Antimicrobial and Anti-Quorum Sensing Activity of Some Wild Mushrooms Collected
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ABSTRACT

Wild mushrooms are an important part of forests that have been known since the early history for their excellent
medicinal properties. In this study, anti-microbial and anti-quorum sensing activities of some wild mushrooms
(Amanita rubescens, Russula delica, Lactarius sp.) collected from the Black Sea region in Turkey were investigated.
Mushroom extracts were prepared by supercritical fluid extraction method. Antimicrobial potential of extracts was
tested by agar well diffusion method against Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 13883,
Proteus mirabilis ATCC 7002, Listeria monocytogenes ATCC 43251 and Candida albicans ATCC 10231. Anti-
quorum sensing activity was tested on Chromobacterium violaceum ATCC 12472 bacteria. The results revealed that
Amanita rubescens showed an inhibitory effect against Staphylococcus aureus and Amanita rubescens and Lactarius
sp. extracts showed anti-quorum sensing activity against Chromobacterium violaceum.
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Tiirkiye’den Toplanan Bazi Yabani Mantarlarin Antimikrobiyal ve Anti-Quorum Sensing
(Cogunlugu Algilama) Aktiviteleri

(0Y7

Yabani mantarlar, tibbi 6zellikleri nedeniyle ¢ok eski tarihten beri bilinen, ormanlarin énemli bir pargasidir. Bu
caligmada, Karadeniz bolgesinden toplanan bazi yabani mantarlarin (Amanita rubescens, Russula delica, Lactarius
sp.) anti mikrobiyal ve anti-quorum sensing (¢cogunlugu algilama) aktiviteleri incelenmistir. Mantar ekstraktlari
stiper kritik akigkan ekstraksiyonu metodu ile hazirlanmistir. Ekstraktlarin antimikrobiyal potansiyelleri
Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212,
Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 13883, Proteus mirabilis ATCC 7002,
Listeria monocytogenes ATCC 43251 and Candida albicans ATCC 10231 mikroorganizmalarina karsi agar
kuyucuk difiizyon yontemiyle test edilmistir. Anti-quorum sensing (¢ogunlugu algilama) aktivite ise
Chromobacterium violaceum ATCC 12472 bakterisi {izerinde test edilmistir. Sonuglar, Amanita rubescens mantar
ekstraktimin ~ Staphylococcus aureus'u inhibe ettigini, Amanita rubescens ve Lactarius sp. ekstraktlarimin
Chromobacterium violaceum a karsi anti-quorum sensing (¢ogunlugu algilama) aktiviteye sahip oldugunu
gostermistir.

Anahtar Kelimeler: Antimikrobiyal, Cogunlugu Algilama, Mantar, Tiirkiye

INTRODUCTION
Day after day, with the progress of the biotechnology,

emerging worldwide. The main reason for this problem
is the unconditional and the non-organized use of

botany and medicine, the need to come back to the
natural sources for human nutrition and medicine is
becoming obvious. One of the most prominent problems
we are facing today is the antimicrobial resistance of
bacteria toward antibiotics. Many pathogenic bacteria
are gaining resistance and superbugs are quickly

antimicrobials agents. This is why researchers are
focusing on finding alternatives to the chemical
antimicrobial molecules and are looking for new
mechanisms to fight against infections. One of the
promising alternatives is quorum-quenching
mechanism, which consists of inhibiting the quorum
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sensing messaging between microorganisms [1].
Quorum sensing is considered as a communication
mechanism between microorganisms and is very
important for their life and growth as a population. For
example, bacterial divisions, nutrition, biofilm, spores’
formation, pigments production and bacterial
movements are essentially controlled by the quorum
sensing molecules and are depending on community
interactions [1]. Quorum sensing affects also bacterial
virulence factors hence their pathogenicity [2] factor,
which means that quorum quenching may inhibit the
resistance emergence between bacteria.

Edible mushrooms are a common food known for its
benefits and that has been used in folk medicine a long
time ago for its wealth in medicinal and other bioactive
compounds, and especially for their low-fat content [3].
A lot of edible mushroom have been identified to harbor
many medicinal activities such as antioxidant [4, 5],
antimicrobial [6, 7], anti-inflammatory [8, 9] and
anticancer [10, 11], and today a lot of mushroom are
known for their medicinal impact and are used in the
commercial scale.

