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ABSTRACT 
 

Background: Anti-bacterial peptides and their anti-tumor functions are two areas of current medicinal 
insect research. Many international researches have studied the defense peptides which play a crucial role in 
insect innate immunity against invading pathogens which extracted from the hemolyph of different insects. 
These peptides have been shown to possess cytotoxic or lytic effects on tumor cells and microorganisms in 
vitro. Aims: To observe the injury of different cancer and normal cell lines as well as different pathogenic 
microorganisms that caused by peptides extracted from silk worm hemolymph. Materials and methods: The 
hemolymph sample was collected from last larval instar of silk worm, Bombyx mori. The peptides were 
extracted and worked on three kinds of cancer cell lines; one normal cell line and 8 kinds of pathogenic 
microorganisms. Finally the molecular weights of the extracted peptides were determined by SDS-PAGE 
electrophoresis. Results: The results demonstrated that the peptides in hemolymph of the silk worm, Bombyx 
mori could kill the tumor cells and some pathogenic microorganisms, while they slightly affected the normal 
cells used.  Conclusion : The effect of the insect peptides could make it possible to develop a new kinds of anti-
tumor and antimicrobial drugs. 
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Introduction 
 

Insects are the largest group of living organisms. It has been estimated that more than one million species of 
insects have been described, comprising about 70% of all organisms (Gullan and Cranston, 2005). Their 
richness and diversity means that insects have a close relationship with human beings and insect resources have 
been used by human for a long times as food, medicine and chemical materials. Medicinal insects have been 
used to cure diseases for more than 2000 years in traditional medicine by using insect bodies, eggs and 
secretions, but recently modern scientific studies have revealed the therapeutic functions of insect extractions 
include anti-bacterial, anti-inflammatory and anti-tumor activities, immune regulations and reducing blood 
sugar. Numerous substances and compounds extracted from insects have been studied and tested as important 
resources for the discovery of new drugs (Feng et al., 2009). 

It is widely accepted among clinicians, medical researchers, microbiologists and pharmacologists, that 
antibiotic resistance will in the very near future, leave healthcare professionals without effective therapies for 
bacterial infections. As an example, it is now estimated that about half of all Stophylococcus aureus strains (one 
of the studied pathogenic bacteria in this work) found in many medical institutions are resistant to antibiotics 
(Roder et al., 1999).  

 Hoskin and Ramamoorthy (2008) found that the development of a new class of anticancer drugs that 
lack the toxicity of conventional chemotherapeutic agents and are unaffected by common mechanisms of 
chemoresistance such as defense peptides of eukaryotic cells would  be a major advance in cancer treatment. 

Defense peptides are key factors in innate immunity against bacteria and fungi in vertebrates as well as 
invertebrates. In insects which lack an adaptive immune system, antimicrobial peptides play a crucial role in 
fighting invading pathogens. They are synthesized in response to microbial infection or septic body injury 
mainly in insect fat body (functional equivalent of mammalian liver) and in certain blood cells, and then rapidly 
released into hemolymph where they act synergistically against microorganisms. From a large number of about 
890 antimicrobial peptides of eukaryotic origin identified to date, more than 180 were described in insects (Tzou 
et al., 2002 ; Dunphy et al., 2003 and Ivring et al., 2004). 

The researches of Chen and Feng (2009) and Lin et al. (2009)  have shown that the main kinds of 
anticancer insects are catharis Mylabris spp. bees, wasps, ants, house fly Musca domestica and silk worms 
Bombyx mori. Recently, some lepidopteran insects have been developed as model organisms for studying innate 
immunity mechanisms and also for pathogenicty tests with different microorganisms, e.g. filamentous fungi, 
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Aspergillus fumigatus (Reeves et al., 2004), Aspergillus flavus (Leger et al., 2000), yeast, Candida albicans and 
bacteria (Kavanagh and Reeves, 2004). 
 
