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MECANISME GENETICE IMPLICATE IN DIVERSITATEA
LINGVISTICA

MANUELA DORDEA * si NICOLAE COMAN ~

SUMMARY. - Genetic Mechanisms Involved in the Linguistic Divesity.
The paper is a short review of genetic mechanigmslved in linguistic
differentiation. FOXP2 is the first gene relevant to the human ability to
develop language. Due to the polymorphism of nuileopatterns, it is
suggested that gerfefOXP2 could be the target of selection during recent
human evolution. Several studies support the hygsihof a co-evolution of
human polymorphism and linguistic differentiatidn.this process, migration
and isolation are the most important factors inedlvDifferences in migration
patterns of ancient people suggest that, on thg lemm, language was
paternally transmitted. A strong correlation betwéiaguistic and biological
diversity is also emphasised. The continuous lédgguistic and biological
diversity can have important consequences for hitgnan

O trasatura specifié omului —Homo sapiens sapierscare-I deosebte de
restul speciilor animale, este capacitatea sa uhengicare prin limbaj. Particulaiiile
socialesi ecologice, Tn care s-au dezvoltat diferitele gmipumane in decursul
timpului, au dus la moduri diferite de definiretdiegeresi interpretare a lumii
Tnconjuitoare pe calea limbajului. Rezultatul acestor peammplexgi dinamice a
condus la diversificarea limbilor vorbitg, implicit, la diversificarea cultural in
societatea uman

Dezvoltarea limbajului articulat se baz&g@e un control fin al furtnarii
laringeluisi cavititii bucale, inexistent la cimpanzei sau alte primate

Recent s-a descoperit prima gierspunztoare de capacitatea vorbirii articulate
la om, gendOXP2[1]. Aceasl geri, existertt la toate mamiferele, a suferit in cursul
evoluiei o serie de muti, care au condus in linia uniala apatia limbajului articulat.

Se presupuneianodificirile acestei gene s-ar fi produs cu 200.000 de ani
in urma, aproximativ in acegaperioadi Tn care a afrut si omul modern.

Enard si colab. [5] au determinat secyangeneiFOXP2 la soarecesi la
diferite specii de primate — cimpanzeu, gorilrangutarsi maimua Rhesus -si au
comparat-o cu secvengenei la om. De asemenea, s-a invesiigatiaia intraspecifié
a acestei gene la om.

GenaFOXP2 localizat pe cromozomul 7931, codifim proteird cu 715
aminoacizisi se asea#imi cu alte gene reglatoare implicate in dezvoltanerimnad.
Gena apaine unei clase de factori de transcriere. Proteadlificat cortine o regiune

" Babg-Bolyai University, Department of Ecology and G400 Cluj-Napoca, Romania.
E-mail: ncoman@bioge.ubbcluj.ro
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bogat in glutamir, format din 2 fragmentadiacente de poliglutaniincodificate de
un grup de codoni repetitivi CAG CAA. Sestie ci asemenea codoni repetitivi au
o raé mutgionak ridicati, ceea ce a presupus gena ar fi putut constituinta
agiunii selegiei in cursul evoltiei recente a liniei umane.

De acum 70 milioane de ani, cand s-a realizatraega liniei umane de
cea asoarecilor (Fig. 1), s-au produs 3 modificin secvera proteid, dow dintre
acestea pe linia fileticumari, dup separarea de cimpanzei, cu circa 6 milioane de
ani in urna [5]. Aceste modifidri in secvera de aminoacizi, rezultatul a 2 substitu
in genaFOXP2 au conferit probabil un avantaj selectiv homitodepurtitoare,
deoarece au permis anumitesairi facialesi ale cavititii bucale, esegiale pentru
vorbirea articulat.

o2 [ Om
07 : .
0/2 e 0/5  Cimpanzeu
Ga.  T.T T
1/2 s (G OT1] Y
r =={_J= Urangutan
0/5
| b M aimu 32 Rhesus

1/131 _
L———:]———————— oarece

Fig. 1.Schema arborelui filogenetic al hominidelorfae primatesi rozatoare [5]. Barele
indica distana genetig& exprima# prin modificiri de nucleotide.

Ipoteza a fost confirm@tcu ajutorul testului statistic Tajima, care estizie
importanta presiunii de selgie asupra unei anumite gene in cursul ej@aily2].
Indivizii cu modificari ale geneFFOXP2au dificultiti de exprimarei receptare de
limba, datorit tulburarilor in secvera micarilor fine orofaciale [18].

Enardsi colab [5] au estimagi perioada probakilin care aceastgeri
responsabdl pentru vorbirea articulats-a putut "fixa" in populéa uman, adic
atunci cand ambele substitis-au transmis la toindivizii. Cu o probabilitate de
95%, autorii aprecidzca aceast geri s-a putut &spandi in intreaga poptik
umari nu mai devreme decéat acum 120.000 ani.

Desigur este prematui se afirme cu certitudingimumai gend&OXP2ar
fi raspunztoare de apatia limbajului articulatsi a limbilor vorbite. Ea este Tasu
certitudine una dintre ele.

Odat apiruta, limba vorbit s-a diversificat in paralel cu difengrea
geneti@ (polimorfismul) populdei umane, ca rezultat al unei co-eud|un care
migratia si, respectiv, izolarea a avut un rol fiéitor.
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O serie de studii de genetipopulaionak susin aceast ipotez, pornind
de la premisaxdaa schimbul de indivizi intre popuig respectiv fluxul genic,
era redus, atunci difergarea genetica populdilor care vorbeau limbi diferite se
accentueag comparativ cu a celor care vorbeau agideaba.

Dupanloup de Ceunincki colab. [4] au elaborat o metbariginak
care 4 stabileast dac barierele lingvistice corespund barierelor gemetiintre
populaii. Metoda s-a bazat pe compararea digian genetice dintre popuide
apatinand aceluigi grup lingvisticsi a populailor situate de o partgi de alta a
grupului lingvistic evaluat. Folosind programAMOVA de analiz moleculad a
variartei, s-a investigat dacdistribuia frecvenelor genice ale diferitelor grupuri
lingvistice luate in studiu diférunele de altele. Metoda s-a aplicat popilda
afro-asiaticei indo-europene, care sunt bine caracterizaterparkeri genetici clasici
si markeri moleculari. Rezultatele lor confiimpoteza sincronirii geneticesi
lingvistice a celor 2 popufiaumane.

Tn prezent, studiile de analigenomid sunt tot mai mult utilizate n explicarea
unor probleme demografice, a migea populaiilor ancestralesi a diferenierii lor
geneticssi lingvistice. Asemenea analize se baZgaz studiul genomului mitocondrial
(ADNm}, cu transmitere strict mateirgi a cromozomului sexual Y, cu transmitere
strict patera.

Asa cum reiese din Fig. ADNmtare o variabilitate medie foarte mare intre
indivizii aceleigi populaii (=85%). Dad se compar diversele popula ale aceluiai
continent, variabilitateADNmtnu este mai mare de 6%, iar intre pojildadiferitelor
continente de 9-13% [15]. Variantele cromozomigunt mult mai bine localizate
geografic, comparativ cu alele®®DN-ui mitocondrial sau markerii autosomali,
variabilitatea medie fiind de 36%. Mai mult de jitate din aceastvariabilitate se
datoreaz deosebirilor dintre populidle apatinand la diferite continente.

Diferenta de variabilitate genefiar putea fi explicét prin rata mai mare de
deplasare, pe distgnscurte, a femeilor (femeia urmangsoul), care in decursul a
sute de genetiaa condus la acumularea varialifit ADNmtobservat in prezent.

Asa cum am meafonat anterior, analizele de genom pot expticeiile de
migratie ale unor populé ancestrale. Sgtie, de exemplu,&populaiile de kazahi,
uiguri si kirghizi din Asia Centra au locuit de-a lungul drumului &tisii dintre
Europasi Asia, comer foarte infloritor intre anii 200 i.Gsi 400 d.C. Analiza
secverelor deADNmta acestor popufia sugereaz descendaa lor din populgi
care se deplasau intre Eurgpd\sia sau invers, cu peste 2000 de ani Thaurde
asemenea, rezultatele sugedeaz deplasare predominénta femeilor, ceea ce
concord cu organizarea sociaéxistend in regiune (poligamia). Femeilg Tnvatau
copiii limba saului, ceea ce pe termen lung ar putea semnificeasiitere a
limbajului pe linie paterin Astfel variaia geneti@ a cromozomululY, cel puin
patial, evolueaz in paralel cu difergele lingvistice dintre popufié [15, 17], in
timp ce variga ADNmtnu.
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Fig.2. Variabilitatea geneti& umani intra- si interpopulaionala (%) [15].

Livingstone [12] sune & evoluia diversificrii lingvistice nu implia
in mod obligatoriu o limd mai fungionalk sau un avantaj adaptativ pentru
comunititile ce o utilizau, ci ar fi putut rezulta, mai dabf ca urmare a unei
transmiteri imperfecte de linibintre indivizi. Livingstone [12] suse deci, &
diversificarea lingvisti& s-ar fi putut realiza, la fel ga evoluia lumii vii, conform
teoriei neutraliste a lui Kimura (1983), caretdus c evoluia poate & se realizeze
si fara aaiunea selegei. Evoluia neutralisi nu poate fi Ind singura cauz a
diversificarii lingvistice, un rol important avang factorii socialisi geografici.

Ce se irelege prin diversitate lingvisti@

In general, diversitatea lingvisticeste dat de nundrul diferit de limbi
vorbite pe glob.

Ethnologue cel mai complet catalog privind limbile vorbitee gele 5
continente, sugie @& ar exista 6703 limbi (majoritatea orale), din c82% in
Asia, 30% 1n Africa, 19% in Pacific, 15% in Amerige8% n Europa. Statisticile
arat ca 52,1% din limbi se vorbesc in comdiitcu mai puin de 10.000 de
oameni, iar dintre acestea 17,5% - in condiginil mai puin de 1000 de oamegi
8,4% cu mai ptin de 100 (Fig. 3). Limbile vorbite de comumitde pas la 10.000
de oameni totalizedz populaie de circa 8 milioane, ceea de reprezimii puin
de 0,15% din popute totak estimai pe glob (6 miliarde).
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8.4%

17,5%

26.2%

Fig. 3. Procentul de limbi vorbite pe glob de comignitle nairimi diferite (modificat dugi [13]).
1.1 -100 indivizi2. 101 — 1000 indivizi3. 1001 - 10.000 indiviz#4. 10.001 — 100.000 indivizi.
5.100.001 — 1 milion indivizi6. 1 000 001 - 10 milioane indiviZi. > 10 milioane indivizi.

8. numai auxiliar (0,4%).

chineza (16%)

engleza (8%)

restul limbilor

vorbite (51%) spaniola (5%

-
///// i
//////// araba (4%)

hindi (3%)
portugheza (3%)
bengali (3%)

rusa (3%)

franceza (2%)  japoneza (2%)

Fig. 4.Limbi materne cu cei mai muVorbitori: proporsie fagg de populaa globului
(modificat duga [13]).
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Rezult deci, @ cea mai mare diversitate lingvigtise intalngte in comunittile
mici, cu populde indigerd sau minoritat. Din restul de 47,9%, mai i de 300 de
limbi, cum ar fi chineza, engleza, araba, portughéindi, bengali, russi altele,
se vorbesc deatre comuniiti cu peste 1 milion de oameni (Fig. 4), insemnand
peste 5 miliarde de locuitori de pe glob. Mai malteste limbi se vorbesc doar in
catevatiri de pe glob, majoritatea lor fiind "endemice" prertara respecti;, din
care cauz aplicarea unei politici lingvistice fianale este adeseori difigi[13].

Harmon [8] stabilgte o lisk cu 25 detari avand o diversitate mare de
limbi "endemice"” (Tabel 1).

Tabel 1

Primele 25 detari de pe glob, dugi numarul de limbi ,endemice”
Nr. crt. Tara Nunarul limbilor "endemice"

1 Papua Noua Guinee 847

2 Indonezia 655

3 Nigeria 376

4 India 309

5 Australia 261

6 Mexico 230

7 Cameroon 201

8 Brazilia 185

9 Zair 158

10 Filipine 153

11 USA 143

12 Vanuatu 105

13 Tanzania 101

14 Sudan 97

15 Malaezia 92

16 Etiopia 90

17 China 77

18 Peru 75

19 Chad 74

20 Rusia 71

21 Insulele Solomon 69

22 Nepal 68

23 Columbia 55

24 Coasta de Filde 51

25 Canada 47

Limbile vorbite de comuniti mici, cu populae de sub 1000 de oameni, se
afla sub o permaneftameninare de asimilare deatre limba majoritai. Se
apreciaZ ca limbile pe cale de dispaie se cifreaz intre 420 adit 6,3% [6]si 705
—10,8% [7]. Unii cercétori suntsi mai pesimgti, sugindnd & n cursul acestui
secol 90% din limbile vorbite vor disgea sau vor fi pe calé slispai [13].

8
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De altfel, dag urmarim evoluia istorici, sGiderea permanent nunarului
de limbi vorbite este evident Diversitatea lingvisti€ ar fi avut un maxim la
Thceputul neoliticului (acum circa 10.000 de andnd se presupuné se vorbeau
de 2 ori mai multe limbi decéat in prezent [9]. Uibte, depladrile oamenilorsi
expansiunea politic si economid@, chiar Tnaintea perioadelor de colonizaie
formare de imperii, au contribuit la reducerea hitatii lingvistice in diferite frti
ale globului, fie prin eliminarea fizica grupurilor cucerite sau prin asimilare.

Bernard [3] estimedzo reducere cu 15% a néralui de limbi vorbite Tn
prezent faga de secolul XVI, cand a inceput perioada de cobmeizeuropeat)
reducerea fiind mai accentadh Americasi Australia. Din cele 420 de limbi aproape
dispirute [6], 138 se vorbesc Tn Australi®7 Th America, In special in SUA. La fel ca
si in cazul speciilor biologice, majoritatea limivilflate in pericol nu au o documetiea
sau ea este insuficientastfel @ dispariia lor va fi totah si ireversibik.

Se constatin prezent un fenomen denumit de Phillipson [1®jérialism
lingvistic", raspandirea tot mai mult a limbii engleze pe gkbbinvadarea altor
limbi cu termeni de origine englezDupi Kachru [10], vorbitorii de limb englez
ca limka materna, limba oficiala sau limla straina, se cifreaz intre 700 milioansgi
2 miliarde. Numai in Asia, popula vorbitoare de limenglez este de circa 350
milioane [11].

Luénd in considerare faptui evoluia lingvistica s-a realizat in paralel cu
evoluia lumii vii, Harmon [8] a ficut o compandge interesarit intre tarile cu
diversitate foarte mare (privind speciile de verddd, insectgi plante superioare)
conform listei IUCN (International Union for the @servation of Naturegi tarile
cu cele mai numeroase limbi "endemice”. A consttdi0 din 12tari cu diversitate
biologici foarte mare (83%) figureaprintre primele 25 deiri cu limbi "endemice”
numeroase. A constatatexcepii, cum ar fi Papua Noua Guingaya cu diversitatea
lingvistica cea mai mare (847 limbi vorbite), dar cu divetsitaiologi@ redus.

Acest paralelism intre diversitatea biolagig cea lingvisti@ capta tot
mai mult contur, ceea ce impune o abordare lddigiroblemei diverditii. Limba
vorbita are un rol cheie in rela om — natu, fiind forma codificai prin care omul
transmite cunginte legate de mediul in careiigste si evolueas. In acest sens
sunt edificatoare cuvintele lui MUhlh&usler [14Lifé in a particular human
environment is dependent on people’s ability tk &dout it". (Viga intr-un anumit
mediu depinde de capacitatea omului de a vorbirdesesta).

