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We studied for the first time luminescence characteristics of the some micromycetes, isolated
from the bottom sediments of the Black sea from the 27 m depth. Luminescence parameters
were registered at laboratory complex “Svet” using mechanical and chemical stimulations.
Fungi cultures of genera Acremonium, Aspergillus, Penicillium were isolated on ChDA
medium which served as control. Culture of Penicillium commune gave no light emission
with any kind of stimulation. Culture of Acremonium sp. has shown luminescence in the blue
— green field of spectrum. Using chemical stimulation by fresh water we registered signals
with luminescence energy (to 3.24 + 0.11)-108 quantum-cm? and duration up to 4.42 s, which
3 times exceeded analogous magnitudes in a group, stimulated by sea water (p < 0.05).
Under chemical stimulation by ethyl alcohol fungi culture luminescence was not observed.
Culture of Aspergillus fumigatus possessed the most expressed properties of luminescence.
Stimulation by fresh water culture emission with energy of (3.35 + 0.11)-10® quantum-cm?
and duration up to 4.96 s. Action of ethyl alcohol to culture also stimulated signals, but
intensity of light emission was 3—4 times lower than under mechanical stimulation. For sure
the given studies will permit not only to evaluate contribution of marine fungi into general
bioluminescence of the sea, but as well to determine places of accumulation of opportunistic
species in the sea.
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I. INTRODUCTION

Despite the fact that bioluminescence is known for many vegetable and animal systematic
groups for several thousands of years, contribution of marine fungi into the seas and oceans
luminescence has not been studied [3, 8, 15]. Moreover practically nothing is known about marine
mycobiota luminescence. Two alternative ideas are under discussion: first, land tree fungi
luminescence is provided by the classic enzyme — substrate system of luciferase — luciferine and,
to the contrary, an idea that fungi luminescence causes oxidation of the organic substrates without
specialized enzyme participation. Fungi represent by themselves the third kingdom of the living
nature, evolutionary distanced from the plants and animals that is why learning of their
luminescence mechanism is fundamental interest. Biochemistry of the fungi is quite peculiar and
gives us opportunity to expect that their bioluminescent system can appear to be principally
another [1]. By the present time 1500 microscopic fungi species have been isolated from the
marine environment, among them about 500 are higher obligate marine fungi known only for
marine or water habitats. Representatives of Ascomycota section dominate in their species



composition — 97% (including their anamorph forms, according to old classification group of
Anamorphic Fungi (17%) [5].

Actuality of the studies of micromycetes different groups living in the sea is proved by
their role in the ecosystem. Some widely spread in environment saprophyte fungi cause secondary
mycoses and allergic diseases in men and hydrobionts. Such fungi are called opportunistic,
representatives of genera Aspergillus (A. flavus, A. fumigatus, A. terreus), Fusarium (F.
moniliforme, F. oxysporum), Alternaria, Cladosporium, Penicillium belong to them [6]. In the
ecosystems of moderate altitudes with high anthropogenic load they clearly observe a tendency of
the potentially pathogenic fungi accumulation with high rate of growth. It has been stated that
often the same fungi species are resistant to several anthropogenic factors [10]. Just these fungi
species inhabit different substrates and they are revealed by luminescent methods.

Eutrophication and pollution of the sea facilitate micromycetes development: on one hand
they participate in decomposition of the organic and chemical substances, on the other hand they
parasite on hydrobionts immunity of which is weaken by the unfavorable environmental
conditions [14, 16]. At present time known hundreds of substances (toxins, growth stimulators,
organic acids, hormones, vitamins etc), which are synthesized and accumulated in the microscopic
fungi cells (micromycetes) and in the culture medium (liquid). As a rule they are specific for
separate species and are called secondary metabolites. Obligate marine fungi are mostly connected
with cellulose — containing substrates, thus resembling luminescent land fungi. Considering all
above mentioned we aimed our work on determination of luminescent ability and the biophysical
parameters of bioluminescence studies in separate species of the micromycetes and their
complexes, isolated from the marine habitats.

