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ECOLOGICAL STUDIES ON THECOREOIDEA
(HETEROPTERA, INSECYMN THE NATURE RESERVE
CHEILE TURZII (CLUJ COUNTY)

PAUL-VASILE BELDEAN’

SUMMARY. - Ecological StudiesontheCoreoidea(Heteroptera, I nsecta)in

the Nature Reserve Chelle Turzi (Cluj county). The biological material was collected in the
course of 2004. Monthly collections were made dutfre period May-September. 15 samples
were collected from each researched station: aakegdry meadow, abrupt meadow, meadow
with bushes, riverside coppice. 20 specie€afeoideawere identified, belonging to 12 genera
and 4 families. The best represented isRhepalidaefamily, both from the point of view of
number of species and from the point of view of hanof individuals. The greatest number of
species was collected from the meadow with bughessult of the calculation of the numerical
and relative abundance, the best represented seeiStictopleurus crassicornis, S. abutilon,
Coreus marginatus, Rhopalus parumpunctandR. subrufusOut of the 20 reported species,
seven are eurybiontic, three are xerophilous, #reeero-thermophilous, two are thermophilous,
two prefer sandy regions, one species is mesophitme is hygrophilous and one prefers forestry
ecosystems. A rare species in the Romanian fausalsa reportedRhopalus distinctys The
greatest diversity was noted in the meadow witthésisand the equitability had the highest
value in the oak grove. The maximum number of ggevias recorded in August and the
minimum number in June. The majority of specieg ét8 polyphagous. Among the 20 species,
40% have a Palearctic spreading.

The Nature Reserve Cheile Turzii was founded in8188 a botanical and geological
reserve. In 1950 it was declared Monument of Naairpresent having a surface of 104 ha [4].

The region Cheile Turzii (Gorges-of-Turda) is situasedhe South-East extremity
of Gilau Mountains, at about 7 km from Turda city. Theseggs were formed by the
gradual deepening of theaktlate river, digging up to a depth of 250 m andhaytle of 1270
m. They were formed in Jurassic limestone, limi@aards the East by porphyric tuff and
towards West by marl schists, limestone marl antgkonerate grit stone. The rocks are
covered by wood soils, weak podzol soils and rexazi he flow direction of the #ddate
river is NW-SE, and this river is situated at aitadie of 445 m at the entrance and 420 m
at the exit of Cheile Turzii. The climate is contitldnmoderate, with average annual
temperatures of about +8°C and annual rain averbgleout 600 mm [3].

The flora is very diverse, due both to the borderposition between plain and mountains,
and to the various nature of the rocks, the mitnate and the anthropogenic influences. The
flora of this region is made up of 982 specieslanits, including relictEphedra distachyarare
and endemic plantsOfosoma heterophylla, Centaurea reichenbachioi®&sbus dacica,
Allium obliquum, Ferula sadleriana, Dianthus kitailbssp. spiculifoliugtc.) [4].

" Universitatea ,BabgBolyai”, Catedra de Taxonomig Ecologie, Cluj-Napoca, 400006, Romania. E-mail:
beldeanp@yahoo.com
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In the fauna of Cheile Turzii, the rare speciegasétropodsauderbardia jeckelii,
Cochlodina transsylvani¢a butterflies Dysauxes punctata, Heterogynnis pinndtablema
suavisetc.) and birdsAquila chrysaétasBubo bubo, Monticola saxatilis, Trichodroma
muraria etc.) stand out [4].

No other papers precede our research on the soplgaf@oreoideaof the Gorges-
of-Turda. The only existing information comes frohe tbook ,Fauna Roméaniei”, which
only mentions 8 species residing in this area.

Material and methods. The biological material was collected in the cowws2004.
Monthly sampling was carried out within the peribthy-September. 15 samples were
taken (3 per month) from each sampling spot, by neeaf specific methods for each
existent vegetation type: with the sweeping netenaidherbaceous vegetation (50 mows/
sample) and by shaking of the trees and bushdseimumbrella net. For each sample, the
date and the sampling spot were recorded. Theatetlenaterial was killed in alcohol 70%
and kept in alcohol with the same concentratiopléstic tubes.

In the area Cheile Turzii, samples were collectethfthe following ecosystems:

1. Oak grove (Quercus petrageon the side with southern exposure from thedithe
Hasdate river, between 440-500 m altitude. Togethdh Wie oak, the hornbearCdrpinus
betulug, the beechRagus sylvaticaand the common mapléder campestlecan also be
found very often. The clearings are frequent ardythss layer is well developed.

2. Dry meadow on a slope with southern exposure, beginning filoenhalf of the
slope “Emil Pop” (550 m), up to the altitude of 580 The predominant herbaceous plants
are xerophytic, specific to the steppe such Fesstuca sulcata, F. valesiaca, Jurinea
transilvanica, Carex humilistc [3].

3. Abrupt meadow situated on the left side, with southern exposamne the
vegetation generally represented 8gsleria rigidaand species obianthus, Saxifraga,
Viola, Centaurea, CareandFestuca.

4. Meadow with bushes situated on the plateau above the “Emil Pop” slapepen
space, at 740 m altitude. The meadow gathers spe€iberbaceous chalcophile plants:
Thymus comosus, Galium erectum, Centaurea atropespi8]. Sporadically, there are
bushes oRosa canina, Crataegus monogyna, Prunus spistisa

5. Riverside coppice represented by small groups alongside ttigdkte river.
Together withSalix species, one can also find here species of thasgeopulus The
herbaceous layer is made up mostlyGiifaerophyllum aromaticum, Anthriscus silvestris,
Rubus caesiustc [3].

The identification was carried out in the laboratoby means of the stereo-
microscope and various bibliographical sourcesg16]. The biological material was
classified in families, subfamilies and speciegoading to the present taxonomic system
[1, 5]. The number of individuals, the numericauatiance and the relative abundance
were indicated for each species. In order to estabthe trophic and zoogeographic
spectrum of each species, various bibliographmatces were consulted [1, 2, 5].

Results and discussions. Faunistic and ecological analysis. Prior to our researches,
eight species o€oreoideawere recorded in the Gorges-of-Turda Nature RegdijveOut
of these, after the sampling, we rediscovered fipecies Gonocerus acuteangulatus,
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Bathysolen nubilus, Ceraleptus gracilicornis, Rhopalistinctus, Dicranocephalus agjlis
while there where three species formerly recordied were no longer preserEroplops
scapha, Dicranocephalus medius, Arenocoris fa)leni

From the Gorges-of-Turda Reserve we collected 3ttHviduals of Coreoidea
belonging to 20 species, 12 genera and four fasnilidie 20 species represent 36.37% of
the total number of species (55) recorded in them&uan fauna. The presence of the 20
species on such a restricted area related to theaRia’'s surface, makes us to consider that
the Gorges-of-Turda Reserve have a very rich fafi@oeoidea

Out of the 314 individuals collected froBoreoidea 226 belong to th®hopalidae
family and 80 to th€oreidaefamily. TheAlydidaefamily is represented by six individuals
and theStenocephalidatamily is represented by just two individuals. fas as the number
of species is concerned, the best representedllighst Rhopalidaefamily with nine
species, being followed by th€oreidae family with seven species andllydidae and
Stenocephalidatamilies, each represented by two species (Table 1)

In what the numerical and relative abundance iseored, the best represented
species in the studied area afictopleurus crassicornign the oak grove (A=0.67,
Ar=34.48) and in the meadow with bushes (A=1.93;:2%), Stictopleurus abutilonn the
abrupt meadow (A=1.6, Ar=32) and in the riversidgppmice (A=0.73, Ar=47.82) and
Coreus marginatusn the dry meadow (A=1.73, Ar=29.87). Besides ¢hepecies, high
values of the two indices were recordedRhopalus parumpunctatus the meadow with
bushes an&hopalus subrufus the dry meadow (Table 1).

The greatest number of species was collected fiermeadow with bushes (14 species),
followed by the dry meadow (13 species) and atmgadow (11 species). From the oak grove
there were collected five species and from theasigle coppice six species (Fig. 1).

14
12
104
s- 14
Number of
species g
4,
5 6
2,
0 ; ; ; ‘
Oak grove Dry Abrupt Meadow Riverside
meadow meadow  with coppice
bushes

F i g. 1.The distribution of th€oreoideaspecies in the study area.
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Table 1
The number of individuals, the numerical abundance and therelative abundance of
Coreoidea species collected from the Gor ges-of-Turda Natur e Reserve.

Suprafamily, family, N Oak grove Dry meadow  Abrupt meadowleadow with Riverside

subfamily, species bushes coppice
N A A% N A A% N A A% N A A% N A A%

Suprafamily Coreoidea 314 29 87 75 100 23

Reuter, 1910

Family CoreidaeLeach, 80 8 33 19 19 1

1815

Subfamily Coreinae Stal, 72 8 29 17 18

1867

Gonocerus acuteangulatus? 2 013 2

(Goeze, 1778)

Syromastes rhombeus 3 3 02 345

(Linné, 1767)

Coreus marginatus 67 8 0.5327.59 26 1.73 29.87 17 1.13 2267 16 1.06 16

(Linné, 1758)

Subfamily Arenocorinae 8 4 2 1 1
Bergroth, 1913

Bathysolen nubilus 2 1 0.061.15 1 006 1
(Fallen, 1807)

Ceraleptus lividuStein, 2 2 013267

1858

Ceraleptus gracilicornis 3 2 013 23 1 0.064.34
(Herrich-Schéffer, 1835)

Coriomeris denticulatus 1 1 0.061.15

(Scopoali, 1763)

Family Alydidae St 6 3 1 2

1872

Alydus calcaratus 4 1 006115 1 0.06133 2 013 2
(Linné, 1758)

Camptopus lateralis 2 2 013 23

(Germar, 1817)

Family Rhopalidae 226 21 51 55 7 22

Amyot et Serville, 1843
Rhopalus parumpunctatus32 2 0.13 69 10 0.67 115 4 026533 12 08 12 4 0.26174
Schilling, 1829

Rhopalus distinctus 1 1 006 1

(Signoret, 1859)

Rhopalus conspersus 11 3 02 345 1 006133 7 046 7

(Fieber, 1837)

Rhopalus subrufus 27 4 0.2613.79 10 0.67 115 5 033667 6 04 6 2 0.1387
(Gmelin, 1790)

Rhopalus maculatus 10 3 02 4 7 0467

(Fieber, 1837)

Brachycarenus tigrinus 2 2 013267

(Schilling, 1829)

Stictopleurus punctato- 13 8 053918 1 006133 3 02 3 1 0.064.34

nervosugGoeze, 1778)

Stictopleurus crassicornis 68 10 0.67 34.48 10 0.67 115 15 1 20 29 19329 4 0.26174
(Linné, 1758)

Stictopleurus abutilon 62 5 0.3317.24 10 0.67 115 24 16 32 12 08 12 110.7347.82
(Rossi, 1790)

Family Stenocephalidae 2 2

Dallas, 1852

Dicranocephalus agilis 1 1 006 1

(Scopoli, 1763)

Dicranocephalus albipes 1 1 006 1

(Fabricius, 1781)

Total number of species 5 13 11 14 6

Abbreviations: A — Numerical abundance. Ar — Relative abundance . NNimber of individuals.
6
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Out of the 20 recorded species, according to tleeialist literature [1, 2, 5], seven
species do not show significant ecological prefeeeand can be considered eurybiontic
(Coreus marginatus, Alydus calcaratus, Rhopalusigubr R. parumpunctatus, Stictopleurus
crassicornis, Dicranocephalus agiliB, albipeg. Out of the 13 stonobiont species, three of
them are xerophilous y®mastes rhombepuBathysolen nubilus, Ceraleptus livigugree
are xero-thermophilou€graleptus gracilicornis, Camptopus lateralis, Steurus abutiloh
two are thermophilousRhopalus distinctus, Stictopleurus punctatonervpstgo prefer
sandy regionsRhopalus conspersus, Brachycarenus tigrjnose species is mesophilous
(Coriomeris denticulatys one is hygrophilousRhopalus maculatyisand one prefers forestry
ecosystems@onocerus acuteangulafusThe presence of the hygrophilous species is very
interesting, especially because it was recordeithen“abrupt meadow” and the “meadow
with bushes” ecosystems, these having a xero-mg8apdpect. After the analysis of the
ecological nature of the species, the preferenceofen and sunny ecosystems of the
majority of the species is noticeable. Out of tI# stenobiont species onlgonocerus
acuteangulatuprefers forestry ecosystems.

In accordance with the ecological preferences ef dpecies, only four of the 20
species were recorded in all the five studied estesys, and two of them were recorded in
four of the studied ecosystems. Two species wergeptén three of the ecosystems, three
species were collected from two of the ecosystemasrane species were collected from
only one of the ecosystems.

Rhopalus distinctugSignoret, 1859) is a thermophilous species, bsdalund on
sandy biotope, oftrifolium, Callunaetc. It is spread in the South-Palearctic areaitisd
thought to be rare in the Romanian fauna [1].

Diversity and equitability. The highest diversity was recorded in the meaddv w
bushes, followed by the dry meadow and the abrugddow. The lowest value of the
diversity was recorded in the oak grove and inrikierside coppice. The values of the
Shanon-Wiener diversity index shows once agairfabethat theCoreoideaspecies prefer
herbaceous and open ecosystems (Table 2).

As for the equitability, the highest value was rded in the oak grove. Here, the
difference between the numbers of individuals @heeported species is relatively reduced.
The lowest equitability was recorded in the abrmapadow, were the majority of the species are
present in reduced number of individuals, but ttagecies Coreus marginatus, Stictopleurus
crassicornis, S. abutilgrare present in a larger number of individuals.

Table 2
Thediversity and the equitability of the studied ecosystems
accor ding to the Coreoidea populations.
Oak grove Dry meadow Abrupt  Meadow with  Riverside
meadow bushes coppice
H’ 0,644 0,921 0,805 0,933 0,628
E 0,921 0,826 0,773 0,814 0,807

Abbreviations. E = Equitability index. H' = Shanon-Wiener diveaysindex.
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The dynamics of the populations. In order to perform the studies of dynamics on
Coreoideapopulations in the Gorges-of-Turda Nature Resananthly sampling was carried
out in the period May-September (Table 3). Both rinenber of adult individuals and the
number of species vary throughout the year (FigARPf the Coreoideaspecies recorded by us
in the Gorges-of-Turda spend the winter in adalyst Therefore, in May, when the populations
come out of diapause and are in the pairing pesidatge number of species and individuals are
registered. In June, when the majority of the §seare in the stage of the egg or larva, the
number of individuals and species is reduced. drhitbaceous ecosystems researched, in July,
when the individuals from the new generation of s@pecies reach the maturity, the number of
individuals and species begin to increase. Bothmagimum number of individuals and the
maximum number of species was recorded in Augustnvthe adult individuals from the new
generation appear at the majority of the species.

In September, the number of individuals and spediesn the herbaceous
ecosystems reduces because of the migration of spewmes from these open ecosystems
to the forestry ecosystems, where wintering takasep This also explains the maximum
number recorded in September in the studied forest.

Table 3

The dynamics of the Coreoidea populationsin the studied ecosystems

in the Gorges-of-Turda Nature Reser ve.
. Oakgrove Drymeadow Abrupt Meadow with Riverside Total
The collectin -
. meadow bushes coppice
period - - - - - -
nr.ind. nr. sp. nr. ind. nr. sp. nr. ind. nr. sp. nr. ind. nr. sp. nr. ind. nr. sp. nr. ind. nr. sp.

May 5 3 29 5 11 5 14 6 4 4 63 12
June 4 2 14 7 13 4 13 4 7 2 51 7
July 6 4 16 7 16 5 22 7 4 2 64 11
August 6 4 21 9 20 7 35 10 5 4 87 14
September 8 4 7 5 15 4 16 6 3 2 49 8

100 ~
90 1
80 1
70+
The number of 60

individuals anc 50 1 49
species 40 |

87

30 1

20 1

10 '42\’7/—-—&/"‘“\_ 8

0 T T T T !
May June July August September

‘ —e— Number of individuals—a— Number of specie%

F i g. 2.The dynamics of thgoreoideasuprafamily in the Gorges-of-Turda Nature Reserve
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Trophic spectrum. The majority of the collected species are polyphag@unly one
species is monophagousi¢ranocephalus albipedeeding onEuphorbig and one species
is oligophagouseraleptus gracilicornisfeeding on the familfFabaceag [1]. Some of
the polyphagous species have preferences for megtaius or families of plant€oreus
marginatuspreferRumexandPolygonumgenus Dicranocephalus agilipreferEuphorbia
genus Camptopus lateraliprefer Medicagogenus Rhopalus distinctuprefer Thymus
genus Ceraleptus lividusandCoriomeris denticulatuprefersFabaceadgamily [2, 5]. The
adults ofAlydus calcaratusre polyphagous and live on different herbacedastp while
the larvae are similar to the anBo(mica rufa, Lasius niger, Myrmica rubretc) and live
in their nests. The reason for this collaborationds known yet but it is supposed that the
Alydus calcaratusarvae feed with ants larvae [6].

Zoogeographic analysis. From the 20 collected species, eight have Pdlearc
spreading ($fomastes rhombeus, Bathysolen nubilus, Rhopalaospegsus, Brachycarenus
tigrinus, Stictopleurus punctatonervosus, S. cassis, S. abutilon, Dicranocephalus
agilis), three have South-Palearctic spreadi@gréleptus gracilicornis, Camptopus lateralis,
Rhopalus distinct)sthree have Holarctic spreadingofiomeris denticulatus, Alydus calcaratus,
Rhopalus parumpunctatusand two have Eurosiberian spreadir@oieus marginatus,
Rhopalus maculatysEach of the other zoogeographic units presergfeesented by one
species:Gonocerus acuteangulatus spread in Europe, Minor Asia and Central Asia,
Ceraleptus lividusn Central and South EuropRhopalus subrufus Holarctic, Etiopian,
Oriental and Neotropical regions amicranocephalus agilisin Central and Southern
Europe and in the South-West of Asia [1, 2, 5, 6]

Conclusions. 1. In the Gorges-of-Turda Nature Reserve, 20 speaxi€Xoreoidea
were recorded, belonging to 12 genera and fourliesniThe 20 species represent 36.37%
of the Romanian fauna @foreoidea

2. Both as number of species and as number ofidudils, the best represented is
Rhopalidaglamily, followed byCoreidaefamily andAlydidaeandStenocephalidatamilies.

3. The greatest number of species was collectett fftte meadow with bushes,
followed by the dry meadow, the abrupt meadowgdegrove and the riverside coppice.

4. The values of the numerical and relative abucéeapoint the fact that the best
represented species adictopleurus crassicorni§. abutilon Coreus marginatusRhopalus
parumpunctatugndR. subrufus

5. From the 20 recorded species, seven speciesugigiontic, three are xerophilous,
three are xero-thermophilous, two are thermophiloms prefer sandy regions, one species is
mesophilous, one is hygrophilous and one prefeestiy ecosystems. The preference for open
and sunny ecosystems is obvious for the majoritiie@tpecies.

6. A rare species in the Romanian fauna was foRhdgalus distinct)s

7. The highest diversity was recorded in the meaditwv bushes, and the highest
equitability was recorded in the oak grove.

8. The maximum number of species was recorded igusiuand the minimum
number in June.

9. The majority of the collected species are pohgmus. A monophagous species
(Dicranocephalus albipgsand an oligophagous specigSe(aleptus gracilicornis was
recorded.

10. From the 20 collected species, 40% have Paieapreading.
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NEW DATA REGARDING SEVERAL LEPIDOPTERA SPECIES
LITTLE KNOWN IN ROMANIA

VLAD DINC A"

ABSTRACT. — During the last years (2003-2004) we collectedch tepidopterological
material from various regions of Romania. Our dttenwas driven by several rare species
which are poorly known from our country, such &entrochrysalis elegans steffensi
Popescu-Gorj, 197 Kirinia roxelana (Cramer, 1777)Nychiodes walthetWagner, 1919,
Scotopteryx ignoratdluemer & Hausmann, 1998ucullia fraterna Butler, 1878 Pyrocleptria
cora (Eversmann, 1837Rlusidia cheiranthiTauscher, 1809 ;hrysodeixis chalciteEsper,
1789),Euxoa hastifera pomazen#isvacs, 1952Fuxoa vitta(Esper, 1789)rammia quenseli
(Paykull, 1793), etc.

Although certain regions of Romania are quite \wtltlied from a lepidopterological
point of view, there are still many large aread tieve been poorly sampled (especially
the southern regions Oltenia and Muntenia) [10]Js Tact is reflected in the insufficient
data concerning a considerable number of Lepidapecies whose actual distribution in
the country is more than unsatisfactorily knownisT$tate of fact is also obvious in the
Catalogue of the Romanian Lepidoptera publishedddB210]. Therefore, we hope that
the data provided in this paper will aid to a brekigowledge of the distribution of several
rare Lepidoptera species in Romania.

Materials and methods.The lepidopterological material was collected usitagsical
methods such as the insect net and the light tvapjsed mercury vapor lamps of 160-250
W powered by a portable electricity generator. Tecigely determine several specimens, we
studied the morphology of the genital apparatus.

Results and discussiong-urther on, we present the occurrence sites acausgpa
by comments upon the actual distribution for thecggs that we considered to be little
known from Romania.

Pyralidae
Uresiphita gilvata(Fabricius, 1794) — 1 spec., Breaza @tHill, Buzau County),13.

VII. 2004.

This is a southern migrating species that occafjoreaches northern Europe (e.g.
southern Great Britain, Denmark) [4]. In Romanigydsn’t been recorded during the last 25
years [10]. The present observation represenfgshezcord of this species from Muntenia.

" Gheorghe Doja street, no. 5, bl. 36 C2, ap. 44jdtb(Prahova) 100400, Romania.
E-mail: sudistu@yahoo.com
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Lasiocampidae
Malacosoma castrensis shardagbianiel, Forster & Osthelder, 1951- 207,

2 99, Esechioi Forest (south-western Dobrogea), 8-9.2001. Surprisingly, this taxon
was extremely abundant, and we observed more @tascimens coming at our light traps!
The subspecieshardaghiis known in Romania only from Dobrogea [9, 10,.11]

Sphingidae

Kentrochrysalis elegans steffenBopescu-Gorj, 1971 — 4 spec., 6 km West of
Lunca (Olt County), 10-11. V. 2002.

K. elegansis distributed across SE Europe, Asia Minor, Syarad Iran. It is
considered one of the rarest sphingid species mdRda, being poorly known only from
the southern parts of Romania (plains of Oltenid intenia), where the subspecieése.
steffensioccur. Nevertheless, observations made durindasteyears, including the present
data, suggest thdt. elegansis not such a rare species in our country, biterad very
local one, occurring only in the southern plain®Rofmania [12, 13]

Nymphalidae
Kirinia roxelana (Cramer, 1777) — ZJ, 7 $9: Esechioi Forest (south-western

Dobrogea), 8-9. VI. 2001 (23 & 1 9); 30. VII.-1. VIII. 2001 (62 ).

During both collecting periods we noticed the preseof several other specimens
flying inside the forest; the butterflies seemedbto particularly active in the afternoon,
when we could see them on the tr@ai€rcus branches and trunks.

According to the data present in literature, thithie first record of this species from
southern Dobrogea. Outside Romaidaroxelanais spread across South-Eastern Europe,
Turkey, Cyprus, Israel, Lebanon, Syria, Northern liad Western Iran [14].

Geometridae

Nychiodes walthefVagner, 1919 — 2 spec., Esechioi Forest (soutteweBobrogea),
30. VII.-1. VIII. 2001.

The species was quite recently recorded for the fiimse in Romania [8], being
known only from southern Dobrogea [8, 9].

Scotopteryx ignoratd&duemer & Hausmann, 1998 —3, Istrita Hill (Buziu County),
27.V. 2000, genit. prep. no. 32/Dinc

S. ignoratawas recently described as a new species to scigmedolotype was
collected from Fischauerbge (Austria) [Zlhe present data show that this species is
distributed accross eastern Austria, Slovenia, Rumaulgaria and northern Greece [2].
Some of the studied material included in the oagatescription (paratypes) of the species
originates from Romania, or more precisely fromri&éle Clujului” (botanical reserve
near Cluj-Napoca, Transylvania).

In Romania,S. ignoratawas only recorded from three locations in Cluj @tyu
(Transylvania): “Fangle Clujului”’, Suatu [10] and WWbara [3]. Recent data also certify
the presence of the species in Cozia Mountaingi¢Stia Monastery) where 15 specimens
have been identified [10].

The colour of the wings as well as their pattersent a certain degree of variability
which may often cause confusion with similar specgthe group such & mucronatand
S. luridataunless the genitalia is examined. We studied #ide genitalia (Fig. 1) of the collected
specimen and compared it to that illustrated irotiginal description of the species [2].
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F i g. 1.Aedeagus oBcotopteryx ignoratégenit. prep. no. 32/Dirg

The male specimen @&. ignoratacollected from Istta Hill represents the first
record in Romania outside the Carpathian mounthainc We believe that the species is
more widely distributed in the country than it isokvn at the present moment and we
consider that the lack of data is mainly due tortbeelty of the species. In order to obtain
more complete data about the real distributio®.dfinoratain Romania, a reexamination
of all the specimens present in museum and privatéections belonging to the
Scotopteryx mucronata-luridataomplex would be very interesting.

Noctuidae

Cucullia fraternaButler, 1878— 7 33 Breaza (Istta Hill, Buziu County), 1-4.
VII. 1998 (13); 12-16. VII. 1998 (333); 4-5. VI. 1999 (333); genit. prep. no. 8, 9, 10,
21,75, 112/Ding.

In Romania, the record @. fraternais based on a single male specimen collected
from Popina Island (Razelm Lake, Tulcea County) lb@ 8-th of May 1992 [5]; the
species has not been recorded again from Romanta #ien.

Many specimens of. fraterna are quite similar to other species of the genus
Cucullia (C. lactucaeD. & S.,C. chamomillaeD. & S., C. lucifugaD. & S.). Therefore,
we studied the male genitalia of six of the sevaptared specimens (Fig. 2, 3) and
compared them to the illustration from “Die NocteidRumaniens” [5].

The seven male specimens identified by us from Brediage (Istria Hill, Buziu
County), represent the second record of this spéwien Romania and therefore contribute to
a better knowledge about the distribution of tlagerspecies in our country. We believe
that the presence @. fraternain Moldova (the region of Moldova that is presentlighin
the territory of Romania) is very probable as thisuld fill a gap in the species’
distribution,linking the populations from Bulgaria to those frafkraine and Finland [5].

Pyrocleptria cora(Eversmann, 1837) —d, “Fanaele Clujului” (Cluj-Napoca), 28.
V. 2004. Another specimen was observed during dingesday.

The species is known in Europe only from Romania,ale and Hungary, being
extremely local and preferring steppe habitats.

In Romania, the species is known as very local ftbe steppe area “Valea lui
David” (lasi County) as well as from Turda Gorges (Cluj Countg)the collection of the
Natural History Museum in Budapest there is a speni labeled “Cluj, VI. 1941,
coll.Bartha” [5]. The early stages haven't been dbed yet.
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F i g. 2 Male genitalia ofCucullia fraternggenit. prep. no. 112/Dimag

e,

O e

F i g. 3.Aedeagus ofucullia fraternggenit. prep. no. 75/Dirg

Although the Lepidoptera fauna from “Fael@ Clujului” area was quite intensively
studied for more than 80 years, this diurnal hdlimus species (which is easy to
recognize in the field) had not been previouslyeobsd in the region.

The population discovered by us in the “R@éte Clujului” perimeter bears, as well
as the one in Turda Gorges, are of special biog@higal significance because they attest
the presence in the plain of Transylvania of “isEn@grobably originating from the
Pannonic steppe.
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Plusidia cheiranthiTauscher, 1809) — 3 specasBraia Valley (Cluj County), 1-5.
VII. 2002.

This is a very scarce species in Romania, only dszbfrom Bucharest, Tigoara
(year 1910) [5]and Gilimanesti (jud. Véalcea) [1]JAnd, more recently (2002), collected
from Buziu County (EKELY pers. com.).

The present data represent the first record dfpibeies from Transylvania, filling a gap
in the species’ distribution, which reaches Hungargstern Poland and the Baltic countries

[5].

Chrysodeixis chalcitefEsper, 1789) — 4 spec.: Breaza (tatHlill, Buziu County),
22-23. VIII. 2001 (1 spec.); 20. IX. 2004 (1 spetsjrita Hill-740 m (Buzu County), 21.
IX. 2004 (1 spec.). Another specimen was obsemdteaza village on 20. 1X. 2004.

This is a migrating species recorded in Romania haseonly three specimens
collected from Hagieni, Vama Veche and the surrqagsiof Bucharest [7, 12].

The four specimens identified by us in the perimetetstrita Hill represent the
northernmost distribution point in our country.

Euxoa cos(Hubner, 1824) — 5 spec.: Is#iHill-740 m (Buzu County), 21. IX.
2003 (3 spec.); 21. I1X. 2004 (2 spec.).

It is a rare xerotermophilous species, only foundasionally in southern Dobrogea
(eg. Hagieni) [9].

The present data represent the first record ofstiegies from Muntenia.

Euxoa hastifera pomazensivacs, 1952 — 6 spec.: Is&iHill-740 m (Buzu
County), 21. 1X. 2003 (3 spec.); Is#iHill-740 m (Buzu County), 21. IX. 2004 (3 spec.).

A very rare species, recorded occasionally from dde& (Galda County) and
Transylvania (8laj and Cluj Counties) [10]. Several specimens weaptured in the
surroundings of Cluj-Napoca using pheromone tréps [

The present data represent the first record ofiiegies from Muntenia.

Euxoa vitta(Esper, 1789) — &, Istrita Hill-740 m (Buzu County), 21. IX. 2004.

E. vittais one of the rarest noctuid species from Romat$amore than 150 years
since it has been recorded froric8amb (Hunedoara County) and Crasna J8iere is
only one more recent record from Ocna Sibiului [5].

The present data represent the first record in R@mfgom outside the Carpathian
chain. It is a xerothermophilous species, rangiognfNorth-Eastern Spain across Central
Europe reaching the Baltic Countries to the Nonith Bulgaria in South-Eastern Europe [5].

Arctiidae

Grammia quense(Paykull, 1793) — , Bucegi Mountains (“Cota 20007, 10. VII. 2004.

A very scarce species, typical of alpine regiomawkn in Romania only from Bucegi
Mountains, from where it hasn’t been recorded forerthan 25 years [10].

Conclusions.In the present paper we provided new data conaptin_epidoptera
species which are poorly known from Romania.

One species is recorded for the second time fromdRéa, and two species are
recorded for the first time outside the Romaniamp&tnian mountain chain. Six species
are recorded for the first time from Muntenia (lgeaiso very rare and local anywhere else
in Romania), while others haven’t been recordedfdeast 25 years from our country.
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These new data fill some distributional gaps for tmafsthe presented species,

contributing to a better knowledge of their ranged habitat preferences at Romanian and
European level.
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CHANGES IN CHLOROPHYLL FLUORESCENCE DURING THE
GREENING OF ETIOLATED LEAVES

LASZLO FODORPATAKI" and ISTVAN-ZOLTAN VASS

SUMMARY. — Etiolated leaves of barley and maize plantletsevexposed to two different
photon flux densities (150 and 6QM mZsY) and the parameters of the induced
chlorophyll fluorescence were registered every &dré during the greening of leaves.
Variations in the ground fluorescence, the maxifhalrescence, the variable fluorescence,
the variable/maximal fluorescence ratio, as welhate time needed to reach the maximal
fluorescence were determined in order to get a&betsight in the processes ralated to the
gradual transformation of etioplasts into functiochloroplasts during the greening of
dark-grown leaves. Deductions were made regardimeg development of the light-
harvesting pigment-protein complexes and their citypgo absorb light. Variations of the
potential quantum vyield efficiency of photosysteimwere monitored during the greening
process, and the electron transport capacity ofatoeptor side of PS Il was evaluated on
the base of the reduction state of the primary epuenacceptor pool of the thylakoid
membranes developed in the young chloroplasts.r&fidts demonstrate the usefulness of
chlorophyll fluorescence parameters in getting riegights into the development of the
primary photosynthetic processes during the greeoiretiolated leaves. The significance
of the results was evaluated with the one-way ANOCAMA with the Tukey test. The first
day of exposure to light (disregarding the phottux fdensity) is crucial in the onset of
processes involved in the light reactions of phyttisesis and in the increment of the
potential quantum yield efficiency of photosystdm |

When light shines on a plant, the energy contetheblue and red components of
the light is absorbed by the chlorophyll moleculBsis energy is then used in a variety of
processes. Some is used to drive the chemicaliosaacbf photosynthesis, while the
remainder is lost in a number of ways includingthtBssipation, radiationless de-excitation
and re-emission as light known as fluorescencé&,[20]. In other terms, photons absorbed
by chlorophyll give rise to photochemical chargpasation, dissipation of energy as heat
and fluorescent emission. These three processeangetitive for the same incident light
energy. In intact leaves the wavelength of maxinfluorescence is around 685 nm and is
mainly contributed by the light-harvesting complexé photosystem Il (PS II).