Sciderea contindi a diversidtii lingvistice, culturalesi biologice va avea
fara indoiak consecire serioase asupra umafiitsi a intregii planete.
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ADDITIONAL TAXA WITHIN THE SILICEOUS MICROFLORISTIC
ASSEMBLAGES FROM THE BARAVITA Il QUARRY
(ARAD COUNTY, ROMANIA)

OVIDIU BARBU" and VLAD CODREA’

SUMMARY .- The deposits of the lower tuffaceous-diatomace@mmpéex,
studied on a log from the Bésdta Il quarry, contain a rich assemblage of
siliceous microorganisms including: diatoms, sflagellates, ebridians, sponge
spicules, dinoflagellates, chrysomonadines andofiteg. The aim of this study
was to report the presence of three additional wiiain the associations: one
belonging to ebridiansPodamphorasp.) and the others to dinoflagellates
(Carduifolia gracilisHovasse an€alicipedinium quadripeBumitricd). Two of
these taxaRodamphoraandCarduifolia) were reported a long time ago from the
Zarand Basin, but not from the Bévita site. Therefore, this discovery brings
them to interest again. The third tax@alicipediniun) is a novelty, for both the
Béarzvitall quarry and the whole sedimentary Middle Mioceim#@d Basin.

Due to its specific featurethe Neogene @&and Basin takes a special place
among the "gulf-basins” from the western side & #Apuseni Mountains. A very
peculiar sedimentation took place during the E&dymatiani(e., Volhyniansensu
Suess), when a thick pile of tuffs and diatomitesenaccumulated in this area. The
diatomites are still exploited in a quarry namedzBéatall, located on the left bank of
Barzivita Valley, very close to the Migul de Sus village, Arad county.

The study of the succession cropping out in thiary showed that the
Lower Sarmatian "lower tuffaceous-diatomaceous derip5] lies unconformly
on the older basin’s basement [2]. This one isesgmted by the Permo-Werfenian
belonging to the main component of the Codru Nafpstem, the FigiGarda
Nappe [6]. The Sarmatian includes an approxim&@lyn thick succession, consisting
of lamellar diatomite interbedded with partiallyesed tuffs and lapillistones. The
top of the log corresponds to a flow plate of aitdelava, which preserved against
erosion the softer rocks located below [3].

The study of the samples collected from this s@iteealed a rich assemblage
of siliceous microorganisms including diatoms,csiflagellates, ebridians, sponge
spicules, dinoflagellates, chrysomonadines andatiteg. Within these assemblages,
we found — for the first time in this area — sel¢aaa belonging to ebridians and
dinoflagellates.

" Babg-Bolyai University, Department of Geology, Kiiceanu str.,1, 3400 Cluj-Napoca, Romania.
E-mail: obarbu@bioge.ubbcluj.ro
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Paleontology.

OPALOZOA

Ebriophycea Loeblich 111 1970
Ebriales Hanigbergt al. 1964
Heremesinaceae Hovasse 1943

Podamphorasp.

Description. Siliceous skeleton, including two partsa rectangular basal
one, with actines separating a series of uppetamer windows;ii. a chamber-like
second one, located at the nuclear pdieriea — with a reticular ornamentation and
an opening at the end of a short neck. Fine eilippores bore through the basal
part of the lorica.

Discussion. The lorica, present on the normal skeleton of certain fossil
specimensKEbriopsis, Hovassebria, Podamphaaiss.o.) has been considered for a
long time as being an allogromiid foraminifera, ngsithe ebridian skeleton as a
foreign matter agglutinated to its shell. Howevhis fact cannot be accepted since
the present-day allogromiids rarely occur in seawand do not secrete silicon.
The ebridian skeleton always had theca at the nuclear pole.

The representatives of tidamphoragenus are documented between the
Paleocene-Miocene. Up to the present, this taxsrblean reported in this Miocene
basin only from the &and site: Podamphora elgeirGemeinhardt 1931 [7].
Therefore, our discovery from Bésdta Il quarry shows that its distribution area
can be extended to othefirand Basin areas as well.

PYROPHYTA

Dinophyceae Pascher 1914
Gymnodinida Schutt 1896
Actiniscidae Kitzing 1849
CarduifoliaHovasse 1932

Carduifolia gracilisHovasse 1932
Plate 1; Figs. 1 and 2

Description. The skeleton consists of a central apical body fnd
tricostate feet descending — two on each side m fte extremities. The feet have
lateral crests and longitudinal furrows on the anside.

Discussion. In our country, Dumitri & [4] reported this taxon from the
Middle Miocene from Rusesti-Otisiu (Romania) and DSDP (Deep Sea Drilling
Project) 206 in the Southwestern Pacific.
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CalicipediniumDumitrica 1973

Calicipedinium quadripeBumitrica 1973
Plate 1; Figs. 3and 4

Description. Candlestick-shapethassive siliceous spicule, consisting of
an axial body with a cup-like plate at the apiaad @nd four tricostate arms at the
basal end. The arms get narrower towards theieexties and are disposed in a
star-like outline.

Discusson. D u mi tr i ca [4] described this taxon from the Middle
Miocene so-called ,Radiolarian Schist Horizon"Patisesti-Otidsau and Chiojdeanca
(Romania). This author showed that this genus thaskanorphological affinities
with theActiniscus This taxon has not yet recorded from thieaid Basin.

4

10u
b:::xﬂd

Pl at el New microfloristic taxa recorded from the Béviza Il quarry.
Figs. 1 and 2Carduifolia gracilisHovasse 1932
Figs. 3 and 4Calicipedinium quadripeBumitrica 1973

13
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Conclusions. 1. This study reports on three additional new taxdiwvithe
siliceous microorganism assemblages from thea@d Basin, at Ba#wita I
quarry. One of these taxa belongs to ebridid#mdamphorg the others two to
dinoflagellates Carduifolia gracilis and Calicipedinium quadripgs Podamphora
and Carduifolia had been reported long time ago from tlaeaAd Basin, but not
from the Barivita Il site. Calicipedinium represents a novelty for both the
Béarzvitall quarry and the whole sedimentary basin.

2. The sedimentation of the "tuffaceous-diatomasaemmmplex" took place
in a dominance of the freshwater environment. Hawethe presence of these
taxa, corroborated with data supplied by the coteptaliceous microorganism
assemblages [1], makes evident the existence draleghort marine—brackish
events at different levels within the Béviza Il quarry succession. These events
may be related to some ingressions originating ftben open Pannonian Basin
realm, or to a close environment, with high evapomna episodes and low
freshwater input carried on by the rivers.
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LA PRESENCE DECYCLOPS PRAEALPINUSIEFER, 1939
(CRUSTACEA, COPEPODA) EN ROUMANIE

CORNELIU PLE SA™ et SANDA IEPURE

SUMMARY . —The Presence o€yclops praealpinuiefer, 1939 (Crustacea,
Copepoda) in Romania Cyclops praealpinusGQyclopoida) is reported from the
alpine lakes in Retezat Mountains (Western Merali@arpathiansC. prealpinus
Kiefer, which hagerra typicain Lake Konstanz (South Germany) is for the first
time recorded from Romania. Seven lakes were saimle detailed taxonomic
study was done on the material from one of thdses|ahe Gemenele Lake, to
establish the validity of this species contesteddiyie authors.

Par suite d'une étude détaillée des populatiorSydtopidesprélevées du
Lac Constance (Bodensee) du sud de I'AllemagneuetRischer [3] avait
considérées comme appartenant a la trées répangéeeeyclops strenuus
Kiefer [4] sépare une partie des formes examinées sous lededByclops
praealpinus en se basant sur des arguments d'ordre quaditajifantitatif.

Dans la présente Note, on donne une re-descriptébaillée deCyclops
praealpinus identifié dans le riche matériel qu'un collectié chercheurs de la
Station Zoologique de Sinaia, dirigé par M. le Donstantin Ciubuc, a collecté
dans plusieurs lacs du massif de Retezat par ds&splanctoniques.

Les premiéres données concernant la faune desllaozassif du Retezat
(Carpates Méridionaux) sont dues a Szilafy, qui signale deux espéces de
Cyclopides, dont une est I€yclops strenudide Fischer. Jusqu'a nos jours, il semble
que personne n'a pas signalé d'autres Cyclopidesléslacs alpins de ce massif.

Matériel et méthodes Les lacs du massif de Retezat d’ou provient leénel
étudié sont les suivants:

Taul Stirbu, 3 aodt, 29 septembre;

Taul Caprelor, 3 aodt;

Taul Pottii, 30 septembre;

Le lac Judele, 30 ao(t;

Le lac de Stangoara, 6 ao(t;

Taul Negru, 11 juin, 5 ao(t, 28 septembre;

Le lac de Gemenele, 5 et 10 juin, 1 ao(t, 27 sdptem

" Institut de Spéologie «Emile Racovitza» de ClujurRanie.E-mail: plesa@mailexcite.com,
siepure@hasdeu.ubbcluj.ro
'Lindberg [6] avait établi que le nom correct discespéce seraiyclops rubenglurine, 1820).
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Toutes les prises ont été prélevées en 2001. lse#tats des mensurations
effectuées sur des individus provenant du lac degbele sont présentés dans les
Tableaux 1 et 2.

La technique de mensuration que nous avons utitiaée le cas du dernier
article de I'endopodite P4 est illustrée dans ¢p Fi

Fig. 1.Mesurements sur lI'endopodite 3 de la P4.

Description du taxon.

Femelle Aspect général cyclopoide (Fig. 2 B), avec un eoptus ou moins
visible, selon I'état de contraction de I'animabngueur (sans les soies furcales)
comprise entre 1.173 et 1.507 p et largeur (céphatotre 388 et 469 . Les rapports
longueur/largeur au niveau du céphalothorax satitjirés dans le Tableau 1.

Antennules (A1) composées de 17 articles, parfois mal difféiendu fait
gue les lignes de séparation sont incertainesusietdre les articles 7-13. Rabattues,
les antennules arrivent jusqu'a la moitié du 2-&egment thoracique. Le nombre
et la disposition des soies qui ornent chaquelariont illustrées dans la Fig. 2 C.
Chez les femelles que nous avons examinées ilstaéixipas des appendices
semblables aux ,aesthetascs".
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Tableau 1

Dimensions (en microns) mesurées sur des femelles@/clops praealpinukiefer
CORPS ENDOPODITE 3 DE LA P4; BRANCHES FURCALES

N° préparation
Longueur totale
Longueur céphalothorax
Longueur abdomen
Largeur céphalothorax
Rapport L. céphaloth. /
L. abdomen
Longueur article
Largeur article
Rapport longueur /
largeur article
Longueur épine apica
intérieure
Longueur épine apica
extérieur:
pport L. ép. apic. int./ L
article
apic. ext.
Longueur
Largeur
Rapport longueur/
largeur
L. soie dorsale proximale
L. soie dorsale distale
Longueurs des
appendices apicaux

n| Rapport L. ép. apic. int./ L. €

| Ra

13|1.173686|487(460| 1,41 | 100/ 35| 2,86 | 133

N
<)

89| 14032|4.38| 4

o

104 99;397;
478,208
3|1.245821(424|415| 1,94 | 80/ 34| 2,35| 107| 42 | 1,34| 2,55| 11332| 3,54| 34 | 117 86;361,
9|1.249749(496/388| 1,51 | 96/35| 2,74 | 100 46 | 1,04| 2,17 | 128 31| 4,13 | 42| 87 9406’3,0178’;
1|1.263812{451|448| 1,80 | 97| 33| 3,03 | 115/ 52 | 1,19| 2,21 | 12§ 32| 3,94| 32| 8&( 14957’;-77(;[
15|1.272821|451(469| 1,82 | 9135| 2,60 | 112 45| 1,23| 2,49 | 126 23| 5,48| 25| 8§ %7598,21169(3(,)
1411.299 803(496(460| 1,62 | 98/ 32| 3,06 | 108 45| 1,10 2,40| 11536 3,19| 32| 9(¢ 14062313;
411.344794|550|469| 1,44 | 82/ 32| 2,56 | 105 42 | 1,28| 2,50 | 135 32| 4,22| 42 | 104 f()827§§05
711.380920{469|442| 1,96 | 96| 37| 2,59 | 115 47 | 1,20 2,45| 13535 3,86| 37 | 82 f(?&*lf;
11|1.386926(460(424| 2,01 | 90/ 37| 2,43 | 110 48 | 1,22| 2,29 | 126 31| 4,06| 37 | 9§ 4960(,)3]6612,
10|1.406911|495(469| 1,84 | 97|36| 2,69 | 107| 35| 1,10| 3,06 | 131 35| 3,74| 41| 87 %%74’1](-)%0
8|1.434 965(469|460| 2,06 | 110/ 27| 4,07 | 112| 55 | 1,02| 2,04 | 131 35| 3,74| 40 | 72 f0976,§|-9€'37?
2|1.452938(514(433| 1,82 | 106/ 32| 3,31 | 117| 53 | 1,10| 2,21 | 145 36| 4,03| 30 | 9Q 141877,?}295?
6(1.470902|568(451| 1,59 | 95/36| 2,64 | 106 50 | 1,16| 2,12 | 134 35| 3,91| 37| 78§ ff(?foog
12|1.507957|550{463| 1,74 | 98/ 37| 2,65| 112 50 | 1,14| 2,24 | 14331|4,58| 41| 9§ ZI:(Z{{O:%

Antennes(A2) composées de 4 articles (Fig. 2 D). Chez itexrtaxemplaires,
les soies du 3-eme article sont inseres sur deepaitiillies a aspect de scie.

Pieces buccaled.abium mince (Fig. 2 E), mandibule pourvue d'uape
mandibulaire trés longue, composée d'un petitlarsior lequel s'insérent 3 soies de
longueur différente (Fig. 2 F). Maxillule petitetepue (Fig. 2 G). Maxille (Fig. 2 1)
composée de 5 articles distincts, dont le 2-emiénsertion apicale, est pourvu
d’'un autre article allongé, portant & son extréméeax soies effilées. L'article basal
de la maxille présent vers sa partie distale urbdogonflement, dont un porte
deux appendices ayant la forme de soies. Le deartiefe de la maxille a I'aspect
caractéristiqgue d'une ,tourelle" armée d'un faisceamposé de 3 soies. Maxillipéde
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(Fig. 2 H) composé de 4 articles bien distinctsbasal est armé de 3 appendices,
dont celui central est le plus long et le 3-emena insertion apicale. Le 2-éme
article du maxillipéde avec 2 appendices, toujansorme de soies, portant sur
leur rebord une courte rangée d'épinules. Le 3-artiede est pourvu d'une seule
soie longue, et l'article apical, de 3 appendieefodme et de longueur différentes.

\?é
L)f G
Fig. 2. Cyclops praealpindgefer, femelle

A — Aspect général (selon Kiefer). B — Aspect géh@arig.). C — Antennule. D — Antenne.
E — Labium. F — Mandibule. G — Maxillule. H — Maxiléde. | — Maxille.

