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Fungi as producers of biologically active metabolites were and remain of particular
interest of the investigators. As the same time, despite the large number of different inves-
tigations and numerous scientific publications a major part of described species aren't
studied at that aspect. The data concerning biosynthetic potential of fungi of Ulocladium
genus are practically absent in literature. However the screening carried out by us early
showed that U. consortiale 960 possess the wide spectrum of antibiotic activity. Aim.
This investigation became the follow-up of our previous studies and its main task was
isolation, purification of U. consortiale 960 active metabolite(s) and obtaining of them
in crystalline state for possible determination of structure. Methods. For obtaining the
biologically active metabolites column chromatography and recrystallization were used,
characterisation of obtained substances were made by physical-chemical and microbio-
logical methods. Results. As a result of work done two compounds in crystalline form
with different spectrum of antibiotic activity against indicator test cultures were obtained.
Neither of obtained compounds showed dermatocidal and toxigenic activity in rabbit skin
test. From the obtained spectral characteristics of substance UC960 it may be concluded
that it belongs to aromatic compounds with benzene ring, has double linkage, methyl- and
carboxyl groups. Conclusions. Obtained data showed that antibiotic nature of strain 960
is determined by the variety of biologically active metabolites with different biological
and physical-chemical properties. The presented results and the analysis of literature data
show that U. consortiale 960 possibly can produce the new for Ulocladium genus biologi-
cally active metabolites, which require further investigations.

Keywords: Ulocladium, Ulocladium consortiale, antibiotic activity, metabolites.

Fungi as producers of biologically active metabolites such as ferments,
antibiotics, toxins, vitamins, growth factors and others were and remain of
particular interest of the investigators. As the same time despite the large
number of different investigations and numerous scientific publications a major
part of described species are not studied at that aspect. Considering this fact
active search of new biologically active metabolites are of one of the priority
directions of not only fundamental but applied science and filamentous fungi
are one of the most perspective groups of producers.

The comprehensive screening of biological activity of more than 300 fungal
strains belonging to genera Aspergillus, Penicillium, Paecilomyces, Alternaria,
Ulocladium, Gliocladium, Nectria, Eupenicillium, Bipolaris, Tritirahium,
Myrothecium, Beauvenaria, Acremonium, Botriodiplodia, Cephaliophora
had been carried out by us earlier. These strains were isolated from different
ecological niches including extreme such as radionuclide polluted soil and
Chernobyl zone “yellow” forest leaf litter, saline black soil, mountain regions
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of West Pamir and others [1-3]. The results of screening showed different ability
of studied fungi to synthesize biological active metabolites. Our attention was
attracted to strains of the species which biological potential is poorly known
and there are no any data in available literature.

The situation described above concerns fungi of Ulocladium Preuss genus
which phylogenetically related to Alternaria Nees [4, 5]. These fungi genera
are mostly found as common saprobes on plant materials, in soil and airs as
well as they are known as plant pathogens [6, 7]. Certain unidentified strains
are capable to growth on such technogenic substrate as polypropylene, rubber,
fluorine plastics [8, 9], possess pectinase, cellulase, glucanase, and non-
specific lipase activities [10, 11] and can cause diseases in humans [12]. Fungi
of Ulocladium genus are used as biocontrol agents against plant pathogenic
fungi of Botrytis genus which cause diseases of number of important
agricultural plants [11, 13], as well as experimental models in investigations
of microgravitation influence on growth and development of filamentous fungi
under conditions of minimal quantities of nutrients [14].

In the available scientific literature there are almost no information
concerning biosynthetic potential of Ulocladium genus with the exception of
one article by B. Andersen and M. Hollensted (2008) in which the describe
the results of systemic investigations of metabolite production by 52 strains of
different Ulocladium species [15]. The authors had been shown that majority of
studied U. arborescens, U. chartarum, U. cucurbitae, U. dauci, U. multiforme
and U. oudemansii strains can produce infectopyrones and derivatives of
altertoxin I while U. atrum strains — curvularin and dehydrocurvularin.

It was also reported earlier that unidentified Ulocladium strains can
synthesize piperine, terpestacin and tenuazonic acid [16], U. botrytis and
U. chartarum starins —ulocladol [17, 18], and one U. consortiale strain formed
infectopyrone [19]. Ulocladium sp. BPS7 isolated from anthropogenic extreme
environment (carwash) produced 10-undecen-1-ol [20]. This compound has
previously been identified as a constituent of the plant Machilus zuihoensis
[21]; the essential oils of this plant are known to possess antimicrobial activity.