Il. MATERIALS AND METHODS

Beginning from 30-ties of the last century in medicine, veterinary and food industry
fluorescent diagnostics use for revealing microscopic fungi and their metabolites on the skin and
hair coverings of the animals and man, books, plastics, meat, fish, vegetables, corns, milk
products, wine. Diagnostics is based on ability of fungi and substances they synthesize to produce
light under the long-wave ultraviolet rays influence. The studies of the fungi metabolite products
and their ability to produce light are conducted in mycelium cells and cultural medium [7, 9, 12].
To create ultraviolet radiation they use practically different devices (Wood lamp, hand lamp Vista
UV handle etc) [18, 19, 21, 22, 23].

Using such methods in the Institute of marine biology, National Academy of Science of
Ukraine were isolated cultures of microscopic fungi from marine environment. Characteristics of
the micromycetes luminescence were studied in the biophysical ecology department of the
Kovalevsky Institute of marine biological research of the Russian academy of sciences (IMBR
RAS). Micromycetes were isolated from the samples of water and bottom sediments, taken during
the expedition cruise Ne 70 (August 18 — 19, 2011) of the R/V “Professor VVodyanitsky” (Fig. 1).
56 water samples and 32 bottom sediments samples have been taken at 30 stations. Seeding was
conducted by generally accepted methods [12]. Fungi species determination was conducted
according to [4]. 62 micromycetes species were identified; in species composition representatives
of genera Aspergillus — 19, Alternaria — 8, Penicillium — 7, Acremonium — 7 dominated.
Domination of the terrigenic fungi species in water and bottom sediments of the marine water
reservoirs is general peculiarity. To study luminescent ability pure cultures of the most distributed



species Aspergillus fumigatus Fresen, 1863, Acremonium sp., Penicillium commune Thom, 1910,
Penicillium sp., represented by the anamorph fungi stages have been chosen.
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Fig. 1. Route and scheme of the stations location in the 70-th expedition cruise of R/V ““Professor
Vodyanitsky”. Remark: — marking the stations at which they took samples for studying mycobiota.

To compare characteristics of the facultative and marine fungi luminescence we studied
also cultural liquid of the fungi complexes isolated from the Black sea scallop valves, crab carapax
and fragments of wood gathered at the coast (Table 1). Fungi complexes were chosen according to
the greatest fluorescence under ultraviolet lamp EVT — 01 irradiation (light flow 780 Im, wave
length 360 nm) (Fig. 2). Substrate and culture of micromycetes were separated from the cultural
liquid by filtration through the paper filter “white band” (specific weight — 80 g *m?; filtration
time — 20 s; properties: average pores size, high rate of filtration) into clean sterile vessels, which
were sent by the courier mail to Sevastopol for further spectral studies.

Obligate and facultative fungi species from Ascomycota section, represented by the
anamorph and teleomorph stages made part of the mycocomplexes. Anamorh is an organ of
sexless or vegetative reproduction of fungi. Teleomorph is a form of sex spore — containing in
fungi, its purpose — genes recombination and fungus protection under unfavorable conditions or
wintering. Anamorph and teleomorph have different names and morphologically and
cariologically clearly differ one from another. Some fungi species are known only at one of
reproductive stages.



Table 1. Species composition of the micromycetes complexes

Micromycetes species

Substrate, medium

SG| K | W |wW

| W

| W

| W

| W

| W

| W

| ChDA

Age of a complex, months

22 |

25 | 24 [ 33 [ 12 ] 7 |10 [18] 7 |15 ]12

Anamorph stages

Alternaria alternata (Fr.)
Keissl, 1912

Dendryphiopsis sp.

*Dictyosporium pelagicum
(Linder) G. C. Hughes, 1963

*Cirrenalia macrocephala
(Kohlm) Meyers, R. T.
Moore, 1960

Cumulospora sp.

Cyphellophora sp.

Hormographiella sp.

*Monodictys pelagica
(Johnson) E. B. G. Jones

Stemphylium tomatonis E.G.
Simmons, 2001

Stachybotrys chartarum
(Ehrenb.) S. Hughes, 1958

Chaetomium globosum Kze,
1817

*Corollospora trifurcata
(H6hnk) Kohlm,1962

*Corollospora maritima
Werdermann, 1922

*Corollospora sp.