200u
A3

100u
CDEFGHIJ
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PRESENCE EN ROUMANIE DEYCLOPS PRAEALPINUS

Pattes natatoires P1-P4Leur structure est illustrée dans les Fig. 3[A -
Formule des épines 3.4.3.3, celle des soies 5.9.8r6elles hyalines dépourvues
d'ornementations (Fig. 4 F). Pour le dernier atabd I'endopodite P4, les rapports
dimensionnels les plus importants varient entrditeises suivantes (Tableau 1):

— longueur / largeur de l'article = 2,35-4,07;

— longueur de I'épine apicale interne / longueuralticle = 1,02-1,34;

— longueur de I'épine apicale interne / longueul’égine apicale externe
= 2,04-3,06.

ou N .&w/

I “m 0

Fig. 3. Cyclops praealpinus Kiefer, femelle. A= BX P2. C— P3. D — P4.
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Tableau 2
Dimensions (en microns) mesurées sur des males@yclops praealpinuiefer
CORPS ENDOPODITE 3 DE LA P4 BRANCHES FURCALES
X ] [)
ﬂS x| 2 i = T | o
A = 188 |5 |2 Els| 3
Sle|S|e| 8|8 o452 |2 |E | > |X|B| o8
S|l 8 |8 |s|B|sc|8|c|22|(® |® |= |Sg ¢ |8|T| &8
Sl ||| g|52C E|lE|a8|lesel|d a3l 5|l S| o &
S|l 2| &|8|S|8E| 8|53 52C« s/2|3|S5zle|T| £aw
Sl 3 le|lc|gle8 5 |=|0_|82Z2s0|al|2| 812w |2| 39
Sl @ | o] 5@ ; o3| =5 SlCGloEl0oe 22D 0| S O
| 3 o ] o_I_Q:Q)st_\m,_‘G_,J.\_.mC SISl 2|8 =g
| @3] 3|s5|e® 2|2 S5|Z2E2X|-®-45/S|—=|8%S8 o
z| §5|2| 2| 3|94 s|s|e85|57|5% e & o 2 S o
J 3| 5| 2|5 S|a|ls=| | |g |o [ L2 ag
el 8|l 5|8 o c c o |a 14 o ) >3
S 3\|e S 1S |8 |§ e
- r | —
6| 911541(370(334[1,46| 77 | 27| 2,85| 95 46 |1,232,07| 93 283,37 33107 82; ? ;
? ;82
12| 957578|379|343| 1,53| 81 | 27| 3,00| 96 42 |1,192,29|104| 27 | 3,85 25 | 107102;307;
370;149
11| 979659|316|289|2,09| 72 | 27| 2,67| 112 27 |1,574,15| 75|27 (2,79 30| 77 75;280;
361;126
8| 984578|406|316|1.42| 87 | 26| 3,35| 120 43 |1,392,79(100| 27 [3,7q 32| ? | 90;298;
325,172
7| 992568|424|343|1,34| 80 | 30| 26,7| 87 43 [1,092,02| 90| 29 (3,10 35| 8J 87;289;
334;90
9|1.002 650| 352|316/ 1,85| 77 | 28| 2,75| 85 41 |1,102,07| 92| 283,29 32| 95 95;271;
352;163
5|1.013 668|345|316| 1,94| 82 | 27| 3,04| 90 42 |1,1q2,14| 90| 28 3,21 27| 87 70;289;
370;130
10[1.111695|416|316| 1,67| 84 | 25 3,36| 92| 30 |1,093,07| 87|27 (3,22 30| 79 95;317;
379;154
4|1.119740|379|307| 1,95| 80 | 27| 2,96| 95 37 |1,19257| 87|27 (3,22 33| 92 90;289;
352;167
3|1.124 749|375/ 302| 2,00 80 | 27| 2,96| 85 35 |1,062,43| 97| 28 (3,46 35| 8§ 90;290;
334;158
2|1.141 780| 361|334 2,16| 83 | 27| 3,07| 87 35 |1,052,49| 90| 32 (2,81 34 | 12§ 90;298;
343;158

Patte P5composée de 2 articles, ayant la méme forme gilee aennue
chez tous les représentants du g&yelops La petite épine insérée au centre de la
face interne du 2-éme article est mince (Fig. 4dil)a soie apicale est environ 6
fois plus longue que cette épine.

Céphalothorax a 5-éme segment normalement conformé (Fig. 5\B a
la protubérance latérale de forme habituelle.

Abdomen. Segment génital environ aussi long que large; ameréceptacle
séminal circulaire typique (Fig. 4 1). Les segmemitsiominaux 2, 3 et 4 de méme
aussi longs que larges, sans aucune ornementatiwalé ou terminale, a I'exception
du dernier, qui porte sur le rebord ventral, dajcleac6té, une rangée d’épinules.

Opercule anal circulaire et glabre.

Branches furcaleslégéerement divergentes. Le rapport longueur /elarg
varie de 3,19 a 5,48 / 1. Leur rebord interne et pavec de longues soies distancées
et inégales (Fig. 4 ). Le rapport entre la longudas appendices apicaux des branches
furcales est donné dans le Tableau 1.

20



PRESENCE EN ROUMANIE DEYCLOPS PRAEALPINUS

Fig. 4. Cyclops praealpindGefer, femelle
A — Partie distale du céphalothorax (selon KiefBr): Partie distale du céphalothorax
(orig.). C — Endopodite 3 de la P4 (selon Kiefery: Endopodite 3 de la P4 (orig.). E — Lamelle
hyaline des pattes natatoires (selon Kiefer). Fmelke hyaline (orig.).G — P5 (selon
Kiefer). H— P5 (orig.).| — Abdomen, vue ventraigd.). J — Abdomen, vue ventrale (selon Kiefer).
K — Branches furcales (selon Kiefer).
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La ligne saillante dorsale si caractéristique dearreprésentants du genre
Cyclops est tres faiblement marquée, parfois méme ahsente

Sacs ovigérescontenant 12-14 ceufs, de 112-126 p de diamétrea On
observé aussi des spermatophores attachés ad'gdnital de la femelle (Fig. 5 C).

Male. Plus petit et plus svelte que la femelle. Longuetale (moins les
soies furcales) comprise entre 911 et 1.141 pelarfcéphalon) entre 289 et 343
(Tableau 2).

Antennule préhensile. Le nombre d'articles qui la composenpeut que
trés difficilement étre établi (12, 16 ou méme (@E. 5 A). On n'a pas remarqué
des ,aesthetascs" sur les articles antennaires.

Antennes(A2) composée de 4 articles ayant la méme streajue chez la
femelle.

Pattes natatoires P1-P4vec la méme formule des épines et des soies que
chez la femelle, exceptionnellement 3.4.4.3. Le a@iom de variation des
principaux rapports dimensionnels pour I'endopod#teest (Tableau 2):

— longueur / largeur du dernier articl,67-3,36;

—longueur de I'épine apicale interne / longueufaiticle = 1,05-1,56;

— longueur de I'épine apicale interne / longueut’égine apicale externe
=2,02-4,15.

P 5(Fig. 5 B) comme chez la femelle, mais avec I'épiterne du 2-éme
article plus élancé.

P 6trés bien marqué, armé de 2 soies de longueual|mége segment anal
présente sur le rebord distal de sa face ventraaangée d'épinules fines.

Branches furcaleslégerement divergentes (Fig. 5 B), avec les rebord
internes glabres. Le rapport longueur / largeuievde 2,78 a 3,85/ 1.

Remarques taxonomiques et discussionafin de permettre une comparaison
des données présentées ci-dessus avec cellesesxttaila description originale de
Kiefer [4], nous avons réuni les figures donnéascpadernier (Fig. 2 A et Fig. 4
A, C, E, G, J, K). En effectuant des mensuratiamsses dessins, on constate que
les femelles gu'il a étudiées ont une longueur @®3-1.635 p, tandis que nos
exemplaires ont des longueurs comprises entre L1507 1. La cause pourrait
en étre le fait que les populations comparées enovnt de différents biotopes: le
grand lac de Constance, situé a une basse altétiths petits lacs alpins du massif
de Retezat, situés beaucoup plus haut. On peutatenaussi une petite différence
quant a la longueur des branches furcales, maisti@ @vis celle-ci tient a la
variabilité individuelle.

En ce qui concerne la ,caréne" qui devrait étresgmée sur la branche
furcale, elle est trés peu évidente, tel que Kie fardéja remarqué a juste titre
dans sa description originale:. Die dorsale Chitinlangsleiste auf jedem Furkalast
ist nich besonders stark ausgebildet, p. 99]. On constate aussi que les lamelles
hyalines de pattes natatoires de nos exemplaintsiépourvues d'épinules (Fig. 4 F),
tandis que celles-ci sont présentes chez les exmeplexaminés par Kiefer
(Fig. 4 E).
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Fig. 5. Cyclops praealpinu§efer.
A — Male, aspect général. B. — Abdomen du méle wamdrale. C. — Segment génital de la
femelle, avec les spermatophores fixés D. — Speyhate isolé.

Quoiqu’il en soit, les points de vue exprimés udtérement par divers
auteurs a I'égard de la validité taxonomique depéee décrite par Kiefer ne
coincident pas. L'auteur ménfig fini par mettreCyclops praealpinugn synonymie
avecC. abyssorun®ars, 1863, en le considérant comme une souseedpételui-Ci.
D’autre part, Sramek-H u § e8] confirme la validité de 'espéce, et D u's s &t
la reconnait également, en créant méme des soésessph'opinion de Kiefer a
été reprise par Monchenk[d@], et plus récemment par Eins|[2].
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En conclusion la validité taxonomique dé. praealpinussemble toujours

étre sujette a caution pour certains auteurs, r& aois le probléme ne pouvant étre
éclairci que par d'autres investigations que cellegjuement morphologiques,
comme, par exemple, une analyse génétique.
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DOSE-DEPENDENT EFFECTS OF BACTERIAL ENDOTOXIN
TREATMENT ON MEMBRANE PERMEABILITY OF LIVER
MITOCHONDRIA IN ETHANOL-FED RATS

CORNELIU TARBA" and ION V. DEACIUC™

SUMMARY. — Male Sprague-Dawley rats were maintained for 14+&éks on a
Lieber-DeCarli liquid diet, supplemented isocalaliic with 6% ethanol. One day
before the decisive experiment, a part of the asifnem both the control (pair-
fed) and the ethanol-fed group were injected wifferént concentrations of
lipopolysaccharide (LPE. coli 026:B2), also known as bacterial endotoxin (0.2,
0.8, 1.5 and 3 mg/kg body weight), while their degpart groups received only
saline injections. 24 hours after the injectio.BS or saline solution the rats were
anesthetised, their livers perfused with collagersm the hepatocytes isolated by
centrifugation. Mitochondria were obtained from timmogenised hepatocytes by
differential centrifugations. Appropriate aliquatsre suspended in 4 flasks containing
a basal swelling medium and kept aP@ountil thermal equilibration. At this
moment, 5 mM succinate and different concentratibrasicium chloride (0, 10, 50
and 25QuM) were added to the 4 flasks, initiating a swellimocess of mitochondrial
matrix. At different times of incubation (0, 5, Z0) and 30 min), aliquots of 0.5 ml
were extracted, placed in appropriate cuvettes samglling monitored by the
absorbance decrease recorded at 540 nm. Stdistiwghificant differences
between ethanol-fed and pair-fed rats were obsebijher C3 concentrations
(50 and 25QM) after 30 min of incubation, the swelling beingne pronounced in
mitochondria of ethanol-fed rats. Differences was® seen in LPS-injected rats,
both in pair-fed and in ethanol-fed animals. Theemxof swelling, expressed as
percent of absorbance decrease was significamidgfles, especially for the rats
injected with 0.8 mg LPS/kg body weight (b.w.), gesfing a decreased membrane
permeability. Differences were observed for incidmatimes varying from 5 to
30 min, mainly for low concentrations of calcium #0d 10uM). Similar but
somewhat smaller differences were observed forimjgisted with 0.2 mg LPS/kg
b.w., whereas for rats injected with 3 mg LPS/kg. ithere were no significant
differences; however, in this last case the peatestrbance decrease.( swelling)
tended to be larger than for the saline-injectésl Although at least one literature
account reports on the increased capacity of tiviewchondria isolated from rats
injected with 0.5 mg LPS/kg body weight to mainiaihigh membrane potential, it
is not clear yet whether this type of behaviouteot a general decrease of
membrane permeability, with physiological significe.

Chronic ethanol consumption leads in many casspdaific hepatic structural
and functional alterations known under the geneaime of alcoholic liver disease
(ALD). How exactly the ethanol induces the diseasaeot entirely known. Whether
ALD is determined by the nutritional defects indddey alcohol or by its direct
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hepatotoxic effect is still a matter of debate. [Esstrong evidence supporting the
role of nutritional deficiency [10, 16, 32], it h&®en shown in some cases that
ALD progresses towards its worst manifestatios, liver cirrhosis, if the diet
contained enough ethanol to provide 50% of theaket calories, even though the
experimental animals were fed a balanced nutritibpaid diet [26, 27].

Excessive alcohol consumption has been known tadseciated with a
series of intracellular stresses, particularly idegntal to mitochondria [1-3, 8, 20,
42, 44]. One of the possible ways of alcohol attaay be through distorting the
oxidant/antioxidant balance of the cell. Oxidatsteess, associated with chronic
ethanol consumption, leads to the depletion of chibodrial glutathione, decreased
synthesis of the respiratory chain components aethllehyde adduct formation
[2, 3, 11, 18, 25, 45]. The result is an increasté concentration of reactive oxygen
species (ROS), such as superoxide anion, hydraxd/pgroxy-radicals, which are
considered to be among the main causes of triggesirdrastic change in the
mitochondrial membrane permeability, known as thechondrial permeability
transition (MPT). The formation of the so-calledmpeability transition pore (PTP),
which represents the structural basis for the idrakainge in membrane permeability,
seems to be a central event in different types af death, either apoptosis
(programmed cell death) or necrosis [14, 17, 2124229, 33, 37, 38, 42, 44].

For decades, alcoholic liver disease has beeibwttd to necrotic events
associated, among others, with the production oinflammatory cytokines, such
as interleukin-1 (IL-1) and tumour necrosis faaofTNF-a) [5, 30, 31, 44].
Relatively recently, however, several reports apmbashowing that ethanol, either
in chronic consumption or added to isolated cedis increase appreciably the rate
of hepatic apoptosis [6, 22, 33, 35]. What exad#yermines the type of cell death
(apoptosis or necrosis) is not perfectly understaditiough it seems to be related
finally to the amount of ATP produced by mitochaadras described elsewhere
[23, 36, 42]. Properties such as the rate andntieasity of the triggering agents, as
well as the presence/absence of certain factors¢pasensitising, modulating or
even protective effects determine the final outcoiiee same is true in the case of
ALD (see [44] for a review). Among other factorst €xample, the excessive alcohol
consumption increases the absorption from the fjbtoterial lipopolysaccharide
(LPS), an endotoxin produced by Gram-negative biacterhich is associated with
the stimulation of the cytokine secreting cellse(ttepatic macrophages or Kupffer
cells). LPS seems to exert its effects mainly tgroiiNF-related events [4, 5, 7, 15,
28], although contradictory results are sometirepsnted by different authors [34, 38].
Calcium has also been reported to mediate certaiabulic effects of endotoxicosis,
but the controversy is present even here (seegd®}he references therein).

As alluded above, the mitochondrion is involvedhia cell death, especially
in the physiological one (programmed cell deatlapoptosis). This fact has been
extensively documented during the last decademth& conspicuous event in this
process being the permeability transition (PT)hef inner mitochondrial membrane.
This event is accompanied by matrix swelling anability of the organelle to
maintain its membrane potential. Consequentlyrdlpiratory control and the capacity
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of mitochondria for performing oxidative phosphatybn (i.e., respiration-
dependent ATP synthesis) are compromised [3, 1842Z)1Since ethanol was shown
to increase the rate of hepatic apoptosis, asralttioned above, it would be of
interest to monitor the matrix swelling of mitocltbia from ethanol-fed rats and
see how well this parameter correlates with otipepéotic features.

As part of a complex study aimed at testing tliect$ of different pro- and
anti-inflammatory cytokines/growth factors, we ntonéd the effect of chronic
ethanol consumption on the swelling process inchitadria from both LPS-injected
and normal (saline-injected) rats and performederothiochemical/molecular
biology investigations. Rather unexpected but vatgresting data were obtained
with regard to matrix swelling. A short report oaraswelling results has already
been presented [43]. A more complete presentatiaihen swelling data and the
discussion of their possible significance make dfigect of the present study,
whereas the rest of the results will be publisHedvehere.

