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Abstract

Two aspects of studies on secondary metabolite produced in vitro by Chalara
fraxinea, a causal agent of ash dieback, are presented. The first aspect concerned
identification of the compound, the second one - the assessment of compounds’
phytotoxicity in relation to the host plant. The toxic impact was determined on the
basis of necrosis appearance on the metabolite treated shoots and leaves of
two-year-old seedlings of Fraxinus excelsior, in comparison with condition of plants
used as control. In reference to the received results new aspects in pathogenesis of
a disease known as ash dieback were discussed.
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Introduction

Chalara fraxinea is an anamorphic fungus which was described for the first time
in Poland in connection with the ash dieback (Kowalski 2006). In the following
years it was observed in majority of European countries (Engesser et al. 2009,
Halmschlager and Kirisits 2008, Ioos et al. 2009, Jankovsky and Holdenrieder
2009, Kowalski and Holdenrieder 2008, Schumacher et al. 2007, Thomsen et al.
2007). Through artificial inoculations of ashes a high pathogenicity of this fungus
was shown. It is able to cause necrosis of tissues on the shoots and leaf wilting in a
short period of time after inoculation (Kowalski and Holdenrieder 2009, Bakys et
al. 2009). One of the possible ways of pathogen influence is producing secondary
metabolites which are toxic to host plant (Manka 2005, Wheeler 1975).

During the growth of Ch. fraxinea on culture medium in vitro it was stated that
on mycelium and around colony of some strains agglomerations of whitish crystal-
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line substance were being formed. This is why studies were performed to identify
chemical composition of this substance and to preliminary determine if it can par-
ticipate in the ash disease process caused by Ch. fraxinea.

Materials and methods

Cultures of Ch. fraxinea were isolated in 2006 from shoots of five—eight years
old ash trees with symptoms of local necrosis. After surface sterilization (1 min
ethanol 96%, 5 min NaOCl 4%, 30 s ethanol 96%) and removing surface bark,
pieces of shoots 5 x 2 x 2 mm were taken and placed in Petri dishes on the surface
of 2% malt extract agar (MEA; 20 g/l malt extract Difco, 15 g/l agar Difco supple-
mented with 100 mg/I streptomycin sulphate). The cultures were then incubated
for six weeks at room temperature in the dark. Growing mycelium was transferred
to test tubes with 2% MEA and then stored for the same period at 6°C. Crystalline
substance was collected from the mycelium and surrounding culture medium of 10
isolates of Ch. fraxinea obtained from ashes growing in five Forest Districts marked
with numbers: Andrychéw: Js 1122, Js 1124, Kanczuga: Js 1004, Js 1008, Miechéw:
Js 625, Js 628, Mircze: Js 1256, Js 1265 and Nowy Targ: Js 1174, Js 1182. All iso-
lates are deposited in herbarium of Department of Forest Pathology, University of
Agriculture in Krakow.

The substance was dissolved in solution of acetone-chloroform 1:1, filtered and
thickened. Extract was once more dissolved in solution chloroform-methanol 9:1
and also filtered and thickened. The obtained compound was re-crystallized from
chloroform. Structure and chemical composition analyses were made on the basis
of proton and carbon nuclear magnetic resonance ('H and '3C NMR) and high res-
olution mass spectroscopy (HRMS). Measurement of the melting point was also
performed.

To prove phytotoxic reaction of the studied substance it was applied in different
forms on leaves and shoots of ash. Tests were made on 40 seedlings of Fraxinus ex-
celsior. In March 2009 (before bud flushing) two-year-old seedlings from 40 to 50
c¢m high and diameter of root collar 0.8-1.3 cm, were received from Stary Sgcz For-
est District nursery. Plants were planted individually in pots in peat substrate in
room with full access of light, at 22-24°C during natural length of day. Tests were
done after development of leaves, in the first half of May 2009. Substance was ap-
plied on shoots - in a lanolin paste form (variant A) or leaves — in a solution form
(variants B and C).

Variant A: on seedlings shoots (on one year’s growth around 15 cm below the
top) light notches of epidermis (approximately 5 mm long) were made without re-
moving the epidermis using sterile scalpel (Phot. 2). Lanolin paste was prepared by
grinding lanolin and the studied substance in laboratory mortar. Three concentra-
tions of the substance were used: 1, 2 or 10 mg/g of lanolin. That paste was applied
by thin layer on reveal surface of cortex pressed with piece of epidermis and
wrapped with parafilm.
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Variants B and C: the studied substance was applied as solution on top and bot-
tom surface of leaf grown in center part in this year growth. Solutions in concentra-
tion 20 mg/dm? prepared in 45% ethanol (variant B) or water (variant C) were
used. They were applied by brush in amount of about 0.5 cm? for leaf.

Control inoculations were made in the same way with sterile lanolin, 45% etha-
nol and distilled water. Each combination of experiment was performed on five
randomly chosen seedlings of ash.

Evaluation of the substance influence on ash plants was done after 10 days, and
then after eight weeks counting from application of substance. Presence of superfi-
cially visible necrotic lesions was estimated. Also presence of changes inside the
shoots was evaluated in variant A by longitudinal notches in long term test.