The chlorophyll fluorescence measurement is both-destructive and non-
invasive and is therefore well suited to procedueegliring periodic repetitive sampling or
screening. The measurement is also rapidly perfosrbeing an ideal basis for gathering
large quantities of data in field conditions [9,, 15, 21].In vivo andin situ chlorophyll
fluorescence measurements are appropriate forvaluation of environmental factors
influencing the efficiency of primary production @lants; b) screening of plants for
tolerance to specific environmental conditionsnohitoring the effects of stress conditions

" Babey-Bolyai University, Department of Experimental Biology, 400084 Cluj-Napoca, Romania. E-mail:
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on the photochemical efficiency of plants; d) singyhe ability of plants to react to new demands
placed upon them; e) evaluating the adaptive psasethat may lead to normalization and
improved future resistance to new habitat condétii®) 4, 6, 13, 17].

Chlorophyll fluorescence measurements have ematgedg the last years as the
most frequently used tool for assessment of phatbsyic performance and the general
physiological state of plants [1, 8, 14, 16].

The process of greening in the presence of kgahiimportant step in the development
of leaves, on which the photosynthetic events fdlydeveloped leaves grown in darkness
possess non-photosynthetic etioplasts insteadlofagiasts, and are called etiolated leaves.
Upon illumination, the etioplasts are graduallysfarmed into chloroplasts, while the internal
thylakoidal system is formed and chlorophyll-prateomplexes are synthesized. During the
greening of etiolated leaves, the primary procesfgshotosynthesis appear gradually and
start to function with different intensities. Thiegtosynthetically active photon flux density
influences the dynamics of chlorophyll synthesid ahthe photochemical processes during
the development of young leaves. This is the reasbwy the aim of this study is the
investigation of characteristic changes in the nmanameters of the induced chlorophyll
fluorescence during the greening of etiolated Isaireorder to get a better insight into the
intimate processes that interact during the estailnient of a high photosynthetic efficiency
[5, 18, 22].

Material and methods. Barley Hordeum vulgare L.) and maize Zea mays L.)
seeds were germinated at room temperature, in dsskiising Linhard germination dishes
covered with aluminium foil. The germination lastiedt nine days, until the leaflets of
young plants reached a minimal diameter of 4 mdlens, enough to apply the leafclips
used for dark preadaptation and chlorophyll fluoeege measurements. After reaching the
desired leaf diameter in darkness, the etiolatadtplwere exposed to a continuous light.
There were two series of experiments, each lastinfpfir days: in the first series the light
intensity was equal to 150mole photons M s*, while in the second one 6Qdnole
photons rif s* were applied. Fluorescence measurements weredamit every 24 hours
after the onset of the illumination, using a PI&fficiency Analyser (Hansatech Instruments
Ltd., England). Each measurement was preceded byadimfitation of the leaf disks for
30 minutes, and the parameters of the induced abihytl fluorescence were determined on
5 randomly chosen leaves belonging to 5 differéamtets.

If a leaf is kept in darkness for several minugesl then is brightly illuminated,
chlorophyll fluorescence rapidly rises from aniahitow level (the ground fluorescence, Fo) via
an intermediate level (I) to a peak level (maxifharescence, Fm if light is saturating), and
then gradually decays through several intermedi@t®@ma to a level close to the original Fo.
The difference between Fm and Fo is the variahlerdscence (Fv). The kinetics of this
response are termed the Kautsky effect. The rafienf has been shown to be proportional to
the quantum yield of photochemical reactions armlvsha high degree of correlation with
the potential light use efficiency of net photofysis of intact leaves. Fluorescence yield is
minimal (Fo) when all reaction centres are in ativac“open” state. When the \Qorimary
quinone acceptor pool of the illuminated thylakaidmbranes is fully reduced, excitation of the
P680 reaction centre cannot result in stable chegpgaration (the reaction centres are inactive,
“closed”) and maximum fluorescence yield (Fm) igagted [10,12, 19, 22]. In conventional
chlorophyll fluorimetry, fluorescence is excited ayntinuous light which is strongly absorbed
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by chlorophyll and fluorescence emission is deteete wavelengths beyond 660 nm. The
obtained information is derived primarily from ddight induction curves (in dark-adapted
plant samples). While the plant sample is in a-dapted state, the minimal and maximal
fluorescence yields (Fo and Fm) are determinegpijcation of a saturating pulse of light. The
ratio Fv/Fm is a measure of the potential maxingllRjuantum yield (Fig. 1).

The experimental data were evaluated statisticaling ANOVA (P < 0.05) and
the Tukey test (P < 0.05) [23].

Results and discusson. During the greening of etiolated leaves specifiicpsses
occur, which have a crucial role in the developnoéithe photosynthetic function. Such events
are: the biosynthesis of chlorophyll molecules #nalassamblage of light-harvesting pigment-
protein complexes in the presence of light, theetbgpment of the thylakoid membrane system
of the chloroplasts emerging from preexisting d#ets, the conversion of an increasing
percentage of the absorbed light energy into chalneicergy, as well as the initiation and
optimization of carbon assimilation in the autotiimpcells of the mesophyll. Chlorophyll
fluorescence competes with the photochemical wactor the same source of light energy.

A

Fluorescence yield
(relative units)

dark
adaptation

I | Time (s)
low saturating
light light
pulse  pulse

F i g. 1.Schematic representation of the kinetics of induced chlorophyll fluorescencein
dark-adapted leaf samples, as well as of the main photosynthetic componentsstrictly
related to these parameters (original).

Fo - ground fluorescence;,F maximal fluorescence; F variable fluorescence; LHC Il - light-harvesting
complex of photosystem Il;sR - reaction centre of photosystem Il Qprimary quinone acceptor of
photosystem Il in the thylakoid membranes of chitasts.
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The ground fluorescence ojF related to the level of organization of the tigh
harvesting pigment-protein complex associated totqgystem |II, increases intensely
during the first day of the greening process botharley and in maize. In the presence of a
lower photon flux density (150mole photons fis?) this increment is more pronounced in
the young leaves of barley than in maize, whichettgys a smaller antenna system. During
the next few days the values of ®emain approximately constant in both species. (BEjig
In the presence of a higher photon flux density(@@®ole photons M s?), F, drops in the
second day to a value obviously below the one tegid during the ferst day after the
exposure of leaves to light, while during the thday it increases slowly. Fluctuations @f F
are higher in both species under the conditiorssmbre intense illumination.

‘—o—lst series;B —{J— 1st series;M —¢—2nd series;B —@—2nd series;M I
2500

2000 — —
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1000 -
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1st day 2nd day 3rd day 4th day

F i g. 2.Changesin the ground fluorescence (F,, expressed in relative units) during the greening of
etiolated leaves of barley (B) and maize (M) in low light (1 series) and in high photon flux density
(2™ series). The error bars indicate standard deviation (n = 5).

The transitory maximal fluorescenceJFwhich can be recorded when the dark-
adapted leaves are exposed to a short pulse ahtsagulight, gives information about the
ability of the PS lIs to perform light-driven elemt transport through the quinone acceptors, as
a result of the primary charge separation in thgrBaction centre. Jrises quickly during the
first day of illumination and reaches a slightlgtér value in the presence of a more intense
illumination, in barley and maize as well. Duritng thext two days it remains constant at oD
photons it s* and it continues to increase moderately atji@Qhotons nf s* (Fig. 3). The
variable fluorescence (F which represents the difference between the malxand the
ground fluorescence, reflects the combined modi6icain time of iy and F, during de-
etiolation. As it is expected from the previousaddttincreases gradually over the days after
exposure of leaves to light, and it has slightigvated values in the leaves developing in
higher light intensity, as comperad to those grawiow photon flux densities (Fig. 4).

The time period needed to reach the maximal fhaanece (), related to the intensity
of photochemical processes on the acceptor sigdnatbsystem Il, decreases very obviously
during the greening of etiolated leaves. This deerg is more continuous in the case of barley

20



CHANGES IN CHLOROPHYLL FLUORESCENCE DURING THE GREENG OF ETIOLATED LEAVES

leaves, especially if they are illuminated with |piwoton flux density. In leaves of maizg T
decreases more intensely during the first daysstapstant in the second day of illumination
and continues to become slightly shorter duringriaset period. In both plant specieg fas
lower values under high photon flux density thathapresence of low light (Fig. 5).

‘—o—lst series;B —{J—1st series;M —¢— 2nd series;B —@—2nd series;M I
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1st day 2nd day 3rd day 4th day

F i g. 3.Changesin the maximal fluorescence (F, expressed in relative units) during the greening of
etiolated leaves of barley (B) and maize (M) in low light (1% series) and in high photon flux density
(2™ series). The error bars indicate standard deviation (n = 5).
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F i g. 4.Changesin the variable fluorescence (F,, expressed in relative units) during the greening of
etiolated leaves of barley (B) and maize (M) in low light (1 series) and in high photon flux density
(2™ series). The error bars indicate standard deviation (n = 5).
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—O— 1st series;B —O— 1st series;M
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F i g. 5.Changesin the time period needed to reach the maximal fluorescence (T, expressed in ms)
during the greening of etiolated leaves of barley (B) and maize (M) in low light (1% series) and in
high photon flux density (2™ series). The error bars indicate standard deviation (n B mean

values are significantly different according to fhekey test (P < 0.01).

Considering the efficiency of photosynthetic ligtiergy conversion, the most
important parameter of the conventional chloroplfiyibrescence measurements in dark-
preadapted plant materials is represented by thenfia or maximal quantum yield
efficiency, indicated by the value of thg/f, ratio. During the greening of etiolated barley
and maize leaves, this parameter increases inrgtedays of exposure to light from 0.1-
0.25 to values around 0.5-0.7, reflecting that miyrihe development of photosynthetic
structures the efficiency of light reactions becempeogressively higher. The values also
indicate that the regulation of the primary photdbkgtic processes results in similar
potential quantum yield efficiencies in the present different non-excessive photon flux
densities (Fig. 6).

—o—1st series;B —{— 1st series;M
—o—2nd series;B  —@—2nd series;M
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0.2 -
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T T T
1st day 2nd day 3rd day 4th day

Fig. 6.Variations of the F,/F, ratio, reflecting the potential quantum yield efficiency of photosystem
11, during the greening of etiolated leaves of barley (B) and maize (M) in low light (1¥ series) and in
high photon flux density (2™ series). The error bars indicate standard deviation (n = 5).
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Conclusions. 1. Parameters of the conventional chlorophylirfisocence (§ F., R,
F./Fm, Tn), induced in dark-adapted leaf disks, represensedul tool in characterizing the
developmental stages of the photosynthetic strestand functions during the greening process
of etiolated leaves of plantlets which result fritvd germination of seeds in the absence of light.

2. The absolute value of the incident photon flurgity (if this is not extremely
high) does not influence significantly the dynamafsthe assamblage of light-harvesting
pigment-protein complexes around the core complephmtosystem Il, and it has no
obvious impact on the increment of potential quantaeld efficiency of PS Il during the
first few days of greening of etiolated leaflets.

3. Variations in the different parameters of thaured chlorophyll fluorescence are very
similar during the greening of young leaves ofdyand maize grown under the same conditions.

4. The most drastical changes in the ground fleeres (F) and in the temporary
maximal fluorescence gff occur between the first and the second day aj®xe to light of the
dark-grown leaves. During the next days of greertimgjincrement of these parameters is much
more moderate, but obviously progressive untifdlieth day of constant illumination.

5. The time needed to reach thg {,, expressed in milliseconds) after a short
pulse of actinic excitation light applied on theldpreadapted leaf disks, decreases much
more abrupltly in maize than in barley leaves durihe first days of de-etiolation under
moderate photon flux densities.

6. Under the conditions of a higher photon flux siign the potential photosynthetic
quantum vyield efficiency (indicated by thg/ls, ratio) is higher in the greening leaves of
maize (a @ plant which needs high light to perform a veryi@éint photosynthetic biomass
production) than in those of barley (a §pecies which is less productive than maize but
more tolerant to the conditions of lower photorxftiensities).
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EVALUAREA CRESTERII S| CARACTERIZAREA APARATULUI
FOTOSINTETIC LA ALGA VERDEMOUGEOTIA SP
(CHLOROPHYTA).

VICTOR BERCEA *, EDWARD MUNTEAN ™, ANA NICOAR A"
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NICOLAE DRAGO §

SUMMARY. Growth Assessment and Characterization othe Photosynthetic Apparatus

of the Green AlgaMougectia sp. (Chlorophyta). Growth assessment of the green digaigeotia
sp.by means of thalog, O.D., during 15 days, under lighting of 300nol.m2s?, generated a
growth curve with exponential growth rate R = 0.3@%nean growth rate,R= 0.193 and a
generation time g = 3.24. A dry weight of 114.66Ithgith a high protein content was obtained.
Pigment analysis showed a normal content ah@ bchlorophyll and of carotenoids. HPLC
analysis revealed the presence of the followingomegrotenoidsf-carotenep-cryptoxanthin,
lutein, anteraxanthin, violaxanthin and neoxanthin.

in celulele fotosintetice, principalele proceseehiergetice: fotosinteza respiraia -
implica reagii transportoare de electroni inde de sinteza de ATP. In timp ce fotosinteza
convertgte energia luminii (fotoni) in energie chirmiNADPH si ATP) permiénd asimilarea
carbonului (CQ), procesul de respiti@ convertgte puterea reddtoare dénuta de hidraii
de carbon intr-o putere de fosforilare. La celutidesucariote cele dayrocese se degbari
in organite separate, independente: fotosintezpraduce in cloroplaste iar procesul de
respiraie are loc Tn mitocondrii. Cerceile efectuate cu algele verzi unicelulare au entidé
existerta in membranele tilacoidale a conexiunii dintredbrespiratosi lantul transportorilor
de electroni fotosintetici [4, 9]. Plantele trebgiemenina un echilibru intre energia deridat
din readiile la lumina Tn cloroplasti cantitatea de energie utilizala fixarea carbonului
n alte procese metabolice.

Organismele percep proceseaz informaia venit atat de la mediul biotic céat
de la cel abiotic Tn scopul eterii si dezvolgrii optime, respectiv, pentru adaptarea la
mediu [20]. Dintre factorii de mediu, lumigastimulii mecanici sunt cei mai semnificativi
pentru plante. Se cunga micarea de fotorealocare la plante prin care closbgla §i
modifica poztia in ga fel Incat 8 poati absorbi efectiv lumina pentru eficientizarea
fotosintezei [21]. Lungimea de uidnai efectid este cea din regiunea albastmde
fitocromul este receptorul care mediamotilitatea cloroplastelor [12, 16].

Lucrarea prezentse refex la analiza crgerii si caracterizarea aparatului fotosintetic
la alga verdeMougeotiain scopul efectirii de experimeritri viitoare privind manifestarea
si implicarea celular a clororespirgei.
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Material si metode. Alga verde Mougeotia sp Agardh (AICB 560), (Fig. 1)
provine din Colegia de culturi de alge a I.C.B. Cluj-Napoca (AICB).[Tulpina AICB 560
a fost crescat in soluia nutritivai Bold (BBM), n condii de agitare continu cu aer,
iluminare conting (300 umol. m%ssi la temperatura de 19-2C. Durata de cultivare a
fost de 15 zile. Crgerea suspensiei algale s-a estimat prin trasamdseicde crgtere pe
bazaAlog, a densitii optice [24]. La finele perioadei de gtere s-a determinat acumularea de
biomag precumsi continutul acesteia Tn pigm@rasimilatorisi in proteine celulare.

Pentru analiza compongor pigmentari, suspensia de alg-a mojarati extras
cu acetoa in prezeri de CaCQ. Cortinutul in clorofile (clorofila_ssi b) si carotenoide s-a
estimat spectrofotometric pe baza coefitien specifici de absotie [1, 17]. Pentru
evidenierea formelor de clorofila dominante s-au trasat spectrele de ahioir vivo la
spectrofotometrul Unicam SP 1800 aplicAndu-se fpilctransmisiei prin sticla opéc
[23]. Rezultatele sunt exprimate in mgsubstati uscai sau in mmol / mol clorofila.a

Proteinele s-au determinat dumetoda Lowryi colab.[19].

Pentru analiza carotenoidelor majore s-a recucsdmatografia in strat stite si
la cromatografia de lichide de Tnaperformans. In vederea sepani si identificarii prin
cromatografie in strat stile, extractul de pigmens-a saponificat in sofie etanoli@ de 1,
7% KOH [10].

Pentru analiza carotenoidelor prin HPLC, suspensiaaldi s-a centrifugat la
10.000g, iar sedimentul a fost saponificat cu atsmlde 30% KOH in etanol in raport
volumetric de 1:1 cu suspensia algéd temperatura camerei, timp de 10 ore. Carotiet®iau
fost extrase din masa de rgacu dietileter, urmand 8fari repetate cu apdistilat pari la
atingerea unui pH neutru; carotenoidele din apelesglare au fost recuperate utilizand
volume mici de dietileter. Epifazele eterice au fostbinate, splate cu ap distilat si
evaporate la sec sub vid; reziduuliobt a fost redizolvat in 5 ml acetat de etil, diiapoi
injectat Tn sistemul HPLC. Sistemul HPLC este comistitintr-un sistem de pompe
Kontron Instruments 322, un injector Rheodyne emhipu budl de 20pul, o coloan
Nucleosil 120-5 C18 (250 mm x 4.6 mm), un detedmmatrice de fotodiode Waters 990
si un calculator pe care rulgagoftware-ul Waters 990 pentru prelucrarea dat&oadientul
utilizat: 0 min: 10% B / 90% A; 20 min: 70% B / 3086(A fiind amestecul acetonitril:ap=
9:1; B fiind acetat de etil) [18]. Identificareanspusilor izolati a fost realizat pe baza spectrelor
de absortie si prin cromatografie HPLC cu standardele dispoeifsl.

Rezultatesi discutii. Speciile deMougeotiasunt alge verzi filamentoase neramificate.
Marginile dreptesi paralele ale peretelui celular sunt caractessticestei specii. Celulele
au un singur cloroplast sub forma uneigplaxiale sau pangliccare, de regal se intinde
pe intreaga lungime a celulei, inconjurat de ws stnbire de citoplasr (Fig. 1).

Cloroplastul poate fiazut turtit, intins orizontal, ori el poate fiqucit, stramsi jupuit
la mijlocul celulei. Cloroplastul caime numergi pirenoizisi granule de amidon (Fig. 1, P).
in condiii de lumina redus, cloroplastul §i schimki orientarea de la paa marginai la
poziia plari. In lumind puternié cloroplastul §i schimbi orientarea de la paia plari
axiab la poziia marginail ingusi. Miscarea cloroplastului caiaspuns la lumia este
rezultatul gradientului formelor active de fitocrorare formeax un sistem de pigment
alternativ in jurul periferiei cilindrului celulaGradienii de fitocrom sunt rapid transforman
gradieni ai interagiunilor microfilamentelor de actiamiozini care genereazfortele
motrice de rotge a cloroplastului [11, 25].
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F i g. 1.Aspectul morfologic al
filamentuluisi cloroplastului de
Mougeotia sp: C = cloroplast;
N= nucleu; P= pirenoid;

Z =formarea unui zigospor

Procesul de crgere.Curba de crgere la algdvlougeotiala lumina moderatde 300
umol.m?.s?, este redatin Fig. 2. Culturile au prezentat in prima zi piftatent, apoi au intrat
in faza expongiala de crgtere. Parametrii de gtere exprima prin rata de crgere
exponefiald R=0, 309; rata medie de gtere R,=0, 193si printr-un timp de genetie g = 3,
24, atest o cratere relativ rapid in primele 4 zile de cgtere. Incepand cu ziua 8, difetele de
crestere a tulpinilor determinmarirea abaterii de la medie a parametrilor dgtere.
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F i g. 2.Curba de crgtere la algaMougeotia spin condiiile
luminii moderate de30@mol.m?.s™.
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F i g. 3.Coryinutul Tn substag uscat si proteine totale la suspensiile déougeotia

Analiza pigmerilor asimilatori. Compoziia in pigmemi asimilatori a suspensiei
algale deMougeotiaeste sumarizafin tabelul 1. Lumina modetatie crgtere a determinat
acumularea unei caritit normale de clorofil si carotenoide. Aceste caiitits-au merinut
intr-o propotie normai si constant pe durata crgerii celulare ga cum reiese din valorile
raportului dintre compongin pigmentarisi valoarea abaterii standard (Fig. 4). Aparatul
fotosintetic reafioneaz la intensiitile si calitatea luminii Tn scopul optimizii eficientei
fotosintetice. La lumina modeBatcapacitatea fotosintefica celulelor este diminuatcu
toate & concentrga clorofilei este ririta [22]. Dintre xantofilele ciclului xantofilic imptiate Tn
fotoprotetie, s-a remarcat prezenviolaxantineksi a anteraxantinei in cariit apreciabile.
Lipseste zeaxantina, alt component al ciclului xantgfilemai din cauza luminii moderate de
crestere care nu a stresat fotosinteza, deci nu ardeter interconvertibilitatea dintre
violaxantiri si zeaxantii prin intermediul anteraxantinei.

Tabel 1
Continutul Tn componerti asimilatori ai suspensiei déViougeotia

Componeti Valori cantitative
clorofila a (mol) 4,527 x 10
clorofilab (mol) 1,53x 10
caroteni (mmol/mol cl. a) 213,64
luteina (mmol/mol cl.a) 340, 30
neoxantina (mmol/mol cl.a) 157, 33
violaxantina (mmol/mol cl.a) 193, 35
anteraxantina (mmol/mol cl.a) 157, 33
Total carotenoide (mmol/mol cl. a) 1061, 95
Total pigmeni (mol) 7,119
2,96
a+b/carotenoide 5,70
substara uscat (mg.I") 115
proteine totale (mg?) 162, 71
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Continutul ridicat Tn pigmeti fotosintetici in raport cu substgnuscat, in special
in clorofile, cu raporturi normale intre compotieponfirma ca lumina de crgtere a fost
saturabii fotosintetic (Fig. 4). Reglarea dezviwit organismului fotoautotrof este facilitat
datoriti prezemei pigmenilor asimilatori care Indeplinesc regipspecifié si traducerea
corect a fotosemnalului, [7].

60 -

50

H
o
L
H

o ] — [

clorofila a clorofila b carotenoide Total pigmenti alb atb/c

F i g. 4.Coryinutul Tn pigmeri asimilatori raportat la substag@ uscad.
a/b = raportul dintre clorofile; a+b/c = raportul éhtre clorofilesi carotenoide

Fara indoiaki, spectrul de absaib contribuie Tn mare parte la deduceréadish care
se affi pigmentul asimilator in organismul viu. Pentruedetinarea spectrului de abstieba
componetilor pigmentariin vivo, in general, se prefea se reprezenta absortzain fundie de
lungimea de unid dar se ridig problema omogetiitii materialului celular viu [23].

Fig. 5 red spectrul de absofie in vivo a suspensiilor algale precuirspectrul de
absorhie in vitro al clorofilelor asi b, izolate prin cromatografie TLC.

)

a

Absor b ti

410 500 600 700 nm

F i g. 5.Spectrul de absorle a suspensiei ddougeotiain vivo si
spectrul de absorke in vitro a clorofilei asi b separate cromatografic
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La lumina moderatde crgtere a filamentelor dbougeotiaspectrul de absotie
in vivo a fost bine delimitat cu benzi de abg@bn zonele albastsi rosie. Astfel, in zona
albast# s-a evidetiat aria spectralde amplitudine redédscompus din benzile de absatib cu
maximele ntre 430-445 nm pentru clorof§ie480 nm apgméand carotenoidelor ar
contribuie la spectru este insemiat

Urmeaz aria spectral compud din benzile de absoatie cu maximele la 650 nm
si 684 nm. La intensitatea moderate lumiri de 300umol.m?s? (lumina de crgtere a
suspensiei algale), spectrul de abgerki-a redus amplitudinea, aria speciragi, iTn mod
semnificativ, diversitatea componentelor de cldeofiare inti in structura fotosistemelor.

Caracteristicile spectraie vitro ale clorofilelor sunt prezentate in Fig. 5. Pentru
clorofila as-au evidetiat maximele de absaiib la 430 nm Tn zona spectalbasti si la
663 nm Tn zona spectiatosie. Pentru clorofila_ks-au Tnregistrat maximele de absarlta
445 nmgi 645 nm, cu o amplitudine spectrahai diminuai.

Masuritorile in vivo privind dominare diferitelor forme de clorofil a aflate Tn
componera fotosistemelor PS di PS Il, a evidetiat componeta relativ redus a celor
doua fotosisteme (Fig. 6). S-a remarcat cantitateaditainuat a formelor de clorofila,a
respectiv, cu absofia in vivola 670 nmsi 684 nm,si dominana clorofilei bcu absorba in
vivo la 650 nm. Saderea diversitii formelor de clorofila_satesi o activitate redox relativ
redus la nivelul celor dod fotosisteme.

Aceasi adaptare este benefipentru experimentele cu utilizarea luminii de
intensitate ridicdt deoarece realizarea fotoinhibi este intarziat

0.9 4
0.8 4
0.7 4
0.6 4
0.5 4
0.4 4
0.3 +
0.2 4
0.1 4

I

Unitati relative

650 673 684

F i g. 6.Coryinutul in vivo al diferitelor forme de clorofile I&Mougeotia.

Analiza carotenoidelori xantofilelor prin cromatografie HPLCCarotenoidele
sunt tetraterpene cus£atomi, fiind larg distribuite la organismele viiantul polienic al
carotenoidelor constand din kgri duble conjugate este responsabil de pigmeatare
carotenoidelosi de abilitatea lor de-a absorbi fotonii Tn domérspectral vizibil. Exist
dowa principale clase de carotenoide produse naturgrotarburi carotenoidice sau
caroteni (cum estp-carotenulsi a-carotenul)si xantofilele care sunt deritiaoxigenai ai
carotenilor (violaxantina, anteraxantina, zeaxamtimeoxantina, luteina, etc.). in general, o
distingie se poate face intre carotenoidele primgargecundare. Xantofilele primare sunt
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definite casi xantofilele ce sunt compongstructuralisi functionali ai aparatului fotosintetig
deci esetiale pentru supravigirea celulei. Xantofile secundare sunt acele Xdatpe care

le produc microalgele Tn cariit mari numai dup ce au fost expuse la un stimul de mediu
specific (carotenogenay[14]. Plantele verzi au o compgeiin carotenoide remarcabil de
similara. Principalele carotenoide diasutul fotosintetic al plantelor sunt: luteina (48%
total), p-carotenul (25-30%), violaxantina (10-15%b)neoxantina (10-15%) [5]. in condi

de iluminare interisse acumuledizzeaxantinai anteraxantina. In compaia cu plantele,
algele prezirit o diversitate mult mai mare in compiiilor pigmentat. Carotenoidele
agioneaz casi pigmerti secundari de captare a luminii datbrébsoriiiei in intervalul
450-570 nm, unde clorofilele nu absorb eficient [3]

Principalele carotenoide majore identificate priontatografie HPLC, la suspensia de
Mougeotia sunt prezentate in Fig. 7. S-au identificat ingipal sase carotenoide majore, iar
pentru varfurile din cromatogransunt prezentate spectrele de ahgodle acestor carotenoide.

Carotenoidele identificate sunt cele existente mbilen celulele fotosintetizatoare,
si anume: 3-caroten, a-criptoxantiri, luteimi, anteraxantif, violaxantiri si neoxantir.
Carotenoidele sunt eluate n ordinea deséteace a polarittii moleculare: cele mai polare
au cei mai redii timpi de retegie, in timp ce carotenoidele cu molecule nepolardérapi
de retetie maximi. Caracteristicile spectrale ale carotdalar identificate sunt specificate
in tabelul 2. Pe larigaceste carotenoide au fost identificgitanii izomeri ai acestora, dar
lipseste zeaxantina, xantadiimplicat in ciclul xantofilic.
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F i g. 7.Cromatograma carotenoidelor majore prezentdlaugeotia N=neoxantina;
V=violaxantina; A=anteraxantina; L=luteina; CR=&-criptoxantina ; C=4-caroten.
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Mentinerea echilibrului intre captareautilizarea energiei luminii este egei
pentru supravigirea organismelor fotosintetice oxigenice. Xaréddi particifa la captarea
luminii si sunt esetiale n protejarea cloroplastelor de distrugeriitodxidative. in lupta cu
dezechilibrul dintre absotib energiei de excitie si utilizarea sa, algelg plantele §i regleaz
captarea luminii fotosinteticg produc o serie de molecule antioxidante — enzipestru a
detoxifica speciile reactive de oxigen care se &mm Xantofilele prezente Tn membranele
tilacoidelor particig la aceste funi protective fiind adesrati antioxidani [2, 15].

Mecanismul biochimic molecular de lazal fotosintezei apare riguros de
conservat in evotia plantelorsi odaé cu acestai xantofilele [6]. Schimbrile Tn condiiile
de mediu cum ar fi intensitatea luminii ori temgara duc la un dezechilibru intre energia
luminii absorbite prin fotochimie vizavi de energitllizatd prin metabolism. Un astfel de
dezechilibru energetic este sitiprin alterarea presiunii de exdiga fotosistemului PS 11,
ceea ce refleststarea reductivrelativi a fotosistemului [13].

