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Abstract 
 

Antimicrobial peptides (AMPs) are the small ubiquitous act as self-defence products which 

are extensively distributed in plants. They can be classified into several groups, 

including thionins, defensins, snakins, lipid transfer proteins, glycine-

rich proteins, cyclotides,  and hevein-type proteins. AMPs are important mediators of an 

innate host defense system, with antimicrobial activities against a broad spectrum of 

microorganisms. AMPs can be extracted and isolated from different plants and plant 

organs such as stems, roots, seeds, flowers and leaves. They perform various physiological 

defensive mechanisms to eliminate viruses, bacteria, fungi and parasites, and so could be 

used as therapeutic and preservative agents.  

Key words: Antimicrobial peptides (AMPs), thionins, defensins, Knottins, 

lipid transfer proteins 

 

Introduction: 

 
A complex array of interactions between plants and microbes has evolved that reflects both 

the nutrient acquisition strategies of microbes and defense strategies of plants. Part of plant 

defense strategy includes an active offense against invading microbes using an array of 

antimicrobial gene products. More than 500 different antimicrobial proteins and peptides 

encoded within the genomes of many organisms, including plants, have been described 

(Kitajima and Sato 1999, Prasad et al., 2008, Tam et al., 2015; Tang et al., 2018). These 

molecules, which are either constitutive or inducible, are recognised as important components 

of innate defense mechanisms. Antimicrobial peptides (AMPs) are ubiquitous and found as 



 

 

host defenses against pathogens and pests in diverse organisms ranging from microbes to 

animals (Egorov et al., 2005). AMPs exist in different molecular forms, although the majority 

of them are linear peptides from insects, animals, and plants.  

Expression of genes encoding many antimicrobial proteins and peptides is pathogen inducible 

and is highly correlated with induced disease resistance phenomenon such as systemic 

acquired resistance (SAR) (Ryals et al., 1996; Maleck et al., 2000). Therefore, they generally 

are called defense genes and are also often referred to as ‘disease resistance markers’. Many 

of these genes have been shown to not only alter the severity of disease symptoms when over-

expressed in genetically engineered plants (Grison et al., 1996; Molina and Garcia-Olmedo 

1997; Gao et al., 2000), but also offer the potential to enhance broad-spectrum disease 

resistance. Transgenic rice expressing a gene for puroindoline (pinA and/or pinB) showed 

enhanced tolerance to rice blast and sheath blight (Krishnamurthy et al., 2001); and oat 

thionin in transgenic rice was effective in the control of bacterial diseases such as bacterial 

leaf blight and the disease caused by Burk. Plant defensin genes from B. oleracea and B. 

campestris have successfully conferred resistance to transgenic rice against blast and 

bacterial leaf blight (Kawata et al., 2003). 

Types of antimicrobial proteins: 

A common feature of the innate immune system of taxonomically diverse organisms such as 

mammals, insects, and plants is the ability to marshal the accumulation of antimicrobial 

proteins and peptides in response to an invasive challenge by foreign organisms (Maleck et 

al., 2000; Schenk et al., 2000; Reymond, 2001). Members of the major groups of 

antimicrobial proteins have been classified mainly on the basis of their biochemical (net 

charge) and/or structural features (linear/circular/amino acid composition), looking for 

common patterns that might help to distinguish them (Tossi and Sandri, 2002; Zasloff, 2002). 

The most important groups from the plants are: 



 

 

Cecropins:  

This is a family of 3-4 kDa linear amphipathic peptides  described in the haemolymph of 

insects in the early 1980s (Boman 1998; Zheng and Zheng 2002). These molecules are devoid 

of cysteine residues and contain two distinctive helical segments: a strongly basic N-terminal 

domain and a long hydrophobic C-terminal helix, linked by a short hinge. Shortly thereafter, 

other linear amphipathic peptides such as the magainins isolated from Xenopus skin, were 

isolated from vertebrates and included in the same group (Simmaco et al. 1998). These were 

the first molecules used to evaluate their biomedical applications (Hancock, 2000). 

