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Figure S1. Sequence of the par upstream intergenic region. The DNA segment shown 
corresponds to nucleotides 1892-1713 of the pSK1 plasmid (GenBank entry GU565967). 
Black boxes represent –10 and –35 sequences of the par promoter, Ppar. The nucleotides 
protected by Par from DNase I digestion are shown in outline text and the numbered arrows 
in this region indicate centromere-like repeat elements. The par transcriptional start point 
(TSP) is indicated by a bent arrow, and the par ribosome binding site is shown in lower case. 



 

 

Figure S2. Sequence alignment of pSK1 Par homologs. The regions of the protein 
are labeled over the sequence, including the winged helix-turn-helix (wHTH), 
disordered region (that is subject to proteolysis), the putative coiled coil (CC) and the 
C-terminal disordered region. The secondary structural elements revealed in the 
crystal structure are shown within the wHTH. Invariant, conserved and somewhat 
conserved residues are indicated by asterisks, double circles and single circles, 
respectively, under the sequence.  Residues in the wHTH that contact DNA are 
colored cyan (as a subunit in Figure 3A) except Lys15 which is colored grey. Invariant 
residues outside those contacting DNA are colored yellow.  
 

 

 

 

 

 

 



 

 
Figure S3. The structure of the pSK1 Par DNA-binding domain shows homology to 
the structure of the B. subtilis RacA DNA-binding domain. (A) Superimpositions of 
pSK1 Par DNA-binding domain onto that of RacA and (B) Sequence alignment of 
RacA and pSK1 Par.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. pSK1 Par oligomerization. (A) Purification and SEC analysis of pSK1 
Par(1-170). SDS page shows purity of the protein, the band highlighted was used for 
SEC with an S75 column (Materials and methods). Based on calibration of standards 
the estimated MW is 90 kDa, which is most consistent with a dimer-of-dimer or 
tetramer. (B) Purification and SEC analysis of pSK1 Par(1-65) and Par(78-170). SDS 
page gels shows the purity of the proteins. SEC analyses provided estimated MWs 
of 65 and 12 kDa, respectively which is consistent with a monomeric wHTH (Par(1-
65) and dimer-of-dimer or tetramer for pSK1 Par(78-170) (Note all these proteins 
contain a 20 residue N-terminal tag, which includes a His6 tag). The MW of the latter 
may be higher due to shape (non-globular proteins exhibit larger MW than the 
globular equivalent). (C) Output from Alphafold 2 run with pSK1 Par (sequences 
linked to observe possible dimer prediction). Note residues 1-50 (labeled “wHTH”) 
and 78-180 (labeled “CC”) are predicted with high reliability (pLDDT >90%) for the 
two subunits of the dimer. The x and y axis indicate the Predicted IDDT and residue 
number (where subunit 2 is numbered consecutively after subunit 1 due to the 
linkage). Rank refers to the 5 models that were output in the run. Note all runs 
produced similar results and structures for the reliably predicted domains. 

 



 

 

 

 
Figure S5. Far-UV CD spectra of pSK1 Par(1-170), pSK1 Par(1-65), and pSK1 Par(78-170). 
The samples were in a buffer consisting of 20 mM NaH2PO4 (pH 7.5), 300 mM NaF, 5% 
glycerol, and 1 mM TCEP. 
 

 

 

 

 

 

 

 

 

 
 

 

 



 

Figure S6. Plasmid segregational stability assay of a pSK1 minireplicon encoding Par-
GFP in S. aureus. The retention of pSK1 minireplicons pSK4829 (par, green), 
pSK4833 (Δpar, red) and pSK9088 (Ppar::par-gfp, blue) was determined for five days 
of serial subculture (~75 generations) in the absence of selection. Each data point is 
the mean of three independent assays, each normalized to 100% plasmid retention 
on Day 0. Error bars indicate standard error of the mean. 
 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S7. Segregational stability of pSK1 minireplicon pSK4833 (Δpar) in the 
presence of untagged Par, provided in trans from pSK9104 (Pspac::par), induced with 
0 mM (purple), 0.05 mM (dark blue), 0.1 mM (light blue), 0.5 mM (orange) or 1.0 mM 
(red) IPTG. Cells were subcultured for five days (~75 generations) in the presence of 
tetracycline (to maintain selection for pSK9104) and the appropriate concentration of 
IPTG. The segregational stability of pSK4829 is included as a reference. Each data 
point is the mean of three independent assays, each normalized to 100% plasmid 
retention on Day 0. Error bars indicate standard error of the mean. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S8. Fluorescence localization of TetR-GFP in the absence of tetO arrays. 
TetR-GFP expression was induced from pSK9142 (Pspac::tetR-gfp) with 0.1 mM IPTG 
in S. aureus cells harboring a pSK1 minireplicon lacking tetO arrays (pSK4829, par). 
From left to right: TetR-GFP, bright-field (BF), and merge of TetR-GFP and BF 
channels. Scale bar = 1 μm. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Bacterial strains, plasmids and oligonucleotides 
Strain, plasmid or 
oligonucleotide Genotype, relevant characteristics or sequence a Reference or 

