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Summary. The assessment of heavy metéactions of a living organism associated with
accumulation by myxomycetes (slime mouldsthe toxic effects of excess elements are:
has been made. The importance of these orgichanges in cell membrane permeability
isms for environmental safety monitoring wa'(au, Ag, Cd, Cu, F, Hg, |, Pb); competition
specified. Ecological and physiological mechafor vital metabolites (As, Sb, Te, W, F); a
nisms of ability of myxomycetes to concentrat'high affinity with the phc;sphz;lte g;rou’ps énd

metals and other elements from their substrat .
were analyzed. For five common myxomycetethe active centers of ATP and ADP (Al, Zr,

species with relatively big fruiting body were@nd probably all of the heavy metals); sub-
compared chemical elements concentratigns. Stitution of vital ions (Cr, Li, Pb, Sr); cap-
ligo septica (L.) Wigg. was proposed as perspecture molecules positions held important
tive bioindicator for the detection of Zn on thefunctional groups [13].
grounds of the ability to accumulate this meteé The proportionality between content of
and by reason of this species have widespreelement in soils and their removal to living
distribution in terrestrial ecosystems. Prospetts organisms is direct not for all heavy metal. It
using slime molds as objects for bioremediatiojs the case for Ni and Cr. but for Zn. Mn and
of leg;avrcg:zt:d :r?\'/lifovr‘]“zgnigrss'g?éfyd' sk as.Cd was shown limited transition metals in
sessment, heavy metal, myxomycetes. phytocenosis blomass: qu ex'ample, In-
creases Zn concentration in soils in more
than 20 times, will give its removal in 1,5
INTRODUCTION times only. The restriction of transition met-
als in the aboveground part was observed for
- : Fe, Cr, Pb. For fungi the highest transition
in environmental ;. =’ >
index is for Hg, Cd, Cu, Zn and Se [13].
Living organisms involved in all of the
elementary soil and biological processes that

An important place
safety has problem of heavy metals accumt
lation in nature. Heavy metals in soils anc

forest litter are derived from anthropogenicd. i indirectlv affect th bility of
pollutant and natural soil weathering Irectly or indirectly aftect the mobiiity 0

sources. [14]. There are 4 level of danger fctrace elements. In different trophic levels are

heavy metals: high (As, Cd, Hg, Se, Pb, Zn]actively involved in the stabilization me-

tempered (Co, Ni, Mo, Cu, Cr, Sbh), low (Ba,gium’ actindg both as ori?inﬁl gleo;:h?mical
V, W, Mn, Sr) and unknown (Ge, Sn, Ce,Parriers and as storage of chemical elements

La, Bi, Y, Rb, Cs, and others) [9] Accord.- iN trophic chains ecosystems. The deforma-
ing to modern concepts, living organismt'on of the biogeochemical cycles with

forms and controls in the biosphere flows O.chemical environmental pollution can desta-

matter and energy, ensuring consistency (ilize many processes in ecosystems [1].

environmental parameters [6]. The main re-
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Myxomycetes have been documented timpact for study patterns of myxomycetes
occur virtually all types of terrestrial ecosys-distribution. A series of monitoring plots
tems, and extend geographically from thewere established in an affected area and ad-
Polar Regions to the tropics, wherever detrijacent unaffected sites for compere myxo-
tus is present. Even 1¢rof soil can contain mycetes developed under natural conditions
to 20,000 individual myxomycetes cells [2]. in the field and on polluted urban areas.

One of ecological role of these organisms it The analysis of heavy metal concentra-
utilizing organic matter from various micro- tions have been made with utilizing of litera-
habitats. This suggests that myxomyceteture data [8, 10, 12, 16, 18]. In these studies
are important in nutrient cycling as member«fruiting bodies of slime molds were analyzed
of the detritus food chain [11Plasmodia of by atomic absorption (Pb) or inductively
slime molds (myxomycetes) obtain nutrientscoupled plasma emission spectrometry (Fe,
by ingesting bacteria, protists, fungal hyphaiMn, Cu, Zn, Al) to determine heavy metal
and spores, and particles of organic matteconcentration. Individual mature fruiting bo-
from their immediate environment [15]. Be- dies were prepared for light microscopy
cause myxomycetes are ubiquitous in terre<(LM). Additional specimens were prepared
trial ecosystems and accumulate materiefor electron microscopy (TEM) and X-ray
only from their immediate environment, microanalysis (EDX) to determine location
they can be using in biomonitoring heavyor accumulation of heavy metals in various
metal contamination at different locations inregions of the fruiting body. [3, 8].
environmental safety [8]. Some myxomy- For assessment of heavy metals accumula-
cetes appear to be tolerant of high levels dion in myxomycetes fruiting body and plas-
heavy metals and apparently accumulatenodium the transition index using:
them vigorously [14].
K=, M
PURPOSE OF WORK °

