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ABSTRACT 

The quick increase in drug-resistant infections has dispense a significant challenge to antimicrobial 

therapies. The collapse of the most potent antibiotics to eliminate “superbugs” emphasizes the critical 

need to develop other control agents. All organism like bacteria, insect, plant and human being 

produce antimicrobial peptides (AMPs) as vital part of their nonspecific and immediately effective 

immunity against infection. Antimicrobial peptides are a key component of the innate defense of all 

species of life. Antimicrobial peptide has different characteristic like antiendotoxic, antibacterial, 

antibiotic-potentiating or antifungal properties, so they can be utilizing to develop a novel class of 

antimicrobial agents. Moreover, their capability to destroy microbes, these peptides appear to have 

effective role in innate immunity and can modulate the expression of multiple genes in eukaryotic 

cells. Due to their broad spectrum of targeted microbes, AMPs have attracted increasing attention.  

With the increasing progress of antibiotic resistance between bacterial pathogens, there is a serious 

requirement to recognize or discover novel classes of antimicrobial peptide.  

 

Keyword: Antimicrobial peptide, HPLC, MALDI, AFM. 
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2) INTRODUCTION 

We are daily exposed to millions of pathogens through various mode like inhalation, contacted with 

infected surface and ingestion. The immune system (adaptive humoral and Cellular) have less impact 

on these pathogens. Bacteria are able to give fully grown infection within one day. On other hand, 

primary immune response involving B and T cells is very slow and it takes about seven days before it 

is even noticeable [1]. Only those animal and plant species prevent and overcome infection who 

developed and evolved host defence mechanism including antimicrobial peptide. In in-vitro 

experiments against microorganism, Antimicrobial peptide (AMPs) show impressive activity, 

comparison to conventional antibiotics. The antimicrobial peptide has advantages over existing 

antibiotics like activity against some of more serious antibiotic resistant pathogen, broad range 

activity, etc. Thus these peptides offer exciting possibilities in the face of the declining efficacy of 

conventional antibiotics owing to the rise of antibiotic resistant organisms. The best antimicrobial 

peptide kills vulnerable bacteria within the 4 microgram/ml concentration [2]. Antimicrobial peptide 

found in every organism whether they are bacteria, fungi, parasite, plant or even animal. Early work 

with insect, amphibian and human proved that they had straight activity against microbes. Recent 

study shows that they have variety of function in harmonize immunity which have impact in 

inflammation and infection [3-5].  

 

Figure-1: Different antimicrobial peptide,2014, Santi M Mandal et al 
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3) REVIEW OF LITERATURE 

3.1) ANTIMICROBIAL PEPTIDE 

Antimicrobial peptides (AMPs) are known as cationic host defence peptide [6], anionic, cationic 

amphipathic peptides [7], antimicrobial peptide [8] and alpha helical antimicrobial peptide [9]. The 

Antimicrobial peptide are generally oligopeptides and their size varying from five to over a hundred 

amino acids. Their target organism range varies from viruses to parasite. Natural AMPs are reported in 

both organisms i.e. prokaryotic(bacteria) and eukaryotic (fungi, plant and animals). Till now up to 

5000 AMPs has been discovered and synthesize [10-13]. Multicellular organism produced AMPs as a 

defence mechanism against pathogen [14-15]. AMPs are mostly found in those tissue and organ which 

are exposed to air borne pathogen in the animals and it is assume that they are the first line of defence 

against bacteria, virus and other microbes [16-17]. Thus the key role of AMPs is to prevent infection. 

For example, Frog skin consist of AMPs more than 300 in number [18-19]. Most of the time AMPs are 

produced by specific cell but some time their production is inducible. For example, P9A and P9B 

production can be induced by the vaccination of Enterobacter cloacae hemolymph [20]. Several type 

of eukaryotic cells such as phagocytes [21], lymphocyte of immune system [22] and lymph’s, 

epithelial cells in gastrointestinal and genitourinary systems respectively [23,24]. The first AMPs was 

discovered by Dubos in 1939, he extracts an antimicrobial strain from soil bacillus strain [25]. This 

extract was indicating to protect mice from pneumococci infection [26.]. 1n 1940, Hotchkiss and 

Dubos separated this extract and identified an AMP which was named gramicidin [27]. Gramicidin 

was found toxic in intraperitoneal application but was very useful in treatment of ulcer and wounds 

[28]. Tyrocidine was discovered in 1941 and was effective against Gram positive and Gram negative 

bacteria but exhibit toxicity against human blood cell [29,30]. In the same year Purothionin was 

isolated from plant Triticumaestivum and is effective against fungi [31,32]. Defensin was the first 

animal originated AMP and is isolated from rabbit leukocyte in 1956 [33]. In the following years, 

bombinin from epithelia [34] and lactoferrin from cow milk [35] were both reported. During the same 

time, it was also demonstrating that human leukocytes contain AMPs in their lysosomes [36]. But the 

actual research related with AMPs originated in 1980 when Hans boman reported that humoral 

immune system of silk moths (Hyalophora cecropia) contained peptide with broad spectrum activity 

[37]. 

