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Supplementary Note 1

By circular dichroism measurements of purified recombinant proteins, wild-type BsPBP1;.3, has a-
helical content of 14 %, corresponding to ~5 residues (Supplementary Figure 1B), consistent with
the 6 a-helical amino acids in the structure of the BsGpsBs.64:BsPBP11.17 complex (Figure 1B, 1C).
BsPBP1,.3,"1%" is mostly random coil with o-helical content of 2 % (one amino acid) and a >8-
fold reduction in binding affinity for BsGpsBy.¢s. BSPBP1:.5,°"A% has a slightly higher a-helical
content (19%; ~6 amino acids) than the wild-type, presumably because the helix is initiated at Asn6
in this peptide. Asparagine also preferentially occupies the N-cap position in o-helices' and

promotes a-helix formation when introduced at the N-terminus of model peptides®. If BsPBP1;.

32" was the N-cap, its sidechain would hydrogen bond to the amide nitrogen of BsPBP11.5,°",

Asp35

negatively impacting on the interaction between its amide and BsGpsBsgs -, and explaining

the >5-fold reduced binding affinity of this mutant.

LmPBPA1;.15 and LmPBPAL;.35°™%" are essentially random coil peptides, consistent with the
disorder of the LMPBPALy.15 in the BsGpsBs.sY**2*":LmPBPA1,.15 structure. The molar ellipticity
signal at 222 nm in CD is 40% higher in wild-type LmPBPAL;.;5 at TFE concentrations of 40, 60
and 80% than in LmPBPA1,.15°™%" (Supplementary Figure 1D). Q10 in the LmPBPAL peptide
is completely disordered in the structure of BsGpsBs.gs~****":LmPBPAL,.;5, (Figure 2A), and the
impact of LmPBPA11.20°™" likely reflects an effect on the peptide conformation rather than a

loss of contacts to GpsB.
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Supplementary Note 2

Proteins with established roles in growth, division and morphogenesis, including the early cell
division proteins FtsZ (Imo2032), FtsA (Imo2033), EzrA (Imol1594), ZapA (Imo1229) and SepF
(Imo2030), the late division proteins DivIB (Im02034), DivIiC (Imo0217), FtsL (Imo2040), FtswW
(Imo1071) as well as the elangosomal proteins MreB (Imo1548), MreC (Imol1547), MreD
(Imo1546), MreBH (Imol1713), Mbl (Imo2525), RodA (Imo2427) and RodZ (Imol395) were
screened for interaction wth LmGpsB by BACTH. The nucleoid occlusion factor Noc (Imo2794),
four other high molecular weight penicillin binding proteins (HMW PBPs) PBP A2 (Imo02229),
PBPB1 (Imo01438), PBPB2 (Im02039) and PBPB3 (Imo0441) as well as the PG N-deacetylase PgdA
(Imo0415) were also included. In contrast to B. subtilis, which has FtsW, RodA and SpoVE, a
sporulation-specific homologue of FtsW/RodA, the L. monocytogenes genome contains four
additional FtsW/RodA homologues encoded by Imo0421, Imo2428, Im02687 and Imo2688. Their
function is presently unknown, but they were also included in the screen for GpsB interaction

partners.



62

63 Supplementary Table 1: Dissociation constants of GpsB:PBP complexes

64
65

66

GpsB binding partner and sequence mutation GpsB protein Kg M
TAMRA-BsPBP1, 5, Wildtype 120 + 10
GSM;ADQFNSREARRKANCKSSPSPKKGKKRKKGG3, Ser7Ala >700
Arg8Ala >1700
Arg8Lys >2000
AlalOPro BSGPsBig >1000
ArgllAla >600
ArgllLys 390 £ 20
Arg28Ala 90+ 10
Wildtype BsGpsBygs~ ¢ | >1300
Wildtype BsGpsBigs " | >2000
Wildtype BsGpsBygs P | >1900
Wildtype BsGpsBi.gg P | >2000
Wildtype BsGpsB 160 £ 10
Fluorescein-BsPBP1,.3, Wildtype 100 £ 10
GSM;ADQFNSREARRKANSKSSPSPKKGKKRKKCG,, | Arg8Ala BsGpsB >500
Alal0Pro 1-68 >500
Arg28Ala 130+ 20
Fluorescein-LmPBPAL,. 5 Wildtype 190 + 40
GSM;ADKPQTRSQYRNKQSGGCK Arg8Ala >3000
e
TyrllAla 430 £ 40
Argl2Ala 800 + 40
Wildtype LmGpsB;.73 200+ 20
TAMRA-SpPBP2a,3.45 Wildtype 80 + 20
GSMD,3SDSTILRRSRSDRKKLAQVCPI 45 Arg31Lys 150 + 10
Arg33Lys 360 + 30
Arg31LysArg33Lys | SpGpsBi.g; >2000
Ser32Ala 210+ 15
Arg33Ala 530 £ 50
Arg36Ala 270+ 20
Wildtype SpGpsBi.gz P2 | >3000
Fluorescein-SpPBP2b; 7 Wildtype SpGpsB1.g3 >3600
Fluorescein-GM;RLICMRKFNSHSIPIR;
Fluorescein-SpPBP2xX; .59 Wildtype SpGpsB1.g3 370+ 30
GSGSGMEWTKRVIRYATKNRKSPAENRRRVGKSLCS
Fluoroescein-BsYpbE;.»; Wildtype BsGpsBi.es 13+1
Fluoroescein-J; TNJISRVERRKAQNLYEDQNA,; Wildtype BsGpsBygs " | >500
Wildtype BsGpsBy.es "2 | >500
Fluoroescein-BsYrrS;.ig Wildtype BsGpsBi.6g 430 £ 20
GSM;GNNQSRYENRDKRRKAN;5CG Wildtype BsGpsBi.gs ™ | >3000
Wildtype BsGpsBi.gg "2 | >3000

Dissociation constants for the interaction of PBP cytoplasmic mini-domain peptides and other

binding partners with N-terminal domains of GpsB proteins measured by fluorescence polarization.
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The subscripts in the peptide sequences represent the residue numbers in the relevant protein; the
italics denote non-native residues at the termini resulting from the recombinant method used to
produce peptides. All peptides were labelled with a TAMRA or fluorescein fluorophore at the
underlined cysteine at the C-terminus in all cases except for BSYpbEj.21, SpPBP2b;.17 and BsPBP1;.
32. The BSYpbE;»1 and SpPBP2b;.17 peptides were labelled at the N-terminus with fluorescein; in
the former peptide norleucine (abbreviated with a ‘J*) replaced the naturally-occurring methionine
to avoid sulphoxidation during synthesis caused by proximity of the fluorophore. In BsPBP1;.3,,

cysteine replaced PBP1*°

, which is remote from the protein:peptide interface in the structure of
the BsGpsBs.64:BsPBP1;.17 complex. A BsPBP1;.3, peptide labelled at its C-terminus (at residue 31)
had the same affinity for BsGpsBygs in FP experiments® as the equivalent residue-16 labelled
peptide, above. The affinity of 31-labelled peptides also has the same pattern of sensitivity to R8A,

A10P and R28A point mutations as 16-labelled peptides.

The affinities measured herein by FP with soluble protein fragments very likely translate to higher
affinities in bacterial cells since the FP measurements do not take into account likely avidity effects
that would enhance the affinity of the interaction if full-length GpsB proteins were used in
combination with their full-length integral membrane protein interaction partners in the context of a
biological membrane. Affinity measurements in solution of components that ordinarily interact only

in the context of a membrane have indeed been found to be misleading®.
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Supplementary Table 2. Apbpla::P.-erm transformation efficiencies and colony sizes

Recipient | pbp2a genotype of Number of Apbpla::Pc-erm transformants
strain recipient strain at 24 h (colony size after streaking; strain)®
lU1824 | pbp2a® >500 (medium”, 1U13444)

IU13256 | Apbp2a 0

IU13258 | A2-49° 0

1U14256 R31A > 500 (medium, 1U14294)

1U14259 R31K R33K > 500 (medium, 1U14296)

IU14263 | R33A > 500 (medium, 1U14298)

1U14400 R31A S32A R36A >500 (medium, 1U14416)

U13180 | A32-37 (ASRSDRK) | >500 (medium, 1U13446)

1U14396 A31-36 >500 (medium, 1U14414)

1U14394 A29-36 >500 (medium, 1U14412)

1U13298 | A27-38 >500 (medium, 1U13448)

IU13301 | A26-45 >500 (small, 1U13450)

1U14502 A2-22 >500 (small, 1U14516)

*The recipient S. pneumoniae strains are described in Supplementary Table 3. The transformation
and visualization of colonies was performed as described in the Supplementary Materials and
Methods. The numbers of colonies are normalized to 1 mL of transformation mixture.

"The streaked colonies of strains with the Apbpla::P.-erm genotype were smaller than isogenic
pbpla’ parent (1U1824).

“The cytoplasmic region of SpPBP2a comprises the first 56 residues.



96 Supplementary Table 3: Strains used in this study

name | relevant characteristics / genotype | AbR" | source/ reference
L. monocytogenes strains

EGD-e wildtype, serovar 1/2a strain None lab collection
LMJR19 AgpsB (Imo1888) None 3

LMS57 ApbpA1l (Imo1892) None 5

LMS64 ApbpA2 (Imo2229) None 5
LMS211 pbpA1~N None This work
LMS215 pbpALl T7A None This work
LMS216 pbpAl R8A None This work
LMS217 pbpAl Y11A None This work
LMS218 pbpAl R12A None This work
LMS219 pbpAl T7A ApbpA2 None This work
LMS220 pbpAl R8A ApbpA2 None This work
LMS221 pbpAl Y11A ApbpA2 None This work
LMS222 pbpAl R12A ApbpA2 None This work
LMS229 pbpAl R8A R12A None This work
LMS230 pbpA1Q10P None This work
LMS232 pbpAl R8A R12A ApbpA2 None This work
LMS233 pbpAl Q10P ApbpA2 None This work
S. pneumoniae strains

