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Cationic antimicrobial proteins are an important part of innate nonspecific immunity. It is the first defensive level, which is in-

herent in almost all living organisms. The main objective of such proteins is the destruction of dangerous microorganisms (fungi, 
bacteria, viruses, parasites etc.). The skin of amphibians is a rich source of these molecules, which are produced and stockpiled 
in skin glands, which are usually located on the dorsal side of the body. Basically, they are spread over the surface of the body or 
grouped in special morphological structures – parotids. Currently the host defensive proteins were found in members of all fami-
lies of amphibians, that suggests a connection among them with evolutionary advantages. Moreover, amphibian antimicrobial 
proteins can be used in modern medicine. Amphibians can become a rich source of biologically active agents and usage of them 
is very beneficial for pharmaceutical industry. These substances appeared to have much more abilities than it was believed be-
fore. For example, they can be used in methods of blood folding or antiviral therapy. Taking this into account, it is very promising 
to study antimicrobial proteins in Ukraine (from 15 anuran species of 5 families (Pelobatidae, Hylidae, Bufonidae, Ranidae and 
Bombinatoridae). This article describes the chemical structure and properties of the antimicrobial proteins presently known from 
the studies and their presence in different families of Anura. The main aim of the work is to show the variability of these sub-
stances in anurans to create a background for further investigations of amphibians' antimicrobial proteins in Ukraine and study-
ing of their pharmaceutical potential. 
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Introduction. The production of antimicrobial peptides 

is part of the innate immune system and is widely distribut-
ed in nature. This system was first discovered in the in-
sects' hemolymph where the synthesis of antimicrobial 
peptides such as defensins and cecropins is induced in 
response to microbial infection. Skin secretions of many 
amphibian species have a wide range of biologically active 
substances with various functions (amines, proteins, ster-
oids, water- and fat-soluble alkaloids, peptides). Nowa-
days, compounds with antiviral, antimicrobial, antifungal 
properties were identified.  

The main types of pharmacologically active proteins, 
that have been discovered so far, are: caeruleins, 
tachykinins, bradykinins, thyrotropin-releasing hormone, 
bombesin-like and opioid peptides. In addition to peptides 
associated with mammalian hormones and/or neuro-
transmitters, amphibian skin contains numerous peptides 
with hemolytic properties. The glands that produce the 
poison and surrounded by myocytes are innervated by 
sympathetic nerve fibers. Adrenergic stimulation of myo-
cytes in response to stress causes compression of serous 
cells and releasing of their content by holocrine type of 
secretion. Antimicrobial proteins synthesized by ribo-
somes in average length of 10 to 50 amino acid residues 
are widely distributed in nature. In unicellular organisms, 
plants and animals, including humans they are the first 
line of defense against harmful microorganisms [1]. 

Despite significant variations in the length and structure 
of host defense proteins (HDP) and no sustainable motives 
responsible for their activity, there are certain features that 
are common to all proteins investigated at present. They 
are as follows: – most of these proteins are cationic due to 
the presence of many lysine residues in their structure;- in 
aqueous solutions they usually do not have a secondary 
structure but take an α – helical conformation among 
phospholipid vesicles or in membrane-like solution. For 
example, in a 50 % trifluoroethanol/water solution their 
charge varies from +2 to +6 at pH 7; at least 50 % amino 
acid of protein are hydrophobic [2].  

The skin of amphibians plays an important role in their 
survival and helps them to adopt to different environmental 
conditions [3]. 

Some of the peptides were found only in certain groups 
of amphibians. Brevinin-1, esculentin-1 and -2 and tempo-
rin were found in the Ranidae family in Eurasia and North 
America; ranalexin, ranateurin-2 and palustrin – only in the 
North American ranids; brevinin-2, tigerinin, japonicin ni-

grocin and melittin-like peptides were found only in the 
Eurasian toads [4].  

Nowadays, there were notdiscovered two species of 
amphibians that have the same set of antibiotic proteins 
and there were not found two proteins with identical se-
quences in different species of frogs. Ortholog proteins 
(coded by homologous sequences, for the division of which 
the act of speciation has led: if a gene existed in some 
species, which divided into two types by divergence, the 
copies of the gene in daughterly species called orthologs) 
and paralogs (homologous sequences, for the division of 
which a doubling of the gene has resulted, if within the 
same organism as a result of chromosomal mutation was 
doubling gene, the copies are called paralogs) are formed 
because of mutations and processes of speciation. It has 
been found in many species of amphibians and have dif-
ferent aminoacid sequences in different species and often 
exhibit a different biological activity. Thus, the skin of am-
phibians are potentially important as a rich source for the 
discovery of new protein antibiotics.  

There is no one mechanism that causes cell death by 
antimicrobial peptides (AMP), because their performance is 
always based on nonspecific interactions with the bacterial 
membrane, without an impact on the specific receptors 
(Yeaman and Yount, 2003).  

It should be noted that the production of AMPs by some 
species of amphibians is seasonal and is influenced by 
thyroid hormones [5]. It can also be terminated by envi-
ronmental factors or pesticides [6]. 

Almost everywhere we faced the problem of contamina-
tion of amphibians by pathogenic chytrid fungus Batracho-
chytrium dendrobatidis Longcore, Pessier & D. K. Nichols 
1999 which reduces their populations. Numerous studies 
have shown that cleaned cytolytic proteins from the skin of 
frogs inhibit the growth of many types of adult cells and 
zoospores B. dendrobatidis in vitro [7].  

