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1. SUPLEMENTARY METHODS 8 

1.1. OmpF protein expression and purification 9 

Cells were transformed with addition of 1 µL DNA pRSF1b plasmid encoding the OmpF protein 10 

sequence to 100 µL of RbClcompetent E. coli BL21(DE3)Omp5 cells. The mixture was 11 

incubated on ice for 30 min. The sample was exposed to a 45 s heat shock at 42 °C and 12 

incubated for a further 2 min on ice. 1 mL of sterile LB broth was added to the cells and the 13 

mixture incubated for 1 h, at 37 °C, 180 rpm. The mixture was centrifuged for 30 s at 6300 rpm 14 

and 800 µL of the supernatant were discarded. The remaining cell pellet was resuspended and 15 

plated onto LB agar kanamycin containing plates, overnight, at 37 °C. 5 mL of sterile LB broth 16 

was added to the full growth plate, and the bacteria was resuspended and transferred to a tube. 17 

Then, 4 mL of the bacterial suspension were distributed equally by four flasks, each one 18 

containing 1 L of sterile LB broth, 40 mg·dm3 kanamycin. Bacteria suspension were grown at 19 

37 °C, 120 rpm, until an OD between 0.75 and 1.1 was reached. Then 1 mL of IPTG 20 

(0.5 mol∙dm-3) was added to each L of culture and bacteria were grown for 6 h at 37 °C, 21 

120 rpm. Bacterial suspensions were centrifuged, at 4000 g, 4 °C, for 20 min and the cell pellets 22 

stored at 20 °C.  23 

Isolation of outer-membrane (OM) fractions was carried out as described previously.[1] Frozen 24 

cell pellets were defrosted and resuspended with 20 mL of 200 mmol∙dm-3 Tris, pH 7.5, with 25 

stirring. 30 mg of lysozyme were added to stirred cells along with 23 mL of a 1 mol∙dm-3 sucrose, 26 

5 mmol∙dm-3 EDTA solution in 200 mmol∙dm-3 Tris, pH 7.5. The mixture was incubated for 1 min, 27 

then 45 mL of distilled water were added to the mixture, followed by addition of 800 μL of PMSF 28 

(17.5 g·dm-3) and 800 μL Ntosyl-L-phenylalanine chloromethyl ketone (NLPCK) (3.5 g·dm-3) 29 



dissolved in ethanol. Cells were stirred for 30 min before the addition of 1.38 mL of 1 

1 mol∙dm3 MgSO4 and 10 mg of DNase. Cells were incubated for 15 min, stirred, then 9.6 mL of 2 

20 % Triton X-100 were added, and the cells were incubated for additional 15 min, while stirring. 3 

The aforementioned steps were conducted at 4 °C. The resulting cell extract was centrifuged for 4 

45 min at 144000 g, at 4 °C. Cell pellet was resuspended with 20 mL of 3 % n-octyl-β-D-5 

glucopyranoside (n-OG), solgrade, from ANATRACE, in 20 mmol∙dm-3 Tris, pH 8.0. The sample 6 

was incubated overnight, at room temperature and while stirring, to ensure outer-membrane 7 

extraction. Sample was centrifuged for 1 h, 65000 g, at 20 °C. The supernatant was collected, 8 

and the pellets rejected.  9 

OmpF protein was purified from the supernatant using Nickel affinity chromatography. Nicolumn 10 

was first washed with water, using 2 column volumes. Then 5 mL of equilibration buffer, 11 

containing 20 mmol∙dm3 Tris, pH 8.0, 10 mmol∙dm-3 imidazole, 0.1 mol∙dm-3 NaCl and 12 

30 mmol∙dm3 n-OG, were added to the column. 10 mmol∙dm-3 imidazole and 0.1 mol∙dm3 NaCl 13 

were added to the sample, which was then slowly loaded into the Nicolumn. Further 25 mL of 14 

the equilibration buffer were added to the column and the eluted solution was collected. Then 15 

30 mL of washing buffer, containing 20 mmol∙dm3 Tris, pH 8.0, 20 mmol∙dm3 imidazole, 16 