Material and methods. Animals and treatment protocols. Male Sprague-
Dawley rats were kept under aseptic conditions hie &nimal facility of the
Chandler Medical Center (University of Kentucky xiregton) and divided into 2
large groups. The group of ethanol-fed rats wasustomed to a liquid diet
(Lieber-DeCarli type) whose ethanol concentratiasgradually increased from O
to 6% during a 5-day period, after which the dieswontinued for a period of 14-
15 weeks. The control or pair-fed rats were kemteursimilar conditions but the
ethanol was replaced isocalorically with maltosetfdse. 24 hours before the decisive
experiment, a part of the animals from both the-fead (PF) and the ethanol-fed
(EF) group were injected intravenously with diffgreoncentrations (0.2, 0.8, 1.5 and
3.0 mg/kg body weight) of lipopolysaccharide (LR83p known as bacterial endotoxin,
while their counterpart (sub)groups received omdyile saline injections.

Preparation of mitochondria. One day after the injection of either LPS or
saline solution the rats were anesthetised withbogsthand the livers were perfused
in situ with collagenase as previously described [5, BBE resulting material was
centrifuged in the cold €€, 2 min, 50 g), the hepatocytes resulted wereesgl
in fresh perfusion medium, recentrifuged and resndpd in isolation medium for
mitochondria. These were obtained by differentiehtdfugations, essentially
according to Johnson and Lardy [19]. Finally, theoohondria were suspended
in an appropriate medium, hereby called the washimtjsuspending medium (at a
concentration of 20-30 mg protein/ml) and kept@muntil use.

Incubation of mitochondria and estimation of matrix swelling. Aliquots of 3
mg mitochondrial protein were suspended in foun®frlenmayer flasks, in a basal
swelling medium, and placed in a water bath shaka@C. After thermal equilibration,
additions were made from concentrated stock solsittw as to have 5 mM succinate
(sodium salt) in each flask and different conceiatna of calcium chloride in the four
flasks (0, 10, 50 and 250/, respectively). The final concentration of mitookdria was
in all cases 1 mg/ml. At O, 5, 10, 20 and 30 ntiera&lalcium addition, 0.5-ml aliquots were
extracted from each flask, placed into an apprpspectrophotometer cuvette and the
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absorbance recorded at 540 nm. Swelling was Istienaed from the recorded data as
percent of the differential absorbance decreds¥Ap)-100%, wherddA = A — Ao,
A being the absorbance at a certain calcium coratgort and at a given time of
incubation and Athe absorbance at O calcium concentration anaé. ti

Chemicals and media. The chemicals used were of analytical grade, mist o
them purchased from Sigma. The liquid diet wasinbthfrom BioServ (Frenchtown,
N.J.) and LPSHscherichia coli 026:B6) from Difco Laboratories (Detroit, MI).
The perfusion medium was Hanks bicarbonate buffee isolation medium for
mitochondria contained 275 mM sucrose, 10 mM MO#${.3) and 1 mM EDTA,
while the washing and suspending media lacked tteating agent. The basal
swelling medium, in which mitochondria were suspshtbr thermal equilibration,
consisted of 100 mM KCI, 40 mM sucrose, 10 mMHEPES (pH 7.3), 10 mM
potassium phosphate and i rotenone.

Results. Our data, calculated as percent of differentiabeiimnce decrease, for
different (sub)groups of animals, are presentaltes 1 to 3 along with basic statistical
parameters. Table 1 compares the results obtaittleanitochondria isolated from the
saline-injected animals of pair-fed (PF) and ethded (EF) ratsi(e., subgroups 1
and 2). Tables 2 and 3 present alternatively thelteeobtained for the PF (subgroups
3,5, 7,9) and EF rats (subgroups 4, 6, 8, 16¢iefl with increasing concentrations of
LPS. In order to facilitate the comparison betwitendifferent subgroups, a synthesis
of the results from Tables 2 and 3 are presentéllite 4, in terms of differences
between means, along with the corresponding ceffiof statistical confidence (p).

The presentation of percent differential absorbadecrease instead of
absolute absorbance data was preferred becaude darge individual variations
within the same subgroup. Since the source of bilityaresides in the first place in
different starting values of absorbance. ( different absorbance values at time O,
especially as the concentration of added calciwreases), a good way to diminish
the impact of inter-individual (and inter-run) \aility is to compare not absolute
absorbance values and not even absolute absortidietences but to calculate and
comparedifferential absorbance decreas&s/Ao, where AA = A — Ag, A being the
absorbance at a certain calcium concentration aadyaven time of incubation and
Ao the absorbance at 0 calcium concentration anan®. tRather large calcium-
dependent differences at O time may arise fromlsenars in reading times, due to
the exponential decay of the absorbance cuiwe the decay is much faster
immediately after the addition of calcium and slaywadually).

As can be seen from Table 1, there is a tendewsrtls larger absorbance
decreases (differences) in mitochondria obtaineah fethanol-fed rats as compared to
the pair-fed animals, although the differencesstaistically significant only after 30
min of incubation at 5QM calcium or 20-30 min at 250M calcium (in general, a
smaller final absolute absorbance value meangyarlabsorbance decrease, hence a
higher degree of swelling). To our knowledge, themnly one account in the literature
dealing directly with this type of study in ethasfiedl rats (Pastorinet al. [38]) and
it has reported a significant increase in the rhibmlrial swelling induced by
moderate concentrations of calcium (and other ajjanbre obvious than in our case.
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On the other hand, if comparisons are made betWe&nnjected and saline-
injected animals, for either PF or EF rats, theran obvious decrease in the extent of
mitochondrial swelling when lower LPS concentragi@me used (see Tables 2 and 4)
and an increase in swelling at higher concentratadrPS (see Tables 3 and 4). Such
observations have not yet been mentioned in thieditre, although there is one study
performed by Guidot [13] which reports on the etise of an increased respiratory
capacity and a higher membrane potential in mitodha of ethanol-fed rats injected
with 0.5 mg LPS/kg body weight. These observatzars be easily related in terms of
the chemiosmotic theory of energy coupling to allemaxtent of matrix swelling
(smaller membrane permeability) and, consequentty,higher degree of coupling.

If the mean values of the percent differential cabance decreases for
certain selected subgroup pairs at different calcwncentrations are plotted as a
function of incubation time, as presented in Fijdo 5, the differences between
subgroups become more obvious.

For clarity, in Fig.1, the results at one concaiin of calcium in each of the
saline-injected subgroups (pair-fed and ethanqlfespectively) have been omitted.
There is a clear divergence between the two seatargés, indicating a larger degree
of swelling in the ethanol (EtOH)-fed group, altigbuas we know from Table 1, the
differences are statistically significant only fonger incubation times (20-30 min)
and larger calcium concentrations (50 and |28}

Pair-fed vs. EtOH-fed
Time (min)

0 10 20 30
0 L L

NAN
NANN

-20 4 ——o0cCa-PF

——50Ca-PF

-25 —
N \ —250Ca-PF
X | —x-10Ca-Et

AAJIAC(%)

-35
——50Ca-Et
-40 -
——250Ca-Et

-45

Fig.1. Comparison of mitochondrial swellingin ethanol (EtOH)-fed (Et) and pair-fed
(PF) groups.

29



C. TARBA, I.V. DEACIUC

S00>]S00>] su su SO0 > su su su su su su su su su su su d
Ad vy — 41 4
OTF1-16T01 -] €0p- | ¥80- | OLPI- | #8'8- | ¥9¢- | 0T1-| 96L- | Sov- | 81T 11 1€L- | €9T- | #10-| 91l M W
9Ll 9t LY'S &9 I L8°0 SEE 06'¢ S19 9¢'¢ 8y’ y1'T $9'6 89°L 99t 31°¢ WHS ¥
YOIy - bPvE - |86'ST- | T6'61 - | OV 0 - | 9P 1€~ | v€TT-|SOST-| 91°€s - | p€97 - | €791 - 00 L1-] 90 1€~ | vTHT-|06'ST-| €101 - :.M
Cl# 6# Ol # [#
Lyyy - 651V - | [S°9€ - | bL'TE- | T9°Tr - | 9TTE- [ €062 - [vbTC-| 9802 | 0291 - (€92l - POOL-| L8IL-1€16-]1999-] v6v- | CI-6
E8°0V - L81€-|LSTT- | ¥9TL - | vp6E- [TL6C-] 8981 -] L16- | LI 65 | OvSL- LOST-| OS'L- | 688~ |pV6T-|tv6l -] TL6- L #ey
IP'8E - S8°6T - | LS8BT - | 8EPI - | ¥I'6E- |0 TE-[0C61 - | €SE€1- | b0 6E- | TP PE- [660C - L8V - THTh- [91vE-091T-| TLST - L
[BS+49=¢
96¢ | 86'¢ 96'¢ 9¢'¢ [y 8ty L0y 81°¢ 65 65y 143 0T'¢ 96t 61°¢ 60t 0L IS F
4d
PULT-|SIPT-|S6TIT-| 80761 - | OL°ST- |T9TT-|0L'81-|s8€l-| 0TSt | 97¢T - IP81-|TUCL-] SLET- [19°1T-|9L°S1 -] 6T11 - M
99°6€ | S8°0€ - | L8'6T - | 1LVT- | 9¥'€C- [6€0€-| L99T-[90°07 -] 6L7€€- | 111¢- 6T ST bS61-] 8I'vE- |91TE-[8EVT-| 1T61- 43
BECE-|SSEE-|LS0E-| BI'9T- | 6T9€- |SS€€-{ 9587~ [6v1T-| SILE- | €5 pe - O1'LT- €80T -] €T9¢- [8TE-|T19T-]9L°0T - IS
LOLT-|LLET- 91T 8ITIT- | TEST- | Se€T-]€6'S1-[€0Fl -] 9TFC - | ST 61 - 6ELI-|8LIL-| STIT- |8Y°0T-[81°CI-| 9€7L - S ey
66 €T~ |SLIUT-[S8LI-|€SST-{ pI8L- €SSt~ 1L11-] L98- ] ¢6L1- | 8191 - EVTL-] 066~ | 1191~ [L8€C1-|4001 -] 0¢L - 14
OSSI-1T80L-| 1€6- | 08L- [ LTSI-]9T01-] ¥9°L- [ 10S- | 6821 -] 8101 - 98°6-10S€- [ 8601-|vTL-|60S-| €81~ 4
(%) 9SLI103P 20UEQIOSAE [BHUI)JI(] 18S + dd = |
urw oi uw ON_ utw o__ utw g uw OM_ urw cm_ urw o__ uiw g[ uiw oi urw o& urw S_ uw G| urw Om_ uiw cm_ urw o; uw ¢ (dnoiny)
2D W 0ST 2D W 0 O WA 01 BOWAO uaunean jo ad4 .

“UBILW JO IOLIS PIEPUEIS = NS ‘PJ-[OUBId = J paroafur-aurfes —

[eS “paj-1ted = {{ :SMO[[0] SE S un[od 811y ay) ut Suureadde S|OQUIAS
3 Jo Burueaur Ay [, “uo3s [eusLiadxa dyp ut paqLasap se (9400 (Ov/vV)] osearap usorad [enuaiip se pare[nofed atom ejep ay |
Sye. paj-aied 0) paaedwod e sye. Paj-[oury}d JO BLIPUOYION [)im .8l d1qeLtea jo 2>uasaad ay ui pap10391 sIsEIIP dUBGIOSqY

12190]

30



DOSE-DEPENDENT EFFECTS OF BACTERIAL ENDOTOXIN TREMENT ON MEMBRANE PERMEABILITY

6LL | TTL | SS°L | 8€L | €501 | 0SS | vy [ ovT | 1€T [ Tve [ L€T [ v | €81 | €L1 | vL1 1971 WHS F
16°1Y - [LI'6€-|L9VE-|0F0E€-| 8L91 | LS8~ | §9°G- | €CT- | SPE- | 6LT- | €0T- [€91-|€€T-| 881~ | LI'l-]| 650~ o
L1pe - S6T1E-|TILT-]T0€C-] $T9- | L0€- | 160~ [ L0+ ] ¥IL- | 0v0- [ $E0+ |$80+| IS0~ | LI0- | LSO+ | 201+ | 8C |
06y - |8€9Y-|TTey-[LLLE | TELT- | LOWL - [ 60| €9%- [ 9L°C- | €26~ [ 66~ |0Iv-| 91 ¥~ | 9€- | 162~ | 0cc- | st | #my
Cswmwg ﬂOD u&.\me wOv mn_q + 44 HTXL Ommuhuwﬁ MUEthOmDm —wCCE&tQ 9
€8¢ | SLS TS [ s6v | oere | 9L | SUp [ oSt [ eve [ €le [ 60C | 661 | 1s€ | ZI€ | 10C | 9¢1 WAS F
€6°9€ - |S9°€E-|8T0E-|€T9T- | 1S0T- [ LTLL- [ ¥9€l-| €SL- | 169~ | LES- | Tve- |6yT-| 0¥9-| LOS- | 1Te- | 90T - X
6E61 - |6L791-199°€1-109T1 -] S69T-|€bpl-|SI0I-[0IL-[T10LL-[+9pI-| 896~ |€99- |¥691-|8SHI-| €C6- | 019- ] 0%
STTH- 650V -|T6SE-|960€-|Thyl-| 198- [ 8%~ [6S €-]9T¢€- | SLT- | ¥S1- |ev1-|16cC-| 11C- | 801- | 9v0- | ¥c PRGN
EUSy - | Iy Iy -] 1T6E - | ¥ EE-| T98T- | ST9T- | vEPT - [OL 11| $TS- | SI'e- | 8S1- |101-| 66C-| Scc- | 0c1- | 890- | ¢
PE6E | 18°6€- [PETE-| TI6C- | €0TC- | LL6L-| bTSI- | SE8-| vIT- | T60- | £80- [L80-| LLT-] 9€1- | 1Z1-] 001~ ] IC
C:Mﬁ? ZuOD Nx\:E wov SdT+4dd - o\ov wmmuhou@ uu:mLuOmDm _NCEP—Q.WEQ S
v8Y | L€y | €1y | ¢ | Lo€l | €411 [ 0v0l [ 9¥'€ [ Z¥ 11 [ 956 | 91C | 850 | ¥9°11 ] 68Z | 00¢C | 690 WES F
TETY - {0607 - | SY'LE-|9671E -] 95°0T~ | 8891~ | €9°€1-| 60°S- | €SI -|sSel-| 85s- [ vTe-|6Spi-|0C01-] 18€- | LL°1- o
YS'6¥ - |6S'LY - |STEY - | ¥89€ | IS8y - | €C0V - | €V bE- | 10TI -| L98E-[99TE-| ¥8'6- [S6€-|L8LE-|809C-| 8LL- | 60€- | 6F
TIee - |69°CE-|LY'6T-|SSST-| L89- | 6T~ | €9T- [9971- ] S9€- [ 8€€- | #8C- |60C-| 00€-| ¢vc- | Shi-] SL0- | oOC #iey
0€vy - [ €V Ty -{$9°6€-]0S€E-]| 1€9- | €09- | ¥8€- [6ST- | 88%- | 19~ | 90¥- |29€-| 16C-| 1vc- | 61c- | Sv1-| LI
(uSrom Apoq B/BW 7°0) SdT + 44 (%) 3583153p 0UeqI0sqe [ENUSIRLI(] v
€69 | 00L | €89 | TT9 | 0T9 | €99 | 16S [ s€¢ [ zLe [ €6€ [ 691 [ Scl | 92T | 08C | IST | Z01 WAS F
1€LT |€5°ST-|L8TT-|LTOC- | TITT-| 9861 - ISHI-| €L6- | L611-|1€01-]| T6L- |€C9-]¢€08-] 08S- | 0Tv- | L9Z- X
SSIT- |TI0T-|¥1'91 - | bI'€l -] TS61 - | TO8I - | 6L 11~ | 87 8- [ 798I -] 6591 -[8Z01-[SL9-]€98I-| [S91-|pI0l-] €39~ €S
80°SY - |L8TY-|8E6E-|S99€-| TEEE- | LI'TE-| €8'ST- [90°91-[TS1I-] 806~ | ¥S'8- |608-| 6LC- | ¥90- | v0C- | SO1- 91
05Zl- [v0'11-] Se6-]€s8-] pu pu pu | pu [ pu pu Pu | PU 1099-] L9v- [ 95€- | 8TT- Sl sey
LLYL- [v0TI-[41°01-[ 206- | Pu pu pu | pu [ pu pu pu | pu [ yTL-] 86V [ vlE- | 9671 - [l
L9Ty - |8S' TV -|SE6E-|VOYE-| 16T~ | 1¥6- | 16S- [ SOtv-[ 9LS- [ STS- | S9%- |98€-| 68¥%-| L1C- | 11C- | 121~ €l
(1ystom Apoq /8w 7°0) SAT + Ad (%) 9582109p 90UBQI0SqE [BNUAIJJI 3
un g| wiw 07| wwt or] unw ] utwr og] unur o[ wiw o1] wiwr g] umur og] urw o] ww o] unw o] i o] unu o] uw of] wwg (dnoiny)
.20 W 05T 280 I 0 2O WA 01 PO N0 juowiean jo adA