Another group of organisms responsible for the deaths 
of large numbers of amphibians is ranaviruses (Irodoviri-
dae). It turned out that some of the AMBs isolated from 
secretions of skin glands can inactivate viruses. These 
include brevinin-1 (affects herpesvirus types 1 and 2); caer-
in 1.1, caerin 1.9 and maculatin 1.1 (completely inhibit HIV 
in T cells); esculentin and ranateurin-2R-2R dermaseptin-
B1, temporin A (rapidly inactivates frog virus type 3, patho-
genic iridovirus) [8–10].  

Even though the study of amphibian proteins was main-
ly focused on their antimicrobial properties, modern studies 
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show that they are also able to act as a cytokine-mediated 
immunomodulators, chemoattractants, insulin-releasing 
factors and have anticancer activity [11, 12]. 

The purpose of this work is to collect and systematize 
information from the literature on the distribution and prop-
erties of various host defense peptides in organisms of 
different families of tailless amphibians, especially the fami-
lies represented in the batrahofauna of Ukraine. This work 
is the beginning of a series of studies of antimicrobial and 
other properties of the poisons of anurans in Ukraine, in 
order to study their perspectives to be used in medicine 
and pharmacology. 

Ways of poisons extraction from the tailless amphib-
ians. There are many ways of getting the poison from anu-
rans, including lethal and non-lethal release. When lethal 
ways are used, the skin of animals that previously were sub-
jected to decapitation, is removed, dried and ground to pow-
der consistency for further use. Another lethal variant is to 
place a frog in a flask with anhydrous ether, which stimulates 
the secretion of the skin poison that is washed from the sur-
face of the animal with deionized water. 

Modern non-lethal methods include the usage of an 
electric current. The animal is subjected to short-term ef-
fects of the weak current which causes synchronous re-
lease of toxic secretions from the glands. Further, in sterile 
conditions, the secret is washed from the surface of animal 
with deionized water [13].  

Another non-lethal way is to stimulate poison release 
by chemical injection: the animal gets a hydrochloride in-
jection into a lymphatic bag (40 nmol/1 g body weight) and 
is then placed in 100 ml of distilled water for 15 minutes. 
Poison secret is released into the aquatic environment. 
After the frog is removed trifluoroacetic acid (TFA) is added 
and then the solution is frozen for later use [14].  

Distribution of skin antimicrobial peptides in the 
anuran families. It is a common misconception that all 
frogs synthesize and release cytotoxic peptides into their 
skin secretions. The distribution of dermal antimicrobial 
peptides among anuran families is sporadic. 

Archaeobatrachia is thought to be a more ancient group 
than Neobatrachia. It consists of six families: Leiopel-
matidae, Alytidae, Bombinatoridae, Pipidae (among which 
АМPs were found) and Pelobatidae, Scaphiopodidae (for 
which the presence of АМPs is uncertain) [15].  

For the Leiopelmatidae family the presence of ascaphins 
is typical. Eight proteins with antimicrobial activity (ascaphin 
1-8) were extracted from the skin of Ascaphus truei Stejneg-
er, 1899. These proteins are structurally similar to each oth-
er, indicating possible multiple duplications of the ancestral 
gene. Ascaphins have a broad spectrum of antimicrobial 
activity when they are under intense exposure of gram-
negative species [6]. It was shown that askafin-8 is a poten-
tially important antiinfective agent that can easily be mass 
prodused. This peptide showed a relatively high inhibition of 
growth strains of Escherichia coli Escherich, 1885 and 
Klebsiella pneumonia (Schroeter 1886) Trevisan, 1887 (min-
imum inhibitory concentration: the lowest concentration of a 
chemical that prevents visible growth of a bacterium,  
MIC < 25 μM (25 × 10–3 mol/m3)). It also has a high toxicity 
against mammalian cells (LC50 (the concentrations of the 
chemical that kills 50 % of the test animals during the obser-
vation period) against human erythrocytes = 55 µM) [16]. 

Among the Neobatrachia group cationic AMPs were 
found in the skin of the families Dicroglossidae, Hylidae, 
Hyperoliidae, Leptodactylidae, Myobatrachidae, and 
Ranidae. For the families Bufonidae, Ceratophyridae, Eleu-
therodactylidae, Microhylidae, Pyxicephalidae and Rha-
cophoridae such proteins are still not found. However, from 
the skin of Rhacophorus schlegelii Gunther, 1858 (Rha-

cophoridae) histone H2B has been extracted, which has 
cytolytic properties and in skin glands secret of Dyscophus 
guineti Grandidier, 1875 (Microhylidae) a Kunitz-type pro-
tease inhibitor with weak antimicrobial activity was found. 
However, it is unlikely that these substances play an im-
portant role in protecting the body [15]. 

AMPs families. From the skin secretions of Alytes ob-
stetricans Laurenti, 1768 two families of structurally similar 
C-terminal a-amidated AMPs were allocated [15]. These 
proteins belong to the families alyteserin-1 and alyteserin-
2. Representatives of the alisteryn-1 family show selective 
antibacterial activity (colonies growth inhibition) on Gram-
negative bacteria and low hemolytic activity against human 
erythrocytes. Alysterin-1s has also been very active against 
nosocomial pathogens Acinetobacter baumannii Brisou & 
Prevot, 1954 [17]. Proteins from the alysterin-2 group pri-
marily inhibit the growth of Gram-positive bacteria, such as 
Staphylococcus aureus Rosenbach, 1884, and like alyster-
in-1 exhibit low hemolytic activity [15]. 