Materials and Methods  
 
Insect used and collection of hemolymph: 

 
In the present study, the last larval instar of the silk worm, Bombyx mori (Lepidoptera : Bombycidae) was 

obtained from the Agricultural Research Center, Giza, Egypt. The silk worms were sterilized with 70% ethanol, 
washed with distilled water and dried. Hemolymph sample was collected by puncturing larval abdomen with a 
sterile needle, out-flowing hemolymph was immediately transferred into sterile and chilled Eppendorf tubes 
containing a few crystals of phenylthiourea (PTU) to prevent melanization (Cytorynska et al., 2007).   
 
Preparation of hemolymph extract: 

 
Buffer extract was obtained by the method adapted from Schoof et al. (1990) and Ahn et al. (2000). The 

hemolymph was diluted with 40 mM tris-HCl (pH 7.4) (1:1, V/V) and mixed throughly. The precipitated 
proteins were pelleted by centrifugation at 10,000 rpm for 30 min at 4C. The obtained supernatant was 
collected, freeze-dried and stored at -20C until used.  
 
Cytotoxicity assays: 

 
The cytotoxicity of the hemolymph extract was tested against breast carcinoma MCF-7 cell line, cervical 

carcinoma He La cell line and Hepatocellular carcinoma HEPG2 cell line. It was also tested against Vero cells 
which are normal kidney cells for evaluation of its cytotoxicity against the normal cells. The method of 
cytotoxic activity assay was carried out according to Skehan et al. (1990) in the Regional Center for Mycology 
and Biotechnology, Al-Azhar University. The extract was dissolved in 0.5% dimethyl sulphoxide (DMSO) and 
was used at 6 concentrations : 50, 25, 12.5, 6.25, 3.125 and 1.56 µg/ml. 

 The IC50 (50% inhibitory concentration) was determined and defined as the fraction of extract that 
caused 50% inhibition of cell viability compared with the control.  

 
Antimicrobial activity assays: 

 
The assays were done using the classical diffusion agar technique (Jigna and Sumitra, 2007). The 

antimicrobial activity was evaluated by the growth-inhibition zone assay on nutrient agar media. The 
hemolymph extract was tested against the following pathogenic microorganisms:- 

Aspergillus fumigatus, Penicillium italicum and Syncephalastrum racemosum (Fungi), Candida albicans 
(Yeast), Escherichia coli and Pseudomonas aeruginosa (Gram negative bacteria), Bacillus subtilis and 
Staphylococcus aureus (Gram positive bacteria). 

The extract which is insoluble in water was dissolved in 95% ethanol which also used as control. Four 
concentrations of the extract (1,5,10 and 20 mg/ml) were used and Terbinafin and Chloramphenicol were used 
as reference standard antifungal and antibacterial agents, respectively. 
 
Electrophoresis: 

 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was carried out as described by 

Schägger and Von Jagow (1987). A molecular mass marker Kit (M.W-SDS-NEB# P 7709) was used to provide 
standard. The molecular weights of the extracted peptides were obtained from the scanning process of the gel by 
using Gel Pro analyzer (Ver. 31) Media cybernetics, USA) software.  
 
Results: 
 
Cytotoxicity assays: 

 
The cytotoxicities of the hemolymph extract were tested against three different cancer cell lines as well as 

against normal cell line (Table 1 and Fig. 1). 
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Table 1: Measurement of cytotoxicity of the silk worm extract against  HeLa, MCF-7, HEPG2 and Vero cell lines.   

