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Three novel antimicrobial peptides
from the skin of the Indian bronzed frog
Hylarana temporalis (Anura: Ranidae)*

V. Reshmy, V. Preeji, A. Parvin, K. Santhoshkumar and S. George*

Amphibian skin secretion is considered as a rich source of bioactive peptides. The present work describes the successful
identification of three novel peptides named brevinin-1TEa, brevinin-2TEa and brevinin-2TEb present in the skin secretion of
Indian bronzed frog Hylarana temporalis. The deduced open reading frame encoding the biosynthetic precursor of brevinin-
1TEa consisted of 70 amino acid residues and brevinin-2TEa and brevinin-2TEb consisted of 71 and 72 amino acids, respectively.
All the three peptides showed higher antimicrobial activity against Gram-negative than against Gram-positive bacteria. On
the basis of the antibacterial and haemolytic activity, brevinin-2TEb is the most potent peptide reported in the present study.
Further research on these peptides may provide potential clue towards newer drug development to combat various microbial

diseases. Copyright (©) 2011 European Peptide Society and John Wiley & Sons, Ltd.
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Introduction

The family Ranidae includes the most diverse and widely dis-
tributed group of anuran amphibians endowed with an excellent
chemical defence system composed of pharmacologically active
compounds. This holocrine skin secretion contains active pep-
tides, cytosolic components and intact polyadenylated mRNAs
encoding peptides and are stored in the granular skin glands and
released on disturbances [1,2]. Membrane-disturbing mechanism
of these peptides makes it difficult for the pathogen to develop
drug resistance [3]. This make peptides from frog skin secretion an
excellent leading biomolecule to design novel anti-infective ther-
apeutic agents for the control of emerging microbial pathogens
[4]. On the basis of extensive studies on the genus Rana, their
active skin peptides are grouped into at least 13 distinct families
of structurally related peptides including brevinin-1, brevinin-2,
esculentin-1, esculentin-2, ranatuerin-1, ranatuerin-2, palustrin-
1, palustrin-2, temporin, tigerinin, japonicin-1, japonicin-2 and
nigrocin-2 [5]. Most of the frog skin antimicrobial peptides share a
similar structural motif at their N-terminus, with phenylalanine or
glycine as the first amino acid, while the C-terminus contains the
Rana box, a cyclic heptapeptide domain [6].

Accumulated data from several studies have established that the
organisation of amphibian skin peptide biosynthetic precursors is
both highly ordered and conserved between different taxa [7]. In
general, the hydrophobic amino acid residue-rich signal peptide
is followed by a region rich in acidic amino acid residues and
finally a single copy of bioactive peptide. From alignment of either
nucleic acid sequences or open reading frames the amino acid
sequences of cloned biosynthetic precursor transcripts from many
species of amphibians showed highly conserved nucleic acid and
amino acid sequences within the signal peptide as well as the 3’
and 5" nontranslated regions. This permitted the design of general
PCR primer sets that are class, family or genus specific within the
amphibians [7]. Thus with a skin secretion-derived cDNA library
from an unstudied species and a general primer set, one can

amplify and clone peptide transcripts in the total absence of any
specific peptide primary structural data [7]. Hence, the present
work is designed to elucidate the natural peptides present in the
skin secretion of Indian bronzed frog Hylarana temporalis using
transcriptomic approaches.

Materials and Methods

Collection of Frog Skin Secretions

All the procedures involved in the present study were ap-
proved by the RGCB Institutional Animal Ethics Committee
(IAEC/63/5SG/2007/RGCB). Adult male and female (n = 8; 5-7 cm
in length) frogs of H. temporalis were captured from different lo-
cations of Western Ghats, India. The skin secretions were obtained
by mild transdermal electrical stimulation [8] and collected by
washing the dorsal region with nuclease-free water and then the
frogs were released immediately to the same habitat. The collected
solutions were snap frozen with liquid nitrogen and lyophilized.

Construction of cDNA Library

Polyadenylated mRNA was isolated from stabilization buffer using
magnetic oligo (dT) beads as directed by the manufacturer (Dy-
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nal Biotech, UK). PCR-based cDNA library was constructed using
SMART™ cDNA Amplification Kit (Clontech, UK) in strict accordance
with the manufacturer’s instruction. The first-strand cDNA was syn-
thesised using MMLV RT by SMART II"™" A Oligonucleotide Primer 5'-
AAGCAGTGGTATCAACGCAGAGTACGCGGG-3'and 3'CDS Primer A
5’-AAGCAGTGGTATCAACGCAGAGTAC(T)30V N-3' (N = A, C, G or
T;V = A, G, C) supplied with the kit. The second strand was ampli-
fied using Advantage DNA Polymerase from Clontech-UK, by 3'CDS
Primer A and 5'PCR primer 5'-AAGCAGTGGTATCAACGCAGAGT-3'.