Bombinins. All bombinins can be divided into two fami-
lies according to their structural similarity: bombinins and 
bombinins H. These AMPs were extracted from the skin 
secretions of Bombinatoridae (mostly from Bombina bom-
bina Linnaeus, 1761, Bombina variegata Linnaeus, 1758, 
Bombina orientalis Boulenger, 1890 and Bombina maxima 
Boulenger, 1905).  

Bombinins were the first discovered AMPs  (from the 
skin of B. bombina) and they have strong hemolytic proper-
ties. Later orthologs of bombinin were found, they were 
isolated from B. variegata and B. orientalis. These 
orthologs were called maximin and were later renamed to 
bombinin-like peptides (BLP).  

Subsequently C-terminal alpha-amideted proteins of 
20 amino acids were isolated, which were given the name 
bombinins H. Bombinins H3, H4 (B. variegata) and H6 
(B. orientalis) were found later and distinguished by the 
presence of D-alloisoleucine (rather than genetically de-
termined L-isoleucine) and D-leucine (instead of L-leucine) 
in the second position [18]. 

Bombinin-like proteins BLP-1 and BLP-3 showed a sig-
nificant, broad antimicrobial activity against Gram-positive 
and Gram-negative strains and against opportunistic path-
ogenic Candida albicans (C. P. Robin) Berkhout, 1923. 
They are characterized by low hemolytic activity, while 
bombinins H2 and H4 are less active against bacteria but 
have significant hemolytic activity. Interestingly, the ana-
logs containing D-amino acids showed better results in the 
destruction of bacteria than those with L-amino acids. An-
timicrobial activity of hydrophobic bombinins H6 and H7 
were lower except for their effect on Aeromonas hydrophil-
ia Chester, 1901, which is common among frogs and caus-
es the deadly red legs disease [18].  

Mahainins. Xenopus laevis Daudin, 1802 was the first 
species, from the skin of which AMP (mahainin-1 and -2) 
was extracted and classified. The following analysis of skin 
secretions of X. laevis led to isolation and characterisation 
of peptide leucine-glycine amide (PGLa) and related AMPs 
with different activities, which are formed by post-
translational processing of caerulein and xenopsin precur-
sors. Comparing the amino acid sequences of procaeru-
lein, promagainin and proxenopsin predicted by the nucleo-
tide sequences of their cDNA revealed significant structural 
similarity in the N-terminal regions. It is suggested that the 
proteins may originate from a common ancestral gene that 
has undergone a series of duplications. Orthologs of 
magayinin-1 and -2, PGLa, caerulein-precursor fragment 
(CPF) and a xenopsin-precursor fragment (XPF) were 
found in secretions of skin glands of Xenopus borealis Par-
ker, 1936 and Xenopus amieti Kobel, du Pasquier, Fisch-
berg & Gloor, 1980 [17].  
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From the secretions of Xenopus tropicalis Gray, 1864 
seven protective proteins (XT-1 – CT-7) were extracted, 
each of which are an ortholog of previously found peptide. 
So, XT-1, XT-6 and XT-7 are orthologs of CPF; XT-2, XT-3 
and XT-4 are orthologs of XPF; XT-5 is an ortholog of 
PGLa. It was shown that the evolutionary pressure on the 
primary structure of clawed frogs AMPs was not strong 
enough to stabilize them, so the sequence of procaerulein- 
and proxenopsin-like proteins are quite variable.  

Uperins and signiferins. AMPs were found in the 
representatives of Uperoleia and Crinia. From the skin of 
Uperoleia mjoberii Andersson, 1913 and Uperoleia inun-
data Tyler, Davies & Martin, 1981 structurally similar pro-
teins called uperins, which were active against Gram-
positive bacteria, were allocated. In Crinia species two 
proteins that differ by only one amino acid, called signifer-
in 2.1 and signiferin 2.2, which have shown an activity 
against Gram-positive bacteria, were found. Riparin 2.1, a 
protein similar to signiferin, was isolated in Crinia riparia 
Littlejohn et Martin, 1965 [15]. 

Dermaseptin superfamily.Skin secretions from the 
genus Hyla contain genetically closely related but structur-
ally different AMPs, grouped in the dermaseptin superfami-
ly (sensu stricto), which includes dermaseptins, phyllosep-
tins, plasticins, dermatoxins, phylloxins, hyposins, caerins, 
and aureins. 

The family was the subject of intense research be-
cause of the extraordinary occurrence of AMPs among 
Hylidae. Members of different groups differ in their struc-
tures and biological effects, but conservative amino acid 
sequences of the signal protein and the N-terminal prore-
gione precursors of these proteins suggests that they are 
evolutionarily related [19]. 

Dermaseptins were studied in detail and were extracted 
from the skin of a large number of species (Phyllomedusa 
sauvagii Boulenger, 1882, Phyllomedusa bicolor Boddaert, 
1772, Phyllomedusa oreades Brandao, 2002, Phyllomedu-
sa distincta Lutz, 1950, Phyllomedusa hypochondrialis 
Daudin, 1800, Pachymedusa dacnicolor Cope, 1864, 
Agalychnis annae Duellman, 1963, Agalychnis callidryas 
Cope, 1862, and Hylomantis lemur Boulenger, 1882). The 
common features of all dermaseptins are the presence of 
residue Trp at position 3 and the constant sequence (Ala-
Ala-Xaa-Lys-Ala-Ala-Leu-Xaa-Ala) in the center of the mol-
ecule. The greatest differences between these substances 
are in their cytolytic activity. Dermaseptins -S1, -S3, and -
S5 (P. sauvagii) have a broad spectrum of antimicrobial 
activity (against Gram-positive and Gram-negative bacte-
ria) and low hemolytic activity, while dermaseptin-S4 shows 
a strong antimicrobial and hemolytic action [20].  

