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IN VITRO DEGRADATION OF DIACETOXYSCIRPENOL
AND T-2 TOXIN BY USE OF MUCOR RACEMOSUS
FRESEN. F. RACEMOSUS ISOLATE"

ABSTRACT. Under controlled in vitro conditions the capacity of the Mucor racemo-
sus f. racemosus 1215/09 isolate to degrade type A trichothecenes (diacetoxyscirpenol —
DAS and T-2 toxin) was observed in the liquid nutritive medium. According to previously
performed experiments it was proved that the selected isolate, originating from sunflower
meal, had the ability to degrade these fusariotoxins when growing on the modified Vogel’s
agar supplemented with crude extracts of DAS and T-2 toxin.

In order to determine biodegradation of fusariotoxins, the liquid nutritive medium —
SPY (5% sucrose + 0.1% peptone + 0.1% yeast extract, pH 6.2) was simultaneously inocu-
lated with the isolate M. racemosus f. racemosus 1215/09 and: a) Fusarium semitectum SL-B
(DAS producer) or b) F. sporotrichioides R-2301 (T-2 toxin producer). The SPY media, inocu-
lated with single fungal isolates, were used as a control of toxin biosynthesis. The cultures
were incubated at room temperature (21-26°C) on the rotary shaker (175 rpm). After the
3-5-day incubation, the filtration of liquid cultures and the extraction of fusariotoxins from
filtrates with ethyl-acetate were performed. Determinations of DAS and T-2 toxin were
done by thin layer chromatography using silica gel G.

Depending on the incubation duration, M. racemosus f. racemosus in the mixed culture
with F. semitectum degraded from 90.0 to 99.97% of DAS present in the medium (40,000-
120,000 pg 1), while in the mixed culture with F. sporotrichioides it degraded from 95.0 to
96.7% of T-2 toxin present in the medium (240,000 ug 1™).

Sterile filtrates of mixed cultures and single culture of M. racemosus f. racemosus,
obtained by passing liquid cultures through the 0.45-um membrane filter and added to the
SPY medium, did not affect degradation of type A trichothecenes that had been biosynthe-
sised by isolates F. semitectum SL-B and F. sporotrichioides R-2301 in the liquid medium.

KEY WORDS: diacetoxyscirpenol (DAS), T-2 toxin, biodegradation, M. racemosus
f- racemosus, liquid medium

“ The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences
from April 20-22, 2011.
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INTRODUCTION

Trichothecenes are a group of toxic secondary metabolites produced by
several genera of Fungi imperfecti out of which the genus Fusarium is the
most important. Some of trichothecenes are natural contaminants of cereal
crops during their growth in fields or during grain storage under high envi-
ronmental moisture. Since these compounds are toxic to both, humans and
animals, it is of great interest for food and feed industry to prevent the intro-
duction of fusariotoxins into the nutrition chain (Shima et al., 1997).

Despite of the application of different preventive measures that avoid the
occurrence of Fusarium spp. and their toxins (crop rotation, ploughing, weed
and insect control, appropriate sowing and harvest time, etc.), the obtained
results are usually limited and unsatisfactory, hence it was necessary to de-
velop procedures of detoxication. It is considered that biodegradation or bi-
otransformation is the only efficient method of detoxication of mycotoxins
that can only be poorly bound by various adsorbents (Rodriges and
Binder, 2008). This group of mycotoxins also includes type A tri-
chothecenes (diacetoxyscirpenol — DAS and T-2 toxin) in which the 12,13-
epoxy ring is responsible for their toxicity.

Studies carried out by Ueno et al. (1983) and Beeton and Bull
(1989) point out to a possible role of soil bacteria in the transformation of T-2
toxins. Moreover, Beeton and Bull (1989) reported that certain natural
bacterial communities or monocultures originating from soil and freshwater
represented agents that could detoxify T-2 toxin and related trichothecenes.

Swanson et al. (1988) determined that intestinal bacterial biota originat-
ing from rats completely biotransformed T-2 toxin to its de-epoxy products
(de-epoxy HT-2 and de-epoxy T-2 triol). The absence of complete de-epoxidation
was recorded in experiments with chicken intestinal bacteria that degraded
T-2 toxin and DAS exclusively by the process of deacetylation (Youn g etal.,
2007). In contrast to this, intestinal and fecal microorganisms of rats, cattle
and pigs completely biotransformed DAS to de-epoxy monoacetoxyscirpenol.
Binder etal. (2000) isolated a new bacterial strain of the genus Eubacterium
(strain BBSH 797) from a bovine rumen that had a potential to biodegrade
epoxy group of trichothecenes to diene (Scatzmayr etal., 2006).

