Hungarian mushrooms as untapped source of natural products:
from screening studies to biologically active metabolites
Attila Ványolós1, Bernadett Kovács1, Zoltán Béni2, Miklós Dékány2, Balázs Krámos2,
Erika Liktor-Busa1, Zoltán Péter Zomborszki1, István Zupkó3, Judit Hohmann1
1Department

of Pharmacognosy, University of Szeged, Eötvös u. 6, 6720 Szeged, Hungary
2Spectroscopic Research, Gedeon Richter Plc., Gyömrői út 19-21, 1103 Budapest, Hungary
3Department of Pharmacodynamics and Biopharmacy, University of Szeged, Eötvös u. 6, 6720 Szeged, Hungary

Introduction
Investigation of Tapinella atrotomentosa

Hungary thanks to its varied relief is one of the European countries with higher biodiversity in wild

Investigation of Gymnopus fusipes

mushrooms. More than 3000 mushrooms are native to Hungary, but to date, however, there has been little

Fruiting bodies of Gymnopus fusipes (Bull.: Fr.) Gray

scientific study to explore their potential pharmacological benefits. In our ongoing research program

were collected in northern part of Hungary in July

Gymnopus fusipes demonstrated remarkable antiproliferative property on human cancer cell lines, while

of 2013. The lyophilized sample (210 g) was

Tapinella atrotomentosa exhibited notable antioxidant activity.

extracted with methanol and then evaporated to

Fruiting body of Tapinella atrotomentosa Fr. was collected in
southern part of Hungary in 2015. The ground sample (2 kg)
was extracted with methanol. The methanol extract (90.0 g)
was subjected to solvent-solvent partition with n-hexane

dryness. The residue (59.5 g) was dissolved in 50%

and then dichloromethane yielding hexane (extract A) and

methanol and subjected to solvent-solvent partition

dichloromethane (extract B) soluble phase.

first between n-hexane and then chloroform. The

The dichloromethane phase (8.56 g) was subjected to flash-

chloroform phase (1.02 g) was fractionated by

chromatography (FCC-1) on silica gel using gradient system

rotational

using

of n-hexane : acetone. The obtained fractions B II (882 mg)

dichloromethane : benzene : methanol (v/v, 28:4:1,

and B IV (1300 mg) were further separated by repeated

28:8:2, 28:12:3, 28:16:4) gradient elution to give 7

flash-chromatography (FCC-2, -3, -4, -5) with n-hexane:

combined fractions (RPC 1-7). The fraction RPC-3

acetone gradient system. The obtained subfractions of B II

planar

chromatography

Tapinella atrotomentosa Fr.

Gymnopus fusipes (Bull.: Fr.) Gray

(62.1 mg) was further purified by semipreparative

and IV were analyzed with normal-phase HPLC (NP-HPLC-1, -

reversed-phase HPLC using 85% acetonitrile in

2, -3, -4, -5) using c-hexane : propan-2-ol isocratic solvent

water to obtain gymnpeptide A

system. As a result five compounds were isolated (Fig. 4.):

(4.9 mg) and

gymnopeptide B (7.8 mg) (Fig. 1., 2.).

PaxatrB1 (1) (21.2 mg), PaxatrB2 (2) (14.0 mg), PaxatrB4 (3)
(7.0 mg), PaxatrB5 (4) (15.8 mg) and PaxatrB6 (5) (1.3 mg).
Structure determination revealed that compounds 1 and 2
are lactone type, while compounds 3, 4 and 5 are terphenyl
quinone type metabolites.
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Fig. 3. Isolation of compounds from Tapinella atrotomentosa
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Fig. 1.: Amino acid sequences of gymnopeptides A (R = H) and B (R = CH3)
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Structure analysis of cyclopeptides

spectroscopic

cyclic
studies

octadecapeptides.
determined

that
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Detailed
the

two

compounds differed only in the presence of a single
amino acid (AA); a serine (Ser) found in gymnopeptide A

O

OH
H
H3C

thus, three alanine (Ala), four valine (Val), two N-methylglycine (sarcosyl, Sar), an N-methyl-alanine (NMAla) and
seven N-methyl-valine (NMVal) residues were shown to
be present in both cases.
Absolute configurations of the amino acid residues were
by

HPLC−MS,

Marfey’s

analysis

and

preliminary molecular modeling study (Fig. 2.). First,
acidic hydrolysis of the cyclopeptides was undertaken.
This was followed by derivatization of the resulted amino

Antiproliferative activity of cyclopeptides

belonging to the accurate mass values of the derivatized
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Fig . 4.: Lactone (1, 2) and terphenyl quinone type (3, 4, 5)
compounds from T. atrotomentosa

The antiproliferative properties of the isolated peptides were determined by
means of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay on a panel of human adherent cancer cell lines including cervical (HeLa),

Biological activity of Tapinella atrotomentosa

skin epidermoid (A431) and breast (T47D, MCF7, and MDA-MB-231) cell lines

In our screening program for the antibacterial and antioxidant activity of Hungarian

(Tabl. 1.). Both peptides exhibited potent cell growth inhibitory action on all of

mushrooms, T. atrotomentosa showed remarkable effects. The dichloromethane extract

the studied cells. In comparison, gymnopeptide B is more potent than

of this species demonstrated broad antibacterial spectrum and also synergistic activity

gymnopeptide A, while both of them are at least 2 orders of magnitude more

with cefuroxime against MRSA. The isolated compounds (1-5) were evaluated for their

efficient than the reference agent cisplatin.

antioxidant activity using ORAC assay (Tabl. 2.). Among the isolated metabolites
spiromentins A (3), B (5) and C (4) showed the most remarkable antioxidant effects in

acid mixture with Marfrey’s reagent. Finally, HPLC−MS
analysis was performed, and the retention times

O

5

was replaced by a threonine (Thr) in gymnopeptide B.
The other 17 AA were common in the two compounds;

O

4

Fig. 2.: Optimized geometry of gymnopeptide A (H-bonds are represented by red dashed lines)
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Gymnopeptides A and B are unprecedented highly Nmethylated

H

2

Tabl. 1.: Antiproliferative activity of gymnopeptides A and B compared to that of the
reference compound cisplatin on human cancer cell lines

amino acids in the extract ion chromatograms were

Calculated IC50 values (nM) ± SD

compared to those observed for the derivatized L,D-

HeLa

A431

MCF7

MDA-MB-231

T47D

our experiment.

Tabl. 2.: Antioxidant activity of the extract and compounds of T. atrotomentosa

amino acid pairs prepared and measured using similar

Gymnopeptide A 88.4 ± 3.3 66.4 ± 4.1 26.5 ± 3.2

37.4 ± 2.2

18.0 ± 3.0

ORAC

ORAC

experimental conditions.

Gymnopeptide B 42.5 ± 4.5 44.3 ± 2.7 18.5 ± 6.8

30.7 ± 3.0

14.0 ± 2.2

IC50 (µgTE/mg)

IC50 (µgTE/mg)

19.1 ± 2.1

9.8 ± 3.4

Cisplatin (µM)

12.4 ± 1.5 2.8 ± 0.9

5.8 ± 1.0
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Extract B

141,24 ± 10,37

PaxatrB4 (3)

2769,44 ± 54,90

PaxatrB1 (1)

186,21 ± 74,43

PaxatrB5 (4)

4056,26 ± 94,66

PaxatrB2 (2)

964,48 ± 85,74

PaxatrB6 (5)

2810,97 ± 146,17

