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DR. VICTOR BABE §
(28 iulie 1854, Viena - 18 octombrie 1926, Bucuwi&)
- schia biografica -

Al doilea din cei no@l copii (sase Hieti si trei fete) ai familiei Vinceftiu
BABES, Victor Babes s-a rascut la Viena Tn 28 iulie 1854 in apartamentul din Sankt
Ulrichgasse; mama sa, Sofia HOLDSCHEID, provenea dintr-o familie viénsgrita.

Victor Babg a matenit de la tail siu tendina spre austeritate, nevoia de
ordinesi disciplina, perseverega si corstiinciozitatea, spiritul combatiygi inclinarea
spre inficarari generoase, iar de la mama sa sensibilithfealinarea wor romantid.

A urmat studiile primare la Viena pe care le-a absolvitaddpi ani; a
suginut in particular dodi clase ntr-un an. Intre 1862 1865 a urmat cursurile
gimnaziale la Lugoj, cand a i@at limba romaa; in aceast perioad a locuit n
casa bunului prieten al #i sau, lulian lanculescu.

In 1863 familia Babgse mui la Budapesta intr-o locuindin apropierea
podului Franz Joseph. Tn 1866, duge revine de la Lugoj, este inscris in clasa a
Ill-a la Liceul Piargtilor din Buda. La varsta de 14 ani incepessrie poezii in
limba germaa. In timpul studiilor liceale, incepand din 186@,djuta familia prin
lectiile de stiinte naturale, istorigi latina, pe care le @ celor interes@ in afara
programuluiscolar.

in toamna anului 1871, dabsolvirea liceului se Tnscrie la Conservatorul
de Muzi@, dar dug 2-3 luni renuti la conservatosi se inscrie la Facultatea de
Medicind din Budapesta (inceputul iernii 1871). Victor Bgh@womoveai cu
rezultate exceonale primele examene, in special la Botanidatori acestor
rezultate devine membru al SodigtRegale Ungare dgtiinte Naturale.

In 1872 pleat la Viena, unde se inscrie in anul al ll-lea la Facultatea de
Medicini, dupi ce promoveazexamenul de echivalgn Din 1873 beneficiazde
0 burgi a Fundéei Gojdu. Datori# pregitirii sale excegionale, in 1873 este numit
demonstrator la cursul de Anatomie al profesorului Langer (12 orgppengira).

In continuare, in anul al lll-lea de studii (1873-1874) este remarcat de profesorul
Rokitansky,seful Catedrei de Anatomie Patolagidrofesorul Gustav Scheuthauer,
de la Facultatea de Medididin Budapesta, 1i cere profesorului Rokitansky ajutorul n
recrutarea unui tén medic care&i urmeze la catedr Astfel, profesorul Rokitansky

il propune pe té&mul Victor Babg asistent la Catedra de Anatomie Patoldgic
Facultitii de Medicira din Budapesta. De obicei, numai absotiigiacultatii erau
propui pentru astfel de posturi. In toamna anuluil874 este numit mai intai provizoriu,
iar Tn octombrie 1875 definitiv, asistent al profesorului Scheuthsefed, Catedrei

de Anatomie Patologica Faculitii de Medicini din Budapesta. In aceastalitate,
Victor Babe efectueaz zilnic autopsii la Spitalul pentru copiraci "Stefania” din
Budapesta. Tot aici organizeéiagrimul laborator de specialitate din Ungagialin
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Europa Central In prezent, éldirea in care a lucrat Victor Babapatine de Clinica
de Pediatrie a Univerdiii Semmelweis. Pe 18 noiembrie 2005 a fost dezvelit
oficial placa comemoratiwVictor Babe.

In 1876, Victor Babg termini studiile la Facultatea de Medidirdin
Budapesta. Doi ani mai tarziu, in 2 august 1878nelitlul de Doctor in Medicii
cu profesorul Heschl la Viena (profesorul Rokitansky murise Tn auar) cu
calificare pentru speciaditile: chirurgie, oftalmologigi obstretid.

n 1880, la sugestiatilui siu, Vinceniu Babg (membru fondator al Sockgii
Academice Roméane, ulterior Academia Ro#&apublici in RevistaStiingifica din
Romaénia lucrarea "Considérai asupra raportulygtiintelor naturale dre filosofie".

Adept al maximei lui Juvendllens sana in corpore sandr. Victor Babe a
fost si un sportiv dedvarsit. Astfel, in calitate de membru al Clubului Nautic
"Hunia" traverseazinot Lacul Balaton (7 km, Tn pfunea sa cea mai ingakt

In 1882, dr. Victor Baheo cunoate pe viitoarea s lozefina TORMA
(fiica lui Carol Torma, arhelogi profesor de Drept Roman la Budapesta), cu care
se va gsitori Tn 1886 (19 aprilie).

Intre 1877si 1882 publia peste 30 de lucri stiintifice In reviste de
specialitate maghiare (in speci@rvosi Hetilap Gazeta $ptimanak Medicak) si
germane; prima publi¢gig s-a intitulat "Sifilisul congenital”.

Profesorul (din 1874i mentorul du) Gustav Scheuthauer il propune in
1882 pentru o bufisa guvernului ungar in GermanjaFrana. In drum spre Paris
se oprete la Viena, Minchegi Heidelberg. La Minchen 1i cungte pe Otto von
Bollinger si Hugo von Ziemssen (Ziemssen il solici#i scrie capitolul referitor la
tumorile pielii din viitorul $u tratat de patologie). La Heidelberg lucredn
laboratorul profesorilor Arnolgi Thoma unde pune la punct trei metode noi de
colorare histologig. Acestea sunt prezentate in lucrarea "Asupra unor metode de
colorare, in special penttesuturile bolnave, cu ajutorul safranineirezultatele
obtinute” publicai in Archiv fir mikroskopische Anatomie

La sfasitul anului 1882 (30 decembrie) ajunge la Psirisi incepe activitatea
ca preparator la Institutul de Anatomie Patoladandat de André-Victor Cornii
Louis Ranvier. Aici se bucairde aprecierea lui Cornil (elev al lui Virchow), titularul
Catedrei de Anatomie Patologia Faculitii de Medicira din Paris, care 1i propune
sa colaboreze la un tratat de bacteriologie.

In cursul anului 1883, dr. Victor Baperezinti mai multe comuniri
stiintifice importante la Academia dgtiinte, Societatea de Biologig Societatea
de Anatomie din Paris.

Pe lang activitatea la Institutul de Anatomie Patolagidr. Victor Babe
intra Tn contact cu Louis Pasteur, Jean Martin Charcot, Paul Bert, Charles-Joseph
Bouchard, Aristide Auguste Stanislas Vernguilfred Vulpian.

Semnificativ este faptulicla dodi siptamani dup sosirea sa la Paris, dr.
Victor Babg este solicitatsverifice rezultatul autopsiei lui Gambetta. in final, dr.
Victor Babe infirma concluzia primei autopsii pune diagnosticul de peritoait
generalizat provocai de perforarea apendicelui.
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In timp ce se documenta pentru tratatul de bacteriologie (cateva luni), dr.
Victor Babe publici 16 lucrai in reviste medicale franceze, germanmaghiare.

In mai multe randuri, dr. Victor Babepoarti discutii de specialitate cu
Louis Pasteur, care din 1856 era administratgrdirectorul studiilorstiintifice la
Ecole Normale Superieure, rue d'Ulm, Paris; Tn 1867, Pasteur inaugureanu
laborator in rue d'UIm. Actualul Institut Pasteur a fost inaugurat in 1888.

Dr. Victor Babg este nevoitirevini la Budapesta in toamna anului 1883.

Anul urmitor, pe 4 octombrie 1884, ajunge la Berlin unde i viziigaz
Rudolf Virchowsi Robert Koch. Virchow ii preziéitpe Emil von Behringi Paul
Ehrlich si 1l solicita sa organizezei si condud o se¢ie de bacteriologie in institutul
sau. Dr. Victor Babg obserd imediat @ reldiile intre Virchowsi Koch sunt tensionate.

Dupa aproape oaptimari (10 octombrie 1884), dr. Victor Bapeste din
nou la Paris, Tn calitate de invitat al profesorului Cornil. Coatiedactarea tratatului
de bacteriologie, tratat care apare in 1885 sub"@hdteriile si rolul lor n etiologia,
anatomia si histologia patologicd a bolilor infectioase". Lucrarea, considerat
primul tratat de bactriologie din lume, se bucdeiun succes extraordinar.

Ecourile acestui succes ajusigla Budapesta, unde dr. Victor Babeste
avansat de la docent la profesor universitar la Catedra de Histopatologie special
creati cu aceagdtocazie. Concomitent, in cadrul Spitalul§iéfania”, se infiireaz
Institutul de Histopatologie. Agoston Trefort, ministrul Instrueii Publice de la
Budapesta, a avut o contriiri esefiala Tn recunogterea meritelogtiintifice ale
doctorului V. Babg Tn acest fel, dr. Victor Bakedevine in 1885 cel mai tan
profesor al Universitii din Budapesta.

In perioada ianuarie-februarie 1886, dr. V. Bateeine la Paris unde incearc
(fara succes) &l convinga pe Pasteurasl ajute g nfiinteze un centru antirabic la
Budapesta. Péra urmi, la sfargtul anului 1886, dr. V. Babereweste si deschid
un centru antirabic la Budapesta datositrusului stabil (fix) primit de la Louis
Pasteur.

Ecoul succeselor sale ajugiga Bucurati. Imediat, dr. V. Babgprimeste
vizita ministrului roman al Instruwnii Publice, Dimitrie Sturza, care insiss
accepte invitaa de a veni la Bucugd. Dr. V. Babg promite @ dupi incheierea
anului universitar 1886-1887 va cere provizoriu un concediu de un an pentru a veni
i Romania.

Intre timp Tmbuatiteste tratamentul antirabic i@t de Pasteur, prin punerea
la punct a unor noi metode bazate pe propriile canicdd laborator.

Adunarea Deputdor de la Bucurgti voteaz in 1887 numirea doctorilor
Gheorghe Asachi, Victor Babai Nicolae Kalinderu ca profesori la Facultatea de
Medicini din Bucuraéti.

In luna august 1887, dr. V. Babajunge la Bucukgi, unde constatci
promisiunile ficute nu pot fi indeplinite: in locul sumei de 800 000 de lei ,garantate”
de Dimitrie Sturza i se oférnumai 100 000 de lei, iar Tn locul uneadii noi
pentru Institutul de Patologig Bacteriologie i se oferd clidire veche inchiriat
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in cele din urm, inaugurarea Institutului de PatologieBacteriologie din Bucurgi
cu dr. V. Babgdirector are loc in 30 noiembrie 1887iditea actudl in care se afl
Institutul dr. Victor Babg a fost construdt 12 ani mai tarziu (1899).

In foarte scurt timp, institutul se face cunoscut pe plan infiers prin
cele dod descoperiri capitale ale dr.-lui V. Babbabesiilesi principiul seroterapiei,
la care se adadgnetoda roman de vaccinare antirabidi.

Tn 1889 apare primul nunal Analelor Institutului de Patologig Bacteriologie
din Bucureti. Se subitelege & dr. V. Babg a avut o contribtie fundamental la
acest eveniment editorial.

Datoriti dr.-lui V. Babe, cercetarestiintifica medicak romaneasccunoate,
un adevrat reviriment. Acelg lucru se poate spurnge despre activitatea sanitaro-
sociah.

in 1912, dr. V. Babepublici la Paris monografia clasiasupra turirii,
lucrare Tncununatcu premiul Bréant al Academiei §éinte, "Institut de France".

In timpul Primului RZboi Mondial, dr. V. Baberamane in Bucurgi.

Tn 1919, Consiliul Dirigent, cu rol de guvern provizoriu in Transilvania, il
solicita pe profesorul V. Balgesi preia conducerea Catedrei de Anatomie Patalggic
Bacteriologie la Universitatea din Cluj. Profesorul V. Bagsaia sa lozefina primesc
dowa camere in vila profesorului Lechner (in prezent, Clinica de Neuoropsihiatrie
Infantila).

Profesorul V. Babg pe lang cele trei cursuri, organizeata Cluj Institutul
de Anatomie Patologigsi Institutul de Bacteriologie. Tn paralel, se ogufe institutul
si catedra din Bucukdi.

In 1924, dr. V. Babeimplineste 70 de ani, ocazie cu care este omagiat de
fostii elevi si de studetii din tara, precumsi de savati si asociaii stiintifice de
peste hotare. Pringi2 insemnele de Comandor al Legiunii de Ongaum vibrant
omagiu din partea Academiei de Medicitin Paris.

Prin Decretul din 2 martie 1925, Institutul de Patolggi@acteriologie din
Bucursti se numete "Institutul dr. Victor Babg'.

In noaptea de 18 spre 19 octombrie 1926, Victor Babestinge din via.

Prof. Univ. Dr. Octavian POPESCU
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VICTOR BABES - MICROBIOLOG

In piosul nostru omagiu de recytiotd adus memoriei marelui microbiolog
Victor Babe, unul din fii de geniu ai poporului roman, vom cita o parte din
descoperirile sale microbiologigevom ciuta $ subliniem importata acestora in
lumina realizrilor recente ale microbiologigi biologiei moleculare. O exhaustiv
trecere in revist a descoperirilor lui Victor Balear fi, pentru noi, o sarcin
extrem de dificik din motivul @ de numele celebrului savant sunt legate unanum
mare de descoperiri. Ne referim in acest sens la Baumgarten, microbiolog german
contemporan cu Babecare a declaraianu poate publica descoperirile sale decat
dupa ce a consultat publigde lui Babes pentru a se convingé aceste descoperiri
nu au fost descrise mai Thainte dée Babs.

Cerceiirile lui Babe, in generalsi cercefirile sale microbiologice, in special,
se caracterizeazprin multilateralitate, printr-un diapazon larg al tematicii. Ele
cuprind probleme de virusologie, bacteriologie, micolggigrotistologie, cu teme
de morfologie, fiziologie, biochimie, ecologietaxonomie microbia®) din domeniul
microbiologiei medicale, veterinasea mediului ambiant.

In cercelrile virusologice ale lui Babe, agentul turbrii (virusul rabic)
ocup un loc central. Balgedescoperancluziile rabice in celulele nervoase ale
animalelorsi oamenilor moiit de turbare. Primele sale obsegivasupra acestor
incluzii le-a fecut In 1886. A descrisi a desenat incluziile rabice intr-o lucrare
apiruta in Annales de I'Institut Paste@m 1892si intr-o alé publicgie (Handbuch der
gesamten Therapie, 1893 cluziile rabice au fost redescoperite in 1903 de savantul
italian Negrisi astizi ele poad denumirea decorpusculii Babg-Negri. Acesti
corpusculi sunt tipici pentru turbare, nu apar in bolile nerabice.Sunt deci de mare
valoare pentru diagnosticglost mortem al tudinii. Se eviderfiaza mai ales din
neuronii cornului lui Amon. Sunt incluzii citoplasmatice, nu deegc in nucleu.
Au putut fi observa la microscopul fotonic, deoarece au dimensiuni relativ mari
(peste 1 pm). Forma lor este sférgau ovoid. Se coloreazusor cu coloratfii de
anilina. In stadiile timpurii, corpusculii sunt bazofili. In stadiile tardive, ei devin
acidofili (euzinofili), dar pot cofine una sau mai multe granule bazofile fine.
Corpusculii se ggesc in interiorul unei vacuole care este incomjutato membrai
Corpusculii se pot grupa sub fofrde rozet sau roat.

Babe a fost de prere & apartia incluziilor rabice este rezultatul rese
celulei Tmpotriva agentului tugli: agentul turlarii este nvelitsi sechestrat in
citoplasm. Incluziile nu reprezirit forma activ a agentului turdrii, dar il conin
n stare sechestiatConsiderand corpusculii timpurii, bazofili, drept nuclee celulare,
Negri suginea @ incluziile rabice sunt protozoasereprezini agentul turbrii.
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Constairile ulterioare au confirmatiperea lui Babgsi au infirmat ipoteza lui
Negri. Astfel, s-a doveditacincluziile rabice constau dintr-o substafundamental
(matrice) acidofid, Tn care pot fi inclgi virioni rabici, iar granulele bazofile sunt
sediul aglomenii si sechestrtii virionilor.

Azi se poate afirmaacVictor Babe a fost primul om care aixut virionii
turbarii. In Atlas d'Histologie pathologique du systéme nerveygrut Tn 1898,
Babe descriesi desenea¥, pe baza obsenitor microscopice, nite granule rotunde
si bastonge de 100-200 nm, situate in citoplasma celulelor nervoase rabice, degenerate.
Ele sunt absente Tn nuclguin celulele 8nitoase. Se coloreazntens in urma
mordandrii cu tanin. Limitele lor sunt pin difuze. Dar in 1898 Bakenu s-a
pronunat asupra semnifi¢i@i acestor granule, dapcum accentueézel insgi in
lucrarile sale ulterioare.

In 1904, Schiideyi Remlinger obseryci agentul turbrii trece prin filtrele
care réin bacteriile, dovedind astfel natura virdtia turlirii. Totoda#, considera
ca virusul turkirii este atat de mic incat nu este vizibil la microscop. In sicata
Babe repet experiema lui Schidersi Remlingersi comuni@ rezultatele sale
Academiei Roméane. Baba constatatavirusul turliirii trece prin filtrele pe care
le strdbatsi bacteriile avind un diametru de aproape 100 nm; prin filtrele prin care
aceste bacterii nu mai trec, virusul tinibde asemenea este oprit. In felul acesta,
Babeg conchide & virusul turlarii are un diametru de aproape 100 nm. Pe baza
acestei concluzii, Bakadentifici granulelesi bastonaele de 100-200 nm, descrise
de el in 1898, cu agentul tdrl, deci — folosind terminologia moderr- cu virionii de
virus rabic.

Ideile lui Babg privind dimensiunilesi forma virionilor rabicisi-au gisit
confirmarea n lucrarea lui Hummelgr Koprowski, afrutd in 1969 in revista
londonez Nature Acssti autori au regit sa oktina un preparat viral foarte purificat.
La microscopul electronic s-a observatvirionii au forma de glon si constau din
dowa populaii. Virionii din prima populaie au dimensiuni de 180x80 ngi
corespund virionilor bacilari de 200 nmzzuti de Babg. Populaia a doua, care
cuprinde un nudr mai mic de virioni, se caracterizéiagrin dimensiuni de 120-
150x80 nm. Acgi virioni seandna cu virionii sferici evideriati de Babs.

Metoda romaneasale vaccinare antirallicelaborai de Babe reprezini
0 alti realizare a marelui om ddinta. Aici subliniem doar descoperirezctiti de
Babe, dup care atenuarea virul virusului rabic din riduva spidrii animalelor
contaminate poate fi realizamai eficient printr-un tratament termic moderat decat
prin metoda de uscare a lui Pasteur. Acedstscoperire a fost primul pas spre
elaborarea metodei romgiede vaccinare antirabicBabeg a studiai inactivarea
chimici a virusului turliirii din maduva, constatandasublimatul corosiv in sotie
de 0,01 %i fenolul in soldie de 1 % distrug virusul in 2-4 ore. In glicerol, virusul
isi pastreaz virulenta timp de 4 #tamani. Babg a fost primul savant care a dovedit
ca in organismul animaili uman virusul turbrii se rispandegte pe calea nervilor.

Babe s-a distinsgi prin cercelrile salebacteriologice.

10



VICTOR BABES — MICROBIOLOG

Studiind celula bacterian Babg descoperiincluziile metacromatice.
Acestea se numesc metacromatice, deoarece se caloved#t culoare decéat cea a
colorantului, de ex. cu albastrul de metilen se colar@azcsu inchis sau, mai rar,
n violet inchis, Tn timp ce restul celulei se colo&eazalbastru.

Pentru prima oaraBabe a observat aceste incluzii Tn 1887 la vibrionul
holeric, bacilul difteric, bacilul tuberculozgila bacilul leprei. In acejaan, Ernst face,
independent de Bakeobservai similare. Din acest motiv, incluziile metacromatice
au fost denumite corpusculii BabErnst. In anii 188%i 1895, Babe descrie
incluziile metacromaticei la alte bacterii (spirili, sarcine, streptococi, actinomicete).
Incluziile metacromatice apar, cel mai evident la bacilul difteric, ceea ce fadiliteaz
diagnosticul bacteriologic al difteriei. In 1912, Meyer comstiatSpirillum volutans
contine cantiiti mari de incluzii metacromatice. Dataridcestui fapt, corpusculii
Babe-Ernst sunt cunostissi sub denumirea de volutin

Babeg a suginut pirerea @ incluziile metacromatice nu rezaltdin
degenerescea bacteriilor, ci sunt constituente normale ale celulei bacteriene.
Cerceirile ulterioare au confirmat jugts frerii lui Babs si au clarificat compozia
chimicd a incluziilor metacromatice. Acestea suntahlie din polifosfai, ARN,
proteinesi lipide. Metacromazia se datgte polifosfailor. In 1959, Widra descifreéz
structura fid a corpusculilor BableErnst. S-a elucidai semnificaia biologic a
polifosfatilor din corpusculii BabgErnst: polifosfaii servesc ca sufisde P, dar
fiind bogai in energie, pot serwi ca surgd de energie. Aflgaim & importana
polifosfailor depiseste sfera bacteriologiei. Amintim in acest seiid-ox a resit in
1965 4 ohtina proteinoizi in condii prebiotice simulate, folosind pentru polimerizarea
aminoacizilor energia polifosfitor in soluii incalzite. Este, totod&t bine cunoscut
ci tehnologiasi utilizarea Tngiisamintelor fosfatice se dfl intr-o transformare
fundamenta — se experimenteainlocuirea ingrastintelor fosfatice clasice prin
polifosfati sintetici, al @ror model este reprezentat de polifeisfdin corpusculii
Babe-Ernst.

Cerceirile lui Babg asupra capsulei bacteriene au avut o putemittiena
asupra dezvdltii ulterioare a bacteriologigi chiar a biologiei Th ansamblu.

Babe a descoperit capsula la o serie de bacterii (streptococi, stafilococi
etc.)si a studiat structurgi semnificaia biologici a acesteia. Babea ariat &
structura capsulei de obicei este simpmlapsula fiind altuita dintr-un material
omogen. Dar la unele bacterii, capsula are o structmgentric stratificat iar la
bacteriile mucogene, proditoare de mult material capsular mucoid, capsula gonst
din granule regulatsazate. Constatile lui Babg au fost confirmate prin experige
elegante ale lui Dubog Avery (1931-1939)si ale lui Tomcsiksi Guex-Holzer
(1954). Folosind metode enzimologigiemunologice, Dubosi Avery au dovedit
ca la pneumococii de tip Il capsula esteaalita din dou straturi polizaharidice
concentrice: dintr-un strat extern, nelegat de gefadeprtabil pe cale enzimatic
si dintr-un strat intern, legat de celuii rezistent la hidroliz enzimati@. Tomcsik
si Guex-Holzer au studiat o tulginmucoges deBacillus megateriumCapsula acestei
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bacterii este afituitd dintr-un polizaharidsi dintr-un polipeptid. Polizaharidul océp
regiunile polare ale capsulei sub forma unor calote, iar polipeptidul foirgeazule
situate intre cele déauegiuni polare.

In timpul lui Babg a predominat printre bacteriologérgrea, dup care
capsula este semnul degenereszidvacteriilor. Babga sugnut o pirere cu totul
contrard capsula este un factor de virutercontribuind la agresivitatea bacteriilor
patogene; capsula corddpacteriilor rezistefi fata de mijloacele de luptmobilizate
in organism contra lor. Pentru a inclyilbacteriile capsulate saprofite, Balpgezint
urmatoarea generalizare privind semnitieabiologici a capsulei: capsula este un
organit de protate contra condiilor neprielnice de viti.

Semnificaia biologid atribuiti capsulei de dre Babg a fost recunosciit
ulterior de tai bacteriologii. Astfel, este unanim recunoscufpoeumococii patogeni
sunt capsulogeni (pneumococi S), iar cei nepatogeni nu producacgpselimococi
R). Sestie ca cercelrile lui Griffith (1928), Dawsorsi Sia (1931), Averyi colab.
(1944) privind transformarea pneumococilor R Tn pneumococi S stau la baza
apartiei geneticii moleculargi, in general, a biologiei moleculare. Dar, la randul
lor, aceste cercai s-au bazat pe concég lui Babe privind rolul capsulei n
virulenta bacteriilor patogene. Nu exager deci cand afirdm ci Babeg trebuie
considerat precursor al biologiei moleculare.

Babe a descoperit mai multe bacterii zoopatoggre contribuit la o mai
buri cunoatere a multor bacterii care au fost descoperite lealani.

Babe a descris in 1881 bacilul morvei la om, iar LofférSchiitz au
publicat numai in 1882 obsetiike lor privind evidenierea acestei bacterii la caii
bolnavi de mori. Babe demonstreaizci bacilul morvei este capabii gatrundi
in organisnsi prin pielea normal intact. A extras din culturile acestei bacterii o
substam analoag tuberculinei, morvina, nunditsi maleira, pe care a intrebuis-

0 pentru diagnosticul bolii la cai.

Descopet in 1890 bacilul influetei, pe care Pfeiffer il culti/in 1892.

Bacilul fuziform a fost descoperit tot de Babaar, Th mod eronat, descoperirea
este atribuit lui Vincentsi Plaut.

Babe a stabilit ase@nirile si deosebirile dintre agentul lepregi cel al
tuberculozei. Ambii sunt bacili acidorezisteradica rezisteni la decolorarea cu
acizi. Ei se pot evideia wor din produsele patologice tesuturi, inclusivtesuturile
putrezite, uscate sau supuseéagi sucurilor digestive. Dar bacilul leprei este un
bastona mai dreptsi mai rigid, Tn timp ce bacilul tuberculozei se prezioa un
bastona ondulat sau curbat. Extrertite bacilului leprei ardit adesea Tnggéri
rotunjite, iar bacilul tuberculozei nu prezirdecat rareori aceste ingio terminale.
Agentul leprei este mai rezistent la decolorare decat cel al tuberculozei. Dezvoltarea
bacilului leprei Tntesuturi este mai leindecét a bacilului tuberculozei.

Babe a exprimat rezerve faade datele publicate de Lévy, Wegilde ati
autori, duga care bacilul leprei a putut fi cultivat pe medii bacteriologice. Babe
avut perfect dreptate. Satie & nici pari azi nu s-a reiit cultivarea bacilului
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leprei, Tn multe genetia pe medii bacteriologice, cu toaté au fost testate, in
acest scop, peste 20.000 de medii diferite.

In 1883 Babeg evideniaza bacilul tuberculozei din urina unor bolnayi
dovedagte & aceast bacterie poate afecta aparatul urogenital, lucru cu totul
necunoscut panatunci, @arerea generalfiind ca tuberculoza ar fi o boalkexclusiv
pulmonag. Tot in 1883 Babescria: "...prezema si propagarea bacilului tuberculozei
n fesuturi la om nu sunt intotdeauna suficiente pentru a ne da seama de simptoame
si de anatomia patologit Astfel, cu toate cerc#ile ingenioase ale lui Koch ....
trebuie admis un alt factor care contribuie la formarea produselor tuberculoase".
Presupunerea lui Babpeu privire la existega acestui factor este ih concortiacu
datele moderne, dagare formarea tuberculilor fasuturi este determirdatle un acid
gras specific, sintetizat numai de bacilul tuberculozei, acidul 3,13,19-trimetiltricosanoic
numitsi acid ftioic.

In 1897, Babg dovedste Tmpreusi cu Constantin Levaditi & bacilul
tuberculozei poate cgte si sub formd filamentoa&, actinomicotid, distingandu-se
de actinomicet numai prin acidorezisi@sa tinctorial. Aceasi constatare a avut o
importana fundamenta pentru taxonomie. Bacilul tuberculozei, bacilul lepiei
celelalte bastoga acidorezistente au fost grupate in géiytobacteriumrespectiv
in familia Mycobacteriaceae;are la randul ei a fost plag@t ordinulActinomycetales
(astzi in sistemul lui Margulissi Schwartz fiind incadrat in ingrefigra B-12
Actinobacteria (Actinomycota)). Dup cum sestie taxonomia numeric a fost
introdug in bacteriologie deatre Sneath in 1957 aplicag ulteriorsi de ati cercedtori.

In taxonomia numericpoziia bacilului tuberculozei f& de actinomicete a mias
neschimbat, ceea ce este o nodovad a importaigei constatrilor lui Babes si
Levaditi din 1897.

Babe obsend ci la injedia cu bacilii tuberculozei aviare cobaiul réaneaz
doar localsi nu contracteazo tuberculoz fatak. In acelai timp, injectarea bacililor
tuberculozei umane duce la moartea animalului. In concgrdanobservgile lui
Babe, in clasificatoarele moderne cele ddoacterii sunt recunoscute ca specii
distincte.

Louis Pasteur credea @gentul holerei aviare este un diplococ. Babe
dovedsete si demonstreazpersonal lui Pasteutién realitate agentul holerei aviare
este un bastogacare se coloredzmai intens in regiunile polare. Pasteur a luat
drept dod corpuri distincte regiunile polare ale bastarai. Astizi este unanim
recunoscut £ agentul holerei aviarg celelalte specii ale genulBasteurellasunt
bastonge scurte care se coloréabipolar. Menionam in parantex ci primele
preparate in care Pasteur a putut observa clar baciluji téfgentul tuberculozei au
fost facute de Bahein perioada specialidi sale n laboratoarele lui Pasteur.

In 1889 Babgatrage ateia asupra deosebirilor in comportarea streptococilor
si stafilococilor Tntesuturi. El subliniaz tendirta streptococilor de a sesgiandi in
tesuturi spre deosebire de stafilococii care au teadla a provoca procese strict
delimitate. Babgconstat deci deosebiri in invazivitatea diferitelor bacterii patogene.
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In conformitate cu constaile lui Babe, Duran-Reynals dovegie Tn 1942 &
invazivitatea se datogee unui compus chimic care ulterior a fost denumit factor
Duran-Reynalssi identificat cu enzima hialuronidaz Aceasi enzimi scindeai
hidrolitic, distruge acidul hialuronic dinesuturi, facilitand astfel spéndirea
bacteriilor. Cantitatea hialuronidazei vatida diferitele specisi tulpini bacteriene
patogene. Tulpinile de streptococi produc in general maamidturonidaz decéat
tulpinile de stafilococi, deci tind spre a gspandi inesuturi.

Concepiile lui Babes privind poztia bacteriilor Tn sistemul vigitoarelor s-au
dovedit a fi previziuni geniale care au fost integral confirmate incepand din anul
1964 n cursul cercatilor de biologie molecular

In lucrareaVariajiile si speciile microbilorsi raportul lor cu organismele
superioareapiruta in 1903, Babg scria:” ..bacterile nu sunt plante sau ciuperci
inferioare, precum s-a afirmat in timpurile din uintici le lipsesc anumite caractere
ale plantelor, cu toate ac bacterile au rudenie evidentcu algele,si anume cu
cianoficeele! Intr-adevar, cercelrile de biologie moleculérau dovedit & bacteriilesi
cianoficeele (azi cianobacterii) au celule procariote, iar celelalte alge, toate ciupercile,
protozoarele, plantelg animalele sunt organisme eucariote. Procariotele se disting de
eucariote printr-un nuan mare de caractere: abggmucleului adeirat, abseta
mitocondriilor (§ a cloroplastelor), absem reticulului endoplasmatic, absan
ribosomilor 80S (prezea numai a ribosomilor 70S), absein ARNm a secveei de
acid poliadenilic 3'-terminal, prezenin perete a unui mucopeptidailit din resturi
de N-acetilglucozami acid N-acetilmuramigi aminoacizi, absea in organitele de
locomaie a unei structuri aftuita din 9 + 2 fibrile etc.

Babe s-a ocupati cu problema apatei vietii, in generalgsi a bacteriilor,
in special, pe planeta noastih 1895 afirmi ci "bacteriile provin din epoci
geologice foarte indejptate”, iar in 1903 scrie&"primele organisme trebuier se
fi dezvoltat inaintea apaiei amibelorsi chiar a plantelor inferioare” intelegand
prin primele organisme bacteriile. Cefrde recente de paleontologie microbian
initiate de Barghoorn in 1965 continuate de mai mtilcercettori, au confirmat
justgea ideilor lui Babg Astfel, Brookssi colab. (1973), Muirsi Hall (1974)
evideniaza microfosile bacteriene din forma geologié@ sudafricasi Onverwacht
veche de 3,4.f0ani, iar Hofmann (1974) atati unele microfosile ggite in rocile
de pe insula Belcher (Canada) vechi de 16ati erau alge verzi primitive. Deci,
primele eucariote au apt cu cel ptin 3,4.10 ani in urna, iar primele eucariote s-
au dezvoltat mult mai tarziu, numai cu 1,6.40i in urni.

In compar@e cu virusurile si bacteriile, Babg a studiat mai pin
ciupercile (fungii). Mentionam c intr-o lucrare publicatin 1881, Babgtrece n
revisti cunatintele privind mucegaiurile zoopatogene.

Babe are merite margi in dezvoltaregrotistologiei. In 1888 identifid
parazitul endoglobular care producea o bgahvi la bovideele din lunca Ddrii.
Prin aceadgt descoperire, Balea ficut catara noastrai deviri leadinul istoriei
piroplasmozelor
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Boala cunoscitde popor sub denumirea derihare cu sdngesau boala
secetéiera ins@ta de hemoglobinurigi apirea mai ales in anotimpurilélduroase.

Pe baza unor investigiaminutioase, la care a participgit C.Starcovici,
Babe constai ci in aceadtboak globulele rgii sunt distruse de un parazit cocciform
cu un diametru de aproximativ 5 um care desedtiegpdublu, aseimandu-se
diplococilor. Parazitul I-a denumiaematococcus bovig credea & acesta are
poziie intermediat Tntre bacterii protozoare. Balyarelea si aseninarea izbitoare a
hemoglobinuriei bovideelor din Romania cu febra de Texasj bas decima cirezile
de vite cornute mari din Texasin alte regiuni, in care s-au importat vaictauri
din Texas.

Observdiile sale le-a publicat pentru prima @a&n 1888 inComptes rendus de
I'Académie des Sciencgsapoi in ianuarie 1889 Mirchows Archiv.

Folosind metodele lui BageTheobald Smith descopeii@ globulele rgii
ale vacilor bolnave din Texas,sté corpi rotunzi sau ovali, pe care 1i considera
agenii cauzali ai febrei din Texas. Rezultatele sale s-au publicat sub forma unei
note preliminare in decembrie 1889 in revidgiadical NewsPatru ani mai tarziu,
Smithsi Kilborn descriu complet atat febra de Texasst@iarazitul endoglobular.
Demonstreaz ca parazitul este un protozoar, pe care il denunf@gosoma
bigemina Arata de asemened @arazitul este trasmis déptse. Smith recuncae
prioritatea lui Babg afirmand & "Babeg a gisit un microorganism constant ca
aparitie, iar descoperireasi reprezentarea sa ardto mare concordau intre
parazitul sanguin al&u si al meu".

In 1882 Babg descopet si agentul cauzal al carceagului oiloggsind &
acest parazit este asamitor cu cel care cauzeahemoglobinuria boilor.

Starcovici publig in 1893 un studiu comparativ despre paramdoglobulari
descr§i de Babe si de Smithsi Kilborn, recunogte natura lor protozoic si
propune gruparea lor in gerB@besiain care include cele 3 spediiabesia bovis
Babe 1888,Babesia oviBabe 1892si Babesia bigemin&mithsi Kilborn 1893.

Nomenclatura propésde Starcovici a fost stisuta de protistologul francez
Blanchardsi acceptat de Congresul Intergianal de Zoologie de la Londra (1900).

FAO si Oficiul Interngional de epizootii de asemenea adopteast
nomenclatut, incluzand in geniBabesiainc dou specii:Babesia caball{parazit la
cai) si Babesia trautmanifparazit la porci).

Babe a fundamentat concg@ despreasociaiile microbiene ardand &
intre diferite specii de microorganisme se fornieagociadi. Raporturile dintre
microorganisme pot fi raporturi de colaborare sau de.lupt

Pasteuri Koch au stabilit specificitatea microbilor patogeni, afirmaad c
de fiecare bodlinfectioas ar fi responsabil cate un singur microb. In 18B&
anii urmatori, Babg a dovedit multilateral £in declagarea celor mai multe boli
infectioase intervin asocfi microbiene, agunea microbului specific combinandu-
se aproape intotdeauna cui@tea microbului asociat. Existasociai la care
participi dow specii de bacterii patogene (de ex., bacilul tubercujopgieumococul).
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Bacilul fuziform, o bacterie sapraofitasociindu-se cu o dlbacterie saprofitdin
microflora bucal normak poate produce anginO bacterie se poate asogi@u o
ciupera (bacilul tuberculozei céspergillug sau cu o amib(bacilul dizenteric cu
Entamoeba histolytiga Pot exista asodia si intre bacterisi virusuri.

Studiind ind din 1885 lupta dintre microorganismgaaumitul antagonism
microbian pe medii de cultyrBabe ajunge la concluziaiac'exist: microorganisme
care pot elabora substam capabile & opreasa cresterea altor microorganisme,
modificAnd mediul de cultdrsi facandu-l impropriu altor specii microbiene... O
maladie cauza@tde o anumit bacterie ar putea fi tratétcu o alti bacterie, putadndu-se
deschide astfel noi oriedri in terapeuti@". Previziunea geniala lui Babg s-a
confirmat prin descoperirea antibioticeler prin aplicarea lor in terapeudic
Amintim in acest sensacHoward Florey, care a izolat in stare yenicilina
descoperit de Fleming, recungte ¢ Babeg este primul savant care s-a preocupat
n mod voitsi metodic de combaterea unui microb patogen cu alte microorganisme.

Cerceirile sale demicrobiologia mediului ambiant au fost concentrate
asupra apei. Scopul principal al acestor ceércet fost alimentarea municipiului
Bucurati cu ap potabik de calitate supericar Babg a subliniat importata
deosebit a cercetrii microbiologice a apei, dar a considerat absolut necesara
examinarea ei fizicsi chimica. Babe si fratele su, Aurel au constatatadiltrele
de aj instalate la Bacu in apropiere de Bugtirerau defectuoasg neigenice, din
care cauz apa filtrafi prezenta primejdie pentru consumatorii din cafpitBlupi
publicarea acestor constdat primarul Bucuretiului a cerut primului ministru
destituirea lui Babedin fungia de director al Institutului de Bacteriologie. Tgtu
datoriti luptei pe care a dus-o, Babe reyit si contribuie la alimentarea capitalei
cu aj bura care, la indicgile sale, a fost gsita la Ulmi.

Babe a contribuit in mare asurasi la dezvoltareaehnicii de cercetare
in microbiologie. Metodele elaborate, aparatel@strumentele inventate de el au
fost insyite si intrebuintate in laboratoarele de microbiologie din #datnea. Babga
elaborat metode pentru colorarea incluziilor rabice, a incluziilor metacromatice, a
capsulei bacteriene. Aplionetoda colongei vitale la bacterii. Pune la punct metoda
pentru studierea antagonismului microbian pe medii de cultueiod care st la
baza standardizii antibioticelor si a altor medicamente cu efect antimicrobian.
Aceasi metodi este de mare importginsi pentru stabilirea efectelor pesticidelor
asupra microorganismelor folositoare din soliipe. Deci, metoda contribuie, n
mod indirect, la prevenireg combaterea pofinii mediului ambiant. Balkea inventat
cutile care, in mod eronat, se numesc cutii Petri. Ballescris aceste cutii in tratatul
" Les Bactéries "apirut in 1885, iar Petri, colaborator al lui Koch, a lucrat cu asemenea
cutii la un an de la ap&s tratatului. Babga fost primul care a introdus reglatoarele
electrice Tn termostate. Impreicu Aurel Babg a inventat un aparat pentru flocularea
impurititilor din ape cu ajutorul alaunului.
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Babe a publicat din domeniul microbiologiei un nuin mare de articole
si 0 serie de lucri de sintez. Subliniem primul tratat de bacteriologie din lume,
"Les Bactéries et leur réle dans I"anatomie et I'histologie patologique des maladies
infectieuse§ publicat de Balein colaborarea cu profesorul francez Andre-Victor
Cornil. Prima edie a tratatului a aput in 1885 la Paris. Cartea a fost compfetat
si reedita de dod ori (in 1886si 1890). Orientarea actii ca, de altfel,si
contributia cea mai mare la duirea ei, ii revine lui Baig aceasta o anturiseste
Cornil Tnsyi, considerandu-se elev al lui Bgbele la care a iravat bacteriologia.
Pentru valoarea excgpnak a drtii, Academia Francezin sedina sa din 26
februarie 1887, prezidatle Pasteur, distinge autordirgi cu premiul Monthyon.

Babe a fost uncreator de scoala. Dintre elevii 4i microbiologi amintim pe
profesorul Paul Riegler, renumit microbiolog veterinar, fondatorul Institutului
Pasteur din Bucust si pe profesorul Constantin Levaditi, bacteriokigirusolog

cu renume mondial, distins cu medalia de aur "Paul Ehrlich".

Cercetrile microbiologice cai celelalte cercéti ale lui Babg au avut o
finalitate preci& — aplicarea rezultatelor in practidespre drumul spre practic
Babe scria in 1885: Pe cand in anume imprejiri, un singur fapt poate &
condud la o descoperire util, in alte cazuri, adeiruri noi reies numai dintr-o suma
de observii bine studiatesi de multe ori numai obsengeindelungate intr-un domeniu
pur stiingific fac ca la un moment dat $asi la luminz o aplicare practi@ in folosul
omenirii".

Cu privire la contribtia somittilor si a micilor cercettori la dezvoltarea
microbiologiei, Babg afirma Th 1900 £ "...stiinfa noastt paseste neintrerupt mai
departe. Marele cugétor ca si micul lucrator gasesc aici un camp abundent
pentru activitatea lor, presupunandi daclia lor conduc@toare este adewul si
constiinciozitated.

Incheiem cu un citat din scrierile lui Pasteur:

"Les hommes célébres n'ont pas contribué seulement a la richesse, a la
gloire et au bonheur de leur pays, mais leur travail personnel devient un bienfait
pour le monde entier" (Oamenii celebri au contribuit nu numai lagbag la
gloria si la fericirea farii lor, dar munca lor personal devine o binefacere pentru
lumea intread).

Victor Babe a fostsi raiméne o asemenea celebritate.

Prof. Univ. Dr. Stefan K1S§
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TERRESTRIAL ISOPOD COMMUNITIES (CRUSTACEA, ISOPODA)
IN RIVERSIDE COPPICES AND MEADOWS OF MOUNTAINOUS,
HILLY AND DEPRESSION AREAS

NICOLAE TOMESCU*, DANIELA MURESAN¥*,
LIUBOMIRA OLARU** and RADU HOTEA ***

SUMMARY. - The quantitative and qualitative research methods were used to study the
terrestrial isopod communities in riverside coppices and meadows of mountainous, hilly,
depression and plain areas. Nineteen species of terrestrial isopods were identified, and they can
be classified into four ecological categories: 7 paludicolous spddgigiym hypnorum,
Ligidium germanicum, Trichoniscus pusillus, Hyloniscus riparius, Hyloniscus transsylvanicus,
Hyloniscus siculus, Hyloniscus marja& sylvan specie$(otracheoniscus politus, Porcellium
conspersum, Trachelipus arcuatus, Trachelipus ratzeburgi, Trachelipus wachtleri, Porcellio
spinicornis, Armadillidium carniolenye 3 praticolous speciesTachelipus nodulosus,
Armadillidium versicolor quinqueseriatum, Armadillidium vulgesnd 2 euritopes species
(Trachelipus rathkei, Porcellio scaeOn the meadows in mountainous areas, there are only
paludicolous and sylvan species, fauna similar to the one in the forests. Although these are
open ecosystems, there are humidity and temperature conditions similar to the ones in the
forests. There are no praticolous species, characteristic of the meadows in hilly and plain areas.
In the riverside coppices of mountainous areas, there are only paludicolous and sylvan species,
just like in the riverside coppice of thedet forest, located in a hilly area. Here, the high
density of the trees maintains moderate temperatures that do not exceed 18°C under the litter
layer. In the riverside coppices of depression and plain areas, there is a larger diversity of
microhabitats, which favours the existence of isopod species of all ecologic categories
(paluicolous, sylvan, praticolous, euritopes). On the meadows of depression and plain areas, there
are only praticolous speciebréchelipus nodulosus, Armadillidium versicolor quinqueseriatum,
Armadillidium vulgarg.

Between 1968-2003, we made qualitative and quantitative ecologic research
in different regions of Romania (Transilvania, Moldavia, Dobrogea, Danube Delta)
and in different geomorphological areas (mountainous, hilly, depression, and plain
areas) [1,3-5,7-9]. The research was made in wide areas (the basin of the Arie
river, the upper sector of the basin of the Samh€ald river, Dornelor Depression,
the south side of Gutai Mountains, Danube Delta, the areas bordering Cluj-Napoca
etc.) and in ecologically different natural ecosystems (coniferous forests, mixture
forests, leaf-bearing forests, riverside coppices, hayfields, pastures). We used the
gualitative and quantitative ecologic research to describe the terrestrial isopod
communities living in the studied ecosystems, the numerical abundance, the relative
abundance, the frequency of species in the samples, the index of ecologic significance,

* Babes-Bolyai University of Cluj-Napoca, Department of Taxonomy and Ecology,
Email: ntomescu@biolog.ubbcluj.ro,

** Museum of Natural Sciences of Vatra Dornei
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the ratio of sexes. After having corroborated the data, we noticed that the specific
feature of the terrestrial isopod communities is different even in the ecosystems of the
same type, the differences being determined by relief (mountainous, hilly, depression).
The relief and the altitude give certain values to the ecological factors, especially to
the climatic ones, which influence directly plant and animal species. In this paper,

we present a synthesis of our research on the terrestrial isopod communities in
riverside coppices and on meadows of mountainous, hilly, and depression areas.

Materials and methods.The data presented in our paper come from: the
basin of the Arig river, the Dorna Depressionadet — Cluj-Napoca area, and the
south side of Gutai Mountains.

The Basin of Aries river has a surface of 2970 kmz?, of which 2000 km?
represent the mountainous area. According to the relief, vegetation and local
climate, there are three sectors: upper, middle, and lower sector.

The upper sectoris characterized by an exclusively mountainous relief, a
hydrographic network rich in springs and rivulets, highly humid soils. Here prevail
spruce forests and spruce-beech mixture forests, hay fields and pastures bordered by
forests.

The middle sector between Campeni and Buru, is also in a mountain
area. Here, the ArgeValley is wider, human settlements are more numerous. Here
prevail leaf-bearing mixture forest; spruce forests and spruce-beech mixture forests
are more rare. There are riverside coppices on the banks of tRerideieand of
rivulets, as well as wide areas used as hay fields and pastures. The stream network
is more reduced compared to the one in the upper sector.

The lower sectoris between Buru and the mouth where the @Arieer
flows into the Mure river. The relief is hilly for about 15 km after Buru, then it
continues with plane depressions. Here prevail agricultural cultures and plantations
of fruit trees. The hay fields are much smaller and more rare, as well as the Arie
riverside coppices. In the depression area, the soil humidity is much lower, the
degree of exposure to the sun on the surface of the soil is very high, and the
temperatures reach 30°C. In the summer, the soil becomes dry on the surface.

The Dorna Depressiorlies in an 800-900 m altitude in mountainous area.
Here prevail coniferous forests and the meadows used mainly as hay fields. The
hydrographic network is rich; there are alder coppices on the banks of the Dorna
river and of the streams. The soil humidity is high during the whole year, and the
temperature on the surface of the soil does not exceed 16-18°C.

The south side of Gutai Mountains.We made some researches on this
side, in an alder coppice at the base of this side, at an altitude of about 500 m. The
groundwater isclose to the surface of the soil, providing a saturated humidity during
the whole year, as well a low temperatures. The grass-like vegetation, specific to
humid habitats, is very rich, with a coverage degree of over 95%.
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The Faget Forest is at the southeastern part of Cluj-Napoca. It is a huge
beech forest, with trees of over 80 years old. The density of the trees ensures a cool
and humid local climate. In the forest, there are areas with highly humid and marshy
soil, its features are similar to the ones of the riverside coppices in mountainous
areas. The whole surface is exposed to floods, the excessive humidity comes from the
groundwater, which is very close to the surface of the soil. The conditions are excellent
for isopod species which need a more humid soil, such as paludicolous species.

The isopods were collected with soil traps and Tullgren devices. Some of
the results were published previously. In theses papers, we made a comparative
analysis of the isopod fauna in coniferous, mixture, leaf-bearing forests, riverside
coppices and meadows. [2, 3, 6, 10-13]. In order to know the keystone species in
riverside coppices and on meadows, we calculated the relative abundance, the
frequency and the index of ecologic significance.

Results and discussionsn the studied riverside coppices and meadows,
we identified nineteen terrestrial isopod species (Table 1), more or less spread in
these ecosystems, according to the ecological needs and to the tolerance towards
climatic factors, mainly towards temperature and humidity.

In table 1, we present the values of the relative abundance and of the ecologic
significance index. The values of these indexes show the keystone species or the species
characteristic of the riverside coppices and of the meadows from the geomorphologic
units in which the research was carried out.

The specific structure of the terrestrial isopod communities in the riverside
coppices and on the meadows of mountainous areas is different from the one of the
terrestrial isopod communities in the riverside coppices and on the meadows of
hilly or depression and plain areas. From the ecologic point of view, the nineteen
species fall into four ecologic groups. Seven species are paludicolous (Ligidium
hypnorum, Ligidium germanicum, Trichoniscus pusillus, Hyloniscus riparius, Hyloniscus
transsylvanicus, Hyloniscus siculus, Hyloniscus maritleey live in ecosystems
where the soil humidity is saturated and the temperature does not exceed 20-22°C.

There are seven sylvan species that live in the forests (Protracheoniscus
politus Porcellium conspersumJTrachelipus wachtleri Trachelipus arcuatys
Trachelipus ratzeburgPorcellio spinicornisArmadillidium carniolensg Three species
are praticolous and live in open ecosystems - hilly and plain areas, pastures, hay
fields (Trachelipus nodulosygrmadillidium versicolor quinqueseriatyirmadillidium
vulgare; 2 species are euritopes (Trachelipus rathReircellio scabe); the last
species has strong synanthropic tendencies.

Isopod communities in riverside coppices

In the riverside coppices of mountainous areas (the upper and middle sectors
of the Aries river Basin, the Dorna Depression and the Gutai Mountains, as well
as in the riverside coppice of théget forest hilly area, the communities of species
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Table 1

The fauna of terrestrial isopods in riverside cpppices and on meadows in
mountainous, hilly and depression areas

Riverside Coppices Meadows
No Name of species AriBasin Dorna Faget Gutadi  Aries Basin Dorna
Depress. Cluj Mount. Depress.
A B C A B C
0 1 2 3 4 5 6 7 8 9 10 11 12
1 Lygidium hypnorum a 55 90.6 29.%9.3 16.3 16 35.0 19.8
w 2.7 815 105624 16.3 0.7 147 10.9
2 Lygidium germanicum *a 9.3 17.0 15
w 6.9 5.1 0.2
3 Trichoniscus pusillus *a
w
4 Hyloniscus riparius a 73 12 04 99 13 25 7.1
w 0.6 0.7 0.035.0 0.1 0.3 2.7
5  Hyloniscus transsylvanicusa 224 1.7 5.1 30.3 71.0 22.5
w 8.9 0.2 3.6 30.3 71.0 10.3
6 Hyloniscus siculus *a 0.9
w 0.09
7 Hyloniscus mariae *a 1.7 0.4
w 0.7 0.4
8  Protracheoniscus politus **a 55.6 2.6 1.8 6.7 39 100 65.4 3.2 0.5
w 55.01.8 05 33 30 30 60213 0.02
9 Porcellium conspersum  **a 0.7 0.5 16.5 11
w 0.8 0.2 16.5 0.2
10 Trachelipus nodulosus  ***a 0.5 211
w 0.05 12.2
11 Trachelipus arcuatus ** a 1.8 0.08 0.8
w 1.7 0.008 0.1
12 Trachelipus ratzeburgi **a 0.6
13 Trachelipus wachtleri *a 9.0 04 02 15 03 1.0 8.2 264 235
w 7.2 0.06 0.020.7 03 0.1 4.4 8.4 17.6
14 Trachelipus rathkei *rkkg 21.
4
w 1.9
15 Porcellio scaber **a 0.6 28. 47.6
6
w 0.05 2.6 47.6
16 Porcellio spinicornis **a 0.9
w 0.1
17 Armadillidium carniolense *a 0.3 3.4 1.0 10.1
w 0.0720 04 6.4
18 Armadillidium vers. quing. ***a 61.9
w 221
19 Armadillidium vulgare *rka 50.
0
W 7.5
Total species 7 6 9 10 6 5 6 9 3 6

A — upper sector, B — middle sector, C — lower sector, a — relative abundance, w — index of ecological

significance, * - paludicolous species, ** - sylvan species, *** - praticolous species, **** -

euritopes species
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are made up exclusively of paludicolous and sylvan species (Table 1). The ecological
conditions in these riverside coppices do not meet the needs of praticolous species.
The number of species varies from five species at the base of the south side of the
Gutai Mountains to ten species in the riverside coppices of the Dorna Depression.
The large number of species in the riverside coppices of the Dorna Depression is
due to the surrounding forests from which migrates a small number of individuals
of different sylvan species. This explains also the number of accidental species (2)
and accessorgpecies (6). The values of the ecologic significandex show that,

in the riverside coppice of theidet Forest, there are four keystone species of isopods,
with numerous populations, three paludicolous species (L. hypnorum, T. pusillus,
H. transsylvanicusand one sylvan species (P. poljtus

In the riverside coppices of the upper sector of thesAner, there are three
keystone species, one paludicolous (H. transsylvaniand two sylvan species
(P. politus T. wachtler). In the Dorna Depression there are two keystone species
(L. hypnorumandL. germanicum) and in the Gutai Mountains there are also two
keystone species (L. germanicum, H. transsylvapidasthe middle sector of the
Aries Basin, there is only one keystone species (L. hypnorum). The other species
are accessory or accidental. The nunufdeeystone species, represented by numerous
populations, is related to the ecologic optimum in the habitats populated by these
species. Due to the fact that these are detritofagous species, there is no competition
for food or space. The temperature, the humidity and the chemistry of the soil favor
or limit the size of terrestrial isopod populations in an ecosystem.

The lower sector of the Agebasin has depression and plain relief, with few
exceptions. In the riverside coppices of this sector were identified nine isopod species,
different from the ecologic point of view (two paludicolous species, four sylvan
species, two praticolous species and one euritopes species). The riverside coppices
of this sector have a larger ecologic diversity, expressed both by the specific structure
of isopod communities, and by the keystone spéagislium hypnorum- paludicolous
species andArmadillidium versicolor quinqueseriatum praticolous species). In
these riverside coppices, there is an ecologic mosaic of microhabitats, from highly
humid areas with low temperatures to dry areas with temperatures of over 25°C.

Isopod communities in meadows

The terrestrial isopod communities living on the meadows were studied in
the three sectors of the Agibasin and in the Dorna Depression. On the meadows
(open ecosystems) in the upper sectors of they Aasin, with strictly mountainous
geomorphologic features, there are only paludicolous and sylvan species of isopods,
the fauna is similar to the one in the forests. Here, there are two keystone species,
one paludicolous (H. transsylvaniguend one sylvan (P. politusThe meadows of
the middle sector offer a larger ecologic diversity, due to the meadows lying on
less inclined slopes and with lower altitudes, around 400 —500 m. Nine species
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were identified on the meadows of this area: three paludicolous, five sylvan and
one praticolous species, which is also the prevalent and keystone species, in highly
sunny areas. Besides this, another one sylvan spéciegi¢htler), one praticolous

(T. nodulosus and one paludicoloud.( hypnorum are keystone species on the
medadows lying on slopes oriented towards north and west. On the meadows of the
Dorna Depression (mountainous area), live six isopod species: three paludicolous,
two sylvan and one euritope, the last species with strong synanthropic behavior
(Porcellio scabey.

