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Extended abstract

Introduction

Antimicrobial peptides (AMPs) play a major role in almost all living organisms innate immune defenses. AMPs
are small proteins with ~10 to 50 amino acids that forms unique 3D structures and mode of action. Acquiring
resistance against AMPs for pathogens is difficult because AMPs apply diverse range of activity. The expression
of AMPs in plants to resist plant pathogens as well as to produce novel AMPs for pharmaceutical applications has
recently received much consideration. Defensins are one of the most important cationic peptide families in plants.
Plant defensins are small, low molecular weight, highly stable, amphipathic and cysteine-rich that play a major
role plants’ innate immune system. Defensins show a broad-spectrum antibacterial and antifungal activities against
Gram-positive and Gram-negative bacteria, fungi and etc. Alfalfa seeds express a strong defensing, alfAFP,
showing antimicrobial activity in vitro. Chitin-binding domains are conserved domain present in some families of
animals, plant and fungi proteins, showing high affinity towards chitin as substrate. Fusion of AMPs to different
partners may enhance the activity of new recombinant peptides towards host pathogens. To this end. in an attempt
to show whether defensins show activity when present as fusion partners, bioinformatics and in vitro assays were
used. Hairy root systems (HR) are used to produce and study recombinant proteins in plants as a model. Ease of
induction and compatibility to different transformation protocols as well as short regeneration period, have made
HRs excellent genetics model for production of recombinant proteins in plants.

Material and methods

In the present study, a translationally fusion proteins was made. In order to facilitate alfAFP access to the
pathogens” membrane and increase the activity of the peptide, the DNA sequence encoding an alfAFP (GenBank
accession No: AF319468.1) antimicrobial peptide derived from Medicago sativa seeds was fused the N-terminal
end of a chitin-binding domain (CBD) gene sequence from rice chitinase. A helix-forming linker (EAAAK)s from
a chitinase gene (GenBank:X54367.1) was translationally fused to the sequence of alfAFP peptide. Next, the Ncol
and BamHI restriction sites were designed flanking the recombination peptide sequence for cloning purposes. The
recombinant DNA fragment (CBD-alfAFP) was digested and cloned in into corresponding Ncol and BamHI
restriction sites of the binary expression vector, pGSA1285. The antimicrobial properties of CBD-alfAFP
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recombinant peptide was assessed using bioinformatics tools. pGSA1285/CBD-alfAFP was sanger sequenced to
confirm the in frame accuracy of cloning steps. pGSA1285/CBD-alfAFP was introduced to Agrobacterium
rhizogenes and used for hairy root (HR) production in tobacco. The presence of transgene, transcription, and the
expression of recombinant peptide in HRs were confirmed by PCR and semi-quantitative RT-PCR analysis,
respectively. CBD-alfAFP recombinant peptide was extracted form HRs and then antimicrobial activity was
evaluated against Ralstonia solanacearum and Pseudomonas syringae bacteria.

Result and discussion

Different bioinformatic analysis was used to predict the antimicrobial activity of the recombinant peptide. The
results of the 3D structure analysis revealed a B-sheet and an a-helix structure that corresponded well with the
structure of plant defensins. In silico analysis showed that both fusion partners were active in a synergistic manner.
A Knottin functional domain was also recognized, suggesting that the recombinant peptide retains its antimicrobial
activity. In general, the antimicrobial activity of CBD-alfAFP recombinant peptide was assessed by measuring the
minimum inhibitory concentration (MIC) against bacteria. The results of MIC test revealed that the lowest
inhibitory concentration was observed against Ralstonia solanacearum and Pseudomonas syringae with 200 and
100 pg/ml concentration, respectively. The results of the in vitro antimicrobial activity of the recombinant peptide
using colony forming units (CFU) test showed that the recombinant peptide had significant inhibitory effects on
the Pseudomonas syringae pathogen.

Conclusion

Recombinant new AMPs seem to puzzle host pathogens by showing different activity. Equipping AMPs with
fusion partners facilitating their activity in controlling pathogens and hinder their invasion. Therefore, in this study,
the chitin-binding domain provided alfAFP peptide access to the pathogenic bacterial cell wall through binding to
peptidoglycan, and probably the recombinant peptide was able to target the plasma membrane with a better
efficiency. The results of this study suggest that the expression of the CBD-alfAFP recombinant peptide in crop
plants and HRs can be a promising approach to producing pathogen-resistant plants as well as to produce
antimicrobial pharmaceutical new and novel AMPs. Futhermore, it can be anticipated that fusing AMPs to
different fusion partners can enhance the activity of AMPs towards non-specific targets.
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Figure 1. The schematic representation of CBD-alfAFP construct used for Nicotiana tabacum transformation.
MAS Pro: Mannopine synthase promoter; npt I1: Neomycin phosphotransferase I1; MAS Ter: Mannopine
synthase terminator; CaMV35S: Cauliflower mosaic virus 35S promoter; OSC: Octopine synthase terminator;
The small black arrows show the location of primers used for colony PCR and PCR-based screening of
transgenic plants.
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Peptide sequences were extracted from the NCBI database and aligned by ClustalW; b: The 3D structure of the
alfAFP peptide was predicted by Phyre2 software.
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Figure 3. Different stages of cloning and molecular confirmation of CBD-alfAFP recombinant peptide. a:
Agarose gel electrophoresis of the PCR products confirming cloning of CBD-alfAFP recombinant gene in
pGSA1285 vector using PCR with pGSA -F and pGSA-R primers; b: Enzymatic digestion of pGSA1285/CBD-
alfAFP vector with Ncol and BamHI restriction enzymes; c: Confirmation of recombinant peptide cloning using
polymerase chain reaction with specific primers AFP-F and AFP-R; d: PCR analysis of hairy roots using the
rolC gene-specific primer. Lane M: 1kb and 100 bp DNA Marker, pGSA1285/CBD-alfAFP: undigested,
Digestion pGSA1285/CBD-alfAFP: Digestion, Ut: non-transgenic control hairy roots, C: negative control.
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Figure 4. Semi-quantitative RT-PCR analysis of root clones using specific primers of the target gene (170 bp)
and internal control (177 bp). Ut: non-transgenic control hairy roots.
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Figure 5. The inhibitory effect of the recombinant peptide against bacterial pathogens. a: Pseudomonas syringae;
b: Ralstonia solanacearum.
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