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STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLVII, 1, 2002

FAUNISTIC AND ECOLOGICAL RESEARCHES ON THE TERRESTARR
ISOPODS FROM THE SUPERIOR SECTOR OF THE AREIVER BASIN

NICOLAE TOMESCU*, DANIELA MURE SAN* and VALENTIN POPA *

SUMMARY. — In the natural ecosystems from the superior sefttihe Arie
River basin (spruce forests, mixed forests, beerdsts, coppices and meadows)
there are 8 species of terrestrial isopadtgidium hypnorum, Hyloniscus riparius,
Hyloniscus transsylvanicus, Protracheoniscus pslitdhegepimerio vareae,
Trachelipus wachtleri, Porcellium conspersamdArmadillidium carniolenseThe
specific structure of the isopod communities diffén relation to the type of
ecosystem, and also between ecosystems of theygaen®/e can not conclude that
a certain isopod community is typical for a cerdosystem from low mountain
areas. In the researched mountain meadows theresyivan, humicolous and
paludicolous isopod species. The individuals offgbpulations have a dispersion
that is limited to the microhabitats with high hdityi and moderate temperatures.
Here there are no praticolous species, which giealyfor the meadows occurring
on hilly and plane areas. Probably, the averageshriamperatures recorded in
mountain meadows are situated outside of the liohiflse optimum thermal values
for praticolous species. In forests, the sylvartisg®rotracheoniscus polituand
Trachelipus wachtlefhave a wide dispersion on the surface of the sdiétneath
the litter layer, due to the broad limits of trexiological valence. They tolerate wide
oscillations of the temperature and humidity. Paloldus speciesL{gidium
hypnorum, Hyloniscus transsylvanicus, H. ripgfitmimicolous specie®ércellium
conspersumand two sylvan speciediégepimerio vareaeand Armadillidium
carniolensg have a very low tolerance to the variations wigerature and humidity.
Their dispersion in a biotope is limited to micrbitats with high and constant
humidity and moderate temperatures that can n@&eext5-18°C. The dispersion
pattern influences the values of the frequenchi@Bpecies, and also their numerical
and relative abundance. The species that depeadcertain type of microhabitat
have, in general, small populations in an ecosystetha low frequency in the
collected samples. However, these are not condiderbe accidental species, as
long as their favorite microhabitats are permaireah ecosystem. They belong to
the category of accessory species. The populaifdPotracheoniscus politusave

a frequency of 70-100% in all the studied ecosystéiris a constant and euconstant
species, both in forest ecosystems and in meadiow forest ecosystems, it is a
dominant species. In the studied ecosystems inhwthie values of ecological
diversity and evenness are relatively high, foraimse in certain spruce and beech
forests, the isopod populations are numericallyaed for all species. The ecological
conditions are at the limit of their biological mptim and, in consequence, the
survival coefficient is low for the entire commuynitf species.

" Babeg-Bolyai University, Department of Zoology, 3400 jMapoca, Romania
E-mail: ntomescu@hasdeu.ubbcluj.ro
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At present, the study of terrestrial isopods omaernational level refers to
aspects that are less known, for example: the egiqmieference for certain habitats,
food and feeding behaviour, population dynamicsltaalbgical cycle [2, 4, 6, 7, 10].
Research on the preference of isopods for certalritdts was conducted for few
species, for example fékrmadillidium vulgare Trichoniscus pussiluand Philoscia
muscoruni9]. A preferential behaviour for microhabitatssaaso observed in aquatic
species [1, 5, 7, 8]. In our research we have densd especially the ecological
aspects of the communities of terrestrial isopadthée Arig basin. In this article
we present the results that were obtained in thersar sector of the Arigbasin.

The superior sector of the Agidasin is located in a low mountain area,
and it is characterised by great ecological divgrdtorests are the predominant
ecosystems (spruce forests, mixed forests, beecijubus tree forests, coppices).
There also are open ecosystems (meadows, rockg)afidee ecological diversity
is also accentuated by the inclination and aspkettiteoslopes, the thickness of the
soil layer, the network of springs and the depthhef ground water. Between the
years 1998 and 2001 we studied the communitiegroédtrial isopods from the
natural ecosystems located in the upper sectohefAries basin. We conducted
research in five types of ecosystems: spruce faresixed forests (spruce and
beech), beech forests, coppices and meadows.

Spruce forests— are dominant in the area. They are differennipalue to
the age and density of the trees, the landscafieeadrea, the hydrographic network
(springs and swampy areas), herbaceous vegetsttinby vegetation, the thickness
of the soil and of the litter layer etc. The sprémests in the studied area belong to
two important types of plant associatioBghagno — Piceetufspruce forests with
high humidity) andOxalo — Piceetunfspruce forests with moderate humidity).

Mixed forests (spruce and beech)- are old forests, the trees being over
80 years old. The herbaceous vegetation is verycast] the litter layer is thick and
continuous. The humidity of the soil is low durisgmmer, when the soil becomes
arid. The soil layer is interrupted by surfacingkdragments that are covered with
moss. These are preferred microhabitats for ceidapod species [11].

Coppices — located on the banks of the Arié Mare and Arigul Mic
Rivers, consist of alder trees, willows and raraubh. The soil is alluvial and has
high humidity, and the herbaceous layer is abundBme litter layer is thin and
discontinuous, due to the fast decomposition ofathiew and alder leaves.

Meadows — are located on slopes with different inclinatiand aspects.
The insolation at the surface of the soil is vérgrg), causing the rapid evaporation of
the ground water. Due to the very rich hydrograpiétwork, in some meadows
there are small swampy areas, with very humid 3Jdik isopod species that live
here are paludicolous, and sometimes there alsylan species, but with populations
that are numerically reduced. On the surface ofnleadows there are rare and
isolated shrubs (hazdRosa caning and also isolated trees.
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TERRESTRIAL ISOPODS FROM THE AREERIVER BASIN

Material and methods. In the studied area we have collected samples in
16 stations located in different points (Fig. 1).dach ecosystem we placed, at the
beginning of June, 5-10 Barber traps with 4% fodehlyde. The captured animals
were collected in July. We collected a total numbeB940 individuals. For the
data processing we used ecological indices: nuaileimindance, relative abundance,
frequency, ecological diversity and evenness, antbgical similarity.
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Fig. 1.The superior sector of the Asibasin with the sampling sites.
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Results and discussionin the collected material, we identified eight cps
of terrestrial isopods (Tables 1 and 4). Three iggeare paludicoloud.igidium
hypnorum, Hyloniscus transsylvanicus, H. ripajjusour are sylvan species
(Protracheoniscus politus, Megepimerio vareae, Tediphis wachtleri, Armadillidium
carniolensg and one is humicolou®¢rcellium conspersumTheir distribution in
the ecosystems from the studied area and the nuaieundance of the populations
are different, in relation to the ecological patérities of each type of ecosystem.
There are notable differences between forestseofdime type, for example between
spruce forests (Table 1), thus it can not be a=mddtat a certain community of
species is characteristic to all spruce foreststh®ffive spruce forests that were
studied, only in two the isopod communities consfsthe same species (4 species),
but the numerical and relative abundance of thpodgopulations differs greatly.
Three species of isopoddyloniscus transsylvanicus, Protracheoniscus psland
Trachelipus wéchtleyiare found in all of the five spruce foredtigidium hypnorum
lives in four spruce forests, and each of the ofpercies lives only in one spruce
forest, with numerically reduced populations (Tabjelt is a clear proof that these
species have ecological valences with much narrtimés compared to the species
that have a higher distribution in this area. Tipe&sence in only one spruce forest
can be explained by their dispersion only in aaiertype of microhabitat from the
perimeter of the biotope, where they find optimifendonditions.

Table 1

Numerical abundance of terrestrial isopod communites in the spruce forests
located in the superior sector of the Arig basin Q/trap)

No. Species Arigeni Géarda
1 2 3 4 5
1  Ligidium hypnorum 7 5 3 1
2 Hyloniscus riparius 2
3 Hyloniscugranssylvanicus 6 7 13 12 5
4  Protracheoniscus politus 10 106 206 189 3
5  Porcellium conspersum 1
6  Megepimerio vareae 1
7  Trachelipus wachtleri 1 5 1 5 1
8 Armadillidium carniolense 1
Total no. of individuals 124 486 658 419 44
Total no. of species 5 4 3 7 4

1 - Spruce forest, soil with high humidity.

2 - Spruce forest, soil with moderate humidity.
3 - Spruce forest, slope with eastern aspect.
4 - Spruce forest, slope with western aspect.
5 - Spruce forest, soil with moderate humidity.
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The existence of significant differences regardihg structure of the
isopod communities in the five spruce forests thate studied can also be
observed looking at the values of the Morisita egmlal similarity index (Table 2).
Communities with resembling specific structure #end in the forests that are
situated on a slope with eastern aspect, and ther @n a slope with western
aspect. In the other spruce forests, the struatfitbe isopod communities differs
greatly. The isopod fauna in the spruce forest diers in what concerns the size
of the populations. The values of the numericalnalamce (Table 1) show that the
most numerous populations are those of the sp&ietsacheoniscus politysn
the majority of the spruce forests. Relatively hglpulations were also registered
for Hyloniscus transsylvanicug-or the five spruce forests we also calculated th
ecological diversity index and evenness (Tableh&)her values were recorded in
the spruce forest with very humid soil where fipeaes of isopods live, and in the
spruce forest that has a soil with moderate hugiditith four isopod species.
Here, the numerical differences between the pojonisitof the isopod species are
much lower. On the other hand, the ecological dityerand evenness values are
much lower for other three spruce forests, whezgpthpulations oProtracheoniscus
politus are very abundant, compared to the populationdh@fother species. The
size of the populations of the isopod communitiethe studied forests shows to what
extent the ecological conditions meet the ecoldgipimum of the species.

In Table 4 we present the isopod communities frintypes of ecosystems
that belong to the studied area. We summed updteftbm several ecosystems of
the same type, in order to observe the overallmbimnces and differences
between the different types of ecosystems. The talsb contains the values of the
numerical abundance, relative abundance and thadrey of the species.

Most of the isopod species live in spruce foretspecies) and in coppices (7
species), and the fewest live in the mixed forégtsuce and beech) (3 species).

It is important to emphasise the resemblance ofistbpod communities
from the mountain meadows in the Ariarea with the isopod communities from
forests. In the meadows from the studied area thezespecies that live in the
forests (sylvan and paludicolous species). Theameethermal values, lower in the
meadows from the mountain areas, as well as theeraum springs, the small
depth of the ground water, favour the existenceeny humid microhabitats with
abundant herbaceous vegetation, where sylvan ahdlipalous isopod species
were found. The dispersion of the individuals dfsglecies is, however, limited to
these microhabitats. The isopod species that larke lare the praticolous ones
(Trachelipus nodulosus, Porcellio scaber, Armadillid vulgareetc.), which are
characteristic to the above-ground fauna from teadows, hilly areas and planes.
Similar results were also recorded in mountain roaedin the Dorna Depression
[3]. We consider that the values of the averageiaht@mperatures in the mountain
meadows are outside the limits of the thermal optmof praticolous species.
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Table 2

The values of the Morisita index of ecological simitity between different
spruce forests from the superior sector of the Arigbasin

Ecosystem 1 2 3 4 5
1 0.0666 0.0408 0.0518 0.6983
2 0.9957 0.9993 0.5561
3 0.9991 0.5363
4 0.5453
5

1 - Spruce forest, soil with high humidity.

2 - Spruce forest, soil with moderate humidity.
3 - Spruce forest, slope with eastern aspect.
4 - Spruce forest, slope with western aspect.
5 - Spruce forest, soil with moderate humidity.

Table 3

The values of the Shannon Wiener ecological diversity index and evenness
the spruce forests from the superior sector of théries basin

Spruce forests

1 2 3 4 5
H' 0.5543 0.2310 0.1047 0.1963 0.4156
e 0.7930 0.3837 0.2195 0.2323 0.6904
No. of species 5 4 3 7 4

1 - Spruce forest, soil with high humidity.

2 - Spruce forest, soil with moderate humidity.
3 - Spruce forest, slope with eastern aspect.
4 - Spruce forest, slope with western aspect.
5 - Spruce forest, soil with moderate humidity.

The Morisita ecological similarity index shows staal differences
between different types of ecosystems (Table Sypared to the ecosystems that
belong to the same type, such as spruce forestde(Py By considering the data
from several ecosystems of the same type, therdifées between different types
of ecosystems are reduced. In Table 5, the validecsimilarity index are based
on the summation of the data from all the studipdice forests, mixed forests,
beech forests, coppices and meadows.
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Table 5

The values of the Morisita index of ecological sirarity between different
types of ecosystems from the studied area

Spruce  Mixed forest Beech Coppice Meadow
Spruce 0.9966 0.9935 0.8938 0.9474
Mixed forest 0.98462 0.8667 0.9275
Beech 0.9110 0.9522
Coppice 0.9869

Meadow

In the studied ecosystems, the values of the ngaleasbundance differ
from one species to another, as well as from ope ©f ecosystem to another
(Table 4). In all types of ecosystems, the highasies of the numerical abundance
were recorded foProtracheoniscus polituddigher values were also recorded for
some populations offyloniscus transsylvanicusm spruce forests, coppices and
meadows, foLigidium hypnorumin spruce forests and in the beach forest, and for
Trachelipus wachtlerin spruce forests and coppices. For the other spetie
recorded values were low, indicating the existariggimerically reduced populations.
The same aspect can also be observed by analgsinglties of the relative abundance.
In the isopod communities from all the studied gst®ns, the numerically dominant
populations are those é¢frotracheoniscus politysa species that is dominant in
forests, and in the meadows from mountain areas. éistence of numerically
reduced populations for certain isopod speciesh «sPorcellium conspersum,
Megepimerio vareae, Armadillidium carniolensean be explained by the very
narrow limits of their ecological valence, a trdiat limits their dispersion only to
microhabitats with optimum life conditions.

The values of the frequency of the species inypes of studied ecosystems
are variable (Table 4Rrotracheoniscus politus constant in mixed forests, spruce
forests and beech forests, and euconstant in liee etosystemsigidium hypnorum
is constant in coppices, accessory in spruce frdémech forests and mountain
meadows, and accidental in mixed forests. Othepretant and constant species are:
Hyloniscus ripariusin coppices,H. transsylvanicusin certain spruce forests,
Trachelipus wéchtlerin coppices and mountain meadowsrcellium conspersum,
Megepimerio vareaand Armadillidium carniolensare considered to be accessory
species in all types of ecosystems. Their spofadisence in the samples is, however,
explained by the dispersion of individuals, which limited only to certain
microhabitats with optimum ecological conditions. this case, the frequency of
the species in an ecosystem and the size of thédgtimms depend on the frequency of
such microhabitats. These isopod species can Hededt in the category of
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accessory species, even if the values of theiugrqgy are low and very low. Their
sporadic presence in the samples collected froecanystem is not determined by
the incidental immigration of some individuals fraraighbouring ecosystems, but
by the small number of microhabitats that they paieu For the isopods, as well as
probably for other groups of animals that have cedumobility, certain species
can accidentally appear in an ecosystem if, uniieally, a number of individuals
were brought in by man, while conducting certaitiviies in the area. The frequency
of the species and the size of the populations ddg@nd on the dispersion of the
individuals in a biotope. The isopod species thatcanstant and euconstant have a
wider dispersion on the surface of the biotope bf exosystem. In forests,
Protracheoniscus politugnd, in some case§rachelipus wachtlerihave such
dispersion. They live under the litter layer andsiéha higher tolerance to the
oscillation of the ecological factors. The aggragabehaviour of the individuals is
much more reduced compared to paludicolous, cdotisp petrophilous and
synanthrope species. As a consequence, their fregi higher in the samples, and
their populations are more numerous.

The ecological diversity and evenness were alsopobed for different
types of ecosystems. In this case, the ecologigaltgity and evenness indices have
small values (Table 6). Higher values for thes&#glwere recorded for meadows, but
here, as well, with the exception of spedestracheoniscus polityghe populations
are more reduced numerically, although only sipdsbspecies live here.

In all the studied ecosystems the population®raftracheoniscus politus
are numerically dominant. The results of our rededead to the conclusion that
the values of the ecological diversity and eveniradises of the isopod communities
are determined to a greater extent by the limittheifr ecological valence, which
influences the size of the populations and theapelision on the surface of a
biotope, and less by the number of species in eobiwosis.

Table 6

The values of the Shannon Wiener ecological diversity index and evenness
different types of ecosystems from the studied area

Spruce  Mixed forest Beech Coppice Meadow
H' 0.2446 0.1687 0.3224 0.5498 0.4289
e 0.2709 0.3537 0.4144 0.6506 0.5512
No. of species 8 3 6 7 6

In forest ecosystems, the isopods do not preseaspecific or interspecific
competition in their ecological niches. As a consgge, there is no inverse relation
between the number of species that form a commimiy ecosystem and the size

11



N. TOMESCU, D. MUREAN, V. POPA

of the populations. The size of the populationigfisienced by the mortality rate at
juvenile stages, which depends on the toleranciefspecies to the values and
fluctuations of the ecological factors, especisdinperature and humidity.

Conclusions. 1. In the natural ecosystems from the superiotosead the
Aries basin (spruce forests, mixed forests, beech fresippices and meadows)
there are eight species of terrestrial isopodslitreathere, of which three species are
paludicolous Kigidium hypnorum, Hyloniscus transsylvanicus, kbarius), four
species are sylvarPfotracheoniscus politus, Megepimerio vareae, Tedighus
wéchtleri, Armadillidium carniolengeand one species is humicolo®o(cellium
conspersum

2. The communities of terrestrial isopods from the sgstems differ in
terms of their specific structure, numerical abumcgaand relative abundance. The
differences are greater even in the case of ea@wgsthat belong to the same type,
thus it can not be concluded that a certain isogmdmunity is characteristic to a
certain type of ecosystem.

3. In the meadows from the superior sector of thesfsin (low mountain
area), the isopod communities consist of sylvaludi@lous and humicolous species,
that are characteristic to forest type ecosystelraticolous species, that are
characteristic to meadows from hilly areas andgdaare absent.

4.In forest type ecosystems, sylvan species of isp§@btracheoniscus
politus, Trachelipus wachtlgrihave a wide dispersion on the surface of the soil
under the litter layer. Paludicolous and humicolspscies have a limited dispersion
on the surfaces of the microhabitats that havemapti ecological conditions
(especially very high humidity and moderate temjppees). The presence of these
species in an ecosystem depends on the presensechfmicrohabitats in the
perimeter of the biotope.

5.In mountain meadows, both paludicolous and sylvaecies have a
dispersion that is limited to moist microhabitdt&ated around springs or where the
ground water is near the surface of the daibtracheoniscus politupopulations
are more abundant in meadows as well, compareldet@apulations of the other
species.

6.In all the studied ecosystenRrotracheoniscus politupopulations are
numerically dominant and have a frequency of nimae 70% in the samples (constant
and euconstantPorcellium conspersum, Megepimerio vareaw Armadillidium
carniolenseare present only in some ecosystems, with numigriealuced populations,
their presence in an ecosystem depending on tkere of preferred microhabitats.
They are included in the category of accessoryispe®aludicolous species are
constant in some ecosystems (coppices, sprucetdpmagadows), and in others
appear as accessory species.

12
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7. The size of the isopod populations in an ecosy$setetermined mainly
by the degree of tolerance of the species to thatuation of the ecological factors,
a trait that influences the juvenile mortality rated, consequently, the survival
coefficient. Among the species that live in thisaProtracheoniscus politubas
the highest tolerance to such fluctuations, whghéflected in the size of the
populations and the wide dispersion of the indigldwn the surface of the biotope.

8. In the studied ecosystems, in which the values®ftological diversity
and equitability are relatively high, for examplertain spruce and beech forests,
the communities of isopod species are formed byarigally reduced populations.
The ecological conditions in these ecosystems #dvated at the limits of the
optimum of all species, and as a consequenceuttemije mortality rate is high.
For the isopod communities, these ecosystems dabenincluded in Thienemann’s
first biocoenotic principle.

REFERENCES

1.Carefoot H. T.Microhabitat preferences of youniggia pallasii Brandt
(Isopoda), “Crustaceana3f (3), 1979, 209-214.

