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Supplementary Table 1 | S. pneumoniae strains used in this study 

Strain Name Genotype 
Resistance 

Marker(s) 

Source or 

Reference 

D39 [Type Strain] - 
Lanie et al 

2007  

(17) 

D39 Δcps Δcps2A’-Δcps2H’    [Wild Type] - 
Lanie et al 

2007  
(17) 

R6 
non-pathogenic domesticated laboratory 

strain, derivative of D39 
- (17,31,32) 

Vernet Lab 

AKF_Spn001 ΔbgaA::kan Kan This Study 

AKF_Spn002 ΔbgaA::add9(spec) Spec This Study 

AKF_Spn003 ΔbgaA::tetM(tet) Tet This Study 

AKF_Spn004 ΔbgaA::cat Cam This Study 

AKF_Spn005 ΔbgaA::erm Erm This Study 

AKF_Spn009 Δpbp1a::kan Kan This Study 

AKF_Spn011 Δpbp2a::erm Erm This Study 

AKF_Spn042 Δpbp1a::kan ΔcozE::spec Kan, Spec This Study 

AKF_Spn277 Δpbp1a::kan ΔcozE::erm Kan, This Study 

AKF_Spn040 Δpbp1a::kan ΔmreC::spec Kan, Spec This Study 

AKF_Spn075 Δpbp1a::kan ΔmreD::spec Kan, Spec This Study 

AKF_Spn388 Δpbp1a::kan ΔmreCD::spec Kan, Spec This Study 

AKF_Spn279 Δpbp1a::kan ΔmreC::spec ΔcozE::erm Kan, Spec, Erm This Study 

AKF_Spn024 ΔbgaA::(Pzn::pbp1a, tet) Tet This Study 

AKF_Spn036 Δpbp1a::kan ΔbgaA::(Pzn::pbp1a, tet) Kan, Tet This Study 

AKF_Spn343 
Δpbp1a::kan ΔmreC::spec  

ΔbgaA:: (Pzn::pbp1a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn346 
Δpbp1a::kan ΔcozE::spec  

ΔbgaA:: (Pzn::pbp1a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn412 
Δpbp1a::kan ΔmreC::spec ΔcozE::erm 

ΔbgaA::(Pzn::pbp1a, tet) 

Kan, Spec, Erm, 

Tet 
This Study 

AKF_Spn082 
Δpbp1a::kan ΔmreD::spec  

ΔbgaA:: (Pzn::pbp1a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn396 
Δpbp1a::kan ΔmreCD::spec  

ΔbgaA::(Pzn::pbp1a, tet) 
Kan, Spec, Tet This Study 

    

    



 

 

Supplementary Table 1 | S. pneumoniae strains used in this study (continued) 

Strain Name Genotype 
Resistance 

Marker(s) 

Source or 

Reference 

AKF_Spn538 R6: ΔcozE::spec Spec, This Study 

AKF_Spn540 R6: ΔmreC::spec Spec, This Study 

AKF_Spn534 R6: Δpbp1a::kan ΔcozE::spec Kan, Spec, This Study 

AKF_Spn542 R6: Δpbp1a::kan ΔmreC::spec Kan, Spec, This Study 

AKF_Spn550 

 

R6: Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::pbp1a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn548 

 

R6: Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::gfp-pbp1a(E91A, E150A)[GT-], 

tet) 

Kan, Spec, Tet This Study 

AKF_Spn596 

 

R6: Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::pbp1aR6, tet) 
Kan, Spec, Tet This Study 

AKF_Spn552 
R6: Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::pbp1a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn554 

R6: Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::gfp-pbp1a(E91A, E150A)[GT-], 

tet) 

Kan, Spec, Tet This Study 

AKF_Spn556 

 

R6: Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::pbp1aR6, tet) 
Kan, Spec, Tet This Study 

AKF_Spn391 ΔbgaA::(Pzn::gfp-pbp1a, tet) Tet This Study 

AKF_Spn452 Δpbp1a::kan ΔbgaA::(Pzn::gfp-pbp1a, tet) Kan, Tet This Study 

AKF_Spn400 
Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::gfp-pbp1a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn393 
Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::gfp-pbp1a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn482A 