In this study, three wild mushroom’s extracts from
Turkey are tested for their antimicrobial and anti-
quorum sensing activities.

MATERIALS and METHODS
Extracts Preparation

Three wild mushrooms (Amanita rubescens, Russula
delica, Lactarius sp.) were collected in Trabzon, Turkey
(Fig 1) and identified by their morphological and their
ecological characteristics. Mushrooms were then dried
at 50 °C and pulverized.

Fig 1: Study area

Supercritical CO, extraction was applied for 10 g of
mushroom powder at 250 Bar, 50 °C during 3 hours.
CO;, flow rate was 10 g/min and ethanol was used as co-
solvent with a flow rate of 0.5 mL/min. The extracts
were dissolved as 10 mg/ml in dimethyl sulfoxide
(DMSO) as working solution.

Antimicrobial Activity

Antimicrobial activity was tested by agar well diffusion
method in accordance to the guidelines of The Clinical
Laboratory Standards Institute (CLSI) on Mueller

Hinton agar. The microorganisms tested were
Staphylococcus aureus ATCC 25923, Escherichia coli
ATCC 25922, Enterococcus faecalis ATCC 29212,
Pseudomonas aeruginosa ATCC 27853, Klebsiella
pneumoniae ATCC 13883, Proteus mirabilis ATCC
7002, Listeria monocytogenes ATCC 43251, and
Candida albicans ATCC 10231 and extracts were
applied as 5 pl of 10 mg/ml solutions. DMSO was used
as negative control and ampicillin (10 pg) gentamicin
(10 pg), tetracycline (30 pg), cefotaxime (30 pg) and
amphotericin B (10 pg) were used as positive control.
Extracts with positive antimicrobial activity were tested
for their minimal inhibitory concentration in accordance
to the guidelines of The Clinical Laboratory Standards
Institute (CLSI) on 96 wells plate. The extract
concentration started by 5 mg/ml and bacterial final
concentration was 5x10* CFU/ml. The last 2 well were
used for growth control (bacteria without extract) and
for sterility control (Extract without bacteria).

Anti-Quorum Sensing Activity

Anti-quorum sensing activity was tested against
Chromobacterium violaceum ATCC 12472. For this
purpose, the minimal inhibitory concentration of the
different extracts was first determined in accordance to
the guidelines of The CLSI on 96 wells plate as
mentioned before, then the SubMic and its next lower
concentration were tested for pigment production
inhibition. Extract concentrations started by 5 mg/ml
and bacterial final concentration was 5x10* CFU/ml.
After an incubation of 24 h the well was dried at 50 °C
for 1 hour, then the pigments were dissolved in 200 pl
of DMSO and leaved to dissolve for 2 hours on shaker
(225 rpm). The pigment solutions were taken to a new
96 well plate and their absorbance were read at ODsgs
nm. The same test for each extract was repeated three
time, twice for pigment testing and the third was used
for plate count agar test. Agar counting was realized by
taking 100 pl and spreading it on Mueller Hinton agar
and incubating at 37°C for 24h.

RESULT and DISCUSSION

Antimicrobial test results (inhibition diameter zone in
mm) was presented at Table 1 and anti-quorum sensing
activity charts of positive control (vanilla), negative
control (DMSO), A. rubescens and Lactarius sp. were
showed at Figure 2-5, respectively.

Only Amanita rubescens showed antimicrobial activity
against Staphylococcus aureus with a minimal
inhibitory concentration of 78.125 pg/ml (Table 1).
Anti-quorum sensing activity test is considered positive
when an extract could inhibit the quorum sensing
activity (in this study pigment production measured by
ODsgs) without affecting the bacterial growth (tested on
plate count agar). In this study, Amanita rubescens and
Lactarius sp. extracts showed an anti-quorum sensing
activity against Chromobacterium violaceum (Fig. 4-5)
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Table 1: Antimicrobial test results (inhibition diameter zone in mm)

Material S.aureus E.coli  P.aeruginosa  C.albicans E.faecalis P. mirabilis  K.pneumoniae L.monocytogenes
Amanita rubescens 2 0 0 0 0 - 0 0
Russula delica 0 0 0 0 0 - 0 0
Lactarius sp. 0 0 0 0 0 - 0 0
DMSO 0 0 0 0.1 0 0 0 0
Ampicillin >30 16-17 -* - 14 - - -
Gentamicin - - 21-22 - - - - -
Amphotericin B - - - > 30 - - - R
Cefotaxime - - - - - 42 - -
Tetracycline - - - - - - - 25