Beside bacteria there are other types of microorganisms that are capable
of T-2 toxin biotransformation: protozoa (Kiessling et al., 1984), yeasts
(Rodriges andBinder, 2008), and mycobiota(Jesenska andSajbi-
dorova, 1991). Jesenska and Sajbidorova (1991) identified Alter-
naria sp., Ulocladium sp., Aspergillus candidus Link, A. flavus Link, Clado-
sporium cladosporioide (Fr.) G. A. de Vries and C. macrocarpum Preuss in the
group of moulds that very rapidly degraded T-2 toxin (for 48 h).

Considering the natural presence of T-2 toxin worldwide in toxicologi-
cally relevant concentrations, as well as, its powerful toxicity, the aim of the
present study was to investigate the capacity of biodegradation of T-2 toxin
and related metabolite DAS under laboratory conditions in the liquid medium
by use of the fungal isolate Mucor racemosus f. racemosus 1215/09.
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MATERIAL AND METHODS

Microorganisms. The fungal isolate Mucor racemosus Fresen. f. race-
mosus 1215/09 obtained during the routine analysis of sunflower meal at the
Department of Microbiology, Centre for Bio-Ecology, Zrenjanin, in 2009 was
selected for tests of biodegradation of type A trichothecenes (DAS and T-2 toxin)
having in mind our previous results (Bo¢arov-Stanci¢ etal, 2010). The
identification of fungal isolate was performed after Domsh et al. (1980).

The following two fungal isolates were selected for the production of
type A trichothecenes in the experiments of biodegradation: a) Fusarium
semitectum Berk. & Rev. SL-B, the Centre’s isolate from the alfalfa hay, for pre-
vious studies proved that it had capability to biosynthesise DAS (Bo¢arov-
-Stanci¢ etal., 2005) and b) F. sporotrichioides Sherb. R-2301, leg. Dr. D.
Latus, Germany, the strain known as a good producer of T-2 toxin (Bo -
carov-Stancic etal., 2007). Fungal cultures were maintained on potato
dextrose agar (PDA) at 4-6°C.

Inoculation of the liquid medium SPY (5% sucrose + 0.1% peptone +
0.1% yeast extract, pH 6.2) was done with five pieces (each 5 x 5 mm) of the
fungal material taken from investigated isolates subcultured during seven
days on PDA Petri plates at 27+1°C.

The first stage of the experiment encompassed studies on the ability of
biotransformation of DAS and T-2 toxin by the fungal microorganism M.
racemosus f. racemosus 1215/09. The variants were as follows: | — combination
of F. semitectum SL-B and M. racemosus f. racemosus 1215/09, 11 — combina-
tion of F. sporotrichioides R-2301 and M. racemosus f. racemosus 1215/09.
As a control of biosynthesis of fusariotoxins, the SPY medium was inoculated
by single fungal cultures: 111 — M. racemosus f. racemosus 1215/09, 1V — F.
semitectum SL-B i1V — F. sporotrichioides R-2301.

The second stage of the experiment included studies on capacities of
extracellular enzymes of the monoculture M. racemosus f. racemosus 1215/09
(I11), as well as mixed cultures of F. semitectum SL-B + M. racemosus f.
racemosus 1215/09 (1) and F. sporotrichioides R-2301 + M. racemosus f.
racemosus 1215/09 (11) to biodegrade type A trichothecenes. Sterile filtrates
of cultures from the first stage of the experiment, obtained by passing through
Minisart NML of 0.45 pm, in the amount of 6 ml, were added to the SPY
medium immediately prior to inoculation with producers of DAS and T-2
toxin. The variants were as follows: F. semitectum SL-B + |, F. semitectum
SL-B + I, F. semitectum SL-B + |11, F. sporotrichioides R-2301 + |, F. spo-
rotrichioides R-2301 + |1 and F. sporotrichioides R-2301 + I11. As a control
of biosynthesis of fusariotoxins, the SPY medium was inoculated by single
fungal cultures: 1V — F. semitectum SL-B and V — F. sporotrichioides R-2301.

