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Abstract: the potential of the skin of anuran amphibians as a new source of bioactive peptides was investigated .
For this purpose, the study collected data in the mid-eastern region of Argentina. Two anuran amphibian species
were studied which belong to the Hylidae and Leptodactylidae families, Leptodatylus latrans (Ll) and Hypsiboas
pulchellus (Hp). Two methods for the extraction of bioactive components were compared in their effectiveness:
solvent extraction (SE) and transcutaneous amphibian stimulation (TAS). Two different approaches were used to
study the extracts: i) the direct analysis of the complete samples by MALDI-TOF-MS, and ii) the
characterization of bioactive fractions obtained by HPLC and analyzed by MS. The results show that not only
the composition of the samples obtained by SE and TAS is different but also their antimicrobial activity. In this
sense, only the extracts obtained from Ll and Hp by SE inhibited the growth of Mycobacterium tuberculosis
H37Rv. The inhibitory activity of the extracts against the butyrylcholinesterase enzyme (BChE) was also
investigated. Samples of Ll showed low percentages of inhibition whereas in Hp samples, the inhibition was
moderate (40 -44%). The results suggest that the inhibitory activity of Hp is related to the presence of low
molecular weight compounds.
Keywords: amphibians; antimicrobial activity; butyrylcholinesterase inhibition; granular glands; Hypsiboas
pulchellus; Leptodactylus latrans; mass spectrometry; peptides; skin. © 2014 ACG Publications. All rights
reserved.

1. Introduction
All kinds of living organisms produce large repertoires of antimicrobial peptides, which play an
important role as first line of defense against microbial invasion [1]. In animals, antimicrobial
molecules are produced in the skin, simple epithelial tissues and acute inflammatory cells, where they
supplement the humoral and cellular immune system of hosts [2,3].
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In response to stress or predator attack, amphibians secrete a complex chemical cocktail from highly
specialized skin structures, namely the venom or granular glands [3], which are dispersed throughout
the dorsal surface (and rarely on the ventral) and often aggregated to form prominent structures called
“macroglands” [4]. The molecular diversity of active components in these glands is high and includes
alkaloids, biogenic amines, proteins and peptides [5-7]. These chemical defenses can be directed either
against predators or against microorganisms and can provide useful taxonomic and phylogenic
information to clarify the evolutionary history of frogs [8]. Peptides from amphibians’ skin have
particularly shown a broad spectrum of antimicrobial activity against Gram (+) and Gram (-) bacteria,
and fungi. It has also been reported that some of these peptides show anti-tumoral activity with little
toxicity against non-malignant cells [9-11].
In Argentina, despite the high richness of wild amphibians, knowledge on the antimicrobial
properties and the presence of alkaloids in amphibians’ skin is limited to a few species [6, 12-14]. In
addition to their ability to inhibit certain bacteria strains, peptides may be able to act as both signal
peptides [15] and tumoral markers [16], or they can alter the functioning of certain enzymes [17], as in
the case of cholinesterase [18], among others.
Two forms of cholinesterase coexist in several organisms, acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE), and even though they are highly homologous (> 65%), they are
products of different genes, located on chromosomes 7 and 3 in humans [19].
Although the initiation factors underpinning neurological diseases remain to be elucidated, it is well
established that Alzheimer's disease (AD) is associated with a reduction in the levels of acetylcholine,
which is the major neurotransmitter in the central nervous system. AChE is considered to be the chief
enzyme involved in acetylcholine hydrolysis, as well as in the development of AD [20]. Selective and
non-selective cholinesterase inhibitors have been used in the treatment of human diseases and in the
control of insects [21-22].
In 1986, two polypeptides with potent anticholinesterase activity were reported: fasciculins I and II
(FAS) [23]. FAS inhibit both acetylcholinesterase and butyrylcholinesterase from various sources.
Several reports have described methodologies for the extraction of peptides/proteins from amphibian
skin using organic polar solvents or buffer solutions [24-25]. In 1986, a method for recovering the
secretions by injecting noradrenaline was reported [26]. More recently, a method has been described
that uses a square-wave stimulator and a bipolar electrode to obtain the secretions without harming the
animal [27].
In this work, we have investigated the chemical and biological properties of the skin secretions of
Leptodactylus latrans (Anura: Leptodactylidae) and Hypsiboas pulchellus (Anura: Hylidae), which are
the two most widespread species in the mid-eastern region of Argentina.
Two methods for obtaining the biologically active samples were analyzed in order to compare their
effectiveness: electrical stimulation (TAS) and solvent extraction (SE). Our aim was to select the best,
easiest strategy for the extraction of antimicrobial peptides for further purification and
characterization.