Δpbp1a::kan  

ΔbgaA::(Pzn::gfp-pbp1a(E91A, E150A)[GT-], 

tet) 

Kan, Tet This Study 

    



Supplementary Table 1 | S. pneumoniae strains used in this study (continued) 

Strain Name Genotype 
Resistance 

Marker(s) 

Source or 

Reference 

AKF_Spn486 

Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::gfp-pbp1a(E91A, E150A)[GT-], 

tet) 

Kan, Spec, Tet This Study 

AKF_Spn484 

Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::gfp-pbp1a(E91A, E150A)[GT-], 

tet) 

Kan, Spec, Tet This Study 

AKF_Spn480A 
Δpbp1a::kan  

ΔbgaA::(Pzn::gfp-pbp1a(S370A) [TP-], tet)  
Kan, Tet This Study 

AKF_Spn477 
Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::gfp-pbp1a(S370A) [TP-], tet) 
Kan, Spec, Tet This Study 

AKF_Spn479 
Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::gfp-pbp1a(S370A) [TP-], tet) 
Kan, Spec, Tet This Study 

AKF_Spn367 
Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::pbp1a(E91A, E150A)[GT-], tet) 
Kan, Spec, Tet This Study 

AKF_Spn359 
Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::pbp1a(E91A, E150A)[GT-], tet) 
Kan, Spec, Tet This Study 

AKF_Spn365 
Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(Pzn::pbp1a(S370A) [TP-], tet) 
Kan, Spec, Tet This Study 

AKF_Spn357 
Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(Pzn::pbp1a(S370A) [TP-], tet) 
Kan, Spec, Tet This Study 

AKF_Spn641 
Δpbp1a::kan  

ΔbgaA::(PZn::gfp-pbp2a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn643 
Δpbp1a::kan ΔcozE::spec 

ΔbgaA::(PZn::gfp-pbp2a, tet) 
Kan, Spec, Tet This Study 

AKF_Spn645 

Δpbp1a::kan ΔmreC::spec 

ΔbgaA::(PZn::gfp-pbp2a, tet) 

Kan, Spec, Tet This Study 

AKF_Spn402 ΔbgaA::(Pfucose::cozE, tet) Tet This Study 

AKF_Spn408 ΔbgaA::(Pfucose::gfp-cozE, tet) Tet This Study 

    



Supplementary Table 1 | S. pneumoniae strains used in this study (continued) 

Strain Name Genotype 
Resistance 

Marker(s) 

Source or 

Reference 

AKF_Spn283 ΔbgaA::(Pfucose::mreC, tet) Tet This Study 

AKF_Spn406 ΔbgaA::(Pfucose::gfp-mreC, tet) Tet This Study 

AKF_Spn296 
ΔmreC::spec 

ΔbgaA::(Pfucose::mreC, tet) 
Spec,Tet This Study 

AKF_Spn328 
ΔmreC::spec 

ΔbgaA::(Pfucose::gfp-mreC, tet) 
Spec,Tet This Study 

AKF_Spn422 
ΔcozE::spec 

ΔbgaA::(Pfucose:cozE, tet) 
Spec,Tet This Study 

AKF_Spn442 
ΔcozE::spec 

ΔbgaA::(Pfucose:gfp-cozE, tet) 
Spec,Tet This Study 

AKF_Spn351 ΔlytA::cat Tet This Study 

AKF_Spn385 
Δpbp1a::kan ΔmreC::spec ΔlytA::cat 

ΔbgaA::(Pzn::pbp1a, tet) 

Kan, Erm, Tet, 

Spec, Cam 
This Study 

AKF_Spn446 
Δpbp1a::kan ΔcozE::spec ΔlytA::cat 

ΔbgaA::(Pzn::pbp1a, tet) 

Kan, Erm, Tet, 

Spec, Cam 
This Study 

AKF_Spn382 ΔcbpD::cat Tet This Study 

AKF_Spn410 
Δpbp1a::kan ΔmreC::spec ΔcbpD::cat 

ΔbgaA::(Pzn::pbp1a, tet) 