2.Davis,R.C,Sutton,S. ISpatial distribution and niche separation of wacell
and millipedes in a dune grassland ecosystBeol. Bull.” (Stockholm),25, 1977, 45-55.

3.Dolnitchi, O.L, Tomes cu, NAspects écologiques de la population
d'Isopodes terrestres de la zone de Doyfiaa. Mus. Natl. Bucovina”14, 1997, 81-92.

4. Hornung, E, Warburg, M. R,, Szl aee, K,Trends and methods in
terrestrial isopod ecology: a round-table discussitProc. 4th Eur. Congr. Entomol.
(Godolb, 1991)”, 1991, 747-750.

5.Johansen,P.,,BrattegardQObservations on behaviour and distribution of
Natatolana borealid_{llieborg) (Crustacea, Isopoda), “Sarsi&3 (4), 1998, 347-360.

6. Merilaita, S.,Jormalain e n, Bifferent roles of feeding and protection in
diet microhabitat choise of sexesldotea baltica, “Oecologia” (Berlin122 (4), 2000,
445-451.

7.Pavia H., Caar, H., Ab er g, Aabitat and feeding preferences of crustacean
mesoherbivores inhabiting the brown seawedédcophyllum nodosum (L.),
“J.Exp.Marine Biol. Ecol.”236(1), 1999, 15-32.

8. Rouch,R,Danielopol, DActive dispersal oStonasellus vireiborilagniez
(Isopoda)through the alluvial sediments of a Pyrenean strgaouthern Francg
“Crustaceana’’/2(8), 1999, 849-862.

13



N. TOMESCU, D. MUREAN, V. POPA

9.Sutton,S.L,Hardin g, P. Tnterpretation of the distribution of terrestrial
isopods in the British IsleSMonit. Zool. Ital. (N.S.) Monogr.”4, 1989, 43-61.
10. Szlavecz K., Lo sk a, Diversity of soil Arthropods in the Béatorliget nature
reserve, Hungary'Proc. 4th Eur. Congr. Entomol. (G6d#ll1991)”, 1991, 801-807.
1. Tomescu, N,Accola, S, Ba& a, C.,Ecology of the terrestrial isopods
(Crustacea: Isopodah Cheile Turziji “Stud. Univ. Babg-Bolyai, Biol.”, 40 (1-2),
1995, 78-94.

14



STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, XLVII, 1, 2002

RESEARCH ON GROUNDWATERAUNA IN NORTH-WESTERN
ROMANIA

OANA TEODORA MOLDOVAN = SANDA IEPURE"and GEZA RAJKA"

SUMMARY . — This study presents the groundwater fauna enirtterstitial
and phreatic environments of two important Tranaglan basins (the area
that is north-western Romania): g€ Repede and Somd. Differences
between the quality of water in the two basins, tive biotopes and the
sampling methods have allowed us to highlight tfiiénce of surface water
pollution on groundwater fauna in the SauieBasin. Furthermore, we have
assessed the heterogeneity of the habitats andirftigistitial biodiversity in
the Criul Repede Basin.

The current objectives of groundwater researchram3ylvania focus on
biodiversity studies and on the impact of polluaom the fauna, because groundwater
fauna is largely ignored and represents an impbpart of the global biodiversity.

It is greatly important because this fauna playadive role in the correct functioning
of the groundwater system [9].

To achieve these objectives, we have taken sarmolesdifferent aquatic
biotopes: basins in caves, karstic springs, weifld, interstitial water in the alluviums
of caves or surface streams, of two of the mosbitapt Transylvanian hydrological
basins: Ckul Repede and Somd. This study presents only the results from wells
(phreatic) and interstitial water.

Materials and methods.Fig. 1 shows the distribution of the sampling etzgi
for groundwater fauna. For the sampling of wellg) tethods were used: either by
the filtration of 80 | of water (from most wells the Somgul Basin) or by the use of a
Cvetkov net [4] (in the Cgul Repede Basin). Depending on the sedimentsstitizir
water of the surface stream alluviums was also Egimpsing two methods: the
Karaman-Chappuis method as described in [2] oBtheRouch method [1]. The first
consists of the digging of a hole in the sedimemit® which water accumulates
through capillary action. The Bou-Rouch method usediaphragm manual pump
(such a device was made by a member of our teaiRafka). All the samples were
filtered through a 200 um sieve. In each and ewasg the depth and the quantity of
filtered water were recorded and the data are piedén Table 1.

Y Emil Racovia” Speleological Institute, Department of Cluj-Napo€linicilor 5, P.O.Box 58, 3400
Cluj-Napoca, Romania. E-mail: oanamol@hasdeu.ulpbalu
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Fig. 1.Sampling stations for groundwater fauna on thes@rRepede River
and the Somel Basin
M - |nterstitial waters® - Wells (description of stations in Table 1).

Some of the groups have been identified at the gkavwel and others at the
species level.

Water samples were also taken from other, complé&angnocations, for
chemical analysis. In some locations on the Soin®iver, the structure and
clogging of the sediments rendered impossible drilgeosampling methods. At the
same time, in other locations, no fauna was fowttdch was especially true on the
Barciu River, one of the CGyul Repede tributaries. In this case the sampleg wer
not considered in the analysis.

We will present the results of two series of sangpliampaigns undertaken
during summer - autumn 2000, and also in springuran 2001.

Certain physical-chemical parameters of the watemgerature, pH,
conductivity and chemical oxygen demand — CDO-Mefyavmeasured during the
field sampling or in the laboratory. Temperatutd,and conductivity were measured
with electronic portable instruments: Piccolo pdusl Conmet 1, respectively.

16



GROUNDWATER FAUNA IN NORTH-WESTERN ROMANIA

Table 1

Physical features of the groundwater fauna samplesn the Crisul Repede,
Someaul and Barcaul rivers

Physical features

No. Station
Bou-Rouch pumping Karaman-Chappuis sampling
CRISUL REPEDE
1 Bologa 10 I filtered water
1 m deep; sediment: sand and gravel
2 Negreni 10 | fileterd water
0.7 m deep; sediment: sand and gravel
3 Bulz 10 lo filtered water
0.7 m deep; sediment: sand and gravel
4 Lorau 20 | filtered water; sediment: fine gravel
5 Lorau 20 | filtered water; sediment: fine gravel
6 Suncuiu 44 | filtered water
1 m deep; sediment: sand and gravel
7 Suncuig 20 | filtered water
sediment: very fine sand
8 Vadu-Crgului 20 | filtered water
sediment: sand and gravel
9 Vadu-Crgului 20 | filtered water
sediment: sand and gravel
10 Aweu 5 | filtered water
0.7 m deep; sediment: sand and gravel
11 Astileu 10 [ filtered water
0.5 m deep; sediment: sand and gravel
12 Aled 10 [ filtered water
1 m deep; sediment: gravel
13 Aled 20 | filtered water; sediment: gravel
SOMESUL
14  Beclean 10 | filtered water
0.7 m deep; sediment: gravel
15 Gélgéau 10 I filtered water
0.3 m deep; sediment: sand
16  Géldgu 20 | filtered water
sediment: fine sand
17  lleanda 10 | filtered water
1 m deep; sediment: sand and gravel
18  Jibou 10 | filtered water
0.5 m deep; sediment: sand and gravel
19  Jibou 10 | filtered water
sediment: sand with grey cover
20  Ulmeni 10 [ filtered water
1 m deep; sediment: sand and gravel
21  Tamaia 10 [ filtered water
1 m deep; sediment: sand and gravel
22 Cicarhu 10 [ filtered water
0.5 m deep; sediment: sand and gravel
23 Cicarhu 10 | filtered water
sediment: sand and gravel
24  Satu Mare 1 | filtered water
0.3 m deep; sediment: sand
25  Satu Mare 2 | filtered water
sediment: very fine sand
BARCAUL
26  Nufalau 1 10 [ filtered water
0.5 m deep; sediment: sand and gravel
27  Nuwfalau 2 10 | filtered water

sediment: sand and gravel
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Results.Results of physical-chemical measurements are shmowable 2.
As one can notice, there are important differerimtsveen the quality of surface
and interstitial waters when all the parametergaiten into account.

For a better separation of the sam-

pling stations we have used the analysis
the principal components for the values
pH, conductivity and chemical oxygen de

mand. Each sample is characterised by th
3 variables and can be located in a space ¢

dimensions, each dimension being related
a variable. The values are 55.1% for the i
ertia for the first axis and 33.1% for the ine
tia for the second axis. In this variable spac
the first axis is characterised by pH and tl

pH

second axis by chemicaf

demand of oxygen (Fig]
2A). In the space of popu
lations (Fig. 2B), the sam
ples from the Csul Repede
River are well separateq
from those from the Some

15
11

F2

m27
3

M3,

uyy

31
L2

33.1%

iZS

12
A

F1

sul River, excluding the
first up-stream (Bologa)
and the last down-strean
(Toboliu) stations. Thus,
most of the Cgul Repede
stations are well defineg
and distinguished by thei
pH. At the same time, all
the other stations are de
fined by the conductivity,
with one exception - the
station Cicéaéu on the So-
mesul River, which has a
completely separate posi
tion due to the high valug
of its chemical oxygen de

mand.

mas

" Lad

s

B

14

55.1%

Fig. 2.Principal component analysié - Correlation circle. B - Representation of
physical-chemical features of the water samples {sdble 2 for the numbers).

18




GROUNDWATER FAUNA IN NORTH-WESTERN ROMANIA

Table 2
Physical-chemical characteristics of the sampled gundwater
(B-R - Bou-Rouch pumping. K-C - Karaman-Chappuisging)
No. Sample Temperature pH Conductivity CDO-Mn
(°C) (uS) (mg/)
CRISUL REPEDE

1 Bologa - stream - 7.0 586 32.1
2 Bologa - B-R 10.3 8.4 533 -

3 Negreni - stream - 8.9 250 23.2
4 Negreni - B-R 12.3 7.9 264 -

5 Bulz - stream - 9.2 310 22.4
6 Bulz - B-R 11.1 8.6 266 -

7 Auseu - stream - 8.4 173 26.7
8 Auseu - B-R 12.8 8.3 265 -

9 Astileu - stream - 7.7 256 22.4
10  Astileu-B-R 13.6 8.4 266 -

11 Toboliu - stream - 7.9 796 26.1

SOMESUL

12 Nasiud - stream 15.2 8.7 326 20.6
13 Beclean - stream - 6.1 390 23.0
14 Beclean - B-R 15.5 7.5 830 -
15  Galdu - stream 8.3 6.4 562 12.3
16 Galgu - K-C 9.3 6.4 562 46.6
17 Galgu - B-R 9.5 6.4 631 30.8
18 lleanda - stream - 8.1 553 26.9
19 lleanda - B-R 14.8 - - -
20 Jibou - stream - - - 9.8
21 Jibou - K-C 14.5 6.6 - -
22  Jibou-B-R 155 6.5 - -
23 Ulmeni - stream - 7.2 543 35.3
24 Ulmeni - B-R 14.8 7.6 565

25 Tamaia - stream - 7.5 510 28.3
26 Tamaia - B-R 15.3 7.3 779 -
27 Cicarhu - stream 2.6 6.5 525 15.5
28 Cicarfiu - K-C 9.5 6.6 540 50.6
29 Cicarfiu - B-R 10.1 6.6 401 101.1
30 Satu Mare - stream 7.9 6.5 505 18.6
31 Satu Mare - B-R 6.1 6.4 476 22.9

BARCAUL

32 Nufalau 1 - B-R 12.6 6.6 - -

33 Nuwfalau 2 - K-C 14.5 6.5

34  Raiori - stream - 6.9 626 25.9
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Concerning the groundwater fauna, Table 3 pregbetslistribution in the
abundance of different groups in wells and Tabkhdws their abundance in the
surface water alluviums. The distributions weredated for each station (column)
and also for each group (line).

We will first analyse communities of wells (phreatand the interstitial
communities of the two basins. We will then analyse fauna from the two
biotopes and the sampling methods.

Crisul Repede

Wells (phreatic)

— from the 11 identified fauna groups more than [{&.1%) of the
subterranean representatives belong to Cyclopoida;

- most of the Cyclopoida are stygoxeniegacyclops viridis or
stygophilous Diacyclops crassicaudjsD. bicuspidatus Paracyclops fimbriatus
andEucyclops serrulatysspecies;

- other representatives belong to Isopoda, Ostrac@@ochaeta,
Amphipoda Niphargussp.) and Hydracari in decreasing order of thestritiution;
the Collembola, Gastropoda, Cladocera, insect éavad Nematoda are poorly
represented (Table 3; Fig. 3).

Interstitial:

- individuals from 14 fauna groups have been idesdifiNematoda,
Oligochaeta, Lamellibranchiata, Cladocera, CycldppHarpacticoida, Ostracoda,
Tardigrada, Amphipoda Njphargus sp.), Isopoda, Bathynellacea, Hydracari,
Collembola and insect larvae (Table 4; Figs. 4%nd

- Oligochaeta, Copepoda and Nematoda are dominantthase
communities, with the following few exceptions:

- at small depths (0.2 to 0.3 m) the biological comities are
dominated by Nematoda and Oligochaeta, while featar depths (0.5-1.0 m), the
stygobionticParastenocarigepresents more than 50%;

- along the river, the Cyclopoida that dominate thp-stream
communities are being replaced down-stream by Hégqmda, Nematoda and
Oligochaeta; beyond the city of Al the copepods are almost completely absent
and the Nematoda and Oligochaeta become asso¢iatetbre than 75% of the
stations) with an unexpected increase in the nummbemater mites (Figs. 4 and 5).

Somaul

Wells (phreatic)

- more than 95% are the Cyclopoida copepods, whiterogroups
(Ostracoda, Harpacticoida, Hydracari, Amphipodallébabola, Isopoda, insect
larvae, Nematoda, Oligochaeta, Gastropoda) arel sSmalumber and are found
only in a few samples (Table 3; Fig. 3);
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Fig. 3.Abundance-distribution of fauna groups in wellshef Crisul Repede and the
Someul basins
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25



O. T. MOLDOVAN, S. IEPURE, G. RAJKA

— belonging to the Cyclopoida group, the dominantigseisMegacyclops
viridis; in addition, there have also been identifiBiacyclops bicuspidatys
stygoxenic and. languidoides,a stygophilous specieB. bicuspidatusvas almost
always found to be associated whh viridis, with the exception in one sample
where it was found alongside the other speciekefjenus;

— samples from Gilu are different from those from the Scmue Plateau:
two groups, Cyclopoida and Ostracoda share the rmoe; theNiphargusare in
smaller number (over 8%) and there are also oftoerpg in very small proportions:
Isopoda, Collembola, insect larvae, Hydracari, Nimi@ and Gastropoda.

Interstitial:

- 10 fauna groups can be found in this environmengématoda,
Oligochaeta, Cyclopoida, Ostracoda, insect laraaegry small number of stations
have also Collembola, Hydracari, Harpacticoidadigaada, Bathynellacea (Table
4; Figs. 4 and 5);

- more than 80% of the individuals are stygoxenicg@thaeta and
Nematoda, irrespective of the depth and all albegiter; the exceptions being found
in the down-stream stations, which are rich in Gdigaeta, larvae of Chironomidae
and Nematoda.

{ CRISUL REPEDE B-R ] SOMESUL B-R
; 450 O - 2
| 400 J 180
I
} O B ﬁf-N'"mm | 160
|0 0ligochaeta | v
3004— . (. Cladocera ; 140
| Cyclopoida | 120 O Oligochaeta
i %04 fHarpncﬁcaidn I W Cyclopoida
[ ' |
| E 200 B Ostraceda " 4 100 B Ostracoda
" 2 ; 2 80 @ Tardigrada
(‘ o ; 60 @ Hydracari
| - -
‘ 100 | | ©
|
} 50 20
o TS i : j o I .‘ m llI”I”l”
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wa e’f @ l{of P«)‘ ’{\W ‘\_,‘? ] sz @\{ f 5\0‘9 \sf&f&;@‘p
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Fig. 5.Interstitial fauna groups in Bou-Rouch samplingshaf Crisul Repede and the
Someul rivers.
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Barcaul

Interstitial:

— it must be mentioned that this station is near sberce, up-stream
from most of the sources of pollution; the samplistations down-stream
completely lack this fauna;

- the results of the Bou-Rouch pumping method shqueed biodiversity,
finding only a few individuals, belonging to 4 gpsi Nematoda, Oligochaeta,
Harpacticoida and insect larvae; the results ofdimngerficial Karaman-Chappuis
sampling showed a richer and more diverse faunahis case, the Oligochaeta are
dominant, followed by Harpacticoida, insect lan@siracoda, Cyclopoida, Nematoda
and Hydracari (Table 4).

As mentioned before, there are some differencgela stations depending
upon the sampling method. With regard to the wEllg. 3), the differences between
the locality of Gidu and the Soman Plateau are mainly between the dominance
of two and one group, respectively. Fig. 6 compahestwo methods of sampling
interstitial fauna. On the Gl Repede River the two methods (Bou-Rouch and
Karaman-Chappuis) reveal almost completely difiecemmunities. On the Somd
River, on the contrary, the communities are doneidairrespective of method and
depth, by the same groups: Oligochaeta, Nematodi®#ptera larvae.

In order to emphasise the influence of surfacemg@llution on groundwater
fauna we have compared (Fig. 7) the fauna fromntbls (which should give the
right measure of the phreatic biodiversity) witle thterstitial fauna. It appears that
the fauna in the two environments is very similad ahat there are important
differences between these environments inside dmeesbasin. In the Somé
Basin, the wells are characterised by strong coniirenof Cyclopoida, while
Nematoda and Oligochaeta dominate the interstitzdier. Crgul Repede has other
groups, which represent an important part of theratitial communities; these are
Harpacticoida, Cyclopoida, insect larvae (mostlptBia but also those belonging
to Ephemeroptera, Trichoptera and Plecoptera) aatérwnites. Some species of
the Crsul Repede are stygobiontic, and apparently, as aflotspecies were
identified, the interstitial water of the Sogné River has no stygobiontic species,
except some Bathynellacedich were found in one station.

Discussion.The Someul River is well known in Romania as being very
polluted. Particular cases, exceeding the admaskibits for class Il 3 mesosaprobious
water), have been recorded on the following sesti@alatiu (P) on the Soq#
Mic River; Rastoci, Ulmeni, Cicasu, Ambud and Oar on the SogrRRiver. The afore-
mentioned cases of pollution are mainly causedhbychemical industry (Terapia
Cluj, Some Dej), metalworks (S.C. Phoenix S.A. Baia Mare)raotive industry
(E.M. Baia Sprie, E.M. Herja, E.M. Cavnic) and aalrfarms (Avicola Satu Mare,
Agrocomsuin Botida, Comsuin Moftin) [10].
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Fig. 6.Comparison between the interstitial fauna samphedKaraman-Chappuis and Bou-
Rouch methods (reflectlng also the distribution rm.@s in depth).
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In the Cr hydrographical basin, pollution over the admissilimits for
class lll @ mesosaprobious water) has been recorded on tlmsviiod) sections:
downstream from Suplacu (oil products) and Parkddaproducts) on the Baiia
River. In the Bargu River basin, crude oil extraction and industmarks have
been found, originating from Petrom’s works in Sqol de Barau [10].

The Report from the Romanian Ministry for Wated &rotection of the
Environment [10] indicates further regions where troundwater is highly
polluted, with concentrations of pollutants excegdthe limits specified by the
standard for this indicator, STAS 1342-91; amortpsse regions is the Sogne
lower plain. During the year 2000, the highest yttdin was recorded, amongst
other basins, in the SomBasin on a 26-km stretch dhus—7 km, Sisar—19 km),
where the benthonic fauna was absent over the veaohpling period.

