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=== SHORT COMMUNICATION ===

ZOOPLANKTONIC MICROCRUSTACEANS FROM SEVERAL
GLACIAL LAKESLOCATED IN THE RETEZAT MOUNTAINS
(TRANSYLVANIA, ROMANIA)

KARINA P. BATTES

SUMMARY. The present paper represents a list of microaaata species
(especially cladocerans and cyclopoid copepodsitiiied in 13 glacial lakes
from the Retezat Mountains. The samplings took eplisc September 2003 and
only qualitative analyses were made. Four specfeslazlocerans (Crustacea,
Branchiopoda, Cladocera) and three of copepodssigirea, Copepoda, Cyclopidae)
were identified in the investigated areas. Otheitliie and planktonic groups were
also found (on the one hand true fly larvae, Collela, beetle larvae, ostracods
and on the other hand calaniform and harpactifavpepods; rotifers).

KEYWORDS: cladocerans, copepods, cyclopoid, glacial lakasg), qualitative
sampling, zooplankton,

I ntroduction

The Retezat Mountains belong to the Western grafpthe Southern-
Carpathians. Here, due to the height of the monstdihe glacial relief reached the
greatest expansion (Schreiber and Sorocovschi,)1998% Retezat Mountains
have the greatest number of glacial lakes in th&tB@/estern Carpathians. There
are 58 permanent and about 40 temporary tarnslargest one is Lake Bucura
(8.8 ha) while the deepest one is Lakmm@aga (29m), followed by Lake Negru
(26m) (Gstescu 1963). Most of these lakes are located altidnde that exceeds
1900m a.s.| (e.g. Lake Rior2230m).

Zooplankton of inland waters is dominated by fouajon groups of
organisms: protists, rotifers and two groups oftaceans that represent the topic
of the present paper: cladocerans and copepodd. ddmtocerans are small (0.2-
3.0 mm) and feed on particles filtered from theawaPlanktonic copepods consist
of three major groups: the calanoids, the harpaidscand the cyclopoids. Many
cyclopoids are carnivorous on other zooplanktormesaare herbivorous on a
variety of unicellular and filamentous algae (W&t2€01).

! Baba-Bolyai” University, Faculty of Biology and Geolagpepartment of Taxonomy and Ecology,
400006, Cluj-Napoc&-mail: kbattes@yahoo.com
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The first studies concerning zooplanktonic crustaseérom the Retezat Mountains
were made by Daday (1879, 1883) and Szilady (1980hsequent information
was provided by Prunescu-Arion and Toniuc (1964 by Godeanu (1974), but
these studies considered only a small number ofajlekes.

Material and M ethods

Thirteen glacial lakes were sampled in Septemb@&B2@s follows: Lake
Negru, Lake Gemenele, Laktirbu, Lake Aditat, Lake Paii, Lake Florica, Lake
Viorica, Lake Ana, Lake Bucura, Lake Lia, Lake Rete, Lake Peleaga and Lake
Mare (Valea Rea) (Fig. 1).
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Fig. 1 The sketch map of the glacial lakes sampled ine®eiper 2003 (marked
with asterisk) (redrawn from Bartos et al., 2003)

Zooplanktonic microcrustaceans were sampled usirf) a mesh size
plankton net. The samples were preserved with secswlution according to
Haney & Hall method (Haney and Hall, 1973), and 4% formaldehyde.
Identifications were made to the species level dasecof cladocerans (Negrea,
1983; Dumont and Negrea, 2002) and cyclopoid cogeg®amian-Georgescu,
1963; Dussard and Defaye, 2001). Rotifers, ostmcbdrpacticoid and calanoid
copepods, collembola, beetle larvae and true ftyak were also found in the
samples collected from the thirteen glacial lakes.
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Results and Discussion

Four species of cladocerans and three speciesclifpnid copepods were
identified in the tarns considered for the pressitdy. Table | presents the
taxonomic groups collected from the glacial lakasgled in September 2003.

Tablel.
List of taxonomic groupsidentified in thirteen glacial lakes from the Retezat
Mountains sampled in September 2003

Sampled lakes
Taxonomic group 1

112 3] 4/, 5 6/ 7/, 8 9 10 13

[N
=3
N

Daphnia obtus&urz Q R

Daphnia longispinaD.F.