Kan, Erm, Tet, 

Spec, Cam 
This Study 

AKF_Spn448 
Δpbp1a::kan ΔmreC::spec ΔcbpD::cat 

ΔbgaA::(Pzn::pbp1a, tet) 

Kan, Erm, Tet, 

Spec, Cam 
This Study 

AKF_Spn638 Δpbp1a::kan  

ΔcozE::(Pzn::FLAG(3X)-cozE, spec) 
Kan, Spec This Study 

AKF_Spn_653 
Δpbp1a::kan  

ΔcozE::(Pzn::FLAG(3X)-cozE, spec) 

ΔbgaA::(Pzn::gfp-pbp1a, tet) 

Kan, Spec, Tet This Study 

    



Supplementary Table 1 | S. pneumoniae strains used in this study (continued) 

Strain Name Genotype 
Resistance 

Marker(s) 

Source or 

Reference 

AKF_Spn_655 
Δpbp1a::kan  

ΔcozE::(Pzn::FLAG(3X)-cozE, spec) 

ΔbgaA::(Pzn::gfp-pbp2a, tet) 

Kan, Spec, Tet This Study 

AKF_Spn_664 

Δpbp1a::kan  

ΔcozE::(Pzn::FLAG(3X)-cozE, spec) 

ΔbgaA::(Pzn::pbp1a, tet) 

Kan, Spec, Tet This Study 

The D39 Δcps genotype (Δcps2A’-Δcps2H’) was excluded from derivative strains for clarity. 
Strains are arranged as first introduced into the manuscript. Cam = chloramphenicol, Erm = 
erythromycin, Kan = kanamycin, Spec = spectinomycin, Tet = tetracycline. [GT-] and [TP-] 
denote putative pbp1a constructs lacking either glycosyltransferase or transpeptidase 

activity respectively. 

  



Supplementary Table 2 | E. coli strains used in this study 

Strain Name Genotype 
Resistance 

Marker(s) 

Source or 

Reference 

BTH101 
F- cya-99 araD139 galE15 galK16 rpsL1 

hsdR2 mcrA1 mcrB1 
- Euromedex 

DH5α 

F- hsdR17, Δ(argF-lacZ)U169 phoA glnV44 

Φ80dlacZΔM15 gyrA96 recA1 relA1 endA1 

thi-1 supE44 deoR 

- Gibco BRL 

 

 

  



Supplementary Table 3 | Plasmids used in this study 

Name Genotype Replicon 
Resistance 

Marker(s) 

Source or 

Reference 

pAC1000 5’ malP::rlrA::cat::malM  pBR322 Cat 
Hava et al 

2003 

(35) 

pAKF200 bgaA’::Pzn::pbp2a::tet::bgaA’ bla pACYC Tet, Amp This study 

pAKF201 bgaA’::Pzn::pbp1a::tet::bgaA’ bla pACYC Tet, Amp This study 

pAKF205 bgaA’::Pfucose::tetM::bgaA’ bla pACYC Tet, Amp This study 

pAKF207 
bgaA’::Pfucose::mreCD::tetM::bgaA’ 

bla 
pACYC Tet, Amp This study 

pAKF208 
bgaA’::Pfucose::cozE::tetM::bgaA’ 

bla 
pACYC Tet, Amp This study 

pAKF212 
bgaA’::Pzn::pbp1a(S370A)::tet::bga

A’ bla  
pACYC Tet, Amp This study 

pAKF213 
bgaA’::Pzn::pbp1a(E91A, 

E150A)::tet::bgaA’ bla 
pACYC Tet, Amp This study 

pAKF214 
bgaA’::Pzn::gfp-pbp1a::tet::bgaA’ 

bla 
pACYC Tet, Amp This study 

pAKF215 
bgaA’::Pfucose::‘TTG’-

cozE::tetM::bgaA’ bla 
pACYC Tet, Amp This study 

pAKF217 bgaA’::Pfucose::gfp-mreCD 

::tetM::bgaA’ bla 
pACYC Tet, Amp This study 

pAKF218 bgaA’::Pfucose::gfp-cozE 

::tetM::bgaA’ bla 
pACYC Tet, Amp This study 

pAKF221 bgaA’::Pfucose::‘TTG’-gfp-cozE 

::tetM::bgaA’ bla 
pACYC Tet, Amp This study 

pAKF222 bgaA’::Pzn::gfp-pbp1a(S370A) 