L . . where:K; - transition index of heavy metals;
The objective of this study is to make s, heavy metals concentration in s&}; -

sessment of heavy ”?eta' gccumulatlon b¥|eavy metals concentration in myxomycetes.
myxomycetes. According with this purpose It is suggested to use the total risk sum-

was planed to 1.) analyze data abou.t hea\mary, while the influence of several factors:
metal accumulation by myxomycetes; 2) ex

amine ecological and physiological mecha N

nisms of ability of myxomycetes to concen- j s :ziir , (2)
trate metals and other elements from the =

substrates; 3) determine potential of thes

organisms for environmental safety monitor-where: n — number of risk factorig; — risk
ing for bioindications and bioremediation of performance for the i-th factor [17].

heavy metal. The analytical methods used demonstrate
bioaccumulation of heavy metals in myxo-
MATERIAL AND METHODS mycetes.

Material for this study is result of myxo-
mycetes research for more than 20 years RESULT OF RESEARCH
their native habitats in Ukraine [5], and als:
in forest, forest-steppe, desert, mounting, Preliminary compere of myxomycetes as-
tropical vegetation over world. Samples osemblage on protected nature territory and on
myxomycetes were collected from protectedontaminated areas didn’t reveal reduction of
areas and from territory with anthropogenispecies abundance, but it find of change of
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species composition, which can be caused times even more). High Ilevel Ca
pollution. Both the biodiversity and relative(4800...1120 mg/kg based on dry matter) is
abundance of the myxomycetes determinetypical for species from order Physarales
in field show that distribution of these organ{Fig. 1). Calcium is essential element for
isms depends on the availability of suitablbuilding thick lime cortex and other struc-
substrates and climate. Also there are sortures of fruiting body. This is why mobile
correlations between the densities of myxcegetative stage plasmodium contained much
mycetes and various environmental paramé&ss Ca, than generative stage of its life cycle.
ters. Thus feasibility of utilizing these organ-The presence of high concentrations of the
isms to assess the accumulation of heawwildly toxic metals strontium (237-2190)
metals in the environment has been reporteshd Ba (294-15190 mg/kg based on dry mat-
in several researches. ter) is surprising. These metals are belonging
For study of environmental pollution ef-to the same chemical group and could, there-
fect to myxomycetes in south-west Finlandore, be simultaneously absorbed with the
the following metals were selected: Al andalcium from the soil. The element radium
Fe (major soil constituents), Zn and coppealso chemically rather close and with gamma
(essential plant nutrients), and mercury amgpectrometry found indeed evidence of a low,
cadmium (notoriously toxic metals) [12].but significant concentration of Ra 226 (670
Then fifteen collections from Australia, Can-Bg/kg).
ada, New Mexico and Switzerland were ana- Even more amazing is the presence of a
lyzed for about 60 chemical elements. Som&aggering amount of Mn (116-4570 mg/kg
myxomycetes species demonstrate tolerate based on dry matter) compared with a rela-
incredibly high levels of heavy metal accutively low Fe (232-478 mg/kg based on dry
mulation. The results of this research wermatter) content. These metals are chemically
processed and present on graphs (Fig. 1-8pse, but in most organisms, efgngi, iron
for five myxomycetes specieBuligo septica  predominates over.
(L.) Wigg., Reticularia splendens Morgan,R. As it was shown in several study, sep-
lycoperdon Bull., Tubifera ferruginosa tica has an enormous affinity for zinc Zn
(Batsch) J.F. Gmel. andlycogala epiden- (395-3600 mg/kg based on dry matter)][16
drum (L.) Fries. This species have relativelyit contains on the average 240 times more
big fruiting body and three of thenf.(sep- than theVaccinium (10-160 mg/kg in blue-
tica, L. epidendrum, T. ferruginosa) are in Dberry leaves). The high amount of zinchn

many habitats around the world. septica is rather intriguing, since it is much
% more than ever encountered in macromycetes
10 which contain on the average 100 mg/kg on
) dry matter [12]. In other study the biomass
/\ collected ranged from 305 to 968 mg, whe-
6 / \ reas Zn concentrations in plasmodia Faf