Among 10 of studied by us strains U. consortiale 960 was found to be the
most active [2, 22]. It possessed the wide spectrum of antibiotic activity against
Gram positive bacteria (Bacillus subtilis, B. licheniformis, Staphylococcus
aureus, Micrococcus varians, M. flavus), Gram negative bacteria (Escherichia
coli, Pseudomonas syringae, Pectobacterium carotovorum) and yeasts
(Candida albicans, Kluyveromyces marxianus, Trichosporon cutaneum). At
the same time, it showed no activity against filamentous test fungi (Botrytis
cinerea, Rhizoctonia solani, Phoma betae, Aspergillus fumigatus, A. flavus,
A. niger, Fusarium lactis, F. oxysporum). Thus, this investigation became
the follow-up of our previous studies and its main task was the isolation, the
purification of U. consortiale 960 active metabolite(s) and the obtaining of
them in crystalline state for possible determination of their structure.

Materials and Methods. In investigations we used cultural filtrate of
U. consortiale 960 obtained after static cultivation during 14 days at 26 °C
on liquid modified Czapek-Dox medium containing (g/1): glucose — 20.0;
NaNO, - 1.0; KH,PO, - 1.0; KCI - 0.5; MgSO x7H,0 - 0.5; FeSO,x7H,0 —
0.01 in distilled water; pH 5.2 [23]. The conventional multistep method
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we applied for isolation of active metabolites involved fitting of extraction
methods (combined chromatography), actually extraction and accumulation
of obtained substances, primary purification of extract from protein, lipid and
pigment foreign impurities, fractionation by column chromatography and
recrystallization of active substances.

Fitting the extraction conditions of active metabolites using chloroform
was carried out proceeding from the data of combined chromatography by
Schevchik [24]. After three times extraction in the 1:4 ratio during 15 minutes
and evaporation in a rotary vacuum concentrator (Reanal, Hungary) to 1/10
part by volume obtained residue was purified from impurities of protein
nature by precipitation with lead acetate; from non-polar lipid impurities —
by liquid-liquid disproportionation in acetonitrile-n-butanol-hexane system;
from pigments — by column chromatography with activated carbon BAU-1 as
sorbent and methanol as mobile phase. All of these procedures were followed
by dehydratation with anhydrous sodium sulphate [25]. Obtained partially
purified extract was evaporated and fractionated by column chromatography.

For column chromatography silica gel L of 11 grade of activity by Brockman,
100-160 pum particle size (Lachema, Czech Republic) was used as sorbent. As
mobile phase single solvents and their systems were used in order of increasing
polarity: n-hexane — n-hexane-chloroform (5:1) — chloroform — chloroform-
acetone (5:1) — chloroform-acetone (9:1) — acetone — acetone-acetonitrile
(5:1) — acetonitrile — water. Volume of collected fractions was 50 ml and flow
rate — 0.5 ml/min. The contents of dry substances were measured by weighing
of 5 ml of each fraction after drying under 105 °C to constant weight.

In obtained fractions the presence of active metabolites was checked by
thin layer chromatography (TLC) and their activity against indicator species
(Bacillus subtilis 617 and Kluyveromyces marxianus 899) was determined
by agar disc diffusion assay methods (10.0 pl/disk) [26]. For TLC 10 pl of
specimen was applied to Silufol UV254 plates, (Kavallier, Czech Republic);
as mobile phase solvent systems of benzol-ethyl acetate-methanol (5:5:1) and
toluol-isopropanol-formic acid (6:3:1) were used. Visualization of spots on the
plates was carried out in iodine saturated developing tank [27]. Combined active
fractions were evaporated in vacuo at 50 °C and active substances underwent
the recrystallization from benzol. Such methodological approach allowed
obtaining of homogeneous substance which visualized on chromatogram as
single spot.

Physical-chemical and spectrum characteristics were measured by
conventional methods. So, the elemental analysis was determined by Cheronis
sodium fusion method [28-30], spectrum characteristics were obtained by
spectrophotometers Specord and UR-10 (Germany) in UV-, visible light and
IR-spectral ranges [31].

Rabbit skin test was used for assess of toxicity of obtained crystallized
preparation [32]. The animals, their general state and skin health were under
constantly observation for 5 days.

Results. Selection of chloroform according the data of combined chromato-
graphy by Schevchik as suitable extractant suggests that active agent can be
moderately-polar. Initial preparation possessed high antibiotic activity against
Gram positive test bacteria, moderate activity against yeast test cultures and
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low activity against Gram negative test bacteria. No activity was showed
against filamentous test fungi [22].