The presence of the synanthropic species is due to the numerous rural
settlements in the Dorna Depression. Populatiori?oofellio scabemwere identified
on the meadows of the rural settlement, where this species is also prevalent and
keystone. On the meadows farther from human settlements, the prevalent species
are:Ligidium hypnorum(paludicolous) andrachelipus wachtler{sylvan). On the
meadows in the lower sector of the Arleasin (depression and plain area), there are
three terrestrial isopod species, all praticolous. The keystone spe&iezadillidium
vulgare The local climatic conditions on these meadows do not allow paludicolous
and sylvan species to survive.

Of the 19 species identified in riverside coppices and on meatdamicium
hypnorumis the keystone species in most of the areas where research has been
carried out; however, this specie is absent in the Gutai Mountains, hibetem
germanicumis present, and in the depression and plain areas. In the riverside
coppices and on meadows of mountainous areas prevdilydsascus transsylvanicus,
Protracheoniscus polituand Trachelipus wachtleriThe other species are accessory
or accidental, being represented by numerically reduced populations.

Conclusions.1. In the riverside coppices and on the meadows of mountainous
areas, the isopod communities are made up of paludicolous and sylvan species; their
specific structure is similar to the one of the isopod communities living in forests.

2. In the riverside coppices of the hilly areas, inside beech forests, there are
also paludicolous and sylvan species.

3. In the riverside coppices of the depression and plain areas, where there
is a larger diversity of microhabitats, there are species of terrestrial isopods with
very different ecologic needs (paludicolous, sylvan, praticolous, euritopes species).

4. On the meadows in mountainous areas, the isopod communities are
made up exclusively of paludicolous and sylvan species, similar to the isopod
communities living in the forests.

5. The isopod communities living on the meadows of plain areas are
made up exclusively of praticolous species, tolerant to low humidity and high
temperatures.
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STUDII ECOFIZIOLOGICE LA PLANTE ARBUSTIVE
ENDEMICE SUB PRESIUNEA FACTORILOR DE HABITAT.
|. STUDIUL PROCESULUI DE CRETERE

VICTOR BERCEA*

SUMMARY. - Ecophysiological Studies of Endemic Shrubs Exposed to Habitat
Factors’ Pressure. |. Study on Growth Procesdn this paper we conducted an analysis of
growth coefficients in endemic shrubs from alpine afitsododendron myrtifoliurh. and
Vaccinium myrtillusL. (fam. Ericaceae) from Rodnei Mountains, Pietrosu Massif (2303m).
These coefficients provide useful information for decoding the mechanism of plant resistance,
harboring multiple ecological implications. Three stationary plots, at different altitudes
(1660m, 1825m, and 1930m respectively) have been selected, which are also mirrored by
the specific plant communities structure with which the shrubs are competing. The research
has been carried out during June, July, and September vegetation periods. We have quantified
the shrubs’ density (individualsfinheight, the numbers of the leafs, the biomass distribution at
different vegetative organs (roots, stem, and leafs), the phytomass (dried aerial substance),
and the humidity. The growth process has been estimated on the basis of relative growth
rate (RGR) and absolute growth rate in size (AGR). At foliage level, we have taken into
consideration specific leaf area (SLA), leaf weight ratio (LWR), leaf area index (LAI), and
leaf area ratio (LAR). We conclude that alpine shrubs respond to mountain climatic features
by a range of morphological and physiological adjustments. At a large scale, the growth
process is controlled by the distribution pattern of dried substance in different vegetative
organs. The growth coefficients manifest specificity in evolution for every studied species,
being also sensitive to altitudinal gradient.

Factorii edaficisi climatici se consider@eterminatii traditionali primari
ai distribuiei speciilorsi comunittilor de plante in concordgincu factorii biotici cum
este compeia intre speciile vegetale, care infltgam puternic aceastlemografie [4].

Limitele de distribtie altitudinai si longitudinak ale arborilor sunt in principal
controlate de temperatijriar efectele sale sunt evidente asupra bugetului de carbon
si a dezvolirii speciilor [4]. Recentele concluzii cu privire laarmea ratelor de
crestere la latitudini mari la g@urile de altitudine superiaais-au atribuit ridigrii
temperaturii ca urmare a schi#ni climatice globale [6]. Linia arborilor este un
indicator variabil al schimiii climatice, iar ecotonul reprezinbportunitatea studierii
influentei acestor variabile asupra ge¥ii, supraviguirii si reproducerii la speciile
dominante [7]. Studiile demografice pe termen lung sunt rare, dar sunt cruciale pentru
cunogterea dinamicii poputeonale a speciilor, in special, In zonele subalgin
alpina.

* nstitutul de Cercelri Biologice 400015/Cluj-Napoca.
E-mail: bercea_victor@yahoo.com
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In prezenta lucrare s-au studiat coefigiette crgtere necesari evidéarii
mecanismului rezisteai cu implicaii ecologice la arbgtii endemici din zonele
montane. S-au luat in studiu agbude Rhododendron myrtifolium Lsi Vaccinium
myrtillus L. (fam. Ericaceae) din MitRodnei, masivul Pietrosu (2303 m). Aceste
plante formeax tufarisuri Tntinse (biomi) in zona subalgirsi alpini, Tntre cele
doui specii exist o relaie de codominat.

Cercelri asupra acestor specii s-au efectuat in nordul Suediei unde cre
Rhododendron lapponicum [9-12] in M-tii Caucaz unde cste Rhododendron
caucasicum [17].

Cele dod plante difef printr-un nunir de caracteristigii inswiri importante
pentru crgtere.Rhododendromste un arbust cu frunze sempervirescente, riviglise
spre varful lujerilor, persistente, taripieloase Vaccinium este un arbust cu frunze
cazitoare.

Tulpina ambelor specii este in mare parte plagiatrapoperit de stratul
muscinalsi este implicat in inmutirea vegetatiy. Cresterea terminal este incetint,
iar mugurii axilari prezirit o intend activitate. Supratele acoperite cu aceste
tufarisuri contribuie din punct de vedere ecologjipractic la estomparea eroziunii
solului, iar prin faptul & retin 0 mare cantitate de @pse evii declagarea de
inundaii pornite din zonele montane.

Material si metode. Pentru efectuarea cergelor au fost selectate trei
zone (st@onare), gezate diferit altitudinal, respectiv 1660 m, 1825%im930 m,
diferertele s-au reflectagi in componeta comunidtilor de plante cu care intréh
competiie. Staionarul de la 1660 m este situat intre limita superi@apidurilor
de coniferesi aria ocupat cu jneapn (Pinus mugd..). Are 0 expozie este-nordig,
cu solul acoperit de un strat muscinal bine dezvoltat care paate cecantitate
Tnsemnat de ajd. Stratul ierbos este bine dezvolfiatuprinde diferite specii vegetale.

Staionarul de la 1825 m se afbsezat in aria ocupatde jneapn, mai
precis in locurile libere din aceasdrie, avand solul acoperit cu un strat iergios
muscinal. Are o expote esti@, fiind insorit pe tot parcursul zilei.

Stgionarul de la 1930 m se afbituat la limita superioara jneagnului,
avand expozia esti@. Solul este acoperit cu un strat ierpmuscinal mai redus.
Solul este paial acid, iar tipul de sol variazin fungie de substraji vegetaie.
Temperatura medie anéatariaz in fungie de altitudinesi este de —%0°la peste
2000 msi de +4 intre 1500-1700 m [3].

In fiecare stdonar s-au ales cite 5 suprafe cate 1 Afiecare, distribuite
randomizatsi cu populaii de Rhododendronsi Vaccinium bine reprezentate
numeric. Din fiecare fs-au luat pentru cercetare cate 5 indivizi de gibim total
25 de arbti n fiecare staonar. La nivelul fiedrui stgionar s-a analizat densitatea
arbutilor (plant/m?), Tréltimea arbstilor si numarul de frunze, distrioia biomasei
pe organe vegetative, respectidicini, tulpini si frunze, precumsi umiditatea,
respectiv cantitatea de fitondgsubstata uscat aeriaid). Performatele de crgtere s-
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au apreciat pe baza ratei relative destere (RGR)si a ratei de crgere absolute
(AGR) [5]. La nivel foliar s-au studiat udtorii coeficiertii: aria specifié@ foliara
(SLA), raportul greuttii foliare (LWR), indicele ariei foliare (LAl)si raportul
suprafeei foliare (LAR). Aria foliards-a determinat geometric prin calcularea ariei
elipsei formate de forma frunzelor la care s-a@isurat diametreleifimii si lungimii
foliare. De asemenea, s#tit raportul intre masa lemnéageriai si cea subteran
Cercetrile s-au efectuat in perioadele de vegetanie, iuliesi septembrie.

Rezultate si discutii. Evidertierea potetialului adaptativ cu rol conservativ
in relgia structural si functionak plan&-mediu, s-adcut prin:

a.- delimitarea zonelor compacte a popilda de arbyti endemici cu
evident putere regeneratiyentru evaliri de lungi durat.

b.- evaluarea coeficigifor de cratere sub influeta factorilor de mediu.

Performarele de crgtere ale arbgtilor de Rhododendrorgi Vaccinium
sunt importante pentru mgmerea potetialului de distribtie a celor doé specii.
Speciile luate Tn studiu auasat o distribgie similarain condiii nutritive sirace.

Densitatea celor dawspeciisi gradul de distribtie pe i a crescut cu #mirea
altitudinii. Densitatea luRhododendrom crescut la altitudine mare cu peste 114%,
iar la Vaccinium cu peste 126%, comparativ cu altitudinea mai jdaaltimea
arbutilor a s@zut cu ndrirea altitudinii. LaRhododendrors-a redus #itimea
para la 63%, iar lavVaccinium paa la 71%. De asemenea, aamat si nuntrul
frunzelor pe plaratin raport cu ririrea altitudinii. La altitudine ridicats-a redus
numarul frunzelor laRhododendrorcu 51%, iar lavaccinium reducerea a fost de
80%. Gradul de ramificare al coroanei s-a timen ridicat in toate stepnarele in
cazul specieRhododendron

Vacciniumsi-a redus gradul de ramificare a coroanei adai mirirea
altitudinii. Plasticitatea distriliiei celor dod specii reprezirit o performars
adaptativ la condiiile de mediu.

Temperaturile sizute si sezonul de crgere scurt determiiy la altitudini
ridicate, narirea densttii Tn detrimentul caracteristicilor morfologice. Prodiacde
biomas vegetal este larg controlatde modul cum asimilatele sunt distribuite Tn
plant si de timpulsi durata perioadelor ciclului vital cum sunt: agiarimugurilor,
maturarea frunzelor, inflorituji senescega foliara Durata sezonului de ctere
este componenta cheie a progkicde biomas si depinde de genotipuii ritmul
vital al fiecirei specii. Cele mai multe plante alpine produc numai o ggedata
frunze si au cea mai mare parte din carbonul fotosintetic plasat in organele
vegetative subpmantene [14].

In concepgia recent, determinafti ai procesului de cgtere se consideri
distribuia si reparttia substatei uscate la diferitele organe vegetative. Pentru
intelegerea acestui proces destzee trebuie studiate o multitudine de variabile,
compararea datelor gpbute ne va duce la o interpretare ecoldgiguroad [11].
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Rhododendron myrtifolium L. Cantitatea de biomasacumulai s-a narit
direct propotional cu durata perioadelor de gexe si a sézut cu altitudinea
(Tabel 1). Astfel, crgerile de biomasin perioada din septembrie s-au situat intre
125-383% fei de perioada din iunie. Cele mai semnificativixrimde 383% s-au
inregistrat la altitudinea cea mai mare, in perioada din septembrie. Acumularea
intengi de biomas s-a realizat la nivelul organelor vegetative lemnoase, respectiv
tulpini, ramurisi radicini. Aceste acumiti s-au situat intre 80,8-91,1%au fost
mai crescute in perioada din septembrie. La nivalddcinilor a existat o relge
direct intre acumularea de subgtanscai si durata perioadelor de gtere, crgterile
de 8-15% s-au atins in luna septemigrgeau raportat invers progmmnal altitudinii.

La nivelul tulpinilorsi ramurilor substata uscat s-a redus cu 5-7% spre
finele ciclului vital si a evoluat invers propgonal cu altitudineaRhododendron
fiind o plan& semperviresceaitpoate transloca o parte din asimilate direct de la
frunzele latrane ori tulpini spre noile cgieri de la nivelul rdacinilor [12]. Aceast
translocare contribuie la anirea rezistetei la nivelul rdacinilor. Acumularea de
substati uscad la nivelul frunzelor s-a situat intre 8,9-19,28b6s-ae derulat
proporional cu narirea n altitudine. La altitudine ridicafrunzele au acumulat o
semnificati cantitate de substa@nuscai. Marirea balarei carbonului la altitudinea
ridicati evideniaza reatia adaptati¥ a speciei traddsin marirea masei foliare
activa fotosintetic cu 16-19%.

Repartiia apei intesuturile organelor vegetative a fost invers propoat
distribuiei biomasei. Astfel, umiditatea aazeit cu altitudineai cu durata ciclului
vital. La nivelul tulpinilorsi ramurilor, coninutul in a@ s-a narit cu altitudinessi
cu durata perioadelor de gtere, mai semnificativ pentru gtznarul de la 1930 m.
Abilitatea speciei de-a méne un status hidric favorabil in comdide altitudine
ridicati constituie 0 modalitate de rezigieimpusi de condiile de mediu nefavorabile.
Aceasi abilitate a plantei de a ndura pierderile da depinde de Tnsirile
morfologice ale plantei [18].

La nivelul frunzelor, varigi in umiditate s-au Tnregistrat intre diferitele perioade
de cratere. Pentru eficientizarea nutrigor ciclului intern,Rhododendroreste nevoit
sa-si minimizeze pierderile de nutrigrceea ce contribuie la m@merea crgterii i
dezvoltirii In habitatele &ace nutritiv [11].J a m e ssi colab. [7] au constatatac
lungimea frunzelor dBinus sylvestriscade de-a lungul gradientului de altitudine.

Distributia fitomasei (substaa uscat aeriaid) la altitudini mai reduse
variazn in fungie de perioada de cttere, respectiv, In luna iulie s-a acumulat
cantitatea cea mai semnificativLa altitudine mare, respectiv 1930 m, cantitatea
de fitomad pe nf a crescut semnificativ spre finele perioadei dateresi s-a
datorat creterii densidtii arbustilor (Tabel 1). Alocarea fotoasimilatelor ldrgle
aeriene ale plantei este semnificativ inflts#hde genotipsi de factorii de mediu
cum ar fi disponibilul de apsi nutrierti.

La speciaR. ponticum s-a constatat dgine o suprafg foliard mare cu
mare potetial fotosintetic, iar substam uscat per unitate de suprafa(g.m?)
creste Tn relaie direct cu densitatea fluxului fotonic [16].
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Valorile raportului dintre masa lemndéaseriai si masa lemnoassubteraa
s-au redus cu altitudineg@ cu durata perioadelor de gtere (Tabell). Aceste
saideri s-ar datora reducerii biomasei la nivelul tulpingbradacinilor. In prima
parte a lunii iunie canBhododendrorinfloreste se poate vorbi de o sincronizare a
perioadei de inflorit cu acumularea subgtda de biomas la nivelul tulpinilorsi

radacinilor.

Rata creterii relative s-a intensifict cu altitudinea. Ratastegi foarte
ridicata la altitudinea de 1930 m a fost aparent o fiegna craterii proporiei de
greutate la nivelul organelor vegetative in primele perioade akerirg dezvolrii.
Intensificarea ratei de caftere contribuie la @rirea acumurii de bioma$g si
evideniazi potenialul ridicat al creterii la specia respectiv Rata crgterii absolute
scade pénhla 6,4% in raport cu altitudinea.

Tabel 1

Valorile coeficientilor de crestere raportat diferitelor perioade de crestere si difertelor
altitudini, la arbu stii de Rhododendron myrtifolium L

Parametrii determinati Altitudinea
1660 m 1825 m 1930 m
\ii Vil IX \ii VII IX VI VI IX
Densitatea (plante.f) 89+6 92456 102422
Tnaltimea (cm) 3612.4 2614 22,5+1
Numiar frunze/plant 232+12.8 167+9.737 118+13.1
Biomasi (g/planti) 13.7+ 10.2+ 17.2+ 4.9+ 10.1+ 9.21+ 3.0x 7.63x 11.5%+
0.2 04 03 0.2 03 0.2 0.2 04 0.2
Biomasi (%) —&Edacini 26,2 27,3 408 30,2 36,9 44,0 29,6 37,2 36,3
- tulpinisi ramuri 64,4 61,3 50,3 58,4 47,2 417 52,4 43,6 47,1
- frunze 94 114 89 114 159 14,3 18,0 19,2 16,7
Umiditate(%)- &dacini 73,8 72,7 59,2 69,8 63,1 56,0 70,4 62,8 63,7
- tulpinisi ramuri 35,6 38,7 49,7 41,6 52,8 58,3 47,6 56,4 52,9
- frunze 90,6 886 911 88,6 64,1 85,7 82,0 80,8 83,3
Fitomasi (g.m?) 875+ 615+ 751+ 432+ 888+ 787+ 462+ 862+ 1003+
21 66 51 55 75 77 33 40 75
Raport T/R 2,6 2,2+ 1,3+ 1,9+ 1,3+ 1.0+ 22+ 12+ 1,3+
0.8 06 04 0.7 0.09 0.2 1.2 0.2 05
RGR (mg.g'.zi) 8.63+0.02 19.9+0.003 23,0420.03
AGR (g.zi) 2.08+1.5 0,16+0.1 0,133+0.09
SLA (mP.g Y 0,052+0.005 0,058+0.013 0,042+0.005
LWR 0,094+0.02 0,111+0.04 0,187+0.08
LAl (mZm?) 6.10+0.7 4,94+1.7 2.65+0.3
LAR (m%g)) 0,0049+0.001 0,006+0.002 0,0078+0.003

RGR= rata cresterii relative; AGR= rata cre sterii absolute; LAR= raportul ariei foliare;
SLA= aria foliar a specifici; LWR= raportul greutitii foliare; LAI= indicele ariei foliare;
raport T/R = masa lemnoad aeriani/ masa lemnoa# subterani; VI, VII, IX = lunile anului.
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Distributia luminii la nivelul frunzelor precunsi eficienta de captare a
fluxului fotonic manifest o mare influefi asupra produ®i de biomas. Aria
specifia foliara (SLA) s-a redus cu 19% in raport cdrirea altitudinii din cauza
investtiilor in biomag (Tabelul 1). Indicele ariei foliare (LAI) s-a redus carirea
altitudinii cu circa 57% din cauza®&terii ariei foliare totale, respectiv a reducerii
numérului de frunze per plaat Acesti coeficienti de crgtere foliara sunt foarte
eficieni in termeni de biomds Masura acestei eficie@ se exprir Tn raportul
greuttii foliare (LWR) si in raportul suprafiei foliare (LAR) a @ror valori s-au
marit semnificativ cu altitudinea, cu 199% respectiv 159%. Grosimea frunzelor
creste cu altitudinea [2].

Tabel 2
Cuprinzand valorile coeficiertilor de crestere la Vaccinium myrtillus L.
raportat diferitelor altitudini si perioade de crgtere

Parametrii determinati Altitudinea
1660 m 1825 m 1930 m
\ Vil IX vl Vil IX \ \ IX
Densitatea(plante ) 100+11 150+2,8 126+8
Tnaltimea (cm) 24+0.8 17,715 17+1
Numir frunze/plant 66+8.7 69+8.5 53+6.6
Biomasi (g/planti) 1,33+ 2,11 1,5+ 0,60+ 1,24+ 1,29+ 0,71+ 0,91+ 1,75+

0.13 0.2 0.2 008 02 0.1 0.09 0.09 0.2

Biomas (%) —fadacini 24,6 31,5 22,4 27,0 38,8 40,4 30,2 353 33,7

- tulpinisi ramuri 65,4 56,1 69,0 59,7 4,8 48,7 60,2 52,5 60,2

- frunze 10,0 12,4 8,6 13,3 16,4 10,9 96 122 6,1

Umiditate(%)- &dacini 75,4 68,5 77,6 73,0 61,2 59,6 69,8 64,7 66,3

- tulpinisi ramuri 34,6 43,9 40,0 40,3 55,2 51,3 39,8 47,5 39,8

- frunze 90,0 87,6 914 86,7 83,6 89,1 90,4 87,8 939
Fitomasi (g s.u..nf) 65.2+ 194.3+ 186,1+50.5+ 96.7+ 117,2+ 138+ 137,5+ 158,5+

11.8 37.7 3.2 20.3 115 20.9 28.5 28.7 44

Raport T/R 2,9+ 1,82+ 3,8+ 1,82+ 1,62+1,18+ 1.76+ 1,56+ 1,97+
05 06 08 05 06 03 05 04 0.6

RGR (mg.g.zi0) 12,9+0.4 19.5+0.4 7.2+0.3

AGR (g.zi) 0,030.01 0,02+0.01 0,01+0.007

SLA (m.gY) 0,20520.02 0,2+0.03 0,14+0.02

LWR 0,125+0.04 0,14+0.02 0,1+0.03

LAl (m2m?) 3.3+0.1 2,70+0.3 2,13+0.5

LAR (M2.g) 0,025+0.009 0,022+0.007 0,013+0.005

RGR= rata cresterii relative; AGR= rata cre sterii absolute; LAR= raportul ariei foliare;
SLA= aria foliar a specifici; LWR= raportul greut itii foliare; LAI= indicele ariei foliare;
raport T/R = masa lemnoad aeriani/masa lemnoa# subterani; VI, VII, IX = lunile anului

Vaccinium myrtillus L. Evolutia parametrilor de ciéere s-a modificat in
raport cu perioadele de eteresi cu altitudinea. In ce priwee acumularea de
biomad, s-a remarcat o specificitate legydie habitat (Tabel 2). Biomasa s-a redus
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cu 47-57% in raport cu altitudinea, exceptand perioada din septembrie cand s-a
fnregistrat o crgere de 17%. Raportat perioadelor deter®, s-a remarcatarirea
biomasei in perioada din septembrie, la toate altitudinile. Au existativaréai a
distribuiei substatei uscate pe organe vegetative, de la un biotop la altul. La
nivelul radacinilor, investiiile Tn biomad au crescut la finele ciclului vital, fiind n
relgie direct cu altitudinea.

La nivelul tulpinilor si frunzelor acumudrile de substafi uscai au sézut
propotional cu durata perioadelor de gegesi cu mirimea altitudinii. Masa lemnoas
in general, a crescut cu 2% in raport cu altitudineaa Duph n s e {8] temperatura
si CO, crescute sunt responsabile dérinea ratelor de ckteresi a cantititii de
substari uscal, comparativ cu altitudinea ridicat

Continutul in af@ al organelor vegetative a evoluat intr-un mod similar. A
scizut umiditatea pe durata perioadelor dstere, situandu-se in rei@ direch cu
marirea altitudinii. Umiditatea cea mai&uti s-a inregistrat la nivelul tulpinilos
ramurilor (Tabel 2).

Acumularea de fitomag(substati uscai aeriard) s-a intensificat in raport
cu altitudinea Tn timpul perioadei din iunie crescand cu 211%, iar Tiigkgptembrie
a s@zut cu circa 15%.

Raportul intre masa lemndaaeriat si cea subterana inregistrat valori
saizute pe durata perioadelor degteeesi in raport cu altitudinea, excep facand
valorile ohinute la sté@onarul de la 1660 m. Sderile s-ar datora acunaui intense
de substad uscal la nivelul rddacinilor in raport cu altitudineai, in special la
finele ciclului vital (Tabel 2).

Rata creterii relative (RGR) s-a redus cu 44% in raport étinea altitudinii
din cauza swerii acumudrii de substatd uscal la nivelul tulpinilorsi frunzelor.
Aceste reduceri s-au corelat cu eviallbiomasei. Rata cgterii absolute (AGR) a
sczut cu narirea altitudinii din cauza reducerii biomasei.

Coeficienii de cratere de la nivelul frunzelor au prezentat, in general, o
evoluie n relaie direct cu altitudinea. Aria specificfoliara (SLA) a sé@zut cu
32% in raport cu amirea altitudinii din cauza reducerii ariei totale foliare ca urmare a
reducerii nurdrului de frunze per plaat(Tabel 2). Speciile cu frunzele mai mici ca
dimensiune ocuphabitatele cu lumihmulta, cu disponibil de nutrighsi umiditate
saizute in asociere cu stdrea frunzelor. Dimensiunile foliare afecteadirect
intercepia luminii si balana energetig foliara [1]. Indicele ariei foliare (LAI) a
scizut cu 35% in raport cu drirea altitudinii din cauza reducerii ariei foliare.
Raportul gredttii foliare (LWR) si raportul suprafei foliare (LAR) au s#&zut
nesemnificativ cu altitudinea din cauza reducerii ariei fokage creterii acumudirii
de substafi uscal de la finele ciclului vital.

Concluzii. 1. Evoldia variabilelor de ririme laRhododendroii Vaccinium
este restrictig ori amplificaf Tn raport cu oferta altitudinal Se remart marirea
densititii pe nf in detrimentul caracterelor morfologice#ftime, nunar de frunze),
comparativ cu ririrea altitudinii.
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2. Arbwtii de Rhododendromi Vaccinium sunt biomi domingrin zona
subalpiri si alpina. In acest caz exploatarea resurselor poate fi exclusiv competitiv
sau complementar Schimlarile climatice globale contemporane afectedistribuia
biomaseisi fenologia creterii plantelor. S-a observa acumularea biomasei este
diminuat de-a lungul gradientului altitudinal, dar efistrat sporit la altitudinea
ridicata la finele ciclului vital.

3. Craterea plantelor dRhododendrogi Vacciniumeste controlétla scas
mare prin modul de distriltie a substaei uscate la diferitele organe vegetative.
Rhododendrorexisé o potrivire intre ¥dacini si frunze cu privire la intensificarea
inmagazidirii de substata uscai de-a lungul gradientului altitudinal, Tn special, la
finele ciclului vital.

La nivelul tulpinilorsi ramurilor bugetul substagi uscate se reduce in raport
cu mirirea altitudiniisi pe ntreaga durata perioadelor de osere. In cazul plantei
Vaccinium vorbim de acumirl de substatd uscad la nivelul radacinilor. Pentru
organele aeriene, tulpini, ramgrifrunze, se manifestvarigii in distribuia biomasei,
specifice fied@rui habitat.

4. Evoluia fitomasei (substaa uscat aeria) la cele dod specii este similar
Sporul de fitomasse inscrie de-a lungul gradientului altitudinal la finele ciclului vital.

5. Coeficienii de cratere au o evolie specifi@ fiecirei specii. Rata
cresterii relative (RGR)i absolute (AGR) l&Rhododendrorprevaleaz de-a lungul
gradientului altitudinal. LaVacciniumrata relatié de crgtere scade cu nrea
altitudinii. Indicii de cratere se coreleazu distribdia substatei uscate.

6. Variabilele de rrime foliard: aria specifié foliara (SLA) si indicele ariei
foliare (LAI) la cele doa specii probeaz diminuarea productivitii de-a lungul
gradientului altitudinal. Controlul fotoperiodic al gterii este diferit la cele dau
specii.

Raportul greduttii foliare (LWR) si raportul suprafeei foliare (LAR) se
multiplica la Rhododendrorin raport cu gradientul altitudinal, iar ¥accinium
rapoartele manifestifererte evolutive.

Caracteristicile morfologicg de cratere ale poputdlor naturale sunt adajri
importante la condile oferite de habitate. Rezultateletimiute cu diferetele si
similaritatile constatate evid¢iazi o segregare habitdgaintre Rhododendrorsi
Vaccinium. Varigéile specifice evaluate Idaccinium ardt ci specia este mai go
aclimatizai. Totwi, cele dod specii contribuie la echilibrul ecologic in sfera
productivititii si la echilibrul bilanului de a@ al zonei ce influefeaz pozitiv
debitul reelei hidrografice montane.
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STUDII ECOFIZIOLOGICE LA PLANTE ARBUSTIVE ENDEMICE
SUB PRESIUNEA FACTORILOR DE HABITAT. Il. EVOLUIA
CONTINUTULUI IN PIGMENTI ASIMILATORI

VICTOR BERCEA*

SUMMARY. - Ecophysiological Studies of Endemic Shrubs Exposed to Habitat Factors’
Pressure. Il. The Dynamic of Assimilatory Pigment ContentsThis study describes the
photosynthetic capacity in different vegetation periods and at different altitudes in endemic
shrubsRhododendron myrtifoliurh. andVaccinium myrtillud_. The photosynthetic capacity

was estimated on the grounds of assimilatory pigments composition. This composition was
analyzed during June (blooming periodkihododendroy July and September (leaf senescence)
vegetation periods. IRhododendron, a highly variability in chlorophyll content between
populations was detected, negatively correlated with altitude. During vegetative cycle, assimilatory
pigments level increased in July and decreased in September due to the beginning of foliage
senescence. At highly altitude of 1930 m, the shrub population accumulated the lowest
levels of assimilatory pigments. This decreasing of chlorophyll index is based on a growing
of foliage weight. InVaccinium myrtillus the amount of chlorophyll per leaf area unit
increased with 13% along with altitude gradient, denoting an enlargement of light absorption
area. The short vegetation cycle, as well as the unpredictable climatic changes, influences
the photosynthesis in alpine shrubs.

Pentru @ CO, este principala sutsde hrad pentru speciile vegetale,
schimbarea propaei acestuia in atmosferi¥a duce la schindloi in biosferasi in
relgiile intraspecifice dintre organisme, va afecta, in principal, biodiversitatea.
Abilitatea plantelor de-a investi aceste glucide, provenind din carbonul absorbit, Tn
noi structuri este limitatprin alte resurse, cum ar fi nutriérminerali din sol ori
temperatura $zuti care constrang productivitatea [6].

Speciile de plante alpine prezira cratere pronutat a fotosintezei foliare
sub CQ ridicat faga de plantele de campie, dar aceasficiena nu influeneaz
produgia de biomas Schimlarile variabilelor de mediu au un impact mare asupra
cresterii plantelor in mediul alpin fa de stimularea diregta fotosintezei prin C©
[16]. Comunittile vegetale alpine sunt compuse din specii de ranguri diferite ca
Tnaltime. Densitatea fluxului fotonic activ fotosintetic scade cu adancimea stratului
de vegetae [8]. Ca 0 consecin, speciile Tnalte capa mai mulé lumina, ating o
biomas stabik si domirid Tn comunitatea de plante. Speciile din straturile joase,
capta mai puina lumina si adesea ocup poztii subordonate in termeni de
biomas.

* nstitutul de Cercetri Biologice 400015/Cluj-Napoca.
E-mail: bercea_victor@yahoo.com
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Repartiia fluxului fotonic intre speciile cohabituale a@rafi fluxul fotonic
absorbit pe unitate de cantitate de bicinasriaa a fost crescut la speciile
subordonate, chiar dadluxul fotonic per unitate de supraiea sézut [4].

Fotosinteza vegefi@i este un complex de futiicecologice ce se asociaz
cu ali factori de mediu cum sunt structura vegieia caracteristicile foliaresi
condiiile de mediu [7-9]. PlantelsiiajusteaZ distribuia capaciitii fotosintetice
si a clorofilei la densitatea covorului vegetal prin gatconvenabdl a resurselor
fotosintetice [14].

In aceast lucrare s-a studiat capacitatea fotosinte&primat pe baza
compoziiei in pigmeri asimilatori a frunzelor in diferite perioade destzee, la arbgtii
endemiciRhododendron myrtifolium Lsi Vaccinium myrtillusL. (fam. Ericaceae)
din M-tii Rodnei, masivul Pietrosu (2303 m).

Material si metode Pentru efectuarea cerarbr au fost selectate trei zone
(staionare), gezate diferit altitudinal, respectiv 1660 m, 1825%ini930 m (vezi
lucrarea anterioaja

Pentru analiza compon@lor pigmentari s-au recoltat frunzele fieai
individ Tn perioadele de vegei iunie, iuliesi septembrie. Materialul vegetal s-a
mojaratsi extras cu acetarnin prezeti de CaCQ. Cortinutul in clorofile (clorofila
asi b) si carotenoide s-a estimat spectrofotometric pe baza coeficiespecifici
de absorte [2,15].

Cantitatea de pigméns-a raportat perioadelor de gteyesi transectului
altitudinal. Raporturile dintre componginpigmentari sunt trecute in tabele. De
asemenea, s-a calculat raportul dintre clorofilegaeutatea foliar totak ori suprafza
foliara totak per plani. Relaia logaritmi@ ntre totalul pigmetilor asimilatorisi
indexul suprafeei foliare (LAI) in raport cu altitudinea stanarelor s-a exprimat
numai in perioada de gtere din iunie. Rezultatele s-au prelucrat statistic prin
sistemul ANOVA.

Rezultate si discutii. Timpul de vegette redus precumsi schimbirile
climatice influeneaz fotosinteza plantelor alpine. Eficigende fixare a carbonului
la speciile alpine evideiaza o crgterea pronurati a fotosintezei foliare [16].
Procesele fotosinteticg respiratorii joa& un rol central in adaptarea plantelor la
habitatele cu condi climatice diferite [11]si, deci, este necesar de-a caracteriza
componerii si procesele biochimice implicate in procesul de fotosinfel

Rhododendron myrtifolium L. Evolutia coninutului in pigmeii asimilatori
din timpul infloritului (iunie) este prezentiain Fig. 1. Cantitatea de clorcfib a
scizut cu narirea altitudinii cu 10%, Tn schimb, clorofila & crescut ¢or, mai
semnificativ la plantele situate la 1825 m cu 43%. Carotenoideleiaut $gor cu
altitudinea cu pénla 4-7%, situgie reflectad Tn raporturile dintre compongn
pigmentari (Tabel 1). O variabilitate acceniusta evidetiat intre populgéi privind
continutul in clorofile, la toate st@narele (diferete semnificative in valorile abaterii
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standard) Tnsemnand pertarbproduse in calea metabdligi Tn necesarul de
substrati energie privind sinteza constituédar aparatului fotosintetic. Gradientul
lumina Tn covorul vegetal are 0 comporeodalitativa si una cantitatig. Acest gradient
este implicat in patia resurselor fotosintetice foliarg inducia senescegi la
frunzele mai jos pogbnate [14].
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F i g. 1.Acumularea clorofilelogi a carotenoidelor lsRhododendron
n perioada de inflorit (iunieji in raport cu altitudinea.

Tabel 1

Valorile raporturilor dintre componen tii aparatului fotosintetic la speciile de
Rhododendrosi Vaccinium

Perioada / Rhododendron Vaccinium
Stationarul a/b a+b/c a/b a+bl/c
IUNIE:

1660 m 3,05+0,1 3,26 0,1 2,86 £0,1 3,51+0,1
1825 m 2,95 + 0,05 3,32+0,1 3,09 £ 0,04 3,55+0,1
1930 m 2,93+0,1 3,49+0,1 2,64+0,2 3,66 + 0,02
IULIE:

1660 m 3,26 £0,1 3,26 £0,1 2,64+0,1 2,90 0,08
1825 m 3,46 +0,1 3,34 £ 0,07 2,77+0,1 2,93 +0,07
1930 m 3,28 +0,2 3,30+0,1 2,66 +0,1 3,25+0,1
SEPTEMBRIE:

1660 m 1,85+0,1 3,66 +0,1 2,25+0,3 3,18 £ 0,03
1825 m 2,26 £0,1 3,80+0,1 2,25+0,2 2,72+0,2
1930 m 2,42 +£0,3 3,15+0,1 2,41+0,2 3,34+0,2

a=clorofila a; b=clorofila b; c=carotenoide
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Continutul in pigmeri asimilatori in perioada din iulie este prezentat in
Fig. 2. Cantitatea de clordfibsi b a sé@zut in raport cu altitudinea cu éia 12-13%,
facand excegie plantele din steonarul de la 1825 m la care acusmié de clorofila_a
s-au narit cu 3%, varigi ce s-au reflectat in raporturile dintre companéhabel 1).
Carotenoidele au szut cu 15%. Insumarea comporitar fotosintetici a artat o
usoai crestere la plantele situate la 1825 m cu 1,3%, dar gaatub aspect general a
ramas invers propadagnak cu altitudinea.

3.5 - O clorofila a M clorofila b H carotenoide

I (
| L

2.0 -

3.0

——

1.5 4

1.0

Pigmenti mg.g Ts.u.

0.5 -

0.0

1660 1825 1930 m

F i g. 2.Coryinutul in pigmer asimilatori laRhododendron
in perioada din iulie raportat transectului altitudinal.

Acumularea pigmaitor asimilatori in perioada din septembrie este tetfat
Fig. 3. Diferemele cantitative in raport cu altitudinea au fost mai praten Cu
excepia staionarului intermediar de la 1825 m, cantitatea compidoefotosintetici a
scizut cu altitudinea. La altitudine superi®gl930 m) saderile in cantitatea de
clorofila a(cu 34%), clorofii b (cu 42%)i carotenoide (cu 24%) au fost semnificative.

La plantele provenind din sianarul de la 1825 m s-au inregistrat carite
cele mai ridicate de pigmgrasimilatori: clorofila_aa crescut cu 21%, clorofila b
Cu 7%, iar carotenoidele cu 15%. Pe durata ciclului vegetativ, acumularea fiiggmen
asimilatori s-a intensificat in perioada din iulie cand s-au Tnregistratatetiele
mai ridicatesi a sézut In perioada din septembrie. In raport cu transectul altitudinal, la
plantele crescute in simnarul cu altitudine intermediard-au acumulat cele mai
mari cantiiti. La altitudinea superioarde 1930 m, popufe de plante a acumulat
cele mai reduse cariit de pigmeni asimilatori.
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F i g. 3.Coryinutul in clorofilesi carotenoide laRhododendron
in perioada din septembrié raportat altitudinii.

Vaccinium myrtillus L. Acumularea pigmeatitor asimilatori in perioada
din iunie este prezengin Fig. 4. Cantitatea de clordfiisi b a sézut semnificativ cu
altitudinea. Astfel, clorofila @ s@zut cu 25%, iar clorofila lou 19-22%.
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F i g. 4.Acumularea pigmeitor asimilatori la Vaccinium
in perioada din iunie, raportat transectului altitudinal.
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F i g. 5 Coninutul in pigmeri fotosintetici lavVaccinium
in perioada din iulisi Tn raport cu diferitele altitudini.

Carotenoidele au prezentat o evigllaserinatoare, inregistrandu-se agteri
cu pan la 17-27%, situge oglindi in raporturile dintre compongn(Tabel 1).
Diferentele intre populdle de plante s-au intensificat in raport cuirirea
altitudinii (difererte semnificative intre valorile abaterii standard).

Continutul Tn pigmei asimilatori in perioada din iulie este redat in Fig. 5.
Acumularea pigmeiior asimilatori in aceastperioad a manifesta o refie de
proporionalitate direct cu mirirea altitudinii. Astfel, clorofila aa crescut cu 58%.
Clorofila b a sé@zut cu 11% la plantele situate la 1825sima crescut cu 70% la
plantele situate la altitudine superica@arotenoidele au crescut cu 50% in raport
cu altitudinea modificand reia dintre componegn (Tabel 1). Valorile abaterii
stadard au evideiat diferene reduse intre popuia

Acumularea pigmetiior asimilatori in perioada din septembrie este redat
n Fig. 6. Varigile au fost semnificative la plantele crescute la altitudinile extreme.
Astfel, cantitatea de clorofilaa sé@zut cu 14% la popufe de plante de la 1825 gha
crescut cu 3% la altitudinea de 1930 m. Clorofika $&zut cu 16% la poputa de
plante de la 1825 mgi a crescut cu 23% la altitudinea superioaortinutul n
carotenoide a dezut cu 16% la altitudinea de 1825gncu 1% la populga de la
1930 m. Relga dintre principalii componenfotosintetici s-au modificat semnificativ
(Tabel 1). Diferetele exprimate de abaterea standard au fost semnificative ntre
populgiile crescute in diferite sti@nare.

In derularea ciclului vegetativ, acurarile intense de pigmeis-au produs
in perioada din iunigi au sé@zut in perioada din septembrie. Cu exizepopulaiilor
de plante de la 1660 m, in perioada din iunie, égigitele mai ridicate de pigmgn
asimilatori s-au Tnregistrat la altitudinea superiasal930 m.
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F i g. 6 Acumularea pigmeitor asimilatori la Vacciniumin perioada din septembrie.

Interes aparte au prezentat rezultatelgnake prin raportarea clorofileila
unitatea de madoliara si la unitatea de arie foliarTabel 2). Astfel, llRhododendron
producgia de clorofii a per unitate de magoliara a sé@zut in raport cu @rirea
altitudinii, pe durata perioadelor din iulie (cu 148io¥eptembrie (cu 56%), ceea ce
a evideriat reducerea capaiii de absorbe (captare) a luminii la nivelul aparatului
fotosintetic. Deoarece reducerea indicelui clorofilian are |a tragterea masei foliare
a demonstrat capacitatea ridicate utilizare a energiei luminii deitce aparatul
fotoasimilator. Compeia pentru lumi#i este substaiala. Se produce o imbaétitire
a performatelor fotosintetice de captarea luminii n caiildi luminii slabesi creste
capacitatea fotosintetidn condiiile luminii puternice [13].

Tabel 2
Raportarea clorofilei a la unitate de mas foliar i si unitate de arie foliari la Rhododendron
Perioada / Greutatea uscati Suprafata totali ~ Clorofilaa  Clorofilaa/W Clorofila a/S
Stationarul foliar i totala (W)  foliara (S) mg.g* % %"

g/g planti cm?/planta

IUNIE:
1660 m 1,246 £ 0,1 691,90+34,3 2,420+0,15 0,19+0,06 0,44 +0,09
1825 m 0,670+0,1 453,5 + 28 2,415 +0,2 0,36 £ 0,05 0,36 £0,05
1930m 0,631+0,1 214 +16 2,273+0,2 0,36 +0,09 0,67 +0,06
IULIE:
1660 m 1,551+£0,1 3,115+0,1 0,20 +0,08
1825 m 1,938 +0,3 2,899 +0,1 0,15 + 0,05
1930 m 1,827 £0,3 2,739+0,2 0,15 + 0,09
SEPTEMBRIE:
1660 m 1,484 +0,3 2,360 £ 0,2 0,16 + 0,06
1825 m 1,262 £0,15 2,645 +0,2 0,19 £ 0,02
1930 m 2,384 £ 0,15 1,308 £0,1 0,05 +0,03

* - cantitatea de clorofil per plani (sau eliminat valorile extreme pentru reducerea abaterii)
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Raspunsul populgei de plante de la 1825 m nu s-a incadrat in ateast
generalizare din cauza unui comportament specific. In perioada din iunie din timpul
infloritului, valorile ridicate ale indicelui clorofilian (cu peste 200%), treptat &rirea
altitudinii, raportat masei foliare s-ar datora fiziologiei infloritului plantei.

Cantitatea de clorofilaraportad la unitate de supragafoliara a crescut cu
13% in raport cu trirea altitudinii (Tabel 2), deci a crescut dimensiunea antenei
clorofilienesi astfel s-a ririt eficienta de absoti®e a luminii. Relda intre capacitatea
de absortie a luminiisi potertialul de utilizare a energiei luminii variain funaie
de factorii de mediu [17]. Absail luminii poate fi de importad secundar pentru
supraviguirea plantelor de soare din cauza nutifiensi a apei care sunt cele mai

limitative resurse in habitatele naturale [12].
Tabel 3

Relatia dintre clorofila a si unitatea de masafoliar a ori suprafata foliara la Vaccinium

Perioada / Greutatea Suprafata  Clorofilaa Clorofila a/W Clorofila a/S
Stationarul uscati foliara totald foliara ~ mg.g* % %"
totala (W) (S)
g/g planti cm?/planti
IUNIE:
1660 m 0,1323 £ 0,03 262,2 £ 27 3,393+0,1 2,56 +0,2 0,18 £0,01
1825 m 0,0804 £0,04 90,9 +15,8 2,894 +0,1 3,60+0,3 0,25+ 0,07
1930 m 0,0682 £+ 0,04 86 + 14,8 2,152 +0,1 3,15+0,8 0,21 £ 0,06
IULIE:
1660 m 0,2613 £ 0,06 1,68+0,2 0,64+0,1
1825 m 0,2033 £ 0,06 1,74+£0,1 0,85+0,2
1930 m 0,1107 £ 0,04 25702 232+0,2
SEPTEMBRIE:
1660 m 0,1281 £ 0,09 1,92+04 150+£04
1825 m 0,1407 £ 0,04 1,431 +0,2 1,02+0,3
1930 m 0,1064 + 0,02 2,018+0,2 1,90+0,3

*- cantitatea de clorofil per plani(sau eliminat valorile extreme pentru reducerea abaterii)

La Vaccinium, produga de clorofik a per unitate de madoliara a crescut
cu marirea altitudinii, cu 60% Tn perioada din iunie, cu 306 % in igildoar cu 2%
in septembrie (Tabel 3).

Cresterea indicelui clorofilian Tnsearinmarirea dimensiunilor antenei
clorofilienesi implicit, a capacitii de absorbie a luminii. Faptul & aceste crgeri
nu sunt insgite de creteri in biomasa foliar@leno# o capacitate redasle utilizare
a energiei luminii. Raportarea clorofileila@ unitatea de arie foliadobandgte valori
proporionale cu crgterea altitudinii, crgteri cu 18%, ceea ce inseainmarirea
suprafeei de absore a luminii (Tabel 3)K drnersi Diem e r[5] au aatat
ratele fotosintezei nete per unitate de supiafaliara se naresc la speciile de
plante alpine.
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Compararea caniifi de pigmei asimilatori cu indicele ariei foliare (LAI) Tn
perioada infloritului a relevat existarunor caracteristici fiziologice specifice speciilor

respective. Astfel, llRhododendronindicele ariei foliaresi totalul de pigmeti
asimilatori s-au dezvoltat in antitela punctele extreme de altitudine (Fig. 7). La

nivelul staionarului intermediar, cele déwaracteristici s-au intrépuns.

= == =LAl
Total pigmenti

—t —t '
1930 m

0 t t t t t t
1660 1825
Fig. 7 Compararea indicelui ariei foliare cu totalul pignréar asimilatori

la populaiile de Rhododendroiin raport cu altitudinea.

Relgia logaritimici dintre indicele ariei foliare (LAI}i totalul de pigmeti
asimilatori a evidetiat 0 dezvoltare antinomica celor doda caracteristici Tn raport
cu altitudinea. La populia de la altitudinea intermediar&ele doé caracteristici

s-au stabilizat (Fig. 8).
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La Vaccinium, indicele ariei foliare (LAKi totalul pigmenilor asimilatori
s-au difererniat prin marimea valorilorsi s-au dezvoltat concomitent (Fig. 9).
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F i g. 9 Compararea indicelui ariei foliare (LAI) cu totalul pigndor asimilatori la
populaiile de Vacciniumin raport cu altitudinea.

Relgia logaritmici a separat distinctiv paralelismul dintre cele dmsuiri
(Fig. 10). Intre cele dauspecii luate Tn studiu a exist un comportament fiziologic
diferit in privinta derufirii procesului de fotosintézde-a lungul ciclului vegetativ.
Ratele fotosintezei sunt dependente de randamentul clorofilei care poate varia
considerabil Tntre specii [3]. De asemenea, tipurile metabolice de plapienci
diferit la schimfarile climatice [10].
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F i g. 10.Relaia logaritmicz dintre indicele ariei foliare (LAI}i totalul pigmenilor
asimilatori la populaiile de Vaccinium
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Concluzii. 1. In fenofaza infloritului cantitatea de clorofile aizmat cu
marirea altitudinii, excepe facand clorofila_bcare a crescut |I&hododendron.
Carotenoidele au 8zut cu altitudinea, situi@ reflectai in raporturile dintre
componetii pigmentari. O variabilitate accentéat-a evidetiat intre populai privind
continutul in clorofile, la toate st@narele (diferefe semnificative in valorile abaterii
standard) ihsemnand pertariproduse in calea metabdlic

2. In perioada din iulie cantitatea de clotofd si b a sézut in raport cu
altitudinea laRhododendronin schimb lavacciniumaceati componefi au crescut.
Acumularea carotenoidele a urmat agigdéan.

3. Acumularea pigmeitor asimilatori in perioada din septembrie exgrim
diminuarea acestor comportiéin raport cu altitudinea IRhododendronLa Vaccinium
acumularea pigmeitor se intensifi@ in raport cu altitudinea. La plantele situate in
stgionarul intermediar cai altitudine s-au inregistrat cattite cele mai ridicate de
pigmeni asimilatori laRhododendronin schimb lavacciniumcantitatea pigmeitor
s-a diminuat.

4. 1n relaie cu durata ciclului vegetativ, acumularea pigtit@masimilatori s-
a intensificat in perioada din iulig a sdzut in perioada din septembrie la
Rhododendronin raport cu transectul altitudinal, la plantele crescute fiorséaul cu
altitudine intermediar s-au acumulat cele mai superioare caitita altitudinea
superioara s-au acumulat cele mai reduse camntitle pigmei asimilatori. La
Vacciniumacumuidirile intense de pigmens-au produs in perioada din iuieau
saizut in perioada din septembrie. Caniié cele mai ridicate de pigmgn
asimilatori, Tn general, s-au inregistrat la altitudinea superioara

5. LaRhododendromprodugia de clorofif a per unitate de madoliara a
sczut in raport cu @rirea altitudinii, pe durata perioadelor din iujieseptembrie,
ceea ce a evidé@at reducerea capadiii de absorbie (captare) a luminii la nivelul
aparatului fotosintetic. Excé@p au ficut plantele situate Tn stanarul intermediar.
Cantitatea de clorofila raportal la unitate de supragafoliara a crescut in raport
cu marirea altitudinii si astfel s-a rarit eficienta de absotie a luminii. La
Vaccinium, produga de clorofii a per unitate de madoliara a crescut cu #mirea
altitudinii. Faptul @ aceste crgeri nu sunt ingite de crgteri in biomasa foliadr
denot o capacitate redagle utilizare a energiei luminii. Raportarea clorofildaa
unitatea de arie foliardobandste valori proporipnale cu crgterea altitudinii, ceea
ce inseamhmarirea suprafeei de absorte a luminii.

6. Relaia logaritimic dintre indicele ariei foliare (LAI}i totalul de pigmeti
asimilatori laRhododendroma evidemiat o dezvoltare antinomica celor doa
caracteristici in raport cu altitudinea. La pogalale la altitudinea intermediarcele
doui caracteristici s-au stabilizat. Maccinium relaia logaritmic a separat distinctiv
paralelismul dintre cele dadnsuiri.

7. Intre cele dau specii luate Tn studiu a exist un comportament fiziologic
diferit In privinta derudirii procesului de fotosintézde-a lungul ciclului vegetativ.
Comportamentul fiziologic difergiat evideniaza existena segregrii fiziologice
intre cele do&uispecii. Volumul diversiitii genetice al speciei constituie rezerva de
optiuni adaptative la awinea factorilor de mediu Tn scopul ngaerii productivititii
fotosintetice in timpul procesului de aclimatizare.
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STUDII ECOFIZIOLOGICE LA PLANTE ARBUSTIVE ENDEMICE
SUB PRESIUNEA FACTORILOR DE HABITAT. Illl. STUDIUL UNOR
COMPONENTIT CELULARI (PROTEINE, HIDRATI DE CARBON)

VICTOR BERCEA*

SUMMARY. - Ecophysiological Studies of Endemic Shrubs Exposed to Habitat Factors’
Pressure. lll. Study on some Cellular Components (Proteins and Carbohydratesphis

study focuses on the variation of metabolical components in vegetative organs during
different vegetation stages, and their possible implication in acclimation process (resistance), in
two species of endemic shrutihododendron myrtifoliurh. andVaccinium myrtillusL. The

data obtained during a period of three vegetation cycles showed a logarithmic relationship
between biomass, carbohydrates and proteins amounts with respect to altitudinal gradient of
stationary plots. During the vegetative cycleRhododendron, the accumulation of cellular
proteins intensified in July and then decreased in September, the highest amounts being
observed at superior altitudes. Carbohydrates accumulation increased in June, decreased in
July, and then intensified again in September, both positive and negative variations being
directly correlated with altitude. Similarly, Maccinium intense accumulation of cellular
proteins occurred in July and declined in September, the highest levels being registered at
superior altitudes. The two species exhibit different biochemical features. Vidmnium
presented a higher level in proteins, wHikododendron distinguished itself by a higher
level in carbohydrates. Both species showed a growing accumulation of carbohydrates in
September. The richness in cellular proteins mirrors an increasing enzymatic capacity of
using and distributing the photochemical energy. The propensity of maintaining a high
biomass level in September, together with the growing amounts of carbohydrates and
cellular proteins, argument the role of these components in the resistance mechanism under
abiotic factors.

La scafl globak viata plantelor din zona algirsi subalpira este in principal
constrans de efectele directg indirecte ale temperaturii &zutesi, de asemenea,
de presiunea redai® bioxidului de carbon. DdpK 6 r n e r[7] aspectele vig@
plantelor montane n raport cu schirite climatice se pot cuprinde in ufitoarele
generalidri: -aclimatizarea termic a proceselor vitale primare; -strategiile de
cresteresi procesele de dezvoltare; -regahidrici dintre plani si habitat; -nutriia
minerabk si -efectele bioxidului de carbon.

Contrar la ceea ce se crede, asimilBotosintetid a CQ la plantele montane
nu este in particular restriclivprin temperatura dezuta in timpul perioadei de
crestere. Plantele montane sunt capabile efectiv de-a utiliza perioadele cu densitate
fotonica ridicati care sunt perioadele cu cea mai mareiliive a vegetgei.
Incilzirea n vegetda Tngusi alpind este consecia decupirii aerodinamice pe
cand temperaturile frunzelor coniferelor sunt mult mai strans cuplate la temperatura
ambienta [3].

*Institutul de Cercelri biologice, 4000015/Cluj-Napoca
E-mail: bercea_victor@yahoo.com
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Temperatura optith a absorbei CO, de dtre plantele alpine reflext
aceast proprietate a microclimatulgi nu difera de cea a plantelor de altitudine
joasi. Limitarea actual a absorbei anuale a C@ prin temperaturile zilnice
suboptimale sunt de ordinul a 6-7% din abgarpoteniala care este similaréelei
raportate pentru plantele de campiereflecti ajustirile fiziologice in utilizarea
perioadelor calde care coincid cu ra@isuperioara

Temperaturile sizute din timpul perioadelor cu radi solarasczuta si
din timpul nopii restricioneaz utilizareasi plasarea fotoasimilatelor. in zona
temperat asimilareasi dezasimilarea COde d@tre plante, cheia importana craterii
plantelor, sunt punctele de tame unde Tn@zirea climatului devine efectiv
Temperatura joasafectea stabilitatea structurilor secundare de ARMDN si
activitatea enzimelor precugh metabolismul intermediagi fotosinteza [14]. Ca o
consecim a efectului direct al temperaturii joase asupra celulelor estersa
fluiditatii membranelor [13].

in lucrarea de f& s-au studiat componginmetabolici celulari ai diferitelor
organe vegetative in diferite stadii fenologigeposibila implicare a acestora in
procesul de aclimatizare (rezigg@nla arbytii endemici:Rhododendron myrtifolium
L. si Vaccinium myrtillusL. (fam. Ericaceae), din MitRodnei, masivul Pietrosu
(2303 m).

Material si metode. Pentru efectuarea cergelor au fost selectate trei
stgionare, gezate diferit altitudinal, respectiv 1660 m, 18255in1930 m (vezi
lucrarile anterioare).