Screening of cDNA for Encoding Antimicrobial Peptides

Two sense primers, including a degenerate (S1; 5-GAWYYAYY
HRAGCCYAAADATG 3') and a specific primer were designed from a
highly conserved domain of the signal peptide and 5’-untranslated
regions of antimicrobial peptide-encoding cDNAs from ranid frogs.
3/CDS primer A was used in PCR reactions as the antisense primer.
The PCR was done with Advantage DNA Polymerase (Clontech,
UK) under the following conditions: 94 °C for 2 min; followed by
30 cycles of 92°C for 10's, 50 °C for 30's, 72 °C for 40 s; and again
followed by a final extension at 72 °C for 10 min. PCR products
were gel purified and finally cloned into pGEM-T easy vector system
(Promega Corp.). Plasmids were isolated, purified and sequenced
using an ABI 3730 automated sequencer.

Bioinformatic Analysis and Physicochemical Properties of the
Antimicrobial Peptides

The primary structure of deduced peptides was subjected to
homology searches using BLAST (NCBI). Theoretical molecu-
lar weight, theoretical pl, net charge and grand average of
hydropathicity (GRAVY) [9] were computed using ProtParam
(http://expasy.org/tools/protparam.html).

Peptide Synthesis

Mature peptides were prepared by solid-phase synthesis us-
ing amino acids protected at the No position with Fmoc. In
short, Tentagel resin was used as the support to obtain a
carboxylated C-terminal peptide. Synthesis was carried on at
a scale of 0.1 mmol with 1-h coupling time. O-Benzotriazole-
N,N,N’,N’-tetramethyluronium-hexafluorophosphate  (HBTU)/N-
hydroxybenzotriazole (HOBt) were the coupling reagents and
the deprotection reaction was for 30 min. The Kaiser test was per-
formed after each amino acid coupling step and the coupling was
repeated if necessary. The peptides were cleaved from the resin by
treatment with the cocktail (94.5% TFA, 2.5% water, 2.5% EDT, 1%
TIS) for 3 h. The synthetic peptides were then purified by RP-HPLC
and their identity was confirmed by matrix-assisted laser desorp-
tion/ionisation time-of-flight mass spectrometry, MALDI-TOF-MS
(Voyager DE Pro, Applied Biosystems).

Circular Dichroism (CD) Spectroscopy

CD spectroscopy was performed using a Jasco J-715 spectropho-
tometer to analyse the secondary structure of the peptides. The
spectra were recorded from 190 to 250 nm with a bandwidth of
2 nm and step of 1 nm, at a scanning rate of 200 nm/min. Sam-
ples with a peptide concentration of 0.5 mg/ml were prepared
in the solvents: water and trifluroethanol (TFE)/water (50% (v/v),
and added in a quartz optical cell with a pathlength of 1 nm at
25°C. The spectra were averaged over three consecutive scans,

followed by subtraction of the CD signal of the solvent. The
mean residue molar ellipticity was calculated using the formula
(®)222 nm = (Ogps X M.r.w) /(10 x d X ¢), where O is the observed
ellipticity in degrees [10].

Antimicrobial Assays

Bacterial strains used for antimicrobial assays included Gram-
positive bacteria (Staphylococcus aureus: ATCC 25923; Bacillus
cereus: NCLM 2156) and Gram-negative bacteria (Pseudomonas
aeruginosa: ATCC 10145; E. coli: NCLM 2064; Vibrio cholerae: PL
91). Microorganisms were grown in Luria—Bertani (LB) broth to
an absorbance of 0.8 OD at 600 nm. The minimum inhibitory
concentrations (MICs) were determined in 96-well microtiter plates
by growing the bacteria (4 x 10° CFUs/ml) in the presence of
different concentrations of peptide. MICs were determined as
the lowest peptide concentration at which no bacterial growth
occurred. Serial dilutions of ampicillin and kanamycin were used
as Gram-positive and Gram-negative bacterial control antibiotics,
respectively.