 Thionins:  

These are antimicrobial, and generally basic, plant peptides with a molecular weight of 5 

kDa, which contain 6 or 8 conserved cysteine residues. Their in vitro toxicity against plant 

pathogenic bacteria and fungi indicates a role in conferring resistance to the plants 

(Bohlmann, 1999). Ligatoxin B, a new basic thionin containing 46 amino acid residues has 

been recently isolated from the mistletoe Phoradendron liga. Similarities observed by 

structural comparison of the helix-turn-helix (HTH) motifs of the thionins and the HTH 

DNA-binding proteins, led the authors to propose that thionins might represent a new group 

of DNA-binding proteins. Analysis of mRNA levels specific for barley leaf thionins showed 

that there is a fast rapid increase in the synthesis of these molecules following inoculation 

with Erysiphe graminis f. sp. hordei spores (Bohlmann et al., 1988).  The genes encoding 

thionins have already been used to obtain transgenic plants resistant to phytopathogensic 

fungi. The expression of α-hordothionin gene in tobacco, under control of CaMV35S 

promoter, increased resistance against the bacterium Pseudomonas syringae (Carmona et al., 

1993), viscotoxins expression in Arabidopsis thaliana conferred resistance against the protist 

Plamodiophora brassicae (Holtorf et al., 1998), and expression of an oat thionin in transgenic 



 

 

rice seedlings led to protection against the phytopathogenic bacteria, Burkholderia plantarii 

and B. glumae (Iwai et al., 2002).   

Amino acid-enriched class:  

This is a distinctive class of antibacterial and antifungal cationic peptides, enriched in specific 

amino acids, with distinctive features depending on the organism from which they are 

isolated. These proline and glycine-rich peptides are mostly from insects and active against 

Gram-negative bacteria (Otvos, 2000); while cysteine-rich peptides, not related to defensins, 

represent the most diverse family among arthropods. On the other hand those enriched in 

histidine are particularly basic, mostly from mammals (Pollock et al. 1984). Among them, 

histatin recovered from saliva of humans and primates and is primarily directed against 

fungal pathogens, outstands and stands out for its distinctive mechanism of action which 

does not involve channel formation in the fungal cytoplasmic membrane but rather 

translocates efficiently into the cell and targets the mitochondrion (Tsai and Bobek, 1998). 

Those enriched in histidine and glycine are quite large, also affecting fungal pathogens and a 

distinctive feature is that their residues are arranged in approximately regular but different 

structural repeats. Only two peptides enriched in tryptophan residues have been described, 

both derived from porcine cathelicidin precursors (Schibli et al. 2002). The outstanding 

feature though, is broad spectrum of activity including hundreds of Gram-positive and 

negative clinical isolates in addition to fungi and even the enveloped HIV virus (Gennaro and 

Zanetti, 2000).  

Histone derived compounds:  

This is a family of cationic helical peptides corresponding to cleaved forms of  histones 

originally isolated from toad (buforin) (Park et al. 1996) and fish epithelia (parasin) (Park, 

1998). These molecules are structurally similar to cecropins and quite active against bacteria 

and fungi. In the case of buforin II, at least, it was demonstrated that this molecule penetrates 



 

 

bacterial membranes and binds to nucleic acids thus, interfering with cell metabolism and 

leading to rapid cell death (Park et al. 1998).  AMPs are important factors in fish innate 

immunity (Zhou et al. 2002) and new contributions tend to demonstrate it.  Recently, an 

active peptide was identified both in coho salmon mucus and blood, which display full 

identity with the N-terminus of trout H1 histone (Patrzykat et al. 2001). This is an indication 

that histone proteins may be a relatively ubiquitous component of host defenses (Hirsh, 

1958). This assumption has been strengthened in recent years by the isolation of histone-like 

proteins in the cytoplasm of murine macrophages (Hiemstra et al. 1993) and the 

characterization of histone H2B fragments in human wound fluids (Frohm et al. 1996). (there 

are lots of more recent papers!  

Beta-hairpin:  

The third class of cationic peptides known includes a wide range of 2-  to 8-kDa compounds 

containing beta-hairpin cross-linked by disulphide bridge(s). The smallest members of this 

class with one disulfide bridge, areis represented by thanatin and brevinin. Those containing 

two disulfide bridges are represented by androctonin (Mandard et al. 1999) tachyplesin and 

protegrin I (Mandard et al. 2002). Members of the latter group are 2-kDa hairpin-structured 

peptides, isolated from both invertebrates and vertebrates and show preferential antibacterial 

and antifungal activities (Dimarcq et al. 1998).  

Lipid Transfer Proteins:  

The proteins are so named because of their ability to stimulate the transfer of a broad range of 

lipids through the membrane in vitro and their likely involvement in secretion or deposition 

of extracellular lipophilic materials such as cutin or wax. Defensive role for LTPs has been 

reviewed by Garcia-Olmedo et al. (1995). Transgenic tobacco and Arabidopsis plants 



 

 

constitutively expressing barley LTP2 protein were developed and were found to have 

enhanced tolerance to Pseudomonas syringae (Garcia-Olmedo et al.,1998). 