Pentru analiza compong@or metabolici s-au recoltat organele vegetative
ale fiearui individ, respectiv frunze, tulpini radacini, in perioadele de vegéia
iunie, iulie si septembrie. Materialul vegetal s-a uscat 13060 s-a micinat mecanic
pari la oltinerea unei pulberi fine care s-a folosit la detedmnili@ biochimice.
Cantitatea componéfor celulari s-a raportat perioadelor de gtegesi transectului
altitudinal.

Glucidele s-au analizat dipnetoda descrisdeY e m nyi Wi l | i s[14].
Materialul vegetal uscat (50-100 mg) s-a extras cu alcool etilic 70% pe baié de ap
pari la evaporarea alcoolului. Reziduul s-a resuspendat Tn alcool etilic care s-a
utilizat in reada cu reactivul antran

Proteinele totale s-au determinat dupetodalL o w r ysi colab.[10].
Materialul vegetal uscat s-a hidrolizat pe baie de tapp de o af, cu 0,1 N NaOH.
Acest hidrolizat s-a utilizat Tn rege cu reactivul Folin. Rezultatele au fost exprimate
n mg componetn per g substafi uscal. Rezultatele s-au prelucrat statistic prin
sistemul ANOVA. Relda logaritmi@ intre biomas, glucidesi proteine in raport
cu altitudinea stigonarelor s-a exprimat pentru cele trei perioade de veégeta

Rezultate si discutii. Eficienta de fixare a carbonului la speciile alpine
evideniazi o craterea pronuati a fotosintezei foliare [12]. Procesele fotosintetice
respiratorii joag un rol central in adaptarea plantelor la habitatele cu gondi
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climatice diferite [8]si, deci, este necesar de-a caracteriza compioeprocesele
biochimice implicate Tn procesul de fotosirit¢2].

Rhododendron myrtifolium L. Evolutia cortinutului in proteine pe durata
celor trei perioade de atere este prezentafin Fig. 1. Cantitatea proteinelor
foliare a sé&zut cu nirirea altitudinii cu 33%, tendifi care s-a mainut in toate
perioadele. In perioada din septembrie cantitatea de proteine foliare acumulate s-a
redus semnificativ, comparativ cu perioadele anterioare. La nivelul tulpinii, cantitatea
de proteine a prezentat o euidudifereniati, iar cantitativ s-au acumulat cele
mai mari propoif comparativ cu celelalte organe vegetative ale plantei (Fig. 1).
Cresterile de proteine au atins maximul cantitativ in perioada din iulie, fiind
proporionale cu ririrea altitudinii. In perioada din septembrie s-a redus cantitatea
proteinelor propofonal cu narirea altitudinii.

La nivelul radacinii, evoluia coninutului in proteine a fost asémitoare
evoluiei de la nivelul tulpinii (Fig. 1). Astfel, acumularea proteinelor seuf
progresiv paimin perioada din iuligi direct propofional cu altitudinea. In septembrie
a s@zut cantitatea proteinelor in raport cu altitudinea. Cu toate acestea cantitatea de
proteine acumulate la nivelddacinii si tulpinii in perioada din septembrie a fost mai
mare decat la nivelul frunzelor, deci se poate vorbi de o translgicdigribuie
rapidi a asimilatelor de la nivelul cloroplastelor fotosintetizatoare. Utilizarea azotului
celular este afectate schimbrile de mediu care deterniirsciderea azotului foliar.
Aceasi diminuare se poate compensa prin reducerea stgirédéiare afectand
capacitatea fotosintetid11]. Pe durata ciclului vegetativ, acumularea proteinelor
s-a intensificat in perioada din iulie cand s-au inregistrat &idatitele mai ridicatgi
a s@zut in perioada din septembrie. Tn raport cu transectul altitudinal, acumularea
proteinelor in organele vegetative de depozitare s-a intensificat la plantele situate in
stgionarele de altitudine.

Starea fiziologi@ a membranei celulare, respectiv activitatea proteinelor
reglatoare sunt importante in mecanismul de totermitemperaturilor joase [13].

Acumularera glucidelor (hidtade carbon) in sezonul de giere este
prezentat in Fig. 2. La nivel foliar s-au inregistrat cele mai ridicate caintié glucide
acumulate. Crgerile de glucide s-au produs in perioada din iunie, d@ausdn
perioada din iulie apoi s-auanit Th perioada din septembrie. Atat gexile catsi
saderile au fost direct propaonale cu altitudinea.

La nivelul tulpinii cantitatea de glucide acumulate este mai #e(hig. 2).

In perioada din septembrie gierea cantitilor de glucide a fost invers propmmak
cu marirea altitudinii.

La nivelul raacinilor, acumularea glucidelor a prezentat o etielu
aseninatoare tulpinilor, respectiv, cu acuratlridicate in perioada din septembrie,
raportate invers propaeonal cu narirea altitudinii.
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Fig. 1 Acumularea proteinelor celulare la nivelul diferitelor organe vegetative de la
Rhododendrofin raport cu diferitele perioade de gteresi cu altitudinea.
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F i g. 2 Conrinutul in glucide al diferitelor organe vegetative deRhododendrofin raport
cu perioadele de cgteresi cu altitudinea.
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Vaccinium myrtillus L. Acumularea proteinelor totale in diferite perioade
de crateresi la nivelul diferitelor organe vegetative este prezéntatFig. 3. La
nivel foliar, acumularea proteinelor s-a intensificat in perioada din iuliea Dac
perioada din iunie acuntrlle au fost invers propdgnale cu rdrirea altitudinii, Tn
perioada din septembrie cantitatea de proteine &rd proporional cu creterea
altitudinii. La nivelul tulpinii s-au acumulat cele mai ridicate catitde proteine,
mai semnificativ in perioada din iulie, progortal cu nirirea altitudinii (Fig. 3).
in perioada din septembrie s-au acumulat insemnate agiadét proteine, fia si
existe diferete semnificative in raport cu altitudinea.

La nivelul iadacinii s-a inregistrat o evaiie simila& procesului de acumulare
de la nivelul tulpinii cu diferege semnificative ntre perioadele de steee si
altitudine, avand la baaliferente semnificative intre valorile abaterii standard. n
general, acumiitile de proteine la acest organ vegetativ au fost insemnate cantitativ.

Daci pentru plantele de la 1660 m acumularea proteinelorazutscu
derularea perioadelor de gtere, la plantele de altitudine ridigasiceste acumali
s-au nirit. Diferentele exprimate de abaterea standard au fost semnificative intre
indivizii populdiilor crescute in diferite st@nare. Variia geneti@ dintre si din
interiorul populgilor se manifest prin variaii genetice in procesele fiziologice [5].

In derularea ciclului vegetativ, acuratile intense de proteine s-au produs
in perioada din iuligi au s@zut in perioada din septembrie, canilé cele mai
ridicate nregistrandu-se la altitudinea superiasa 930 m.

Acumularea glucidelor este redan Fig. 4. La nivel foliar s-a inregistrat o
crestere a cantitilor de glucide progresiv cu derularea ciclului vegetatproporional
cu mirirea altitudinii. Cele mai ridicare carititde glucide s-au acumulat in perioada
din septembrie. Concentia carbohidrélor nestructuralisi a lipidelor in organele
arborilor in timpul sezonului de gtere au crescut de-a lungul transectului altitudinal
si Nu s-a constatat nici o influgna duratei sezonului de gtere asupra propaei
carbonului celular [4].

egal (Fig. 4). Evoltia cortinutului in glucide a urmat un drum ascendent pe durata
ciclului vegetativsi in relaie de propoipnalitate cu rarirea altitudinii. in perioada

din septembrie s-au depozitat cahii¢ cele mai semnificative la nivelul tulpiri
radacinii. Tn perioada din iunie s-au Tnregistrat carité cele mai reduse de glucide,
iar valorile abaterii standard au eviden diferene reduse intre indivizi. La cele
doui specii luate in studiu au existat caracteristici biochimice diferite. Astfel,
Vaccinium s-a remarcat printr-un ¢ionit ridicat in proteine, iaRhododendron
printr-un coninut mai ridicat in glucide. La ambele specii s-a remarct intensificarea
acumudrii glucidelor in perioada din septembrie. @aotul ridicat in proteine
exprima cresterea capacitii enzimatice de-a utilizai dirija energia fotochimig [12].
Concentrda azotului (decki a azotului proteic) in diferitedpti de tesut vegetal
este un factor limitativ puternic al aterii si productivitatii [11]. Azotul constituie,

de asemenea, un factor de control al unor procese fiziologfice cum ar fi diatribu
biomasei [9ki asimilarea carbonului prin fotosintez
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F i g. 3.Corinutul in proteine celulare al diferitelor organe vegetative d¥daciniumin
raport cu perioadele de cgteresi cu altitudinea.

In scopul evidetierii implicarii proteinelorsi glucidelor in mecanismul de
aclimatizare la awnea schimfitoare a factorilor de mediu s-a trasat carala
logaritmica intre acumularea de biondag componetii biochimici, pentru fiecare
specie studiét La tulpina deRhododendrortendirta de metinere ridicai a nivelului
biomasei n perioada din septembrie concomitent gtiecea hidrélor de carbon
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Fig. 4.Acumularea glucidelor la diferite organe vegetative d¢dacinium
in raport cu perioadele de crieresi cu altitudinea.

si a proteinelor justifi@ rolul acestor compon@nin mecanismul de rezistgnla
aaiunea factorilor abiotici (Fig. 5). La niveluidacinii relatia logaritmic a evidefiat
un paralelism intre biomasi glucide care tind&se nareasd spre finele stadiului
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de cratere. La nivel foliar s-a evid@at o evoldie antinomid, respectiv biomasa a
crescut spre finele stadiului de gieze, iar proteinelgi glucidele s-au redus.
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F i g. 5.Relgia logaritmicz dintre biomasgproteinesi glucide la nivelul diferitelor organe
vegetative de IRhododendrofin raport cu perioadele de creresi cu altitudinea.
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F i g. 6 Relaia logaritmicz dintre biomasgproteinesi glucide la nivelul diferitelor organe
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in scopul ca planteleiprodud raspunsuri adaptative adecvate este necésar s
se fa@ perceperea temperatirii &ute, traducerea acestui semnal in exprimarea
activa ori represidi a genelosi utilizarea genelor in combaterea efectelor impuse
de factorii de mediu [13].

Pentru plantele dé&/accinium parametrii analiias-au diferefiat prin
marimea valorilorsi s-au dezvoltat concomitent la nivelul tulpigiiradacinii (Fig. 6).
Aceast evoluie paralei tinde spre valori ridicate in bionmggroteinesi glucide
la sfargtul stadiului de crgtere. La nivel foliar relga logaritmi@a a evidegiat
sciderea biomasei foliarg cresterea cotinutului in proteinesi glucide spre finele
stadiului de crgere.

Dupi K 6 r n e r[7], biomasa este contralade modul de plasare a asimilatelor
in plant si de inregistraresi durata fazelor de dezvoltare. Durata sezonului dgetee
este cheia componeénta produdei de biomas vegetad, iar speciile de plante
reagioneaa in funaie de sistemul vital genetit de strategia de reproducere. Plantele
alpine cresc mai incet, dar marea parte a pt@ilute carbon fotosintetic este plasat
in organele sulpnantene. De asemenea, badanarbonului este, in mare parte,
controlati de ecoton, pernd@nd crgterea formelor de via (de exemplu: arlstii) cu
mas foliara superioat (10-15%).

La finele stadiului de cegtere, componegi biochimici tind spre nivele
ridicate, respectiv glucidele s-au apropiat de nivelul biomasei foliare. Aceast
raportare logaritmit se datoreazfaptului G Vaccinium fiind o plarit cu frunze
cazatoare, in perioada analiZainca se desfagra la intensitate ridicatcapacitatea
fotosinteti@ de absortie si utilizare a luminii, pe de o parte, iar pe dei garte,
translocarea asimilatelor era intarziat

DupiKarlssoni Nordell[6], plantele sempervirescente au o mare
cantitate de biomadoliara, iar raportul ariei foliare este redus din cauza reducerii ariei
foliare specifice ceea ce diminuéadrcuitul nutrienilor si ratele fotosintetice.

Corelaiile intre durata de via, aria foliaraspecifia, concentrga azotului
intracelularsi ratele de asimilare a carbonului la plante constituie strategii fiziologice
ih mecanismul de rezist@ra agiunea factorilor de mediu [1].

Concluzii. 1. La Rhododendrorcantitatea proteinelor foliare aazat cu
marirea altitudinii, tendiga care s-a mamut in toate perioadele. Proteinele din

proporional cu nirirea altitudinii. In perioada din septembrie s-a redus cantitatea
proteinelor din organele vegetative, propmral cu narirea altitudinii. Cantitatea

de proteine acumulate Tadécinii si tulpinii in perioada din septembrie a fost mai
mare decét la nivelul frunzelor, deci se poate vorbi de o translgicdigtribuie

rapich a asimilatelor de la nivelul cloroplastelor. Tn raport cu transectul altitudinal,
acumularea proteinelor in organele vegetative de depozitare s-a intensificat la
plantele situate in gianarele de altitudine.
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2. Acumularea glucidelor n frunzele &hododendrors-a intensificat Tn
perioada din iunie, a 8zut in perioada din iulie apoi s-aart in perioada din
septembrie in retee direct cu altitudinea. La tulpinii radacini cantitatea de
glucide a fost mai redasexceptand perioada din septembrie, fiind raportate invers
proporional cu narirea altitudinii.

3. La Vaccinium acumularea proteinelor in frunze, s-a intensificat n
perioada din iulie. Ddc in perioada din iunie acundmile au fost invers
proporionale cu ndrirea altitudinii, Tn perioada din septembrie cantitatea de
proteine s-a frit proporional cu creterea altitudinii. Tn tulpiniisi radacini s-au
acumulat cantiti ridicate de proteine, in special in iulie, propmral cu narirea
altitudinii. In derularea ciclului vegetativ, acuradle intense de proteine s-au
produs in perioada din iulig au s@zut in perioada din septembrie, canili¢ cele
mai ridicate Tnregistrandu-se la altitudinea superidard930 m.

4. La nivelul frunzelor d&/accinium s-a inregistrat o gtere a glucidelor
progresiv cu derularea ciclului vegetagivproporional cu narirea altitudinii. Cele
mai ridicare cantiiti de glucide s-au acumulat in perioada din septembrie. Nivelul
cantitativ al glucidelor pentru tulpinsi radicina a fost aproximativ egal. In
septembrie s-au depozitat caittie cele mai mari in tulpiniisi radicinii. Tn
perioada din iunie s-au inregistrat camnii¢ cele mai reduse de glucide.

5. La cele do@l specii au existat caracteristici biochimice diferite. Astfel,
Vaccinium s-a remarcat printr-un ¢ionit ridicat in proteine, iaRhododendron
printr-un coninut mai ridicat in glucide. La ambele specii s-a remarct intensificarea
acumudrii glucidelor in perioada din septembrie.

6. Corelaia logaritmi@ Tntre acumularea de bionidasi componefii
biochimici, pentru tulpina d&khododendrora evidefiat tendina de metinere
ridicatd a nivelului biomasei in perioada din septembrie concomitent gterra
hidratilor de carborsi a proteinelor, ceea ce justificolul acestor componérin
mecanismul de rezistgnla aciunea factorilor abiotici. La nivelul dacinii relatia
logaritmica a evidemiat un paralelism intre biomasi glucide care tind & se
mareasd spre finele stadiului de aitere. La nivel foliar s-a evidéat o evoldie
antinomid, respectiv biomasa a crescut spre finele stadiului dgtecee iar
proteinelssi glucidele s-au redus.

7. Pentru plantele d¢accinium parametrii analiias-au difereriat prin
marimea valorilorsi s-au dezvoltat concomitent la nivelul tulpisii radacinii.
Aceast evoluie paralel tinde spre valori ridicate Tn biomagroteinesi glucide
la sfargtul stadiului de crgtere. La nivel foliar relga logaritmia a evidegiat
sciderea biomasei foliarg cresterea cotinutului in proteinesi glucide spre finele
stadiului de crgere.

Cunoaterea caracteristicilor fiziologicgi metabolice precumsi influenta
mediului asupra acestor caracteristici estet@d&mpentru Tmelegerea mecanismelor
ecofiziologice ce stau la baza supravidi speciilor in habitatele aspre.

60



PRODUYI METABOLICI LA RHODODENDRON SI VACCINIUM

BIBLIOGRAFIE

1.Ackerly,D.D., Reich, P.BConvergence and correlations among leaf size and function
in seed plants: a comparative test using independent conttésts,).Bot.”, 86 (9), 1999,
1272-1281.

2.Chung, H H, Barnes, R. Photosynthate allocation in Pinus taeda.l. Substrate
requirement for synthesis of shoot biomd€an.J.For.Re% 7, 1977, 106-111.

3. G r a c e, JThe functional significance of short stature in montane vegetaitiofflant
Form and Vegetation StructuréVerger, M. J. A, VanderAart P.J. M,Durin
g,H.J,Verhoeven,J. T. A, eds.). SPB Acad.Publ, The Hague, The Nederlands, 1988,
pp. 201-209.

4. Hoch, G, Kdrner, Clhe carbon charging of pines at the climatic treeline: a global
comparison, “Oecologia” 35, 2003, 10-21.

5.Johnsen, K. H,Seiler, J. Gpwth, shoot phenology and physiology of diverse seed
sources of black spruce:l. Seedling responses to varied atmospherm@&2ntrations and
photoperiods“Tree Physiol.” 16, 1996, 367-373.

6. Karlsson,P.S,Nordell K @Growth of Betula pubescens and Pinus sylvestris
seedlings in a subarctic environmgtiunct.Ecol’, 1, 1987, 37-44.

7. K6 rner Clmpact of Atmospheric Changes on High Mountain Vegetatioklguntain
environments in changing climat@® e ni st o n, M., ed.). Routledge.London, New York,
1994, pp. 155-166.

8.Lance, C. J, Guy, C. IChanges in pigment levels, Rubisco and respiratory enzyme
activity of Ficus benjamina during acclimation to low irradiaptihysiol.Plant.”,86, 1992,
630-638.

9.Levin,S.A,Mooney,H A, Field, Che dependence of plant root:shoot ratios on
internal nitrogen concentratigrifAnn.Bot.”, 64, 1989, 71-75.

10.Lowry O.H,Rosebrough N.J,Farr, AL,Randall Rralein
measurement with the Folin phenol reagédiBiol.Chem”, 193, 1951, 265-275.

11. Nijs,l,Behaeghe, T, 1 mp e n sLeéaf nitrogen content as a predictor of
photosynthetic capacity in ambient and global change condjtithBiogeog:,22, 1995,
177-183.

12.Schappi B., Korn er, Growth respons of an alpine grassland to elevate,CO
“Oecologia”, 105, 1996, 43-52.

13.Smallwood, M., Bowles, D.Blants in a cold climatg'Phil.Trans.R.Soc.Lond. B”,
357, 2002, 831-847.

14.Yemm, E.W., Willis, A. JThe determination of carbohydrates in plant extracts by
anthrone “Biochem. J.” 57, 1954, 508-514.

61



STUDIA UNIVERSITATIS BABES-BOLYAI, BIOLOGIA, L, 2, 2005

METABOLIC OUTCOME OF RAPAMYCIN ADMINISTRATION
IN TYPE 1 DIABETES MELLITUS

GIANLUCA PERSEGHIN " LUCIA PICENI-SERENI*,
CAMELIA LANG "and LIVIO LUZI*

SUMMARY. — In order to asses metabolic effects of rapamycin, 9 insulin-dependent diabetic
patients were studied in the basal postabsorbtive state and during euglycemic hyperinsulinemia,
before (PRE) and after (POST) 45 days of rapamycin administration.lddalglicose and
leucine were infused to asses whole-body rates of glucose metabolism and proteolysis. In the
basal state, POST demonstrated with respect to PRE: (a) lower glucose plasma concentration
(226.92 + 30.72 vs. 293.15 + 17.11mg/dk 0.05); (b) higher plasma c-peptide (0.06 + 0.01 vs.
0.04 + 0.00 ng/ml; g 0.05) and leucine concentration (175.08 + 17.44 vs. 134.25 + 9.30 umol/l;
p<0.05), and (c) similar MCR (1.82 + 0,17 vs. 1,65 + 0,10 mg/kg/min) and ELF (138,41 + 11,08
vs. 131,26 + 10.61 pmol/kg/h). During hyperinsulinemia, rapamycin did not affect in any way
hepatic glucose production and muscle proteolysis. The results of present study indicated that
rapamycin (1) in the absence of insulin is able to lower plasma glucose concentration by
enhancing residual insulin secretion; (2) rapamycin tends to emphasize diabetic catabolic state
through stimulation of proteolysis (3) in insulin stimulated condition, rapamycin ameliorated
muscle insulin resistance through enhancing glucose uptake.

Pancreatic islet transplantation has previously been attempted in patients
with type 1 diabetes mellitus who have inadequate glucose control despite maximal
medical therapy with exogenous insulin. Historically, sustained insulin independence
for more than 1 year was achieved in only 8.2% of 267 patients who underwent
transplantation with pancreatic islet allografts between 1990 and 1999 [3]. Current
potent immunosuppressant regimens using sirolimus, tacrolimus, and glucocorticoids
have resulted in excellent allograft survival rates and low rates of rejection in liver,
kidney, and whole-organ pancreas transplantation [12]. However, it has previously
been shown that glucocorticoids induce peripheral insulin resistance and directly
damage pancreatic islet beta cells [19].

Recently, Shapiretal [14] have demonstrated a dramatic improvement
in pancreatic allograft survival. In their study, seven consecutive patients with type
1 diabetes mellitus achieved insulin independence for greater than 1 year after
allogeneic pancreatic islet transplantation. The authors felt that their improved results
were a result of several factors, including a glucocorticoid-free immunosuppressive
protocol that included sirolimus, low-dose tacrolimus, and the interleukin 2 receptor
monoclonal antibody daclizumab.

UDepartment of Nutrition and Metabolism, San Raffaele Scientific Institute, Via Olgettina 60, 20132
Milan, Italy

T'Department of Biology, Babes-Bolyai University, 400006 Cluj-Napoca, Romania.
Email: camelia_lang@web.de
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Sirolimus (rapamycin, RAPA) is a macrolide antibiotic, produced by
Streptomyces hygroscopiciselated from an Easter-Island soil sample in 1975 [13]
that was originally described as an antifungal agent. RAPA is also a strong
immunosuppressant that is 10- to 100-fold greater than cyclosporine A (CsA) in
preventing rejection of vascularized allografts in animal models [4, 16, 17]. It is
also effective inalleviating ongoing rejection of the kidney, pansieand heart
allografts in the rat [6, 7]. RAPA has a strong antiproliferative effect on T cells
stimulated via the T-cell receptor/Cpathway.

The aim of present study was to examine the metabolic effects of rapamycin
with special regard to intermediary metabolism and pancreatic peptides. The study
was initiatedfor at least two reason(®) the Edmonton group [14] suggested that
the withdrawal of steroids and the use of rapamycin greatly improves the long-term
success of transplanted islets but no metabolic explanation for this improvement
has been provided up to date; (b) patients undergoing islet transplantation today must
exchange insulin for chronic immunosuppressive therapy, and therefore is important
to recognize the potential toxic risks of the drug.

Materials and methods.ChemicalsMost of chemicals used were purchased
from Sigma Aldrich (Germany). L-[)C]leucine and D-[6,6H,]glucose were
purchased from MassTrace (Woburn, MA). Chemical and isotopic purity of the
tracers was determined by gas chromatography-mass spectrometry (GC-MS). Before
every infusion study, sterile solutions of the tracers were prepared using aseptic
technique. Accurately weighed amounts of the labelled compounds were dissolved
in weighed volumes of sterile, pyrogen-free saline and filtered through a 0.22 pm
Millipore filter before use. An aliquot of the sterile solution was initially verified to
be pyrogen free before administration to human subjects. Solutions were prepared
no more than 24 h before use and were kepiGibéfore administration.

Subjects9 insulin-dependent diabetic patients (4 females and 5 males, age

34.3+2.2 yr, body weight 61.5+2.9 kg, body mass index 21.8+0.9°kg¢amdidate
of receiving islet transplantation, were studied prior (PRE) and after (POST) 45-days
of pre-treatment period with rapamycin and statin. Rapamycin was given at a dose
of 3-5 mg/ni/day orally and adjusted weekly to a target serum level of 3-7 ng/ml.
In order to avoid hyperlipidemia, usually caused by rapamycin, patients received
sinvacor (10 mg/day) or atorvastatin (20 mg/day). Informed consent was obtained
from all subjects after the purposes, nature, and potential risks of the study were
explained to them. The protocol was approved by the Ethical Committee of the San
Raffaele Scientific Institute.

Experimental protocolAll study subjects were admitted to the ward at
7:00 A.M. after a 10-h period overnight fast. They were maintained on a diet of a least
250 g of carbohydrates and 70-80 g of proteins per day for the 2 weeks preceding the
study. Patients on subcutaneous insulin treatment received the last doses of intermediate
and short-acting insulin 18 and 12 h, respectively, before the experimental procedure.
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A Teflon catheter was inserted into an antecubital vein for infusions, and
an additional one was inserted retrogradely into a wrist vein for blood sampling. The
hand was kept in a heated box{BPthroughout the experiment to allow sampling
of venous blood. Labelled glucose and leucine were infused to asses whole-body rates
of glucose metabolism and proteolysis. A bolus of fBlgglucose (5 mg/kg body wt)
and of [12*C]leucine (0.5 mg/kg body wt) was followed by a continuous infusion
([6,6-°H,]glucose: 0.05 mg/kg body wt/min andfG]leucine: 0.007 mg/kg body wt).

After a 150-min tracer equilibration period, a euglycemic-hyperinsulinemic
clamp was performed as previously described [10]. Insulin was infused at a rate of
40 mU/nf/min to reach a plasma insulin concentration of ~100 pU/ml and the
plasma glucose concentration was kept at ~110 mg/dl for an additional 150 min by
means of a variable infusion of 20% dextrose. Blood samples were drawn every 15 min
in the last 45 min of equilibration period and throughout the glucose/insulin infusion
for the measurement of tracer enrichments as well as plasma free fatty acids and
hormoneconcentrations.

Analytical determinationsPlasma glucose was measured bedside by the
glucose oxidase method on a Beckman glucose analyzer (Boehringer Mannheim,
Germany). The deuterated glucose enrichments were measured by GC-MS (Hewlett
Packard Instrumentation, model 5970A, Palo Alto, CA) using electron impact ionization
after preparation of the butyl-boronate derivatives of plasma specimens [1]. Plasma
amino acid concentrations and enrichments were measured by GC-MS after
derivatization tatris-t-butyldimethylsilyl derivative [1]. Thei-ketoisocaproic acid
(KIC) enrichments and concentrations were measured after derivatization to the
trimethylsilyl-quinoxalinol derivative [1].

Plasma levels of free-insulin, C-peptide, and glucagon were measured by
radioimmunoassay using commercial kits (Linco Research, Italy). Plasma free fatty
acids were measured spectrofotometrically with a commercial kit (NEFA C; Wako
Chemicals, Germany) according to the manufacturer’'s recommendations.

Calculations Glucose turnover was calculated in the basal state by dividing
the [6,62H,]glucose infusion rate by the steady state plateau of plasmadggacose
enrichment achieved during the last 45 min of the basal period. Glucose kinetics
during the insulin clamp was calculated using Steele’s equations for the nonsteady
state [15]. Endogenous glucose production was calculated by subtracting the glucose
infusion rate from the rate of glucose appearance measured with the isotope tracer
technique. The metabolic clearance rate of glucose (MCR) was calculated as the
ratio between the rate of glucose appearance and plasma glucose levelsx100. To
define the leucine release from proteolysis (endogenous leucine flux, or ELF), the
intracellular leucine enrichments were estimated by the plasii&]Ketoisocaproic
acid enrichments, which are derived from the intracellular leucine reciprocal pool
approach with the standard steady-state equation as previously described [2].

Statistical analysisAll data are presented as mean + standard error of the
mean (SEM). Comparison between PRE and POST patients was performed using
Student test for unpaired data.
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Results and discussionGlucose metabolism in the postabsorbtive and
clamp conditionsAs shown in Table 1, postabsorbtive plasma glucose concentrations
were lower in POST patients than in PRE (p=0,05). Endogenous glucose production
rates (EGP) showed a trend toward inhibition (p=0.06), whereas insulin-dependent
suppression of glucose output during the clamp was similar in both groups (p=0.4)
and defective with respect to the normal (normal values: 0.2-0.4 mg/kg/min). In the
basal state, metabolic clearance rates (MCR) of glucose were comparable in both
groups (p=0.2; Table 1). During insulin stimulation, MCR was significantly higher
in POST than in PRE (Table 1). The increase of (MCR) was accompanied by the
increase in the infusion rate of the glucose necessary to maintain the euglycemia.

Protein metabolism in postabsorbtive and clamp conditi®ustabsorbtive
KIC, alanine, phenylalanine, glutamate, and glutamine concentrations were not
significantly different between PRE and POST patients (Table 1). By contrast,
leucine concentration was significantly higher after rapamycin administration (p=0.05;
Table 1). Postabsorbtive ELF, which represents a parameter of whole-body proteolysis,
was similar between groups (p=0.3; Table 1). During insulin stimulation, suppression
of KIC, amino acid concentrations, except leucine, and ELF were not significantly
different between PRE and POST (Table 1).

Hormone profile and free fatty acids concentratioRestabsorbtive plasma
insulin (12.07 £ 2.70 and 11.45 + 2.04 pU/ml) did not differ significantly between
PRE and POST patients, respectively. Despite a lack of difference in basal insulin
concentration, plasma c-peptide concentration, an index of insulin secretion, was
significantly higher in PRE (0.04 = 0.00 ng/ml) than in POST (0.06 + 0.01 ng/ml). No
statistically differences were recorded in glucagon (67,12 + 6,25 and 82.08 = 9.09
pag/ml), and free fatty acid concentrations (0.81 + 0.07 and 0.96 + 0.19 mM) between
groups.

During euglycemic hyperinsulinemia, suppression of glucagon (50.24 + 3.58
and 44.76 £ 1.94 pg/ml) and free fatty acids (0.19 + 0.04 and 0.16 + 0.03 mM)
concentration was similar in PRE and POST. Plasma c-peptide (0.04 £ 0.00 and
0.06 + 0.00 ng/ml) concentration did not change from the basal state in any of the
groups.

Increased hepatic glucose production and insulin resistance are common
features of insulin-dependent diabetes mellitus [11]. Intraportal islet transplantation
normalizes hepatic glucose production and improves glucose utilization [9, 10] which
results in restoring normal fasting glycemia. Our data suggest that rapamycin can
also patrticipate to this process because in the basal state, even if the plasma glucose
concentration remained at a supraphysiological level, it has decreased significantly
(Table 1). This decrease might have several causes: a decrease of EGP, an increase of
residual insulin secretion, an increase of hepatic or/and peripheral insulin sensitivity.

As shown in Fig. 1, in the postabsorbtive state, EGP showed a tendency
toward inhibition after rapamycin treatment, but had no statistical significance.
These findings, therefore, demonstrate that the glycemia decrease might only partially
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be due to the EGP decrease. In healthy subjects, during insulin stimulation, EGP
decreases until near-zero values. In this study, during the clamp, the insulin-induced
EGP inhibition was similar in both groups and greatly reduced from normal (Table 1).
The rapamycin doses administered to the patients in this study were reduced doses
which are usually administered beginning three month post transplant. Thus, it is
unclearthat rapamycin does not negatively influence theatieglucose metabolism,

but only that decreased dosage does not affect even more the hepatic function.

EGP (mg/kg/min)

45 -30 -15 0 15 30 45 60 75 90 105 120 135 150

Time (minutes)

F i g. 1.Kinetics of endogenous glucose production (EGP) prior (PRE — white squares) and
after (POST —black squares) rapamycin treatment.

Postabsorbtive plasma insulin remained practically unchanged (Table 1). It
is possible that, due to hepatic alterations induced by diabetes, the insulin
absorption by the liver might be defective. Moreover, we are not certain that the
patients followed the instructions concerning the administration of the last insulin
dose. For this reason, we saw fit the dosing of c-peptide. Indeed, plasma c-peptide
concentration, an index of insulin secretion, was significantly higher in POST than
in PRE patients. This finding indicates that rapamycin has no diabetogenic effect.
Surprisingly, plasma c-peptide concentration was relatively constant during insulin
stimulation in both groups. The data showing the lack of c-peptide inhibition were
previously reported in patients with transplanted pancreas [8]. The explanation may
be the existence of a hepatic insulin resistance which causes the extraction and

degrading of c-peptide to be defective.
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Table 1
Glucose and protein metabolism in the postabsorbtive (basal) and insulin-stimulated conditions

Basal % p Insulin % p
PRE POST PRE POST
Glucose metabolism
Plasma glucose (mg/dl) 293.15+17.11 226.92+30.72 -22.59.05* 139.08+14.54 110.2449.20 -20.73 NS
EGP (mg/kg/min) 4.63+0.49 3.35+0.55 -27.64 NS 0.76+0.43 0.76+0.34 0.00 NS
MCR (mg/kg/min) 1.65+0.10 1.82+0.17 10.30 NS 2.57+0.47 4.62+1.01 0676 <
GIR (mg/kg/min) - - - - 3.77+0.95 4.47+1.40 18.56 NS
Protein metabolism
Leucine (umol/l) 134.25+9.30 175.08+17.44 30.4%0.05* 74.94+6.77 97.36+9.66 29.9D.05*
KIC (umol/l) 47.18+5.32 54.44+6.32 15.38 NS 22.55+3.46 32.24+3.89 42.97 NS
Alanine (umol/l) 253.35+27.13 247.59+22.89 -2.27 NS 220.20+19.54  226.26+11.53 2.75 NS
Phenylalanine (umol/l) 50.88+2.20 56.44+2.84 10.92 NS 38.92+2.07 40.89+3.07 5.08 NS
Glutamate (umol/l) 59.3945.10 62.7446.71 5.64 NS 53.60+5.54 53.23+4.95 -0.69 NS
Glutamine (umol/l) 439.75+31.36 509.55+27,17 15.87 NS 347.30+35.01 458.42+48.71 31.99 NS
ELF (umol/kg/h) 131.26+10.61 138.41+11.08 5.44 NS 102.71+10.09 118.92+9.35 15.78 NS

All data are mean + SEM of determinations in the last 45 min of equilibration period and the last 45 min of the clamp.
n = 9 type 1 diabetic patients.
* Significantly different from rapamycin untreated (PRE) patients (Student’s unpéasjl
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Diabetic patients have a reduction of ~40% of insulin sensitivity. Insulin
resistance is located mainly at muscle tissue [18]. The fia@tors which are
involved in the appearance of insulin resistance are high plasma glucose and/or
fatty acid concentrations. We did not find any effect of rapamycin on postabsorbtive
MCR (Fig. 2). High plasma glucose (Table 1) and fatty acids concentrations can
explain constant maintaining of MCR. During insulin stimulation, MCR increased
considerably after rapamycin treatment (Table 1) and it was followed by the
increase of glucose infusion rate necessary to maintain euglycemia. These data suggest
that rapamycin is able to improve peripheral insulin sensitivity. We dare say that
rapamycin acts synergically, at least in muscle, and/or complementary to insulin.

MCR (mg/kg/min)

0 T T T T T T T T T T T T T 1
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Fig. 2.Metabolic clearance rate (MCR) of glucose in postabsorbtive state and insulin-
stimulated conditions, before (PRE — white squares) and after (POST — black squares)
rapamycin administration.

Diabetes is recognized as a protein catabolic state. The net change in
whole-body protein balance occurs largely as a result of intensification in protein
breakdown in muscle [5]. In the basal state, the increase in KIC and amino acids
concentration after rapamycin administration (Table 1) indicates a slight tendency
for proteolysis. This statement seems to thwart the finding that ELF did not suffer
any change in the same conditions (Fig. 3). It must be kept in mind that the protein
synthesis and proteolysis are slow processes and we measured ELF only 45 min
before the beginning of the insulin infusion. For this reason we consider that the
amino acids and KIC concentrations reflects much more accurately the rate of

proteolysis.
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During the clamp, ELF and concentration of KIC and amino acids
decreased in a similar manner in POST as in PRE patients (Table 1). These results
support the idea that antiproteolitic action of insulin is not affected by rapamycin.

180 -
160 -
140 -
120 -
100 -

80 -

60 -

ELF (umol/kg/h)

40 -
20 -

O T T T T T T T T T T T T T 1
45 -30 -15 0 15 30 45 60 75 90 105 120 135 150

Time (minutes)

F i g. 3.Kinetics of endogenous leucine flux (ELF) before (PRE - white squares) and after
(POST - black squares) rapamycin administration.

Conclusions.The main conclusion of this work is that rapamycin improves
residual insulin secretion and insulin sensitivity. All other effects of rapamycin on
glucose and protein metabolism are relatively modest.

In the postabsorbtive conditions, as well as in the absence of insulin,
rapamycin decreased plasma glucose concentration, probably by enhancing residual
insulin secretion and slightly lowering EGP, since rapamycin did not affect the rate
of glucose uptake. In the same conditions, rapamycin tends to enhance diabetic
catabolic state through stimulation of proteolysis.

During hyperinsulinemia, rapamycin did not affect in any way hepatic
glucose production and muscle proteolysis. The increase of MCR, along with the
increase in glucose infusion rate to maintain euglycemia, indicates an amelioration
of muscle insulin resistance.
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PREVENTION OF SPONTANEOUS AUTOIMMUNE DIABETES IN
NON OBESE DIABETIC MICE BY RAPAMYCIN AND
RAPAMYCIN-IL-10 COMBINATION

CAMELIA LANG " ELENA DRAGHICI ™and CORNELIU TARBA*

SUMMARY. — Rapamycin is an immunosuppressive drug that prevents rejection of
pancreatic islet allografts transplanted into patients with Type 1 (insulin-dependent) diabetes
mellitus. This study aimed to determine if rapamycin and/or rapamycin- IL-10 combination can
indeed prevent diabetes incidence or only produce a delay in onset of diabetes. Rapamycin
alone and rapamycin-IL-10 combination were given separately and together to female non-
obese diabetic (NOD) mice for 15 weeks beginning with 11 weeks of age. Diabetes incidence
was determined and plasma glucose and insulin concentrations were measured. Rapamycin
prevented diabetes in female NOD mice (9.09% incidence in rapamycin and rapamycin-IL-10
treated mice vs. 66.66% in vehicle-treated mice). However, although we showed an improvement
of plasma glucose and insulin concentrations after rapamycin administration, these changes
were due to an improvement in insulin sensitivity and not to an improvement in beta-cell
function. These findings suggest that rapamycin and rapamycin-IL-10 combination only
delay diabetes onset.

Type 1 (insulin-dependent) diabetes mellitus is the result of selective
destruction of pancreatic islet beta cells by an immune process. A variety of therapy
and procedures that delete, suppress or modulate function of immune system cells
can block the autoimmune response against islet beta cells and prevent destruction of
beta-cells and Type 1 diabetes. Immunotherapy can even reverse established diabetes
in the NOD mouse, a model of human Type 1 diabetes [11]. In human Type 1
diabetes, there is also more potential for restoration of endogenous insulin secretion
and reversal of diabetes than has been assumed. For example, patients receiving
immunosuppressive drug cyclosporine experienced more frequent and longer duration
remissions than control patients [5]. However, the risk-to-benefit ratio of treating
patients with newly diagnosed Type 1 diabetes with cyclosporine does not justify
widespread clinical use.

Identification of immunosuppressive agents with lower risk-to-benefit ratio
has come mainly from the field of organ transplantation. Recent reports have identified
immunosuppressive drug combinations that allow reduction of side effects. The major
side effects of calcineurine inhibitors, cyclosporine and tacrolimus are nephrotocicity,
neurotoxicity, diabetes mellitus and hyperlypaemia. In contrast, combination of
low doses of tacrolimus, which inhibits IL-2 gene transcription, with rapamycin,
which inhibits IL-2 induction of T-cell proliferation [13], provided strong synergistic
potentiation of efficacy in animal organ allotransplantation [2] and very low rates
of rejection of human liver, kidney, and pancreas allografts [7].
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Based on these reports, Shapiro et al. [15] developed a rapamycin-tacrolimus
combination immunosuppressive therapy, together with a monoclonal antibody
against the IL-2 receptor, to treat Type 1 diabetic patients that received islet allografts.
They found that this glucocorticoid-free immunosuppressive regimen can result in
insulin independence for over 1 year in 80% of subjects and with no serious side
effects [15; 10].

Rapamycin is a macrocyclic fermentation product Sfeptomyces
hygroscopicus, an actinomycete, originally isolated from a soil sample in Rapa Nui
(Easter Island) [13]. Rapamycin was initially investigated as an antifungal and
antitumor agent. However, its lymphopenic properties heralded its role as an
immunosuppressant. Rapamycin has a strong antiproliferative effect on T cells
stimulated via the T-cell receptor/CD3 pathway. IL-10 is an immunoregulatory
cytokine that has a critical function in inducing T regulatory 1 (Trl) cells imoth
vitro andin vivo. Trl cells can suppress undesired immune responses partly through
production of IL-10 and TGF-[®].

The purpose of this study was to determine whether rapamycin or combination
of rapamycin-IL-10 immunosuppresive therapy can prevent onset of Type 1 diabetes
mellitus in female NOD mice and their effects on insulin sensitivity and beta-cell
function.

Materials and methods. Animals. Female NOD mice, 10 weeks of age,
were purchased from Charles River Laboratories (Calco, Italy). The mice were
housed and fed under specific pathogen-free conditions. Female NOD mice of this
colony develop pancreatic islet infiltration beginning at about 4-5 weeks of age.

Treatments. NOD mice were treated for 15 weeks with rapamycin and/or
IL-10 starting at 11 weeks of age, a time point at which pancreatic-cell immunity is
clearly established as judged by insulitis and insulin-antibodies. Rapamycin (rapamune,
Wyeth-Ayerst Research, Pearl River, NY) was diluted in water and administered
once a day at a dose of 1 mg/kg by gavage. Human IL-10 (BD Biosciences, Mountain
View, CA) was diluted in PBS and administered twice a day at a dose of 0.05 mg/kg
intraperitoneally. The mice were killed by sodium pentobarbital overdose after diabetes
onset or at 5 weeks after rapamycin was stopped.

Analytical determinations. The blood was drawn every"&veek of the
experiment. Glucose level in tail venous blood was quantified using the Glucometer
Elite system (Bayer, Wuppertal, Germany). Plasma level of insulin was measured
by radioimmunoassay using a commercial kit (DiaSorin, Italy). A diagnosis of diabetes
was made after two sequential glucose measurements higher than 250 mg/dI.

Calculations. Insulin sensitivity (IS) and beta-cell function (%B) were
estimated using HOMA (homeostasis model assessment). This model was proposed
by Matthews (1985) as a simple and inexpensive tool and is based on the product
of the fasting plasma insulin and blood glucose concentrations, measured in a
single blood sample.
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HOMA-IS = 225
G,xl,
20x 1,
HOMA-%B = ————
G, -35

Where G (mM) is the fasting glucose concentration,(iU/ml) is the
fasting insulin concentration.

Satistical analysis. The data are presented as mean * standard error of the
mean (SEM). Comparison between the two groups was performed using $tudent
test for unpaired data.

Results and discussionEarly on 1992 B a e d eet al. [1] have reported
that rapamycin is able to prevent diabetes in NOD mice. However only doses greater
than (0.6 mg/kg) were effective. Rabinovitetll. [8] have also reported
that rapamycin (1.0 mg/kg) decreased to 30% diabetes incidence after 11 weeks of
treatment, but incidence rose to 50% at 13 weeks after rapamycin was stopped.

In our experiment, rapamycin reduced considerably diabetes incidence
(Fig. 1), from 66.66% in control mice to 9.09% and protection was maintained for
an additional 5 weeks after treatment was stopped. We did not observe any change
in diabetes incidence induced by IL-10 (Fig. 1). We consider that the significant
difference between our results and those of Ra b in o v iet alh[8] (9.09% vs.
30%) might result from the fact that we used animals from different colonies which
may have different characteristics.

The effects of rapamycin and rapamycin-IL-10 combination on plasma
glucose concentration are depicted in Fig.2. In the first weeks of the study (weeks
11-16), glycemia raised significantly in all groups (from 78.75 + 2.07 to 166.27 +
35.36 mg/dl, p < 0.05 in control; froB1.27 + 2.29 to 126.72 + 7.30 mg/gl< 0.05
and from 94.09 + 7.21 to 133.54 + 8.18 mg/dl, p < 0.05 in RAPA-IL-10). In the
control and RAPA-IL-10 mice, plasma glucose concentration begun to decrease
immediately after this point and reached physiological level at the end of
experiment (103.50 £ 1.65 and 111.1 + 3.50 mg/dl, respectively). In the next weeks
(12-21), glycemia continued to increase significantly in RAPA group (153.09 +
36.04 mg/dl) but it also returned toward normal levels (114.30 £ 2.20 mg/dl). It
must be noticed that the association of IL-10 with rapamycin significantly enhances
the glucose plasma concentration restoration process.

As shown in Fig. 3, plasma insulin levels were in all groups but especially
in the third group, much higher than physiological values even before the beginning of
the treatment. These differences were purely haphazard, since the mice’s division
into groups was random. The glycemia increase was not followed by an increment
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in plasma insulin concentration but on the contrary by a decrease, more or less
obvious in all groups, except control mice. Only at the end of treatment period a return
to the normal values was recorded. This reaction is natural, given the animal model
used.In the preclinical stage of diabetes, glycemia iases and determines the
occurrence of insulin resistance and reducing of beta-cell function [4]. Subsequently, a
phase of apparent remission begins, of 1-6 months, in which the necessity of insulin
administration decreases and it is associated with an improvement of beta-cell
function. But natural remission is alwatgmporarily andt ends with the gradual

or sudden increase of the need for exogenous insulin. In time it has been examined,
exactly at this stage, by a treatment with immunosuppressive drugs, the possibility
of a percentual increase and the duration of the remission phase. It has been
concluded that these are efficient only during the treatment as the destruction of the
beta-cells continues and these patients rapidly develop diabetes [15].
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F i g. 1.Diabetes incidence in female NOD mice treated with rapamycin alone or
rapamycin-1L-10 combination. The number of mice was n=12, control; n=11,
RAPA and n=11, RAPA-IL-10.
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Table 1

Fasting plasma insulin concentration in NOD mice treated with rapamycin and
rapamycin-IL-10 combination

Week
11 16 21 26
CONTROL 28.04 £6.13 28.54 + 3.58 55.05 +8.32 20.72 £ 3.32
D% 1.78 96.32 -26.10
p NS <0.05* NS
RAPA 27.11 £+ 8.50 25.02 +2.93 54.90 £5.20 16.08 + 1.04
D% -7.70 102.50 40.68
pvs NS <0.05* NS
RAPA-IL10 45.83 + 8.86 42.03 £ 4.87 53.24 +5.13 20.07 £3.92
D% -8.29 16.16 -56.20
p NS NS <0.05*

* Significantly different from week 11 (Student’s unpairedest).

In order to determine if restoration of normoglycemia and plasma insulin
concentration is due to the increase in insulin sensitivity and/or the improvement of
the beta-cell function, we made use of homeostasis model assessement (HOMA). The
insulin clamp technique [3] is considered the ,gold standardhfavo quantification
of insulin sensitivity; however, the method is complex and expensive. HOMA was
proposed as a simple and inexpensive alternative. Such a method derives an estimate
of insulin sensitivity and beta-cell function from the mathematical modelling of fasting
plasma glucose and insulin concentrations.

All groups had a similar evolution (Fig. 4) concerning insulin sensitivity:
during the first 10 weeks they showed a decrease in insulin sensitivity and then it
significantly increased towards the end of the treatment period. The contribution of
IL-10 to this process must, however, be mentioned. The group treated with IL-10 as
well showed the lowest decrease in insulin sensitivity. In control and RAPA mice,
the differences remained significant during the entire 11 weeks.

The increase in insulin sensitivity was, unfortunatelly, accompanied by a
decrease in beta-cells function (Fig. 5). In this case, the beneficial, protective effect
of IL-10 on beta-cells must be noticed. In the first weeks of our experiment, insulin
sensitivity decreased significantly in control and RAPA mice, but not in RAPA-IL-
10, in which restoration of beta-cell function doubled in week 21. At the end of the
study, the lowest value HOMA-%B was recorded in the RAPA group. We concluded
that the restoration of normoglycemia in mice treated with rapamycin and rapamycin-
IL10 combination is due only to an improvement of insulin sensitivity, since destruction
of beta cells continued. We consider that control mice (only 4 survivors at the end
of experiment) naturally overcame the disease.
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Conclusions.Our experiment confirms that rapamycin is able to reduce
incidence of diabetes in NOD mice. But we cannot assert that adding IL-10 to
rapamycin does it too. However, it appears that the rapamycin only delays the onset of
diabetes because, although the rapamycin treatment determines the glycemia restoration,
it is based on the increase in insulin sensitivity rather than on the improvement of
the beta-cell function.
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OF THE TOXIC EFFECT OF CARBOPLATIN AND CISPLATIN AT THE
LEVEL OF THE THYMUS OF THE WHITE WISTAR RATS
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and MARIA GORDAN**

SUMMARY. — Carboplatin and Cisplatin, cytostatics belonging to the platinum drugs family,
widely and efficiently used in the cancer treatment, have a different toxic effect on the rat
thymus when they are administered in equivalent doses, in monochemotherapy. Carboplatin
seems to possess a higher and longer toxic activity compared to Cisplatin, which appears
immediately, aggravates progressively, but has a reversible character. Carboplatin determines a
significant necrosis, necrobiosis and agglutination of the thymocytes, especially in the cortical areas,
inducing an atrophied aspect of many thymic lobules. Besides, moderate vascular disturbances
appear, consisting of: stasis, congestion, massive haemorrhages and diffuse intravascular coagulation
phenomena. Ultrastructurally, both the epithelio-reticular cells and especially thymocytes are
affected by some degenerative processes (these cells have a vacuolised cytoplasm, pyknotic or
altered nuclei, swollen and greatly modified mitochondria, and, zonally, broken cell membranes
which allow the cell constituents to split out). As a consequence of the Carboplatin administration,
both in the cortex and medulla of the lobules, a large number of apoptotic bodies appears. In the
spaces created by the lysis processes and in some perivascular areas, a massive collagen
proliferation could be noticed. The involution and fibrosis of the thymus were correlated with a
marked increase of the eosinophil, macrophage and mastocyte number. The toxic effect of the
Cisplatin at the level of the thymus seems to be similar but the structural and ultrastructural
alterations were less grave, and did not aggravate significantly during the whole experimental
period, affected temporary especially the cellular and more discrete the vascular component in
the thymus, had a zonal and a reversible character, the recovery process being more intense than
in the groups treated with Carboplatin.

Platinum drugs (including Cisplatin and Carboplatin) remain a cornerstone of
present day chemotherapy regimens not only for epithelial malignancies (lung, ovarian,
bladder, testicular, head and neck) but also against a number of metastatic or advanced
malignancies including cancers of the breast, melanoma, prostate, mesothelioma,
nasopharyngeal, pancreatic, leiomyosarcomas and most other advanced cancers. According
to their success in the cancer treatment, it mainly comes from the ability of these
platinum compounds to form bulky adducts on the DNA and cross-links within the

* Babeg-Bolyai University, Department of Experimental Biology, 400006 Cluj-Napoca, Romania.
E-mail: cpasca@biolog.ubbcluj.ro
** “Gheorghe Sincai” Highschool, 45005FZaliu, Romania
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same strand or between the two strands. Understanding details on activation of signal
transduction by Cisplatin and Carboplatin leading to apoptosis, mostly responsible for
the toxic adverse reactions of these platinum compounds, is likely to reveal novel strategies
and improve combination therapies and efficacy [1, 4, 7, 12, 14, 16, 18, 22, 25, 28, 33].

Cisplatin (cis-diaminedichloro-platinum(ll)) is one of the most widely used and
most effective cytotoxic agents, but, unfortunately, its continuos clinical use is impeded
by its severe side effects including renal toxicity, gastrointestinal toxicity, peripheral
neuropathy, asthenia, ototoxicity and hematological toxicity [6, 15, 22, 37]. Carboplatin
(Paraplatin) (cis-diamine-1,1-cyclobutanedicarboxylatoplatinum(ll)) is an analogue of
Cisplatin, which retains an equivalent antitumor activity, but proved markedly less toxic
effect to the kidney and nervous system, and caused less nausea and vomiting, while the
hematological adverse effects seemed to be more frequent and graver [2- 4, 11].

Nowadays, in many situations, Carboplatin is the drug of choice in view of the
improved quality of life that it offers to the patients compared to Cisplatin, but the debate
»Carboplatin versus Cisplatin” continues, usually, the decision of the medical oncologist
being affected by the pacient cases, more exactly, by the features of the kidney, or liver,
or heart, or bone marrow function. Unfortunately, so far, the dynamics, structural and
ultrastructural aspects of the toxic effects of these two platinum compounds at the level
of the hematopoietic structures (including bone marrow, central and peripheral
lymphoid organs), and the dose-effect correlation are incompletely known. Therefore,
our studies intended to complete the previous investigations, revealing comparatively
the effect of some equivalent therapeutic doses of Cisplatin, respectively Carboplatin
(administered intravenously) on the rat thymus, the features, dynamics and reversible or
irreversible character of the alterations induced by these antitumoral drugs.

Materials and methods.Our experiments were carried out with the following
twelve groups of healthy adult male Wistar rats, weighing 19D+, fed with a
standard diet and maintained under conventional (standard) bioclimatic laboratory
conditions, starved for 18 hours before the treatment, but having adalfibrtunt

-groups U, U,, Uz and U;- untreated (control) groups;

-groups: B, P, P; and R treated intravenously with a single dose of Carboplatin
(Paraplatin) (LD50), and sacrificed 24 hours, 4, 11 and 18 days after the treatment,

-groups: G, G, G; and G treated intravenously with a single dose of Cisplatin
(LD50), and sacrificed 24 hours, 4, 11 and 18 days after the treatment.

Having sactrificed the animals, we took fragments from the thymus. For microscopic
examination, the fragments were fixed in 10% neutral formol, processed by the
paraffin technique and the sections ofu were stained by the hematoxylin-eosin,
and Masson-Goldner trichrome [26]. For ultrastructural investigations, fragments of
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thymus were prefixed in 2.7% glutaraldehyde solution and postfixed in 2% osmic acid
solution. The fragments were dehydrated in acetone and then embedded in Vestopal
W. The ultrathin sections were obtained using an LKB Il ultramicrotome and were
contrasted with uranyl acetate. Examination of the ultrathin sections was performed
using a transmission electron microscope [5, 20, 29].

On the stained and contrasted sections we studied, by light and electron
microscopic examinations, the histological and ultrastructural modifications induced by
this drug at the level of thymus, in concordance with the moment of the sacrification.

Results and discussion. Light microscopy and electronomicroscopic
investigations of the thymus sections obtained from the rats treated with the two
alkylating agents (Cisplatin or Carboplatin) revealed the appearance of certain
histological and ultrastructural modifications, the intensity, extension, gravity and
reversibility of which were different, depending on the type of cytostatic and the
moment of the sacrification.

Concerning the toxic effect exerted by Cisplatin on the thymus, it could be
observed that discrete histological alterations already appeared 24 hours after the
treatment, consisting of the presence of a significant number of smaller thymic lobules
as compared to the untreated group, while the two zones of the lobules (the cortex and
medulla) could not be clearly distinguished because of a drastic decrease of the
lymphocyte (thymocyte) number in the outer part of the most of the lobules. This
thymocyte depletion seemed to be a consequence of the antimitotic and necrobiotic
phenomena of the cells induced by Cisplatin, these processes determining a less
compact aspect and a decreased dimension of the cortical area (Fig. 1).