Sample conc. (µg/ml) 
Viability % of the cells 

HeLa MCF-7 HEPG2 Vero 
50 18.68 22.37 38.29 62.65 
25 26.18 48.68 47.11 81.40 
12.5 41.84 54.61 60.66 93.26 
6.25 63.03 63.29 72.50 98.84 
3.125 74.61 71.05 85.20 100 
1.56 80.26 89.61 93.16 100 
IC50(µg/ml) 9.8 19.8 22.6 -- 

 

Concentration µg/ml Concentration µg/ml 

(a) (b) 

Concentration µg/ml Concentration µg/ml 
(c) (d) 

 
Fig. 1: Cytotoxic activities of the silk worm extract against the used cell lines. (a) the effect on cervical cancer 

cells, (b) the effect against breast cancer cells, (c) the effect on liver cancer and (d) the effect on normal 
kidney cells. 

 
The best overall antitumor activities (% average growth inhibition) were seen against cervical carcinoma 

HeLa with IC50 9.8 µg/ml, while the tested extract showed very weak cytotoxic activity against the normal cell 
line used. The highest concentration used, 50 µg/ml killed about 37% of the normal cells. The extract showed 
inhibitory activities against breast carcinoma cells MCF-7 and hepatocellular carcinoma HEPG2 with IC50 
values,  19.8 and 22.6 µg/ml, respectively.  
 
Antimicrobial activity assays: 

 
The antimicrobial activity of the extracted B. mori peptides against different Gram-positive and Gram-

negative bacteria, yeast and fungi was examined. The obtained results are summarized in Table (2). 
Among the used fungi, Aspergillus fumigatus was more sensitive to all concentrations of the extract, while 

Penicillium italicum showed weak sensitivity only to the two highest concentrations. In yeast, Candida 
albicans, the extract affected the growth but at relatively high concentration range.  

Among the bacteria examined, the Gram-positive bacteria were more sensitive than the Gram-negative 
bacteria to the extracted peptides.    

 
 
 
 
 

HEPG2 
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Table 2: Antimicrobial activities of the silk worm extract  
Sample 
 
 
Tested microorganisms 

Extract 
mg/ml 

St.* 
mg/ml 

20 10 5 1 10 5 1 

Aspergillus fumigatus   ++ ++ + + +++ +++ ++ 
Penicillium italicum   + + 0 0 +++ ++ ++ 
Syncephalastrum racemosum   ++ + + 0 +++ +++ ++ 
Candida albicans   + + 0 0 +++ ++ ++ 
Escherichia coli   + + 0 0 +++ ++ ++ 
Pseudomonas aeruginosa   + 0 0 0 +++ ++ ++ 
Bacillus subtilis   ++ ++ + + +++ +++ ++ 
Staphylococcus aureus   ++ + + 0 +++ +++ ++ 

 St.*   : References standard  
0  : No inhibition of growth 
+ : inhibition value 0.1-0.5 cm beyond control  
++ : inhibition value 0.6- 1 cm beyond control  
+++ : inhibition value 1.1 -1.5  cm beyond control  

 
Molecular weights  of  the extracted peptides: 

 
The scanning of the gel showed separation of eight peptide bands, (Fig. 2). The lower band  had M.W. 3.44 

kDa which belongs to cecropins family, while the other 7 bands had molecular masses, 19.743, 26.436, 32.087, 
47.556, 70.138 and 117.17 kDa, respectively.  

 

Fig. 2: Tricine SDS-PAGE of silk worm, Bombyx mori hemolymph extract . (M) marker; (S) extract sample.  
 
Discussion: 

 
The present study reports the isolation of different peptides by using SDS-PAGE electrophoresis among 

which a peptide of molecular weight 3.44 kDa was found. This peptide belongs to cecropins family of 3-4 kDa 
peptides which described in the hemolymph of some insects, including different species of the silk worms. 
Cecropins is one of antimicrobial peptide families (AMPs) which also called host defense peptides. They are 
linear amphipatic peptides consist of 34-39 amino acid residues (Hara and Tamakawa, 1995; Marshall, 2003; 
Hoskin and Ramamoorthy, 2008). 