4 septica ranged from 8400 to 23000 mg/kg (-

5 / \ ~ 1) dry wt. It is remarkably, that forest litter
1 V LEIN é on which this species was found had Zn con-
0 T T T T T T H
K Ca Mg Ba St Ma Fe Cu Zn Cd Cr Ni Su Bi centrations o_f only 25 to 130_mg kg (-1_) d_ry
wt. [18]. A higher concentration of Zn is in

Fig. 1. Concentrations of metals iRuligo sep- hypothallus regions of. septica near the

tica: total contain on the average 16,39% on d ase of the fruiting structure than in other ar-
matter of fruiting body ' as of the fruiting body. These metals ap-

peared to be “complexed” and thus may not

F. septica (Physarales) produces the larg2fféct myxomycete growth or reproduction.
est plasmodium and aethalium of any slim&olerance to high levels of heavy metals may
mold (from 2 to 20 cm in diameter and some?€ related to the ability to sequester them in
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regions where reproduction is unaffected [8}rations of Tubifera (28—61 mg/kg based on
They suggested that the metal probably afiry matter), are less than kb septica, but
fords protection from some more dangerousignificantly higher than those measured in
factor by acting as an enzyme activator in denacromycetes. In fungi the non-metal phos-
toxification systems. This hyperaccumulatiophorus plays a key role in the intracellular
ability of Zn inF. septica seems to be uniquetransport of many metals (as soluble complex
to this species. The mechanism of this metphosphates), and its level is indeed positively
resistance is now understodélseptica pro- correlated with the heavy metal concentra-
duces a yellow pigment called fuligorubin Ations present. These observations do not
which has been shown to chelate metals asdem to apply to slime moulds, since the
convert them to inactive forms [7]. phosphorus content ofubifera ferruginosa

In addition, in lesser but still significant[16].
amounts, Ba, Cd, Fe, Mg, and Sr were found Two species genuReticularia (Liceales)
in F. septica in amounts much greater than irare not so common &s septica, T. ferrugi-
macromycetes and micromycetes. The iromosa andL. epidendrum, but they especially
and cadmium content are also higher than tlamalyzed for showing distinguish in metal
amounts measured in the substrate, but themposition for related slime molds (Fig. 3,
concentration rates are much smalle[16 4). Both have rather large pulvinate fruiting

Fruiting bodies ofT. ferruginosa crowded bodies (from 1 to 8 cm in diameter), bRt
together and compressed, forming raspberrsplendens usually forming a white hypothal-
like forms. Individual fruit bodies are lesslus ring about the base of the aethalium.
than 0,5 mm wide and are up to 3-5 mm
high, but compressed clusters can be upto .
cm or more in length. 1
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K CaMgBa Sr Mn Fe Cu Zn Cd Cr Ni Sn Bi Fig. 3. Concentrations of metals iReticularia
splendens total contain on the average 1,56% on
Fig. 2. Concentrations of metals iFubifera fer- ~ dry matter of fruiting body.
ruginosa: total contain on the average 0,58% on
dry matter of fruiting body %
0,3
Tubifera ferruginosa (Liceales) seems to o, §
be poor in metals (Fig. 2 fruiting body of \
this specieX contains in the highest concen- . \
tration (210-290 mg/kg based on dry matte © /\ =
in compare with other metal, but it is less AN [\ /\
then inF. septica (220390 mg/kg based on ™ ed Y \ sy =
dry matter) andR. lycoperdon (380-480 O e
mg/kg based on dry matjeiThis species ap-
&a;szgl-)é)onzll}; g?giﬁgg)atzﬁ dhrenae\llgnr;s%arf (Igig-‘g 4. Concentrations of metals iReticularia

K CaMgBa Sr Mn Fe Cu Zn Cd Cr Ni Sn Bi

coperdon: total contain on the average 0,89%
68 mg/kg based on dry matter), but the leve per g °