Muller ?3| @ ? ?
Chydorus sphaericus
(O.F. Mller)

Alona affinis(Leydig)

Cladocera

s

Eucyclops serrulatus
serrulatus(Fisher)
Acanthocyclops vernalis
vernalis(Fisher)
Acanthocyclops
crassicaudis crassicaudis d
(Sars)

Copepodites

+O | O [+tO | HO | +O
+O

@3 8

Copepoda Cyclopidae

Nauplii

Rotifera

Ostracoda

Copepoda Calaniformes
Copepoda Harpacticoida
Collembola

Coleoptera (larvae)
Diptera (larvae)

Others

Footnotes:

1 - Lake Negru; 2 - Lake Gemenele; 3 - L&kiebu; 4 - Lake Agtat; 5 - Lake Paii; 6 - Lake Florica; 7 -
Lake Viorica; 8 - Lake Ana; 9 - Lake Bucura; 10 ked.ia; 11 - Lake Pelega; 12 - Lake Peleaga; 13 -
Lake Mare (Valea Rea)

% parthenogenetic and gamogenetic females in cladas?,J- females and males in copepods;
The grey areas indicate the presence of taxonoroigg.
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The following cladoceran species were identifi@dphnia obtusakurz
and Daphnia longispinaO.F. Miiller, belonging to Family Daphniidae, and
Chydorus sphaericugO.F. Miller) andAlona affinis (Leydig) from Family
Chydoridae. Cyclopoid copepods includegcyclops serrulatus serrulat@Bisher)
(Subfamily Eucyclopinae) together witkcanthocyclops vernalis vernal{Bisher)
andAcanthocyclops crassicaudis crassicau@ars) (Subfamily Cyclopinae).

In case of cladocerans, both parthenogenetic amadbgenetic females
were found. Males were identified only in caseDafphnia longispinacollected
from LakeStirbu. Ephippial eggs were present in most lakake$ 1, 2, 3, 6, 7, 8,
9 and 10 from table I).

Young stages of copepods, naupliar larvae and calies, were collected
from every lake. Adult individuals were representgdfemales, both ovigerous
and non-ovigerous, and males (see table I).

In general, the cladoceran species presented admaveharacteristic for
glacial lakes; onlyChydorus sphaericuss cosmopolite. Cyclopoid copepods
collected from the sampled tarns can withstandelavgriations of ecological
factors, except forAcanthocyclops crassicaudis crassicaudishich is a
stenoterme species, preferring warmer waters.

Acknowledgements. | recognize with gratitude the support providedrte
by The Retezat National Park Administration. Thaaks also given to my good
colleague Mirela Cimpean.
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PHYTOSOCIOLOGICAL STUDY OF THE SWAMP FROM TARSA
BALCESTILOR (V ALENILOR), CLUJ COUNTY

[GHEORGHE GROZA}", PAVEL-DAN TURTUREANU *

SUMMARY. This study analyses the character of vegetatioaroarea of about

10 ha, situated between Belind Bilcesti village — Cluj district. Ecologically, it
occupies an intermediary position between a mesmghu swamp to an peat hog

In view of phytosociologic characterisation, in asg2007, a humber of 39 relevees
were realized, after the classical method Braum@let, used in the majority of
phytosociologic studies. Later, using statisticaftvgare, based on the synthetic
table of these relevees, a graphical representatiotype DCA (Detrended
Correspondence Analysisyas obtained. The vegetation analysis based on the
phytosociologic relevees, led us to classifyimggetation in 8 associations,
comprised in 3 classes of vegetation.

KEYWORDS: vegetation, mountain level, meso-eutroph swarigitooph swamp

Introduction

The studied surface is situated betweensBatid Bilcesti village, in Cluj
district. The toponyme used to appoint it is “TaBcestilor (Valenilor)”. The
access is easy, from the communal road that lihkstwo localities, before the
entrance in Blcesti, on the right side of the road.

The perimeter is a surface of about 10 ha, atphiagof a small river that
flows 2-3 km up to the confluence with the smalleri Gilatele, with the main
flowing way N-NE.

