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Abstract

The use of natural plant compounds as alternatives in treating multi-antibiotic
resistance bacteria is a highly important scientific trend, given the biological activity
and multiple mechanisms of action these compounds possess that contribute to
reducing the development of resistance, as well as their role in achieving sustainable
and safe biological control of human pathogens. Therefore, study was conducted in
the Molecular Genetics Laboratory, Department of Biology, College of Education
for Pure Sciences, University of Mosul, with the aim of isolating and characterizing
cysteine-rich peptides (NCRs) from the root nodules of four legume plants: broad
beans, white clover, alfalfa, and broad beans (Vicia faba L., Medicago sativa L.,
Trifolium repens L., and Phaseolus vulgaris L.), and evaluating their efficacy as
promising bioactive compounds in inhibiting multidrug-resistant pathogenic
bacteria.

After ultrasonicating the root nodules, they were treated with polyacrylamide
Gel Electrophoresis (PAGE), which revealed the presence of distinct protein bands
with a molecular weight of approximately 60 kDa. High-Performance Liquid
Chromatography (HPLC) results confirmed the presence of four distinct peaks in the
peptides isolated from the four plant species, with varying concentrations. Amino
acid sequence alignment revealed that the peptides have a linear structure, often
starting with methionine, and contain hydrophobic acid-rich segments. Cysteine
residues, responsible for disulfide bond formation, were also clearly conserved,
contributing to the peptides' high stability. The relative analysis of amino acids
showed a high abundance of the basic amino acids lysine (Lys) and arginine (Arg),
and moderate proportions of hydrophobic acids, reflecting the peptides' flexibility
and positively charged nature. Phylogenetically, the closest related species were M.
sativa L. and T. repens L., while V. faba L. was the most distantly related, and P
vulgaris L. the most distant. Three-dimensional modeling highlighted a mixture of
alpha helices, beta sheets, and flexible regions, with a clear distribution of polar and
nonpolar areas on the protein surface.

Five pathogenic bacterial species (Psedomonas aeruginosa, Proteus
mirabilis, Acinetobacter baumannii, Escherichia coli, Staphylococcus aureus) were
identified as multidrug-resistant from 25 bacterial isolates obtained from the Burns



and Wounds Hospital and Al-Salam General Teaching Hospital in Mosul, based on
traditional characteristics and the VITEK®2 system.

To evaluate the Inhibitory Effect of NCR Peptides in Vitro, the four cysteine-
rich nodal peptides (NCR1, NCR2, NCR3, and NCR4, belonging to Vicia faba,
Medicago sativa, Trifolium repens, and Phaseolus vulgaris respectively) showed
inhibitory activity against the tested bacteria using the pitting and disc diffusion
methods, and at six different dilutions. Overall, P. aeruginosa, A. baumannii, and P.
mirabilis were the most resistant to the peptides, while E. coli and S. aureus showed
higher sensitivity. In microtiter plates, the peptides achieved high inhibition rates.
Spectroscopic MIC and MBC values showed that the effects of the first NCR1, third
NCR3, and fourth NCR4 peptides were almost identical in three Gram-negative
strains: P. aeruginosa, P. mirabilis, and E. coli. However, a clear difference in these
values was observed for A. baumannii and S. aureus. The bacteria were generally
more sensitive to the second NCR2 peptide, as evidenced by the lower values of
these two concentrations. On the other hand, the study revealed a discrepancy
between the results obtained through optical and spectroscopic measurements, which
are expected to be given the different sensitivities of the two methods. Regarding
biofilm formation, the effect of the peptides was observed to be inconsistent,
fluctuating between stimulation and inhibition depending on the concentration and
bacterial species. The highest stimulation of peptide four against S. aureus was
recorded at a concentration of 1.6 ug/ml. Scanning Electron Microscopy (SEM)
morphological studies generally showed that untreated bacterial cells had a normal
shape and a smooth, intact surface, while treated cells exhibited clear deformities,
including indentations, cracks, bulges, cell wall collapse, and loss of cell contents.
This is direct evidence of the destructive effect of NCR peptides on membrane
integrity. Furthermore, symbiotic Rhizobium bacteria appeared unaftected
compared to the treated cells, which displayed a rough, damaged surface.

While evaluating NCR2 peptide activity in Vivo by treating wounds of rats
infected with S. aureus and P. aeruginosa, the NCR2 peptide demonstrated greater
efficacy than Erythromycin and Ciprofloxacin, achieving complete healing within
17 days. The lower concentration (6.25 pug/ml) was more effective than the higher
concentration. Bacterial counts in the wounds were also reduced more significantly
compared to the antibiotics, with similar effects on both Gram-positive and Gram-
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negative bacteria. Finally, statistical analysis showed that the results matched the
laboratory results with a significant effect at p value equals to 0.05.

The bacteria symbiotic with alfalfa were identified using 16SrRNA primers.
The results showed a 94% match with the isolate Sinorhizobium meliloti strain
G3L3. The new isolate was registered as Sinorhizobium meliloti strain AN with the
international number PX490820.1 in GenBank. It was also revealed that these
bacteria possess the genes yejB, IpsB, and poH 1, which play a role in protecting them
from the effects of NCR peptides in the root nodules of alfalfa plants and then
differentiating them into the form of atmospheric nitrogen-fixing bacteriophage.
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