1ySom Apoq 3y/SJ'T St §°0 PuE ') [PIM Pa33ful S)e 7 10 JJ WOJ PIUTE)qO BLIPUOYIONU (A PIPI0IIL ISEIIIP RuUrqIOSqY

Za19v]

31



C. TARBA, I.V. DEACIUC

v0'L 60°L WS 6v'S 789 S8 861 9e'Y £E'9 EL'Y 3¢S ISy vL'Y e ¥8'C 638C NS F
Lree- | 1ove- | eg0g-| 6897 | seve-|Tre- | €6'ST-| oy IT- | ISTIE - | YLBT" €CpT- | S8°81-|T6'6T-|T99T- | 61T~ | 6LCL - "
Cr0c-12SZz-l10sc-|ovig- | IsLe-[LsST-[S60T- | €ULl-|8IST-| 10T S681- | vEYI-|81'ST-[06TC-|SE8I-| 066~ 134
TThr- | 0L 1p- | S99¢€- | 8€ZE- |61 Ip- | LTLE- | 1610€- | S8'ST | W8LE" vee- | 1267 | 9€€T-]99pE- | pe0E- | €0VT- | 89S~ 44 #12d

(uStom Apoq 3/3W €) SdT + Jd (%) 258109p NUERGI0SQE [EHUAIJI] 01

6¥°0 1L°0 €0 w0 £9°0 S0 z1o 9L0 [ S0 LE 970 1l Lo 191 4% WdS ¥
peze- | 8z0s- | oLLT- | Letg- | Lotg- | 8Lz | 1TyT- | 16°91-|09°1€ - | vL'8T- 7€TT- | ST~ | €L0€- | 0587~ 05T~ | 0TS - L
Ceee- 1256018087 |Selg-|0LTE-|0ELE- | €8T | SLSI-|T9TE " | 6T6C" 69°€C- | L9ST- | ¥81E-]TT6T- | 19T~ | TEST - 0
Cee- 16608 | prLe-| 61ce | pwog- [ 0P8T-|60vT-| LTLI- | 8S70E - | 61°8T- S607- | SI'ST-[T96T-|8LLT-|680T- ]80! 6€ #1ed

(uSiom Apoq 3/8W ¢) SdT + Ad (%) 258a109p 2dUBQI0SqE [EHUIPI 6

o' Ly'E £eT y0'¢ ST¢e 8l¢ 65¢C (41K LE'S 09'v e ¥6°9 £Ce 90°¢ oSy LY'S NGS F
cr6e-1199c-|orte-| 108z | 1spe-| S0TE-| ¥S'ST-| LOLI- | €SVE - | 1LOE- 6y 1T~ | TLST- | P0'TE- | €L'8T~ | 9581 - | S8EL - g
COZE- 10667 | Sv9T- | clce- | vp8T-[6€9T-|TllT- | 1T91 - | 9T8C- 9197~ | 61°07-| €091~ | LTLT- | ¥O'ST- | 61761~ | ¥L'SL- St
0Shr- | 1S 1h- | 60°€E- | €CTe-|TS6e-|OpLE-|0L0E- | LOWT - | ETSY - 766€- | co€e- | 8SLT-|61'8E- | 18pE- | €192 | 19°CC- 9& #ed
090V - | Tr8c- | LLEE- | L96T- | LSSE-[SETe-| IpsT-]€e60l- | [10€E" 9097~ | 9T 11 -] §S°€- | $9°0€- | #€9T- |80l -] TTE~ 33

OuSom Apoq 3/ ¢ 1) Sd'T + dd (%) 2583109p 20UEGIOSQE [BHUSIIL] 3

0°¢ 9£°C 0Ll 90 31y LTS 959 6v'S L1'8 Ly'L LSS 69'v 'L S8'L £2°9 81°¢ NES F
e - | €eTe- | 0882 | 06°€T- | $S°ST- |90 1T- [ IPSI- | 161~ |LSLE" GS'GI-| 6801~ | $9L- | Ly9l-|6Epl- | II'TI-| 00°L- -
01Ze- 1162 [cC9g- | 1LTT- | LLee-[9T0E-|9SST-|8E6l - | EL6C" 11LZ-]S1°0T-| €591~ | Ly'8T- | S¥9T- | 1S0T- | 8591 - Ly
TL26-1260€- | L18C- | ¥TvT-|6LTT-| ¥60T- | 9SLL-| SIS~ | V60T " L6LT-{0ST1-]| 6LS- |Th6l-|80LI-|0S€El-] S96- 43 #ey
TR 1 €691 10CE- | 9L vT-|800T-|66711-] TIE- | 0TL- | ¥OT- 9¢'1- ] 060- | 090- | ¥T0- | 9€0+ | 990+ | ITT+ 1X

(ysam Kpoq Sy/sw 1) SAT + dd 2(0/,) 2582109p 20URQIOSqE [RNUIIIIC &
urur(g[ U oz wwiol umw g ww 0€] umu g wiw[] umurg] unog] uiu 0g[ umu Q] unuig[ wwog] utuiog] wwol] uwwgp  (dnoip)
O WA 05T BO NI 05 PO W01 RN Jusunean jo odA

Som Apoq 3y/SdT Sw (¢ pue ST s payoalui syel g7 10 Jd WOIJ PIUIE)GO BLIPUOYIONU [HIM PIPI0IIL ISEIINDP NUEGI0SqY
£21q9v]

32



DOSE-DEPENDENT EFFECTS OF BACTERIAL ENDOTOXIN TREMENT ON MEMBRANE PERMEABILITY

su su su su 100> ] c00>] su S0 ] 200> 1 200> 200> ] c00>]500>]S00>[S00>]|500> d
Lv | 620 1ocr- | 169- | 6861 | 61wl | o8 | Tse | sz9e | L60z | 18Tl | (68 | 99wz | Ll6l | 69Tl | LO8 LX =8 X
su su su su su su su su su su su su su su su su &
05t~ | zest-|ssvr-]6oti-| o951 | 86 | 880 | vov | g€ | vre- | vET | 66T | 9597 | 05v- | 6£0 | 060 k]
su su Ssu su su su su su Ssu su su su su su su su Q
LoV | L10- | S8 | L69- | SO9 v00 | 65¢- | vr9- | sor LovT- | ors- | S8L- | PIT | 8€T- | 6TS -] 99T gX =0ta
su su su su su su su su su su su su su su su su d
061- 1 ciz- L zis- | 608- | 685 | 650- | ove- | zog- | cel- | tey- | 9Ts- | Ty | 860" | 6vv- | 99C- [ XNy
su su su su su 200> | s00<= su 500> S00> 1| S00> su su su su su d
90- | cov- | 698- | svo1-| zocc | 68ze | 6991 | z8el | 1r6g | SS€C | 0Tl | LE6 | €48 | 9€TT | ELWL| Vo 6 e
su su su su su su su su su su S00> | SO0> su su su 5002 d
20T~ T opo- [ Zrii-|v0zi-] 686l | 8sv1 | 18 | 966 | evel | 6Lzl | 901 | 9Lt | L9l | V6EL | 60CL | 9¢8 GX = b
su su su su su su su su su su su su su su su su &‘
oLs- T ero- | 18s- | 69z- | ess- | ecs- | 1ss- [ 99T- | or9- | 8y9- | l0p- | 06T | 869- | 689 | ¥L9~ | 16E" 1 X —6%
su su su su su Ssu su su su su su su su su su su d
LTl | srs- | s89- | z8v- | Sro | 9sl 67¢ | po'l €L 1o | oope | rs | 6T | TTL | S9¥ | 6Tw o
su su su su su su su su SO00>1S00>[200>]S00>|5s00>]S00>]S00> su d
0c6- 1 0s6- | seg- | siz-] ots | ses | oos | zeo | 6T81 | 6891 | 66wl | TOOL | SELL | bSOl | SSTL] £C6 e
su su su su su su su su su su SO0 > su S00>1]S00>1]S00>|S00<2 d
10- | sct-] z60- | 6ri-| ss€ | oz | 6w | Tiv | €€l | sl | 6€01 | 889 | Tiol | 1861 | 971N | T98 k=t
sueawl
arw og| ww og| wwor] uwwg| wwgg| unuog| wwor] uwwg) wweg] umwpz] WWQl] UMW G) UMIQE] WU OZ| WU O] WS gnoss usamaq
20 Wil 05T 8D WM 0§ LED A 01 PO W0 $92URIIC
(d) 1UIOLJ200 AOUAPIFUOD [BONSIES FTUIPUOdsI1I00 By} pue
sdnoIg pajoalos UdIMIAQ SIOUIAFIP A} Funenoes Aq paredwod de ¢ pue g SA[qe [, WOl San[eA UBIN
20U IUSIS [BINSIE)S AIDY) PUE SIN[EA UBIW UIIMII] S
¥ 219P.L

33



34

C. TARBA, I.V. DEACIUC

PF+Saline vs. PF+LPS (0.2 mg/kg)
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Fig.2(up) and Fig. 3 (downkffect of rat treatment with small doses of LPSon
mitochondrial swelling.
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The results are presented as percent of diffetesitisorbance decrease at
different times. Calcium concentrationgM) and the type of subgroup are as
detailed in the attached window.

The pre-treatment of rats with small doses of LB and 0.8 mg/kg)
determines a very interesting swelling behaviotitepa of mitochondria, as shown in
Figs.2 and 3, above. For clarity, the curves obthinith 50uM calcium concentration
for saline-injected rats have been omitted in Wmtres. As can be seen from the
figures, the mitochondria of LPS-injected ratshia presence of small concentrations
of calcium (close to the physiological ones) amgstant to swelling, the differential
absorbance decrease after 30 min of incubatiomglseimewhere in the interval of 5 to
10%, while for mitochondria from the correspondisgline-injected rats the
absorbance decrease is close to 25%. The diffeydreteveen the LPS- and saline-
injected rats are in fact statistically significgpt< 0.05) beginning with 10 min of
incubation. Even at 5M calcium, the degree of swelling is smaller fotoohondria
of LPS-injected rats, although the differences rat statistically significant in this
case. At the same time, one can see that at thegtigalcium concentration used (250
uM), which is far from the physiological range o&thytoplasmic calcium, the extent
of swelling is larger for the LPS-treated ratshaltgh still not statistically significant.
This trend becomes more and more obvious as LP&tration used is increased, as

can be seen from Fig.4.

PF+Saline vs. PF+LPS (3 mg/kg)
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Fig .4 .Effects of rat treatment with a high dose of LPS (3 mg/kg b.w.)
on mitochondrial swelling.
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Again, for clarity reasons, only two curves froacle group of mitochondria
were shown in Fig.4. Even though the differences rast statistically significant,
based on the general trend, we consider that ffegettices are real. The situation for
1.5 mg LPS/kg body weight, which is intermediates hot been graphically presented
because of the large degree of overlapping bettiestvo sets of curves.

If swelling behaviour of mitochondria obtained rfroethanol-fed rats is
compared with respect to the effect of LPS pretineat, one can observe a similar
pattern of response as with pair-fed animals, aljhocertain differences are also
present. The similarity is due to the effect of |.MBereas the differences are due
to the effect of ethanol. An illustrative exampgegdiven in Fig.5, which presents
the absorbance changes in mitochondria of ethathl-$aline-injected rats vs.
LPS-injected rats (0.8 mg/kg body weight).

EtOH-fed: Saline vs. LPS (0.8 mg/kg)

Time (min)
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0 + | | |
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Fig.5. Swelling of mitochondria obtained from ethanol-fed rats: saline-injected (S) vs.
LPS-injected animals (0.8 mg/kg b.w.)

Because of the steeper absorbance decrease ithonitdria obtained from
ethanol-fed, saline-injected rats (see also Fighe,differences between the two
groups of rats, at least for small doses of LPSHsas in Fig.5), at low and
medium calcium concentrations, is even more evitleamh in the case of pair-fed
rats. The converse is true, however, for the higleatcium concentration (cf.
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Figs.2 and 3) and for the higher doses of LPS éh& 3 mg/kg; not presented
here), in which cases the absorbance decreasecis steeper at the beginning and
levels off towards the end of the monitoring per{@@-30 min), as can be deduced
from Tables 3 and 4. As expected, even more impestfferences can be seen in
Table 4 if one compares subgroups 5 ande2the PF rats injected with 0.8 mg
LPS/kg b.w. and the EF saline-injected rats.

Discussion. The mitochondrial permeability transition (MPT) miened
above as a crucial point in a cell's life and dedditision is followed by matrix
swelling, a phenomenon that can be monitored bysoresy the absorbance
change (decrease) at 540 nm (or at a nearby watke)eindeed, our measurements
on mitochondria obtained from the liver of chrotlicathanol-fed rats show a higher
propensity of these organelles to undergo swellagycompared to those of the
pair-fed group, although not so evident as in the 6ther studies on this problem
existing in the literature [37, 39]. However, thare factors which may explain the
differences, such as a different composition of shvelling medium and a different
design of the experiment. In any case, a modenatedse in membrane permeability
and the associated moderate swelling could be dibigavith an apoptotic death,
which is a controlled process requiring energy B8, whereas an extensive swelling
should lead to membrane breaking and loss of apgois for ATP synthesis and for
further control of the dying process. The conseqgeeahould be death by necrosis.

The real surprise in our study came when we loaldtle results obtained
with mitochondria of LPS-treated rats. There ideakc pattern that emerges from
the study of the differential absorbance decreaserded in hepatic mitochondria
from rats given different doses of LPS. The mostspicuous effect is that obtained
with mitochondria from rats treated with 0.8 mg URfbody weight. The absorbance
decrease in this case is much smaller than in mitedria of saline-injected rats.
On the other hand, at the highest dose tested (BP&gkg b.w.), the situation is
reversed, even though the increase in absorbares mwt appear as statistically
significant. The dose of 0.2 mg LPS/kg has simééfects to that of 0.8 mg,
although slightly less evident, while 1.5 mg LP8unes a higher change (this time
an increase), but less than that observed with 3. Rt Such an extensive study
on LPS dose dependency has not yet been perforipumedyur results do agree,
indirectly, with the only study existing in theeliiture in this respect. Guidot [13] has
studied the effect of two doses of LPS (0.5 mg2amig LPS/kg) on mitochondrial
respiratory capacity and membrane potential in hepatocytes isolated from
endotoxin-pretreated rats. The decreased swelting results at 0.2-0.8 mg LPS)
and the increased membrane potential (at 0.5 mg ibRSuidot’s study) reflect a
decreased permeability of mitochondrial membrarteereas an increased swelling
(our results at 3 mg LPS) and the decreased memip@ential (2 mg LPS in [13])
reflect an increased membrane permeability. Howdcthese effects be explained?
It is known that a variety of oxidative injuriesich as those induced by hyperoxia
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and sublethal doses of LPS, induces resistancestbsequent and otherwise lethal
oxidative stress [9, 41]. Also, in a related styd®], Guidot determined that
endotoxin treatment in rats in a dose-time depentishion, that is known to
induce tolerance to hyperoxia-mediated lung injuiygreased nonenzymatic
scavenging of superoxide anion by lung mitochondFiaus, our results could be
explained, at least in part, by the antioxidaneefinduced by the sublethal doses
of LPS, which translates into a protective effdanembrane phospholipids, which
are known to be very sensitive to oxidative stfes].