The role of LTPs in plant protection has also been investigated by Ge et al. (2003). They 

studied the antifungal and antibacterial properties of LTP110, a lipid transfer protein from 

rice. The gene for this protein was cloned and the expressed protein was purified and tested in 

vitro against rice pathogens, M. oryzae and X. oryzae. LTP110 was able to inhibit the 

germination of M. oryzae spores, but could only slightly inhibit the growth of Xanthomonas. 

 

 

Defensins: 

This is a highly complex group of 4-5 kDa open-ended cysteine-rich peptides arranged with 

different structural motifs. Defensins are a class of evolutionarily and structurally related 

small, highly basic, cysteine-rich peptides, displaying a broad-spectrum in vitro antifungal 

activity (Osborn et al., 1995; Thomma et al., 2002). Plant defensins are cystine-rich, 

cationic peptides, which range in size from 45 to 54 amino acids and generally include 

eight cysteine residues involved in four disulphide bonds. They were first discovered in 

wheat and barley and it is now thought that most plants express defensins in a wide range of 

tissues. Their biological activities are targeted at many plant pests, including fungi, bacteria 

and insects. Raphanus sativus antifungal protein 1 (Rs-AFP1) and Dahlia merckii 

antimicrobial protein 1(Dm-AMP 1) were widely used for genetic engineering in plant for 

enhancing diseases resistance (Jha et al., 2009a; Jha and Chattoo, 2009b). Enhanced 

resistance to rice blast and sheath blight was achieved in transgenic rice overexpressing Rs-

AFP2 (Jha and Chattoo, 2009a) and Dm-AMP1 (Jha et al., 2009a). Expression of defensin 

gene from radish in transgenic wheat conferred increased resistance to Fusarium 
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graminearum and Rhizoctonia cerealis (Li et al., 2011). They have a strong potential to be 

used for engineering disease resistance in crops because of their potent antifungal activity. 

Hevein-type? peptide: 

Hevein is a small cystein- and glycine-rich chitin-binding peptide of 43 amino acid residues 

first discovered in the latex of rubber trees (Koo et al. 1998). Since then, a number of heaven-

like antimicrobial peptides such as Pn-AMPs from morning glory (Pharbitis nil) (Koo et al. 

1998), GAFP from Ginkgo biloba (Huang et al. 2000), Ee-CBP from the bark of spindle tree 

(Euonymus europaeus L.) (Karolien, 2002), and Wj-AMP-1 from the leaves of Wasabia 

japonica L. (Akinori et al. 2003) have been reported. Heaven-type peptides are all highly 

basic and have pI value above 10. They consist of three folded β-strands, the second and third 

strands being linked by an α-helix. HeavenHevein-type peptides have shown a wide range of 

in vitro antifungal activity. Their activities, which were found to be strongly dependent on the 

ionic composition of the growth medium, are essentially abolished in high salt media. 

However, it is not yet known how these chitin-binding proteins exhibit antifungal and 

antibacterial activities at the molecular level.  

Knottin-type peptides:  

Knottins are a group of structurally related molecules with six disulfide-linked cysteines with 

a consensus pairing pattern (C1-C4, C2-C5, C3-C6). Knottins fold into a triple-stranded β-

sheet and form a “knot-like” feature. Few knottin-like antimicrobial peptides have been 

reported so far. Examples include two highly homologous antimicrobial peptides Mj-AMP1 

and Mj-AMP2 (36 and 37 residues, respectively) from Mirabilis jalapa L. seed (Cammue et 

al. 1992) and PAFP-s (38 residues) from the seeds of Phytolacca aAmerican (pokeweed) 

(Gao et al. 2001). These plant knottins shows a broad antifungal activity with limited activity 

against bacteria. 
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Mj-AMPs have been identified in the seeds of Mirabilis jalapa (Cammue et al. 1995) and 

their structural and biological properties resemble those of defensins, a class of antimicrobial 

peptides found in diverse animal species, ranging from insects to mammals (Lehrer et al. 