Our chemical analysis agrees with the Ministerigp®&t mentioned above and
completely distinguishes the polluted waters (Sarhand Bargul) from the clean
Crisul Repede. Moreover, our results reflect the défifees in the water quality at
different depths compared with the surface watdwsT the interstitial samples
show that the pollutants are either not preseriheir concentration is sometimes
low in the surface water. It is known that grountkvecan become concentrated
with pollutants, and therefore reflects not onlgamt episodes of pollution but also
episodes in the past. This problem becomes extyemrical, because these
substances are more concentrated at greater dapdhhius will enter the phreatic
water, which is used by large human communities asir area of study. The two
rivers are also different from this point of vie@risul Repede River has more
individuals between 0.5 and 0.7 m depth and thegdsity biodiversity between
depths of 0.3 and 0.2 m, which is the layer whieeenbixture between stygophilous
and stygobiontic fauna is most important. SeuheRiver is almost completely
depopulated at greater depths, whereas at 0.7 nNeéngatoda are dominant in
these communities, and near the surface the Olagiahand Diptera larvae have
more individuals. Comparisons between and withhez the two basins revealed
differences between:

— up-stream and down-stream stations on each rikerdifferences are
much more pronounced on €ri Repede River, thus giving the measure of the
diversity of interstitial habitats, which are almadsent on Somnedue to the poor
quality of the water;

- the two basins in the general biodiversity, numtsieindividuals and
presence of stygobiontic species;

— interstitial waters and wells inside the same hasin

- the two sampling methods of the groundwater faBwu{Rouch and
Karaman-Chappuis).
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The decrease in the number of fauna groups, itdals and stygobiontic
forms at the down-stream stations on Sarhend Bargul rivers proves the influence of
the polluted surface water on the interstitial waBological indicators of pollution
dominate these communities, such as Oligochaet&lanthtoda. On the Baitc River,
which is very affected by the animal farms and dileplatforms, the situation is
similar to the SomgeRiver: very few groups are represented and alimalétof the
individuals are Oligochaeta. In such cases we leatreme environments with poor
diversity, with few or even one species develogimgortant populations. On the
contrary, the biodiversity on the €l Repede River is incomparably greater in both
the wells and the interstitial waters, and theeadso many stygobiontic species.

Differences in the composition of these communiteeasured by sampling
in interstitial waters, especially on €l Repede River, raise the necessity of using
both methods to highlight the biodiversity in thébterranean superficial waters.
The quality of the water is also the main factomaintaining the different habitats
at different levels or at different locations, doethe fact that pollution will affect
all the levels of the ecotone represented by ititidsvater.

Sampling in wells also gives different results hessathe Cvetkov net
ensures the sampling of the animals living in tbhtdm sediments, like Ostracoda.
This environment displays differences between W@ basins similar with those
between interstitial waters, as a higher biodiver§or example, half of the wells
in Soma have only 2 species of Cyclopoida). This is on¢hefreasons for which
the pollution on Sonmwan Plateau extended also into the phreatic waker, t
probable causes being the agricultural practiced te very thin soil. The
differences between Gil and the Somgan Plateau, belonging to the same basin,
can be given by the different sampling method otheyquality of the water.

Our studies in two of the most important Transghaa hydrological
basins emphasised the importance of the proteofitime surface water, in order to
maintain the quality of the groundwater. Many awuthioave already demonstrated
that groundwater contamination induces a declinghendiversity and density of
stygobionts [3, 7, 8]. Giberet al. [5] have recognised, through research on
groundwater/surface water ecotones, that proceesearring in surface and
groundwater environments are influenced by therigpaand hyporheic zones.
These ecotones are important landscape featuresuse®f their physical and
biological characteristics, and their unique spatial temporal characteristics [12].
In the Somgul Basin, the groundwater, at any level, is sefipadfected in its
biodiversity and our preliminary studies near toerse of the river point to the
seriousness of the problem [11]. At present, we mainestimate if this area can
recover if protection measures are applied. Theaochpf pollution is severe, yet
the Criul Repede is still a depository of rich fauna [Bherefore, given the gravity
of the consequences, it is imperative that the dapinthe Crul Repede must be
preserved post-haste.
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Conclusions.Our study is a comparison between groundwaterigosity
of two important Transylvanian basins, liRepede and Somd.

1. The clean Cgul Repede River is still the depository of manyeistitial
organisms, while the polluted Sogaéhas poor interstitial communities dominated
by Oligochaeta and Nematoda.

2. The results concerning the interstitial fauna arescstent with the fact
that surface waters are polluted in the SarhBasin.

3. Stygobiontic species were found only in the intiasbf the Criul Repede
River.

4. The importance of maintaining unpolluted interatiind phreatic habitats
is given by the heterogeneity of their groundwatnmunities.
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STRUCTURE AND DYNAMICS OF THE ZOOPLANKTON COMMUNITY
IN THE STIUCIH LAKE (NORTH-WESTERN ROMANIA)

TRAIAN BRAD °

SUMMARY - In a pelagic station of th8tiucii Lake situated in North-
Western Romania two species of copepddgclops vicinusUljanin, 1875
and MesocyclopgThermocyclopscrassusRehberg, 1880) and four species
of cladoceransjaphnia galeateSars, 1864Bosmina longirostri€.F.M., 1785;
Ceriodaphnia pulchell®ars, 1862Chydorus sphaericu®.F.M., 1785) were
identified. Their density and population structuere seasonally changing.
Density of these organisms increased at highereestyres of the lake water,
respectively from winter to summer, and then desgdain autumn. In the
seasonal succession of the zooplankton commivhiggpcyclopgThermocyclops
crassugeplacedCyclops vicinugn summerCeriodaphnia pulchell§Cladocera)
appeared in summer and then disappeared in aulnrtire population structure
of copepods a dominance of the males was obsetvedeay sampling. The
maximum fertility of the cladoceran species wasdsteged in spring Bosmina
longirostris) and in summeraphnia galeata

ThesStiucii lake (Fig. 1) is situated in Transylvaniadifth-Western Romania).
It is located at an altitude of 282 m and has a S8\¥ general orientation. The
lake is bounded by hills with heights between 47@ 520 m and has an oblong shape
with four inlets corresponding to its tributarieganaului Valley and $nasele
Valley from the left, and Arnitei Valley andi&ilaia Valley — from the right.

0 240m

Fig. 1.Plan of theStiucii Lake with the location of the sampling steti

" Emil Racovitza” Speleological Institute, Departnteof Cluj-Napoca, Clinicilor 5-7, P.O.
Box 58, 3400 Cluj-Napoca, Romania.E-mail: traian9g@o0.com
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On the basis of the dominant species of algaergtium hirundinella
Peridiniumsp., Coelastrumsp., Scenedesmusp., Pediastrumsp.), it was inferred
that theStiucii Lake is presently at the beginning of a eptric phase [4, 6].

In 1966, theStiucii Lake became a Nature Reserve of the Romah@ademy
[8] according to the Decree 244, state reconfirmetd®74 through the Decree 686.

The morphometric characteristics of the lake anefase area = 68.7 ha,
length = 1.72 km, maximum width = 826 m, medium tlwi¢t 399 m, volume =
1,883,960 m

The depth was measured by sounding the lake battitima plumb. It was
found, based on 173 measurements performed ovesveesal alignments, that the
maximum depth was 7 m, in contradiction with treultis of Sindulache and Buta
[7], who reported a maximum depth of over 12 m. @ifeerence may be due to
siltation.

Geologically, the lake covers a diapir area with gatcrops, the evaporite
deposit being isolated from the lake water by akithayer of mud. The solution
and incision processes are momentarily stopped.tDtiee former process of salt
solution, theStiucii Lake is one of the deepest natural lakeshim Transylvanian
Depression.

Materials and methods.The samplings were carried out during four seasons
from February 2000, when the lake was covered aithO-cm ice layer, until
November 2000.

The physicochemical properties (temperatur€dnpH, dissolved oxygen
in mg/l, photosynthetically available radiation pmol/s/nf, salinity in mg/l,
conductivity inuS/cm, Secchi disk transparency in m) of the lakéswélable 1)
were measured at 1-m intervals at every sampling.

The samples were taken from a single pelagic staid-m intervals down
to the depth of 6 m. For zooplankton sampling driibér-Patalas trap with a capacity
of 10 | was used. A volume (V) of 30 | for each gdenwas filtered through a
planktonic net with a mesh size of 0.065 mm, tlsslhaving been then transferred to
plastic jars. The dross was treated with a 4% ssmation to avoid the loosing of eggs
of the egg-carrying females due to the shock form@l%) preservation. In the
laboratory, the dross from the plastic jars wash@dsand brought to 30 ml () of
which a third part (¥) was analysed in a counting chamber at the stéceoscope.

Density of the zooplanktonic organisms from §teicii Lake community
was calculated using the following formula:

_n
faxv '’

whereN is the density (number of specimens pérahwater);n, the number of
specimens counted in the subsamiglethe analysed fraction (the proportion between
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Vs, and 4, in our case 10/30 = 0.33333).
When low densities of organisms were encounteresl,ewamined the

entire sample.

Results and discussionThe measurement of physicochemical properties
of the lake (Table 1) showed a variation with degotld season.

Table 1
Seasonal variation of the physicochemical charactistics of theStiucii Lake
Date/Depth (m) 0 1 2 3 4 5 6
Temperature’C)
29 Feb. 0.6 3.1 3.5 3.7 3.7 3.5 3.6
30 Mar. 8.6 8.2 4.5 4.0 34 3.6 5.0
14 Apr. 12.1 10.3 9.4 8.5 7.5 7.1 6.2
15 Aug. 29.9 28.5 28.1 28.1 24.2 19.4 18.9
16 Nov. 9.4 9.3 9.1 9.0 9.0 9.0 9.0
pH
30 Mar. 8.0 8.0 7.8 7.7 7.7 7.7 7.6
14 Apr. 8.3 8.2 8.2 8.1 7.9 7.8 7.6
15 Aug. 7.9 7.8 7.7 7.4 7.1 6.7 6.6
Oxygen (mg/l)
29 Feb. 13.7 10.8 8.7 3.3 1.3 0.5 0.5
30 Mar. 12.3 12.0 4.1 0.9 3.9 1.1 1.1
14 Apr. 128.6 133.0 128.0 103 67.7 48.3 3.4
15 Aug. 5.5 5.31 5.6 2.7 0.3 0.1 0.1
16 Nov. 6.9 6.4 5.7 4.9 4.9 4.8 4.8
PAR (umol/s/rf)
29 Feb. 1029 162 58 22 6.9 0.88 0.20
30 Mar. 106 24 8.7 3.8 1.6 0.51 0.05
14 Apr. 778 318 107 29 11 4.6 1.4
15 Aug. 1534 721 355 196 83 22 0.01
16 Nov. 82 16 4.2 1.2 0.40 0.14 0.05
Salinity (mg/l)
30 Mar. 467 496 693 706 704 731 842
14 Apr. 652 659 658 759 661 669 779
15 Aug. 728 712 693 702 713 817 1240
16 Nov. 701 694 693 698 697 698 701
Conductivity (uS/cm)
30 Mar. 883 927 1306 1323 1316 1361 1570
14 Apr. 1240 1236 1240 1245 1247 1258 1482
15 Aug. 1368 1299 1304 1309 1325 1523 2320
16 Nov. 1306 1300 1294 1310 1310 1310 1311
Secchi disk
Date D (m)
29 Feb. 2.47
30 Mar. 1.38
14 Apr. 1.74
16 Nov. 1.60
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The temperature values increased with the depthkeloruary, while in
March these values decreased to the depth of 4dnth@m progressively increased
to the lake bottom. In November we observed arupantmixing” of the lake waters,
when the temperature registered was close to 94 depths. This ,autumn mixing”
was also observed in the trend of the other phghiemical parameters measured.

The pH values varied between 6.6 and 8.25, thelsstalalues having
been registered in the lowest horizons of the wdtkee acid character of this level
was probably due to the presence ofSHesulted from the decomposition of
organic matter. The water sampled from this levadl ln pronounced odour of
hydrogen sulphide. The pH values were smaller mrear than the ones measured
in the other seasons. This decreasing may be daditgher input of organic matter
transported by the four lake tributaries.

The oxygen concentration (mg/l) decreased withddbpth in all seasons,
which was also the case of the photosyntheticalbilable radiation (PAR). The
salinity and conductivity values increased withttiep all seasons.

In the prospected pelagic station two species gfepoda Cyclops vicinus
Uljanin, 1875 andMesocyclopgThermocyclopscrassusRehberg, 1880) [1]; four
species of Cladocerdgéphnia galeataSars, 1864Bosmina longirostrisO.F.M.,
1785; Ceriodaphnia pulchellésars, 1862Chydorus sphaericu®.F.M., 1785) [5]
and the predatory larva @haoborus flavicangDiptera) were identified. Their
density was seasonally changing (Table 2).

Density of the Copepod species increased from wiotsummer and then
decreased in autumn. The maximum density of thddCkran species was registered
in autumn (220,809 ind.fmNovember 16, 2000, 2 m depth). These facts can be
correlated with the increasing insolation and wagenperature, conditions of the
phytoplankton development (primary production), itiin source of nutrition for the
most zooplanktonic organisms. The a@aratium hirundinellawas very abundant
during summer and autumn in all water levels.

Density of the larval stages of copepods (nauplh@pepodid) increased
from winter to summer, then decreased in autumn.

It is known that cladocerans form an important p&the nurture of copepods
[2]. The same aspect was observed in Stiecii Lake, where a great difference
between the densities of copepods and cladocerassegistered. This difference
can relate about the competition between the twags.

The predatory larva ofhaoborus flavicangDiptera) appeared at depths
between 6 and 6.5 m. Its density seems to be iifisigmt, at least during daylight.
At the same depth a relatively high density of dtieer zooplanktonic organisms
was observed, in contrast with the overlying harizgrobably due to other causes,
such as anoxic conditions or lack of nutrients, aaotibecause of the presence of
this predator.
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Table 2
Density of zooplankton (individuals/n?) in the Stiucii Lake during 2000

epth Cc. M(h D B. C. C. ch.
Date () Nauplia Copepodid \icinys crassus galeata longirostris pulchella sphaericus flavicans

29Feb. O 633 100 200 - - 100 - - -

1 1867 133 267 - - 533 - - -

2 80813 1500 1633 - - 1867 - - -

3 109618 8300 8000 — 33 3600 — - -

4 85614 24801 11467 — — 5000 — - -

5 19680 10000 7000 - 33 4600 - - -

6 16547 9752 6432 - - 3466 - - 167
30 Mar. 0 24267 2700 1000 — - 900 — - -

1 27601 23601 10400 - 67 3200 - 33 -

2 51208 29601 10720 — 100 6700 — 33 -

3 59209 50408 20801 — 33 4100 — 33 -

4 54409 40807 17334 - 33 2200 - - -

5 30801 16801 13280 — — 950 — - —

6 34406 28004 5680 — — 3200 — - 67
14Apr. 0 74133 7771 8178 - 233 6200 - 33 -

1 89614 45202 29069 — 167 4500 — - -

2 201608 46002 25067 — 100 8400 — 33 -

3 91215 39470 21120 - 100 4400 — - -

4 171227 58409 24267 — 33 1800 — - —

5 86614 30801 26401 — 100 2000 — - -

6 18134 19201 10934 - - 267 - - -
15Aug. O 2250 6300 - 6150 100 550 1850 500 —

1 19600 15600 - 16800 150 7467 20267 50 -

2 8700 4200 - 8100 750 7800 12300 - -

3 73212 24601 - 34201 150 34801 73212 - -

4 63610 30000 - 19800 750 28801 68411 - -

5 127220 31201 - 28801 5850 28801 108017 - -

6 147623 38402 - 41402 4950 19201 88814 - 200
16 Nov. O 7800 16501 1800 8100 1800 25501 300 - -

1 11100 36601 3300 18000 6600 187207 — - —

2 3900 46202 6300 15600 9600 220809 600 - -

3 2400 19201 5400 16801 4800 106204 - - -

4 2400 24000 18001 9300 6900 102004 — - —

5 3000 25801 78903 0 9600 127205 - - -

6 7800 56402 227409 0 15601 142806 - - -

In the seasonal succession of a zooplanktonic coritynthe species are
excluding one another, one or two species beingirmm at a given period [3].
The same phenomenon was observed irptineii Lake whereBosmina longirostris
had a higher density thdbaphnia galeataSpecimens o€eriodaphnia pulchella
appeared in summer in a very high density, angplsed in autummesocyclops
(ThermocyclopscrassusreplacedCyclops vicinusn summer, but the two species
appeared together in autumn. The reason MégocyclopgThermocyclopscrassus
appeared only in summer and autumn is the factithsita thermophilous species.

37



T. BRAD

The absencef Cyclops vicinusn summer may be explained by the competition
between the two species.
Population structure of the zooplanktonic organigngresented in Tables 3

and 4.
Table 3

Fertility and fecundity of the Cladoceran speciesn the Stiucii Lake during 2000

Date Depth Daphnia galeata Bogaminalongirogtris Chydorus sphaericus
(m) Ovigerous Non- Eggs/ Ovigerous Non- Eggs/ Ovigerous Non- Eggs/
(%) ovigerous female (%) ovigerous female (%)  ovigerous female

(%) (%) (%)

29Feb. 0 0 100 0 0 100 0 0 0 0
1 0 100 0 31 69 2 0 100 0
2 0 100 0 20 80 2 0 100 0
3 0 100 0 8 92 2 100 0 2
4 0 0 0 12 88 2 0 0 0
5 0 100 0 13 87 1 0 0 0
30Mar. 0 0 0 0 22 78 2 0 100 0
1 0 100 0 16 84 2 0 100 0
2 0 100 0 52 48 2 0 100 0
3 0 100 0 39 61 2 0 100 0
4 100 0 0 68 32 2 0 0 0
5 0 0 0 32 68 2 0 0 0
6 0 0 0 34 66 2 0 0 0
14 Apr. O 0 100 0 7 93 4 0 100 0
1 0 100 0 56 44 4 0 100 0
2 33 67 8 40 60 4 0 100 0
3 0 100 0 62 38 3 0 100 0
4 0 100 0 33 67 4 0 0 0
5 33 67 6 65 35 5 0 0 0
6 0 0 38 62 4 0 0 0
15Aug. O 100 2 0 100 0 0 100 0
1 67 33 2 0 100 0 0 100 0
2 40 60 2 0 100 0 0 100 0
3 0 100 0 0 100 0 0 100 0
4 20 80 2 0 100 0 0 100 0
5 0 100 0 0 100 0 28 72 2
6 36 64 2 0 100 0 27 73 2
16 Nov. O 34 66 2 5 95 2 0 100 0
1 0 100 0 13 87 2 0 0 0
2 0 100 0 12 88 2 0 100 0
3 13 87 2 16 84 2 0 0 0
4 4 96 2 33 67 2 0 0 0
5 31 69 2 48 52 2 0 0 0
6 54 46 2 56 44 2 0 0 0
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Table 4
Sex ratio of the Copepod species in thgiucii Lake
Cyclopsvicinus Mesocyclops (Th.) crassus
Date Depth (m) Males (%) Females (%) Males (%) &lem(%)
29 Feb. 0 50 50 - -
1 88 12 - -
2 67 33 - -
3 64 36 - -
4 63 37 - -
5 66 34 - -
6 - - — —
30 Mar. 0 60 40 - -
1 70 30 - -
2 65 35 - -
3 53 47 - -
4 42 58 - -
5 39 61 - -
6 56 44 — —
14 Apr. 0 16 84 - -
1 16 84 - -
2 31 69 - -
3 36 64 - -
4 40 60 - -
5 34 66 - -
6 41 59 — -
15 Aug. 0 - - 78 22
1 - - 67 33
2 - - 61 39
3 - - 56 44
4 - - 62 38
5 - - 54 46
6 - - 55 45
16 Nov. 0 50 50 4 96
1 64 36 22 78
2 71 29 27 63
3 56 44 52 48
4 42 58 35 65
5 29 71 0 0
6 25 75 0 0

The Daphnia galeataspecimens reached the maximum fecundity andifertil
in summer, when a large number of females weredaamrying an average of four
eggs per egg-carrying femalBosmina longirostriseached this maximum in April,
when the average number of eggs per egg-carrymgléewas four. In August, no
Bosmina longirostrisegg-carrying females were found, but they reammkagain
in November.
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In the case dMesocyclopgThermocyclopscrassusa net dominance of the
males at every level was observed during summele whautumn the ratio changed
in the favour of females. The same aspect was wbddor Cyclops vicinusin this
case, the males were more abundant than femalestlmavhole year, with the
exception of the April 14, 2000 sampling, when fé&asaaumerically dominated the
Cyclops vicinusnales.