 

 

 

 

 

 



4 | P a g e  
 

 

3.2) STRUCTURE OF AMPs 

Most of AMPs found till date can be categories into four basic types viz α-helix, β-sheet, loop and 

extended. This categorization based on the secondary structure of peptide. Among all type α-helix and 

β-sheet are most common studied [38]. In α-helix, the distance between two amino acids is about 0.15 

nm while in β-sheet, it is about .35nm.  In the top view, the angle between two amino acids is 100 

degrees in α-helix. Both α-helix and β-sheet can form transmembrane channel in plasma membrane. 

The core of plasma membrane is roughly about 3.5 nm, so it takes about 20-21 amino acids to span the 

membrane either by α-helix or β-sheet. Protegrin, Magainin, cyclic indolicin, and coiled indolicin are 

some common example of α-helix. β-sheet consist of at least two β-strand joined together by 

disulphide bond [39]. Β-sheet can be arranging in parallel or anti-parallel fashion. Almost all AMPs 

belong to all the above classes but some contain two different structural components for example 

indolicin [40,41]. 

 

 

 

Figure-2: Different type of structure of Antimicrobial peptide, 2014, Mingzhen 

Zhang,10,7425-7451 
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3.3) MAJOR CATAGORIES OF AMPs 

In general, AMPs do not kill bacteria though enzymatic mechanism. On the basis of basis of target 

eukaryotic AMPs can be divide into four categories. 

 

3.3.1) ANTIVIRAL PEPTIDE 

Antiviral peptide binds to the viral envelope or host membrane and then neutralizes viruses effect. 

They are effective against viruses. Previous studies shown that they target both i.e. RNA and DNA of 

the viruses [42,43]. AMPs bind to the viral envelops and cause membrane instability which further 

inhibit viruses to bind with host cells [44-46]. For example, the attachment of herpes simplex viruses 

(HSV) to the host cell surface is inhibited by Defensin [47]. Apart from viral envelope disruption and 

blocking viral receptor, some AMPs occupying specific mammalian receptor and thus prevent viral 

particle entry into host cell [48, 49]. For example, Lactoferrin, an α-helical cationic peptide binds to 

the negatively charge glycosaminoglycan and thus prevent binding of HSV infection [50, 51]. 

 

3.3.2) ANTIBACTERIAL PEPTIDE 

Antibacterial peptide are the most common and studied AMPs. They are mostly cationic in nature i.e. 

positively charge. They integrate to the bacterial membrane and cause disintegration [52, 53]. They are 

amphipathic in nature i.e. they have both hydrophilic and hydrophobic domains. Due to such 

amphipathic nature, these AMPs are able to bind with lipid component and phospholipid group of cell 

membrane. 

 

3.3.3) ANTIFUNGAL PEPTIDE  

Antifungal peptide is found to be effective against fungi and can kill fungi by targeting cell wall or 

intracellular component [54-56]. Some AMPs are able to binds with chitin, which is main component 

of fungal cell wall. Such binding capability help AMPs to target fungal cells [57, 58]. Most of the 

antifungal AMPs consist of polar and neutral amino acid [59]. But still there in no relation appears 

between structure of AMPs and its cell type target. 

 

3.3.4) ANTIPARASITIC PEPTIDE 

Antiparasitic peptide consists less not number of peptide as compared to above three class. They are 

found to be effective against parasite like Paramecium caudetum, Leishmania parasite etc. Magainin 

was the first antiviral peptide reported against Paramecium caudetum [60]. 
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3.4) MODE OF ACTION OF AMPs 

AMPs can kill microbes by different mode of action. It includes disrupting membrane integrity inhibit 

DNA, RNA and peptide synthesis or by combine with intracellular targets. 

 

3.4.1) MEMBRANE ACTIVE AMPs 

The membrane active AMPs interact with the cell membrane for their activity and interaction decide 

the spectrum of target cell [61]. Membrane active AMPs are mostly amphipathic and cationic. 