Results

Colonies of Ch. fraxinea had shown significant differences in forming substance
in the shape of whitish crystals during mycelium growth on MEA. While in some
colonies these crystals were not formed at all or were formed only locally, in others
they were very numerous along the whole circumference (Phot. 1).

In total about 25 mg of white microcrystalline compound was obtained. The
main constituent of metabolites of the examined Ch. fraxinea cultures was viridiol
(Fig. 1). Exact molecular mass of the compound was determined by HRMS analy-
sis (m/z 355.2, calculated for C,yH,3O¢: 354.1103). 'H and 13C spectra measured at
300 MHz ('H NMR) spectrometer in CDCl; solution at ambient temperature of
analyzed metabolite were identical to previously reported data (Wipf and Kerekes
2003). The melting point was also measured which came to 199°C. On the basis of
analysis of spectra the presence of small amount of viridin compound was also ob-
served.

In variant A shoots of all seedlings of F. excelsior, in which influence of viridiol
with usage of lanolin were tested, displayed necrotic changes, regardless of its con-
centration, after 10 days.

Necrosis was only limited to the
plant surface which was in direct con- o)
tact with the substance. Changes con-
cerned both cortex and deeper placed

vascular tissues. OH
Necrotic tissues underwent brown 0

pigmentation and did not show symp- 7~
toms of healing up in period till eight
weeks counting from experiment start

(Phot. 2). Symptoms of dying and wilt- HO @)
ing of leaves were not stated. Control \

seedlings did not show symptoms of ne- o

crosis of tissues, while in place of injury Fig. 1. Structural formula of viridiol

(Moffatt et al. 1969)
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Phot. 1. Crystalline substance produced on maltose agar by Chalara fraxinea isolate
No. Js 1004 (2% MEA, 20°C) (photo by T. Kowalski)

the healing up took place. Also deeper placed tissues did not show the disease le-
sion (Phot. 3).

In variant B in which leaves were covered with solution of viridiol in ethanol, all
seedlings showed brownish leaves and leaf wilting. Similar symptoms were ob-
served in control plants.

In variant C in which leaves were covered with solution of viridiol in water,
changes on leaves were observed neither in the case of covering them with viridiol
solution nor with control solution.
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Phot. 2. Fragments of Fraxinus excelsior shoots with symptoms of tissue necrosis in place
of application of lanolin containing viridiol: a — before removal of notched epidermis, b - after
removal of notched epidermis, ¢ — changes in wood (photo by T. Kowalski)

Phot. 3. Fragments of Fraxinus excelsior shoots showing lack of necrotic tissue and cicatization
of the wound in place of application of lanolin without viridiol (control): a — before removal
of notched epidermis, b — after removal of notched epidermis, c - lack of changes in wood
(photo by T. Kowalski)

Discussion

Secondary metabolites of filamentous fungi are a heterogeneous group of
chemically different natural compounds. They are not required for their growth or
development, but probably serve the fungus for survival functions, such as compe-
tition against other microorganisms. Many secondary metabolites tend to have
toxic or inhibitory effect on other organisms (Demain and Fang 2000, Shwab and
Keller 2008, Vinale et al. 2006).

In this research it was shown that fungus Ch. fraxinea could produce viridin and
its dihydroderivative viridiol (Mukherjee et al. 2006). Viridin was for the first time
described in 1945 as a metabolite of the fungus Trichoderma (Gliocladium) virens,
while viridiol was identified in 1969 (Brian and McGowan 1945, Moffatt et al.
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1969). Viridin is reduced to viridiol in the same culture by the viridin producing
organisms (Jones and Hancock 1987). Isolates of T. virens, that did not produce
viridin could not convert viridin to viridiol (Jones and Hancock 1987). These sub-
stances have completely different functions in nature. Viridin is a mycotoxic sub-
stance and shows antibiotics properties (Hutchinson 1999, Reino et al. 2008),
while viridiol has little antibiotic activity against a variety of fungi and bacteria but
it is phytotoxic (Howell and Stipanovic 1984).

Trichoderma virens, which produces viridiol and is applied to soil, resulted in root
necrosis. Herbicidal activity was correlated with production of viridiol. It is partic-
ularly effective against annual composite species (Howell and Stipanovic 1984,
Jones et al. 1988). Investigations are on the way to determine conditions necessary
for production and stabilization of viridiol, to enable its usage as mycoherbicide in
agriculture (Hutchinson 1999, Howell et al. 2000).

Viridin and viridiol have so far been demonstrated only in Trichoderma spp.: T.
virens, T. koningii, T. viride, T. hamatum (some of them alternatively considered as
Gliocladium) (Howell and Stipanovic 1984, Reino et al. 2008). Ascertainment of its
presence in cultures of Ch. fraxinea is a new aspect in description of its biology.
Probably viridin is the substance responsible for forming inhibition zone around
Ch. fraxinea colony, what stops fast growing fungi, e.g. Epicoccum nigrum or Diplodia
mutila, from overgrowing the colony (Kowalski and Holdenrieder 2009).