2. Materials and Methods
2.1. Collection of amphibian specimens
Adult specimens were collected in the Northern Access to the city of Paraná (province of Entre
Ríos, Argentina) during the summer months, in the period 2006-2010. The collected species were:
Leptodactylus latrans (Ll) (Anura: Leptodactylidae) and Hypsiboas pulchellus (Hp) (Anura: Hylidae).
2.2. Methods of biological sampling
The following methods were used to obtain the biological samples from each species: i) electric
stimulation of the granular glands using the transamphibian membrane stimulator previously described
[27], and ii) extraction with organic solvents in acid medium from the skin.
2.2.1. Transcutaneous amphibian stimulation (TAS)
The instrument for electric stimulation was built according to the literature [28]. The secretions
were obtained by moistening the animal skin with Milli-Q water and then gently massaging anurans
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laterally and dorsally from neck to thigh with activated TAS electrodes for 20-30 sec with a maximum
voltage of 20V. During the electrical stimulation the animal skin was rinsed with Milli-Q water, and
the aqueous solution was collected in a suitable vessel.
2.2.2. Solvent extraction (SE)
Each specimen was euthanized following the recommendations of the American Society of
Ichthyologists & Herpetologists [29] and the approval of FBCB’s animal ethics committee.
The skin was removed and triturated; a solution of ethanol /water (60:40) was added. Aliquots of
acetic acid were added to help the extraction and solubilization of the different compounds. The
solution was kept in constant agitation during 2 h at 0ºC, followed by centrifugation at 10,000 rpm, at
4°C, and the process was repeated twice. The supernatant was separated and concentrated under
reduced pressure.
The samples obtained by both methods were lyophilized and stored at -20°C.
2.3. Partial purification and analysis of the extracts
2.3.1. Dialysis of the extracts
Lyophilized samples obtained by SE were dissolved in Milli-Q water and a few drops of
methanol were added, agitated by vortex and sonicated until complete dissolution. The resulting
solution was distributed equally into 1kDa and 2kDa cut-off membranes for dialysis and placed in
beakers containing approximately one liter of water each. After stirring with a magnetic stirrer for
24 h, the fractions were concentrated in a rotary evaporator, lyophilized and stored at -20 ° C.
2.3.2. High Performance Reverse phase Liquid Chromatography (RP-HPLC)
The samples obtained by TAS and SE were dissolved in Milli-Q Water containing 0.1% TFA,
filtered with a 0.45 µm membrane disc (Merk, Millipore) and analyzed by reverse-phase HPLC on a
Gilson equipment (USA) using an Atlantis (Waters) C18 analytical column (3 µm, 4.6 ID x 150mm).
The run was performed using a linear gradient of 5-70% ACN/H2O for 35 min and 0.1 % TFA was
added to each solvent; flow rate: 0.8mL/min. The eluates were monitored by their absorbance at
220nm; 20 µL of a 1mg/mL solution of each sample were injected (0.2 sensitivity).
For purification purposes a Phenomenex C18 semi- preparative column (250 x 10 mm, 10 µm, 90
Å) was used.
2.3.3. Mass Spectrometry analysis
Samples were analyzed in a MALDI-TOF/TOF Ultraflex II, Bruker Daltonics equipment at
CEQUIBIEM Center (UBA, Buenos Aires, Argentina.), in the mass range of 600-3000 m/z.
2.4. Antimicrobial activity assays against Gram (+) and Gram (-) bacteria
2.4.1. Bacterial strains and culture conditions
The following bacterial strains, belonging to the collection of the Food Engineering Department
(Microbiology and Biotechnology Sections), FIQ, Universidad Nacional del Litoral, Argentina, were
used as indicators of antimicrobial activity: Escherichia coli (DBFIQ Ec9), Bacillus cereus (DBFIQ
B28), Staphylococcus aureus (DBFIQ S 21) and Pseudomonas sp (DBFIQ P 55).
The different strains were frozen at -20ºC and -80ºC in Nutrient Broth (Merck) supplemented
with 15% (v/v) glycerol for cryopreservation. Before their use, bacteria were propagated overnight at
37ºC in Nutrient Broth (Merck).
2.4.2. Detection of antagonistic activity