::tet::bgaA’ bla 
pACYC Tet, Amp This study 

pAKF223 
bgaA’::Pzn::gfp-pbp1a(E91A, 

E150A)::tet::bgaA’ bla 
pACYC Tet, Amp This study 

pAKF227 
bgaA’::Pzn::FLAG-cozE::tet::bgaA’ 

bla 
pACYC Tet, Amp This study 

pAKF228 
bgaA’::Pzn::gfp-pbp2a::tet::bgaA’ 

bla 
pACYC Tet, Amp This study 

pDR240 

cwlH::PamiA::kan::yqeD, bla 

(Janus cassette36 is the original 

source of kan marker) 

pACYC Kan, Amp 

Cloned by 

Harvey 

Kimsey 

     



Supplementary Table 3 | Plasmids used in this study (continued) 

Name Genotype Replicon 
Resistance 

Marker(s) 

Source or 

Reference 

pDR242 cwlH::Ppe::erm::yqeD bla pACYC Erm, Amp 

Cloned by 

Harvey 

Kimsey 

pJWV025 
bgaA’::Pczc::gfp, tetM::spr0564’  

bla 
pBR322 Tet, Amp 

Eberhardt et 

al 2009  

(37) 

pKNT25 Plac::-T25, kan pACYC Kan 

Karimova et 

al 1998  

(22)  

pKNT25-mreD Plac::mreD(S.pn)-T25 kan pACYC Kan This study 

pKNT25-ccmF Plac::ccmF-T25 kan pACYC Kan This study 

pKNT25-cozE Plac::cozE(spd0768)-T25 kan pACYC Kan This study 

pKT25 Plac::T25- kan pACYC Kan 

Karimova et 

al 1998  

(22) 

pKT25-mreC Plac::T25-mreC(S.pn) kan pACYC Kan This study 

pKT25-mreD Plac::T25-mreD(S.pn) kan pACYC Kan This study 

pKT25-pbp1a Plac::T25-pbp1a(S.pn) kan pACYC Kan This study 

pKT25-pbp2a Plac::T25-pbp2a(S.pn) kan pACYC Kan This study 

pKT25-cozE Plac::T25-cozE(spd0768), kan pACYC Kan This study 

pKT25-zip 
Plac::T25-leucine zipper region 

from yeast GCN4. kan 
pACYC Kan 

Karimova et 

al 1998  

(22) 

pKT25-zip 
Plac::T25-leucine zipper region 

from yeast GCN4. kan 
pACYC Kan 

Karimova et 

al 1998  

(22) 

pLEM019 bgaA’::MCS::tetM::bgaA’ bla pACYC Tet, Amp This study 

pLEM023 bgaA’::Pzn::MCS::tetM::bgaA’ bla pACYC Tet, Amp This study 

pLEM025 
bgaA’::Pzn::pbp1a(R6)::tet::bgaA’ 

bla 
pACYC Tet, Amp This study 

pMagellan6 IRL(MmeI)::add9::IRR(MmeI) bla ColE1 Spec, Amp 
van Opijnen 

et al 2009  

(5) 

‘pMalC9’ MBP::Himar1 bla 
pMB1 

(rop-) 
Amp 

Lampe et al 

1999  

(42) 

pRY102 Plac::dspE(ccmG)-T18 bla pUC Amp 
Cloned by 

Rachel Yunk 

pRY103 Plac::dspE(ccmG)-T25 kan pACYC Kan 
Cloned by 

Rachel Yunk 

pUC57-gfp gfp, lacZ, bla pUC Amp 
Gift from the 

Campo lab 

     



Supplementary Table 3 | Plasmids used in this study (continued) 