Amphipathic means they have both hydrophobic and hydrophilic group. This characteristic is 

beneficial for electrostatic interaction between negatively charge cell membrane and positively charge 

peptide. After initial electrostatic interaction, the AMP inserted into cell membrane though its 

hydrophobic portion [62]. Cationic state and hydrophobicity of the peptide are two major factor for 

such interaction. 

 

 

Figure-3: Mechanism of action of membrane-active peptides 2013, Stefania Galdiero 

et. al 14,18758-18789 

3.4.2) INTRACELLULAR ACTIVE AMPs 

Rather showing the activity on cell membrane, some AMPs show intracellular activity by various ways 

like inhibit DNA, RNA and Peptide synthesis, binding to specific DNA sequence etc. [64,64]. For 

example, indolicin bind to specific DNA sequence and kill bacteria. PR-39 from pig intestine, kill 

bacteria by inhibits DNA and protein synthesis [65]. 
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3.5) CATIONIC AMPs 

Cationic peptide is most studied peptide till date and found in every complex organism [66]. Their 

length varies from 12 to 50 amino acid with 50% hydrophobic amino acid. The positive charge lies 

between 2-9 with relative abundance of lysine and arginine residue. These peptide form variety 

secondary structure like α-helix and β-sheet in which charge, polar and hydrophobic residue from 

patches on the surface of molecule. Earlier studies show that these peptides have role in modulating 

immunity in variety of organism like insect, mammal and amphibian. After injury or infection, the 

expression of cationic peptide rises. These peptides when interact with membrane, the hydrophobic 

domain integrate in core part of membrane while hydrophobic part will reside on surface. Cationic 

peptide has wide range of activity which include Gram positive, Gram negative, fungi and other 

organism. 

 

3.6) BACTERIAL MEMBRANE 

Bacterial cell consists of cell membrane, surrounded by complex cell wall which protect the bacteria 

from external harsh environment. Bacterial cell lack membrane bound organelle, hence look 

morphologically similar. Cell wall is buildup of peptidoglycan (also known as murein). In Gram 

positive bacteria, the thickness of peptidoglycan varies from 20-80 nm while in Gram negative it is 2-7 

nm thick. NAG (N-acetylglucosamin) and NAM (N-acetyle muramic acid) are joined together by β-1,4 

linkage and act as monomeric unit for peptidoglycan. Many Gram positive bacteria contain acidic 

substance known as teichoic acid. Teichoic acid are polyol phosphate polymers which is responsible 

for giving strong negative charge to cell wall. 

 

 

Figure-4: Bacterial membrane 

(http://watcut.uwaterloo.ca/webnotes/Pharmacology/microbesBacterialCellWall.html) 
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3.7) FtsA PROTEIN 

Most Prokaryotic divide by binary fission in which they give rise to two identical similar daughter 

nuclei. In bacteria for example Escherichia coli almost tens of protein involved in cell division [67]. 

Earlier studies shown that for septation, protein like FtsZ FtsA FtsI FtsK FtsL FtsN FtsQ FtsW and 

ZipA are localize to division plane [68]. Out of these nine, FtsA, FtsA and FtsQ are well studied [69]. 

The ftsZ gene encode a 40 kDa protein which play key role during cell division. FtsZ protein which is 

homologous to tubulin, form a dynamic ring like structure at the edge of constriction during cell 

division. The product of ftsA gene assume to be function after ftsZ in cell division. The product of ftsA 

gene is 45 kDa protein which is associated with cytoplasmic membrane. FtsA assist FtsZ protein 

during septum formation in cell division. Some studies reveal that the ratio of all the protein should be 

appropriate especially FtsA and FtsZ. Increase in level of FtsZ to that of FtsA could inhibit cell 

division and vice-versa. 

 

 

Figure-5: Self-assembly of FtsZ at cell midpoint into Z ring (Lamkenbens and Acktinall, 

1997); Ma et. Al, 1996 

 

 

 



9 | P a g e  
 

 

4.) MATERIALS AND METHODOLOGY 

4.1) CHEMICALS AND REAGENT 

HBTU, HOBt, DMF, Rink amide resin, L-amino acids, DIPEA, nitrogen gas for purging, 20% 

piperidine, Ether, acetic anhydride, TFA, EDT, m-cresol, thioanisol, m-cresol, Ice, DMSO, acetone, 

miliq water were used during peptide synthesis. Phosphate buffer, nutrient broth, agar, autoclave 

water, 70% ethanol, methanol was used during antimicrobial assay. 

