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Abstract: In efforts to find new antimicrobial peptides (AMPs), we studied the skin 

secretion of the endemic Colombian frog Dendropsophus columbianus belonging to a genus 

that has not been investigated previously. From HPLC-fractionated secretion, we identified 

one peptide with slightly antibacterial activity. Its peptide sequence showed no sequence 

similarity to current annotated peptides. We named this novel peptide dendropsophin 1 

(Dc1). Afterward, two analogues were designed (Dc1.1 and Dc1.2) to improve the cationic 

and amphipathic features. Then, their antiproliferative and cytotoxic properties were 

evaluated against several pathogens including bacteria, fungi, protozoa and also mammalian 

cells. Dc1 and its two analogues exhibited moderate antibacterial activities and no hemolytic 

and cytotoxic effects on mammalian cells. Analogue Dc1.2 showed slightly improved 

antibacterial properties. Their secondary structures were characterized by using CD 

spectroscopy and Dc1.2 displayed a higher α-helix content and thermal stability compared to 

Dc1 and Dc1.1 in hydrophobic experimental conditions.  

Keywords: anuran, Dendropsophus columbianus, skin secretion, antimicrobial peptide, 

dendropsophin, analogues. 

 

Experimental 

1. Collection of specimens and harvesting of the skin secretion 

Male adults of D. columbianus were collected in the South region of 

Colombia. Skin secretions were collected by electrical stimulations (70 mV with 

pulse duration of 3 seconds) applied on the dorsal skin surface. After the stimulation, 

the animals were washed with sterilized water and skin secretions were collected in 

15 mL plastic tubes, lyophilized and stored at -20 °C. Afterwards, the frogs were 

successfully reintegrated into nature. The Colombian environmental licensing was 

delivered to the University of Cauca (Resolution number 0152). 

2. Purification of dendropsophin 1 

 Skin secretions were pooled altogether and quantified using the Plus One 2D 

Quant Kit (GE Healthcare, Uppsala, Sweden) according to manufacturer's 

instructions. Aliquots of 1.0 mg of lyophilized skin secretion were dissolved in 200 

µL of 0.1% (v/v) of trifluoroacetic acid in water (solvent A), and subjected to 

reversed-phase high-performance liquid chromatography (RP-HPLC) on a C18 



column (Phenomenex 00G4252E0, 4.6 × 250 mm) equilibrated with solvent A. The 

elution was performed using a linear gradient of 0-50% of 0.1% (v/v) of 

trifluoroacetic acid in acetonitrile (solvent B) in solvent A over a period of 70 min. 

The flow rate was 1 mL/min and absorbance was monitored at 216 nm. All eluted 

fractions were manually collected, freeze-dried in a Speed-Vac concentrator and 

tested against Escherichia coli (ATCC 25322) and Staphylococcus aureus (ATCC 

25923) bacteria. One antimicrobial fraction was further purified by RP-HPLC using a 

linear gradient of 0-40% of solvent B during 45 min. The eluted fractions were 

manually collected, freeze-dried and tested again against E. coli (ATCC 25322) and S. 

aureus (ATCC 25923). The antimicrobial fraction was identified, selected and stored 

at -20 °C for subsequent structural and biological analyses (Libério et al. 2011). 

3. Structural analysis and design of two dendropsophin 1 analogues 

 The peptide exhibiting antimicrobial activity was analysed using an Autoflex 

II MALDI-TOF/TOF mass spectrometer (Bruker Daltonics, Bremen, Germany) 

operating in the positive ion reflector mode and within the mass range of 500–4,000 

m/z. Prior to each measurement, external calibration was implemented using PepMix 

(Bruker Daltonics, Bremen, Germany) (Libério et al. 2011). The primary structure of 

the native peptide was determined by automated Edman degradation using a PPSQ-

31A Protein Sequencer (Shimadzu Co., Japan) according to the manufacturer’s 

instructions. Based on the primary structure of dendropsophin 1, two analogues were 

designed in order to increase the cytotoxic activities of the wild-type peptide. Circular 

dichroism (CD) assays were carried out using a Jasco J-815 Spectropolarimeter 

equipped with a Peltier type temperature controller (Jasco Analytical Instruments, 

Tokio, Japan). Peptides (0.2 mg/mL) were analysed in water and in a membrane-

mimetic solvent using 10, 30 and 50% (v/v) trifluorethanol (TFE) at 25 ºC. Five 

consecutive measurements were accumulated and the mean spectra were corrected for 

the baseline buffer contribution. The stability of ordered conformations of peptides 

promoted by membrane-mimetic environment was analysed in TFE 30% (v/v) raising 

the temperature from 25 to 95 ºC. The refolding of peptides was monitored on 

decrease of temperature at 95, 75, 55 and 25 ºC. The observed ellipticities were 

converted into molar ellipticity ([θ]) based on molecular mass per residue of 115 Da. 