Incubation conditions. A total of 100 ml of the semi-synthetic medium
SPY placed in Erlenmeyer flasks (500 ml) were inoculated and incubated on
a rotary shaker (175 rpm) at room temperature (21-26°C) during five and/or
three days. All tests were performed in three replicates.
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Sample preparation for the analysis of fusariotoxins. Liquid fungal
mixed cultures, as well as monocultures, were filtered after incubation on the
rotary shaker. Crude extracts of type A trichothecenes were obtained by use
of ethyl-acetate. Further purification of DAS and T-2 toxin was carried out
applying the procedure of Romer et al. (1978), while thin layer chromatog-
raphy was performed after Pepeljnjak and Babi¢ (1991).

RESULTS AND DISCUSSION

The isolate M. racemosus f. racemosus 1215/09 was selected for the ex-
periments of biodegradation of type A trichothecenes not only because of
literature data showing that various species of the genus Mucor could biotrans-
form these fusriotoxins (E1-Sharkawy and Abbas, 1991) but primarily
due to such capacity of the selected isolate was confirmed by our previous
experiments (Bocarov-Stanci¢ etal., 2010). During the growth of M.
racemosus f. racemosus 1215/09 on the modified Vogel’s agar (Vo gel, 1956)
to which crude extracts of DAS and T-2 toxins were added (300 pg/Petri dish)
it completely biotransformed the stated fusariotoxins seven days after incuba-
tion at 27+1°C.

Tab. 1 — Biodegradation of DAS and T-2 toxin in the liquid medium by use of Mucor racemosus
f. racemosus (SPY, 175 rpm, 25-26°C)

Fungus ilseosliagtr?. Days Fgl?l Toxin yield (ug 1) g&i?ofi% )
DAS T2

Mucor racemosus 1215/10 3 790 nd. (<21) nd. (<21) -

f. racemosus 5 8.20 n.d.(<21) n.d.(<21) -

. . 3 4.85 120,000 n.d. (<21) -
Fusarium semitectum SL-B 5 5.00 20000 nd. (<21) B
F. semitectum + SL-B + 3 4.40 40 nd. (<21) 99.97
M. racemosus f. racemosus  1215/09 5 4.80 4,000 n.d.(<21) 90.0
Fusarium sporotrichioides ~ R2301 2 i;g E?l g;g ;ig:ggg :
F. sporotrichioides + R2301 + 3 390 n.d. (<21) 12,000 95.0
M. racemosus f. racemosus ~ 1215/09 5 445 nd. (<21) 8,000 96.7

Significant differences in characteristics of the growth of fungal monoc-
ultures and mixed cultures were observed during their incubation in the liquid
medium SPY (Table 1).

pH value. In case of single culture of M. racemosus f. racemosus 1215/09,
the increase in pH in the SPY medium ranged from the initial value of 6.20 to
the value of 7.90 and higher, while in case of single cultures of F. semitectum
SL-B and F. sporotrichioides R-2301, as well as, mixed cultures of M. race-
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mosus f. racemosus 1215/09 and these producers of fusariotoxins, pH values
were reduced to 5.00 and below 5.00 during incubation in the liquid medium.

Somewhat higher pH values were observed in all combinations (mono-
and mixed cultures) during prolonged incubation from 3 to 5 days.

Biosynthesis of type A trichothecenes. The isolate M. racemosus f.
racemosus 1215/09 did not biosynthesised DAS and T-2 toxin under labora-
tory test conditions (Table 1).

The DAS yield in the F. semitectum SL-B monoculture was higher after
3-day (120,000 pg 1) than after 5-day incubation (40,000 ug I'") in the liquid
semi-synthetic medium SPY on the rotary shaker.

On the other hand, the incubation duration under the same laboratory
conditions (SPY, 175 rpm, 25-26°C), did not affect the amount of the produced
T-2 toxin by use of single F. sporotrichioides R-2301 culture. The yield of the
T-2 toxin was equal (240,000 pg 1) in both cases (after three and five days of
incubation).

Biotransformation of type A trichothecenes. Biodegradation of DAS
and T-2 toxin in the liquid medium by M. racemosus f. racemosus 1215/09
was tested by mixed cultures of this fungal isolate with Fusarium species that
were producers of the same trichothecenes (Table 1).

In case of a mixed cultures of F. semitectum SL-B with M. racemosus f.
racemosus 1215/09, the DAS yield was significantly lower after the 3-day in-
oculation (40 pg 1) than after 5-day incubation under the same in vitro condi-
tions (Table 1). If these results are compared with the DAS yield in the single
F. semitectum SL-B culture it is observable that M. racemosus f. racemosus
1215/09 biotransformed 90.0% of DAS present in the liquid medium after 5
days of incubation. The reduction of the yield of this type A trichothecenes
was higher after 3-day incubation and amounted to 99.97%.