Haemolysis Assays

Haemolytic assays were carried out in liquid medium using
human red blood cells (20% suspension (v/v)) from a healthy
donor. Different concentrations of the peptide were incubated
with human blood cells at 37 °C for 30 min. After centrifugation
(3000 x g for 5min), the absorbance of the supernatant was
measured at 540 nm. Samples treated with deionised water were
treated as the control for 100% haemolysis.

Results

cDNA Cloning

Three different cDNA sequences, one encoding brevinin-1 and
two encoding brevinin-2 precursor proteins, were obtained from
the skin cDNA library of H. temporalis. The nucleic acid sequences
of each ¢cDNA were confirmed in at least five replicate clones.
The nucleotide and deduced amino acid sequences of the three
antimicrobial peptides are illustrated in Figure 1. By BLAST search,
the first peptide was predicted with a sequence identity of
85% to gaegurin (brevinin-1 family) from Hylarana nigrovittata
[11] and the remaining two peptides had a sequence identity
of 84% (Figure 2) to brevinin-2LTa from Hylarana latouchii [12].
The new peptides were named brevinin-1TEa, brevinin-2TEa and
brevinin-2TEDb, respectively (TE = temporalis), in accordance with
nomenclature rules recently suggested for frog skin peptides [5].
The deduced open reading frame encoding the biosynthetic
precursors of brevinin-1TEa consisted of 70 amino acid residues,
while those of brevinin-2TEa and brevinin-2TEb consisted of 71
and 72 amino acids, respectively. The mature peptide of brevinin-
1TEa comprises 24 residues, brevenin-2TEa 29 and brevinin-2TEb
30. The domain topology of the peptide precursors are shown in
Figure 3. The conserved prepro-regions of each precursor open
reading frame include a putative 22 amino acid residue signal
peptide followed by an N-terminal acidic spacer domain. Release
of different mature C-terminal antimicrobial peptides is effected
by the termination of N-terminal acidic spacer domain in a dibasic
cutting site Lys-Arg (K-R) for trypsin-like proteases cleavage [13].
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Brevinin-1TEa

M F T L K K s M L L L F F L G T I N L 5
1 ATGTTCACCTTGAAGAAATCCATGTTACTCCTTTTCTTCCTTGGGACCATAAACCTATCT

L C E EERDN AEEEURU RTUDTU DT DT DI KR N
61 CTCTGTGAGGAAGAGAGAAATGCAGAAGAAGAAAGAAGAGATGATGATGATARAAGGAAT

T E V ¢ K R F F 6 P L I K I A T G V L P

121 ACTGAAGTGCAARAACGATTTTTTGGACCCTTGATAAAGATTGCTACTGGTGTTTTGCCT

N L I ¢ K A L G K C *
181 AATTTAATATGTAAAGCATTAGGGAAATGTTGAAACTTGAATTGGAAATCATCTGATGCT
241 GAATAACATTTAGCTAAACACATATCAGATGTCTTACGARARARRARAARAANDAARAARE
301 AA

Brevinin-2TEa

M F T M K K P M L L L F F L 6 T I 85 L 5
1 ATGTTCACCATGAAGAAACCCATGTTACTCCTTTTCTTCCTTGGGACCATCTCCTTATCT

L ¢ ¢ EERGAUDUETU DUDGGEMTE E E
61 CTCTGTCAGGAAGAGAGAGGTGCCGATGAAGACGATGCGAGGGGAARRTGACAGAAGAAGAR

K R GI GG S M L L G L A KNUVGM S L L
ARARGAGGTATTGGGAGTATGCTCTTGEGGETCGCCARAGAATGTGGGCATGTCGTTGTTG

121

N K A ¢ C K I 8 G K C *
AATAAGGCTCAATGTAAAATTTCTGGAARATGTTAAARCATGAATTGGAAGTCATCCAAT
GTGGAATATCATTTATTARATGCTARATGTCTGGTAARRARAADLAARAARARAARRARAR
ARADR

181
241
301

Brevinin-2TEb

M F T L K XK 8 K L L L F F L @ TTI & L =5
1 ATGTTCACCTTGAAGAAATCCAAGTTACTCCTTTTCTTTCTTGGGACCATCTCCTTATCT

L ¢ E EERGAUDEZEUDGOGEMTEE V
86l CTCTGTGAGGAAGAGAGAGGTGCTGATGAAGAAGATGGAGGGGARATGACAGAAGAAGTA

K R GG FM GG D TULEK G I AL RDN-AW-ATILA L

121 ARRAGAGGTTTCATGGGGGATACACTCAAGGGTATAGCCAGGAATGCGGCCTTGGCATTG

M N A A Q C K L S5 G K C *
ATGAACGCGGCTCAATGTARACTTTCTGGAAAATGTTAARACAGGAATAATACATCATCT
GATGTGGAATATCATT TAGCTAAATGCARAATGTCTGGTARAAARARRRAAARARRAAAA
ARARARADRR