*Haligena elaterophora
Kohim, 1961

*Halosphaeriopsis
mediosetigera (Cribb & J.W.
Cribb)

T.W. Johnson, 1958

*Remispora maritima Linder,
1944

+

*Torpedospora radiata
Meyers, 1957

+

Remark: SG — mycocomplex on the valves of the Black sea scallop Flexopecten ponticus Bucquoy Dautzenberg &
Dollfus 1889; K — mycocomplex on crab; ChDA — mycocomplex on Chapek — Dox agar medium; * — obligate marine

species of micromycete.
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Fig. 2. A. On the left — general view of the fungi complex on the Black sea scallop Flexopecten
ponticus valves (near the base of mollusk valves there is filtering paper, used as a substrate for
fungi isolation); on the right — microphoto (16x). Mycocomplex species composition: Chaetomium
globosum, Corollospora maritima, Alternaria alternata, Stachybotrys chartarum;

B. On the left — general view of the fungi complex on the crab carapax (in the upper part of Petri
dish there is filtering paper used as a substrate for fungi isolation0; on the right — microphoto
(16x). Culture: Chaetomium globosum; C. On the left — general view of the wood sample, on the
right — microphoto (16x). Species composition of mycocomplex on wood: Corollospora maritima,
Corollospora sp., Cumulospora sp.

Before an experiment on availability of fungi culture luminescence was kept under
temperature of 18 + 2°C, adapting for 2 h to the experiment conditions. In the studies of cultural
liquid sterile mixture of the brine (16 S%o) and fresh water in correlation 1 : 1 was a control; dish
with clean medium was a control for fungi grown on ChDA medium. The studies were conducted
at the day time under complete darkness. Biophysical parameters of luminescence in
micromycetes and their complexes were registered at the laboratory complex IMBR RAS “Svet”
[11]. Device complex included high voltage power pack (HV-22), luminescope, consisting of an
acceptor of light emission (FEU — 71) and dark camera for an object, as well as registration device
— digital interface. Into dark camera of the luminescope they put specially made cuvette of 50 cm?®
volume for mechanical and chemical stimulation of the bioluminescent organisms. The cuvette is



made of transparent organic glass, into which they placed control organisms and organisms under
experiment. They used mechanical and chemical stimulations of mycelium or cultural liquid for
studying the main luminescence characteristics: energy and duration of their signals. Mechanical
stimulation was conducted by quick putting in marine water into cuvette with cultures. As a
chemical reagent fresh water and ethyl alcohol in 0.96% concentration, administrated with syringe
into cuvette were approbated [17].

I1l. RESULTS AND DISCUSSION
On the ChDA medium cultures of the facultative marine micromycetes anamorph stages
with 4-6 weeks age have been received. Mycelium ability to emit light was revealed in species A.
fumigatus, Acremonium sp. and in complex of A. alternata, Cyphellophora sp., Hormographiella
sp. (Fig. 3). In this group of cultures only A. fumigatus species appeared to be active under effect
of all types of stimulation, and characteristics of luminescence energy (E) were maximum (Table
2).

C 2 st
Fig. 3. A. — Colony of Aspergillus fumigatus in ChDA medium (magnification 16x); B. — Fungi
complex on ChDA medium: Alternaria alternata, Cyphellophora sp., Hormographiella sp.
(magnification 16x); C. — Culture of Penicillium sp. On ChDA medium, on the left magnification
16x, on the right magnification 40x.