 

4.2) MATERIALS 

Eppendorf, Reaction vessel, tissue paper for cleaning, pipettes, tips, parafilm for covering, Silver foil, 

glass wool, pH paper, scissor, gloves, rubber band, vortex machine, centrifuge tube, aluminum foil, 

needle, test tube holder, centrifuge, ice bucket, plastic rod spatula.  

 

4.3) METHODOLOGY 

4.3.1) PEPTIDE SYNTHESIS  

 

 

 

Flow chart of Peptide synthesis 
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For the synthesis of peptide solid phase peptide support method was used. In SPPS, the amino acid that 

will be at one end of the peptide is attached to a water-insoluble polymer and remains protected 

throughout the formation of the peptide, meaning both that fewer protection / deprotection steps are 

necessary and that the reagents can easily be rinsed away without losing any of the peptide. 

 

4.3.2) ANTIMCIROBIAL ASSAY 

 

 

 

Flow chart of antimicrobial assay method 
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5) RESULT 

a) HPLC Chromatogram 

 

 

Graph-1: Chromatogram for blank (deionized water)  

 

 

 

               

Graph-2: Chromatogram of FtsA11 
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Graph-3: Chromatogram of FtsA13  

 

 

 

Graph-4: Chromatogram of Ac-FtsA11 
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Graph-5: Chromatogram of Ac-FtsA13 
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b) MALDI spectrum 

 

Figure-6: MALDI spectrum of FtsA11 

 

Figure-7: MALDI spectrum of FtsA13 
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Figure-8: MALDI spectrum of Ac-FtsA11 

 

 

Figure-9: MALDI spectrum of Ac-FtsA13 
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Peptide 

 

Expected mass (g/mole) 

 

Observed mass(g/mole) 

FtsA11 1498 1499.028 

FtsA13 1642 1643.185 

Ac-FtsA11 1540 1541.208 

Ac-FtsA13 1684 1685.209 

 

Table: -1 Showing observed and expected mass of peptides 
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c) Antimicrobial assay on E. coli 

i) Escherichia coli treated with FtsA11 

       

   Negative control   0.5 µM   1 µM   2 µM 

     

       3 µM        4 µM                  5 µM 
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ii) Escherichia coli treated with FtsA13 

 

Negative control            0.5 µM                   1 µM                    2 µM 

 

     3 µM                        4 µM                  5 µM 
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iii) Escherichia coli treated with Ac-FtsA11 

       

Negative control                0.5 µM                  1 µM                      2 µM 

     

     3 µM                        4 µM                         5 µM 
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iv) Escherichia coli treated with Ac-FtsA13 

       

Negative control               0.5 µM                      1 µM                    2 µM 

     

     3 µM                        4 µM                      5 µM 
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Colony Count for E. coli 

 

 No of colonies (E. coli) 

Negative control 1 2064 approx. 

Negative control 2 2039 approx. 

 

 

No. of Viable colonies (count) for E. coli 

 0.5 µM 

Peptide 

concentration 

1 µM 

Peptide 

concentration 

2 µM 

Peptide 

concentration 

 3 µM 

Peptide 

concentration 

4 µM 

Peptide 

concentration 

5 µM 

Peptide 

concentration 

 

FtsA11 

510 160 0 0 0 0 

Ac-

Ftsa11 

670 190 0 0 0 0 

 

FtsA13 

400 2 0 0 0 0 

Ac-

FtsA13 

650 143 0 0 0 0 
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v) Staphylococcus aureus with FtsA11 

       

Negative control               .5 µM                    1 µM                         2 µM 

     

         3 µM                    4 µM                   5 µM 
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vi) Staphylococcus aureus treated with FtsA13 

       

 Negative control                0.5 µM                    1 µM                        2 µM 

     

      3 µM                    4 µM                          5 µM 
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vii) Staphylococcus aureus s treated with Ac-FtsA11 

       

 Negative control                  0.5 µM                   1 µM                     2 µM 

     

       3 µM                   4 µM                         5 µM 
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viii) Staphylococcus aureus treated with Ac-FtsA13 

       

Negative control                  0.5 µM                    1 µM                       2 µM 

     

       3 µM                   4 µM                      5 µM 
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Colony Count for S. aureus 

 

 No of colonies (S. aureus) 

Negative control 1 1990 approx. 

Negative control 2 1995 approx. 

