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ANTIMICROBIAL ACTIVITY OF AQUEOUS EXTRACT
OF LAETIPORUS SULPHUREUS (BULL.: FR)) MURILL

ABSTRACT: Wood-rotti Laetiporus (Bull.: Fr)) Murill.,
also known as chicken of the woods, is known for its nutritional value. In this study, aqueous
extract obtained from L. sulp was for its properties using

microdilution in vitro assay. Plant, animal and human pathogens, as well as food spoilage
agents, were tested. Aqueous extract obtained from L. sulphureus showed strong activity
against the tested microorganisms in a dose dependent manner. Considering that there is a
constant emerging of pathogen resistance to the known synthetic agents, there is an undeni-
able need for new therapeutical drugs and preservatives in food industry. Thus, these results
that indicate activity of natural products may be of practical use.
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INTRODUCTION

Researches in the past decade suggest that significant number of people
is involved in various forms of alternative medicine. Estimates for using com-
plementary and alternative medicine in adults worldwide have increased in
the last twenty years (B arn e s et al., 2004.). The main reason for this lies in
the fact that many people are to a certain extent dissatisfied with the conven-
tional treatment (A s t 1n, 1998). Also, constant emerging resistance of bacte-
rial and fungal species, known for the ailments they cause in humans, to com-
mercial synthetic medicines is probably the most lmportant reason why people
turn to alternative medicine. While the use of herbs is rather common in the
Western hemisphere, medicinal use of mushrooms, which has a long tradition in
the Asian countries, has been slightly increased in Europe since the last decades
(Lindequistetal., 2005). Although there have been extensive researches
on the use of medicinal mushrooms, their true potential is yet to be revealed.

Excessive use of antibiotics and antimycotics in the treatment of infec-
tious diseases caused by human pathogenic microorganisms led to multiple
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drug resistance. This motivated scientists to search for new substances with
antimicrobial activity in natural products. Plants and mushrooms turned out
to be an excellent source of novel chemotherapeutic agents (K araman et
al., 2003). A number of compounds that have been proved to posses signifi-
cant antimicrobial activities were isolated from polypore fungi. They provide
a rich variety of active secondary metabolites and polysaccharides. Polysac-
charides emerged as an important class of bioactive substances, and many
medicinal and therapeutic properties are attributed to them (Alquinietal,
2004). Trametes versicolor, Laetiporus sulphureus and Ganoderma lucidum
are just some of the known mushrooms with this potential. This fact alone
made them good candidates for critically needed new antibiotics and antimy-
cotics (Zjawiony,2004).

Laetiporus sulphureus (Bull.: Fr.) Murill is a wood-rotting basidiomycete,
growing on several tree species and producing shelf-shaped fruit bodies with
a bright yellow fleshy margin. This recognizable pigmentation along with the
fruit body form is responsible for the trivial name under which this fungus is
known, and that is sulfur shelf (W e b e r et al., 2003).

Even though it is known as a source of active compounds, and is widely
used as food among Anatolian people, literature reports on antimicrobial ac-
tivity of L. sulphureus extracts are scarce (Zjawiony, 2004; Turkoglu
etal., 2007).

The potential barrier to everyday use of medicinal mushrooms as therapy
is the manner in which the mushroom is consumed. Most of the researches on
fungi as potential antimicrobial agents are based on ethanolic and methanolic
extracts of the fungal fruit body (Turkogluetal,2007;Barrosetal,
2007). Consumption of products on this basis is of no practical use.

Therefore, the aim of the present study is to evaluate the antimicrobial
potentials of aqueous extracts of L. sulphureus fruit bodies on several micro-
organisms of medicinal importance. This would perhaps allow daily use of
mushrooms that are available in various forms.

MATERIALS AND METHODS
Mushroom

Fruiting bodies of L. sulphureus were collected in the woods near Belgrade.
Identification and classification were carried out and all specimens were depos-
ited at the Mycological Laboratory, Department of Plant Physiology, Institute
for Biological Research “Sinia Stankovi¢”, Belgrade, Serbia. Mature basidio-
carps of L. sulphureus, were collected in Salix alba in 2009. Fresh mushrooms
were randomly divided, dried in an oven at 40 °C before analysis. Dried mush-
room material was grounded to a fine powder with blender. The sample (30 mg)
was dissolved in 1ml of distilled water and left for 24 h at room temperature.
The aqueous solution was then centrifuged at 5000 rpm for 10 minutes; the
supernatant was poured off and used in the in vitro assay.
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Antimicrobial activity

Antibacterial activity

The following Gram negative bacteria were used: Escherichia coli (ATCC
35210), Pseudomonas aeruginosa (ATCC 27853), and Salmonella typhimurium
(ATCC 13311), and Enterobacter cloacae (human isolate), as well as the follow-
ing Gram positive bacteria: Listeria monocytogenes (NCTC 7973), Bacillus
cereus (clinical isolate), Micrococcus flavus (ATCC 10240) and Staphylococcus
aureus (ATCC 6538). The organisms were obtained from the Mycological
Laboratory, Department of Plant Physiology, Institute for Biological Research
“Sinisa Stankovi¢”, Belgrade, Serbia. The antibacterial assay was carried out by
modified microdilution method (Daouk etal, 1995, Hanel andRacther
1988; Espinel—Ingroff, 2001) in order to determine the antibacterial
activity of compounds tested against the human pathogenic bacteria.

