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Table 1- Characteristics of plants used in this research
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Table 3- MIC and MBC results for bacteria under various treatments
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Table 4- The growth rate of the fungal colony in the weekly period of the treated treatments (mm)

. R 39)
3 e Day
No Treatment
1 2 3 4 5 6 7
1 7o 0 0 0 0 0 0 0

Cuminum cyminum

g

2 0 0 0 0 0 0 0
Zataria multiflora
Jus
3 0 7 9 14 17 20 26
Dorema ammoniacum
4 sz 8 23 30 38 46 55 60
Ferulago angulata
(cutS Layeo) salis
5 9 21 57 64 70 70 70

Control (Medium)

S b sy 5l o pSole > o)ldgine ol e 2 )5 95e
(S ylS i il duolie @ls Geinen (B Jgia) 23,55 ounlis

Jod 50 jd ooy p)59,S0e Yo clale )5 Lo jlas 5 o il
Cw) 04 01> uLw\J # o,less

TolS wd ys (SUAES § Sl Hlajlh GALE JSlaa galis -0
, T. harzianum
S¥iS 5 (MIC) Sasbil clale Jolis oy ol
Jolis as ol L T. harzianum 5\l 2,6 4l (MFC)
dsr 9 JAS ojlas «5yelS ay sl (MIC) (Sljl clale
Sl 2 )5 9See YOO 5 WO PO/ s & oo ol 5
B (SaiS cle Blas gl (F JSb Y Jpas) op
Sty ke 2 p S ke YO 33 JAS 5 gy o5las (MFC)

ool 0 00l LS Y ot 0 uls ple ol

Soals i (28w Sl oy
0 Jsi p oS5 ymlS
Voo clbale 28 as 15l o i Sl 0ol ool s
L o onSlae dmlio dy dogi b ol Consy i) (oo 0 p)S9)Sue
S ohdy kB G e g p)SoSee Ve Uiy clale ol
Jb ol byl jials o)l gxe yob 4 T. harzianum g5
Wl gy oo o pyS9Sea Ve bl (o (5)lb gne pli5
Ot Oeimen Sl 3929 (5yoalS ity (g S Lae)
GM3] 4] Lo py piSesSas VAe o Voo celnclale ) oslizl
2 a8 eaih gla glge I ol 4 0355 edmlie (gl ixe
395 jl e (LB S i yl8 Aty i laclale
sslacdale ) (pibjly 4500 gols 4 a9 L (0 Joia) o olis

J=8 51 oyelS ain oo o 25900 Ve 9 V0 A
Yo cdsle > Lol P <0.0001) il zyl5 JytiS py oS



WAY Gl oF oylods FY ol ((55,0laS @olus 3 pole) SLEL pole s pis FYY

e CBIE gy 3 )8 S G gy (3 2 50 iy ;U -0 Jgua
Table 5- Results of the effect of peptide on fungi at four concentrations

a3, (oo 2 0,59,5) cdils (o deo) 2,88 5 5, E 5
No Concentration (pg/ml) Fungal colony growth rate (mm)
1 Control 70437
2 30 69.17%
3 40 68.21 A°
4 80 64.66 ©
5 160 61.67 °
6 200 59.71°
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Table 6- Comparison of the effect of compounds in concentration of 30 pg/ml for 7 days on 7. harzianum

93, ) lowd (o swe) 258 (IS ka8
No. Treatments Fungi colony diameter (mm)
1 aals 70.33 A
Control
2 ol 69.17
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Table 7- MIC and MBC results for bacteria under various treatments
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Figure 3- Minimum inhibitory concentration (MIC) of Cannabis extract on Trichoderma fungi at concentrations:
A: Control, B: 15.6 pg/ml, C: 31.2 pg/ml, D: 62.5 pg/ml, E: 125 pg/ml, F: 250 pg/ml
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Introduction: The most serious diseases of cultivated mushrooms are caused by Pseudomonas tolaasii and
Trichoderma harzianum pathogens. A common method of pathogen control on farms worldwide is the application of
various chemical pesticides. Many of these substances are unsafe for human and environment. The interest in
discovering and developing natural antimicrobials has significantly increased due to consumer preferences for foods
that are free of chemical residues. So, a major challenge for mushroom growers is to control diseases with alternative
compounds such as essential oils and plant extracts. Antimicrobial peptides (AMPs) were also known as potential
antibiotic and considered as a new antimicrobial agents. In the present study, the antibacterial and antifungal potential
of essential oils, plant extracts and a recombinant peptide were investigated for their pathogenicity. For this purpose, the
essential oils of Cuminum cyminum and Zataria multiflora and the plant extracts of Dorema ammoniacum and Ferulago
angulata and a recombinant peptide were evaluated for their antimicrobial and antifungal effects on the P. tolaasii and
T. harzianum pathogens.