Tabel 2
Caracteristicile spectrale ale carotenoidelor majoe din suspensiile
de Mougeotiaidentificate prin cromatografie HPLC.
Carotenoide Amax (NM) Timp de retetie % arie
[min.]
Neoxantina 413 437 467 7,94 8,52
Neoxantina (izomer) 413 438 467 8, 89 3,69
Violaxantina 417,6 440 471 9, 37 4,78
Violaxantina (izomer)| 417,6 440 471 10, 1 2,80
Anteraxantina 420 441 472 11,8 32, 56
Luteina 425 447 475 12, 43 37,09
a-criptoxantina 448,4 473, ¢ 16, 09 -
-caroten 454 482 17,71 10, 53

Concluzii. 1. Procesul de cgtere al suspensiilor delougeotias-a analizat prin
trasarea curbei de gtere pe baza densii optice Tn perioada de gtere exponetmla.
Parametrii de cigere exprimd prin rata de crgere exponetmli R=0, 309, rata medie de
crestere R,=0, 193si printr-un timp de genetig@ g = 3, 24, atesto cretere relativ rapid in
primele 4 zile, cu unele diferende cretere pe parcursul Intregii perioade expaize.
Acumularea substasi uscate intr-o cantitate apreciadié lumina moderaf cantitate de
114.66 mg:f, reprezini un alt parametru de estimare a procesului dgeree

2. Lumina moderatde crgtere a determinat acumularea unei cagtitormale de
clorofila si carotenoide. Aceste caritit S-au meftinut intr-o propotie normad si constari
pe durata crgerii celulare ga cum reiese din valorile raportului dintre compuiie
pigmentarisi valoarea abaterii standard. Dintre xantofileleludui xantofilic implicate in
fotoprotetie, sa remarcat prezenviolaxantineisi a anteraxantinei in caritit apreciabile.
Spectrul de absotie in vivo este bine delimitat cu benzi de abs@rin zonele albasirsi
rosie. Masuiatorile in vivo privind dominara diferitelor forme de clorofil 3 a eviderfiat
componera relativ redus a celor dod fotosisteme. S-a remarcat cantitatea mai diminuat
a formelor de clorofila,acu absortia in vivola 670 nisi 684 nm,si dominana clorofilei b
cu absorba in vivo la 650 nm. Siderea diversitii formelor de clorofila_aatesi o
activitate redox relativ redasa nivelul celor doa fotosisteme.
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3. Carotenoidele majore identificate prin cromaafigrHPLC sunt cele existente normal
la celulele fotosintetizatoar@:carotenul,a-criptoxantina, luteina, anteraxantina, violaxaatin
si neoxantina. Dintre xantofilele ciclului xantofilimplicate in fotoprotee s-a remarcat
prezema violaxantineisi a anteraxantinei n caritit apreciabile. A lipsit zeaxantina, alt
component al ciclului xantofilic, tocmai din caulzeminii moderate de cgtere care nu a
stresat fotosinteza, deci nu a determinat intereditilitatea dintre violaxantihsi zeaxantid
prin intermediul anteraxantinei. Mecanismul biocitirmolecular de bazal fotosintezei
apare conservat riguros in eu@iplantelorsi odat cu acestai tipurile principale de xantofile.
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SENSIBILITATEA FOTOSISTEMULUI PS Il LA PRESIUNEA DE
EXCITARE CORELATA CU DISIPAREA NERADIATIVA
A ENERGIEI EXCITATIEI LA ALGA VERDE
CHLORELLA FUSCA

VICTOR BERCEA *, ANA NICOAR A" si NICOLAE DRAGO §~

SUMMARY. — PS Il Photosystem Sensibility to Excitabn Pressure, Correlated with
Nonphotochemical Dissipation of Excitation Energy tithe Green Alga Chlorella fusca.
Excitation presure effects on PS I, correlatedhwite nonphotochemical dissipation of
excitation energy and the violaxanthin de-epoxiatafter different exposure times and light
intensities is presented. Light intensities haweeased the proportion of open reaction centers.
2000 pmol. m? s* and 3000umol. m? st light has determined to the increasing of i®
reduced state, while 250@mol. m?. s! light has significantly reduced their quantity.eTh
excitation presure increased with the light expadime. The nonphotochemical dissipation of
excitation energy has been intensified in relatidth light intensity and with the increasing of
light exposure times. A linear positive correlatimetween violaxanthin de-epoxidation activity
and the nonphotochemical dissipation of excitatioargy (NPQ) was observed. The xanthophyll
cycle pigments had a particular response with ct$pdight intensities.

Analiza fluoresceei clorofilei furnizeaz insemnate date privind procesul de
disipare a energiei excitai. Inducerea disigrii energiei se poate aprecia prin stingerea
nefotochimid@ a fluorescetei clorofilei (NPQ)[4]. S-a propusidaza moleculara disigrii
neradiative Tn sigurai implica Tn parte carotenoidul zeaxantina, ipotetida@nd ca un
atenuator al &tii de excitaie a clorofilei din antena fotosintesi§3].

Un important aspect al manifési NPQ este procesul de activare prin lumina isten
a fotosintezei cloroplastelor adaptate la lumedud. Dac cloroplastele sunt pre-iluminate cu
lumind inteng, creste sensibilitatea lui NPQ ceea ce se coréleazformarea zeaxantinei prin
de-epoxidarea violaxantinei [21]. Explicarea bioaia rezidi in faptul & formarea zeaxantinei
este strans legatle schimbrile structurale Th complexul pigment-protelcHC |1 [12].

Mecanismul NPQ cuprinde trei componente coresjtonzineticilor de relaxare
la intuneric urméand perioadei de iluminarg:egte componenta dependedé energie care
produce disiparea energiei sub farde éldura neradiatid. Necesii formarea gradientului
de electroni transtilacoidaA(pH), fiind indus rapidsi reversibil prin pH-ul lumenului
provocat de lumiin Are drept rezultat protonia proteinelor cheie: violaxantin de-epoxidgza
PsbScare este componenta asaciedmplexului polipeptidic captator de luaim PS I
determin@nd activarea ciclului xantofilic care prod zeaxantina, pigment xantofilic legat
de proteinele antenei PS 1l [2, 7, 8, 19].egte componenta depended¢ starea de trana,
find legat de fosforilarea polipeptidelor LHC 1l [20]., geste componenta indugle

:*Institutul de Cercetri biologice 400015/Cluj-Napoca. E-mail: icbo@madihtcj.ro
Univ. ,Babes-Bolyai”, Fac. de Biologiesi Geologie Cluj-Napoca. E-mail: ndragos@biolog.ubipco.
Cercetare finayatz in Programul Ng@onal CERES nr. 3-121/2003
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transformarea centrului de rgi@cPS Il in urma fotoinhilgiei care afectedzmecanismul de
fotoliza apei s-au afectemacceptorul marginal producandu-se dubla reduc€e[44]. n
absera moduidrii q;, transportorii de electroni regdienergetic vor bloca curgerea electronilor
fnainte ca lumenul tilacoidak slevini acid. Se produce o suprareducere prin care #ezult
Qa dublu redwi si stabili energetic, perrtind formarea speciilor de clordfitriplet care
pot readona cu Q formand oxigenul singlet®,) care este foarte toxic.

n aceast lucrare prezesin rezultatele referitoare latamea presiunii de excitare
asupra fotochimiei fotosistemului PS |l in cotiel@u disiparea neradialia energiei excitéi
si cu activitatea de-epoxidi violaxantinei in urma efectelor intersitor diferite de lumiia pe
durat lungi de timp.

Material si metode Alga verdeChlorella fuscaShihira et Krauss (AICB 25)
provine din Colega de culturi de alge a I. C. B. Cluj-Napoca (AI¢H) Alga a fost
crescul in soluia nutritiva Bold (BBM), Tn condiii de agitare continucu aersi iluminare
continui (450 umol. m? s%), la temperatura de 22. Dupi 16 zile, crgterea culturilor s-a
apreciat prin trasarea curbelor desteee pe bazalog, a densiitii optice [29]. La finele
perioadei de cigere s-a determinat biomasa (subtamscat), concentréia pigmenilor
asimilatorisi a proteinelor celulare.

Expunerea la lumina de diferite intefigitPAR (radiaia activa fotosintetic) a
suspensiei de alge s-a efectuat la 1500, 2000, &58000 umol. m? s, timp de 120
minute, la temperatura camerei (perioada de ilurejpaCa surs de lumird s-au folosit
becuri halogen reglabile de 500W. Suspensia adgish magnetic pe intreaga durad
expunerii la lumid pentru omogenizarea umbririi celulare, iar intuspensiesi sursa de
lumina s-a interpus un filtru cu &@ppentru evitarea tzirii. Probele analitice au fost
prelevate la intervale de 3630 minute, prin filtrare.

Pigmenii (clorofila a si b, carotenoide), extsh cu aceton, s-au estimat spectro
fotometric pe baza coeficigior specifici de absotfe [1, 15], rezultatele fiind exprimate in mg.
I"* suspensie algalProteinele s-au determinat dupetoda Lowryi colab. [16].

De-epoxidarea violaxantinei, respectiv formareaastinei dependent de luniirs-a
analizatin vivo prin msurarea schindilor in absorlie intre 505 - 535 NMA(A 509)[3, 32].

Fluoresceta clorofilei s-a nasurat cu fluorometrul PAM-200 corespdtar lui
Schreibesri colab. [28]. Parametrii fluoresaemsi analiza stingerii fluorescesi s-au efectuat
prin aplicarea metodei pulsului de satigraF'y s-a determinat folosindu-se lumina de exigta
rogie. NPQ s-a calculat corespétar ecugiei NPQ = (R, — F'n)/F'r, iar presiunea de excita
dupa formula 1-G.

Rezultate si discutii. Readiile la lumina convertesc energia fotonilor intr-o stare
electroni@ de excitare a moleculei pigmentului din sistemuteai reprezentat prin
clorofile si carotenoide ancorate la proteinele interne alenbmanelor tilacoid fungonéand
casi complexe proteice specializate denumite centeutehgie. Starea excitatelectronic
este transferattuturor moleculelor din anténcasi exciton. Unii excitoni sunt convetiti
Tnapoi la fotonisi emit fluoresceti, akii sunt converti la caldura, iar atii sunt capturg
prin proteina centrului de re@e Excitonii capturg prin centrul de reae furnizeaZ energia
pentru reatiile fotochimice primare ale fotosintezei — tran&felectronii de la molecula
donor la molecula acceptor. Ambele molecule danaicceptor sunt agate la complexul
proteic al centrului de rege. Astfel se produce prima separare a sarcinitorulterior
transferului electronilor, redite sunt srace energetic [31].
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Propotia luminii PAR absorbit prin centrii de rege PS Il deschi si modul de
utilizare Tn fotochimie, pe bazaast redox a acceptorului primarQsunt redate n Fig. 1.
Pigmenii antenei fotosistemului PS 1l absorb lumigia transfed la centrii de rege care,
aflati In stare deschis (oxidat), captureaz lumina si incep 4 se inchid ducand la
cresterea fluoresceani variabile. Intensitile de lumiri experimentate au mgnut crescut
numarul centrilor de reate deschii, comparativ cu valorile martorului, asta insenth&hn
cea mai mare parte din energia de excitare s-zaitiln fotochimia centrilor de rege,
ducand la siderea fluoresceai. S-a Tnregistrat o prop@ ridicat de centrii deschi la
intensititile de 150Qumol. m? s*si 2500umol. m?. s, Intensitatea de 20Qdmol. m?. s*
a redus semnificativ cantitatea centrilor de tieazapabili de captarea exgita. Lumina de
3000umol. m? s?, in general, a redus propiarcentrilor de reaie deschii.

in primele 30 minute de expunere la diferiteleristtiti de lumiri, propotia centrilor
deschgi a fost ridical, iar la expunerea indelungda lumira, a sézut aceagtpropotie.
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F i g. 1.Proporia centrilor de reade deschii la nivelul PS Il
sub agiunea diferitelor intensiti de lumini.

Rata relativ de excitare a centrilor de re@gcdepinde de stoichiometria acestgra
de mirimea efectiv a antenei [10]. Fotosistemul PS Il cuprinde ananaol de absota
fotonilor si centrul de reae avand sarcina capii excitatiei si conversia acesteia n
energie chimig. Pigmenii din anterd absorb fotonisi sunt inactivi fotosintetic, pe cand cei
din centrul de reae sunt activi fotosintetic. Centrul de réa@bsoarbe la lungimi de uhthari
constituind o capcanpentru energia de excitare. Conversia fotonilopdéenialul chimic
implica fotoexcitareasi separarea sarcinilor pentru a produce o clérafdidat si reducerea
unei alte clorine din centrul de re¢iaacare transférelectronul la acceptorul priman@L1].

Cand Q sunt oxid#, viata excitaiei este scudt fiind dependerit de constata
ratei de stabilizare a sarcinilor. Cand @ste redus, PS Il este incapabil de-a stabiliza
separarea sarcinilai astfel centrii devin Tncki producéndu-se un dezechilibru intre rata
de sosire a energiei de excitare in centrul detiee@adata de utilizare a electronilor pentru
asimilarea CQ Stabilizarea sarcinilor se produce numai candtmlgii sunt transfetala
acceptorul primar Q[14].
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Durata de vigi a excitéiei creste cAnd @ ajunge in starea redu<O stare lung
de energie ridicatpoate fi dunatoare pentru structurile fotosintetice. Prapgode Q n
stare reduseste redatde presiunea de excitare in Fig. 2. Lumina de 2000l. m?. s’si
3000umol. mi?. s*a contribuit la crgterea propaiei de Q n stare redus pe cand intensitatea
de 2500umol. m s*aredus substaial cantitatea acestora, comparativ cu valoriletonalui.
Presiunea de excitare s-a@rincu durata de expunere la lurirrespectiv dup 30 minute.
Aceast cregtere evidetiazi capacitatea deuti a proceselor fotochimice de-a reoxida Q
ceea ce duce la ®terea disiprii energiei de excitare sub forma trnsferului &mdetic al
electronilor [22]. Dup M a x w e | Isi colab. [17] creterea presiunii de excitare deterthin
saderea fluoresceai variabilesi a eficienei fotochimice, lipsa centrilor PS,Iprecumsi
sciderea propatei LHC 1l asociai cu dublarea raportului protémalorofila din cauza serii
clorofilei per celud.
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F i g. 2.Presiunea de excitare indusle diferitele intensiti de lumini
asupra fotochimiei PS 1.

Intensificarea activitii de disipare nefotochimica energiei exciteei se datoreaz
reducerii reversibile a eficiggi fotosintezei [25]. Capacitatea de disipare ruefoimici a
energiei excitgei s-a intensificat cu amirea intensitii luminii (Fig. 3). Intensiitile de
2500pmol. m? s'si 3000pumol. mi2 s au determinat amirea valorilor lui NPQ comparativ cu
martorul. Disiparea neradialiva energiei s-a intensificat, de asemenea, cu ngeka
duratei de expunere la lunginProtedia impotriva fotoinhilirii s-a redus dup60 minute de
expunere, iar la lumina de 30@énol. m%. s', din cauza instalii fotoinhibitiei, s-au produs
fotodistrugeri in antena fotosistemului PS II. NR@ica importante ajuéti reglatorii Tn
membranele fotosintetice caspuns la factorii internii externi [13]. Rezistega la
fotinhibare la alga&Chlorella reflect ajustarea fotosintetida presiunea de excitare ridigat
ducand la sporirea capatit de disipare neradiativa excesului de energie prin producerea
zeaxantinei [17].

Disiparea nefotochimica energiei excitéei asocial cu translocarea protonilor
prin membrana tilacoidaleste consideratuun mecanism fotoprotectiv care ajantele in
lupta cu lumina Tn exces [18, 26]. Acidifierea lum&i poate contribui la disiparea n
anterd a energiei exciteei prin coordonarea ciclului xantofilic [5] s-auip agregarea
antenei captatoare de luraif27].
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F i g. 3.Relaia dintre disiparea neradiativa energiei excitéei si intensitatea luminii

Parametrul fluorescesi 1 / R, este un index de aproximare a pierderilor nefatote
a energiei excitiei din antena captatoare de lughia fotosistemului PS 11 [9, 23]. In Fig. 4
se arat relaia Tntre indexul 1/F si intensititile diferite de lumid. Valorile acestui index s-au
marit Tn dependetd cu intensitatea luminii cu prelungirea duratei de expunere la luinin
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F i g. 4.Relagia dintre indexul 1/E si diferitele intensidfi de lumini

De-epoxidarea violaxantinei, respectiv acumulameaehxantif, a fost un proces
care a inceput lent, iar dud5 minute de expunere la diferitele intefitsinle luminii,
activitatea de-epoxidii s-a intensificat in relée direci cu durata expunerii (Fig. 5).
Lumina de 150Qumol. m? s* a indus treptat de-epoxidarea violaxantinei cwéurf la 60
minute de expunere, sitig inregistrat si la lumina de 200Qumol. m?% s*. Lumina de
2500pmol. mi% s si 3000 umol. m% s a stimulat activitatea de-eposiil violaxantinei
inregistrandu-se dauvarfuri la 30si 90 minute de expunere. Expunerea indelundmt
3000pumol. m? s* a indus inhibarea de-epoxiil violaxantinei. Schimbrile in absorkie
la 505 nmsi ohtinerea de valori negative se coreledirect cu de-epoxidarea violaxantinei
[32].
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F i g. 5.Schimlarile in absorbie 4 Agos produse de intengitile de lumira
la suspensiile d€hlorella

A existat o corelge liniara pozitiva la majoritatea variantelor experimentale intre
activitatea de-epoxidii violaxantinei, nasurat prin schimfirile in absorie la 505 nrrgi
procesul de disipare nefotochiriia energiei excitei reprezentat de NPQ (Fig. 6). pH-ul
acid al lumenului tilacoidal precursi formarea zeaxantme| n prezanluminii induc
intensificarea NPQ. La intensitatea luminii de 1500l. m?. s* s-a inregistrat o corela
pozitivdi Tntre producerea de zeaxalftigi intensificarea dISIﬁTII neradlanve a ener iei
excitgiei. Aceasi corelaie s- aredus la intensile de 200Qumol. m? s*si 2500pmol. m?. s™.

La lumina de 3000mol m?. s's-a mreglstrat 0 corgla negati.

Ciclul xantofilic considerat mecanism de fotopr@me;ceste implicat Tn disiparea
energiei excitgei, fiind responsabil pentru #derea eficietei fotochimice a PS I
determiné@nd reglarea n jos a actitiitPS 1l [30]. Zeaxantina faciliteazdisiparea energiei
din centrul de reaie prin formarea sa cand absgabluminii excede capacitatea de
conservare a energiei prin transportul fotosintatielectronilor [24].

Acumularea pigmeiior asimilatori (clorofile, carotenoide) precusn raportul
dintre acetia este prezentatin Fig. 7. Fiecare fraitne de pigment a avut o evghi
specifi@ n raport cu |nten3|tatea luminii. Tn general cemntraia clorofilelor a crescut la
lumina de 1500umol. st iar cantltatea carotenoidelor s-a meut sub valorile
martorului. Lumina de 250¢1mol m?. s a determinat ainerea unor valori apropiate
celor de la martor pentru cloroﬂlg cresterea cantittilor de carotenoide. Tn schimb,
intensitatea de 200@mol. m?. s a produs salerea C|OI’OfI|e|OI$I cra;terea carotenmdelor
cu modificarea raporturilor dintre pigm@nExpunerea la 300amol. m?. s* a determinat
inhibarea acumiitii clorofilelor si a carotenoidelor. Expunerea de dara produs
diminuarea cantitii pigmertilor asimilatori, cu modificarea raporturilor dietacstia.

In paralel a crescufi cantitatea de proteine care se feag pigmerii fotosintetici
formand complexele structurale LHC (Fig. 8). Compld.HC I, este asociat cu carotenoidele
hidroxi apatindnd ciclului xantofilic [13]. Acumularea proteloe celulare a fost direct
dependerﬁtde intensitatea luminii atingandu-se valori maicate la 250Qumol. m?. s'si 3000
umol. m? s, comparativ cu martorul. Epoxidarea zeaxangnstiderea coeficientului NPQ
pot fi posibil dependente de sinteza proteinelmte3a de noi proteine poate fi necégagntru
reintoarcerea la gradeleisate de de-epoxidare a ciclului xantofilic [30].
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cu diferite intensiisi de lumini pe durata a 120 minute.

Contribuia coeficienilor fotochimici si nefotochimici Tn raport cu fotoinhibarea
fotosistemului PS Il se poate aprecia cotieaal prin raportul (1-8/NPQ, care a fost definit ca
un index al sensibititii fotosistemului PS Il la lumina Tn exces deoares& nisura fotonilor in
exces s-au a stresului luminos [22, 23]. §isleemnificative se ain cand indexul de
sensibilaste este comparat grafic cu intensitateanli (Fig. 9). Valori ridicate s-au @but
pentru expunerea la lumina de 15080l. m2 s', in special pentru durata expunerii de 120
minute. Valori ridicate s-au Tnregistrat la intéatgia de 200amol. m?. s*. Cele mai sizute
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valori s-au obinut la lumina de 250amol. mZ. s*. Valorile ridicate la respectivele interiside
lumina se datoredizratelor sazute ale transportului electronilor (valori ridieatle 1-g), catsi
capaciitii scizute pentru translocarea protonilor (valotizte ale NPQ). La lumina de 2500
umol. m? s'ratele fotosintetice ale celulelor de alge au fiostnod comparabil asamitoare,
indiferent de durata de expunere la luinide asemenea, la lumina respegtietosistemul PS
Il in vivo a demonstrat capacitatea de-a echilibra consumdlirdird prin meninerea unui
raport constant intre procesele fotochimgiagefotochimice.

——15 —1+—30 —A—60 = =X =90 —%—120 minute

1-qp/NPQ (% din control)

2500 3000
PAR pmol.m?s

F i g. 9.Evoluia indexului de sensibilitate la stresul produsldeina Tn exces

Concluzii. Rezultatele referitoare latamea presiunii de excitare asupra fotochimiei
fotosistemului PS 11 in corgla cu disiparea neradiaiia energiei excitei si cu activitatea de-
epoxidirii violaxantinei in urma efectelor intengitor diferite de lumid pe durat lunga
de timp au evideiat urmitoarele:

1. Intensittile de lumird experimentate au mgmut crescut nugrul centrilor de
reagie deschii, comparativ cu valorile martorului, asta insenth@&h cea mai mare parte din
energia excitgei s-a utilizat in fotochimia centrilor de rei@c ducand la siclerea fluoresceei.
in primele 30 minute de expunere la diferitelenistéti de lumiri, propotia centrilor descki a
fost ridica#, iar la expunerea indelungdd lumiri, a sézut aceagtpropotie.

2. Cand acceptorul primar,@ste oxidat, via excitaiei este scudtfind dependerat
de constam ratei de stabilizare a sarcinilor. Durata dgi\dzexcitsiei creste cand Q ajunge n
starea reddis O stare lung de energie ridicat poate fi dunatoare pentru structurile
fotosintetice. Lumina de 20Q@mol. m? s*si 3000 umol. m? s’ a contribuit la crgterea
propotiei de Q in stare redus pe cand intensitatea de 25000l. ni%. s'aredus substaial
cantitatea acestora. Presiunea de excitare &itiaqu durata de expunere la lurhirhceast
crestere evidetiazi capacitatea dzuti a proceselor fotochimice de-a reoxida €@ea ce duce
la saderea disiprii energiei excitdei sub forma trnsferului fotosintetic al electriomi

3. Capacitatea de disipare nefotochit@energiei exciteei s-a intensificat cu anirea
intensititii luminii si cu prelungirea duratei de expunere la lumiDisiparea nefotochimica
energiei excitgei asociat cu translocarea protonilor prin membrana tiladdidant considerate un
mecanism fotoprotectiv care g@jylantele in lupta cu lumina Th exces. Parameirnatéscerei
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1/ R, este un index de aproximare a pierderilor nefatoicke a energiei excit@i din antena
captatoare de lumira fotosistemului PS Il. Valorile acestui indexusrairit in dependegi cu
intensitatea luminii cu prelungirea duratei de expunere la lumin

4. De-epoxidarea violaxantinei, respectiv acumalate zeaxanti a fost un proces
care a inceput lent, apoi s-a intensificat intieldirecti cu intensitatea luminigi durata
expunerii. Expunerea indelungaa 3000pumol. m2 s a indus inhibarea de-epoxiil
violaxantinei. A existat o cordie liniari pozitiva la majoritatea variantelor experimentale
intre activitatea de-epoxdi violaxantinei, nisuradi prin schimfirile in absorbe la 505
nmsi procesul de disipare nefotochiriia energiei excitéei reprezentat de NPQ.

5. Ciclul xantofilic considerat mecanism de fotdpuage, este implicat in disiparea
energiei excitgei, fiind responsabil pentru #erea eficietei fotochimice a PS Il determinand
reglarea in jos a activiii PS Il. Fiecare fratune de pigment a avut o ev@kispecifi@ n
raport cu intensitatea luminii. Expunerea la 3@0fol. m? s® a determinat inhibarea
acumuiirii clorofilelor si a carotenoidelor. Expunerea de diiatprodus diminuarea caiatit
pigmenilor asimilatori, cu modificarea raporturilor diatacstia. In paralel a crescsit cantitatea
de proteine care se leagu pigmefii fotosintetici formand complexele structurale LHC.

6. Contribuia coeficienilor fotochimicisi nefotochimici in raport cu fotoinhibarea
fotosistemului PS Il s-a apreciat contienal prin raportul (1-g/NPQ, care a fost definit
ca un index al sensibiiitii la lumina Tn exces.
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ACTIVITATEA FOTQCHIMICA A FOTOSISTEMULUI PSII IN
PREZENIA LUMINII IN EXCES S| REFACEREA ACESTEIA LA
INTUNERIC, LA ALGA VERDE CHLORELLA FUSCA

VICTOR BERCEA ", ANA NICOAR A" si NICOLAE DRAGO §~

SUMMARY. —The PS Il Photosystem’s Photochemical Actity in the Presence of Exces
Light and its Recovery in Dark at the Green AlgaChlorella fusca In vivo activity of PS I
under different light intensities and exposure srage described. The recovery period results are
also presented. The increase givBlue, respective the decrease gfi¢ad to a drop in the,F
value. Due to {=diminishing values the nonphotochemical dissipatibexcitation energy (g
increased. At high light intensities the excitatlht captured by PS Il reaction centers was
altered because the number of open centers dedr&sging with light intensity and exposure
time, the quantum vyield decreased. The non-cytdictren transport rate increased with light
intensity. Photochemical quenchings)(@nd nonphotochemical fluorescence quenching (g
seems to be correlated with light intensity. Durihg recovery period the PS Il activity was
characterized by,Feaching control values, altered photochemicadieffcy and quantum yield
with non-cyclic electron transport.

In condiii naturale organismele fotosintetice sunt expusemal la nivele de
iluminare pe durata unei zile care exced capaeaitpta) care energia de excitare reztltat
se poate utiliza In fotosint&zAceasi energie excesivtrebuie & fie usor disipat altfel
sistemul fotosintetic va suferi fotodistrugeri [18aliza fluorescegei clorofilei furnizeaz
hsemnate date privind procesul de disipare a &i€Fjg. 1).

JJ)lumina

. Fluorescenti

Membrana tilacoidalid

Oy NADPH

Disipare
termici

CENTRUL ANTENA
DEREACTIE P51l
PSII

F i g. 1.Cdile posibile ale energiei excitiai din antena PS 1.
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Cand clorofila absoarbe lumina, ea este exciah energia purtatde fotonisi trece
din starea de bazn starea singléChl’. Din aceagt stare se reintoarce la starea dei ipain
relaxare pierzand electronfe ciror energie se poate utiliza in fotochimia centrdiureade
PSII s-au eménd lumiri sub forma de fluorescefa. Alta parte din excitge se pierde prin
disiparea termit facilitati de zeaxanténsi anteraxantiai (Z+A) si pH-ul lumenului (H)
(mecanismul de reglare in jos). Clorofila sindléhl” poate trece in starea tripf@hl” care
cedeai energia de excitare oxigenului ducand la formspeaiilor reactive de oxigen gJciclul
api-apd). Inducerea disifii energiei excitéiei se poate aprecia prin atenuarea nefotocliiic
fluorescerei clorofilei (QN)[3].

S-a propus £baza moleculara disigrii neradiative in sigurga implica in parte
carotenoidul zeaxantina, ipotetictiaoand ca un stirigor al sérii de excitare a clorofilei
din antena fotosintetid2].

Lumina este in exces cand ditorul foton sosgte Tnainte ca electronul Jgrodus
prin fotonul anterior &fie preluat prin acceptorul primar,@ fotosistemului PS Il blocand
calea pentru uratorul electron. Astfel, lumina Tn exces este remultdezechilibrului dintre
rata sosirii excitgei Tn centrul de reaie si rata de utilizare a electronilor pentru asimitare
CO;ssi eliberarea @ Cand acceptorul g&ste redus, PS Il este incapabil de-a stabilizaraepa
sarcinilor astfel & centrii de reage devin inchji. Ca rezultat, durata de viaa excitaiei se
mareste cand Q se afl in stare redus Astfel, starea de energie ridicarecunsi presiunea de
excitare ridicat pot fi diunatoare pentru structurile fotosintetice.

In fotosintea fotonii exciti clorofila ce formeax sistemul antenar din jurul PS I,
iar excitaia este rapid transfeala o pereche speciatle clorofile Rgo din nucleul complex
al PS Il formandu-se perechea de radicaligPhed, starea aceasta este reversigilastfel
excitgia este transferatrapid la clorofila centrului £, iar de aici la antein Cand se produce
stabilizarea sarcinilor, electronii trec la accegitehinonic Q care devine redus. In prezan
Qa redus durata exciiei este determinatde dod procese competitive pentru diminuarea
excitaiei: conversia disipati(termici) si emisia de fluorescen

Emisia excitéei sub fornd de fluoresceti se produce cu o probabilitate constant
Cresterea duratei excit@i duce la crgerea probabiliiti emisiei de fluoresce#. Durata
excitgiei este mare cand Funt redsi si corespunitor, fluoresceta este maxim (Fy,) fiind
supresdt de rata constafitcompetitii a conversiei termice. Cand,@ste oxidat, durata
excitaiei este scu#tt fiind determinat in principal de rata constara stabilizrii sarcinilor
de la RigfPhedQ, la Psgf/Pheo/Q, iar emisia de fluorescgineste sizuti (FO) [11].

In lucrarea actualprezenim rezultatele referitoare la activitatea fotochimic
vivo a fotosistemului PS 1l sub genea diferitelor intensiti de lumird pe durate diferite
de expunere precusnin perioada de refacere duggrminarea ilumiarii.

Material si metode Alga verdeChlorella fuscaShihira et Krauss (AICB 25)
provine din Colega de culturi de alge a I. C. B. Cluj-Napoca (AI{H) Alga a fost
crescul Tn soluia nutritiva Bold (BBM), in condiii de agitare contiricu aer, iluminare
continui (450pumol. mi?. s%), la temperatura de 2.

Dupa 16 zile, creterea culturilor s-a apreciat prin trasarea curbeécrgtere pe
bazaAlog, a densiitii optice [20]. La finele perioadei de gtere s-a determinat biomasa
(substara uscat), concentrga pigmenilor asimilatorisi a proteinelor celulare.

Expunerea la lumina de diferite intefigitPAR (radiaia activa fotosintetic) a
suspensiei de alge s-a efectuat la 1500, 2000,23000pmol. m?. s?, timp de 120 minute, la
temperatura camerei (perioada de iluminare). Csi sier lumiri s-au folosit becuri halogen
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reglabile de 500W. Suspensia a fost agitaagnetic pe intreaga dutad expunerii la
lumina pentru omogenizarea umbririi celulare, iar Intwspensiesi sursa de lumif s-a
interpus un filtru cu ap pentru evitarea irtzirii. Probele analitice au fost prelevate la
intervale de 15i 30 minute, prin filtrare.

Dupa expunerea la lumif) suspensia algak-a merinut la semiintuneric timp de
120 minute pentru epoxidarea zeaxantinei (periaseaefacere, reconversigla finele
perioadei s-a determinat aorutul Tn pigmeti asimilatorisi in proteine celulare.

Pigmenii (clorofila asi b, carotenoide), extsacu acetod, s-au estimat spectro-
fotometrlc pe baza coeficigor specifici de absoufe [1, 12], rezultatele find exprimate n mg.
I"* suspensie aIgaIProtemeIe s-au determinat dupetoda Lowryi colab. [13].

Fluoresceta clorofilei s-a msurat cu fluorometrul PAM-200 corespdtar lui
Schreibersi colab. [19]. Parametrii fluorescgmsi analiza stingerii s-a efectuat prin aplicarea
metodei pulsului de satuie. Fp s-a determinat folosindu-se lumina de excitargero
Coeficientul g s-a calculat corespudtpr defintiei Stern-Volmer pentru f Eficiena
actuah a PS Il s-a calculat dapemmig-Adamsi Adams [4].

Rezultatesi discutii. Procesul de crgere Curba de cigere a culturilor d€hlorella
la lumina moderat de 450umol m?. s', este redatin Fig. 2. Culturile au prezentat o
crestere rapid, fara fazi latent, atlngandu se o rade crgtere exponemla R = 0, 373; 0
rati medie de crgere R,= 0, 13si un timp de genetee g = 2, 68. S-a acumulat o cantitate
de biomas de 0, 495 g1, bogai in proteinesi pigmenti asimilatori (Fig. 3).

Alog, 0.D.