0.2 mol∙dm-3 NaCl and 30 mmol∙dm-3 nOG, were added to the column and the eluted solution 17 

was collected. OD280nm was measured to ensure that washing was complete. Then, 20 mL of 18 

OmpF elution buffer, containing 20 mmol∙dm-3 Tris, pH 8.0, 100 mmol∙dm-3 imidazole, 19 

0.1 mol∙dm-3 NaCl and 30 mmol∙dm-3 n-OG, were added to the column. Fractions of 500 µL of 20 

eluted sample were collected and the OD280nm was measured to find the aliquots with the higher 21 

protein concentration. OmpF purity of the collected aliquots was confirmed by SDSpage 22 

electrophoresis (12 % acrylamide gel).[2]  23 

The 6 aliquots with the higher OmpF concentration were gathered (final volume 3 mL) and the 24 

Nterminal His6tag was removed by incubation with TEV protease at a ratio of 1:200 (w/w), after 25 

adding EDTA, DTT and Tris to a final concentration of 0.5 mmol∙dm3, 1 mmol∙dm3 and 26 

50 mmol∙dm3, pH 8.0, respectively. Sample was dialyzed overnight using a 10 kDa spectra/Por6 27 

dialysis membrane (32 mm), against a solution of 20 mmol∙dm3 Tris, 0.1 mol∙dm3 NaCl, 0.8 % 28 

o-POE, 0.5 mmol∙dm3 PMSF, 1 mmol∙dm3 sodium azide, pH 8.0, at room temperature. Protein 29 

was concentrated by centrifugation using 30 kDa Vivaspin® ultra filters (GE Healthcare). Final 30 

purification was performed by size-exclusion chromatography using an ÄKTA900 fast protein 31 

liquid chromatography system with a superdex-S200 10/300 GL column from GE Healthcare, 32 

equilibrated with 20 mmol∙dm3 Tris, 0.1 mol∙dm3 NaCl, 0.8 % o-POE, pH 8.0.  33 

 34 



1.2. OmpF crystallization 1 

Crystallization solutions tested to obtain OmpF crystals were based on previously described 2 

crystallization conditions.[3, 4] Screening involved variation of polyethylene glycol (PEG) 200 3 

and 2000 at concentrations ranging from 45 % to 62 % w/w and 8 % to 28 % w/w, 4 

respectively, and MgCl2 between 0.1 mol∙dm3 to 1 mol∙dm3. Solutions were buffered with 5 

Tris (pH 7.5) or Nacacodylate (pH 6.5 or pH 7.0), all at 0.1 mol∙dm3.  6 

Several protocols for soaking the OmpF crystals with the CuCpxPhen solution were tested. 7 

For crystals grown with PEG 200, crystals were transferred to 3 µL of a solution containing 8 

8 mmol∙dm3 CuCpxPhen, 55 % PEG 200, 25 % glycerol, 1 % oPOE, 0.1 mol∙dm3 NaCl and 9 

0.1 mol∙dm3 Nacacodylate pH 6.5 and soaked overnight. This process was repeated twice. 10 

Crystals grown in PEG 2000 did not survive a direct transfer and, therefore, we gradually 11 

added increasing amounts of a cryoprotecting solution containing glycerol to the original 12 

drop. The solution consisted in 28 % PEG 2000, 30 % Glycerol, 0.2 mol∙dm3 NaCl, 1 % 13 

oPOE, 0.1 mol∙dm3 Tris pH 7.5. Firstly, 0.6 µL of the solution was added to the drop and 14 

incubated for 30 min. Then successive additions of 0.6 µL, 1.2 µL and 1.6 µL were 15 

performed with incubations of 1 h at each step. Crystals were stable at the end of this 16 

process, in a solution with a final concentration of 20 % glycerol. From this solution, single 17 

crystals were transferred to 3 µL of a solution containing 4 mmol∙dm3 CuCpxPhen, 24 % 18 

PEG 2000, 25 % glycerol, 1 % o-POE, 0.2 mol∙dm3 NaCl and 0.1 mol∙dm3 Tris pH 7.5. 19 

These crystals were incubated overnight in the soaking solution. 20 

 21 
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2. SUPLEMENTARY RESULTS 1 