The general slope of the considered surface is sl (approx. 6%), and
the exposition is N-NV. The medium elevation of 818 makes the surface to be
integrated in the lower level of spruce fir, frohe tpoint of view of altitudinal zone.
The lower half of the considered valley is covdrgdorest and toward the spring there
are wide surfaces of grazing field and communafiélasg, observing the “attempt” of
expansion and recolonizing of the field by the $ordy spruce firs disseminated in
groups. The majority of liftings were on the rigiide of the upper valley, close to the
road. This part has a hydromorphic soil formed ey flows from the superficial
springs. The accumulation of water corroborated Wie substrate’s acidity formed by
schists, led to formation ofraoss layer composed of specieSphagnum.

Y University of Agricultural Sciences and Veterinaviedicine, 3 Mndastur Street, 400372/Cluj-
Napoca, Romania, E-mail: turtureanudan@ gmail.com
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Fig. 1. General view of the studied perimeter.

The physiognomy of vegetation has a mosaical cteayagith small groups
or isolated individuals of spruce firs and bushésalix cinereapased on three
formations enlightened by two species of r@&rex echinataandC. rostrataand
by one specific species of peat bdggophorum vaginaturrell three being constantly
followed in the moss layer by species of the KaphagnungFig. 1).

The surrounding area of the swamp is mostly occugig acidophile
grazing fields. (withNardus stricta, Calluna vulgaris, Campanula abietietc.),
developed on the place of old cleared forests. [irile betweeen these grazing
fields that are now influenced by overgrazing dmeldtudied swamping is realized
by a buffer zone with intermediary character.

Material and Methods

The utilised method in the study of vegetation wadassical one, using
the relevee technique, followed by a statisticaltivaried analysis based on the
data extracted from the synthesis of phytosocicldgbles (relevees). Evaluation
of the abundance-dominance index (AD) in the sdaaun-Blanquet confers
values from 1 to 5, with r being noted the spegvéth a covering between 0.01-
0.1% and with + the ones between 0.1-1% from tted surface of the relevee.

According to the size of relevees, these had am @f@5 . The relevees
were realized in the period 15-20 august 2007.

In view of realizing the multivaried analysis, thigecific notes of the scale
Bran-Blanquet from the relevee tables were redtcedscale from 1 to 6, and so,
the classes r and + from the noting system Blangeet substituted with 1 in view
of reducing the dispersions appeared in the aréaedfow charts.

10
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The ulterior analysis of the synthesis table fornfemin the total of
relevees, transformed according to the new scais, realized using the functions
of the kit PAST 1.72 (Palaeontological Statisti@s).a result of some more attempts
to obtain an ordinogramme that would offer a sutigesexplanation of the
ecological conditions of the studied area, it wated for the presentation of a —
DCA — Detrended correspondence analysis (Hill et. Gal@80).

Results and Discussion

Based on the relevees realized on the field, watifitsd 8 associations
comprised in the following cenotaxonomic summary:
The cenotaxonomic summary of vegetable assocgation
SCHEUCHZERIO — CARICETEA FuscaeTx. 1937
CARICETALIA FUSCAE Kick 1926
Caricion fuscaeKoch 1926 em. Klika 1934
1. Sphagno-Caricetum rostrataSteffen 1931
2. Carici echinatae-Sphagnetur(Balazs 1942) Soo 1955
OXYCOCCO — SPHAGNETEA Br.-BI. et Tx. ex Westoff et al. 1946
SPHAGNETALIA MAGELLANICI (pawl. 1928) Moore 1968
Sphagnion magellaniciKastner et Flosner 1933
3. Eriophoro vaginati — Sphagnetum recuriueck 1925
MOLINIO-ARRHENATHERETEA Tx. 1937
MOLINIETALIA Koch 1926
Molinion caerulae Koch 1926
4. Junco- Molinietum Preising 1951
5. Holcetum lanatilssler 1936 emend. Pass. 1964
POTENTILLO-POLYGONETALIA R.Tx.1947
Potentillion anserinae R.Tx. 1937
Juncenenion effusiWesthoff et van Leeuwen ex Hejny et al. 1979
6. Juncetum effusiSoo (1931) 1949
Calthion R. Tx. 1937
7. Scirpetum sylvaticRalski 1931, Maloch 1935 em. Schwich 1944
DESCHAMPSIETALIA CAESPITOSAE Horvatic 1956
Deschampsion caespitosddorvatic 1930
8. Deschampsietum caespitoskervatic 1930