Similar results were also gained in case of mixed culture of F. sporotri-
chioides R-2301 with M. racemosus f. racemosus 1215/09 (Table 1). Although
recorded differences in T-2 toxin yields after 3- (12,000 pg 1) and 5-day in-
oculation (8,000 pg 1) were not great, M. racemosus f. racemosus 1215/09
biodegraded over 90.0% of other type A trichothecene present in the liquid
medium. The yield reduction of T-2 toxin in this mixed culture amounted to
95.0, i.e. 96.6% after 3-, i.e. 5-day-incubation, respectively.

According to EI-Sharkawy and Abbas (1991) biotransformation
of T-2 toxin by use of species Aspergillus niger van Tieg. and Mucor mucedo
Fresen. was done by acetylation and deacetylation of this fusariotoxin, with-
out degradation of the trichothecene skeleton, hence it is assumed that it also
happened in experiments performed with our fungal isolate M. racemosus f.
racemosus 1215/09.

A great capacity of the isolate M. racemosus f. racemosus 1215/09 to
biodegrade DAS and T-2 toxin is the best observable if our results are compared
with results gained by other authors. In the in vitro experiment of biotransfor-
mation of certain A- and B-trichothecenes with probiotic microorganisms
(genera Bacillus, Lactobacillus, and Saccharomyces) Bohm et al. (2000)
applied significantly lower concentrations of fusariotoxins. Those were con-
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centrations that could be found under natural conditions and they amounted
to 500 pg kg for both, DAS and T-2 toxin. However, the reduction in concen-
trations of tested trichothecenes was not recorded, and T-2 and DAS slowed
down the growth of some strains of probiotic microorganisms.

Tab. 2 — Effects of filter sterilized liquid mono- and mixed culture Mucor racemosus f. racemo-
sus on biosynthesis of DAS and T-2 toxin in the liquid medium (SPY, 3 days, 175 rpm, 21-23°C)

Fungus Isolate Added Final  Toxin yield (ug 1) Yield re-
design. filtrate pH duction (%)
DAS T-2

- 4.76 34,000 n.d. (<21) 0
Fusarium I 4.55 34,000 n.d. (<21) 0
semitectum SL-B T 475 34,000 nd. (<21) 0
11 4.70 34,000 n.d. (<21) 0
- 4.20 n.d. (<21) 184,000 0
Fusarium | 4.25 n.d. (<21) 184,000 0
sporotrichioides R-2301 T 418 nd. (<21) 184,000 0
11 4.12 n.d. (<21) 184,000 0

Legend:

| - F. semitectum SL-B+M. racemosus f. racemosus 1215/09 (SPYS days, 175 rpm);

Il - F. sporotrichioides R-2301+M. racemosus f. racemosus 1215/09 (SPY, 5 days, 175 rpm);
I - M. racemosus f. racemosus 1215/09 (SPY, 5 days, 175 rpm).

The decline of pH values, in the medium for DAS and T-2 toxin biosynthesis,
from the initial 6.20 to the values ranging from 4.12 to 4.76 at the end of incu-
bation (Table 2), was observed in liquid cultures of F. semitectum SL-B and F.
sporotrichioides R-2301 with or without addition of sterile filtrates of monocul-
ture of M. racemosus f. racemosus 1215/09 (I111) or mixed cultures (I and I1).

Extracellular enzymes of M. racemosus f. racemosus 1215/09 present in
filtrates I, 11 and 111 did not essentially affect the changes in the pH value, nor
the yield of the same fusariotoxints in tested producers of DAS and T-2 toxin
after 3-day incubation in SPY. Similar results, i.e. absence of capacities of cell
free supernatants of microbial cultures to transform one type B trichothecene
(deoxynivalenol) were published by Volki et al. (2004).

CONCLUSION

The isolate M. racemosus f. racemosus 1215/09 biodegraded 99.97%, i.e.
90.0% of DAS present in the liquid medium SPY after 3-, i.e. 5-day incubation,
respectively.