Plasticines are characterized by the presence of many 
copies of GXXXG motive and high conformational variabil-
ity. For example, plasticin-DA1 can obtain an alpha-helical 
conformation (when bound to anionic phospholipid 1,2-
dymiristoyilfosfatydylglycerol vesicles) and a beta-folded 
structure (when bound to zvitterionic dimirystoilofosfatydy-
locholin vesicles). Plasticines can be divided into different 
classes based on their ciytolytic activity: plasticins B1 and 
plasticins S1 (strongly cationic, a large number of lysine 
residues, broad spectrum antimicrobial activity and ability 
to lyse erythrocytes) and plasticins – A1, – C1, – C2, – DA1 
(weakly cationic or neutral, just hemolytic effect). Proteins 
of Litoria genus divided into 5 groups: aureins, caerins, 
citropins, dahleins and maculatins [2].  

Among the different kinds of proteins of the subfamilies 
(Phyllomedusinae and Pelodryadinae) of the Hyla family 
there are significant differences, but the amino acid se-
quence of the signal protein and N-terminal proregione of 
precursors of aureins and dahleyins are very similar, which 

may indicate a common evolutionary origin. Not all members 
of the subfamily Hylinae synthesise AMPs: from the skin 
extract of Pseudis paradoxa Linnaeus, 1758 four similar 
peptides, pseudin 1–4 have been allocated, although they 
were not allocated through the norepinefrin stimulation. 

Pseudin-2 showed the highest activity against Gram-
negative bacteria yet was weakly hemolytic. The peptide 
had a bactericidal effect on E. coli (Gram-negative) and 
was bacteriostatic on S. aureus (Gram-positive). As for 
the Hylinae family AMPs were detected in the Hyla, Hyp-
siboas and Osteopilus subfamilies. The only exception is 
Hyla punctata Daudin, 1802, skin of which has a cationic 
alpha-helical hylaseptin P1 (broad spectrum antimicrobial 
activity and low cytotoxicity on mammalian cells) and 
Hypsiboas raniceps Cope, 1862, with raniseptin secretion 
(AMP family with weak hemolytic action and structural 
similarity with dermaseptins) [21]. 

Ocellatins. All studied species of the genus Leptodac-
tylidae (Leptodactylus fallax Müller, 1926, Leptodactylus 
ocellatus Linnaeus, 1758, Leptodactylus laticeps Bouleng-
er, 1918, Leptodactylus pentadactylus Laurenti, 1968, Lep-
todactylus syphax Bokermann, 1969, Leptodactylus vali-
dus, Garman, 1888) produce one or more related protein, 
which were given names according to the name of a spe-
cies: for example fallaxin, pentadactylin. Since this nomen-
clature does not allow us to define the evolutionary rela-
tionship of these proteins, all members of the protein family 
were named ocellatins titled after the first identified peptide. 
Ocellatins inhibit the growth of Gram-negative colonies but 
their action is not expressed or is very weak on Gram-
positive organisms, for example yeast or C. albicans.  Their 
hemolytic activity is very low. From the skin of L. laticeps 
and L. pentadactylus glycine and leucine-rich proteins, 
structurally similar to plastitcins, were allocated (which 
were previously found only in Phyllomedusa genus from 
the family Hylidae). They take random helical conformation 
in water, beta-folded conformation in methanol and alpha-
helical conformation in 50 % trifluoroethanol-water. The 
protein from L. laticeps did not show antimicrobal actions 
and the peptide from L. pentadactylus, despite its weak 
cationicity is active against Gram-negative bacteria [15]. 

Kassinatuerins. In the skin of Kassina senegalensis 
(Hyperoliidae family) Dumeril & Birbon, 1841 kassinatuerin-
1 was found, and it contained 21 amino acid residues. It 
has a significant inhibitory effect on E. coli and S. aureus 
(MIC < 10 µM) and was strongly hemolytic. Structurally 
similar kassinateurin-2 revealed no antimicrobial activity, 
although its orthologs from the secret of Kassina maculata 
Dumeril, 1953 were active against S. aureus [15].  

Tigerinins. Tigerinins were found in the subfamily Di-
croglossinae, Dicroglossidae family. These four small  
(11-12 amino acids), structurally similar C-terminal alpha-
amidated proteins have a broad spectrum antimicrobial 
activity. From the skin of the representatives of the families 
Hoplobatrachus and Fejervarya tigerinin-like proteins that 
are C-terminal alpha-amidated have been allocated. They, 
as has been shown later, are an important factor in antimi-
crobial activity [22].  

Rana-box containing proteins. The largest number of 
antimicrobial proteins has been isolated from the skin of 
frogs of the genus Rana. Proteins of ranids have 10-
47 amino acid residues and contain a special structure, the 
rana-box, which is a 7-membered loop with a disulfide 
bridge at the C-terminus. Numerous of protective proteins 
of ranids are assigned to 14 families based on the similarity 
of their sequences. AMPs diversify within a large family 
and were the subject of many survey studies. Today these 
families of ranids AMPs are isolated: brevinin-1, brevinin-2, 
esculentin-1, esculentin-2, ranatuerin-1, palustrin-2, nigro-
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cin-2 containing a part of the 7-membered ring; ranatuerin-
2 which has a 6-membered ring; japonicin-2 which has an 
8-membered ring; ranacyclins which have an  
11-membered ring; C-terminal alpha-amidated temporins 
which are completely circular. Peptides of the brevinin-1 
and temporin families have the widest distribution, being 
found in the majority of Eurasian and New World species. 
Esculentin-1, esculentin-2, and palustrin-2 have a more 
restricted distribution in both Eurasian and North American 
species. To date, peptides of the brevinin-2 family have 
been found only in Eurasian frogs, but brevinin-2-related 
peptides, lacking the C-terminal cyclic domain, have been 
isolated from North American ranids. Peptides of the ranat-
uerin-1 family have been identified only in the skins of 
North American bullfrogs of the Aquarana species group. 
Ranatuerin-2 peptides are found in most New World spe-
cies, but the distribution in Eurasian frogs is much more 
restricted. Japonicin-1, japonicin-2, and nigrocin-2 have 
only been found in Asian species [23]. 