The bacterial suspensions were adjusted with sterile saline to a concen-
tration of 1.0 x 10° CFU/ml. The inocula were prepared daily and stored at
+4°C until use. Dilutions of the inocula were cultured on solid medium to
verify the absence of contamination and check the validity of the inoculum.

Antifungal activity

For the antifungal bioassays, seven fungi were used: Aspergillus ochraceus
(ATCC 12066), Aspergillus fumigatus (plant isolate), Aspergillus niger (ATCC
6275), Aspergillus versicolor (ATCC 11730), Penicillium funiculosum (ATCC
36839), Penicillium ochrochloron (ATCC 9112) and Trichoderma viride (1AM
5061). The organisms were obtained from the Mycological Laboratory, De-
partment of Plant Physiology, Institute for Biological Research “Sinisa Stan-
kovi¢”, Belgrade, Serbia.

The micromycetes were maintained on malt agar and the cultures were
stored at + 4 °C and sub-cultured once a month (B 0 o t h, 1971). In order to
investigate the antifungal activity of the tested aqueous extract, a modified
microdilution technique was used (Daouk etal., 1995;Hanel and Rae-
ther, 1988; Espinel-Ingroff, 2001.). The fungal spores were washed
from the surface of agar plates with sterile 0.85% saline containing 0.1% Tween
80 (v/v). The spore suspension was adjusted with sterile saline to a concentra-
tion of approximately 1.0 x 10° CFU in a final volume of 100 pl per well. The
inocula were stored at +4 °C for further use. Dilutions of the inocula were
cultured on solid malt agar to verify the absence of contamination and check
the validity of the inoculum.

Microdilution test
The minimum inhibitory, bactericidal and fungicidal concentrations
(MICs, MBCs and MFCs, respectively) were determined using 96-well mi-
crotitre plates. The bacterial suspension was adjusted with sterile saline to a

concentration of 1.0 x 10° CFU/ml. The microplates were incubated for 24 h at
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37°C. The lowest concentrations without visible growth (at the binocular mi-
croscope) were defined as concentrations that completely inhibited bacterial
growth (MICs). The MBCs were determined by serial sub-cultivation of 2 ul
into microtitre plates containing 100 pl of broth per well and further incubation
for 72 h. The lowest concentration with no visible growth was defined as the
MBC value, indicating 99.5% killing of the original inoculum. Streptomycin
was used as a positive control (1 mg/ml DMSO).

Minimum inhibitory concentration (MIC) determinations for fungi were
performed using 96-well microtiter plates. The microplates were incubated for
7 days at 25 °C. The lowest concentrations without visible growth (at the bin-
ocular microscope) were defined as MICs.

The fungicidal concentrations (MFCs) were determined by serial subcul-
tivation of 2 ul into microtiter plates containing 100 ul of broth per well and
further incubation for 5 days at 25 °C. The lowest concentration with no vis-
ible growth was defined as MFC indicating 99.5% killing of the original in-
oculum. Commercial fungicide ketoconazole was used as positive control
(Img/1lml DMSO).

RESULTS

The antimicrobial effect of aqueous extract of L. sulphureus was tested
against four species of Gram negative bacteria, four species of Gram positive
bacteria, and seven species of fungi. The extract generally exhibited better
antifungal than antibacterial activity (Figure 1). Among the tested bacteria, L.
sulphureus extract strongly inhibited M. flavus and L._monocytogenes, with
MIC values of only 1.50 mg/ml. As for the remaining bacterial strains, in the
tested concentrations (0.15-1.50 mg/ml) aqueous extract showed activity, but
insufficient to be considered as inhibitory. Antibiotic streptomycine (1mg/Iml
DMSO) was used as the positive control. In the tested concemranons strepto-
mycine showed inhibitory activity in the range of 0.63-12.50 x 10° mg/ml and
bactericidal activity on the tested bacteria in the range of 1.25-25.00 x 10° mg/ml.
The bacteria most resistant to the effect of streptomycine was proved to be
L. monocytogenes, which could be of practical use, because it was also proved
to be the most susceptible to the effects of extract of L. sulphureus.