 

 

No. of Viable colonies (count) for S. aureus 

 0.5 µM 

Peptide 

concentration 

1 µM 

Peptide 

concentration 

2 µM 

Peptide 

concentration 

 3 µM 

Peptide 

concentration 

4 µM 

Peptide 

concentration 

5 µM 

Peptide 

concentration 

 

FtsA11 

135 3 0 0 0 0 

Ac-

Ftsa11 

260 35 0 0 0 0 

 

FtsA13 

30 14 0 0 0 0 

Ac-

FtsA13 

60 32 0 0 0 0 
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d) AFM analysis 

 

Figure-10: AFM images of untreated E. coli bacteria 

 

 

 

 

 

 

 

Figure-11: AFM imaged of Peptide(FtsA13) treated E. coli bacteria 
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6) DISCUSSION  

FtsA peptide fragment that we have design have ability to form amphipathic helical structure. 

Antimicrobial activity was studied against Gram-negative (E. coli) and Gram-positive (Staphylococcus 

aureus). All four peptides (FtsA13, FtsA11, Ac-FtsA11, Ac-FtsA13) showed significant antimicrobial 

activity against both Gram-positive and Gram-negative bacteria. Among all the four peptides, higher 

charge containing FtsA13 showed higher antimicrobial activity compared to less charge containing 

Ac-FtsA11 and Ac-FtsA13 peptide. Earlier studies have shown that highly charged peptide bind more 

efficiently comparison to less charged containing peptide. Peptide fragments that we have synthesized 

has +5 charge for the peptides with free amino terminus while +4 for the acetylated ones.  Therefore, 

the reason behind higher activity of FtsA13 is relatively higher binding capacity due to the greater 

electrostatic interaction.  Arginine has ability to form bidentate hydrogen bond with phosphate group 

and other negatively charge moieties in membrane. Furthermore, presence of Tryptophan in peptide 

fragment enhance binding of peptide due to its hydrophobic nature. 

7) CONCLUSION 

Amphipathic cationic AMPs are the most widely distributed and found in almost all living organism 

like bacteria, fungi, amphibian and humans. Amphipathic nature allows the hydrophobic residue 

towards the lipid membrane and promotes its permeabilization. We identified an amphipathic stretch in 

the E. coli FtsA protein and designed four sequences for the antimicrobial assays. All the designed 

peptides showed significant antimicrobial activity. The minimal inhibitory concentration of all the 

peptides (FtsA11 FtsA13 Ac- FtsA11 Ac-FtsA13) were within 2 µM range. We conclude that the 

amphipathic FtsA peptide fragments that we have designed can act as potential antimicrobial agents. 

This suggests that the bacterial sequences could be developed as the potent weapons against them. 

 

 

 

 

 

 



29 | P a g e  
 

 

8) REFERENCES 

1.Janeway, C.A. Jr.  The role of innate immunity in the adaptive immune response.J. Immunol (1998), 

161, 539–544 

2.Hancock, Robert EW, and Robert Lehrer. Cationic peptides: a new source of antibiotics. Trends in 

biotechnology 1998, 16.2, 82-88. 

3.Hancock REW, Diamond G: The role of cationic antimicrobial peptides in innate host defences. 

Trends Microbiol 2000, 8, 402-410. 

4.Yang D, Biragyn A, Kwak LW, Oppenheim JJ.  Mammalian defensins in immunity: more than just 

microbicidal. Trends Immunol 2002, 23, 291-296. 

5.Zasloff M.  Antimicrobial peptides of multicellular organisms. Nature 2002, 415, 389-395 

6.Brown, Kelly L., and Robert EW Hancock. "Cationic host defense (antimicrobial) peptides." Current 

opinion in immunology 2006, 102, 24-30. 

7. Harris, F.; Dennison, S.R.; Phoenix, D.A. Anionic antimicrobial peptides from eukaryotic 

organisms. Curr. Protein Pept. Sci. 2009, 10, 585–606 

8. Groenink, J.; Walgreen-Weterings, E.; van’t Hof, W.; Veerman, E.C.; Nieuw Amerongen, A.V. 

Cationic amphipathic peptides, derived from bovine and human lactoferrins, with antimicrobial 

activity against oral pathogens. FEMS Microbiol. Lett. 1999, 179, 217–222 

9. Bradshaw, J. Cationic antimicrobial peptides: Issues for potential clinical use. BioDrugs 2003, 17, 

233–240 

10.Conlon, J.M.; Sonnevend, A. Antimicrobial peptides in frog skin secretions. Methods Mol. Biol. 

2010, 618, 3–14. 

11. Radek, K.; Gallo, R. Antimicrobial peptides: Natural effectors of the innate immune system.Semin. 

Immunopathol. 2007, 29, 27–43. 

12. Peters, B.M.; Shirtliff, M.E.; Jabra-Rizk, M.A. Antimicrobial peptides: Primeval molecules or 

future drugs? PLoS Pathog. 2010, 6, e1001067. 