Three, respectively ten days latter, the histological aspect of the thymus
demonstrated a moderate increased toxic effect of this alkylating agent, materialized in
the appearance of a more drastic cell depletion of the cortical zone, where a certain
homogeneousness tendency could be observed, so that in many thymic lobules the two
areas could not be distinguished any more. Besides, the lobules were smaller. All over
the section surface of the lobules, necrotic, necrobiotic and packing phenomena of the
thymocytes could be seen (Fig. 2). In addition, at the level of the lysis areas (both in
the cortex and medulla) many macrophages appeared, which were responsible for the
phagocytosis of the cell debris. No cell was seen in mitosis in the cortex of the thymic
lobules, so that we could deduce that the cell division had been stopped. Also, the
blood vessels appeared affected by the cytostatic. Thus, grave enough congestions,
stasis, perivascular oedemas and just here and there discrete microhaemorrhages
accompanied the degenerative processes which affected the cells (Fig. 3).
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Eighteen days after the treatment, the thymus was in an obvious recovery
process, the lobules had almost the same dimensions as in the control group, the two
areas of the lobules could be definitely distinguished, but the thymocyte density in the
cortex was still low as compared to the untreated group (Fig. 4). The congestion, stasis
and perivascular oedemas persisted, but they were discrete, and the microhaemorrhages
had completely disappeared.

The electron microscopy investigations confirmed and completed the histological
data. Thus, we could observe that this alkylating agent affected immediately and
seriously both the cellular and the vascular components of the thymus. Then, the toxic
effect of the drug seemed to aggravate progressively until the 11th day of the
experiment, the recovery phenomena occurring and increasing in the next seven days.
Thus, both in the cortex and medulla, the vessels seemed to be affected by a severe
congestion and stasis correlated with a moderate modification of the vascular permeability
which determined a discrete extravasation of the erythrocytes. These vascular changes
contributed in the maintaining and aggravating of the degenerative processes which
affected the cellular component of the thymus. Between the thymocytes and epithelio-
reticular cells, the first ones seemed to be more sensitive to this cytostatic. Thus, the
thymocytes, initially between the cortex and medulla and then in cortex, appeared to be
affected by some drastic degenerative processes consisting of the appearance of some
modified nuclei, most of them being pyknotic, retracted, having a chromatin with a
peculiar disposition and aspect (cortical hyperchromatosis). The cytoplasm of many
thymocytes was vacuolised, and the mitochondria appeared swollen, vacuolised and
possessed altered cristae. The antimitotic effect of this dose of cytostatic could be
demonstrated by the absence of any cells in division. The necrobiotic and necrotic
phenomena were correlated with a discrete apoptosis process demonstrated by the
presence of a small number of apoptotic bodies both in the cortex and medulla (Fig. 5).
Only in some thymic lobules, at the level of the lysis areas, a moderate collagen
proliferation could be seen (Fig. 6). In addition, the epithelio-reticular cells seemed to
be affected by the alterative phenomena, too. They appeared swollen, had a vacuolised
cytoplasm, and their mitochondria were swollen and had disorganized matrix and
cristae (Fig. 7 and 8). These massive degenerative processes in the thymic lobules were
correlated with a discrete increase of the eosinophil and macrophage number (Fig. 8 and 9).

Concerning the groups of rats treated with Carboplatin, we could noticed that it
seemed to possess a higher and longer toxic activity on the thymus compared to
Cisplatin, which appeared immediately, aggravated progressively and significantly,
and, fortunately, started decreasing at the end of the 18 days of this experiment, having
a reversible character.
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Thus, histological modifications already appeared 24 hours after the treatment,
they consisting of a thymocyte depletion in the cortex of the thymic lobules correlated
with many packing phenomena of the thymocytes. All these processes determined a
less compact aspect of the thymic cortex and, at the same time, the cortex had a
decreased dimension (Fig. 10). In addition, a discrete congestion and stasis could be
seen all over the section surface.

Four days after the chemotherapy, the depletion of the cortex was more severe
as a consequence of the drastic necrotic and necrobiotic phenomena, the thymic lobules
had a certain homogeneousness tendency, the two areas of the lobules could not be
distinguished any more because of a drastic decrease of the lymphocyte number in the
outer portion of the most of the thymic lobules, and also, the lobules were smaller (Fig.
11). Besides, discrete haemorrhages appeared, they maintaining and aggravating the
degenerative processes which affected the thymocytes and epithelio-reticular cells.

After 11 days from the treatment, a more marked toxic effect of Carboplatin on
the thymus could be noticed, when, besides an increased depletion of the cortex of the
thymic lobules, a very significant congestion correlated with massive intralobular and
interlobular haemorrhages could be seen (Fig. 12). In addition, here and there, the
stasis and congestion were correlated with diffuse intravascular coagulation phenomena.
As a consequence of the thymocyte depletion, most of the thymic lobules appeared
atrophied and, at the same time, a perilobular fibrosis tendency became obvious (Fig. 13).

At the end of the experiment, the toxicity of Carboplatin on the thymus seemed
to decrease, but only very discretely recovery tendency of this central lymphatic organ
was observed. Although the thymic lobules were still smaller than with the control
group, the packing and lysis phenomena of the thymocytes decreased, and a small
number of normal lymphocytes appeared all over the thymic lobule surface. The two
areas of the thymic lobules (cortex and medulla) could be distinguished, this histological
aspect demonstrating that in this group the divisions in the cortical area were
comparable with those in the control group, although the density of the thymocytes in
the cortex was still low as compared to the untreated group. Besides, the congestion,
stasis, haemorrhages and diffuse intravascular coagulation phenomena persisted, but
were more discrete and had a zonal character (Fig. 14 and 15).

The electron microscopy confirms the histological data mentioned above.
Thus, both the vascular and cellular components of the thymus seemed to be seriously
affected by Carboplatin. The vessels of the thymic lobules appeared to be affected both
in the cortex and medulla, where we could see a severe congestion, stasis, a change of
the vascular permeability which determined a massive extravasation of the erythrocytes
after a few days from the drug administration. In addition, after 11 days from the treatment,
some vessels seemed to have a thickened wall, as a consequence of a massive collagen
proliferation.
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The most affected by this drug seemed to be the tymic cells, especially the
thymocytes in the cortex, but also in the medulla (Fig. 16). Thus, they appeared affected
by some degenerative processes (necrosis and necrobiosis), consisting of the appearance
of some modified nuclei, most of them being retracted or pyknotic, having a chromatin
with a peculiar disposition and aspect (cortical hyperchromatosis). The cytoplasm of
many thymocytes was vacuolised, the mitochondria appeared swollen and vacuolised
and had a rarefied matrix and cristae. In some areas of the lobules a few thymocytes
had a broken cell membrane, and the intracellular structures were split out between the
remaining cells. In the spaces which were created by the drastic lysis processes, a
massive collagen proliferation could be noticed, which demonstrates the obvious
fibrosis tendency induced by this drug dose (Fig. 17). The involution of the thymus
was correlated with a marked increase of the eosinophil and mastocyte number (Fig. 18).
The necrotic and necrobiotic processes were correlated with certain apoptotic phenomena
both in the cortex and medulla, where we could see a moderate number of apoptotic
bodies (Fig. 19). The degenerative processes seemed to affect a moderate number of
epithelio-reticular cells, too (Fig. 20); these cells had a vacuolised cytoplasm and modified
nuclei and cellular organelles. In the two areas of the thymic lobules, the number of
macrophages was significantly increased, demonstrating a more intense phagocytic
activity. In addition, the Hassall corpuscles were numerous, had small dimensions and
a newly formed cell structure.

The first platinum cytostatics introduced into the clinic were Cisplatin and its
somewhat less toxic analog — Carboplatin, both of them having the same wide spectrum
of anti-tumor activity. Unfortunately, the therapeutic efficacy of these two anticancer
drugs is diminished by intrinsic and aquired tumor resistance, and by some adverse
reactions (including hematological toxicity) induced by the administration of therapeutic
doses. Because of these limitations, there is still an intense effort to know exactly all
the features and dynamics of the gravest side effects, which is myelotoxicity for
Carboplatin treatment and nephrotoxicity for Cisplatin treatment [3, 4, 6, 15, 17, 19].

The cytopenias, the most common and serious complication of the patients
with malignancies, can be often attributed to the toxicity of the anticancer therapy.
Concerning the platinum-containing products, the cytopenias seem to be a secondary
complication of the nutritional deficiencis, blood loss, hyperplenism, autoimmune
haemolytic phenomena and disseminated intravascular coagulation According to the
previous studies, Carboplatin is much more hematotoxic than Cisplatin, inducing a
drastic thrombocytopenia (its dose limiting effect), leukopenia and haemolytic anemia,
while Cisplatin determines only a moderate leukopenia and anemia [8, 9, 17, 23, 24,
31, 35, 36].

86



THYMIC TOXICITY OF CARBOPLATIN AND CISPLATIN

Our investigations indicate that Carboplatin possesses higher toxic activity
compared to Cisplatin at the level of the thymus — a very important central lymphoid
organ, confirming and completing other previous studies concerning this aspect.

The light and electron microscopic studies evidenced the fact that both these
two cytostatics (but especially Carboplatin) had a significant toxic effect on the thymus,
which interested principally the cellular component (lymphocyte populations and the
reticulo-epithelial cells) in this lymphoid organ, but, also the vascular component.

Concerning the cellular component of the thymus, our results demonstrate that
the sensitivity of the lymphocytes seems to depend on their age, the most affected
being the lymphoblasts, which usually occur in a large number in the cortex of the
thymic lobules. This explains the severe decrease of the cell number in the cortex of
the thymic lobules, so that the two distinct areas of the lobules could not be distinguish
any more at a short period after the administration of the cytostatics. The mature
lymphocytes were also affected by the drugs, but not so fast and severely.

The toxic action of these two cytostatics on the lymphocytes in the thymus was
determined by their antimitotic activity, correlated with a significant necrosis and
apoptosis, this fact being demonstrated by a drastically decreased number of cells in
the thymus, by the appearance of a large number of necrotic remains of the lymphocytes
and macrophages with an intense phagocytic activity, and by the presence of the
apoptotic corpuscles, especially in the groups treated with Carboplatin. Apoptosis, which
is characterized by morphological and functional changes, could be noticed at the level
of the thymus of the rats treated with both these platinum-containing products, but is
more intense at the animals treated with Carboplatin. The apoptotic cells detached from
the neighboring tissular components and suffered cell and nuclear shrinkage, nuclear
condensation, membrane blebbing and cell and nuclear fragmentation. Cell membrane
integrity was preserved until advanced stages of the apoptotic process. Besides, our
ultrastructural investigations reflected a serious disturbance of the mitochondrial
integrity and structure (graver in the thymus of the rats treated with Carboplatin).
These mitochondrial alterations have been possibly contributed to the apoptotic effect
of these two cytostatics, because, according to the other studies, mitochondria are key
participants in apoptosis that are not triggered by death receptors, and may also
contribute to cell death after death receptor activation [4, 10, 13, 28].

Generally, apoptosis seems to be responsible for the characteristic toxicities of
the drugs (including Cisplatin and Carboplatin) (nephrotoxicity, ototoxicity, mielotoxicity
etc.) [4, 28]. Cell death through apoptosis has been documented in the course of thymus
injury both in animal models and clinical thymus diseases. According to the previous
studies, initiation of Cisplatin- or Carboplatin-induced apoptosis may need to be coupled
to a cell cycle-mediated event [10, 28]. Apoptosis seems to affect both the epithelio-
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reticular cells, but especially the thymocytes. In vitro experiments demonstrated that
the latter ones can die through apoptosis both inside and outside the thymus (into the
blood stream) [13]. Our results suggest that both necrosis and apoptosis can be a
significant cause of thymus damage, a mechanism for the appearance, persistence and
progression of structural and ultrastructural thymus injury.

Apoptosis of lymphocytes plays a fundamental role in the control of the immune
response. As a consequence of the toxic action on the lymphocyte populations, these
cytostatics have an immunomodulatory effect, which, so far, are not completely elucidated.
However, it is known that most T-lymphocytes (which are severely affected by Carboplatin
and Cisplatin), through their association with epithelio-reticular cells (also affected by
these two drugs), recognize non-self antigens when these antigens are associated on the
cell surface with membrane glycoproteins encoded in the major histocompatibility
complex (MHC). The MHC glycoproteins are thought to serve as antigen-binding receptors
that activate the appropriate T-cell response to a specific non-self antigen [21]. Besides, it
is now known that platinum compounds (because of their toxic effect on the lymphoid
organs), have an immunomodulatory effect, because they inhibit the proliferation of
peripheral lymphocytes in response to mitogens or allogeneic cells, as well as the
growth of T and B-cells in culture [27]. Sfikakét al. [32] showed that Carboplatin,
the same as Cisplatin, may inhibit lymphocyte activation and subsequent proliferation
and modulate immune function vivo, by directly suppressing the expression of IL-2
and IL-2Rx genes. Binding of IL-2 on its specific, high-affinity, surface receptor
results in vigorous lymphocyte proliferation [30, 34].

As we already mentioned, our ultrastructural investigation demonstrated that
both Cisplatin but especially Carboplatin exerted a significant toxic effect on the epithelio-
reticular cells, too. This fact could contribute to the immunomodulatory action of this
drug, because it is known that the thymus has a humoral effect upon other lymphoid
tissues, particularly with regard to the stimulation of lymphocyte production and
development of immunological competence. These substances (thymosin, thymoprotein,
thymic humoral factor and serum thymic factor) are belived to be synthesized by the
epithelio-reticular cells [21].

The disturbance of the vascular component (consisting of: congestion, stasis,
oedemas, microhaemorrhages and disseminated intravascular coagulation) seem to
contribute significantly in the appearance, maintaining and aggravating the degenerative
processes which affect the cell in the thymus (lymphocytes and reticulo-epithelial cells).
Our study reflect that the haemodynamics disturbances (which are graver at the level
of the groups treated with Carboplatin) correlated with cytopenias seem to induce,
maintain and amplify the cellular alterations in the thymus. This explains partially why
Carboplatin determined much more serious structural and ultrastructural modifications of
the thymus than Cisplatin.
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Disseminated intravascular coagulation is characterized by widespread systemic
activation of the coagulation system, consumption of coagulation factors, occlusion of
small vessels by a coat of fibrin and a hipocoagulation state with bleeding. Besides,
disseminated intravascular coagulation and thrombotic microangiopathy (which,
according to our results, appear only in case of Carboplatin treatment) may produce
thrombotic or haemorrhagic complications, and can contribute to the amplification of
the haemolytic anemia — characteristic for the Carboplatin treatment.

Finally, we could affirm that our researches demonstrated that, although both
cytostatics (but especially Carboplatin) induced significant histological and ultrastructural
damages in thymus, which appear immediately after the administration of the drugs and
developed progressively, generally, they were reversible, a recovery process being noticed
in the last period of the experiment, especially in the groups treated with Cisplatin.

Conclusions.1. Both Cisplatin but especially Carboplatin, administered in a
single dose (equivalent to the LD50), have a significant toxic effect on the thymus of
the white Wistar rats.

2. The toxic effect materialzed in the appearance of some structural and
ultrastructural modifications which affect both the cellular component (especially the
lymphocyte (thymocyte) populations and more discrete the epithelio-reticular cells)
and the vascular component in thymus.

3. The drastic decrease of the thymocyte number induced by these cytostatics
seemed to be a consequence of their antimitotic activity, correlated with a drastic
necrobiotic, necrotic and apoptotic effect.

4. Sensitivity of the thymocytes depends on their age, the most affected being
the lymphoblasts in the cortex of the thymic lobules.

5. The vascular component of the thymus seemed to be more affected by the
treatment with Carboplatin because of its direct toxic effect correlated with
trombocytopenia and haemolytic anemia induced by this cytostatic.

6. The congestion, stasis, oedemas and haemorrhages induce, maintain and
aggravate the degenerative processes which affect the cellular component of the
thymus.

7. At the level of the areas affected by serious degenerative and alterative
processes, especially in the thymus of the rats treated with Carboplatin, a discrete and
zonal sclerosis tendency could be noticed .

8. The toxic effect of Carboplatin on the thymus appeared immediately,
developed progressively, but allowed an obvious recovery processes, which could be
noticed at the end of the experiment.

9. The structural and ultrastructural alterations induced by Cisplatin were less
grave, and they did not aggravate significantly during the experimental period,
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affecting temporary especially the cellular and more discrete the vascular component
in the thymus, while the recovery process was more intense.
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SUMMARY. — Carboplatin, administered intravenously in a single therapeutic dose of 65
mg/kg body weight, induces significant but reversible structural and ultrastructural alterations
both at the level of the rat kidney and myocardiumium. All the modifications induced by this
anticancer drug seem to be due to the grave circulatory disturbances (stasis, congestion,
microhaemorrhages, diffuse intravascular coagulation, oedemas) and the thrombocytopenia,
factors that induce and aggravate the alteration of the cellular components of the kidney and
myocardium. The cardiotoxicity seemed to be graver, and consisted of granular myocardosis
correlated with myolysis microfocuses, congestion, oedemas, haemorrhages and an obvious
collagenous proliferation with a zonal character, myocyte swelling, disorganisation of their
ultrastructure, especially at the periphery (lysis of the sarcolemma and myofibrils, breaking of
the Z-lines, increasing of the interfibrillar spaces, nuclear modifications, swelling and degeneration of
the mitochondria). The nephrotoxicity was less severe and consisted of an oedema of the
Bowman’ space correlated with the appearance of a polymorphous granular material inside it,
glomerular and interstitial stasis and diffuse intravascular coagulation phenomena; the
uriniferous tubules appeared dilatated, with necrosis processes of the epithelial cells, and full of
a hyaline material. Ultrastructurally, Carboplatin induced grave nuclear alterations (peculiar
shape or an obvious pycnosis tendency), a complete vacuolisation of the apical cytoplasm,
intracellular lysis, while the mitochondria were swollen and had a rarefied matrix. Many
epithelial cells in the uriniferous tubules had a seriously affected brush border, the microvilli
being swollen and destroyed here and there, and the basal infoldings appeared hypertrophied.

Carboplatin (Paraplatin) is an alkylating agent belonging to the family of platinum-
containing products, widely used in the chemotherapy of many types of malignant
diseases in humans including: small cell and non small cell lung cancer, ovarian, testicular,
head, neck, bladder cancer etc. The primary cellular target of Carboplatin is DNA. The
linkers which result inside or between the two DNA strands, following interaction with
Carboplatin, mainly account for its antitumoural action [3, 9, 16]. However, the administration
of Carboplatin frequently results in clinically important toxicities, including kidney,
bone marrow and heart toxicity, that pose certain risks and adversely affect the quality
of life of the patients. Nowadays, the investigations try to safely increase the total dose
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or the dose frequency of this platinum drug which would lead to an increase in tumour
response rates and could result in a substantial patient benefit. According to the previous
studies, high doses of Carboplatin determine some histological and ultrastructural
modifications of the kidney and cardiac tissue, which, unfortunately, are incompletely
known. Therefore, our studies intended to reveal the effect of a single therapeutic dose
of 65 mg Carboplatin/kg body weight administered intravenously on the rat kidney and
myocardium.

Materials and methods.Our experiments were carried out with the following
five groups of healthy adult male Wistar rats, pathogen/free, weighing 19@+fed
with a standard diet and maintained under conventional (standard) bioclimatic laboratory
conditions, starved for 18 hours before the treatment, but having adalibrtunt

-group U — untreated (control) group;

-group G, G, G; and G treated intravenously with a single dose of 65 mg
Carboplatin/kg body weight (LD50), and sacrificed 24 hours, 4, 11 and 18 days after
the treatment.

Having sacrificed the animals, we took fragments from the kidney and left
ventricle’s myocardium. For microscopic examination, the fragments were fixed in
10% neutral formol, processed by the paraffin technique and the sectiopnmofiére
stained by the hematoxylin-eosin, Masson-Goldner trichrome and PAS method [17].
For ultrastructural investigations, fragments of myocardium were prefixed in 2.7%
glutaraldehyde solution and postfixed in 2% osmic acid solution. The fragments were
dehydrated in acetone and then embedded in Vestopal W. The ultrathin sections were
obtained using an LKB Il ultramicrotome and were contrasted with uranyl acetate.
Examination of the sections was performed in a transmission electron microscope Jeol
JEM 1010 [1, 13, 18].

On the stained and contrasted sections we studied, by light and electron
microscopic examinations, the histological and ultrastructural modifications induced by
this drug at the level of kidney and myocardium in the left ventricle, in concordance
with the moment of the sacrification.

Results and discussionThe microscopic and electronomicroscopic investigations
of the kidney and myocardium sections obtained from the rats treated with this cytostatic
showed the appearance of certain histological and ultrastructural modifications, the
intensity, gravity and extension of which were different, depending on the organ and
the moment of the sacrification.

Thus, according to the nephrotoxic effect, some discrete changes already
could be noticed by light microscopy investigations 24 hours after the treatment, both
in the cortex and medulla of the kidney, but they had just a zonal character. In some
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renal corpuscles a PAS-negative polymorphous granular material appeared, demonstrating
a slight alteration of the ultrafiltration of the plasma with the appearance of the
proteins in urine. In some renal tubules, especially in the proximal convoluted tubules
in the cortex, incipient necrosis processes of the tubular cells appeared and, in addition, a
PAS-negative hyaline granular material was also evident (Fig. 1)

Three days later, in group, Gt could be observed that the granular material in
the Bowman’s space had increased slightly, the amount of this material not being very
significant. Besides, an obvious glomerular and interstitial stasis correlated with diffuse
intravascular coagulation phenomena appeared (Fig. 2). Such phenomena of diffuse
intravascular coagulation appeared in the capillaries in the medulla, too (Fig. 3). Big
PAS-positive hyaline thrombi could be seen especially in the tubules between the
cortex and medulla.

After 11 days from the treatment, the intravascular coagulation phenomena
had disappeared, but it could be noticed a mesangial oedema and, in some areas, a
mesangial hypercellularity correlated with some necrobiosis processes at the level of
endothelial and mesangial cells. Most of the renal corpuscles appeared lobated and a
few of them were atrophied (Fig. 4). The areas occupied by affected renal tubules
were not significantly larger than in the group sacrificed after 4 days fron the
treatment, but some tubules were a little dilated, as a consequence of the urinary stasis,
and the epithelium of these tubules was more affected.

Seven days later, in group,,Gt could be observed a significant sclerosis
process which affected many glomeruls correlated with an alteration of their contour,
with the appearance of some interstitial lymphocyte infiltrations, with slerosis at the
level of the arterioles and interstitial nephritis. The cylindric thrombi inside the renal
tubules appeared hyaline, some of them including the tubular epithelium which
detached from the basal membrane as a consequence of the necrosis processes of these
epithelial cells (Fig. 5). The PAS reaction showed the presence of a PAS-positive
material inside the mesangium, the glomerules appearing retracted and lobated. The
Bowman’s capsule was irregutate, thickened with a PAS-positive material, and, in
many renal corpuscles, it had a “double outline” aspect.

The electron microscopy investigations of the kidney demonstrated the presence
of some ultrastructural modifications which appeared immediately — 24 hours from the
treatment — got worse during the next 10 days, and then decreased. They consisted in
the appearance at the level of the nephrocytes in the proximal convoluted tubules of
grave alterations of the nucleus, organelles, cytoplasm and cellular membrane. Thus,
the nucleus got a peculiar shape or an irregular contour, or had an obvious pycnosis
tendency, or its chromatin appeared condensed to the periphery. Some cells appeared
vacuolised in their upper cytoplasm, contained many vesicles and large areas of
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intracellular lysis. The number of lysosomes decreased, and the mitochondria were
swollen and had a rarefied matrix. Simultaneously, many epithelial cells in the
uriniferous tubules had a seriously affected brush border, the microvilli being swollen
and destroyed here and there (the cellular components being discharged into the lumen
of the renal tubules, where it contributed to the formation of the thrombi), while the
basal infoldings appeared hypertrophied (Fig. 6-10)

Our investigations demonstrate that Carboplatin has a nephrotoxic effect, affecting
both the structures involved in the ultrafiltration process (arterioles, capillaries of the
glomerules, mesangium, Bowman’s capsule) and the epithelium of the uriniferous
tubules which has important absorbtive and secretory functions. Our results bring new
informations according the nephrotoxicity of this drug, incompletely known. The
previous investigations are completely insufficient and sustain that Carboplatin has
just a minimal toxic effect on the kidney, when it is administered in low doses, while
high doses induce a glomerular and tubular toxicity, which could affect the structure
and function of this vital organ [2, 5, 6, 8, 11, 15, 19].

Concerning the cardiotoxic effect, by light microscopy it could be seen that
Carboplatin, in our experimental conditions, determined certain histological modifications
which already appeared 24 hours after the treatment. They consisted of a slight
congestion and a diffuse oedema which was not correlaitbdthe presence of a
cellular infiltrate. Many myocytes had nuclear modifications consisting of: hypertrophy,
an increased number of nucleoli and a peculiar arrangement of chromatin in groups. A
few nuclei were round shaped and very intensly stained, all these aspects being very
well pointed out on the sections stained with hematoxylin-eosin, and the oedema was
obvious on the sections stained with Masson-Goldner dye.

All the modifications got worse progressively, so that 4 days after the treatment
the stasis, congestion, oedema were more serious and, in addition, many interfascicular
haemorrhages appeared. Groups of myocytes were affected by anisocaryocytosis and
anisochromy processes (Fig. 11).

The circulatory disturbances correlated with a significant perivascular and
interfascicular oedema persisted in the group sacrificed 11 days after the treatment
(Fig. 12). Here and there, microfocuses of myolysis could be noticed. A small number
of myocytes were affected by a granulo-hyaline dystrophy.

The electron microscopy investigations showed that Carboplatin induced certain
ultrastructural alterations consisting of the appearance of a serious modification of the
vascular and sarcolemmal permeability correlated with a modified flux of electrolytes
and water, leading to cell swelling, disorganisation of the cell ultrastructure, especially
at the periphery of the myocytes, lysis of the sarcolemma and myofibrils (Fig. 13),
breaking of the Z-lines, increasing of the interfascicular spaces, swelling and degeneration
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of the mitochondria (whose cristae appeared destroyed and whose matrix was rarefied)
(Fig. 14), and swelling of the nucleus (Fig. 15). The massive oedema between the

myofibrils determined a myocyte disorganisation. In the areas with an advanced lysis

process, an obvious collagenous proliferation appeared (Fig. 16). The granular

myocardosis persisted, too.

At the end of the 18 days of the experiment, the granular myocardosis correlated
with myolysis microfocuses, congestion, stasis, oedema and haemorrhages had just a
zonal character and were very discreet, an obvious recovery process of the myocardium
being noticed.

The histological and ultrastructural aspects confirm the cardiotoxic effect of
this anticancer drug, which, according to the previous studies, appears after high doses
of Carboplatin or after a long chemotherapy and consists of the appearance of certain
histological modifications: congestion, stasis and haemorrhages at the level of the
capillaries, very grave microvascular disturbances and a slight hypertrophy of the
myocardium mass [10, 20, 21]. In case of severe Carboplatin treatment, muscle cells
are irreversibly damaged, the sarcolemmal permeability being seriously affected. The
functional consequences of the altered sarcolemmal permeability involve a modified
flux of electrolytes and water, leading to cell swelling and increased transport'of Ca
from the extracellular space to the cardiac muscle cell [6]. Besides, dilatation of the
tubules of the sarcoplasmic reticulum, increased numbers of irregularly shaped lysosomes
containing heterogenous deposits of electron-dense material, dehiscence of intercalated
discs, mitochondria with destroyed cristae, and intramitochondrial amorphous inclusion
bodies were observed [4, 12, 14]. Thus, a myocardi&l @erload developed and the
ultrastructural modifications of the myocytes were correlated with certain devastating
effects on the cardiac cell functions.

The histological and ultrastructural modifications noticed by us demonstrated
that Carboplatin, administered intravenously in a single therapeutic dose of 65 mg/kg
body weight, had a significant cardiotoxic effect, which already appeared 24 hours
after the treatment, aggravated progressively, but after 11 days started decreasing; at
the end of the 18 days of our experiment an obvious recovery tendency was noticed,
all the modifications having a zonal character and affected especially isolated myocytes
and only a small number of groups of myocardial cells.

Conclusions. 1. A single therapeutic dose of 65 mg Carboplatin/kg body
weight has a moderate toxic effect especially on the rat myocardium and a less severe
nephrotoxicity consisting of the appearance of certain histological and ultrastructural
modifications.
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2. All the modifications induced by this anticancer drug seem to be due to the
grave circulatory disturbances (stasis, congestion, microhaemorrhages, diffuse intravascular
coagulation, oedemas) and the thrombocytopenia; these two factors induce and aggravate
the alteration of the cellular components of the kidney and myocardium.

3. The ultrastructural modifications induced by Carboplatin in the kidney and
myocardium consist of cell swelling, disorganization of the whole cell ultrastructure which
interests the cellular membrane, cytoplasm with some cellular organelles (especially
mitochodria and lisosomes), nuclei and nucleoli.

4. Generally, the structural and ultrastructural alterations induced by Carboplatin
both at the level of the myocardium and kidney have a zonal and reversible character,
at the end of the experiment a natural recovery process, with no protective or regenerative
drugs being possible.
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List of the figures

F i g. 1.Granular material inside the proximal convoluted tubules.

Fig. 2.Glomerular stasis correlated with diffuse intravascular coagulation phenomena.

F i g. 3.Phenomena of diffuse intravascular coagulation in capillaries in the medulla.

F i g. 4. Two lobated renal corpuscles and one atrophied corpuscle in the cortex.

F i g. 5.Big hyaline thrombus which includes the tubular epithelium.

F i g. 6.Congestion in the renal capillaries, serious swelling of the mitochondria and disorganisation of
their matrix and cristae.

F i g. 7.Vacuolisation of the cytoplasm of the epithelial cells in the uriniferous tubules, swelling and
disorganisation of the mitochondrial and nuclear structure.

F i g. 8.Serious necrosis process of the epithelial cells in the renal tubules between the cortex and medulla
and a hypertrophied aspect of the cell basal infoldings.

F i g. 9.Basal infoldings of some tubular cells appear significantly swollen.

F i g. 10.Swollen microvilli of the tubular cells in the proximal convoluted tubules.

F i g. 11.Haemorrhages, oedemas and myolysis in the rat myocardium.

F i g. 12.Significant interfascicular oedemas and stasis in the myocardial capillaries.

F i g. 13.Congestion, lysis of the sarcolemma and myofibrils, especially in the perifery of the myocytes,
and interfascicular oedema.

F i g. 14.Severe disorganisation of the myocytes, breaking of the Z-lines, swelling of the myocytes and
mitochondria.

F i g. 15.Swelling of the nucleus and mitochondria in the myocytes and a peculiar arrangement of the
nuclear chromatin.

F i g. 16.0bvious disorganisation of the myocytes at the perifery and a collagenous proliferation in the

areas with an advanced lysis process.
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MODIFICARI STRUCTURALE § ULTRASTRUCTURALE PRODUSE
IN GLANDELE SUPRARENALE DURA ADMINISTRAREA
EXPERIMENTALA A VENINULUI DE ALBINE (Apis mellifera L.)
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SUMMARY. — Structural and Ultrastructural Changes Produced in Adrenal Glands
Consequently to the Honey Bee Venom Experimental Administration. [The Adrenal

Cortex. We have previously reported significant changes produced in different tissues
including hypothalamuafter the honey bedyis mellifera L) venom subchronic treatments. In

this study we investigated the histological and ultrastructural aspects of the adrenal cortex
after the venom administration in the same conditions. The histological results indicate an
important impairment of the gland, particularly of zona fasciculata, associated with hyperemia,
zonal necrosis, and a general disturbance of cells pattern, aspect and their sizes. A wide
range of alterations, from small morphological changes to cell lysis, also occur in the fine
ultrastructure of the secretory cells. However, the main features of these cells are the decreased
number of the secretory vesicles and their heterogenous aegeneral aspect is characteristic

for the prolonged stress conditions and indicates a sustained activity of hormone secretion.
Most of the capillaries are dilated and endothelial cells damaged. These findings provide
evidence that the enhancement of secretory activity in hypothalamus, induced by the bee
venom, is reflected upon the structure and physiology of the adrenal cortex, but also a direct
action of the venom molecules on this gland is obvious.

Rezultatele noastre publicate anterior réley administrarea subcroni@
veninului de albine este urnmiatle modificéiri morfo-fiziologice semnificative n
diferite tesuturi [11, 12, 14], mergand, in unele cazuri,agamapariia zonelor de
necroa celulard Una din principalele modaiii prin care organismul spunde la
diferitele condiii de stres o constituie sinteziaeliberarea hormonilor steroizi din
glandele corticosuprarenale, in special a glucocorticoizilor. Pe acest efect se
fundamenteai utilizarea cu succes a veninului de albine in terapie [20], ca
alternativa la prodgii hormonali de sintez Datele din literaturd3, 7], precursi
unele dintre rezultatele noastre anterioare, au giadléaptul & excitarea sistemului
limbic (hipocamp, nuclei amigdalieni, hipotalamus), ca urmare a admiiistea
xenobiotice, determihun efect de stimulare al centrilor hipotalamici, la nivelul
carora are loc sintezg secregia factorilor de eliberare a hormonilor hipofizari. Sub
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efectul numergilor constituei ai veninului de albine, in special a apaminei [17,
33], intensificarea activitii secretorii inregistrate la nivelul nucleilor paraventriculari
hipotalamici [15] cu eliberarea masia corticoliberinei, implig inevitabil readi

ale intregii axe neuroendocrine — modifidn adenohipofiz (biosintezssi secreia
ACTH-ului — date Tn curs de publicaggjn glandele corticosuprarenale (CSR). Astfel,
scopul acestui studiu a fost acela de aavrneadiile histologicesi ultrastructurale
ale CSR n condile administraii subcronice a veninului de albine, iar pe baza lor
sa apreciem nivelul activitii secretorii a acestor glande in catil$i experimentale
stabilite. De asemenea, am drinstabilirea eventualelor co&el cu datele otinute de
noi in cazul hipotalamusului, in acejeeondtii de lucru.

Materiale si metode. Animale.Experimentele s-au realizat in dioetape
pe 4 loturi desobolani albi Wistar(in total 26 animale), crestin condiii standard,
fara restrigii in ce private hrana, apa, sau goarea.

Veninul de albineAm utilizat venin de albine pur cristalizat, recoltat de noi
prin metoda stimatii albinelor cu impulsuri electrice [16, 29]. n vederea injact
veninul a fost resuspendat ntr-o g@uzotora (150 mM NaCl, 5,5 mM glucaz
5 mM HEPES, la pH 7,4 pastrat la frigider, ferit de ainea luminii. Soltia
injectabik s-a preparat in 3 etape, de fiecara daiar pentru cate 10 zile, pentru a
preveni alterarea veninului.

Tratament Animalele din do# loturi — TS1si TS2 (6, respectiv 12 animale),
au fost tratate subcronic, timp de 30 de zile cu aidilnica, echivalert unei
intepaturi de albia (700 ug venin de albine/kg corp/zi). Injectarea veninului de
albine s-afcut subcutan, in zona dorso-lat&éfabsterioat. La sacrificarea animalelor
la sfargtul perioadei de tratament am recoltat glandele suprarghala realizat
prelucrarea lor corespuitar tehnicilor histologice (pentru primul lot) microscopiei
electronice de transmisie (animalele diraledtl lot). Pentru evideierea eventualelor
efecte ale veninului de albine, in paralel s-au recglf@elucrat glandele suprarenale
de la doé loturi martor (MS1, MS2 — cate gbbolani), corespuratoare fie@rui lot
de animale tratate.

Histologie Pentru realizarea preparatelor histologice, probele biologice
recoltate au fost fixate n fixator Bouin, deshidratate, incluse In pargfiapoi
segionate la microtomul Reichert. Dagtalarea pe lamg deparafinare, s-a€ut
colorarea prin metoda Hurduc (pe bae orange G, albastru de metil, xilidigi
acid acetic glacial) [25]. Examinarea preparatelor s-a realizat la un microscop
Olympus BX51, iar fotografierea imaginilor cu o camdigitala Roper Scientific
Photometrics prin programul de acliizki prelucrare Image-ProPlus 4.1-4.5.

Microscopie electroni¢ de transmisieFragmentele deesut recoltate Tn
vederea studierii la microscopul electronic de transmisie au fost prefixate fie solu
de glutaraldehi@l2,7%, postfixate in acid osmic 2%zkspe si deshidratate in acetdn
apoi incluse Tn Epon 8%k sedionate la un ultramicrotom LKB-III. Séanile preluate
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pe grile electrolitice au fost contrastate cu acetat de wrasiitat de plumb [18, 28].
Examinarea s-a realizat la microscopul electronic de transmisie Jeol JEM 1010.
Imaginile au fost preluate prin intermediul unei camere video digitale Mega VIEW
Il si stocate intr-o baizde date, prin programul Soft Imaging System.

Rezultatesi discutii. Aspectul CSR la loturile martor.

Studiul histologic al CSR la animalele din lotul MSlevideniaza dispunerea
caracteristig, dimensiunile specificgi aspectul normal al celulelor din cele trei
zone: glomerulara subcapsulér fasciculad, cea mai bine reprezertaii zona
reticularg localizat profund, adiacent medulosuprarenalei (Fig. 1[23)30, 31].
Reeaua capilareste bogatconvergand spre medulaGe considérca la nivelul zonei
glomerulare are loc se¢i@ hormonilor mineralcorticoizi. Celulele zonei fasciculate
elaboreaz hormonii glucocorticoizi sau “catabolizéin care particig la metabolismul
proteicsi glucidic, cu importante efecte antiinflamatorii, antialergicantitoxice.
Zona reticularelaboreaz hormoni sexuali.

Sudiul seciunilor ultrafine prin corticosuprarenalele lotullMS2 arag
ultrastructura normala celulelor zonei fasciculate (Fig. 5-8). O caractefisticelulelor
corticosuprarenalei este aspectul specific al mitocondriilor, rotunde, avand crestele
longitudinale, sub foride tuburi.

Un alt aspect caracteristic il constituie preaenumeroaselor vezicule
electronotransparente — vezicule de g@ereortindnd materialul lipidic. Sunt
prezeni si relativ numerei lisosomi primarisi secundari (Fig. 5-8), impli¢ain
crinofagie (Fig. 7, 8).

Aspectul CSR dup tratamentul subcronic cu venin de albineLa lotul
TS1, se poate observia microscopul optic o reducere semnificativa grosimii
corticalei, indeosebi a zonei fasciculate, asociate unei piolemedulosuprarenalei.
Astfel, raportul cortical/ medula#, este net in favoarea medularei (Fig. 2). Corticala,
sediul biosintezei hormonilor glucocorticoizi, prezidilatiri ale capilarelor sinusoide,
precumsi unele infiltrate limfocitare. Se remartn primul rand deranjarea dispunerii
n cordoane paralele a celulelor, dintre care wiela pierdut caracterul spongiocitar.
Un nunar variabil de celule spongiocitare sunt distrofice, hipertrofiate, prezentand
un aspect globulos. Citoplasma celulelor este agranulatens vacuolizas iar
nucleii hipercromki picnotici sunt dispsi excentric. In interiorul unor celulg In
zonele pericelulare se remangrezemga unor spgi rotunde, de dimensiuni diferite,
care sugereazo indircare lipidiGd moderait a zonei fasciculate. La limita dintre
zona fasciculatsi cea glomerulardinele spongiocite sunt, de asemenea, crescute
n volum, atrofice, cu nucleii hipertrofiaPrintre cordoanele celulare spongiocitare
ale zonei fasciculate se intercakeaaici focare necrotice, precugngrupari celulare
intens colorate, avand un aspect compaetnamitele “dark cells”. Acestea preznt
citoplasma condengathipercrons, nucleii find picnotici, intens colotia Se remarg
dilatari ale capilarelor sanguine, precugn mici focare infiltrative cu elemente
sanguine (Fig4).
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Fig. 1.Aspect de ansamblu al glandelor suprarenale:
corticala (CSR}i medulara (MSR) — lotul MS(Db. 6x).

Fig. 2.Reducerea CSR cu proliferarea MSR — lotul TGh. 6x).
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Fig. 3.Zona fasciculat a CSR — lotul MS{Ob. 40x).

Fig.4.Zona fasciculat a CSR — lotul TS@Ob. 40x).
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Fig. 5.Celule cu activitate norma)j in apropierea capilarului — CSR lotul MS2.

F i g. 6.Celule cu activitate secretorie normaadin zona fasciculata corticosuprarenalei
— CSR lotul MS2
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Fig. 7.Detaliu: nucleul, REN, aparat Golgi, centrul celular,
lisosomi, mitocondrii — CSR lotul MS2.

F i g. 8.Aspectul catacteristic al mitocondriilor
din corticosuprarenal — CSR lotul MS2.
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Examinarea la microscopul electronica sedunilor de lalotul TS2 arat
o readie difereniatd a celulelor CSR, de la apgaide yoare modifi@ri morfologice,
pari la apariia zonelor de liz pe anumite arii restranse. Cele mai multe celule
examinate preziéitnuclei cu aspect aproape normal, exesipcand dilatarea sgalui
perinuclear (Fig. 9, 10). Nucleolii proeminiFig. 9) india insi o intend activitate
metaboli@. In citoplasmg, reticulul endoplasmic este puternic dilatat gdtdgmentat,
dar mitocondriile nu sunt vizibil afectate (Fig. 9-12). Veziculele de gedrex se
gasesc in nulr scizut, ca urmare a mobilizi activitatii secretorii. Ele apar cu un
continut heterogen (Fig. 9-12), sugerand &fidn procesele de sint&zi prelucrare a
materialelor de seafe, sau chiar atinea direct a moleculelor veninului (in special a
fosfolipazelor) asupra acestor substrate.

Unele celule au un aspect intermediar, sugerand tiereaai avansét—
citoplasma lor fiind rarefiat

Capilarele sanguine sunt semnificativ afectate, @vé@ndoteliul distrus
(Fig. 14); se pot observa acurmuimportante de colagen la polul vascular al unor
celule, n spaul dintre endoteliusi celuld (Fig. 12-13). In zonele din imediata
apropiere a capilarelor sanguine sunt grav afegiatelulele secretorii — lizate
(Fig. 14), avand plasmalema disttug citoplasma dezorganizatcu eliberarea
unor componente in spa intercelular sau in capilare. Acesta este motivul pentru
care macrofagele apar foartedruate cu detritusuri celulare (Fig. 13).

F i g. 9.Numir redus de vezicule secretorii cu
aspect heterogen — CSR lotul TS2
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F i g. 10.Dilatarea spaiului perinuclearsi a REN — CSR lotul TS2.

Fig. 11.Vezicule cu aspect heterogg@mitocondrii normale — CSR lotul TS2
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Fig. 12.Cresterea coninutului intercelular de colagesi granule de secré cu aspect
heterogen — CSR lotul TS2.

F i g. 13.Cresterea activitifii macrofagelor — CSR lotul TS2
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F i g. 14.Endoteliu distrugi leziuni celulare perivasculare — CSR lotul TS2

Rezultatele acestui studiu a@rati, in urma tratamentului subcronic cu
venin de albine, apar modific importante la nivel celular in CSR, asociate cu
reducerea atrofica glandei. Rezultate similare in ce psteeaspectul histologic al
CSR darsi reducerea numerica veziculelor de sedie au fost raportate [4, 5] in
tratamentul experimental cu glucocorticoizi, ftiacde secnge fiind discret
restabilii la aplicarea consecutiva unui agent blocant tadrenoreceptorilor [5].
Alti cercetitori au demonstratacin primele faze ale expunerii organismelor la
condiii de stres, suprarenala réaneaz rapid prin hipertrofia corticalei, indeosebi a
zonei fasciculate, iar hormonii glucocorticoizi, ce exaraitial un rol antiinflamator
si de mobilizare a resurselor organismului (gluconeogerkilipoliza), ajung 4
atinga nivele foarte ridicate. Stimularea CSR este ufimat nivel molecular de o
rarefiere coordonata reelei de actia, mai ales prin depolimerizarea microfilamentelor.
Acesta este mecanismul care face pas#diberarea, in timp scurt a unor importante
cantiiti de hormoni [34]. Datele din literatura de specialitateaagatstena unei
corelaii intre activitatea de seafe hormonal a CSRsi fluxul sanguin in capilare,
pe de o parte (crescut in cazul experimentului nostru, datmét moleculelor
veninului, darsi a ACTH) si a semnalelor paracrine venite de la celulele medularei
sau de la celulele endoteliale (endotelina) [9] ce pot fi afectate sau chiar distruse.
Nivelul seric crescut al glucocorticoizilor este, in general tinde efecte adverse,
inclusiv alterarea excitabiliti neuronalesi a activiéitii metabolice la nivelul
intregului organism [19, 23]. Studiila vitro si in vivo [8], au relatat & neuronii din
nucleul arcuat, nucleul ventromedian hipotalamic, o parte a nucleului paraventricular,
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aria lateral a regiunii preoptice, precusi eminena media#, cortin un mare
numir de receptori pentru hormonii glucocorticoizi, iar lezarea acestor neuroni ca
urmare a expunerii la excitotoxine deteriirigziunisi deregiri ale hipofizei anterioare,
precumsi un raspuns exagerat al corticalei suprarenaliene. Receptori penttu ace
hormoni au fost evideiati insi In aproape toate tipurile celulare, modularea haian
de glucocorticoizi fiind urmatde rispunsuri la nivelul Tntregului organism [19].
Levine [21] arat ca administrarea croniade glucocorticoizi la animalele de laborator,
cu ncepere imediat damastere, are ca efect intarzierea dezudlorganismului

prin reducerea ratei mitozelor, alterarea mieiiizn neuromorfogenezetc. Aceste
animale vor avea un cgnut redus de ADN cerebrail creierul de dimensiuni mai
mici, cu dereglri ale fundgiilor neuroendocringi de comportament la varsta adult
Excesul glucocorticoidic consecutiv stresului cronic are ca efect reduceréeutuim

de prelungiri dendritice ale neuronilor din sistemul nervos central, in special din
hipocamp (zona CA3), la nivelufiora a fost evidgiat un nunir mare de receptori
pentru glucocorticoizi [24]. Aceste modiit pot merge pénla distrugerea complet

a unora dintre neuronii cei mai exp{lL5, 32]. Levine [21] mai sublinigzfaptul

ca si absema cortizonului dup suprarenalectomie afectéagezvoltarea sistemului
nervos central. Deci, nivele joase dar constante de glucocorticoizi sutidlesin
cursul craterii animalelor. Noi am lucrat cu animale tinere, aflate Tn perioada de
crestere, iar efectul cumulat al @enii moleculelor veninului, respectiv al nivelelor
ridicate de corticosteroizi progiusub efectul factorului stresant se refieatat in
cresterea animalelor (masorporai medie sézuti la animalele injectate cu venin [15]),
darsi In procesele de Tiare (date in curs de publicare). Este impattamrtiunea

ca acest fapt este corelat cu aitéstructuralesi metabolice la nivelul altor organe
vitale [11, 12, 14, 27].

In condiiile expunerii prelungite la stres, are loc un fenomen de epuizare
fiziologica a glandei, manifestat prin reducerea grosimii corticalei, indeosebi a
zonei fasciculate [10}i reducerea activitii de sintea a CSR [22], dasi prin
cresterea caracterului lacunar al medularei. In experimentul nostru, reducerea zonei
fasciculate este determiddh mare partgi de fenomenele necrotice induse direct
prin agiunea veninului la acest nivel. Deoarece multe calede pierdut integritatea,
ca efect al awnii vasodilatatoaresi citolitice a componentelor veninului [1],
celulele mai ptin afectate sunt solicitaté produd o cantitate spo#itde hormoni
ca reage la prezeta indelungdt a veninului de albine in organism. Modiiie
morfologice sunt ingite de o sédere treptdita nivelului hormonilor glucocorticoizi,
care prin mecanisme de feed-back negativ, detérmianctivitatea neurosecretoare
si implicarea adenohipofizei. Suprastimularea acestei glande prin mecanismul de
feed-back pozitiv indus de hipotalamus, poate determina la ramgueguizarea
fiziologica a adenohipofizei, fenomen intalgitin experimentele noastre. Hormonii
corticosteroizi, regledz pe de alt parte, prin feed-back negatii activitatea
sistemului imun [2, 6, 26], nivelele lor crescute putand reprezenta, de asemenea o
explicaie pentru nuriirul mai mic de limfocite circulante inregistrat de noi [13].
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Analizele biochimice efectuate de noi in acglleandtii experimentale [13]
au inregistrat o édere semnificati& a nivelului seric al colesterolului (cu 58,3%,
p=0,04). Aceadtscidere se datoredzpe de o parte inhilii sintezei sale n ficat,
unde REN este implicat preponderent n activitatea de detoxifiere, pe fondaticre
glicemiei cu aproape 19% (p=0,009). Pe dé& phlirte, hepatocitele sunt profund
afectate de moleculele veninului — nivelul ALAT este crescut cu +73,29% (ps0,02)
al ASAT cu +60,87% (p=0,05)tfade martori. Desigur, nivelul &ut al colesterolului
seric se expli€si prin reducerea absaibi in intestin, dar mai ales prin utilizarea
sa in corticosuprarerial

Concluzii. Stimularea nervoasindusi de veninul de albine in etajele
superioare ale sistemului nervos se repercataszpra structuriji activitatii CSR,
dar este evidefti 0 agiune direct a moleculelor veninului la nivelul acestor glande.
Aspectul general al celulelor este caracteristidlst prelungite de streg indica o
activitate sugnuta de secrge hormonal, modificirile evideniate aétand un nivel
scizut al cominutului celular in hormoni. Aceste rezultate impun limitarea in timp a
perioadelor de tratament medical cu venin de albine, pentru evitarea serioaselor
tulburari endocrino-metabolice.
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MODIFICARI STRUCTURALE § ULTRASTRUCTURALE PRODUSE
IN GLANDELE SUPRARENALE DURA ADMINISTRAREA
EXPERIMENTALA A VENINULUI DE ALBINE (Apis mellifera L.)
Il. GLANDELE MEDULOSUPRARENALE

ADRIAN FLOREA *, CONSTANTIN CRACIUN **
si CONSTANTIN PUIC A ***

SUMMARY. — Structural and Ultrastructural Changes Produced in Adrenal Glands
Consequently to the Honey Bee Venom Experimental Administration. 1IThe Adrenal

Medula. An important aspect of the organism reaction to stressors involves the sympathoadrenal
system, with the release of catecholamines from the adrenomedullary chromaffin cells. We
reported here the histological and ultrastructural aspects of the epinephrine-secreting cells
from adrenal medulla after the honey bee (Apis melliferardnom subchronic treatment.

We found hypertrophyc cells, and dilatation of capillaries on the background of the hypertrophy
of the entire gland. At ultrastructural level, a high number of mature secretion granules was
emphasized, as well as numerous immature granules widespread in the cytoplasm. Nuclei have
an irregular shape, prominent nucleoli, and a very dilated perinuclear space. The endoplasmic
reticulum and Golgi apparatus are also dilated. Small necrosis areas were observed besides
capillaries with a compromised endothelium. All these changes prove that the bee venom is
a powerful stressor agent generating an important reaction of the chromaffin cells. These
cells have a general aspect characteristic to prolonged stress conditions, but they still keep
an increased secretory activity. However, the high number of immature granules suggest an
imminent physiological depletion of this gland..

Glandele medulosuprarenale (MSR) au origine embriciadjferita de cea
a corticosuprarenalelor (CSR); ele fac parte din sistemul nervos simpatic, fiind
implicate Tn reagile de agrare nespecifica organismului [5] in diferite sittinde
stres sau de modificare a homeostaziei organismului. Studii efectuate pe animale de
laborator, au atat & melitina, principalul peptid din compaez veninului de albine,
stimuleaz indirect suprarenalele, determinandsteesa cortizolului plasmatic, dar
si a catecolaminelor prin intensificarea seigiede ACTH din hipofiz [17]. Tn
suprarenale, sistemele celulare ale medukdredrticalei sunt conectate anatomic
si functional, glucocorticoizii regland expresjaactivitatea enzimelor implicate n
sinteza hormonilor MSR [2, 7]. Rezultatetiolote de noi anterior au evidgat o
eliberare cresciita glucocorticoizilor din CSR la administrarea subcibaigeninului
de albine [11].
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400006 Cluj-Napoca, Romania
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n acest studiu am utrit aspectele histologicg ultrastructurale ale MSR
in condiiile administérii veninului de albinesi stabilirea nivelului activitii
secretorii a acestor glande in acgleandtii experimentale. Deoarece este cunoscut
faptul @& celulele produitoare de noradrenalirreprezind doar aproximativ 10%
din celulele glandei [4], dasi ca secrg@ia noradrenalinei in stresul cronic se
mertine la nivele crescute chiar la intervale mariddispariia agentului stresant [5],
ne-am concentrat asupra dinmi activitatii secretoare a celulelor proditcare de
adrenalin.

Materiale si metode. Animale.Experimentele s-au realizat in dioetape
pe 4 loturi desobolani albi Wistar(in total 26 animale), crestin condiii standard,
fara restrigii in ce private hrana, apa, sau goarea.

Veninul de albineAm utilizat venin de albine pur cristalizat, recoltat de
noi prin metoda stimétii albinelor cu impulsuri electrice [12, 24]. Tn vederea
injectarii veninul a fost resuspendat intr-o siguizotoria (150 mM NacCl, 5,5 mM
glucoz, 5 mM HEPES, la pH 7,4) pastrat la frigider, ferit de ainea luminii.
Soluia injectabif s-a preparat in 3 etape, de fiecare digiar pentru cate 10 zile,
pentru a preveni alterarea veninului.

Tratament Animalele din do# loturi — TS1si TS2 (6, respectiv 12 animale),
au fost tratate subcronic, timp de 30 de zile cu aidunica, echivalert unei
ntepituri de albira (700ug venin/kg corp/zi). Injectarea veninului de albine geaff
subcutan, inh zona dorso-laté@rgdosterioat. La sacrificarea animalelor la sfénl
perioadei de tratament am recoltat glandele suprargrsabu prelucrat corespuitar
tehnicilor histologice (pentru primul lotj microscopiei electronice de transmisie
(animalele din calalt lot). Pentru evideierea eventualelor efecte ale veninului de
albine, Tn paralel s-au recoltaprelucrat glandele suprarenale de laddoturi martor
(MS1, MS2 — cate 4obolani), corespuratoare fiedrui lot de animale tratate.

Histologie Pentru realizarea preparatelor histologice, probele biologice
recoltate au fost fixate in fixator Bouin, deshidratate, incluse in pargfiapoi
segionate la microtomul Reichert. Dagtalarea pe lamg deparafinare, s-a€ut
colorarea prin metoda Hurduc (pe bae orange G, albastru de metil, xilidigi
acid acetic glacial) [21]. Examinarea preparatelor s-a realizat la un microscop
Olympus BX51, iar fotografierea imaginilor cu o camdigitala Roper Scientific
Photometrics prin programul de achizki prelucrare Image-ProPlus 4.1-4.5.

Microscopie electroni€ de transmisieFragmentele deesut recoltate Tn
vederea studierii la microscopul electronic de transmisie au fost prefixate fie solu
de glutaraldehi@2,7%, postfixate in acid osmic 2%akse si deshidratate in acetan
apoi incluse in Epon 818 segionate la un ultramicrotom LKB-IIl. Séanile
preluate pe grile electrolitice au fost contrastate cu acetat de wiranitat de
plumb [14, 23]. Examinarea s-a realizat la microscopul electronic de transmisie Jeol
JEM 1010. Imaginile au fost preluate prin intermediul unei camere video digitale
Mega VIEW llI si stocate intr-o baizde date, prin programul Soft Imaging System.
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Rezultatesi discutii. Aspectul medulosuprarenalei la loturile martor.

