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Supplementary Materials and Methods 

 

Protein expression and Purification 

The plasmid encoding the ParE30-ParC55 (S. pneumoniae topo IV ParC core 

domains (ParC55; residues 1-490) fused with ParE TOPRIM domain (ParE30; 

residues 404-647)) fusion protein was constructed using pXP1 plasmid (which carries 

a 4.3-kb HindIII fragment of the S. pneumoniae ParE-ParC locus) and pET29aParC55 

(which was previously engineered in our laboratory to express S. pneumoniae ParC55 

as a C-terminally His6-tagged protein). The ParE30 DNA coding sequence was 

amplified by PCR using the pXP1 plasmid as a template, and primers containing the 

NdeI restriction sequence (forward primer 5’-

GGTTCCATATGAAAAACAAGAAAGATAAGGGCTTG; reverse primer 5-

AAAACATATGAAACACTGTCGCTTCTTCTAGCGT). The PCR product was digested 

with NdeI and ligated into NdeI-linearized pET29a-ParC55. The resulting plasmid 

pET29aParE30-ParC55 was sequence-checked prior to transformation into E. coli 

strain BL21(λDE3) pLysS cells (from Novagen). The transformed BL21(λDE3) pLysS 

cells were cultured in LB broth and the expression was induced by IPTG. 

Subsequently, the recombinant topo IV ParE30-ParC55 fusion protein were purified 

to >95% homogeneity by Ni-NTA chromatography as previously described (1). 

 

Preparation of dsDNA 

V-site 18-mer DNA oligomers (5’-GTAATACGGTTATCCACA, 5’- 

TGTGGATAACCGTATTAC) were purchased from Metabion. The lyophilized DNA 

oligomers were resuspended in the annealing buffer (20 mM Tris-HCl, pH 7.5, 200 

mM NaCl, 5 mM β-mercaptoethanol, 0.05% NaN3), mixed in 1:1 molar ratio, heated to 

95°C and then cooled slowly to 4°C to allow dsDNA formation. 

 

Crystallization 

 

Topoisomerase IV fused ParE30-ParC55 protein was concentrated to 4.5 mg/mL and 

dialyzed into 20 mM Tris-HCl (pH 7.5), 200 mM NaCl and 0.05% NaN3. The protein 

was then mixed with the V-site 18-mer DNA at a 1:1.2 molar ratio. Delafloxacin 

(SML1869, Sigma-Aldrich; dissolved in 50% DMSO) and MgCl2 were added to a final 



concentration of 2 mM and 10 mM, respectively. The mixture was incubated at room 

temperature overnight to allow complex formation. The crystallization condition used 

was 50 mM sodium cacodylate, 62.5 mM KCl, 7.5 mM MgCl2, 2.5% TacsimateTM 

(Hampton Research), 5.5-7% isopropanol, pH 6.5. The protein crystals were 

cryoprotected with 50 mM sodium cacodylate (pH 6.5), 62.5 mM KCl, 7.5 mM MgCl2, 

2.5% TacsimateTM (Hampton Research), 1 mM β-mercaptoethanol and 30% (v/v) 

MPD before flash-cooled in liquid nitrogen and collected in elliptical polyimide sample 

mounts. 

 

Laser shaping and X-ray structure determination 

 

Laser shaping was performed to reduce sample X-ray absorption, which compromises 

the data quality at very long wavelength (i.e. λ = 5.15 Å). Rod-shaped crystals (sizes 

varied from 80-200 μm in length and 20-50 μm in width) were shaped using the laser 

shaping system at the Diamond Light Source. The parameters used were a 

wavelength of 515 nm, a repetition rate of 12 kHz and an energy per pulse of 10μJ. 

Sample mount and solvent were removed from around the rod-shaped crystals at 

100K. Diffraction experiments were performed at the in-vacuo beamline I23, Diamond 

Light Source (2), equipped with a semi-cylindrical Pilatus 12M (Dectris AG, 

Switzerland).  Data were collected at six different wavelengths: 2.75 Å, 3.14 Å, 3.54 

Å, 4.35 Å, 4.50 Å and 5.16 Å (Table 1). The data were automatically processed by 

Xia2/DIALS (3). If the dataset showed anisotropy, it was further processed with 

STARANISO (4).   

 

The structures were solved by molecular replacement using the deposited Topo IV-

V18-Delafloxacin model (PDB ID:8QMB) with removed metal ions. The anomalous 

maps from long-wavelength data were generated using ANODE (5). The positions of 

anomalous peaks (from ANODE) higher than 4.0σ were manually inspected in COOT 

(6). Chlorine ions were modeled in the positions, where positive omit difference density 

peaks (> 3.5σ) overlapped with the anomalous difference peaks above the K edge (λ 

= 4.35 Å, E = 2.85 keV) but not the anomalous difference peaks below the K edge (λ 

= 4.50 Å, E = 2.75 keV) (data not shown). We ruled out the presence of calcium ions 

in the structure as all anomalous difference peaks matched above (λ = 2.75 Å, E = 



4.50 keV) and below the calcium K edge (λ = 3.14 Å, E = 3.95 keV), then modelled 

potassium ions based on locations where the anomalous difference peaks are present 

above the calcium/potassium K edge (λ = 2.75 Å, E = 4.50 keV) but absent below the 

potassium K edge (λ = 3.54 Å, E = 3.50 keV). This energy E = 3.50 keV below the 

potassium K edge is insufficient to excite anomalous scattering from K+ ions. Then we 

assigned K+ coordination based on the interaction lengths around 2.83 Å proposed for 

K+-O distances (7). The remaining positive difference omit peaks that overlapped with 

the anomalous difference peaks below the sulfur K edge were modeled as Mg2+ ions. 

The model from the best data collection at λ = 2.75 Å (E = 4.50 keV) was then refined 

using PHENIX (8). This refined model was further validated using the PDB-redo server 

(9). The best refined structure is deposited in the Protein Data Bank under access 

code PDB:9GEF. 

 

Figures of protein, DNA, drug structures were generated using UCSF ChimeraX (10). 
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