Conclusions 1. Density of the copepod species increased framter to
summer, and decreased then in autumn. The maxinemsitg of cladoceran species
was observed in autumn, when an explosiorBo$mina longirostrisspecimens
was registered. A great difference between theitiEssf copepods and cladocerans
was registered.

2. In the seasonal succession of the zooplanktomumity, Mesocyclops
(ThermocyclopscrassusreplacedCyclops vicinusn summer, but the two species
appeared together in autumn. Summer was the ssggison whelCeriodaphnia
pulchellaappeared.

3. The fertility and fecundity maximum of the cladoan species was
registered in springBosmina longirostrisand summeraphnia galeaty when
the average number of eggs per egg-carrying femagefour. The calculated sex
ratio of the two copepod species showed a dominaholes for all seasons.

4. The predatoChaoborus flavicansppeared only in deep waters. The
presence of this larva seems to have an insignificdluence on the zooplanktonic
community.
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BIOTRANSFORMAREA DIGITOXINEI DE CATRE CELULELE DE
DIGITALIS LANATA IMOBILIZATE IN ALGINAT DE CALCIU

CONSTANTIN DELIU", CORNELIA MUNTEANU-DELIU", CRISTINA

B3]

BOTA , ADELA HALMAGYI*, ANCA KEUL-BUTIUC*, ANA COSTE*
si OTILIA CHEREGI**

SUMMARY. - Biotransformation of Digitoxin by Cells of Digitalis
1 anata Immobilised in Calcium Alginate. For biotransformation of
digitoxin, two Digitalis lanata cell lines were used: cell line 15 (hormone-
dependent) and cell line 78 (habituate, hormone-independent), the cells of
which were immobilised in calcium alginate. The digitoxin was dissolved
either in dimethylsulphoxide (DMSO) or in methanol and added to the culture
media in different concentrations and at different growth stages of the
immobilised cells. It was found that in comparison with the viability and
growth of cell suspensions the viability of the immobilised cells was affected
only to a little extent, but their growth was much slower. The factor that had a
strongly negative influence on both viability and growth of the immobilised
cells was one of the two solvents, namely the methanol. It was also found that
in all experimental variants more than 90% of the digitoxin was converted
into purpurea glycoside A (PgA). The rate of conversion was influenced
mainly by the cell line. Thus, cell line 78 biotransformed digitoxin into PgA
during the first 5 days, but cell line 15 did so only after 10 days. PgA was
excreted in the culture medium in proportions ranging from 42 to 75%. It was
pointed out as well that, in certain cases, the D. lanata cells are able to
catalyse, through their enzyme systems, not only the glucosylation, but also
the hydroxylation of digitoxin. Thus, the cell line 15 was able to hydroxylise
digitoxin, converting it into gitoxin (in a proportion of about 3% relative to
the amount of digitoxin), irrespective of the nature of the solvents used.
Contrarily, cell line 78 biotransformed digitoxin into gitoxin (in a proportion
of about 5%) only when methanol was the solvent.

Cormofitele constituie una dintre cele mai importante resurse naturale. Ele
furnizeaza nu numai alimente, fibre si lemn, ci §i numerosi compusi chimici, aga
cum sunt uleiurile, aromatizantele, pigmentii si principiile farmacologic active. Cu
toate ca plantele sunt resurse care se pot reinnoi, deja anumite specii sunt foarte
greu de obtinut 1n cantitati suficiente pentru a satisface cerintele din ce in ce mai
mari. Distrugerea habitatelor naturale, precum si dificultétile in cultivarea anumitor
plante au cauzat reducerea acestor resurse. Multi dintre astfel de compusi naturali pot fi
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sintetizati pe cale chimica din petrol sau din carbune. Totusi, limitarea economica,
precum si poluarea care insoteste acest tip de sintezd au condus inevitabil la amplificarea
cercetarilor din domeniul culturilor celulare vegetale, in scopul producerii unor compusi
naturali valorosi.

Culturile de tesuturi si celule vegetale oferd o promitatoare alternativa, asa
cum specificam mai sus, pentru obtinerea unor cantititi extrem de mari de metaboliti
secundari valorosi din punct de vedere biologic.

Avantajul utilizarii culturilor celulare vegetale in scopul obtinerii de principii
biologic active este multiplu §i constd, printre altele, si in faptul cad astfel de
compusi sunt obtinuti in conditii controlate de mediu, independent de modificarile
climatice si de conditiile din sol. De asemenea, produsii izolati in astfel de conditii
sunt lipsiti de contaminari cu microbi sau cu insecte [30].

Culturile celulare vegetale induse din cormofite sunt, in unele cazuri, capabile
sa sintetizeze metaboliti secundari In cantititi egale sau chiar mai mari decét
plantele intacte. De asemenea, astfel de culturi poseda, prin setul de enzime pe care
il detin, capacitatea de a cataliza biotransformarea anumitor substraturi naturale sau
sintetice in compusi biologic activi valorosi.

Reactiile de biotransformare sau de bioconversie, realizate prin intermediul
culturilor de celule vegetale, sunt de cele mai multe ori stereospecifice si implica,
in majoritatea cazurilor, aditia sau indepartarea anumitor grupari chimice. Dintre
aceste reactii, cele mai importante sunt glucozilarea si hidroxilarea. Au fost astfel
utilizati ca substraturi pentru bioconversie o serie de compusi cum sunt: terpenoizii,
steroizii, fenolii, alcaloizii etc. [3, 28, 29, 34, 36].

Digitoxina a fost prima glicozida cardiotonica, de natura steroidica, folosita in
experimentele de biotransformare cu suspensii celulare induse din cormofite [33],
fiind 1n continuare investigata intens de catre mai multi cercetatori, care au utilizat
culturi de tesuturi si celule fie de Digitalis purpurea [16, 31], fie de D. lanata [2, 3, 10,
11,15, 20 - 22, 25, 29], in scopul obtinerii de digoxina. Totusi, cele mai mari productii
au fost obtinute in urma biotransformarii metildigitoxinei in metildigoxina [1]. Astfel,
utilizand culturi celulare de D. lanata, A1 fermann sicolab. [5] au reusit sa
obtina 500 g de S-metildigoxina pe o perioada de productie de cca 3 luni, intr-o
statie pilot de 200 litri.

Imobilizarea celulelor vegetale, respectiv a celulelor cormofitelor cultivate
in vitro, este consideratd importanta pentru cercetare si productie datoritd mai multor
avantaje, fata de sistemul celulelor aflate sub forma de suspensie. Astfel, includerea
(incapsularea) celulelor poate conduce la crearea unui microclimat (micromediu)
asemandtor cu cel existent in tesuturile plantelor intacte, sau la conditii care
provoac incetinirea cresterii celulelor. In plus, contactul fizic dintre celule poate stabili
comunicarea intercelulard. Imobilizarea permite prelungirea utilizarii biomasei la o
densitate celulara mare, garanteaza separarea biomasei celulare de mediul de cultura,
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iar in final celulele imobilizate pot fi utilizate numai ca si biocatalizatori. De
asemenea, se poate produce (sau induce) eliminarea compusilor din celule in mediu,
ceea ce simplifica izolarea lor si face posibild rentabilizarea biocatalizatorilor [28].
Metodele generale pentru imobilizarea celulelor vegetale prevad includerea (inglobarea)
lor in matrici polimerice, precum s§i imobilizarea pe suporturi insolubile asa cum
sunt: plasele de nylon, spuma de poliuretan, fibre goale si particule preactivate cu
glutaraldehida [26]. Dintre metodele de imobilizare citate mai sus, includerea celulelor
vegetale in gel de alginat de calciu este metoda cel mai des utilizata, deoarece este
simpla si reproductibild si poate conduce la marirea capacitatii de biotransformare.
De exemplu, celulele de Digitalis lanata imobilizate in alginat de calciu au hidroxilat
glicozida cardiotonica f-metildigitoxina in f-metildigoxina, la o ratd de 9 mg/l/zi [4],
iar celulele de Mucuna pruriens, imobilizate in acelasi tip de gel, au orto-hidroxilat
L-tirozina in L-DOPA, medicament antiparkinsonian, la o rata de 5 mg/1/zi [35].

In contextul celor relatate mai sus, in aceastd lucrare s-au luat in studiu mai
multe aspecte care privesc modul si capacitatea de biotransformare a digitoxinei de
catre doua linii celulare de D. /lanata imobilizate in gel de alginat de calciu, precum
si cresterea si viabilitatea acestor celule.

Material si metode. Suspensiile celulare. Pentru efectuarea experimentelor
au fost utilizate doud linii celulare de Digitalis lanata. Linia 15, este o linie normala
(hormon-dependentd) care a fost cultivatd in mediul bazal Murashige-Skoog
(MS) [27]. La acest mediu s-au adaugat: zaharoza (3%), cazeina hidrolizata (500 mg/1),
acidul indolilacetic - AIA (1 mg/l) si chinetind — K (2 mg/l). pH-ul mediului s-a
stabilit inainte de autoclavare la valoarea de 5,7. Linia 78, o linie habituatd (hormon-
independentd), a fost cultivata in acelasi mediu bazal MS la care s-a addugat doar
glucoza (3%). pH-ul mediului a fost stabilit inainte de autoclavare la valoarea de 5,5.
Modul de selectie si de izolare a acestor linii au fost descrise intr-o lucrare anterioara
[9]. Transferul culturilor celulare s-a efectuat la un interval de 14 zile. Raportul
dintre volumul inoculului si cel al mediului proaspat a fost de 1:6. Suspensiile celulare
au fost crescute in vase conice de 300 ml (cu 40 ml mediu lichid/vas); vasele au
fost agitate pe un agitator rotativ orizontal (100 rpm) si mentinute la intuneric, la o
temperatura de 25 + 1,5°C.

Procedeul de imobilizare a celulelor si mediile utilizate pentru biotransformare.
Celulele celor doua linii de D. lanata au fost imobilizate in gel de alginat de calciu
dupa metodele descrise de Alfermann sicolab. [4]sideMorris sicolab.
[26]. In acest context, suspensiile celulare de D. lanata, aflate in ziua a 9-a de
culturd, au fost filtrate printr-o sitd metalicd cu ochiuri de 0,8 mm in diametru si
apoi recoltate pe o sita de nylon cu ochiuri de 100 pm in diametru. in continuare, o
cantitate de 60 g biomasa celulara obtinuta prin acest procedeu, din fiecare linie
celulara, a fost amestecata, separat, cu 40 ml din mediul in care au fost cultivate
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respectivele linii. Cele doud tipuri de mixturi au fost apoi amestecate, separat, cu
100 ml de alginat de sodiu (4%) (lichefiat si autoclavat in prealabil la 121°C, timp
de 20 min.). Cele doud linii celulare amestecate cu alginatul de sodiu au fost
adaugate, separat, picatura cu picatura, cu ajutorul unor pipete fine, intr-o solutie de
CaCl, (100 mM). La contactul cu solutia de CaCl,, picaturile de alginat de sodiu s-au
gelificat si s-au transformat 1n mici sfere de alginat de calciu in interiorul carora
erau inglobate celulele celor doud linii. Pentru intarire, sferele de alginat au fost
mentinute incd doua ore in solutia de CaCl,, apoi au fost spalate de trei ori cu un
mediu corespunzitor celor doud linii. in urma aplicarii acestui procedeu au rezultat
200 ml de sfere (per linie celulard) cu un diametru de 3-4 mm, sfere care au
continut cca 0,2-0,3 g de biomasa celulara proaspata.

In continuare, celulele imobilizate in gel de alginat (350 de sfere per vas)
au fost transferate n vase conice de 300 ml, vase care contineau 50 ml mediu de
cultura. Compozitia mediilor nutritive utilizate pentru biotransformare este redata
in Tabelul 1. Vasele utilizate pentru biotransformare au fost mentinute pe un agitator
orizontal in conditiile descrise mai sus. In toate cazurile, celulele imobilizate au
fost mentinute timp de 4 zile In mediul respectiv, mediu la care, dupa acest rastimp,
s-a adaugat digitoxina. Pe grafice, momentul de introducere a digitoxinei in mediul
de cultura al suspenilor celulare este notat ca fiind ziua 0 de cultura.

Adaugarea digitoxinei si analiza cardenolidelor. Digitoxina a fost dizolvata
fie in dimetilsulfoxid (DMSO), fie in metanol si apoi a fost introdusa in mediul de
cultura al celulelor imobilizate, prin filtrare sterila. in cazul dizolvarii ei in DMSO,
digitoxina a fost adaugata in doua variante: 1) Intr-o singurd doza, de la Inceput —
ziua 0 (respectiv ziua a 4-a de culturd), intr-o concentratie finala de 250 mg/l per
vas de cultura — respectiv 1 ml DMSO/vas de cultura, astfel ca in vasul de cultura,
DMSO a avut o concentratie finald de 2%; 2) in 5 doze a cate 50 mg/l (concentratie
finala per vas) fiecare, succesiv, din 3 in 3 zile, incepand cu ziua 0 de cultura,
dizolvata in 0,2 ml DMSO, astfel ca la sfarsitul celor 15 zile cantitatea totala de
digitoxina addugata a fost de 250 mg/l, iar concentratia de DMSO de 2%.

In cazul metanolului, digitoxina a fost addugati intr-o singurd variantd si
anume dizolvatd in 0,5 ml metanol (concentratia finala in vas a fost de 50 mg/l) si apoi
suplimentata succesiv, din 3 1n 3 zile, de 5 ori, astfel ca la sfarsitul celor 15 zile de
cultura concentratia totald de digitoxind adaugatd a fost de 250 mg/l, iar aceea a
metanolului de 2,5%.

Recoltarile probelor (biomasa celulara si mediu) s-au efectuat fie din 5 in 5
zile, fie numai la sfarsitul perioadei de cultura, respectiv la 15 zile. Pentru o mai
buna intelegere, toate variantele experimentale utilizate 1n biotransformarea digitoxinei
sunt redate in Tabelul 1. Cardenolidele au fost extrase atit din substanta uscata cat
si din mediu, cu 20 ml metanol (70%), prin refluxare la 70°C timp de 20 min. si dozate
dupa metoda datade Jon e s si Veliky [18]. Identificarea glicozidelor cardiotonice
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Tabel 1

Variantele experimentale utilizate in biotransformarea digitoxinei de citre

celulelede Digitalis lanata imobilizate in gel de alginat

Varianta

Linia celulara Compozitia mediului utilizat

Adaugarea digitoxinei in mediul de

imobilizata pentru biotransformare culturd al celulelor imobilizate
M1 = martor pentru 15 MS cu 5% glucozd + AIA?
VI,V55iV6 (1 mg/l) +K® (2 mg/)
M2 = martor pentru 15 MS cu 5% glucoza, lipsit de
V2siV7 fitohormoni
M3 = martor pentru 78 MS cu 7% glucoza, lipsit de
V35 V8 fitohormoni
M4 = martor pentru 78 Apa de robinet cu 7%
V451 V9 glucoza, fara fitohormoni
Dgtx® (250 mg/l), dizolvatd in 1 ml
Vi 15 Similara cu aceea DMSO", a fost addugatd, 1n ziua a 4-a de
de la M1 cultura. Recoltarea probelor s-a efectuat la
5,10 si 15 zile dupa adaugarea Dgtx.
V2 15 Similara cu aceea Adaugarea Dgtx si recoltarea probelor
de la M2 s-au efectuat ca si la V1.
V3 78 Similara cu aceea Adaugarea Dgtx si recoltarea probelor
delaM3 s-au efectuat ca sila V1.
V4 78 Similara cu aceea Adaugarea Dgtx si recoltarea probelor
de la M4 s-au efectuat ca sila V1.
Dgtx (50 mg/l), dizolvatd in 0,2 ml
DMSO, a fost adaugata, succesiv, din 3 in
V5 15 Similara cu aceea 3 zile, incepand din ziua a 4-a de cultura,
de la M1 de 5 ori. Recoltarea probelor s-a efectuat
dupa 15 zile de la introducerea Dgtx.
Dgtx (50 mg/l), dizolvata in 0,5 ml
metanol, a fost adaugatd, succesiv, din 3 in
V6 15 Similara cu aceea 3 zile, incepand din ziua a 4-a de cultura,
de la M1 de 5 ori. Recoltarea probelor s-a efectuat
dupa 15 zile de la introducerea Dgtx.
V7 15 Similara cu aceea Adaugarea Dgtx si recoltarea probelor
de la M2 s-au efectuat ca si la V5.
V8 78 Similara cu aceea Adaugarea Dgtx si recoltarea probelor
de laM3 s-au efectuat ca si la V6.
V9 78 Similara cu aceea Adaugarea Dgtx si recoltarea probelor
de la M4 s-au efectuat ca si la V5.

2AIA - Acid indolilacetic.
bK - Chinetina.

“Dgtx - Digitoxina.

4 DMSO - Dimetilsulfoxid.
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s-a realizat prin cromatografie in strat subtire, in urma compararii cromatografice a
extractelor cu probele etalon. Pentru determinarea cantitativa, placile cromatografice
au fost citite la 380 nm cu un densitometru CD 200. Curba etalon a fost realizata pentru
concentratii de 0,2-0,6 ng digitoxina, digoxina, gitoxind, glicozida purpurea A /spot.

Cresterea celulara. Pentru determinarea cresterii celulare, in cazul suspensilor
celulare, biomasa celulara a fost recoltata prin filtrare la anumite intervale de timp
(din 5 in 5 zile). Biomasa celulara obtinuta a fost uscata (la 60°C timp de 24 de ore)
si cantarita. In cazul variantelor imobilizate, dupa decantarea si filtrarea mediului,
pentru obtinerea biomasei celulare, sferele din alginat de calciu au fost dizolvate
intr-o solutie de citrat de sodiu (200 mM). Celulele eliberate au fost recoltate prin
filtrare, uscate in aceleasi conditii, si cantarite. Substanta uscata si mediul rezultat
in urma filtrarii au fost utilizate pentru determinarea calitativd si cantitativd a
glicozidelor rezultate In urma biotransformarii digitoxinei. Rata cresterii celulare s-a
exprimat in mg de substanta uscata/l/zi si a fost calculata dupa formula: S; — Sy/T; — T,,
unde S; = substanta uscata recoltata la timpul 1 (5, 10 si 15 zile - Ty); S, = substanta
uscata recoltatd la timpul 0 (T, — fiind fie momentul inocularii, fie momentul
introducerii digitoxinei in mediu). Aceastd determinare a fost efectuatd dupa metoda
luiSinger[32].

Viabiliatea celulard. Viabilitatea celulelor celor doud linii a fost determinata
dupa metodalui Dodds si Roberts [12], modificatd. Metoda se bazeaza pe
procesul de respiratie a celulelor, care, la nivel mitocondrial, reduc compusul incolor,
clorura de 2.3,5-trifeniltetrazoliu (TTC), la formazan, produs de culoare rosie. Prezenta
coloratiei rosii in celule dovedeste viabilitatea lor. In cazul nostru, celulele recoltate
din suspensii, precum si cele imobilizate (sectiuni foarte fine din sferele de alginat)
au fost spalate de 2-3 ori cu apa distilatd si apoi imersate intr-o solutie tampon
fosfat (pH 7,5) in care s-a dizolvat 0,8% TTC. In aceasti solutie, suspensiile celulare
au fost mentinute timp de 2-3 ore, iar celulele imobilizate timp de 10 ore, dupa care
au fost spalate si numarate (300 de celule per proba). Observatiile au fost efectuate
la microscopul optic. Viabilitatea s-a calculat dupa formula: nr. de celule colorate n
rosu/nr. total de celule numarate x 100, si s-a exprimat in procente.

Randamentul de biotransformare. Capacitatea celor doua linii celulare de
biotransformare a digitoxinei in alte glicozide steroidice a fost exprimata si prin
randamentul lor de biotransformare, calculat (in procente) dupa cantitatea totald de
glicozide rezultatd in urma biotransformarii, fatd de cantitatea totald de digitoxina
introdusa in mediu.