One additional observation is that, at least &is given endotoxin 24 hrs
prior to sacrifice, protective doses should be wered only up to approximately 1
mg/kg body weight. Doses above these values angébir a longer period of time
probably increase the oxidative stress, initiaeepgarmeability transition and increase
the matrix swelling. The consequence is the unaayif oxidative phosphorylation,
the decreased capacity for ATP synthesis and lfinddath, either by apoptosis or
by necrosis, depending on the extent of the effects

Conclusions. Chronic ethanol feeding of rats induces a modéenatrease in
the matrix swelling, a phenomenon which is compatitith (and which could lead to)
an increased rate of apoptosis. The treatmentlMgh of both pair-fed and ethanol fed
rats has two different results, depending on theed@ decreased permeability
(decreased swelling) at low doses and an incrgaesedeability (increased swelling)
at moderate doses. The first result is a cleacatidin of the protective (most likely,
antioxidant) effect of sublethal doses of endotpxithereas the second should be
related to the apoptotic/necrotic effects inducgdigher doses of endotoxin.
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THE GROWTH AND SEED PRODUCTION OF SOYBEAN PLANTS
CULTIVATED ON MINE SPOILS

SILVIA ONACH

SUMMARY. — The growth and seed production of two soyb&iycine max
cultivars, Agat and Diamant, cultivated in mine ilgprom Cavnic (Baia Mare
mining area, Romania) were studied, under fielditmms. Three experimental
variants were organised:; ¥ control (unpolluted soil), ¥— 50% spoils+50%
unpolluted soil, ¥ — 100% spoils. No fertilizers have been addednjoai the
cultivation substrata. Seed germination was na&icedtl by the heavy metals in
spoils. The growth of both soybean cultivar plantiivated in 100% spoils, as
well as the root elongation, were strongly inhithitand the amount of dry matter
in the leaves increased. The plants cultivate@% Spoils had the best growth. In
all three cultivation variants the Agat cv. plamggl a better growth in the first part
of the vegetation cycle, later being overtoppethieyDiamant cv. plants. For both
soybean cultivars grown in 100% spoils, the nunabgrods and seeds was very
low. The plants grown in 50% spoils had a high neind$ pods and seeds, but an
increased percentage of undeveloped seeds.

A number of heavy metals (like Zn, Cu, Fe) are eakfor plant growth
and development, but when present in excess apaghyr phytotoxic. Others,
however, such as cadmium and lead, are toxic evemall concentrations and are
not known to have any functional value in plantgakly metals induce many
biochemical and physiological alterations in plealls and visibly inhibit the plant
development in general. Stunted growth, leaf epynamnd chlorosis are striking
symptoms of strong metal toxicity [21].

Mine spoils from Cavnic (a Pb-Zn-Cu mine from B&lare mining area,
Romania) contain a high amount of heavy metals.[T8f purpose of this study
was to evaluate the growth and seed productiowofsbybean cultivars, Agat and
Diamant, cultivated in these spoils and whethesehgrocesses could be improved
by mixing the spoils with soil.

Materials and methods. A field experiment was conducted using two
soybean Glycine max(L.) Merrill] cultivars, Agat and Diamant, creatdry the
Agricultural Research Station, Turda, Romania. &keeriment was described in a
previous paper [13] and lasted one vegetation cyidie seed germination capacity
was determined in the laboratory. 200 soybean sieedsach variant and cultivar
were used, distributed in four germinators, with &&@ds each. The germination
substrata were the three experimental variantsr{@p®0% spoils+50% unpolluted
soil, 100% spoils).

‘Babg-Bolyai University, Department of Plant Physiolo§%00 Cluj, Romania.
E-mail: sonac@bioge.ubbcluj.ro
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The growth of soybean plants was estimated by nmieasthe length of
stems and roots and by determining the accumulafiany matter. The stem length
was periodically measured, at 26, 45, 60, 77, 94148 days. For measuring the root
length, 12-day-old plants, grown in the laboratavgre used. The accumulation of
dry matter in the leaves of soybean plants wasnestid in different vegetation
stages, namely the beginning of flowering, S1,lbkginning of pod genesis, S2,
and the stage of fruit ripening, S3. Disc samples dn diameter wide were
sectioned from the sampled leaves, being first edigvhen fresh, then oven-dried
at 105C, and weighed again. The results were relate@@oglfresh matter.

In order to estimate the fruit and seed productioa total number of fruits
and seeds from 15 soybean plants within each ewmltwd experimental variant
was taken into consideration.

Resultsand discussion. The seeds of both soybean cultivar plants getstdna
in all the experimental variants, as follows. Thgafcv. seeds germinated as 91% in
the control, 82% in 50% spoils, and 97% in 100%ilspdhe Diamant cv. seeds
germinated as 93% in the control, 85% in 50% spaitel 95% in 100% spoils
(Fig. 1).

Agat
100+

Diamant
95+
90+
85+

80+

75+

Germinated seeds (%)

70

Control 50% Spoils  100% Spoils

F i g. 1.Variation of the germination capacity of soybeandseé\gat and
Diamant cvs., depending on the germination substnat

For both soybean cultivars, a high percentage rofigated seeds in the 100%
spoil variant was found, slightly higher than thentrol, which might suggest that
heavy metals from spoils do not negatively affestdsgermination [3], but might
stimulate it [10]. The sandy consistency of spodsild explain this high percentage.
For both cultivars, the lowest percentage of geasith seeds was found in 50% spoils.
The seeds of Diamant cv. from the control and 5084l groups germinated in greater
number than those of Agat cv., whereas in 100%Issioé situation was inverted.
However, the differences between the two soybelivams were not large in any of
the experimental variants.
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Despite the high germination rate, the growth othbsoybean cultivar
plants cultivated in 100% spoils was strongly irtieith. The growth of plants in
50% spoils was stimulated, particularly in the aaf<d@iamant cv. In the first two weeks
after sowing, the plants cultivated in 100% spditsth cultivars, had the best growth.
At the age of 26 days the plants of both cultivard all variants had approximately
the same height and starting with the age of 4% dlag plants from 100% spoils
had a much slower growth when compared to the obatrd especially to plants
grown in 50% spoils. In the case of Diamant cvanplgrowth was reduced to half
when compared to plants grown in 50% spoils. Imbailtivars the plants from
100% spoils grew intensely between the ages ofrdb7d days, after which their
growth slowed dramatically. The control plants dhdse from 50% spoils grew
constantly to the age of 94 days (Fig. 2).

A. Agat Soil
40 - [150% Spoils
[ 100% Spoils

B
;: 25 |
2@ 20 Z.
2 15 % ,
: %
g 104 %

: %

ol %

26 45 60 77 94 108 days
B. Diamant Soil

[50% Spoils
E 100% Spoils

Stem length (cm)

26 45 60 77 days

Fig. 2.The growth of soybean plants, Agat and Diamant cwdtivated in soil, a mixture
of soil (50%) and spoils (50%), and spoils (100¢6),108 days (n=15).
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In all three cultivation variants the Agat cv. rabetter growth in the first 50
days after sowing, but later the growth of the Ddatncv. was better, particularly in
50% spoils. This overtopping by Diamant cv. plaiggests a greater sensitivity of the
Agat cv. plants, regardless the cultivation sulbstna It should be noted that no
fertilizers have been added to any of the cultiraiubstrata.

The first evident effect of metal toxicity in planis considered to be the
reduction of root elongation. A r d u i ret al [1] found that Cd, especially in
combination with Cu, strongly inhibited the roobwith of Pinus pineaand Pinus
pinaster seedlings, affecting root morphology (colour aradr ldevelopment) and
architecture (the pattern of branching, the latevat number, the length). Heavy
metals inhibit the root elongation and the growtid aevelopment of plants, thus
decreasing their biomass production [6, 9, 12154 22].

Our results regarding the influence of heavy meaialthe growth of soybean
plant roots are in accordance with the literatia@&dFig. 3). The elongation of the
plant roots cultivated in 100% spoils was greatlyibited in the case of both Agat
and Diamant cvs. (64 and 52%, respectively) whenpaoved to the control. Root
inhibition was noticed in plants cultivated in 5G§oils, but in a smaller percentage
when compared to the control (42 and 35%, respag)iAs with the growth of
shoots, Agat cv. seems more sensitive regardinigetoagation, at least in the case
of the variants with spoils.

18,0 - Agat

15,0 - Diamant

12,0 4

o
o
\

Root length (cm)
(]
o

w
[}
\

0,0 -

Soil 50% Spoils 100% Spoils

F i g. 3.The root elongation of soybean plants, Agat anchiziat cvs., cultivated
in soil, a mixture of soil (50%) and spoils (50%d spoils (100%), for 12 days (n=15).

Studying the plants growing on ore bodies enriéhe@iu, L a n a-r a st al
[11] found that the high Cu concentration in the epil in combination with the
low Ca level resulted in a strong inhibition of tirewth of the plants. P atsi k leg
al. [16] observed that excess Cu appliedsivo caused the decrease of both root
and shoot growth of bean plants. Long-term exposutegh levels of Zn reduced
the growth of bean plants, as a consequence dbifiam of both photosynthesis
and translocation of photosynthetic products [C4.inhibits plant growth, probably
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because of its impact on uptake of nutrients angnvtherefore affecting metabolic
processes [14]. Ou z o u nid etal [15] found a significant reduction in Ca and
Fe content in the tissues of maize treated witleex€u.

Certain changes in root morphology, such as irddE{ongation and enhanced
lateral root formation [8], might be related to tteong decrease in indolyl-3-acetic
acid oxidase activity in roots exposed to high lyeaetal concentrations [12]. The
reduction of root growth is attributed to the inkoby effect of heavy metals on
cell extension, possibly caused by the change®linwall characteristics, and to
the lowering of mitotic activity [22]. Heavy metatleduce Ca uptake by plants,
which is required for cell extension and divisitwy, replacing it at its binding sites
on the exterior surface of the plasma membrangZp,

The stunted growth of plants cultivated on hightyiyged soils may be due
to a specific toxicity of the metals, antagonisnthwither nutrients, or inhibition of
root penetration in the soil. If root elongatiorréstricted, then nutrients such as P,
K, Fe, etc. could fall to growth-limiting levels][8

The accumulation of dry matter in the leaves ofbe@an plants, Agat and
Diamant cvs., is showed in Fig. 4. In all threeetagon stages and for both studied
soybean cultivars, an increase in the amount ofnaaiter in the leaves of plants
cultivated in 100% spoils was observed.

Agat Soil Diam ant Soil
. 60 1 050% Spoils 60 - [050% Spoils
g 501 [1100% Spoils | | & 50 [ @100% Spoils
o> 40 > 553
§ 30 - 8
2 20 )
2 10- =
0 - "
S1 S2 S3 stage S1 S2 S3 stage

F i g. 4.Dry matter (dry weight, DW) accumulation in theuea of soybean plants,
Agat and Diamant cvs.,in three vegetation stages: th& beginning of flowering,
S2= the beginning of pod genesis, S3= fruit ripgnin=3).

For the Agat cv. plants this amount was 58, 23,3 &b higher in S1, S2 and
S3, respectively, compared to the control. FolCtiaenant cv. plants the amount of dry
matter in leaves was 35, 16, and 8% higher, raspct(Fig. 5, A). The highest
difference between the control and the plantsvai#d in 100% spoils in regards to the
accumulation of dry matter in leaves was foundlifids both soybean cultivars.

The soybean plants, both cultivars, grown in 504ilspeacted differently
regarding the accumulation of dry matter. For tlgaticv. plants the amount of dry
matter increased with 18 and 8% in S1 and S2, otispd/, compared to the
control. In S3, however, it decreased by 13% coeghdo the control (Fig. 5, B).
The increase of dry matter in S1 and S2 was muaglerian comparison to plants
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cultivated in 100% spoils. For the Diamant cv. ting matter content of the plants
grown in 50% spoils decreased slightly with 2, Add% in S1, S2, and S3,
respectively, compared to the control.

A. 100% Spoils B. 50% Spoils
20 4
= ——Agat = 15 | —m— Agat
s 80 —aA— Diamant o )
S = 10 1 —a— Diamant
o 60 o
- e 5
40 °
S o
< 2 g 0
g o 8
w s1 s2 s3 W -10 -
stage -15 -

s1 S2 S3 stage

Fig. 5.The influence of heavy metals from 100% spoilsa(#l)50% spoils (B) on the
accumulation of dry matter (% of the control) ireleaves of soybean plants, Agat and
Diamant cvs.,in three vegetation stages: $iebeginning of flowering, S2= the
beginning of pod genesis, S3= fruit ripening.

The percentage of dry matter usually increases thighage of the plant
due to the accumulation of storage compounds and i@lative increase in the
proportion of structural material (cell walls anglin) [12]. The highest content of
dry matter in soybean leaves, in all the cultivatiariants and both cultivars,
occurred at about 85 days after sprouting. Lateleerease was recorded, as a
consequence of the translocation of reserve congmtowards seeds. The young
leaves of plants use an important amount of thégsiyathetic compounds for their
growth. As they reach the maturity stage, theirdsedecrease. As a result, leaves
become important in producing the energy needeth®mreduction of nitrates, the
synthesis of macromolecules, the renewal of cysspla proteins, and for the
nutrient transport. Consequently, most of the assies are translocated from
leaves into fruits and seeds [5].

For both soybean cultivars studied in our experirtt@nincrease of dry matter
amount in the leaves of plants cultivated in 10@#ils did not indicate a real increase
of the biomass. The amount of fresh matter of thé&sgs was very low (Fig. 6).

This effect is probably due to a heavy metal-indudésturbance in the
water balance of the plants, leading to water stf@s4, 10, 20], to the uptake and
translocation of heavy metals, as well as to tleemsed accumulation of proteins
(phytochelatins). Water stress caused by many hewtals leads to all the other
abnormalities in physiological and metabolic preess[19]. Cadmium affects the
uptake and distribution of nutrients in plants andibits the water transport to
shoots, producing a water deficiency in plant9[718]. By inhibiting cell extension
and division, heavy metals may cause a reductiorelbfwater content, leading to
an increase in dry weight/fresh weight ratio (DW/H8].
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Asoil A. Agat Soil B. Diamant
050% Spoils 16 1 50% Spoils
1¢ B1100% Spoils 14

12 | E100% Spoils

FW (9)
onvboO®

stage s1 S2 S3  stage

Fig. 6.Fresh matter (fresh weight, FW) accumulation in #evkes of soybean plants,
Agat and Diamant cvs.,in three vegetation stages: tB& beginning of flowering,
S2= the beginning of pod genesis, S3= fruit ripgnin=15).

G re g er[9] found that when the concentratibmurients decreased in
relation to Cd concentration, the DW/FW ratio iraged. The study concluded that
the growth of sugar-beet plants was affected bypttogportion of Cd to nutrient
concentration and not directly by the Cd conterthimplants. This is in agreement
with our results, which showed that the Diamantptants had a better growth when
compared to the Agat cv. plants, though their Isaaed roots contained higher
amounts of heavy metals [13]. The mine spoils usenlr experiment as cultivation
substratum for soybean plants were nutrient-defidie3]. This nutrient deficiency
could explain the stunted growth of soybean pl§2fsBy mixing with soil, the
quality of spoils is improved by dilution of heamyetals and enrichment of nutrients.
Consequently, the DW/FW in the 50% spoil variansw@ver as compared to the
100% spoil variant, and the growth of soybean glards much better.

