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Table 1. Peptide names, sources, sequences and weights (Da).

Number Insect Peptide Sequence Wight
Name (Da)
P1 Hyalophora Cecropin A KWKLFKKIEKVGQNIRDGIIKAGPAVAVVGQATQIAK*-NH2 4005
cecropia
P4 Ceratitis capitata Ceratotoxin SIGSAFKKALPVAKKIGKAALPIAKAALP 2861
P5 Stomoxys Scal- RGFrkHFNKLVKKVKHTISETAHVAKDTAVIAGSGAAVVAAT*— 4416
calcitrans stomoxyn NH2
P6 Pseudacanthoterm Spinigerin HVDKKVADKVLLLKQLRIMRLLTRL 3001
es spiniger
p7 Apis mellifera Apidaecin la GNNRPVYIPQPRPPHPRI 2108
P9 Myrmecia gulosa Formaecin-1 GRPNPVNNKPTPHPRL 1794
P16 D. melanogaster Metchnikowin HRHQGPIFDTRPSPFNPNQPRPGPIY 3026
-1
P17 D. melanogaster Metchnikowin HRRQGPIFDTRPSPFNPNQPRPGPIY 3045
-2
P33 Lucilia sericata Lser— GWLKKIGKKIERVGQHTRDATIQTIGVAQQAANVAATLKG 4256
Cecropinl
P36 Lucilia sericata Lser— GWLKKIGKKIERVGQHTRDATIQVLGVAQQAANVAATARG 4242
Cecropin3
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Table 2. Key phenotypic characteristic of of Pseudomonas tolaasii isolated from infected edible mushrooms.

Test Reaction Test Reaction
Gram staining - Hydrolysis of starch -
Production of sulfur - Fluorescent pigment -

hydroxide from cysteine production

Arginine dihydrolase + Nitrate consuption -
Utilization of carbon sources + Oxidase +
Leven test - Tolerance of NaCl 2% +
Nitrate reductase + Acid from sucrose -
Indole test + Casein hydrolysis +
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Fig. 1. No hypersensitivity reaction was observed on tobacco leaves inoculated with Pseudomonas tolaasii

suspension
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Fig. 2. Pathogenicity test on cap pieces of edible mushrooms inoculated by bacterial suspension of P. tolaasii.
Negative control (NC): lack of disease symptoms. Positive reactions: yellow to brown spots (a), brown decay (b)

and brown sunken symptoms (c).
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Table 3. ANOVA table for MIC BY Concentration Peptide
Source Type 111 Sum of df Mean Square F Sig.
Squares
Corrected Model 36.479" 89 0.410 21.191 0.000
Intercept 81.866** 1 81.866 4232.436 0.000
Concentration 1.859* 7 0.266 13.732 0.000
Peptide 22.465* 10 2.247 116.146 0.000
Concentration * 4.277* 70 0.061 3.159 0.000
Peptide
Error 2.437 126 0.019
Total 120.031 216
Corrected Total 38.916 215
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A single star (*) indicates a significance level of 5% and with a confidence of 95% and Two stars (**) reveals a
significance level of 1% with a confidence of 99%.
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Fig. 3. Comparison chart of the average MIC of peptides at different concentrations with positive and negative
controls and Ciprofloxacin. Peptides include: p1: Cecropin A, P4: Ceratotoxin, P5: Scal-stomoxyn, P6:
Spinigerin, P7: Apidaecin la, P9: Formaecin-1, P16, Metchnikowin-1, P17: Metchnikowin-2, P33: Lser—
Cecropinl and P36: Lser—Cecropin3.
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Table 4. Levels and quality of disease symptoms on edible mushroom caps using peptides derived from insects