1991). Mj-AMPs are highly basic with homodimeric structures, have six cysteines that are 

involved in disulfide bridges. They are synthesized as precursor proteins, which include an 

amino-terminal signal peptide for targeting of the preprotein into the apoplastic region. The 

Mj-AMPs exhibit a broad spectrum of antifungal activity since they are active against number 

of plant pathogens. Although the Mj-AMPs show sequence similarity to µ-agatoxins, a class 

of insecticidal neurotoxic peptides isolated from the venom of spiders, they do not affect 

pulse transmission in insect nerves (Cammue et al. 1995). Despite the close similarity 

between Mj-AMP1 and Mj-AMP2 at the amino acid sequence level, the peptides differ 

markedly in their specific antifungal activity. On most fungi, Mj-AMP2 is at least 10-fold 

more active than Mj-AMP1 (Cammue et al. 1995). Constitutive expression of Mj-AMP2 in 

transgenic rice reduces the growth of M. oryzae by 63% with respect to untransformed 

control plant, and no effect on plant phenotype was observed. Transgene expression of Mj-

AMP2 gene was not accompanied by an induction of pathogenesis-related (PR) gene 

expression indicating that the transgene product itself is directly active against the pathogen. 

The results presented in this study suggest that the Mj-AMP2 gene could be a useful 

candidate for protection of rice plants against the rice blast fungus M. grisea (Prasad et al., 

2008). 

References: 
 
Egorov T.A., Odintsova T.I., Pukhalsky V.A., Grishin E.V. (2005) Diversity of wheat anti-
microbial peptides. Peptides. 26: 2064–2073.  
 
Tam, JP, Shujing Wang,S, Ka H. Wong, KH and Wei Liang Tan, WL (2015) Antimicrobial 
Peptides from Plants. Pharmaceuticals (Basel). 8(4): 711–757. 
 
Tang S-S, Prodhan ZH, Biswas SK, Le C-F, Sekaran SD (2018) Antimicrobial peptides from 
different plant sources: Isolation, characterisation, and purification. Phytochemistry 



 

 

154: 94-105. 
 
Bohlmann H, Clausen S, Behnke S, Giese H, Hiller C, Schrader C, Barkholt V, Apel K 
(1988) Leaf-thionins of barley-a novel class of cell wall proteins toxic to plant-pathogenic 
fungi and possibly involved in the defense mechanism of plants. EMBO J 7: 1559-1565. 
 
Bohlmann, H (1999) The role of thionins in the resistance of plants. In: DATTA, S.K., 
MUTHUKRISHNAN, S. eds. Pathogenesis-related proteins in plants, CRC Press, p. 207-234. 
 
Boman H (1998) Gene-encoded peptide antibiotics and the concept of innate immunity: an 
update review. Scandinavian Journal Immunology 48(1): 15-25. 
 
Egorov T.A., Odintsova T.I., Pukhalsky V.A., Grishin E.V. Diversity of wheat anti-microbial 
peptides. Peptides. 2005; 26:2064–2073.  
 
Gao AG, Hakimi SM, Mittanck CA, Wu Y, Woerner BM, Stark DM, Shah DM, Liang J, 
Rommens CM (2000) Fungal pathogen protection in potato by expression of a plant defensin 
peptide. Nat Biotechnol 18: 1307–1310. 
 
Garcia-Olmedo F, Molina A, Alamillo JM, Rodriguez-Palenzuela P (1998) Plant defense 
peptides. Biopolymers 47: 479–491  
GENNARO, R. and ZANETTI, M (2000) Structural features and biological activities of the 
cathelicidin-derived antimicrobial peptides. Biopolymers 55(1, p. 31 -49. Lemaitre et al. 1996 
Gennaro, R. Zanetti, M (2000) Structural features and biological activities of the cathelicidin-
derived antimicrobial peptides. Biopolymers, 2000, vol. 55, no. 1, p. 31-49. 
 
Grison R, Grezes-Besset B, Schneider M, Lucante N, Olsen L, Leguay JJ, Toppan A (1996) 
Field tolerance to fungal pathogens of Brassica napus constitutively expressing a chimeric 
chitinase gene. Nat Biotechnol 14: 643–646. 
 
Hancock REW (2000) Cationic antimicrobial peptides: towards clinical applications. Expert 
Opinion on Investigational Drugs  9, p. 1723-1729.  
 
Holtorf S, Ludwig-Muller J, Apel K, Bohlmann H. (year?) High-level expression of a 
viscotoxin in Arabidopsis thaliana gives enhanced resistance against Plasmodiophora 
brassicae. Plant Mol Biol. 1998;36:673–680. 
 