The agar-well-diffusion assay was used to investigate the antimicrobial activity of the biological
samples [30]. For this purpose, 1 mL of an overnight culture of each indicator strain was added to 19
mL of molten Nutrient Agar (Difco) and poured in a sterile Petri dish. After cooling, wells of 6 mm
diameter were cut into the agar plates and filled with 50 µL of a 5 mg/mL solution of each biological
sample, in phosphate buffer pH 5.5. The plates were incubated at 37ºC for 24 h and the diameters of
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the clear inhibition zones were subsequently measured. Each assay was done in triplicate and the
results were expressed as an average of the measured values.
2.5. Evaluation of antimycobacterial activity
Mycobacterium tuberculosis H37Rv was grown in an egg-based solid medium LowensteinJensen with incubation at 37ºC for 3 to 4 weeks. Bacterial suspensions were prepared by dispersing the
colonies with 6-9 sterile glass beads in a bottle containing 3-4 mL of Middlebrook 7H9 broth [base
broth of Middlebrook 7H9 medium (Difco, Sparks, MD, USA; 4.7 g/L) with 0.2% glycerol,
supplemented with 10% oleic acid-albumin-dextrose-catalase (OADC; Becton Dickinson, Sparks,
MD, USA)] (7H9-S). Tubes were vigorously agitated for 1 min and afterwards left to settle for 30 min.
The supernatants were then adjusted with distilled water to a density of 0.5 Mc Farland standard and
diluted 1/25 with 7H9-S. Extract samples were dissolved in sterile phosphate buffered saline (PBS),
0.1 M pH 6.8, at a concentration of 3 mg/mL for LI and 2.5 mg/mL for Hp, and then diluted 1:4 with
7H9-S to obtain a final concentration of 750 µg/mL and 625 µg/mL for LI and Hp extracts,
respectively. Similarly, the dialized samples were dissolved in sterile phosphate buffered saline (PBS),
0.1 M pH 6.8 at a concentration 2.5 mg/mL, and then diluted 1:4 with 7H9-S to obtain a final
concentration of 625 µg/mL.
Antimycobacterial activity testing was performed using the micromethod with clear flat-bottomed
96-well polystyrene plates (Cellstar, Greiner Bio-one, Frickenhausen, Germany). The technique was
performed as Leite et al. [31] described with minor changes. With the exception of the first well of
each lane, each well was filled with 100 µL of 7H9-S broth. 100 µL of each extract sample dilution
were added to wells 1 and 2 of each lane and then serial two-fold dilutions were prepared from well 2
of each lane. Then 100 µL of the inoculum were added to each well. The final concentration of each
extract sample was from 2.9 to 375 µg/mL for LI extracts and 2.4 to 312.5 µg/mL for Hp extracts and
dialized samples. Extract sample dilution buffer was used for growth control. Plates were sealed, put
into translucent plastic bags and incubated at 37ºC. The bacterial growth (turbidity) was daily
examined to monitor growth in control wells. Minimal inhibitory concentration (MIC) was defined as
the lowest concentration that exhibited no growth by visual reading during the day in which
development was observed in control wells.
2.6. Hemolysis assays
The assay was performed using human red blood cells (hRBC) and following previously
described protocols [32-33]. Briefly, human erythrocytes were isolated from heparinized blood by
centrifugation (3,000 rpm for 10 min), after washing three times with saline solution. Erythrocyte
solutions were prepared at a concentration of 0.4 % (v/v) in isotonic-saline solution. Test tubes
containing 1 mL of erythrocyte solution were incubated with 1 mL of increasing concentrations of
each extract (from 0.4 to 4.4 mg/mL) for 60 min at 37 ºC. After centrifugation at 3,000 rpm for 5 min,
the supernatant absorbance was measured at 405 nm. Lysis induced by 1% Triton X-100 was taken as
100%.
2.7. Protein Quantification
The bicinchoninic acid assay (BCA) was used for protein quantification [34]. For the assay, the
extracts were dissolved in Milli-Q water, and 100 µL of each sample were incubated with 2 mL of the
BCA reagent at 60º C for 30 min. After cooling, absorbance was measured at 562 nm in a Metrolab
1700 UV- Vis spectrophotometer.
A standard curve was developed using Bovine Serum Albumin (BSA) in the concentration range
between 0.1 and 1.5 g/mL.