DISCUSSION

Presented results of antibacterial activity are consistent with the results
for M. flavus published by Turk o gl uetal. It proved to be the most suscep-
tible species, though it should be noted that in the mentioned study agar-well
diffusion method was used, and the extract was methanolic (Turkogluet
al., 2007).

It should be mentioned that there are no previous reports on the antifun-
gal activity of extract of L. sulphureus. In the present study, aqueous extract
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concentration mg/mi

Fig. | - Antibacterial and antifungal effect of L. sulphureus extract in comparison to
streptomycin and ketoconazole

showed excellent fungicidal activity against all the tested fungi, with 0.30 mg/ml
as MFC value. In comparison with antifungal activity of antimycotic ketoco-
nazole (Img/ml DMSO), the tested extract showed lower activity, but still good
enough to be considered as a promising antifungal agent. Ketoconazole exhib-
ited inhibitory activity against all the tested fungi in the range 0f0.63-25.00x 10°
mg/ml, and fungicidal activity in range of 1.25-25.00 x 10~ mg/ml.

Resistance to antibiotics and antifungal agents is emerging in a wide variety
of organisms, and multiple drug resistant organisms pose a serious threat to the
treatment of infectious diseases. Hence, medicinal mushrooms, or mushroom
derived antimicrobial substances must receive proper attention, especially
when they include a harmless basis, which is water in this case.

Terpenes, lectins, polysaccharides etc. are known to have an effect on bac-
terial cytoplasmatic membrane, making it vulnerable (L inand C h o u, 1998;
Y an getal., 2002). L. sulphureus is rich source of these compounds, which
are potentially responsible for its antimicrobial activity.

C o w an (1999) reported that the most active components are generally
water-insoluble, but O le nnik o v et al. (2009) determined the existence of
water-soluble polysaccharides in L. sulphureus that could be bioactive princi-
ples playing an important role in the activity of mushroom (C o w a n, 1999;
Olennikovetal, 2009). It is expected that low polarity organic solvents
would yield more active extracts, but at the same time organic solvent is what
makes these extracts unsafe and impractical for everyday use (Cow an, 1999).
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Reports on antimicrobial activity of L. sulphureus are very scarce, and
this is the first report on the antibacterial and antifungal activity of aqueous
extract of this mushroom.

Results of this study confirm once more the true potential of natural
products as antimicrobial agents. L. sulphureus presents a valuable source in
the fight against the tested pathogens, as a sole therapy, which requires further
clinical trials, or in combination with other chemotherapeutical agents.
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AHTUMHUKPOBHA AKTUBHOCT BOJIEHOI" EKCTPAKTA
L. SULPHUREUS (BULL.: FR)) MURILL

Josana JI. lnserosuh, Jlejan C. Crojkosuh, Munow M. Hukonuh,
Jacmuna M. I'namounnja, Mapuna /1. CokoBuh, Ana M. hupnh

HHeTuTyT 3a GHONTOMIKA HCTpakiBamba ,,Crunnma Crankosuh”,
Bynesap Jlecnora Credana 142, 11060 Beorpan, Cpouja

Pesnme

Tibusa Mpke Tpyanesxu, Laetiporus sulphureus (Bull.: Fr) Murill.,, nosunara u kao
1rymeko nuie, Beh je 103Hara 110 CBojoj HYTPHTHBHO] BPEHOCTH. Y 0BOj CTY/MjH HCTIH-
THBAHA je aHTUMHUKPOOHA CIIOCOOHOCT BOJICHOT eKCTpakTa L. sulphureus, MUKpoan-
TyLIHOHOM i Vitro METOIOM. BUIbHH, JKHBOTHECKH H XyMaHH [ATOTEHH, Ka0 M ITPOy3-
POKOBAuH KBapeHa XpaHe Cy TecTupanu. Bonenu excrpakt nodujen on L. sulphureus
10Ka3a0 je CHaXHy aKTHBHOCT Ha TECTHPAHE MHKPOOPTaHHU3ME Y3 JI03HY 3aBHCHOCT.
C 0031pOM 1@ MOCTOJ KOHCTAHTHH MOPACT PE3MCTEHTHOCTH NATOreHa Ha Mo3HaTe
CHHTETHUKE areHce, MoTpeda 3a HOBUM TepaNey TCKUM JIEKOBHMA H KOH3EpBAHCHMA Y
npexpambenoj HHTyCTpHjH je neonxoanoct. CTora, pe3yaTarH KojH yKasyjy Ha akTHB-
HOCT IIPHPOJIHUX MPOJIyKaTa MOrY GHTH O]l BEJIMKOT PAKTHYHOT 3HAYaja.
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