Brevinins-1 have a broad spectrum of antimicrobial ac-
tivity and are potent hemolytic. Temporins are potential 
antiinfective agents due to their small size (8-21 amino acid 
residues) and the simplicity of the artificial synthesis. Most 
of them only act against Gram-positive organisms, but 
temporin-L (Rana temporaria, Linnaeus, 1758) and tempo-
rin-1DRa (Rana draytonii Baird & Girard, 1852) are capable 
of inhibiting Gram-negative species [15]. 

Use of AMP in phylogeny. Host defencive proteins 
from the skin of amphibians can be used as taxonomic and 
phylogenetic markers to study the evolution of different 
families of frogs. Studies confirm that cladistical analysis 
based on the primary structure of the HDPs of ranids can 
be used as a complement to analysis based on morpholog-
ical characteristics and comparing nucleotide sequences of 
mitochondrial and nuclear genes. 

One study, however, shows that even within the same 
family, species belonging to the same genus can synthe-
size AMPs, while other species can not. Despite the fact 
that the skin of amphibians from genuses Xenopus and 
Silurana produces a lot of AMPs, they were not found in 
the skin of Pipa pipa, which also belongs to the family 
Pipidae [15]. 

Use of AMP in pharmacology. AMPs also have differ-
ent pharmacological effects including cardiotoxic, miotoxic 
and neurotoxic activity [24]. Due to the widespread use of 
antibiotics in recent decades, we now have an increase in 
the number of viruses and bacteria that are resistant to all 
current antibiotics. This creates a global public health crisis 
and the urgent need for new antimicrobial agents. There-
fore, it is interesting that maculatin and caerin show strong 
antiviral effect and the ability to prevent the development of 
HIV by breaking the shell of the virion [25, 26].  

Although magainin-2 has only a low activity against 
Gram-positive bacteria, its counterpart pexiganan with the 
replacement of lysine, has a broad spectrum of antimicro-
bial activity and a low toxicity on mammalian cells and has 
been studied as a therapeutic agent and particularly im-
portant against the foot ulcer in diabetic patients. Its mech-
anism of action is based on the formation of pores.  
CPF-like protein XT-7 showed moderate hemolytic activity 
on human red blood cells (LD50 (the amount of a material, 
given all at once, which causes the death of 50 % of a 
group of test animals) = 140 µM), limiting its use as a med-
icine. However, its counterpart [G4K] XT-7 is not hemolytic 
(LC50 = 500 μM) and retains a high antimicrobial activity. 
Proton magnetic resonance spectroscopy showed the de-
crease of analogues toxicity correlated with the decrease of 
helicity and increase of cationicity.  

Among currently surveyed AMPs, esculentin-2LSa is 
the most suitable for the production of therapeutically im-
portant anti-infective agents. Its high activity (MIC = 4 μM) 
against S. aureus gives cause to develop a non-toxic ana-
log with appropriate pharmacokinetic properties for the 
treatment of methicillin-resistant strains of S. aureus 
(MRSA) based on esculentin-2LSa. Eskulentin-2 shows 
immunomodulatory and anti-tumor properties [27].  

Discussion. It is difficult now to draw a definitive con-
clusion regarding the importance of frog skin peptides in 
defending the host. It is suggested that AMPs offer definite 
evolutionary advantage to anurans, but their presence in 
skin secretions is not essential to survival. It is highly prob-
able that AMPs in the skin do represent a component of the 
system of innate immunity in the limited number of species 
that produce them. Besides, these peptides are a potential-
ly valuable source for manufacturing of antibiotics for hu-
man due to their antimicrobial properties. All in all, use of 
AMP in phylogeny and pharmacology make them important 
substances to explore. 

Acknowledgements. Special thanks to R. J. Teschner 
(University of Konstanz, Germany) for help with ukrainian-
english translation. 

 
Список використаних джерел: 
1. Jenssen H. Peptide antimicrobial agents / H. Jenssen, P. Hamill, 

R. E. Hancock // Clin. Microbiol. Rev. – 2006. – № 19. – P. 491–511. 
2. Host-defence peptides from the glandular secretions of 

amphibians: structure and activity / T. L. Pukala, J. H. Bowie, V. M. Maselli 
et al. // Nat. Prod. Rep. – 2006. – № 23. – P. 368–393. 

3. Zasloff M. Antimicrobial peptides of multicellular organisms  
/ M. Zasloff // Nature. – 2002. – № 415. – P. 389–395. 

4. The ascaphins: a family of antimicrobial peptides from the skin se-
cretions of the most primitive extant frog, Ascaphus truei / J. M. Conlon,  
A. Sonnevend, C. Davidson et al. // Biochem. Biophys. Res. Commun. – 
2004. – № 320. – P. 170–175.  