01 2 3456 7 & 910111213 14 15 16 zile

F i g. 2.Curba de crgtere exponetiala a culturii deChlorella fusca
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Fig. 3 Acumularea de biomasgi proteine la cultura d&hlorella fusca
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Activitatea fotochimi€ a PS Il in timpul perioadei de iluminar@reiluminarea cu
diferite intensiiti de lumiri a determinat giclerea fluoresceei FO Th primele 30 minute apoi
cresterea acesteia in raport direct cu durata de expuerceptand lumina de intensitatea 1500
umol. m% s (Fig. 4). In general, valorile luigFau depsit valorile martorului.  a crescut
datoriti instafrii fotoinhibitiei [21]. Fluorescefa maxind F, a sé@zut in raport cu durata de
expunere, exceptand lumina de 158@l. % s* la care in primele 60 minte, @& sdzut, apoi
a crescut spre finalul expunerii (Fig. 4). Fotditai Tn mod normal émeste nivelul i in timp
ce R, scade [15]. Salerea fluoresceeai variabile atedtscderea nurdirului de Q oxid&i si
redui (scade volumul de plastochirgn contribuind la sierea ratei de captare a energiei
excitgiei a PS Il. Scade fluoresaanvariabik si creste activitatea de disipare neradiatia
energiei excitgei (qy). In aceste contii starea de energizare a membranelor tilacoid@ieum
si rata nchiderii centrilor de rege PS Il la lumi este ridicat [10].
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F i g. 4.Evoluia fluorescerei variabile Tn timpul preilumidgrii timp de 120 minute.

Eficienta activigtii fotochimice a fotosistemului PS Il {F F,), Tn general, a
scizut in raport cu intensitatea lumigiicu durata de expunere la lurdirEficienta capirii
excitaiei de atre centrii de rege PS |l a fost afectatla intensiitile ridicate de lumia
deoarece a geut nundrul centrilor deschi. Excepie au ficut intensiitile de 1500 2000
umol. m? s’ la care n primele 30 minute de expunere, efigidatochimia a fost gor
stimulat (Fig. 5). Eficiena intrinsed a centrilor de reae deschii ai PS Il s-a redus la
variantele preiluminate datatitfotoinhibitiei. Eficienta actual exprimia procentul de
lumina absorbii ce este utilizatin fotochimia fotosistemului PS Il. S-a inregistiescédere a
eficienei actuale a PS Il in dependernle intensitatea lumingi durata de expunere la
lumina comparativ cu valorile martorului (Fig. 6). Aceastadere se datoreazeducerii
eficientei intrinseci a PS Il precusn intensificarii disiparii termice a energiei.

Producia cuanti@ a fotosistemului PS II, care exptineficiena transportului de
electroni per cuaatabsorbii, a sézut in dependei cu intensitatea lumingi durata de
expunere (Fig. 7). Astfel, lumina de 150Mol. m*. s’ a dezvoltat o prodtie cuantié
apropiai valorilor martorului. Celelalte intensit de lumirdi au dezvoltat o prodtie
cuanti@ apropiad martorului in primele 30 minute, apoi au deventibitoare. Aceasta
inseami ci centrii de reae ai PS Il se inchid treptat cu durata expuneuicéohd la
sciderea performgelor fotosintezei prin sclerea transportului neciclic de electroni. Se

50



ACTIVITATEA FOTOCHIMICA APS ||

reduce fragia de lumird absorbi si utilizatd Tn transportul electronilor, mecanism de reglare 1
jos a fotochimiei PS I, avand rol de prafeda supraexcitare in coniilie luminii in exces.
Prin reglarea 1n jos scade efiggfotochimi@ a PS llsi se intensifi@ disiparea nefotochimic

a energiei excitgei [16].
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F i g. 6.Eficierya actuali a PS II.

Rata transportului fotosintetic de electroni esezentat in Fig. 8. S-au inregistrat rate
diferite ca ririme in fundie de intensitatea luminii: de la 4@#nol. m?. s* la lumina de 1500
umol. m? s* pari la 863umol. m? s* la 3000pmol. m? s*. Rata transportului neciclic de
electroni crgte cu intensitatea luminii datdritresterii energizrii membranelor tilacoidale ceea
ce duce la reducerea prodeccuantice a centrilor de reacPS |l deschi [8].
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F i g. 7.Produgia cuantici a PS Il Tn timpul preilumidrii.
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F i g. 8.Rata transportului fotosintetic de electroni

In raport cu durata de expunere, in primele 60 teingta intensificat rata
transportului de electroni in lan neciclic, dug care valorile sau redus la toate intehidé
de lumiri. Excepie a ficut lumina de 200Qmol. m? s care s-a dovedit inhibitoagécea
de 1500umol. m®. s* a cirei efecte au fost similare valorilor martorului.

Atenuarea activitii fotochimice (@) a fotosistemului PS 1l a fost foarte intérna
variantele tratate cu lumirin raport cu martorui s-a dovedit dependentle intensitatea
luminii. Astfel, la intensiitile de 150Qumol. m2 s'si 2000umol. m?. s?, in primele 30 minute
a sdézut ¢, urmand o perioadde relaxare intre 30-60 minute, ca apbssad puternic
spre finalul expunerii la lumin La intensiitile de 250Qumol. mi?. ssi 3000umol. m?. s*
diminuarea lui g a fost foarte interas exceptand perioada de relaxare (Fig. 9). Valorile
reale ridicate ale luigevideniazi convertirea efectiva energiei excitéei in fotochimie
producandu-se o cantitate redlde fluorescet.
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Procesul de disipare neradiatia energiei excitéei exprimat prin g s-a dovedit
dependent de intensitatea lumigiide durata de expunere (Fig. 10). La intensitaeea500
umol. m? s! disiparea nefotochimica energiei a $eut in primele 30 minute de expunere
la lumirg, urmand o perioadde relaxare la 60 minute, ca apbssad din nou. La intensitile
de 2000umol. ni% s’ si 3000 umol. m?. s', activitatea de disipare nefotochithia energiei
excitaiei a crescut in raport cu durata expunerii. Laiande 250Qumol. mi2 s* valorile lui gy
s-au redus intens Tn primele 60 minute, apoi s-@it apre finalul expunerii. Valorile #surate
ale lui gy situate sub 0, 5 vorbesc de un intens mecanismendegizare a membranelor
tilacoidale la intensitile de lumiri experimentate. Mecanismul de reglare in jos @it PS
Il este dominat de coeficientul Stern-Volmer. Trseipa regirii in jos, propotia centrilor
de reage deschii va s@dea cu ririrea intensitii luminii [16]. Cand q, atinge valori
ridicate datorid componentei sale dependente de energiearidptul ¢ fotoinhibitia a fost
precedat de reglarea in jos [21]. Din punct de vedere ke, gy reprezind un mecanism
protectiv cargine constaritdurata de vig a excitaiei la nivelul nucleului PS 11 [11].
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F i g. 9.Stingerea fotochimica fluorescerei clorofilei in timpul preilumidrii timp de 120 minute.
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F i g. 10.Disiparea nefotochimita energiei excitaei la nivelul PS 1.
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Activitatea fotochimi& a PS Il Tn timpul perioadei de refacella perioada refacerii,
variantele preiluminate cu intersit diferite de lumia s-au @strat la intuneric pentru
monitorizarea evoliei parametrilor fotosintetici. Astfel, fluoresaenvariabifi F, a atins
valorile martorului in primele 15 minute de refagetotul depinzand de fotodistrugerile
provocate de intendgiile luminii. Lumina de 150@mol. m? s* s-a dovedit gor suportat
de celula algal astfel & refacerea a fost foarte semnificatiohtiinandu-se valori mai mici
pentru k si mai mari pentru ; comparativ cu martorul. Refacerea Iui PS Il depidd starea
de inactivare prodasde lumiri [21]. Relaxarea rapida F, la intuneric atestimplicarea n
stingerea fluorescesi a complexelor LHC 1l [6]. Toate aceste schimiin antena PS Il au
determinat ajustarea fluoresgeinvariabile | care a atins valorile martorului, exceptand
lumina de 150@umol. m% s* (Fig. 11).
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Fig. 11 Evoluia fluorescerei Fv in timpulperioadei de refacere
timp de 120 minute la variantele preiluminate.

Eficienta fotochimi@ a fotosistemului PS Il @&mas afectatin perioada refacerii.
Intensititile ridicate de lumia produc fotodistrugeri la nivelul centrilor de r@acPS Il
incéat activitatea fotochimicraméane tributat timpului si condiiilor de refacere impuse
(Fig. 12). Expunerea indelungdia lumini puternié duce la crearea sittiai stabile la
nivelul PS Il denumit fotoinhibitie s-au fotoinactivare [i necesit timp pentru relaxare
ori indegirtare in dependeincu distrugerile in centrii de rege PS | [11].
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F i g. 12.Eficierya fotochimia (F/F) a PS Il in timpul perioadei de refacere
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Produgia cuantid A F/F', a tins 4§ se refag substatial Tn primele 30 minute de
pastrare la intuneric, dar transportul neciclic @&ctlonilor a #imas evident afectat.afman
dominani centrii de reaie redyi ai fotosistemului PS |l. Varianta trafatu lumirda de
1500 pmol. m% s?, si-a reficut eficiena fotochimia si produdia cuanti@, comparativ
valorilor martorului (Fig. 13).
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F i g. 13.Produgia cuantici a PS 1l in timpul perioadei de refacere.

Stingerea fotochimic s-a intensificat depind valorilor martorului, avand un
raspuns bifazic cu da@umaxime la 30, respectiv 90 minute de refacere. (F4g.

Acest Bispuns bifazic evideiaza heterogenitatea arimii antenei PS 1l [17].

Starea de reducere a PS |l s-a tinenridicat. Activitatea de disipare nefotochiniic
a energiei excitéei s-a redus semnificativ dad5 minute de refacere la variantele supuse
anterior ilumiririi (Fig. 15). S-a ajuns la valori de circa 40 % nparativ cu martorul.
Relaxarea Iui g la Intuneric aréto deddere iniiala care se raporteazomponentei acestuia
(ge) dependente de energie [7].

106 —0—1500 —0—2000 —4—2500 —%—3000 mol.m2s”

104 |
102 A
100 A
98 -

96 -

qp (% din control)

94 -

92 )
15 30 60 90 120 minute

F i g. 14.Evoluia parametrului g Tn timpul perioadei de refacere la variantele fueiinate.
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F i g. 15.Evoluia parametrilor g, In timpul perioadei de refacere

Acumularea pigmenior asimilatori s-a intensificat la stitul perioadei de refacere
(Fig. 16). Cantitatea de clorofile a dgip valorile martorului. Aceste organisme oxigenae
capacitatea desiaajusta nirimeasi compoziia complexelor captatoare de lumiLHC) din
jurul centrilor de reae prin schimbrile in cantitatea de lamele granglestromatice [7].
Cortinutul in carotenoide a &ut simitor. In paralel, a szutsi cantitatea proteinelor celulare,
exceptand varianta energizatu lumina de 250@mol. m s (Fig. 17). Crgte coninutul
celular in clorofilesi totodat polipeptidele captatoare de luriid4].
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F i g. 16.Coryinutul Tn pigmeri asimilatori la finele perioadei de refacere
a variantelor deChlorellaanterior preiluminate
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F i g. 17.Coryinutul In proteine la finele perioadei de refacéaevariantele de
Chlorellaanterior preiluminate
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Concluzii. Rezultatele referitoare la activitatea fotochimin vivo a fotosistemului
PS Il sub atiunea diferitelor intenditi de lumiri pe durate diferite de expunere preaim
in perioada de refacere diipliturarea energiei luminoase au evigignurmitoarele:

1. Fluoresceta minima Fy a crescut, fluorescem maxind F, a sézut, ceea ce a
determinat silerea fluoresceei variabile contribuind la &derea ratei de captare a energiei de
excitare a PS Il. Scade fluoresgenariabifi si creste activitatea de disipare neradiéti
energiei excitgei (gy). In aceste condi starea de energizare a membranelor tilacoidale
precumsi rata inchiderii centrilor de re@e PS Il la lumin este ridicat.

2. Eficienta caplrii excitaiei de cétre centrii de reae PS Il a fost afectatla
intensititile ridicate de lumia deoarece a szut nundrul centrilor deschi. Eficienta intrinseé
a centrilor de reae deschii ai PS Il s-a redus la variantele preiluminatedttfotoinhibitiei.
Eficienta actual a sé@zut in dependei de intensitatea lumingi durata de expunere.

3. Produgda cuantid, care exprira eficienta transportului de electroni per cuant
absorbii, a sézut In depende# cu intensitatea lumingi durata de expunere. Se reduce
fractia de lumira absorbii si utilizata in transportul electronilor, mecanism de reglarp$
a fotochimiei lui PS II, avand rol de protiecla supraexcitare in coniile luminii ih exces.
Rata transportului neciclic de electroni gtee cu intensitatea luminii datafitcresterii
energizrii membranelor tilacoidale ceea ce duce la redameprodugiei cuantice a
centrilor de reage PS Il deschi.

4. Stingerea activitii fotochimice (¢) s-a dovedit dependende intensitatea
luminii. Valorile reale ridicate ale luipcevideniaza convertirea efectiva energiei de excitare
n fotochimie producandu-se o cantitate ra@diesfluorescei. Procesul de disipare neradidtiv
a energiei excitéei exprimat prin g s-a dovedit dependent de intensitatea lunginde
durata de expunere. Valorileigurate ale lui g situate sub 0, 5 vorbesc de un intens mecanism
de energizare a membranelor tilacoidale la int#iiside lumiri experimentate. Mecanismul
de reglare Tn jos a actigiti PS Il este dominat de coeficientul Stern-Volmer.

5. Activitatea fotochimig a PS Il in timpul perioadei de refacere s-a caeramtt
printr-o fluorescetd variabib care a atins valorile martorului, o eficigriotochimic si o
produgie cuanti@ cu transportul neciclic al electronilor afectafingerea fotochimic a
prezentat unaspuns bifazic cu daumaxime ceea ce evidgswd heterogenitatea anmii
antenei PS II. Starea de reducere a PS Il s-gimmidicag, iar activitatea de disipare
nefotochimi@ a energiei excitéei s-a redus semnificativ dataritomponentei acestuiagiq
dependente de energie. Cantitatea de clorofilgasitlealorile martorului, iar cotinutul in
carotenoide a #zut sintitor. In paralel, a szutsi cantitatea proteinelor celulare.
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INFLUENTA MICROELEMENTELOR CUPRUSI ZINC ASUPRA
DINAMICII FOSFORULUI IN FRUNZELE DE GIPSUN
(FRAGARIA ANANASSR.)

LAURA GROZA "si CRISTINA DOBROT A™

SUMMARY. — The Influence of Copper and Zinc on theDynamic of Phosphorus in
Strawberry (Fragaria ananassa D.) Leaves.Despite the wide range of copper and zinc
concentrations in agricultural soils, and the pt&tg-toxic effects on plants of high
concentrations of these elements, relatively femdiss have examined their impact on
other mineral nutrients. In this study, we examittezleffects of copper and zinc supply on
the dynamic of phosphorus in plant leaves. Strarybglants (Redgauntlet cultivar) were
grown in a 1:1:1 (v/v/v) soil:sand:silt mixture watd to saturation every other day and
fertilized with a mineral solution containing N 15% 15%, and K 15%. Foliar applications
of copper and zinc concentrations ranging from miled to concentration 5-#%
(expected to be toxic) were tested. In all treateropper supply significantly enhance the
phosphorus concentration in plant leaves, but hetzinc supply. However, phosphorus
concentration progressively decreased over timallirCu or Zn treatments, remaining
anyway higher than the control. These results sstgg@rogressing phosphorus deficiency
in plants that received little or no supplementapmer. These results are consistent with
results from studies on a range of agriculturahtglawhich suggest that Cu is required in low
concentrations by plants for normal functioning Bedomes toxic at higher concentrations.

Dezvoltarea industrialare ca urmare o accentuare a falmediului Tnconjuétor cu
substare dintre cele mai diverse. In zonele poluate claimegrele s-a observat diminuarea
procesului de cggere a organelor vegetativiea produgei de biomas, fenomen explicat prin
influenta poluanilor asupra unor procese fiziologice de Hamm sunt fotosinteza [1] sau
respiraia [10]. Metalele grele gor solubile ajung rapid in plante pe cale faljatar sunsi
mai wor spilate decat cele absorbite pe cale radiéula}. Elemente cum sunt Cu, Gd
Zn aplicate extraradicular pentru controlul atacurgatogene firund cu gurinta in plante
la nivel foliar datorit permeabilistii cuticulare crescute [3].

Cuprul este un element esiah pentru crgtereasi dezvoltarea plantelor, giein
concentrdi ridicate este potaral toxic. Particifa la numeroase procese fiziologigeeste
un important cofactor al metalotioneinelor. Metadotinele reduc stresul oxidativ indus de
metalesi le leagdi, eliberandu-le treptat [9]. Tn exces, cuprul inhibyesterea plantelosi
deregleaz numeroase procese celulare cum ar fi: transpdgutlectroni din fotosintéz
respiraia mitocondriad si raspunsul plantelor la stresul oxidativ. Deoareceraupste in
acelai timp un cofactor eseial si un element toxic, plantele au dezvoltat numercisegii
pentru a-i regla homeostazia. Aceste strategiuieeli previra circulaia formelor reactive
liberesi si asigure legarea acestora in structura metalopedtei[10].
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Concentrgile ridicate de azotsi fosfor in plantele de cultar determii o
productivitate crescéta acestora dar drescsi incidena atacurilor patogene [2]. Ca atare
este necesar un tratament adecvat cum ar fi apdidatiati de sulfat de cupru la plantele
de cipsun care este o praciiéecvens de limitare a atacurilor patogene [6]. Intre difse
elemente minerale exisinteragiuni complexe ca de exemplu, suplimentarea cu macice
acumularea Cd Tresuturi prin inhibarea absaita radiculare a acestuia [4]. La concetiira
ridicate de cupru are loc oaltere a ratei fotosintezei datagratnui deficit de magneziu,
pentru @ absorltia radiculaii a cuprului intd Tn competiie cu absortia magneziului care
este un component central al moleculei de clarofil

Abilitatea de a dezvolta rezistaria metale grele este gengtidar poate fi modificat
prin adaptare. Chemo-ecotipurile dezvatiodele caracteristice de izoenzime; apar prapriet
care niresc capacitatea protoplasmei de a rezista la otnageridicate de metale grele.
Una dintre strategiile adoptate datre plante pentru reducerea toxgit metalelor este
sinteza de metalotioneine.

Veriga de legtura intre elementele metalicg continutul in fosfor, respectiv
modificarile structurale care apar la nivelul planteloeasiprezentatde hormonii vegetali.
Astfel, cercetri recente aratfaptul & etilena regleazrata maxird de elongge a adacinilor
in condiii de caremi de fosfor [11] iar citochininele regleagenele implicate Tn sinteza
metalotioneinelor in deficiea de cupru [9].

Studiul de fa isi propune stabilirea refi@i existente intre aplicile de cuprusi
zincsi continutul in fosfor al plantelor deipsun.

Materiale si metode. Experimentele au fost realizate la thtaca de Cercéti
Pomicolesi Produgie Viile Satu Mare — ferma Turulung, sitdada o distar de 12 km de
localitatea Tur (exploatare miniér de metale neferoase: cupru, zinc, plumb, arginj.et
Plantaia de @psun a fost infiimati in anul 2000, utilizandu-se soiul Redgaungietistemul
de cultu in randuri simple, la distgade 80/20 cm.

Soiul de @psun Redgauntlet este un soi de origine eriglea o vigoare mijlocie
si portul mediu. Florile sunt paal ascunse intre frunze. Fructele sunt mari, @nic
regulate, cu pulpa suculé@ntgust ptin dulce, acidulat, aromat. Este un soi rezistent la
transport, productiv, rezistent la ger, segeboli.

Solul utilizat prezint urmitoarea compogie chimic si granulometrié: nisip
grosier (2 — 0, 2 mm) — 7, 6%, nisip fin (0, 2062, mm) — 48, 0%, praf < 0, 002 mm - 20,
7%, argii < 0, 01 mm — 32, 3, pH 6, 3, humusl, 37(%), 4, 5 ppm, K_ 148, 0 ppm,
Ca schimbabil 4, 79 (ml/100 g), Mg schimbabil 0, (68/100 g). S-a efectuat fertilizarea
suplimentaZ a solului cu Tngisaminte complexe (300 kg/ha), cu uttoarea compoge: N
15%, P 15%, K 15%.

Cultura a fost irigat prin udiri prin aspersiune n lunile mai (g)iunie (3), erbicidat
cu Elbatarsi tratag fitosanitar cu CuSg1%, Topsin 0, 5-1%i Systhane 1% + Demitan O,
05 -0, 08%.

Au fost realizate urittoarele variante,atora li s-au administrat 2 stropiri foliare
la un interval de oaptimara: V; — martor (HO), V, — CuSQ ¢ = 5.10'%, V; — CuSQ
¢ = 5.10%, V,— CuSQ ¢ = 5.10%, Vs— ZnSQ ¢ = 5.10'%, Vs — ZnSQ ¢ = 5.10%,
V7 —2ZnSQ ¢ = 5.10%, Vg — CuSQ + ZnSQ ¢ = 5.10%, Vy— CuSQ + ZnSQ ¢ = 5.10%,
Vip— CuSQ + ZnSQ ¢ = 5.10%.

Probele au fost recoltate duprima stropire foliat Tn timpul infrunzirii depline
(determinarea 1), ddp ll-a stropire foliat in timpul Tnfloririi (determinarea &j in timpul
coacerii depline a fructelor (determinarea 3).
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Cantitatea de fosfor din frunze a fost deterniinain metoda spectrofotometiic
iar rezultatele au fost interpretate statistic peistult, corelaie (coeficient de corefee r) si
curba de &spuns (regresie).

Rezultate si discutii. Analizadnd dinamica fosforului din frunzele dépgun sub
influenta microelementului cupru (figura 1) se constEt odat cu crgterea concenttii
soluiei de CuSQaplicat are locsi cresterea cantiitii de fosfor, pentru fiecare varidrin parte.
Pe nisui ce se parcurg diversele faze desteresi dezvoltare ale plantei, de la infrunzire
(determinarea 1) spre inflorire (determinaregi Buctificare (determinarea 3) are loc didere
a cantiiiti macroelementului studiat dar in toate cazurddokile sunt superioarmartorului.
Astfel, coreland aceste date cu cele existentédraluti se poate aprecia faptul acest
microelement pe de o parte este Wsum si limiteze atacurile patogene iar pe dé alarte
poate stimula prodtia prin meninerea fosforului la concentieridicate.

% P

0.21 v Martor

: —_— - CuS0,5.10°
e ' i = CuSO,5.10°
019 g " 2 o CuS0,5.107
0.18 A - »

Determinarea 1 Determinarea 2 Determinarea 3

Fig. 1. Influerva microelementului cupru (Cuga@%) in diferite concentyd asupra coginutului Th
fosfor (%) n frunzele deaipsun

l) 9 0

e
ATy

: 4 : Martor
£y | ZnS0,5.10™
- o ZnS0,5.107
: 0 ZnS0,5.107
B g

Determinarea 1 Determinarea 2 Determinarea 3

N n

n

F i g. 2.Influerya microelementului zinc (Zng&%) asupra comnutului Tn fosfor (%) in frunzele démsun

Zincul aplicat sub forthde soltie de ZnSQ1n concentrgi crescande are ca efect
sciderea cantitii de fosfor din frunzele deapsun, odai cu crgterea concenttii soluiei
de ZnSQ, si pe misufa ce sunt parcurse diversele faze dateresi dezvoltare ale plantei
(figura 2). Toate variantele tratate cu siblde ZnSQ au valoarea medie anéal cantiitii
de fosfor din frunze inferioamartorului.
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Figura 3 repreziat dinamica fosforului in frunzele deamun sub influera
microelementelor cuprsi zinc administrate simultan. Se poate astfel olaséaptul @ are
loc o cratere a cantittii de fosfor Tn paralel cu cgerea concenttii soluiei aplicate la
valori superioare martorului, in toate variantekpezimentale. In acejatimp are loc o
scidere a cotinutului frunzelor in fosfor pe &sura parcurgerii fazelor de vegggadinspre
faza de infrunzire deplin spre cea de inflorirg apoi de coacere a fructelor.
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0215§
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0.195
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0.18

P %

Martor

CuSO,+ZnS045.10™
CuSO,+ZnS0,5.10”
CuS0,+ZnS0,5.10°

oeQO

i

Determinarea 1 Determinarea 2 Determinarea 3

F i g. 3.Influerva microelementelor cupru + zinc (Cug€ZnSQ,) asupra corinutului
n fosfor (%) al frunzelor degpsun

Cantitatea de fosfor cupri@éntre 0, 182 — 0, 217 % este mai &idar apropidi
valorilor prezentate deitre unii cercettori de la noi, cum sunt Psac asiB ol o0 g a [7],
care dau valori cuprinse intre 0, 24-0, 3 % fo&fofructe in cazul variantelor nefertilizate
si un optim de 0, 3% fosfor pentru variantele fazéite cu N, P, K dar mult mai mici decét
cele ohinute in cercetri efectuate de aélcercettori din stiinatate ( 0, 67 % P) [8].

Rezultatele privind influga microelementelor cupri zinc asupra camutului in
fosfor al frunzelor de @psun oltinute Tn urma celor trei ani de studiu (2001-20GRint
sintetizate in tabelul 1.

Analizand tabelul 1 se obsérei variantele tratate cu saiitin concentréi crescande
de CuSQprezinti diferene semnificative, respectiv distinct semnificatieziiv fatd de martor
in ceea ce priwte coninutului de fosfor din frunze, in timp de variaetéfatate cu sofile de
ZnSQ, dssi determira sciderea treptata valorii indicelui studiat, din punct de vedetatistic
diferertele fga de martor nu sunt considerate semnificative. Gitiet@cestea, administrarea
simultari a celor dod microelemente produce odatu crgterea concenttigi amestecului o
crestere a valorii cotinutului de fosfor din frunze, producéndu-se difgeepozitive foarte
semnificative fgi de martorul netratat.

in ceea ce privge corelaia dintre martosi variantele studiate se obsgin toate
cazurile o corelge pozitivi accentudt, intre martosi varianta tratat cu soldia de CUSQ
+7ZnSQ, ¢=5.10"% (Vg) existand o coreti pozitivi absolul.

Reprezentarea grafi@ mediei multianuale a conutului in fosfor al frunzelor de
capsun (figura 4) evidetiaza faptul & cel mai ridicat cotinut in fosfor il prezint varianta
tratati cu soluia de CuSQ@c=5.10° (V,), in timp ce varianta tratatu soluia de ZnSQ
c=5.10"% (V,) prezin cel mai s&zut coninut in fosfor, valori apropiate martorului
prezentand varianta traiatu soluia de CuS@c=5.10'% (V.), respectiv varianta tratatu
soluia de ZnSQc=5.10°% (V).
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Fig. 4.Influerra microelementelor cuprgi zinc asupra coginutului
frunzelor de gpgun in fosfor (media multianud)l

Tabel 1
Influenta microelementelor cuprusi zinc asupra cortinutului
frunzelor de capsun n fosfor (%)
varianta Cantitatea de fosfor (%) din frunzele dpgtin % faade rfaade tfatdade Semnificaia
Medii anuale Media martor martor  martor t
2001 2002 2003 general

V1 martor 0, 207 0, 201 0, 2133 0,2071 100 - - -
V, CuSQ 0,20903 0, 2053 0, 2207 0,2118 102,2694 0,967 ,148 *
c=5.10'%

V3 CuSQ 0, 2237 0, 2117 0, 2229 0,2194 105,9392 0,827 596, **
¢=5.10%

V,CuSQ 0,233 0,2173 0, 236 0,2288 110,478 0,926 g, 60**
¢=5.10%

Vs5ZnSQ 0, 227 0, 1947 0, 2453 0,2223 107,3394 0,985 342, O
c=5.10'%

Ve ZNnSQ 0, 2137 0, 188 0, 232 0,2112 101,9797 0,994 4D,4 0
¢=5.10%

V;2ZnSQ 0, 1963 0, 1827 0,22 0,1997 96,4268 0,990 08,00
¢=5.10%

Vg CuSQ+ZnSQ, 0, 2143 0, 2073 0, 2213 0,2143 103,4766 1 14, 598
c=5.10'%

Vo CuSQ+ZnSQ, 0, 2163 0,213 0, 2247 0,218 105, 2632 0,973 3B, ***
¢=5.10%
V10 CuSQ+ZnSQ 0, 2197 0, 2157 0, 2307 0, 222 107, 1946 0, 969 oa®, ***
c=5.10%

Semnificaia lui t la Gleroare= 4

O — diferene nesemnificative

* — difererte semnificative

** _ diferente distinct semnificative

*+* _ diferente foarte semnificative,

Semnul “-* indi@ valori inferioare martorului,
r - coeficient de coretie

Curba dedspuns a cainutului de fosfor al frunzelor dezpsun in urma tratamentelor
cu soldiile de microelemente, fade varianta martor netratgtoate fi estimatcel mai exact
printr-o regresie firatici, avand ecu@ matematis y=h,+bx+b,x? valorile coeficietilor
fiind prezentd in tabelul 2.
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Tabel 2
Valorile coeficientilor ecuatiei matematice pentru regresia fitratic a in cazul influentei
microelementelor cuprusi zinc asupra continutului frunzelor de capsun n fosfor

Dependent b0 bl b2
V2 0.0813 0 3.0395
V3 0.0326 0.9019 0

V4 -0.0843 1.5116 0

V5 -0.6276 4.1038 0

V6 -0.5285 3.5716 0

V7 -0.1154 0 7.3418
V8 -0.0214 1.1380 0

V9 0.1190 0 2.3079
V10 0.0950 0 2.9600

Concluzii. Pe baza cercatlor efectuate p&nin acest moment se pot trage dtoarele
concluzii:

1. Se poate afirmaizincul aplicat ih concenttiacrescande sub forinde ZnSQ
determird o scéidere nesemnificativa coninutului de fosfor din frunzele deigsun.

2. Cuprulsi amestecul cupru + zinc administrate in concéntr@scande determiro
crestere propationaki semnificativi a coninutului de fosfor in frunze.

3. De asemenea, intre toate variantele trataselaiile de microelementgi martorul
netratat exigtcorelaii pozitive strnse in ceea ce psieeconinutul de fosfor al frunzelor.

4. Sub influera microelementelor cupri zinc dinamica fosforului in frunzele de
capsun fnregistreaz o sdédere treptdt dinspre fenofaza de infrunzire spre fenofaza de
inflorire si fructificare, similar martorului, in acord cu resittile fiziologice ale plantei
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POLYMORPHONUCLEAR LEUKOCYTES
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SUMMARY. — Despite serious reservations that exist with redarthe efficacy of the
homeopathic treatments, many clinical and laboyafghysicians as well as biomedical
investigators with a strong physico-chemical baokgd continue to pay a special attention
to this problem. Aware of the fact that the mainstable in accepting the idea of
homeopathic medicine resides in the difficulty obgosing a plausible explanation to the
way in which a substance found in an infinitesimmahcentration is capable of producing
effects, extremely sophisticated hypotheses (fropimysico-chemical point of view) have
been lately elaborated, involving as a supportirftarmation storage and transmission the
complex structure of water in conjunction with 8pecific methods (succussion/dynamization)
by which homeopathic preparations are obtainedceSihe essence of such hypotheses
relies on the cooperative interactions existing agnthhe water molecules, the homeopathic
effects (so far documented mostly at the levelhef human organism) should be present
and measurable at different structural/functiomealels byin vitro objective biophysical-
biochemical assays, which exclude psychologicatat$t If the homeopathic phenomena
can not be evidenced, g, at the molecular/cellular level, the above-mamid hypotheses are
not tenable, regardless of how well articulateq timay appear.

