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MATERIALS AND METHODS 

 

Chemicals 

Fmoc-protected α-amino acids with acid-labile side-chain protecting groups were 

purchased from Novabiochem. N-Hydroxybenzotriazole (HOBt), N,N-

dimethylformamide (DMF), and N,N-diisopropylethylamine (DIEA) were purchased  

from Sigma-Aldrich. 2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium  

hexafluorophosphate (HBTU) was purchased from Anaspec. Rink Amide resin was  

purchased from Novabiochem. Dehydrated LB culture medium (244610) was obtained  

from BD (Franklin Lakes, NJ). All other chemicals were purchased from Sigma Aldrich  

and used without purification. 

 

Peptides synthesis 

Peptides were synthesized using microwave irradiation on Rink Amide resin in Alltech 

filter tubes. The appropriate Fmoc-D/L-protected amino acid (4 equiv. in DMF) was 

delivered to the reaction vessel and activated with 4 equiv. HBTU, 4 equiv. HOBt and 8 

equiv. of DIEA. After the activated amino acid solution was added to the solid-phase 

synthesis resin, the reaction mixture was heated to 70 °C in a MARS V multimode 

microwave (2 minute ramp to 70 °C, 4 minute hold 70°C) with stirring. Fmoc 

deprotection reactions used 20 % piperidine in DMF. Reaction solutions were heated to 

80 °C in the microwave (2 minute ramp to 80 °C, 2 minute hold 80 °C) with stirring. 
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After each coupling/deprotection cycle the resin was washed 3 times with DMF. Upon 

completion of the synthesis, the peptide was cleaved from the resin by stirring the resin in 

a solution containing 92.5 % trifluoroacetic acid (TFA), 2.5 % water, and 2.5 % 

triisopropylsilane and 1,2-ethanedithiol 2.5% for 3 hours. The peptide was precipitated 

from the TFA solution by addition of cold ether. The precipitated peptide was collected 

by centrifugation. Ether was removed, and the pellet was dried under a stream of nitrogen 

over night. Purification by preparative reverse phase HPLC and lyophilization afforded 

the final peptides. Purity was determined by analytical HPLC, and was greater than 95 % 

for all peptides.  Solvents used for HPLC purifications were A: 100:0.1 H2O:TFA and B: 

100:0.1 acetonitrile:TFA.   

Magainin 2 amide: Gradient of 30-50% B solvent over 20 min.; retention time 8.8-9.3 

min. MALDI-TOF mass spectrum m/z = 2465.3 [(M+H)+; calcd: 2465.9].  

Magainin 2 (S8A, G13A, G18A) amide: Gradient of 30-50% B solvent over 20 min.; 

retention time 16.5 min. MALDI-TOF mass spectrum m/z = 2478.3 [(M+H)+; calcd 

2477.4]. 

MSI-78: Gradient of 26-36% B solvent over 30 min.; retention time 22.1 min. MALDI-

TOF mass spectrum m/z = 2477.1 [(M+H)+; calcd 2477.2]. 

 

Crystallization conditions 

Racemic Magainin 2 (S8A, G13A, G18A) crystals suitable for X-ray data collection were 

grown using a precipitant condition containing 0.1 M sodium citrate tribasic pH 5.6 and 

35% v/v tert-butanol (Index, Hampton Research). Crystals were grown at room 

temperature via vapor diffusion using the hanging-drop method.1 For each drop, 1 µL of 

racemic peptide stock (2.5 mg/mL of each enantiomeric peptide) was combined with 1 

µL of precipitant solution on a silanized glass slide and equilibrated against a reservoir 

volume of 500 µL of precipitant solution.  Due to the high concentration of tert-butanol 

in the precipitant solution (35% v/v), crystals of racemic Magainin 2 (S8A, G13A, G18A) 

were vitrified directly without the need for additional cryoprotection.  Crystals were 

harvested with pin-mounted nylon loops and plunged into liquid nitrogen prior to 

diffraction data collection.   
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Data processing and model refinement 

Diffraction data were collected at the Advanced Photon Source (λ=0.97857 Å, LS-CAT 

21-ID-G) at 100 K.  Integration and scaling were carried out using the HKL2000 

software package.2 Five percent of reflections distributed randomly across resolution 

shells were used for the calculation of Rfree.
3  

 

The structure of racemic Magainin 2 (S8A, G13A, G18A) was solved by molecular 

replacement in Phaser4 using a fragment of a previously-reported NMR structure of 

magainin 2 (PDB: 2MAG)5 as a preliminary search model.  Based on an analysis of 

possible solvent contents, we expected a single molecule of Magainin 2 (S8A, G13A, 

G18A) in the asymmetric unit.6 

Following molecular replacement, manual rebuilding of the model was carried out in 

Coot,7  Model refinement was then carried out using a high-resolution limit of 1.75 Å in 

Refmac58 (version 5.7.0029) with unrestrained isotropic temperature factors and 

hydrogen atoms included at riding positions.  Ordered water molecules were manually 

added to the crystallographic model in Coot.  Model refinement converged at R/Rfree 

values of 0.197/0.224.  Data processing and model refinement statistics are reported in 

Table S1.   
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Table S1. Data processing and model refinement statistics  