Table 2. Mycocomplex composition, or fungus species (E — light-emission energy, 108
quantum-cm2; T — light-emission duration, s)

Chemical stimulation
Mechanical
Mycocomplex composmon, or stlmglatlon Fresh water Ethyl alcohol
fungus species (the marine water)
E T E T E T
Corollospora maritima, 177+ (449 344+ 457+ |0.48 439+
Corollospora sp., Cumulospora sp. | 0.08 0.21 0.17 |0.22 0.02 0.21
Alternaria alternata, 114+ | 447+ 224+ | 494 +
Cyphellophora sp., 0.05 0.22 011 |[0.24 - -
Hormographiella sp.
Acremonium sp. 112+ | 446+ 3.35+ | 453+
0.05 0.22 011 |0.22 - -
Aspergillus fumigatus 187+ 459+ 324+ 496+ |104+ |438+
0.08 0.21 011 |0.24 0.05 0.21

The cultures of Acremonium sp. and mycocomplex (A. alternata, Cyphellospora sp. and
Hormographiella sp.) did not emit light under stimulation by alcohol. Fungi complex had less
expressed light emission if compared with A. fumigatus and Acremonium sp. In Penicillium sp.
and P. commune luminescent ability has not been revealed under such means of stimulation.

The second series of experiments was conducted with the cultural liquids of
mycocomplexes consisting of anamorph and teleomorph stages of the obligate and facultative
marine fungi species, isolated on the scallop valves, crab carapax and wood fragments. Liquid age
was of 7 — 33 months. Positive result has been received only for the mycocomplex of C. maritima,
Corollospora sp., Cumulospora sp., isolated on the wood fragments. The given complex reacted
positively to all stimulation types. For all cultures able to emit light common peculiarity has been
revealed: maximum average magnitudes of luminescence energy under chemical stimulation by
the fresh water were more than under mechanical one 1.7 — 2.9 times. Duration of luminescence in
all cultures under study remained to be relatively constant not depending on stimulation type,
making averagely 4.35 — 4.96 s.

Comparison of typical luminescent signals of the mycocomplex C. maritima, Corollospora
sp., Cumulospora sp. cultural liquid under mechanical stimulation and chemical way of the fungi
luminescent system irritation by the fresh water has shown that their luminescence differed (Fig.
4). For example luminescent signal caused by marine water represents itself as a flash of average
amplitude, which first decreases and then grows, reaching its amplitude maximum with 3.44 +
0.17-108 quantum-cm. Under mycocomplex chemical stimulation they observe one — two weak
signals of small amplitude with sharp front of growing and with the same decrement of
descending.
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Fig. 4. Typical luminescent signal under: A) mechanical stimulation by the brine and B) chemical
stimulation by the fresh water of the cultural liquid in the complex of obligate marine fungi
(Corollospora maritima, Corollospora sp., Cumulospora sp.).

Typical signals of A. fumigatus under effect of the marine water represent non-
considerable in amplitude flashes with sharp peak of growth with maximum at the third second
after stimulation. Effect of the fresh water for mycomycetes is analogous to this in the
mycocomplex C. maritima (Fig. 5).
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Fig. 5. Typical luminescent signal under: A) mechanical and B) chemical stimulation of the
Aspergillus fumigatus culture by the fresh water.

According to the character of luminescence in the mycomycetes under study we can
determine that culture signals with both types of stimulation are more durable than those we
registered in the other bioluminescent species. Really, while majority of the known
bioluminescent organisms (marine algae, coelenterates, ctenophores) emit light as impulses, fungi
luminescence due to its character resembles bacteria luminescence [2, 13, 20].



Lighting mycocomplexes by the ultraviolet light on the ChDA medium, hydrobionts and
wood fragments have shown that “old cultures” (5-6 weeks on ChDA, 7-33 months on another
substrates) were fluorescent; on ChDA anamorph stages dominated in the species composition,
marine species at the teleomorph stage dominated on hydrobionts and wood. It is also possible that
like the land wood luminescent fungi from the Basidiomycota section, marine mycomycetes get
ability to emit light after mycelium stops to grow, which takes place after starvation of substrate
they grow on [1]. The ChDA medium dries and becomes poor soon that is why ascomata of fungi
have no time for formation. Obviously in the cultural liquid without micromycetes there takes
place decomposition of the substances, which provide an effect of luminescence that is why light
emission has been revealed only in one variant of experiment. We suppose that character of the
micromycetes luminescent response is determined by their trophic specialization, growth rate,
different relation to the temperature and another factor. All this will be a subject of the further
investigations.
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