In order to tesin vitro the homeopathic effect, we measured the concenmtraf
the reactive oxygen species (ROS) liberated in it@bation medium during the
confrontation of the polymorphonuclear (PMN) leukiss with stimulating factors, such as
concanavalin A (ConA) and phorbol myristate ace(&@®A). These stimulating agents
were diluted either conventionally or using homdiipgorocedures (succussion/dynamization)
while the reduction of cytochrome c¢ (cyt c), measuas the absorbance increase at 550
nm, was chosen as an assay for ROS presence. difgation medium (1. 5 ml), basically
made of Hanks buffer, usually contained® Ills/ml, 1 mg/ml cyt ¢ and different
conventional or homeopathic dilutions of ConA or RNBy defining astimulation indeas
(A — Ag)/Ao, where A is the absorbance at 550 nm in the stitedlsample andAs the
absorbance in the control sample, we obtained g useful index for our quantitative
evaluations. A similar approach was used in compatlirectly the effects of the two types of
dilutions (homeopathic and conventional) by calingathe percent differences between the
response of paired samples, to which the paitest was applied for establishing the statistical
significance. Although we made a very large nundfeneasurements, the number of pairs for
each dilution varying between 3 and 13, there werstatistically significant differences in the
case of the high and ultrahigh dilutions tested{a1m0°9%.

! Babg-Bolyai University, Department of Experimental Bigy, 400006 Cluj-Napoca, Romania.
E-mail: cntarba@biochem.ubbcluj.ro
2permanent address : "M. Eminescu" National Collétf)155 Botgani, Romania
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Despite serious doubts raised by the scientifimroanity regarding the efficacy
of the homeopathic treatments, there are many phys as well as biomedical
investigators with a strong physical and/or cheiiizckground which keep giving this
issue a special attention. Hundreds of articlestedlto this problem, especially in the field
of clinical medicine, but not exclusively, appeaayly, some of them published in reputed
journals (for example [4, 6, 17-19, 29, 30]). I tHSA, there are even patents recorded in
this field (see [10]).

The basic tenets of the homeopathic medicine comdigwo principles: the
principle of similarityandthe principle of infinitesimalsFrom a practical point of view,
the two principles are in fact inseparable and lbarsummerized as follows: the medical
treatment should use minute (infinitesimal) quéditof remedies that in larger doses
produce effects similar to those of the diseasdadmh, most of the remedies used by the
homeopathic medicine are so diluted that they nwdo contain any trace of active
substance. In order to give a plausible explanatche way in which a substance found in
a state of ultrahigh dilution or ultralow concetia (10°° M or even lower) may still be
effective, the partisans of the homeopathic medidiave advanced very sophisticated
hypotheses which involve as informational suppertain peculiar (even quantic) aspects
of water in conjunction with the typical way in whithe homeopathic dilutions are obtained,
i. e. by serial dilution accompanied by succussilins procedure is said to dynamize or
potentiate the dilution, i. e. to introduce enerend information, eventually enabling the
dilution to exert its healing effects. The essentenost of these theories is based on the
existence of intermolecular interactions among treger molecules, that lead to the
formation of the so-calledater clustersthe complexity of which could be modulated by
the succussuion process, thus the information albeubriginal substance being preserved
despite the very advanced dilution [1-3, 7, 8,112,,21, 26, 27, 31]

Since the essence of the explanatory hypothedéss ren the cooperative
interactions of the water molecules (i. e., on yso-chemical phenomenon), the homeopathic
effects (so far documented mostly at the levehefiuman organism, as an entity) should be
present and measurable at different structuralffomal levels byin vitro objective
biophysical-biochemical assays, which exclude psigcfical effects and subjectivity usually
involved in clinical evaluations. If the homeopathihenomena can not be evidenced, for
example, at the molecular/cellular level, the abmentioned hypotheses are not tenable,
regardless of how well articulated they may appBacoming aware of this fact, a few
investigators have tried to use such in vitro assmpost of them employing different types
of cells. Some positive or, at least, controversfédcts have been reported, especially with
cells involved in the immune response of the orgar6, 9, 13, 19, 22, 23, 29, 30].

In an attempt to bring some clarification to tlsisue, we have decided to explore
it by using both physical and (bio)chemical assegpable of testing the response of
several types of cells to the presence of diffetive substances found in a state of
variable dilutions, obtained by either homeopathiethods (succussion) or conventional
means. Some preliminary results have been rep§2&d The present article is a more
complete account of our work on the response of dmurpolymorphonuclear (PMN)
leukocytes to two stimulating (activating) agentencanavalin A (ConA) and phorbol
myristate acetate (PMA). It is known that one o first defense reactions of the PMN
cells to the presence of an antigen (pathogenistagdts products, lectins etc., in general, a
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so-called stimulating agent) is a massive prodacéind release of reactive oxygen species
(ROS) by a membrane bound NADPH-oxidase [4, 15, P8 release can be followed and
exactly quantified by a spectrophotometric assawylhich cytochrome c (cyt c) is reduced
by the electrons donnated by ROS [14, 20, 25, 28].

Material and methods. Preparation of PMN leukocytes?MN cells were
obtained from integral human blood under the camatt and by methods fully described
previously [25]. Briefly, 10 ml of heparinized bldavas divided into two equal parts and
each carefully pipetted over 2. 5 ml of a mixtufeFcoll-Odiston-Hanks (see below the
composition of the media used). The two tubes werdrifuged for 20 min at 900 g in a
swinging rotor of a thermostated centrifug8Qy After the removal of the supernatant by
the use of the vacuum pump, 5 ml of a lysis sofutias added in each tube, the mixture
left in the cold (4C) for 30 min and then centrifuged at room tempeggtfor 15 min, at
600 g. In some cases, a second treatment withyie $olution was needed. This time,
however, the cells were left in contact with thsidysolution for a very short period (1-2 min).
Each PMN pellet obtained after the removal of tipgesnatant was suspended in 5 ml Hanks
solution and recentrifuged at 350 g for 10 minlpfekd by a new wash with Hanks and a last
centrifugation. Finally, each resulting button &R was suspended in 1 ml Hanks and the
content of the two tubes pooled together. The canagon of the PMN cells was assessed
using a Burger-Turck hemocytometer. Cell viabiigrified by the Trypan-Blue exclusion test
showed that our cells were alive in a proportionally greater than 97%.

Preparation of the dilutionsThe homeopathic dilutions were prepared according
to a protocol that we described at length elsewlidd¢ The starting solution (made in
Hanks) had a concentration tested as active framattopathic (conventional) point of
view. This starting dilution (0. 33 mg ConA/ml or 8§ PMA/ml) was dynamized for 2. 5-
3 min with the aid of an electromechanical devickiolh generates strong, rhythmic
shakings (succussions) with a frequency of aboOfrid. From this original succussed
dilution we made a 1/100 dilution (in Hanks) arfteraapplying the succussion, a new centesimal
dilution was made etc. If the concentration ofdhiginal dilution is considered 1 (or 30the next
dilution is 10% and so on. By this procedure, centesimal dilutigmso 10* and occasionally
107%® were prepared. The normal (conventional) dilutisese prepared by the same serial
procedure, but a rather short and gentle stirring used instead of succussion.

Cell incubation and ROS measuremefsries of test tubes were prepared, each
tube containing a constant concentration of PMNsc@®/ml) and cyt ¢ (1 mg/ml) in
either a succussed (S) or unsuccussed (N) dilafiddonA or PMA, prepared with Hanks
as described above, the final volume being 1. S wabch tube. In this type of experiments,
the cells were added last, while in preliminarytgeseeded to establish the efficacy of the
stimulating agents and, generally, the best workingditions, we used straight Hanks
while different concentrations of stimulating agef€onA or PMA) were added last. In
each series of test tubes (usually 16), insteatieoBtimulating agents, in at least one tube
we added distilled water or 0. 9% NaCl, if ConA wested, or ethanol, if PMA was tested,
since ConA was a salty powder dissolved (or firselgpended) in distilled water and PMA
was dissolved in ethanol. The tubes thus prepared weubated in a gentle shaker, at
37°C, for 45 min. The reaction was then stopped byipathe tubes on ice for 5 min, after
which they were centrifuged at 350 g for 10 mirorRreach tube, 1 ml of supernatant was
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placed in a spectrophotometer cuvet and the speatecorded between 450 and 600 nm
against Hanks solution as reference. Initially, $tandardizing reasons, by the aid of the
electronic cursor, we read the absorbance at dewerselengths, including 550 nm, 540
nm and the closest maximum and minimum to theseslgagths. Under the conditions of a
strong reduction, the absorbance maximuna dfand was situated between 549 and 550
nm, while the local minimum was between 534 and &35 Later on, we usually read only
the position of the maximum and minimum. Usualtythe literature, the difference of the
absorbances recorded at 550 nm in the stimulateghleaand the unstimulated one (the
control sample, containing the vehicle instead e stimulating agent) is taken as a
stimulation index In our endeavors to standardize the procedureplgerved that the
method has two important drawbacks. First, concaliaa (ConA), which was tested by
us initially in concentrations varying between @60and 0. 33 mg/ml, is not sufficiently
soluble in water (or other solvents) to obtain Sohs of exact and sufficient concentration
for reliable tests (even at the relatively modesticentration of 5-10 mg/ml, used for our
stock solutions, ConA is practically a suspensind aot a solution). The second drawback
refers to the way in which the stimulating index dalculated, usually as a simple
difference, which can vary greatly from one indivédi to another, from one preparation to
another and even from one sample to another. Thieralso differences between different
sources and sometimes even batches of cyt c. Wiarfaonvenient was partly eliminated
by using PMA, a much stronger stimulant, which &fectly soluble in ethanol, at the
concentrations employed, and precise aliquotsiefdtug can be injected with a Hamilton
syringe. The concentrations used for standardizatidhis case varied between 3. 3 ng/ml
and 66 ng/ml. The second inconvenient was allevibjeredefining the stimulation index,
which was computed aSA/A,, in which AA = A — A,, A being the absorbance in the
stimulated sample andyAhe absorbance in the unstimulated sample, bo#suned at 550
nm. By extension, when comparing the effects of ghecussed (S) and unsuccussed or
normal (N) dilutions, we could simplify the calctitmns by considering the unsuccussed
(N) dilution as the reference for the correspondswgcussed (S) dilution. Then we
calculated the percent difference between the resgsoof the two solutions as A
An)/AN]L00%, where A represents the absorbance in the succussed soarib A, the
absorbance in the paired unsuccussed solution,re#isured at 550 nm, on the same cell
preparation, during the same series of incubatiosing the same batch and even
preparation of cyt c etc. This procedure was esfhetialpful because it allowed us to treat
together all the pairs obtained during many moofthsork, regardless of the blood or cyt ¢
used, and establish whether there is a significkfférence between the two types of
dilutions by applying the pairedest.

Substances and solutions usédl the chemicals used were of analytical purity.
ConA, PMA, cyt ¢ and Trypan Blue were from Sigma @l. A. ) and Ficoll from
Pharmacia (Sweden). The Ficoll solution is prepanedouble distilled water (0. 9 g/10
ml) and filtered through filtering paper. Odist@an aqueous solution of N,N’-diacetil-
3,5-diamino-2,4,5 trizoic acid with methylglucamiobtained from the Romanian
pharmacies. Usually, 20 ml Odiston is mixed withr@dHanks, from which 8. 33 ml are
taken and mixed with the 10 ml Ficoll mentioned\aholo these, other 14. 17 ml Hanks
are added, finally resulting 32. 5 ml of Ficoll-Gtlin-Hanks with a density of 1. 077 g/ml.
The Hanks solution is usually prepared as a tendolitentrated stock (Hanks 10x). The
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following quantities (in g) are dissolved in 800 dduble distilled water: NaCl (80), KCI
(4), MgSQ-7H,0 (2), KH,PQ, (0. 6), NaHPQO, (1. 8), glucose (10). Separately, a solution
of CaCh-2H,0 (1. 84 g) in 200 ml is also prepared and, afierdcomplete dissolution of
calcium, the two solutions are mixed, with continstirring, filtered and stored atct
This solution has a pH of about 6. 6. Before usihig, diluted 10 times and pH adjusted to
7. 35 with 1M NaOH. The lysis solution is a mixtwe8. 29 g NHCI, 1 g KHCQ and 0.
37 mg NaEDTA in 1 liter of double distilled water.

Results and discussion. A few of the results obtained during the standandiz
procedures are presented in Figs. 1-4. Fig. 1 agd F show the spectrum of cyt ¢
(between 450 and 600 nm) obtained after incubaitiothe presence of human PMN
leukocytes, in the absence of a stimulating facdtoge., in Hanks buffer only, with the
addition of either 0. 1 ml distilled 2@ (Fig. 1) or 1Qul ethanol (Fig. 2). In both cases, the
spectrum is characteristic to the oxidized statthefcyt c, with a very small peak close to
550 nm (the so-called band), followed by a local minimum and a new patround 520
nm (thep band). These figures present characteristic contsullts obtained by us using
the typical volumes of the two vehicles employedtfe administration of the stimulating
factors (water for conA and ethanol for PMA). Pieadty, the same results were obtained
if 0. 9% NaCl was used instead of distillegH
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07 1\ I
\\ / \
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g.i ~_ \ H-O (0.1 ml)
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0.2 .
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450 500 550 600
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Fig.1.Cytochrome c spectrum under nonstimulating conastiof the PMN cells
(water control)
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Fig.2.Cytochrome ¢ spectrum under nonstimulating conafitiof the PMN cells
(ethanol control)

Fig. 3 and Fig. 4 show the results obtained inpgesence of the two stimulating
agents: 0. 33 mg ConA/ml (Fig. 3) or 66 ng PMA/mIg( 4). One can observe a high
increase of the absorption maximum around 550 repe@ally in the presence of PMA),
characteristic for a strong reduction of cyt c.hligh we have occasionally tried higher
concentrations of PMA, further increase of the oase is very small, suggesting that the
cells are close to their maximum stimulation cafyadihis is also demonstrated by the fact
that, in most of the preparations, clearly lowespanses can be observed only if PMA
concentration is reduced at least 50 times (natguted here).

There are two ways in which one can check the hpatea effect of a series of
dilutions. According to the theory, one should estpe certain variation in the activity of
different dilutions in the series, i. e., some sissed (S) dilutions will show higher
activities and some will show lower activities thidie corresponding conventional dilutions
(N), which serve as control, while still others wihve activities similar to their control.
Indeed, there are certain reports in the homeapatitérature of sinusoidal (or
pseudosinusoidal) variations in different actiattested (for example, [5, 16]). A synthesis
of our results and the corresponding statistickdutations in comparing the stimulation of
PMN leukocytes by the two complete series of Corlatidns (S and N) is presented in
Table 1, while the corresponding results obtaineth WMA are shown in Table 2. As
expected for any experimental results, in each tase are certain differences between
the two series tested. However, none of these rdiff&es appear to be statistically
significant, and this is true for both lower (3010 and higher (13%10°9 dilutions, the
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last being considered as having a homeopathic patefhere is only one dilution of this
type in Table 1 (13% in which the percent difference between the sssed and
unsuccussed dilutions approaches the significamestiold and this is most certainly a
chancy event, due to the small number of pairs oreds(3). In none of the cases in witch
the number of pairs measured was 5 or higher havebserved such a situation.

Error!

0.9 A

07 L\ [ N
os \ / \ ConA (0.1 ml)
o4l 7 \

0.3 \
0.2 \

0.1

ABS

450 500 550 600
A (nm)

Fig. 3.Partial reduction of cyt ¢ by ROS produced by PMiNscin the presence of ConA
(0.33 mg/ml)

However, this type of experiment may not be thealdne to test the homeopathic
effect. From a conventional point of view, the msges in both series (S and N) of the
high dilutions tested should be near each othersandar to the control, i. e. very close to
zero. Due to the small absolute values that hay®toompared, large relative differences
may appear, and this lack of homogeneity has ativegampact on the significance
coefficient (p). But there is another way to tést homeopathic effect. According to the
homeopathic concepts, the dynamized dilutions oémain factor (substance) should be
able to modulate (inhibit/stimulate) the actiongted same or of another factor that acts in
a similar way. At least certain dilutions in thendynized (succussed) series should be able
to inhibit (counteract) the action of the same déraosimilar factor administered in
allopathic doses (the principle of similarity). tinis respect, we tested the effect of each
homeopathic dilution against the same factor (@astn which we name homosimilarity),

i. ., ConA vs. ConA dilution (Table 3) and PMA ¥VIA dilution (Table4), or against the
other similar factor (which we name heterosimilgrii. e., PMA vs. ConA dilution (Table
5) and ConA vs. PMA dilution (Table 6).
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Fig.4.Extensive reduction of cyt c by ROS produced by ®IN in the presence of PMA
(66 ng/ml)

Table 1
Synthesis of theresults obtained in the comparison of PMN leukocyte stimulation by
the two types of concanavalin A (ConA) dilutions (Sand N) in Hanks buffer
[The initial dilution (1) contains 0. 33 mg ConA/ml]

DILUTION Mean + SEM Number of t p
[(As—An)/An]100%) pairs (n)
10 2.13+9.15 11 0.7721 >>0.1
1072 -0.22+7.40 3 0. 0515 >>>0.1
10* 1.59+3.11 3 0. 8855 >>0.1
10° 0.52+1.82 3 0. 4949 >>0.1
108 1.11+5.71 3 0. 3367 >>0.1
10 -0.51+2.08 8 0. 6935 >>0.1
102 0.31+0.89 4 0. 6966 >>0.1
10 —-0.39+2.70 5 0. 3230 >>0.1
106 —2.11+5.11 6 1.0114 >0.1
1078 -0.96 +5.52 5 0. 3889 >>0.1
10% 1.59+4.77 6 0. 8165 >>0.1
102 1.94+2.75 3 1.2219 >0.1
10% 2.73+4.39 5 1. 3805 >0.1
10% —-2.11+1.61 3 2.2699 >0.1
102 -1.59+2.94 7 1. 4308 >0.1
10 2.52+1.23 3 3. 5486 > 0. 05

The advantage of the homo- and heterosimilariements is the use of sizeable
(allopathic) doses on (with) homeopathic dilutiomgyich give larger responses whose
comparison is less risky and thus the significasfcthe differences can be more easily and
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accurately established. Due to the large humbesaofple measurements involved in this
type of work, we have tested only some of the hgra#uc dilutions in the homosimilarity
experiments (Tables 3 and 4). However, in the chffieecheterosimilarity (Tables 5 and 6),
we tested the whole homeopathic series™200°"). Nevertheless, there were no significant
differences recorded in all the comparisons peréafioy us.

Table 2
Synthesis of theresults obtained in the comparison of PMN leukocyte stimulation by
the two types of phorbol myristate acetate (PMA) dilutions (Sand N) in Hanks buffer
[The initial dilution (18) contains 66 ng PMA/mI]

DILUTION Mean + SEM Number of t p
[(As —An)/AN]100%) pairs (n)
10° 0.21+5.12 12 0.1421 >>0.1
102 1.28+5.53 4 0. 4629 >>0.1
10 0.20+5.26 3 0. 0658 >>>0.1
10°® 1.93+3.33 3 1. 0039 >0.1
108 —2.24+6.75 3 0.5748 >>0.1
1010 0.46 + 4. 48 13 0. 3702 >>0.1
102 -0.83x1.96 7 1.1204 >0.1
0 2.09 +6.55 7 0. 8442 >>0.1
106 0.50 +4. 41 4 0. 2267 >>0.1
108 2.01+5.32 11 1.2531 >0.1
10%° —1.84+3.48 5 1.1823 >0.1
10% 2.14+4.13 6 1. 2692 >0.1
102 1.11+6.29 3 0. 3056 >>0.1
10% —0.52+6.01 4 0.1730 >>0.1
102 0.85+3.94 5 0. 4824 >>0.1
10°%° —3.58+9.89 4 0. 7239 >>0.1
Table 3

Synthesis of theresults obtained in the comparison of the effects produced by the
addition of ConA (0. 066-0. 33 mg/ml) to the two types of ConA dilutions (Sand N)
(See other details in Table 1)

DILUTION Mean + SEM Number of t p
[(As —An)/AN]100%) pairs (n)
10 0.45+3.61 4 0. 2493 >>0.1
106 2.63+4.82 3 0. 9451 >>0.1
10%° -0.91+2.82 5 0.7216 >>0.1
102 —1.77+3.63 4 0. 9752 >>0.1
1028 —0.32+5.80 3 0. 0956 >>>0.1

The synthesis of our results seem to rule out asgipte homeopathic effect, at
least at the level of the vitro testing. Of course, our experiments can be adgttiboth on
allopathic and homeopathic grounds. From the poiiniiew of the conventional science,
we may be criticized because of the relatively loumber of pairs (3-4) that we have
measured in some of the dilutions tested. Howdweilpoking at our tables, as expected
from a random distribution, one can see that tighdr is the number of measurements the
more constant is the value of the significance fadent of the differences (p) and this
value is generally much smaller than 0. 1., meattiag the differences are far from being
significant.
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Table 4
Synthesis of theresults obtained in the comparison of the effects produced by
the addition of PMA (0. 66-2 ng/ml) to the two types of PMA dilutions (Sand N)
(See other details in Table 2)
DILUTION Mean + SEM Number of t p
[(As—An)/An]100%) pairs (n)
10 1.19+16.32 6 0.1786 >>0.1
10 -4.41+14.10 4 0. 6255 >>0.1
108 5.94+6.39 3 1.6101 >0.1
102 —-1.81+14.56 3 0.2153 >>0.1
102 -0.98+11.93 4 0. 1643 >>0.1
10%° —3.43+25.02 3 0.2374 >>0.1
Table 5

Synthesis of the results obtained in the comparison of the effects produced by
the addition of PMA (0. 66-2 ng/ml) to the two types of ConA dilutions (Sand N)
(See other details in Table 1)

DILUTION Mean + SEM Number of t p
[(A s —An)/An]100%) pairs (n)
100 2.65+7.41 4 0.7152 >>0.1
10" 0.35+6.19 4 0.1131 >>0.1
10 3.11+8.86 4 0. 7020 >>0.1
1076 —0.67+14.19 3 0. 0818 >>>0.1
108 —4.05+7.39 5 1. 2254 >>0.1
10%° 0.97+5.38 4 0. 4032 >>0.1
102 7.94+12.35 3 1.1136 >0.1
102 -9.61+12.94 4 1.4853 >0.1
102 0.39%5.35 3 0.1263 >>0.1
1028 —5.46+14.29 5 0. 8543 >>0.1
10°%° —5.45%8.30 3 1.1373 >0.1
Table 6

Synthesis of the results obtained in the comparison of the effects produced by
the addition of ConA (0. 066-0. 33 mg/ml) to the two types of PMA dilutions (Sand N)
(See other details in Table 2)

DILUTION Mean + SEM Number of t p
[(As—An)/An]100%) pairs (n)
100 1.59 £3.05 5 1. 1657 >0.1
102 0.50+2.91 3 0. 2976 >>0.1
10+ 0.78+6.90 3 0.1958 >>0.1
107 -3.32+4.83 3 1. 1906 >0.1
108 1.76 +4.57 6 0.9433 >>0.1
10%° -5.52+8.11 3 1.1789 >0.1
10% —0.05+3.56 4 0. 0281 >>>0.1
102 —-0.09+4.91 3 0. 0317 >>>0.1
102 1.49+1.42 3 1.8174 >0.1
102 1.66+1.57 3 1.8313 >0.1
10°%° —4.30+9.29 4 0. 9257 >>0.1

We may be criticized by the homeopathic suppotteaswe have not made all our
measurements on the same blood sample, sincegdlyegthe homeopathic effect is
displayed at slightly different dilutions for difient preparations. Given all the precautions
that we have taken, by always using pair measursmaad defining a reproducible coefficient
of stimulation, we think that this is not a valilgament. However, from a homeopathic
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point of view, it may seem perfectly legitimatedathe only answer we have to this is that
it is practically impossible, under normal condisy to take all the necessary
measurements (to assure the proper statistic¥)eorame preparation. On the other hand,
on occasion, we observed peculiar results, whichnod be explained in the framework of
the conventional science, but this does not givéhasright to draw positive conclusions
for the homeopathic effect, as long as such reauttsiot reproducible.

Conclusions. From the results obtained in the present work, aredraw at least
3 important conclusions:

1. Phorbol myristate acetate (PMA) is a much gfeorstimulant of the production
of reactive oxygen species (ROS) by the polymorplktmar (PMN) leukocytes than
concanavalin A (ConA) and can be used in a moiahiel way in obtaining and using
homeopathic dilutions;

2. The use of a properly defined stimulation caegdfit in conjunction with a
pairedt test allows a correct comparison of the stimugattiapacity of succussed (S) and
unsuccussed (N) dilutions of different stimulatfiagtors or their combination, even though
the results are obtained on several preparations;

3. None of our 6 experimental variants used in fgihesent work was able to
demonstrate the existence of statistically sigaificdifferences between the succussed and
unsuccussed dilutions, which raises serious doabtait the reality of the homeopathic
phenomenon.
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STUDIUL HISTOLOGICSI ELECTRONOMICROSCOPIC
AL TIMUSULUI SOBOLANILOR TRATATI CU
DOZE TERAPEUTICE DE NUROFEN

CRISTINA PA SCA*, VICTORIA-DOINA SANDU* si MARIA GORDAN**

SUMMARY. — Histological and ElectronomicroscopicalStudies of the Thymus of the Rats
Treated with Therapeutical Doses of NurofenNowadays, the frequent use of nonsteroidal
anti-inflammatory drugs (NSAID) is often correlatedgth different side effects, which can
seriously disturb the health of the treated orgasisThe aim of the present study was to
determine the features, dynamics and characteer§ible or irreversible) of the alterations
induced by a therapeutical dose of Nurofen atetael lof the central lymphoid organ - thymus.
Our results sustain and complete the previous tigati®ns concerning the toxic effect of this
drug upon the lymphoid structures, demonstratiagtturofen has a moderate toxic action upon
the thymus materialized in the perturbation of whscular component, and especially of the
cellular component (thymocytes and epithelio-rdgiceells). The congestion, stasis, oedemas
and diffuse intravascular coagulation phenomenen geeinduce, maintain and aggravate the
degenerative processes which affect the cellulaponent of the thymus. The alteration of the
cellular component consists of a moderate celinfthgyte) depletion, the sensitivity of which
seems to depend on their age, the most affectd) e lymphoblasts in the cortex of the
lobules. By electron-microscopy, it could be obedrthat the thymocyte division in the cortex of
the lobules was moderately decreased, while maymabytes have pyknotic nuclei, and a
peculiar shape as a consequence of the lysis prodegshe level of the medulla, both the
epithelio-reticular cells and especially thymocyaes affected by some degenerative processes
(these cells having a vacuolised cytoplasm, py&noti altered nuclei, swollen and greatly
modified mitochondria, and, zonally, presentingkiero cell membranes which allow the cell
constituents to spill out). In the spaces createthb lysis processes and in some perivascular
areas, it could be noticed a moderate collageiifgradion correlated with a marked increase of
the number of eosinophils, macrophages with amseteohagocytic activity, mastocytes and
Hassall corpuscles. Generally, both the histopatficl and ultrastructural modifications
induced by Nurofen have a zonal, discrete, and desnp character, intense recovery processes
being observed a short time after the administratfdhis drug has been stopped.

intre medicamenti organism se stabilesc rélale reciprocitate, cunoscut fiind faptul
cd medicamentele influgeeaz organismul pém la nivelul ultrastructurilor celulare, dar
organismul, la randukig, avand capacitatea de a dirija “soarta” medicawhgrasimilat.

Produsele medicamentoase antiinflamatoare nedienei, din care face parge
Nurofenul, au Tn general un profil toxic subgtah deloc neglijabil, concentrat in principal
asupra tractului gastrointestinal, rinichilor, figli, maduvei hematogeng cordului [1, 3,
5,7,8,9,12,17].

Referitor la hematotoxicitatea Nurofenului, ceficé intreprinse panhin prezent
au aétat & acest medicament, ca de altfel intreaga familiprdduse farmaceuticéreia ii
apatine, administrat Tn doze mari, induce leziuni smuale atat la nivelul #duvei

" Universitatea “Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Zoologie, 400006 Cluj-
Napoca, Roménia. E-mail: cpasca@biolog.ubbcluj.ro
Liceul Pedagogic “Gheorgh§incai”, 450051Zalau, Romania
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hematopoietice, cafi la nivelul structurilor limfopoietice centralg periferice, @rora le
induce o semnificativa atrofie structurald cogefiicu o perturbarea semnificatia fungiilor
lor. Leziunile determinate intereséiazu predderecelulelestem au un caracter ireversibil
si prognoze nefavorabilg se materializedizin principal prin: trombocitopenie asodciat
cu anemia hemoliticsau anemia aplastid4, 7, 14, 16]. Din pcate, datele cu privire la
modificarile histopatologicesi ultrastructurale induse de Nurofen la nivelulustorilor
limfoide sunt extrem de pine. Aceasta justific pe deplin cercétile noastre cargi-au
propus 8 completeze informdle cu privire la multiplele efecte secundare Bigrofenului,
prin evidenierea particularitilor, dinamicii, reversibilitii sau ireversibiliti modificarilor
structuralesi ultrastructurale induse de acest antiinflamatesteroidian (intens utilizat in
prezent grge unui spectru terapeutic extrem de larg) la mivahui organ limfoid central
al organismului — timusul.

Materiale si metode. Cercelrile s-au efectuat pgobolani albi Wistar, adti|
masculi, cu o greutate medie de 19Myrame. Animalele de experigérmau fost Intrénute
in condiii optime de laborator, asigurandu-li-se ingrijiggdirana corespumiaresi apa
ad libitum S-a lucrat pe 8 loturi constituite din cate 8w fiecare:

-loturile martor M-M 4 constituite dirgobolani énatosi, netratai cu medicament;

-loturile Ty, T, si T3 - constituite dinsobolani d@natosi, tratai zilnic cu o doz
terapeuti¢ de 250 mg Nurofen/kg corp, adminisrgter os, prin gavaj, in trei prize (una
fnainte de massi doua dupa mag); sobolanii au fost sacrifieadupa 10, 20, respectiv, 35
de zile de tratament, pentru realizarea unor inyaststructuralesi ultrastructurale;

-lotul T4 — constituit dingsobolani tratd similar loturilor T;-T3, doar & dupi cele
35 de zile de tratament a urmat o periodd 10 zile in care nu li s-a mai administrat nici
un medicament, asigurandu-li-se doar o fmegesi o hranire corespuritoare, in scopul
evidertierii capacititii naturale de refacere a unor organe afectatewtefh.

Sacrificarea animalelor s-&dut dimineaa, la 16 ore de inatie, dug o anestezie
profundi cu eter etilic, prin decapitarg exsangvinare. Imediat dapsacrificare s-au
recoltat fragmente de timus, care au fost imediguprate conform tehnicilor uzuale, astfel
incét 4 fie posibik realizarea in congi optime a investiggilor de microscopie opticsi
electronia [2, 10, 13, 15].

Rezultate si discutii. Investigaiile structuralesi ultrastructurale ntreprinse in
cadrul experimentului nostru demonstreai Nurofenul administrat in doze terapeutice
(250 mg/kg corp, timp de 35 de zile) exetait agiune toxi@ moderat asupra timusului
sobolanilor albi Wistar adtil Procesele alterativg degenerative induse de Nurofen devin
decelabile microscopo-optic destul de tarziu, mmacedup 20 de zile de tratament, cand a
fost observat o rarire a timocitelor din corticala lobulilor timicicorelat cu o tendira
evideni de omogenizare a structurii lobulare, cele al@one, corticalasi medulara,
distingandu-se cu dificultate. Intre limfocitel@mase la nivelul corticalei dai medularei
lobulilor timici, un mare nulr sunt aglutinate, in timp ce altele seiédfi curs de lizare
(Fig. 1). Modificirile componentei celulare timice sunt corelate ttar@i moderate ale
componentei vasculare concretizate intr-o congestseulaZ si staz sanguifi zonafi, pe
alocuri asociate cu ursor edem perivascular.
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F i g. 1.Depleia si aglutinarea timocitelor din zona cortical
a lobulilor timici si omogenizarea structurala acestora (x 400).