The characterization of associations:

1. Sphagno-Caricetum rostrata8teffen 1931(Tab. 1, rel.1-6)

Carex rostratais a species with a large amplitude accordincgheohydric
regime, populating drained but also flooded platepsa, 1971). This association
is also met in lower zones having a mesotroph citeraHere, the enlightened
coenosis by this species that is usually in aigelatf codominance with a layer of
moss formed bySphagnum evolves into the formations of oligotrophigpe

11
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(Eriophoro vaginati — Sphagnetum recuniy. this way, the extension d@arex
rostratagroups precedes the instion of Sphagnuncommunities (Bgcaiu, 1971).

A well defined fact in this case was the more proreed humidity of the
soil and eventually some stagnations of water a&tdrought time, in areas where
this species is more abundant. The coenosis ofvdustable group are met near
the water but more in the high parts of the rigti¢ ®f the mountain.

The physiognomy of the grassy layer is marked enethtire studied area
by the dominant species, with larger leaves andbthesh-green tint, compared
with the second predominant element in the a&taaex echinata.

An interesting fact in the structure of these phgtnosis was the
permanent presence of a assemblege of speciesglmgjoio the clasdviolinio-
Arrhenatheretea.

2. Carici echinatae-SphagneturtBalazs 1942) Soo 1955 (Tab. 1, rel. 7-12)

The phytocoenosis of this association are spreadopninantly in areas
with high and very high acidity, where the peatelaisn’t very thick. The pillows
of Sphagnurare in an invasive process, and once with the pemjression this
association is decreasing (Lupsa, 1971).

Specific transgressive species to filelinietalia order are diffusing in
association with a considerable number of specieSaithion order but with a
lower consistency, decreasing with the dominanc8ptfagnunand increasing of
oligotrophicity. Interestingly, in theseleveesNardus strictais not present, but
appears in the old centers of swamping, indicatethb presence dtriphorum
vaginatum It is possible that this is caused by their ahess with the surrounding
grazing fields.

3. Eriophoro vaginati — Sphagnetum recuntdueck 1925; (Tab. 2, rel.17-25)

This association is typically oligotroph, consistddnstalled phytocoenosis
on acidesoil and with a low trophicity. It is met in iso&t groups, with a small
affinity to coenosis enlightened I§arex. rostrataa fact sometimes distinguished
by multivariate analyses. In the field, despiteedibrts this scanning could not be
made visually.

Table 1

Phytocenoses of associatiorgphagno-Caricetum rostrataSteffen 1931 (rel. 1-
6) and Carici echinatae-SphagneturfBalazs 1942) Soo 1955 (rel. 7-12)

Relevee 1 2 3 4 5 6 7 8 9/ 10 11 12
Altitude (m) 1130/1130/1132{1135{1130/1125/1125{1130{1130/1130{1120{1120
Aspect NV [ NV | NV [NV [NV [NV |NV [NV [NV [NV [NV |NV
Slope (degrees)| 5 5 5 6 6 5 5 5 4 5 5 5
Cover % 100| 100| 100 100 100 100 100 1pOo 1200 100 f[OO (100
Sphagnunsp. 3 3 4 3 4 4 3 4 4 3 3 4

12
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Table 1 ( continued)

Carex echinata

3

3

3

4

Carex rostrata

r

+

Agrostis canina

+

Anthoxanthum
odoratum

W+|_\Q)

+
r
+

Briza media

Caltha palustris

Chaerophyllum
hirsutum

Cirsium rivulare

Crepis paludosa

Cynosurus cristaty

%)

Epilobium palustre

Equisetum pratens

e +

Eriophorum
latifolium

Eriophorum
vaginatum

Festuca rubra

Fillipendula ulmarig

+

Galium uliginosun

Juncus effusus

Knautia arvensis

Lychnis flos-cucul

Lysimachia vulgari

[2)

Myosotis palustris

Oenanthe aquatic

Orchis maculata

Potentilla erecta

Ranunculus repen

Salix cinerea

Sorbus aucuparig

Succisa pratensis

Vaccinium myrtillus

D

a .

\accinium vitis-idag

This is because of the ecological parameters tteapeetty homogenous,
especially respecting the trophicity, all groupsgeclose from this point of view.