Studiul histologic al MSR [1, 25, 27] la animalele dlotul MS1 (Fig. 1)
evideniazi celule mari, cubice sau poliedrice, dispuse in cordoane staténd
citoplasma bazofil incircat cu granuléi cromafine.Si printre cordoanele corticalei
se intreptrund zone deesut limfoid, care inglobe&insule medulosuprareneliene
formate din celule mai mici, care preZide asemenea, un caracter bazofil. Cordoanele
celulare sunt separate prin capilare; sunt prezéntameroase termiti@anervoase.

La lotul MS2 pot fi difereniate electronomicroscopiccele dod tipuri
celulare ale medulosuprarenalei (Fig. 3), responsabile pentruisemzr dod
tipuri de catecolamine: adrenaligianoradrenalina. Principalul criteriu 1l constituie
granulele de sectie care apar sub fofinde vezicule numeroase, cu diametrul
cuprins intre 100-300 nm, as&mitoare ca aspect celor intalnite la hipdfiz, 25].
Tn celulele secretoare de adrenaligranulele pot fi mai dense sau maiipuaense,
sferice, avand un aspect omoggno distribuie uniforma in celuk (Fig. 4).
Celulele produitoare de noradrenalimau granule de #&nimi si forme variatesi
care cofin 0 zora centrai mai electronderas De cele mai multe ori acestea apar
grupate, avand deci o repartizare neunifofmcitoplasra.

Fig. 1.Aspectul normal al MSR — lotul MS1 (Ob. 40x)

Aspectul MSR dupa tratamentul subcronic cu venin de albine.

La lotul TS1, se remarx histologic (Fig. 2) celule cromafine in general
hipertrofiate, grupate in cordoane celulare separate di Isganare de diferite
dimensiuni, pe fondul unei proliféni a intregii glande [11]. Tn unele zone am
evideniat dilatiri ample ale capilarelafi congestie vascular
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F i g. 2.Celule cromafine hipertrofiate, cu citoplasma rarefiat
zone de congestie vasculardMSR, lotul TS1 (Ob. 40x).

F i g. 3.Aspectulki distribusia normali a veziculelor secretorii in celulele proditoare de
adrenalinz (stinga)si noradrenalini (dreapta) — MSR lotul MS2.
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Fig. 4.Detaliu: nucleul, RER, mitocondii numeroase vezicule secretorii ¢gménd
adrenalina — MSR lotul MS2.

La examinarea séanilor ultrafine ohinute de ldotul TS2, se obsery, in
primul r&nd, nurarul foarte mare al granulelor de sg@ecortindnd adrenalif, cu
o distribuie unifornma in ntreaga celal(Fig. 5). Majoritatea acestor granule apar foarte
electrondense, semn al matititior, dar printre ele pot fi remarcagenumeroase
granule imature, avand de asemenea o digériboiformi. In ce private nucleii, acgtia

Fig. 5.Celuli producitore de adrenali: contur nuclear neregulat; numeroase granule
secretorii (maturegi imature); dilatarea RE — MSR lotul TS2.
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prezin& un contur puternic neregulat (Fig. 5-7), goat normal de eucromatirsi
nucleoli proeminetn Un alt aspect important il reprezintlilatarea excesiv a
spaiului perinuclear (Fig. 6), a reticulului endoplasmic (RE) rugos (Fig.5-8)
cisternelor aparatului Golgi (Fig. 8). Majoritatea mitocondriilor au ultrastructura
normakli, dar sunsi cazuri in care se obsérmatricea lor gor rarefiai (Fig. 5-7),
sau mitocondrii distruse in intregime (Fig. $).in cazul MSR am fintalnit mici
focare zonale de neckgdocalizate mai ales in apropierea unor capilare cu endoteliul
compromis, unde este prezegitextravazarea elementelor figurate sanguine.

In condiii de stres, #gspunsul organismului implic pe lang eliberarea de
corticosteroizi, ca urmare a stiriil axului hipotalamo-hipofizo-corticosuprarenalian,
si activarea sistemului nervos vegetativ simpatic. Sub influstimulilor nervei,
darsi ca reade la nivelul crescut de glucocorticoizi elibgrdin CSR [2, 7], se
declageaz raspunsul MSR, concretizat prin intensificarea sintezetliberarea
catecolaminelor care se acumule@z granulele de seare [19] in mod diferetiat
pe categorii celulare Tacdin primele luni de vi@ intrauterird [18]. Stimularea
nervoag general indusi de apamina din venin [10, 13], a determinat, in cazul
particular al tratamentului subcronic efectuat de noi, o proliferare a MSR in raport
cu CSRsi un aspect hipertrofic al celulelor secretorii. Acestedtuelde nunirul
mare de vezicule mature, dau o imagine de ansamblu ceareflactivitate secretorie
intengi. Studii relativ recente atati veziculele de sedie nu se contopesc integral cu
plasmalema, ci vin in contact cu sisteme proteice inelare giretia membran
formand aa-numiii pori de fuziune. Astfel elesi descaré continutul, printr-un
mecanism molecular ce impli@aquaporina i se reintorc in citoplasirpentru a fi
reincircate [15, 16].

Fig. 6.Celulz producitore de adrenalii: dilatarea excesiv a REsi spaiului
perinuclear; granule secretorii in diferite stadii de acumulare — MSR lotul TS2.
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Fig. 7.Celulz producitore de adrenaliti: Nucleol proeminent; dilatarea RE; mitocondrii
cu matricea rarefiai; multe granule sunt imature — MSR lotul TS2.

F i g. 8.Celuli producitore de adrenaliti: dilatarea RE; granule maturg vezicule dra
convinut sau imature langaparatul Golgi — MSR lotul TS2.
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Aceasta este o expliga a faptului & in imaginile noastre, in celulele cu
activitate secretorie inteisaparsi vezicule goale, lipsite de conut, akturi de
granulele electrondense. Pe de giairte, chiar dacforma aberafit a nucleului
semnifia de multe ori o suferi@ celulag, nucleolii proemineti, alaturi de dilatarea
reticulului endoplasmic rugas a aparatului Golgi confirthprezema unei activiiti
metabolice in&intense la 30 de zile de administrare a veninului de albine.

Eliberarea catecolaminelor din MSR este ifantru adaptarea circtikai
vasculare la consumul energetic pe care 1l presuputiileeatetabolice de $puns
la stres. Dg adrenalinadspunde de vasodilaiasi implicit pentru creterea fluxului
sanguin doar in principalele organe vitale [1], apaetectul direct al componentelor
veninului, generand o dilgta genera pe vasele mici [13]. Catecolaminele eliberate
ca rispuns la agentul stresant produc modifiale activittii secretorii in celelalte
glande endocrine, dar efecte directe in majoritateasuturilor intrucéat receptorii
specifici pentru catecolamine §i f-adrenergici) sunt repartizaiferertiat in organism.
Dintre aceste efecte sunt importante de tineat inhibarea sectiei de insulira
(prin receptorin) si stimularea metabolismul prin mobilizarea rezervelor de energie
prin glicogenolia hepati@ (prin intermediul ambelor tipuri de receptarsi B) si [5].
Datele noastre biochimice atai crestere a glicemiei cu 18,9% (p=0,009) [9], dar
in schimb am ntalnit o valoare foarte reflascolesterolului [11].

Desi stimularea MSR este persist&naspectul per ansamblu al granulelor
de secrge, dar mai ales nuirul mare de granule imature poate ayiesemnificaia
unui debut al epuiii fiziologice a glandei. Acest fapt se datorgaze de o parte,
afectirii ultrastructurii mitocondriale sub impactul moleculelor din venin [6, 13], ce
va fi urmat de reducerea necesarului de ATP indispensabifiteabiochimice de
conversie tirozig-dihidroxifenilalanira (dopa), dopa-dopamndindopamiti-noradrenalia
si noradrenalig-adrenalid, darsi de o sddere a produei de dopa la nivel
mitocondrial [4]. Pe de dltparte, pe langprezema Mg-ATP, reagia este stimulat
si de acidul ascorbic la conceniramilimolare [20], biosinteza noradrenalinei in
MSR depinzand de concenieacidului ascorbic din citoplaginAceste aspecte
sunt importante in cazul studiului nostru, deoarece veninul de albine administrat
subcronic afecteazctivitatea norméla ntregului organism, Ca urmare, modifite
morfo-fiziologice determinate in intestin la administrarea indeldngateninului
de albine (rezultate preliminare) sunt urmate de o reducere a idiseithminei
C. Acest fapt va tindeasafecteze produia de hormoni atat in CSR dgrin MSR
(organe recunoscute pentru unele dintre cele mai ridicate nivele de vit@ndim
organism), procese pentru care acidul ascorbic este indispensabil [3, 22]. Trebuie
mertionat Th acelg contextsi faptul & in urma tratamentului subcronic cu venin
de albine este afectgitficatul [8, 9], la nivelul &ruia se va reduce treptat progdac
de tirozir, punctul de plecare pentru sinteza noradrenakheidrenalinei n
medulosuprarenal[27]. Astfel, in condii de stres prelungit, va sdea treptat rata
conversiei precursorilor la catecolamigieimplicit, tot mai multe vezicule vor
persista imature pentru o peridadai indelungatde timp. Nurarul mare de granule
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imature este justificagi prin epuizarea fiziologic a celulelor corticotrope din
adenohipofiz (date in curs de publicare) unde am observat peel@predominarit
alaturi de rare granule mature. Conseézio reprezirit reducerea nivelului plasmatic al
ACTH. Yoshida-Hiroisi colaboratorii [26] au raportat &erea nivelului plasmatic
al adrenalinei prezema in celulele cromafine a veziculelor goale, lipsite deican

la animale deficiente in ce prigte receptorul pentru CRH, tratamentul cu ACTH
fiind urmat de o revenireafi a se atinge Trasnivelele normale. Tn cazul nostru,
desi semnalizarea paractinprin hormonii glucocorticoizi se reduce, stimularea
MSR se metine la un nivel inalt sub influga nervoas.

Concluzii. Veninul de albine constituie un puternic factor stresant pentru
organismul animal, administrarea subcrardcacestuia declgéind o reage importand
de #spuns a glandelor medulosuprarenale. Aspectul celulelor secretoare de adrenalin
este caracteristicatlor prelungite de stres, dar activitatea lor secretorie seimeen
la un nivel crescut. Prezarintr-o propaie mare a granulelor imature @ratiminent
epuizare fiziologi¢ a glandei care s-ar putea instala in coifeliprelungirii
tratamentului.
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CERCETARI PRIVIND DINAMICA CRESTERII SI A FERMENTARII
GLUCIDELOR LA O TULPINA DE SACCHAROMYCES CEREVISIAE
UTILIZAT A IN INDUSTRIA SPIRTULUI
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SUMMARY. - Researches Concerning the Growth Dynamic and Glucides Fermentation

with Saccharomyces cerevisiae Strains Used in Spirt Industry. We have determined the
dynamic of the growth and the fermentation of glucides in four natural media (hopsless malt
wort, apple juice, cyder and maize mash) on a spirit stratBaotharomyces cerevisiae

The fermentation speed was estimated depending on the quantity of forrpedl&@€d to

the volume unit (g C®relesead by 1 | medium in one hour). The alcohol quantity was
calculated. In order to determine the multiplication speed, the Km coefficient was calculated. It
indicates the numer of new cells formed during one hour. It was determined also, the
glucose consumption. It was established that among the 4 natural media indicated above, the
highest alcohol production was obtained on the hopsless malt wort, followed by the cyder
and the maize mash, respectively. The fewest alcohol production was obtained in the apple
juice medium. As it concerns the glucose consumption, the medium with 8.4% glucose
provided an appreciable growth of spirit yeast, while for the other two concentrations (2.1%
and 21.5%) an inadequate growth was observed, that means a complete consumption after
24 hours or that it produced a substrate inhibition phenomenon.

In fermentaa alcoolic a diferitelor sucuri zaharate naturale, in candi
industriale, prezirtinteres in special drojdiile de spirt din specilaccharomyces
cerevisiae sau Sacch. uvarum. Caracteristicile procesului industrial de feiementa
alcoolia depinde intr-o foarte mareasura de tulpina de drojdie utilizatca agent
de fermentae [1, 5-7].

In alegerea unor tulpini de drojdii pentru un proces fermentativ sunt luate
in considergie cateva caracteristici ale acestora cum sunt rata haltrgtere i
iar fermentda capacitatea fermentadividicat, sa fie glucozo-si etanolotolerari,
respectiv osmotoleraftsi aibd randamente bune la temperaturi cat mai ridigate
si nu fie sensibile la factori fizigi chimici [2, 4, 8-10]

In lucrarea de f& au fost efectuate cer@etasupra unei tulpini de drojdii
utilizate n industria spirtului, la care s-a unhdinamica creterii si fermentarea
unor produse naturale zaharate, presugrnadul de utilizare a glucozei.
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E-mail: draganb@bioge.ubbcluj.ro
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Material si metode. S-a intreprins un studiu, Tn cadrul laboratorului de
Microbiologie si Biotehnologii microbiene, in care s-a uitih dinamica creterii
unei tulpini deSaccharomyces cerevisiaglizata in industria spirtului, Tn procesul
de fermentgae alcoolié desfiayrat pe patru medii naturale zaharate (must de mal
nehameiat, suc de mere Reghin, cidioorhot de porumb). Tulpina de drojdie utilizat
a fost o culturapura de Saccharomyces cerevisidelosita in industria spirtului
(tulpina Arad), a arei puritate a fost verificatsi realizat pe mediul Saburaud.

Fermentgda alcoolic a mediilor naturale zaharate s-a realizat RC28np
de 9 zile, in vase de fermetiacu ventil [3]. Volumul mediului lichid natural a
fost de 250 ml (sterilizat in prealabil prin autoclavare 12°@QEmp de 30 minute,
n dou zile consecutive). Inoculul s-a preparat din cultura pl@Saccharomyces
cerevisiae tulpina de spirt Arad pe mediul solid, transp@is eprubete cu 10 ml
must de malcu concentrige de 6 Balling steril, termostatat24 de ore la Z&.
Pentru fiecare variaftde lucru s-au folosit trei vase de fermeietacalculandu-se
valoarea medie pentru fiecare parametru determinat. Viteza de feiensrgtapreciat
in fungie de cantitatea de G@ormat, raportdi la unitatea de volum a mediului
(g CG, eliberat de 1 L mediu intr-o & Cantitatea de alcool etilic fornias-a
calculat prin conversia Tn alcool a pierderilor in C&&umulate in perioada de
fermentaie, conform ecugei globale a fermenteei alcoolice:

CsH 1206 — 2 GHsOH + 2CO
180 2 X 46 2x44

Din acest bilap se calculeai

A=Qt* 46/44 = 1,045* Qt [g] alcool absolut

In acelai mod se poate calcula cantitatea deizddrmentat:
Z = Qt* 180/88 = Qt* 2,045 [g] zdin fermentat.

Se poate deducg intensitatea fermenti@i exprima#i prin cantitatea de
zahir fermentat (Zf) Tn procentettade zafirul initial (Zi), dupi un anumit interval
de fermentae:

R = (Zf / Zi)*100
[20]

Dinamica creterii s-a realizat prin determinarea nimui de celule cu
ajutorul camerei Thoma. Nuimul de celule prezente intr-un ml de lichid analizat s-a
calculat pe baza urtoarei formule : N =n x 4000 x 1000 x k

unde, n - nuirul mediu de celule pe microceiul
4000 - volum microcel@l(mn?)
1000 - factor de transformare in ml @m
k - coeficient de diltie
[20]
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Pentru stabilirea vitezei de Tnrtird s-a calculat coeficientul Km, care expdim
numirul de celule noi ce se formeagentru fiecare celalexistend, Tn timp de o ora
cu ajutorul formulei:

Km=2,3 (log N —log N) / t, — t3, unde

N, - numdrul initial de celule introduse prin inocul sau existent la timpul t
al determidrii;

N, - nuniirul de celule format Tn intervalul-t;.

In plus, s-a determinat consumul de glucaz tot In vase de fermenig, dugi
metodologia descrismai sus, folosind 3 concentfirade glucoz : 2,1, 8,4si 21,5 % .
Glucoza s-a auligat la mediul mineral De Donder [3] cu uitmarea compoze:
(NHg)2 SO, 3,3 g, KHPO, 12,25 g, KHPO, 4,08 g, MgSQ@ 7 HO 0,123 g,
MnSGO,. 4 HO 0,0022 g, ZnSY 7 H,O 0, 0144 g, F£S0O,)3 0,02 g, Ca Glsiccum
0,183 g, HO distilati ad 1000 ml. Sterilizarea mediului s-a efectuat 128°COR0
de minute Tn 3 zile consecutive. Dozarea glucozei s-a realizat prin oxidarea cu iod
in condiii alcaline. In mediul alcalin, glucoza este oxidake ctre iod la acid
gluconic, care trece in glucondagctors:

CsH1,0sCHO + J, + 3 NaOH— CsH;1;0sCOONa + 2 NaJ + 2 HO

Excesul de iod din mediu este titrat cu tiosulfat de Na, rezultand tetrationat
de Na:

2 Na,S0; + % — 2NaJ + 2Ng50,

Ca indicator se foloste amidonul. Concentiia glucozei in proba de analizat
se exprind in g/L.

Rezultate si discutii. Datele experimentale gbute sunt prezentate n
Tabelele 1-4, respectiv in fig. 1- 6.

In tabelul 1 sunt trecute datele privind gteezea celulelor de drojdie din
specia Saccharomyces cerevisiagllpina de spirt Arad pe mediu cu mal
nehameiat. Se poate constatalegajarea de bioxid de carbonsteepan in ziua a
3-a de fermentée (72 de ore) dupcare scade progresiv [@@im ziua a 9-a (192 de
ore). In paralel cu csterea cantiitii de CG, degajat
creste si numarul de celule nurratesi de la sine-telessi numarul total de celule,
inregistrandu-se valoarea maxindupi 72 de ore (15,780*fOcelule). Tot la
intervalul de 72 de fermentare se inregistiegzcantitatea cea mai ridicade
alcool format, respectiv cantitatea cea mai Tnseindat zalir fermentat. De
asemenea, se congtan paralelism intre cantitatea de alcool forgnaka de zair
fermentat.

Daci urmarim dinamica forrarii CO,, pe mediu cu mahehameiat (Fig.1)
respectiv dinamica cgterii celulelor drojdiei de spirt Arad (Fig.2) se pot evitlen
toate fazele de cgtere enumerate de Monod. Cénd fermgata atins maximul de
intensitate (72 de ore) se poate constatmicsorarea nurirului de celule care
scade foarte mult paraproape la zero.
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Cresterea celulelor d8accharomyces cerevisiadpina de spirt Arad pe mediu
de fermentae cu suc demere Reghin diluat in prgmde 1: 10 este prezentat in
Tabelul 2.

Tabel 1.

Evolutia cresterii celulelor de drojdie de spirt (Saccharomyces cerevisiae)
tulpina Arad, pe mediu cu mak nehameiat

28°C

Lo |o = % I

] Q. f— == | = .2 ' o~ ~ —_ = -

S|E22 |35|18% |EeE|2E|R |v223S |sBE|ess

[ O o5 =8| o~ Il © | = ~ o £ |

g -5 E’S 8%9 g5|F Egg’go <w S Nﬁg

1] o 0| 1,43| 0,640*1¢ | 5,8041 0 0 0

2| 24| 05| 28| 1,2501F | 6,0949| 0,29 24| 0,027792| 0,5| 0,5225| 1,0225

3| 48| 3,71|34,25|15,250*16 | 7,1824| 1,09| 24| 0,104458 3,71| 3,877| 7,587

4| 72| 5,21| 35,5(15,780*16 7,27| 0,09| 24| 0,008625| 5,21| 5,4445| 10,654

5| 96 1| 30]13,340*16 7,26(-0,01| 24| -0,00096 1| 1,045| 2,045

6|120| 0,3| 22,5(10,00016 7,1|-0,16| 24| -0,01533| 0,3| 0,3135| 0,6135

71144 0,23]20,83| 9,260*1F 6,81(-0,29| 24| -0,02779| 0,23| 0,2404| 0,4704

8|168| 0,1| 1,75| 0,780*1F | 5,8908|-0,92| 24| -0,08817| 0,1| 0,1045| 0,2045

9|192| 0,07 0,07| 0,0732| 0,1432

10| 216 0 0 0 0
pH =45

Tabel 2.

Evolutia cresterii celulelor de drojdie de spirt Saccharomyces cerevisiae tulpina Arad
pe mediu cu suc de mere — Reghin

Ziua 28°C
v OO , N ] s =
EdE_ |2 |2832 e |93 |4|BaZ |8z |§E
F32 |§ |°cf°s 23 |29 |J|LDFISE |58
o O = 5|58 L0 a4 =& \—.,%-, 20 25
gz < N =
1| 0[73808] 0| 1| 44450-1b| 5,6478 0 0
2| 12| 738|0,08| 1| 4,4450.18| 56478 0|24 0| 0,0836| 0,1636
3| 24|737,79/021| 2| 8,8890-10| 5,9488|0,30103|24 | 0,02885| 0,2195| 0,4295
4| 48|736,25/154| 3| 13,340-10| 6,1249|0,17609|24 | 0,01688| 1,6093| 3,1493
5| 72| 734,3|1,95| 2,3| 10,230-18| 6,0095|-0,1154|24| -0,0111| 2,0378| 3,9878
6| 96| 733,33|097| 1| 4,4450-1B| 5,6478|-0,3617|24| -0,0347| 1,0136| 1,9836
7|120| 7332|013| 1| 4,4450-1B| 5,6478 0|24 0| 0,1358| 0,2658
8| 144 733,07(0,13
9| 168| 732,89|0,18
10| 192| 732,8/0,09
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F i g.2Dinamica creterii celulelor de drojdie F i g. 4Dinamica cresterii celulelor de
de spirt(Saccharomyces cerevisideP8°C Saccharomyces cerevisjge mediu cu suc de

mere

Se constatca fermentsa alcooli@ a decurs aproximativ in mod as@wtor
Cu ceea ce s-a prezentat in cazul folosirii mustului de medlameiat, Tn sensul c
intensitatea fermendai se inregistredz tot duf@ 3 zile dar cu o intensitate mai redus
(o cantitate mai micde bioxid de carbon degajat, respectiv un drumult mai mic de
celule de drojdii) (Fig. 3i 4) ceea ce se repercutiat asupra cantitii de alcool
format, respectiv asupra caatiitde zafir fermentat.

Este de asligat @ o cauz ar putea fisi gradul de dilte mai puin
corespunitor, respectiv existea in sucul de mere a unor eventuale sulpstan
conservante carei $nfluenteze creterea celulelor de drojdie. De asemenea, nu am
dispus de o concentia a glucidelor totale din sug nici a celor fermentescibile.
Numai in acest mod putem explica reducerea celor doi parametritamaatisus,
comparativ cu ceea ce s-a inregistrat la mediul cumebameiat.

Un alt mediu natural zaharat arei fermentéie alcoolic a fost urndrita
[-a constituit cidrul preparat tot de o fiindin Reghin. Datele aimute de noi in
urma utilizrii tulpinii Arad deSaccharomyces cerevisiaaint redate Tn tabelul 3.
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Tabel 3

Evolutia cresterii celulelor de drojdie Saccharomyces Cerevisiae tulpina Arad pe
mediu cu cidru (Reghin)

Ziua 28°C
N |© -
o Qo —_ o o2 . ] 2|0 E T
— [=) S ®©| 32 Q@ oo ™M N o g =
EZE|E5 |2 |85]8S €S |22 |F|vz34se |N&
= 22 |0 CEgl°w o0 Sy YR ESE=] P ~ €
) O < S| =206 oo |92 = Eé%, 2L (25
SEl== = P INE
01]574,04 0 1| 4,4450-18( 5,6478 0 0

12| 573,91/0,13|5,83| 25,920-18 | 6,4134| 0,76567|24 | 0,07338| 0,1358| 0,2658
24(571,92(1,99|8,40| 37,340-18 | 6,5720| 0,15861(24 | 0,0152| 2,0796| 4,0696
48| 569,32|2,60|8,02| 35,650-18| 6,5519| -0,0201|24 | -0,0019| 2,7170| 5,3170
568,99|0,33|6,20( 27,560-18| 6,4402| -0,1118|24 | -0,0107| 0,3449| 0,6749
96 | 568,75(0,24|4,00| 17,780-18 | 6,2498| -0,1903(24 | -0,0182| 0,2508| 0,4908
120 568,64|0,11|2,00( 8,8890-18| 5,9488| -0,3010|24 | -0,0288| 0,1150| 0,2250
144 | 568,52|0,12|1,05| 4,6670-18| 5,6690| -0,2798|24 | -0,0268| 0,1254| 0,2454
168 | 568,22|0,30| 1,00 4,4450-18| 5,6478| -0,0212|24 | -0,0020| 0,3135| 0,6135

© 0O ~NO U WNPRP
\‘
N

Se constatrezultate mai bune privind prodiacde alcoolsi a cantititii de
zahir fermentat, comparativ cu cele inregistrate la utilizarea mediului cu suc de
mere. Dagi de aceadtdaf, parametrii urrariti sunt mai redgi in comparée cu
cei gisiti la fermentarea mustului de malehameiat. Nici la acest mediu nu s-a
cunoscut concenttia in glucide fermentescibile. Oricum, este de remargdhc
cazul folosirii cidrului fermentga alcoolié este maxira dupi 44,4 ore, cantitatea
de alcool format fiind toti Thsemnat, iar nunarul de celule fiindsi el destul de
ridicat (Fig. 5si 6).

2.5 //'*\ 66
2 7N
F
- [
1
" ,0/ W / \
0 - T T T T T T T 5.8
05 0 12 24 48 72 96 120 144 168 / .

5.6 —
timp [h] 0 12 24 48 72 96 120 144 168

CO2 degajat [g]
log nr. cel

timp [h]
F i g.5Dinamica forndrii CO, pe mediu F i g. 6Dinamica cresterii celulelor de
cu cidru Saccharomyces cerevisige mediu cu cidru
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Fig. 7.Dinamica forndrii CO, pe mediu F i g. 8Dinamica cresterii celulelor de
cu borhot de porumb Saccharomyces cerevisipe mediu cu

borhot de porumb

Rezultatele ofinute Th urma fermefitii borhotului de porumb (de la Fabrica
de spirt Gherla) cu drojdia de sfgaccharomyces cerevisiidpina Arad sunt trecute
in tabelul 4. Din analiza datelor reiese st acest mediu natural zaharat permite
obtinerea unei proddic de alcool asegmatoare cu cea Tinregistiala fermentarea
sucului de mere. Intensitatea fermgetaalcoolice s-a nregistrat dug4,4 ore, dup
care scade atat cantitatea de alcool fatntditsi cea de zair fermentat (vezi fig. 7
si 8). Se constatun paralelism intre prodtia de alcooki cea de zair fermentat, cu o
singui excepie, cele calculate dég8 zile de fermente.

Tabel 4

Evolutia cresterii celulelor de drojdie Saccharomyces cerevisiae tulpina Arad pe mediu
cu borhot de porumb (Gherla)

Ziua 28°C
—_ <o )]
a 2 = S © =
—_ = -
EC|g 2812 8 . 5Lz 3 s S
[= © S (28|22 . N o Als)) © = N S
5 = |oes |8 c z =z WOQAG ~2
o & |2E|CE > |22 |T |Exg|2E |2E
O O |ee|z8 i) i N ¥xZe|lgl N &
01605,13( O 1] 4,450-18(5,6478 0 0

12 (605,02(0,11| 2,2| 9,780-18|5,9902|0,34242| 24|0,03282| 0,115 0,225
241604,32|0,70| 4,8|21,340-18|6,3290|0,33882| 24 0,03247| 0,7315| 1,4315
44,4)1602,68|1,64| 15,1|67,120-10|6,8267(0,49774| 24| 0,0477| 1,7138| 3,3538
72|601,86|0,82| 14,6(64,890-18|6,8121|-0,0146| 24 (-0,0014| 0,8569| 1,6769
96 [601,42|0,44 | 12,0(53,340-1b |6,7269|-0,0852| 24 |-0,0082| 0,4598| 0,8998
120(601,12|0,30| 7,232,000-186,5051(-0,2218| 24 (-0,0213| 0,3135| 0,6135
144(600,88/|0,24| 5,0(22,230-10(6,3467|-0,1584| 24|-0,0152| 0,2508| 0,4908
168|600,63/|0,25| 3,4(15,120-18(6,1792(-0,1675| 24 (-0,0161| 0,2613| 0,5113

© 0o ~NO O WNBE
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Tabel 5
Determinarea consumului de glucox la Saccharomyces cerevisiae tulpina Arad
timp (h) 21% 8,4 % 21,5 %
0 21 84 215
6 6 78 212
24 0 65 198
48 0 39 180
72 0 11 161
118 0 0 146
142 0 0 120
168 106
192 98
216 85
240 80

Consumul de glucazin timpul fermentgei alcoolice cu cele 3 concentifa
de glucoz de dtre celulele drojdiei de spiBaccharomyces cerevisidelpina
Arad este trecut in tabelul 5.

Se constat ca la concentrga substratului fermentescibil de 2,1 %, toat
glucoza se consuinfoarte rapid, Tn 24 de ore. Acest rezultat demonstreaz
drojdia studiat nu poate & produ@ mult alcool, glucoza fiind epuizatupi 24 ore
de cultivare. O alt constatare importaiteste aceeaida concentrgi mari cum
este cea de 21,5 % apare fenomenul de itibe substrat, cgtereasi activitatea
drojdiilor fiind inhibate, in principal din cauza presiunii osmotice ridicate, iar glucoza
ramane practic neconsurtiatLa concentrga de 8,4 % evolin consumului de
glucoz este optim, asa dugi cum se poate obsergain fig. 9. Practic dup 118
ore, glucoza a fost epuizadin mediul de fermentie.

90

80 | O —1u
-~ 10 \.\ /':-'/
3 60 /
8 50 /
e . x
S 30
% 2 /N
10 \.\F
0’_D \/D/\ T T T ._
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timp (h)
—@— glucoza—{1—CO2

F i g. 9Consumul de glucazi formarea CQ
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Se mai poate constata pe nisuri ce descrge cantitatea de glucaz
creste cantitatea de G@legajat. Se poate aprecidic funaie de cantitatea de substrat
fermentescibil tulpina Arad a drojdiei de spgaccharomyces cerevisipeate fi
utilizata cu succes in industria spirtului, prodacde alcool fiind influetata de
natura mediului natural zaharat.

Concluzii. 1. Drojdia de spirt studiat Saccharomyces cerevisiagpina
Arad, s-a dovedit a fi banprodudtoare de alcool in futie de mediul natural
zaharat fermentat (must de makhameiat, suc de mere- Reghin, cidru-Reghin
borhot de porumb-Gherla).

2. Cea mai bunprodudie de alcool s-a aimut in urma ferme#tii mustului
de mat nehameiat, dupcare a urmat cea pbuta prin fermentéa cidrului si a
borhotului de porumb, pe ultimul loc situdndu-se produshtinuta la fermentarea
sucului de mere.

3. Pe baza consumului de glugaitn mediu de fermenti@ s-a constatatic
numai concentté de 8,4 % a permis gterea corespufiiare a drojdiei de spirt
Saccharomyces cerevisiidpina Arad, celelalte dauconcentréi (2,1 si 21,5 %
glucoz) fiind necorespuritoare. In cazul primei concentiia(2,1 %), glucoza
fiind epuizai dup 24 de ore, nu a permis gterea drojdiei, iar in al doilea caz,
concentréia de 21,5 % a fost prea rididai a determinat fenomenul de inhibi
de substrat, cstereasi activitatea drojdiei fiind inhibat
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THE QUANTITATIVE DISTRIBUTION OF SOME ECOLOGICAL
GROUPS OF BACTERIA FROM THE TARNITA DAM RESERVOIR -
CLUJ COUNTY

MANUELA CURTICAPEAN" and MIHAIL DRAGAN-BULARDA"™

SUMMARY. - The Tarnita dam reservoir takes part from big dam reservoires disposed in a
Jwater fall” system, in upper basin of the Somesul Mic river. The reservoir has the
following functions: mainly - energetics, the averting of the floods, to attenuate the floods
waves and, in the future, supply with drinking water for Cluj-Napoca city. The study consists in
determination of ten ecophysiological groups of bacteria from water and sediment of the
lake, involved in recirculation of different organic residue and also in transformation of some
mineral substances, from water and sediment of the lake. From both water and sediment of
the lake have been established the following ecophysiological groups of bacteria: ammonizing,
nitrifying, denitrifying, aerobe and anaerobe sulfur-reducing, sulfur-oxidizing, anaerobe sulfate-
reducing, iron-reducing and amilolitic. The samples (fouteen water samples and seven sediment
samples) were collected seasonally, from different points and depths. The results of the analyses
shown that the number of bacteria from each group showed seasonally variations and
variations depending on sampling site. For global establishing of the microorganisms abundance
from the water lake and for appreciation of the microbial potential of the sediment, there was
elaborated a method for calculation the bacterial indicator of water quality (BIWQ), respectively
the sediment quality (BISQ). For obtaining an ensemble image of the complex processes that
happen in these habitats with a special signification, the indicators of the quality have been
statistically correlated.

The conceptual understanding of the bacteria role in the dam reservoir ecosystems
and in the biogeochemical cycles is closely connected with the knowledge of the
way in that is checked the growth speed, abundance and their diversity. Although,
the bacteria diversity in the dam reservoirs is quite high, but is mostly unknown
because of the tracing, measurement, quantification and synthetic methodology
difficulties, that appear at all levels from these kind of studies. Taking into
consideration the Ward theory from 1976, that each lake has its own characteristics
determining the particulate effects, knowledge of the microorganism communities
from these media is necessary, their diversity, abundance, and their role in the
biochemical processes, for guarantee of some qualitative water reserve, used in a
complex way and in a durable development perspective [6].

From the current concerns of the limnology researches, the microbiological
and ecological studies of the dam reservoirs have been imposed like an urgent
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necessity, through the fundamental limnology interest and through several aspects
with applicative character towards water quality supervision and evolution in time
of the big dam reservoirs.

Since 2001, once with registration in the alignment process to the UE Water
Framework Directive [28] and with its strategy by lasting development, the biological
and microbiological analyses of waters have become a priority comparatively with the
physico-chemical ones.

Thus, the dam reservoirs water destined to drinking have to fulfill some quality
conditions, before entering in the treatment station. Therefore, according with the
Water Framework Directive demands, is essential the thoroughly study of these waters,
especially from biological and microbiological point of view, in order to find the
impact ways and to apply the suitable control methods for rehabilitation and maintaining
of the water quality at a good and very good potential.

The Tarnita dam reservoir, is positioned in the Somesul Mic upper basin that
has an area of 3804 krand a length of 167 km [27]. In upper basin of the Somesull
Mic river have been build a dam reservoirs succession (big dam reservoires disposed
in a ,water fall” system), most important one Fantanele - Tarnita - Somesul Cald -
Gilau. The dam of the Tarnita reservoir, positioned upstream the Gilau lake, has
been placed into the Somesul Cald valley’s narrowing sector. The reservoir depresion
is sculptured in crystalline schists covered with quaternary sands and gravels [25].

The Tarnita artificial lake, that was opened for use in 1973, represent one of
the most severe anthropic effect on the natural course of the Somesul Mic river.
The reservoir, with a capacity of 77,4 million® water (220 ha surface, 8 km
lenght) [25], has the following functions: mainly - energetics, the averting of the
floods, to attenuate the floods waves and, in the future, supply with drinking water
for Cluj-Napoca city [29].

The aquatic microorganisms have a main role in conversion of the animal
and vegetal substances in inorganic material, from mineralization processes that
restitute the essential nutrients to the photosynthetic organisms, in order to continue
their activities. On the global scale, these products make part from the
biogeochemical cycles that ensure transformations and recirculation of the biogenic
elements in nature (C, N, S, P, Fe, Mn) [12, 18].

The sediments are a very heterogeneous system where the different physical
phases (solid, liquid and gases) and numerous biotic (microorganisms, the small
organisms, enzymes) and abiotic (minerals, humus materials, organo-minerale
aggregate) components are involved in physical, chemical and biological processes.
All the biochemical transformations from sediments are depended on the enzymes
presence [11].

The sediments constitute a key link in the biogeochemical cycle of the
elements in the aquatic systems. There are finalized the mineralisation processes of
the organic substances that were not degraded in the water column [20]. The
microbiological researches of the bacteria involved in the biogeochemical cycle of

148



ECOLOGICAL GROUPS OF BACTERIA FROM THE TARNITA DAM RESERVOIR

the elements from the sediment of Tarnita dam reservoir, followed the knowledge
completion about the complex processes that happen in these habitates, with a
special semnification, especially for the ecosystems with an ecological value, like
the dam reservoir that suplly with drinking water, needs an increased exigency for
bacteriological water quality.

The study consists in determination of ten ecophysiological groups of bacteria
involved in recirculation of different organically rests and also in transformation of
some mineral substances, from water and sediment of the lake.

Materials and methods. The bacteriological study was performed on water
and sediment samples collected in 2004 from Tarnita dam reservoir.

The water samples were taken seasonally (April, July and October), from surface
but also from different depths in a vertical profile of the lake’s water. Also, there were
taken into account the areas of lakes: dam, middle and tail of the lake. The fourteen
sampling sites of the water samples were: Dam-0 m (1), Dam-5 m (2), Dam-10 m (3),
Dam-15 m (4), Dam-right border 0 m (5), Dam-left border 0 m (6), Middle lake-0 m
(7), Middle lake-5 m (8), Middle lake-10 m (9), Middle lake-beach I right border (10),
Middle lake-beach I left border (11), Middle lake-beach Il right border (12), Tail lake-
right border 0 m (13) and Tail lake-left border 0 m (14). The seven sediment samples
were taken also seasonally, in the same time with water samples, at 0-10 cm depth:
Dam-right border (1), Dam-left border (2), Middle lake-beach | right border (3),
Middle lake-beach | left border (4), Middle lake-beach Il right border (5), Tail lake-
right border (6) and Tail lake-left border (7).

In order to determine the bacteria number from ten ecophysiological groups
(ammonizing, nitrifying, denitrifying, aerobe and anaerobe sulfur-reducing, sulfur-
oxidizing, anaerobe sulfate-reducing, iron-reducing and amilolitic) from water and
sediment samples of the Tarnita dam reservoir, there were used the elective nutritive
media and methods according to Cusa [7] and Dragan-ByRldaue to the fact
that the sediment categories may have a variable water content, that can influence the
expression of the microbian charge reporting to the sediment weight, the humidity of
each sediment sample was established during their preparation for the analyses [7].

For global determination of the microorganisms abundance from the water lake,
for appreciation of the microbial potential of the sediment, for establishing the
seasonally evolution of the microorganisms and also for estimating the biological
quality of some habitats, there were elaborated methods for calculation of the bacterial
indicator of water quality (BIWQ), respectively of sediment quality (BISQ). The
methods consist in calculation of the bacteria number that make part to several
ecophysiological groups and also the use of the following formula [19]:

BIWQ, BISQ 1y logio N,
n

where: BIWQ = the bacterial indicator of water quality; BISQ = the bacterial
indicator of sediment quality; n = the number of ecophysiological groups; N = the
bacteria number belonging to each ecophysiological group.
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By using the GraphPad InStat software demo version 3.05 (2000), the quality
indicators have been statistically correlated.

Results and Discussions. The ammonizing bacteria activitin water, the
number of the ammonizing bacteria was higher with depths and in the beach zones
(Fig. 1), being as high as thousands bacteria cells. This may be explained by “biological
rain” (residue of the dead organisms) from trophogenic layers until depth zones of
the lake [14], that demonstrate the existence of a high quantity of the ammonium
substrate [12]. Quite the same distribution has been presented for the following
lakes Vaduri, Siriu and Serbanesti [1, 2, 14].

The organic material due to dead organisms is partially degraded in water
(the structures easy assimilated), the most intense processes being in sediments.

Seasonally, a general characteristic of the ammonizing bacteria, is an explosive
development in autumn, in both water and sediment (Fig. 1). The quantitative increase
of them, especially in autumn, resulted by the accumulation of the vegetable and
animal detritus material or organic pollutes from discharges, demonstrate the
existence of a high quantity of the ammonium substrate [12].
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F i g. 1.Representation of the ammonizing bacteria from Tarnita dam reservoir water (left)
and sediment (right) (g.d.s. = gram dry sediment)
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The nitrifying bacteria activityThe nitrifying bacteria (nitrite- and nitrate-
bacteria) have a higher activity in surface water and especially in the beach zones.
The values at level of thousands, were decreased with depths in water of the lake
(Fig. 2 and 3). The nitrifying process represents the final stage of mineralization of
the organic ammonium substances. But, not all the organic remains are transformed
in nitrates, a big part is stored in sediment form. Because, the nitrifying bacteria are
exigent to the water oxygenation degree, is necessary a good water circulation in
aquatic basins [21]. The nitrifying bacteria have a higher activity especially in
spring and summer (Fig. 2 and 3), both in water and sediment [7, 10].
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F i g. 2.Representation of the nitritebacteria from Tarnita dam reservoir water (left)
and sediment (right)

The denitrifying bacteria activityrhe denitrifycation takes place in mediums
with a low aeration, where accumulates big quantities of the organic substances,
especially nitrates [24]. Because of this, the denitrifycation is often present in the
dam reservoirs where the aeration degree is lower. But, the denitrifycation processes
are present in water and sediment with a good aeration, because the denitrifying
microorganisms are facultative anaerobe.
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F i g. 3.Representation of the nitratebacteria from Tarnita dam reservoir water (left)
and sediment (right)

In water, the number of the denitrifying bacteria was higher with depths (Fig. 4),
presenting variation between hundred of cells to thousands cells in the bottom
layers. In addition, the denitrifying bacteria have higher values in the beach zones
from the right border of the lake. The denitrifying bacteria, being anaerobe, have a
more intense activity in sediment, where have been established values of hundreds
cells (Fig. 4). The denitrifying bacteria have a seasonally evolution with higher values
in summer and autumn (Fig. 4), especially in sediment, probably due to the detritus
deposition [1, 7, 21].

In Tarnita dam reservoir sediment (Fig. 1, 2, 3 and 4) it has been established
that all the groups of bacteria involved in the ammonium cycle have shown higher
values especially in the peripheral zones from the middle of the lake, in the beach
areas (ex. Middle lake-beach | right border and beach Il right border). It was appreciated
that in the beaches from the peripheral zones of the lake, there are sources that can
contribute to pollution of the lake with inorganic substances - nitrates. Moreover, there
are human establishments and for the summer the recreational activities are enhanced.
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F i g. 4.Representation of the denitrifying bacteria from Tarnita dam reservoir water (left)
and sediment (right)

Important for the sediment having a predominant organic component, is
emphasizing the reduction processes of the nitrate substances, that determine increase
of ammonium concentrations. This fact accentuates the bacterial anaerobe reduction
processes and higher concentrations of nitrate substances, resulted from discharged
water - domestic and industrial [4, 7, 9]. In Tarnita dam reservoir there is an horizontal
distribution, that shows, in general, the number of bacteria involved in the nitrogen
bacterial cycle was decreased from tail to dam of the lake, that reflects auto-
purification capacity of the analyzed ecosystem.

The aerobe (ASRB) and anaerobe sulfur-reducing (ANSRB), sulfur-oxidizing
(SOB) and anaerobe sulfate-reducing (ANSATRB) acinitiie Tarnita dam reservoir
water, the bacteria involved in sulfur bacterial cycle haven't shown quantifiable values
for all the analyzed sections and for all sampling periods. The bacteria involved in
sulfur bacterial cycle have a quite uniform seasonally distribution in sediment, presenting
higher activity especially in summer and in autuktorizontally, the bacteria involved
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in sulfur bacterial cycle have higher values especially in the peripheral zones of the
lake (Fig. 5), in the beach zones, where anthropogenic factor is enhanced (ex. Middle
lake-beach | and beach Il right border).
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F i g. 5.Representation of the aerobe sulfur-reducing and sulfur-oxidizing bacteria (left) and the
anaerobe sulfur- and sulfate-reducing bacteria (right) fromTarnita dam reservoir sediment

The bacteria involved in sulfur bacterial cycle were quantified differently in
the seven analyzed sediment samples. The aerobe bacteria (ASRB and SOB), that get
energy necessary for vital processes from sulfur, sulfurate hydrogen, thiosulfates,
sulfurs and sulfites oxidation, have been quantitatively determined more than anaerobe
bacteria (ANSRB and ANSATRB). The late ones decompose the proteins and amino
acids with sulfur, resulting sulfurate hydrogen. All the investigated groups of bacteria
showed higher values to the middle of the lake, in the beach zones from right border.

There has been established that in the investigated lake sediment, there are
organic compounds with sulfur, due to the presence of the anaerobe sulfate-reducing
bacteria although they are in very low numbers [12]. This fact may be a beginning
consequence of the investigated ecosystem eutrophization and indicates the pollution
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of the sediments from studied zones, especially with carbohydrates, from natural and
accidental wastes. On the other hand, the sulfate-reducing bacteria have an important
ecological role in the lacustry ecosystem, being involved in the biodegradation and
bioremediation processes, mechanisms that remove from the contaminated mediums
the toxic compounds from human wastes [22, 26)].
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F i g. 6.Representation of the iron-reducing bacteria from Tarnita dam reservoir water
(left) and sediment (right)

The massive reduction of the sulfates in nature is resulted from the activity
of the sulfate-reducing bacteria and it is obvious in the stage before final one, of the
organic environmental pollution [23].

The iron-reducing bacteria activitythe iron-reducing bacteria are responsible
for reduction of the iron in presence of the organic substances (glucose) and for
creation of a low oxidizing potential in the environment [3]. In present, initiation of
the iron cycle in the lacustry ecosystems takes place by involving the biological
components from ecosystem. However, is already known that the iron has an
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important role in plants and animals metabolism [3]. But, in higher quantity may
create an unbalance in ecosystem functionality and may affect the existing organisms.
The seasonally distribution of the iron-reducing bacteria may be observed in Fig. 6,
where it was emphasized that the number of these bacteria increased especially in
summer, in both water and sediment.

In water, the number of the iron-reducing bacteria was higher with depths,
the recorded values being lower, at level of thousands and ten thousands cells/I.
Higher activity was observed in the section Tail lake-left border, probably due to
the contribution of the organic substances from the Somesul Cald tributary river
(Fig. 6). Horizontally, the number of the iron-reducing bacteria decreased from tail
to dam of the lake, in both water and sediment. Also, there can be observed that
these bacteria have shown higher values (Fig. 6) especially in the peripheral zones
from the middle of the lake, where are the beaches on the right border. Quite the
same results were determined for the Bicaz lake in 1999 [3].

The amilolitic bacteria activitySeasonally, the amilolitic bacteria showed
higher activity in summer and autumn, in both water and sediment of the Tarnita
dam reservoir. Horizontally, there have been established that the number of these
bacteria decreased from center to peripheral zones of the lake, both in water and
sediment samples (Fig. 7). The higher dynamics of the amilolitic bacteria is due
either to the fact that a number of microorganisms have amylase but also to
permanent production of starch by planktonic algae with fast succession and
subaquatic macrophites [1, 2, 3, 7].

Vertically, in water, the number of the amilolitic bacteria was low by tens
level of cells, but it was higher with depths. The higher activity has been
established in the sections from middle of the lake, in the beach zones from the
right border (Fig. 7). In sediment, the amilolitic bacteria were more numerous, by
hundreds and thousands cells level. Higher values have been recorded in the
peripheral sections from middle of the lake (middle lake-beach | right border and
beach Il right border) (Fig. 7). This variation of the amilolitic bacteria density is in
relation with algal development from summer period and with other vegetable
components, that are purveyor of some important quantities of amidone containing
substances.

The amilolitic bacteria are part from structure of the heterotrophic bacteria
communities. There have been found that the phyto- and zoo- planktonic excretions
and corpses represent the basic sources of the proteins, peptides and amino acids
that are the main components of the organic material [16]. The heterotrophic
bacteria present a higher activity for proteins and amino acids than carbohydrates
[5]. This may be a possible explanation for lower values registered for the
amilolitic bacteria. The participation of the microorganism to the degradation of the
compounds with carbon represents a modality for restore in the cycle of the block
carbon in these complex structures.
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F i g. 7.Representation of the amilolitic bacteria from Tarnita dam reservoir water (left)
and sediment (right)

There have been calculated the bacterial indicators of water and sediment
quality for estimating the biological quality of Tarnita dam reservoir water and
sediment [19].

It has been found that the microbial potential of the Tarnita dam reservoir
water was increased proportionally with depths in the important zones of the lake:
dam, middle and tail (Fig. 8). Also, horizontally, the microbial potential was higher
at middle of the lake comparatively with that one recorded at dam and tail of the
lake. The presence of the studied bacterial populations at all the analyzed depths (0
m, 5 m, 10 m and 15 m) demonstrates that the degradation processes take place in
full water column and the superficial layer of sediment is the place with the most
intense degradation bacterial activities.
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F i g. 9.Representation of the bacterial indicator of sediment quality from
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Generally, the values of the bacterial indicator of sediment quality were
lower, but anyway higher than that ones recorded for water of the lake. The highest
microbial potential has been recorded in the peripheral zones from middle of the
lake — beach | and Il from the right border, where the bacterial abundance was
higher. This fact confirms the results obtained for the water of the lake. In Fig. 9 it
may be observed that the microbial potential of Tarnita dam reservoir sediment was
increased in the peripheral zones of the middle lake.
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In sediment, the concentration of the studied bacteria decreased from
peripheral zones to center. This fact could be explained by the presence of some
local environmental factors. The majority of the organic compounds present in the
lacustrial ecosystems have a polymeric structure. They cannot be directly taken
over by bacteria because, they must be hydrolyzed by exo- and endo-bacterial
enzymes action.

The different environmental factors (temperature, pH) affect the kinetics of
the enzymatic reactions and in consequence, biodegradability of the organic
material [13, 15]. The presence of bacteria in higher number at the peripheral zones
of the lake is influenced by water dynamics and especially by the presence of some
organic contamination sources. Lower values from left border zone of the beach | from
middle of the lake, could be explained by the absence of the human establishment and
recreational activities, respectively by the absence of the negative influences on the
water and sediment of the lake.

For obtaining an ensemble image of the complex processes that happen in
these habitats with a special signification, the indicators of the quality have been
statistically correlated. For this purpose, there have been used the ANOVA test
(One-way Analysis of Variance), for correlating BISQ from each sediment section
with BIWQ from water section.

To emphasize which one of the factors essentially influence the resulted
characteristics there has been used the spread analysis. The spread analysis,
introduced by the statistician R.A. Fisher is also known as the variance (variation)
analysis too (ANOVA). By this method there could be checked if the real values of
some characteristics divert from the theoretical values, calculated by average or
regression equations and, also if these variations are or not dependent on the
grouping factor. ANOVA is the method used when are compared more than two
averages. Based on the logical interpretation of variation of two or more studied
variations, it can be established the cause-effect relations. The spread analysis is
based on the grouping method. Based on the number of factors that influence on
the variation of the resulted characteristic, there are: the unifactorial analysis
methods (with one variable parameter), bifactorials and multifactorials [17].

In this study, there has been used unifactorial ANOVA, when were compared
the BISQ values from one point of sampling with BIWQ values from several points
of sampling. The results are presented in the tables below, where g is the grouping
factor, with other words, the typical values that are formed for entire statistically
collectivity and that is higher than 2.890. P is the probability that the association
could be accidental or not. The values of P are lower than 0.05 that show the results
are extremely significant.

Dunnett Multiple Comparisons Test

Control columnDam-right border

If the value of q is greater than 2.900 then the P value is less than 0.05.
The P value is 0.0006, considered extremely significant.
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Mean
Comparison Difference q P value
Dam-right border vs Dam 0 m 0.3027 6.141 ** P<0.01
Dam-right border vs Dam 5 m 0.2557 5.188 ** P<0.01
Dam-right border vs Dam 10 m 0.2167 4.396 * P<0.01
Dam-right border vs Dam 15 m 0.1787 3.625* P<0.05
Dam-right border vs Dam right border 0 m 0.2730 5,539 ** P<0.01

Control columnDam-left border

If the value of q is greater than 2.900 then the P value is less than 0.05.
The P value is < 0.0001, considered extremely significant.

Mean
Comparison Difference q P value
Dame-left border vs Dam O m 0.4223 9.760 ** P<0.01
Dam-left border vs Dam 5 m 0.3753 8.674** P<0.01
Dame-left border vs Dam 10 m 0.3363 7.773* P<0.01
Dame-left border vs Dam 15 m 0.2983 6.895 ** P<0.01
Dame-left border vs Dam left borderOm 0 0.3247 7.503 * P<0.01

Control columnMiddle beach | right border

If the value of q is greater than 2.890 then the P value is less than 0.05.
The P value is < 0.0001, considered extremely significant.

Mean
Comparison Difference q P value
Mid. beach | rb vs Middle 0 m 0.8143 21.574 * P<0.01
Mid. beach | rb vs Middle 5 m 0.7417 19.649 ** P<0.01
Mid. beach I rb vs Middle 10 m 0.7100 18.810 ** P<0.01
Mid. beach | rb vs Mid. beach I rb O m 0.5703 15.110* P<0.01

Control columnMiddle beach | left border
If the value of q is greater than 2.890 then the P value is less than 0.05.
The P value is 0.0003, considered extremely significant.

Mean
Comparison Difference q P value
Mid. beach I Ib vs Middle 0 m 0.3563 7.021* P<0.01
Mid. beach I Ib vs Middle 5 m 0.2837 5,589 * P<0.01
Mid. beach | Ib vs Middle 10 m 0.2520 4,965 * P<0.01
Mid. beach | Ib vs Mid. beachIlbOm  0.3130 6.167 * P<0.01
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Control columnMiddle beach Il right border
If the value of q is greater than 2.890 then the P value is less than 0.05.
The P value is < 0.0001, considered extremely significant.

Mean
Comparison Difference q P value
Mid. beach Il rb vs Middle 0 m 0.8890 21.906 ** P<0.01
Mid. beach Il rb vs Middle 5 m 0.8163 20.115* P<0.01
Mid. beach Il rb vs Middle 10 m 0.7847 19.335* P<0.01

Mid. beach Il rb vs Mid. beach Il rb 0 m 0.6040 14.883 ** P<0.01

With exception of the sections from tail of the lake, the other sections have been
significantly correlated, that demonstrates the distribution quite uniform of the
ecophysiological bacteria from the investigated lake water and sediment. The
nonsignificant statistical results recorded to the tail of the lake illustrate the instability
of the bacterial dynamics and distribution, probably due to the fresh water contribution
of the Somesul Cald tributary river.

Conclusions. 1. The number of bacteria from each studied ecological group
had seasonal variations and also, variations depending on sampling site.

2. The bacterial indicators of water and sediment quality showed higher
values in the peripheral zones and at tail of the lake. The presence of the bacteria in
a higher number at the peripheral zones is influnced by the dymanics of water and
especially by presence of some organic contamination sources. Lower values from
left border zone of the beach | from middle of the lake could be explained by the
absence the human establishment and recreational activities, respectively by the
absence of negative influences on the lake’s water and sediment.

3. The explanation for increase of the microbial potential evolution in warm
season consists by substantial contribution of the organic material sedimented in
summer and autumn, as a result of the development of the specific biota in the lake.
The organic material stimulates development of the benthic microbiota, especially
of the aerobe heterotrophic bacteria involved in mineralization.