13. Leippe, M. Antimicrobial and cytolytic polypeptides of amoeboid protozoa—Effector moleculesof 

primitive phagocytes. Dev. Comp. Immunol. 1999, 23, 267–279. 

14.Zasloff, M. Antimicrobial peptides of multicellular organisms. Nature (2002), 415, 389–395.  

15.Hancock R. E. W. & Sahl H. G. Antimicrobial and host-defense peptides as new anti-infective 

therapeutic strategies. Nature Biotech. 2006, 24, 1551–1557. 

16. Zasloff, M. Antimicrobial peptides of multicellular organisms. Nature 2002, 415, 389–395. 



30 | P a g e  
 

17. Schauber, J.; Gallo, R.L. Antimicrobial peptides and the skin immune defense system. J. Allergy 

Clin. Immunol. 2008, 122, 261–266 

18. Conlon, J.M.; Sonnevend, A. Antimicrobial peptides in frog skin secretions. Methods Mol. 

Biol.2010, 618, 3–14. 

19. Ma, Y.F.; Liu, C.B.; Liu, X.H.; Wu, J.; Yang, H.L.; Wang, Y.P.; Li, J.X.; Yu, H.N.; Lai, 

R.Peptidomics and genomics analysis of novel antimicrobial peptides from the frog, Rana nigrovittata. 

Genomics 2010, 95, 66–71. 

20.Hultmark, D.; Steiner, H.; Rasmuson, T.; Boman, H.G. Insect immunity. Purification and 

properties of three inducible bactericidal proteins from hemolymph of immunized pupae of 

Hyalophora cecropia. Eur. J. Biochem. 1980, 106, 7–16. 

21. Hancock, R.E.; Scott, M.G. The role of antimicrobial peptides in animal defenses. Proc. Natl. 

Acad. Sci. USA 2000, 97, 8856–8861. 

22. Oppenheim, J.J.; Biragyn, A.; Kwak, L.W.; Yang, D. Roles of antimicrobial peptides such as 

defensins in innate and adaptive immunity. Ann. Rheum. Dis. 2003, 62, 172-201. 

23. Ganz, T. The role of antimicrobial peptides in innate immunity. Integr. Comp. Biol. 2003, 43,300–

304. 

24. Niyonsaba, F.; Iwabuchi, K.; Matsuda, H.; Ogawa, H.; Nagaoka, I. Epithelial cell-derived human 

beta-defensin-2 acts as a chemotaxin for mast cells through a pertussis toxin-sensitive and 

phospholipase c-dependent pathway. Int. Immunol. 2002, 14, 421–426 

25. Dubos, R.J. Studies on a bactericidal agent extracted from a soil bacillus: I. Preparation of the 

agent. Its activity in vitro. J. Exp. Med. 1939, 70, 1–10. 

26. Dubos, R.J. Studies on a bactericidal agent extracted from a soil bacillus: II. Protective effect of the 

bactericidal agent against experimental Pneumococcus infections in mice. J. Exp. Med. 1939, 70, 11–

17 

27. Hotchkiss, R.D.; Dubos, R.J. Fractionation of the bactericidal agent from cultures of a soil 

Bacillus. J. Biol. Chem. 1940, 132, 791–792. 

28. Van Epps, H.L. Rene dubos: Unearthing antibiotics. J. Exp. Med. 2006, 203, 259-272. 

29. Dubos, R.J.; Hotchkiss, R.D. The production of bactericidal substances by aerobic sporulating 

bacilli. J. Exp. Med. 1941, 73, 629–640. 

30. Rammelkamp, C.H.; Weinstein, L. Toxic effects of tyrothricin, gramicidin and tyrocidine. 

J. Infect. Dis. 1942, 71, 166–173. 

31. Balls, A.K. A crystalline protein obtained from a lipoprotein of wheat flour. Cereal Chem. 1942, 

19, 279–288. 

32. Ohtani, S.; Okada, T.; Yoshizumi, H.; Kagamiyama, H. Complete primary structures of two 

subunits of purothionin a, a lethal protein for brewer’s yeast from wheat flour. J. Biochem. 1977, 82, 

753–767. 



31 | P a g e  
 

33. Hirsch, J.G. Phagocytin: A bactericidal substance from polymorphonuclear leucocytes. J. Exp. 

Med. 1956, 103, 589–611. 

34. Kiss, G.; Michl, H. Uber das giftsekret der gelbbauchunke, Bombina variegata L. Toxicon 1962, 1, 

33–34. 

