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Abstract: Today, one of the challenges facing modern agriculture is crop loss due to various 

biotic and abiotic factors. We investigated defensins, which are an important component of the 

plant's defense system and form protective antimicrobial barriers between different types of 

tissues and organs of plants, as well as around seeds. The aim of our research was to obtain a 

recombinant form of plant defensin with antimicrobial activity. A recombinant DNA vector 

construct pRSET_A was obtained with the cloned Ns-D2 defensin gene under a regulatable 

promoter, a histidine tag, and an enterokinase site. The resulting construct can be used for 

defensin synthesis, which can be employed to combat pests of agricultural crops. 
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One of the current problems of modern agriculture remains crop loss due to various 

biotic and abiotic factors. Plants have a multi-component defense system, including the 

formation of protective barriers, activation of hypersensitivity reactions, and synthesis of 

antimicrobial peptides, which are low-molecular-weight compounds exhibiting a broad 

spectrum of activity against fungi, bacteria, and viruses. In addition to fungicidal activity, some 

plant defensins possess antibacterial properties. The main function of defensins is to inhibit 

fungal infection [6, 8, 9], but antibacterial activity has been described for some peptides [7, 

21]. Various damages caused by insects, fungi, viruses, or physical factors result in yield losses. 

To counteract the negative impact of the environment, plants employ a multi-component 

system, including hypersensitivity reactions, reinforcement of protective barriers using 

components of the cell wall, activation of protective protein production, and antimicrobial 

peptides [5]. 

Thus, plant defensins (a group of peptides exhibiting antifungal and bactericidal activity 

and participating in various responses to abiotic stresses) are extremely important in addressing 

the problem of obtaining resistant varieties of agricultural crops. Representatives of this peptide 

group are characterized by extremely low similarity in primary structure (except for 

conservatively located cysteine residues), yet modern computational biology methods 

combined with sequencing technologies expedite the identification and analysis of defensin-

encoding sequences, including those in non-model plant biology objects [23]. 

For a small number of defensins, involvement in plant adaptation processes to abiotic 

stresses has been described. For example, elevated concentrations of NaCl influenced changes 

in the expression of defensin-encoding genes in Arachis hypogaea [14, 17] and Arabidopsis 

thaliana [14]. The impact of water deficit on changes in the expression of defensin-encoding 

genes has been demonstrated in Glycine max [16, 18]. Cold also affects the expression of 

defensin genes [4, 10]. In winter wheat, the Tad1 gene has been identified, the expression of 

which is specifically induced during acclimatization to cold stress [10]. In the zinc and 
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cadmium hyperaccumulator Arabidopsis halleri, the gene encoding the defensin AhPDF1.1 has 

been identified and extensively studied [11, 12, 13, 15, 19]. Expression of this gene in A. 

thaliana and S. cerevisiae enhances zinc resistance but not cadmium, cobalt, iron, or sodium. 

Zinc-dependent regulation of the defensin pool is observed in A. halleri both at the transcript 

and peptide levels. Compared to A. thaliana, A. halleri shows an increase in the quantity of 

defensins in shoots [11]. 

For some defensins, participation in response to multiple stressors has been 

demonstrated. In Brassica rapa, the expression of genes encoding the defensins BrDLFP and 

BrBetvAFP significantly changed under cold stress, drought, and salinity [1]. A study on the 

influence of pre-treatment of Arabidopsis plants with non-toxic concentrations of silicon and 

cadmium on Botrytis cinerea infection showed enhanced expression of the gene encoding 

defensin PDF1.2 [3]. The expression of the defensin gene NbDef2.2 in N. benthamiana 

increases not only after infection with Pseudomonas syringae pv. tabaci but also after 

mechanical injury and ethylene treatment [2]. Thus, plant defensins may be components of 

overlapping systems responding to both abiotic and biotic stresses. 

Plant defensins are important components of the plant's defense system, where they 

form protective antimicrobial barriers between different types of plant tissues and organs, as 

well as around seeds [20]. These peptides also exhibit other types of activities that are important 

for application in agriculture as well as in the medical field. It is known that plant defensins 

possess antifungal activity, antibacterial activity, protease inhibitor activity, and insect amylase 

inhibitor activity. Among the numerous peptides isolated from plants of various species, a 

significant number of promising defensins have been identified from the seeds of Nigella sativa 

L. (Ranunculaceae), an endemic plant of Uzbekistan and China. 

Therefore, the aim of our research was to obtain a recombinant form of plant defensin 

with antimicrobial activity. To obtain defensins, we used the seeds of the plant Nigella sativa 

L. (Ranunculaceae). Two new defensins named Ns-D1 and D2-Ns were isolated from Nigella 

sativa seeds by us [22], and their primary sequences were determined. For the synthesis of 

synthetic defensin, cloning was carried out in the plasmid vector pMK-T. Then, to obtain the 

producer strain of the Defensin peptide, the vector construct was transformed into E. coli cells 

for cloning. Optimization of conditions for the expression of recombinant defensin was carried 

out. Subsequently, recombinant defensin was purified by metal-affinity chromatography, and 

a method for assessing the antimicrobial and antifungal activity of plant peptides was studied. 

As a result of our studies, we found that the peptides obtained by us differ from each 

other by one amino acid residue and showed high similarity to the sequence of Raphanus 

Sativus L. defensins RS-AFP1 and RS-AFP2. NS-D1 and D2-Ns defensins exhibited strong 

and diverse antifungal activity against a range of phytopathogenic fungi. A recombinant DNA 

vector construct pRSET_A was obtained with the cloned Ns-D2 defensin gene under a 

regulatable promoter, a histidine tag, and an enterokinase site. The high fungicidal activity of 

defensins from Nigella sativa makes them promising candidates for the production of 

genetically engineered plants resistant to pathogens. A recombinant peptide preparation was 

obtained, which can serve as an alternative to traditional antibiotics. 

Due to the increasing microbial resistance to traditional antibiotics, antimicrobial 

peptide-based drugs are currently in demand in the global pharmaceutical market. Based on the 

obtained recombinant defensin peptide, medicinal products with antimicrobial and fungicidal 

action can be developed. 
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