Name Genotype Replicon 
Resistance 

Marker(s) 

Source or 

Reference 

pUT18 Plac::-T18 bla pUC Amp 

Karimova et 

al 1998  

(22) 

pUT18C Plac::T18- bla pUC Amp 

Karimova et 

al 1998  

(22) 

pCH363 Plac::-T18 lacIq, bla pUC Amp 
Bendezú et 

al 2009 

(41) 

pCH363-ccmF Plac::-T18-ccmF lacIq bla pUC Amp This study 

pUT18C-mreC Plac::T18-mreC(S.pn) bla pUC Amp This study 

pUT18C-mreD Plac::T18-mreD(S.pn) bla pUC Amp This study 

pUT18C-pbp1a Plac::T18-pbp1a(S.pn) bla pUC Amp This study 

pUT18C-pbp2a Plac::T18-pbp2a(S.pn) bla pUC Amp This study 

pUT18C-cozE Plac::T18-cozE(spd0768) bla pUC Amp This study 

pUT18-cozE Plac::cozE-T18(spd0768) bla pUC Amp This study 

pUT18-mreD Plac::mreD-T18(S.pn) bla pUC Amp This study 

pUT18-zip 
Plac::T18-leucine zipper region 

from yeast GCN4. bla 
pUC Amp 

Karimova et 

al 1998  

(22) 

Cam = chloramphenicol, Erm = erythromycin, Kan = kanamycin, Spec = spectinomycin, Tet 

= tetracycline, MCS = multiple cloning site, S.pn = ORF amplified from S. pneumoniae D39 

Δcps.  



Supplementary Table 4 | Oligonucleotides used in this study 

Name Sequence (5’-3’) 

AntibioticMarker_F GAGGGAGGAAAGGCAGGA 

AntibioticMarker_R CGCCGTATCTGTGCTCTC 

BgaA_3ORF_F GAGAGCACAGATACGGCGGCTTCAGTCGGTGTTCTGTTTGG 

BgaA_3ORF_R TGCAAAGAAGTGAAGTTTGGCTTGAGC 

BgaA_5FLANK_F CCTACATTTGATGACCTTCTTAACGCC 

BgaA_5FLANK_R AACTTCGTCAGTGTCGCCTTGC 

bgaA_FLANK_Pfucose_F CCTGTATCTGTTCTTGAAGTTTGGCG 

bgaA_FLANK_Pfucose_R CGTCCTTGAAGACGTTTAGTAGCAAC 

bgaA_FLANK_F GTTGCTACTAAACGTCTTCAAGGACG 

bgaA_FLANK_R CGCCAAACTTCAAGAACAGATACAGG 

cbpD_5FLANK_F GGCAATTGACAGATGAGGAGTGG 

cbpD _5FLANK_R 
TCCTGCCTTTCCTCCCTCGCTATAAACGGTAAAATTTTCATTCT

TCCTCC 

cbpD _3FLANK_F 
GAGAGCACAGATACGGCGCAGTGATGGAGAACGAGTATAGA

AAATTGG 

cbpD _3FLANK_R CCGTCCAAAATACTAACGATGATGGG 

cbpD _SEQ_F GTGCGGAAAGCTTGGTAGACCG 

ccmF_BTH_C_F CGTCTAGATATGATGCCAGAAATTGGTAACGGACTGCTGTGC 

ccmF_BTH_C_R GCGAATTCTACGGCCTCCGGCGCAGTTTTTTGC 

Chlor_isoT_F GAGGGAGGAAAGGCAGGACCGGTATCGATAAGCTTGATG 

Chlor_isoT _R CGCCGTATCTGTGCTCTCAAACCTTCTTCAACTAACGGGG 

GFP/YFP _N_F 
ATGGTTTCTAAAGGTGAAGAATTGTTTACAGGTGTTGTTCCAA

TTTTGG 

GFP/YFP _N_R 
GAGACCTGCTGGCCCTTCCAATTTATACAATTCATCCATACCA

TGTGTAATACCAGC 

GFP_TTG_F 
GAGGGAGGTAACTCTTGGTTTCTAAAGGTGAAGAATTGTTTAC

AGGTGTTGTTCC 

GFP_TTG_R 
CCTTTAGAAACCAAGAGTTACCTCCCTCACTTTATTTTACCATA

TTTTCAAAAAGCTTAACAGATGAATTATTAAAGC 

lytA_5FLANK_F GATGAGTTCAATTGTATCTATCGGCAGTG 

  



