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University Malaysia Sarawak 

 

ABSTRACT 

Bornean frogs are believed to be a rich source of antimicrobial peptides which plays an important role in their skin defence 

against various kinds of pathogens. In order for the mucus secretion to be analyzed for its constituents, the frogs were 

entrapped within an empty container which was vaporized with diethyl ether. After being left for over 15 – 20 minutes, the 

frog was then washed and the washed solution was collected in an empty and sterile beaker. The washed solution was pipetted 

into an eppendorf in 500µL aliquots. Equal amount of 80% glycerol added into the eppendorf tube to protect the peptides 

against denaturation. 0.1% TFA and Acetonitrile were used as a buffer for the protein purification. Both the samples and the 

buffer were sonicated before being run through HPLC. The sample from four different species of frog which are R. 

nigropalmatus, L. kuhlii, K. pulchra and K. pleurostigma were injected onto a (1 x 25 cm) Vydac 218TP50 (C-18) reverse-

phase HPLC column (separations group) equilibrated with 0.1% (v/v) TFA/water at flow rate of 2.0 mL per minute. The 

concentration of Acetonitrile in the eluting solvent was raised to 21% (v/v) over 10 minutes and to 63% (v/v) over 60 minutes 

using linear gradients. The absorbance of the peptides was monitored at 214 nm and 280 nm. The peaks observed from the 

chromatogram confer with those reported in previous studies and various peptides were identified such as bradykinin, 

ranatuerin, temporin and brevinin. 

Key words: Antimicrobial peptides, protein purification, chromatogram, HPLC. 

 

ABSTRAK 

Katak Borneo telah dipercayai menjadi sumber yang kaya dalam peptide antimicrobial yang memainkan peranan penting 

dalam pertahanan kulit mereka terhadap pelbagai jenis patogen. Untuk mendapatkan lendir bagi tujuan analisis peptide, 

katak tersebut telah diletakkan di dalam satu bekas yang telah diwapkan dengan Dietil eter. Selang 15 – 20 minit kemudia, 

katak kemudian dicuci dan air cucian itu telah dikumpulkan di dalam bikar yang kosong dan steril.Kemudian, ambilan sedikit 

daripada air cucian itu tadi iaitu sebanyak 500µL dimasukkan ke dalam tiub Eppendorf. Jumlah 80% gliserol yang sama juga 

ditambah ke dalam tiub Eppendorf itu tadi. Ini dilakukan untuk melindungi molekul peptide daripada dihadam oleh enzim, 

protease. Untuk analisis peptide, 0.1% TFA dan Acetonitrile telah digunakan sebagai penampan. Kedua-dua sample dan 

penampan itu tadi disonikasikan sebelum digunakan dengan HPLC. Sampel empat species katak yang berbeza iaitu R. 

nigropalmatus, L. kuhlii, K. pulchra dan K. pleurostigma telah disuntik ke dalam (1 X 25 cm) Vydac 218TP50 (C-18) fasa 

ulang alik HPLC kolum yang telah diselaraskan dengan 0.1% (v/v) TFA/air pada kada aliran 2.0 mL per minit. Kepekatan 

Asetoniril dalam pelarut eluen telah dinaikkan kepada 21% (v/v) lebih dari 10 minit dan 63% (v/v) lebih 60 minit 

menggunakan kecerunan linear. Keserapan peptida telah dipantau pada 214nm dan 280 nm. Kromatogram kemudiannya 

telah dirujuk kepada kajian terdahulu dan peptide seperti Bradykinin, Ranatuerin, Temporin dan Brevinin telah dikenal pasti. 