*-: Not tested.
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Since mushrooms has been known for a longtime for
their wealth in medicinal compounds they have been
intensively investigated for their antimicrobial activities.
Similar study was driven on the wild mushroom of
Khartoum showed positive antimicrobial effect of
ethanol and water extracts against C. albicans, S.
aureus, P. aeruginosa, and E. coli [12]. Other study that
worked on the methanolic and water extracts of wild
mushroom and showed antimicrobial effects of
Fistulina hepatica, R. botrytis and R. delica against
clinical bacterial strains with resistant traits [13]. The
same study tested Russula delica and some Lactarius
sp. Extracts and showed no effective antimicrobial
activity against the tested bacterial strain. Amanita strain
was not studied. As for Turkish mushroom strains, a
study was driven by Akyliz et al., [14] on wild edible
mushroom collected from Anatolia region of Turkey
showed antimicrobial activity of methanolic extracts
from Pleurotus spp., Terfezia boudieri and Agaricus
bisporus against many bacterial strains. Amanita,
Lactarius and Russula were not included in the study.
Another Polish study showed antimicrobial activities of
some Amanita, Lactarius and Russula species
(differents from the species studied here) with MIC
around 600 pg/ml and 2.5 mg/ml [15]. Furthermore,
acetone and methanol extracts of A. rubescens, L.
piperatus and R. cyanoxantha also showed
antimicrobial activity with MIC in scale of mg/ml
against many bacteria [16]. Our study showed an
antimicrobial activity of methanolic extract of A.
rubescens against S. aureus with MIC activity around
78,125 pg/ml, which means that the Black Sea region
may be harboring some high value mushroom strains
that should be more investigated and studied.

Quorum quenching mechanism appeared to be a
promising alternative to classical antibiotics and had
been intensively studied in the last few years. Quorum
sensing certainly isn’t only important for bacteria, but
also is a primary factor in the symbiosis relationships
between the different microorganisms and constitute
and general language for the cross talking between even
the eukaryotic kingdom all over the natural earth,
among all fungi, plant and even algae [17].

Many studies have worked on investigating anti quorum
sensing activities in natural resources but few were
driven on mushroom species. In our work we aimed to
scan an anti QS activity in the tested 3 mushrooms and
the results showed a positive effect for A. rubescens and
Lactarius sp. at concentration of 625 pg/ml. Another
study showed ant anti quorum sensing activity of
Agrocybe aegerita methanolic extracts against P.
aeruginosa [18] and other work showed anti QS activity

of Agaricus blazei water extracts against clinical P.
aeruginosa strains biofilm formation [19].

CONCLUSION

In this study, anti-microbial and anti-quorum sensing
activities of some wild mushrooms (Amanita rubescens,
Russula delica, Lactarius sp.) collected from the Black
Sea region in Turkey were investigated. The analysis
results revealed that Amanita rubescens showed an
inhibitory effect against Staphylococcus aureus and
Amanita rubescens and Lactarius sp. Extracts showed
an anti-quorum sensing activity against
Chromobacterium violaceum. This is a simple study to
show that the Black Sea region harbors valuable
bioactive mushroom species which should be
investigated and used on a bigger scale. On the other
hand, anti-quorum sensing activity should be more
studied as mean of mushroom species and mechanism
since these regions may include powerful active species
against pathogenic bacterial species.

ACKNOWLEDGEMENTS

This work was supported by Karadeniz Technical
University Scientific Research Projects Unit (FHD-
2015-5373).

REFERENCES

[1] Rasmussen T. B., Givskov M. Quorum sensing
inhibitors: a bargain of effects, Microbiology. 152:4, 895-
904, 2006.

[2] Antunes L. C. M., Ferreira R. B., Buckner M. M., Finlay

B. B. Quorum sensing in bacterial virulence,
Microbiology. 156:8, 2271-2282, 2010.
[3] Agrahar-Murugkar D., Subbulakshmi G. Nutritional

value of edible wild mushrooms collected from the Khasi
hills of Meghalaya, Food Chemistry. 89:4, 599-603,
2005.