Dupi 30 de zile de administrare a acestui antiinflamd@aomenele semnalate in
timusul animalelor din lotul sacrificat anterior amplifici, procesul de medularizare a lobulilor
timici fiind mai clar evidetiat, lobulii dobandind o structicelulaé aproape omogaér(Fig. 2).
De asemenea, pergdisgénomenele de aglutinare a limfocite§olimfocitoliza, care concurla o
vizualizare pafald a citoreticulului lobulilor timici. Tulbuirile de hemodinamicsanguii nu
numai @ persisi, dar sei accentueaysi interesea buri parte din vasele capilare. Punctiform
au fost semnalate chiar unele microhemoragii, hematiile prezentand oitafi@ tinctoriat
mare ceea ce defidaptul & hemoragiile sunt destul de recente.

La 35 de zile de la inceperea tratamentului, in dire@ constatexistema unor
modificari histopatologice mai accentuate ca urmare gteneconcentrgei de Nurofen din
organism. Astfel, pe fondul unei staze sanguinegestii vasculare, a catorva focare de
microhemoragie precugna unor fenomene de coagulare intravasguaeminat, aspectul de
omogenizare a lobulilor timici persisfca urmare a necrozginecrobiozei timocitelor - in
principal a limfoblastelor dagi a limfocitelor adulte}i caracterizeazun mai mare nuan
de lobuli decat la lotul sacrificat anterior (FRsi 4). In plus, a fost semnalagi prezena
catorva lobuli atrofig, ca urmare a unei proliféni zonale a colagenului (Fig. 5). La limita
dintre corticalasi medulara catorva lobuli timici, apar conglomerdeetimocite aglutinate
precumsi insule de hematii extravazate, dintre care usefé hemolizate. La nivelgésutului
conjunctiv perilobular, Tn numeroase zone au festrglate bogate infiltrate eozinofilice,
precumsi macrofage, ca o consegira procesului inflamator local.
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F i g. 2.Lobul timic cu structuf celularz mogeﬁ 5-i rare focare de aglutinare a timocitelor (x 400).

A : "‘ " - .L"‘ ’4';
F i g. 3.Lobul timic cu microhemoragii difuze (x 400).
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i

F i g. 4.Congestie vasculdr stazi sanguir si cagulare intravascular

n capilare ale lobulului timic (x 1280).
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La 10 zile dup incetarea administraii Nurofenului, procesul de refacere a
citoarhitecturii lobulilor timici este clar exprirtig desi corticala lor este Tricmai sultire
decét la lotul martor, iar densitatea celéilaste mai sizuta. Procesele de aglutinageliza
a timocitelor pot fi ing observate, dar au un caracter mult mai discretfpapativ cu lotul
sacrificat anterior (Fig. 6). Microhemoragiile iakbbularesi coagularea intravascufar
diseminal nu au mai fost semnalate, in timp ce congestizwas si staza sanguin
persisi, insi sunt foarte discretg au doar un caracter zonal.

Procesele degeneratige alterative evidetiate la nivelul timusului prin studii de
microscopie opti aparsi mai evidente pe imaginile electronomicroscopieecpare se consiat
clar afectarea atat a componentei vascularg edtelei celulare timice, comparativ cu lotul de
control. Gravitategi extinderea leziunilor ultrastructurale Tnregisgeaceesi dinamic casi
maodificarile histopatologice mai sus prezentate.

Astfel, referitor la componenta vascaldimica, menionam ci electronomicroscopic
se constatci Nurofenul determiiho staz sangui si 0 congestie vasculasemnificativi atat
n corticala cati in medulara lobulilor timici (Fig. 7). Aceastatesorelat cu modificarea
permeabiliditii si integritatii peretelui vascular, care justiiprezea hematiilor in unele zone in
numir insemnat printre timocite, formand, in mod treoizi, mici lacuri. Formai aspectul
hematiilor sugere#zci ele se afl in diferite stadii de degenerare. Aceste hemptr anai
puternic afectate de procesele degenerative Ta a0k Tn care exisb rarire mai pronutat a
timocitelor, consecii a timocitolizei.
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Fio, 7

F i g. 7.Congestie vascularsi stazi sanguir@ la nivelul medularei lobulului timic (x 7600).

in ceea ce priwte componenta celuaa timusului, mefionim ¢ au fost observate
modificari ultrastructurale in principal la nivelirhocitelor, dasi la celulele epitelio-reticulare.

Timocitele zonei corticale sunt mai puternic adeetdecéat cele din medulafiind
surprinse n diferite stadii degenerative, prezehtduclei surprigi atat in stadii incipiente de
degenerare (contractarea nucleului, condensareaatinei, modificarea conturului nuclear,
vacuolizarea nucleului), dar in faze mai avansate de alterare, unii fiind i, abia mai
putand fi recunostiica entititi morfologice distincte (Fig. 8). In plus, s-a ohsesi rarefierea
matricei citoplasmatice a unor timocite, urinde vacuolizarea acesteia, coelet alterarea
structurii mitocondrialgi cu ruperea membranei celulare urirge Tmpiistierea constituiegior
celulari printre timocitele neafectate. In urma shoe fenomene, densitatea timocitelor din
corticak scade foarte mult, iar in gjle create Tn urma timocitolizei pot fi evidgxte cu
usurintd celulele epitelio-reticulare.

Si in medulai se constat desfisurarea unor procese degeneragvelterative,
materializate in prezem unor timocite surprinse in diferite stadii neicet cu citoplasma
vacuolizal si nuclei cu forni si structué aberante, iar in spige rezultate Tn urma proceselor de
timocitoliza se observ acumularea de detritusuri (Fig. 9). Distrugeriéduare masive, care
concui la apariia unui detritus abundent, justificcresterea nuriirului de macrofage care
desfisoari o activitate fagocitarextrem de interas

Liza unui nuridr insemnat de timocite din zona corticidce posibi evidenierea
Cu wurintd a citoreticululuisi a unor aspecte degenerative ale celulelor epiteliculare,
concretizate inial prin aparia de vacuole polimorfe in citoplasma acestora,trpeca
ulterior ¢ apa# si modificari ale formei, dimensiunii structurii nucleilor lor pe fondul
vacuolizirii citoplasmatice (Fig. 10). In vecitatea unor asemenea celule epitelio-reticulare
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aflate in curs de degenerare se coaglasfisurarea unor procese active de proliferare a
colagenului, care ddpaspectul electrono-microscopic pare a fiitafribrozarea iriseste
zonak si nu are un caracter invaziv (Fig. 11).

Fig. 9.Polimorfism nuclear in timocnele din medulara Idxhiw tlmlc aflate Tn diferite stadii
degenerativei alterative (x 4560).
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Dupa cum este cunoscut, timusul este organul cu ceaim@ng activitate
limfopoietica de la nateresi pam la pubertate, asigurand aprovizionarea organisnowiu
limfocite T, fundia limfopoietic a timusului fiind coreldtsi cu capacitatea acestuia de a
produce o serie de hormoni timici (timozina, timegima, factorul timic umoradi factorul
timic seric) cu roluri esegiale pentru organism, intervenind nu doar in fomaar controlul
activitatii limfocitelor T care au frasit timusul, cisi in eozinofilopoiez si in formarea
mastocitelor [11].

Rezultatele investigidlor structuralesi ultrastructurale realizate Tn cadrul experimauitul
nostru demonstreazci Nurofenul administrat in doze terapeutice o pekioau foarte
indelungat exercii 0 agiune toxi@ moderai asupra timusulusobolanilor albi Wistar
aduti, modificarile induse de acest antiinflamator avand o intatesivariabi, fiind strans
corelate cu doza cumulalile Nurofersi implicit cu durata tratamentului.

Legat de dinamica proceselor alteratitedegenerative induse de Nurofen, am
constatat & ele sunt semnificative tardiv, du@0 de zile de tratamentj ele se accentueaz
progresiv dar moderat pe parcursul @marelor 15 zile de administrare a medicamentului,
dar majoritatea modifigilor semnalate n timus nu ating nici o amplogneici o extindere
cu caracter ireversibil, perpAnd desfsurarea post-tratament a unor procese intense
regenerative naturale, in abgenreunei mediaa protectoarssi/sau regeneratoare.

Actiunea toxié la nivelul timusului s-a concretizat in inducergsor perturlri
semnificative atét la nivelul componentei vascuylatar mai ales la nivelul componentei
celulare timice. Tulbdirile de hemodinamicinduse de Nurofen (congestie vascilataz
sanguid, fenomene de coagulare intravascutiiseminat, microhemoragii) par a fi contribuit
la declagarea, metinereasi amplificarea modifidrilor suferite de componenta celular
timica (alaturi de efectul toxic direct exercitat de medicathepe de o parte perturband
aprovizionarea celulelor cu,@i substare nutritivesi pe de alt parte favorizand acumularea
locakh de CQ si a difertilor alti prodwi de catabolism cu posibil potgal toxic.
Fenomenele de coagulare intravaséutiiseminai semnalate in cadrul ceradior noastre,
prin constituirea unor tele fine de fibrid in lumenul unor vase de calibru mic, pot explica
inducerea anemiei hemolitice, care, potrivit datedon literatus, reprezini una dintre
consecifele grave ale tratamentelor mai indelungate cu fsarg!, 16].

Modificarile degenerativai alterative ale componentei celulare parirgereseze in
principal timocitele, dasi celulele epitelio-reticulare ce constituie citmrelul parenchimului
timic. Varsta timocitelor pareisfie corelai cu sensibilitatea la Nurofen, cei mai afecta
fiind limfoblastii, in timp ce limfocitele T adulte se dovededcraai rezistente, ele Tnregistrand
modificari ceva mai discretg instalate mai tarziu.

Efectul toxic direct al acestui antiinflamator nesidian corelat cu deficitul indus
de Q si substare nutritive reduce temporar rata diviziunii timeditr, ceea ce justific
rarefierea acestora (aspect vizibil Tn principal dorticala lobulilor) si omogenizarea
structurii lobularesi vizualizarea celulelor epitelio-reticulare. Zongd,unele sp@ ramase
in urma distrugerii masive de timocite se obsevvcratere a nurirului de mastocite,
eozinofilesi macrofage a@or citoplasn apare ingrcati cu material fagocitat, precusgn
derularea unui proces activ, dar discret de filn@za catorva lobuli timici ca urmare a
proliferarii colagenului.

Rezultatele noastre vira gonfirmesi totodati si completeze datele din literatura
de specialitate potrivitacora Nurofenul, ca de altfel intreaga familie deduse farmaceutice
cireia 1i apaiine, administrat Tn doze mari, induce leziuni sinagle, chiarsi atrofii ale
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structurilor hematopoietice @duvi rosie, organe limfoide centralg periferice), leziunile
fiind concentrate Tn principal asupra celulelonsie avand un caracter ireversikilprognoze
nefavorabile [4, 6, 14, 16]. In sangele perifeaiterarea structuraki implicit functionak a
structurilor hematoformatoare datre Nurofen se manifestin principal, printr-o siere a
numirului de trombocite (slere coreldtcu o crgtere a timpului de sangerajiecoagulare
si cu apariia destul de frecveitpe parcursul tratamentului cu acest antiinflamator
echimozelor tranzitorigi accidentelor hemoragipare), precgiprin apariia unei anemii
aplastice sau a anemiei imunohemolitice asociateliocitopeniei [4, 16].

Concluzii. 1. Rezultatele investigdor structuralesi ultrastructurale realizate in
cadrul experimentului nostru demonst@eai Nurofenul administrat Tn doze terapeutice
(250 mg/kg corp timp de 35 de zile) exetait agiune toxié moderai asupra timusului
sobolanilor albi Wistar.

2. Madificarile histopatologicai ultrastructurale induse de acest antiinflamagor |
nivelul timusului au o intensitate variahilfiind strdns corelate cu doza cumulatide
Nurofensi implicit cu durata tratamentului.

3. Procesele alterativg degenerative induse de Nurofen devin clar dedelab
tarziu, du@ 20 de zile de tratament, se accentagamgresiv dar moderat pe parcursul
urmatoarelor 15 zile, dar majoritatea modifitor semnalate in timus nu ating nici o
amploarssi nici o extindere cu caracter ireversibil, peg@inid desfsurarea post-tratament a
unor procese intense regenerative naturale in gbseaunei mediga protectoaresi/sau
regeneratoare.

4. Adtiunea toxié la nivelul timusului s-a concretizat in induceresor perturfri
semnificative atat la nivelul componentei vascylatar mai ales la nivelul componentei
celulare timice.

5. Tulbugrile de hemodinamic induse de Nurofen (congestie vasciilastaa
sanguil, fenomene de coagulare intravasculdiseminat) par a fi contribuit la declaarea,
mertinereasi amplificarea modifigrilor suferite de componenta celudimica.

6. Atat in corticala, c&fi in medulara lobulilor timici au fost Thregistrateodificiri
degenerativei alterative ale componentei celulare, care aud@se n principal timocitele,
darsi celulele epitelio-reticulare.

7. Sensibilitatea timocitelor pare a fi invers ponak cu varsta acestora, cei
mai afecté fiind limfoblastii, in timp ce limfocitele T adulte se dovededcraai rezistente, ele
inregistrand modifigri mai discretsi instalate mai tarziu.

8. Nurofenul, Tn condiile experimentului nostru, reduce modegatemporar rata
diviziunii timocitelor, ceea ce justificrarefierea acestorg vizualizarea reelei celulelor
epitelio-reticulare.

9. Electronomicroscopic, modifidle ultrastructurale induse de Nurofen interedeaz
in principal timocitele (rarefierea matricei citapiatice, urmatde vacuolizarea acesteia,
alterarea structurii mitocondriageuneori ruperea membranei plasmatice ukrdatimpéstierea
constituienilor celulari printre timocitele neafectatg) intr-o mai mié masuri celulele
epitelio-reticulare (care prezentau o matrice désmati@ rarefiati si vacuolizad).

10. In unele spa ramase in urma distrugerii masive de timocite, sesBso
crestere a nurirului de mastocite, eozinofikg macrofage aaor citoplasm este ingrcat
cu material fagocitat. Zonal, se const@¢rularea unui proces activ, dar discret de aie a
colagenuluii o tendina de fibrozare punctifortna catorva lobuli timici.
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MODIFICARI ULTRASTRUCTURALESI BIOCHIMICE INDUSE DE
TRATAMENTUL CU DERMOVATE LA SOBOLANI PREPUBERI

ERIKA KIS* si CONSTANTIN CRACIUN™

Summary. — Ultrastrucutral and Biochemical Alterations Induced by Dermovate
Treatment in Prepubertal Rats. It is well known that glucocorticoid therapy inckgla variety

of useful applications related to the multiple effeof this class of compounds. These include
antiinflamatory, antiallergic, immunosuppressoraotitumor activities. Due to the ubiquitous
nature of the glucocorticoid receptors and thénisit multiple activity of glucocorticoids there
are a number of unwanted side effects. Most ofetlae receptor-mediated and are typical
corticosteroid effects, such as suppression oitgiyadrenal axis. Other side effects, including
growth inhibition in children or skin thinning dag topical application, in addition to systemic

side effects, could present serious problems.

In recent studies elsewere we have reported that sthort-term epicutaneouse
application of some halogenated or unhalogenatpitab glucocorticosteroids in young
rats, exert steroid-diabetogen secondary sidetsffesanifested throught hypergliycemia,
hepatic glucose overproduction, elevated serunddigind muscular resistance to insulin.
All these endocrine-metabolic disorders were aceorigal by thymolisis, adrenal atrophy
and several ultrastructural modifications in soriteifary and adrenal cells.

Starting from the above obervations and from theadrtant physiological roles of the
pituitary-adrenal axis in young organisms, we inigeged ultrastructural modifications and
some metabolic reactions in prepubertal rats aftenort-term epicutaneous treatment with
Clobetasol-propionate containing cream.

Corticoizii topici de sintez sunt utilizai pe scai largi in tratamente dermatologice
datoriti efectelor benefice la nivel cutanat. Cefoé efectuate in ultimii ani au semnalat o
serie de efecte secundare sistemice ale acester ddasteroizi, ceea ce limitédnlosirea
lor in special in cure de luaglurati [1-4, 6-14].

Cercelrile noastre anterioare [1-4, 6-10] au demonstaptul & medicamentele pe
baz de corticosteroizi sub forinde cremesi unguente utilizate topic in afi@mnile
dermatologice dovedesc o huabsorlie transcutaihinducand acumularea unor supradoze de
glucocorticoizi in organism, cu efecte negativeile! sistemic. In acest sens, ceidkst noastre
anterioare privind efectul tratamentului topic dudg€inolon-acetonid N au indicat faptu, ¢n
special la animalele tinere, timusgil suprarenalele, glande cu rol deosebit de impbiitan
dezvoltaresai cresterea organismului t&n sunt puternic afectate de excesul glucocorticoid

Dermocorticoidul Dermovate, medicament similarcgleorticoidului Fluocinolon-
acetonid N, este recomandattilizat pentru afeguni dermatologice n special la copii. Ca
urmare, in lucrarea detfiane-am propus uriimirea efectelor tratamentului cu Dermovate
asupra ultrastructurii celulelor adenohipofizareorticosuprarenaliene, precushasupra
unor parametri biochimici indicatori ai excesulligpcorticoidic.

" Universitatea BabeBolyai, Catedra de Biologie ExperimenitaB400 Cluj-Napoca, Romania.
E-mail: ekis@hasdeu.ubbcluj.ro

™ Universitatea BabeBolyai, Catedra de Biologie ExperimentaB400 Cluj-Napoca, Romania.
E-mail: ccraciun@hasdeu.ubbcluj.ro



E. KIS, C. CRACIUN

Material si metode. Experienele au fost efectuate pebolani Wistar prepuberi in
varsti de 30 de zile care au fost tiitimp de 3 zile consecutive cu dermocorticoidul
Dermovate. Doza zilnicde 50 mg unguent/100 g g.c. a fost apliqgain ungerea pielii in
zona inguinal pe o suprafid de 1,5 crh

Animalele de experiei au fost repartizate in utitoarele loturi:

lotul M—animale prepubere netratate-martor;

lotul D—animale prepubere tratate cu Dermovate;

Animalele au fost sacrificate la 24 ore de laasist tratamentului, odatu martorii
corespunitori, dupi o inantie de 16-18 ore. De la fiecare animal s-au prelauatitoarele
organe: adenohipofiz suprarenalsi timus. Suprarenalelg timusul au fost cagtite cu o
balana de torsiune. S-a determinat apoi greutatea rélatsuprarenalai timusului, care a
fost exprimai Tn mg/100 g animal.

Fragmentele de adenohipdfig corticosuprarenalprelevate au fost prelucrate in
vederea efectitii studiilor de microscopie electrorii¢l5].

Cantitatea de glucadzanguiti a fost determinatenzimatic cu God-Perid-Glucose Kit.
Colesterolul seric a fost dozat cu micrometodacfitwimetric a lui Z lat ki ssi colab. [5, 16].

Rezultate si discutii. Studiul ultrastructural al adenohipofizei la preprb Lalotul M
celulele somatotrope-ST{Hig. 1) au nucleul ovalar, predominant eucromatterocromatina
fiind repartizai la periferia nucleului intr-un strat gire si din loc in loc in cateva blocuri
mai mari. In citoplasi se observ prezema a numeroase granule electrondense sferice
avand dimensiuni cuprinse ntre 350-400 nm. Mitakile sunt alungitesi dispuse in
grupuri, complexul Golgi apare in vegtatea nucleului, afituit din saci aplatizg care la
multe celule sunt aranjasub formi de potcoa¥. in zona trans a sacilor aplatizaxist
numeroase microvezicule, ceea ce senifitensa activitate de elaboragieeliberare de
granule de sectie de natuf hormonai. Reticulul endoplasmic este reprezentat de profile
inguste, dispuse de reguh jurul nucleului dasi intre mitocondriisi granule de sectie.
in matricea citoplasmicse gisesc mai mi sau mai ptini ribozomi in fungie de starea de
activitate a celulei.

Celulele gonadotrope- GTKe disesc dispuse de regule izolat sau in grupuri de
cate 2-3 celule. Granulele de sgiersunt relativ numeroaséspandite n toatcitoplasmai au
marimi variabile (Fig. 2): dimensiunea granulelor nviariaz intre 150-200 nm, iar a celor mari
intre 400-500 nm. Caracteristic pentru acesteeeste faptulzreticulul endoplasmic apase
sub formi cisternai, dand un aspectkor vezicular acestora. In fuiie de stadiul furigonal al
celulelor, matricea citoplasniipoate afirea mai electrondefiscu numergi ribozomi liberisi
cu reticulul endoplasmic (RE) mai tpu dilatat, cu mitocondrii de forinalungit. Matricea
citoplasmia in unele celule apare maitppuelectrondenis avand mai pini ribozomi liberi. n
aceste celule mitocondriile sunt sferice, ovalgreu matricea mitocondrial rarefiati, iar
reticulul endoplasmic se prezinsub forma cisternal. Nucleul este ovalar, cu 1-2 nucleoli
evideni, avand heterocromatina fin dispeésat nucleoplasim

Formacelulelor adrenocorticotrope-ACTHste poligondl caracteristica principala
acestor celule fiind dispaia granulelor de sedie pe un singur rand de-a lungul membranei
celulare (Fig. 2). Dimensiunea granulelor esteptexamativ 200 nm. Nucleul este ovalar, fiind
situat n axul longitudinal al celulelor; are urctaol evident, iar heterocromatina este dispos
blocuri electrondense inigtiate in masa carioplasmei, precgnintr-o pelicuk foarte firii la
periferia membranei nucleare. Citoplasma esteattre@hdensitate medie, ¢m@nd mitocondrii
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de forni alungit, relativ puine profile de reticol endoplasmgc ribozomi spandi in toat
matricea citoplasmic Aceste organite celulare, in unele celule suritrmét sau mai ptin
numeroase, in fugie de ciclul de sectie al celulei.

Fig.1.Celulz STH la lotul M (x12000). Fig. 2.In colul drept al imaginii se obse#o
celut ACTH, n partea stargo celut: GTH
(x8400).

¥

Celulele proopiomelanocorticotrog@OMC sunt situate de regulin veciritatea
celulelor ACTH si spre deosebire de acestea pésed nunir mai mare de granule de
secrgie, dintre care majoritatea au dimensiuni ag@toare cu granulele de segecale
corticotropelorsi un nunmiir mai mic de granule au dimensiuni mai mari, deogipnativ
250-300 nm (Fig. 3). Toate aceste granule sunt tmifaspandite in citoplasin Nucleul
este sferigi posed un nucleol evident, heterocromatina eggpéndii relativ uniform sub
forma de granule fine in nucleoplasm

Imaginile de ansamblu ale adenohipofizei ddolal D arati ca aproape toate
celulele STHorezing modificari ultrastructurale, unele mai intense, altele main intense.
Modificarile ultrastructurale ale celulelor somatotropersmifesi in primul rand prin dilatarea
cisternelor reticulului endoplasmit a spaiului perinuclear, observandu-seun inceput de
condensare a nucleului (Fig. 4). In celulele ceraitmai puin intense nurirul granulelor de
secrgie sufeii doar o yoai scidere. Intre aceste celule unele apar degranuligte5)Rotal, dar
CuU 0 structut, aproape normal ingi si in acestea se obsérgresterea nurirului de lizozomi.
Alte celule prezirit modificiri mai avansate manifestate prin vacuolizareagiitcéoplasmesi
prin dispariia totak a granulelor de sedie (Fig. 6).

Celuki POMC (x12000).

Fig. 4.Celulz STH cu RE dilatat (x 12600).
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3
F i g. 6.Vacuoliziri ale citoplasmei celulelor STH
(x4830).

ek :
LA v

Celulele GTHprezint modificiri semnificative fga de martori. Altegrile ultra-
structurale sunt mai intense Tn cazul celulelarasi l1ang capilarele sanguine congestionate
(Fig. 7), celule in care nucleul are contur neragWReticulul endoplasmig mitocondriile
sunt vacuolizate, iar nufrul granulelor de sectie este mult mai redus comparativ cu lotul
martor. In unele celule apar vacudlizintense ale citoplasmei, iar nucleul devine ptan
cu cromatid condensat(Fig. 8). Nunarul granulelor de sectie in aceste celule este foarte
redus. Intr-un stadiu mai avansat al procesulualtirare, celulele somatotrope gatele
gonadotrope sufgérun proces de vacuolizare complairmat de dispatia majoriftii
granulelor de sectie. Zone intinse din hipofizapar cu capilarele sparge cu hematii
extravazate in sgide intercelulare. In aceste zone aidtile structurale sunt mai intense din
cauza lipsei aportului de subsgamutritive si oxigen. Ca urmare, in citoplasma tuturor
celulelor apar numeroase vacudtizcare pot conduce intr-o faalterioad la disparia
complet a granulelor de seafessi la ruperea membranei celulare, pregiita degradarea
celulelor din zona respectiFig. 9).

PR s

Fig. 7.In jurul capilarelor congestionate celuleleF i g. 8.Celule GTH cu mitocondrji RE vacuolizate
GTH prezing structuw profund altera& (x5880). (x8%00

La nivelul celulelor ACTHapar modifiari mai puin intense fa de lotul martor.
Astfel, se obse dilatari ale reticulului endoplasmigi ale mitocondriilorsi o usoari
scadere a nurirului granulelor de sectie (Fig. 10), care se dispun neregulat de-a lungul
membranei celulare. Modificile ultrastructurale la niveluelulelor POMCsunt mai ptin
intense (Fig. 11). Cea mai mare parte a celuleleripé o activitate secretorie nornial
Totusi, se obser¥ ca in unele celule mitocondriile apar vacuolizatetnioaa citoplasmatic
este rarefidtsi numarul granulelor de sectie este redus.
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Fig. 9.Celule GTHsi STH cu citoplasma complet F i g. 10.Celule ACTH cu nuar redus de granule
vacuolizafx 8400). de secrie(x 8400).

Studiul ultrastructural al corticosuprarenalei largpuberi Studiul ultrastructural al
corticosuprarenalei lltul M arati ca celulele din zona fascicufiasunt de forra poligonat si
sunt dispuse in cordoane (Fig.12). Celulele pgo$edcentrul lor cate un nucleu sferic sau
neregulat, cu nucleol evident, iar heterocromatista dispusatat Th mici blocuri dispersate in
cariolimfa catsi de-a lungul membranei nucleare interne. Caratiegste faptulin celule se
gasesc numeroase mitocondrii sferice avand cristddrda In unele mitocondrii se pot observa
la interior si 0 serie de formauni dense, fasciculare. De asemenea, celuleledposéativ
numeroase granule slab electrondesian nundr redus de lizozomi. Complexul Golgi este
situat n apropiera nucleulsii este bine dezvoltat, prezinhumeroase microvezicule, ceea ce
demonstreaz existena unui proces intens de sirtdzormonal. In matricea citoplasmicse
gasesc relativ numegoribozomi, dispyi de regui Th polizomi. Printre mitocondrii seageste
reticul endoplasmic neted dispus sub fbda profile scurte sau vezicule (Fig. 13).

LA s T

! . ¢ B2, S Oa - 3 R :
Fig. 11Celuki POMC cu RE gor dilatat F i g. 12Ultrastructura corticosuprarenalei (x5250).
(x 12600).

Din studiul ultrastructural al corticosuprarendtgtului D reiese & din celulele
zonei fasciculate lipsesc aproape in totalitatengede de secte hormonal (Fig. 14).
Celulele au nuclei cu contur neregulat, tapaperinuclear este dilatat, iar in cariolinf
cromatina incepeisse condenseze; heterocromatinsstere&antitativsi este dispus atat
dispersat c&di in blocuri. Comparativ cu martorul putem remaocarefiere a matricai a
cristelor mitocondriale care devin slab electrorsderSe obse#vo intensificare a dilatii
reticulului endoplasmic neted, care apare sub foreziculai sau de profile scurte printre
mitocondrii (Fig. 15). La un anumit ndimde celule aceste modifi¢ se accentuedziar
nucleul acestora prezintendina de picnozare.
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F i g. 15.Celulz din zona fasciculatcu matricea mitocondriél rarefiata (x 8400).
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Rezultatele studiului biochimic.

Din analiza statistic a datelor otinute la sobolanii Wistar masculi prepuberi
rezulh (Tabel 1) & tratamentul topic cu Dermovate deteriniro hiperglicemie
semnificativi. Glicemia crete faa de lotul martor cu 47 %. Acedéstrestere a glicemiei
este rezultanta hiperprodigi hepatice de glucéz a intensifi@rii gluconeogenezegi
glicogenezei hepatice, precusi a rezisterei musculare fid de agiunea insulinei.
Hiperglicemia este asociatu crgterea concentti colesterolului seric, ceea ce este, de
asemenea, un indiciu al excesului glucocorticoidic.

Tabel 1
Variatia procentuala a glicemie si colesterolemie
Loturi  Glicemie Colesterolemie
mg (%) %
M 66 218
D 86 264
a + 47 ** +32**

a—Valori raportate la loturile martor.
** Valori foarte semnificative (P<0,001).

in condiii fiziologice normale ACTH intensific captarea colesterolului din
lipoproteinele cu densitate mjadup care colesterolul este esterifigatlepozitat in citoplasi
sub fornd de picturi lipidice. Prin adunea colesterol-hidrolazei, din colesterolul
esterificat se desprinde colesterolul liber. Uinags proteic il transpoit in mitocondrii
unde sub gainea colesterol-dezmolazei se transfimpregnenolon. Pregnenolonul trece
n reticulul endoplasmic netgdprintr-un proces de dehidrogenare formiepmgesteronul.
Progesteronul, sub gienea enzimei 14 hidroxilaza se transforirin cortizol (respectiv in
corticosteron lasobolani). In condiile investigaiilor noastre, dg ultastructura celulelor
corticotrope este aproape norfmahbseran totah a piditurilor lipidice din celulele zonei
fasciculate din corticosupraredasugereax o eventua blocare a elibérii de ACTH.
Datoriti acestui fapt nu are loc captarea colesteroluiag fmai mult alterat echipamentul
enzimatic &spunztor de sinteza steroizilor, ceea ce detefintaplgia totak de lipide. in
absema sintezei hormonale gte concentrga colesterolului seric.

Dinamica greditii relative a suprarenalelgr timusului (Tabel 2) demonstreaza
excesul glucocorticoidic realizat prin abs@abtranscutai a cremei Dermovate deterrain
sciderea semnificativa greudtii relative a organelor luate in studiu. Greutatelativa a
suprarenalei scade cu 11 %afde control, iar a timususlui cu 63 %.

Tabel 2
Greutatearelativa a suprarenalel (GRSR) si timususlui (GRT)

Loturi  GRSR mg(%) GRT (%)

M 22 411
D 19 152
a -11* -63**

a—Valori raportate la loturile martor.
* Valori semnificative (P<0,05).
** \alori foarte semnificative (P<0,001)
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Rezultatele gravimetrice demonstriaptena timolitica a acestui dermocorticoid,
ceea ce conduce laasierea capaditii imunologice a organismului t&n

Rezultatele ultrastructurade biochimice arat ca tratamentul epicutan cu Dermovate
determird un exces glucocorticoidic manifestat prin modificendocrino-metabolice. Aceste
modificiri sunt Tnd mai puin intense comparativ cu modi#ide descrise la dermocorticoidul
Fluocinolon-acetonid N [1-4, 6-10], expliconstand probabil in structura moleculdiferita
a dermocorticoidului Dermovate, acesta fiind uncgaorticoid bihalogenat monoclorurat-
monofluorurat. Celulele hipofizare cele mai afectatunt STHsi GTH ca si Tnh cazul
tratamentului cu Fluocinolon-acetonid N [8]. La steecelule putem observa atat alterarea
aparatului secretor céitinhibarea elibeirii secreiei hormonale. Inhibarea setiet de STH este
reflectat si de modificirile gravimetrice semnalate in literatura ¢hri, conform &rora are loc
sciderea gredtii relative a timusului, suprarenalei, spligepancreasului, efecte mai puternice
fiind Tnregistrate lagobolanii prepuberi [1-4, 7, 11-14]. Aceste dateoborate cu rezultatele
biochimicesi gravimetrice sugerea incetinire a cigerii, dezvoliirii si matufrii sexuale a
organismului. De asemenea, modifie induse la nivelul celulelor STH pot fi coredai cu
aspectul morfologic al corticosuprarenalei. La wscopul optic aceasta preziat corticad mai
ingust la loturile tratate in compafa cu loturile martori netratate [3]. Enseducerea grosimii
corticosuprarenelei este maiipuntens decét la tratamentul cu Fluocinolon-acetonid N.