4. With exception of the sections from tail of the lake, the other sections have
been significantly correlated, that demonstrates the distribution quite uniform of
the ecophysiological bacteria from the investigated lake’s water and sediment. The
nonsignificant statistical results recorded to the tail of the lake illustrate the
instability of the bacterial dynamics and distribution, probably due to the fresh
water contribution of the Somesul Cald tributary river. At the same time, it has
been found the presence of a strong connection between the bacteria distribution
from the water and respectively from the sediment of the lake.
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ANALIZA GERMENILOR COLIFORMI DE-A LUNGUL RAULUI
MURES, PE SECTORUL RSTOLITA-ALBA IULIA, IN ANUL 2003

LIDIA CORINA S TEF', M. DRAGAN-BULARDA -
si VASILE MUNTEAN

SUMMARY. — Analysis of Coliform Germs along the Mures River, between &tolita

and Alba lulia, during 2003. Eight water samples from the Myrever between Rstolita

and Alba lulia were studied microbiologically, during the four seasons of the year 2003.
The coliform germs were studied and their presence in the water samples was related with
the presence of the pathogen germs in the Muver waters. A special attention was paid

to faecal pollution. A general view on the coliform germs (Escherichia, Klebsilella,
CitrobacterandEnterobactey is given. The impact of coliforms in some human diseases is
also presented. Some modern methods of detecting the presence of coliforms in faecal
polluted waters are evaluated. There were identified two genera belonging to the
Enterobacteriaceaefamily: EscherichiaandCitrobacter.

Scopul lucriii de faa este de a determina pregegermenilor coliformi in
apa raului Murg pe sectorul Bstolita-Alba lulia, Tn anul 2003. Grupul coliformilor
este largaspandit in natdr Desi nu este exclusiv de origine fegadirupul coliformilor
este prezent in mare cantitate Tn materiile fecale ale oghaliimalelor homeoterme,
ceea ce permite decelarea lui chjardupa o diluare consideralil Decelarea
coliformilor totali si fecali (termotolerati) si in special a bacterigscherichia coli
este dovada unei palua fecale incontestabile.

Termenul "germeni coliformi" desemnéaz categorie de bacterii apadnd
familiei Enterobacteriaceaecaracterizate printr-o serie de propgiietcomune,
dintre care eseiale pentru definirea lor sunt capacitatea de fermenta lactoza la 35-
37°C cu producere de ac§il gaz in timp de 24-48 de oge de a se dezvolta in
prezema sarurilor biliare si a altor ageti cu agiune de suprafa. Prezerma lor in
mediile naturale indico contaminare recehtu materii fecale.

Coliformii care prezirit caracteristicile metabolice anterior nienate i
la temperatura de 44+0.5°C sunt ntirfécali sau termotolerain Acesti coliformi
fecali care determinfermentarea lactozei la 44+0.5°C cu producere desagdz
si care formeaz indol la 44+0.5°C pornind de la triptofan sunt considera fiind
Escherichia col{6].

:*Colegiul Tehnic Aiud, Strada lon Creangd, nr. 14, RO-515200 Aiud
Universitatea "BahgBolyai" Cluj-Napoca, Facultatea de Biologse Geologie, Catedra de Biologie
Experimentat, str. M. Kogalniceanu, nr. 1, RO-400084 Cluj-Napoca
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In vederea identifarii germenilor coliformi se mai urimeste prezera a
numeroase insiii morfologice si biochimice, cu ajutorul diferitelor teste. Conform
caracteristicilor morfologicai biochimice, grupul germenilor coliformi cuprinde
bacteriile care apgi genurilorEscherichiaCitrobacter, Klebsiellasi Enterobactef2].

Conform manualului de bacteriologie sisteniati lui Bergey, grupul
coliformilor este cuprins in Ordinul XIEnterobacterialesFamiliaEnterobacteriaceae
care include 41 de genuri intre caré@mitgenurileEscherichia Citrobacter, Klebsiellg
Enterobacter, Salmonella, ShigefiaSerratia[4].

Speciile genurilor anterior citate nu sunt propriu-zis patogene, dar in
anumite condii pot provoca adesea boli diareice sau itifeade tractului urinar.
Boala diareig produda de ETEC (Escherichia cokenterotoxigen) apare la toate
grupele de varst dar cauzedzfrecvent mortalitatea la copii. Boala diateia
copii poate fi insita sau nu de febrd&Sediul infedei bacteriene este colonul, unde
aderera bacteriei este rapgidfiind apoi urmat de invazia celulelor epiteliului
intestinal. R&punsul inflamator urmat de distrugenesuturilor produc o diaree
sarac in lichid, cu mult sdngsgi mucus, cotinand neutrofile [1].

Din aceste motive, speciile acestor genuri sunt considerate patogeni gtortuni
Dar prezini o importaa deosebit pentru aprecierea cdliti sanitare a mediului,
prin asocierea lor frecventu speciile genuriloBhigellasi Salmonella Datorit acestui
fapt, germenii coliformi sunt organisme indicator de cea mai mare imgor@in
cat nunirul lor este mai mare intr-un mediu natural, cu ataterprobabilitatea
prezenei microorganismelor patogene in mediul respectiv.

Escherichia colieste neindoielnic de origine fegatasi membrii grupului
coliformilor larg raspandii in natura

Materiale si metode.n vederea efectii analizelor pentru determirile
colimetrice au fost prelevate sezonier probe dedap8 puncte diferite situate de-a
lungul raului Murse, in anul 2003; poga punctelor de prelevare este specifidat
Tab. 1.

Tabel 1

Punctele de prelevare a probelor de ap

Nr. crt. Locul prelevrii
Rastolita
Deda
Targu Mureg
Iclanzel
Ocna Murg
Aiud
Mihalt Pod
Alba lulia

O~NO U WNPF
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Probele de apau fost prelevate sezonier (in lunile aprilie, iulie, octombrie
si decembrie ale anului 2003), in cotiidsterile si analizate in cadrul Laboratorului
de microbiologie de la Institutul de CeratBiologice din Cluj-Napocasi n
laboratorul de bacteriologie al Spitalului Municipal din Aiud. Pentru determinarea
numarului germenilor coliformi au fost respectate prevederile din metoda
standardizat [8]. Am utilzat pentru determinarea coliformilor totali mediu bulion
lauryl sulfat simplusi dublu concentrat pentru testul de preziemsi mediu geloz
lactoz eoziri albastru de metilen (mediu GEAM) pentru testul de confirmare, iar
in vederea determinii coliformilor fecali am folosit mediu bulion kil lactoz
verde briliant (BBLV).

In vederea identifirii genurilor bacteriene probele deaapu fost supuse
imbogitirii pe mediu bulion selenit de sodiu, 72 ore la 3%f@poi s-au realizat
subculturi pe gci cu mediu selectiv diferéial Levinesi Leifson. Culturile olinute
au fost supuse etapei de confirmare biochimprin testele pe mediile cu citrat,
acetaki malonat, TSI (Triple-Sugar-Iron), MILF (Mobilitate-Indol-Lizindecarboxidaz
Fenilalanindezamina, MIU (Mobilitate-Indol-Uree), ADCL (Agar-Dezoxicolat-
Citrat-Lactoz), reagia Voges-Proskauer, ra#cla rasu de metil [3].

Pentru identificarea genurilor coliformilor fecali (termotolglanam
procedat la cultivarea acestora in bulion lactozat la 44+0.5°C in vedereardetect
producerii de acidi gaz, a izdlrii in culturd purd din tuburile pozitivesi a efectdarii
altor teste necesare difetiEmii din grupul coliformilor, care vin & completeze
seria IMVIC.

Rezultate. Determirarile colimetrice sezoniere au fost sintetizate in Tab. 2
si 3, iar in Fig. 1si 2 este ilustrdi distribitia nurirului germenilor coliformi totali
si fecali (termotolerati) de-a lungul celor 8 puncte de prelevare studiate.

Tabel 2
Rezultatele determiririi sezoniere ale num#ului germenilor coliformi totali in cele 8
puncte de prelevare de-a lungul raului Murg (exprimate in nr. germeni/100 ml)

Sezon P1 P2 P3 P4 P5 P6 P7 P8
Primavara 1700 1300 1700 4600 4900 16100 16100 16090
Vara 1700 2200 2600 6300 10900 16100 16100 16100
Toamna 1400 1300 1200 4300 4600 7000 5420 10900
larna 700 700 900 2200 3100 2600 1720 5420

Analizand Tabelul 2 putem observa valorile maxgm@inime ale nurarului
germenilor coliformi totali determinia Astfel, cea mai mit valoare a nugrului
germenilor coliformi totali, 1300 germeni/100 ml Tnregistrarimivara a fost
semnalat in punctul de prelevare P2, care corespunde lagialdeda, iar cea mai
mare mare valoare peste 16090 germeni/100 ml inregiptiativara a fost ofinuta
n punctele de prelevare Bi6P7, corespuritoare localitilor Aiud si Mihalt Pod.
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Vara, cea mai micvaloare, 1700 germeni/100 ml, a fost semadlatpunctul de
prelevare P1 iar valoarea cea mai mare, peste 16090 germeni/100 ml, in punctele
P6, P7si P8. In luna octombrie a anului 2003 nami germenilor coliformi se
mertine s@zut in toate punctele de prelevare, cea mal wadoare, 1200 germeni/
100 ml fiind semnalatin punctul P3, fapt explicat prin &terea temperaturii in
sezonul de toanin Valoarea maxir 10900 germeni/100 ml a fost determinit
punctul P8 unde deveirie de ap rezidual si menajed sunt mult mai mari
comparativ cu punctele de prelevare ¢ P2, situate la micdistana de izvorul
raului Mures. Tn sezonul de iatnvaloarea cea mai miic700 germeni/100 ml s-a
determinat Tn punctele Pdi P2 fapt explicabil prin cursul Mugelui in zona
montard unde apa are o vitémare de curgere (1.1 méghnu stagneag iar valoarea
cea mai mare a fost semnélat punctul P8 unde viteza de curgere a apei este mult
mai mic (0.2 m/s). Valorile ofinute sunt comparabile cu cele din literatura de
specialitate [&i 5].

Tabel 3

Rezultatele determiririi sezoniere ale num#ului germenilor coliformi fecali
(termotoleranti) in cele 8 puncte de prelevare de-a lungul rului Murg
(exprimate n nr. germeni/100 ml)

Sezon P1 P2 P3 P4 P5 P6 P7 P8
Primavara 1200 1200 1100 3300 3450 5420 6300 9400
Vara 900 1400 1700 5420 9400 10900 9400 10900
Toamna 400 400 700 900 4600 6300 700 7900
larna 200 200 500 700 2300 5420 5420 3100

Din analiza Tabelului 3 unde sunt cuprinse valorile #muhai germenilor
coliformi fecali (termotolera) determina sezonier in anul 2003, se constat
existena unui nurdr mic de germeni coliformi fecali iarna in punctele §$P2
(200 germeni/100 ml) iar cel mai mare rimrde germeni coliformi fecali determinat
n acelai anotimp a fost semnalat in punctele €7 (5420 germeni/100 ml). in
luna octombrie nugrul germenilor coliformi fecali atinge cea mai micaloare Tn
punctul Tn punctele P4 P2 (400 germeni/100 ml )iar valoarea cea mai mare n
punctul P8 (7900 germeni/100 ml). Vara anului 2003 se caractetipeazvalori
mari ale nurirului germenilor coliformi fecali Th aproape toate punctele de prelevare,
cea mai mare valoare fiind whuta in punctul P8 (10900 germeni/100 ml),
excepie ficand punctele P1, B2 P3 unde nurirul germeni nu dejseste valoare
de 1700 germeni/100 ml. Tn punctul P8 viteza de curgere a apei raului este de 0.2
m/s iar temeperatura apei in momentul reciblprobei era 26°C. Privara cel
mai mic nunir de germeni coliformi toatali a fost inregistrat in punctul P3 (1100
germeni/100 ml). Cel mai mare nama fost semnalat in punctul P8 unde s-a
obtinut valoarea de 9400 germeni/100 ml, iar temperatura apei in momentul
recoltirii probei a fost 5°C.
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Fig. 1.Variatia sezonied a nunarului germenilor coliformi totali de-a lungul raului
Mures in anul 2003rezultate exprimate in nr. germeni/100.ml)

Fig. 1 cuprinde variga nunirului germenilor coliformi totali de-a lungul
raului Mures in cele patru sezoane ale anului 2003. Din analiza acestei figuri se poate
observa o crgere a nurirului germenilor coliformi totali in sezoanele pévara
si vara, cand temperatura apei este mai aprbpi@ temperatura optinde
dezvotare a acestogao sadere yoara a nunarului germenilor coliformi toamna
si mai accentudtiarna, cand temperatura apei scade in mod considerabil.

Fig. 2 curprinde varig nunirului germenilor coliformi fecali (termotolergh
in anul 2003 de-a lungul Murdui, inregistrandu-se o stere a nurdirului germenilor
coliformi fecali primivarasi vara. Toamnai iarna nunarul germenilor coliformi
fecali (termotolerati) este in s@dere, fapt explicat prin temperaturéazadi a apei
raului Mures Tn momentul recairii probei. De asemenea né@rmal germenilor
coliformi totali si fecali urmeaz o curli ascendefit dinspre amonte spre aval,
valorile minime intalnindu-se in punctele de prelevare situate in zona rantan
Muresului, iar cele maxime in zona colinagaraului. O abatere de la cele etate
anterior se constatoamna in punctul de prelvare P7, cauza fiind ihchiderea fermei
de pui din zoa in vederea reorgaridi, in sezonul de toanin

Apa recoltat din cele 8 puncte de prelevare a fost shptepei de imbagire
pe mediu cu bulion selenit de sodiu timp de 72 deicapoi am realizat subculturi
cu ansa bacteriologicpe cate doiiplici cu mediu selectiv difergial Levine si
Leifson. Picile au fost incubate 24 de ore la 37°C.

In toate probele de aprelevate din cele 8 puncte amtiabt urmatorul tip
de colonii: colonii mici de 1-2 mm in diametru, aliilgi, netede, lucioasei
translucide (I). Apa recoltatdin punctele de prelevare 3-8 prezenta, in urma
incuhirii colonii mari, de 3-4 mm in diametru,gietice, netede, cremoasieumede
(I1) precumsi colonii mari, de acekh diametru cu cele prezentate anterior, alb-
galbui cu centrul negru, netede, cremoase, umede, opace (ll).
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Fig. 2.Variaria sezonied a nunarului germenilor coliformi fecali (termotoleran de-a
lungul raului Mure n anul 2003rezultate exprimate tn nr. germeni/100 ml).

Coloniile oliinute au fost supuse etapei de confirmare biochinpein
teste pe mediile TSI, MILKi MIU, reaaia la rau de metilsi reagia Voges-
Proskauer. Tn urma testelor efectuate am ajuns latoarele rezultate:

Coloniile notate cu I, avand diametrul de 1-2 mm, dilng, netede,
lucioase si translucide detectate in toate probele dé& ap apain familiei
Enterobacteriaceaefapt bazat pe urfitoarele obserwé: nu utilizeaz glucoza,
lactozasi zaharoza, nu produc,8 pe mediu TSI, nu au mobilitate, nu produc
ureaz, lizinad, indol si fenilalnindezaminaz si cresc la suprafa mediului de
culturain contact cu aerul.

Coloniile notate cu I, mari, cu diametrul de 3-4 mngigtice, netede,
cremoasesi umede nu apart familiei Enterobacteriaceaeleoarece fermenteaz
glucoza cu producere de gaz, dar nu fermeat&stozasi zaharoza, nu produc
H.S pe mediu TSI, nu au mobilitate, nu produc indol, defanilalanindezaminaz
si lizina si nu utilizeaz acetatul, citratugi malonatul ca suiésde carbon.

Coloniile notate cu lll, avand diametrul de 3-4 mm, allipgi, cu centrul
negru, netede, cremoase, umede, opace,timptmiliei Enterobacteriaceae
Concluzia se bazeazpe urnitoarele obserta: fermenteaz glucoza, lactozai
zaharoza cu producere de gaz pe mediulsTBartea superioard acestuia vireéz
din rosu in galben; se dezvalin anaerobick (pe fundul eprubetei), aceste bacterii
preferand utilizarea glucozei in anaeroBijozhiar dag aceasta seageste si in
restul mediului, iar dupepuizarea acesteia, folosesc lactgzgpoi zaharoza tot In
condtii de anaerobiaz nu produc lizii, indol, ureai si fenilalnindezaminax,
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sunt mobile; produc $$ pe mediu TSI. Neexistand nici un indiciu asupra genului
bacteriei decelate (pe baza infotithar detinute), am recurs la treceri de pe mediul
TSI, pe medii cu citragi malonat precumngi la testul Voges-Proskaugirreagia la
rosu de metil.

In urma acestor ultime daueste am ofinut in plus urntoarele afirmai:
reagia la rgu de metil este pozitly testul Voges-Proskauer este negativ,
malonatul nu este utilizat dar este utilizat citratul cadusiocs de carbon, ceea ce
duce la alcalinizarea mediului, fapt evidan prin virarea indicatorului albastru de
bromtimol din verde in albastru.

Prin insumarea tuturor informidor obtinute Tn timpul testelor de
confirmare biochimig, am ajuns la concluziaidacteria studidtaparine genului
Citrobacter, in conformitate cu manualul de bacteriologie sistermatitui [4].

Pentru fiecare prabde ag contaminat cu germeni coliformi amatut
treceri ale coloniilor care s-au dezvoltat pe mediul BBLV. Dtrpcerea acestor
culturi pe mediu Levine prin tehnica epiriz anseisi dupa incubarea 24 de ore la
37°C s-au ofinut colonii de culoare albastru inchis, cu luciu metalic, convexe,
umede, lucioase, scunde, cu marginile intregi, avand un diametru de 3-4 rmm. Dup
ce au fost supuse testelor de confirmare biocliipécmediile TSI, MILFsi MIU,
reagia Voges-Proskauer, rgé la rgu de metil, mediile cu citrat, acetat
malonat, am ofnut urmitoarele informai: bacteria analizatfermentea lactoza,
glucozasi zaharoza cu producere de gaz, produg8 Pe mediu TSI, produce
indol, nu produce fenilalanindezamidazireaz si lizina. Exist situgii in care
bacteria a crescut doar pe traseul de inoculare iar alteori a $péindit in toat
eprubeta, prezentdnd mobilitate; de asemenea bacteria uiiliaeatatul (nusi
malonatul sau citratul) ca urdicsurgi de carbon, regia la ru de metil este
pozitiva, iar testul Voges-Proskauer este negativ.

Avand in vedere toate informide obtinute, am concluzionaticbacteria
studiai aparine genului Escherichia conform manualului de bacteriologie
sistemati& a lui Bergey [4]. Rezultatele gbute Tn ce privge genurile bacteriene
detectate sunt comparabile cu cele din literatura de specialitatg][7

Pentru a disting&scherichia colide ati coliformi fecali am utilizat pe
langi testul IMVIC si producerea de indol la 44+0.5°C, producerea de gaz in
BBLV la 44+0.5°Csi testul Ejkman la 44+0.5°C. Vom detalia testul Ejkman care
const in producrea de acigd gaz cand crge pe mediu McConkey la 44+0.5°C,
dupi o perioad de incubare de 24 de ore. Culoarea mediului a virat in galben, ceea
ce indi@ prezema coliformilor fecali. Pe baza uttoarelor observé: producere
de indol la 4440.5°C, reda la rgu de metil pozitii, testul Voges-Proskauer
negativsi neutilizarea citratului ca unicsurgi de carbon, am ajuns la concluzia c
bacteria analizatesteEscherichia coli6].

In vederea verifigrii faptului ci apa este poluatfecal, am utilizat un test
simplu care dure#@z12-18 oresi care are la bazfaptul & prezema coliformilor n
api este Tn mod constant asofieti eneterobacteriile proditoare de b5 (Salmonella
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Preoteus Citrobacter, variante aleE. coli de origine fecal). Pe o banilde hartie
de filtru impregnat cu mediu de culturgoncentragi introdusi intr-o stick s-au
introdus in teren 20 ml de amin fiecare prob de analizat. Probele au fost
incubate la 37°C [6]. Poluarea fexaste indicat de virarea culorii mediului in
negru. Culoarea mediului de cultugavirat in negru in toate probele cu touat
mare de coliformi fecali (peste 1700 germeni/100 ml) respectiv s-aimaen
culoarea iniald a mediului Tn probele cu un ndmmic de germeni coliformi (sub
1400 germeni/100 ml).

Concluzii. 1. In toate probele de a@nalizate In cele patru anotimpuri a
fost detectdt prezema germenilor coliformi totalisi fecali (termotoleraf).
Numarul cel mai s&zut de germeni coliformi a fost detectat in anotimpurile
toamnasi iarna cand temperatura apei in momentul rédolrobelor era sizuta
precumsi in probele prelevate din punctele B1P2 unde apa este fou poluat
fecal. Nunarul cel mai mare de germeni coliformi a fost inregistrat in timpul verii
anului 2003, cand temperatura apei este mai ap#ogiatcea optifh pentru
dezvoltarea germenilor coliformi, precwinin punctele de prelevare P5, P6, 7
P8 (peste 16090 germeni/100 ml), fapt explicabil prin prazienzonele respective
a unor cresttorii de animalesi pasiri care §i deverseax apele reziduale direct n
raul Mures. De asemenea, existoarte multe intreprinderi cu profil alimentar ale
caror ape menajerg reziduale ajung de asemenea n apele raului.

2. Exisk mari variaii sezoniere ale nuénului germenilor coliformi totali
si fecali, cele mai mari valori inregistrandu-se in mod firesc vara, iar cele mai mici
valori - iarna. De asemenea, nimi germenilor coliformi totalsi fecali urmeai o
curkd ascendeidt dinspre amonte spre aval, valorile minime intalnindu-se Tn
punctele de prelevare situate Th zona mantéaNursului, iar cele maxime in zona
colinaraa raului.

3. Testele de confirmare biochirdicau dus la identificarea genului
Escherichiain toate cele 8 probe deaagnalizate in cele 4 anotimpuri.

4. In probele de dprecoltate din punctele de prelevare 3-8 (cu un grad
mare de poluare fecdla fost identificat genuCitrobacter.

5. Tot pe acest sector al raului Mgiprins intre punctele RBP8 a fost
identificati poluarea fecdl a apei prin detectarea bacteriéscherichia coli
termotolerarit (determira fermentarea lactozei la 44+0.5°C cu producere desacid
gazsi care formeazindol la 44+0.5°C pornind de la triptofan).

6. Rezultatele analizelor efectuate demonsireacesitatea epuii cu
eficiena sporii a apelor rezidualg fecaloid-menejere care sunt deversate in raul
Mures, datoriti prezemei germenilor patogeni, fapt justificat de nur mare de
germeni coliformi detecta
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CERCETARI MICROBIOLOGICE ASUPRA UNOR SEDIMENTE DE PE
CURSUL MIJLOCIU AL RAULUI MURES
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si MIHAIL DR AGAN-BULARDA*

SUMMARY. — Microbiological Research on Sediments from the Middle Sector of the

Mures River. Eight sediments from the Mureiver between Bstolita and Alba lulia were

studied microbiologically, during the four seasons of the year 2001. The following five
ecophysiological bacterial groups have been studied: aerobic mesophilic heterotrophs, ammonifiers,
denitrifiers, desulphofiers and iron-reducers. The presence of all the five ecophysiological bacterial
groups was registered in all the studied sediments. The descending ranking of their abundance
was: aerobic mesophilic heterotrophs > ammonifiers > denitrifiers > desulfofrersreducers.

Based on the bacteria number of each ecophysiological groups, the bacterial indicators of sediment
quality (BISQs) were calculated. The BISQ values were lower upstream, and increased at the
sites located in the hilly sector of the river, between Targu gvame Alba lulia. The values of

the BISQ were also higher in summer and autumn as compared to spring and winter. A positive
correlation has been established between the enzymatic indicator, the bacterial indicator and the
content of organic matter in the studied sediments.

Descompuneresi mineralizarea materiei organice sunt procese de cea mai
mare importati pentru eliberarea elementelor biogene in mediul acvatic. Gdimpu
organici dizolva, in special aceia caresitau originea in fitoplanctorsi n
zooplancton, intran componeta materiei organice dizolvate. Ftiacparticula
este paral incorporai de Gtre consumatorii secundari. Restul este convertit in
detritussi supus in continuare descompunerii. In fiiende tipul substratuluii de
enzimele implicate, descompunerea in etape a materiei organice are drept rezultat
acumularea monomerilor solubili, oligomerilor sau macromoleculelor. Unii dintre
acsti compui sunt incorpora de atre bacterii sau microplancton, in timp ceial
suferain continuare descompunerea enzindatCompuii cu greutiti moleculare
mici, rezultai in urma agunii exoenzimelogi nelegai in geopolimeri, sunt rapid
metaboliza de ctre bacteriile heterotrofe, astfel incat se poate considerata
proceselor degradi materiei organice este, probabil, contrélaie prima etap
aceea a hidrolizei exoenzimatice [8].

Sedimentele constituie o vefigheie n ciclul biogeochimic al elementelor,
locul unde se finalizedzprocesele de mineralizare a subgthor organice care n-
au fost degradate in coloana da.ddalcolmsi Stanl ey [6] considera
mediul sedimentelor o fufie complex a mai multor factori, foarte diferj cum ar
fi matrixul mineral major, textura, cantitatea de carbon organic, localizarea geagrafic
Conform autorilor cité, sedimentele constau din trei componente majore: material
detritic, derivat din eroziune, material biogen, format prin productivitate bialogic
si material autogen, formah situ. Caracterul final al sedimentului este dat de

* Universitatea “Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Biologie Experimeuntal
str. M. Kogilniceanu, nr. 1, RO-400084 Cluj-Napoca
** Colegiul Tehnic Aiud, str. lon Creanga, nr 14, RO- 515200 Aiud
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proporia relatia a acestor componente. thmea microorganismelor asupra
substratelor din mediu se face pe cale enzimapidn oxidoreducersi hidrolize,
respectiv prin atunea unor prodii finali ai metabolismului microbian, in cele din
urma rezultat tot al activiitii enzimatice a microorganismelor.

Cercelrrile microbiologice care fac obiectul acestei dincau fost efectuate Tn
cadrul unei teme de cercetare mai ample itinah activitatea microbidisi enzimati@
n apasi sedimentele Raului Mugepe un tronson situat intreéafolita si Alba lulia.
Lucrarea de fia completeaz cercelrile enzimologice efectuate asupra acelora
sedimente [11], pentru a realiza o imagine de ansamblu privindipltemicrobian
si evoluia lui sezoniet in sedimentele raului Mugéntre Ristolitasi Alba lulia.

Materiale si metode. Au fost efectuate analize microbiologice asupra
esantioanelor de sedimente prelevate din raul Mimdunile aprilie, iulie, octombrie
si decembrie 2001. S-au analizat sedimente din 8 puncte de prelevareafioanean
ordine, Tncepand din amonte: $Rdlita, Deda, Targu Muse Iclanzel, Ocna Murg
Aiud, Mihalt Podsi Alba lulia. Punctele de prelevare au fost alese astfel incat
cursul apei &nu fie prea rapid, in zone cuaagtagnari, iar sedimentele au avut o
consistert argiload, lipsit de nisip sau pietri Prelevarea probelor s-acti in
condiii sterile. Au fost studiate bacterii implicate in principalele cicluri biogeochimice
ale elementelor (C, N, S, Fe). S-au determinatatoanele grupe fiziologice de
bacterii: heterotrofe aerobe, amonificatoare, denitrificatoare, desulfoficaibare
fier-redudcitoare. Nundrul bacteriilor heterotrofe aerobe a fost determinat pe un
mediu cu bulion de carne agarizat [3]. Ninot bacteriilor amonificatoare a fost
determinat folosind un mediu cuaapeptonat. Numirul bacteriilor denitrificatoare a
fost determinat folosindu-se mediul lui D e B ar j a c [14]. Rlwmnbacteriilor
desulfoficatoare s-a stabilit utilizandu-se mediul Van D el d e n [2].aNum
bacteriilor fier-redustoare s-a stabilit cu ajutorul mediului O t t o w [12], modificat [13].
Cu excefia bacteriilor heterotrofe aerobe, nino cel mai probabil de bacterii/g
namol umed s-a calculat pe baza tabelului statistic publicat de Alexander [1].
Numarul de bacterii se expriinpe gram sediment substamuscai. Cortinutul in
substari uscal s-a determinat prin uscarea unei cétititlin fiecare gantion
analizat microbiologic, trei zile consecutiv, la 105°C. @wrul in substad organi@
s-a determinat prin incinerarea la 600°C, timp de 3 ore, a sedimentului uscat Tn
prealabil trei zile consecutiv la 105°C.

Rezultate si discutii. Rezultatele analizelor microbiologice efectuate sunt
prezentate in Tab. 1. Gdamutul in substatd organi@ al sedimentelor analizate este
cuprins intre 36 mg/g sediment subgtarscal (Deda, prirdvara)si 99 mg/g sediment
substam uscai (Mihalt Pod, toamna). Osciide sezoniere urme&zun traseu
ascendent, de-a lungul peiwerii, verii si toamnei, iarna Tnregistrandu-se valori mai
mici, comparabile cu cele consemnate priara. In toate cele 8 puncte de prelevare
cel mai Tnalt cotinut in substad organi@ a fost inregistrat toamna. Este explicabil,
intrucét activitatea biologicin apasi sedimentele raului este mult mai intgria
timpul sezonului cald, iar unul dintre rezultatele acestei agtivéiste crgterea
cantiitii de materie organicdepud in sediment.
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In sedimentele analizate au fost detectate toate cele 5 grupe ecofiziologice
bacteriene, cu vatiasezoniere, respectiv dependente de punctul de prelevare.

Dupa cum se poate observa in Tab. 1, in toate sedimentele analizate a fost
decelai prezema tuturor celor 5 grupuri ecofiziologice de bacterii. Cel mai bine
reprezentate sunt bacteriile heterotrofe aerobe.aNuror este de ordinul £a10°g
sediment (substghuscal), cu maximul toamna la Ocna Mgrg minimul iarna la
Rastolita. Si bacteriile amonificatoare sunt prezente intr-un frumare (18-10°%g
sediment (substghuscal)), cel mai mare nuan consemnandu-se tot toamna la Ocna
Mures, iar cel mai mic pririvara la Mihal Pod.

Tabel 1

Numarul de bacterii in sedimentele raului Mures analizate sezonier in anul 2001
SO = substantdrgani@ (mg/g sediment substanicai); BHA = bacterii heterotrofe aerobe;
BAM = bacterii amonificatoare; BDN = bacterii denitrificatoare; BDS = bacterii desulfoficatoare;
BFR = bacterii fier-reduttoare; IBCS = indicatorul bacterian al cafiitsedimentului.

Locul Sezonul SO Bacteriile studiate IBCS
BHA BAM BDN BDS BFR

Primavara 44 2890043 552314 46768 189 156 4,269
Rasto- Vara 52 10552043 439109 36879 469 428 4,507
lita Toamna 83 3029723 993575 76121 980 482 4,607
larna 49 1429530 872351 5326 57 718 4,087
Primavara 36 7780715 602107 3583 108 243 4,129

Deda Vara 57 42586570 750821 19714 329 592 4,618
Toamna 89 82131807 897051 23822 112 718 4,630

larna 52 3192717 709241 2008 88 80 3,901
Primavara 57 9175038 4380454 3648 116 215 4,313

Targu Vara 68 128312795 7832919 15820 76 462 4,749
Mures Toamna 84 362816703 9012398 21534 286 721 5,032
larna 62 6927316 6482390 3015 45 53 4,102
Primavara 52 35612584 6317428 4237 164 193 4,496
Iclan-zel Vara 64 293872381 8192573 17218 404 458 4,977
Toamna 77 659012879 8570482 24352 53 653 4,936

larna 50 8117303 4285139 2953 117 48 4,152
Primavara 59 99010462 4371315 3570 83 709 4,592

Ocna Vara 78 529863202 7482117 39361 1373 912 5,258
Mures Toamna 92 897425306 10983382 45820 97 471 5,063
larna 52 15816911 6872103 2173 523 103 4,421
Primavara 55 87232801 5642382 4675 82 309 4,553

Aiud Vara 84 638217431 7842926 32572 116 529 5,000
Toamna 98 886382981 8565411 41115 59 783 5,032

larna 47 6977106 6417890 2932 33 65 4,090
Primavara 60 55821612 4070816 2863 203 512 4,566

Mihalt vara 92 267318020 5565021 23418 173 719 4,927
Pod Toamna 99 547192873 7823400 38721 89 968 5,031
larna 56 8421509 6070182 3645 112 109 4,271
Primavara 62 65813483 4871245 3125 203 619 4,620

Alba Vara 88 517297105 7238177 19389 87 817 4,943
lulia  Toamna 95 795207381 9421823 25428 145 973 5,086
larna 58 4853721 5416310 3028 68 72 4,118
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Numérul de bacterii care apar celorlalte 3 grupe ecofiziologice este mult
mai sdzut. In ordinea abundesi, urmeai bacteriile denitrificatoare — de ordinul*10
10%g sediment (substginuscai), valoarea maxigninregistrandu-se toamna lag®lita,
iar cea minini iarna la Deda. Mai slab reprezentate sunt bacteriile desulfoficatoare
fier-reduditoare, ambele prezente intr-un riniate ordinul 16-107/g sediment (substgn
uscat), fara diferene semnificative intre cele dogrupe ecofiziologice. Doar vara, in
sedimentul prelevat de la Ocna Mugea inregistrat un numnde ordinul 16 bacterii
desulfoficatoare/g sediment (subsfanscaf). Valorile oliinute sunt comparabile cu
cele intalnite Tn literatura de specialitate [4, 5, 7, 15].

Pe baza nuanului de bacterii care apar celor 5 grupe fiziologice determinate
in sedimente, s-a calculat indicatorul bacterian alagiaktedimentelor (IBCS) [9].
Indicatorul bacterian al caliii sedimentelor ofer 0 imagine de ansamblu asupra
potenialului microbian al acestora. Valorile IBCS vatidatre 3,901 (singura valoare
mai mici de 4, la Deda, iarna) 5,258 (Ocna Murg toamna). Tn Fig. 1 este prezeatat
evoluia sezoniet a potefialului bacterian al sedimentelor din cele 8 puncte de
prelevare. Se remaicinainte de toate, nivelul maiazat al potefialului enzimatic al
sedimentelor din punctele de prelevare situate in amoriso(ifa si Deda). Pe
parcursul fiegrui sezon valorile IBCS cresc peisuiii ce punctul de prelevare se
situeaZ mai in aval. Difereta cea mai mare este conseranatre Deda (punct situat
in zona montaf) si Targu Mure, la cateva zeci de km diintrarea Murgului Tn
zona colinat. Drept conseciti, viteza de curgere a apei scade, favorizand procesele
sedimentare. De asemenea, aportul mai suladtalhafluenilor favorizeaz acumularea
de substagi organi@ ce urmeaza se sedimenta, toate acestea ducand la intensificarea
activitatii microbienesi enzimatice in sediment.

554
5 -
3
2 4.5
4] O\///\/\
3.5
1 2 3 4 5 6 7 8
Punctul de prelevare
‘ —@— Primivara —&— Vara —-O—Toamna  —O—larna ‘

F i g. 1Evoluia potenialului microbian in sedimentele raului Myranalizate
sezonier pe parcursul anului 2001.
IBCS = indicatorul bacterian al calii sedimentului; 1 - Rstolita; 2 - Deda;
3 - Targu Murg; 4 - Iclanzel; 5 - Ocna Murg 6 - Aiud; 7 - Mihat Pod; 8 - Alba lulia.
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Valorile IBCS sufex modificari si in fungie de sezonul cand au fost efectuate
analizele. Firesc, cele mai mici valori sunt consemnate iarna. Foarte apropiate sunt
valorile Tnregistrate pristvara. O evoltie paraled inregistreaz potenialul enzimatic
varasi toamna, cu valori ale IBCS sensibil mai mari decét cele consemnataiiarna
primavara.

In cadrul temei generale de cercetare au fost efecfuatmlize enzimologice
asupra acelosasedimente studiate din punct de vedere microbiologic [11]. Pentru
completarea ludrii de faa, din datele enzimologice folosim doar indicatorii enzimatici
ai calititii sedimentelor (IECS), calculaconform unei formulei propuse anterior [10].
Mentionam c indicatorul enzimatic al calii sedimentelor analizatg din punct de
vedere microbiologic, a fost calculat pe bazaatoareleor activitti enzimaticesi
catalitice neenzimatice: activitatea catalizscindarea neenzimatia HO,, activitatea
fosfatazid@, activitatea dehidrogenaziactuad si activitatea dehidrogenazipoteniala.

IECS refleci fidel potenialul enzimatic, intensitatea actiilor enzimatice in
sedimente fiind direct propaéenali cu valoarea indicatorului.

Am urmarit corelaia Tntre potetialul enzimatic (reflectat de valorile IECS),
potenialul bacterian (reflectat de valorile IBC§)continutul in substati organi@ al
sedimentelor analizate in cele 4 sezoane ale anului 2001. Rezultatele analizei statistice
sunt prezentate in Tabelul 2.

Tabel 2
Corelatia intre indicatorii bacterieni (IBCS), respectiv enzimatici (IECS) ai calititii
sedimentuluisi continutul in substanti organica (SO)

IBCS/IECS IBCS/SO IECS/SO
Rastolita +0,962* +0,729 +0,739
Deda +0,775 +0,661 +0,981*
Tg Mures +0,921 +0,880 +0,854
Iclanzel +0,909 +0,847 +0,955*
Ocna Murg +0,939 +0,866 +0,967*
Aiud +0,980* +0,934 +0,981*
Mihalt Pod +0,996** +0,961* +0,936
Alba lulia +0,971* +0,917 +0,966*
*-p<0,05
*_.p<0,01

Dupd cum se poate observa, intre cei trei parametrii compaea stabilit
coeficieni de corel@e (r) pozitivi. Nu tai au o semnificée statistidé deosebi,
datoriti, in primul rand, nu@rului mic (4) de gantioane luate in calcul. Cea mai
semnificativ corelaie s-a stabilit in cazul sedimentului de la Mitfadd. Luand in
calcul toate valorile sezoniere din toate cele 8 puncte de prelevare, semnifica
statisti@ a corels@iei pozitive stabilite intre cei trei parametrii este foarte ridicat
(p < 0,001): r = +0,845 (IECS/IBCS); r = +0,815 (IBCStouut in substagi organia);

r = +0,755 (IECS/caimut in substatd organi@). Asadar, corelga cea mai strafiss-a
stabilit intre indicatorii enzimatigi cei bacterieni ai calitii sedimentelor studiate.
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Concluzii. 1. Tn toate sedimentele analizate, pe parcursufiriésezon, a
fost consemnétprezera tuturor grupelor ecofiziologice bacteriene studiate. &ulm
bacteriilor dife, ordinea descresiare a abundeesi lor fiind: heterotrofe aerobe >
amonificatoare > denitrificatoare > desulfoficatoardéier-redudétoare. Nurarul de
bacterii care apén fiecarui grup ecofiziologic suférvarigii in functie de punctul de
prelevaresi de sezon.

2. Au fost consemnate vatiiaale potetialului microbian al sedimentelor,
definit de valorile indicatorilor bacterieni ai catit acestora. Osciléle sezoniere
scot in evideta intensificarea activitii microbiene varasi toamna, cand s-au
calculat valorile cele mai mari ale IBCS. P#arasi iarna, aceste valori sunt mult
mai mici. De asemenea, pot@tul microbian al sedimentelor urmean curta
ascenderit dinspre amonte Tnspre aval, valorile cele mai mici ale indicatorilor
intalnindu-se n sedimentele din zona moaticursului Murgului.

3. Analiza statistig a rezultatelor stabijée existera unei corelgi pozitive
intre intensitatea activiii enzimatice (ilustrdt de valorile IECS), a celei bacteriene
(ilustrat de valorile IBCS}i continutul in substati organi@ in sedimentele analizate.
Observdile certifica valoarea indicatorilor respectivi, ca modalitate eficieté
estimare a intenditii activitatii enzimaticesi microbiene in sedimente.
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CERCETARI ASUPRA POLUARII FECALOIDE A APEI RAULUI SOMES

CRISTINA BUZAN "si MIHAIL DR AGAN-BULARDA**

SUMMARY. — Research on the Faecaloid Pollution of the the Som®iver Water. The

study, which started in the spring 2000 and ended in the spring 2003, was focussed on the water
at the confluence of Somand Lipus rivers. Three sampling sites were chosen: the first one was

on the lapus River right under the pollution point at BozarMare; the second one was on the
Some River, at Buzgti, before the confluence with theihus River and the last one is situated

at Pomi, on the SomeRiver but after the confluence with thédus River. The presence in high
number of the total coliform bacteria indicates a high degree of water pollution at® &tne

and Buzeti. At Pomi the water is relatively clean. A high number of faecal coliform enterococci
indicates a high pollution degree of the water. The low number of coliform bacteria recorded at
Pomi is associated with the relatively low number of the faecal enterococci.

Mediile acvatice naturale sunt sediul unor procese fizico-chimice variate, care
influenteaz metabolismul de sintezi degradativ al microorganismelor, influeaza
considerabil populéte de organisme vegetajeanimale,cagi mediul in ansamblul lui
[6]. Speciile incadrate Tn categoria germenilor coliformi nu sunt propriu-zis patogene,
dar, Tn anumite contiii, pot provoca adesea boli boli diareice sau itifede tractului
urinar, de aceea sunt considerate patogeni opstituBunt importati pentru ca sunt
considerd organisme indicator de cea mai mare impa#t§5.

Cercetrile care fac obiectul acestei lddr au fost efectuate in cadrul unei
teme de cercetare mai ample, realfizs raul Some Scopul lucarii este determinarea
prezentei germenilor coliformsi a enterococilor fecali. Desnu sunt exclusiv de
origine fecad, germenii coliformi sunt prez@rin cantititi mari in materiile fecale ale
omului si animalelor cu singe cald,ceea ce permite decelarea acestuji ghupa o
diluare considerakilPrezera lor in mediile naturale indica o contaminare regemnt
materii fecale [4]. Co o p esrR a m a d a n [2] analizearaporturile care se stabilesc
ntre coliformiisi streptococii fecalsi sugin ca aceste raporturi pot asigura inforina
asupra posibilelor surse de poluare.

Spre deosebire de habitatele nepoluate, in care speciile sunt reprezentate de un
numir relativ mic de indivizi, polugii elimina speciile mai sensibile, reduc interiaaile
competitivesi favorizeazaproliferarea speciilor mai tolerante la stres. Tn felul acesta

B Grupul Scolar de Industrie \goard, str. Taberei, nr. 3R0-400512 Cluj-Napoca
** Universitatea “Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Biologie Experimentagtr.
M. Kogilniceanu, nr. 1, RO-400084 Cluj-Napoca
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numirul speciilor este diminuat, dar ndml indivizilor din fiecare specie cs&. Face
excepie cazul in care stresul este foarte seyiedetermiri eliminarea intregii
colectivitati.

Materiale si metode.in vederea efeciii analizelor au fost prelevate probe de
apa din 3 puncte de colectare: pe raapls imediat sub punctul de poluare cu cianuri
si metale grele de la BozénMare, pe SomgBuzeyi) la o distantade 20 km amonte
de gura de vwkare a kpusului si al treilea tot pe Somela 20 km aval de punctul de
varsare a Bpusului. Probele de d@pau fost prelevate in cotiditerile. Pentru determinarea
cantitativa a germenilor coliformi totaki a germenilor coliformi fecali (termotolerapau
fost respectate prevederile ¢imote Th metoda standardizd8, 8].

Analiza probelor de d@pprelevate a constat in efectuarea testului prezugintiv
a testului de confirmare. Testul prezumtiv evideit faptul ca grupul coliformilor
fermenteaz lactoza cu producere de acid (virarea culorii mediului in galkiegaz
(prin prezera in tuburile de fermentare Durham), sau numai gaz in cazul folosirii
bulionului lauryl sulfat. Probele se incubeaza 48 de ore la 37°Ca Pdiple ore se face
0 prima citiresi se efectueaza testul de confirmare pentru eprubetele considerate
pozitive (probele in care se evidiezd fermentarea lactozei cu producere de gaz,
oricat de mid ar fi cantitatea degajgt

Testul de confirmare corisin efectuarea de #®anari cu ansa, din probele
considerate pozitive, pe mediul Levine pentru a preciza giexenenii care au fermentat
lactoza sunt coliformis{ nu apatin altor specii microbiene dotate cu acgilgaoprietti,
cum sunt lactobacilii). Incubarea are loc la temperatura %2, 3ithp de 24 de ore.

Datorita rezisterei lor deosebite la agginfizici,chimici si biologici,enterococii
fecali, akturi de coliformii fecalisi totali au o valoare sanitaimportant ca indicatori
de poluare fecala apei. Mai mult, acest indicator al polifecale amplifié sensibilitatea
metodei de decelare a poluarii fecale a apgiamd-o mai fiabd prin folosirea a doi
indicatori in loc de unul. Pentru detrminarea calitaéiventerococilor fecali, s-a aplicat
metoda disemirii Tn placa. Aceagt metoda este fologitmai ales pentru difer¢éierea
coloniilor datorit faptului G pe suprafea mediului geloza nutritiva cresc diferite tipuri
de colonii ale microorganismelor existente in prahipud analizei. Cantittile de
dilutii zecimale care se pot folosi sunt foarte mici, sub 0,1 ml.

Din dilutiile pregatite se iau volume stabilite (sub 0,1 ml), care prigcimi
rapide Tn zig-zag se Tmptie pe toat suprafaa mediului. Ar fi preferabil ca ptile
Petri ¢ fie agzate pe o mégotitoare, care permite rotirea succésav phcii, astfel
dispersia candu-se mai bine. Turnarea mediului agar glu@zdi de sodiu-TTC in
placile Petri trebuie &se fad din timp, iar picile cu mediu % fie uscate in momentul
diseminarii probei.
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Cutiile Petri in@méanate sunt introduse cu capacul in jos Tn termostat la
44+0,5°C timp de 44-46 ore. Se nimncoloniile caracteristice de streptococi fecali de
la suprafga mediului, fiind acceptate doarpile cu nunir de colonii cuprins intre 25-
300. Nunirul de streptococi fecali se calculeaza glageeasformula casi Tn metodi
incorpodrii in placa.

In literatura de specialitate existontroverse in ceea ce pfte metoda
diseminarii probei la suprafa mediului. Unii microbiologi recomanda diseminarea cu
ajutorul spatulei de stigl in timp ce gli sugin ca au obinut rezultate bune atat prin
folosirea spatulei de stilcatsi prin folosirea altor mijloace de diseminare. Clar ¢ k [1]
sugine prin studiile sale & diseminarea cu spatula de stiduce la pierderea unei
parti din volumul de prob care Eméane pe aceasta. De aceea céared nu recomanda
aceast tehnic de diseminare a probei pe suptafmediului.

Rezultatesi discutii. In Tab. 1 sunt prezentate rezultatele determinarilor germenilor
coliformi totali, fecalisi a enterococilor fecali, in cele trei puncte de prelevare, in perioada
anilor 2000-2003. Toate probele de apa analizate s-au dovedit a fi contaminate cu germeni
coliformi si enterococi fecali, ceea ce indio poluare fecaloitla celor doa rauri.

Tabel 1
Densitateagermenilor coliformi totali, fecalisi a enterococilor
in probele de ap analizata (bacterii/100 ml agi)
Punctele de prelevare: | — Butighl — Bozana Mare; Il — Pomi
Anul Sezonul Coliformi fecali Coliformi totali Enterococi fecali

[ Il I [ Il 1l I Il 1

Primavara 800 600 400 800 1400 800 200 400 400

2000 Vara 1100 800 600 1400 4900 900 400 800 600
Toamna 800 800 600 800 2200 800 200 600 400

larna 600 200 200 900 1100 400 200 400 200

Primavara 900 900 800 2000 16090 400 400 800 400

2001 Vara 1200 1400 900 2780 16090 1100 400 800 800
Toamna 1000 1100 800 1000 2300 1100 200 600 200

larna 400 400 400 1100 1200 600 100 600 100

Primavara 600 800 500 800 1100 400 200 500 200

2002 Vara 800 800 800 3300 3480 1100 400 600 400
Toamna 600 900 600 900 1100 1100 100 400 400

larna 400 500 600 800 900 600 100 600 200

Primavara 500 500 600 600 600 400 200 600 400

2003 Vara 1100 1200 1200 1300 1200 800 400 600 600
Toamna 700 800 900 800 800 600 400 500 400

larna 300 300 400 400 400 400 100 400 100

18t




C. BUZAN, M. DRAGAN-BULARDA

Figurile 1-3 ilustreazsugestiv variga nunirului germenilor coliformi total,
fecali si al enterococilor in probele de @pnalizate. Nurirul coliformilor totali si
fecali este mai mare decat al enterococilor, pei fjoatioada studiat la toate punctele
de prelevare.

Se constato sdderea liniak a nunarului coliformilor fecali pe parcursul celor
patru sezoane ale anului 2000 (Fig. 1). In ceitmi, variaia numirului coliformilor
fecali nu mai este linidr ci inregistreaz valori aleatorii. Cel mai mare ndimde
coliformi fecali a fost inregistrat vara, la Bozémlare (1400 bacterii/100 ml apa), iar
cel mai mic nuriir (300 bacterii/100 ml apa) a fost consemnat iarna, la gugiela
Bozana Mare.

1600

- 14004
g
§ 1200+ .
% 1000 - 4
9] 4 ;
g 800 4
8 600 4
E 400 + )
z 4 A

200 )

) =R 1 S BT
P VvV T I P V T P VvV T P VvV T |
2000 2001 2002 2003
Anul si sezonul preleirii probelor
‘ = Buzesti 0O Bozana Mare El Pomi

Fig. 1.Variaria anuaki si sezoniedi a nunarului germenilor coliformi fecali

Cel mai mare nusr de coliformi totali a fost inregistrat in anul 2001, tot la
Bozana Mare, atat pridvara catsi vara consemnandu-se pregenn egntioanele
analizate a 16090 bacterii/100 mlaapCu excepa acestor dau valori, nunirul
coliformilor totali nu depagste 5000 in niciuna dintre celelalte probe analizate (Fig. 2).

Enterococii fecali se giasesc in toatamjoanele analizate, namal lor variind
intre 100si 800 bacterii/100 ml ap

Pe baza analizelor efectuate pe probele prelevate se poate consiatarci
coliformilor totali indica 0 af poluati la Bozama Maresi la Buzegi si 0 ap relativ
curati la Pomi. Aceadt observde este valabil pentru toate perioadele de recoltare.
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Cu toate & numarul coliformilor totali si fecali prezini valori ridicate la Buzdi
numarul enterococilor fecali are cele mai mici valori la acest punct de colectare, pe
toat perioada de studiu.
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La Pomi, valorile si&zute ale nurirului de bacterii coliforme se asociaza cu
numirul scazut de enterococi fecali aceste rezultate putand fi explicate prin faptul ca pe
acest traseu raul are un curs rapid, un nivel mic al apga este bine oxigerat
Exista mari oscilaii sezoniere ale nusinului germenilor coliformisi enterococi fecali,
valorile maxime inregistrindu-se in sezonul cald, iar cele mici in sezonul rece.

Concluzii. 1. Toate probele de apa analizate s-au dovedit a fi contaminate cu
germeni coliformisi enterococi fecali, ceea ce indica o poluare fecélaidelor doa
rauri. Nurdrul coliformilor totalisi fecali este mult mai mare decét al enterococilor, pe
toat perioada studiat la toate punctele de prelevare.

2. Pe baza analizelor efectuate pe probele prelevate se poate constata ca
numarul coliformilor totali indici 0 apa poluat la Bozana Maresi la Buzesti si o aph
relativ cural la Pomi. Aceastobservée este valahil pentru toate perioadele de recoltare.
Cu toate & numarul coliformilor totali si fecali prezind valori ridicate la Buzsi
numirul enterococilor fecali are cele mai mici valori la acest punct de colectare, pe
toat perioada de studiu.

3. La Pomi, valorile sizute ale nurirului de bacterii coliforme se asociazu
numirul scazut de enterococi fecali aceste rezultate putand fi explicate prin faptul ca pe
acest traseu raul are un curs rapid, un nivel mic alsappa este bine oxigeriat

4. Existi mari oscilaii sezoniere ale nuiinului germenilor coliformgi enterococi
fecali, valorile maxime inregistrindu-se in sezonul cald, iar cele mici in sezonul rece.
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CERCETARI ENZIMOLOGICE ASUPRA SEDIMENTELOR RAULUI
SOMES LA CONFLUENTA CU RAUL LAPUS

CRISTINA BUZAN ™ si MIHAIL DR AGAN-BULARDA**

SUMMARY. — Enzymological Research on Sediments from the Somat Confluence with

the Lapus River. Sediments of the Someiver were studied enzymologically. The following 5
enzymatic and nonenzymatic catalytic activities have been measured: phosphatase, catalase,
actual and potential dehydrogenase, nonenzymat-gplitting capacity. The analyses were
carried out seasonally, during the years 2002-2003, in 3 points along the river stream: one of
them is Bozanta Mare, the others being situated upstream and downstream of the confluence of
the Somes with Lapus river. All the studied activities were detected in all the samples analysed.
Based on the analytical data, the enzymatic indicators of sediment quality (EISQs) were
calculated. Seasonal differences were registered, with the highest values in autumn and the
lowest ones in winter. The chemical pollution at the Bez&are point resulted in lower values

of the enzymatic activities, and, consequentely of the EISQ. The high values of the EISQ 20 km
downstream from the pollution point, closed to that registered upstream, reflects the good
autoregenerative capacity of the studied sediments.

In ciclul biogeochimic al elementelor, sedimentele sunt o ¥etigie, la nivelul
lor finalizdndu-se procesul de mineralizare a sulpstanorganice care n-au fost degradate
in coloana de @p Compodzia sedimentelor este o fuiecomplex a mai multor factori,
foarte diferii, cum ar fi matrixul mineral major, textura, cantitatea de carbon organic,
localizarea geografic[9]. Actiunea microorganismelor asupra substratelor din mediu se
face pe cale enzimalic prin oxidoreducerisi hidrolize, respectiv prin @icnea unor
produi finali ai metabolismului microbian, Th cele din urmezultat tot al activitii
enzimatice a microorganismelor. In consggimleterminarea activilor enzimatice n
sedimente reprezihun instrument de cercetare pentru a aprecia diversitatg@ohatca
microbiotei, deci a proceselor biochimice in acest mediu natural, in scopul stabilirii unor
indicatori ai califtii habitatelor.

Daci implicarea microorganismelor in procesele complexe de transformare a
substarelor in bazinele acvatice este de la sineléad, nefind pud sub semnul
intrekdrii, rolul enzimelor libere n aceste procese a fost demonstrat,diiple de care
dispunem, incepind cu deceniul al patrulea al acestui secol. K r e p s (1934) sémnaleaz

B Grupul Scolar de Industrie \goard, str. Taberei, nr. 3R0-400512 Cluj-Napoca
** Universitatea “Babg-Bolyai”, Facultatea de Biologigi Geologie, Catedra de Biologie Experimentagtr.
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posibilitatea prezeai in apa de mare a unor catalizatori elitbel® citre microorganisme,
sau provenind digesuturile moarte ale organismelor superioare. Colectivul din &zea f
parte publig rezultatele cercatilor efectuate in apa sedimentele coastei Murmansk,
ntr-o lucrare mai amp) doi ani mai tirziu [2].

L e n har dicolab. (1962) consid&rca depozitele de fund ale lacurilgr
riurilor pot fi apreciate ca soluri care s-au dezvoltat in ¢iodei inundaie [8]. Tot astfel,
Cosgrove (1977) defigte sedimentele lacustre drept tipuri speciale de sol, diferind
de solurile ordinare prin aceea sint permanent inundatg regenerate continuu prin
depunere [3]. In ultimul timp, cercéele enzimologice asupra sedimentelor apitat o
mare aploare. La noi Hara cercelrile au vizat in special sedimentele lacurilor saline, dar
a fost abordafi domeniul sedimentelogurilor [10, 11].

In lucrarea de fid ne-am propus as urmirim activitatea enzimatici a
sedimentelor din raul Somda confluena cu raul lapus, dup doi ani de la deversarea
in acesta a unor caritit importante de cianuri provenite de la intreprinderea Aurul
Transgold S.A., situatin amonte de BozamtMare. In acest scop au fost selectate 3
puncte de colectare a probelor: unul pe régus imediat sub punctul de poluare cu
cianurisi metale grele de la BozénMare, unul pe SoméBuzesti) la o distaa de 20
km amonte de gura dérgare a Epusului si ultimul tot pe Somestot pe o distanta de
20 km, aval de punctul de varsare @lsului.