5. Developmental and triiodothyronine-induced expression of genes 
encoding preprotemporins in the skin of Tago's brown frog Rana tagoi  
/ A. Ohnuma, J. M. Conlon, H. Kawasaki et al. //Gen. Comp. Endocrinol. – 
2006. – № 146. – P. 242–250.  

6. Effects of chytrid and carbaryl exposure on survival, growth and 
skin peptide defenses in foothill yellow-legged frogs / C. Davidson,  
M. F. Benard, H. B. Shaffer et al. // Environ. Sci. Technol. – 2007. – № 4. – 
P. 1771–1776. 

7. Kilpatrick A. M. The ecology and impact of chytridiomycosis: an 
emerging disease of amphibians / A. M. Kilpatrick, C. J. Briggs, P. Daszak // 
Trends Ecol. Evol. – 2010. – № 25, – P. 109–118.  

8. Inactivation of viruses infecting ectothermic animals by amphibian 
and piscine antimicrobial peptides / V. G. Chinchar, L. Bryan, U. Sil-
phadaung et al. // J.Virol. – 2004.– № 323. – P. 268–275.  

9. Antimicrobial peptides from amphibian skin potently inhibit human 
immunodeficiency virus infection and transfer of virus from dendritic cells to 
T cells / S. E. VanCompernolle, R. J. Taylor, K. Oswald-Richter et al. // 
J. Virol. – 2005. – № 79. – P. 1598–11606.  

10. Evaluation of the inactivation of infectious Herpes simplex virus by 
host-defense peptides / B. Yasin, M. Pang, J. S. Turner et al. // Eur. J. Clin. 
Microbiol. Infect. Dis. – 2000. – № 19. – P. 187–194.  

11. Conformational analysis of the frog skin peptide, plasticin-L1, and 
its effects on production of proinflammatory cytokines by macrophages  
/ M. A. Scorciapino, G. Manzo et al. // Biochem. – 2013. – № 52. – P. 7231–7241.  

12. Caerulein precursor fragment (CPF) peptides from the skin secre-
tions of Xenopus laevis and Silurana epitropicalis are potent insulin-
releasing agents / D. Srinivasan, M. Mechkarska, Y. H. Abdel-Wahab et al. 
// Biochim. – 2013. – № 95. – P. 429–435. 

13. Purification and characterization of novel antimicrobial peptides 
from the skin secretion of Hylarana guentheri / Z. Jianwu, S. McClean, Alan 
Thompson et al. // Pept. – 2006. – № 27. – P. 3077–3084.  

14. Host defense peptides from Lithobates forreri, Hylarana luctuosa, 
and Hylarana signata (Ranidae): Phylogenetic relationships inferred from 
primary structures of ranatuerin-2 and brevinin-2 peptides / J. M. Conlon,  
J. Kolodziejek, M. Mechkarska et al. // Comp. Biochem. and Phys. – 2014. – 
№ 9,– P. 49–57.  

15. Conlon J. M. Antimicrobial peptides from the skins of North Ameri-
can frogs / J. M. Conlon, J. Kolodziejek, N. Nowotny // Biochim. Biophys. 
Acta. – 2009. – № 1788. – P. 1556–1563.  

16. Activities of the frog skin peptide, ascaphin-8 and its lysine-
substituted analogs against clinical isolates of extended-spectrum beta-
lactamase (ESBL) producing bacteria / A. Eley, M. Ibrahim, S. E. Kurdi,  
J. M. Conlon // 2008. – № 29. – P. 25–30.  

17. Potent and rapid bactericidal action of alyteserin-1c and its[E4K] 
analog against multidrug-resistant strains of Acinetobacter baumannii  



ISSN 1728-2748                                                  БІОЛОГІЯ. 2(76)/2018 ~ 55 ~ 
 

 

/ J. M. Conlon, E. Ahmed, T. Pal, A. Sonnevend // Pept. – 2010. – № 31. – 
P. 1806–1810.  

18. Mangoni M. L. Biological characterization and modes of action of 
temporins and bombinins H, multiple forms of short and mildly cationic anti-
microbial peptides from amphibian skin / M. L. Mangoni, H. G. Marcellini,  
M. Simmaco // J. Pept. Sci. – 2007. – № 13, – P. 603–613.  

19. Nicolas P. The dermaseptin superfamily: a gene-based combinato-
rial library of antimicrobial peptides / P. Nicolas, C. El Amri // Biochim. Bio-
phys. Acta. – 2009. – № 1788. – P. 1537–1550.  

20. Frost D. R. Amphibian species of the world: an online reference. 
Version 5.4 [Electronic resource] / D. R. Frost // American Museum of Natu-
ral History, New York. – 2010. – Access mode : http://research.amnh.org/ 
vz/herpetology/amphibia/ 

21. Post-secretory events alter the peptide content of the skin secre-
tion of Hypsiboas raniceps / B. S. Magalhães, J. A. Melo, J. R. Leite et al. // 
Biochem. Biophys. Res. Commun. – 2008. – № 377. – P. 1057–1061.  

22. Structure-function relationship studies on the frog skin antimicrobial 
peptide tigerinin 1:design of analogs with improved activity and their action 
on clinical bacterial isolates / N. Sitaram, K. P. Sai, S. Singh et al. // Antimi-
crobial Agents and Chemotherapy. – 2008. – №46(7). – P. 2279–2283. 

23. Yeaman M. R. Mechanisms of antimicrobial peptide action and re-
sistance / M. R. Yeaman, N. Y. Yount // Pharmacol. Rev. –  2003. – № 55. – 
P. 27–55.  