Iwai H, Nakajima Y, Natori S, Arata Y, Shimada I. Solution conformation of an antibacterial 
peptide, sarcotoxin IA, as determined by 1H-NMR. Eur J Biochem. 1993;217:639–644. 
Kitajima S, Sato F (1999) Plant pathogenesis-related proteins: Molecular mechanisms of gene 
expression and protein function. J Biochem 125:1–8. 
  
Kitajima S, Sato F (1999) Plant pathogenesis-related proteins: Molecular mechanisms of gene 
expression and protein function. J Biochem 125: 1–8. 
Krishnamurthy K, Balconi C, Sherwood JE, Giroux MJ (2001) Wheat puroindolines enhance 
fungal disease resistance in transgenic rice. Mol Plant Microbe Interact.14(10):1255-60. 

 
Maleck K, Levine A, Eulgem T, Morgan A, Schmid J, Lawton KA, Dangl JL, Dietrich RA 
(2000) The transcriptome of Arabidopsis thaliana during systemic acquired resistance. Nat 
Genet 26(4):403-10.  



 

 

Maleck K, Levine A, Eulgem T, Morgan A, Schmid J, Lawton KA, Dangl JL, Dietrich RA 
(2000) The transcriptome of Arabidopsis thaliana during systemic acquired resistance. Nat 
Genet 26: 403–410  
Molina A, Garcia-Olmedo F (1997) Enhanced tolerance to bacterial pathogens caused by the 
transgenic expression of barley lipid transfer protein LTP2. Plant J 12: 669–675. 
 
Otvos L (2000) Jr Antibacterial peptides isolated from insects. J Pept Sci. 6: 497–511. 
Pollock, J.J.; Denpitiya, L.; Mackay, B.J. and Iacono, V.J (1984) Fungistatic and fungicidal 
activity of human parotid salivary histidine-rich polypeptides on Candida albicans. Infection 
and Immunity, 40 (3): 702-707. 
 
Prasad BD, Jha S, Chattoo B (2008) Transgenic indica rice expressing Mirabilis jalapa 
antimicrobial protein (Mj-AMP2) shows enhanced resistance to the rice blast fungus 
Magnaporthe oryzae. Plant sci. 175: 364-371.  
 
Reymond P (2001) DNA microarrays and plant defence. Plant Physiol Biochem 39: 313–321  
Ryals, J.A., Neuenschwander, U.H., Willits, M.G., Molina, A., Steiner, H.Y. and Hunt, M.D. 
(1996) Systemic acquired resistance. Plant Cell 8, 1809–1819.  
 
Schenk PM, Kazan K, Wilson I, Anderson JP, Richmond T, Somerville SC, Manners JM 
(2000) Coordinated plant defense responses in Arabidopsis revealed by microarray analysis. 
Proc Natl Acad Sci USA 97: 11655–11660.  
 
Schibli, D.J.; Pand, R.F.; Vogel, A.J. and Epand, R.M. Tryptophan-rich antimicrobial pe 
ptides: comparative properties and membrane interactions. Biochemistry and Cellular 
Biology, 2002, vol. 80, no. 5, p. 667-677.  
 
Simmaco M, Mignogna G, Barra D (1998) Antimicrobial peptide from amphibian skin: What 
do they tell us? Biopolymers, 47(6): 435-450.  
 
Tossi A, Sandri L (2002) Molecular diversity in gene-encoded, cationic antimicrobial 
polypeptides. Curr Pharm Des. 2002;8(9):743-61. 
 
Tsai, H. and Bobek, L.A. Human salivary histatins: promising anti-fungal therapeutic agents. 
Critical Reviews in Oral Biology and Medicine, 1998, vol. 9, no. 4, p. 480-497. 
 

Zasloff M (2002) Antimicrobial peptides of multicellular organisms. Nature 415(6870):389-95. 
Zheng XL, Zheng AL (2002) Genomic organization and regulation of three cecropin genes 
in Anopheles gambiae. Insect Molecular Biology 11(6): 517-525. 
 
Zhor Q.J and XIANG, L.X. Progress in fish antibacterial peptide research. Progress in 
Biochemistry and Biophysics, 2002, vol. 29, no. 5, p.682-685. 
 
ZHOU, Q.J.; SHAO, J.Z. and XIANG, L.X. Progress in fish antibacterial peptide 
research. Progress in Biochemistry and Biophysics, 2002, vol. 29, no. 5, p.682-685. 
 
Zhou, Q.J.; Shao, J.Z. and XIANG, L.X. Progress in fish antibacterial peptide 
research. Progress in Biochemistry and Biophysics, 2002 (29), pp 5, p.682-685.1. 
 
 