Protein structure and thermal unfolding curves were tracked by changes in [θ] at 208 



nm. The -helix secondary structure content was estimated considering the values of 

[]208nm at different temperatures using the following equation (Greenfield and 

Fasman 1969):     
              

               
 

Helical wheel projections of the peptides were performed using the software 

developed in our group, NetWheels (http://lbqp.unb.br/NetWheels). 

4. Peptide synthesis  

The peptides were synthetized using automated solid phase peptide synthesis method 

by GenOne Biotechnologies (Rio de Janeiro, Brazil). Their purity (higher than 98%) 

was confirmed by analytical RP-HPLC and MALDI-TOF mass spectrometry 

analyses. 

5. Antibacterial and antifungal activities 

 The antibacterial and antifungal assays were performed as described in (Castro 

et al. 2009). Briefly, bacteria stock cultures (Staphylococcus aureus ATCC 25923, S. 

epidermidis ATCC 12228, Escherichia coli ATCC 25322, Pseudomona aeruginosa 

ATCC 27853 and Klebsiella pneumonia ATCC 700603) were grown in Mueller–

Hinton (MH) medium and fungi stock cultures (Candida albicans ATCC 90028 and 

Candida parapsilosis ATCC 22019) were grown in Brain Heart Infusion (BHI) 

medium overnight at 37 ºC under agitation. When the OD590nm = 1.0 was reached, 

bacterial and fungal suspensions were diluted in fresh MH (bacteria) and BHI (fungi) 

broths (1:50 for Gram-negative and 1:100 for Gram-positive bacteria and fungi). 

Minimal inhibitory concentrations (MICs) of synthetic peptides were measured by the 

standard microdilution method. After incubation for 20-24 h at 37 ºC, 96-well plates 

were analysed at 595 nm in a Multiskan™ FC Microplate Photometer (Thermo Fisher 

Scientific Inc., USA). Each assay was performed in triplicate. For control, bacterial 

and fungal suspensions were incubated either in Milli-Q water or 0.4% (v/v) 

formaldehyde (1:1, v/v). MIC was defined as the lowest concentration of the peptide 

or other antimicrobial agent at which no growth was detectable after incubation at 37 

ºC for 20-24 h. 



6. Antiprotozoal activity 

 As a preliminary screening, each peptide was tested at fixed concentrations of 

50, 10 and 1 µg/mL) against 1) the erythrocytic stages of Plasmodium falciparum; 2) 

intracellular amastigote forms of Trypanosoma cruzi; 3) T. brucei brucei bloodstream 

forms. Only peptides showing an inhibitory activity on the parasite growth ≥ 60%, at 

the concentration of 10 µg/mL, were further tested to determine their concentration 

inhibiting 50% of parasite growth (IC50).  

6.1. In vitro antiplasmodial activity 

 The chloroquine-resistant strain FcB1/Colombia of P. falciparum was 

maintained in vitro on human erythrocytes in RPMI 1640 medium supplemented by 

8% (v/v) heat inactivated human serum, at 37 °C, under an atmosphere of 3% CO2, 

6% O2, and 91% N2. The peptides were prepared in DMSO at 10 mg/mL. The growth 

inhibition for each peptides concentration was determined by comparison of the [3H]-

hypoxanthine radioactivity incorporated in the treated culture with that in the control 

culture as described (Charneau et al. 2015). The results were expressed as the means 

determined from three independent experiments. 

6.2. In vitro activity against Trypanosoma cruzi 

 Experiments were performed with T. cruzi trypomastigotes and amastigotes of 

the Tulahuen strain (lacZ clone 4) expressing the β-galactosidase maintained in 

monolayers of rat myoblast L6 cells grown in RPMI 1640 medium supplemented with 

10% (v/v) fetal calf serum (FCS), at 37 °C, under an atmosphere of 5% CO2 as 

described (Charneau et al. 2015).  