Kata kunci : Peptida Antimikrobial, analisis peptide, kromatogram, HPLC 
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1.0 INTRODUCTION 

1.1 Herpetofauna and Its Skin Immune Defences  

Frogs are amphibians in the order Anura. Their distinctive features include: no tail, a 

short, often stocky body, long hind legs and short front ones, large bulging eyes, and a very 

wide mouth (Inger & Stuebing, 2005). The distribution of frog ranges from tropic to subarctic 

regions, but most species are found in tropical rainforests. Consisting of more than 5,000 

described species and they are among the most diverse groups of vertebrates. About 150 

species of frogs occurs in Borneo (Inger & Stuebing, 2005). These frogs belong to six 

families: Bombinatoridae, Megophryidae, Bufonidae, Microhylidae, Ranidae and 

Rhacophoridae (Inger & Stuebing, 2005). Except for the Bombinatoridae, these families are 

widely distributed in Southeast Asia. Each of the Bornean Families is divided into group of 

related species or genera.  

Since amphibians are ancient creatures, their immune system are highly evolved from 

period to another period (Carey et al., 1999; Rollins-Smith, 2001; Rollins-Smith and Cohen, 

2004). Amphibian skin is both protected and shielded by both innate and adaptive immune 

defences. The adaptive immune defence in its body includes the antibody and T Lymphocyte-

mediated responses which developed prior to the detection of pathogens. The pathogens will 

be detected by an antigen presenting cells such as macrophage and dendritic cells (Castell-

Rodriguez et al., 1999, 2001). This type of defence mechanism is thought to be somehow slow 

to develop in cold-blooded vertebrates. In addition to the adaptive immune system, the skin is 

protected by the innate mechanisms that may include macrophages and neutrophils (Corsaro et 

al., 2000) complement-mediated lysis of pathogens (Lambris et al., 1995), natural killer cells 
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(Horton et al., 2003), and secreted antimicrobial peptides (Rinaldi, 2002; Zasloff, 2002; 

Conlon et al., 2004; Apponyi et al., 2004).  

1.2 Antimicrobial Peptides  

 

Figure 1:Cross-section of amphibian skin (Roelants, 2011) 

Antimicrobial peptides are synthesized and stored in the granular glands of the dermal 

layer of the skin which is also called as the poison gland (Bovbjerg, 1963; Mills and Prum, 

1984). The granular glands are syncytial structures (Dockray and Hopkins, 1975) which is 

surrounded by a layer of smooth muscles cells and is innervated by sympathetic nerves. Upon 

alarm or injury, the sympathetic nervous system is activated, adrenergic receptors are 

stimulated and the content of the glands are released onto the skin. Antimicrobial peptides or 

any biological active peptides are synthesized as a larger proteins with a signal sequence and 

acidic propiece that are cleaved in order to release the mature active peptides before or at the 
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time of secretion from the granular glands (Bowie et al., 1999). Electro stimulation of the skin 

or exposure to such adrenergic agents such as epinephrine or norepinephrine will artificially 

induce secretions of the contents of the granular glands (Tyler et al., 1992). 

1.3      High Performance Liquid Chromatography 

High Performance Liquid Chromatography has emerged to be as the preferred method for the 

separation and quantitative analysis of a wide range of samples. Modern HPLC analyses are 

fast and efficient, and detection of as little as 200 pg of material is routinely achievable. HPLC 

is chosen as the instrument to analyze the chemical or biochemical compound of any sample 

and in this study, it is used to study the compound of the Bornean frog’s mucus secretion. Due 

to its precise performance in separating wide variety of compound, it is frequently used in 

science field and also industrial field such as the pharmaceutical industry. It can separate the 

sample with a molecular weight less than 2000 or more than 2000, and also either water 

soluble or organo-soluble compound.  

1.3.1 Analysis of Peptides 

Peptides with broad-spectrum antibacterial and antifungal activities are synthesized in the 

skins of most ranid frogs but not all. These peptides represent a component of the animal’s 

system of innate immunity that defends the animal against invasion by pathogenic 

microorganisms (Conlon et al.,2004). On the basis of common structural features, these 

antimicrobial peptides may be grouped together in families that share a common evolutionary 

origin but the variation in amino acids sequences of homologous peptides is considerable 

(Conlon,2004;Conlon et al.,2004). There is no single peptide from one species found with an 

identical amino acid sequence as in another and there is an extremely wide variation in 

antimicrobial compound and specificity for different microorganisms. Consequently, the 
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determination of these primary structures can be used to complement morphological and other 

types of molecular analysis to provide valuable insight into phylogenetic relationships. 