Fig. 1 shows the column chromatography elution profile of U. consortiale
960 metabolites. Column was fed with solvent systems in the next order:
fraction 10 — n-hexane; fractions 20-50 — n-hexane-chloroform (5:1-1:1);
fractions 61-64 — chloroform; fractions 71-73 — chloroform-methanol (9:1),
fractions 74-82 — chloroform-methanol (4:1). As can be seem from Fig.1 only
fractions 71-73 and 81-82 exhibited activity against test cultures.
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Fig. 1. Elution profile of preparation from U. consortiale 960

Fractions 71-73 (chloroform-methanol, 9:1) showed the activity against
B. subtilis 617 and K. marxianus 899, possessed identical chromatographic
mobility and was represented by three spots with Rf 0.36; 0.57 and 0.82 in
toluol-chloroform-acetone (10:10:3) system. Obtained after evaporation
preparation displayed antibiotic activity against studied test cultures but didn’t
show any reaction in rabbit skin test.

Rechromatography of combined 71-73 fractions with using solvent
systems chloroform-methanol (98:2) — chloroform-methanol (95:5) —
chloroform-methanol (9:1) — chloroform-methanol (4:1) fixed the output
of active substance in fractions 1-2, which possessed identical parameters of
chromatographic mobility and biological activity. For additional purification
active substance underwent recrystallization from benzole and assigned
conventional name UC960.

Measurement of UC960 spectrum characteristic in UV- and visible light
spectral ranges (fig. 2) displayed the presence of two distinct absorption
maxima in UV-rang at wavelengths 220 and 282 nm. When these data were
compared with tabular data of absorption maxima of main classes of organic
compounds we suggested that molecule of UC960 may contain a,B-unsaturated
carboxylic acid, nitrogen, acyclic diene and mononuclear benzol derivate [33].
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Fig. 2. Absorption spectrum of UC960 preparation:
UV-absorption; b) IR-absorption

In visible light spectral range there was no absorption maxima on which
may also pointed the absence of coloration of sample. Absorption maxima in
IR-spectral range testify that structure of molecule contains double linkages,
carboxylic acid derivate and conjugated with benzene ring methyl group.
However, the elemental analysis of studied substance showed the lack of
nitrogen, sulphur and halogens, but the presence of main elements of organic
compounds — carbon, hydrogen and oxygen. So, on the base of obtained data
we can conclude that obtained substance belong to aromatic compounds with
benzene ring, double linkage, methyl and carboxyl groups. Determination of
exact chemical structure needs additional investigations.
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Fractions 81-82 (chloroform-methanol, 5:1) possessed antibiotic activity
only against B. subtilis 617 and showed two spots on thin layer plate with Rf
0.55 and 0.90 (solvent system: benzol-chloroform-methanol, 5:2:1). Obtained
after evaporation preparation also showed the absence of reaction in rabbit
skin test.

Discussion. This stage of our investigation was dedicated to isolation of
biologically active metabolites of U. consortiale 960 in purified form, which
in previous studies possessed the antibacterial, antifungal and phytotoxic
activities [2, 22]. As a result of work done two compounds in crystalline form
with different spectrum of antibiotic activity against indicator test cultures were
obtained.

On the base of studied physical-chemical and spectral characteristics of
UC960 compound we can state the presence of certain chemical groups in
its structure but on this step it is impossible to describe the whole structure
of the molecule. Comparison of our results with literature data concerning
biologically active metabolites of Ulocladium genus allows to suggest that
obtained metabolite looks like infectopyrone, the potential mycotoxin first
isolated from Alternaria infectoria [19]. UC960 contains in its structure
the same groups but unlike infectopyrone aromatic part of the molecule is
represented by benzene but not pyrone ring. Interestingly, that the fact of
biosynthesis of infectopyrone by U. consortiale was mentioned in the above
article in which these compounds were characterized as potential mycotoxins.
In our case neither of obtained by us compounds showed even hyperemia in
rabbit skin test and thus they didn’t possess dermatocidal activity and toxigenic
properties.

Presented above results testify that antibiotic potential of U. consortiale
960 as well as other Ulocladium species needs more in-depth study. Obtained
data showed that antibiotic properties of strain 960 depend on whole complex
of biologically active metabolites differing from each other by biological
and physical-chemical properties. The necessity of further investigation of
U. consortiale metabolites is no doubt because they can answer the questions
concerning the chemical nature of these substances and mechanisms of their
biological activity.