35. Groves, M.L.; Peterson, R.F.; Kiddy, C.A. Poliomorphism in the red protein isolated from milk of 

individual cows. Nature 1965, 207, 1007–1008. 

36. Zeya, H.I.; Spitznagel, J.K. Antibacterial and enzymic basic proteins from leukocyte lysosomes: 

Separation and identification. Science 1963, 142, 1085–1087. 

37. Steiner, H., Hultmark, D., Engstrom, A., Bennich, H., and Boman, H. G. Sequence and specificity 

of two antibacterial proteins involved in insect immunity, Nature (London) 1981, 292, 246–248. 

38.Powers, J.P.; Hancock, R.E. The relationship between peptide structure and antibacterial activity. 

Peptides 2003, 24, 1681–1691. 

39. Bulet, P.; Stocklin, R.; Menin, L. Anti-microbial peptides: From invertebrates to 

vertebrates.Immunol. Rev. 2004, 198, 169–184. 

40. McManus, A.M.; Dawson, N.F.; Wade, J.D.; Carrington, L.E.; Winzor, D.J.; Craik, D.J. Three-

dimensional structure of rk-1: A novel alpha-defensin peptide. Biochemistry 2000, 39, 15757–15764. 

41. Uteng, M.; Hauge, H.H.; Markwick, P.R.; Fimland, G.; Mantzilas, D.; Nissen-Meyer, J.; 

Muhle-Goll, C. Three-dimensional structure in lipid micelles of the pediocin-like antimicrobial peptide 

sakacin p and a sakacin p variant that is structurally stabilized by an inserted c-terminal disulfide 

bridge. Biochemistry 2003, 42, 11417–11426. 

42. Bastian, A.; Schafer, H. Human alpha-defensin 1 (hnp-1) inhibits adenoviral infection in vitro. 

Regul. Pept. 2001, 101, 157–161. 

43. Horne, W.S.; Wiethoff, C.M.; Cui, C.; Wilcoxen, K.M.; Amorin, M.; Ghadiri, M.R.; Nemerow, 

G.R. Antiviral cyclic D, L-α-peptides: Targeting a general biochemical pathway in virus infections. 

Bioorg. Med. Chem. 2005, 13, 5145–5153. 

44. Robinson, W.E., Jr.; McDougall, B.; Tran, D.; Selsted, M.E. Anti-hiv-1 activity of indolicidin, an 

antimicrobial peptide from neutrophils. J. Leukoc. Biol. 1998, 63, 94–100. 

45. Sitaram, N.; Nagaraj, R. Interaction of antimicrobial peptides with biological and model 

membranes: Structural and charge requirements for activity. Biochim. Biophys. Acta 1999, 1462, 29–

54. 

46. Belaid, A.; Aouni, M.; Khelifa, R.; Trabelsi, A.; Jemmali, M.; Hani, K. In vitro antiviral activity of 

dermaseptins against herpes simplex virus type 1. J. Med. Virol. 2002, 66, 229–234. 

47. Yasin, B.; Wang, W.; Pang, M.; Cheshenko, N.; Hong, T.; Waring, A.J.; Herold, B.C.; Wagar, 

E.A.; Lehrer, R.I. Theta defensins protect cells from infection by herpes simplex virus by inhibiting 

viral adhesion and entry. J. Virol. 2004, 78, 5147–5156. 



32 | P a g e  
 

48. Tamamura, H.; Ishihara, T.; Otaka, A.; Murakami, T.; Ibuka, T.; Waki, M.; Matsumoto, A.; 

Yamamoto, N.; Fujii, N. Analysis of the interaction of an anti-hiv peptide, t22 ([tyr5, 12, lys7]- 

polyphemusin ii), with gp120 and cd4 by surface plasmon resonance. Biochim. Biophys. Acta 1996, 

1298, 37–44. 

49. Song, B.H.; Lee, G.C.; Moon, M.S.; Cho, Y.H.; Lee, C.H. Human cytomegalovirus binding to 

heparan sulfate proteoglycans on the cell surface and/or entry stimulates the expression of human 

leukocyte antigen class I. J. Gen. Virol. 2001, 82, 2405–2413. 

50. WuDunn, D.; Spear, P.G. Initial interaction of herpes simplex virus with cells is binding to heparan 

sulfate. J. Virol. 1989, 63, 52–58. 

51. Laquerre, S.; Argnani, R.; Anderson, D.B.; Zucchini, S.; Manservigi, R.; Glorioso, J.C. Heparan 

sulfate proteoglycan binding by herpes simplex virus type 1 glycoproteins b and c, which differ in their 

contributions to virus attachment, penetration, and cell-to-cell spread. J. Virol. 1998, 72, 6119–6130. 