24. Toxicology and pharmacology of poison poisons of the genus Bufo 
/ K. O. Chernoshtan, B. M. Bondarenko, V. S. Danilenko et al. // Mod. Tox. 
Prob. – 2000.– № 4. – P. 6–17. 

25. Pereira H. A. Novel therapies based on cationic antimicrobial pep-
tides / H. A. Pereira // Curr. Pharm. Biotechnol. – 2006. – № 7. – P. 229–234.  

26. Peschel A. The co-evolution of host cationic antimicrobial peptides 
and microbial resistance / A. Peschel, H. G. Sahl // Nat. Rev. Microbiol. – 
2006. – № 4. – P. 529–536. 

27. Esculentin-2CHa: A host-defense peptide with differential cytotoxi-
city against bacteria, erythrocytes and tumor cells / S. Attoub,  
M. Mechkarska, A. Sonnevend et al. // Pep. – 2009. – № 39. – P. 95–102. 

 
References: 
1. Jenssen H., Hamill P., Hancock R. E. Peptide antimicrobial agents. 

Clin. Microbiol. Rev. 2006;19:491–511.  
2. Pukala T. L., Bowie J. H., Maselli V. M., Musgrave I. F., Tyler M. J. 

(2006). Host-defence peptides from the glandular secretions of amphibians: 
structure and activity. Nat. Prod. Rep. 23, 368–393.  

3. Zasloff M. Antimicrobial peptides of multicellular organisms. 
Nature.2002;415:389–395.  

4. Conlon J. M., Sonnevend A., Davidson C., Smith D. D., Nielsen P. F. 
The ascaphins: a family of antimicrobial peptides from the skin secretions of 
the most primitive extant frog, Ascaphus truei. Biochem. 
Biophys. Res. Commun.2004;320:170–175.  

5. Ohnuma A., Conlon J. M., Kawasaki H., Iwamuro S. Developmen-
tal and triiodothyronine-induced expression of genes encoding preprotempo-
rins in the skin of Tago's brown frog Rana tagoi. Gen. Comp. Endo-
crinol.2006;146:242–250.  

6. Davidson C., Benard M. F., Shaffer H. B., Parker J. M., O'Leary C., 
Conlon J. M., Rollins-Smith L. A. Effects of chytrid and carbaryl exposure on 
survival, growth and skin peptide defenses in foothill yellow-
legged frogs. Environ. Sci. Technol.2007;4:1771–1776.  

7. Kilpatrick A. M., Briggs C. J., Daszak P. The ecology and impact of 
chytridiomycosis: an emerging disease of amphibians. Trends Ecol. Evol. 
2010;25:109–118.  

8. Chinchar V. G., Bryan L., Silphadaung U., Noga E., Wade D., Rol-
lins-Smith L. Inactivation of viruses infecting ectothermic animals by amphib-
ian and piscine antimicrobial peptides. Virol.2004;323:268–275.  

9. Van Compernolle S. E., Taylor R. J., Oswald-Richter K., Jiang J., 
Youree B. E., Bowie J. H., Tyler M. J., Conlon J. M., Wade D., Aiken C., 
Dermody T. S., Kewal Ramani V. N., Rollins-Smith L. A., Unutmaz D. Anti-
microbial peptides from amphibian skin potently inhibit human immunodefi-

ciency virus infection and transfer of virus from 
dendritic cells to T cells. J. Virol.2005;79:11598–11606.  

10. Yasin B., Pang M., Turner J. S., Cho Y., Dinh N. N., Waring A. J., 
Lehrer R. I., Wagar E. A. Evaluation of the inactivation of infectious Herpes 
simplex virus by host-defense peptides. Eur. J. Clin. Microbiol. Infect. Dis. 
2000;19:187–194.  

11. Scorciapino M. A., Manzo G., Rinaldi A. C., Sanna R., Casu M., 
Pantic J. M., Lukic M. L., Conlon J. M. Conformational analysis of the frog 
skin peptide, plasticin-L1, and its effects on production of proinflammatory 
cytokines by macrophages. Biochem.2013;52:7231–7241. 

12. Srinivasan D., Mechkarska M., Abdel-Wahab Y. H., Flatt 
P.2006;27:3077–3084.  

13. Conlon J. M., Kolodziejek J., Mechkarska M., Coquet L., Leprince J., 
Jouenne T., Vaudry H., Nielsen P. F., Nowotny N., King J. D. Host defense 
peptides from Lithobates forreri, Hylarana luctuosa, and Hylarana signata 
(Ranidae): Phylogenetic relationships inferred from primary structures of ranat-
uerin-2 and brevinin-2 peptides.Comp. Biochem. and Phys. 2014;9:49–57.  

14. Conlon J. M., Kolodziejek J., Nowotny N. Antimicrobial peptides 
from the skins of North American frogs. Biochim. Biophys. 
Acta.2009;1788:1556–1563. 

15. Eley A., Ibrahim M., Kurdi S. E., Conlon J. M. Activities of the frog 
skin peptide, ascaphin-8 and its lysine-substituted analogs against clinical 
isolates of extended-spectrum beta-lactamase (ESBL) producing bacteria. 
Pept.2008;29:25–30.  

16. Conlon J. M., Ahmed E., Pal T., Sonnevend A. Potent and rapid 
bactericidal action of alyteserin-1c and its [E4K] analog against multidrug-
resistant strains of Acinetobacter baumannii. Pept.2010;31:1806–1810.  

17. Mangoni M. L., Marcellini H. G., Simmaco M. Biological characteri-
zation and modes of action of temporins and bombinins H, multiple forms of 
short and mildly cationic anti-microbial peptides from amphibian skin. J. 
Pept. Sci. 2007;13:603–613.  