1U1824° D39 rpsL1 Acps2A'-cps2H' = D39 rpsL1 Ficps St 6

1U1945 D39 Acps2A'-cps2H'= D39 Acps None 6

E177 D39 Acps Apbpla::P.-erm E 7

K166 D39 Acps Apbp2a::P.-[kan-rpsL"] K 7

1U4888 D39 Acps AgpsB<>aad9//AbgaA::kan-t1t2-Ps.-gpsB* KSp 8

1U4970 D39 Acps mreC—L-FLAG3—PC—erm E 9

1U5458 D39 Acps gpsB-L-FLAG>-P.-erm E 8

1U5838 D39 Acps gpsB-FLAG-P.-erm E 8

1U6442 D39 Acps AgpsB<>aad9 phpP (G229D) Sp 10
1U6810 D39 Acps ezrA-HA-Pc-kan K 10
1U6819 D39 Acps pbp2x-FLAG®-P.-erm E 11
1U7434 D39 Acps stkP-FLAG*-P-erm E 11
1U7853 D39 Acps rpsL1 Apbp2a::P.-[kan-rpsL"] (1U1824 X Apbp2a::P.-[kan-rpsL*] from K166) K This work
1U8122 D39 Acps AbgaA::tet-P,,-RBS™"-ftsZ* T 12
1U8496 D39 Acps AdivIVA::P-erm (1U1945 X fusion AdivIVA:: P.-erm) E This work
1U11051 D39 Acps gpsB™-P.-erm (1U1945 X fusion gpsB*-P.-erm) E This work
1U11286 D39 Acps AbgaA::tet-P,,-RBS™-gpsB* (1U1945 X fusion AbgaA::tet-P,,- gpsB¥) T This work
1U11314 D39 Acps gpsB-L-FLAG®-P.-erm pbp2x-HA-P.-kan EK 10




name relevant characteristics / genotype Ab®” source/ reference
1U11316 D39 Acps gpsB-L-FLAG®-P-erm pbp2b-HA-P_-kan EK 10
1U11388 D39 Acps AgpsB<>aad9//AbgaA::tet-P,,-RBS™-gpsB* (1U11286 X AgpsB<>aad9 from 1U4888) T Sp This work
1U11488 D39 Acps gpsB*-P.-erm//AbgaA::tet-P,,-RBS™-gpsB* (1U11286 X gpsB*-P.-erm from 1U11051) TE This work
1U11880 D39 Acps ezrA-HA-P-kan-pbp2x-FLAG®-P.-erm (1U6810 X pbp2x-FLAG>-P-erm from 1U6819) EK This work
1U12077 D39 Acps ezrA-HA-P-kan-stkP-FLAG?-P.-erm (1U7434 X ezrA-HA-P.-kan from 1U6810) EK This work
1U12361 D39 Acps gpsB D29A-P.-erm//AbgaA::tet-P,,-RBS™-gpsB* (1U11388 X fusion gpsB D29A-P-erm) TE This work
1U12363 D39 Acps gpsB D33A-P.-erm//AbgaA::tet-P,,-RBS™-gpsB* (1U11388 X fusion gpsB D33A-P-erm) TE This work
1U12440 D39 Acps gpsB Y23A-P.-erm//AbgaA::tet-P,,-RBS™-gpsB* (1U11388 X fusion gpsB Y23A-P-erm) TE This work
1U12612 D39 Acps gpsB V28A-P.-erm//AbgaA::tet-P,,-RBS™-gpsB* (1U11388 X fusion gpsB V28A-P.-erm) TE This work
1U12615 D39 Acps gpsB L32A-P.-erm//AbgaA::tet-P,,-RBS™ -gpsB* (1U11388 X fusion gpsB L32A-P-erm) TE This work
1U12788 D39 Acps rpsL1 AbgaA::kan-P;,-RBS™-khpA” K 12
1U13121 D39 Acps gpsB 136A-P.-erm//AbgaA::tet-P,,-RBS™-gpsB* (1U11388 X fusion gpsB 136A-P.-erm) TE This work
1U13141 D39 Acps gpsB D29A-P.-erm//AbgaA::tet-P,,-RBS™-gpsB™ (1U11388 X gpsB D29A-P.-erm from 1U12361) TE This work
1U13180 D39 Acps rpsL1 pbp2a A32-37 (1U7853 X fusion pbp2a A32-37) St This work
1U13256 D39 Acps rpsL1 Apbp2a (1U7853 X fusion Apbp2a markerless) St This work
1U13258 D39 Acps rpsL1 pbp2a A2-49 (1U7853 X fusion pbp2a A2-49) St This work
1U13298 D39 Acps rpsL1 pbp2a A27-38 (1U7853 X fusion pbp2a A27-38) St This work
1U13301 D39 Acps rpsL1 pbp2a A26-45 (1U7853 X fusion pbp2a A26-45) St This work
1U13364 D39 Acps gpsB Y23A-FLAG-P-erm//AbgaA::tet-P,,-RBS™"-gpsB* (1U11388 X fusion gpsB Y23A-FLAG-P-erm) TE This work
1U13366 D39 Acps gpsB V28A-FLAG-P-erm//AbgaA::tet-P,,-RBS™"-gpsB* (1U11388 X fusion gpsB V28A-FLAG-P-erm) TE This work
1U13368 D39 Acps gpsB D29A—FLAG—Pc-erm//AbgaA::tet—PZn—RBSf‘_SA-gpsB+ (1U11388 X fusion gpsB D29A-FLAG-P.-erm) TE This work
1U13370 D39 Acps gpsB L32A-FLAG-P.-erm//AbgaA::tet-P,,-RBS™ -gpsB* (1U11388 X fusion gpsB L32A-FLAG-P.-erm) TE This work
1U13372 D39 Acps gpsB D33A—FLAG—Pc-erm//AbgaA::tet—PZn—RBSf‘_SA-gpsB+ (1U11388 X fusion gpsB D33A-FLAG-P.-erm) TE This work
1U13374 D39 Acps gpsB I36A—FLAG—Pc—erm//AbgaA::tet—PZ,1—RBS“—SA—gpsB+ (1U11388 X fusion gpsB 136 A-FLAG-P.-erm) TE This work
1U13442 D39 Acps gpsB-FLAG-P.-erm//AbgaA::tet-P,,-RBS™-gpsB* (1U11388 X gpsB-FLAG-P.-erm from 1U5838) TE This work
1U13444 D39 Acps rpsL1 Apbpla::P.erm (1U1824 X Apbpla::P.-erm from E177) StE This work
1U13446 D39 Acps rpsL1 pbp2a A32-37 Apbpla::P.-erm (I1U13180 X Apbpla::P.-erm from E177) StE This work
1U13448 D39 Acps rpsL1 pbp2a A27-38 Apbpla::P.-erm (1U13298 X Apbpla::P.-erm from E177) StE This work
1U13450 D39 Acps rpsL1 pbp2a A26-45 Apbpla::P.-erm (1U13301 X Apbpla::P.-erm from E177) StE This work
1U14256 D39 Acps rpsL1 pbp2a R31A (1U7853 X fusion pbp2a R31A) St This work
1U14259 D39 Acps rpsL1 pbp2a R31K R33K (1U7853 X fusion pbp2a R31K R33K) St This work
1U14263 D39 Acps rpsL1 pbp2a R33A (1U7853 X fusion pbp2a R33A) St This work
1U14294 D39 Acps rpsL1 pbp2a R31A Apbpla::P.-erm (1U14256 X Apbpla::P.-erm from E177) StE This work
1U14296 D39 Acps rpsL1 pbp2a R31K R33K Apbpla::P.-erm (1U14259 X Apbpla::P.-erm from E177) StE This work
1U14298 D39 Acps rpsL1 pbp2a R33A Apbpla::P.-erm (1U14263 X Apbpla::P.-erm from E177) StE This work
1U14318 D39 Acps rpsL1 AbgaA::kan-P,,-RBS™-pbp2a* (1U1824 X fusion AbgaA:: kan-P,,-RBS™"-pbp2a®) StK This work
1U14365 D39 Acps rpsL1 Apbp2a markerless//AbgaA::kan-PZn-RBSﬂ_SA-ppra+ (1U13256 X AbgaA::kan-PZH-RBSﬂ_SA-ppra+ from 1U14318) StK This work
1U14381 D39 Acps rpsL1 Apbp2a markerless//AbgaA::kan-PZn-RBSﬂ_SA-ppra+ Apbpla::P-erm (1U14365 X Apbpla::P.-erm from E177) StKE This work
1U14383 D39 Acps AgpsB<>aad9//AbgaA::tet-P,,-RBS™"-gpsB* Apbpla::P.-erm (1U11388 X Apbpla::P.-erm from E177) T SpE | This work




97 *ADbR relates to the antibiotic resistance marker used, St = streptomycin, E = erythromycin, K = kanamycin, T = tetracyclin, Sp = spectinomycin
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AbY”

name relevant characteristics / genotype source/ reference
1U14394 D39 Acps rpsL1 pbp2a A29-36 (1U7853 X fusion pbp2a A29-36) St This work
1U14396 D39 Acps rpsL1 pbp2a A31-36 (1U7853 X fusion pbp2a A31-36) St This work
1U14400 D39 Acps rpsL1 pbp2a R31A S32A R36A(1U7853 X fusion pbp2a R31A S32A R36A) St This work
1U14412 D39 Acps rpsL1 pbp2a A29-36 Apbpla::P.-erm (1U14394 X Apbpla::P_-erm from E177) StE This work
1U14414 D39 Acps rpsL1 pbp2a A31-36 Apbpla::P.-erm (1U14396 X Apbpla::P_-erm from E177) StE This work
1U14416 D39 Acps rpsL1 pbp2a R31A S32A R36A Apbpla::P.-erm (1U14400 X Apbpla::P.-erm from E177) StE This work
1U14502 D39 Acps rpsL1 pbp2a A2-22 (1U7853 X fusion pbp2a A2-22) St This work
1U14516 D39 Acps rpsL1 pbp2a A2-22 Apbpla::P.-erm (1U14502 X Apbpla::P.-erm from E177) StE This work
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Supplementary Table 4: Plasmids used in this study

name | relevant characteristics | Two-hybrid construct | source/ reference
General

pMAD bla erm bgaB 13
pKNT25 kan P.c-cya(T25) T25 14
pUT18 amp P,.-cya(T25) T18 14
pKT25 kan P.c-cya(T25) T25 14
pUT18C amp Pj,.-cya(T18) T18 14

pKT25 zip kan Pj,.-cya(T25) zip T25-Zip 14
pUT18C zip amp Pj.-cya(T18) zip T18-Zip 14

B. subtilis BACTH

pFA101 kan Pj,.-cya(T25)-ypbE T25-BsYpbE This work
pFA103 kan Pj,.-cya(T25)-rodZ T25-BsRodZ This work
pFA104 kan Pj,.-cya(T25)-yrrS T25-BsY'rrS This work
pFA105 bla P,,.-cya(T18)-ypbE T18-BsYpbE This work
pFA107 bla P,,.-cya(T18)-rodZ T18-BsRodZ This work
pFA108 bla P,,.-cya(T18)-yrrS T18-BsYrrS This work
pKT25-yrrR kan Pj,.-cya(T25)-yrrR T25-BsY'rrR This work
pUT18C-yrrR bla P\,-cya(T18)-yrrR T18-BsYrrR This work
pKT25-gpsB kan P\,.-cya(T25)-gpsB T25-BsGpsB 15
pUT18C-gpsB bla P,.-cya(T18)-gpsB T18-BsGpsB 15
pKT25-gpsB’ kan Pj,-cya(T25)-gpsB’1 65 T25-BsGpsB g5 15
pUT18C-gpsB’ bla P.c-cya(T18)-gpsB 165 T18-BsGpsBy.¢s 15
pKT25-’gpsB kan P\,.-cya(T25)- 'gpsBes.os T25-BsGpsBge.os 15
pUT18C-"gpsB bla P.c-cya(T18)- 'gpsBes.os T18-BsGpsBegs.os 15
pKT25-ponA kan P,.-cya(T25)-ponA T25-BsPBP1 15
pUT18C-ponA bla P,,.-cya(T18)-ponA T18-BsPBP1 15

