEAI GCNYI BKKYAKFKESYSW HF
IAAT]vs A

T. africanus GSTISRS HAI KNT §TP SN GPI EI EVLﬂk Bs------ VKTFPLKDFL

w »n

B. subtilis VL ULVLSAEMG] AUKI VQWVLGFF- - -1 SYQDGQMQAAI V|Vl AAAVGGAVIL YCGYRL GFL QKI [SGRRLP G- FFRKGRHAG

S.aureus AKPFLYSFIEMMLGWUELVFFLANLF---LEP- - TKLGYLI| B LGVTVGI LI MGT!I TI KTREADEF HGEI PEK-LRRRVRFLR

T. africanus K1 SLNSLI[ULFVI L TD- FTDN- - - == - = - - - - - - - EFWgLI QI LI GI LV)gLI FSSI FYRDLI RRFLYARNK- - - - - - - - -
[ ] [ ] °

460 480
E. coli MARLLRLV VLVW{USGVLLGMLHI MPEWSLGTMPWRLLREMAVVLAGI AAFAALAVLG KVKEEARRTV -----------

Fig. S2. Sequence alignment of MurJ from both Gram-positive and Gram-negative
bacteria. 483 sequences retrieved from BLAST were used for alignment with Escherichia coli,
Bacillus subtilis, Staphylococcus aureus, and Thermosipho africanus displayed here. Residues
with more than 98%, 80% and 60% sequence similarity were shown in black, grey and light grey
respectively. Secondary structure elements were shown above the alignment based on the crystal
structure. The red circle below alignment denotes essential residues of Murl] in E. coli
corresponding to Figure 3.
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Table S1. Crystallographic statistics

Data collection*®

Wavelength (A) 1.033
Space group C222,
Number of crystals 5

Unit cell dimensions

a, b, c(A) 113.9,118.0,128.0

a, B,y (®) 90, 90, 90
Resolution (A) 50-3.5(3.58-3.50)
Completeness (%) 95.5(95.0)
<l/o(1)> 3.6 (0.7)
CCin (%) 95.3 (21.1)
Multiplicity 2.7(2.4)
Refinement
Resolution (A) 35.7-3.5(3.85-3.5)
No. reflections 10640
Ruork/Reee (%0) 28.0/30.1
No. atoms 4608

Protein 4603

Solvent ions 5
B factors (A%) 74.8
RMS deviation

Bond length (A) 0.003

Bond angles (°) 0.740
Ramachandran statistics

Favored 95.05%

Allowed 4.95%

Outliers 0

*Values in parentheses are for highest shell.




Table S2. Summary of deleterious mutations identified by Mut-Seq.

Group I:
Buried
residues
likely
required for
folding

Residue | Substitution Group II: Residue | Substitution
Va7 Asp Residuss th.at D39 His
T92 Arg compose the S263 Tyr
L95 Arg extracellular
T99 Arg gate and
G102 Arg stabilize the
L140 Arg inward-op.en
G148 Arg conformation
P160 Arg V10 Gly
A163 Asp G II: S11 Arg
T165 Lys, Arg Resl;?lllllle)s th;lt P66 Arg, Thr
L166 Arg likely compose A69 Pro
L167 Arg the intracellular | T153 Lys, Arg
A192 Asp gate and R156 Pro
V193 Asp stabilize the | R218 Pro
G196 | Asp outward-open 50 Phe, Asn
V198 | Asp conformation =5 a0,
L208 Arg P372 Arg
G239 Asp R18 Leu, Pro
N250 Lys G21 Ala, Arg
M272 Lys R24 Gly, GIn
P275 Arg D25 Tyr, His
V278 Glu N49 Ile, Lys
A282 | Glu GroupIV: e Cys I}’/ro
Solvent-exposed 2
L287 Trp residues located | G358 Glu, Arg
G310 Arg in the central | N168 Lys
G360 Arg cavity or R270 Cys, Pro
F374 Val, Ile extended groove, | £273 Val, Lys
1402 Ser likely involved in " 577771 "Ap,
su.bstl.‘ate Arg
A418 | Pro binding R312 | Pro
L425 Arg T390 Lys, Arg
Y426 Asp T394 Lys, Arg
L453 Arg N421 Lys
L459 Pro, Arg L486 Arg