Acknowledgments. The authors would like to thank Prof. Nelli M. Zhda-
nova for donation of Ulocladium strains from culture collection of the
Department of Physiology and Systematic of Micromycetes of Zabolotny
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PI3UKO-XIMIYHI TA TOKCUT'EHHI BJIACTUBOCTI
HOBUX METABOJITIB ULOCLADIUM CONSORTIALE 960

AL Casuyk, K.C. l{uzanenko, O.B. Andpicnko

Incmumym mixpobionoaii i eipyconoeii im. /[ K. 3aboromnoco HAH Yxpainu,
8yn. Akademika 3abonommuoeo, 154, Kuis, 03143, Yxpaina

Pesome

[HTepec BUeHUX J10 TPHOIB-ITPOIYLICHTIB O10JIOTIYHO aKTHBHUX METa0OIMITIB IMOCTIHHO
3pocTae. AJle, He3BaKAKOUM Ha 3aBEJIMKY KUTBKICTh MIPOBEACHUX Ta OMYOJIKOBaHUX HO-
CITiJDKeHb, 06arato paHille BU3HAYCHUX BH[IB 3aTMINAIOTHCS M03a yBarorm BUYCHHX. Tak,
B JIiTeparypi NpakTHYHO HEMAE BiOMOCTEH Npo OIOCHHTETUYHMH MOTEHIian rpudis
p. Ulocladium, Toni sk 311liCHEHNH HAaMM CKPUHIHT [T0Ka3aB aHTUOIOTUYHY aKTHBHICTb
MIMPOKOTO cnekTpa il y mramy U. consortiale 960. MeToro 1i€i poOoTu Oyino BUAiICH-
Hsl, OYNILEHHS T2 OTPUMAaHHS B KPHCTAJIIYHOMY BHIVISIII aKTHBHOTO MeTa0ouiTy(iB) rpuda
U. consortiale 960. Metonu. /1)1 oTpuMaHHs 010I0TTYHO aKTHBHUX METa0OJITIB 3aCTOCO-
BYBAJI €KCTPAKILIIO 3 TIOAIBIIAM PO3IITICHHSIM 32 JOTTOMOTOI0 KOIIOHKOBOT Xpomarorpadii
Ta NepeKpyrcTaizalii; Ut oXxapakTepu3yBaHHs BIACTUBOCTEH OTPUMAaHUX IIPEapariB BU-
KOpHUCTOBYBaJIM (Di3MKO-XiMiuHI 1 MikpoOiosoriyni Tectu. Pesyabraru. Byno orpumano
B KPUCTAJIIYHOMY BUTJIAII JIBI CHIONYKH, SIKi TIPOSBIUIN aHTUOIOTHYHY aKTUBHICTH IIIOJI0
IHIMKaTOPHUX TECT-KYJIBTYp Pi3HOTO cnekrpy aii. XKoaHa 3 oTpuMaHUX CIONYK HE Maa
JIepMaTOLUTHOT [T B IKIpHIK ITPpo0i Ha KPOJIMKY 1 HE MPOSIBIISIA TOKCUT€HHUX BIACTHBOC-
Teil. CnexTpaibHi XapakTepucTUK crioryku UC960 3 mHpOKUM CIIEKTPOM aHTHOI0THIHOL
Ji1 BKa3yloTh Ha apOMaTHYHUH XapakTep i€l CIIOIyKH, 10 Ma€ B CTPYKTypi OCH30IbHE
KiJIblie, OABIMHUI 3B 530K, METHJIbHY Ta KapOOKCHIbHY Ipynu. BucHoBku. Otpumani
JIaHi TT0Ka3aJIH, 10 aHTHOI0THYHI BIACTHBOCTI JOCIIKyBaHOTO IIITaMy 0OyMOBIICHI KOMII-
JIEKCOM 010JIOTIYHO aKTMBHUX META0OIMITIB, 1110 BUPI3HAIOTHCS O10JI0TYHUME Ta (Pi3UKO-Xi-
MIYHAMH BJIacTUBOCTAMHU. [IpeacTaBiieHi pe3ynbTaTi Ta MOPiBHAIBHUN aHai3 JiTepaTyp-
HUX JDKEPEI JOITyCKaloTh MOXIIUBICTE OiocuHTEe3y mTamoM U. consortiale 960 HOBUX [is
p. Ulocladium 6ionoridHo aKTHBHUX METa0OITIB, IO MOTPeOye JOTATKOBHX JOCIIIXKCHb.

Knrouosi cnosa: Ulocladium, Ulocladium consortiale, anTubioTHYHa aKTUBHICTH, METa-
6omitu.