Materials and Methods: In this study, essential oils of C. cyminum and Z. multiflora were extracted by
hydrodistillation in a Clevenger-type apparatus. The plant extracts (D. ammoniacum and F. angulata) were prepared
using maceration method. Recombinant peptides (Lactoferricin-Lactoferrampin) were produced from Adherent Human
Embryonic Kidney 293 (HEK293). The antifungal properties of essential oils, plant extract and AMPs were studied on
growth inhibition. Antibacterial activity of substances was tested against P. tolaasii via disk-diffusion method
respectively. Minimum inhibitory concentration (MIC), Minimum bactericidal concentration (MBC) and Minimum
fungicidal concentration (MFC) to the compounds were studied. All treatments were considered in a completely
randomized block design with three replicates.

Results: The results of the antibacterial evaluations showed that the Chimera peptide have remarkable activity
against pathogenic bacteria with a mean diameter of the zone inhibition region of 32.2mm, followed by C. cyminum and
D. ammoniacum extracts with mean values of 7 and 6 mm respectively. Regarding to antifungal activity of substances
isolated from above material, it was found that essential oils of C. cyminum and Z. multiflora completely prevent the
growth of T. harzianum, followed by D. ammoniacum and F. angulate with maen values of 26 and 60.6 mm
respectively. The lowest antifungal activity was observed for chimera peptide.

Discussion: The cultivated button mushroom is one of the most extensively cultivated mushroom in the world. The
most serious diseases of cultivated mushrooms are caused by P. tolaasii and T. harzianum pathogens. The results of our
study showed that the C. cyminum and D. ammoniacum have remarkable activity against pathogenic bacteria. Plant
extracts, essential oils and their components have demonstrated strong fungistatic and antibacterial effects against
pathogenic fungi and bacteria on cultivated mushrooms. Modes of action of essential oils in their interaction with
bacteria have been quite revealed. It has been assumed that Thymol changes the permeability of cytoplasmic membrane
of Gram-positive bacteria, acting as a proton exchanger, decreasing the pH gradient and causing a collapse of the proton

motive force and eventually cell death. Regarding to antifungal activity, our results also showed that essential oils of C.
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cyminum and Z. multiflora completely prevent the growth of T. harzianum, followed by D. ammoniacum and F.
angulate. One of the possible action mechanisms proposed that fungal growth may be reduced or totally inhibited due to
monoterpenes present in essential oils which could increase the concentration of lipidic peroxides such as hydroxyl,

alkoxyl and alkoperoxyl radicals and so bring about cell death. According to another mechanism, the essential oils
would act on the hyphae of the mycelium, provoking exit of components from the cytoplasm, the loss of rigidity and
integrity of the hypha cell wall, resulting in its collapse and death of the mycelium. In our study, a camel recombinant

chimeric lactoferricin + lactoferrampin peptide was also tested for its antimicrobial activity. Our result showed that this
recombinant peptide have remarkable activity against pathogenic bacteria. The details of the antibacterial mechanism
for this recombinant peptide still are unknown. However, amino acid profile, sequence orientation and structural

conformation of cationic peptides are the main features which make these peptides capable to inhibit bacterial growth
by disrupting of the bacterial cell membrane. As general results it can be concluded that natural plant-derived
antimicrobial as well as recombinant peptides can be used as alternatives to synthetic pesticides, however, further
studies on safety and toxicity of these substances should be carried out before use.

Conclusion: In summary, this study shows that essential oils and plant extracts isolated from above plant material
have remarkable antifungal activities against T. harzianum, while the chimera peptide showed complete inhibition
against P. tolaasii. Thus all of this substance could become alternative to synthetic antimicrobial compounds for control
of mushroom pathogens. However, further studies on safety and toxicity of these substances should be carried out

before use.

Keywords: Antibacterial effect, Antifungal effect, Antimicrobial peptides, Pseudomonas tolaasii, Trichoderma
harzianum