Rezultate si discutii. Cresterea si viabilitatea celulard. Liniile celulare 15
si 78 de Digitalis lanata, selectionate de noi, si-au pastrat aproape neschimbate, pe
durata a doi ani de subcultivari succesive in acelasi tip de mediu - MS, o serie de
caracteristici cum sunt: cresterea celulard, modificarea pH-ului mediului de cultura,
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raportul dintre substanta proaspata si cea uscata, precum §i intensitatea absorbtiei
zaharozei din mediu. Daca linia 15 este o linie celulara normala, care creste numai
intr-un mediu 1n care sunt prezente auxina si citochinina, linia 78 este o linie
hormon-independenta, o linie care creste foarte bine fara nici un adaos de hormoni
vegetali. O astfel de linie poate fi incadratd in categoria culturilor celulare vegetale
habituate. Se stie ca habituarea (sau habituatia) este un proces progresiv de schimbare
a metabolismului care apare la tesuturile sau celulele vegetale cultivate in vitro,
considerandu-se ca acest proces are la bazd mai degrabd modificari epigenetice decat
genetice. Habituarea poate apare spontan, dar poate fi si indusa prin manipularea
factorilor de mediu, aga cum este cazul variatiilor de temperatura (soc termic). Ea
se caracterizeaza prin pierderea dependentei celulelor vegetale cultivate in vitro
fatd de: auxine (habituare auxinicd); de citochinine (habituare citochininicd); de
orice tip de hormon vegetal (habituare hormonald), sau fatd de vitamine [24]. Deci,
in cazul nostru, linia 78 poate fi considerata o linie celulara hormon-habituata.

Imobilizarea celulelor celor doud linii 1n alginat de calciu a influentat
anumite procese fiziologice ale celulelor, asa cum sunt cresterea si viabilitatea. In
primul caz, aceste modificari se reflecta, la ambele linii celulare, in special asupra
ritmului de crestere al celulelor imobilizate, care este mult mai lent §i mai scazut
decat al celor aflate sub forma de suspensii. Astfel, daca la suspensiile celulare
cresterea atinge 1n ziua a 15-a de cultura o ratd cuprinsa intre 500 si 600 mg substanta
uscatd/l/zi, la celulele imobilizate aceasta ajunge doar la valori cuprinse intre 300 si
400 mg substanta uscatd/l/zi (Fig. 1A). Astfel de scaderi ale ratei de crestere, ca urmare
a imobilizarii celulelor, sunt curente si diferd ca intensitate In functie de strategiile
utilizate pentru imobilizare [14]. In ceea ce priveste viabilitatea celulard, aceasta este
mai putin afectata, ea osciland Intre 60 si 85% la suspensiile celulare, si intre 50 si
78% la celule imobilizate (Fig. 1B).

Cultivarea celulelor imobilizate in medii cu o compozitie diferitd de aceea a
martorului a avut ca efect, la ambele linii celulare, inhibitia, mai mult sau mai putin
accentuata, atat a cresterii (Fig. 2A si 2B) cét si a viabilitatii celulelor (Fig. 3A si 3B),
asa cum a fost cazul cultivarii celulelor liniei 15 (M1) intr-un mediu lipsit de hormoni
(M2) si a liniei 78 (M3) in apa de robinet (M4). Fenomenul este normal avand in
vedere cé linia 15 a fost transferatd intr-un mediu lipsit de una din sursele esentiale
necesare diviziunii i cresterii celulelor — fitohormonii, iar linia 78 a fost cultivata intr-
un mediu cu o compozitie total diferitd de mediul MS, si anume apa de robinet.

Utilizarea celor doi solventi, DMSO si metanolul, a avut ca scop nu numai
dizolvarea digitoxinei pentru a putea fi introdusa in mediul de cultura, ci si acela de a
urmari daca aceste substante au anumite efecte asupra procesului de biotransformare.
Intr-un prim experiment, DMSO (in care a fost dizolvata digitoxina) a fost addugat
intr-o concentratie de 2%, incepand cu ziua O (respectiv ziua a 4-a) de cultura, in
mediul celor doua linii celulare (variantele V1 si V2 - linia 15, si variantele V3 si
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F i g. 1. Cresterea (A) si viabilitatea (B) celulelor de Digitalis lanata cultivate in vitro sub
forma de suspensii si imobilizate in alginat de calciu. S.c.l.c.15 - Suspensie celulara,
linia celulard 15. C.im.l.c.15 - Celule imobilizate, linia celulara 15. S.c.1.c.78 - Suspensie
celulard, linia celulara 78. C.im.l.c.78 - Celule imobilizate, linia celulara 78.
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F i g. 2. Efectul comporzitiei mediului de culturd asupra cresterii liniei celulare 15 (4) i
a liniei celulare 78 (B) de Digitalis lanata imobilizate in alginat de calciu. M1, M2,
M3, M4 — Martori. V1, V2, V3, V4 - Variante (explicatiile se gasesc in Tabelul 1).

V4 - linia 78). Acest adaos a avut ca efect, mai ales spre finalul perioadei de
culturd, o inhibitie mai mult sau mai putin accentuata a ratei de crestere, in functie
de linia celulara si de mediul utilizat pentru biotransformare. Astfel, in cazul liniei
15, scdderea ratei cresterii celulare la V1, fata de M1, a fost de cca 30% si numai
de 18% la V2, fata de M2. La linia 78, efectele au fost similare, cresterea celulelor
din varianta V3 fiind mai scdzuta (cu 40%) decat aceea a celulelor din varianta V4

50



BIOTRANSFORMAREA DIGITOXINEI

(cu 30%) (Fig. 2A si 2B). Totusi, viabilitatea celulelor a fost mult mai putin
afectatd de adaosul de DMSO, aceasta fiind Insa inhibata puternic de compozitia
mediilor in care au fost crescute cele doua linii celulare (Fig. 3A si 3B).
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F i g. 3. Efectul comporzitiei mediului de cultura asupra viabilitatii celulelor liniei 15 (4)
si a celulelor liniei 78 (B) de Digitalis lanata imobilizate alginat de calciu. M1, M2,
M3, M4 — Martori. V1, V2, V3, V4 -Variante (explicatiile se gasesc in Tabelul 1).

In majoritatea cazurilor, addugarea unor solventi organici sau detergenti in
mediul de culturd al celulelor vegetale are ca scop permeabilizarea plasmalemei si
tonoplastului. De cele mai multe ori se observa cd in urma unui astfel de tratament,
are loc o scadere drastica a viabilitatii si cresterii celulelor vegetale cultivate in
vitro. Dupd Brodelius [7], cel mai probabil este ca pierderea viabilitatii si
inhibitia cresterii celulare nu se datoreaza toxicitatii agentului permeabilizator, ci
distrugerii celor doud membrane plasmatice si, implicit, a compartimentelor celulare,
proces care conduce la eliminarea intracelulard a unor substante toxice, asa cum
sunt proteazele si fenolii. In acest context, Dérnenburg si Knorr[13]au
aratat ca in cazul unor celule vegetale tratate cu diferiti detergenti, cele mai afectate
sunt fosfolipidele din membrane, respectiv fosfatidilcolina si fosfatidiletanolamina,
care au fost convertite la acidul fosfatidic, probabil prin actiunea fosfolipazei D.
Totusi, In cazul liniilor celulare de Digitalis lanata, 15 si 78, izolate de noi si
imobilizate in alginat de calciu, addugarea solventului DMSO nu a avut efecte
drastice asupra viabilitatii si cresterii celulare. Un fenomen similar a fost constatat
sideBrodelius si Nilsson][8]laculturile celulare de Catharanthus roseus
imobilizate in alginat de calciu.
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Introducerea de DMSO (in care era dizolvata digitoxina) In mediul de
cultura al celor doua linii celulare (V5, V7 si V9) in doze mai mici (0,4%) si
succesive, de 5 ori, din 3 in 3 zile, a avut, dupa 15 zile de cultura, efecte similare cu
cele constatate in primul experiment (Fig. 4A si 4B). In schimb, utilizarea metanolului
ca solvent al digitoxinei (V6 si V8), In aceleasi conditii descrise mai sus, dar la o
concentratie a dozelor de 0,5%, a condus la inhibarea drastica (cu peste 60%) a
ambilor parametri fiziologici luati in studiu, viabilitate si crestere celulara. Totusi,
linia habituatd 78 s-a dovedit a fi mult mai rezistentd la actiunea acestui compus
chimic, deoarece proportia in care a scazut atat viabilitatea cat si cresterea celulelor
a fost de cca 30% fatd de martor. Aspecte asemanatoare au fost remarcate si In
cazul experimentelor de biotransformare a digitoxigeninei efectuate cu celule de
Daucus carota imobilizate in alginat de calciu. Astfel, Jones si Veliky[17]
au observat ca la concentratia de 2%, metanolul a avut ca efect inhibarea ratei
respiratiei celulare cu peste 50%.
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F i g. 4. Influenta solventului digitoxinei asupra cresterii (A) si viabilitatii (B) celulelor de
Digitalis lanata imobilizate in alginat de calciu. M1, M2, M3, M4- Martori. V5, V6, V7,
V8, V9 - Variante (explicatiile se gasesc in Tabelul 1).

Biotransformarea digitoxinei. In urma consultarii datelor din literatura de
specialitate aflata la dispozitie, am remarcat ca toate experimentele de biotransformare,
realizate cu celule de Digitalis lanata aflate sub forma de suspensii sau imobilizate
in gel de alginat, au vizat de la Inceput aspectul practic, si anume acela de a obtine
cantitati cat mai mari de digoxind sau metildigoxind, principalii compusi activi care
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intrd In compozitia medicamentelor utilizate in tratamentul unor boli cardio-
vasculare [1 - 5, 20, 22]. Totusi, desi rezultatele obtinute incd din anii *80 [4] cu
celule de D. lanata imobilizate in alginat de calciu, celule utilizate in reactiile de
biotransformare, in special a metildigitoxinei in metildigoxina, au fost deosebit de
incurajatoare, dupd aceastd datd nu am mai intdlnit astfel de abordari. De
asemenea, intre anii 1986 — 1992, echipa condusd de K r e i s [15, 20, 21] anunta
izolarea unei linii celulare de D. lanata capabila de a supravietui intr-un mediu MS
lipsit de fitohormoni si de a biotransforma digitoxina in digoxina i, 1n special, in
deacetillanatozida C, in cantitdti deosebit de mari. Ca si In primul caz, dupa anul
1992, 1n literatura de specialitate nu a mai aparut nici o altd data care si ateste si sa
demonstreze eficacitatea utilizarii acestui tip de experimente.

In contextul celor relatate mai sus, in cadrul experimentelor efectuate de
noi, am abordat mai multe aspecte. In primul rand am incercat si selectionam linii
celulare de D. lanata cu insugiri metabolice deosebite, mai ales in ceea ce priveste
capacitatea de biotransformare a digitoxinei. Astfel, am reusit sa izolam doua linii
celulare: linia 15 — o linie normald, hormon-dependenta si o linie hormon-independenta
(hormon-habituatd) — linia 78. Ambele linii se caracterizeaza prin trasaturi specifice
distincte, atat in ceea ce priveste metabolismul primar, cit si cel secundar. in
continuare, aceste linii celulare au fost imobilizate in alginat de calciu si utilizate in
toate experimentele de biotransformare a digitoxinei.

In scopul determindrii capacititii de biotransformare a digitoxinei de catre
cele doua linii celulare luate 1n studiu a fost testatd influenta mai multor factori, si
anume: compozitia mediului de culturd utilizat pentru biotransformare; natura
solventilor in care a fost dizolvata digitoxina - DMSO si metanol; concentratia
digitoxinei si etapele In care aceasta a fost adaugatd la mediul de cultura al celor
doua linii celulare.

Rezultatele obtinute confirma céa digitoxina dizolvatd in DMSO si introdusa
de la inceput (in ziua 0, respectiv in ziua a 4-a de culturd) in mediul de cultura al
celor doua linii celulare, si In cantitatea maxima utilizatd de noi (250 mg/l), a fost
biotransformata, aproape in totalitate, In glicozida purpurea A (GpA), indiferent de linia
celulara utilizata si de compozitia mediului de cultura, incad din ziua a 10-a de cultura
(Fig. 5 A). Transformarea digitoxinei in GpA este de fapt un proces de glucozilare,
proces care consta in aditia unei molecule de glucoza la lantul glucidic (D-D-D-;
D = -D-digitoxoza) al agliconului digitoxinei si este catalizat de o glucoziltransferaza
[11, 19]. in acest sens, linia celulard care a prezentat capacitatea maximi de
bioconversie s-a dovedit a fi linia celulard 78, linie care, indiferent compozitia
mediului de culturd, inca din ziua 5-a a biotransformat digitoxina in GpA, intr-o
proportie de peste 85% (V3 si V4) (Fig. 5A). Ambele linii celulare au stocat
intracelular o cantitate relativ mare de GpA din care o parte (peste 45%) a fost
excretatd Tn mediul de culturd. Acest tip de reactie de biotransformare a digitoxinei
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in GpA a mai fost semnalata si in alte cazuri unde au fost utilizate culturi celulare
de D. lanata aflate sub forma de suspensii sau imobilizate in alginat de calciu [2, 4,
10, 11, 16, 20, 21]. Astfel, Al fermann sicolab. [2] au ardtat, incd din anul 1977,
ca tiparul biotransformarii digitoxinei catalizate de catre culturile celulare de D.
lanata depinde de susa sau linia celulari utilizata in experimente. in acest sens, una
dintre susele selectate de autori (72L) a glucozilat digitoxina la glicozida purpurea
A. In continuare, autorii au constatat ca GpA a fost acetilata, de catre aceeasi linie,
la lanatozida A, compus care a fost apoi hidroxilat la lanatozida C. Totusi, principala
reactie a fost hidroxilarea 1n pozitia C-12 a GpA, reactie care a condus la formarea
deacetillanatozidei C. In experimentele anterioare efectuate de noi cu culturi celulare
de D. lanata, principalul compus rezultat In urma biotransformarii digitoxinei a
fost tot GpA. Alaturi de aceasta au mai fost insa detectate si alte glicozide care au
ramas neidentificate din cauza lipsei substantelor etalon [10].

In cadrul prezentului studiu, am constatat ci dupi introducerea digitoxinei
in conditiile descrise mai sus, aceasta a fost biotransformata intr-un ritm destul de
intens. Astfel ca dupd 5 zile, in mediul de culturd al celor doua linii celulare
imobilizate, din totalul de 250 mg/l digitoxind au mai rdmas aproximativ 75 mg/l,
cantitate care a fost apoi bioconvertita treptat si total In GpA pénd in ziua a 15-a de
cultura (Fig. 5B1). Asa cum ardtam mai sus, o mare parte din acest compus rezultat
in urma biotransformarii digitoxinei a fost stocatd in celule. Totusi, este de
subliniat ca o cantitate destul de mare din totalul de GpA a fost excretatd in mediu
(Fig. 5 B2). Eliminarea a fost rapida, linia celulara 78 dovedindu-se a fi cea mai
prolifica si in acest sens (V3 si V4). Desi nu a fost urmarit In mod expres, credem
ca fenomenul de excretie constatat la celulele celor doua linii, 15 si 78, se datoreaza in
principal permeabilizarii membranelor plasmatice de catre DMSO, solvent care a
fost introdus in mediu impreuna cu digitoxina, intr-o concentratie de 2%. Aceasta
afirmatie se bazeaza In primul rand pe experimentele anterioare efectuate de noi cu
suspensii celulare de D. lanata, in care, pentru introducerea digitoxinei in mediul
de cultura am folosit DMSO intr-o concentratie de numai 0,75%. Cantitatea de
GpA (rezultatd in urma biotransformarii digitoxinei) eliminatd Tn mediu a fost mult
mai mica decat aceea din prezenta lucrare, ea fiind cuprinsa intre 7 si 10% din total
[10]. De asemenea, in urma experimentelor efectuate cu suspensii celulare induse
din trei specii, Catharanthus roseus, Chenopodium rubrum si Thalictrum rugosum,
Brodelius[7] a observat ca pentru eliminarea unei cantititi de 50% din
metabolitii secundari stocati in celulele speciilor respective, au fost necesare
urmatoarele concentratii de DMSO: 3% pentru C. roseus, 10% pentru C. rubrum si
13% pentru 7. rugosum. Deci, este clar cd permeabilizarea membranelor celulare
depinde in cea mai mare masura de trei factori, i anume: de specie, de natura si de
concentratia solventului. Astfel, este posibil ca suspensiile celulare de D. lanata,
utilizate de noi, sd fie mult mai sensibile la actiunea DMSO.
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F i g. 5. Influenta compozitiei mediului de cultura asupra capacitatii de biotransformare a
digitoxinei de catre celulele liniilor 15 si 78 de Digitalis lanata, imobilizate in alginat de
calciu. A — Glicozida purpurea A rezultata in urma biotransformarii digitoxinei i acumulata in
celule. Bl — Cantitatea de digitoxind ramasa in mediu. B2 si B3 — Cardenolidele rezultate
in urma biotransformarii digitoxinei si excretate in mediul de cultura. V1, V2, V3, V4 -
Variante (explicatiile se gasesc in Tabelul 1).

Majoritatea produsilor secundari sintetizati de catre suspensiile celulare
vegetale se acumuleaza intracelular, fiind stocati in diferite compartimente (in
principal in vacuold). Totusi, este posibil ca sd se obtind o cantitate mult mai mare
de astfel de compusi, daca acestia sunt secretati in mediul de cultura al celulelor,
deoarece, in majoritatea cazurilor, metabolitii secundari acumulati intracelular inhiba
insdsi sinteza lor printr-un mecanism de reglare de tip “feed-back”.

Pentru majoritatea sistemelor de celule vegetale imobilizate este esential ca
o cantitate semnificativa din compusii acumulati in celule sa fie eliminata in mediu.
Céand produsul nu este eliminat, poate fi indusa excretia acestuia, prin permeabilizarea
membranelor celulare (plasmalema si tonoplastul). In acest sens a fost studiat efectul a
numerosi compusi chimici asupra permeabilizérii celor doud membrane plasmatice
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[6, 7, 13, 23]. De foarte multe ori s-a constatat Tnsd ca utilizarea unor astfel de
compusi are ca efect pierderea viabilititii celulelor. Totusi, la cele doua linii celulare
de Digitalis lanata luate de noi in studiu, asa cum ardtam mai sus, permeabilizarea
membranelor celulare cu DMSO nu a fost asociatd cu pierderea viabilitatii celulelor
(Fig. 3A, 3B 5i 4B).

Ceea ce trebuie insd remarcat cu deosebire este faptul cd, alaturi de GpA,
incepand din ziua a 5-a, a fost excretatd in mediu, dar numai de catre linia celulara 15
(V1 si V2), o alta cardenolida, si anume gitoxina (Fig. 5SB3). Cantitatea acesteia este
mic4, fiind cuprinsa intre 2,5 mg/l (V1) si 3,5 mg/l (V2) si a rezultat in urma hidroxilarii
dugitoxinei 1n pozitia C16, proces care a condus la biotransformarea digitoxinei in
gitoxind. Aceastd capacitate de biotransformare a digitoxinei in gitoxina, de cétre
celulele de Digitalis lanata cultivate in vitro sub forma de suspensii sau imobilizate
in alginat de calciu, nu a mai fost citatd pana in prezent decat in cazul culturilor de
D. purpurea [16]. De asemenea, trebuie subliniat ca acest glicozid cardiotonic,
gitoxina, nu se acumuleaza in celule, el fiind excretat in totalitate in mediu.

Introducerea digitoxinei dizolvatd in DMSO, in doze mai mici (50 mg/1) si
succesive, din 3 in 3 zile (de 5 ori), nu a condus la marirea randamentului de
glucozilare a digitoxinei si nici la cea a randamentului de hidroxilare, indiferent de
linia celulara si de compozitia mediului folosit pentru biotransformare, ci a avut
efect doar asupra cantitatii de GpA excretatda in mediu, varianta V5 (linia 15) fiind
cea mai prolifica in acest sens (Fig. 6). Cantitatea de digitoxind ramasa neutilizata
se datoreaza, dupa parerea noastra, introducerii repetate si la intervale scurte a unei
noi cantitati din acest compus, care nu a mai putut fi transformatd de cétre celulele
imobilizate.