2.8. Anticholinesterase activity assessment
The inhibitory activity towards butyrylcholinesterase (BChE) was evaluated using Ellman’s
method [35]. BChE hydrolyzes the thiol ester butyrylthiocholine to thiocholine and acetate. In turn,
thiocholine reduces the 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) liberating 2-nitro-5mercaptobenzoate, which absorbs at 405 nm.
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A commercial kit of Wiener Laboratories SAIC, Argentina (http://www.wiener-lab.com.ar) was
used and the manufacturer’s protocols were followed. The lyophilized extracts and dialyzed fractions
were reconstituted in phosphate buffer pH 7.7 and serial dilutions were made. The samples were
incubated with 7 µL of human plasma for 30 min at 25-30°C. Each vial containing the substrate was
reconstituted in 3 mL of buffer solution and 900 µL of this solution were added to each sample,
immediately measuring the absorbance at 405 nm in a Metrolab 1700 UV-VIS spectrophotometer. The
enzyme kinetics fitted the initial velocity of the enzyme reaction as a function of substrate
concentration.
Maloxon (oxidation product of malathion, an organophosphate pesticide) was used as a positive
control of inhibition, and phosphate buffer pH 7.7 as the control of basal activity of the enzyme (BEA)
(Data not shown).
All samples were analyzed in triplicate.
Enzymatic Activity (U/l) = (∆Absorbance/30sec) x 22710
% Enzymatic Activity (%EA) = (EAS/BEA) x 100
% Inhibition = 1 - %EA
EAS: Enzymatic Activity of the sample; BEA: Basal Enzymatic Activity