Peptide samples Treatments Symptoms Level
Negative Control (1) distilled water without bacteria no-symptoms BO
Ciprofloxacin Ciprofloxacin (10 pg/ml) + bacteria no-symptoms BO
(Negative Control 2) (1x1081cfu/ml)

pl Cecropin A(1ImM) + bacteria (1x1081cfu/ml) no-symptoms BO

p5 Scal-stomoxyn (1mM) + bacteria (1x1081cfu/ml) non-sign to yellow B1
lesions

p33 Lser—Cecropin1(1mM) + bacteria (1x1081cfu/ml)  brown lesions—yellow B2

p36 Lser—Cecropin3(1mM) + bacteria (1x1081cfu/ml) brown lesions B3

p7 Apidaecin la(1mM) + bacteria (1x1081cfu/ml) brown lesions and B4
rotting

P16 Metchnikowin-1(1mM) +bacteria (1x1081cfu/ml) brown lesions and B4
rotting

P17 Metchnikowin-2(1mM) +bacteria (1x1081cfu/ml) brown lesions and B4
rotting

P6 Spinigerin (ImM) +bacteria (1x1081cfu/ml) brown lesions and B4
rotting

P9 Formaecin(1mM) + bacteria (1x1081cfu/ml) brown lesions and B4
rotting

P4 Ceratotoxin(1mM) + bacteria (1x1081cfu/ml) brown lesions and B4
rotting

Positive Control distilled water+bacteria (1x108cfu/ml) sunken brown lesions B5

&

PC

NC

Scal-stomoxyn

Apidaecin Ia

gt 0 8
- (& A
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Fig. 4. Comparing the amount and quality of disease symptoms of, Apidaecin la and Scal-stomoxyn to control
treatments includes: NC: Negative Control (treatment of blocks with sterile distilled water), PC: positive
control (treatment of blocks with Pseudomonas tolaasii bacteria)
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Abstract

One of the most important factors limiting the production of edible mushrooms is the brown spot disease caused
by the bacteria Pseudomonas tolaasii, which has a direct effect on reducing the quality and commercial effect of
product. Due to the lack of an effective solution to control of this disease and the impossibility of using chemical
poisons and antibiotics because of their unvialling effect on product health and bacterial resistant, new research
is being done to identify antibacterial compounds of natural origin. With this approach, in this research, the
antibacterial effects of ten peptides obtained from insects like Cecropia moth, Mediterranean fruit fly, Stable fly,
Termites, Western honey bee, Red bull ant, Common fruit fly, Common green bottle fly were investigated
against this disease. The values of the minimum inhibitory concentration (MIC) 50% and the minimum lethal
concentration (MBC) of the desired peptides against pathogenic bacteria were obtained by ELISA method. The
MBC values of peptides were also determined by re—treating the contents of the microplates. Also, to determine
of disease severity, the caps of mushrooms were covered by peptides(LMm) befor inoculating with pathgenic
bacteria (108 cfu/ml). Then, the severity of disease symptoms was evaluated with six standard scale levels ( BO—
B1-B2-B3-B4-B5), where B0 indicates no infection and B5 showing brown and sunken symptoms (B5). MIC
values of Cecropin A (Cecropia moth), Scal-stomoxyn (Stable fly), Lser—Cecropin1(Common green bottle fly)
peptides in different concentrations were effective on the growth of P. tolaasii. The lowest amount of MBC was
observed in Cecropin A peptide equal to 6.25 uM. Also, the results showed that Cecropin A peptide completely
protected the mushroom cap at BO level, and then Scal-stomoxyn peptide was placed at B1 index level with no
occurrence or formation of pale-yellow spots. Peptides Spinigerin, Ceratotoxin (Mediterranean fruit fly),
Formaecin—1(Red bull ant), Metchnikowin—1(Common fruit fly), Apidaecin la (Western honey bee) and
Metchnikowin—-2 (Common fruit fly) was also placed in B4 level infection by causing brown spots and decay.
Brown rot symptoms with sunken spots on the mushroom cap were observed only in the positive control sample,
which had the most severe quality level of symptoms (B5). The antimicrobial peptide Cecropin A completely
inhibited P. tolaasii and the use of Scal-stomoxyn on the mushroom cap partially prevented the progress of the
disease

All experiments were performed in 3 replicates and the accuracy of MIC and MBC values was evaluated by
comparing the means through analysis of variance. According to the results of this study, the capacity of insect
antimicrobial peptides, especially Cecropins, can be used to control the brown spot of edible button mushrooms.
Keywords: Antibacterial peptides, Mushroom, Pseudomonas tolaasii, Cecropine
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