 
Racemic Magainin 2 (S8A, G13A, G18A) 
 

Data Collection: 

Temp. (K) 100 

Beamline/Detector 21-ID-G 

Wavelength (Å) 0.97857 

Resolution range 26.72 – 1.75 (1.78 – 1.75) 

Unique reflections 2247 (74) 

Completeness (%) 95.4 (64.3) 

Rsym 0.092 (0.374) 

I/σI 32.2 (3.9) 

Redundancy 22.4 (4.8) 

Wilson B-factor (Å2) 26.4 

Space group I-42d 

Unit cell parameters  

(a/b/c) 53.4/53.4/29.8 

(α / β / γ)α / β / γ)α / β / γ)α / β / γ) 90/90/90 

Cell volume (Å3) 84900 

Water content (%) 43 

Refinement: 

# Non-H Atoms 168 

Resolution range (Å) 26.72 – 1.75 

R(work) 0.197 (0.339) 

R(free) 0.224 (0.332) 

RMS bond length (Å) 0.022 

RMS bond angle (°) 2.6 

Coordinate ESU (Å) 0.081 

Mean B Value (Å2) 31.8 
 
Five percent of reflections set aside for calculation of R-free.  Data processing was carried out 
using twenty resolution shells, while model refinement was carried out using ten resolution shells.  
Values in parentheses are for highest-resolution shell.     
 

 

 



 

  5 

 

 

SOCKET analysis of coiled-coil interface 

Analysis of the antiparallel, homochiral dimer in the structure of racemic Magainin 2 

(S8A, G13A, G18A) was carried out using the SOCKET program.9  Knobs-into-holes 

interactions were found by SOCKET at a side-chain center-of-mass distance cutoff of 7.4 

Å; this finding indicates that the antiparallel dimer is a “marginal coiled coil”.   

 

Figure S1. Helical net diagram and heptad repeat assignment of the Magainin 2 (S8A, 

G13A, G18A) dimer.  Side chains belonging to the two helices are denoted by either 

white or blue circles.  Core (a and d) and flanking (e and g) positions are indicated below 

the polypeptide sequence.   
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Figures S2 and S3. Views of the two unique knobs-into-holes interactions in the 

Magainin 2 (S8A, G13A, G18A) dimer.  The two other interactions at the interface are 

related by crystallographic symmetry.   

 

Circular dichroism spectroscopy 

CD spectra were measured on an AVIV circular dichroism spectrometer model 420. 

Spectra were recorded in a 1 mm quartz cell with a wavelength step size of 1 nm and an  

averaging time of 5 sec for each measurement at 25°C.  
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Antibacterial assays  

The bacterial strains used in these assays were Escherichia coli JM10910, Bacillus subtilis 

BR15111, Staphylococcus aureus 1206 (methicillin resistant)12, and Enterococcus faecium 

A634 (vancomycin-resistant)13. The antibacterial activity for Magainin 2 (S8A, G13A, 

G18A) with varying stereochemistry were determined in sterile 96-well plates (BD 

Falcon 353072 tissue culture plates) by a broth microdilution method. Bacterial cells 

were grown overnight at 37 °C in agar, after which a bacterial suspension of 

approximately 2 x 106 CFU/mL in LB growth medium was prepared. Aliquots (50 µL) of 

this suspension were added to 50 µL of medium containing the tested peptide in 2-fold 

serial dilutions for a total volume of 100 µL in each well. The plates were then incubated 

at 37 °C for 6 h. Bacterial growth was determined by measuring the optical density (OD) 

at 650 nm using a Molecular Devices Emax precision microplate reader. The lowest 

concentration of the tested peptide that causes complete inhibition of bacterial growth is 

defined as the minimum inhibitory concentration (MIC). MIC values were reproducible 

to within a factor of 2 and are reported as the median of at least two individually 

determined values.  

  

Hemolytic assays 

Hemolysis assays were conducted as previously described using human red blood 

cells.14,15 Freshly drawn human red blood cells (hRBC) were washed with Tris-buffered 

saline (pH 7.2, 10 mM Tris-HCl, 155 mM NaCl) and centrifuged at 3500 rpm until the 

supernatant was clear (usually 3 washes). Two-fold serial dilutions of the tested peptide 

in Tris buffered saline were added to wells of a sterile 96-well plate (BD Falcon 353072 

tissue culture plates), for a total volume of 50 µL in each well. A 2% (v/v) hRBC 

suspension (50 µL in Tris buffer) was added to each well. The plate was incubated at 37 

°C for 1 h, and then the cells were pelleted in the plates by centrifugation at 3500 rpm for 

5 min. Aliquots of the supernatants (80 µL) were transferred to a fresh plate, and 

hemoglobin was detected by measuring the OD at 405 nm. The average OD after 

incubation of hRBC with TX-100 at 4 µg/mL defines 100% hemolysis; the average OD 

after incubation of hRBC in Tris buffer defines 0%.  
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Figure S4. Crystals of racemic Magainin 2 (S8A, G13A, G18A) grown in 0.1 M sodium 

citrate tribasic pH 5.6 and 35% v/v tert-butanol.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5. Hemolysis data for Magainin 2 (S8A, G13A, G18A) with varying 

stereochemistry.  
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