 

Years ago, researchers and scientist have been trying to isolate or distinguish the peptides or 

amino acid sequences that have the potential to distress or inhibit the growth of any related 

pathogenic microorganisms. The lack of efficacy of commonly used antibiotics against an 

increasing number of strains of pathogenic bacteria and fungi constitutes a potentially serious 

threat to public health and has necessitated a search for novel types not developed resistance 

(Norrby et al, 2005). Anti-infectives based on such peptides are being increasingly considered 

as potential therapeutic agents (Hancock, 2001; Rinaldi, 2002). 

 

2.0 PROBLEM STATEMENT AND OBJECTIVES 

Problem statement: 

The advanced researches have shown that amphibians possess medicinal properties in their 

skin and mucus secretion. The skin excreted compound which is known as antimicrobial 

peptides (AMP). Therefore, it is important to investigate the type of compound which is the 

constituents of the Bornean frog’s mucus.  

Objectives: 

The objectives of this research are as following: 

 To establish protocols in order to collect the skin secretion (mucus) from the wild. 

 To isolate peptides from the skin secretion (mucus). 
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3.0 LITERATURE REVIEW 

3.1 Peptides Isolation 

  

 Protein or peptides have been studied with the aid of mass spectrometry and now it has 

played an important role in the identification of molecules of biological interest (Aebersold & 

Goodlett, 2001). The recent developments in the mass spectrometry have been the major 

factors to enable the proteomics studies (Dove, 1999). To be precise, the speed, specificity and 

sensitivity of mass spectrometry make it especially attractive for use in strategies requiring 

rapid protein identification and characterization including the identification and 

characterization of complex protein mixtures.  

 

 Protein analysis of frog skin reported that the skin secretions from a variety species of 

Anurans (frogs and toads) contain peptides with broad-spectrum antibacterial, antifungal 

activities and the ability to permeabilize mammalian cells (Conlon et al., 2009). These studies 

have demonstrated that antimicrobial peptides present in norepinephrine-stimulated skin 

secretions of H.erythraea belong to the well-characterized brevinin-1, brevinin-2, esculentin-

2, and temporin families. Brevinin-1 and brevinin-2 peptides were first identified in the skin of 

R. brevipoda (reclassified as Pelophylax porosus) (Morikawa et al., 1992) but subsequent 

work has shown that members of the brevinin-1 family are widely distributed in both Eurasian 

and North American species whereas, to date, brevinin-2 peptides have only been found in 

Eurasian ranids (Suzuki et al., 2007; Conlon et al., 2009). In addition to that, Nigrocin-2 

peptide was first identified in the skin of Asian pond frog, Rana nigromaculata which is now 

has been reclassified as Pelophylax nigromaculatus (Park et al., 2001). Prior to the present 
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study, Conlon et al. and Xu et al. also had detected an ortholog of nigrocin-2 peptides only in 

the skin of the Asian frog, Odorrana graham. The temporins peptides were first identified in 

Green Paddy Frog, Hylarana erythraea (Yasuhara et al., 1986) and they are indeed among the 

smallest antimicrobial peptides and are widely distributed in Eurasian and North American 

species. (Conlon, 2006)  

 

Furthermore, the peptides that is found on the skin of the frogs or its secretion might 

contained anti-inflammatory property based on the fact that such peptides are being 

increasingly considered as potential therapeutic agents (Hancock ,2001; Rinaldi, 2002). 

