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1. Materials and Methods 

1.1 Preparation of physical mixtures and an amorphous form of chloramphenicol (CAM) 

For the solid state characterization of drug within fibers, physical mixtures and amorphous 

CAM were prepared. To prepare PCL powder from pellets, it was first melted to obtain 

filaments and these filaments were consecutively mechanically crushed with a pestle in a 

mortar together with liquid nitrogen. The powder was sieved through 500 µm sieve. Physical 

mixtures of PCL:CAM (24:1), PCL:PEO (5:1) and PCL:PEO:CAM (20:4:1) were prepared by 

mixing the powdered substances in a mortar with a pestle using geometric dilution. The ratios 

of the substances matched those in electrospun fibers. Amorphous CAM was prepared from 

the crystalline form by quench cooling of the melt. Briefly, the powder was melted on a 

hotplate, followed by a rapid cooling with liquid nitrogen. The glassy material formed was 

gently powdered with pestle in a mortar. Samples were analyzed immediately after 

preparation. 

1.2 Computational methods 

The parametrization of PCL, PEO and CAM molecules was carried out using the all-atom 

optimized potentials for liquid simulation (OPLS-AA) force field.
1
 The validation of OPLS-

AA parameters for PEO has already been carried out in our group
2
 and for PCL, this has 

already been performed by Pasquale et al.
3
 For the case of CAM, there are three kinds of 

dihedrals not parametrized in the OPLS-AA force field. We parametrized these dihedrals 

using the B3LYP functional and the aug-cc-pvtz basis set using the Gaussian 09 package.
4
 

Following full optimization of the structure of CAM using B3LYP/aug-cc-pvtz, all partial 

atomic charges of CAM were derived from a least-squares fit of the electrostatic potential 

through a Merz-Kollman scheme.
5
 The obtained charges were then converted into restrained 

electrostatic potential (RESP) charges
6
 using the Antechamber module

7
 of the Amber14

8
 suite 
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of programs. All partial charges and dihedral parameters for CAM are included in a molecular 

topology (file clp.itp) and the atom types in the model are shown in Fig. S1. The 

corresponding OPLS parameters were used for all ions and the deionized water as solvent was 

modelled using the simple point charge (SPC/E) potential.
9
  

. 

Fig. S1 Atom types used in the CAM topology, ITP file of the molecule is also included as 

Supporting Information. 

All simulations were carried out at physiological ionic strength of 145 mM produced through 

the addition of Na
+
 and Cl

-
 ions to the simulation box. The number of each type of 

molecule/ion in the simulation is shown in Table 1 in the main text. 

Following solvation of the systems, the potential energy of the systems was minimized 

through the steepest descent method using 50 000 minimization steps. Following this, an 

initial equilibrium configuration for each system was achieved through first simulation at 

constant volume and a temperature for 100 ps (NVT ensemble). The V-rescale thermostat 

(12) with a coupling constant of 0.1 ps-1 was utilized to maintain a constant temperature of 

310 K during all NVT simulations. After this, all systems were simulated for 100 ns under 

constant pressure and temperature conditions (NPT) with the V-rescale thermostat and the 

Parrinello-Rahman barostatat with coupling constants of 0.1 and 2.0 ps-1 respectively. A time 

step of 2 fs was used in all cases. The cut-off for the Lennard-Jones interactions was set to 10 
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Å. The particle mesh Ewald (PME) method
10

 was used to calculate long-range electrostatic 

effects with a real space cut-off of 10 Å and the LINCS algorithm
11

 was used to constrain all 

bond lengths. For all simulation trajectories, the coordinates of the atoms were saved every 10 

ps in the trajectory files and analyzed using analysis tools present within the GROMACS 

simulation package. All electrostatic potential maps were created using the Molden program
12

 

and the VMD visualization package
13

 was used to render all images of the simulated systems. 