3. Results and Discussion
3.1. Collection of amphibian specimens
The species studied are shown in Table 1 together with data concerning the geographic regions
from which they were collected, number of specimens used and their sizes, among others.
Table 1. Collection of amphibian specimens
Species

Acronym

Year of
collection

L.latrans

Ll

2006/2008

H.pulchellus

Hp

2008/2010

Source

Northern access to
Paraná (Entre Ríos)
31°42´44.83´´S
60°32´50.25´´W
Northern access to
Paraná (Entre Ríos)
31°42´44.83´´S
60°32´50.25´´W

Number of
specimens (*)

Average SVL
(mm) (**)

Average % of
proteins
SE
TAS

6

80-120

39.22

5.1

7

37-50

29.8

47.45

SE: Solvent extraction; TAS: Transcutaneous Amphibian Stimulation . (**) SVL: snout-vent length. (*) total number of
specimens used for the extraction of the biological samples by both methods.

3.2. Antagonistic activity against Gram (+) and Gram (-) bacteria
Table 2 shows that all the samples obtained from Ll inhibited the four tested bacterial strains,
but the SE samples were more active than those obtained by TAS. Moreover, the inhibitory activity of
the dialyzed fractions (ES> 1kDa and ES> 2kDa) was greater than that of the complete extract,
particularly against S. aureus and Pseudomona sp.
The inhibitory activity of the complete extracts of Hp (SE and TAS) and dialyzed fractions are
presented in Table 2. In this case, TAS and SE samples were particularly active against Gram (-)
bacteria, but fraction ES> 2kDa was the most active against the S. aureus strain.
Studies carried out in Brazil by Castro et al demonstrated that fractions isolated from skin
extracts of H. albopunctatus inhibited the growth of E. coli and S. aureus bacterial strains. From these
extracts, hylin-a1 was isolated showing important antimicrobial activity against both strains [36].
While there are numerous reports about the antimicrobial properties of amphibian skin
secretions of the Hylidae and Ranidae families, there is still little information on the Leptodactylidae
family [37]. Six ocellatins have been identified from L. latrans, which showed moderate antimicrobial
activity against the E. coli strain [38-40].
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Table 2. Antagonistic activity of samples obtained from L. latrans and H. pulchellus against Gram (+)
and Gram (-) bacteria.
Indicator strains
Sample

E. coli
DBFIQ Ec9

B. cereus DBFIQ B28

S. aureus DBFIQ
S21

Pseudomonas sp.
DBFIQ P55

Diameter of inhibition zones (mm) (*)

Ll

SE

5

6

6

6

SE >1kDa

6

10

12

12

SE >2kDa

7

9

11

13

TAS

3

3

3

3

SE

12

7.5

9

10.5

SE >1kDa

9

5

7

8

SE >2kDa

7

4

15

10

TAS

12

6.5

8

11

Hp

Diameter of wells: 6mm. Diameter of wells was subtracted from the inhibited zone (*).DBFIQ: collection of the
Food Engineering Department (Microbiology and Biotechnology Section), Facultad de Ingeniería Química,
Universidad Nacional del Litoral, Santa Fe, Argentina. SE: complete extract obtained by ethanol-water extraction
in acid media; SE> 1kDa and SE> 2kDa: fractions obtained by dialysis with membranes of 1 and 2 kDa cut-off,
respectively. TAS: sample obtained by transcutaneous electrical stimulation.

3.3. Minimal inhibitory concentration (MIC) against Mycobacterium tuberculosis H37Rv (MT)
As shown in Table 3, the only samples that inhibited the growth of MT were the ones obtained
by the SE method.
Table 3. Determination of the Minimal inhibitory concentration (MIC) against M. tuberculosis
H37Rv of L. latrans and H. pulchellus samples
Species

MIC
SE

187.5 µg/mL

SE >1kDa

78.1 µg /mL

Ll

Species

MIC
SE

156.3 µg/mL

SE >1kDa

NI

Hp
SE >2kDa

NI

SE >2kDa

NI

TAS

NI

TAS

NI

F. III

90.0 µg /mL

NI: No Inhibition.

The SE samples of Ll and Hp inhibited the growth of the MT strain with a MIC of 187.5 µg/mL
and 156.3 µg/mL, respectively. After dialysis, it was found that fraction ES>1kDa from Ll was the
only one that inhibited the growth of this strain (MIC: 78.1 µg/mL). According to these results, the
MW of the active components of Ll would be in the range of 1000 to 2000 Da. In this situation, the
results of the MIC were similar to those reported by Cole et al who worked with pleurocidin obtained
from fish skin secretions [41].
Many natural products have been reported with inhibitory activity against M. tuberculosis or
related organisms. These compounds have been isolated from diverse natural sources, including
terrestrial and marine plants and animals, and microorganisms [42]. However, there are no reports
about peptides isolated from the skin of anuran amphibians that inhibit the growth of MT.
3.4. RP-HPLC analysis
Figure 1 (A and B) shows the HPLC chromatograms of Ll and Hp samples obtained by solvent
extraction (SE) and transcutaneous electrical stimulation (TAS). The chromatographic profiles of each
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TAS
SE

Signal Intensity

Signal Intensity

species are different, according to the extraction method used, with a greater number of hydrophilic
components when the SE method is employed.

minutes

TAS
SE

minutes

Figure 1. Comparative HPLC chromatographic profiles of samples of L. latrans (A) and H.
pulchellus (B) obtained by SE and TAS methods.
For Hp, both chromatograms show the presence of compounds in a wide range of
hydrophobicities, and for Ll it was not possible to compare both chromatograms, due to the presence
of a main component that eluted with 30% ACN, which appeared in both samples.