L. monocytogenes BACTH

pJR233 kan P,.-cya(T25)-mreBH(Imo01713) T25-LmMreBH This work
pJR236 kan P,.-mreBH-cya(T25) LmMreBH-T25 This work
pJR242 kan P,.-cya(T25)-mreC(Imo1547) T25-LmMreC This work
pJR243 kan P,,.-mreC-cya(T25) LmMreC-T25 This work
pJR250 kan P,.-cya(T25)-pbpA2(Imo02229) T25-LmPBPA2 This work
pSH236 kan P,.-cya(T25)-pbpB1(Im01438) T25-LmPBPB1 This work
pSH235 kan P,.-cya(T25)-pbpB2(Im02039) T25-LmPBPB2 This work
pSH237 kan P,.-cya(T25)-pbpB3(Imo0441) T25-LmPBPB3 This work
pSH437 kan Ps.-cya(T25)-pbpAlscT.ate T25-LmPBPALgT.ATP 16
pSH484 bla Pac-gpsB-N23)_cya(T18) LmGpsB-T18 This work
pSH485 kan Pjac-cya(T25)-pbpAlagrare T25-LmPBPAlgrate | This work
pSH486 kan Pc-cya(T25)-pbpAlagrate o T25-LmPBPALgrate ° | This work
pSH487 kan Pac-cya(T25)-pbpAlagrate T25-LmPBPALgrate - | This work
pSH488 kan Pjac-cya(T25)-pbpAlagrare > T25-LmPBPALgrate >+ | This work
pSH489 kan Pac-cya(T25)-pbpAlacrate T25-LmPBPALgrate " | This work
pSH490 kan Pc-cya(T25)-pbpAlagrate o T25-LmPBPALgrate = | This work
pSH491 kan Pac-cya(T25)-pbpAlagrate T25-LmPBPALgrate - | This work
pSH492 kan Pac-cya(T25)-pbpAlscrate o2 T25-LmPBPALgrate -2 | This work
pSH493 kan Pc-cya(T25)-pbpAlsgrate o T25-LmPBPALgrate = | This work
pSH494 kan Pjac-cya(T25)-pbpAlagrare T25-LmPBPALgrate 0 | This work
pSH495 kan Pc-cya(T25)-pbpAlsgrate o T25-LmPBPALgrate =" | This work
pSH496 kan Pj.c-cya(T25)-pbpAlagrate T25-LmPBPAlgrae > | This work
S. pneumoniae BACTH

pKNT25 gpsB kan Pj,.-gpsB-cya(T25) SpGpsB-T25 10

pUT18 gpsB amp Pj,.-gpsB-cya(T18) SpGpsB-T18 10
pFC101 kan Pj,-gpsB"*"-cya(T25) SpGpsB"**"-T25 This work
pFC102 amp Pj,-gpsB"*"-cya(T18) SpGpsBY*"-T18 This work
pFC103 kan P..-gpsB " -cya(T25) SpGpsBY#A-T25 This work
pFC104 amp Pj,-gpsB"***-cya(T18) SpGpsBY*A-T18 This work
pFC105 kan P..-gpsBP*-cya(T25) SpGpsBPA-T25 This work
pFC106 amp Pj,-gpsB”**-cya(T18) SpGpsBP*A-T18 This work
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name relevant characteristics Two-hybrid construct source/ reference
pFC107 kan Pj..-gpsB=*"-cya(T25) SpGpsB=*A-T25 This work
pFC108 amp Pj..-gpsB=**-cya(T18) SpGpsB=*A-T18 This work
pFC109 kan Pj.-gpsB™>"-cya(T25) SpGpsBP*A-T25 This work
pFC110 amp Pj..-gpsB”>"-cya(T18) SpGpsBP*A-T18 This work
pFC111 kan Pj,c-gpsB™**-cya(T25) SpGpsB™*A-T25 This work
pFC112 amp Pj,-gpsB™"-cya(T18) SpGpsB™*A-T18 This work
pFC113 kan Pj,.-cya(T25)-mreC T25-SpMreC This work
pFC114 amp Pj,.-cya(T18)-mreC T18-SpMreC This work
pFC115 kan Pj,.-cya(T25)-pbp2a T25-SpPBP2a This work
pFC116 amp P,.-cya(T18)-pbp2a T18-SpPBP2a This work
pFC117 kan Pj,.-cya(T25)-pbp2asss.a7 T25-SpPBP2a,3,.37 This work
pFC119 kan Pj,.-cya(T25)-pbp2as,7.3s T25-SpPBP2a,7.38 This work
pFC121 kan P,c-cya(T25)-pbp2asse.a5 T25-SpPBP2a,6.45 This work
pFC123 kan P\,.-cya(T25)-pbpla T25-SpPBP1a This work
pFC124 amp Pj,-cya(T18)-pbpla T18-SpPBPla This work
pFC125 kan Pj,-cya(T25)-pbp2b T25-SpPBP2b This work
pFC126 amp P.-cya(T18)-pbp2b T18-SpPBP2b This work
pFC127 kan P\,.-cya(T25)-pbp2x T25-SpPBP2x This work
pFC128 amp Pj,c-cya(T18)-pbp2x T18-SpPBP2x This work
L. monocytogenes fosfomycin sensitivity

pSH497 bla erm bgaB-recU-pbpAl1’(Imo1892) This work
pSH503 bla erm bgaB-"recU-pbpAl \y This work
pSH504 bla erm bgaB-"recU-pbpA1l"™ " This work
pSH505 bla erm bgaB-"recU-pbpA1 ™" This work
pSH506 bla erm bgaB-"recU-pbpAl " This work
pSH507 bla erm bgaB-"recU-pbpAl ™" This work
pSH508 bla erm bgaB-"recU-pbpA1 A RIZA This work
pSH509 bla erm bgaB-"recU-pbpA1l ¥ This work
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100 Supplementary Table 5: Oligonucleotide primers used in this study for BACTH

Name | Sequence, 5'—3' | Template
B. subtilis BACTH

Construction of T25-fusions to B. subtilis ypbE

ypbE-F GGTATCTAGAGACGAACATGTCGAGAGTAGAGAG 168
ypbE-R CTAGGTACCTACCCTATTCATCCATTAAAGG

Construction of T25-fusions to B. subtilis rodZ

rodZ-F TGATCTAGAGTCATTGGATGATCTCCAAGCGGC 168
rodZ-R TGAGGTACCACTTCATAAGTCGTTAACGATCC

Construction of T25-fusions to B. subtilis yrrS

yrrS-F ATGTCTAGAGAGAGCAATTAATCAATCTCGTTATGAAAATCG 168
yrrS-R ATCGGTACCTGTTTATTTTAGCTTTTCTACTTTTGTCGGCTTCAAG

Construction of T25-fusions to B. subtilis yrrR

yIrR-F GACTCTAGAGAAGATATCGAAACGAATGAAGC 168
yIrR-R TTAGGTACCTTATTTCTGATTGATTTCAATTTCGTGTAC

L. monoctogenes BACTH

Construction of T25-fusions to L. monocytogenes sepF

JR334 GCGCTCTAGAAGGACTATCGAATAAATTTAAGTCATTC EGD-e
JR335 GCGCGGTACCGCCATAAAGTTTTGTTCATCGAGCATTTC

Construction of T25-fusions to L. monocytogenes zapA

JR337 GCGCCTGCAGCAAATGAGAGAAATAAAGTAGTGAC EGD-e
JR338 GCGCGGTACCGCATCTCTTCCTTTAATTCGAGCCAG

Construction of T25-fusions to L. monocytogenes ezrA

JR339 GCGCTCTAGAATACTACATGTTAATCGGCTTTATTATC EGD-e
JR340 GCGCGGTACCGCTTCAATATCGTCGACGCTTACTTTTG

Construction of a T25-fusion to L. monocytogenes diviB

JR353 GCGCTCTAGAAGCTGAAAATAAACGAGTAATTTCCATTG EGD-e
JR354 GCGCGGTACCGCTTCATTTGTTTCTTTCTTCTCTTTAGC

Construction of a T25-fusion to L. monocytogenes diviC

JR355 GCGCTCTAGAAAAAAAAGCCAAATCAAAAGTGGCGAG EGD-e
JR356 GCGCGGTACCGCCTCTTTTTGTTTCGAATTCTCTTCTG

Construction of T25-fusions to L. monocytogenes mreC

JR364 GCGCCTGCAGCGCCACAATTTTTTCTCAATAAACGTTTG EGD-e
JR365 GCGCGGTACCGCTTGGCCTCCAGTCGTGTCTG

Construction of T25-fusions to L. monocytogenes mreBH

JR368 GCGCTCTAGAATTTGGAACAACAACTATTGGAATTG EGD-e
JR369 GCGCGGTACCGCATTTTTAGCTAATTTATCTGCAAAAACG

Construction of a T25-fusion to L. monocytogenes pbpA2

SHW153 | GACTCTAGAGGACAAATTCAAACAGCAACTTATT | EGD-¢
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SHW154 | CTTAGGTACCTTACCTATCGAATCGATTAAGTTTC

Construction of a T25-fusion to L. monocytogenes pbpB2

SHW155 AACTGCAGTGAAACGGCGTATAGGTAACATG

SHW156 CGCGGATCCTTGAGCAAATCACCGATACCG EGD-e
Construction of a T25-fusion to L. monocytogenes pbpB1

SHW157 TGAAACTAAATTTTAGAAAAAAGAA EGD-e
SHW158 CCGGAATTCTTAATTTTCGGTTTGTTCTGATTG

Construction of a T25-fusion to L. monocytogenes pbpB3

SHW159 AACTGCAGTGGCTAGTTATGGTGGGAAAAAG EGD-e
SHW160 CGCGGATCCTTATACATACTTTCAATTACAGG

S. pneumoniae BACTH

Construction of a T25-fusion to S. pneumoniae gpsB

gpsB_PF AACTGCAGGATGGCAAGTATTATTTTTTCAGCG D39 and
gpsB_BR CGGGATCCTCAAAATCTGAGTTATCTAAAATTTG mutants
Construction of a T25-fusion to S. pneumoniae mreC

mreC_XF GCTCTAGAGATGAACCGTTTTAAAAAATCAAAAT D39
mreC_BR CGGGATCCTTATGAATTCCCCACTAATTCTATC

Construction of a T25-fusion to S. pneumoniae pbp2a

pbp2a_XF | CGTCTAGATATGAAATTAGATAAATTATTTGAGAAATTTCTTTCTCTTTTTAAAAAAGAAACAAG | D39 and
pbp2a_BR | CGGGATCCTTAGCGAAATAGATTGACTATCGAATCCC mutants
Construction of a T25-fusion to S. pneumoniae pbpla

pbpla_XF | GCTCTAGAGATGAACAAACCAACGATTCTGCG D39
pbpla_BR | CGGGATCCTTATGGTTGTGCTGGTTGAGGAT

Construction of a T25-fusion to S. pneumoniae pbp2x

pbp2x XF | CGTCTAGAGATGAAGTGGACAAAAAGAGTAATCC D39
pbp2x BR | CGGAATTCTTAGTCTCCTAAAGTTAATGTAAT

Construction of a T25-fusion to S. pneumoniae pbp2b

pbp2b XF | GCGGATCCCATGAGACTGATTTGTATGAG D39

pbp2b BR | CGGAATTCCTAATTCATTGGATGGTATTTTTG

Sequencing and verification of S. pneumoniae BACTH

pKT25_579F GTTCGCCATTATGCCGCATC
pKT25_802R GGATGTGCTGCAAGGCGATT
pUT18C_484F GATGTACTGGAAACGGTGC
pUT18C_660R CTTAACTATGCGGCATCAGAGC
pKNT25/pUT18_49F CGCAATTAATGTGAGTTAGC
pKNT?25_328R TTGATGCCATCGAGTACG
puUT18 304R CGAGCGATTTTCCACAACAA
pbp2a_1010F AGAGCTGGACCAAAACTACC
pbp2a_1106R CGGTTCGAGAGCTACACTTC
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101

pbpla_980F GCAAGTCGCTTCTACCATTG
pbpla_1126R CAAGGCAGGAGCATAGTCTG
pbp2x_1055F CCTTTCCAGGAGGAGAAGTC
pbp2x_1177R CCAACGTTACTTGAGTGTGC
pbp2b_943F GGCTTTCCAAGATAGCGTGG
pbp2b_1047R AAACCGCACCTGTTTTTGGG