Growth-inhibition zone assay suggested that the extracted peptides from Bombyx mori larvae have 
antimicrobial activities against some pathogenic microorganisms including Gram positive bacteria such as 
Staphylococcus aureus  [It responsibles for food poisoning through the production of enterotoxin, it may occurs 
as a commensal on skin , it also, occurs in nose frequently and throat (Whitt and Salyers, 2002)] and Bacillus 
subtilis [It causes food contamination and its spores can survive in the extreme heat during cooking (Ryan and 
Ray, 2004)]  and  Gram-negative bacteria such as  Escherichia coli [It causes gastroenteritis, urinary tract 
infections and meningitis (Todar, 2007)]. 

Brogden (2005) suggested that the modes of action by which antimicrobial peptides kill bacteria are varied 
and includes disrupting membranes, interfering with metabolism, and targeting cytoplasmic components. The 
initial contact between the peptide and the target organism is electrostatic, as most bacterial surface are anionic 
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or hydrophobic, while the peptide amino acid composition, amphipathicity, cationic charge and size allow them 
to attach and insert into membrane bilayers to form pores by 'barrel-stave', 'carpet' or 'toroidal-pore' 
mechanisms, or allow them to penetrate into the cell to bind intracellular molecules which are crucial to cell 
living. Intracellular binding model includes inhibition of cell wall synthesis, alteration of cytoplasmic 
membrane, activation of autolysin, inhibition of DNA, RNA, protein synthesis and certain enzymes.  

There are some factors that are closely related to the selectivity property of (AMPs) by which they kill 
microorganism without being significantly toxic to mammalian cells. Since the surface of bacterial membrane is 
more negatively charged than mammalian cells, antimicrobial peptides will show different affinities towards the 
bacterial membrane and mammalian cell membranes (Hancock and Sahl, 2006).  Zasloff (2002) found that 
cholesterol is normally widely distributed in the mammalian cell membrane as membrane stabilizing agents but 
absent in bacterial cell membrane and the presence of these cholesterols will also reduce the activities of 
antimicrobial peptides, due either to stabilization of the lipid bilayer or to interactions between cholesterol and 
the peptide. So the cholesterol in mammalian cells will protect the cells from attack by the antimicrobial 
peptides. 

The experimental data revealed that, the extracted peptides had cytotoxic activities against different cancer 
cell lines used, while they slightly affected the normal cells tested.  

Hoskin and Ramamoorthy (2008) believed that the AMPs could kill cancer cells via one of the 
aforementioned mechanisms to disrupt the cell membrane. Another possibility is the induction of apoptosis in 
cancer cells via mitochondrial membrane disruption following AMPs uptake into the cytoplasm   

As described in bacterial cell membrane, fundamental differences exist between the cell membranes of 
malignant cells and normal cells that likely account for the ability of the AMPs including cecropins to kill 
cancer cells, while sparing healthy cells. Other factors that contribute to the preferential killing of cancer cells 
by the antimicrobial peptides include membrane fluidity and cell surface area. The membrane fluidity of cancer 
cells is greater than that of untransformed cells, which may enhance the lytic activity by facilitating membrane 
destabilization (Sok et al., 1999). Steiner et al. (1988) and Silvestro et al. (1997) suggested that the AMP 
cecropin (the characterized peptide in the present work) anticancer activity is reduced when the cholesterol 
content of the cell membrane increase. So cholesterol may protect eukaryotic cells from cytolytic effect of 
AMPs by altering membrane fluidity and therapy interfering with the membrane insertion of lytic peptides.  

Finally, cancer cells have a greater cell surface area than normal cells due to the presence of higher numbers 
of microvilli that may allow cancer cells to bind increased number of AMP molecules (Chaudhary and Munshi, 
1995). 

All factors mentioned above may explain the findings of this work  and other previous researches such as 
Moore et al. (1994); Chen et al. (1997) and Hui et al. (2002) in which antimicrobial peptide cecropin was able 
to lyse different types of human cancer cells at peptide concentrations that don't harm normal eukaryotic cells.  
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