Signal Intensity

Signal Intensity

3.5. Chromatographic profiles of the dialyzed fractions
The chromatographic profiles of the dialyzed fractions of Ll and Hp are shown in Figures 2 and
3, respectively.
The analysis of the Ll chromatograms suggests that the MW of the major component of fractions
SE<1kDa and SE<2kDa, which elutes with 30% ACN ( rt: 12 min) is approximately less than 1kDa.
This peak was isolated by RP- HPLC and did not show inhibitory activity against the tested strains.

minutes

minutes

Figure 2. Chromatographic profiles of dialyzed fractions of L. latrans. A: fractions SE> 1kDa
and SE<1kDa. B: fractions SE> 2kDa and SE<2kDa.
A comparative analysis of the Ll chromatograms (Figure 2) also indicates the peaks that elute
between 38 to 54% ACN with a rt of 15-20 min approximately, may correspond to the bioactive
peptide fraction.
Figure 3 shows that the Hp extract contains a major peak that elutes with 40% ACN and most
probably has a MW greater than 2000 Da. This peak may correspond to a tissue protein, consistent
with the high content of proteins detected in this sample (Table 1).
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minutes

minutes

Figure 3. Chromatographic profiles of dialyzed fractions of H. pulchellus. A: fractions SE> 1kDa
and SE<1kDa. B: fractions SE> 2kDa and SE<2kDa.
In fraction ES>1kDa, several peaks eluting between 8-12 min and with 18-28% ACN were
detected, which may correspond to the mixture of bioactive peptides. These peaks along with others
also appear in fraction ES>2kDa and elute with similar % ACN.
3.6. Mass Spectrometry Analysis of L. latrans and H. pulchellus samples

Mass (m/z)

Figure 4. MALDI-TOF MS of L. latrans samples obtained by SE (A and B) and TAS (C).
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The MS spectra of the Ll samples (Figure 4) showed that the one obtained by SE (Figures 4.A
and B) has a very complex composition. The presence of compounds in a wide range of masses was
observed. Ions with m/z: 2558.7, 2250.4, 2201.4 and 2274.0 correspond to ocellatins -1, -2, -3 and -4,
according to previously reported data that indicated for them a MW of 2559.19, 2250.34, 2200.89 and
2274.24 Da, respectively, determined by ESI-MS and MALDI-TOF-MS (Table 4) [39]. These
ocellatins are caboxamide type. Furthermore, several ions with m/z between 600 and 1450 that may
correspond to enzymatically degraded peptides were also detected (Figure 4).
Table 4. Sequences of reported ocellatins
Identification
Ocellatin-1
Ocellatin-2
Ocellatin-3
Ocellatin-4
Ocellatin-5
Ocellatin-6