Modificarile ultrastructuralgi biochimice induse de Dermovate sunt mairpintense
comparativ cu modifiirile induse de tratamentele cu Fluocinolon-acetbhjé, 7, 11-14], ceea
ce arat ci Dermovate are 0 igne nocii moderai. Rezultatele experimentelor noastre sunt in
concordati cu datele din literatura de specialitate confairare administrarea dermocorticoidului
Dermovate determirtimoliza precunsi atrofierea suprarenalei [1-4, 11-14].

Rezultatele din literatura de specialitate [3]zacatatrofierea timid este asociafsi cu
reducerea grefitii relative a suprarenalei. Aceashodificare este Th concordércu rezultatele
noastre structurale confornirora zona fasciculateste mai ingustcomparativ cu cea de la
martor. Este de mé@onat & reducerea zonei fasciculate este mginpevideni comparativ cu
efectul tratamentului cu Fluocinolon-acetonid N 8, La loturile tratate cu Dermovate se
obsend prezera granulelor de seare, ceea ce suger@afaptul G Dermovate nu inhibin
totalitate sect& de corticosteroizi. Granulele sunt prezenteelnlele nealterate sau cu aitér
minore. In celulele cu structugrav alterat, granulele de sedie lipsesc in totalitate.

Activitatea secretorie Tnregistiala nivelul suprarenalei sugeréaz tratamentul
cu Dermovate nu blocheain totalitate eliberarea ACTH la nivelul hipofizeeea ce este
in concordati cu rezultatele ultrastrucutrale Tnregistrate iaehil celulelor ACTH.

Datele experimentale din literatura de specialitedgi rezultatele noastre, afati
tratamentul glucocorticoidic cu Dermovate deteimperturbarea metabolismului glucidic,
proteic si lipidic. Ca si tratamentul cu Fluocinolon-acetonid N, Dermovaletermiri
hiperglicemie datorit insulinorezistetei tisulare, asociatcu intensificarea gluconeogenezei.
Intensificarea gluconeogenezei hepatice sugéreazxcesul glucocorticoidic &oneaz
atat direct asupra ficatului determinand intenaré@ mobilizrii glucozei, catsi indirect
prin stimularea receptorilg-adrenergici [6, 7, 10, 12, 14] datarintensificirii descrcarilor
de catecolamine.

Concluzii. 1.Tratamentul epicutan cu dermocorticoidul Dermodgeermia un
exces glucocorticoidic Tn organism, manifestat piteiiri endocrino-metabolice.
2. La nivelul hipofizei, aplicarea epicuta dermocorticoidului Dermovate afectgaz
grav ultrastructura celulelor STHGTH.
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3. Excesul glucocorticoidic provocat de administrargacgars de Dermovate

determira atrofierea suprarenalei.

10.

11.

12.

4. Dermovate are efect antisomatotsopmolitic.
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SULFUR CYCLE AND TROPHIC RELATIONSHIPS AMONG
HALOALKALIPHILIC SULFUR BACTERIA

HORIA BANCIU ?

SUMMARY. Sulfur is one of the main elements whose naturdinzy is essential to life on
Earth. Chemical and biological processes are imbin the transformation of sulfur to different
organic or inorganic compounds. Microorganisms tatteantages of utilizing various sulfur
compounds, either the reduced (serving as enengrgejoor the oxidized S-forms (electron
acceptor). The sulfur cycle is also present inekteeme environments like saline and alkaline
lakes. Purple sulfur bacteria and chemolithoaytbtoosulfur-oxidizing bacteria (SOB) are among
the major groups that use reduced sulfur compoasdsergy source and electron donor in the
saline-alkaline lakes. The haloalkaliphilic SOBlaged from soda lakes proved to be highly
specialized for the doubly extreme conditions ghtsalt concentration and high pH. Based on
these properties, the haloalkaliphilic SOB fromestadkes can be usefully exploited in bioreactors
with stable soda alkalinity and supplied with iremg sulfur compounds for sulfur removal from
waste streams..

Natural sulfur cycling. Sulfur is one of the most important elements fastaining
life on Earth. The sulfur chemistry is complicatedthg many oxidation states sulfur can
assumeTable 1). Geochemically, sulfur is very abundant and sgv&vurces of production,
emission or storage can be identifid@lfle 2) [36].

Table 1
Oxidation states of sulfur in common compounds
Oxidation state Compounds

2 Dihydrogen sulfide kS, hydrogen sulfide ion HSsulfide ion $ as in FeS;
thiocyanate SCN

1 Disulfane BS,; disulfide $* as in pyrite FeS thiosulfate sulfane’s
polysulfides S(S)S

0 Elemental sulfur $ organic polysulfanes R;<R;
polythionatesO;S(S)SO;

+1 Dichlorodisulfane CI-S-S-Cl

+2 Sulfur dichloride SG] sulfoxylate SG*

+3 Dithionite $O,%

+4 Sulfur dioxide S@ sulfite SQ; bisulfite HSQ"

+5 Dithionate $04>; sulfonate RS@; thiosulfate sulfone SO

+6 Sulfur trioxide S@ sulfate S@; peroxosulfate SE

The biochemical significance of sulfur is tremendodlise origin of life has been
linked with iron sulfide (pyrite) that becomes dgtigally active at elevated temperature
and at high pressures [4, 24, 38]. Sulfur playsitalgtical role in the iron-sulfur clusters
within respiratory enzymes. Sulfur containing aratids (cysteine, cystine and methionine),
sulfolipids, and many co-enzymes (glutathione, ezgere A, biotin, lipoic acid) are essential
for cell metabolism.

1. Department of Experimental Biology, Babes-Bolyaiversity, Cluj-Napoca, Romania
2. Department of Biotechnology. Delft UniversityTetchnology, The Netherlands
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Table 2
Main sources of sulfur
Source of sulfur Dominant sulfur compound
Volcanic activity SQ
Biogenic emissions H,S, dimethyl sulfide,
(from vegetation, wetlands, lands) carbonyl sulfide
Biogenic emissions SO,%, dim
from oceanic environments ethylsulfide
Anthropogenic activities SQ SG
Sulfur storage products Gypsum (CaS@» 2H,0),

metal sulfides, elemental sulfur’}S

In the natural environment the element sulfur it pba closed cycle with alternating
oxidized and reduced sulfur species, in the orgamid inorganic forms. The chemical
sulfur cycle strongly interacts with biological &y resulting in utilization, transformation
and storage of sulfur compoundSgure 1). Nevertheless, the biological importance of sulfu
compounds resides in their capacity to serve agrete donor and acceptor for anaerobic
respiration or aerobic light-dependent £@duction and moreover, as an aerobic energy
source for ATP production [21].

Biological oxidation of inorganic sulfur. The most abundant form of sulfur available
in nature for use by living organisms is in thedizéd state (S¢3). Sulfate is biologically
reduced under anaerobic conditions by sulfate-iedubacteria (SRB) using different
substrates as electron donors (organic compountis)oBacterial sulfate reduction in the
presence of low concentration of oxygen has alen lobserved [3].

The process of sulfate reduction is synonym toidalf(H,S) production or
sulfidogenesis. In a next step of biological sutfycle, HS, the most reduced sulfur compound,
serves as electron donor and energy source for diitleotrophic microorganisms. The
anaerobic phototrophic sulfur-oxidizing bacteri®& such asAllochromatium Chlorobium
some Rhodospirillaceag Ectothiorhodospiraceaeand some cyanobacteria when grown
anaerobically use §$ as the electron donor for gfixation. In the chemolithoautotrophic
nutrition, the reduced sulfur compound has a calal i.e. as electron donor as is the case in the
phototrophs, and as energy source. The oxidatisalfafr compounds leads to the build-up of a
proton motive force, which may generate ATP for,difation. The proton motive force is also
used to drive reversed electron transport to peothe reducing power (as NADH) for ¢O
fixation. The CQ fixation pathway in most known phototrophic anermiotrophic bacteria is
the Calvin cycle, but also the reversed tricarbioxatid cycle has been detected in a variety of
(non)phototrophic bacteria.

Two groups of lithotrophic SOB have been distingadlpreviously; members of
one group are able tdilize polythionates, and members of the otheupgrare noable to
do this [15, 16]. On the basis of physiological &matchemical data, at least two major
pathways have been proposeddifferent SOB:

(M The sulfur oxidatiopathway and
(i) The S intermediate pathway involving polythionates [6].1
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Organic sulfur _ o
compounds Mineralization

processes

Assimilatory sulfate
reduction

Sulfidic
minerals
(e.g. pyrite)
(seawatel

Sulfate
reserves
(seawater)

Dissimilatory
sulfate reductio

Biological oxidation with O, or NO ;

Dissimilatory

sulfur reduction Chemical

Biological oxidation Biological
oxidation with oxidation with
O, or NO3 O, or NO3
Anaerobic oxidation by o Anaerobic oxidation by
phototrophic bacteria phototrophic bacteria

Sulfur
deposits

Fig. 1.The biological sulfur cycle. The thickened arromdicate
the oxidation processes that occur in the alkalipisulfur-oxidizing bacteria from soda lakes [29]

The product of biological sulfide oxidation is $O(complete oxidation), %
(elemental sulfur) or both S®and $ (incomplete oxidation). Occasionally also thioatsf
was detected as end product both under aerobicanadrobic conditions [13, 14, 41].
Elemental sulfur can be excreted in the environraeittcan be stored extra- or intracellularly.
The forms of stored elemental sulfur were investidatecently and it was shown that

sulfur atoms are associated in chains or ringshizlworganic radical groups are attached.

In this way, the biologically stored elemental aulfliffers in structure and composition

from that of sulfur deposits resulting from chenhieactions [27, 28]. The excreted and the
stored elemental sulfur are further oxidized tq’SBy the same organism or by other SOB
to yield supplementary energy. Several phototrophicteria, when grown in the dark, can
also use elemental sulfur as acceptor for electdmmved from the storage compounds.

Another category of SOB is able to usgSHunder anaerobic condition with NCas
electron acceptor (denitrifying colorless sulfuctesia). Interestingly, a number of strictly

anaerobic bacteria are capable of “fermenting’ialytreduced sulfur compounds, such as
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sulfur, thiosulfate and sulfite into a mixture ofSHand sulfate. In this way a complete
turnover of inorganic sulfur compounds is possthleugh biological processes.

When seasonal or accidental changes occur in th&quhichemical or geological
parameters of the natural environments, perturbadtibthe sulfur cycle can follow. A
predominance of sulfide production may lead to audation of this toxic compound,
which will diffuse toward the aerobic zones. A gead of sulfide is thus established. In a
very narrow layer, at the aerobic-anaerobic int&fd}S meets @ H,S can be oxidized
either chemically or biologically under aerobic ddions. The factors that influence the
rate of chemical oxidation are the concentratiothefreaction components, the pH and the
presence of metal ions [17]. Several groups of eoiganisms are able to oxidize reduced
sulfur compounds such as$under aerobic or microaerobic conditions [18, 20]

Three main groups of SOB can be distinguished: tloxyayenic phototrophs (e.g.
green and purple sulfur bacteria), the obligate toedfacultatively autotrophic colorless
sulfur bacteria among which one can find the molguioally conspicuous bacteriadble 3).
There also exist sulfur-dependent Archaea (EhgermococcusSulfolobus Acidianug. A
group called purple nonsulfur bacteria was oridingdought to be unable to use sulfide as
an electron donor for the reduction of C@ cell material. However, under certain
conditions, sulfide at low concentrations can beduby most purple nonsulfur species [8].

Table 3
Categories of SOB

S-compound used

Category Metabolic type Location as electron donor Representatives
O o
Green sulfur Anaerobic EREEE .
bacteria photolithoautotrophs = ® & g H:S, & Chiorobium
5 5o
-Z8% ) L
Anaerobic or g g % 5 _ Chromatium , Rh_odo_sp|r|l|um,
Purple sulfur . hili b 8 o 2 o Rhodobacter, Thiospirillum,
bacteria microaerophilic ; § ¢ s & HS S0 Thiocapsa, Ectothiorhodospira,
(photo)lithoautotrophs § © 8 2 - '
c 23 Halorhodospira
NSB )
Thiobacillus thioparus,
Obligate Thermithiobacillus tepidarius,

Aerobic and anaerobic
obligate
chemolithoautotrophs

H,S, metal sulfides Acidithiobacillus thiooxidans,
S$,0:%, S, S0 Acidithiobacillus ferrooxidans
S,0s* Halothiobacillus neapolitanus,
Halothiobacillus halophilus,
Thiomicrospira pelophila
Starkeya novella,
Thiobacillus aquaesulis,
Thiomicrospira. thyasirae,
Paracoccus denitrificans,
H,S, metal sulfides Paracoccug versutus; _
S,02, € S0 Morph_ologlcally_ conspicuous
3 bacteria aBeggiatoa,
Thiothrix, Thioploca,
Achromatium, Macromonas,
Thiobacterium, Thiospira,
Thiomargaritha

autotrophic
colorless sulfur
bacteria

Facultatively
autotrophic
colorless sulfur
bacteria

Aerobic and anaerobic
facultative
chemoautorophs

Soil, sediments, oxic/ anoxic interfaces of wat
sulfur springs and other volcanic sources
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Representatives of the SOB can be isolated frodicaaieutral or alkaline environments,
from cold, moderate or hot habitats, as well amflow to highly saline waters and soils.

Examples of the energy-yielding reactions used digriess sulfur bacteria are
presented inrable 4. From this table it can be noticed that, in gelhare oxidation of
inorganic sulfur compounds releases high amounenefgy, which is trapped as proton-
motive force or sometimes, directly as ATP (by siaistlevel phosphorylation). The
complete oxidation of inorganic sulfur leads to qurction of sulfuric acid and therefore
there is a strong tendency of acidification of suerounding environment. The microbial
oxidation of sulfides is important for the formatiof sulfuric acid in coal mines and in
sulfur deposits. The acidification resulting frohetbiological activity has a strong impact
on large natural areas [7, 22].

The sulfur-oxidizing (leading to $$0,) and sulfate-reducing @8) activities of
microorganisms are often related to strong corrogiosewer systems, concrete structures
and in the equipment used to mine, store or tramspal [23].

Table 4
Examples of the reactions used by colorless sulfbacteria to gain
energy for growth (Robertson and Kuenen, 1992)

H,S+20, & H,SO,
2H,S+0, > & + 2H,0
2 + 3 O, + 2H,0 D 2H,S0,
Na,S,03 + 20, + H,O > Na,SO, + H,SO,
4N3S,0; + O, + 2H,0 & 2NaS,0¢ + 4NaOH
2N&S,06 + 70, + 6H,0 & 2NaSO, + 6H,S0,
2KSCN + 4G + 4H,0 & (NH,),SO, +K,S0, +2C0,
5H,S + 8KNG, =& 4K,SO, + H,SO, + 4N, + 4H,0
53 + 6KNOs+ 2H,0 2 3K,SO, + 2H,SO, + 3N,

Sulfur cycling in the haloalkaline environments.The high salinity and hence
high density of the hypersaline and many soda lakpkin why they are often hydrologically
stratified. This often results in a layer of lesbnge water permanently covering the concentrated
salt layer (known as meromixis) [9]. Only the uptssrers of the water contain oxygen and
can support eukaryotic and aerophilic prokaryotfe. IDue to the lack of mixing, the
bottom waters are anoxic and at alkaline pH valtmes¢ inorganic compounds as sulfide
or ammonia accumulate. The stratification of phyigicaperties (e.g. temperature, light) or
chemical parameters (dissolved oxygen, pH andisgliis reflected in a stratification of
microbial community. Despite their apparently todreme conditions to support life, the
soda lakes accommodate a large variety of microsges [5].

Microorganisms involved in the sulfur cycle fromisa and alkaline environments
like soda lakes have been well studied [39]. THedtialiphilic sulfur-oxidizing phototrophic
and anoxygenic bacteria are members of the geatmghiorhodospirgE. haloalkaliphila, E.
vacuolatg [10, 37] and of the genudalorhodospirasp. H. halophila H. halochloris H.
abdelmalekji[11]. The halophilic sulfate-reducing bacteria found withinDesulfonatronovibrio
sp. O. hydrogenovorang40] andDesulfonatronungD. lacustre D. thiodismutans[25, 26].
Together with recently discovered obligately chathohutotrophic sulfur-oxidizing bacteria of
the generaThioalkalimicrobiumand Thioalkalivibrio [2, 31-35], the heterotrophic sulfur-
oxidizers and sulfate-reducers constitute an edcddly balanced microbial community that
ensures the recycling of sulfur in the saline didlme lakes Fig. 2).
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Potential applications of haloalkaliphilic SOB.Several environmental problems
are caused by sulfur compounds like sulfate (potiubf surface water, acid mine drainage),
SO, (acid rain), HS (odor problems, high toxicity, acid rain) and hytdted sulfur
compounds (odor problems, toxicity, climate changég aim of sulfur biotechnology is to
prevent loss of sulfur compounds to the atmospherkto avoid complete oxidation of
sulfur compounds to sulfate. Current research a@seflore focused on the production of a
sulfur compound, which can be easily separated tlenwaste streams, stored and re-used
for other purposes. One of the successful procassi® production of elemental sulfur
from H,S-containing gas streams by sulfur-oxidizing baatém the Thiopa$ process
(Paques BV, Balk, The Netherland§)d. 3). In this system gasses can be treated by the
absorption of HS in a scrubber unit, subsequent biological oxatatif sulfide to elemental
sulfur at neutral pH and separation of the sulfud eecycling of the percolation water to
the scrubber [1, 12, 19, 30]. A variety of gasatne (pressurized natural gas, synthesis gas,
biogas and refinery gas) can be treated with thig-step process. Points for major
innovation of this process are the enhancemenhefstripping efficiency of 6 in the
scrubber (by elevating the pH) and the reductiothefbleed stream of the aerobic reactor
(by maintaining high salt conditions). Moreovemncg high CQ content is usual for -
containing industrial gases, use of alkaline caales in the scrubber instead of organic or
inorganic alkali (NaOH) is beneficial for the effeeness of HS absorption.

The alkaliphilic sulfur-oxidizing bacteria that gimate from soda lakes of Siberia
(Russia) and Kenya can tolerate a very high pH@ui0.6-11) and high salt concentrations
(1-4 M N4d), making them attractive for biotechnological &léfremoval.

Reactions:
SCRUBBER:
Biogas SCRUBBER Gas without H,S + OHHS +H,0
with H,S ™| — H,S BIOREACTOR:
_ HS- + 150> S +OH
v > Air out Total:
> 1
At BIOREACTOR H,S +1:Q & S +H,0
Irin i idati > >—Bieed
Sulfide oxidation SULFUR

A

SEPARATOR > S

F i g. 3.Block process diagram of the Thiopahjoscrubber and reaction mechanisms involved

In conclusion biological sulfur oxidation is a widespread natuiprocess
accommodated even in the harshest environmentsypessaline and soda lakes are. The
occurrence of the sulfur cycle in these ecotopgmssible at almost all levels of oxidation
states due to a large spectrum of metabolic aetivfbund here. Sulfur-oxidizing bacteria
have been for long time known but the particulaougr of chemolithoautotrophic
haloalkaliphilic SOB was only recently describe@sBle their scientific significance, there
have been conceived several biotechnological agiits especially in the removal of
toxic sulfur compounds under saline and alkalineddions.
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We dedicate this review ijs J. Kuenen on the occasion of his $5anniversary of becoming®3
Professor to follow M.W. Beijerinck as Professozeheral and Applied Microbiology at Delft Univeysi
of Technology, The Netherlands. He was the pronaftiére author’s doctoral dissertation in 2004.
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DISTRIBUTIA CANTITATIV A A GRUPELOR ECOFIZIOLOGICE DE
BACTERII IMPLICATE IN CIRCUITUL AZOTULUI IN
LACUL DE ACUMULARE GILAU

MANUELA-CLAUDIA CURTIC APEAN* si MIHAIL DR AGAN-BULARDA**

SUMMARY. The quantitatively distribution of the bacteria ecophysiologic groups from the
nitrogen cycle in the Giku dam reservoir. The Gikiu dam reservoir, situated on the Sguh#lic

river has as main purpose to suply with drinkingewthe city Cluj-Napoca and the nearby vilages.
Because the modification of the nitrogen conceatrahay determine a perturbation of the normal
trophic cycle, the emphasize of the main microlgiclal activities and mechanisms from water and
sediment, is essential, especially about the retuof the nitrogen substances, determining the
ammonium increases. In 2002 and 2003, have be@ved!6 seasonal harvest campaign, in each
campaign have been taken 8 water samples andnesgdiamples. The bacteriological researches
were consisted in the determination of three ecsiplogical groups of bacteria, involved in
recycling of different organic residues, namely:nanifying bacteria, nitrifying bacteria and
denitrifying bacteria. At the same time, the resulbf the bacteriological analyses have been
correlated with the resultes of the chemical aealysspecially with nitrogen system ones. The
resultes of the chemical analyses were comparédétvalues from “The normative regarding
the reference objectives for clasification of théace water quality”, issues in 2002.

In contextul sitdrii Romaniei printretirile europene cu resurse deiaplativ reduse,
gospodrirea si valorificarea apelor ditara noastr constituie o probleth prioritata, de
importana deosebit, determinand Tn ultimele decenii o extindere adtlor hidrotehnice,
urmarindu-se crgterea rezervelor de api diminuarea dependesi acestora de factorii
meteo-climatici [4].

in ultimele decenii, ateia oamenilor destiinta se orienteai tot mai pregnant spre
studiile complexe, ecologice, ale marilor acufmude ap, stiut find ca civilizatia industriad
actual, prin efectele sale secundare, a determinat aaoedeunor procese ecologice extrem de
complexe, in mediile acvatice, cu consgeiteseori contrare conceptului de dezvoltare dérabi

Lacul de acumulare Gill face parte din sistemul casgate acumulri amplasate Tn
bazinul superior al raului Somd Mic. Barajul acumdrii Gilau- prima acumulare dain
folosintd in anul 1972- este construit intr-un sector deu$taye al &ii Someul Mic la
iesirea din spaul montan. Cuveta acumniuli este situat intr-un bazinet de eroziune
conturat de confluea Someului Clad cu Somgil Rece [17].

Acumularea Gilu, cu o capacitate de 4,1 milioané api are urnitoarele fungi: ca
scop principal - asigurarea cuaapotabik si industriak a municipiului Cluj-Napocai a
altor localititi din jur (orgul Gherlasi zona Aghirg); energetic; prevenirea inundkor;
atenuarea undelor de viitigi asigurarea cu apa @stravariilor Gilau [21].
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Microorganismele acvatice au un rol gsnin conversia substglor vegetalesi
animale in materie orgaicprin procesele de mineralizare, care restituganismelor
fotosintetizante nutrigi eseniali pentru continuarea actiiii lor. Pe scat globak aceste
produse fac parte din ciclurile biogeochimice casigui transfornirile si recircularea
elementelor biogene (C, N, P, S, Fe, Mn) in riafbir 10, 18].

Modificarea adesea brusgi brutak a concentngei diferitilor nutrierti, Tn special cu
N si P, ca rezultat al unor actigit umane, determio perturbare profurada ciclului trofic
normal, cu repercursiuni asupra microorganismeloratice, proces numit eutrofizare.
“Infloririle” sunt manifestiri ale eutrofizrii determinate de cgéerea explozig, in special,
a nundirului cianobacteriilor sau al algelor intr-o anuimiggiune.

Deoarece modificarea concenieaazotului poate determina o perturbare a ciclulu
trofic normal, este esgala evidenierea principalelor activti si mecanisme microbiologice din
api si sedimente, in special, in ceea ce pteyeeducerea substator azotate (amonificarea,
denitrificarea), determinand gteri in amoniu [6].

Sedimentele constituie o vefigcheie Tn ciclul biogeochimic al elementelor in
ecosistemele acvatice. Aici se finalizégzocesele de mineralizare a subgthor organice
care n-au fost degradate n coloana die @prceirile microbiologice a bacteriilor implicate Tn
circuitul azotului din sedimentul lacului de acuarel Giku, urrmiresc completarea cugimtelor
despre procesele complexe care seiglesfi in aceste habitate, cu 0 semnifiealeosebit.

in conformitate cu cerigle Directivei 91/271/EEC, transgiuih legislaia romaneasc
prin HG 188/ 2002, s-a realizat o identificaretiali a cursurilor de apsi a lacurilor
eutrofic sensibile, prin compararea concaiitoa de nutrieni (N si P) misurate n cursurile
de ag, cu valorile concenttélor reglementate (HG 100/2002). S-a considerat gmotenial
sensibif, cursul de ap pentru care s-au constatat #lgp ale valorilor normate, chiagi
pentru un singur indicator de poluare. Deoareckicépl aceste cerie, s-a constatat faptul
ci lacul Giku este situat Tntr-o zérsensibi, studiul bacteriilor implicate in circuitul azotl
poate constitui unispuns la aceasprobleni.

Studiul const in determinarea a 4 grupe ecofiziologice de hiattglicate n recircularea
diferitelor reziduuri organiceyi anume: bacterii amonificatoare, nitrificatoarérét- si nitrit-
bacterii) si denitrificatoare. Totodéat rezultatele analizelor bacteriologice au fostetate
cu rezultatele analizelor chimice, cu cele alemegjii de azot (azatj azotai, amoniusi azot
mineral total). Rezultatele analizelor chimice astfraportate valorilor standard existente in
Normativul privind obiectivele de refetinpentru clasificarea caliii apelor de suprafa[20].

Materiale si metode.n perioada 2002-2003, s-au realizat 6 campanbrsere de
recoltare, in cadrul figicei campanii fiind prelevate 8 probe deiap7 probe de sediment.

Probele de a@ps-au prelevat de la supréifgi de la diferite adancimi, punctele de
recoltare fiind urritoarele: Baraj- 0 m, Baraj- 3 m, Baraj- 6 m, Baaaiancime maxig Mijloc
lac- 0 m, Mijloc lac- adancime maximCoad lac- 0 msi Coadi lac- adancime maxifin

Probele de sediment au fost prelevate da la ad&acite 0-10 cm, din uitoarele
puncte de recoltare: Baraj- mijloc, Baraj- mal dydRaraj- mal stang, Mijloc lac- mijloc,
Mijloc lac- mal drept, Mijloc lac- mal stang Coadi lac- mijloc.

Pentru determinarea bacteriilor din principaleleefale ciclului azotului am utilizat
metodele de lucru conform €usa [6] si Dragan-Bularda[7].

Datorita faptului & diferite categorii de sediment pot avea untican variabil de
ap, care ar influeta exprimarea Triccarii microbiene raportate la greutatea sedimentului,
s-a procedat la determinarea unddiitfiecarei probe de sediment in paralel cu ptega
lor pentru analiz [6].
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Statistic, am uririt corelgia intre densittile numerice ale bacteriilor implicate in
circuitul azotuluisi valorile indicatorilor chimici din regimul de agoin perioada 2002-
2003. Calculul coeficigilor de corelsie (r) s-a efectuat cu ajutorul programului de aper
Microsoft Excel.

Rezultate si discutii. Activitatea microorganismelor amonificatoark sol si ape,
macromoleculele care ctim azot din resturile de origine vegetal mai ales animal sunt
descompuse deitre bacteriile amonificatoare la amoniac, prin psad de amonificare.
Amoniacul rezultat in urma procesului de mineraiza compsilor organici cu azot
reagioneaz cu apa formand ionul amoniu. Astfel, azotul dimgasii organici, inaccesibil
plantelor, devine, datakitamonificirii, accesibil. Acest proces are loc in orizondusliperficiale
ale sedimentelor acvatice, unde se depun restrgkenice moarte care forméadetritusul
organic [12].

40000 ~

35000 1

30000 +

25000 +

20000 +

15000

10000 -

nr. bacterii /| apa

5000 +

Locul de prelevare
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F i g. 1.Distribusia cantitativi a bacteriilor amonificatoare in apa lacului Gil

in profilul vertical al apei, nuérul bacteriilor amonificatoare a crescut, in gehera
de la suprafi@ spre adancimeiamanand la limita de zeci de mii de bacterii (Fig.Acest
fapt este explicat prin ,ploaia biologit (ramasitele organismelor moarte) din straturile
trofogenice spre zonele de adancime ale laculul]2, ceea ce demonstréazxistera unor
cantititi mari de substrat particulat azotat [10].

In sediment, aceste bacterii au inregistrat valeriordinul miilor de bacterii, cele
mai ridicate inregistrndu-se in genile de la periferigi de la coada lacului (Fig. 2). Se
apreciaZ ci in zonele de la periferia lacului edisturse care pot contribui la poluarea lacului cu
substare organice- nittd O caracteristi€ general a acestui grup o prezintlezvoltarea
explozivi Th sezonul de toaminMateria organig proveniti prin moartea organismelor este
patial degradat in masa apei (structurilesar asimilabile), cele mai intense procese
desfisurdndu-se in sedimente [6]. Amoniacul urmieealea oxidrilor bacteriene, efectuate
de grupul nitritsi nitrat- bacterii, in procesul de nitrificare.
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Activitatea microorganismelor nitrificatoareéBacteriile nitrificatoare sunt prezente
pretutindeni, in sol, in bazinele acvatice, dglenarine, in stgile de epurare a apelor uzate.
Densitatea maximin bazinele acvatice este aliite interfaa dintre ap si sedimente. Activitatea
acestor bacterii este max¥irprimavarasi vara in straturile superficiale ale sedimentsgior
la suprafea apelor [6, 9, 10, 19].

Activitatea bacteriilor nitrificatoare (nitritsi nitrat-bacterii) a fost maximin zonele
de la supraf@ apei, valorile de ordinul zecilor de miiagénd odat cu adancimea in
profilul vertical al apei (Fig. 3).
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F i g. 3.Distribuia cantitativi a bacteriilor nitrificatoare Tn apa lacului Gilu

112



GRUPE ECOFIZIOLOGICE IMPLICATE IN CIRCUITUL AZOTULUIN LACUL GIL AU

900

800 -
700 1
600 -
500 -
400 -
300 -
200
100 1

nr.bacterii / g.s.u.

Locul de prelevare

O nitritbacterii-primavara [ nitritbacterii-vara O nitritbacterii-toamna
H nitratbacterii-primavara g nitratbacterii-vara W nitratbacterii-toamna

F i g. 4.Distribuia cantitativi a bacteriilor nitrificatoare Tn sedimentul lacul@ilau

Procesul de nitrificare reprezinetapa final a mineralizrii substaelor organice
azotate. Dar nu toate resturile organice sunt toamste in azotg ci o mare parte sunt
depozitate sub forinde sedimente. In sediment, bacteriile nitrificagoau avut valori mici,
de ordinul sutelor de celule (Fig. 4), find manéireprezentate in zonele perifericda
coada lacului. Intrucat bacteriile nitrificatoanens exigente la gradul de oxigenare al apei,
este necesaro buri circulaie a apei in bazinele acvatice. Prgaemicroorganismelor
heterotrofe, care deterntidescompunerea subgtlar organice din d@pfavorizeaz dezvoltarea
bacteriilor nitrificatoare autotrofe [12].

n procesul de nitrificare din sel ape, in afar de amoniacul de origine biologicse
utilizeaz si amoniac de origine nebiologiceliberat de pe argile sau provenite din dsgmintele
amoniacale [12, 13, 15].

Activitatea microorganismelor denitrificatoar®enitrificarea este un proces biologic
efectuat in exclusivitate de bacteriile denitrifdizae, proces de reducere dezasimilatorie
anaerob prin care bacteriile denitrificatoare reduc nitgaina la N,, NO, sau NH [6].

Pe baza analizelor efectuate, s-a constatatacesul de denitrificare a avut o evi@u
sezoniei, cu maxime varai toamna. In profilul vertical al apei, nuinul bacteriilor
denitrificatoare a crescut de la suptafspre adancime (Fig. 5), variind de la mii de eelal
suprafa pari la zeci de mii de celule la adancime. Bacterdeitiificatoare, fiind anaerobe, au
0 activitate mai interasin sediment [10]. Aici s-au inregistrat valoriatelinul zecilor de mii de
celule (Fig. 6), maxime observandu-se n zonelégrare si la coada lacului. Rezultate
aseninatoare s-au ginut si pentru lacurile Vaduri, Sirigi Serbanesti [1, 2, 11].