14




102

Supplementary Table 6: Oligonucleotide primers used in this study for L. monocytogenes and S. pneumoniae strain construction

L. monoctogenes strain construction

Introduction

of T7A into pbpAl

SHW744

CCGCAGGCAAGATCTCAGTATCGCAATAAAC

SHW754 | AGATCTTGCCTGCGGTTTATCTGCCTCTAG pgﬂjg;' pbpALT’A
SHW745 | AGATCTTGCCTGCGGTTTATCTGCCAT P

Introduction of R8A into pbpAl

SHW746 | CAGACAGCATCTCAGTATCGCAATAAACAAAG pSH437, bOAL
SHW747 | CTGAGATGCTGTCTGCGGTTTATCTGCC pPSH497 Pop
Introduction of R12A into pbpAl

SHW748 | CAGTATGCAAATAAACAAAGTGGTGGTTCTAAA PSH437, DOALRA
SHW749 | TTTATTTGCATACTGAGATCTTGTCTGCGG pPSH497 Pbp
Introduction of R8A R12A into pbpAl

SHW750 | CAGACAGCATCTCAGTATGCAAATAAACAAAGTGGTGGTTCTAAA SHA97 O ALFARIZA
SHW751 | GTTTATTTGCATACTGAGATGCTGTCTGCGGTTTATCTGCC P Pop
Deletion of GpsB N-terminus

SHW752 | TCGACTCTAGAGCCGCTTAGAACTTCAACACAACC SH226 .
SHW753 | TAAGCGGCTCTAGAGTCGACCTGCAGG P 9PSBan
Introduction of Y11A into pbpAl

SHW755 | TCTCAGGCTCGCAATAAACAAAGTGGTGG SHa37 boAL A
SHW756 | ATTGCGAGCCTGAGATCTTGTCTGCGG P Pop
Introduction of K14A into pbpAl

SHW757 | CGCAATGCACAAAGTGGTGGTTCTAAAAAG SHa37 SoALKUA
SHW758 | ACTTTGTGCATTGCGATACTGAGATCTTGTC P Pop
Introduction of K20A into pbpAl

SHW759 | GGTTCTGCAAAGAAATCCCAAAAACGAGG SHa37 SO ALK
SHW760 | TTTCTTTGCAGAACCACCACTTTGTTTATTG P Pop
Introduction of K21A into pbpAl

SHW761 | TCTAAAGCGAAATCCCAAAAACGAGGAAAAC SHa37 SOAL
SHW762 | GGATTTCGCTTTAGAACCACCACTTTGTTTATTG P Pop
Introduction of K22A into pbpAl

SHW763 | AAAAAGGCATCCCAAAAACGAGGAAAACG SHa37 SOAL
SHW764 | TTGGGATGCCTTTTTAGAACCACCACTTTG P Pop
Introduction of K25A into pbpAl

SHW765 | TCCCAAGCACGAGGAAAACGAGTAGCAG SHa37 DO AL
SHW766 | TCCTCGTGCTTGGGATTTCTTTTTAGAACCAC P Pop
Introduction of R26A into pbpAl

SHW767 | CAAAAAGCAGGAAAACGAGTAGCAGCG SHaa7 COALR
SHW768 | TTTTCCTGCTTTTTGGGATTTCTTTTTAGAACC P Pop
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Introduction

of K28A into phpAl

SHW769 CGAGGAGCACGAGTAGCAGCGAATATTTTC SH437 boALK2%A

SHW?770 TACTCGTGCTCCTCGTTTTTGGGATTTCTTTTTAG P pop

Introduction of R29A into pbpAl

SHW771 GGAAAAGCAGTAGCAGCGAATATTTTCAAAAC SH437 bpA1R2A

SHW?772 TGCTACTGCTTTTCCTCGTTTTTGGGATTTCTT P pop

Construction of pMAD-pbpAl” (pSH497)

SHW773 GCGCGCGGATCCCGAAGGTACGTTCTATTTATGAG EGD-e obpAl’

SHW774 GCGCGCCCATGGGTTGGAGCGGTTCCGGATAAG

Deletion of pbpAl N-terminus

SHW?775 TATTTAGTCGACCATTAAAAATCTCTCTCCTTTAAA SH497 bpAL”

SHW776 | TTAATGGTCGACTAAATATACGTATTCTGGTGGAACCCC P POPAL an

Correction of pMAD-pbpAl” (pSH497)

SHW777 GATATCGGATCCATTGGTTACCCTAACGGCAAGAAG SH497 bpAL”

SHW778 | ACCAATGGATCCGATATCGCCCGACGCGAGG P Pop

Introduction of Q10P into pbpAl

SHW787 AGATCTCCGTATCGCAATAAACAAAGTGGTGG SH497 bpA1QLP

SHW788 | GCGATACGGAGATCTTGTCTGCGGTTTATC P Pop

S. pneumoniae strain construction

Construction of 1U8496 (AdivIVA::P.-erm)

TT242 GGGAATGGAATGGATAAAGAAGGTAGAAGA D39 Upstream of divIVA to 8 bp
SC216 CATTATCCATTAAAAATCAAACGGATCCTTACTTACTTAATAATAACTGGACGGTTA before divIVA ORF
SC215 TAACCGTCCAGTTATTATTAAGTAAGTAAGGATCCGTTTGATTTTTAATGGATAATGTG E177 P.—erm

SC218 GCTGGTGTTGGACCTGTCGGATGCACTGGAGGGGCCCCTTTCCTTATGCTTTTGGAC ¢

SC217 GTCCAAAAGCATAAGGAAAGGGGCCCCTCCAGTGCATCCGACAGGTCCAACACCAGC D39 Downstream of divIVA
TT238 TTCAGCAAGGGCTGACTCAGATGACCATGA

Construction of 1U11051 (gpsB*-P.-erm)

TT196 GCCAAGCCCTGAGACAAATAGTAGTCGTTGGT D39 Upstream of gpsB + gpsB*
TT905 ACAAATTTTGGGCCCGGTTAAAAATCTGAGTTATCTAAAATTTGTTTACCAAA

TT906 GTAAACAAATTTTAGATAACTCAGATTTTTAACCGGGCCCAAAATTTGTTTGAT |U5838 P,-erm + downstream of gpsB
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT ¢

Construction of 1U11286 (AbgaA::tet-P,,-RBS™"-gpsB™)

TT657 CGCCCCAAGTTCATCACCAATGACATCAAC 1U8122 5’ fragment AbgaA::tet-P,,
JCO3 CTTTCGCTGAAAAAATAATACTTGCCATTACATCGCTTCCTCTCTATCTTCCTTGTTATA RBS™*

JC04 GGAAGATAGAGAGGAAGCGATGTAATGGCAAGTATTATTTTTTCAGCGAAAG D39 middle fragment gpsB*
JCO05 GTTTATGAGAAAGTAAGTTCTTTTAAAAATCTGAGTTATCTAAAATTTGTTTACCAAAAA

JCO06 AAACAAATTTTAGATAACTCAGATTTTTAAAAGAACTTACTTTCTCATAAACCAGTTGCT |U8122 3* bgaA fragment

CS121 GCTTTCTTGAGGCAATTCACTTGGTGC

Construction of 1U12361 (gpsB°**"-P -erm)

TT196 | GCCAAGCCCTGAGACAAATAGTAGTCGTTGGT D39 | Upstream and 5’ gpsB°**
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IJMO072 ATGACATCGTCTAAAAACTCGGCAACTTCTACTTTATTATAGCC

JMO073 GGCTATAATAAAGTAGAAGTTGCCGAGTTTTTAGACGATGTCAT 1U11051 3°gpsBP*A-p.-erm +
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT downstream
Construction of 1U12363 (gpsB"**-P-erm)

TT196 GCCAAGCCCTGAGACAAATAGTAGTCGTTGGT D39 Upstream and 5° gpsBO%
IJMO074 TCCTTGATGACATCGGCTAAAAACTCGTCAACTTCTA

JMO075 TAGAAGTTGACGAGTTTTTAGCCGATGTCATCAAGGA 1U11051 3°gpsBP**A-p.-erm +
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT downstream
Construction of 1U12440 (gpsB***"-P.-erm)

TT196 GCCAAGCCCTGAGACAAATAGTAGTCGTTGGT D39 Upstream and 5° gpsB"2%A
JMO070 CAACTTCTACTTTATTAGCGCCACGGACTTCACG

JM071 CGTGAAGTCCGTGGCGCTAATAAAGTAGAAGTTG 1U11051 3°gpsB*A-Pe-erm +
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT downstream
Construction of 1U12612 (gpsB"***-P-erm)

TT196 GCCAAGCCCTGAGACAAATAGTAGTCGTTGGT D39 Upstream and 5° gpsB"2%A
JM091 CATCGTCTAAAAACTCGTCAGCTTCTACTTTATTATAGCC

JM092 GGCTATAATAAAGTAGAAGCTGACGAGTTTTTAGACGATG 1U11051 3°gpsBV**A-p.-erm +
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT downstream
Construction of 1U12615 (gpsB-***-P.-erm)

TT196 GCCAAGCCCTGAGACAAATAGTAGTCGTTGGT D39 Upstream and 5° gpsB|%*
JM093 CTTGATGACATCGTCTGCAAACTCGTCAACTTCTAC

JMO094 GTAGAAGTTGACGAGTTTGCAGACGATGTCATCAAG . 3°gpsB-**A-P-erm +
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT downstream
Construction of 1U13121 (gpsB"**-P.-erm)

TT196 GCCAAGCCCTGAGACAAATAGTAGTCGTTGGT D39 Upstream and 5° gpsB™*
IJMO076 CATAGGTTTCATAGTCCTTGGCGACATCGTCTAAAAAC

IMO077 GTTTTTAGACGATGTCGCCAAGGACTATGAAACCTATG . 3°gpsB™*A-Pe-erm +
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT downstream
Construction of 1U13180 (pbp2asz,.37)

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° pbp2a
JMO057 TTTTCGAATCGGACCTACTTGGGCTAATTTGCGACGTAAGATAGTAGAATCAGAGTCCTC A32-37
JMO058 GAGGACTCTGATTCTACTATCTTACGTCGCAAATTAGCCCAAGTAGGTCCGATTCGAAAA D39 3 php2a + downstream
pP227 TCTGTTCCCGTGTGATCCGACAAATCCT A32:37
Construction of IU13256 (Apbp2a markerless, A31-712)