Sequence
G
G
G
G
G
A

V
V
V
L
L
V

V
L
L
L
L
L

D I L
D I F
D I L
D F V
D F L
D F I

K
K
K
T
K
K

G
D
N
G
A
A

A
A
A
V
A
A

G
A
A
G
G
G

K
K
K
K
K
K

D L L
Q I L
N I L
D I F
G L V
G L V

A
A
A
A
T
T

H
H
H
Q
N
N

L
A
A
L
L
I

V
A
A
I
M

G
E
E
K
E

K
Q
Q
Q
K

I
I
I
I
V

S E K
- - - - - - - - G - -

V
-

Nr
25
21
21
21
17
22

MW
2559.19
2250.34
2200.89
2274.24
1730.08
2274.76

Nr: Number of residues. MW: Molecular weight

Unlike that observed in the SE sample, a reduced number of ions was detected in the Ll sample
obtained by TAS (Figure 4C). For this, an ion with m/z: 1605.995 showed the highest relative
abundance. Subsequent studies by MALDI-TOF-TOF allowed us to determine that this peak
corresponds to an anionic peptide (data not shown). Ions 1739.040 and 1304.759 may correspond to
truncated versions of ocellatin-2 (Table 4) which resulted from the analysis of the reported sequences
[38, 40]. The reduced number of ions detected in the TAS sample is in agreement with its lower
antimicrobial activity.
The presence of several peptidases involved in propeptide processing was particularly studied in
the skin of Xenopus laevis. Among them, several studies have reported the presence of a
dipeptidylaminopeptidase [43], a cysteine endopeptidase [44], a highly specific protease that cleaves
after a single arginine of a consensus sequence of peptide hormone precursors [45], and an
endopeptidase named magainase that recognizes helical peptides of amphipatic nature with more than
12 residues [46].
Leite et al. reported the isolation of two novel antimicrobial peptides from the skin secretions of
Leptodactylus latrans, ocellatins-5 and -6 (Table 4) and five truncated forms of the same sequences.
They proposed that these truncated forms of ocellatins were enzymatically processed products,
cleaved by a skin enzyme. Also, the amino acid sequence of the two novel peptides shows structural
similarity with other antimicrobial peptides found in the skin secretion of other leptodactylidae frogs.
This observation is consistent with the hypothesis that many frog skin antimicrobial peptides are
evolutionarily related, having arisen from multiple duplications of an ancestral gene that existed before
the evolutionary divergence of the different species [38]. None of the other ions detected by MALDITOF-MS corresponds to other sequences identified from the Leptodactylidae family, such as
laticeptins [47], pentadactilins [48], falaxins [49] or leptoglicins [50].
Samples obtained by both methods from Hp (Figure 5) have a predominance of ions with m/z
between 700 and 1000. A small number of ions with m/z greater than 1000 and high relative
abundance were found in both samples: 1892.998 and 1850.990 in SE, and 1504.080 and 1463.982 in
TAS samples.
According to the data shown in Table 1, the TAS sample of Hp contains high percentages of
proteins (47.45%). Then, a great number of components of this sample may be peptides and proteins
of high molecular weight that were not considered in this study. The same conclusion resulted from
the analysis of the % of proteins detected in the dialyzed sample of Hp (69.02%).
Many peptides from frog skin have been isolated and characterized so far on the basis of their
biological activity and after several steps of chromatographic purification, which is a very timeconsuming approach. The characterization of proteins from venoms with a combination of mass
spectrometric techniques appears as a straightforward and efficient alternative method [51-53].
In this sense, the direct MALDI-TOF MS analysis of complete extracts of Ll obtained by SE
allowed the identification of known groups of biological active peptides, ocellatins, based on their
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molecular mass. This finding suggests that this kind of studies can be useful as part of
chemotaxonomic studies to classify skin components by virtue of their mass fingerprints.

Mass (m/z)

Figure 5. MALDI-TOF MS of H. pulchellus obtained by SE (A and B) and TAS (C y D).

Signal Intensity

3.7. Purification of fraction SE>1kDa obtained from Ll
The sample was purified by RP-HPLC using a C18 semi-preparative column, and 7 fractions
were obtained (Figure 6). The ability of each fraction to inhibit the growth of MT was investigated,
and it was found that only fraction number three (F.III) was active against this mycobacterial strain.

minutes

Figure 6. Chromatographic fractionation of SE > 1kDa sample of L. latrans by reversed-phase
HPLC.
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Fraction III (F.III) was analyzed by MALDI-TOF- MS and four major ions with m/z between
1200 and 1900 were detected: 1578.75, 1272.66, 1466.66 and 1928.89 (Figure 7).
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Figure 7. MALDI-TOF MS of Fraction III of L. latrans. The presence of four major components
is observed with m/z in the range 1200-1900: 1578.75, 1272.66, 1466.66 and 1928.89
3.8. Hemolytic activity
The hemolytic activity of Ll extracts increased significantly with their concentration, being
maximum at 2 mg/mL (82%) for the TAS sample, and at 5 mg/mL (80.7%) for SE ones (Figure 8).
The dialyzed fractions were less hemolytic than the complete extract, producing 20% of hemolysis at 3
mg/mL and 30-40% at 5 mg/mL.