The soybean plants of both cultivars cultivatedl@©% spoils fructified,
but their number of pods and seeds was much lowenwompared to the control

(Fig. 7).

A. Pod 7 Agat 7 Agat
180- s '9 480- B. Seeds '9
@ 150- Diamant % 400 | £ Diamant
2 120 2 320+
° 90 S 240
é 60- 3 160-
5 301 E g0
z z
0 0
Soil 50% 100% Soil 50% 100%
Spoils  Spoils Spoils  Spoils

Fig. 7.The total number of pods (A) and seeds (B) of 1besoyplants/experimental
variant/cultivar.
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The control plants of Diamant cv. had less pods seetls than those of
Agat cv., but more pods in spoil variants. Theati#hce between the two cultivars
was, however, not great in any of the cultivati@miants. The difference between
the number of pods and seeds of Agat cv. planta Bpoil variants and that of the
control was higher when compared to Diamant cwatglaThe number of pods of
Diamant cv. plants decreased 13 and 74% comparix toontrol in the 50% spoil
variant and 100% spoil variant, respectively. Thenber of pods of Agat cv. plants
decreased 34 and 82%, respectively, compared tmtiteol. Similarly, the number of
seeds of Diamant cv. plants decreased 13 and 7Mpared to the control in the
50% and 100% spoil variants, respectively. Theelsing of seed number of Agat
cv. plants was 32 and 85%, respectively, comparehle control (Fig. 8).

A.Pods  —m—Agat B.Seeds —H—Agat

a— Diamant —a— Diamant

o

-20
-40
-60

BN
o O

[e]
o

iy
o
o

Effect (% of control)
[o2]
o

Effect (% of control)

Control  50%Spoils 100%Spoils Control 50%Spoils 100%Spoils

F i g. 8.The influence of heavy metals from 50% spoils &@¥d spoils on pod (A) and
seed (B) production of soybean plants, Agat and Braravs.

The plants of both soybean cultivars had a pergentsf undeveloped
seeds, smaller than the percentage of developeds sggg. 9). The highest
percentage (41%) of undeveloped seeds was recdaogtethe Agat cv. plants
cultivated in 50% spoils. The control plants of D&nt cv. and those cultivated in
100% spoils had a higher percentage of undevelepeds (34 and 33%, respectively)
than the plants of Agat cv. cultivated in the cep@nding variants (25 and 27%,
respectively).

Although the soybean cultivars Agat and Diamantagren 100% spoils
reached the maturity and fructified, the numbepofls and seeds was low when
compared to the control. There was an averagemdda/plant for both cultivars,
compared to 11 pods/plant for Agat cv. control &pods/plant for Diamant cv.
control. There was an average of 4 seeds/plant, &gaand 5 seeds/plant, Diamant
cv., compared to 28 and 25 seeds/plant, respegtifcglcontrol.

Our results suggest not only the reduction of éhxecity of heavy metals from
spoils by mixing the spoils with soil, but alsatiansilation of growth. This was observed
in the soybean plants cultivated in 50% spoils.s€hglants had a better growth even
when compared to the control. In addition, the nemab pods and seeds exhibited little
decrease, though the percentage of undevelopesiisesehsed.
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A. Agat B. Diamant
Soil @ns Soil mDS
muUs mUS
0,
25 34%
66%
75%
50% Spoils 50% Spoils

31%

59%

69%

100% Spoils 100% Spoils
27%

73% 67%

Fig. 9.The percentage of developed (DS) and undeveloged $6S) from the pods of
soybean plants, Agat and Diamant cvs., grown inowarexperimental variants.

Conclusions. 1. For both studied soybean cultivars, Agat arahiant, the
percentage of germinated seeds in 100% spoils vggs fhis may suggest that
heavy metals from spoils do not negatively affemtds germination. The sandy
consistency of spoils could explain this high patage. The lowest percentage of
germinated seeds was found in 50% spoils, for bojtbean cultivars.

2. The growth of both soybean cultivar plants galied in 100% spoils
was strongly inhibited. The growth of plants in 508poils was stimulated,
particularly in the case of Diamant dw.all the experimental variants the Diamant
cv. plants had a better growth than those of Agat c
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3. The elongation of the plant roots cultivatedld0% spoils was much
inhibited, in the case of both Agat and Diamant..cwhereas in 50% spoils this
inhibition was less marked. The inhibition of ra@ngation is higher for Agat cv.
plants in both spoil variants.

4. For both soybean cultivars studied in our experimtée dry matter
amount in the leaves of plants cultivated in 10@ils increased. In the 50% spoill
variant this increase is diminished. The increake&lrg matter amount did not
indicate a real increase of the biomass.

5. The soybean plants, Agat and Diamant cvs.,vaiéd on 100% spoils
reached maturity and fructified, but the numbempotis and seeds was very low
when compared to the control. The plants of Diamant cultivated on spoil
variants had a greater number of pods and seedgtibaplants of Agat cv. from
the corresponding variants.

6. The effect of heavy metals and/or nutrient deficy from Cavnic spoils
on the growth and seed production of soybean plaats reduced by mixing the
spoils with soil in equal percentages.

7. The Diamant cv. plants seemed to be more resistathe harmful
cultivation substratum represented by mine speiign compared to the Agat cv. plants.

Acknowledgement3he author thanks Dr. Victor Bercea for the deiaation
of dry matter.
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BIOCHEMICAL ACTIVITY OF SOME URBAN SOILS IN EASTERN
SIBERIA

ELIZAVETA V. NAPRASNIKOVA" and VALERIAN A. SNYTK O*

SUMMARY. - Biochimical activity, assessed as urease activiyg determined in

soils of three East Siberian towns located in tebdtkalia: Irkutsk, Shelekhov and
Sayansk. Unpolluted soils in the Olkhon Island lué Baikal Lake seved for
comparison. Ranges ofthe pH values for optimumsereativity were found to be
6.3-7.4 (in Olkhon Island soils), 7.3-7.9 (in Ikkitsoils), 7.5-8.3 (in Shelehkov
soils) and 7.0-7.8 (in Sayansk soils). At the sakiier at nearly the same pH, soil
urease activity presented the order: olkhon Istalmilutsk > Shelekov > Ssayansk.

For stuying biological activity in urban soils,zmological methods were
also applied. Thus, enzyme activities were measurembils of Warsaw (Poland)

[16], Trier and Bonn-Bad Godesberg (Germany) [Ta]lu (Finland) [10], Brsten
(Germany) [3], Moscow (Russia) [11], Serpukhov (Sas[12], Brno and Podoli
(Czech Republic) [13], Salzburg (Austria) [14], KiRostock, Eckerdirde, Halle/Saale

and Stuttgart (Germany) [4], Rostov-Don (Russid) [20v (Lemberg) (Ukraine) [5]
and in soils of the Siberian towns of Sharipov8]6lrkutsk and Shelekov [9] and
Sayansk [7].

In the present paper we describe the investigatiarried out for comparison
of biochemical activity, assessed as urease agtivitsoils of three towns (Irkutsk,
Shelekhov and Sayansk) located in Eastern Siberidhe Prebaikalia and in
unpolluted soils in the Olkhon Island of the Baikake.

Site description. The town of Irkutsk is the biggest industrial wenin
Prebaikalia. It was founded some 300 years ago ovesf soils. The forests
surrounding this town are dominated by larch amdhbi

Shelekhov is a new town at 8 km from Irkutsk. Tiown is located on an
area of pine-larch forests and is affected by patits (mainly fluoride) from an
aluminium smalter.

The town of Sayansk and the neighbouring areaspyca part of the
Irkutsk-Cheremkhovo plain. The soils on this plaie soddy-podzolic and gray
forest soils. The chemical factory "Sayanskkhimpremits many pollutants (polyvinyl
chloride dust, sulphur dioxide, nitrogen dioxide.et

The Olkhon Island in the Baikal Lake is considarefdolluted. The landscapes
here are natural, almost not disturbed by locahenuc activity. The soils are
steppe and forest sails.

" Siberian Branch of the Russian Academy of Scietestitute of Geography, Ulanbatorskaya
Street 1, Irkutsk 664033, Russia. E-mail: root@srigk.ru
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Material and methods. In each of the four areas studied (the three towns
and the island), soil was sampled from the 1-11depth of many 25-frplots during
the vegetation period.

Soil pH was measured potantiometrically. Biochexhiactivity of soils
was assessed by determination of urease actiwtyrding to the method described
in [1]. Briefly, the soil sample amended with uisancubated. During incubation,
the soil urease catalysis of urea. The time (hooesessary for increasing air pH
(estimated with universal indicator paper) by 1.6-2nits due to the evolved
ammonia is recorded. This time is inversely prdpaste to the urease activity.

The analytical data were subnitted to statistsaluation.

Results. Fig.1 shows that the soil pH range for optimumageeactivity is
different in the four areas. This pH range was B48in the Olkhon Island soils,
7.3-7.9 in the Irkutsk soils, 7.5-8.3 in the Shélek soils and 7.0-7.8 in the
Sayansk soils. Statistical evaluation of the rasulticated positive correlation
between urease activity and pH of soils.

Fig.1 also shows that at the same pH or at ndalgame pH urease activity
presented the order: Olkhon Island > Irkutsk > &ktedv > Sayansk. It is evident from
this order that the soils in Irkutsk, the oldestustrial town in the Prebaikalia, are less
polluted than the soils of the newer towns of Stiele and Sayansk.
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Fig.1l. Relationship between biochemical (urease) activiy pH of soils in
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1 - Olkhon Island. 2. Irkutsk. 3 - Shelekhov. 4y&ask.
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Conclusions. 1. The range of optimum pHs of biochemical (urgase

activity was different in soils of the three urbemd the unpolluted areas studied.

2. Urease activity presented the order: unpolluihon Island soils >

Irkutsk soils > Shelekhov soils > Sayansk soails.

10.
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THE PRESENCE OF SULPHATE-REDUCING BACTERIA IN THE
BOTTOM SEDIMENTS OF THE ROMANIAN BLACK SEA AREA

ELENA STOICA ", MIHAIL DR AGAN-BULARDA** and JAN KUEVER***

SUMMARY. — Seven strains (EtBut, Bub, Bug, Lag, Isol, Benz) of Gram-
negative, mesophilic, nonsporing sulphate-redubiageria were isolated from
bottom sediments of the Romanian Black Sea coawtlysis of partial 16S
rDNA sequences, obtained from pure cultures oéisdlstrains by PCR, revealed
that all strains belonged to tlde subclass oProteobacteriaThree strains (Buyt
Buts, Lag) were morphologically and nutritionally similarcéording to their
16S rDNA sequences, the isolates were affiliatetth wie following species:
Desulfofrigus fragile(But;, But;, Lac, 97.9-98% similarity) Desulfovibrio
acrylicus (Et;, 98% similarity),Desulfobacterium autotrophicuifBut,, 99%
similarity), Desulfobacterium niacin{lsob;, 99% similarity). Strain Benz
represents a new species of the gdbasulfobaculaand had 96% sequence
similarity to the previously described species.sTisi a first description of the
diversity (community structure) of sulphate-redgcimacteria from the marine
sediments of the Romanian Black Sea coast by nlatgeghniques.

The composition of bacterial communities of estuesi and coastal
regions is largely unknown, despite the substanblals many coastal bacteria play
in biogeochemical cycles and the potential utilipf such bacteria for
bioremediation and other biotechnological applmagi The lack of knowledge of
this important group of microorganisms can be laited directly to their low
cultivability by standard microbiological techniguand to a reluctance on the part
of marine microbiologists to study the small, poigiy unrepresentative group of
bacteria that can be readily cultured from coamtaas [16].

The increasingly routine use of culture-independe@R-based methods
(16S rDNA sequence comparison) in recent reseaashidd to isolation of novel
microorganisms (previously unsequenced and possiftyltured). These methods
have been applied for identification of the groupsalphate-reducing bacteria
(SRB) [31].

Although several of marine bacteria have been tiedlaluring the last
years, little or nothing is known about their fuooal and ecological roles. Most
recent reports on bacterial communities are corcepnimarily with the number of
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species potentially present in different habitats) only a few reports concern the
actual abundance of specific bacteria or their chpa the environment [5, 12, 13].

Increasing eutrophication of marine coastal areaserptes a higher
primary production in the photic zone. The organatter produced is accumulated
mainly in the bottom sediments, which provide aoh&r conditions as a result of
the active consumption of oxygen by heterotrophigaaisms [22]. Under such
environmental conditions the process of sulphadecton plays a key part in the
mineralisation of organic matter. According to Joegsen [18], over 50% of
the accumulated organic matter becomes minerahisashstal and shelf sediments.

Mesophilic marine sulphate-reducing bacteria (SRBl)ich form a phyloge-
netically distinct group within théelta subclas®f Proteobacteria make up an
ecologically and morphologically heterogeneous gromicroorganisms [4].

The main property of those either obligate or featide anaerobic
bacterial populations is their active use of sulphas a final electron acceptor
during anaerobic respiration. The final produdhig respiration is hydrogen sulphide,
which is discharged into the environment. Whereceotrations of b5 are very
high, this can penetrate SRB cell membranes and itnpedes their metabolic
activity [22].

SRB utilise a very wide spectrum of different lowolecular organic
compounds (lactate, acetate, propionate, succipgteyate, ethanol, aliphatic acids,
sugars, amino acids, indole, nicotinic acid) astebm donors, and also as carbon
and energy sources. In general, the most versatlates from various marine
habitats were originally classified as members t&f generaDesulfobacterium,
Desulfobacula, Desulfococcu®esulfonema Desulfosarcina, Desulfospirand
Desulfotignum2, 3, 6, 15, 20, 24, 27, 29-33]. Members of tkaugDesulfobacula
are characteristically restricted to the utilisatiof short chain fatty acids and
simple organic compounds as electron donors, wheme@ambers of the genus
Desulfobacteriuntan also grow chemoautotrophically op &hd CQ [2, 3, 6, 20,
24, 27].

SRB, which generate large amounts of toxic hydragidphide in aquatic
ecosystems, are important not only for ecologieakons. They are also vital from
the point of view of the economy. This primarilyno@rns the petroleum industries,
which use immense amounts of seawater in theintdoies while recovering oil
from under the sea bed. A large amount of SRB raage the oil

and gas to acidify, the piping to corrode and témininstallations to
become clogged [4]. Owing to their quite considéradrological and economic
importance, SRB have become recently a populaesidscientific investigations [22].

Although it is well known that sulphatereductioraislominant process for
carbon mineralisation in the Black Sea, no isolatesulphate-reducing bacteria
obtained from this habitat have been describedpibeshe obviously important
position of SRB in the functioning of marine ecdsyss, data concerning them in
coastal areas of the Black Sea are completely rigckiherefore, the aim of the
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present study was the description of SRB diveiigitthe marine sediments of the
Romanian Black Sea coast by molecular techniguaseTinto account the limited
data available on the abundance of the above-mmmti®GRB genera in marine
sediments [21, 26], we conducted in addition a M@hbst probable number)

approach with different substrates for estimatinge tnumber of different

populations of marine sulphate-reducing bacteria.

Materials and methods. Sampling siteThe investigations were carried
out in the southern part of the Romanian Black Seast, in spring 2001. The
sampling station was located at a distance to sbbr80 marine miles (East
ConstanRa site, 480' N/2922' E) (Fig. 1). This coastal area is strongly ettid by
inflow of riverine waters (Danube) and by wastewalescharges, which carry
large amounts of inorganic nutrients and organittenanto the sea. During the last
three decades, the inputs of inorganic nutrients@ganic matter have led to the
increase of the frequency and amplitude of algabimis and to the accumulation of
organic matter in the bottom sediments, followed dsgducing of hypoxia or,
occasionally, of anoxia. Between 1970 and 1974 fws&ason) the mean values of
dissolved oxygen, recorded at the East Constarda laave decreased for the entire
water layer [7, 8]. From 1975 (characteristically the period of May-September),
it was observed the decline of dissolved oxygeaq(fently less than 3.0 éf
equivalent to 50% saturation) in the entire 0-50ayer, particularly below the
thermocline. This reduction in dissolved oxygen fessiited in the mass mortalities of
benthic communities. In good agreement with aldgabim frequency and intensity
reduction, suboxic areas in the Romanian shelf westicted after 1990 [8-11].