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° 90 bp of
TT1013 TTTGAGCCTTTTCCTTAATCTTCGCACGTAAGATAGTAGAATCAGAGTCCTCTAGTTCAC pbp2a

TT1014 AACTAGAGGACTCTGATTCTACTATCTTACGTGCGAAGATTAAGGAAAAGGCTCAAACAA D39 3’60 bp of pbp2a +

P227 TCTGTTCCCGTGTGATCCGACAAATCCT downstream
Construction of 1U13258 (pbp2ax.49)

P226 | GGTACGACAACGAAATGTCATACACTGCAC | D39 | Upstream and 5° pbp2a,,.49
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TT1015 AGTATAAGGATAATCTTTGTTAGATGATACATGCGTTTATTTTATCATCTTCATCATAGG

TT1016 AAGATGATAAAATAAACGCATGTATCATCTAACAAAGATTATCCTTATACTAGGTTTGAG D39 3 pbp2ass.s0 + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT A2-49

Construction of 1U13298 (pbp2a,27.3s)

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° pbp2a
TT1020 AATCGGACCTACTTGGGCTAAAGAATCAGAGTCCTCTAGTTCACTTGTTTCTT A27-38
TT1021 AACAAGTGAACTAGAGGACTCTGATTCTTTAGCCCAAGTAGGTCCGATTCGA D39 3 php2a + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT A21-38

Construction of 1U13301 (pbp2ax26.45)

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° pbp2a
TT1022 TAACGACGCCAGAATTTTCGATCAGAGTCCTCTAGTTCACTTGTTTCTTTTT A26-45
TT1023 AGAAACAAGTGAACTAGAGGACTCTGATCGAAAATTCTGGCGTCGTTATCAT D39 3 php2a + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT A26-45

Construction of 1U13364 (gpsB"**"-FLAG-P.-erm)

AL298 GAGGGAAGGCACCAGCCTTGATTTCA 1U12440 Upstream and gpsB"2
TT262 TTATTTATCATCATCATCTTTATAATCAAAATCTGAGTTATCTAAAATTTGTTTACCAAA

TT263 TAACTCAGATTTTGATTATAAAGATGATGATGATAAATAACCGGGCCCAAAATTTGTTTG 1US838 FLAG-P.-erm + downstream
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT ¢

Construction of 1U13366 (gpsB“**"-FLAG-P.-erm)

AL298 GAGGGAAGGCACCAGCCTTGATTTCA 1U12612 Upstream and gpsB"2%A
TT262 TTATTTATCATCATCATCTTTATAATCAAAATCTGAGTTATCTAAAATTTGTTTACCAAA

TT263 TAACTCAGATTTTGATTATAAAGATGATGATGATAAATAACCGGGCCCAAAATTTGTTTG 1US838 FLAG-P.erm + downstream
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT ¢

Construction of 1U13368 (gpsB"**-FLAG-P.-erm)

AL298 GAGGGAAGGCACCAGCCTTGATTTCA 1U13141 Upstream and gps®™
TT262 TTATTTATCATCATCATCTTTATAATCAAAATCTGAGTTATCTAAAATTTGTTTACCAAA

TT263 TAACTCAGATTTTGATTATAAAGATGATGATGATAAATAACCGGGCCCAAAATTTGTTTG 1US838 FLAG-P.erm + downstrear
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT ¢

Construction of 1U13370 (gpsB-***-FLAG-P_-erm)

AL298 GAGGGAAGGCACCAGCCTTGATTTCA 1UL2615 Upstream and gpsBL2A
TT262 TTATTTATCATCATCATCTTTATAATCAAAATCTGAGTTATCTAAAATTTGTTTACCAAA

TT263 TAACTCAGATTTTGATTATAAAGATGATGATGATAAATAACCGGGCCCAAAATTTGTTTG 1US838 FLAG-P.erm + downstrear
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT ¢

Construction of 1U13372 (gpsB"***-FLAG-P.-erm)

AL298 GAGGGAAGGCACCAGCCTTGATTTCA 1U12363 Upstream and gpsB°%
TT262 TTATTTATCATCATCATCTTTATAATCAAAATCTGAGTTATCTAAAATTTGTTTACCAAA

TT263 TAACTCAGATTTTGATTATAAAGATGATGATGATAAATAACCGGGCCCAAAATTTGTTTG U838 FLAG-P.erm + downstrear
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT ¢

Construction of 1U13374 (gpsB"”**-FLAG-P.-erm)

AL298 | GAGGGAAGGCACCAGCCTTGATTTCA | IU13121 | Upstream and gpsB"**"
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TT262

TTATTTATCATCATCATCTTTATAATCAAAATCTGAGTTATCTAAAATTTGTTTACCAAA

TT263 TAACTCAGATTTTGATTATAAAGATGATGATGATAAATAACCGGGCCCAAAATTTGTTTG 1US838 FLAG-P.-erm + downstream
TT197 TTTGATACGATCTGCTGCCCGAAGCCAAAGGT ¢

Construction of 1U14256 (pbp2a™'")

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° pbp2a™
TT1056 TTTCGATCACTACGAGAGGCACGTAAGATAGTAGAATCAG

TT1057 CTGATTCTACTATCTTACGTGCCTCTCGTAGTGATCGAAA D39 3 php2a™ + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT

Construction of 1U14259 (pbp2a™ 33Ky

P226 GGTACGACAACGAAATGTCATACACTGCAC , RA1K Ra3K
TT1058 CTAATTTTTTTCGATCACTCTTAGATTTACGTAAGATAGTAGAATCAG D39 Upstream and 57 pbp2a
TT1059 CTGATTCTACTATCTTACGTAAATCTAAGAGTGATCGAAAAAAATTAG D39 3 pbp2a™H KR 4 downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT

Construction of 1U14263 (pbp2a™*")

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5 pbp2a™®®A
IM047 TTTTCGATCACTGGCAGAGCGACGTAAGAT

JM048 ATCTTACGTCGCTCTGCCAGTGATCGAAAA D39 3 pbp2a™ + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT

Construction of 1U14318 (AbgaA::kan-P,,-RBS™"-pbp2a®)

P146 TGGCCATTCATCGCTGGTCGTGCTGAAAT U12788 5° fragment AbgaA::kan-P,,-
JCo7 ATTTCTCAAATAATTTATCTAATTTCATTACATCGCTTCCTCTCTATCTTCCTTGTTATA RBS™*

JC08 GAAGATAGAGAGGAAGCGATGTAATGAAATTAGATAAATTATTTGAGAAATTTCTTTCTC - middle fragment pbp2a’
JC09 ACTGGTTTATGAGAAAGTAAGTTCTTTTATTAGCGAAATAGATTGACTATCGAATCCC

JC10 ATTCGATAGTCAATCTATTTCGCTAATAAAAGAACTTACTTTCTCATAAACCAGTTGCT D39 3* bgaA fragment

Cs121 GCTTTCTTGAGGCAATTCACTTGGTGC

Construction of 1U14394 (pbp2as,9.35)

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° pbp2a
TT1091 CGGACCTACTTGGGCTAATTTTTTGATAGTAGAATCAGAGTCCTCTAGTTCACTTGTTTC 12936
TT1092 AGTGAACTAGAGGACTCTGATTCTACTATCAAAAAATTAGCCCAAGTAGGTCCGATT D39 3 pbp2assea + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT 42936

Construction of 1U14396 (pbp2asz1.36)

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° pbp2a
TT1093 GGACCTACTTGGGCTAATTTTTTACGTAAGATAGTAGAATCAGAGTCCTCTAGTTCAC A31-36
TT1094 CTAGAGGACTCTGATTCTACTATCTTACGTAAAAAATTAGCCCAAGTAGGTCCGATT D39 3" php2aysya + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT 43136

Construction of 1U14400 (pbp2a™®'# 3324 R34y

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Upstream and 5° pbp2a™ 54
TT1095 ATTTTTTTGCATCACTACGAGCGGCACGTAAGATAGTAGAATCAGAGTCCTCTAGTTCAC R3OA

TT1096 TCTACTATCTTACGTGCCGCTCGTAGTGATGCAAAAAAATTAGCCCAAGTAGGTCCGATT D39 3 php2a"ASTARIA 4

P227 TCTGTTCCCGTGTGATCCGACAAATCCT downstream
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Construction of 1U14502 (pbp2ax2.52)

P226 GGTACGACAACGAAATGTCATACACTGCAC D39 Unstream and 5° php2a
TT1097 GCGACGTAAGATAGTAGAATCAGAGTCCATGCGTTTATTTTATCATCTTCATCATAGG P POP2as2 22
TT1098 GATGAAGATGATAAAATAAACGCATGGACTCTGATTCTACTATCTTACGTCGCTCTC 539 b e + downstream
P227 TCTGTTCCCGTGTGATCCGACAAATCCT popane2

20




103

104

Supplementary Table 7: Oligonucleotide primers used in this study for recombinant protein

production

Name

| Sequence, 5" — 3"

Construction of plasmid expressing recombinant BsGpsBs.¢4

BsGpsB5start

GATGCTTCATATGAAAGTAAAGCTTTCTGCGAAAGAAATTTTGG

BsGpsB64stop

CTGTTTCTCGAGGGCTTCTTCAAGCTGTTTTTTCAGCTG

Introduction of E17A to BsGpsBi.¢3

BsGpsBE17A5 CTGCGAAAGAAATTTTGGAAAAAGCATTTAAAACAGGCGTTAGAGGC
BsGpsBE17A3 GCCTCTAACGCCTGTTTTAAATGCTTTTTCCAAAATTTCTTTCGCAG
Introduction of Y25F to BsGpsB1.¢3

BsGpsBY25F5 CAGGCGTTAGAGGCTTCAAGCAAGAAGACGTTGAC

BsGpsBY25F5 GTCAACGTCTTCTTGCTTGAAGCCTCTAACGCCTG

Introduction of D31A to BsGpsB 1.3

BsGpsBD31A5 CGTTAGAGGCTACAAGCAAGAAGACGTTGCCAAATTTTTAGATATGATTATT
AAGG
BsGpsBD31A3 CCTTAATAATCATATCTAAAAATTTGGCAACGTCTTCTTGCTTGTAGCCTCTA

ACG

Introduction of D35A to BsGpsB1.¢3

BsGpsBD35A5 GAAGACGTTGACAAATTTTTAGCTATGATTATTAAGGATTATGAAACCTTCC
ATC
BsGpsBD35A3 GATGGAAGGTTTCATAATCCTTAATAATCATAGCTAAAAATTTGTCAACGTC

TTC

Introduction of S16C to BsPBP1,.;

BsPBP1S16C5

GCTCGACGAAAAGCGAACTGCAAATCGAGTCCTTCACC

BsPBP1S16C3

GGTGAAGGACTCGATTTGCAGTTCGCTTTTCGTCGAGC

Introduction of S7A to BsPB

Pll-l?