18. Nicolas P., El Amri C. The dermaseptin superfamily: a gene-based 
combinatorial library of antimicrobial peptides. Biochim. Biophys. Acta. 
2009;1788:1537–1550.  

19. Frost D. R. Amphibian species of the world: an online reference. 
Version 5.4. American Museum of Natural History, New York. 2010. 
http://research.amnh.org/vz/herpetology/amphibia/ 

20. Magalha˜es B. S., Melo J. A., Leite J. R., Silva L. P., Prates M. V., 
Vinecky F., Barbosa E. A., Verly R. M., Mehta A., Nicoli J. R., Bemquerer M. 
P., Andrade A. C., Bloch C. J. Post-secretory events alter the peptide con-
tent of the skin secretion of Hypsiboas raniceps. Biochem. Biophys. Res. 
Commun. 2008;377:1057–1061.  

21. Sitaram N., Sai K. P., Singh S., Sankaran K., Nagaraj R. Structure-
function relationship studies on the frog skin antimicrobial peptide tigerinin 
1:design of analogs with improved activity and their action on clinical bacterial 
isolates. Antimicrobial Agents and Chemotherapy, 2008;46(7):2279- 2283.  

22. Yeaman M. R., Yount N. Y. Mechanisms of antimicrobial peptide 
action and resistance. Pharmacol. Rev.2003;55:27–55.  

23. Chernoshtan K. O., Bondarenko B. M., Danilenko V. S., Duzhak V. G., 
Omelyanenko Z. P., Lysenko O. K. Toxicology and pharmacology of poison 
poisons of the genus Bufo. Mod. Tox. Prob. 2000;4:6–17. 

24. Pereira H. A. Novel therapies based on cationic antimicrobial pep-
tides. Curr. Pharm. Biotechnol. 2006;7:229–234.  

25. Peschel A., Sahl H. G. The co-evolution of host cationic antimicro-
bial peptides and microbial resistance. Nat. Rev. Microbiol.2006;4:529–536.  

26. Attoub, S., Mechkarska, M., Sonnevend, A., Radosavljevic, G., Jo-
vanovic, I., Lukic, M. L., Conlon, J. M. Esculentin-2CHa: A host-defense 
peptide with differential cytotoxicity against bacteria, erythrocytes and tumor 
cells. Pep. 2013;39:95–102. https://doi.org/10.1016/j.peptides.2012.11.004 

Н а ді й шл а  д о  р е дк о л ег і ї  12 . 0 9 . 20 18  
О трим ан о вип рав лен ий  вар і ан т  1 5 .1 0 .2 01 8  

П і дп ис ан о  д о  д р ук у 1 5 . 10 . 20 1 8  
 

R e c e i ve d  i n  th e  e d i t o r i a l  12 . 0 9 . 2 01 8  
Re c e i ve d  a  r ev i s e d  ve rs i o n  o n  1 5 . 10 . 20 18  

S i g n e d  i n  th e  p r es s  o n  1 5 . 10 . 2 01 8  
 

О. Оскирко, студ., Ю. Дудкіна, студ., І. Ніколаєва, асп., Т. Галенова, канд. біол. наук 
Київський національний університет імені Тараса Шевченка, Київ, Україна, 
О. Марущак, асп.  
Інститут зоології імені І. І. Шмальгаузена НАН України, Київ, Україна 

 
РІЗНОМАНІТТЯ І ВЛАСТИВОСТІ ЗАХИСНИХ ПЕПТИДІВ ІЗ ШКІРНИХ СЕКРЕТІВ БЕЗХВОСТИХ АМФІБІЙ 

Катіонні протимікробні білки є важливою частиною вродженого неспецифічного імунітету, першого захисного бар'єру, властиво-
го майже всім живим організмам. Основним завданням таких білків є знищення небезпечних мікроорганізмів (грибків, бактерій, вірусів, 
паразитів і т. д.). Шкіра амфібій є багатим джерелом таких сполук, що містять відповідні захисні пептидні молекули, які виділяються 
і депонуються в розміщених на дорзальному боці тіла шкірних залозах. На сьогодні захисні білки були виявлені в усіх родинах земново-
дних, що вказує на можливість використання зв'язку між структурою цих білків та частин генома, відповідальних за їх виробництво, 
в еволюційних дослідженнях і пошуку філогенетичних зв'язків між окремими групами амфібій. Крім того, антимікробні білки можуть 
використовуватися в сучасній медицині. Амфібії можуть стати багатим джерелом біологічно активних речовин, використання яких 
може дати новий виток розвитку фармацевтичної промисловості. У цих речовин було відкрито набагато більше можливостей, ніж 
вважалося раніше. Наприклад, вони можуть використовуватися як коагулянти або як компоненти противірусної терапії. Таким чином, 
вивчення властивостей антимікробних білків в Україні (з 15 видів безхвостих земноводних, що належать до 5 родин (Pelobatidae, 
Hylidae, Bufonidae, Ranidae і Bombinatoridae) є дуже перспективним і багатообіцяючим напрямом спільних досліджень у галузях біохімії 
та зоології. У цій статті описуються хімічні особливості і властивості протимікробних білків, відомих зараз з літератури, і їх при-
сутності в різних сімействах безхвостих земноводних. Основна мета роботи – показати мінливість цих речовин у амфібій, щоб дати 
основу для подальших досліджень антимікробних білків в Україні та вивчення їхнього фармацевтичного потенціалу. 

Ключові слова: антимікробні пептиди; амфібії; захисні пептиди; шкірні залози; секрети.  