181
241
301

Figure 1. Nucleic acid sequences of cDNAs encoding the novel peptides brevinin-1TEa, brevinin-2TEa and brevinin-2TEb cloned from the skin secretion
library of Hylarana temporalis. Putative signal peptides are single underlined, mature peptides are double underlined and stop codons are indicated by
asterisks.

Chemical Synthesis and MALDI-TOF Mass Spectrometry TFE/water, the CD spectra were supportive of a-helical structure.

The solid-phase chemical synthesis of brevinin-1TEa, brevinin - In contrast, in water all the peptides exhibited mainly random

2TEa, brevinin-2TEb was found to be highly successful. The major
products obtained in each case represented approximately 95%
of the synthetic mixture. By MALDI-TOF-MS analysis, the observed
molecular weights of the three peptides matched well with the
theoretical molecular weights (Table 1).

Circular Dichroism (CD) Spectroscopy

The CD spectra (Figure4) of all the peptides were solvent-
dependent. In a membrane-mimetic solvent such as 50%

coil conformations. Secondary structural analysis of the mature
peptides using CD spectra showed that 2TEa has the lowest molar
ellipticity at 222 nm, while 2TEb showed the highest ellipticity
value in TFE/water (Figure 4). The grand average hydropathicity
(calculated as the sum of hydropathy values of all the amino acids,
divided by the number of residues in the sequence) of the mature
peptide was found to be positive indicating hydrophobic nature
of the deduced peptides which may enable them to interact easily
and efficiently with microbial membrane. Theoretical pl, net charge
and hydropathicity of all three peptides are shown in Table 1.
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Figure 2. (a) Alignment of nucleotide sequences of cDNA clones encoding brevinin-1TEa compared with brevinin-1(gaegurin) of Hylarana nigrovittata.
(b) Alignment of nucleotide sequences of cDNA clones encoding brevinin-2TEa, brevinin-2TEb compared with brevinin-2LTa of H. latouchii. Conserved
nucleotides shown white on black and consensus nucleotides shown black on grey, gaps have been included to maximise alignment.

Gasgurin-é6 MFTMEKSLLLLFFLGTINLSLC F  FLGPIIKIATGILPTAICKILKKC
Brevinin-1TEa INLSLC ER FFGFLIKIATGVLENLICKALGKC
Brevinin-2TEa ISLSLC KR GIGEMLLGLAEKNVGMSLLNEAQCEISGED
Brevinin=-2TEb LLLFFLGTISLSLC KR GFMGDTLEGIARNAATATMNARQCKLSGKC
Brevinin-2LTa LLLFFLGMISMSLCE  QDERGADEDDGGEM s GAFGDLLEGVAKEAGMKLLNMAQUKLSGKC
shhkhdh & g4 4 %
-+ > + > o+ + »
1 2 3 4

Figure 3. The comparison of the domain topology of peptide precursors, deduced from cDNAs cloned from the skin of Hylarana temporalis, with other
Rana antimicrobial peptide precursors. Gaegurin-6 and Brevinin-2LTa from Genbank [accession nos: EU136546 and FJ647173]. (1) The putative signal
peptide domain; (2) Variable length acidic ‘spacer’ peptide domain; (3) dibasic residue propeptide convertase cleavage site; (4) variable mature peptides
encoding domain. Mature peptide sequences are shaded in grey. Conserved residues are indicated by asterisks.
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Figure 4. Circular dichroism spectra of antimicrobial peptides from
Hylarana temporalis.

Antimicrobial activity

Brevinin-1TEa, brevinin-2TEa and brevinin-2TEb exhibited differ-
ent antimicrobial activities against the tested bacteria. Table 2
shows the MIC value of each peptide against tested Gram-negative
bacteria (E. coli, P. aeruginosa and V. cholerae) and Gram-positive
bacteria (B. cereus and S. aureus). The three peptides were more
active against Gram-negative than Gram-positive bacteria.

Haemolytic Activity

In this study, we used human red blood cells to examine the
haemolytic activity. It was observed that brevinin-2TEb revealed

little haemolytic activity even at peptide concentrations up to
200 ug/ml, whereas brevinin-1TEa and brevinin-2TEa exhibited
haemolytic activity (Table 2).