BsPBP1S7A5

CCATGGCAGATCAATTTAACGCCCGTGAAGCTCGACGAAAAGC

BsPBP1S7A3

GCTTTTCGTCGAGCTTCACGGGCGTTAAATTGATCTGCCATGG

Introduction of R8A to BsPBP1,.17

BsPBP1R8AS5

GCAGATCAATTTAACAGCGCTGAAGCTCGACGAAAAGCGAACTG

BsPBP1R8A3

CAGTTCGCTTTTCGTCGAGCTTCAGCGCTGTTAAATTGATCTGC

Introduction of A10P to BsPBP1,.;;

BsPBP1A10P5 GATCAATTTAACAGCCGTGAACCTCGACGAAAAGCGAACTGC
BsPBP1A10P3 GCAGTTCGCTTTTCGTCGAGGTTCACGGCTGTTAAATTGATC
Introduction of R11A to BsPBP1,;

BsPBP1R11A5 CAATTTAACAGCCGTGAAGCTGCACGAAAAGCGAACTGCAAATCG
BsPBP1R11A3 CGATTTGCAGTTCGCTTTTCGTGCAGCTTCACGGCTGTTAAATTG
Introduction of R28A to BsPBP1,.3,

BsPBP1R28A5 CACCGAAAAAAGGCAAGAAAGCAAAAAAGGGCGGATAGTTTAAAAAG
BsPBP1R28A3 CTTTTTAAACTATCCGCCCTTTTTTGCTTTCTTGCCTTTTTTCGGTG

Introduction of R8K to BsPBP1,;

BsPBP1AR8KS

CATGGCAGATCAATTTAACAGCAAAGAAGCTCGACGAAAAGCGAACTGC

BsPBP1AR8K3

GCAGTTCGCTTTTCGTCGAGCTTCTTTGCTGTTAAATTGATCTGCCATG

Introduction of R11K to BsPBP1,.,7

BsPBP1AR11K5

CAGATCAATTTAACAGCCGTGAAGCTAAACGAAAAGCGAACTGCAAATCG

BsPBP1AR11K3

CGATTTGCAGTTCGCTTTTCGTTTAGCTTCACGGCTGTTAAATTGATCTG

Construction of plasmid expressing recombinant MBP-LmMPBPA1; .,

LmPBPAlncol5

GATTTTCCATGGCAGATAAACCGCAGACAAG

LmPBPA1xhol3

GTAGACCCTCGAGAACGTTTTACTTGGGTTGCATAGTTATAAC

Introduction of S19C, K21STOP to MBP-LmPBPA1,., to generate MBP-LMPBPAL, 50>~

LmPBPA1S19CK21STOP5 | CAGTATCGCAATAAACAAAGTGGTGGTTGTAAATAGAAATCCCAAAAACGA
GG
LmPBPA1S19CK21STOP3 | CCTCGTTTTTGGGATTTCTATTTACAACCACCACTTTGTTTATTGCGATACTG

Introduction of R8A to LMPBPAL, o>

LmPBPA1R8A5

GGCAGATAAACCGCAGACAGCATCTCAGTATCGCAATAAACAAAG

LmPBPA1R8A3

CTTTGTTTATTGCGATACTGAGATGCTGTCTGCGGTTTATCTGCC

Introduction of Q10P to LmMPBPAL,; ,,°°¢

LmPBPA1Q10P5

GATAAACCGCAGACAAGATCTCCGTATCGCAATAAACAAAGTGG

LmPBPA1Q10P3

CCACTTTGTTTATTGCGATACGGAGATCTTGTCTGCGGTTTATC
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Introduction of Y11A to LmPBPAL;,>°¢

LmPBPAL1Y11A5 GGCAGATAAACCGCAGACAAGATCTCAGGCTCGCAATAAACAAAGTGGTGG
TG
LmPBPA1Y11A3 CAACCACCACTTTGTTTATTGCGAGCCTGAGATCTTGTCTGCGGTTTATCTGC

C

Introduction of R12A to LmPBPAL; »,>°¢

LmPBPA1R12A5

GATAAACCGCAGACAAGATCTCAGTATGCCAATAAACAAAGTGGTGGTTG

LmPBPA1R12A3

CAACCACCACTTTGTTTATTGGCATACTGAGATCTTGTCTGCGGTTTATC

Introduction of S16R to LMPBPAL, ,,°°¢

LmPBPA1S16R5

CTCAGTATCGCAATAAACAACGTGGTGGTTGTAAATAGAAATCCC

LmPBPA1S16R3

GGGATTTCTATTTACAACCACCACGTTGTTTATTGCGATACTGAG

Construction of plasmid expressing recombinant MBP-SpPBP2a,; 46

SpPBP2AnNcol5

GAAACAAGTGAACCCATGGACTCTGATTCTACTATCTTACG

SpPBP2Axhol3

CCGGCCCCTCGAGCATCCCTGCCAGAGTCGCAGC

Introduction of G43C, R46STOP to MBP-SpPBP2ay;.45 to generate MBP-SpPBP2ays 450~

SpPBP2AGA43CR46STOPS | GTGATCGAAAAAAATTAGCCCAAGTATGTCCGATTTGAAAATTCTGGCGTC
GTTATC
SpPBP2AG43CR46STOP3 | GATAACGACGCCAGAATTTTCAAATCGGACATACTTGGGCTAATTTTTTTCG

ATCAC

Introduction of R33K to MB

P-SpPBP2a,5.45°

SpPBP2AR33K5 CTCTGATTCTACTATCTTACGTCGCTCTAAAAGTGATCGAAAAAAATTAGCC
CAAG
SpPBP2AR33K3 CTTGGGCTAATTTTTTTCGATCACTTTTAGAGCGACGTAAGATAGTAGAATC

AGAG

Introduction of S32A to MBP-SpPBP2a,3.45°"C

SpPBP2AS32A5 GACTCTGATTCTACTATCTTACGTCGCGCTCGTAGTGATCGAAAAAAATTAG
CccC
SpPBP2AS32A3 GGGCTAATTTTTTTCGATCACTACGAGCGCGACGTAAGATAGTAGAATCAG

AGTC

Introduction of R33A to MB

P-SpPBP2ay3.45° - C

SpPBP2AR33A5 GACTCTGATTCTACTATCTTACGTCGCTCTGCTAGTGATCGAAAAAAATTAG
CccC
SpPBP2AR33A3 GGGCTAATTTTTTTCGATCACTAGCAGAGCGACGTAAGATAGTAGAATCAG

AGTC

Introduction of D35P to MBP-SpPBP2ay3.45""-C

SpPBP2AD35P5

CTATCTTACGTCGCTCTCGTAGTCCTCGAAAAAAATTAGCCCAAGTATGTCC

SpPBP2AD35P3

GGACATACTTGGGCTAATTTTTTTCGAGGACTACGAGAGCGACGTAAGATA
G

Introduction of R31K, R33K

to MBP-SpPBP2ay3.45""¢

SpPBP2AR31KR33K5 CAGGGTTCCATGGACTCTGATTCTACTATCTTACGTAAATCTAAAAGTGATC
G
SpPBP2AR31KR33K3 CGATCACTTTTAGATTTACGTAAGATAGTAGAATCAGAGTCCATGGAACCCT

G

Introduction of 128A, L29A to MBP-SpPBP2a,5.45° -

SpPBP2AI28AL29A5

GTTCCATGGACTCTGATTCTACTGCCGCACGTCGCTCTCGTAGTGATCG

SpPBP2AI28AL29A5

CGATCACTACGAGAGCGACGTGCGGCAGTAGAATCAGAGTCCATGGAAC

Construction of plasmid expressing recombinant SpGpsB.¢3

SpGpsBndel5

GAGAGACATATGGCAAGTATTATTTTTTCAGC

SpGpsBxhol3

GCACATCTCGAGTAACTACTTAAAAATCTGAGTTATC

Introduction of Ncol site to plasmid expressing recombinant SpGpsB.g3

SpGpsBM11Ncol

GCTATACCATGGCAAGTATTATTTTTTCAGCG

SpGpsBM11Xhol

CGATATCTCGAGTAACTACTTAAAAATCTGAGTTATC

Deletion of residues 1-3 to ge

nerate plasmid expressing recombinant SpGpsB,.43

SpGpsB1to3del5

CCACTACTGAGAATCTTTATTTTCAGGGCGCCATTATTTTTTCAGCG

SpGpsB1to3del3

CGCTGAAAAAATAATGGCGCCCTGAAAATAAAGATTCTCAGTAGTGG

Construction of plasmid expressing recombinant SpPBP2x; 59

SpPBP2x5 GCGGAGTAAGCCATGGAGTGGACAAAAAGAGTAATCCG

SpPBP2x3stl CGTTACTTGAGTGTGCAAAACCTTGAGAAAAAGTC

SpPBP2x3st2 CGTTACTTGAGTGTGCAAAACCTCGAGAAAAAGTC

SpPBP2xS30CL31SL32ST | GAAAACAGACGCAGAGTTGGAAAAAGTCTGTGTTCATAATCTGTCTTTGTTT
OP5 TTGCC
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SpPBP2xS30CL31SL32ST
OP3

GGCAAAAACAAAGACAGATTATGAACACAGACTTTTTCCAACTCTGCGTCT
GTTTTC

SpPBP2xinsgly5

CCTGTACTTCCAGGGTTCCGGATCTGGAATGGAGTGGACAAAAAGAG

SpPBP2xinsgly3

CTCTTTTTGTCCACTCCATTCCAGATCCGGAACCCTGGAAGTACAGG

Construction of plasmid expressing recombinant BsYpbEgg.o49

YpbEndel5

CTTATTTCATATGAAGAGCCACCCGGATAATCATG

YpbExhol3

CGTAAACTCGAGATAATACCCTATTCATCCATTAAAGG

Construction of plasmid expressing recombinant BsYpbE;3g 240

YpbEtruncatencoi5

GCTTCTCCATGGAAGATTCCAAGCCAAAAGAGC

YpbEtruncatencoi3

GCTGCTGCCCATGGTATATCTC

Construction of plasmid expressing recombinant BsYrrS

YrrSndei5

GCAGAACATATGAGCAATAATCAATCTCGTTATG

YrrSxhoi3

CGGCTGCTCGAGTTTATTTTAGCTTTTCTACTTTTGTC

Construction of plasmid expressing recombinant BsYrrSA;s.i6

YrrSy3.160eletes

CTCGTTATGAAAATCGTGATGCCAATTTAGTGCTTAACATTTTAATCG

YrrSi3q6delete3d

CGATTAAAATGTTAAGCACTAAATTGGCATCACGATTTTCATAACGAG
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" 58 B. clausii MSDEYKSRQERKKAQSRGKNG. .. .. ... KTPKNGGKKK 31
3 B. halodurans MSNEANTROGRROAKKKK . . . . .. ... ..... NDRRKPK 25
Z B. pseudofirmus MSDNMNTRTGRRRAKEQTK. .. .. ........ ATPKKKR 26
@ 53 B. anthracis MSENYRSREERRQVKKKKQP . . .. .. ... ASKTQKPKGK 30
- B. megaterium MSDNYRSREERRRAMNDNKP . . . . .. EGKSQGKPKKKKK 33
8_ 3 B. siralosphericus MSDQFTSREQRRKASQANNKK. .. ... ... QKNKKGKKK 30
48 wiilclEy "‘_;, B. altitudinis MSDQFTSREQRRKASQENNKK. ... ..... QKNKKGKKK 30
@ - VTP B. licheniformis MSDQFNSROQERRKAQQGNSRS . .. .. .. NTHSKPKKKKK 32
o <. T ArgBAla B. sonorensis MSDQFNSROERRRAQQGKSRS . .. .. .. NTHSKPKKKKK 32
c 43 T — B. amyloliquefaciens MSDQFTSREERRKARQTKS . T. .. .. KPSSPKKGKKQRK 33
8 " Lk B. atrophaeus MSDQFKSREERRKAAQNRGSH. . . . . SNSSPKKGKKHKK 34
@ A Arg28Ala B. mojavensis MSDQFTSREARRKAN. . . _SK. .. .. SSPSPKKGKKRKK 30
3 38 — = AIZ10Pro Anox. kamchatkensis .MANYRSRTERKQVEQK . . ... ......... KQRPRERG 24
= —_— Anox. gonensis MANYRSRTERKQVEQK . . .. ... ....... KQRPRERG 24
9 43 Anox. flavithermus _MANYRSRTERKQAEQK . . . . ... ....... KQRPRERG 24
2 Geo. stearothermophilus MSGEYRSRVERKQAAKQ. ... ... . ... TKPKKAKKQKG 28
o 0 100 200 300 400 500 Geo. sp. WCH70 MSGEYRSRVERKQASKR . . ... ...... AKQKKAKKQKG 28
Geo. thermodenitrificans MSGEYRSRVERKQAEKQAK. . . .. ... QAKQKKAKKKKG 31
[BsGpsBi.gs], UM Geo. kaustophilus MSGEYRSRVERKQAAKQ. ... ....... TKQKKAKTKRG 28
Exig. sibiricum ...MERSRVARREETKTSAKQTNRTKRPKKKKSGGTGGK 36
Exig. sp. AT1b . .MERSRVARRQDSTTNK....... RKKTGKQPKTKSK 29