52. Shai, Y. Mode of action of membrane active antimicrobial peptides. Biopolymers 2002, 66, 236–

248. 

53. Zhang, L.; Rozek, A.; Hancock, R.E. Interaction of cationic antimicrobial peptides with model 

membranes. J. Biol. Chem. 2001, 276, 35714–35722. 

54. De Lucca, A.J.; Bland, J.M.; Jacks, T.J.; Grimm, C.; Walsh, T.J. Fungicidal and binding 

properties of the natural peptides cecropin b and dermaseptin. Med. Mycol. 1998, 36, 291–298. 

55. De Lucca, A.J.; Walsh, T.J. Antifungal peptides: Novel therapeutic compounds against emerging 

pathogens. Antimicrob. Agents Chemother. 1999, 43, 1–11. 

56. Lee, Y.T.; Kim, D.H.; Suh, J.Y.; Chung, J.H.; Lee, B.L.; Lee, Y.; Choi, S. Structural characteristics 

of tenecin 3, an insect antifungal protein. Biochem. Mol. Biol. Int. 1999, 47, 369–376. 

57. Yokoyama, S.; Iida, Y.; Kawasaki, Y.; Minami, Y.; Watanabe, K.; Yagi, F. The chitin-binding 

capability of cy-amp1 from cycad is essential to antifungal activity. J. Pept. Sci. 2009, 15, 492–497. 

58. Pushpanathan, M.; Rajendhran, J.; Jayashree, S.; Sundarakrishnan, B.; Jayachandran, S.; 

Gunasekaran, P. Identification of a novel antifungal peptide with chitin-binding property from marine 

metagenome. Protein Pept. Lett. 2012, 19, 1289–1296. 

59. Fujimura, M.; Ideguchi, M.; Minami, Y.; Watanabe, K.; Tadera, K. Purification, characterization, 

and sequencing of novel antimicrobial peptides, Tu-AMP 1 and Tu-AMP 2, from bulbs of tulip (Tulipa 

gesneriana L.). Biosci. Biotechnol. Biochem. 2004, 68, 571–577. 

60. Zasloff, M. Magainins, a class of antimicrobial peptides from Xenopus skin: Isolation, 

characterization of two active forms, and partial cDNA sequence of a precursor. Proc. Natl. 

Acad. Sci. USA 1987, 84, 5449–5453. 

61. He, K.; Ludtke, S.J.; Worcester, D.L.; Huang, H.W. Neutron scattering in the plane of 

membranes: Structure of alamethicin pores. Biophys. J. 1996, 70, 2659–2666. 



33 | P a g e  
 

62. Madani, F.; Lindberg, S.; Langel, U.; Futaki, S.; Graslund, A. Mechanisms of cellular uptake of 

cell-penetrating peptides. J. Biophys. 2011, 90, 414-729. 

63. Nicolas, P. Multifunctional host defense peptides: Intracellular-targeting antimicrobial peptides. 

FEBS J. 2009, 276, 6483–6496. 

64. Hilpert, K.; McLeod, B.; Yu, J.; Elliott, M.R.; Rautenbach, M.; Ruden, S.; Burck, J.; Muhle-Goll, 

C.; Ulrich, A.S.; Keller. Short cationic antimicrobial peptides interact with ATP. Antimicrob. Agents 

Chemother. 2010, 54, 4480–4483. 

65. Boman, H.G.; Agerberth, B.; Boman, A. Mechanisms of action on Escherichia coli of cecropin p1 

and pr-39, two antibacterial peptides from pig intestine. Infect. Immun. 1993, 61, 2978–2984. 

66. Hancock REW, Diamond G: The role of cationic antimicrobial peptides in innate host defences. 

Trends Microbiol 2000, 8, 402-410. 

67.Lutkenhaus, J., and addinall, S.G. Annual review of biochemistry. Bacterial cell divion and the Z 

ring. 1997, 66, 93-116. 

68.Ma, X., Ehrhardt, D.W., and Margolin, W., Proceeding of national academy of science (USA). 

Colcalization of cell divison protein FtsZ and FtsA to ctyotoskeleton structure in living Escherichia 

coli cell by using green flurescent protein. 1996, 93, 12998-13003. 

69. Descoteaux, A., and G. R Drapeau. Regulation of cell division in Escherichia coli K-12: probable 

interactions among proteins FtsQ, FtsA, and FtsZ. J. Bacteriol. 1987, 169, 1938-1942. 

 