source 
E. coli   
DH5ɑ F- endA hsdR17 supE44 thi-1 λ- recA1 gyrA96 relA1 ɸ80 dLacZΔM15 Bethesda Research 

Laboratories 

M15 F- thi- lac- ara+ gal+ mtl- recA+ uvr+ lon+ Qiagen 

C41(DE3) F- ompT hsdSB (rB- mB-) gal dcm (6) 

S. aureus   

RN4220 Restrictionless derivative of NCTC 8325–4 (7)  

Plasmids   

pJEG015 ApR, TcR, pLOW-GFP with ermC replaced by tetA(K) This study 

pLAU44 ApR, GmR, pUC18 carrying an array of 120 copies of the 19-bp Tn10 tetO binding site separated by 10-bp random 
spacer sequence, flanking either side of a gentamicin resistance gene 

(8) 

pLOW-GFP ApR, EmR, E. coli–S. aureus shuttle plasmid containing IPTG-inducible Pspac promoter and lacI for controlled 
expression of gfp fusions in S. aureus 

(9) 

pQE-30 ApR, E. coli expression vector containing IPTG-inducible T5 promoter and lac operator Qiagen 

pRB394 ApR, NmR, pBR322 ori, pUB110 ori, MCS-promoterless cat gene from pUB112 (10) 

pREP4 KmR, lac repressor gene (lacI) Qiagen 

pSK1 S. aureus 28.2 kb multiresistance plasmid (11) 

pSK4829 ApR, EmR, pSK1 par-rep coding region cloned into the BamHI and HindIII sites of pWE180 (12) 

pSK4833 ApR, EmR, pSK1 rep coding region cloned into the BamHI and HindIII sites of pWE180 (12) 

pSK5336 ApR, NmR, pSK1 par-rep intergenic region cloned into the BamHI and HindIII sites of pRB394 This study 

pSK5344 ApR, pSK1 par coding region cloned into the BamHI and HindIII sites of pQE-30 This study 

pSK6133 ApR, EmR, pSK4829 site-directed mutant; -10 region of PrnaI changed to a SmaI site (see Figure 1A) This study 

pSK6134 ApR, NmR, pSK5336 site-directed mutant; -10 region of PrnaI changed to a SmaI site (see Figure 1A) This study 

pSK6137 ApR, EmR, pSK4829 site-directed mutant; -10 region of Ppar-1 changed to a SmaI site (see Figure 1A) This study 

pSK6138 ApR, NmR, pSK5336 site-directed mutant; -10 region of Ppar-1 changed to a SmaI site (see Figure 1A) This study 

pSK6144 ApR, NmR, pSK1 par coding region and the upstream direct repeats cloned into the EcoRI and BamHI sites of 
pRB394 

This study 

pSK6147 ApR, EmR, pSK4829 site-directed mutant; -10 region of Ppar-2 changed to a MluI site (see Figure 1A) This study 

pSK6148 ApR, EmR, pSK4829 site-directed mutant; -10 region of Ppar-3 changed to a KpnI site (see Figure 1A) This study 

pSK6149 ApR, NmR, pSK5336 site-directed mutant; -10 region of Ppar-2 changed to a MluI site (see Figure 1A) This study 

pSK6150 ApR, NmR, pSK5336 site-directed mutant; -10 region of Ppar-3 changed to a KpnI site (see Figure 1A) This study 

pSK6152 ApR, NmR, pSK6144 site-directed mutant; two stop codons (TAA and TGA) were substituted at the second and 
fourth codon positions of par 