Supplementary Table 4 | Oligonucleotides used in this study (continued) 

Name Sequence (5’-3’) 

lytA _5FLANK_R 
TCCTGCCTTTCCTCCCTCCTACTCCTTATCAATTAAAACAACTC

ATTTTTTACAATCC 

lytA _3FLANK_F 
GAGAGCACAGATACGGCGCCAGATGGCTTGATTACAGTAAAA

TAATAATGG 

lytA _3FLANK_R CTCAATCTATATAACATAGCTTTATGACTGATACC 

lytA_SEQ_F GGACTTGCTACCATTATTTCGCAAGG 

MreC_BTH_N_F 
CGTCTAGATATGAACCGTTTTAAAAAATCAAAATATGTCATTAT

TGTTTTTGTCACTG 

MreC _BTH_N_R 
ATCCCGGGTTATGAATTCCCCACTAATTCTATCACATCTACATT

ATGAG 

MreC_GFP/YFP_N_3F 
TTGGAAGGGCCAGCAGGTCTCATGAACCGTTTTAAAAAATCAA

AATATGTCATTATTGTTTTTGTCACTGTTC 

MreC_GFP/YFP_N_5R 
GTAAACAATTCTTCACCTTTAGAAACCATATCCCTACCTTTATA

TCAAAAACTGTTACAGTAACTTTTTA 

MreC_5FLANK_F CTGATAGAGGCGTGTCATTTAAACG 

MreC_5FLANK_R TCCTGCCTTTCCTCCCTCAAACGGTTCATATCCCTACC 

MreC_3FLANK_F GAGAGCACAGATACGGCGGTGGGGAATTCATAATGAGAC 

MreC_3FLANK_R GTTTTTCCAACGATTGGTTACGAGAAAC 

MreC_SEQ_F CAAGTGATGTCTTTCAAGACGTTG 

MreC_nativeRBS_F TATCTCGAGGCTTTCAGGAATTGATAAAAAGTTACTGTAACAG 

MreD_R ATAGGATCCGACAATACTAGTATACCAAAAAAAGGCC 

MreD _BTH_C_F CAGAAGCTTATGAGACAGTTGAAGCGAGTTGGAG 

MreD _BTH_C_R 
AGTGGATCCTCTAGATAATATTTTTCAAAAATAAATTGAAAAAC

AGTAATCC 

MreD_BTH_N_F CGTCTAGATATGAGACAGTTGAAGCGAGTTGGAG 

MreD _BTH_N_R 
GCGAATTCTTATAGATAATATTTTTCAAAAATAAATTGAAAAAC

AGTAATCC 

MreD_5FLANK_F CTGACCATTCTTGTTATTCTCGTACTTGG 

MreD_5FLANK_R 
TCCTGCCTTTCCTCCCTCCGCTTCAACTGTCTCATTATGAATT

CC 

MreD_3FLANK_F 
GAGAGCACAGATACGGCGTAAGAACGACATATAAATGTAACA

AAGGCG 

  

  



Supplementary Table 4 | Oligonucleotides used in this study (continued) 

Name Sequence (5’-3’) 