Source of organismsThe strains were isolated in pure culture from
enrichment cultures inoculated with anaerobicreedit collected from offshore
site (East Constanf3a) at a water depth of 50 m.

Culture methods and medinrichment cultures were obtained by inoculating
medium with 1 crisediment. A mineral basal medium prepared asritbescby
Widdel and B ak [31] was used for enrichment, isotatand routine culture
work. As electron acceptor 28 mM of sterile sodisuiphate, equivalent to the
concentration in seawater, was added from a 1 bksfolution. Different substrates
were added as the organic carbon/energy soummetsta (10 mM), lactate (10 mM),
butyrate (10 mM), isobutyrate (5 mM), ethanol (181 propionate (10 mM),
benzoate (2 mM), formate (10 mM), hexadecanoataNl). FeSQ (0.2 mM) was
used as an indicator of sulphate reduction: a blee® precipitation indicated
sulphide formation. The cultures were incubate2Ba€ in the dark for about 3 weeks.

Viable counts of sulphate-reducing bacteria weréerdgined by most
probable number (MPN) counts [1]. For MPN enumergtithe sediment sample
was used as inoculum and the substrates for tferetit MPN enumeration were
the compounds specified above.
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Fig.1. Location of the sampling site (East Constanf3atti

Isolation of bacteriaPure cultures were obtained by repeated deep agar
dilution series [31]. To check purity, the isolatgsre inoculated into media with
0.1% yeast extract plus;Hformate, lactate, pyruvate or sugars as substrafeer
incubation the cultures were examined microscolyical

Substrate utilisation tesfThe ability to oxidise and grow on different
organic compounds was tested by using the mediuth thie compounds (as
electron donors) as described above. To test thabidéy of autotrophic growth,
cultures were grown under a headspace of 8Q90%% CQ at an overpressure of
101.3 kPa. Samples containing no electron doneedeas controls.

PCR amplification and sequencing of the 16S rRN#egEo amplify the
almost complete 16S rRNA encoding gene (1,500 bstrains, primers GM3F
and GM4R were used in a 35-cycle PCR with an amgea¢mperature of 40C
[23]. PCR products were purified by using the QliguSpin PCR purification kit
(Qiagen, Inc., Chatsworth, Calif.) as describedheymanufacturer. ThEag Dyedeoxy
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Terminator Cycle Sequencing kit (Applied BiosystefRgster, Calif.) was used to
directly sequence the PCR products according toptiatocol provided by the
manufacturer. The sequencing primers have beerridedcpreviously [20]. The
sequence reaction mixtures were electrophoresezhohpplied Biosystems 373S
DNA sequencer.

Phylogenetic analyses of 16S rRNA gene sequenee Tat sequences
were loaded into the 16S rRNA sequence data bageodfechnical University of
Munich using the program package ARB. The tool ARBIGN was used for
sequence alignment. The alignment was visuallydasgal and corrected manually.
Tree topologies were evaluated by performing marinparsimony, neighbour
joining, and maximum likelihood analysis with diféat sets of filters. Only sequences
with at least 1200 nucleotides were used for theutation of different trees. The
partial sequence of strain | was added to the mdoacted tree by applying
parsimony criteria without allowing changes in twerall

tree topology. The strain designations and nuaeosiequence accession
numbers which were not included in the ARB datalaases followsDesulfobacula
toluolica’ DSM 7467, X70593Desulfobacula phenolicaDSM 3384, AJ237606;
Desulfospira joergenseniiDSM 10085, X99637Desulfotignum balticungstrain
Sax), DSM 7044, AF233370Desulfobacterium autotrophicur®SM 338772
HRM,; Desulfobacterium niaciniDSM  2650* Desulfofrigus fragile,DSM
23457 LS,21; Desulfovibrio acrylicuSM 10141™,wW218.

Results. Physiological and morphological propertiedsing the organic
compounds as described above seven mesophilicatalpbducing bacteria were
isolated: Ef, But;, But, But;, Lag, Isoh, Benz. Morphological caracterisation of
the isolated strains determined by light microscopyealed that all strains were
motile, single or in chain formed oval to vibriggd-shaped cells (Fig. 2). Three
strains (Butl, But3, Lacl) were morphologically andtritionally similar. All
sulphate-reducers were mesophilic, Gram-negativle Tphysiological and
morphological properties of the isolated strairesleted in Tablel.

A significant production of kB by sulphate reduction was observed after
2-3 weeks of incubation (at 28 °C in the dark) wditetate, propionate, lactate,
butyrate and benzoate as an electron donor andrcadurce. For the other five
compounds sulphide production occurred after athoubnth. During isolation and
cultivation best growth was observed on acetatepipnate, hexadecanoate,
benzoate, butyrate, lactate, ethanol (Table 2).

Phylogenetic analysisThe phylogenetic affiliation of the isolated SRB
was determined according to a partial 16S rDNA seging. They were most
closely affiliated with the generfaesulfovibriq Desulfofrigus Desulfobacterium
andDesulfobaculgl, 3, 2 and 1 strain, respectively).

The phylogenetic affiliation of the seven isolastthins according to their
partial 16S rDNA sequence and phylogenetic posisi@mown in Table 3 and Fig. 3.
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Fig.2.Phase - contrast photomicrographs of
a) Desulfovibrio acrylicustrain Et

b) Desulfofrigusfragile strains But, But, Lac

c¢) Desulfobacterium autotrophicustrain Bup

d) Desulfobacterium niacirstrain Isoh

e) Desulfobacula sp. nostrain Bengz

Bar -5 pm.
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Table 2

Phylogenetic affiliation of the 7 isolates accordig to their partial
16S rDNA sequencéprimer GM3F: 5'- AGAGTTTGAT Ca/c TGGC - 3

and GM4R: 3'-TCCAGCATTGTTCCAT-5)

Isolate Close relative from databank % similarity Genbank accession no.

Et Desulfovibrio acrylicus w218
DSM 10141™ 98

But; Desulfofrigus fragile
DSM 123457 97.9 LS, 21

But, Desulfobacterium autotrophicum
DSM 33879 99 HRM,

Butz Desulfofrigus fragile LS,21
DSM 123457 98

Lac Desulfofrigus fragile LS,21
DSM 1234572 98

Isoby Desulfobacterium niacinii 99
DSM 265G3% -

Benz Desulfobacula toluolica 96 X70593
DSM 7467

1) van der Maareletal [28]

2) Knoblauchetal [19]

3) Bryschetal[6]

4) ImhoffandPfennig [17]

5) Rabusetal [25]

Table 3

for thes

66

MPN counts of sulphate-reducing bacteria with diffeent
substrates in sediment samples

SUBSTRATE MPN / G WET SEDIMENT
Acetate (10 mM) 0.24 x 0
Lactate (10 mM 0.17 x 0
Butyrate (10 mM) 0.28 x 10
Benzoate (2 mM) 0.14 x %0
Ethanol (10 mM) 0.14 x o
Propionate (10 mM 0.14x 10
Formate (10 mM) 0.072 x #0
Hexadecanoate (1 mM) 0.17 x%10

Discussion.In marine ecosystems, particularly in coastal zameksestuaries,
sulphate-reducing bacteria play a key role in thiphair cycle and organic matter
decomposition [14, 15]. Marine bottom sediments/igi® an optimum environment

€ microorganisms.

All strains isolated in this study were mesophiticssimilatory sulphate-
reducing bacteria. Surprinsingly, we isolated frtims coastal temperate sediment
the specie®esulfofrigus fragile.This bacterium, isolated initial by van der
Maarel et al[28] from an artic sediment, has the ability towrat 4°C. Its
presence in our sampling site could be an adaptatiocchanging environmental
conditions and this strain seems to be psychratntenot psychrophilic.
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SRB numbers in the bottom sediments of the studg é€ast Constanl3a,
50 m deep) ranged between x12* and 0.24x1(° cells per g wet sediment.
Table 2 illustrates the numbers of viable sulphathicing bacteria incubated on
different organic substrates as sources of elesteord of energy and carbon in
sulphate reduction. The MPN dilution series in 8tigdy were incubated with eight
different substrates to encompass a broad varfeBR®8 populations. Some of the
most common fermentation products in marine sedisjesuch as acetate,
propionate, butyrate and lactate were used. Akdhsubstrates are known to be
used by pure cultures of SRB [30]. The data shatv 8RB inhabiting the bottom
sediments of this particular area of the RomaBilmtk Sea coast were able to use
all organic substrates as electron donors and ri®rcand energy sources. At the
same time, it was found that the different phygjaial groups of SRB inhabiting
the bottom sediment preferred various forms of mig&arbon. Acetate-utilising
bacteria were present in the greatest number 0IPAMPN/g sediment). Propionate
and hexadecanoate were also optimum substratesd@RB in sediments, while
lactate-, ethanol-, formate- and butyrate-utilisinacteria were present in lower
numbers (Table 2). Variations in these physioldggmups of SRB indicate a
significant heterogeneity of this bottom sediment.

Our preliminary study showed high numbers of anaier®RB in the
upper layer of sediment from the continental sbélfhe Black Sea. The presence
of these bacteria in the Romanian continental shfeflack Sea (50 m depth) can
be explained as a consequence of eutrophicationndrecent decades, the Black
Sea has become seriously influenced by anthropogenirces. Large quantities of
inorganic and organic compounds have been intratibgeaivers and by industrial
and domestic discharges. A lot of organic mategigkered in the sediment. The
final mineralisation of carbon might occur in treelenent and not in the water column.
Our results demonstrated that SRB were importantddoon mineralisation in the
sediment from the Black Sea shelf area, leadirfgrimation of hydrogen sulphide
in the shelf bottom waters which resulted in hypoaind, occasionally, in anoxia.

Conclusions. 1. Our attempts to enrich and cultivate the SRBnfrine
Romanian Black Sea coast were successful.

2. Seven strains of SRB were isolated from coastiiments (Romanian Black
Sea sector) and identified Besulfofrigus fragile, Desulfobacterium autotropinia,
Desulfobacterium niacini, Desulfovibrio acrylicusing molecular techniques.

3. An unexpected result of this study was the tgmlain pure culture of a
novel marine sulphate-reducing bacterium belongintpe genu®esulfobacula

4. Our preliminary study showed high numbers ofeanlhic SRB in the
upper layer of sediment from the continental sh#lfBlack Sea. The results
presented in this paper may contribute to the egtian of the role of SRB in the
process of organic matter destruction in the botsmtiments of the Romanian
Black Sea sector and formation of hydrogen sulplirdéhe shelf bottom waters
which results in hypoxia or, occasionally, in araxi
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RECENZII - BOOK REVIEWS

Mirco Grimm, Robert Jones and tidisciplinary approach. Therefore, soil sci-
Luca MontanarellaSoil Erosion Risk  entists must work increasingly with scien-
in Europe, European Commission, Joint tists from other disciplines, for example
Research Centre, Institute for Environmentbiologists, geologists, chemists, mathema-
and Sustainability, European Soil Bureau,ticians, statisticians, ecologists, social sci-
Ispra (Varese), Italy, 2002, IV + 40 pagesentists and economists to address the prob-
(of A4 format), including 18 figures and 3 lem of soil erosion. We should like to add
tables. to this recommendation that a stronger
collaboration among specialists in different
The volume is structured into Con- domains of soil science (soil biologists in-
tants, Summary, Introduction, chapters en-<cluding soil microbiologists, soil biochem-
titted "Processes of soil erosion”, "Assess-ists including soil enzymologists, soil
ing soil erosion risk", "Indicators of soil chemists and soil physisists) is also needed.
erosion”, Conclusions an recommenda-Our recommendation is supported even by
tions, References and Glossary. the chapter "Indicators of soil erosion”, in
It is well documented in the volume which there is no word on the microbial
that soil erosion by water is a widespreadand enzymatic indicators of the soil erodi-
problem throughout Europe. Thus, waterbility and of the efficiency of the measures
erosion causing loss of topsoil and terraintaken for rehabilitation of eroded soils. We
deformation affects 52.3% of soils in Europe, mention here that results of the first enzy-
including the European part of the former mological study of the soil covering a hill-
Soviet Union. slope prone to erosion were published
A detailed description is devoted to nearly 50 years ago in Germany (Koepf,
soil erosion risk assessment. Seven recerit054).
approaches to this assessment are compre- Soil Erosion Risk in Europe is a valu-
hensively charactherised and advantages anable source of information for all scientists,
limitations of each approach are specified. technologists and decision makers inter-
It is emphasised in the Conclusionsested in preventing and combating soil ero-
and recommendations that soil erosion,sion in Europe and elsewhere.
being a complex problem, requires a mul STEFAN KISS

G.A. Evdokimova, LV. Zenkova, V.N. The book is structured into Introduc-
Pereverzev, Biodinamika protsessov  tion; Chapter 1, "Conditions of the investi-
transformatsi organicheskogo veshchestvav ~ gations" (Characteristics of the climate;
pochvakh Severnoi Fennoskandii (Bio-  Meteorological conditions in the years of
dynamics of the Transformation Processes of  the investigations; Objects and methods of
Organic Qubgtance in Soils of Northern Fenno-  the investigations); Chapter 2, "Character-
scandia), Kol'ski Nauchnyi Tsentr, Rossiiskaya istics of soils" (Podzolic soils: Content of
Akademiya Nauk (Kola Science Centre, heavy metals in podzolic soils; Peat soils);
Russian Academy of Sciences), Apatity, 2002 Chapter 3, "Anthropogenic impact on the
154 pages, including 41 figures and 39biot of soils" (Industrial impact on micro-
tables in the text. organisms; Agricultural impact on micro-
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organisms; Fauna of invertebrates in natuand 2) and Moncheegorsk (plot 3) and in
ral podzols; Industrial impact on inverte- Northern Norway, namely on the territory
brates); Chapter 4, "Transformation of of the Experimental Centre Svanhovd
plant resudues in soil" (Intensity of the de- (plots 4-6) and in the vicinity of the city of
composition of plant residues; Changes inSibotn, Troms region (plots 7 and 8).
the chemical composition of plant residues Decomposition of plant residues was
during their decomposition; Humus sub- studied on each plot. in addition, the impact
stances of the decomposing plant residuespf pollutants emitted from nonferrous met-
Microorganism of plant residues in forest allurgical plants was also assessed, on plots
podzols; Microorganisms of plant residues3 and 4, using the unpolluted plot 7 for
in cultivated soils; Invertebrates of plant comparison.
residues in forest podzols); Chapter 5, The results obtained are valuable con-
"Natural and antropogenic peculiarities of tributions to a better understanding of the
the interaction between soil microorgan- processes of the decomposition of plant
isms and invertebrates during transforma-residues under different climatic conditions
tion of plant residues in soils of Northern and of the impact of heavy metal pollution
Fennoscandia”; Conclusions; referenceson these processes.
(177 papers cited); Appendices (7 tables); The book constitutes a useful source
Contents. of information for students and specialists
The investigations described in the in soil micronbiology, zoology, biochemis-
book were carried out during the vegetationtry and chemistry as well as for scientists,
period of three years (1997-1999). Experi-technologists and decision makers inter-
mental plots were installed in the Mur- ested in studying and preventing environ-
mansk region (Kola peninsula), namely in metntal pollution.
the vicinity of the cities of Apatity (plots 1 STEFAN KISS
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