X dry matter of fruiting body
are far less spectacular. The calcium concen-
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Most significant deferens between species It is worth noting that in the five slime
of same genus is high concentration Mg (80%o0lds the essential element Mn is present at
mg/kg based on dry matter) in fruiting bodythe same concentrations as those generally
of R. splendens, while R. lycoperdon contains observed in macromycetes. The magnesium
only 78 mg/kg (based on dry matter) of thisontent of mushrooms is subject to little vari-
element. In contrast to other species of thation. The metal K, the principal cation in
genus R. splendens demonstrate a bibwer green plants and mushrooms is very low in
level of K (380-480) and Ca (150 mg/kgslime moulds. The concentrations even lower
based on dry matter); in case Rflycoper- than those of the Polyporaceae which contain
don, these data take the meaning 270 and 1g@nerally about 1% of potassium on dry mat-
mg/kg (based on dry matter) respectively. Iter [16].
turn R. lycoperdon has high content of Fe Other slime mold speciesSymphytocar-
(188), Zn (119), Ba (32) and Mn (27 mg/kgous flaccidus (Lister) Ing & Nann.-Bremek.,
based on dry matter), while as R splen- Amaurochaete atra (Alb. & Schwein.) Ro-
dens these elements have a concentrabn staf.,Ceratiomyxa fruticulosa (O.F. Mull.) T.

78, 69, 5-6 and 5-7 mg/kg (based on dry maMacbr, Semonitis sp.) apparently only con-
ter) in accordance with the order of citatiorcentrates zinc, cadmium and, perhaps copper,
elements [16]. but the levels are far less spectacular, then

L. epidendrum is most well known and present data [12].
most common species of slime mold. It has In some stalked myxomycetes species of
carmine-pink plasmodium, which developinggenusHemitrichia, Physarum, Trichia heavy
into a grey-brown crowded aethalium 3-10netals were detected only in the stalk region.
mm in diameter. The analytical methods suggest that metal

precipitation in the stalk region may provide

% tolerance to high metal levels. By EDX, met-

0.4 als (Fe, Cr, Mn, Si, Al) were detected as
0,35 /A\ crystalline precipitates in the stalks of fruit-
03 T\ ing bodies. Viewed by TEM, clusters of bac-
0022 [\ teria were observed in stalk and hypothallus
e regions. The bacteria and individual spores in
0.1 \\ /’\\___\ sporangia contained polyphosphate bodies
0»0(5) N~ N\ Py (including P, Ca, K) in their cell cytoplasm.

EDX analysis showed the electron-dense
precipitate inPhysarum comprises Fe, Si, Al,

Fig. 5. Concentrations of metals Lycogala epi- Mg, Cl, Cr, and Mn. By contrast, regions of

dendrum: total contain on the average 0,98% oﬁhe I—_Iemitrichi_a stalk V.Vith deteriorated plas-
dry matter of fruiting body modial material contained only P and Cl. The

most common metals detected in stalk sedi-

L. epidendrum (Liceales) seems to bioac-Ment were Fe, Al, and Cr. Precipitates of Al,
cumulate copper (52—-84 mg/kg based on d§,|, K, and Cl on outer _stalk or pe_rldlum Wa_llls
matter), whereas the four other slime mould¥ere seen frequently in all species examined
appear to exclude this metal (Fig. 5). In mo&nd possibly represent minute soil particles.
L. epidendrum specimens was observed not all analyzed stalked species, the polyP bo-
less than 20 mg/kg tin (19-30 mg/kg basegies seen in spores W!thln sporangia and in
on dry matter), a metal that usually occuyrgacteria frpm stalk regions contained P, Ca,
only in traces (<1 mg/kg) in plants, animal@nd occasionally K [8]. _
and fungi. It is noteworthy that no accumula- FOr determine the accumulation of heavy
tion of elements from the same group such &€tal, myxomycetes were assessed from for-

arsenic and antimony could be found [16]. est pqt.ch(.es on volcanic and ultramafic .s.oils
of Philippines. Collected substrates, fruiting

K CaMgBa Sr Mn Fe Cu Zn Cd Cr Ni Sn Bi
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bodies, and plasmodia of selected myxomynce that exists between bacteria and other
cetes tested for heavy metal were all positivail organisms. The myxomycetes seem es-
for Cr and Mn. Interestingly, Cr and Mn con-pecially well suited to serve as biological in-
tens of tested myxomycetes were equal dlicators in environmental safety for assessing
higher than that of its leaf substrate. The bidhe fundamental differences that exist for the
absorption of Cr and Mn by myxomycetesoil microbial system among selected study
has been assessed, and the heavy metal csites p].

tent of substrates and fruiting bodies deter-

mined for selected species [10]. /\/\/\/\/\

=
£

myxomycetes [y cerarion

DISCUSSION 23 fruiting body

[11] m

_ £ K,(m/d)f 2 § DETRITUS
For environmental safety would generate®s
. . . =

a body of novel information relating to the $ soit

ecological effects of targeted analytes on ter o A
restrial community of living organism dy-

plasmodium
. . bacteria P
namics. The concentration of metals depend%

not only on the biological characteristics of Org;nic funga”}\,phae
the species and the phases of their develop- matter and spores

ment, but also on the environmental situation
in the area of their occurring. The resistancz .