The presence of viridiol at Ch. fraxinea, can play an important role in pathoge-
nicity, by causing disease symptoms in ash. In the conducted experiments tissues
necrosis on ash shoots were observed in place covered with lanolin containing
viridiol. At present it is hard to state for sure that pathogenicity of Ch. fraxinea is
connected with viridin producing and its transforming into phytotoxic viridiol. Re-
garding another pathogen, Dothistroma septosporum, causing disease of pine needles,
it was shown that polyketide toxin, dothistromin, produced by this fungus, was
not a pathogenicity factor, but it could have played a role in competition of D.
septosporum with other fungi in its ecological niche (Schwelm et al. 2009).

Two ways of viridiol application were used in our experiment: solution and lan-
olin paste containing different amounts of active substance. The necessity of using
lanolin paste was due to a few reasons. Viridiol is hardly soluble in water. The lack
of necrosis on leaves could have resulted from the difficulties in its penetration
through stomata and then in absorbing by leaf’s cells. Good solvent for viridiol is
45% ethanol. The solution of viridiol in ethanol easily penetrates through even
cover up stomata. A disadvantage of this application way were, however, necroses
arising even without the presence of viridiol (control plants). It prevented precise
determination of the studied substance role in necrosis arising. The best way of
viridiol application seems the lanolin paste. Application of plant hormones in the
form of lanolin paste is commonly used in rooting of shoots (Winton 1970, Kulka
2008). It enables application of substance onto specific place on plant. Because of
that, gradual supplying of viridiol over a prolonged period is possible and its effect
on specific parts of plants may be observed.
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Moreover, there are no problems with unfavourable action of the solvents used.
It seems also that this way of substance application is closer to its acting conditions
in place of shoot infection by the pathogen.

Streszczenie

BADANIA WTORNEGO METABOLITU WYTWARZANEGO PRZEZ CHALARA
FRAXINEA 1 JEGO FITOTOKSYCZNEGO WPLYWU NA FRAXINUS EXCELSIOR

Krystaliczna substancja wytwarzana przez kultury Chalara fraxinea na pozywce
agarowo-maltozowej zostala pozyskana z 10 izolatéw grzyba, uzyskanych z pedow
jesionow z objawami lokalnych nekroz, rosnacych na terenie pigciu nadlesnictw w
potudniowej Polsce. Analiza struktury i sktadu chemicznego substancji zostata wy-
konana na podstawie widm protonowego i weglowego magnetycznego rezonansu
jadrowego (*H and '3C NMR) oraz spektroskopii masowej (HRMS).

Dla okreslenia fitotoksycznosci badanej substancji przeprowadzono testy na sa-
dzonkach Fraxinus excelsior rosnacych pojedynczo w donicach w pomieszczeniu z
pelnym dostepem $wiatta. Substancje aplikowano na pedy w miejscu nacie¢ kory -
w formie pasty lanolinowej zawierajacej 1, 2 lub 10 mg substancji na 1 g lanoliny
(wariant A) — lub na liscie - w formie etanolowego (45-procentowego) (wariant B)
lub wodnego (wariant C) roztworu o stezeniu 20 mg/dm3. Kontrolne kombinacje
zostaly zalozone w ten sam sposéb z uzyciem lanoliny, etanolu i wody bez dodatku
badanej substangcji. Kazdg kombinacje dos§wiadczenia wykonano dla pieciu losowo
wybranych sadzonek jesionu.

Badania wykazaly, ze gléwnym zwigzkiem tworzacym krystaliczng substancje
wytwarzang przez Ch. fraxinea byl wirydiol. Stwierdzono takze obecno$¢ niewiel-
kiej iloéci zwiazku, ktérym byta wirydyna — substrat, z ktérego powstaje wirydiol.

U wszystkich sadzonek F. excelsior, na ktérych testowano wplyw wirydiolu z wy-
korzystaniem lanoliny (wariant A), bez wzgledu na jego stezenie stwierdzono ne-
krotyczne zmiany na pedach. Zmiany dotyczyly zaréwno kory pierwotnej, jak i
polozonych glebiej tkanek przewodzacych. Nekrotyczne tkanki uleglty brunatnemu
przebarwieniu i nie wykazywaly objawéw zabliZniania w okresie do 8 tygodni od
zalozenia do$wiadczenia. Sadzonki kontrolne nie wykazywatly nekrozy tkanek, w
miejscu za$ zranienia nastepowalo zabliznienie. W wariancie B (liScie pokryte eta-
nolowym roztworem wirydiolu) wszystkie sadzonki wykazaly brunatnienie lisci
i ich wiedniecie. Podobne objawy stwierdzono u roélin kontrolnych.

W wariancie C (liscie pokryte wodnym roztworem wirydiolu) nie obserwowa-
no zmian na li$ciach — ani pokrytych roztworem wirydiolu, ani w kontroli. Test wy-
kazat fitotoksyczne wiasciwos$ci wirydiolu produkowanego przez Ch. fraxinea w od-
niesieniu do dwuletnich pedéw F. excelsior.
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