Meanwhile previous studies had shown that the cytolytic peptides are synthesized in granular 

glands which are present in the skins of wide range of anuran species including frogs and 

toads and they are released upon secretions, often in very high concentration, in response to 

infection or environmental stress (Davidson et al., 2007). There were considerable variations 

of the amino acid sequence of the peptides possessing the anti-microbial properties among the 

ranid frogs. However, on the basis of limited structural similarities, they may be grouped 

together in families that share a common evolutionary origin (Duda et al., 2002; Nicolas et al., 

2003). This could be another way to determine the relationship between individuals or species 

apart from the phylogenetic analysis. Phylogenetic relationships between ranid frogs from 

Eurasia are less well understood than those from North America (Hillis and Wilcox, 2005). It 

is claimed that species belonging to the family Ranidae are most divergent in the region 

encompassing China and Southeast Asia (Inger, 1999). This variability in morphological 

characteristics is reflected in the extreme variability in the amino acid sequences of 

orthologous antimicrobial peptides between species belonging to the Odorrana (O. 

grahami)(Conlon et al., 2006; Xu et al., 2006), O. livida (Zhou et al., 2006a), and O. 
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schmackeri (Chen et al., 2006) and Hylarana (H.guntheri (Zhou et al., 2006). Van Zoggel et 

al., (2010) stated that discoveries of antitumor and angiostatic peptides from the frog skin 

secretions. Antitumor properties can be defined as a property possess by a substance or an 

object that can inhibit the growth and metastasis of any unwanted cells. They have found that 

the peptides extracted from the South American tree frog, Phyllomedusa bicolour are the 

peptides which are anti-proliferative peptides which is active against cancer cells.  

 

Meanwhile, studies conducted by Park et al., (1995) shown that there were novel antimicrobial 

peptides from the Asiatic toad, Bufo bufo gargarizans which is endemic to East Asia. In the 

studies, a sequence of 39-amino acid peptide, namely Buforin I was purified to homogeneity 

by the heparin-affinity column and reverse-phase HPLC. The sequence of Buforin I was 

identical in the position of 37 of 39 amino-terminal residues of Xenopus histone 2A. Buforin I 

showed strong antimicrobial activities in vitro against a broad-spectrum of microorganisms 

and it was found to be more potent than magainin-2. In addition to this, 21 amino acids 

peptide named Buforin II was derived from Buforin I showed more potent antimicrobial 

activities than Buforin I. 

Dourado et al., (2007) reported on the findings of antimicrobial peptides of amphibians 

Leptodactylus syphax which are small, cationic and amphiphillic in nature. The extracted the 

skin secretions by mild electrical stimulation and its semipreparative reversed-phase 

chromatography which was resolved in more than 40 fractions. Among these fractions, an 

antimicrobial peptide was isolated and its amino acid sequence is determined by novo 

sequencing in their research. In the research, they found that the amidation of C-terminal is 

highly conserved in the Leptodactylus syphax antimicrobial peptide family. This modification 
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is expected to give rise to a much higher and potent antimicrobial activity because it would 

reduce the electrostatic repulsion between the C-terminus of the peptides and the 

phosphodiester group of the phospholipids (Cau et al., 2005) 

Conlon (2011) reported on the structural diversity and species distribution of host-defence 

peptides in frog skin secretions. The report was mainly consisting on findings of different anti 

microbial peptides of different species from the different family namely Leiopelmatidae, 

Alytidae, Bombinatoridae, Pipidae, Myobatrachidae, Hylidae, Leptodactylidae, Hyperoliidae, 

Dicroglossidae and Ranidae. As for one of the family that represent the amphibian family 

belonging in the Bornean region, his works on Fejervarya cancrivora (F:Dicroglossidae) 

shown that the peptides in the skin secretion of the species were not C-terminally alpha-

amidated in which amidation was known to increase the likelihood of having a higher potent 

antimicrobial activity (Sitaram et al., 2002). Among species belonging to the Dicroglossidae 

family, expression of the antimicrobial peptides genes in the skin appears to be species-

specific, as those studied to-date belonging to the genus Limnonectes, also classified in the 

subfamily Dicroglossinae and do not produce dermal host-defense peptides (Conlon et al., 

2009). 