Denitrificarea are loc Tn medii slab aerate undeasemuleaz cantititi mari de
substare organice- in special nitid16]. Din aceast cauz denitrificarea este des intahit
n apele stagnante (lacuri, hgde) unde gradul de aerare este mic. Proceselendgificare
pot fi intalnitesi in apesi sedimente bine aerate intrucat microorganismetetidficatoare
sunt facultativ anaerobe. O denitrificare inteage loc la administrarea in bazinele acvatice
de ingisaminte chimice, cand cantitatea de adotaeste sintitor. Pentru a preintdmpina
aagiunea nedorit de denitrificare este necesasigurarea unei bune aira apeisi a fundului
bazinului [12].
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Evidentierea proceselor de reducere a substan azotate la nivelul sedimentelor
(denitrificarea) avand ca rezultat gierea concenttélor de amoniu, preziato importam
sporiti in cazul sedimentelor cu o comporiepredominant organi¢ care favorizeaz
procesele bacteriene de reducere andegblou concentrgi mari de substae azotate,
provenite prin devedsi de ape uzate - menajesigndustriale [3, 8].

Denitrificarea reprezigitunul din mecanismele eficiente de reducere agimatului
in azot al apelor reziduale organice, bogate wathifmpiedicand prin aceasta pericolul de
poluaresi eutrofizare a cursurilor de afin care acgia sunt deversa[14].

in conformitate cu valorile standard existente friNativ, cantiitile de azoti au
incadrat apa lacului Tn categorigillV de calitate (Fig. 7).

Valorile de nitra inregistrate, au incadrat apa lacului din toatgusile, in categoria a
ll-a de calitate (Fig. 8), ceea ce indliprezema unor concentti uniforme n toa masa
apei, indiferent de adancime.

Comparativ cu valorile existente in Normativ, apeului s-a incadrat in categoriile
Il si IV la indicatorul amoniu, concentite acestuia fiind destul de ridicate (Fig. 9).e5t
fapt indic prezema unei activiiti denitrificatoare intense in td@amasa apei lacului.
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Statistic, am uririt corelgia intre densittile numerice ale bacteriilor implicate Tn
circuitul azotuluisi valorile indicatorilor chimici din regimul de agoin perioada 2002-
2003. Calculul coeficientului de coréka(r) s-a efectuat cu ajutorul programului de aper
Microsoft Excel.

Coeficienii de corelaie si semnificaia lor fac posibi intelegerea mult mai exaca
varigiilor distributiei grupelor de bacterii investigate, fuiecde proprieitile chimice ale
apei lacului. Rezultatele analizelor de catielasunt prezentate in Tabelul 1. Tn vederea
realizirii acestor coreldi, am fost folosite datele puse la disp@zde speciadtii din cadrul
Laboratorului de Analize Fizico-Chimice din cadrutétiei Apelor Some-Tisa Clu;.

Densititile numerice Tnregistrate pentru bacteriile ameatbare, Tn perioada 2002-
2003, s-au corelat pozitiv cu valorile azotului evial totalsi cu bacteriile denitrificatoare.
Nitritbacteriile s-au corelat pozitiv cu nitratbatie si cu bacteriile denitrificatoare (Fig. 10).
Nitratbacteriile s-au corelat pozitiv cu indicait@zotai si amoniusi cu bacteriile denitrificatoare.
Bacteriile denitrificatoare s-au corelat negatitatiindicatorii chimici din regimul de azot.
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Tabel 1

Corelatia statistica intre propriet atile chimicesi microbiologice
in apa lacului de acumulare Gifiu in perioada 2002-2003

BAM  NITRITB NITRATB BDN AZOTITI AZOTATI AMONIU N min. total

BAM 1

NITRITB -0.7508 1

NITRATB  -0.8726 0.8915 1

BDN 0.2826  0.1944 0.1954 1

AZOTITI -0.2022  -0.3197 -0.0682  -0.5446 1

AZOTATI  -0.4104 -0.0830 0.2413  -0.3012 0.9210 1

AMONIU -0.4422 -0.0798 0.3591 -0.1839 0.5219 0.6463 1

N min. total  0.2208  -0.3779 -0.1339  -0.0180 0.4498 0.3568 0.5609 1

in apa lacului GHu s-a observat o flucttia evideri a densittii numerice bacteriene pe
grupe fiziologice, in perioada 2002-2003. Acesteayiain structurasi activitatea comunitii
heterotrofe de bacterii din circuitul azotului sfaedus pe fondul osctidor hidro-chimice
caracteristice perioadei investigate.

Materia organig este un factor cheie care deteristructurasi activitatea comunttilor
bacteriene heterotrofe. Aceste microorganisme capabile & hidrolizeze un spectru foarte
larg de compsi organici existeti in apa lacului. In anea de descompunere microliian
substarelor organice, importaihiu este concentia globak a unui substrat, ci disponibilitatea
lui imediat pentru a fi utilizat deatre microorganisme.

Nutrientii (azotgii si fosfatii) proventi din surse alohtone, reprezentate de emdleu
de ape uzate, contribuie indirect lagteeea bugetului local de materie organdwtohtoi
(de natui fitoplanctoni@).

Variatia factorilor chimici ai apei lacului au imprimatagiculariéiti temporale
populdiilor bacteriene din circuitul azotului. Osgille sezonierssi periodice ale poputalor
bacteriene, ca rezultat al influenproceselor naturale cicligea compyilor proventi din
alte surse (afluen deverdri de ape uzate), afiati apa lacului este un mediu foarte complex
heterogen in care, factorii abioticiatiri de cei biotici dgn un rol important Tn controlul
proceselor biodegradative microbiene.
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Fig. 10.Reprezentarea coeficiglor de corelaie (r) din apa lacului Gidu

Concluzii. 1. Este evidegto cragtere a denditii numerice a bacterillor amonificatoare
toamna, In senile de adancime ale apgiin sediment In zonele periferigela coada
lacului fungie de accesibilitatea la materialul organic azofsseste crgteri s-ar putea
datora acumdtii de material detritic de provenignvegetai sau animal (sau poluatilor
organici rezultd din deverdri). Acest fapt este ilustrgt de concentrgile mari de amoniu
din apa lacului.

2. Crateri mai semnificative ale bacteriilor nitrificat@a(nitrit- si nitrat-bacterii) s-
au observat mai ales prinarasi vara, valori maxime nregistrandu-se intgetle de la
suprafaa apeki in sediment.

3. Procesul de denitrificare a avut o evigllsezoniet, cu maxime varai toamna.
Bacteriile denitrificatoare fiind anaerobe, au éhatate mai intens la nivelul bentosului.
Concentrdile ridicate de amoniu din apa lacului indlicrezera unei activiti denitrificatoare
intense Tn toatmasa apei lacului.

4. Analizele de coretee dintre proprieitile chimice si microbiologice din apa
lacului au confirmat & factorii abiotici deéin un rol important in controlul proceselor
biodegradative microbiene.

BIBLIOGRAFIE

1. Ailiesei O, Jap a, MMicrobiological characteristics of the Vaduri darake in the
natural conditions and under the influence of salidoaquaculture “An. Sti. Univ. Al.l.Cuza
lagi”, 41(11), 1995, 97-104.

2. Ailiesei,O,Nimtan,E.,Japa,F., Dunc aEtology of some bacterial populations in the
Serbinesti dam lake ,,An. Sti. Univ. All.Cuza Igi”, 44 (11), 1998, 163-175.

117



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

118

M. C. CURTICAPEAN, M. DRAGAN-BULARDA

Awadallah, R.M,Soltan, M.E,Sbab M.S.A, Moalla, S. M. NBacterial
removal of nitrate, nitrite and sulphate in wastéeva,Wat. Res’, 32 (10), 1998, 3080-3084.

B urian, P.,Lacul de acumulare- analiza biologic Edit. Universiitii de Mediciri si
Farmacie, University Press, Targu-Myr2002, 13-16, 117.
Caron,D.A,Goldman,J.C., DenneM. R.,,Experimental demonstration of the roles
of bacteria and bacterivorous protozoa in planktaririent cycles,Hydrobiologia”, 1988,159,
27-40.

C us a, V., Instrugiuni metodologice pentru analiza microbiologi@ sedimentelor din
ecosistemele acvatichst. Cercet. Ing. Mediului, Bucugté 4, 1996, 14-20.
Dragan-Bularda, MMicrobiologie general- lucrari practice, Univ. Babg-Bolyai,
Cluj-Napoca, 2000, 153-158.

Feray, C,Montuell e BGompetition between two nitrite-oxidizing bacterial
populations: a model for studying the impact of twamter treatment plant discharge on
nitrification in sediment,FEMS Microb. Ecol’, 42, 2002, 15-23.

Gelda, R K,Brooks, C.M,Effer, W, Auer, M T.Interannual variations in
nitrification in a hypereutrophic urban lake: oceences and implicationgWat. Res’, 34 (4),
2000, 1107-1118.

Herlea V,Lazar,V,Canja D,Ciolac—-Russu RopescuV,
Caracterizarea unor aspecte ale divedgit microbiotei raului Prahova, cu implige in
biodegradarea poluaiior deversai, ,An. Univ. Bucursti”’, 44, 1995, 77-88.
Japa,F,Ailiesei Ohe quantitative distribution of the main ecophiiccal groups of
bacteria involved in the biogenic elements cyatenfithe Siriu lake,An. Sti. Univ. All.Cuza
lasi”, 45(1l), 1999, 161-166.

Nicolescu, CMicrobiologia apeisi a produselor acvaticeEdit. ,Cetatea de Scaun”,
Targovite, 2002, 171-271.
Schmidt|l,Sliekers, O, SchmM,Cirpus,l,Strous,M.,Bock, Kuenen,
J. G.,Jetten, M. S. MAerobic and anaerobic ammonia oxidizing bacteriapetitors or
natural patners,FEMS Microb. Ecol.”,39(3), 2002, 175-181.

Schmidt |l,Sliekers, O,SchmW,Bock E.,Fuerst, J,KuenemlJletten,
M. S. M., Strous, MNew concepts for the microbial treatment processeshe nitrogen
removal in wastewate,FEMS Microb. Rev.”,27(4), 2003, 481-492.
Stief,P.,,Schramm,A.,,Altmann, ®e B e er, DTemporal variation of nitrification
rates in experimental freshwater sediments enrichiéd ammonia or nitrite, FEMS Microb.
Ecol.”, 46(1), 2003, 63-71.

Strong,D.T.,,Fillery, Il R. Penitrification response to nitrate concentrationsandy
sails, ,Soil Biol.and Biochent, 34(7), 2002, 945-954.

S er b an, G.lacurile de acumulare din bazinul superior al Sguiei Mic (partea 1) ,Stud.
Univ. Babe-Bolyai, Geographia”, Cluj-Napocd3 (2), 1999, 10-19.

Verrhiest, G.J.,Cortes,S,Clémt B.,Montuelle, BChemical and bacterial
changes during laboratory conditioning of formuldtand natural sedimentsChemosphere”,
46, 2002, 961-974.

Z arne a, GTratat de microbiologie general Vol.ll, Edit. Academiei RSR, Bucugt, 1984,
31, 241.

*** Normativul privind obiectivele de referinpentru clasificarea calittii apelor de suprafsi,
Monitorul Oficial al Roméaniei, Partea |, Nr. 197003.

*** Regulamente de exploatare a lacurjl@iregia Apelor Someg Tisa, Cluj, 2002.



STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, L, 1, 2005

ENZYMATIC ACTIVITIES IN A BROWN LUVIC SOIL

ALINA DORA SAMUEL *, MIHAI DR AGAN-BULARDA ?,
CORNEL DOMU TA?®

SUMMARY. — Actual and potential dehydrogenase, catalase, amidalkaline phosphatase
activities were determined in the 0-20-, 20—40- 48d60-cm layers of a brown luvic soil
submitted to a complex tillage (no-till and convenal tillage), crop rotation (2- and 6-crop
rotation) and fertilization {mineral(NP) fertilizimn and farmyard-manuring} experiment.
Each activity decreased with increasing samplingtideNo-till — in comparison with
conventional tillage — resulted in significanthygher soil enzymatic activities in the 0-20-
cm layer and in significantly lower activities imet deeper layers.

The soil under maize or wheat was more enzyme-@dtivthe 6- than in the 2-crop
rotation. In the 2-crop rotation, higher enzymaiitivities were recorded under wheat than
under maize. Farmyard-manuring of maize — in cormmamwith its mineral (NP) fertilization —
led to a significant increase in each activity. Témzymatic indicators of soil quality
calculated from the values of enzymatic activitietermined in the plots of the 6-crop
rotation showed the order> farmyard-manured maizeirrerally fertilized (m.f. wheat) >
m. f. maize (plot 6) > m.f. soybean > m.f. maiz®{(8) > m.f. oats-clover.

The degradation of plant and animal matter, i.e.rtdease and binding of nutrients
and trase elements, is one of the most importawtifuins of soil organisms. The microorganisms
are important for the enzymatic degradation ofctraplex organic substances to nutrients and
for the release of nutrients and trace elements fne mineral soil fraction [1, 8].

Soil microorganisms, the living component of thdl,sasually occupy less than
1% of the soil volume, while their number and efficy are very high. The number and
activity of soil microorganisms are dependent ampbrowth, soil type, soil treatment, soil
cultivation as when as on the macro- and microdknad each location [9].

In continuation of our investigations [6, 7], dugiwhich in October 1997, now we
report on the determination of dehydrogenase, asd¢abnd phosphatase activities in a
brown luvic soil submitted to a complex tillagepprotation and fertilization experiment at
the Agricultural Research Station in Oradea / Bitmunty.

Material and methods. The ploughed layer of the studied soil is of melloam
texture, it has a pH value of 5.5, medium humu32%) and P (22 ppm) contents, but it is
rich in K (83 ppm).

The experiment started in 1992. The experimentatl faelcupying 3.84 ha was
divided into plots and subplots for comparativedgtwf no-till and conventional tillage,
rotations of 2 and 6 crops, and mineral (NP) fieettion and farmyard-manuring.
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Each plot consisted of two subplots representing ribeill and conventional
tillage variants. The plots were annually NP-fesélil at rated of 120 kg of N/ha and 90 kg
of P/ha, excepting, in each year, a maize ploth@n6-crop rotation) which received farmyard
manure (50 t/ha) instead of mineral fertilizerseTlots (and subplots) were installed in
three repetitions.

In October 2004, soil was sampled from all subpl&tampling depths were 0-20-,
20-40- and 40-60-cm. The soil samples were allowedirtdry, then ground and passed
through a 2-mm sieve and, finally, used for enzymgichl analyses. Five enzymatic activities
(actual and potential dehydrogenase, catalaseaadidlkaline phosphatase (were determined
according to the methods described in [2,4]. Debgdnase activities are expressed in mg
of triphenylformazan (TPF) produced (from 2,3,5pftenyltetrazolium chloride, TTC) by
10 g of soil in 24 hours, whereas catalase actigityecorded as mg of B, decomposed
by 1 g of soil in 1 hour. Phosphatase activitieseapressed in mg phenol/ g soil/ 2 hours. The
enzymatic activities values were submitted tostiedil evaluation by the two-way-t-test [5].

Results and discussion
Results of the enzymological analyses are. predant&able 1, and those of the
statistical evaluation are summarised in Table 2.

Table 1
The effects of soil management practices on enzyn@gctivities in a brown luvic soil
Soil Soll Rotation of 2-crops** Rotation of 6-crops
enzymatic depth ~ Wheat Maize Soybean  Oats-clover Maize Wheat Maize Maize
activity*  (cm) (FYMy***

N.t. Ct Nt Ct Nt Ct Nt Ct Nt Ct N. Cit. Nt Ct Nt Cit
ADA 0-20 6.40 518 7.14 6.62 6.18 518 6.76 5.18247.6.92 6.66 554 754 702 7.18 6.78
20-40 454 488 532 552 336 420 266 350 58345 3.08 492 566 584 494 531
40-60 1.84 194 166 226 196 205 176 196 1ab4 184 196 1.78 210 126 224
PDA 0-20 21.980.92 20.50 19.12 25.96 29.24 22.88 24.00 26.2402R3.74 22.54 27.62 22.04 24.98 19.74
20-40 15.1815.96 14.50 16.52 17.36 18.62 13.36 14.56 16.4421715.26 16.68 17.18 18.28 14.42 15.21
4060 3.24 392 421 452 6.76 7.00 538 6.26 43®6 144 584 550 6.34 528 5.60
CA 0-20 193 160 180 173 180 170 174 1.63 1.883 206 1.73 223 200 220 294
20-40 140 148 113 128 132 143 119 125 1236 132 153 160 166 156 1.63
4060 0.69 1.00 0.74 093 0.76 0.86 1.05 1.08 08®%1 0.73 1.09 094 104 093 0.97
AcPA 0-20 0.2630.206 0.221 0.200 0.352 0.328 0.323 0.308 0.28@60.2.336 0.316 0.304 0.296 0.290 0.278
20-40 0.1660.239 0.192 0.196 0.184 0.222 0.161 0.181 0.1530.0.209 0.221 0.178 0.207 0.182 0.190
40-60 0.0500.081 0.044 0.079 0.080 0.085 0.053 0.077 0.06420.0.082 0.095 0.052 0.064 0.055 0.064
AkPA  0-20 0.2020.194 0.258 0.173 0.258 0.213 0.244 0.232 0.24®50.0.268 0.241 0.314 0.250 0.263 0.243
20-40 0.1360.165 0.118 0.157 0.156 0.179 0.149 0.181 0.14630.0.178 0.208 0.201 0.205 0.155 0.168
40-60 0.0500.081 0.044 0.079 0.080 0.085 0.053 0.077 0.06420.0.082 0.095 0.052 0.064 0.055 0.064

* ADA — Actual dehydrogenase activity ** N.t.No-till.
PDA — Potential dehydrogenase activity C.tongntional tillage.
CA — Catalase activity *** (FYM) — (farmyard- anured)

AcPA — Acid phosphatase activity
AlkPA — Alkaline phosphatase activity

Variation of soil enzymatic activities in dependene of sampling depth

It is evident from Table 1 that each activity dessghwith sampling depth in both
subplots under all crops of both rotations. In &ddj Table 2 shows that the mean values
of each of the five activities in both non-tilleschda conventionally tilled subplots also
decreased with increasing soil depth.
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Table 2
Significance of the differences between enyzmatictvities in a brown luvic soll
submitted to different management practices

Management practices Soil enzymaticSoll Mean activity values in Significance of
activity* depth management practices the differences
1 2 3 4 5 6 7
No-till (a) versus conventional ADA 0-20 6.89 6.05 0.84 0.002>p>0.001
tillage (b) 20-40 4.34 4.95 -0.61 0.02>p>0.01
40-60 1.69 2.01 -0.32 0.05>p>0.02
PDA 0-20 24.24 22.44 1.80 0.01>p>0.002
20-40 15.46 16.67 -1.21 0.0001>p
40-60  4.95 557 -0.62 0.01>p>0.002
CA 0-20 1.95 1.78 0.17 0.01>p>0.002
20-40 1.35 1.45 -0.10 0.001>p>0.0001
40-60 0.84 1.00 -0.16 0.01>p>0.002
AcPA 0-20 0.296 0.272 0.024 0.002>p>0.001

20-40 0.178 0.202 -0.024  0.02>p>0.01
40-60 0.128 0.148 -0.020 0.01>p>0.002
AlkPA 0-20 0.256 0.218 0.038 0.01>p>0.002
20-40 0.155 0.178 -0.23 0.001>p>0.0001
40-60  0.060 0.080 -0.020  0.001>p>0.0001
The same crop in the two rotations

Wheat in 2-crop rotation (a) versusDA 0-60 4.13 4.00 0.13 p>0.10

wheat in 6-crop rotation (b) PDA 13.53 14.75 -1.22 0.01>p>0.002
CA 1.35 141 -0.06 0.01>p>0.002
AcPA 0.194 0.227 -0.033 0.10>p>0.05
AlKPA 0.138 0.179 -0.041 0.002>p>0.001

Maize in 2-crop rotation (a) versudDA 0-60 4.75 4.62 0.13 0.05>p>0.02

maize in 6-crop rotation (b)** PDA 13.23 15.32 -2.09 0.05>p>0.02
CA 1.27 1.37 -0.10 0.001>p>0.0001
AcPA 0.177 0.185 -0.008 0.01>p>0.002
AlKPA 0.138 0.150 -0.12 0.0001>p

Different crops in the same rotation

2-crop rotation Wheat (a) versus ADA 0-60 3.82 3.64 0.18 0.05>p>0.02

maize (b) PDA 17.49 15.32 2.17 0.10>p>0.05
CA 1.31 1.37 -0.06 0.002>p>0.001
AcPA 0.219 0.185 0.034 0.01>p>0.002
AlKPA 0.162 0.150 0.012 p>0.10

6-crop rotation Soybean (a) versusDA 0-60 3.82 3.64 0.18 0.05>p>0.02

oats-clover(b) PDA 17.49 14.41 3.08 0.01>p>0.002
CA 1.31 1.32 -0.01 0.01>p>0.002
AcPA 0.219 0.208 0.011 0.001>p>0.0001
AlkPA 0.162 0.156 0.006 0.002>p>0.001

Soybean (a) versus maize (plot ADA 0-60 3.82 4.62 -0.080 0.01>p>0.002

3)(b) PDA 17.49 15.32 2.17 0.10>p>0.05
CA 1.31 1.37 -0.06 0.002>p>0.001
AcPA 0.219 0.185 0.034 0.01>p>0.002
AlKPA 0.162 0.150 0.012 p>0.10

Soybean (a) versus wheat (b) ADA 0-60 3.82 4.00 -0.18 0.02>p>0.01
PDA 17.49 14.75 2.74 0.02>p>0.01
CA 1.31 141 -0.10 0.10>p>0.05
AcPA 0.219 0.227 -0.008 0.05>p>0.02
AIKPA 0.162 0.179 -0.017 0.01>p>0.002
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Table 2 (continued)

Soybean (a) versus maize ADA
(FYM)*** PDA
CA
AcPA
AlkPA
Soybean (a) versus maize (plot 6ADA
(b) PDA
CA
AcCPA
AlKPA
Oats-clover (a) versus maize (ploADA
3) (b) PDA
CA
AcPA
AlkPA
Oats-clover (a) versus wheat (b) ADA
PDA
CA
AcPA
AlKPA
Oats-clover (a) versus maize  ADA
(FYM) (b) PDA
CA
AcPA
AIKPA
Oats-clover (a) versus maize (ploADA
6) (b) PDA
CA
AcPA
AlkPA
Maize (plot 3) (a) versus wheat (ADA
PDA
CA
AcPA
AlkPA
Maize (plot 3) (a) versus maize ADA
(FYM) (b) PDA
CA
AcPA
AlKPA
Maize (plot 3) versus maize (plot 6ADA
(b) PDA
CA
AcPA
AlkPA
ADA
Wheat (a) versus maize (FYM) (DA
CA
AcCPA
AlKPA
ADA
Wheat (a) versus maize (plot 6) (EDA
CA
AcPA
AlKPA
ADA
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0-60

0-60

0-60

0-60

0-60

0-60

0-60

0-60

0-60

0-60

0-60

0-60

3.82
17.49
131
0.219
0.162
3.82
17.49
131
0.219
0.162
3.64
14.41
1.32
0.208
0.156
3.64
14.41
1.32
0.208
0.156
3.64
14.41
1.32
0.208
0.156
3.64
14.41
1.32
0.208
0.156
4.62
15.32
1.37
0.185
0.150
4.62
15.32
1.37
0.185
0.150
4.62
15.32
1.37
0.185
0.150
4.00
14.75
1.41
0.227
0.179
4.00
14.75
1.41
0.227
0.179
4.99

4.99
16.16
1.58
0.218
0.181
4.61
14.21
1.54
0.206
0.158
4.62
15.32
1.37
0.185
0.150
4.00
14.75
1.41
0.227
0.179
4.99
16.16
1.58
0.218
0.181
4.61
14.21
154
0.206
0.158
4.00
14.75
1.41
0.227
0.179
4.99
16.16
1.58
0.218
0.181
4.61
14.21
154
0.206
0.158
4.99
16.16
1.58
0.218
0.181
4.61
14.21
1.54
0.206
0.158
4.61

-1.17
1.33
-0.27
0.001
-0.019
-0.79
3.28
-0.23
0.13
0.004
-0.98
-0.91
-0.05
0.023
0.006
-0.36
-0.34
-0.09
-0.019
-0.023
-1.35
-1.75
-0.26
-0.010
-0.025
-0.97
0.20
-0.22
0.002
-0.002
0.62
0.57
0.04
-0.042
-0.029
-0.37
-0.84
-0.21
-0.033
-0.031
0.61
0.54
-0.13
0.021
0.021
-0.99
-1.41
-0.17
0.009
-0.002
0.61
0.54
-0.13
0.021
0.021
0.38

0.05>p>0.02
p>0.10
0.001>p>0.0001
0.01>p>0.002
0.001>p>0.0001
0.01>p>0.002
0.10>p>0.05
0.01>p>0.002
0.01>p>0.002
0.02>p>0.01
0.05>p>0.02
0.01>p>0.002
0.01>p>0.002
0.10>p>0.05
0.05>p>0.02
p>0.10
0.01>p>0.002
0.02>p>0.01
0.05>p>0.02
0.0001>p
0.05>p>0.02
0.05>p>0.02
0.01>p>0.002
0.001>p>0.0001
0.05>p>0.02
0.05>p>0.02
0.10>p>0.05
0.01>p>0.002
0.002>p>0.001
0.002>p>0.001
0.05>p>0.02
0.05>p>0.02
0.01>p>0.002
0.02>p>0.01
0.01>p>0.002
0.01>p>0.002
0.01>p>0.002
0.01>p>0.002
0.01>p>0.0001
0.01>p>0.002
0.05>p>0.02
0.02>p>0.01

0.001>p>0.0001
0.01>p>0.002
0.02>p>0.01
0.05>p>0.02
0.05>p>0.02
0.01>p>0.002
0.01>p>0.002
0.02>p>0.01
0.05>p>0.02
0.02>p>0.01
0.001>p>0.0001
0.01>p>0.002
0.02>p>0.01
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Table 2 (continued)

Maize (FYM) (a) versus maize PDA 16.16 14.21 1.95 0.01>p>0.002
(plot 6) (b) CA 1.58 1.54 0.04 0.01>p>0.002
AcPA 0.218 0.206 0.012 0.01>p>0.002
AlkPA 0.181 0.158 0.023 0.01>p>0.002

* ADA — Actual dehydrogenase activity.
PDA - Potential dehydrogenase activity.
CA — Catalase activity.

AcPA — Acid phosphatase activity.
AIKPA — Alkaline phosphatase activity.
** Maize (plot 3).
*** (FYM) — (farmyard-manured).

The effect of tillage practices on the enzymatic &wities in soil

Each of the five enzymatic activities determined wigmificantly higher (at least
at p < 0.01) in the upper (0-20-cm) layer of the-tited subplots. The reverse was true in
the deeper (20-40- and 40-60-cm) layers. Thesenfisdare valid for subplots under each
crop of both rotations.

The effect of crop rotations on the enzymatic actities in soil

For evaluation of this effect, the results obtaiirethe three soil layers analysed in
the two subplots of each plot were considered twget

The soil enzymological effect of the same crop ih¢ two rotations

As wheat and maize were crops in both rotationsag possible to compare the soil
enzymological effect of the 2- and 6-crop rotatiomke soil under both plants was more
enzyme-active in the 6- than in the 2-crop rotatlarthe soil under wheat, the activities were
significantly higher (at least at p < 0.01) in #ethan in the 2-crop rotation, excepting acid
phosphatase activity which was only unsignificahityher (p>0.05) and actual dehydrogenase
activity which was higher in the 2-crop rotation.the soil under maize, the difference between
the two crop rotations was significant (at leagb<®.05) while actual dehydrogenase activity
was higher in the 2-crop rotation.

The soil enzymological effect of different crops inhe same rotation

The 2-crop rotation. Each enzymatic activity measumettie wheat soil exceeded
significantly (p<0.01) the corresponding activigcorded in the maize soil, excepting alkaline
phosphatase activity, which was the same undebditie crops and actual dehydrogenase
which was significantly higher (p<0.02) under maizan under wheat.

The 6-crop rotation. Significant (p<0.05 to p<0.0@hd unsignificant (p>0.05 to
p>0.10) differences were registered in the soilyaratic activities depending on the kind
of enzymatic activity and the nature of crop. Basedthese differences the following
decreasing orders of the enzymatic activities cbel@stablished in the soil of the six plots:

» actual dehydrogenase activity: maize (FYM) > mduiet 3) ~ maize (plot 6) >
wheat > soybean > oats-clover;
» potential dehydrogenase activity: soybean > madx@) > maize (plot 3) > wheat >
oats-clover> maize (plot 6);
» catalase activity: maize (FYM) > maize (plot 6) hemat > maize (plot 3) > oats-
clover > soybean;
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» acid phosphatase activity> wheat > soybean > m&Y¥&1) > oats-clover > maize
(plot 6) > maize (plot 3);

» alkaline phosphatase activity: maize (FYM) > wheabybean > maize (plot 6) >
oats-clover > maize (plot 3).

It is evident from these orders that each of the @bts presented either a
maximum or a minimum value of the five enzymatitiaties. Consequently, these orders
do not make it possible to establish such an endgrhéerarchy of the plots which takes
into account each activity for each plot. For elisaing such as a hierarchy, we have
applied the method suggested in [3]. The resultsiodéd (Table 3) show that in the
hierarchy of the six plots, position 1 is occupieg the farmyard-manured maize plot,
followed by the minerally fertlised cereal (wheatlanaize) plots, while the last positions
are occupied by the minerally fertilized legumeyfsman, oats and clover) plots.

Table 3
Enzymatic indicators of soil quality in plots of the 6-crop rotation

Position  Plot Enzymatic indicator of soil quality

1 Farmyard-manured maize 0.488

2 Minerally fertilized (M.f.) wheat 0.452

3 M.f. maize (plot 6) 0.449

4 M.f. soybean 0.445

5 M.f. maize (plot 3) 0.431

6 M.f. oats-clover 0.416

The effect of fertilization on the enzymatic activiies in soil

The three maize plots in the 6-crop rotation cdiddserve for comparing the effect of
mineral (NP) fertilization (plot 3 and 6) and farangi-manuring (plot 2). One can see from
Table 1that the enzymatic activities were alwaghéi in the 0—20 cm layer and were generally
higher in the 20—40 and 40-60 cm layers of theyardimanured subplots in comparison with
the subplots that had received mineral (NP) feetif. When the three soil layers were
considered together (Table 2), each of the fivgmatic activities was found to be significantly
higher (at least at p<0.05) in the farmyard-manpietithan in the minerally fertilized plots.

Conclusions.l. The soil enzymatic activities decreased with indrepsampling
depth.

2. No-till — in comparison with conventionally tillage resulted in higher
enzymatic activities in the 0—20 cm layer and iwvdo activities in the 20—40 and 40-60 cm
soil layer under each crop of both rotations.

3. The 6-crop rotation — as compared to the 2-cropticota- led, in general to
higher enzymatic activities in the soil layers unai@ize or wheat.

4. In the 2-crop rotation, the soil layers under wheate more enzyme-active
than those under maize.

5. Farmyard-manuring — in comparison with mineral (fé#jilization — proved to be
more efficient in increasing enzymatic activitiesoil layers under maize in the 6-crop rotation.
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6. The enzymatic indicators of soil quality calculafemn the values of enzymatic
activities determined in the plots of the 6-crogation showed the order: farmyard-
manured maize > minerally feertilised (m.f.) wheain.f. maize (plot 6) > m.f. soybean >
m.f. maize (plot 3) > m.f. oats-clover.
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