Utilizarea metanolului ca solvent al digitoxinei, in conditiile descrise mai sus,
a avut ca rezultat inducerea unui proces asemanator de biotransformare a digitoxinei in
gitoxind, ambele linii celulare (V6 si V8) etaland valori aproximativ egale de
bioconversie si de eliminare a acestui compus in mediul lor de culturd (7 — 8 mg/l),
dar mai mari decat in cazul utilizarii DMSO (Fig. 6 si 7). In acest sens, se pare ci
metanolul stimuleaza reactia de hidroxilare a cardenolidelor, deoarece Jone s si
Veliky[17], in experimentele de biotransformare efectuate cu Daucus carota,
au observat cd o concentratie de metanol cuprinsa intre 0,5 si 1% a stimulat hidroxilarea
digitoxigeninei, pe cand la concentratia de 2% a fost inhibatd atit transformarea
digitoxigeninei cat si viabilitatea celulelor. Astfel ca, si In cazul nostru, este explicabila
productia mica de compusi rezultati in urma biotransformarii, remarcata la variantele
unde s-a utilizat metanolul in concentratii de cate 0,5% per doza (V6 si V8).

Daca facem o comparatie in ceea ce priveste randamentul de biotransformare
a digitoxinei In GpA, se observa ca cel mai mare procent il detine in acest sens
linia 78 (V3 si V4), iar proportia cea mai mare de cardenolide excretate Tn mediu
(cca 75%), din total, s-a remarcat in cazul liniei 15 (V1 si V5) (Fig. 7).
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F i g. 6. Efectul compozitiei mediului de cultura si al solventului digitoxinei
asupra biotransformarii digitoxinei de catre celulele liniilor 15 si 78 de Digitalis
lanata, imobilizate in alginat de calciu. GpA - Glicozida purpurea A. Dgtx —
Digitoxina netransformata si ramasa in mediu. Gtx — Gitoxina rezultatd in urma
biotransformarii digitoxinei si excretata in mediu. V5, V6, V7, V8, V9 - Variante
(explicatiile se gasesc 1n Tabelul 1).
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F i g. 7. Capacitatea de biotransformare a digitoxinei de catre celulele celor doud linii de
Digitalis lanata, 15 si 78, imobilizate in alginat de calciu, in functie de compozitia mediului
de cultura, de momentul adaugarii digitoxinei in mediu, precum si de solventul utilizat. GpA
- Glicozida purpurea A. V1, V2, V3, V4, V5, V6, V7, V8, V9 - Variante (explicatiile se
gasesc In Tabelul 1).
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Concluzii. 1. Dupa mai multe selectii s-a reusit izolarea a doud linii
celulare de Digitalis lanata (dintre care una a fost hormon-habituatd) care au prezentat
proprietati deosebite in procesul de biotransformare a cardenolidelor. Imobilizate n
alginat de calciu, aceste celule au fost capabile de a biotransforma digitoxina in
glicozida purpurea A, intr-o proportie de cca 90%.

2. Utilizarea de DMSO (in concentratia de 2%), pentru dizolvarea
digitoxinei, a avut ca efect permeabilizarea membranelor celulare, fard pierderea
viabilitatii celulelor imobilizate, astfel ca o mare parte din cardenolidele acumulate
in celule (intre 45 si 75%) a fost excretatda in mediul de cultura.

3. Dintre cele doua linii celulare, linia 78 (hormon-habituata) s-a dovedit a
fi mai productivd §i mai rezistentd la actiunea agentilor solubilizanti utilizati
(DMSO si metanol).

4. Ambele linii celulare selectate de noi si imobilizate in alginat de calciu,
in functie de solventul utilizat, precum si de momentul §i cantitatea in care digitoxina a
fost adaugata, au fost capabile si de un proces de hidroxilare a acesteia in pozitia C16,
proces 1n urma cdruia rezultd gitoxina, care se acumuleazid numai in mediul de
culturd, fapt constatat pentru prima data in culturile celulare de D. lanata.

5. Metanolul a stimulat procesul de hidroxilare, dar a avut un efect puternic
inhibitor asupra cresterii i a viabilitatii celulelor celor doua linii.
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ACCUMULATION OF SOME HEAVY METALS FROM MINE SPOILS
BY SOYBEAN PLANTS

SILVIA ONAC"and MIHAI TRIFU®

SUMMARY. — The accumulation of Zn, Pb, Cu and Cd from nspeils in
Cavnic (Baia Mare mining area, Romania) by two sayb Glycine max)
cultivars, Agat and Diamant, was studied underdfiebnditions. Three
experimental variants were organised:-\Vcontrol (unpolluted soil), ¥— 50%
spoils+50% unpolluted soil, ;- 100% spoils. The heavy metal concentrations
in the cultivation substrata, as well as in soybézaves and roots were
measured. As compared to the control, the heavgl reehcentrations in spoils
increased as follows: Cd>Zn>Pb>Cu. The translocatioheavy metals (% of
the total amount in the cultivation substrata) églean leaves followed the
order: Zn>Cd>Cu>Pb. In all the experimental vasattie amount of Cu, Cd
and Pb translocated to the leaves of the Agat aath@nt soybean cultivars
ranged between the normal values, whereas Zn adatiomuexceeded these
values in both soybean cultivar plants grown in tleiants with spoils.
Reported to the total metal concentrations in thiévation substrata and to
the total amount of heavy metals absorbed by soypémts, the percentage
of the metals translocated to the leaves decreasewpt for Pb in 100%
spoils. With few exceptions, in all the experiméntariants the Diamant
cultivar plants accumulated higher amounts of heaeyals in their roots and
leaves than did the Agat cultivar plants.

Generally, heavy metals represent a group of metdls density higher
than 5 or 6 g/cr?h[18, 28]. Zn, Cu, Fe, Mn and Mo, unlike Cd, Pb, Ab, As, Cr,
are required by biological systems as structural aatalytic components of
proteins and enzymes, being essential to normalthrand development. A common
characteristic of heavy metals in general, regasdtd whether they are biologically
essential or not, is that in excess they are slyopigytotoxic [17]. Although the
relative toxicity of different metals to plants caary with plant genotype and
experimental conditions, the most phytotoxic metaleen present in excessive
amounts, are Hg, Cu, Ni, Pb, Co and Cd [1].

Heavy metals occur naturally in rocks and soilg, roainly in forms that
are not available to living organisms. Followinge tindustrialisation, the most
important source of heavy metals in the environnimdame the anthropogenic
factor [27]. Mining activities represent one of Busources, resulting in huge
amounts of spoils with negative consequences ondgheby ecosystems.

“’Babes-Bolyai University, Department of Plant Physiology, 3400 Cluj, Romania.
E-mail: sonac@bioge.ubbcluj.ro
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The aim of the present study was to assess thei@ietomposition of the
Pb-Zn-Cu mine spoils in Cavnic and the accumulatibrsome heavy metals in
leaves and roots of the Agat and Diamant soybehivars. Of the heavy metals in
the spoils, only those present in higher quaniy, (Pb, Cu, Cd) have been taken
into consideration.

Materials and methods. A field experiment was conducted using two
soybean Glycine max (L.) Merrill] cultivars, Agat and Diamant, creatdyy the
Agricultural Research Station, Turda, Romania. &eerimental plots (2-freach)
were organised into three variants:vVcontrol (unpolluted soil), ¥— 50% spoils +
50% unpolluted soil, Y- 100% spoils. The spoils were collected from ot
waste dump resulted from Pb-Zn-Cu ore processin@awnic, Baia Mare mining
area, Romania; sampling depth was 0-50 cm. The luted soil was a slightly
degraded chernozem, with a pH of 6.9. The humaitultivation substrata has been
maintained at about 70% of the water-holding cdpaci

Samples of soil and spoils were taken from fielotgl The samples were
air-dried, ground and sieved through a 2-mm sieie o analyses. pH was measured
at a 1:1 soil:water ratio using glass electrode amgnic matter was measured by
combustion. Total metals (Zn, Pb, Cu, Cd) in thikaswl spoils (0.2 g) were extracted
by digestion with a mixture of concentrated aciti8 (nl HF, 2.5 ml HN@ 1 ml
HCIO,). Zn and Cu concentration was determined by andtikely coupled plasma
atomic emission spectrometer (ICP-AES, Jobin Yvaguential Spectrometer
JY24), whereas Pb and Cd were determined by arcliveély coupled plasma mass
spectrometer (ICP-MS, VG Elemental Plasma Quadilfeplicate of the chemical
analyses for soil and spoil Zn, Pb and Cu, witha}-fluorescence spectrometer
has been performed, the results being very clog®se given by ICP-AES and ICP-
MS. The X-ray fluorescence spectrometry has alem hesed for determining some
micro- and macronutrients in soil and spoils.

Plant material for the analyses of heavy metals havested after the
maturation period, washed with tap water and theh distilled water, oven-dried
at 70C for 48 hours and ground in an agate mortar. Heaetals (Zn, Pb, Cu, Cd)
present in the leaves and roots of mature soybleats{0.2 g of dried plant material)
were extracted by digestion with 2 ml HN&hd 2 ml HO, and measured by ICP-AES.

Results and discussion. Some chemical properties of the cultivation
substrata are given in Table 1.The pH of spoilalksline, leading to the binding
and immobilisation of heavy metal ions and, consetjy, to reducing of their
bioavailability, many metals being retained verorsgly by the soil components
under alkaline and reducing conditions [27]. Thghleir amount of Ca in the spoils
maintains an increased pH. The low contents ofracgmatter, P and K indicate
the low fertility of the mine spoils.
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Table 1
Some chemical properties of the cultivation substrata
Soil property Experimental variants
(%, except for pH) Control 50% Spoils 100% Spoils
pH 6.99 7.69 8.24
Organic matter 10.61 6.89 3.34
SiO, 64.04 71.15 79.05
Al>,Os 13.53 10.30 7.18
FeOs 4.94 4.92 4.81
MnO 0.12 0.27 0.43
MgO 1.25 1.17 1.11
CaO 1.18 1.43 1.65
K,0 2.09 1.95 1.83
P,Os 0.18 0.12 0.07

The total heavy metal contents in the cultivatiobstrata are presented in
Table 2. As compared to the control, the heavy hoetacentrations in spoils were
much higher, the highest value being recorded for(4D times higher) and the
lowest one for Cu (only 3.5 times higher), while tbontents of Zn and Pb were
15.7 and 13 times higher, respectively. In 50%lsgbe heavy metal concentrations
decreased to almost half of that in 100% spoils.

Table 2
Heavy metal contents of the soybean cultivation substrata
Experimental Heavy metal concentrations (ppm)
variants Zn Pb Cu Cd
Control 84.24 28.49 32.95 0.1953
50% Spoils 643.23 172.00 81.30 3.4520
100% Spoils 1325.55 379.35 116.26 7.8450

In Table 3 the heavy metal (Zn, Pb, Cu, Cd) costémtieaves and roots
of the two soybean cultivars, Agat and Diamantwgran different experimental
variants, are given.

For both soybean cultivars and all studied metats Pb, Cu, Cd), heavy
metal concentrations in leaves and roots increastdtheir increasing levels in the
cultivation substrata. The Cu amount in leavesatifi lsoybean cultivars grown in the
variants containing spoils was higher as compawetthé control, but it was almost
identical in the leaves of Diamant cultivar in 5@#d 100% spoils (9.5 and 9.7 ppm,
respectively), and the leaves of Agat cultivar@@% spoils contained a lower amount
of Cu (7.6 ppm) than those of plants grown in 5@#ils (8.9 ppm). In both soybean
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cultivars and in all the experimental variants tbets had a higher concentration of
heavy metals than the leaves. For all the cultwatariants and all the analysed heavy
metals, less for Cu in control leaves and for Cobits in 50% spoils, the leaves and
roots of Diamant cultivar plants contained a higlmiount of heavy metals than those
of Agat cultivar plants.
Table 3
Heavy metal contentsin theleaves and roots of the Agat and Diamant
soybean cultivars

Cultivar Experimental Heavy metal concentrations{pp
variants Zn Pb Cu Cd
L R L R L R L R
Control 36.9 4136 0.29 3.08 4.0 15.24050 0.1158

Agat 50% Spoils 212.7 264.60 1.38 20.43 8.95@2.0.53 2.3906
100% Spoils 353.8 795.30 16.50 105.80 7.6 48.186 06.2347
Control 395 43.74 0.55 4,75 3.2 15.36070 0.1201

Diamant 50% Spoils 286.8 30340 394 38.26 2530 0.84 2.3220
100% Spoils 417.7 819.40 18.60 128.40 9.7 51.727 16.2450

L - Leaves.

R - Roots.

Although the heavy metal levels in soybean leaveseased in plants
grown in the variants containing spoils as comparedhe control, still, when
reported to the metal amounts in the cultivatiobpsstata, the percentage of Zn, Cd
and Cu translocated to the leaves of both soybelinar plants in 50% and 100%
spoils was lower than in control (Fig.1, A, B). Thercentage of translocated Cu
slightly increased (12%) comparing to the contdd%) only in Diamant cultivar
plants grown in 50% spoils.

Pb, although present in higher amount in spoilss wanslocated in equal
percentage to the leaves of both cultivar plantsantrol and 50% spoil variants
and in a higher percentage in the plants grownO@%d spoils, but, of the four
studied heavy metals, Pb was translocated to #wesein the lowest percentage, in
both cultivars. Thus, in Agat cultivar only 1% dfet total amount of Pb in the
cultivation substrata was translocated to the leafecontrol and 50% spoil plants,
and 4% in 100% spoil plants. In Diamant cultivar @¥4otal Pb was translocated
to the leaves of control and 50% spoil plants &drb 100% spoil plants. Also, just a
small part of the total amount of Cu in the cultiva substrata was translocated to
the leaves, in all the experimental variants artti Boybean cultivars.

The total content of heavy metals in the soil (colptused in this
experiment is in accordance with the “normal” levédr unpolluted soils, which
range between the following values: Zn 10-300 (gpivalue 50) ppm, Pb 2-100
(10) ppm, Cu 2-100 (20) ppm, Cd 0.01-0.7 (0.06) #Hn7, 13, 30].
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F i g. 1.Theamount of heavy metals (% of the total amount in the cultivation substrata)
trandocated to leaves of the Agat si Diamant soybean cultivars.

The heavy metal contents in plants is influencecabyumber of factors:
the type of plant, the particular plant tissue, lthesls and availability of metals in
soil, the interactions between different elementsdil, the age of plants, the season,
the climatic conditions. Because of these factbesconcentrations of the heavy metals
vary widely, being hard to give adequate mean sgajlig]. However, the following
“normal” values are indicated: Zn 25-150 ppm, C205ppm [4, 14], Pb 0.2-20 ppm,
Cd 0.05-2 ppm [11].

Referred to the literature data, the amounts of@uand Pb translocated to
the leaves of Agat and Diamant soybean cultivar®waéthin the limits considered
“normal”, whereas Zn accumulation exceeded thesislin both soybean cultivars in
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variants with spoils (Table 3). According to somehars [6, 21, 22], the critical
toxicity level (CTL) of Zn in the leaves of mosbgr plants is between 100-300 ppm;
the CTL of Cu is above 20-30 ppm, and in the cdgedit ranges between 3 and
10ppm.MacNicoland Beckett[2]1] icated a CTL of 4 ppm Cd in the
mature leaves of soybean and a CTL of 450 ppm forBZo r k e r tet al. [8]
indicated a CTL of 140 ppm for Zn and over 20 ppn €u in soybean. The
threshold concentration of Pb in plant tissues ioguthe first damage ranges from
500 to 1000 ppm, depending on the species [33].

Generally, most of the heavy metals taken up bytplaccumulates in
roots, being bound to the root cell walls [31, 33pnt roots often serve as storage
sites preventing toxic dosages from reaching & sind grain [12]. Zinc is known as
the most mobile of the heavy metals [25], bothhe toil and the plants [12].
Although Cd is generally present in soils in mugfaier concentrations than Zn, it
is also considered to be mobile, the two metalsnigasimilar chemical properties.
As a result of high mobility, Zn and Cd are morai&@ble to plants than many
other heavy metals, including Cu and Pb [2, 24,2f, C atal d oet al. [9]
showed that although most of Cd taken up by soylpants has been retained
within the roots, an important fraction of the Gsbaciated with shoot tissues has
been remobilised to seeds at maturity.

Studying the responses of different plant specesd, M ac L e a n [20]
reported that Cd was present in higher concentratio the roots than in other
organs of soybean. Zinc is readily translocatedplent shoots, while copper
accumulates mostly in roots, but none of these délements moves appreciably
into plant seeds [24]. Ar d u i net al. [3], investigating Cd and Cu uptake and
distribution in pine and ash, found that most af tbu taken up by these plants
accumulated in roots and only a small part wasstocated to the leaves, whereas
the percentage of translocated Cd was high. Thes mestrict Cu translocation to
the above-ground plant parts, due to the strongigffof Cu for different binding
sites on the cellulose discs of the cell walls [2601 and Pb bind strongly to
various soil components, mostly to organic mattad tend to be the most rapidly
adsorbed and the most slowly desorbed heavy nig&lI27]. Most Pb accumulates
in the root cell walls, which limit its translocati to the above-ground plant parts
through the xylem [33].

The rate and extent of the movement of heavy metilsn plants depend
on the metal concerned, the plant organ and theatie plant [1]. Within plants
the metals may exist as free ions or as organicptaxas, which influence their
mobility [11]. Of the four studied metals, Zn and @ere in the highest percentage
translocated to the leaves of both soybean cutivatiowed by Cu and Pb (Fig. 1).
As the amount of heavy metals in the cultivatiobsdtata increased, the percentage
of translocated metals increased, but reportedhdatdtal metal concentrations in
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the cultivation substrata and to the total amounh@avy metals taken up by
soybean plants, this percentage decreased, exaepbf(Fig. 1, Table 4). Similar
results have been reported by other authors [295S anta-MariaandCogli-
a tti[29] explained their results for Zn by glhér accumulation of this metal into
plant roots and its exclusion from the cytoplasnraaft cells, and/or by pumping
Zn into the vacuoles or by its complexation withgamic compounds, thus
restricting its translocation to the shoots andoingl the survival and growth of
plant species under toxic Zn levels. This mecharsisems not to work for soybean
in our experiment, Zn being translocated to thedsaof plants grown in variants
with spoils in concentrations exceeding normal galuSoil contamination with
heavy metals seems to persist for long periodstHautobility and bioavailability
of heavy metals decrease over time [19].
Table 4

Heavy metal concentrations (% of the total amount taken up by plants) in
leaves and roots of the Agat and Diamant soybean cultivars

Cultivar  Experimental Heavy metal concentrations (%)
variants Zn Pb Cu Cd
L R L R L R L R
Control 47 53 9 91 21 79 30 70
Agat  50% Spoils 45 55 6 94 28 72 18 82
100% Spoils 31 69 13 87 14 86 12 88
Control 47 53 10 90 17 83 37 63
Diamant 50% Spoils 49 51 9 91 28 72 27 73
100% Spoils 34 66 13 87 16 84 16 84
L - Leaves.
R — Roots.

The decrease in the amount of Zn and Cd transldcatethe soybean
leaves could be caused by the high pH of spoiks,aitisorption/desorption of Cd
and Zn showing a greater sensitivity to pH than d¢i@b and Cu [2]. Soils high in
Fe, Mn and Al oxides preferentially retain Cu, Fiol ato a lesser extent, Zn [27].
Since the organic matter content was very low inavgpoils, the higher amount of
aluminosilicates and MnO in the spoils could be afighe causes of reduced
translocation of Pb and Cu to soybean leaves.