MreD_3FLANK_R CATTCTCCAATTGGATAACTTGAAGCG 

MreD_SEQ_F GGCTATCAGGGTGGAAAAGGC 

oSp104 CGGGATCCCGGTCAATGTTAGTCATATGG 

oSp105 ATTTGCCTCCTTAAGATCCGC 

oSp106 
GCGGATCTTAAGGAGGCAAATATGAACAAACCAACGATTCTG

CGC 

oSp107 CGGCTCGAGTTATGGTTGTGCTGGTTGAGG 

oSp108 
GCGGATCTTAAGGAGGCAAATATGAAATTAGATAAATTATTTG

AGAAATTTC 

oSp109 CGGCTCGAGTTAGCGAAATAGATTGACTATC 

oSp00X TTTGAATTCGAATTCTAGATGGCTTTTTTGG 

oSp00Y TATCTCGAGTTATAATAGATTTATGAACACC 

P_fucose_F4 CGAGAATTCGGAGGAATTTGAATTATTTTTATGAATATTGGG 

P_fucose_R4 TAACTCGAGCGTCCTTGATTAACTTTATTATAATCCCC 

pbp1a_BTH_N_F CGTCTAGATATGAACAAACCAACGATTCTGCGCC 

pbp1a _BTH_N_R ATCCCGGGTTATGGTTGTGCTGGTTGAGGATTCTG 

PBP1A_GFP/YFP_N_3F2 
TTGGAAGGGCCAGCAGGTCTCAACAAACCAACGATTCTGCGC

CTAATC 

PBP1A_GFP/YFP_N_5R 
GTAAACAATTCTTCACCTTTAGAAACCATATTTGCCTCCTTAAG

ATCCGCAGACTC 

pbp1a_5FLANK_F GTAAACACAAGCCAAGACACCCC 

pbp1a_5FLANK_R TCCTGCCTTTCCTCCCTCTTTGTTCATCTTGTTTTACCACC 

pbp1a_3FLANK_F GAGAGCACAGATACGGCGGCACAACCATAACATTTATCATCC 

pbp1a_3FLANK_R CACGTGGATCAGGTTCAAATGG 

pbp1a_E150A _F 
GCTCAGGCTGCTTGGTTAGCGATTCAGTTAGAACAAAAAGCA

ACC 

pbp1a_E150A _R GCTAACCAAGCAGCCTGAGCCTTACGAGAAATAGTCTGGTCG 

pbp1a_E91A _F 
CGTTTCTATCGCTGACCATCGCTTCTTCGACCACAGGGGGAT

TG 

  

  



Supplementary Table 4 | Oligonucleotides used in this study (continued) 

Name Sequence (5’-3’) 