[4] Cheung L., Cheung P. C., Ooi V. E. Antioxidant activity
and total phenolics of edible mushroom extracts. Food
Chemistry. 81:2, 249-255, 2003.

[5] Choi Y., Lee S., Chun J., Lee H., Lee J. Influence of heat
treatment on the antioxidant activities and polyphenolic
compounds of Shiitake (Lentinus edodes) mushroom,
Food Chemistry. 99:2, 381-387, 2006.

[6] Barros L., Calhelha R. C., Vaz J. A., Ferreira I. C.,
Baptista P., Estevinho L. M. Antimicrobial activity and
bioactive compounds of Portuguese wild edible
mushrooms  methanolic  extracts, European Food
Research and Technology. 225:2, 151-156, 2007.

[7] Sokovi¢ M., Griensven L. J. Antimicrobial activity of
essential oils and their components against the three
major pathogens of the cultivated button mushroom,
Agaricus bisporus, European Journal of Plant Pathology.
116:3, 211-224, 2006.

[8] KimS.H,SongY.S., KimS. K., KimB. C, LimC.J,
Park E. H. Anti-inflammatory and related
pharmacological activities of the n-BuOH subfraction of
mushroom Phellinus linteus, Journal of
Ethnopharmacology. 93:1, 141-146, 2004.

[9] Jose N., Ajith T. A, Janardhanan K. K. Antioxidant, anti-
inflammatory, and antitumor activities of culinary-
medicinal mushroom Pleurotus pufmonanus (Fr.)

456



Quel.(Agaricomycetideae), International Journal of
Medicinal Mushrooms. 4, 4, 2002

[10] Chung M. J.,, Chung C. K., Jeong Y., Ham S. S.
Anticancer activity of subfractions containing pure
compounds of Chaga mushroom (Inonotus obliquus)
extract in human cancer cells and in Balbc/c mice bearing
Sarcoma-180 cells. Nutrition Research and Practice. 4:3,
177-182, 2010.

[11] Park B. T., Na K. H., Jung E. C., Park J. W., Kim H. H.
Antifungal and anticancer activities of a protein from the
mushroom Cordyceps militaris, The Korean Journal of
Physiology Pharmacology. 13:1, 49-54, 2009.

[12] Ehssan H., Saadabi A. Screening of antimicrobial activity
of wild mushrooms from Khartoum State of Sudan,
Microbiol J. 2:2, 64-69, 2012.

[13] Alves M. J., Ferreira I. C., Martins A., Pintado M.
Antimicrobial activity of wild mushroom extracts against
clinical isolates resistant to different antibiotics, Journal
of Applied Microbiology. 113:2, 466-475, 2012.

[14] Akyuz M., Onganer A. N., Erecevit P., Kirbag S.
Antimicrobial activity of some edible mushrooms in the
eastern and southeast Anatolia region of Turkey, Gazi
University Journal of Science. 23:2, 125-130, 2010.

[15] Nowacka N., Nowak R., Drozd M., Olech M., Los R.,
Malm A. Antibacterial, antiradical potential and phenolic
compounds of thirty-one Polish mushrooms, Plos One.
10:10, 1-13 2015.

[16] Kosanic M., Rankovic B., Dasic M. Antioxidant and
antimicrobial properties of mushrooms, Bulgarian
Journal of Agricultural Science. 19(5), 1040-1046, 2013.

[17] Williams P. Quorum sensing, communication and cross-
kingdom signalling in the bacterial world. Microbiology,
153:12, 3923-3938, 2007.

[18] Petrovi¢ J., Glamo¢lija J., Stojkovi¢ D., Nikoli¢ M., Cirié
A., Fernandes A., Ferreira I. C., Sokovi¢ M. Bioactive
composition, antimicrobial activities and the influence of
Agrocybe aegerita (Brig.) Sing on certain quorum-
sensing- regulated functions and biofilm formation by
Pseudomonas aeruginosa. Food Function. 5:12, 3296-
3303, 2014.

[19] Sokovié M., Ciri¢ A., Glamodlija J., Nikoli¢ M.,
Griensven L. J. Agaricus blazei hot water extract shows
anti quorum sensing activity in the nosocomial human
pathogen Pseudomonas aeruginosa. Molecules. 19:4,
4189-4199, 2014.

457


https://www.researchgate.net/publication/321904566