®U3NKO-XUMHUYECKHAE U TOKCUTEHHBIE CBOMCTBA
HOBBIX METABOJIUTOB ULOCLADIUM CONSORTIALE 960

A U. Casuyk, K.C. I[vicanenxo, E.B. Anopuenko

Hncemumym muxpoduonoeuu u eupyconoeuu um. /[.K. 3abonomnoeo HAH Ykpaunui,
yn. Akademuxa 3abonommuoeo, 154, Kues, 03143, Ykpauna

Pe3ome
WuTepec x rpubam Kak MpoIyleHTaM OMOIOTHYECKH aKTUBHBIX METa0OJINTOB HE yra-
caet | 1o ceif aeHs. Ho, HecMOTpst Ha OrpOMHOE KOJTMYECTBO MPOBEICHHBIX UCCIICIOBAHHI
nu OHyGHHKOBaHHI)IX pa60T, 3HAYUTECJIbHAS 4aCThb paHee OINMCAaHHBIX BUJ0OB HEC 1O0CTATOYHO
M3y4YeHa B 3TOM HAIPaBJICHUH. B muTepaType MpakTH4ecku OTCYTCTBYIOT CBEACHUS O OHO-
CHHTETHYECKOM ToTeHImasne rpudoB p. Ulocladium, B TO e BpeMs IPOBEICHHBIN HAMH
CKpI/IHl/lHF IIoKa3aji aHTl/I6I/IOTl/I'{eCKyIO AKTUBHOCTbH LIJI/IpOKOFO CHCKTpa ﬂeﬁCTBMﬂ mramMmma

U. consortiale 960. Ileabio 1anHON paOOTHI MPELyCMaTPHUBAIOCH BBICICHIE, OYMCTKA 1
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MOJIYYCHUEC B KPUCTAJUIMYCCKOM BHUC aKTHBHOrO MeTabonuTa(oB) rpuda U. consortiale
960. Metoapl. s mony4eHnss OMOJIOTUYECKH aKTHBHBIX METa0OINTOB HUCIOIB30BAIN
AKCTPAKIIHIO C IMOCIEAYIONMCH KOJOHOYHOU XpoMarorpaduel u nepeKpUuCTaIIH3aIHCH;
JUTS. OMTUCAHUSI CBOMCTB TOJIYUCHHBIX IPEIAapaToB UCIOJIB30BAIN (DU3UKO-XUMUUYCCKHUEC U
MHUKpoOuosorndeckne tectol. Pesyabrarsl. B pesynsrare paboThl B KPHCTAITHYECKOM
BHJIC OBUIN MOJTyYCHBI J[BA COCTUHCHUS, KOTOPBIC MPOSBILLIN aHTHOMOTHYCCKYHO aKTHB-
HOCTb Pa3HOTO CIEKTPa JICHCTBUS M0 OTHOIICHHUIO K HHAUKATOPHBIM TECT-KyIbTypaM. Hu
OJIHO U3 BBIJICJICHHBIX COSJIMHEHHI B KOXKHOII ITpo0Oe Ha KPOJIMKE HE TPOSIBIISLIIO JIePMATO-
LUTHOTO JICWCTBHSI M TOKCHUTCHHBIX CBOMCTB. CIIEKTpaIbHBIC XaPAKTEPUCTHKH COCTUHCHUS
UC960 ¢ mMpoKHM CIIEKTPOM aHTHOMOTHYECKOI aKTUBHOCTH yKa3ail Ha apOMaTHUeCKHA
XapakTep ATOr0 COSIUHEHHS, B CTPYKTYPE KOTOPOTO MPHUCYTCTBYIOT OCSH30JIbHOE KOJIBIIO,
JIBOMHASI CBsI3b, METHJIbHAS U KapOOKCUIIbHAsSL rpyriibl. BeIBoABI. [TonyueHHbIe TaHHbIE
MOKAa3aJii, YTO aHTUOMOTUYCCKUE CBOWCTBA MCCIICIOBAHHOIO MITAMMa O0YCIOBJICHBI Iie-
JIBIM KOMIUIEKCOM OHOJIOTMYECKH aKTHBHBIX METa0OJINTOB, KOTOPhIC OTIIMYAOTCS OUOJIO-
THYCCKUMH M (PH3UKO-XUMUYCCKUMHE CBOlicTBamu. [IpecraBieHHbIC pe3yibTaThl H aHAIN3
JIUTEPATyPHBIX JAHHBIX [TOKA3bIBAIOT BO3MOXKHOCTh OMOCHHTE3a mTamMmoM U. consortiale
960 mOBBIX s p. Ulocladium Gmonorndeckn akTUBHBIX METa0OIHUTOB, UTO TPeOyeT Tajb-
HEWIIHUX UCCIICTOBAHMM.

Knioueswie cnosa: Ulocladium, Ulocladium consortiale, antubnornueckas akTUB-
HOCTb, METAOOJINTEL.
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