Figure 8. Hemolytic activity of L. latrans samples obtained by SE and TAS methods
Leite et al. reported that amphibian protection against pathogens may be related to a synergistic
effect of the different compounds present in the granular glands [38]. In this way, and taking into
account that SE<1kDa is not hemolytic, the major hemolytic activity of the complete SE extract is
related to a synergistic effect of the peptides mixture, and not to the presence of other compounds of
low MW, such as alkaloids, amines, steroids and short peptides.
For Hp (Figure 9), it was observed that at 2.5 mg/mL both extracts produced more than 80% of
hemolysis, while the dialyzed fractions (SE>1kDa and SE>2kDa) produced 20% and 36% of
hemolysis, respectively. Similar to what was observed with Ll, full extracts were more hemolytic than
their respective dialyzed fractions, which is related to a synergistic effect of the peptide mixtures.
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Figure 9. Hemolytic activity of H. pulchellus samples obtained by SE and TAS methods
While the ability to lyse human erythrocytes is not a desired feature in molecules of therapeutic
interest, in this study it was considered as a positive indicator of toxic effect and interaction with
membranes.
3.9. Inhibition assays of butyrylcholinesterase (BChE)
Figures 10 and 11 show the enzyme inhibition variations with the concentration of the tested
samples. For Ll (Figure 10), the highest percentage of inhibition (27.5%) was obtained at 1.25 mg/mL
with fraction SE>1kDa and the decrease in inhibition observed at higher concentrations could be
related to aggregation effects.

Figure 10. Inhibitory effect of L. latrans samples obtained by TAS, SE and dialysis (SE> 1kDa and
SE <1kDa) on BChE enzyme activity.
The inhibitory activity of the TAS sample of Ll was similar to that of SE>1kDa at 5 mg/mL. This
was considered an interesting result because a reduced number of ions were detected in the TAS
sample by MS, some of which may correspond to truncated fragments of ocellatins (see figure 4C).
At 5 mg/mL, the TAS sample of Hp produced an inhibition of the BChE enzyme of 44%, slightly
higher than that produced by SE at the same concentration (40%) (Figure 11). In relation to the
dialyzed fractions, the inhibitory activity was higher in fraction ES<1kDa, suggesting that the
inhibitory activity may be related to the presence of short peptides, and other small molecules like
alkaloids, biogenic amines, etc.
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Figure 11. Inhibitory effect of H. pulchellus samples obtained by TAS, SE and dialysis (SE> 1kDa
and SE <1kDa) on the BChE enzyme activity.
There are no previous reports that demonstrate antibutyrylcholinesterase activity of biological
samples from species of the Hylidae and Leptodactylidae families.
In general, samples obtained from Ll by SE showed higher antimicrobial activity against Gram
(+) and Gram (-) bacteria than those obtained by TAS. Also, SE extract of Ll inhibited the growth of
Mycobacterium tuberculosis H37Rv strain.
In the specific case of Hp, both extracts (SE and TAS) showed similar biological properties,
although their composition was different. The results suggested the BChE inhibitory activity of Hp is
related to the presence of compounds with low molecular weight.
According to these results, both extraction methods are useful and complementary for the study
of the biological properties of new anuran amphibian species.

Abbreviations: AChE, acetylcholinesterase; ACN, acetonitrile; AD, Alzheimer's disease; BChE,
butyrylcholinesterase; FAS, fasciculins; HPLC, high-performance liquid chromatography; Hp, Hypsiboas
pulchellus; Ll, Leptodactylus latrans; MS, mass spectrometry; MALDI, Matrix-assisted laser
desorption/ionization; RP, reverse phase; rt, retention time; SE, solvent extraction; TAS, Transcutaneous
amphibian stimulation.; TOF, time of flight.
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