In broad terms, there is a positive relationshipvben the concentration of
Pb in the soil and that in the plants, but onlyrek proportion of the lead in soil is
available for uptake by plants [10]. Although tleaes of the Agat and Diamant
soybean cultivars accumulated a high amount ohPI90% spoils, this Pb amount
represented only 4 and 5%, respectively, of thed Bohount of Pb in spoils.
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Plant cultivars differ widely in their ability tobsorb, accumulate and
tolerate heavy metals [2]. Leaves of the Diamaitivar had a higher content of
heavy metals than those of the Agat cultivar. Wtleiet al. [32] noticed that in
soybean genotypes Zn tolerance was positively letecewith the Zn content of the
leaves, therefore the mechanism of tolerance m dhse was not exclusion from
uptake, but tolerance of the tissues to high cdstehZn. K u b o iet al. [16]
found that soybean plants were sensitive to Cdablé to exclude it.

Conclusions. 1. Of the four heavy metals considered (Zn, R, @), the
amount of Cu, Cd and Pb translocated to the leaivitee Agat and Diamant soybean
cultivars, ranged between the “normal” values, wherZn accumulation exceeded
these values in both soybean cultivar plants griomthe variants with spoils.

2. In all the experimental variants and for botltsan cultivars, most of
the absorbed heavy metals accumulated in plansradgtile the percentage of
metals translocated to the leaves was lower. Asitheunt of heavy metals in the
cultivation substrata increased, the percentagen$located metals increased, but
reported to the total metal concentrations in thiévation substrata and to the total
amount of heavy metals taken up by soybean plahis,percentage decreased,
except for Pb in 100% spoils.

3. The most mobile of the four studied heavy metads Zn, followed by
Cd, Cu and Pb.

4. Except for Cu in control leaves and Cd in thetsoof plants grown in
50% spoils, in all the experimental variants thadyemetal contents in leaves and
roots of the Diamant cultivar plants were highercampared to the Agat cultivar
plants.
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REGULATION OF THE EXPRESSION AND FUNCTIONS OF
INTERENDOTHELIAL JUNCTIONAL PROTEINS IN CEREBRAL
ENDOTHELIAL CELLS UNDER HYPOXIA AND OXIDATIVE STRES

*

ERZSEBET MARIA SZATMARI “ and ISTVAN KRIZBAI ™

SUMMARY . - Cerebral microvessels are implicated in thehgmnesis of
several disorders of the central nervous systemSjCNuch as neoplasia,
ischemia, hypoxia, epilepsy, multiple sclerosisndetia. The mechanism of the
blood-brain barrier (BBB) disturbance following ebral ischemia is largely
unknown. In the increased permeability of the barendothelial cells (ECs) and
astrocytes are directly affected. In our study,used the immortalised rat brain
endothelial cell line GP8 to investigate the diretfect of hypoxia and
reoxygenation on BBB-associated functions. For yetdn of hypoxia (5% CO
and 95% N) and reoxygenation (5% GOr0% N and 25% @) we worked with

a special chamber (Billups-Rothenburg). In addjtitre oxidative stress was
investigated by using 2,3-dimethoxy-1,4-naphthoguin (DMNQ), which
continuously releases.f,. We found significant changes in the expression of
junctional proteins. While occludin and cadherirrevdownregulated in oxidative
stress, no similar changes were seen in the cad®-@f andB-catenin. Our data
indicate that changes in junctional protein-proteiaractions may be involved in
the damage of the barrier function caused by axilatress. We investigated the
possible role of mitogen-activated protein kinaB®APK) signal transduction
pathway in the disruption of intercellular junctonOur results suggest an
activation of extracellular signal-regulated kingd&&K1/2) pathway in response
to DMNQ in GP8 cells. Protease activities (matrigtafioproteinases - MMPs
and tissue plasminogen activatotPA) also increased after DMNQ treatment.
These two classes of neutral proteases act in oincdifferent neurological
diseases which are associated with increasedargypitrmeability.

The blood-brain barrier (BBB) isolates brain cefltom the normal
variations in body fluid composition and regulatee composition of the brain’s
extracellular fluid, providing a stable environmémt nerve cell function.

By forming a single cell layer, cerebral endotHetiells (CECs) constitute
the principal component of the BBB. These cells@raracterised by the presence
of continuous tight junctions (TJs) and a low leseéndocytosis/transcytosis.

The tight junction is one mode of cell-to-cell adiom in epithelial and
endothelial cells. They serve as a primary bapiewenting solutes and water from
passing freely through the paracellular pathwawaifier function”). TJs have also

* Babeg-Bolyai University, Department of Animal Physiolp#00 Cluj-Napoca, Romania.
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important role in the generation and maintenancehef cell polarity (“fence
function”). Both the barrier and fence functionsTds are essential for multicellular
organisms [3].

The TJ proteins can be classified as:

1. integral membrane proteingccludin, claudins, junction-associated
membrane protein (JAM);

2. cytoplasmic plaque proteins, including the MAG(llembrane—associated
guanylate kinase homologue) proteins of TJ: zomgl@dudens-1 (ZO-1), zonula
occludens-2 (Z0O-2) and zonula occludens-3 (ZO-3) anmore heterogeneous
group, including cingulin, symplekin, 19B1, AF-6daiH6 proteins; and

3. TJ-associated proteins, which are involved gmadi transduction pathways:
small GTPases-binding proteins (Rab3b, Rab13)iymes of heteromeric G-proteins
(Gap and Gu;p), atypical proteirkinase C (PKC) isotypes.

The adherens junctioni®Js) mediate the initial adhesion between epiheli
and endothelial cells and play a modulatory rol&.fGrmation in epithelial cells
depends on the prior formation of E-cadherin-mediadJs. Disruption of AJs is
followed by the increase in TJ permeability. Thi§,proteins (cadherins, catenins,
p120, p100) are potential regulators of TJs [11].

Materials and methods. Cell cultures. Primary cultures of rat brain
endothelium were used to generate temperaturetigerSiV40 large T immortalised
cell line GP8 [4]. GP8 cells express P-glycopragtgintamate transporter-1 (GLUT-1),
transferrin receptor, von Willebrand factor and thé endothelial cell antigen-1
(RECA-1) and exhibit high affinity uptake of acetidd low density lipoprotein (LDL)
and stain positive with the alpha-Gal specific lmgdlectin (BSI-B4). They also
express major histocompatibility complex (MHC) dldsand intercellular adhesion
molecule-1 (ICAM-1) constitutively and can be indddo express MHC class Il and
vascular cell adhesion molecule-1 (VCAM-1) follogimytokine activation. Platelet
endothelial cell adhesion molecule-1 (PECAM-1) Isoaexpressed. GP8 cells
retain many features of the CEC in primary cultueesl are considered as a useful
tool for the study of BBB functioni& vitro. GP8 cells (passages 40-50) were seeded
on rat tail collagen-coated dishes and maintairsedieacribed earlier [6].

Treatments.Cerebral endothelial cells were subjected to hygpoaind
reoxygenatiorin vitro in a special air tight chamber (Billups-Rothenfuidypoxia
was performed in an atmosphere of 95%aNd 5% CGQ, while the subsequent
reoxygenation in 70% N25% Q and 5% CQ@. Confluent monolayer of GP8 cells
was subjected to oxidative stress either by usjBedifnethoxy-1,4-naphthoquinone
(DMNQ) or H,0O,. DMNQ, a redox-cycling agent induces intracelluj@neration
of reactive oxygen species, cell proliferation, @psis or necrosis in a concentration-
dependent way. In our experiments DMNQ was usgd/{\and 10uM) for 1.5 hours.
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In other experiments 1 mM J, was used in the presence of normal glucose
concentration or under aglycemic conditions for 2edirs.

For phosphorylation studies, cells were subjeabe8tuM phenyl arsenic
oxide (PAO), which is a tyrosine phosphatase itbibfor 1.5 hours [13].

For Western blot analysiprotein samples were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophor¢SiSS-PAGE) and transferred to
a polyvinylidene fluoride (PVDF) membrane at 100c@¥nstant voltage for 90
minutes. The membrane was preincubated in blodyirftgr (5% non-fat dry milk,
in Tris buffer saline/Tween 20 -TBS/T-: 10 mM Trghl 7.5, 100 mM NacCl, 0.1%
Tween 20) for 30 minutes then incubated with pryremtibody for 2 hours. After
two washes for 15 minutes with TBS/T, the membnaas incubated with the horse
radish peroxidase-conjugated secondary antibody foour at room temperature
and washed again two times with TBS/T. The probginds were detected using a
chemiluminescent detection system.

Forimmunoprecipitation assagonfluent monolayers of cells were lysed in
0.5 ml of appropriate lysis buffer and collecteditef centrifugation (10,000 rpm, 5
minutes, 4C), the supernatant was normalised for protein @atnation and incubated
with the primary antibody for 2 hours, followed &y additional 1 hour with protein A
or protein G bound to Sepharose. After four washelysis buffer or ice-cold
TBS/T, immune complexes were separated by addir§§) &inple buffer followed by
heating at 95C for 3 minutes. Equal volumes of immunoprecipiapeoteins and
proteins from the supernatant were analysed by BBGE and immunoblotting.

SDS—-PAGE zymographyMP enzyme activityvas assayed by zymography:
equal volumes of supernatant normalised for proteincentration (1Qul) were
subjected to electrophoresis, without boiling diuction, through a 10% polyacrylamide
gel copolymerised with casein (0.5 mg/ml). Aftee #lectrophoresis was complete,
the gel was incubated for 1 hour at room tempeegaitura 2.5% Triton-X100 and
50 mM Tris solution, then was washed two timespiifiutes each, with distilled
water and then incubated overnight atG7 a 20 mM Tris-HCI buffer, containing
100 mM Cadl. In parallel, the MMP activity in the culture madvas studied. The
gels were stained with 0.25% Coomassie blue R-280tlzen destained with 10%
methanol and 8% acetic acid. Enzyme activity aited to MMPs can be
visualised (on the basis of molecular weight) ia telatin- or casein-containing
zymograms as clear bands against a blue backg{8lind

To determine tissue plasminogen activator (tPAyiactsamples were electro-
phoresed through a 10% SDS-polyacrylamide gel.gehavas washed in 2.5% Triton
and 50 mM Tris solution to remove the SDS, andastitled water two times to
remove the Triton-X100. The gel was placed on ai-sefid substrate containing
20 mM Tris-HCI, 1.5% agarose, 2% casein apdy®nl plasminogen and incubated at
37°C overnight. tPA activity was visualised under déeld illumination [9].
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Results and discussionThe present work is an investigation of ischemic
stress at the level of the cerebral capillary elneladim by analysing the changes in
TJ and AJ protein expression, activation of sigmrahsduction pathways and
modification of the protease activity following hyya/reoxygenation and
oxidative stress induced by DMNQ op®}.

1. Changes in the expression of junctional proteiitsr oxidative stress

Previous studies [1, 2] revealed that ianvitro model of the BBB is
sensitive to short exposure to hypoxia/aglycemih thiat changes in CEC calcium
flux may be involved in the generation of the stowal and functional variations of
the BBB during ischemic stress. This study has shithat E-cadherin is decreased
in a time-dependent manner after hypoxic/aglycemposures. Immunocytochemical
studies revealed a change in the distribution oibdrelial cell F-actin, too. These
findings are consistent with our results indicatugcrease in the expression of
junctional proteins after oxidative stress (Fig. @cludin is downregulated after
hypoxia/reoxygenation, which is even more pronodneken the cells are cultured
in a glucose-free medium. These changes are notrganied by similar changes
in ZO-2 expression.

+G -G

C H/R C H/R

. e

F i g. 1.Expression of occludin after hypoxia/reoxygenatio®GP8 cells.

C — Control. H/R - Hypoxia/reoxygenation. +G - Nalnglucose
concentration. -G - Aglycemic condition.

We found a dose-dependent reduction in the junatiprotein expression
after DMNQ treatment. Occludin am@dherinexpression was reduced after DMNQ
(10uM) treatment (Fig. 2), while F-actin expression wias affected by DMNQ.

Previous studies [10] revealed an increase inttasine phosphorylation
of B-catenin after a tyrosine phosphatase inhibitor @PAreatment, which was
associated with ZO-1 tyrosine phosphorylation. Ehfaisdings indicate that BBB
permeability could be regulated via mechanismsluing tyrosine phosphorylation
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of junctional proteins. We found a reduction in texludin, cadherin and ZO-2
expression after PAO treatment (Fig. 3). Reduatibnccludin expression in human
umbilical vein endothelial cells after PAO treatrh&as demonstrated [13]. We
hypothesised that tyrosine phosphorylation of jiematl proteins can be regarded
as an essential step in the mechanism of intetaejunction disruption, followed
by increase in BBB permeability after DMNQ treatrnen

C DMNQ DMNQ

1M 10uM

Occludin B T——

Cadherin e S

F i g. 2.Expressin of occludin and cadherin after DMNQ treatmenGR8 cells
C - Control.

C DMS PAC
S M S M S M

Occludir s G20 psreos
Cadheril £
B-Catenit — -

F i g. 3 Effect of tyrosine phosphatase inhibition on thgression
of junctional proteins in GP8 cells.
C - Control. DMSO - Solvent (dimethyl sulphoxidendrol.
PAO (phenyl arsenic oxide) - %M. S - Supernatant. M - Membrane fraction.

75



E.M. SZATMARI, I. KRIZBAI

Immunoprecipitation assay indicated a reductiahéncadherin and-catenin
expression by oxidative stress, which was not apamied by the reduction @

catenin expression after,8, treatment (Fig. 4). Our data suggest an alteration
the protein-protein interaction of AJs during oxida stress.

C H C H C H
- ol
[-Catenin Cadherin a-Catenin

F i g. 4.Interaction of AJ proteins afterJ@, treatment in cerebral ECs.
C — Control. H - Hypoxia.

2. MAPK activation after DMNQ treatment

Recently, studies have shown that hypoxia induodsthelial dysfunction
in bovine aortic endothelial cells through Pé#@ediated Ras/Raf-1/ERK1/2
pathway [7]. We hypothesised that in DMNQ-inducaitlative stress the mechanism
of the damage of ECs involves the mitogen-activagteatein kinase (MAPK)
signalling pathway. Western blot analysis of ex¢tladar signal-regulated kinases
(ERK1/2, also termed p44 and p42) was performed ait antibody recognising
only the catalytically activated enzymes (phosplated at Thr202/Tyr204). We
found an increased ERK1/2 expression after DMNQitent (Fig. 5), which
supports the hypothesis that MAPKs are involvedhim mechanism of the BBB
damage induced by oxidative stress.

C DMNQ (1AM)

F i g. 5 Activation of MAPKs (ERK1/2) induced by DMNQ treatment.
C - Control
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3. Protease activities after DMNQ treatment

Matrix metalloproteinases (MMPs) are associatedh wie opening of the
BBB, but their cellular localisation and activatiomechanism are not completely
understood. Gelatinase A (MMP-2) and gelatinaséViB1P-9) are able to digest
the endothelial basal lamina, which plays a majole rin maintaining BBB
impermeability. Previous studies have shown thatdhrly activation of MMP-2
and MMP-9 is associated with the early formatiorvasogenic edema after focal
cerebral ischemia in mice. MMPs produced by humerelral endothelial cells
(HCEC) are actively involved in the shedding ofudai¢ adhesion molecules at the
BBB [5]. Our data show an increase in the MMP-2vitgt in GP8 cells after
DMNQ treatment. This increase in MMP-2 activity time- and concentration-
dependent. We suggest that MMPs of the CECs caaildifectly engaged in the
proteolytic disruption of intercellular junction$ BBB after ischemia.

Plasminogen activators are neutral proteases waathin concert with
MMPs to attack the extracellular matrix. Tissuesplénogen activator (tPA), a
serin protease, converts plasminogen into actigerpine. It is thought to function
primarily in the fibrinolytic pathway. In CECs, epgssion of tPA is regulated by
astrocytes via transforming growth facfprfl2] and its activity increases after
inflammation. We found a concentration-dependegtease in tPA activity in
CECs after DMNQ treatment (Fig. 6).

C DMSO DMNQ DMNQ
1M 10uM

F i g. 6 tPA activation after DMNQ treatment in GP8 cells.
C — Control. DMSO - Solvent (dimethyl sulphoxidentrol.
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EFFECT OF NICKEL ON WHEAT PLANTS, SOIL
MICROORGANISMS AND ENZYMES

NADA MILOSEVICE MITAR GOVEDARICA™
RUDOLF KASTORI** and NOVICA PETROVIC**

SUMMARY .- In a pot experiment, 21-day-old wheat plantsewteeated with
NiCl, at rates of 0, 0.02, 2 and 200 mg Ni/kg soil. @p &4 after this treatment,
plants and soil were sampled and analysed for atiafuof the effect of Ni on the
plant growth, chlorophyll content, respiration arahspiration intensity, on the
numbers of some soil microorganisms (aerobic heetgioic, ammonifying,
aerobic free-living BHixing bacteria and, separatezotobacterells, as well as
actinomycetes and micromycetes) and on the soiydiegenase, protease,
endoglucanase, cellobiohydrolase @rglucosidase activities.

The results have shown that plant growth was stitedlby the low rate of Ni
and inhibited by the high Ni rate. Chlorophyll cemit decreased, while intensity
of respiration increased at each Ni rate. Trangpiravas intensified by the low
and medium Ni rates and reduced by the high Ni Nitel strongly reduced the
numbers of soil microorganisms, excepting the nundfeAzotobactercells,
which exhibited a significant increase at the loirdte and insignificant increases
at the medium and high Ni rates. The enzyme &e8vilvere very sensitively
affected by the medium and high Ni rates.

In continuation of the investigations of our resbagroup on environmental
pollution by heavy metalse(g[7,8,11-15]), we have carried out a pot experiment
for studying the effect of nickel added to soildifferent rates on the growth and
some physiological parameters of young wheat plantson the numbers of some
microbial groups and activities of some enzymethérhizosphere soil.

Materials and methods. A neutral soil (pH in KO 7.1), containing 2.09%
CaCQ, 2.5% humus, 0.2% total N, 9.8 mg( and 35.5 mg KO/100 g, was used.
The soil placed into Mitscherlich pots was sownhwitheat (variety Balkan). The
pots were kept in greenhouse af@mand 16-hour photoperiod. After 21 days of
plant growth, the soil was treated with a NiGblution at rates of 0, 0.02, 2 and
200 mg Ni/kg soil. For analyses, the plants andl were sampled 14 days after
addition of Ni.

" Institute of Field and Vegetable Crops, M. Gorkdly 31 000 Novi Sad, Voivodina, Serbia,
Yugoslavia. E-mail: nadam@ifvcns.ns.ac.yu
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Plant growth wan estimated by determining dry mditemass of roots and
above-ground plant parts. The physiological paramestudied were: chlorophyll
(a+b) content determined spectrophotometricallgradiktraction with 80% acetone
according to the method of Arnon [1]; respiratioeasured manometrically in
Warburg apparatus and transpiration estimated mpetvically.

The numers of the following physiological and ta&orical groups of soil
microorganisms were determined: aerobic heterotcoplacteria; ammonifying
bacteria; aerobic free-living Mixing bacteria and, separatezotobacteras well as
actinomycetes and micromycetes. The nutrient nted@nmended in [4,16] were used.

Five soil enzyme activities, namely dehydrogenask @rotease activities
and those of three enzymes belonging to the cséthydrolysing enzyme complex
(endoglucanase, cellobiohydrolase #hidlucosidase) were measured. Reduction
of 2,3,5-triphenyltetrazolium chloride served fatermination of dehydrogenase
activity according to Thalmann [18]. Gelatin wasdisis substrate for determination
of protease activity [17]. The substrates useddftermination of endoglucanase
and cellobiohydrolase activities were carboxymetéfilose and microcrystalline
cellulose, respectively [9p-Nitrophenyl-B-glucoside served as substrate for determi-
nation of B-glucosidase activity [6].

All analytical data were submitted to statisticahation.

Results and discussion. Effect of nickel on wheat planf§able 1 shows that
the effect of Ni* on plant growth (formation of biomass) was depedenits rate.
In comparison with the untreated control, dry biesaf both root and above-ground
part was increased by the low Ni rate (0.02 mg d\Nigbil). But the increase was
statistically insignificant. At the medium Ni rgf2 mg Ni/kg soil), dry biomass of root
decreased insignificantly and that of above-gropad increased insignificantly. The
high Ni rate (200 mg Ni/kg soil) caused a significeeduction of the dry biomass of
both root and above-ground part.