Materiale si metode.Analiza enzimologica a sedimentelor rauldiplus a fost
realizai pe baza probelor prelevate din treitistdJna dintre ele este BoznMare,
celelalte fiind situate Th amongeaval de aceastocalitate. Cercétile au fost efectuate pe
parcursul anilor 2008 2003, gantioanele fiind prelevate sezonier: iulie 2002, octombrie
2002 decembrie 200@ martie 2003. kantioanele de sedimente au fost centrifugate,
iar dupa indeprtarea supernatantului, din fiecare proba s-au efectuat detairdim
substari uscal si analize enzimologice. Au fost determinate atoarele 5 activiti
enzimaticesi catalitice neenzimatice: activitatea fosfatazica [6], activitatea catalgizic
scindarea neenzimaii@a HO, [5] (inactivarea enzimelor s-adut prin autoclavarea
esantioanelor), activitatea dehidrogenazie&tuali si activitatea dehidrogenazic
potertiala [2]. Activitatea fosfatazit se exprini in mg fenol/2,5 g sediment (subgtan
uscaf), activititile catalazicasi de scindare neenzimaii@ HO, se exprini in mg
H,0,/1,5 g sediment (subst@nuscal) iar activitatea dehidrogenazica se expriin
mg formazan/g sediment (subgtanscal).

Rezultate si discutii. Rezultatele analizele enzimologice ale sedimentelor
analizate sunt prezentate Tn Tab. 1. Dupa cum se poate observa, toate celeith activit
enzimaticesi catalitice neenzimatice au fost prezente in togdatimanele studiate. Exist
19C
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varidgii sezoniere, intengitile minime fiind consemnate iarna, la fiecare dintre punctele
studiate. Valorile absolute ale actitilor sunt relativ ridicate, comparabile cu altele din
literatura de specialitate [4, 10, 11].

Cea mai intensactivitate fosfatazic§7,15 mg fenol/2,5 g sediment subsian
uscall) se inregistreaztoamna la punctul Bugi In acelai punctsi Th acelai sezon este
consemndtsi cea mai interisactivitate dehidrogenazigoteniala (7,25 mg formazan/g
sediment substanti usgatCelelalte valori maxime sunt consemnate tot in sezonul de
toamrd, la punctul de prelevare Pomi: activitatea cataia®@;55 mg HO, scindat /1,59
sediment substanta usgascindarea neenzimatieaH0O, 19,03 mg HO, scindai /1,59
sediment substantd usgatactivitatea dehidrogenazicactuai 5,09 mg formazan/g
sediment substghuscai. Conform ateptrilor, in toate cazurile activitatea dehidrogen&zic
poteniala este mai interisdecat activitatea dehidrogendizactuad, dar difererele nu sunt
prea mari. Intrucét activitatea dehidrogenazieflect fidel intensitatea respitiei
microbiene ih sedimente, difetammici dintre valorile activitti dehidrogenazice actuaje
potentiale ilustrea existera unei activitti respiratorii microbiene intense in sedimentele
analizate, chiar in lipsa unui aport nutritiv suplimentar Tn amestecurile diereac

Tabel 1
Rezultatele analizele enzimologice efectuate asupra sedimentelor din raul S@me
Punctul de Sezonul  Activitatea  Activitatea catalitié Activitatea IECS
prelevare fosfatazié dehidrogenazic
mg fenol/2,5 Enzimatid Ne- Actuak  Poteniala
g sediment enzimati@
(s.u.) mg H,0,/1,5 g sediment  mg formazan/g
(s.u.) sediment (s.u.)
Primavara 6,63 26,45 14,93 5,06 6,25 0,368
Buzesti Vard 6,58 28,34 16,82 4,09 6,04 0,362
(amonte)  Toamri 7,15 30,15 18,63 5,34 7,25 0,416
larna 5,03 15,42 10,24 3,44 5,15 0,260
Primavara 4,25 21,25 9,73 34 4,04 0,253
Bozana Vard 5,04 25,2 13,68 4,05 3,83 0,294
Mare Toamri 4,61 23,05 11,53 3,21 5,04 0,281
larna 3,12 15,6 4,08 2,03 2,94 0,168
Primavara 3,45 17,25 5,73 4,48 5,22 0,253
Pomi Vard 5,19 25,95 14,43 4,44 5,01 0,323
Toamri 6,11 30,55 19,03 5,09 6,22 0,390
larma 4,82 24,1 12,58 4,25 4,12 0,291

Pe baza valorilor absolute ale actitiibr enzimaticesi catalitice neenzimatice
din fiecare gantion analizat s-au calculat indicatorii enzimatici ai &lisedimentelor
[10]. Indicatorul enzimatic al caiifii sedimentelor (IECS) oféro imagine de ansamblu
asupra potaialului enzimatic al acestora. In Fig. 1 este prezenatigia potenialului
enzimatic al sedimentelor analizataaacum este reflectat acesta ddreavalorile
indicatorilor calculg.
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Valorile IECS sunt cuprinse intre 0,416 (toamna, la Ri)zg 0,168 (iarna, la
Bozéna Mare). La Buzgi si la Bozana Mare valorile minime sunt consemnate iarna, iar
la Pomi prindvara. Pe punctele de prelevare, valorile cele mai mari ale IECS au fost
inregistrate vara la BozéMare (0,294), respectiv toamna la Biz€0,416) si Pomi
(0,390).

Pe ansamblu, compaia intre cele trei puncte de prelevare @mat poterial
enzimatic mai sizut la Bozara Mare, unul superior la Bugesi unul intermediar la
Pomi. Situgia este explicakil prin efectul pe care poluginde natué chimici (cianuri,
metale grele) deversale Transgold S.A. il au asupra ac#tiitmicrobiene, in general,
si implicit asupra celei enzimatice, in sedimente. Reamintim ciiguaiea punctelor
de prelevare: Buzésla o distami de 20 km amonte de gura de varsareapukului in
Some, Pomi la o distai de 20 km aval de punctul dérsare a Bpusului, iar Bozana
Mare pe réul Epus, la locul deveraii apelor poluate de la intreprinderea amintit

0.450
0.4001 —
0.350
0.3001 = =
0.250
0.2001
0.150
0.100
0.0501
0.0001

IECS

p v T I P V T I P V T I

Buzeti Bosana Mare Pomi

Loculsi sezonul preleirii probelor

F i g. 1.Potenialul enzimatic al eantioanelor analizate reflectat de valorile indicatorilor
enzimatici ai cali@fii sedimentelor (IECS)

Faptul @& la c&iva km aval de locul devetsi poluartilor potenialul enzimatic al
sedimentelor este apropiat de acela consemnat in amonteérdflew capacitate
autoregenerativa sedimentelor. Obsemiite certifici valoarea indicatorilor enzimatici
ai calititii, ca modalitate eficieditde estimare a inten&iii activititii enzimaticesi,
implicit, microbiene in sedimente, de apreciere a efectului pe care polliarercita
asupra acestor habitate naturale.
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Concluzii. 1. Tn toate gantioanele analizate a fost conserfraezema tuturor
celor 5 activisti enzimaticesi catalitice neenzimatice studiate: fosfatézicatalazicasi
de scindare neenzimatia HO,, dehidrogenazicactual si dehidrogenazit poteniala.
Existi varigii sezoniere, intendgitile minime fiind consemnate iarna, iar cele maxime
vara sau toamna.

2. Intrucat activittile dehidrogenazice reflécintensitatea respitiai microbiene
in sedimente, difer¢a mic dintre valorile activiitii dehidrogenazice actuajepotertiale
ilustreaz existera unei activiiti respiratorii microbiene intense in sedimentele analizate,
chiar in lipsa unui aport nutritiv suplimentar.

3. Indicatorii enzimatici ai cafiti sedimentelor, calcuta pe baza valorilor
absolute ale activitilor enzimaticesi catalitice neenzimatice din fiecargaation analizat,
au valori cuprinse intre 0,416 (toamna, la Btiyai 0,168 (iarna, la Bozda Mare).
Indicatorul enzimatic al caliti sedimentelor (IECS) oféro imagine de ansamblu asupra
potenialului enzimatic al acestora.

3. Comparga intre cele trei puncte de prelevare iadio potefial enzimatic mai
scizut la Bozam Mare, unul superior la Bugesi unul intermediar la Pomi, sittia
explicabik prin efectul pe care poluginde natud chimici (cianuri, metale grele)
deversd la punctul Bozata Mare il au asupra actigili enzimatice in sedimente.

4. Existema unui potetial enzimatic considerabil la ©da km aval de locul
deverdrii poluartilor, apropiat prin valorile IECS de acela consemnava&m amonte,
reflect buna capacitate autoregener@tivsedimentelor analizate. Se confirraloarea
indicatorilor enzimatici ai calitii, ca modalitate eficieitde estimare a intensiii
activitatii enzimatice Tn sedimente, de apreciere a efectului pe care poluexerciti
asupra acestor habitate naturale.
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ANALIZA ENZIMOLOSSICA A UNOR ZACAMINTE
DE TURBA DIN ROMANIA

DANIELA PASCA” si REMUSPASCA

SUMMARY. - Enzymological Analysis of Some Romanian Peatlands Peats sampled

from 5 representative moors belonging to 3 types (highmoor, mesotrophic and low moor)
were qualitatively analyzed to determine their enzymatic (invertase, cellobiase, lactase,
amylase, carboxymethyl-cellulase, dextranase, innulase, levanase, maltase), activities. The
results show that the oligases and polyases activities vary depending on the moor type. The
enzymatic activities were found to be higher in the mesotrophic moor then in the high and
low mors. Enzymatic activities registered a decreasing tendency with increasing depth of
peat sampling and with the process of peat formation. The differences between the 3 moor
types were relevant. The air drying of peat samples not determinated a decreasing of enzymatic
activities, comparatively with native peat samples. Inactivation (destruction of enzymes)
produced increasing acidity in highmoor peat samples.

Introducere. De la apatia primului tratat despre tukbpublicat de Martin
Schook la Groningen (Olanda) Tn 1658, aceasturd naturafi, cu complicate
particulariiti structurale a fost din ce in ce mai intensiv invesiigpéntru ca in
secolul nostrusse giseasg in lumina concentrica unor cercéti multilaterale.
Studiul teoretic al turbei, mereu adancit, a relevat tot mai numeroase positslit
ntrebuinare, iar aplicgile au generat la randul lor noi abérdteoretice.

In zonele emisferei nordice, aria img&m@szicimintelor de turh, investigarea
acestui biolit s-a intemeiat pe diferite condieprmirind o temati& divergeni
determinat de diverse oporturii economice care s-au reflectat in literagtiiatific a
printr-o problematig vast.

Desi fata de imensele aaminte de turbB existente in regiunea borgal
(Finlanda, Canada, S.U.A., Germania, Anglia, Irlanda, FedeRusg, Suediasi
Polonia), cele dirtara noastrau extinderi considerabil mai reduse (sub 1% din
stocul mondial), aceastimitare cantitatié este compensatprintr-o importaimsa
fitogeografi@ excepionali. Diversitatea condilor genetice ale turdiilor din tara
noastraare drept complement o varietate tipoladargi de zciminte turboase, cu
implicatii tot atdt de complexsai Tn privinta caracteristicilor lor biochimice,
implicit a celor enzimologice.

Este cunoscutacstudiul turbei ridid probleme care sunt cu totul deosebite
de cele intalnite in cercetarea rocilor organogengi @asolurilor, iar procesele
implicate in formarea acesto#c@minte sunt intr-o mare ¥suri diferite de cele
care intervin in geneza altor sedimente organogene.

In aceast privinta este de relevatiaolul microorganismelor este mult mai
important in genezg evoluia turbei.

" Universitatea Tehnica din Cluj-Napoca, Facultatea de Construcyii i Instalasii
Sr. C-tin Daicoviciu Nr. 15, RO-3400 Cluj-Napoca
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Cu toate & datoriti agiunii sale antimicrobiene, it turba a fost considetat
un mediu complet abiotic, Tn ultimele decenii cercetarea microbidlggnzimologié
a turbei s-a intensificat.

Cunoaterea atiunii biocatalizatorilor din acestei@minte a necesitat
numeroase studii enzimologice intreprinse in diferite tipuri dei.l8ka arfiat G
datoriti condiiilor de formaresi de evoluie, distincte pentru fiecare tip de térb
exist difererte si in privinta califitii si intensifitii proceselor enzimatice [3-5].

Prin analogie cu solul, am presupus activitatea enzimatic a turbei
constituie rezultatul activiti enzimelor acumulatgi a enzimelor microorganismelor
proliferante. In aceastprivinta este cunoscutacenzimele acumulate provin din
resturile vegetalgi celulele microorganismelor. Inrigamantul turbos enzimele se
acumulea atat ca enzime libere (exoenzime eliberate din celulele vii + endoenzime
eliberate din celulele dezintegrate) gidta enzime legate de constittieselulari:
ca enzime prezente in celulele dezintegrate (in fragmentele celulare), in celulele
vii, dar neproliferante. Enzimele microorganismelor proliferante sunt enzime care
se eliberez din celulele vii aflate Tn curs de multiplicare. Cantitatea enzimelor
libere este mult mai micin soldia turbei decat in stare adsoibstugi complexad.

La randul lor, enzimele libere sunt adsorbite pe particule orggimaimerale sagl
complexate cu subst@nhumice. Datorit acestei imprejdri enzimele rinan activesi
dupa moartea celulelor care le-au produs. [1, 2].

Intrucat exist un nunar relativ redus de studii enzimologice calitative
referitoare la intensitatea actiii unor oligazesi poliaze din diferite tipuri de
turbe, am considerat Wilcercetarea acestora. Aceasta ne-a permis eigdem
unor coreldi intre activitatea enzimatica diferitelor tipuri de turdbin funaie de
sinuziile generatoarg intensitatea procesului de turbificare, contribuind telégerea
mai profund a reagilor catalizate de enzime cu rol decisiv in mineralizarea
substarelor organice. Intre poliazele studiate se ingiudoua enzime care n-au mai
fost evidemiate in turld, dextranazai levanaza, implicate in hidroliza polizaharidelor,
dextransi levan, de origine microbian Am initiat studiul acestor enzime in
zacamintele native de tutbcasi In turbe deshidratatg inactivate termic.

Materiale si metode. Au fost analizate probe de tdrbligotrofa, mezotrofasi
eutrofd Zacamintele din care s-au prelevat probele dedgrladancimile acestora
sunt trecute n tabelele 1-3. Pentru evitlgra enzimelor s-au utilizat probe de
turba cu umiditate natura) probe uscate la un curent de aer ggpeobe inactivate
termic.

Am studiat calitativ: zaharaza, celobiaza, lactaza, amilaza, carboximetilcelulaza
(CMC-aza), dextranaza, inulaza, levangzraaltaza. Inactivarea (distrugerea enzimelor)
s-a realizat prin autoclavare la $@0timp de 30 minute in 3 zile consecutive.

Amestecurile de rede au avut urritoarea compoge: 3 g turtdi + 5 ml
toluen + 20 ml soltie de substrat (zaha®Z.0%; maltoZ.H,O si lactozi.H,O
10,5%; celobioz, amidon solubil, carboximetilcelulaZCMC), inulind si dextran
2%, levan 0,25%. In continuare, acestea au fost incubate@a Bum 10 zile de
incubare, lichidele supernatante ale amestecurilor deieesc fost analizate prin
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metoda cromatografiei pe hartie (tehnica circulgir descende). S-a folosit
hartie Whatman 1. Din fiecare amestec detieaza analizat o cantitate deuV

lichid supernatant. Sistemul de dizolviantilizat a fost alétuit din n-propanol,

acetat de etii apa in proporie de 6: 1:3 vol./vol./vol. Durata develop a fost de

2-21/2 ore (tehnica circul@y sau 24 ore (tehnica descendgnta temperatura
camerei. ldentificarea zaharurilor redtaare s-a efectuat cu AgNO[7] iar

cetozele liberai combinate au fost detectate cu reactivul peilube uressi acid

o-fosforic [6].

Rezultate si discutii. Compararea intensitasii activitarilor enzimatice si
catalitice neenzimatice ale celor tre tipuri de turbe (oligotrofe, mezotrofe si eutrofe).

Datele analitice sunt prezentate sintetic, Tn tabelele 1-3. Intensitatea
activitatilor enzimatice se noteaprin semne de "+", iar abs@nactivittii prin "-".

In tabelul 1 sunt trecute rezultatele giute la analizele calitative ale
probelor de turb oligotrofa. In toate probele de tufb(10), au fost detectate
urmatoarele activiiti enzimatice comune: zaharaza, lactaza, CMC-aza, inulaza; in
nowa probe de turb au fost prezentate celobiaza, amilaza, levagazeltaza, iar
dextranaza a fost singura enim crei activitate nu a fost semidadecat in patru
probe de turb (activititi enzimatice deferaiale). In profilul (1) extras din mkiina
de la Luci au excelat in intensitate dtoarele activiiti enzimatice: zaharaza,
celobiaza, amilaza, CMC-aza, inulagamaltaza. In turba de la Poiana Stampei-
Casoi s-au inregistrat activiile cele mai mari la zaharazcelobiaz, lactaa,
amilaz, CMC-az si maltaz. In turba de la Poiana Stampei-Pilugani setimati
exceptand dextranaza, celelalte 8 activénzimatice au fost bine reprezentate.

In cadrul aceluigi profil, la toate trei mlgtinile de turla, activitatile
zaharazig, CMC-azid, maltazi@ si amilazic se pot grupa in categoria enzimelor
cu intensitatea maxifin activititile celobiazid, lactazi@ si inulazici se pot grupa
in categoria enzimelor cu interisit medii, iar activititie deztranazit si
levanazid se incadredz in ultima categorie, prezentant intefigié cele mai
saizute. O caracteristica tuturor activiitilor enzimatice studiate este diminuarea
acestora in raport cu gterea profunzimii, atat la Luci (profilul I) cat la Poiana
Stampei-Gsoi si Pilugani. Menionam c prin deshidratarea probelor de tirfn
general, nu s-au produs modific eseniale ale activitilor enzimatice, relesm
doar o inactivare paala a amilazei la ultima pralbde la Poiana Stampei-§iisi a
levanazei in prima prabde la Luci (profilul ). Prin autoclavarea turbei,
catalizatorii termostabili deterniirhidroliza neenzimatica substraturilor. In cele
trei mlastini de turli, la toate nivelele cercetate, catalizatorii neenzimatici au
agionat drastic asupra substraturilor. Astfel zaharoza, inglitevanul au fost cel
mai puternic hidrolizate pe cale neenzimatia CMC si maltoz intensitatea
scindirii a fost intermedid, iar asupra celobiozei, lactozei, amidongludextranului
catalizatorii neenzimatici au genat cu intensitate minif

In tabelul 2 sunt prezentate rezultateletiolite la analizele calitative ale
probelor de turbh mezotrofa La toate probele de turb(5) au fost detectate
urmatoarele sase activiiti enzimatice comune: zaharaza, celobiaza, lactaza,
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amilaza, CMC-azai maltaza, iar in categoria actidilor enzimatice diferetiale
se include: activitatea dextranazicare a fost evideiata numai in patru probe de
turba, activitatea inulazic care a fost semnafain trei probe de tutbsi activitatea
levanazid care a fost prezehhumai in doa probe de turh

In fundie de intensitatea diferitelor actititenzimatice, intre cele dayprofile
de turld mezotrofg se conturedgzunele deosebiri. Astfel in probele prevenite din
Parcul Ng@ional Retezat activitile: zaharazig, celobiazié, lactazi@, amilazié, maltazia,
inulazia si levanazi@ au atins intengitile maxime, activitatea CMC-azicocup o
pozitie intermediariiar activitatea dextranazi@ fost cea mai slab reprezeatat

In probele de tutbmezotrofj provenite din zona de lagg a stlaii Luci
(profilul 11), intensititile maxime s-au ainut la activittile: lactazi@, amilazia,
zaharazig si maltazi@, poziia medie este ocupatde activititile: calobiazia,
CMC-azia si dextranazig, iar activiitile inulazia si levanazi@ nu au putut fi
puse n evides.

Remarém potenialul enzimatic mult mai ridicat al turbei din Parcul
National Retezat, Tn compaia cu turba de la Luci (profilul Il), evidéind totdat
si un element de similaritate a acestora, prin detectarea in ambele cazuri giacelora
nivele de intensitate la actigitle: lactazid, amilazié si CMC-azia.

Intensitatea acestor actiit enzimatice nu se modificin raport cu
adancimea, intre 10-70 cm (ParcultiNaal Retezatyi 20-40 cm (Luci profilul 11),
semnalandu-se osoara tendind de diminuare a lor la probele colectate de la
adancimile maxime.

In probele cu turb autoclavat, catalizatorii neenzimatici, termostabili au
aaionat extrem de slab numai asuprgpte substraturi (zaharoza, lactoza, amidonul,
dextranul, maltoza, inulingj levanul), megindndu-se mult sub nivelul acti&itior
enzimatice.

In tabelul 3 sunt prezentate rezultatele analizelor calitative ale probelor de
turbd eutrofa In toate probele au fost identificat@apte activiiti enzimatice
comune. Aceste activii enzimatice sunt uratoarele: zaharaza, celobiaza, lactaza,
amilaza, CMC-aza, inulazg maltaza. Activitatea levanazica fost detectatin
patru probe, iar activitatea dextranazmimai in trei probe.

Activitatile enzimatice maxime s-au inregistrat la: zahgrazlobiai,
lactaz, amilaz si maltaz, poztii intermediare dgn activititle CMC-azié@ si inulazia,
iar activititile dextranazig si levanazié se situeazin categoria intendgiilor minime.

Evoluia pe vertical a acestor activiti enzimatice arat o tendina de
uniformizare intre 30-150 cm adancime, @lwgare are loc o diminuare a acestora
para la 250 cm.

In probele cu turb autoclavat, hidroliza neenzimatica substraturilor a
fost practic inexistefit

Snteza rezultatelor obyinute la analizele enzimol ogice calitative

Turba coine substare organice abundente care provin in special din
resturile vegetale. Dintre substale organice existente n resturile vegetale fidra
de carbon se &flin cantitatea cea mai maretidénd mai mult de 50% din greutatea
acestora. Printre hidiade carbon predomincelulozasi hemicelulozele. Cantitatea
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celorlalte polizaharide (amidon, inudiretc.) este mai mic Pe acest temei am
considerat util & abordim studii legate de enzimele (hidrolaze, oligaze, poliaze)
care catalizedizdepolimerizarea hidrolitica unor oligo-si polizaharide avand in
vedere faptul £ aceast depolimerizare constituie o etagheie Th procesul de
mineralizare a celor mai abundente subystamganice din tuéb Reamintim & am
efectuatsi cercetri privind hidroliza a doa polizaharide de origine microbian
dextranulsi levanul.

Cunoscut fiind faptul & prin determinarea cainutului de polizaharide
existente Tn turd se pot obne informaii asupra gradului de descompunere a
materialului vegetai al varstei sedimentelor de tdrbam consideratacsi studierea
calitativa a activititii unor oligazesi poliaze poate servi pe de o parte la difgerra
tipurilor fundamentale de tufibiar pe de alt parte pe baza rezultatelortolute se
pot oliine informaii asupra gradului de descompunere a materialului vegetal
generatoi al varstei acestor sedimente. Astfel, activitatea itensarbohidrazelor
presupune un grad mai mic de descompunere a materialului vegetal coitsrenz
unui proces incipient de turbificare caracteristic turbei subrecente, iar activitatea
apreciabil mai reddsa acestora ataun grad de descompunere accentuat, dovedind
evoluia stadiului de turbificargi vechimea mai mare @@mintelor de turb.

Intensitatea activitii enzimelor studiate este dependerte urnatorii
factori: natura enzimei, tipul genetic de tirladancimea de colectare a probelor
(stadiul de descompunere a materialului vegetal genefiatérsta), precuni de
felul probei analizate (tuBbumedi, uscal, inactivati termic).

In general, la cele trei tipuri de tdrlactivititile zaharazig, amilazig,
lactazid@, maltazi@ si inulazici s-au dovedit a fi mai intense decat aciiig
celobiazié, CMC-azi@, dextranazig si levanazié@.

Rezultatele ofinute au indicat & tipul turbei influeneaz ntr-o masura
mare activitatea oligazelar poliazelor. Activigtile enzimatice cele mai ridicate s-
au evidemnat la turba mezotrofa poziia interemediaraeste ocupét de turba
oligotrofa, iar la turba eutrofadesi s-au obinut activititi mari ale acestor enzime,
aceasta se situeape poziia ultima.

Un factor de care depinde activitatea enziraaste adancimea de colectare a
probelor de turlh Pe baza analizelor calitative s-a constalaaativitatea tuturor
enzimelor cercetate atinge nivelul maxim in probele din zona sujpesiganofilelor,
relevandu-se strénsa interdependentre adancimea mica probelor de tuth
stadiul incipient al procesului de turbificare, varsta subrg&@eatestorai intensitatea
extrem de ridicdt a activititii oligazelorsi poliazelor cercetate. In probele bazale
ale profilelor de turb analizate s-au semnalat in toate cazurile adfileitcele mai
sazute.

Sestie c exisé 0 dependeti direct intre umiditatea turbeii activitatea
enzimati@ a acesteia. Pe baza rezultatelotiralie la analizele enzimologice
calitative, Tn general nu se remaiminuarea activittii enzimatice in probele de
turbd deshidratate fa de probele la care nu s-a modificat umiditatea aadiv
turbei. Prin autoclavarea turbei s-a produs accentuareaagicglinumai in cazul
probelor oligotrofe.
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Analize enzimologice calitative ale probelor deturba oligotrofa

Tabel 1

Locul de colectare al probelor
Denumirea enzimei Felul probei Luci (profilul 1) [ Poiana Stampei&oi | Poiana Stampei-Pilugani
25-40 60-80 100-12Q 15-30 47-65| 80-96/ 60-80| 100-120Q 150-170| 230-250
Zaharaza Turba neautoclavdt umed ++++ +++ ++ +++ ++ + +++ ++ ++ +
usaat ++++ ++++ +++ +H++ | + +H++ | At +++ ++
Hidroliza neenzimatit a zaharozei Turbautoclavad uscat ++++ +H++ ++++ ++ +++ + ++ + ++ ++
Celobiaza Turbid neautoclavadt umed ++ + + +++ ++ + +++ ++ + -
usaat +++ + + +++ ++ - ++ + + -
Hidroliza neenzimatit a celobiozei Turb autoclavai uscat + + + - + - + + + -
Lactaza Turbid neautoclavadt umed + + + +H++ ++ + +++ ++ + +
usaat + + + +++ + ++ + + +
Hidroliza neenzimatit a lactozei Turb autoclavai uscat + + + + + - + + + +
Amilaza Turbi neautoclavat umed ++ + - + +++ + +++ + + -
usaat + + - ++ +++ - ++ + + +
Hidroliza neenzimatit a amidonului Turb autoclavad uscat - + - - + - + - + -
CMC-aza Turbi neautoclavat umed ++ + - + + + ++ + + -
usaat +++ + + + ++ + ++ + + +
Hidroliza neenzimatit a CMC-ului Turla autoclavat uscat + ++ + - + + + + + +
Dextranaza umad + - - + - - - -
Turba neautoclavadt uscai - + - - + - + - - -
Hidroliza neenzimatit a dextranului Turb autoclavai uscat - - + - + - + - + -
Inulaza umid + + + + + + + + + +
Turba neautoclavadt uscai ++ + + + + + ++ ++ ++ +
Hidroliza neenzimatit a inulinei Turla autoclavat uscat +++ ++ + +++ ++ + ++++ ++++ ++++ +++
Levanaza umad + + + + + - + + + +
Turba neautoclavadt uscai - + + + + - ++ + ++ +
Hidroliza neenzimatit a levanului Turb autoclavai uscat + + + ++ + + it ++ ++ ++
Maltaza umad ++4++ + - +4++ +++ + ++ + + -
Turba neautoclavait uscal +H++ ++ * | |+ +++ + - -
Hidroliza neenzimatit a maltozei Turb autoclavat uscat + + + - + + + + + -




Tabel 2

Analize enzimologice calitative ale probelor deturbi mezotrofa
Locul de colectare al probe
Denumirea enzimei Felul probei Judele din Parcul Nimnal Retezat [ Luci (profilul 11)
Adancimea (cm)
10-30 50-70 90-115 20-40 50-70
Zaharaza Turba neautoclavadt umed ++++ ++++ ++++ ++ ++
uségat ++++ ++++ ++++ +++ +++
Hidroliza neenzimatit a zaharozei Turba autoclavat uscat ++ + + ++ ++
Celobiaza Turba neautoclavdt umed ++++ +++ ++ + +
uségat ++++ +++ ++ ++ +
Hidroliza neenzimatita celobiozei Turb autoclavat uscat - - - - -
Lactaza umed +++ +++ ++ +++ +
Turba neautoclavadt uscai +++ +++ ++ +++ ++
Hidroliza neenzimatit a lactozei Turb autoclavat uscat - - - + -
Amilaza umed +4++ +++ + +4++ +
Turba neautoclavadt uscai +++ +++ + +++ +
Hidroliza neenzimatica amidonului Turb autoclavat uscat - - - + +
CMC-aza umed ++ + + ++ +
Turba neautoclavdit uscai ++ + + ++ +
Hidroliza neenzimatica CMC-ului Turla autoclavat uscat - - - +
Dextranaza umied + + - + +
Turba neautoclavdt uscai * - - + +
Hidroliza neenzimatit a dextranului Turbautoclavat uscat + - - + +
Inulaza umied +++ + + - -
Turba neautoclavadt uscai +++ ++ + - -
Hidroliza neenzimatit a inulinei Turba autoclavat uscat + + + - -
Levanaza umed +++ + - - -
Turba neautoclavadt uscai +++ + - - -
Hidroliza neenzimatita levanului Turba autoclavat uscat + - - - -
Maltaza umed ++++ +++ + + +
Turba neautoclavadt uscai +H++ +++ ++ +++ ++
Hidroliza neenzimatit a maltoze Turba autoclavat uscat + + + - -




Analize enzimologice calitative ale probelor de turba eutrofi

Tabel 3

Locul de colectare al probelor

Denumirea enzimei Felul probei Lozna
Adancimea (cm)
30-50 80-100 130-150 180-200 230-250
Zaharaza Turbd neautoclavdt umed +H++ +H++ +++ ++ +
uséat ++++ ++++ +++ ++ +
Hidroliza neenzimatic a zaharozei Turba autoclavat uscat - - - - -
Celobiaza Turba neautoclavat umed ++++ ++++ +++ +++ ++
uséat ++++ ++++ ++ ++ ++
Hidroliza neenzimatica celobiozei Turbautoclavat uscat - B - - -
Lactaza Turba neautoclavdt umed +++ +++ ++ ++ +
uséat +++ +++ ++ + +
Hidroliza neenzimatic a lactozei Turb autoclavat uscat + - - - -
Amilaza umed ++++ +++ +++ ++ +
Turbd neautoclavdit uscai +++ +++ +++ ++ +
Hidroliza neenzimatica amidonului Turba autoclavat uscat - - - - -
CMC-aza umid ++ ++ + + +
Turba neautoclavat uscai ++ + + + +
Hidroliza neenzimatica CMC-ului Turld autoclavat uscat - B - - -
Dextranaza umid + + - - -
Turba neautoclavadt uscai + + + - -
Hidroliza neenzimatita dextranului Turbautoclavat uscat - - - - -
Inulaza umed + + ++ + +
Turbd neautoclavdt uscai ++ ++ ++ + +
Hidroliza neenzimatica inulinei Turld autoclavat uscat + + - - -
Levanaza umed - + + + +
Turba neautoclavdt uscai - + + + +
Hidroliza neenzimatic a levanului Turba autoclavat uscat - - - - -
Maltaza umed ++ ++ + ++ +
Turbd neautoclavdit uscai +++ +++ ++ + +
Hidroliza neenzimatica maltoze Turba autoclavat uscat - B - B -




ANALIZA ENZIMOLOGIC A A UNOR ZACAMINTE DE TURBA DIN ROMANIA

Concluzii. Din cele arfiate mai sus rezdltca analizele enzimologice
calitative ale oligazelogi poliazelor sunt utile atat pentru caracterizarea tipurilor
fundamentale de tuiibcatsi pentru obinerea unor inform# asupra proceselor
biochimice care au loc in diferite sedimente in vedereaatititizrbei in balneoterapie,
agriculturasau n industrie.
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CAPACITATI MALTAZICE S| DE MULTIPLICARE ALE UNOR
TULPINI DE DROJDII PANIFICATIE

LETI TIA OPREAN "si ENIKO GASPAR"

SUMMARY. - Maltasic and Multiplication Capacity of Some Baker's Yeasts Strains.

The comparatives researches concerning the adaptability to the maltose of enzyme complex
fermentation and multiplication capacities of so&@Echaromyces cerevisibakers' yeasts
strains are presented in this paper. In the Lucian Blaga University, Food Biotechnology
Department, Microbiological laboratory were isolated the bakers' yeasts strains as pure
culture. At the room temperature (&) during 3 days (72 hours) the fermentation liquid
medium with maltose dynamics fermentation by the bakers' yeasts strains and the cells'
multiplication speed of the same yeasts. The gravimetric determination, with usually
analyses methods was made for the first followed aspect. Also, was determinate, the CO
mass, emitted in 6 hours and calculated in mass % ¢ZXD0 g medium). For the second
followed aspect was counted the total and alive yeast cells, using the Thoma chamber. At
the end of medium fermentation with maltose, 8a&charomyces cerevisideP-2 bakers'

yeast has the most adaptability to the maltose of enzyme complex fermentation capacity
and the best values of multiplication speed, in decreasing order, ai®afmharomyces
cerevisiaeDP-5 bakers' yeast, DP-3, DP-6 and DP-1.

La fermentarea aluaturilor se utilizéadrojdii alcooligene ce ap#r genului
Saccharomyces (Meyen) Rgesnume speciebaccharomyces cerevisiakulpinile
de drojdie de panifieee Saccharomyces cerevisipet prezenta capaéit diferite
de adaptare in cortiie de mediu oferite de tehnologia de panified1-8}.

Ohiinuta prin inmutire pe un mediu de mek® panificaie, drojdia
trebuie &-si adapteze complexul enzimatic de la fermentarea glucozei la cel al
maltozei, diglucid format prin activitatea enzimelor amilolitice dim#aasupra
amidonului.

Maltoza are un rol de inductor al enzimelor maltozo-permegiazsltaza
(¢-glucozidaza), numai ddpce din mediu sunt fermentate in succesiune: glucoza,
fructoza si zaharoza. Maltozgi maltotrioza ftrund n celula de drojdie sub
influenta unor permeaze specifice induse n prezérr, enzime care se comport
ca sisteme active de transport. Bugitrunderea in interiorul celulei maltoza sub
agiunea é-glucozidazei induse este hidrolizain 2 moli de glucoz si are loc
fermentarea rapid

Adaptarea drojdiilor de panifide la fermentarea maltozei ce se fornieaz
in aluat, este o caracterigticomanddi genetic. In genomul nuclear al celulei drojdiei
Saccharomyces cerevisiaxisti 5 gene distincte responsabile pentru formarea
a-glucozidazeki fermentarea maltozei détee aceadtdrojdie. Controlul fermetitii

BUniversitatea Lucian Blaga, Catedra de Biotehnologii Alimentare, Sibiu
E-mail: oprean_letitia@yahoo.com
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maltozei este realizat prin dbmecanisme diferitgi anume prin transcrie, cand

are loc transmiterea informeai genetice deatre gena structuralprin intermediul
acidului ribonucleic mesager care efectdefianslaia. Ca rezultat se produce
reglarea genetica biosintezei enzimelor adaptitive, respectiv a maltozo-permeazei
si a maltazei ¢-glucozidazei).

Dupa introducerea inoculului de drojdie, cand in mediu éxistantitate
suficienti de oxigen, tulpinile de drojdii de panifiga pot produce oxidarea
maltozei paa la prodyii finali ai respiraiei si are loc inmuirea celulelor. Acest
proces de respiti@ se reducei se intensifi@ procesul fermentativ, iar celulele de
drojdie existente cresc in dimensighin celule se acumuleaglicogen.

Capacitatea de adaptare cat mai gafadfermentarea glucidelor din mediile
cu fiina si inducerea rapil a activititi maltazice care & accelereze procesele
fermentative din aluaturi, precugncresterea vitezei de multiplicare sunt cele mai
importante propriéti biotehnologice ale drojdiei de panifica

In lucrarea de fa descriem cercéti comparative privind studierea capéit
maltazicesi de multiplicare asase tulpini de drojdii de panifida seledonate
Saccharomyces cerevisiae activitate maltazic superioara(DP-1 ("Ruf”), DP-2
("Banat”), DP-3 ("Dr. Oetcker”), DP-4 (Turcia), DP-5 ("TAromat"Pp-6 ("Pain
l'ancienne”) izolate sub foinae culturi pure in cadrul Laboratorului de Microbiologie
al Catedrei de Biotehnologii alimentare, Universitatea “Lucian Blaga” din Sibiu.

Materiale si metode.Pentru cultivarea tulpinilor de drojdii de panifieaa
servit, drept mediu nutritiv, mediul Sabouraud lichid pentru fermentarea maltozei
sterilizat Tn prealabil. Mediul a fost distribuit in cafitiitde 200 ml in baloane cu
fund plat de 250 ml, sterilizatg inchise cu ventile de fermetiacu acid sulfuric
concentrat.

Pentru inocularea mediului lichid cu malipdin cele 6 tulpini de drojdie
de panificsie Saccharomyces cerevisigeletionate s-au preparat culturi pure pe
must de mal sterilizat. Cantitatea de inocul de drojdie foloda Thgimanarea
mediului lichid cu maltoz reprezind 2 % suspensie de celule (2 X T@lule/ ml
mediu).

Fermentda mediului cu maltoz a fost condus la temperatura camerei
(20°C) timp de 3 zile (72 ore). Deternaiile s-a efectuat in serii paralele de probe.

In cursul ferment#ei s-a urndrit dinamica (viteza) ferme#ti mediului cu
maltoz de dtre tulpinile de drojdii de panifi¢cee studiatesi dinamica multiplicrii
celulelor de drojdie in acest mediu. In acest scop, s-a determinat gravimetric, cu
metodele de analzcurente, Tn conformitate cu STAS-ul in vigoare, masa dg CO
degajai in 6 oresi exprimati in % masice (g C&£100 g mediu) prin caatireas
probelor, cét timp s-au inregistrat pierderi in grewiateimarul de celule totalgi
celule vii de drojdie, prin nu@marea cu camera Thomna, duglorare cu solie
de albastru de metilegm prin metoda culturélKoch [4, 7, 8].

Conform ecugei globale a fermentei alcoolice, se poate calcula cu
aproximaie cantitatea de alcool etilic, cantitatea de malfermentat si intensitatea
fermentaiei prin conversia cantitii de CQ, rezultat in prima perioadde studiu a
fermentaiei, cu urnitoarele reldi:
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CsH1206 — 2 CH-CH,-OH + 2 CQ

[180] 2 x [46] 2 x [44]
A=46/44 Qt=1,045 Qt A = alcool absolut, g
M; = 180/88 Qt=2,045 Qt Qt = Cdegajat, g

¢ =vhaltoz, g

Rezultate. Rezultatele ofinute in studierea dinamicii fermént mediului
lichid cu maltoz de atre cele 6 tulpini de drojdii de panifiga Saccharomyces
cerevisiaeselegionate (dinamica degaji CO, ), ca mod de caracterizare a vitezei
lor de fermentare a maltozei, sunt trecute in Tabelul 1.

Tabel 1

Dinamica fermentatiei mediului cu maltozi de citre cele 6 tulpini de drojdii de
panificatie Saccharomyces cerevisiae (dinamica CO, degajat)

Tulpini de Masa CQ degajata (% masice)
Sacch. Durata de fermentatie (ore)
cerevisiae

6 12 18 24 30 36 42 48 54 60 66 72
DP-1 0,31 073 123 1,78 2,02 222 237 247 252 257 257
DP-2 0,73 158 2,48 3,53 3,83 4,03 4,13 4,18 4,18
DP-3 050 105 165 230 266 291 3,11 326 3,36 3,41 3,41
DP-4 0,42 093 153 218 2,52 2,72 287 297 3,02 3,07 3,07
DP-5 0,65 1,41 223 3,19 354 3,79 389 394 394
DP-6 0,36 0,78 1,28 1,84 208 230 245 257 267 2,72 2,72

Se poate vedea din acest taligbeja dup 6 ore de fermenti@ se evidetiaza
0 amorsare rapida fermentgei la toate tulpinile de drojdii de panifiga studiate,
ceea ce demonstreiaza aceste drojdii se adaptéampid la mediul cu maltaz
prezentand un maxim de fermetigadud 12-24 ore.

Cantitatea maxithde CQ degajat in 24 ore s-a evide¢iat la drojdia de
panificgie S.cerevisiaedDP-2, care este cu 49,58 % mai mare decéat a drojdiei de
panificaie S.cerevisiaeDP-1, drojdia cu cea mai niicvaloare a masei de GO
degajai in 24 ore. S-au remarcsit drojdiile de panificéie S. cerevisiae DP-5
S. cerevisiad®P-3,S. cerevisiae DP-4si S. cerevisiadP-6, a dror cantitate de
CO, degajai in 24 ore a fost cu 44,21, 22,61, 18sB¥espectiv 3,27 % mai mare
decét a drojdiei de panifiia S. cerevisia®P-1.

Cantitatea de C{degajai in 6 ore a crescut treptat intre @48 ore de
fermentaie a mediuluiichid cu malto, dupi care rinane aproximativ constant

La sfasitul fermentaiei, tulpinile de drojdii de panifiage studiate se pot
diferertia in fundie de viteza de fermentare a mediului cu malt@antitatea maxit
de CQ degajai in 6 ore s-a evideiat la drojdia de panifigge S. cerevisia®P-2
care este cu 38,52 % mai mare decat a drojdiei de paifisacerevisiad®P-1,
drojdia cu cea mai micvaloare a masei de G@egajai in 6 ore. S-au remarcgit
drojdiile de panificéie S. cerevisiad®P-5,S. cerevisiae DP-3, S. cerevisia®P-4
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si S. cerevisiadP-6, a dror cantitate de COdegajat in 6 ore a fost cu 34,77,
28,96, 27,5%i respectiv 4,74 % mai mare decéat a drojdiei de patidi€a cerevisiae
DP-1.

Din bilartul cantitativ al ecugei globale a fermenti@i alcoolice a maltozei
din mediu s-au constat importante difeiem intre tulpinile de drojdii de panifice
Saccharomyces cerevisiaelegionate. Valorile parametrilor de fermentare: alcool
etilic format (g)si cantitatea de maltdzconsumait (g) de @tre tulpinile de drojdii
de panificéie seledonate sunt redate in Tabelul 2.

Tabel 2

Valorile parametrilor de fermentare (alcool etilic si maltozi) pentru tulpinile de
drojdii de panificatie Saccharomyces cerevisiae selegionate

Tulpini de drojdii de 24 ore 24 ore 24 ore
panificatie
Sacchar_o_myces Alcool etilic, Maltoza, Alcool etilic, Maltoza, Alcool etilic, Maltoza,

cerevisiae g g 9 9 g g
DP-1 1,86 3,64 2,58 5,05 2,68 5,25
DP-2 3,68 7,21 4,36 8,54 4,37 8,55
DP-3 2,40 4,70 3,40 6,66 3,56 6,97
DP-4 2,26 4,45 3,10 6,07 3,20 6,28
DP-5 3,33 6,52 4,11 8,05 4,12 8,06
DP-6 1,92 3,76 2,68 5,27 2,84 5,56

Datele din Tabelul 2 exprifincorelaia dintre timp (ore}i cei doi parametri
studigi: alcool etilic formatsi cantitatea de maltédzconsumait in 24 ore, ceea ce
evideniazi puterea alcooligensi activitatea maltazic a tulpinilor de drojdii de
panificgie Saccharomyces cerevisiagidiate.

Puterea alcooligaén— dup@ cum se poate vedea din acest tabel — este
ridicatd la majoritatea tulpinilor de drojdii de panifiga studiate. La tulpinile de
drojdii, alcoolul etilic s-a putut evidga du@ 12 ore de fermenti®, cantitatea
maxima de alcool etilic obnandu-se dup24 ore, dup care s-au dinut cantititi
mai mici de alcool etilic, apropiate ca valoare.

Dupa 24 ore de fermenti@, drojdia de panifiqggée S. cerevisiadP-2 s-a
remarcat prin cea mai baicapacitate alcooligénvaloarea concentiai alcoolice
fiind cu 49,46 %mai mare decéat $a cerevisiadP-1, drojdia cu cea mai redus
capacitate alcooligéndintre tulpinile studiate. Acedsttulpind este urmdt de
drojdia de panificae S. cerevisiadDP-5, la care concentra alcooli@ a fost cu
44,15 % mai mare decét la drojdia de paniiec&. cerevisia®P-1. Se remakcsi
drojdiile de panificde S. cerevisia®P-3,S. cerevisia®P-4si S. cerevisia®P-6,
prezentand, in ordinea enumérab concentrge alcoolia cu 22,50, 17,7Gi
respectiv 3,13% mai mare decéat cedralta cu drojdia de panifiagge S. cerevisae
DP-1.
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La sfargtul fermentaiei, la majoritatea tulpinilor de drojdii de panifits
valorile concentrgei alcoolice sunt ridicate, cu mici difenende la o tulpia la
alta. Valoarea maxita concentrigei alcoolice este inregistéata drojdia de
panificaie Saccharomyces cerevisi@d-2, fiind mai mare cu 38,68 % decaiSa
cerevisiae DP-1drojdia cu cea mai micvaloare a concentiai alcoolice. Se
remar@ si drojdile de panificéie S. cerevisiaeDP-5, S. cerevisiaeDP-3, S.
cerevisiaeDP-4si S. cerevisia®P-6, prezentand, in ordinea enunigratconcentrge
alcoolici cu 34,96, 24,72, 16,52 respectiv 5,64 mai mare decat ceairolta cu
drojdia de panificge S. cerevisia®P-1.

Evaluarea capadiii de fermentare a maltozei din mediu dere tulpinile
de drojdii de panificge Saccharomyces cerevisiazlegionate este redatin
Tabelul 2.

Se poate vedea din acest tabeldrojdia de panificge S.cerevisiadP-2
se remarg prin valoarea maxita cantiiitii de maltoz consumat in 24 oresi deci
prin cea mai ridicatvitezi de fermentare a maltozei din mediu. Valoarea caintit
de maltoZ consumat in 24 ore de itre drojdia de panifigge S. cerevisiad®P-2
este cu 49,52 % mai mare decét a drojdiei de patidiSa cerevisia®P-1, drojdia
cu cea mai mitvaloare a maltozei consumate. S-au remarcdabjdiile de panificgie
S. cerevisia®P-5,S. cerevisia®P-3,S. cerevisia®P-4si S. cerevisia®dP-6, a
caror cantitate de maltdzconsumat in 24 ore a fost cu 44,18, 22,56, 18¢1
respectiv 3,20 %, mai mare decat a drojdiei de pari#iGa cerevisia®P-1.

La sfarjtul fermentaiei, drojdia de panificge S. cerevisiaeDP-2 se
evideniiazi prin valoarea maxitha cantifti de maltoz consumat in 24 oresi
deci prin cea mai ridicatvitezi de fermentare a maltozei din mediu. Valoarea
cantititic de maltoza consumat in 24 ore de ire drojdia de panifigee S.
cerevisiaeDP-2 este cu 38,60 % mai mare decat a drojdiei de paiefiSa
cerevisiaeDP-1, care se difer@gaza de celelalte tulpini prin valoarea cea maianic
a cantititii de maltoz consumat in 24 ore. S-au remarcatdrojdiile de panificéie
S. cerevisiaBbP-5,S. cerevisia®P-5,S. cerevisia®P-3,S. cerevisia®P-4si S.
cerevisiaeDP-6, a dror cantitate de malt@zconsumat in 24 ore a fost cu 34,87,
24,68, 24,68, 16,44 respectiv 5,58 % mai mare decét a drojdiei de pamifi&
cerevisiaeDP-1.

Rezultatele ofinute in studierea vatiai concentréei de celule totalsi
celule vii a tulpinilor de drojdii de panifide Saccharomyces cerevisiatidiate pe
parcursul ferment&i mediului lichid cu maltaz sunt redate in Tabelul 3. Conceriia
initiald de celule de drojdie (inoculul folosit) este de 2 ¥ d@ule / ml mediu lichid
cu maltoz.

Se obser¥ ci in primele 24 ore de fermefitaa mediului lichid cu maltdz
are loc o crgiere accentuata majoritii tulpinilor de drojdie de panifigge studiate,
ceea ce dovede c Tn aceadt etag a avut loc o multiplicare foarte aciiva
drojdiilor. La aceste tulpini de drojdii se obsgry crgtere accentuadta nunarului
de celule totale, valorile gibute fiind mai mari decat valoarea tiala.
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Tabel 3
Viteza de multiplicare a tulpinilor de drojdie de panificatie in mediul lichid cu maltozi
Tulpini de drojdie de Durata cultivarii, ore
panificatie 24 ore 48 ore 72 ore
Sacch. cerevisiae Nr. total de celul¢ Nr. total de celult Nr. total de celule  Celule vii /ml
/ ml /ml / mi Nr.x1¢
Nr.x10P Nr.x10° Nr.x10°
DP-1 46 256 348 253
DP-2 298 588 640 598
DP-3 180 360 462 380
DP-4 142 412 540 465
DP-5 160 478 624 570
DP-6 112 340 498 390

In primele 24 ore de fermenie, valoarea maxitha nunirului de celule
totale a fost inregistraia drojdia de panifigge S. cerevisiadP-2. Aceast valoare
este cu 84,56 % mai mare decéat cegnoli la drojdia de panifige S. cerevisiae
DP-1, caracterizatprin cel mai mic nurdr de celule totale. Se remarg drojdiile
de panificgéie S. cerevisia®P-5,S.cerevisia®P-3,S. cerevisia®P-4si S. cerevisiae
DP-6 prezentand un ndamtotal de celule cu 34,96, 24,72, 16gb2espectiv 5,64 %
mai mare decat cel ghut cu drojdia de panifigee S. cerevisia®P-1.

Dupa 48 ore de fermenti@, concentrga in celule totale a crescut la toate
drojdiile, cu mici varigi intre ele. Valoarea cea mai ridiga nunarului de celule
totale se remaida drojdia de panifidée S. cerevisia®P-2 cu activitate maltazic
superioaraAceasi valoare este cu 56,46 mai mare decéat ceaud la drojdia de
panificgie S. cerevisiaeDP-1, caracterizatprin cel mai mic nurir de celule
totale. Se remaicsi drojdiile de panificéie S. cerevisia®P-5,S. cerevisia®P-3,

S. cerevisiaedDP-4 si S. cerevisiaeDP-6 prezentand, in ordinea enum&ratn
numar total de celule cu 46,44, 28,88, 37 86espectiv 24,70 % mai mare decat
cel oliinut cu drojdia de panifigee S. cerevisia®P-1.

La sfasitul fermentaiei, tulpinile de drojdii de panifiage studiate se pot
diferertia in funcie de capacitatea lor de multiplicare. Nrml maxim de celule
totale s-a inregistrat la drojdia de panifiess. cerevisiadP-2, fiind cu 57,69 %
mai mare decét al drojdiei de panifiesS. cerevisia®P-1, care se difergazi de
celelalte tulpini prin valoarea cea mai & nunarului de celule totale. Se remarg
drojdiile de panificée S. cerevisiae DP-5, S. cerevisiae DP-3, S. cerevisiae DP-4
si S. cerevisiadP-6 prezentand, Tn ordinea enum&rain nunar total de celule
cu 46,44, 28,88, 37,88 respectiv 24,70 % mai mare decét cefirlet cu drojdia
de panificgie S.cerevisia®P-1.

Concluzii. 1. In cadrul Laboratorului de microbiologie al Catedrei de
Biotehnologii alimentare, Universitatea “Lucian Blaga” din Sibiu, au fost izolate sub
forma de culturi pureai selegionate 6 tulpini de drojdii de panifita Saccharomyces
cerevisiaecu capacitate maltazicsuperioaracare fac parte din colga de drojdii
industriale a laboratorului.
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2. Tulpinile de drojdii de panificee Saccharomyces cerevisigatudiate se
evideniazi prin o amorsare rapida fermentgei, ceea ce demonstréaz aceste
drojdii se adapteézrapid la mediul cu maltéz prezentand un maxim de fermentare
dup 12-24 ore.

3. La sfariful fermentaiei, drojdia de panificge S. cerevisiaeDP-2 se
remar@ prin viteza maxira de fermentare a maltozei (cantitatea maxae CQ
degajai Tn 6 ore), fiind urmait Tn ordine descrestare, de drojdiile de panifige
S. cerevisia®P-5,S. cerevisia®P-3,S. cerevisia®P-4,S. cerevisiaeDP-6si S.
cerevisiaeDP-1.

4. La sfarigul fermentaiei, drojdia de panificge S. cerevisiaedDP-2 se
remar@ prin cea mai buh capacitate maltazi¢ putere alcooligensi vitezi de
multiplicare, fiind urmat, in ordine descrestare, de drojdiile de panifiga S.
cerevisiaeDP-5, S. cerevisiadP-3, S. cerevisiadP-4, S. cerevisiadDP-6si S.
cerevisiaeDP-1.
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CERCETARI MICROBIOLOGICE IN TURBE OLIGOTROFE DIN
BAZINELE HIDROGRAFICE ALE SOMEULUI CALD §I SOMESULUI
RECE 9 A TURBEI TERAPEUTICE DE LA BAILE SOMESENI

RADU CRISAN"

SUMMARY. — Microbiological Researches on Oligotrophic Peats from the Hydrographic
Basins of Somgul cald and Somgul Rece and Therapeutic Peat from Baile Songeni —
Cluj. Microbiological analyses were carried out on oligotrophic peat profiles in the Miblha
Mare Izbuc and G#tana, sampling depths were 0 —25, 75 — 100 and 150 — 175cm, and on
therapeutic peat fromade Somageni sampling depths were 0 —25, 50 — 75 and 150 -175 cm. We
determined the number of bacteria belonging to the following physiological groups: aerobic

heterotrophs, ammonifiers, denitrifiers, desuphofiers, iron — reducers, as well as the number
of actinomycetes and micromycetes. The highest number was registered in the therapeutic

peat, the values of microbial indicator of peat quality varied between 5.15 and 4.48.

Turbariile din bazinele hidrografice ale Sosumui Caldsi Someului Rece
depisesc cu mai mult de juiitate nurdrul total al tinoavelor din Romania, numite
de localnici molhguri. Acest fapt se explicprin condiiile orografice, prin substratul
geologic, metamorfic, bogat in roci silicioageprin precipitaii abundente, care,
toate favorizeazdezvoltarea sfagnetelor. Suptaféor, ing, nu este atat de mare ca
in cazul celor intalnite in CanicOrientali. In Murtii Apuseni sunt delimitate déu
mari regiuni de tinoave, fiecare cuprinzand mai multe gsigerii. In grupa tinoavelor
din regiunea de izvoagecursul superior al Sorgglui Cald se incadreazi zacamantul
de turla oligotrofa de la Molhaul Mare, de la Izbuc. Situat la o altitudine de aproximativ
1200 m acesta se intinde pe o sup#afi® aproximativ 8 ha. Molgal Mare de la
Izbuc are un volum de aproximativ 320.000 de turli, acest tinov fiind unul din
zacamintele cele mai voluminoase din MiirApuseni, dar in acegatimp este cel
mai nefalsificat tinov din regiung printre cele mai autentice diara[12].