 2 

 3 

Figure S1. Molecular structures of A) ciprofloxacin, B) sparfloxacin and C) moxifloxacin in the free 4 

form (top) and the copper-FQ-phen form (bottom). 5 
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2.1. The CuCpxPhen/OmpF complex 1 

 2 

Figure S2. The two sets of rod-shaped crystals grown in different crystallization conditions. 3 

Structure determination revealed that the different crystallization conditions resulted in crystals with 4 

different space groups: one with the trimer in the asymmetric unit (PDB ID: 6ZHV), and the other with a 5 

monomer subunit (PDB ID: 6ZHP). In the 6ZHP structure the OmpF trimer is formed by subunits from 6 

asymmetric units related by the crystallographic 3-fold axis. 7 

 8 

 9 



 1 

Table S1. List of the crystallographic data for each model and refinement statistics.a 2 

MODEL 6ZHP 6ZHV 

Beam line Soleil Proxima 2A Soleil Proxima 2A 

Space group P 3 2 1 P212121 

Unit cell size (Å) 135.94, 135.94, 51.86 77.03, 112.00, 131.57 

Unit cell size (º) 90, 90, 120 90, 90, 90 

Resolution range (Å) 47.46 – 2.05 (2.11-2.05) 45.68 – 1.95 (1.98 – 1.95) 

Rmerge
b 0.181 (1.532) 0.105 (1.643) 

Rmeasure
b 0.186 (1.575) 0.109 (1.717) 

<I/σ(I)> 13.0 (1.9) 15.0 (1.3) 

Completeness (%) 99.6 (94.8) 99.5 (91.4) 

Number of reflections 34532 (2546) 83824 (4162) 

Multiplicity 19.9 (18.6) 13.5 (11.7) 

CC(1/2)c 0.998 (0.555) 0.999 (0.686) 

R work 0.1786 (0.2293) 0.1982 (0.2714) 

R free 0.2074 (0.2738) 0.2350 (0.3309) 

Total number of atoms 2902 8490 

Atoms of protein 2644 7917 

Average B-factor (Å-2)   

Overall 36.80 32.70 

Protein 36.30 32.30 

Solvent 40.20 32.80 

Ramachandran favourable 

(%) 
97 96 

Ramachandran outliers (%) 0 0 

Clashscore 0.73 2.06 

a Values in parenthesis correspond to the outermost shell. 3 
b Rmerge and Rmeasure are both data quality indicators, but Rmeasure is a multiplicity independent (redundancy-independent) indicator. 4 
c Pearson’s correlation coefficient values (for Imean and anomalous differences) are calculated by splitting the data randomly in half. 5 
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2.2. Translocation across the OmpF porin 1 

 2 

Figure S3. Complete free energy profiles of Cpx± (black) and [CuHCpxPhen]2+ (red) influx across 3 

the OmpF pore. The constriction region of the pore is located at ca. z = 0.0 nm. 4 

 5 

Figure S4. The free energy profile of [CuHCpxPhen]2+ translocation across the OmpF pore. The 6 

explored coordinate, z = [-3.0, 3.0] nm corresponds to the molecule in bulk solution, at the periplasmic and 7 

extracellular space, respectively. The constriction region of the pore is located at ca. z = 0.0 nm.  8 



 1 

Figure S5. Complete free energy profiles of [CuHCpxPhen]2+ in the inward direction (influx – red) 2 

and outward direction (efflux – orange) across the OmpF pore (z axis). The free energy profiles are a 3 

result of the last 90 ns of 430 ns of simulation per window in the normal direction and 300 ns in the 4 

reverse direction. The constriction region of the pore is located at ca. z = 0.0 nm.  5 

 6 
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Figure S6. Free energy profiles of [CuHCpxPhen]2+ in the inward direction and outward direction 8 

across the OmpF pore for different simulation time intervals. The constriction region of the pore is 9 

located at ca. z = 0.0 nm.  10 
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 2 

Figure S7. RMSD (nm) of each residue of OmpF for the permeation of Cpx± and [CuHCpxPhen]2+ 3 

across the pore. The constriction region of the pore is located at ca. z = 0.0 nm. 4 

 5 
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