Fig. 6. The scheme of heavy metals accumulation
of myxomycetes to overage heavy meta

h it hani . ) myxomycetes: heavy metals concentration (K
may have different mechanisms. It is possibl€y ansition index of heavy metals) increases in

that myxomycetes have tolerance to thesge direction from substrates to myxomycetes,
chemical elements or make some effectivgnd it decline from the forest floor to the trees

barrier for protection physiological functions.
At present, little is known about the chemical
forms in which the metals occur in the myx- |n perspective environmental ground pol-
omycetes. Transport of heavy metals depenfiion may be remediated by myxomycete
from pH of environmental. It is consideredruiting bodies and plasmodia. The results for
that true tolerance based on such complgx septica proved to be most remarkable.
mechanisms of metabolic protection asThis specieshyper-accumulate and concen-
change of metabolism; differences in memrate highly toxic levels of Zn several thou-
brane structure and function; selective ionsand fold greater than site vegetation and
absorption; removal of ions from metaboligesser significant amounts of Ba, Cd, Fe, Mg,
processes by deposition or a fixed insolublgnd Sr. The massive, cushion-shaped aethal-
forms in different organs and organelles, etum of this species has a large yellow plas-
[13] modium that may serve as an experimental
The concentration of heavy metals in thénodel to study the uptake and concentration
forest litter is higher than in living plantsof heavy metals. The biochemical detoxifica-
[13]. On the other hand, the concentration qfon mechanism of highly toxic levels of zinc
some heavy metals in fruiting bodies studiegh F. septica and the cloning of the genes in-
myxomycetes is higher than in their subyolved could be used in plants with greater
strates and soil (Fig. 6). biomass for bioremediation of polluted soils
The myxomycetes merit recognition in the4]. Also F. septica may be useful as an indi-
scientific community as organisms of specialator of pollution, and further examination of
significance that can answer basic biologicahis species (to determine the location of Pb

questionsThese organisms apparently play & the fruiting body) should be pursued.
major role in maintaining the ecological bal-

umulat
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Moreover, the considerable variation in 4. The concentration of metals depends
metal concentrations between the tidigo not only on the biological characteristics of
collections from low elevation indicates thathe species and the phases of their develop-
additional collections of all myxomycetesment, but also on the environmental situation
species are needed to determine whether a irethe area of their occurring, in this connec-
lationship exists between metal concentratidion the resistance of myxomycetes to over-
and site elevation [8]. Tree canopy researcge heavy metals may have different mecha-
has shown that aerial pollution results in theisms.
decrease of myxomycete species richness 5. Fuligo septica (L.) Wigg. was proposed
higher elevations. When more environment.as perspective bioindicator for the detection
parameters are better known myxomycetiof Zn on the grounds of the ability to accu-
may one day serve as the basis for evaluatimulate this metal and by reason of this spe-
the impact of pollutants on living tregj. cies have widespread distribution in terres-

Ultimately, a better understanding of thiitrial ecosystems.

entire system could lead to the developme
of methodologies utilizing myxomycetes tc
assess remediation efforts at spill sites.
addition, these methods could be used
monitor the conditions associated with vari
ous storage operations such as the leeching
selected analytes [11].

CONCLUSIONS

Living organisms involved in all of the
elementary soil and biological processes th
directly or indirectly affect the mobility of
trace elements. The myxomycetes are orge
isms of special significance that can answ:
basic biological questions. Myxomycete:
seem especially well suited to serve as bi
logical indicators in environmental safety fo
assessing the fundamental differences tr
exist for the soil ecosystem.

1. The assessment of heavy metal acce,

mulation by myxomycetes shows the impol
tance of these organisms for environment
safety monitoring.

2. Myxomycetes have undiscovered pc
tential for bioindications and bioremediatior
of heavy metal and environmental manag
ment.

3. The scheme of heavy metals accumul
tion by myxomycetes was make to demor

strate that heavy metals concentration iig.

creases in the direction from substrates
myxomycetes, and it decline from the fores
floor to the trees.
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