Afsar et al., (2011) studied on the antimicrobial activity of various extracts prepared from the 

skin secretions of amphibians, Rana macronemis by disc diffusion method. The antimicrobial 

peptides from the skin secretions of the amphibian were tested on E.coli, Salmonella 

typhimurium, Staphylococcus aureus, Proteus vulgaris, Sarcina lutea, B. cereus, B. subtilis 

Enterobacter aerogenes, and Candida albicans. In the studies, he found that the antimicrobial 

peptides were decreasingly effective when tested on Staphylococcus aureus, Sarcina lutea, 
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Enterobactacter aerogenes, Candida albicans, B. cereus, B. subtilis, E. coli, P. vulgaris, and 

S. typhimurium respectively.  

Dǜlger et al. (2004) investigated on antimicrobial activity of skin secretions from Bufo viridis 

(Laurenti, 1768). Skin secretion of the Bufo viridis were homogenized with phosphate buffers 

(pH:4 and pH:7), 0.1 N HCl, 0.1 NH4OH and distilled water. These homogenates had shown a 

high and potent antimicrobial activity against yeast cultures Rhodotorula rubra and 

Saccharomyces cerevisae. Meanwhile, Çevikbas (1978) had examined the antibacterial 

activity in the skin secretions of Rana ridibunda.  He reported that the skin secretion of Rana 

ridibunda showed an antibacterial activity at different levels. However, Afsar et al. (2011) 

compared their studies with Çevikbas (1978) and Afsar et al. (2011) proved that the skin 

secretions of Rana macronemis against the yeast cultures showed more antimicrobial activity 

than that of the bacterial cultures. 
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4.0 MATERIALS AND METHODS 

4.1 Study Sites 

 Bornean frogs will be collected based on two methods namely stream transect and 

forest transect. Then, the frogs will be identified based on Inger and Stuebing (2005. The size 

(snout vent length) and weight of frogs will be measured too. The sampling localities are: 

1. University Malaysia Sarawak, Kota Samarahan. 

Unimas is located at Kota Samarahan and it is about 30 minutes drive from Kuching 

city, Sarawak. Unimas generally consist of peat swamp forest. 

 

2. Padawan, Sarawak. 

Padawan is a sub-district of the city of Kuching, in the state of Sarawak , Malaysia. 

The name is also used to refer to the local government in Sarawak, the Padawan 

Municipal Council and to Bidayuh Village, which is also known as Kampung 

Padawan. The Jalan Padawan is the name of a road near mile 23 of Kuching-Serian 

Highway. 

3. Kubah National Park, Sarawak. 

The park is located about 20 kilometres from Kuching and one of Sarawak’s most 

accessible national parks. The Park is dominated by a sandstone plateau which 

includes three mountains Mount Serapi, Mount Selang and Mount Sendok. At the 

height of between 150-450 metres, this plateau is punctuated with bands of hardened 

limestone which have created a number of beautiful waterfalls. 

 

http://en.wikipedia.org/wiki/Kuching
http://en.wikipedia.org/wiki/Sarawak
http://en.wikipedia.org/wiki/Malaysia
http://en.wikipedia.org/wiki/Local_government
http://en.wikipedia.org/w/index.php?title=Padawan_Municipal_Council&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Padawan_Municipal_Council&action=edit&redlink=1
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4. Bako National Park 

About 45 minutes of travel from Kuching to the Bako Jetty Terminal. Upon arrival, 

another 30 minutes of boat ride from the Jetty Terminal to the National Park HQ. 

5. Matang Wildlife Centre 

Situated at approximately 35km off Kuching and it is located somewhere in the same 

area with Kubah National Park. 