All solvent accessible surface area (SASA) calculations were made using the Naccess 

program.
14

 

1.3 Preparation of DMSO stocks of bacteria 

For preparing DMSO stocks of these bacteria overnight liquid cultures were diluted 1:100 in 

fresh Lysogeny broth (LB) and grown aerobically to exponential phase. At an optical density 

at 600 nm of 0.8, dimethyl sulfoxide (DMSO) was added to a final concentration of 8% and 

the cultures were immediately frozen in 120 µl aliquots at -80 °C. Stocks were stored up to 6 

months. 

2. Results 

2.1 Drug-carrier polymer interactions 

Table S1. Characteristic infrared bands of PCL
15–18

, PEO
19,20

 and CAM
21,22

 

 Assignments Wavenumber (cm
-1

) 

PCL ’νas(CH2) 2994 (amorphous) 

 νs(CH2) 2865 (crystalline) 

 ν(C=O) 1731(amorphous), 1724 (crystalline) 

 ν(C-O C-C) 1295 (crystalline), 1157 (amorphous) 

 νas(COC) 1245 (crystalline) 
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 ν(OC-O) 1192 (crystalline) 

 νs(COC) 1170  

 ν(COC) 1107 

 γin (CH2) 731 (crystalline) 

 γout (CH2) 710 (crystalline) 

PEO νas(CH2) 2946 

 νs(CH2) 2886 

 ω(CH2) 1361, 1343 

 τ(CH2) 1281, 1242 

 ν(COC) 1145 (crystalline), 1095 (crystalline), 1059 (crystalline) 

 ρ(CH2) 963, 843 

CAM ν(C=O) 1686 

 ring stretch 1563 

 νas(NO2) 1520 

 νas(C-Cl) 817 

 ring deformation 643 

Key: PCL – polycaprolactone; PEO – polyethylene oxide; CAM – chloramphenicol. 

2.2 Thermal behavior 

Interestingly, no CAM melting endotherm is present in physical mixtures (Fig. S2). As both 

carrier polymers melt at relatively low temperatures (PCL between 59-64 °C23
 and PEO 

between 68-74 °C24,25
) and CAM at much higher temperature (150.5-151.5 °C), it is possible 

that in physical mixtures crystalline CAM dissolves in molten polymer(s) before having a 

chance to melt. As the drug in the electrospun fibers is in an amorphous state, suggested by 

XRD and ATR-FTIR, no melting endotherm is observed.  
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The addition of PEO changed the thermal behavior of electrospun fibrous mats. In physical 

mixtures of PCL and PEO, two distinct melting endotherms at 60.7 and 69.4 °C were present, 

but in fibers with the same composition PEO melting endotherm shifted to lower temperatures 

and appeared as a shoulder on PCL melting endotherm (Table 1). This behavior has been also 

shown previously.
26

 For the case of PCL/PEO/CAM physical mixtures, again two melting 

endotherms same as with PCL/PEO physical mixtures appeared, but with the fibers only one 

melting endotherm at 58.5 °C was seen. The PCL/CAM fibers exhibit a melting point at 57.7 

°C, whereas the corresponding physical mixtures show PCL melting endotherm at 60.1 °C. 

These changes indicate possible interactions between PCL, PEO and CAM molecules in 

electrospun fibers, as also proposed by ATR-FTIR. 

  

  

 

Fig. S2 Differential scanning calorimetry (DSC) thermograms. PCL electrospun fibers in 

comparison with the respective physical mixtures (PMs), crystalline CAM and carrier 
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polymer: heating (A) and cooling (B); PCL/PEO electrospun fibers in comparison with the 

respective PMs, crystalline CAM and carrier polymers: heating (C) and cooling (D);  

Key: CAM – chloramphenicol; PCL – polycaprolactone; PEO – polyethylene oxide. 

2.3 MD simulation 

In both cases, we see no effect on the polymer morphology due to the presence of CAM (Fig. 

S3). 

 

Fig. S3. The x, y and z coordinates of the Radius of gyration calculations for both polymers 

(PCL and PEO) in absence and presence of CAM. Key: PCL – polycaprolactone; PEO – 

polyethylene oxide; CAM – chloramphenicol. 
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