Mlastinile oligotrofe din bazinul superior al Sogudui Rece sunt situate la
altitudini mai mari (1350-1700 m) decat cele din bazinul Sooe Cald, aceasta
fiind regiunea cea mai inaltu tinoave tipice digara. Sub aspect floristic, cele mai
reprezentative tinoave sunt cele &ldlolhasuri ale Gipatanii. Ele se afl la aproximativ
1600 m altitudingi sunt separate unul de altul printr-un mic paraijuitrde molizi.

Primul tinov, denumiti Capatana Est, cu o suprafiade aproximativ 5 ha,
are spre extremitatea nord-estic micdi populaie de Pinus mugo, ceea ce atest
continuitatea acestei specii In regiune pe tot parcursul pleistocenului.

“Muzeul Ngonal de Istorie a Transilvaniei, Colée de Istorie a Farmaciei, Pia Unirii Nr. 28, RO-400113
Cluj-Napoca
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Al doilea tinov, denumit Q&tana Vest, are o suprgiade circa 8 ha, este
alungit ca form si este lipsit de cenoze d@inus mugoForma celor doiitinoave
este vizibil bombatspre centru, grosimea stratului de #irbaceste zone dageste pe
alocuri 5 m, iar cantitatea tofiadle turti este apreciatia peste 250.000 in

Zacamantul de turb terapeutié de la Bile Somaeni, situat in partea de est
a municipiului Cluj — Napoca, este estimat la un volum total de aproximativ 70000 m
Namolul de turld de aici a fost utilizat Tn balneoterapie din primajtate a secolului
trecut, mai ales pentru tratarea unor afed reumatice. In acedstucrare ne-am
propus ca obiectiv evid@rrea potetialului microbian intr-un profil de tugbdintr-

0 zori a turlariei de la Somgeni din care in trecut se exgega turld pentru baza de
tratament existeatin incinta Bilor Somaeni. Merntionam c turba de la Bie
Someeni are pH — ul neutru datorat apelor minerale slab alcglimeutre.

Materiale si metode. Pentru analizele microbiologice au fost prelevate
probe de turb din profilele practicate in tinoavele Mokuh Mare de la 1zbugi
Capatana (expozie esti@). Esantioanele de tudbau fost prelevate in coniii
aseptice, de la adancimile de 0-25, 75-30050-175 cm. Prelevarea probelor s-a
efectuat la 30.07.1986 (Molsid Mare de la Izbucki 12.08.1988 (Cgatana).
Pentru estimarea potgalului microbian al zcamantului de turb de la Bile
Somaeni, au fost prelevate probe dintr-un profil de #udin zona in care aceasta
este exploatétin balneoterapie, de la trei adancimi diferite: 0-25 cm, 50-75icm
150-175 cm. Probele de tdrbu fost prelevate la data de 14.06.2001. Prelevarea s-a
facut in condii aseptice. Aduse in laborator, probele cu umiditate natatakervit
atat pentru determinarea ¢mitului Tn substaga uscat, prin deshidratarea acestora
in etun, la 105°C, timp de 72 de ore, sipentru analizele microbiologice.

in probele cu umiditate natuiad-au efectuat analize bacteriologice cantitative,
determinandu-se nuirul bacteriilor care apan urmatoarelor grupe fiziologice:
heterotrofe aerobe, amonificatoare, denitrificatoare, desulfoficaideereduditoare.

De asemenea, s-a determinat arinde actinomicetgi micromicete mezofile aerobe.

Medii de cultura. Numarul bacteriilor heterotrofe aerobe a fost determinat
pe un mediu cu bulion de carne agarizat, avanditoarea compoge: NaCl 0,5 g,
peptora 1 g, agar-agar 2 g, zeame carne, ad. 100 ml; pH 7,5. Sterilizarea se face prin
autoclavare 30 de minute la 120°C. Cate 25 ml mediu se repdriizeatii Petri sterile.

Numarul bacteriilor amonificatoare a fost determinat folosind un mediu cu
api peptonat cu urnitoarea composge: NaCl 0,5 g, peptan2 g, aj distilaé ad.
100 ml, pH 7,9. Cate 10 ml mediu se repartiddazeprubetai se sterilizeaz prin
autoclavare la 120°C timp de o ora

Numarul bacteriilor denitrificatoare a fost determinat folosindu-se mediul
lui De Barjac [11], cu uridtoarea compotie: KNO; 0,2 g, CaC@0,5 g, glucoz 1 g,
soluie salira Vinogradski nediluat5 ml, a@ distilati ad. 100 ml, pH 7,2. Cate 20 ml
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mediu se repartizeain eprubetai se sterilizeazla 112°C timp de 20 de minute/zi, Tn
trei zile consecutive.

Pentru determinarea ndralui bacteriilor desulfoficatoare s-a utilizat mediul
Van Delden [2]. av&nd uritbarea compoge: asparagih 0,29, KHPO, 0,1g,
MgSQ,.7H,0 0,15¢g, Ca S£0,5¢, lactat de Na 0,59, FeS®@H,0 urme (2-3cristale
mici) si apa de robinet 100ml; pH 7,0. Mediul a fost repartizat in eprubete (15ml /
eprubel) si sterilizat in autoclav, la 166 timp de 30 minute / zi, in trei zile consecutive.

Numérul bacteriilor fier-redudtoare s-a stabilit cu ajutorul mediului In care
asparagina a fost inlocliitu peptoa [10], in urn&toarea compote:K;HPO, 0,1 g,
KH,PQ, 0,08 g, KCI 0,02 g, KF83-3H,0 0,01 g, extract de drojdie 0,05 g, peptdrd g,
glucoz 2 g, aj distilati ad. 100 ml pH 7. Cate 7 ml mediu se repartiz@&azprubete
si se sterilizeaz prin autoclavare la 105°C timp de @/ar, in trei zile consecutive [9].

Numarul actinomicetelor s-a determinat folosind mediul cu dtoarea
compoziie: glucoz 1 g, asparagin0,05 g, kHPO, 0,05 g, agar-agar 1,5 g,a@p
distilati ad. 100 ml, pH 7,5. Cate 25 ml mediu se repartizéazeprubetssi se
sterilizeaz la 105°C timp de 20 minute/zi, in trei zile consecutive [11].

Numidrul ciupercilor mezofile aerobe a fost stabilit utilizandu-se mediul
Martin [11]. Mediul are urritoarea compote: glucoz 2 g, peptoa 1g K;HPO,
0,1 g, MgSQ 7H,0 0,05 g, roz Bengal 0,003 g, agar-agar 2 g chgtilati ad. 100
ml. Cate 25 ml mediu se repartizeédz eprubetgi se sterilizeaz la 110°C timp de
20 minute. Tn momentul intrebufmii, la mediul lichefiatsi racit la 45-50°C, se
adaug 0,5 ml dintr-o soltie sterik de sulfat de streptomicird,15%.

Dupa inocularea diferitelor dili de turki in mediile de culturaincubarea
acestora s-aiéut la 28°C, timp de 7 — 10 zile. Nuinul bacteriilor, actinomicetelor
si micromicetelor a fost calculat daig\lexander [1].

Rezultatesi discutii. Datele analitice ainute la cele 6 probe de tdrbe la
Molhasul Mare de la Izbugi Capatana sunt prezentate Trabelul 1Cele mai bine
reprezentate sunt bacteriile heterotrofe aerobe, cargisesogyin nuir relativ
ridicat, atat in turba de la Moliid Mare de la Izbuc, c&t in cea de la Qa&téana, in
esantionul de la 0-25 cm. Consiat ci in profunzimea ambelor profile de térb
numarul bacteriilor heterotrofe aerobe inregistieaz descrgtere cu crgterea
adancimii, fapt constatat de altilla celelalte grupe fiziologice de microorganisme.
Aceasta s-ar datora coridor de mediu neprielnice pentru aceste grupe fiziologice:
anaerobioZ, temperatursdzuti, aciditate crescit

Numérul bacteriilor amonificatoare este cuprins intre 242.057 celule /g turb
uscal (0-25 cm)si 23.112 celule /g tutbuscai (150-175 cm), ambele la Molha
Mare de la I1zbuc. De remarcat estargionul de turb de la 75-100 cm (@patana), in
care s-a inregistrat nd@nul cel mai mare de bacterii amonificatoare din acianzant.
Bacteriile denitrificatoare se situégze locul 3 ca nuan total de celule, dupbacteriile
heterotrofe aerobg amonificatoare. La acest grup fiziologic, pe primul loc setafba
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de la Molhaul Mare de la Izbuc (0-25 cm), urmate cea de la@patana (75-100 cm).

De remarcat £ esantioanele de tudbde la adancimile de 75-100 ¢inl50-175 cm
(Molhasul Mare — lIzbuc) au valori foarte apropiate ale aurui de bacterii
denitrificatoare. Bacteriile desulfoficatoare sunt cel mai slab reprezentate, doar n
straturile superficiale, inregistrandu-se valori de ordinul zecilor. In straturile profunde
nu s-a consemnat prezaror.

Bacteriile fier-redugtoare sunt ptin numeroase. Valorile lor sunt cuprinse
intre 11.951 (0-25 cmyj 1.201 (150-175 cm) celule /g tdrbscal, ambele inregistrate
in turba de la Molhgl Mare de la Izbuc. La &patana, nurarul bacteriilor fier-
reductoare are valori intermediargfale cele limid consemnate la Mollgal Mare de
la Izbuc.

Prezema actinomicetelor in turbele oligotrofe analizate se exppadn
existena unor tulpini rezistente, mai tolerante la pH - ul agiit fiind faptul c
actinomicetele preféyin general, pH neutru sau alcalin. Nimoh actinomicetelor este
mai mare in @ntioanele de tudbde la suprafd, apoi scade odatcu crgterea
adancimii. De altfel, aceasta estéendirta descrestoare a valorilor pH - ului. Fa
de cele 756.429 celule /g tdrbscai inregistrate la suprgtatinovului Molhgul Mare
de la Izbuc, la adancimea de 150-175 cm, in tinovigat@@na este consemaat
prezema a doar 7.704 celule /g tdrbscai.

Micromicetele mezofile aerobe sunt bine reprezentate, nregistrand valori de
acelai ordin de narime cu al actinomicetelor. De asemenea, este conseauTeds
tendina de descrgere liniat a valorilor odat cu crgterea adancimii de prelevare a
turbei.

Comparand cele dauzicaminte de turb oligotrofi pe baza nusmului de
microorganisme (bacterii, actinomiceateciuperci), putem constatd,da 5 din cele 7
grupe fiziologice studiate, nuimul maxim de microorganisme este consemnat in turba
de la Molhaul Mare de la Izbuc, iar in cea de l@p&ana nurdrul maxim de
microorganisme se nregistréda dod grupe fiziologice. Se poate afirma, ded, ¢
turba de la Molhgul Mare de la Izbuc are un poteh microbian superior celui din
turba de la @pitana. Afirmaia este confirmatde valorile indicatorului microbian al
calitatii turbei (IMCT), calculat dup formula propus de Muntean [8], pe baza
numarului de microorganisme care apfiecarui grup fiziologic

Se constat ci, la fiecare adéancime, valorile IMCT 1in turba de la Mgltha
Mare de la Izbuc sunt superioare celor inregistrate Tn turba dpigQa: 4,872 fa
de 4,702 (0-25 cm), 4,179t4ade 4,127 (75-100 cm), respectiv 3,788 fde 3,701
(150-175 cm). Diferegele dintre cele dautinoave nu sunt atat de mari cat sunt
diferertele intre adancimi, la fiecare tinov.

Tot in Tabelul 1sunt redate rezultatele analizelor microbiologice efectuate
asupra santioanelor din profilul de tutbde la Bile Somgeni. Dug cum se poate
constata din datele acestui tabel, in togg@téanele analizate a fost detecfaezera
tuturor grupelor ecofiziologice de microorganisme studiate. Cele mai bine reprezentate
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sunt bacteriile heterotrofe aerobe, la fiecare adancime a profilulugruluatestora

fiind de ordinul zecilor de milioane /g turlsubstati uscal. In stratul superficial (0-

25 cm) nurirul bacteriilor heterotrofe aerobe ajunge la aproagegd®603.122) /g

turba substari uscai. Numarul bacteriilor heterotrofe aerobe scade custerea
adancimii de prelevare. Dda 50-75 cm adancime, néral de bacterii heterotrofe
aerobe este apropiat de cel inregistrat n stratul superficial,(75.074.074 bacterii / g
substari uscal), la 150-175 cm scade de 8,5 ori comparativ cu cel consemnat la
suprafga zicamantului de turh, inregistrandu-se 11.627.907 bacterii heterotrofe
aerobe / g substemuscat a turbei.

Foarte bine reprezentate sustbacterile amonificatoare. In profunzimea
profilului de turld numirul de amonificatoare este de 361.757 celule / gaturb
substari uscai. In stratul superficial bacteriile amonificatoare sunt prezente famum
de peste 60 (6.573.541), iar in stratul de la 50-75 cm rwh lor depiseste
valoarea de (adici 11.851.852 bacterii /g, tutlsubstati uscal.

Tabel 1

Numarul microorganismelor (celule/g turba uscat) din profilele de turba de la
Capitana, Molhasul Mare de la I1zbucsi Biile Somaeni

Actino  Micro

© g Bacterii micete micete
g 2 __ Hetero- Amonifica- Deni- Desul- Fier-redué
5 s g trofe toare trifica- fofica- toare
= < = aerobe toare toare
= 0-25 1.224.459 135.234 51.447 66 6.908 391.003 537.997
= S 75-100 210.043 175.673 103.112 0 9.356 57.284 38.189
oS 150-175 92.449 33.898 26.194 0 4.160 7.704 30.816
0 @ 0-25 3.177.004 242.057 139.183 30 11.951 756.429 435.857
1 8 © - 75-100 405.508 149.253 87.605 0 2.109 162.223 97.339
f2 5. 150-175 123.266 23.112 83.204 0 1.201 46.224 23.112
v e E 0-25 98.603.122 6.573.541 69.844 698 10.682 410.846 8.217
‘8 6 @ 50-75 74.074.074 11.851.852 35.556 50 8.889 103.703 7.407
0D & 150175 11.627.907 361.757 71.059 39 3.947 77519  6.460

Tendinta descresttoare a nurrului de microorganisme odatu crgterea
profunzimii este consemriafin 5 cazuri din cele 7 grupe ecofiziologice studiate.
Excepie fac bacterile amonificatoare, care sunt prezente iramonai mare in stratul
intermediar (50-75 cm}i bacteriile denitrificatoare, cel mai bine reprezentate n
esantionul prelevat de la adancimea de 170-175 criil(8,971.059 /g turbb uscal), cu
numirul cel mai mic (3,810°=35.556 /g turb uscal) in stratul intermediar (50-75 cm).

Bacteriile fier-redugtoare sunt prezente intr-un n@mcu aproximativ un
ordin de narime inferior celui al bacteriilor denitrificatoare, urmand cursul desgiasc
odati cu cragterea adancimii de prelevare:10.682 >8.889>3.947 bacterii fier -
reduditoare/g turl uscai.
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Cel mai slab reprezentate sunt bacteriile desulfoficatoaréral rurir nu
ajunge la ordinul 10 nici in stratul superficial, unde sunt, tgitumai numeroase
decéat in straturile profunde, néml acestor bacterii au inregistrat uditoarea
ordine descredtoare de la suprafa profilului pari in profunzimea acestuia: 698 >
50 >39 celule / g tutbuscad.

Actinomicetele sunt prezente, de asemenea, intr-uramapreciabil, de
ordinul sutelor de mii (straturile superioare), respectiv al zecilor de mii /@ turb
substam uscai (in stratul de la 150-175 cm adancime). De la sutagdeofilului
de turta para la adancimea maxiinde prelevare a turbei s-au nregistrat dtoarele
valori a nundrului de actinomicete: 410.846 > 103.107 > 77.519 /g sufastestat
a turbei.

Valori de ordinul 1&g turbi substari uscal inregistrea micromicetele
mezofile aerobe, cu aceedendina descresitoare in profunzimea profilului, dar
cu diferene mai mici intre cele trei straturi analizate. Niuwoh micromicetelor au
Tnregistrat urritoarea ordine descregoare: 8.217 >7.407 >6.460 g /tarnbscai.

Pe baza nuanului de microorganisme /g tuttsubstata uscaid, s-a calculat
indicatorul microbian al calitii turbei, care permite o apreciere glabalpotefialului
microbian al gantioanelor analizate, acestea dispurgmtt un potetial enzimatic
crescut (3, 4, 5i 6).

Dupd cum se poate constata, tendide descgtere a potetialului microbian
cu crgterea adancimii de prelevaresamtioanelor de tugh de la Bile Somageni, este
ilustraé sugestiv de valorile indicatorilor microbieni ai calitturbei (IMCT): 5,151 in
stratul superficial, 5,004 la 50-75 im,481 la 150-175 cm.

Concluzii. 1.In probele de tutbdin tinoavele Gpatanasi Molhasul Mare de
la Izbuc, prelevate de la supr@afg0-25 cm) sunt prezente microorganisme care
apatin fiecareia dintre cele 7 grupe ecofiziologice studiate — bacterii: heterotrofe aerobe,
amonificatoare, denitrificatoare, desulfoficatoare, fier-réthare, actinomicetsi
micromicete. Bacteriile desulfoficatoare nu au putut fi evidénin probele de tufb
de la adancimile de 75-1@0150-175 cm. Celelalte grupe ecofiziologice studiate au
fost prezentsi la aceste adancimi.

2. In turba de la Molhal Mare de la Izbuc, nufinul microorganismelor
studiate scade cu gterea adancimii de prelevare, acgastugie fiind valabik si
pentru turba de la @atadna pentru bacteriile heterotrofe aerobe, actinomigete
micromicete. In turba de laa@atana, nurirul cel mai mare de bacterii amonificatoare,
denitrificatoaresi fier-reductoare s-a ofinut in stratul intermediar (75-100 cm).
Tendirta genera de descrgere a nurirului de microorganisme cu adancimea de
prelevare este ilustéade valorile indicatorilor microbieni ai catiti turbei, care, in
ambele profile studiate, inregistréamloarea maximin stratul superficiagi valoarea
minima n stratul cel mai profund. Tuthile de la Molhaul Mare — 1zbugi Capatana
sunt declarate rezemiianaturale, ocrotite de lege [4] ca atare exploatarea lor este
interzisi. Calititile lor terapeutice, din punct de vedere microbiolggienzimologic,
corespund turbelor oligotrofe folosite Thtglaea Vatra Dornei pentru balneoterapie.
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3. In zicamantul de turb de la Bile Somaeni (Cluj - Napoca), la toate cele
trei adancimi de prelevare gaatioanelor (0-25, 50-75, respectiv 150-175 cm), a fost
detectat prezena tuturor grupelor ecofiziologice studiate: bacterii heterotrofe aerobe,
bacterii amonificatoare, bacterii denitrificatoare, bacterii desulfoficatoare, bacterii
fier-redudtoare, actinomicetg micromicete mezofile aerobe.

4. Grupul cel mai numeros este acela al bacteriilor heterotrofe aerobe. Cel
mai slab reprezentate sunt bacteriile desulfoficatoare.abxis¢ndina evidend de
descretere a nurirului de microorganismg, implicit, a potemialului microbian, ga
cum este el definit de valorile indicatorilor enzimatici ai agaliturbei, odai cu
cresterea adancimii de prelevaresamtioanelor.

5. Se poate afirmaaczacamantul de turb de la Bile Somgeni are un
potenial microbian remarcabil. Datele analizelor microbiologice le corifip@ cele
ale analizelor enzimologice efectuate, rezultatele acestora fiind publizaug
cum reiese din bibliografia anexaf aceadgt lucrare. Aceste date at@sxistena
unui poterial biologic ridicat al Zcamantului de turb de la Bile Somaeni, care a
fost exploatat mult timp Tn scopuri terapeutice. Aceastia p-Hul de la neutru la
slab alcalin care favorizeazactivitatea microorganismelor implicate in circuitul
biogeochimic al materiei Tn natirAceste microorganisme gaenzimele produse de
catre ele sunt indicatori valogp si stabilirea terapeuticitii turbei, completand
investigaiile sanitare de profil care avizeaatilizarea turbei in terapeudic
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OXIDIZING BACTERIA FROM SODA LAKES

HORIA BANCIU’

SUMMARY. - Saline environments result from a complex interaction of the biogeochemical,
geographical and climatic conditions. Based on these particularities acidic, neutral or alkaline
saline lakes may occur and they are met on every continent on Earth. Natural element
cycling in these environments is sustained by a broad variety of life forms among which the
bacteria play a dominant role. One category of saline environment is represented by lakes
with high alkalinity and salinity - the soda lakes. Surprisingly, the biomass production and
the biodiversity in these (extreme) environments are very high. In the present review we are
dealing with the taxonomy and physiology of microbiological groups involved in the
oxidation of sulfur that take place in the soda lake habitats. Three taxonomical groups of
sulfur-oxidizing bacteria have been described to date, all of them belonging to gamma-
Proteobacteria. They differ significantly in their morphology, physiology and biochemical
composition, occupying particular and important places in the biological sulfur cycling
occurring in the saline-alkaline lakes.

Natural habitats are characterized by full and balanced recycling of chemical
elements (C, O, H, N, S, P, metals etc.). Biological utilization of elements is performed
by all living creatures under form of trophic chains in which every group of
organisms have a specific place. Any external or internal perturbation of the number
and diversity of trophic chain participants results in a break of full natural circles. All
environments on Earth are populated in a way or another, even if many of their tiniest
inhabitants were not yet identified and characterized. Considered as “unusual”
habitats, the environments featuring extreme conditions are, in fact, largely distributed
on our planet. The current biological research is strongly interested in studying these
extreme environments not only for fundamental reasons but also for their potential
applicative interest. One of the latest trends in the modern biology focused on life
in the extreme conditions is the extrapolation of knowledge toward the extra-terrestrial
sciences.

Saline environments. Extreme environments are widely distributed on Earth
and they comprise the immense desert regions, the surface and deep-sea active
volcanic areas, the thermal and often acidic springs and lakes, the Arctic and
Antarctic ice shields, the permafrost and glaciers, the saline and/or alkaline soils
and lakes etc. Despite the apparently adverse physico-chemical conditions, these

*Babey-Bolyai University, Department of Experimental Biology, 400006 Cluj-Napoca, Romania.
E-mail: hbanciu@biochem.ubbcluj.ro
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extreme environments are densely populated by microorganisms. In the past decades a
growing number of new genera and species of extremophilic microorganisms have
been discovered and described. However, in spite of these recent advances, the
cultivated bacteria only make up a small percentage of the microorganisms known
to be present in these environments.

The present review concerns one particular segment of these extreme milieus,
namely saline and alkaline environments. Most saline and/or alkaline lakes are located
in the arid areas in Middle East and Central Asia, Eastern Africa, the western and
northern part of the U.S.A and Central Australia. Remote saline lakes have been
also found in other part of the world, such as the hypersaline Antarctic lakes [18].
The saline lakes may have originated from a complex interaction of biogeochemical,
geographical and climatic conditions. Based on these particularities acidic, neutral
or alkaline saline lakes can occur. Saline lakes may contain water permanently,
intermittently or transiently. They range from deep to shallow, from small to
extremely large (Great Salt Lake, Dead Sea).

Based on their marine or continental origin, the saline lakes are divided into
thalassohaline (with the same salt composition as seawater) and athalassohaline
lakes (with a salt composition different from that of the seawater) (Table 1) [20].
The neutral saline lakes (pH 6-8) contain NaCl as the major salt and their buffering
capacity is low. On the other hand, the alkaline saline (soda) lakes (pH 9-11) are
characterized by the presence of large amounts of sodium carbonaf€®©4{MNa
NaHCQ,) that confer the water a high buffering capacity (Fig. 1). Naturally
occurring alkalinity is usually associated with salinity [9]. Other major ions found
in salt lakes are Mg, C&*and K as cations, and S®and Brf as anions. In the
soda lakes, one of the major chemical characteristics is the lack of solubilized
divalent cations (Mg, C&") due to their strong tendency of precipitation as
carbonates under alkaline conditions. The removal of divalent cation carbonates
drives the solubilization of sodium or potassium carbonates, thus increasing the
monovalent cation concentration. In this way brines are formed. In some parts of
the world, the shallow lakes may end as a layer of solid rock (trona — crystalline
sodium sesquihydrate, Ma0O;*NaHCO;*2H,0) by evaporation during dry seasons.

A broad range of intermediate saline and/or alkaline lakes occur by the mixing of
the minerals in various ratios. Several examples of saline lakes and their chemical
composition are presented in Table 1.

In general, at a salt concentration higher than that found in seawater (35 g/,
wiv), the lake is considered highly saline or hypersaline [7]. The saline lakes have
attracted the attention of investigators due to their unique chemical and biological
features. Soda lakes are considered as models of ancient Martian or Archaean terrestrial
aquatic biotopes [14, 15]. The (hyper)saline lakes are populated mostly with
halophilic neutrophilic organisms while the alkaline saline lakes are the habitats of
haloalkaliphilic species. The organisms living in such environments possess special
adaptation mechanisms that make them interesting for industrial application.

222



TAXONOMY AND PHYSIOLOGY OF ALKALIPHILIC SOB

Table 1

Concentration of ionsin thalassohaline and athalassohaline brines, modified after
Grantetal., [7],I mhoffetal,[12]andZavar zinetal. [32]

Concentration (g/l)

lons Great Salt Dead Big Soda Lake Lake Lake Zugm-
Seawater Lake, Sea Lake, Hadyn, Magadi, Wadi Natrun,
U.S.A. U.S.A. Siberia  Kenya Egypt
Na 10.8 105.0 39.7 8.1 3.9 161.0 142.0
Mg?* 1.3 11.1 42.4 0.32 0.28 0 0
ca’ 0.4 0.3 17.2 0.15 0 0 0
K* 0.4 6.7 7.6 0.005 0 2.3 2.3
Ccr 19.4 181.0 219.0 7.1 2.6 111.8 154.6
SO 2.7 27.0 0.4 5.8 3.8 16.8 22.6
Co?/
HCOs5 0.34 0.72 0.2 4.1 2.4 23.4 67.2
pH 8.2 7.7 6.3 9.7 8.4 11.0 11.0

Diversity of salt-loving microorganisms. In the past decades the studies
revealed a large diversity of organisms that thrive in highly saline and alkaline
lakes [6, 19, 20]. Based on their salt tolerance and optimal salt concentration, the
halophilic organisms can be grouped into several categories: halotolerants, low-salt
halophiles, moderate halophiles, borderline extreme halophiles, extreme halophiles
and haloversatiles (Table 2) [7, 31]. The halophiles that have their pH optimum at
alkaline values are called haloalkaliphiles. On the reverse, many alkaliphiles are
low salt or nonhalophilic alkaliphiles [10]. The term “natronophilic” (or “trona—
loving“ organisms) has been suggested for the organisms living at high soda
(carbonate/bicarbonate) concentrations rather than at high NaCl concentrations.
This quality may apply to those haloalkaliphilic organisms isolated from soda lakes
and growing optimally at high pH and high soda concentrations. In the following
text we will use the terms “halophilic” or “halophiles” for those organisms that are
at least low-salt halophiles (require a minimum of 0.2 M or 15 g/l salts).

Halophilic organisms are found in all three domains of lfechaea
Bacteria and Eucarya A large nutritional and ecological spectrum of halophiles
assures the natural cycling of the elements in the saline environments. The taxonomy,
physiology and molecular aspects of halophiles and halophilic adaptations have
been extensively reviewed in the past [7, 17, 19-21, 30, 31].
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F i g. 1.Schematic representation of the genesis of acidic, neutral and alkaline saline lakes,
modified after Grantetal., [7]

Most of the halophilic organisms are prokaryotes and only a few are
eukaryotes. The unicellular eukaryotes, such as green algae of Qenakella
can live up to saturation values of NaCl. The green algae are the trophic base for
higher eukaryotes in the (hyper)saline lakes like the brine shrimps (Artemia
franciscana A. monica and the brine flies (Ephydra gracili§. hiand. Species
of protozoa, fungi, invertebrates and plants tolerating high concentrations of NaCl
have also been described [5].

The primary biomass producers in the soda lakes are mostly the
haloalkalpihilic cyanobacteria that can produce up to 10 g°Glay [8]. The low
saline soda lakes turn often into a red color because of seasonal blooming of halophilic
cyanobacteria while the primary biomass producers in hypersaline soda lakes are
both haloalkaliphilic cyanobacteria and anoxygenic phototrophic bacteria [32].
Cyanobacteria are essential both fgrfiXation and for Q production in the saline
lakes.
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Haloalkaliphilic phototrophic anoxygenic bacteria are represented mainly
by purple sulfur bacteria of the gendfatothiorhodospiraand Halorhodospira
They use inorganic sulfur compounds like sulfide and elemental sulfur as electron
donor for C fixation and for growth. The organic compounds are further mineralized
through biological processes catalyzed aerobically by halophilic heterotrophic bacteria
of the genusHalomonas[6]. The final step in the organic matter degradation
occurs primarily under anaerobic conditions. In principle all major metabolic group
are represented among the halophiles. At extreme salt concentrations (>150 g/l) several
physiological groups of organisms could not be found: autotrophic methanogens,
acetoclastic methanogens, dissimilatory sulfate-reducers that perform the complete
oxidation of their substrate and autotrophic ammonia and nitrite oxidizers. According
to Oren [19] the reason for the absence of these nutritional groups at hypersaline
conditions might be the bioenergetic constraints. It is speculated that since these
organisms perform a less energetically efficient metabolism, they could not sustain

an energetically expensive osmoregulation.
Table 2

Categories of halophilic microorganisms, modified after Grantetal., [7]
andVentosa,[3]]

Salt concentration (M)

Category Range Optimum  Example

Nonhalophiles 0-1.0 <0.2 Escherichiacoli

Low-salt halophiles 0.2-2.0 0.2-0.5  Thioalkalimicrobium aerophilum

Moderate halophiles 0.4-35 0.5-2.0 Desulfovibrio halophilus

Borderline extreme halophiles  1.4-4.0 2.0-3.0 Halorhodospira abdelmalekii

Extreme halophiles 20-5.2 >3.0 halophilicArchaea
(e.g.Halococcussp.)

(Extreme) Halotolerants 0->1.0 (5.0) <0.2 Dunalliela

Haloversatiles 0->3.0 0.2-0.5  Halothiobacillus kellyi

Sulfur-oxidizing bacteria (SOB) from soda lakes. The biology of
inorganic sulfur oxidation was well documented in neutral and acidic conditions
[16]. In the neutral hypersaline environments purple sulfur bacteria use light as
energy source and inorganic sulfur compound$(1$, S05%) as electron donors.

The inorganic sulfur oxidation by obligate haloalkaliphilic chemolithoautotrophs
was only recently discovered and investigated. The autotrophic SOB bacteria capable
of oxidation of inorganic sulfur compounds at moderate to high salt concentration
and at high pH can be divided into three gen@&itsdoalkalimicrobium (low-salt
tolerant alkaliphiles)Thioalkalivibrio (extremely salt tolerant and extremely halophilic
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alkaliphiles) andrhioalkalispira[22-28]. These genera belong to theubdivision
of the Proteobacteria (Fig. 2). The haloalkaliphilic SOB play a crucial role in the
natural sulfur-cycle in the saline, alkaline environments.

Genus Thioalkalimicrobium. The genusThioalkalimicrobium comprises
species with a low DNA G-C content (48-51 mol%) isolated from the low saline
Siberian soda lakes, from Kenyan soda lakes and from the saline and alkaline
Mono Lake in U.S.A. The cells are rod-shaped, vibroid, spirilloid and coccoid.
Some strains include motile cells with one to three polar flagella while other strains
are non-motile. The cells dfhioalkalimicrobium sp. survive 4-12 months &C4
They can be cultivated on alkaline thiosulfate agar medium and the colonies are
reddish, without sulfur deposition. The ultrastructural studytabalkalimicrobium
cells showed a similar organization in all strains, with an undulating cell wall of the
Gram-negative type and multiple carboxysome-like structures localized in the
central region of the cell. The cell wall in these bacteria was very unstable under
low-osmotic conditions and during storage.

The 16S rRNA gene sequence analysis of the type strains revealed that the
Thioalkalimicrobiumgroup has a relatively close affiliation to the neutrophilic sulfur-
oxidizing bacteria of the gend$iomicrospira(4 and 10% total sequence difference
with Thiomicrospira pelophilandThiomicrospira crunogentype strains, respectively).

Based on phylogenetic analysis including 16S rDNA sequence analysis and
DNA-DNA hybridization supplemented by phenotypic characterization, in the
Thioalkalimicrobium group three species have been described toTtatalkali-
microbium aerophilum;Thioalkalimicrobium sibiricum and hioalkalimicrobium
cyclicum.

The strains ofThioalkalimicrobium aerophilum were isolated from the
water and surface sediments of Siberian soda lakes (e.g. the type strain AL 3
DSM 13739) and from Kenyan soda lake sediments [241;]].

Thiocalkalimicrobium sibiricum type strain, AL 7 (DSM 13740) was
isolated from the sediments of Siberian soda lake in Buriatia (Russia) [24].

Thiocalkalimicrobium cyclicum (type strain ALM 1, DSM 14477) was
isolated on solid agar medium from the oxygen-sulfide interface water layer of
Mono Lake (California, U.S.A) [22)Jnlike strains ofT hioalkalimicrobium sibiricum
that are rather microaerophilic, the strains Tdfioalkalimicrobium aerophilum
grow faster under fully aerobic conditions. Another phenotypic difference is the
tetrathionate-oxidizing capacity, which is presentlioalkalimicrobium aerophilum
and Thioalkalimicrobium cyclicum and very low or absenfoalkalimicrobium
sibiricum Moreover,Thioalkalimicrobium aerophilurstrains demand a higher sodium
ion concentration for optimal growth th@hioalkalimicrobium sibiricunstrains [23].

Genus Thioalkalivibrio. The genusThioalkalivibrio includes obligately
autotrophic sulfur-oxidizing species with a high DNA G-C content (61.0-65.6 mol%).
The Thioalkalivibrio group belongs to thgProteobacteriaand has no immediate
relatives among the other chemolithotrophic members ofBPreteobacteria The
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group bears a distant relationship to the anaerobic purple sulfur bacteria of the
genusEctothiorhodospird24].

The strains were isolated mostly from the Kenyan soda lakes, which are, in
general, more alkaline and saline than the Siberian steppe lakes. To date, one
species ofrhioalkalivibrio was isolated from Mono Lake (U.S.A.) [22]. The group
is represented mainly by vibrio-shaped bacteria with one polar fagellum. Some
strains show spirilla-, rod-, filamentous rod-shaped cells or curved barrel-like-cells
with thick capsules. It also may include strains with non-motile cells. The Gram-
negative cell wall ofrhioalkalivibrio cells is undulating and the multiple carboxysome-
like structures are present in the center of the cells with the exception of the
denitrifying species. In contrast to tfdioalkalimicrobiumstrains, cells of the
Thioalkalivibrio strains were more resistant to osmotic shock and survived much
longer during storage in liquid cultures 4€4 A substantial difference in cell fine
structure was observed only in the haloalkaliphilic strains. Strain ALJ 15 presents a
cell wall with multiple tubular extensions filled with electron-dense material. The
cells of another haloalkaliphilic strain, ALJ 22, are surrounded by a large capsule,
sometimes shared by several cells that tend to aggregate.

Genetically, as well as phenotypically, thioalkalivibrio group is more
heterogenous than th@&hioalkalimicrobium group. DNA-DNA hybridization
demonstrated that it includes both highly related strains with more than 90% DNA
homology and only weakly related representatives with a DNA similarity of about 30%
with the other strains. The group includes strains that possessed important phenotypic
differences and could not be separated from the others based on its 16S RNA or DNA-
DNA homology. There are moderate halotolerant and extremely halophilic and
halotolerant strains. The latter are able to produce membrane-bound yellow carotenoids
but genetically they could not be separated from the colorless strains. This is a first
known example of pigment formation among the aerobic ‘colorless’ sulfur bacteria. In
the haloalkaliphilic strains, the amount of carotenoid produced positively correlated
with the salt concentration in the growth medium. The colored strains do not contain
bacteriochlorophylls.

Several strains dfhioalkalivibrio are able to grow with thiocyanate (SThls
the sole energy and nitrogen source. They were isolated from soda lakes in South-East
Siberia, Kenya and Egypt and classified into two separate species.

Thioalkalivibrio versutus (type strain AL 2, DSM 13738) includes strains
of vibrio- to spirilla-shaped bacteria isolated from Kenyan and Siberian soda lakes.
Two strains (ALJ 15 and ALJ 22) are halophilic, thermotolerant and produce a
membrane-bound yellow pigment. The type strain was isolated from the surface
sediments of a Siberian soda lake (Tuva Republic) [24};.

Thioalkalivibrio halophilus (type strain HL 17, DSM 15797) is an
obligately chemolithoautotrophic, halophilic and facultatively alkaliphilic bacterium.
Cells are 0.3-0.4 x 1-2 um, motile by a single polar flagellum. At low salinity often
produces extracellular sulfur from thiosulfate. Produces yellow, membrane-associated
pigment during growth at high salinity, with a main absorption maximum at
426 and a minor one at 457 nm in the methanol extract. The G+C content in DNA is
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65.1+ 0.5 mol% (). It is an extremely salt-tolerant bacterium growing at sodium
concentrations between 0.2 and 5 M with an optimum at 2 MINgrows at high
concentrations of NaCl and of MzDy/NaHCQ; (soda). Strain HL 17is a facultative
alkaliphile growing at pH range 7.5-9.8, with a broad optimum between pH 8.0 and
9.0. It used reduced inorganic sufur compounds (thiosulfate, sulfide, polysulfide,
elemental sulfur and tetrathionate) as energy source and electron donor. In continuous
culture, under energy limitation, thiosulfate was stoichiometrically oxidized to sulfate.
In sodium carbonate medium under alkaline conditions the maximum growth rate was
similar while the biomass yield was lower as compared with the NaCl-grown culture.
The maximum sulfur-oxidizing capacity measured in washed cells was higher in
the soda buffer independent of the growth conditions. The compatible solute content of
the biomass was higher in the sodium chloride-grown culture than in the sodium
carbonate/bicarbonate-grown culture. The data suggest that the osmotic pressure
differences between soda and NaCl solutions might be responsible for the difference
observed in compatible solutes production. This may have important implications
in overall energetic metabolism of high salt adaptation [2].

Thioalkalivibrio denitrificans (type strain ALJD, DSM 13743) includes
a non-denitrifying strain from the Kenyan soda lakes, phenotypically similar to
Thioalkalivibrio versutusThe type strain ALJQ isolated from sediments of soda
lake Bogoria (Kenya), is a facultatively anaerobic and microaerobic denitrifier. The
strain ALJD had a relatively low DNA similarity with the non-denitrifying
Thioalkalivibrio strains except strain ALJ 10 (55-58% similarity). AlJ&so had
a protein profile very similar to that of the non-denitrifying strain ALJ 10. Strain
ALJ 10 does not grow anaerobically with different nitrogen oxides as electron acceptors.
The reason for such an obvious discrepancy between the genetic similarity and
physiological difference is not clear. It might be speculated that this could be the
result of the complete deletion of the DNA region responsible for denitrification in
strain ALJ 10 [24].

Thioalkalivibrio nitratis (type strain ALJ 12 DSM 13741) includes strains
from Kenyan and Siberian soda lakes with a high DNA homology (80%). Unlike
other species of the genus, they reduce nitrate to nitrite during growth with thiosulfate
under oxygen-limiting conditions. Strain ALJ 21 produces membrane-bound yellow
pigment and contains high level of cytochromes. The type strain, AlWakisolated
from sediments of soda lake Nakuru (Kenya). They store sulfur intracellularly [24].

Thioalkalivibrio nitratireducens (type strain ALEN 2, DSM 14787) was
isolated from the hypersaline Lake Fazda (Wadi Natrun, Egypt) and presented barrel-
shaped, coccoid, non-motile cells. Strain ALENSfacultatively anaerobic, obligately
alkaliphilic and moderately halophilic. The strain oxidizes thiosulfate, sulfide,
polysulfide and, much less actively, elemental sulfur and tetrathionate to sulfate.
They grow anerobically in the presence of nitrate as electron acceptor and thiosulfate,
sulfide or polysulfide as electron donor. The sole product of nitrate reduction is
nitrite. Thioalkalivibrio nitratireducends genetically most closely related to the
thiocyanate-oxidizing speciefhioalkalivibrio paradoxusits DNA G+C content
is 64.8+0.5 mol% (i method) [28].
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Thioalkalivibrio jannaschii (type strain ALM 2, DSM 14478) was
isolated from the @HS interface layer of Mono Lake (California, USA), tolerates
up to 4 M Na and produces a membrane-bound yellow pigment [22]

Thioalkalivibrio thiocyanoxidans (type strain ARh 2 DSM 13532)
differs from the otherThioalkalivibrio species by the ability to grow with
thiocyanate as the sole energy, nitrogen and sulfur source, producing cyanate as an
intermediate. Cells are short vibrios and each has a single polar flagellum. The
extremely salt-tolerant strains produce a membrane-bound 1yellow pigment. The
species is obligately chemolithoautotrophic. The type strain ARs@ated from
a Kenyan soda lake, is a yellow-colored, extremely natronotolerant bacterium able
to grow in soda brines (up to 4.3 M N§27].

Thioalkalivibrio paradoxus (type strain ARh 1, DSM 13537) cells are
large, non-motile, barrel-like rods with capsules. It was isolated from the sediments
of Kenyan (e.g. the type strain) and Egyptian soda lakes. The strains are obligately
alkaliphilic and moderately halophilic [27].

Genus Thioalkalispira. To date the genuBhioalkalispirais represented by
a single obligately chemolithoautotrophic sulfur-oxidizing spedibgalkalispira
microaerophila(type strain ALEN 1, DSM 14788). Isolated from a soda lake in
Wadi Natrun, Egypt, th&hioalkalispira spirillum-like bacterial cells are motile and
with a single polar flagellum. They contain a membrane-associated yellow pigment.
The DNA G-C content oThioalkalispira microaerophilds 58.9+£0.5 mol%Tm),
which is lower than the values observed for all of the known haloalkaliphilic SOB
of the generdhioalkalimicrobiumand Thioalkalivibrio isolated so far. Phylogenetic
analyses of the 16S rDNA sequences of strain ALENird its closest relatives
demonstrated that this strain formed a deep branch withinsBreteobacteria
with no obvious association to any described cluster of species/genera [26].

Growth characteristics and sulfur-oxidizing potential of alkaliphilic
SOB from soda lakes. The growth physiology of the representatives of the genera
Thioalkalimicrobium and Thioalkalivibrio genera have been studied under
substrate excess in batch culture or substrate limitation in continuous culture, at
alkaline pH and at low salt concentration (0.2-1.5 M)Nig, 2, 22-25, 27, 28].

Growth characteristics of Thioalkalimicrobium sp.

Optimal growth conditions

Species ofThioalkalimicrobiumare obligate chemolithoautotrophic bacteria.
In batch culturesThioalkalimcrobium strains grow optimally at pH values higher
than 9. In pH-controlled thiosulfate-limited continuous culture, growth occurred
within a pH range of 7.5-10.6, with an optimum around 10. At pH values lower
than 8, most of the cells lysed. All strains are sodium-dependent, with a minimal
sodium ion requirement of about 0.2-0.3 M. The upper limit of sodium ion
concentration was 1.2-1.5 M.
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Growth kinetics

As a general property farhioalkalimicrobium species a maximum specific
growth rate in chemostat culture of 0.33\mas established, while in batch culture
it varied from 0.08 to 0.22"h The molar growth yield on thiosulfate in batch
culture varied from 1.8 to 2.7 g protein (mol thiosulfateyhile in chemostat
culture this value did not exceed 3.5 g protein (mol thiosulfgg)].

Sulfur oxidation potential and cytochrome composition

The obligately chemolithoautotrophi€hioalkalimicrobium strains were
able to grow only in the presence of thiosulfate or sulfide. Organic compounds (e.g.
acetate, yeast extract) are assimilated without growth. Intermediate elemental
sulfur formation could not be detected during batch cultivation. Under unfavorable
pH conditions small amounts of sulfite were detected in some strains. During
polysulfide oxidation in cell suspension or under severe oxygen limitation in thiosulfate-
or sulfide-growing culture, production of elemental sulfur was observed. On the
basis of their oxygen requiremefthioalkalimicrobiumstrains have been divided
into two categories: preferentially aerobic and preferentially microaerobic. Aerobic
strains grew better under conditions of non-limiting oxygen supply. This category
included mostly rod-shaped bacteria isolated from the water or surface sediments
of the Siberian soda lakes. The microaerobic strains mostly originated from the
anaerobic sediments. They grew faster under conditions of limited oxygen supply.
Some of them, however, were only slightly inhibited by forced aeration. The latter
strains were represented by vibroid cells and formed compact colonies.

The Thioalkalimicrobiumcells have, in general, high sulfide and thiosulfate-
dependent respiration activity, and low cytochramexidase activity [0.2-0.3 mmol
tetramethyl-ethyl-phenylene-diamine (TMPD) (mg protéim)in™]. They contain
high concentrations of cytochromeand lower concentration of cytochrontedn
membranes of hioalkalimicrobium aerophilunand Thioalkalimicrobium sibiricum
the cytochrome oxidase is of thebb3 type - a cytochrome oxidase with high
affnity to oxygen [24]. All members of this group oxidized thiosulfate, sulfide and
polysulfide with maximum rates at pH 9-10 and up to pH 11. The specific rates are
comparable with the highest values observed in neutrophilic sulfur bacteria. On the
other hand, only a few of th€hioalkalimicrobiumstrains were able to oxidize
tetrathionate and most could not oxidize elemental sulfur or did it with a very low
specific activity. As the affinity constant for tetrathionate was at least one order of
magnitude higher than that for thiosulfate and sulfide (about 80-100 mM) and
because of the instability of tetrathionate under alkaline conditions at high
concentrations, it is very unlikely that tetrathionate can serve as a natural substrate
for the Thioalkalimicrobiumgroup. In contrast, polysulfides can be regarded as
specific substrates for alkaliphilic sulfur bacteria because they become chemically
stable at alkaline pH. The stoichiometry of oxygen consumption and accumulation
of colloidal sulfur during polysulfide oxidation indicated that only the terminal
sulfur atoms of & were oxidized completely to sulfate by thkioalkalimicrobium
strains. These results demonstrated that inorganic polysulfur compounds like
polysulfide are unlikely to be involved as intermediates of sulfide oxidation in
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these bacteria. Together with the complete inability to oxidize sulfite, the absence
of sulfite dehydrogenase activity and the very low tetrathionate synthase activity in
cell-free extracts, the results suggested thafTthiealkalimicrobiumrepresentatives
oxidize sulfur compounds directly to sulfate by a mechanism similar to that found
in several neutrophilic sulfur bacteria liRaracoccus versutus

Growth characteristics of Thioalkalivibrio species

Optimal growth conditions

Strains ofThioalkalivibrio are obligately chemolithoautotrophs growing
optimally at pH 10.0-10.2. Some strains are capable of growing down to 9-9.5 while
others fail to grow below pH 10. Many strainsTtfioalkalivibrio are halotolerant or
extremely halotolerant, being able to grow between 0.6 and 4 VM3dae strains
of Thioalkalivibrio versutusare obligate halophilic and thermotolerant, growing
only above 1 M Na(optimum at 1-2 M) and up to 45-47°C (optimum at 40°C).

Growth kinetics

In general, the batch and continuous cultivation have shown that the maximum
specific growth rate with thiosulfate is less than 0"2Unlike Thioalkalimicrobium
species, the maximum molar yield on thiosulfateTimoalkalivibrio strains is
higher (up to 8 g protein mdj [1, 24].

Sulfur oxidation potential and cytochrome composition

Thioalkalivibrio strains oxidize sulfide, thiosulfate, elemental sulfur, sulfite
and polythionates with relatively low activities within the pH range 7.0 t011.0-11.5
(optimum pH 9-10). The rates of oxygen consumption with various inorganic sulfur
substrates are ranging between 0.2 to 0.8 umpéing protein): min™. Sulfide and
polysulfide oxidation by washed cells display a biphasic kinetics, a first phase
attributed to fast oxidation to intermediate sulfur, and a second phase attributed to a
slower oxidation of elemental sulfur to sulfate. Elemental sulfur is transiently produced
at the beginning of the exponential phase in batch cultivation on thiosulfate at
alkaline pH. Elemental sulfur when produced is stored in the periplasm. No sulfur
formation was observed upon polysulfide oxidation in cell suspension. The end
product of inorganic sulfur oxidation is sulfate. Tetrathionate is hydrolysed first to
thiosulfate, elemental sulfur and sulfatelimoalkalivibrio versutustrains.

Thioalkalivibrio thiocyanoxidansnd Thioalkalivibrio paradoxusisolated
from sediments of Kenyan or Egyptian lakes, are capable of utilizing thiosulfate as
energy source and thiocyanate (SIC& sole source of energy, nitrogen and sulfur.
Washed cells oT hioalkalivibrio paradoxusvere able to oxidize carbon disulfide,
a unique property amonthioalkalivibrio species. Thiocyanate-oxidizing capacity
is inducible in these strains. As a result of thiocyanate degradation, cyanatg (OCN
is produced as intermediate compound. Cyanase activity, which liberategsNH
absent inThioalkalivibrio paradoxusand present in few strains ©hioalkalivibrio
thiocyanoxidans Cyanate is stable under alkaline conditions and it is used as
nitrogen source by haloalkaliphilic strains. Interestinglioalkalivibrio paradoxus
has an extremely low elemental sulfur oxidation activity and therefore, the oxidation
of thiosulfate, sulfide, polysulfide and thiocyanate results in the accumulation of
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elemental sulfur [27]. Sulfite dehydrogenase activityr moalkalivibrio is AMP-
independent, unlike sulfite dehydrogenase acitivityf ioalkalimicrobiumimplying
that the organisms may have substrate level ATP production. The cytochromes spectra
showed that- and b- types cytochromes are dominating in the membranes. The
cytochromec oxidase activity is relatively high, with moderate sensitivity to cyanide
and with spectroscopic properties of cytochraméhioalkalivibrio denitrificanss
the only Thioalkalivibrio species that contains cytochrome oxidase bgae24].
The major ubiquinone in this genus is Q-8 [24].

Thioalkalivibrio denitrificansgrows best anaerobically in the presence of
thiosulfate as electron donor and nitrous oxidgOQ)Nas electron acceptor. Nitrite
in small concentrations can also be used as electron acceptor but growth is slower
than with NO. Thioalkalivibrio nitratis and Thioalkalivibrio nitratireducensare
capable of reducing nitrate to nitrite under microaerobic conditions. The cytochrome
oxidase activity of nitrate-reducing strains was much lower than in other species.
The activity of the cytochrome oxidase in cell-free extracts dhioalkalivibrio
species other tharhioalkalivibrio nitratisis 5-50 times higher than in the members of
Thioalkalimicrobium. This activity is alsat least five times less sensitive to CN
The latter confirmed the spectroscopic evidence on the different nature of cytochrome
c oxidases in the two groups of these sulfur-oxidizing alkaliphiles. The high
activity of cytochrome oxidases ihhioalkalivibrio is however in contrast with
their low maximum respiratory activity as compared wittioalkalimicrobium. It
is possible that the high oxidase activity may be an adaptation to low oxygen
concentration in order to lower the overall apparent affinity constagt fa
oxygen rather than increasing the overall (apparent) maximum respiratory capacity

(Vmax-

Growth characteristics of Thioalkalispira species. Thioalkalispirastrains
use thiosulfate or sulfide as electron donors. Washed cells oxidize thiosulfate,
sulfide, polysulfide and elemental sulfur to sulfate. It grows optimally under micro-
oxic conditions (1-2% ©in the gas phase), whereas growth is inhibited under
fully oxic conditions. Among nitrous oxides only nitrate is used as electron
acceptor but without growth. The representatives of the species are alkaliphilic and
moderately halophilic bacteria growing between pH 8 and 10.4 (optimum around
pH 10) and at a salt concentration between 0.3 and 1.5 Mdgémum 0.5 M).
The maximum growth rate (0.08hof the organism was achieved in a thiosulfate-
limited micro-oxic continuous culture at pH 10 [26].

Discussion and conclusions. Of high interest for the research of sulfur-
oxidizing bacteria thriving in the soda lakes has been to answer the question “how
do the alkaliphilic SOB work?”. In the last years a multiple approach was used to
clarify the physiology of sulfur oxidation and the aspects of competitive interactions
between the two groups of alkaliphilic SOB. Morphological and physiological
features of alkaliphilic SOB have been presented above. Biochemical data concerning
the salt and pH adaptation showed that the composition of the cell membranes in
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alkaliphilic SOB from soda lakes is dominated by the unsaturated fatty acids. It is
expected that the content of anionic lipids is very high, especially in the extremely
salt-tolerant strains [3, 4]. This assumption was confirmed by the highly negative
values found in the membrane surface potentialTbifoalkalimicrobium and
Thioalkalivibrio (Banciu, unpublished results). The presence of significant amounts of
squalene, an apolar lipids acting like a barrier or as modulator of membrane fluidity,
may also explain the extremely salt-tolerance of some alkaliphilic SOB belonging
to Thioalkalivibrio group. The squalene may also play a role in the alkaliphilicity.

Many extremely salt-tolerant, extremely natronophilic and halophilic strains
of Thioalkalivibrio group synthesized a membrane-bound yellow pigment not
found in the low-salt tolerarfthioalkalivibrio strains. This pigment is a 23 C-polyene
compound with a structure unknown for any bacterial pigments [29]. Although its
complete formula and function is not yet completely understood, it is clearly
essential for the functioning of these bacteria at extremely high salt/pH conditions.

The high osmotic pressure is counterbalanced in the salt-loving alkaliphiles
by the production of compatible solutes, ectoine (Thioalkalimicrobium) or glycine-
betaine (Thioalkalivibrip

The updated information on the alkaliphilic SOB from soda lakes is
summarized in Table 3.

Table 3

Summary of main properties of the two groups of alkaliphilic sulfur-oxidizing
bacteria from soda lakes.
The author’s contribution to the knowledge of alkaliphilic SOB is marked with (*)

Parameter or property Thioalkalimicrobium sp. Thioalkalivibrio sp.

Isolation* Alkaline and low to moderate Alkaline and hypersaline soda lakes
saline soda lakes with high variations of [N§

Genotypic and metabolic diversity* Homogenous (3 species, 43 strains) Heterogenous (7 species, 74 strains)

G+C mol% in DNA 47.3-51.2 61-66

Cell morphology* Rods to spirilla with 1-3 polar  Mostly vibrios or short spirilla with
flagella a single polar flagellum

pH limits (optimum)* 7.5-10.6 (10.0) 7.5-10.65 (10.10.2)

Upper temperature limitC 39 50

Salt tolerance* 0.2-1.5 M N4 (low salt tolerants)0.6-4.3 M Nd (moderate and

extremely salt tolerants)

Grow rate* High Low

Biomass yield* Low High

Thiosulfate and sulfide oxidation rates* High Moderate

Elemental sulfur oxidation rate* Very low Moderate

Sulfur intermediates* Sulfite Polysulfide, sulfur

Intracellular sulfur* Not present Present in some strains

Sulfur production (at @excess)* Zero to low Low to moderate

Apparent affinity constant for substrateéicromolar concentration Micromolar concentration

Viability and resistance to starvation*  Low (weeks-months) High (months-years)

Survival strategy* R-strategists K-strategists

Dominant cytochromes c candb

Cytochrome oxidases cbh; o, cbhy, aa

Membrane lipids (Dominant fatty acids C16:1, C18:1, C16:0 Cyc-C19, C18:1, squalene

and apolar lipids)*

Compatible solutes* Ectoine Glycine betaine

Yellow pigments* Not present Present in some strains
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