Supplementary Figure 1. Biophysical effects of mutations in BsGpsB and BsPBP1.
(A) A sequence alignment of GpsB proteins with the intermolecular interactions from the BsGpsBs.
64:BSPBP1;.1; complex highlighted above: black filled circles - residues in hydrogen bonds or salt
bridges; yellow circles - residues in van der Waals’ interactions; black unfilled circles — interfacial
residues utilising main chain atoms; coloured circles below - residues mutated in this study:
SpGpsB Y23, V27, L32, D33, 136 (red); LmGpsB Y27, D33 and D37 (cyan); BsGpsB E17, Y25,
D31, D33 (yellow). BsGpsB a-helices al and a2 are denoted as cyan cylinders. The sequence of
BsPBP1;.17 peptide (below) is annotated as above and the helical region denoted as a green cylinder.
(B) The wild-type folding of BsGpsBi.ss Vvariants was confirmed by circular dichroism. Protein
secondary structure unfolding was monitored with the CD ellipticity signal at 222 nm as a function
of temperature. (C) Alanine substitutions of conserved asparate and glutamate residues in BsGpsB;-
ss cannot bind to TAMRA-labelled wild-type BsPBP1;.5; as measured by fluorescence polarisation.
The Ky values are tabulated in Supplementary Table 1. (D) The helical content of BsPBP1;.3,
peptides provides a molecular rationale for the reduced affinity of BsPBP1;.3, variants for BsGpsB.
The absolute molar ellipticity signal at 222 nm, which is linearly proportional to helix content®’,
was measured by circular dichroism for BsPBP1;.3, peptides. (E) The position of the fluorophore
does not affect the interaction of labelled BsGpsB;.-3, peptides with BsGpsBi.¢s. A peptide labelled
at the C-terminus with fluorescein binds BsGpsBi.gs with the same affinity as a peptide labelled
with TAMRA at Serl16Cys (Figure 1D and Supplementary Table 1). (F) A sequence alignment of
the cytoplasmic minidomains of representative Bacillaceae PBP1 orthologues highlights the
importance of the invariant Ser7, Arg8 and Argll (blue highlight) for GpsB-binding. The helical
region of PBP1 is depicted above by a red cylinder. These sequences are representatives from the
branches of a Bacillaceae family phylogenetic tree®®. Exceptions lacking a PBP1 orthologue with a
SRxXR(R/K) motif include Brevibacillus brevis, Paenibacillus sp., Lysinibacillus sphaericus,
Oceanobacillus iheynensis and Geobacillus sp. strains C56_T3 and Y412MC61.
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L. weihenstephanensis . MADKPQTRISQYRNSQA . KQPETQKTTGK 27
L. grandensis .MADKPQTR[SQYRNSQA.KQPETQKSTGK 27
L. newyorkensis MADKPQTRSQYRNSQA . KQPETKKPTGK 27
L. cornellensis .MADKPQTR[SQYRNSQA.KQPETKKPTGK 27
L. grayi .MADKPQITR[SQYRKTTKKQPATAKKAQSK 28
L. fleischmannii MAEKPQTRSEYRSKKTN. .ASPKK...P 23
L. ivanovii .MADKPQTRISQYRNKQNG. .SSKKNPSKR 26
L. seeligeri .MADKPQITR[SQYRNKQNR . .NSKKNSPKR 26
L. welshimeri .MADKPQTR[SQYRSKKNG. .NSKKNPSKR 26
L. marthii .MADKPQTRBISQYRKKPSG. .NSKKKPQKR 26
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Supplementary Figure 2: LmPBPAL1:LmGpsB interactions depend on a conserved arginine.
(A) The LmPBPA1 TRSQYRN motif is conserved in all publicly available Listeria sequences.
Basic amino acids (cyan) are more abundant than negatively-charged residues (red). LmPBPA1™”
and LmPBPA1*% are highlighted in blue. (B) LmPBPA1;.5""® is the most critical LmGpsB1.73
binding determinant. The binding of fluorescein-labelled LmPBPAL;.5o variants to LmGpsB;.73 and
its surrogate, BsGpsBi.es™*>*“" was monitored by FP. The cognate LmGpsBy.7s:LmPBPAL 5
interaction is represented by the solid black curve; all other interactions involve the BsGpsBi.
6s~°C" surrogate. The calculated dissociation constants are listed in Supplementary Table 1. (C)
In the presence of the helix-stabilizing additive, trifluoroethanol (TFE), wild-type LmPBPAL1;.15 has
a greater helical character than LmPBPA1,.15° ™%, (D) Mutations in the cytoplasmic minidomain
of pbpA1l have little impact on growth of a ApbpA2 mutant at 42°C. L. monocytogenes contains two
bi-functional PBPs, PBPA1 and PBPA2', but at least one is requored for viability®. If the
LmPBPAL:LmGpsB interaction is essential for PBPAL function, the Thr7Ala, Arg8Ala, TyrllAla
and Argl2Ala exchanges in pbpAl might not be tolerated with a pbpA2 deletion. However, strains
LMS219 (pbpAlT7A ApbpA2), LMS220 (pbpA1R8A ApbpA2), LMS221 (pbpAlY11A ApbpA2),
LMS222 (pbpA1R12A ApbpA2), LMS232 (pbpA1R8A R12A ApbpA2) and LMS233 (pbpA1Q10P
ApbpA2) are viable and even grow in BHI broth at 42°C. The only significant growth defect
(marked with asterisks, P<0.01, t-test) was observed for strain LMS232 (pbpA1R8A R12A ApbpA2)
in comparison to the pbpA2 null mutant. Strains EGD-e (wt), LMJR19 (AgpsB), LMS57 (ApbpA1l)
and LMS64 (ApbpA2) were included as controls. (E) The free amino acid L-arginine does not
displace fluorescein-labelled LmPBPAL; o peptide from LmGpsB;.73 even when present at more
than 100-fold excess relative to the LmGpsBi.73 protein. In this experiment, the fluorescein-labelled
peptide is at 40 nM concentration and the LmGpsB;.73 protein at 200 puM.
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Supplementary Figure 3: Extending the GpsB interactome in B. subtilis and L. monocytogenes
(A) The LysM domain of BsYpbE binds peptidoglycan as a dimer. Almost all the monomeric LysM
domain of BsYpbE, BsYpbEi30-240; @ disulphide cross-linked dimeric form of BsYpbE, BsYpbE;so-
2402132 and the BSA control is found in the supernatant (s) in the absence of PG (left hand side
of the SDS-PAGE gel). By contrast, the majority of dimeric BsYpbE1s0.240>"2“** is found in the
pellet (p) in the presence of PG whereas monomeric BsYpbE;30-240 and BSA are still found in the
supernatant. The blue smear towards the bottom of the gel is PG that has been pelleted by
centrifugation. (B) BsYrrS interacts directly with BsPBP1. SPR sensorgram of serial injections of
increasing concentrations (62.5 nM — 1 uM) of BsYrrSais.16 over a BsPBP1-immobilised chip
surface. The black dashed line represents the reference-subtracted sensorgrams and the red-dashed
line represents the fit using single-cycle kinetics with a 1:1 binding model yielding a dissociation
constant of 20 + 0.2 nM. BsYrrSai3.16 Was used to reduce non-specific binding to the chip surface.
(C) The interaction of LmGpsB with selected cell division proteins is dependent upon the LmGpsB
N-terminal domain. The agar plates in this BACTH of full-length LmGpsB and variants lacking its
N- (AN) or C-terminal domain (AC) against cell division proteins were photographed after 24 and
48 hrs at 30°C. pKT25 (T25) without a fusion partner was used as a negative control. (D) Tyr27,
Asp33 and Asp37 in LmGpsB are essential for some, but not all, of the interactions against selected
cell division proteins. The agar plates in this BACTH were photographed after 48 hrs at 30°C.
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23 30 40
S. pneumoniae .DSDSTILRRSIRSD[R]. . . . . .. oo KKLAQVG
S. salivarius .RAKNIKVKRSIDSSIRINSK. . . ... ...... GKRSAAS
S. thermophilus .RAKNTQVKIRSIDSSIRIYSK . . . . .. .. .... GKRSAAS
S. vestibularis RTKNTHVKIRSIDSSIRlYSK. . . ... ...... GKRSSAS
S. mitis DSDSTSLRIBSIRSDIRI. . . . . .. ........ KKLAQVG
S. oralis ESDSTSMRIRSIRSDIR|. . . . .. ... .. .... KKLSQVG
S. infantis EENTSTNLRRSIRGGIR|. . . . .. ... ...... KKVGQVG
S. perosis EDSESGNLRRBRSIRAGR|. . . ... ......... KKGGSVG
S. pseudopneumoniae EGNESSNLRBSIRAGHE] . . . . . . ......... KKSGTVG
S. parasanguinis .ETVEPTYSIRS[GKHIR|. . . . ... ........ SKPLSQH
S. australis .EEQAPTYSIRSEKSIR|. . . . ... ........ RKSHSQH
S. cristatus .ETPEPSYSIRS|[GKN(R|. . . . ... ........ KKPLSQH
S. intermedius .EESESHLSIRS[GKSIR|. . . . .. ... ...... KKP 1 SQH
S. anginosus .EESESHLSIRS|[GKSIR|. . . . ... .. ...... KKP I SQH
S. constellatus .EESESHLSIRSIGKSIR|. . . . ... .. ...... KKP I SQH
S. gordonii ETDTSAEPRLSRISGRISAKRTSSKGQGPFRRFWRRYHL
B o ¢ ., C
Q 3} Q
& £ § S
g o g o o5 ) o r ¥ &
& & S s ¥ § 5 &
cosa-1s M M| cpsa-T2s (10 D s’ D @ @ @ @@ @
@ ] @
K\ D \4 S
D 6 "’Q Q; ,g -
L L X X &K S & F & ¥
w § § €L ¥ Fuw g § P9
i — ‘ o= e MreC
1 re
58 ——— €S > e
e P——2 — 1 — | £ o D & CpsBF

Supplementary Figure 4. SpGpsB mutations affect SpPBP2a-binding but not expression.