This study 

pSK7721 ApR, EmR, pSK4829 site-directed mutant; par loop-out deletion nucleotides 247-465 (aa 83-155; ΔCC) This study 

pSK7728 ApR, pSK5344 site-directed mutant; par double point mutation TT395GC (L132A) This study 

pSK7764 ApR, EmR, pSK4829 site-directed mutant; par double point mutation AA44GC (K15A) This study 

pSK7766 ApR, pSK5344 site-directed mutant; par double point mutation AA44GC (K15A) This study 

pSK7767 ApR, pSK5344 site-directed mutant; par loop-out deletion nucleotides 247-465 (aa 83-155; ΔCC) This study 

pSK9065 ApR, NmR, E. coli–S. aureus shuttle plasmid for controlled expression of mRFPmars fusions (13) 

pSK9067 ApR, EmR, pLOW-GFP containing an additional lacOid operator upstream of Pspac (13) 

pSK9071 ApR, pSK5344 site-directed mutant; par C-terminal deletion of nucleotides 511-738 (aa 171-245; ΔCTD) This study 



pSK9088 ApR, EmR, pSK1 rep and pSK1 par-gfpmut-1 coding region cloned into the BamHI and HindIII sites of pWE180. C-
terminal Par-GFP fusion protein expressed from native pSK1 par promoter, Ppar 

This study 

pSK9102 ApR, TcR, pSK1 parK15A and the native par RBS cloned into the SalI and BamHI sites of pJEG015 to generate a C-
terminal parK15A-gfp fusion  

This study 

pSK9103 ApR, TcR, pSK1 parΔCC and the native par RBS cloned into the SalI and BamHI sites of pJEG015 to generate a C-
terminal parΔCC-gfp fusion 

This study 

pSK9104 ApR, TcR, pSK1 par and the native par RBS, including stop codon, cloned into the SalI and SmaI sites of pJEG015  This study 

pSK9140 ApR, NmR, aadD gene cloned into the KpnI and ClaI sites of pSK9067, replacing the ermC gene This study 

pSK9142 ApR, NmR, Tn10 tetR cloned into the SalI and BamHI sites of pSK9140 This study 

pSK9144 ApR, EmR, Tn10 tetO array cloned into the KasI site of pSK4829  This study 

pSK9145 ApR, EmR, Tn10 tetO array cloned into the KasI site of pSK4833 This study 

pWE180 ApR, EmR, pE194 erythromycin resistance gene (ermC) cloned into the blunted NdeI site of pUC18 (12) 

Oligonucleotidesb   

985EcoRI 5′-cgcgaattctcattagccaccaaacaaacgactccagaagcc-3′ This study 

988HindIII 5′-gcgaagcttttagccaccaaacaaacg-3′ This study 

990BamHI 5′-ttaaggatccagccaccaaacaaacgactcc-3′ This study 

991HindIII 5′-gcgctgcagtcaagcttgccaccaaacaaacgactccagaagcc-3′ This study 

994gfp 5′-catggaggcgccgcaggagccaccaaacaaacgactcc-3′ This study 

1217ΔCTDHindIII  5′-gcgaagctttcatcgatcattagtagatttatc-3′ This study 

1240ΔCC 5′-ggaataacttaattgtctctcgccatctgaattattatatctattcttttc-3′ This study 

1310L132A 5′-gctaaaatttgttgattctctgctaatttatttaatgtattaac-3′ This study 

1346L132A 5′-gttaatacattaaataaattagcagagaatcaacaaattttagc-3′ This study 

1509ΔCC 5′-gaaaagaatagatataataattcagatggcgagagacaattaagttattcc-3′ This study 

1661BamHI 5′-gcgggatccgcattattaacaacagtttg-3′ This study 

1661K15A 5′-gcattattaacaacagtttgtgcagttacattcaattcatcag-3′ This study 

1687EcoRI 5′-tacattcaattcatcagcaagaattcttcaagtttacatatcatccacccttag-3′ This study 

1689 5′-cattcaattcatcagcaacc-3′ This study 

1703K15A 5′-ctgatgaattgaatgtaactgcacaaactgttgttaataatgc-3′ This study 

1722BamHI 5′-cgcggatccaaaactataaaaatggttgctgatg-3′ This study 

1725EcoRI 5′-cgcgcgaattcatgaaaactataaaaatgg-3′ This study 

1739SmaI 5′-ggcacctaatttactacctacccgggccacctaacaatttttctttcatc-3′ This study 

1740EcoRI 5′-ctaagggtggatgatatgtaaacttgaagaattcttgctgatgaattgaatgta-3′ This study 