6. Gunung Gading National Park 

Gunung Gading National Park is located near the small town of Lundu in Southwest 

Sarawak, about two hours drive from Kuching City. 
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Figure 2: Map of Totally Protected Areas in Sarawak 

Retrieved from: www.sarawakforestry.com  

*Yellow spot indicates the study sites.  

 

 

 

 

 

 

http://www.sarawakforestry.com/
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4.2 Laboratory Protocols 

4.2.1 Peptide Analysis 

4.2.1.1 Collection of skin secretions 

 Preferably adult frogs of the required species were collected from the study site. Each 

animal is weighed and injected via the dorsal lymph sac with norepinephrine hydrochloride 

(40nmol/g body weight) and is placed in a solution of 100ml of distilled water for 15 minutes. 

However, according to Wang et al. (2008), the protocols have been revised by using a simpler 

methods and protocols involving the application of diethyl ether on absorbent cotton. The 

walls of the container were swapped with the absorbent cotton which had been soaked with 

diethyl ether. The walls of the container that entrapped the frog were left for over 10-15 

minutes in order to allow the diethyl ether to vaporize. The vaporization process of diethyl 

ether stimulated the skin of the frog to secret mucus. The frog was then washed dorsally and 

ventrally with deionized distilled water (≈50ml-100ml of a volume) into a beaker and about 

500µL of the peptides containing solution is pippetted into an eppendorf tube with the same 

volume of 80% glycerol. The eppendorf tube was then vortexed and kept in -80°C refrigerator 

for long term storage. As for the protein purification, the solution containing the secretions 

were pooled and separately passed at a flow rate of 2ml/mins through 6 Sep-Pak C-18 

cartridges connected in series.  
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4.2.1.2 Peptide Isolation 

 

Figure 3: Block Diagram showing the components of HPLC instrument. 

Image source:http://elchem.kaist.ac.kr/vt/chem-ed/sep/lc/graphics/hplc-sch.gif 

  The pooled skin secretions after partial purifications on Sep-Pak cartridges, was re-

dissolved in 0.1% (v/v) TFA/water (2mL) and an aliquot corresponding to 0.5mg of the 

lyophilized material was injected onto a (1 x 25 cm) Vydac 218TP50 (C-18) reverse-phase 

HPLC column (separations group) equilibrated with 0.1% (v/v) TFA/water at flow rate of 

2.0mL per minute. The concentration of acetonitrile in the eluting solvent was raised to 21% 

(v/v) over 10 minutes and to 63% (v/v) over 60 minutes using linear gradients. Absorbance 

was monitored at 214 and 280 nm and fractions (1 min) were collected. 

 

 

 

 

http://elchem.kaist.ac.kr/vt/chem-ed/sep/lc/graphics/hplc-sch.gif
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5.0 RESULTS  

Table 1: List of species representative 

No. Species Stage Weight (g) SVL (mm) 

1 F: Rhacophoridae 

Sp: Rhacophorus nigropalmatus 

Adult 11.0 90 

2 F: Dicroglossidae 

Sp: Limnonectes kuhlii 

Adult 19.5 62 

3 F:Microhylidae 

Sp: Kaloula pulchra 

Adult 60 76 

4 F: Microhylidae 

Sp: Kalophrynus pleurostigma 

Adult 7.3 47 

 

Table above showed the respective representative for the peptides isolation from mucus 

secretion of Bornean frog. Four different species of different families which are the 

Rhacophorus nigropalmatus (F: Rhacophoridae), Limnonectes kuhlii (F: Dicroglossidae), 

Kaloula pulchra (F: Microhylidae) and Kalophyrnus pleurostigma (F: Microhylidae) were 

tested.  The mucus which has been extracted from those frogs after being anaesthesized with 

diethyl ether has been sonicated and tested for protein purification via HPLC. The peptides 

was submitted to RP-HPLC using a linear gradient of ACN/TFA 0.1% (v/v) rising from 0 to 

21% (v/v) over 10 minutes and to 63% (v/v) over 60 minutes under the absorbance of 214 nm 

and 280 nm. 