(A) Sequence alignment of Streptococcaceae PBP2a orthologues reveals that Arg31, Ser32 and
Arg36 (blue highlights) and the RSxxxR motif (boxed) are conserved. The conservation of Ser32
reflects either its interaction with SpGpsB”*"** and/or its stabilization of the type | B-turn between
Arg30 and Arg33 in SpGpsBi.e3:SpPBP2az;3.45 (molecule 1). The serine/glycine distribution is
consistent with preferential occupancies of the i and i+2 (serine) and i+3 (glycine) positions in type
| B-turns®. A diverse set of sequences were selected based on a phylogenetic tree of Streptococci?'.
The RSxxxR motif is conserved in the mitis, salivarius and anginosus subgroups but not in bovis,
mutans and pyogenes. S. gordonii, in the mitis subgroup, is an exception and encodes SRSGR
(yellow highlights, below) that is a near perfect match to the SRxxR(R/K) motif in Bacillaceae
PBP1 proteins. (B) The reciprocal BACTH analysis of the SpGpsB-T25 data in Figure 5A confirms
the interactions of SpGpsB with SpPBP2a and SpMreC. The agar plates were photographed after 40
hrs incubation at 30°C. (C) BACTH of the self-interactions of SpGpsB variants reveals that all
proteins retain the ability to interact implying that the mutations do not affect protein folding. The
agar plates were photographed after 40 hrs incubation at 30°C. (D) SpGpsB-FLAG variants are
expressed at wild-type levels. Western analyses of S. pneumoniae strains showing the expression of
SpGpsB-FLAG variants, detected with an anti-FLAG antibody as described in the Methods. Anti-
MreC was performed as a loading control. Strains used are gpsB* (1U11488, gpsB*-P.-erm//Pz,-
gpsB™), gpsB™-F (1U13442, gpsB*-FLAG-P-erm//Pz,-gpsB™), Y23A (1U13364, gpsB Y23A-FLAG-
Pc-erm//Pz,-gpsB¥), V28A (1U13366, gpsB V28A-FLAG-P.-erm//Pz-gpsB*), D29A (1U13368,
gpsB D29A-FLAG-P.-erm//Pz,-gpsB™), L32A (1U13370, gpsB L32A-FLAG-P.-erm//Pz,-gpsB™),
D33A (1U13372, gpsB D33A-FLAG-Pc-erm//Pz,-gpsB¥), and 136A (1U13374, gpsB I36A-FLAG-
P.-erm//Pz,-gpsB™). The expected molecular mass of GpsB-FLAG is 13.7 kDa.
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Supplementary Figure 5. Phenotypes of mutant strains lacking the SpPBP2a RSxxxR motif.
Truncation of residues 27-38 or 26-45 of SpPBP2a in a Apbpla genetic background results in
longer doubling times and abnormal morphologies. Representative growth curves (A) and phase-
contrast micrographs (B) of S. pneumoniae strains 1U1824 (D39 Acps rpsL1 parent), 1U13256
(Apbp2a), TU13444 (Apbpla), 1U13446 (pbp2ass-37 Apbpla), 1U13448 (pbp2aaz7-3s Apbpla) and
1U13450 (pbp2aa2s-45 Apbpla); doubling times are reported below (B). Deleting SpPBP2a residues
27-38 or 26-45 in a Apbpla background resulted in highly variable cell sizes: wide and narrow
arrows point to abnormally large and small cells, respectively. All micrographs were taken at mid
exponential phase (ODgy =~ 0.15) and are at the same magnification (scale bar=1 um). (C) The
expression of SpPBP2a truncated variants is like wild-type. Western analyses of S. pneumoniae
strains 1U1824 (pbpla®, pbp2a®), IU13256 (pbpla’, Apbp2a), IU13444 (Apbpla, pbp2a®), 1U13446
(Apbpla, pbp2aas;-37), 1U13448 (Apbpla, pbp2asz7-3s) and 1U13450 (Apbpla, pbp2aas-4s). The
expected molecular masses are 80.9 kDa (WT SpPBP2a), 80.2 kDa (SpPBP2axs3,-37), 79.4 kDa
(SpPBP2as27.35) and 78.5 kDa (SpPBP2aa2s.45). NS indicate non-specific bands that were also
present in the Apbp2a strain. (D) Truncation of the RSxxxR GpsB-binding motif in SpPBP2a results
in a progessive decrease in interaction with SpGpsB but not with SpMreC. The interactions of the
SpPBp2a A32-37, A27-38, A26-45 truncated variants with SpGpsB and SpMreC were analysed by
BACTH. Samples were photographed after 36 hrs incubation at 30°C. (E) SpPBp2a interacts
directly with SpMreC in BACTH. Samples were photographed after 40 hrs incubation at 30°C.

28



221
222

223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

@ ) @ ~
o Vo 22 & & o & o 2 o
A CEESEES S CEELTLE L
o] p * oo : g 7 ; ; .
g ¥ 3 8 ¥ ¥E& I o g I I I L& I o
S VLN NVS A L L& &L & & &
~o@e®e B « [ ee
2| vz ¢ 2(ven 49 e e
B B
=3 =}
& | D20 'S & [D20n 4 e e
s [
@ @
2| pasa ) @ C 2 |p33a 4D e e @
) O 3 X
aea DD W & ®C ET Qe ) @
B C Anti-PPB2x Co-IP Co-IP Anti-GpsB
gpsB- gpsB- ezrA ezrA- Antiserum
L-F3 L-F? -HA  HA characterization
gpsB stkP pbp2x- pbp2b mreC- MW ezrA Stkf pbp2x- A A
g 170 WT _L.F3 -F2 __HA -HA LF° (kDa) _HA 2 P WT _ divivA_gpsB
& 150 4 ~ 175 | -
S
® 130 - 133 -
8110 PBP2x - | | os [ -
o 90 . 1R . 5 S 21 _,a
g = G| e el ivIVA a s
§ 0y ~ SpPBP2azas #| o i . W o -
a F - SpPBP2x1.29 x : -
o g 31 GpsB | =
S S0f x — SpPBP2b1.17 e e 24 - dimer
o 30 T T T T T T T J 3 A e
0 500 1000 1500 2000 2500 3000 3500 4000 Al H s e
[SpGpsBi-g3], UM " R 15.4 g GpsB B =
ok |, fo NS i

Interaction of SpGpsB with other proteins as revealed by different assays

PBP2a | MreC | PBP1a | PBP2x | PBP2b StkP EzrA
BACTH +++ +++ +++ ++ = +a +a
FP +++ nd nd *+ - nd nd
Co-IP ++2 ++2 +a -a ++2 ++2 ++2

+++: strong signal, ++: signal present, +: weak signal, -: signal absent, nd: not determined.
a: reported in Rued et al., 2017

Supplementary Figure 6. SpGpsB interacts with different cell division proteins.

(A) SpGpsB interacts with SpPBPla, SpPBP2x, SpStkP and SpEzrA, as well as SpMreC and
SpPBP2a, but not with SpPBP2b, as detected by BACTH. Tyr23, Asp29, Asp33 and 1le36 are
essential for some, but not all, of the interactions against these cell division proteins. The agar plates
were photographed after 40 hrs at 30°C. Some of the interactions of SpGpsB and its allelic variants
in Figure 5A are reproduced here for the sake of comparison and consistency with Supplementary
Figure 3D. (B) By FP SpGpsBi.s3 interacts with TAMRA-labelled SpPBP2ay345 (red) and
fluorescein-labelled SpPBP2x1,9 (blue), but not fluorescein-labelled SpPBP2b;.i; (black). The
relevant dissociation constants are listed in Supplementary Table 1. (C) Left panel, pairwise co-1P
detection of SpPBP2x with SpStkP-F? and SpMreC-L-F°, but not with SpGpsB-L-F* using anti-
PBP2x to detect SpPBP2x (prey) complexed with FLAG-tagged proteins. Strains used were 1U1945
(WT), 1U5458 (gpsB-L-F?), 1U7434 (stkP-F?), 1U11314 (gpsB-L-F® pbp2x-HA), 1U11316 (gpsB-L-
F3 pbp2b-HA), and 1U4970 (mreC-L-F3). The expected molecular mass of SpPBP2x is 82.4 kDa.
Middle panel, pairwise co-IP detection of SpGpsB and SpDivIVA with SpStkP-F2, but not with
SpPBP2x-F* using an anti-GpsB serum to detect SpGpsB and SpDivIVA (preys) complexed with
FLAG-tagged proteins. Strains used were 1U6810 (ezrA-HA, non-FLAG-tagged control), 1U12077
(ezrA-HA stkP-F?), and 1U11880 (ezrA-HA pbp2x-F?). Right panel, characterisation of anti-SpGpsB
serum generated from rabbits immunized with purified SpGpsBi.3. Lysates were prepared from
WT (1U1945), AdivIVA (1U8496) or AgpsB (1U6442) strains. The band at ~13 kDa is SpGpsB
(expected molecular mass is 12.6 kDa) and that at ~50 kDa is SpDivIVA (expected molecular mass
is 30.3 kDa, but typically runs at ~50 kDa on SDS-PAGE). (D) Summary of the interaction of
SpGpsB with other proteins as revealed by BACTH (data from A), FP (B) and co-IP (C and *°).
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Sequence alignments are shown for class A PBPs from Lactococci (A), Leuconostoc/Weisella (B)

Supplementary Figure 7. The SRxxR(R/K) motif is conserved in other Lactobacillales PBPs.
and Enterococci (C); the L. and W. prefixes

in the species names in panel B correspond to

Leuconostoc and Weissella respectively. The SRxx(R/K) motif is highlighted in blue. Binding and
structural studies reported herein are consistent with GpsB binding tolerating either an Arg or a Lys

at the underlined position in the SRxxR(R/K) sequence. A phylogenetically diverse set of

representative Leuconstoc/Weisella and Enterococci genomes were chosen based on respective

phylogenetic trees®®?. The motif is widely conserved in all families, with the exception of
Oenococcus oeni, L. fallax and L. ficulneum/L. pseudoficulneum/L. fructosum sub-groups within

Leuconstoc. This alignment, and all others, was created in ALINE?*.
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Supplementary Figure 8. Electron density maps for peptides in the GpsB structures.
Stereograms of the final, Refmac-weighted 2mF,ps-DF¢qc €lectron density maps for (A) BsGpsBs.
64:BSPBP11.47, contoured at 0.09 electrons per A% (B) BsGpsBs.es™**2°":LmPBPA1,.15, (contoured
at 0.14 electrons per A*; (C) SpGpsBa.g3:SpPBP2a7.40, molecule 1 and (D) SpGpsBa.g3:SpPBP2ayr.
40, molecule 2 (both contoured at 0.5 electrons per A%, The colours, interactions and view is the
same as in Figure 2C; interfacial residues are shown as sticks, other amino acids as lines.
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