Discussion

Genus Hylarana is mainly distributed in tropical and subtropical
regions of Asia as well as in the savannas of Africa. In this study,
we purified and sequenced three novel antimicrobial peptides
from the skin secretion of H. temporalis. Three different mature
antimicrobial peptides belonging to two families were deduced
from the cDNA sequences encoding peptide precursors. Primary
structural characterization of the H. temporalis antimicrobial
peptides revealed that they were members of the brevinin-1
and brevinin-2 families. Thus, according to a recent nomenclature
recommendation by Conlon [5], the peptides from H. temporalis
isolated in this study were named brevinin-1TEa, brevinin-2TEa
and brevinin-2TEb.

Brevinin-1 was first identified from the skin of Rana brevipoda
porosa (renamed as Pelophylax porosus) [14,15]. The antimicrobial
peptides belonging to the brevinin-1 and -2 families have the
common Rana-box motif (i.e. a C-terminal cyclic heptapeptide
domain stabilized by a single disulfide bridge). The synthetic
peptides in the present study were oxidised using 10% DMSO
in water to form the Rana-box motif which was confirmed by
analytical HPLC and MALDI-TOFF MS analyses. Nearly 80% amino
acid sequence of brevinin-1TEa was similar to brevinin-1 from
the skin of H. nigrovittata. It was found that the Phe'!, Ala°,
Val'? and Pro'* residues were strongly conserved in the brevinin-
1 family which might be important functional determinants of
antimicrobial activity. It has been suggested that Pro'* residue
produces a stable kink in the molecule [16] and this feature
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Table 1. Structural parameters of the mature peptides from the skin cDNA library of Hylarana temporalis

Peptide GRAVY Number of amino acids Net charge Theoretical pl Theoretical mass Observed mass
Brevinin-1TEa 1.117 24 +3 9.39 2517.16 251543
Brevinin-2TEa 0.486 29 +4 9.70 2935.6 2933.98
Brevinin-2TEb 0.293 30 +3 9.39 3054.6 3053.05

Table 2. Action of antimicrobial peptides of Hylarana temporalis against microorganisms and haemolytic activity against human red blood cells

MIC (ug/ml)

Control
Microorganism Amp Kan Brevinin-1TEa Brevinin-2TEa Brevinin-2TEb
Gram-negative bacteria
E. coli (NCLM 2064) - 13 30 40 20
P. aeruginosa (ATCC 10145) - 33 150 100 40
V. cholerae (PL 91) - 20 150 150 60
Gram-positive bacteria
B. cereus (NCLM 2156) 76 - 100 >150 150
S. aureus (ATCC25923) 43 - >150 >150 40
Peptide concentration in pg/ml Percentage haemolysis
50 - - 95 49.7 9.42
100 - - 96 87.2 15.8
150 - - 97.5 925 20.53
200 - - 97.8 100 23.79

might be important in producing transmembrane pores that
lead to bacterial cell lysis [17]. Brevinin-2TEa and brevinin-2TEb
consist of 29 and 30 amino acids, respectively. Brevinin-2TEa
contains just one amino acid deletion in the position two when
compared to the previously identified brevinin-2LT a peptide from
Hylarana latouchii. The peptide sequences obtained in the present
study were deposited in GeneBank (accession nos. GU233779,
GU233777,GU233778).

The actual antimicrobial mechanism of antimicrobial peptides
is still unclear, although many hypotheses have been presented
[18]. In our study, brevinin-1TEa, brevinin-2TEa and brevinin-2TEb
exhibited different antimicrobial activity against tested bacteria
(Table 2). The CD spectral measurements in TFE/water showed high
ellipticity and lowest «-helicity for brevinin 2TEb than brevinin 1TEa
and 2TEa (Figure 4). The reduced haemolytic activity of brevinin-
2TEb (net charge +3) may be due to such a reduced «-helicity as
observed by other authors [19]. The primary structure of brevinin-2
is very poorly conserved among the frog species studied as well as
among individual members of the family within a single species
with only three amino acid residues invariant in the peptide
chain while no variant residue was noticed in brevinin1 [20].
Each antimicrobial peptide from a particular species has a unique
amino acid sequence and is rarely identical in another species even
when they are closely related phylogenetically. Further studies on
this genus may enable the identification of a large number of
antimicrobial peptides.
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