6.3. Assay against Trypanosoma brucei 

 Bloodstream forms of T. brucei brucei strain 90-13 were cultured in HMI9 

medium supplemented with 10% FCS at 37 °C under an atmosphere of 5% CO2. Drug 

assays were based on the conversion of a redox-sensitive dye (resazurin) to a 

fluorescent product by viable cells as previously described (Charneau et al. 2015). In 

all experiments, log-phase parasite cultures were harvested by centrifugation at 3,000 

x g and immediately used. Peptide solutions were prepared in pure DMSO at 10 



mg/mL. T. brucei bloodstream forms (10
4 

cells/mL) were cultured in 96-well plates 

either in the absence or in the presence of different concentrations of inhibitors in a 

final volume of 200 µL. After a 72-h incubation, resazurin solution (resazurin sodium 

salt, SIGMA) was added in each well at the final concentration of 45 µM and 

fluorescence was measured at 530 nm and 590 nm excitation and emission 

wavelengths, respectively, after a further 4-h incubation. The percentage of inhibition 

of parasite growth rate was calculated by comparing the fluorescence of parasites 

maintained in the presence of drug to that of in the absence of drug (Räz et al. 1997). 

DMSO was used as control. The results were expressed as the mean ± the standard 

deviations determined from three independent experiments.  

7. Cytotoxicity test upon mammalian cells 

 The rat myoblast-derived L6 cells were seeded into 96-well microplates at 2 × 

10
4
 cells/mL. After 24 h, culture medium (RPMI 1640 supplemented by 10% FCS) 

was removed and 100 µL of medium and 100 µL of peptides diluted in culture 

medium were added. Plates were incubated at 37 °C under an atmosphere of 5% CO2 

for 72 h. Then 25 µL resazurin solution (45 µM final concentration) were added. 

After 4-h incubation, fluorescence due to formation of resorufin was measured at λ 

excitation 528 nm, λ emission 590 nm. The concentrations causing 50% (IC50) of cell 

growth inhibition were obtained from the extract concentration–response curves (Räz 

et al. 1997). The results were determined as the mean values ± the standard deviations 

from three independent experiments.  

8. Hemolysis assay 

 The hemolysis assay was performed from the protocol previously described 

(Castro et al. 2009). Cells were separated from plasma by sedimentation and a 1% 

(v/v) suspension of O
+
 human red blood cells (washed three times with NaCl 0.15 M, 

Tris–HCl 0.01 M, pH 7.4) was prepared. The samples were resuspended in 150 µL of 

saline-buffer and 50 µL of 1% (v/v) blood cell suspension was added. After 

incubation at room temperature for 60 min, the tubes were centrifuged at 3,000 rpm 

for 2 min. A 100 µL portion of each supernatant was transferred to the wells of flat-

bottomed microtiter plates (Nunc, Denmark) and measured for absorption at 405 nm 

with a Multiskan™ FC Microplate Photometer (Thermo Fisher Scientific Inc., USA). 



Reference samples were employed using 1% (v/v) blood cell suspension incubated in 

0.1% (v/v) Triton X-100 as the 100% lysis reference and the 1% (v/v) blood 

suspension alone as the 0% reference. 
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Figure S1. (a) Typical chromatographic profile of the fractionation of crude skin 

secretion of Dendropsophus columbianus (RP-HPLC; Phenomenex 00G4252E0, 4.6 

x 250 mm; flow rate = 1.0 mL/min). (b) Purification of Dc1 from D. columbianus 

(RP-HPLC; Phenomenex 00G4252E0, 4.6 x 250 mm; flow rate = 1.0 mL/min). (c) 

Mass spectrum of Dc1 (Autoflex II TOF/TOF MS, Bruker Daltonics, Bremen, 

Germany, reflector positive ion mode). 



 



Figure S2. FAR-UV CD spectra of synthetic peptides (0.2 mg/mL) in water (solid 

thick line), TFE 10% (v/v) (solid thin line), TFE 30% (v/v) (dashed line) and 50% 

(v/v) (dashed dotted line). (a) Dc1; (b) Dc1.1; (c) Dc1.2. 



 



Figure S3. CD spectra of peptides (0.2 mg/mL) in TFE 30% (v/v) and thermal-

induced unfolding profile of peptides (inset) at temperatures ranging from 25 to 95 ºC, 

(a) Dc1; (b) Dc1.1; (c) Dc1.2. 



 



Figure S4. CD spectra of peptides (0.2 mg/mL) in TFE 30% (v/v) at temperatures 

ranging from 95 to 25 ºC, (a) Dc1; (b) Dc1.1; (c) Dc1.2. 

 