Table 1
Effect of Ni**on plant growth (formation of biomass)

Ni addition Dry matter (mg/plant)

(mg/kg soil) Root Above-ground part
0 (control) 38.2 263.0
0.02 41.0 289.2
2 36.7 265.6
200 27.9 123.6
LSD 5% 4.9 33.2

TFaculty of Agriculture, Trg D. Obradata 8, 21 000 Novi Sad, Voivodina, Serbia, Yugoslavia
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Table 2
Effect of Ni* on chlorophyll content and intensity of respiration and transpiration
Ni addition ~ Chlorophyll content Respiration intensity Transpiration
(mg/kg soil) (mg/g d.m.*) (ul Oz/g d.m.) intensity
Root Above-ground part (9 H:0/g d.m)
0 (control) 11.8 168.0 29.0 1.40
0.02 10.7 192.0 37.0 1.90
2 9.5 255.0 51.0 1.60
200 9.3 211.0 39.0 1.20
LSD 5% 1.1 21.6 4.1 0.15

*d.m. - dry matter.

The effect of Ni* on the physiological parameters studied was also
dependent on its rate (Table 2). The chlorophytitent was reduced significantly
by the low Ni rate and more significantly by the diuen and high Ni rates.
Respiration of both root and above-ground part stesulated by each Ni rate; the
stimulation was highest at the medium Ni rate. $jpémation increased significantly at
the low and medium Ni rates and decreased significat the high Ni rate.

Effect of nickel on soil microorganismis is evident from Table 3 that the
numbers of aerobic heterotrophic bacteria, ammimgjfpacteria, actinomycetes and
micromycetes were decreased very significantlydmp éNi rate. There was a parallelism
between the decreasing effect of Ni on the numtieagrobic heterotrophic bacteria,
actinomycetes and micromycetes and its rate. Ginfrihe decreasing effect on the
number of ammonifying bacteria became smaller witineasing Ni rate.

Table 3
Effect of Ni®* on the numbers of soil microor ganisms*
Ni addition A.h.b. A.b. AfILN.f.b A.c. Am Mm
(mg/kg soil)  (x 10P) (x 10°) (x 10°) (x 109) (x 10°) (x 109
0 (control) 261.03 139.51 202.27 16.31 24.00 22.09
0.02 63.41 23.56 209.47 29.54 7.97 1.53
2 54.34 25.97 157.00 19.02 6.07 1.45
200 47.74 34.32 103.33 20.08 5.89 1.02
LSD 5% 14.17 3.09 10.41 5.08 1.55 0.65

*The numbers are reported to 1 g of dry soil.
A.h.b. - Aerobic heterotrophic bacteria. A.b. - Awmifying bacteria. A.f.l.N.f.b. - Aerobic free-
living N,-fixing bacteria. Ac Azotobactercells. Am - Actinomycetes. Mm - Micromycetes.
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The number of the aerobic free-living-fiking bacteria was insignificantly
increased by the low Ni rate and significantly desed by the medium and high Ni
rates.

Each Ni rate resulted in increased number Aabtobactercells; the
increase was significant at the low Ni rate andégmigicant at the medium and high
Ni rates. This finding is in good agreement witimgoliterature data, according to
which Azotobactemanifests tolerance for metallic and non-metadits [2]. The
tolerance for Ni ions may be attributed to theigussstering by polyphosphate-
containing cytoplasmic inclusions (volutin granyl¢s] and to their chelating by

free histidine molecules [10].

Effect ot nickel on soil enzymé3ne can deduce from Table 4 that Ni at its
medium and high rates significantly inhibited eacizyme activity. The low Ni rate
had an insignificant stimulating effect on dehydmgse activity and significant
inhibiting effects on the other enzyme activiti€he negative effect of Ni on each
enzyme activity increased with its increasing rate.

Table 4
Effect of Ni** on soil enzyme activities*
Ni addition  Dehydro- Protease Endoglu- Cellobio- B-Glucosidase
(mg/kg soil) genase canase hydrolase

0O(control) 379.00 16.25 0.278 0.054 0.182
0.02 390.00 14.25 0.200 0.035 0.146
2 256.00 14.00 0.153 0.020 0.114
200 200.00 12.07 0.104 0.005 0.095
LSD 5% 28.52 1.28 0.006 0.003 0.008

* The activities are reported to 1 g of dry soitlaxpressed ipg triphenylformazan (dehydrogenase),
gelatin units (protease), mg reducing sugars (endagase and cellobiohydrolase) amdol
p-nitrophenol B-glucosidase).

Comparison of the analytical data in Tables 1-chveiach other makes it
evident that the soil enzyme activities respondedensensitively to the medium
and high (polluting) Ni rates than did the wheant$ and soil microorganisms.
This finding supports the view of Dick [3] who caahesrs soil enzyme activities as
integrative indicators of soil health.

Conclusions. 1. Plant growth (formation of root and above-grdplant
biomass) was stimulated by the low rate of Ni arfdhited by the high Ni rate.

2. Chlorophyll content decreased, while intensityespiration of both root
and above-ground plant part increased at eachtdiTeanspiration was intensified by
the low and medium Ni rates and reduced by the Nigfate.
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3. Nickel strongly reduced the numbers of soil mizganisms, excepting
the number ofAzotobactercells, which exihibited a significant increasets low
Ni rate and insignificant increases at the medimchlaigh Ni rates.

4. The enzyme activities were very sensitively @ffd by the medium and
high Ni rates.
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SOIL ENZYMOLOGICAL METHODS ELABORATED TO BE USED FR
DETECTING EXTANT AND/OR EXTINCT LIFE ON THE PLANETMARS

STEFAN KISS'

SUMMARY. - This article is a brief review of the soil enzylogical
investigations carried out with the aim to elaberatethods applicable for
detecting extant and/or extinct life on other ptapeotably Mars. As the
results of the experiments performed with the tviking landers set down on
Mars suggest that Mars is, today at least, a fejganet, search for extinct
life on Mars by using soil enzymological methodpegrs to be an attractive
objective for exobiological research.

Introduction. Enzyme activity in soil results from the enzymadictivity
of living cells and from the activity of accumuldteenzymes. A part of the
accumulated enzymes are present in dead cellsuamives remain active for long
time after the death of cel[§]. Therefore, the soil enzymological methods make it
possible to measure both extant and extinct bio&gictivity[1].

The enzymatic life detection on Mars should coswmthe steps specified
below. The spacecraft settled onto the surface afsMakes samples from the
Martian soil and introduces them into the reacttbamber containing the solution
of enzyme substrate. The enzyme reaction is thitowled on Earth by remote
sensing of one of the reaction prodydts2, 10, 11

For elaboration of the soil enzymological methtalgietect life on Mars
mostly desert soils were used to simulate the liaréinvironment. These methods
should be very sensitive, requiring small quartitté# soil and short incubation
times. With these methods, even trace amounts adftiom product should be
accurately measurable and easily detectable byteesemsing.

The first investigations for elaboration of soil enzymological methods to
be used in exobiological research were carriedbgul o c h st e i fi2] under a
grant sponsored by the National Aeronautics anc&pgalministration (NASA).
As described in his report, fluorometric methodsemelaborated for determination
of soil phosphatase and peptidase activitieblaphthylphosphate and L-leucf-
naphthylamide, respectively, served as enzyme rstst They are not fluorescent,
but their hydrolytic productsg-naphthol andf-naphthylamine, respectively,

* Babes-Bolyai University, Department of Plant Physiology, Laboratory for Environmental
Enzymology and Microbiology, 3400 Cluj, Romania. E-mail: skiss@bioge.ubbcluj.ro
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fluoresce. Intensity of their fluorescence is prtipoate to the level of phosphatase
and peptidase activities, respectively. The adtisitwere detectable after short
incubation times (1-4 hours) and required smalingitias of soil (10-100 mg sail
per ml of reaction mixture). The number of sampiedlected from different
California soils was 59 for phosphatase activitgd 85 for peptidase activity. The
conclusion was drawn that the method for measus&tidase activity appears to
be a better candidate for life detection than ésghosphatase method.

It should be mentioned herethat RamireamMinez andMclLaren
[7], referring to the method of H o ¢ h st e [i2h, used Ng3-naphthylphosphate
and NaB-glycerophosphate for determination of phosphatastivity in three
California soils. The fluorometric method was founde more sensitive and, thus,
more rapid than the method with glycerophosphate.

Further investigations. Under a contract sponsored by NASA, Weetall
et al [11] (Space Sciences Division, Jet Propulsion Laboyatalifornia Institute
of Technology, Pasadena) elaborated a method ferrdmation of soil catalase
activity. Samples of several desert soils and gamen soil were studied. The soil
samples were treated with a solution of lysozyméekwhydrolyses the cell wall of
many, but not of all, bacteria and, consequentlg,dell-bound catalase molecules
are released from the lysed cells. After the lysmzyreatment, a hydrogen peroxide
(H-0Oy) solution is added to the soil suspension andrbkecular oxygen resulted
from the catalase-catalysed decomposition gbHs estimated manometrically.
The catalase method elaborated can detéet@0nicrobial cells in a relatively short
time, and it is supposed that with an improved négplre for lysing microorganisms
and a more sensitive method for measuringitOnay even be possible to detect 1-
10 lysed microbial cells.

Detection of life by urease activity was also segjgd[1]. A solution of
14C-labelled urea is sprayed onto a sample of Maigih and then evolution of
radioactive carbon dioxide is monitored. The decisito choose urease, in
preference to other enzymes, is based on the asismntipat the substrate urea may
have arisen through abiological synthesis and,,thog primitive living system
may possess enzymes capable to use it as carbaniteykn source.

The dry valleys of South Victoria Land, Antarctifm the coldest and
driest desert region of the Earth and were studietobiologically as a model
environment for investigating questions connecté@t e biological exploration of
Mars[3]. Although enzyme activities in soils of these &gl were not measured,
some microbiological findings, namely the presentenetabolic activity {'CO,
production from added labelled glucose and aminidsaceven in soils lacking
viable (culturable) microorganisms, were attributedsurvival of active enzymes
in the dead microbial cells.

86



SOIL ENZYMOLOGICAL METHODS FOR EXOBIOLOGICAL RESEARH

It is noteworthy that, although a biodeterioragtdne monument can, of
course, not be regarded as a model of Martian goil research groupt!, § has
found that detection of life in such a stone casilgabe carried out through
estimation of invertase activity in a small quantit powered stone, by a simple paper
chromatographic technique.

A hope — Martian soil samples will be analysed enmyologically on the
Earth. Shihand S ou z @] (Extraterrestrial Biology Division, Ames Research
Center, NASA, Moffett Field, California) elaboratedil enzymological methods
to be used not on Mars, but in the situation byiefharacterised below. The
spacecraft will bring soil samples of Mars to tretk. Such samples must be treated
as potentially hazardous materials and, thereftrey must be sterilised. The
sterilising agent (dry heat orirradiation) should maximise the destruction of
microorganisms and minimise the loss of enzymatitivities (biochemical
information), allowing thus to detect life in theaklian soil samples by enzyme
analyses performed on the Earth. Samples of anGalitbrnia soil of sandy loam
texture were used. Urease, lactate decarboxyladeplosphatase activities were
determined‘C-Urea,**C-lactate an@-naphthylphosphate were the substrates. For
urease and decarboxylase activities the relea&@, and for phophatase the
releasedp-naphthol were measured. The results have shownh dbbining
sublethal doses of dry heat agdrradiation effectively sterilised the soil and
yielded enzymatic activities higher than those af sterilised by dry heat alone,
but lower than those of soil sterilised yrradiation.

Conclusion. According to S a g a 8], results of the three experiments
performed with the two Viking landers set down oarMby NASA in 1976 suggest that
“Mars is, today at least, a lifeless planet’. Basedhis statement one can draw the
conclusion that search for extinct life on Mars bging soil enzymological
methods appears to be an attractive objectivextobielogical research.
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RECENZII - BOOK REVIEWS

Wolfgang Burghardt and Christine
Dornauf (Editors),First International
Conference on Soils of Urban, Industrial,
Traffic and Mining Areas. Proceedings,
Universitat-GH Essen, Germany, 2000,
XXVIII +1098 pages with 340 tables and
272 figures in the test.

The First International Conference
on "Soils of Urban, Industrial, Traffic
and Mining Areas" (SUITMA) was held
in Essen, on 12-18 July 2000. Its Pro-
ceeedings were published in three vol-
umes which are structured into Introduc-
tion (Author index, Table of contents,
Preface), 16 chapters, an addendum (City
posters and late contributions) and Sub-
ject index, and contain 198 papers elabo-
rated by 380 authors from 37 countries
representing Europe, North and South
Americas, Asia, Africa, Australia and New
Zealand.

The Preface was written by the
Chairman of the Working Group SUITMA
of the International Union of Soil Sciences,
the distinguished German soil scientist,
Professor Wolfgang Burghardt (Univer-
sity of Essen), who emphasises that the
First International Conference on SUITMA
brought numerous soil scientists together
with the aim to present the available
knowledge and to start a debate on what
of soil information is essential for the
sustainable development of cities. It is
also stated in the Preface that the authors
presented research work, results, informa-
tion and problems on SUITMA on a
world-wide dimension, but the themes of
the conference were selected from the

experiences made in Europe, where the
western countries are mainly interested
in urban pollution problems, while the
eastern countries are much more engaged
in questions of soil microbiology and soil
hygiene of urban areas.

Volume | is entitled The Unknown
Urban Soil - Detection, Resources and
Faces' and consists of 8 chapters: 1. City
management and soils (no paper); 2. Soll
heritage in urban areas (4 papers); 3. Re-
ports on soils observed at urban sites (10
papers); 4. Methods and examples of
field surveys (19 papers); 5. Analytical
methods and their applicability (5 pa-
pers); 6. Classification - soil substrate,
soil development, soil use (16 papers); 7.
Relationships of soil use and history to
soil features and development (4 papers);
8. Man-made materials, their features
and quality as soils (9 papers).

Volume 1I, "Application of Soil In-
formation", comprises chapter 9 with 7
subchapters; 9.1. Communal and indus-
trial sludges and wastes (8 papers); 9.2.
Storm water infiltration, ground water
recharge, drainage, irrigation (11 pa-
pers); 9.3. Vegetable garden areas, food
supply (5 papers); 9.4. Green areas, park
and urban forest areas (5 papers); 9.5.
Playground and sports field (1 paper);
9.6. Burial ground (no paper); 9.7. City
planning (7 papers).

Volume |11, "The Soil Quality and
Problems: What Shall We Do?", contains
chapters 10-16. Their themes are the
following: 10. Quality of urban soils (16
papers); 11. Soil protection and soils as
biotopes/pedotopes (5 papers); 12. Soil
degradation (chemical, physical, biologi-
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cal) (12 papers); 13. Soil remediation (14
papers); 14. Specific problems of indus-
trial sites (14 papers); 15. Specific prob-
lems of traffic sites (sealing, de-icing,
wetting, emissions/road, railway, airport,
harbour) (10 papers); 16. Specific prob-
lems of mining sites (19 papers).

The addendum (City posters and late
contributions) includes 4 papers.

All the papers published in the three
volumes of the Essen Conference have
contributed to a better knowledge of the

N.A. Kireeva, V.V. Vodop'yanov,
A.M. Miftakhova, Biologicheskaya
aktivnost' neftezagryaznennykh pochv
(Biological Activity of Oil-Contaminated
Soils), Izdatel'stvo (Publishing House) Gilem,
Ufa, Bashkiria (Bashkortostan), Russian
Federation, 2001, 377 pages with 138 tables
and 118 figures in the text.

This book is a monograph devoted to
summarising description of the long-term
(more than 10-year) field and laboratory
investigations conducted by Professor N.A.
Kireeva (Bashkirian State University, Ufa)
on soils contaminated with crude oil and oil
products in Bashkiria, one of the oldest
large centres of extraction and processing
of mineral oil.

The book consists of Introduction, List
of abbreviations, four chapters, List of ref-
erences and Table of contents.

Complexity of the investigations de-
scribed in the book is very evident even
from the chapter and subchapter titles as
specified below.

Chapter 1. Some Indicators of the
Biological Activity of Soils Contaminated
with Crude Oil and Oil Hydrocarbons; 1.1.
Dynamics of the number and activity of
microorganisms; 1.2. Hydrocarbon-oxi-
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SUITMA and have shown that the qual-
ity, degradation and functions of the
SUITMA are wide-spread modern and
global themes. Therefore, these volumes
are fundamental sources of information
for soil and other environmental scien-
tists and also for the authorities and others
responsible for the quality of life in urban,
industrial, traffic and mining areas.

DANIELA PASCA and
STEFAN KISS

dising microorganisms; 1.3. Dehydro-
genase and catalase activities; 1.4. Phenol
oxidase; 1.5. Ascorbate oxidase; 1.6. Inten-
sity of soil respiration; 1.7. Actinomycetes;
1.8. Aerobic spore-forming bacteria; 1.9.
Microorganisms of the N cycle; 1.10. En-
zymes of the N metabolism; 1.11. Cellu-
lose-degrading microorganisms. Intensity
of cellusose degradation. Mathematical
model; 1.12. Activity of carbohydrases;
1.13. Phosphohydrolases; 1.14. Enzymes
of the S metabolism; 1.15. Kinetics of the
enzyme reactions; 1.16. Choosing of the
biodiagnostic parameters as indicators of
oil-contaminated soils; 1.17. Mathematical
models of the dynamics of changes in
numbers of microorganisms in polluted
soil. Primary models for oil-contaminated
soil; 1.18. Mathematical model of the oil
degradation in sterile and natural soil; 1.19.
Changes in soil properties and the degrada-
tion of oil; 1.20. Conclusion.

Chapter 2.Microbiota of Soils Con-
taminated with Hydrocarbons; 2.1. Yeasts
and yeast-like fungi; 2.2. Micromycetes:
numbers (colony-forming units), length of
mycelia, biomass; 2.3. Species composing
the community of micromycetes; 2.4. Cel-
lulose-hydrolysing activity of fungi; 2.5.
Radial growth rate of the colonies of solil
micromycetes; 2.6. Hydrocarbon-utilising
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activity of micromycetes; 2.7. Phytotoxic-
ity of micromycetes; 2.8. Conclusion.

Chapter 3Phytotoxicity of Soils Con-
taminated with Crude Oil and Oil Prod-
ucts, and Growth of Plants on QOil-Con-
taminated Soils; 3.1. Toxicity of soil; 3.2.
Productivity of oats; 3.3. Productivity of
barley, vetch and vetch-barley mixture; 3.4.
Productivity of sweetclover; 3.5. Growth
and development of weeds; 3.6. Conclu-
sion.

Chapter 4.Biological Activity of Re-
cultivated Soils; 4.1. Approaches to recul-
tivation of oil-contaminated soils; 4.2. Ap-
plication of mineral, organic and combined
fertilisers; 4.3. Intensification of biodegra-
dation of oil hydrocarbons by green man-
ures; 4.4. Utilisation of agricultural wastes;
4.5. Application of biohumus; 4.6. Appli-

cation of surface-active substances; 4.7.

Utilisation of hydrocarbon-oxidising mi-

croorganisms for degradation of crude olil
and oil products in soil; 4.8. Isolation of
hydrocarbon-oxidising ~ microorganisms,
study of the conditions of their utilisation

for destruction of oil in soil; 4.9. Produc-
tion of a biopreparation with hydrocarbon-
oxidising microorganisms and its applica-
tion for recultivation of oil-contaminated
soils; 4.10. Mathematical modelling of the
process of oil biodegradation in sterile and
natural soil after introduction of hydrocar-
bon-oxidising microorganisms; 4.11. Utili-
sation of activated sludge containing hy-
drocarbon-oxidising yeasts; 4.12. Possibil-
ity of the utilisation of a protein-vitamin
concentrate for recultivation of oil-con-
taminated soils; 4.13. Conclusion.

The book has 749 references, of which
470 are in Russian and 279 in other lan-
guages.

Biological Activity of Oil-Contami-
nated Soils is a very useful source of in-
formation for a broad circle of experts: soil,
plant and enviromental scientists and tech-
nologists and also for decision makers in
taking measures for enviromental protec-
tion and rehabilitation of oil-contaminated
soils.

STEFAN KISS
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