1743SalI 5′-gattgtcgactgcctaagggtggatgatatg-3′ This study 

1789SmaI 5′-gatgaaagaaaaattgttaggtggcccgggtaggtagtaaattaggtgcc-3′ This study 

1797MluI 5′-ccgcctaacgcgttcatttttactacctaagtac-3′ This study 

1830MluI 5′-gtacttaggtagtaaaaatgaacgcgttaggcgg-3′ This study 

1900 5′-atcagaatcatgttatgacc-3′ This study 

1963KpnI 5′-aagccaatgctattggtaccgcatcggctctggt-3′ This study 

1996KpnI 5′-accagagccgatgcggtaccaatagcattggctt-3′ This study 

2037SmaI 5′-gcgttcgtttatttatatatttttttgatacttgtcccgggtatatctactcgtct-3′ This study 

2066SmaI 5′-agacgagtagatatacccgggacaagtatcaaaaaaatatataaataaacgaacgc-3′ This study 



2196HindIII 5′-gcgaagcttcgtaatgtttcgaattcacttgc-3′ This study 

2727BamHI 5′-gcgggatccctcattcgaatcatacaaatcatc-3′ This study 

3130BamHI 5′-gcgggatccttttctgttgacttaattcc-3′ This study 

gfp_linker 5′-ggctcctgcggcgcctccatgagtaaaggagaagaac-3′ This study 

gfpHindIII 5′-gcgaagcttttatttgtatagttcatcc-3′ This study 

tetRSalI 5′-cgcgtcgacttaggaggatgattatttatgtctagattagataaaagt-3′ This study 

tetRBamHI 5′-cgcggatcccggaggcgccgcaggaagacccactttcacattt-3′ This study 

tetOKasIF 5′-atcgcggcgccgctagcggccagtgccaagcttag-3′ This study 

tetOKasIR 5′-atcgcggcgccgctagcgtgatgcactttgatatcg-3′ This study 

a ApR, ampicillin resistance; EmR, erythromycin resistance; GmR, gentamicin resistance; KmR, kanamycin resistance; LEU+, leucine autotrophy; NmR, neomycin resistance; 

TcR, tetracycline resistance; TRP+, tryptophan autotrophy. Nucleotide base substitutions are bolded and restriction sites are underlined. b The number refers to the 5' most 

base of each oligonucleotide that corresponds to pSK1 par-rep sequence (GenBank entry GU565967). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



________________________________________________________________ 
Table S2: Data collection and refinement statistics for pSK1 Par-DNA complex 
Data      pSK1 Par-DNA/SAD  native pSK1 Par-DNA 

Pdb code       8CSH 

Space group  C2    C2 

Cell constants (Å) a=70.9, b=91.7,c=59.0  a=70.4, b=91.1, c=59.2 

Cell angles (º)  α=γ=90.0, β=120.0  α=γ=90.0, β=119.8 

Resolution (Å)  51.11-2.79   51.33-2.25   

Rsym(%)a  8.3 (1.00)b   7.8 (56.3) 

Rpim (%)   5.6 (67.6)   5.6 (45.3) 

Overall I/σ(I)  8.4 (2.4)   8.0 (2.2)  

#Unique Reflections 7609    13575 

#Total Reflections 22238    36953 

% Complete  92.9 (95.2)   94.3 (97.9) 

CC(1/2)   0.997 (0.457)   0.992 (0.645)  

Multiplicity  3.0 (3.5)   2.7 (2.3)   

Refinement Statistics 

Resolution (Å)      51.33-2.25     

Rwork/Rfree(%)c      21.4/24.6 

Rmsd 

Bond angles (º)      0.687     

Bond lengths (Å)     0.004 

Ramachandran analysis   

Favored (%/)      98.04 

Disallowed(%)      0.0  

 
aRsym = ΣΣ|Ihkl-Ihkl(j)|/ ΣIhkl, where Ihkl(j) is observed intensity and Ihkl is the final average value of intensity. b 

values in parentheses are for the highest resolution shell. cRwork = Σ||Fobs| - |Fcalc||/Σ|Fobs| and Rfree = Σ||Fobs| - 

|Fcalc||/�|Fobs|; where all reflections belong to a test set of 5% randomly selected data.  
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