pbp1a_E91A _R 
GCGATGGTCAGCGATAGAAACGATTGCCTTAACCAAATCTGT

GGGAATATCATTAG 

pbp1a_S370A _F 
GACTGGGGAGCTACTATGAAACCGATCACAGACTATGCTCCT

GC 

pbp1a_S370A _R GGTTTCATAGTAGCTCCCCAGTCGCGGTTTGTTTCTACTGCTT

GG 

pbp2a_5FLANK_F GCCTCTCTAAAGTAAGTGGG 

pbp2a_5FLANK_R TCCTGCCTTTCCTCCCTCCATCTTCATCATAGGAAGAC 

pbp2a_3FLANK_F GAGAGCACAGATACGGCGGATGCTTGTCAAAGCCTAGC 

pbp2a_3FLANK_R CGTACAGTTTGACCAATCTC 

pbp2a_BTH_N_F CGTCTAGATATGAAATTAGATAAATTATTTGAGAAATTTCTTTC

TCTTTTTAAAAAAGAAACAAG 

pbp2a_BTH_N_R ATCCCGGGTTAGCGAAATAGATTGACTATCGAATCCC 

PBP2a_GFP/YFP_N_F TTGGAAGGGCCAGCAGGTCTCAAATTAGATAAATTATTTGAGA

AATTTCTTTCTC 

PBP2a_GFP/YFP_N_R GTAAACAATTCTTCACCTTTAGAAACCATATTTGCCTCCTTAAG

ATCCGCAGAC 

SPD_0768_nativeRBS_F TAACTCGAGGCTTTAATAATTCATCTGTTAAGCTTTTTGAAAAT

ATGG 

SPD_0768_R ATAGGATCCGACTTTTACTTAGCTAATTCTCTTTCTCG 

SPD_0768_5FLANK_F CTGCATTTAAAACAACTGTGATGACTC 

SPD_0768_5FLANK_R TCCTGCCTTTCCTCCCTCTTCTACGAAACATGAGTTACCTCC 

SPD_0768_3FLANK_F GAGAGCACAGATACGGCGGAAAGAGAATTAGCTAAGTAAAAG

TCAGG 

SPD_0768_3FLANK_R GGTTATGTATTATTTTAACAGCCCCTCG 

SPD_0768_Seq_F CGATTTTGCGAAGTGTAAATGTAGAAG 

SPD0768_FLAG_N_R TTTATCGTCGTCATCCTTGTAGTCAATGTCATGGTCTTTGTAGT

CTCCGTCATGGTCCTTATAGTCCATGAGTTACCTCCCTCACTT

TATTTTACC 

SPD0768_FLAG_N_F CATTGACTACAAGGATGACGACGATAAATTGGAAGGGCCAGC
AGGTCTCTTTCGTAGAAATAAATTATTTTTTTGGACCACAGAAA
TTTTACTCTTAACC 

  
  



Supplementary Table 4 | Oligonucleotides used in this study (continued). 

Name Sequence (5’-3’) 

SPD0768_FLAG_Pzn_F ATAACTCGAGAGGAGGTAACTCATGGACTATAAGGACCATGA

CGG 

SPD0768_FLAG_Pzn_R TATGGATCCTTACTTAGCTAATTCTCTTTCTCGTTCTTTCATTA

TTTTATG 

FLAG_Seq_F CCATGACGGAGACTACAAAGACC 

SPD0768_5FLANK_insert_

R 

GGAGATCCCCAAGTAATCGTGTTCTACGAAACATGAGTTACCT

CC 

pLEM023_F CACGATTACTTGGGGATCTCCCCGCGAAAGCGGG 

pLEM023_R TCCTGCCTTTCCTCCCTCGTCATACCATGTATACCACTTGG 

SPD_0768_TTG_F GGGAGGTAACTCTTGTTTCGTAGAAATAAATTATTTTTTTGGAC

CACAGAAATTTTACTCTTAACC 

SPD_0768_TTG_R CTACGAAACAAGAGTTACCTCCCTCACTTTATTTTACCATATTT

TCAAAAAGCTTAACAGATG 

SPD0768_GFP/YFP_N_5R 
GTAAACAATTCTTCACCTTTAGAAACCATGAGTTACCTCCCTC

ACTTTATTTTACCATATTTTCAAAAAGC 

SPD0768_GFP/YFP_N_3F TTGGAAGGGCCAGCAGGTCTCATGTTTCGTAGAAATAAATTAT

TTTTTTGGACCACAGAAATTTTACTCTTAACC 

SPD0768_BTH_C_F CAGAAGCTTATGTTTCGTAGAAATAAATTATTTTTTTGGACCAC

AG 

SPD0768_BTH_C_R AGTGGATCCTCCTTAGCTAATTCTCTTTCTCGTTCTTTC 

SPD0768_BTH_N_F 
CGTCTAGATATGTTTCGTAGAAATAAATTATTTTTTTGGACCAC

AG 

SPD0768_BTH_N_R GCGAATTCTTACTTAGCTAATTCTCTTTCTCGTTCTTTC 

Spec_isoT_F GAGGGAGGAAAGGCAGGACCCGTTTGATTTTTAATGGTAATG 

Spec_isoT _R CGCCGTATCTGTGCTCTCAATTTTTTTATAATTTTTTTAATCTG 

Tet_isoT_F GAGGGAGGAAAGGCAGGACCAAGTAATCGTGAATGTCGCTG 

Tet_isoT_R CGCCGTATCTGTGCTCTCTGCGCTCCGCTAGCTTTACAGAC 

Where restriction enzyme sites have been introduced into the primers, these are underlined. Any 

primer containing relevant sequence from an ORF are shown in red. Overlapping sequences used 

for isothermal assembly when generating gene knockout constructs are shown in blue. Regions 

where codons have been altered are highlighted in green. Linker regions used for GFP- fusions are 

shown in purple. Sequences used to generate the FLAG tag fusion proteins are shown in orange. 
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