Under the same laboratory conditions the culture M. racemosus f. race-
mosus 1215/09 biotransformed 95.0%, i.e. 96.7% of T-2 toxin present in the
medium after 3-, i.e. 5-day incubation, respectively.
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Extracellular enzymes of the isolate M. racemosus t. racemosus 1215/09
were not capable to degrade tested type A trichothecens under laboratory
conditions.

The gained results have to be considered just as a first step in the devel-
opment of practically and commercially acceptable technology for decontam-
ination of mycotoxin-containing food and feed .
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IN VITRO JETPAJALINIJA TUATTETOKCUCLUPITEHOJIA U T-2 TOKCHUHA
[NOCPEACTBOM M30JIATA MUCOR RACEMOSUS FRESEN. F. RACEMOSUS

Anexcangpa C. bouapos- CTquI/Ih Cnasuna JXK. Craukosuh?, Jenena T. Jlepuh?,
Harama M. Canwma', BnazmMI/Ip P. Iantuh', Cama C. Bapuuh'
!, ,buo-Exomnomku L[eHTap” J00, 23000 3peH,aHI/IH Penry6nnka CpOuja
2 MHCTUTYT 32 KYKYpy3 ,,3emyH [Tosbe”, 11185 Beorpan-3emyn, Peny6muka Cp6ouja

Pesume

Y KOHTPOJIMCAHUM in Vitro yCIOBUMa NIPOy4aBaHa je CocoOHocT nzonara Mu-
cor racemosus f. racemosus 1215/09 na /:[erpa);[y]e TPUXOTCLCHE THIIA A (nmarnetok-
cucuupreron - JIAC u T-2 TOKCHH) y TE€YHO] XpaHJbHBO] Hoio3u. llperxoxtnm
eKCIIepIMEHTHMA je IOKA3aHO Jia ofadpaHy M30J1aT, IOPEKIJIOM Ca CyHIIOKPETOBE CauMe,
roceyje criocoOHOCT pas3rpajimbe HaBeAeHUX (Py3apHOTOKCHHA, KOjU Cy Ka0 CUPOBH
eKCTPaKTH J0JaTH y MoauduKkoBaHy BorenoBy nmomiory:

V unpy yrBphuBama Ouonerpaganije ¢y3apuoTOKCHHA TEYHA XPAHIbHBA TIOA-
nora CIIK (5% caxapoza + 0,1% nmenton + 0,1% ekctpaxT kBacua, pH 6,2) je 3acejana
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y ucTo Bpeme uzonarom M. racemosus f. racemosus 1215/09 wu: a) Fusarium semitectum
SL-B (mpoussohau JIAC-a) unu 0) F. sporotrichioides R-2301 (npousBohau T-2 Tok-
cuna). Kao koHTpona OuocunTtese TokcnHa kopumheHa je CITK noxnora nHokynucana
MOjeIMHAYHUM U30J1aTUMa IJbnBa. KyiIType cy HHKyOHpaHe Ha pOTallHOHO] TPECHITH-
uu (175 o/muH) ToKoM 3-5 1aHa Ha coOHOj Temmeparypu (21-26°C). Hakon 3 o 5 nana
MHKyOAaI1je BpPUICHO je GHIITPpUpamhe TEYHUX KYJITYpa v eKCTpakiinja py3apuoTOKCHHA
u3 puntpara erui-anerarom. Jerepmunanuja JIAC-a u T-2 Tokcuna je palyena tanko-
CJI0OjHOM XpoMaTorpadujoM Ha cuiinka remy I

3aBUCHO 01 AykuHE UHKyOauuje, M. racemosus f. racemosus je y 31pyKeHO]
KyITypH ca F. semltectum perpaznosaina 90,0-99,97% JJAC-a npucyTHOr y momiosu
(40.000-120.000 pg 1", nox je y 3mpysxenoj kynrypu ca F. sporotrzchzozdes pasrpajauiia
95,0-96,7% T-2 ToxcuHa npucyTHOr y noiosu (240.000 pg I h.

CrepunHu GUITpaTH MELIAHUX KYJITYpa U II0jeAMHAYHE KYATYpe M. racemosus
f. racemosus, noOVjeHN MPOMyIITakeM TEUHUX KyITypa kpo3 0,45 um memOpaHcku
¢unrep u nopatu CIIK nmoanosu, HECY yTHIAIN HA pa3rpadmby TPUXOTEIeHa TUIa A
Koje cy OnocuHTeTHCaTN n3oiaru F. semitectum SL-B u F. sporotrichioides R-2301 y
TEYHO] MOJJIO3H.
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