The direct separation could not be made in an eviday.

4. Junco- Molinietum Preising 1951; (Tab. 2, rel.13-16)

13
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Table 2

Phytocenoses of associatiof&iophoro vaginati — Sphagnetum recurueck 1925
(rel. 17-25) andJunco- Molinietum Preising1951 (rel. 13-16)

Relevee 17| 18| 19| 20| 21 22 23 24 25 13 14 15 |16
Altitude(m) 11201120112511251130113011301125911251130113011301130
Aspect NV [NV [NV [NV |NV [NV | NV [NV | NV | NV [NV | NV | NV
Slope(degrees) 4 | 4| 4| 5| 5| 4] 6 6 6 5 5 5 5
Cover % 100|100|100{100|100|100|100|100|100|100|100| 100|100
Sphagnunsp. 3| 3| 3| 3| 4] 4 4 3 A4 2 3 B P
Carex echinata 1 + + 2 2 1 +| + 1 . + 1
Carex eostrata . . . . r . 1 + 1
/Agrostis canin + | + + 1 1| +| + 1] +
IAnthoxanthun + + + + +
odoratum

Crepis paludosa + . . . . 1 ) +| o+ + .
Deschampsii 1| + 1| +| +| + + + +
flexuos:i

Epilobium palustr | . . . + + r .

Equisetum praten: | 1 + + | + . . 1| +| + .
Eriophorum 1 1 1 1
latifolium

Eriophorum 3 3 3 3 3 3 3 2 2 r
\vaginatum

Festuca rubr. . + . . . + + + + r r + .
Juncus effust + + + + r 1 + + + 1 2 + 1
Knautia arvensi + .
Lysimachia vulgari . . . . +
Molinia caerule: . + r 3 3 3 3
Nardus stricti + + r . + +
Orchis maculata . r

Picea abie . . ) + . . . . .

Potentilla erect: + | + r + | +| + + + +| +
Succisa pratensis | . . . . . +
Vaccinium myrtillug + | + | + | + | + . . .
'Vaccinium vitig- + r + +
idaea

\Veratrum album r

14
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The small enlightened groups dflolinia caerulea are very weakly
represented. The association was identified owliaied, dispersed on the field in a
pretty chaotic way, having in its structure speassluncus effusugsometimes
dominantly),Potentilla erecta, Veratrum albuetc.

From the ordinationanalysis, resulted that relative to the other \aget
groups, theMolinia caeruleaassociation was placed in an intermediary position

5. Holcetum lanatilssler 1936 emend. Pass. 1964 (Tab. 3, rel. 38-39)

It was met sporadically in the close neighborhobdhe small river, in
groups of just a few square meters. The very weakence is explained by the
species’ preferences for the low-moderate acidtgaties. It forms stable coenosis
at low altitudes, in wet watersides

6. Juncetum effusiSoo (1931) 1949 (Tab. 3, rel. 30-35)

The presence dhese communities in the considered area, becowdsné
near the river and in borderinmarts of the swamp, being distinguished as having
affinities with the groups dominated Bschampsia caespitoaadHolcus lanatus.

Compact groups of this species colonize the piathten field of grazing
fields in the vicinity, especially around the péaig, this phenomenon being very
frequent in the region. This abundant developingsbfive grass is probably
stimulated by overgrazing. The species doesn’t fesnany preference for another
factor than humidity.

7. Scirpetum sylvaticRalski 1931(Tab. 3, rel. 36-37)

It was identified only in some points, in the middiide of the small river
course, at the beginning of the forest, in the mosthern point of the studied area.
It forms short strips, in places diffusely illumied.

8. Deschampsietum caespitoshiorvatic 193. (Tab. 3, rel.26-29)

It is localized in small groups representative amdar the water, on the left
side of the mountain. The swamping is no longer dslon the right side of the
mountain, and the transition toward mesophilousdoea near the swamp is made
in a more sudden way. Coenosis enlightened bydufar grass eschampsia
caespitospare at the contact between riparian communitiess, represented on
narrow insignificant strips, and mesophilous meaglow large number of
components come from these associations thattard@épendent witbeschampsia

On this side of the mountain, along the small rivear a muff of a few
meters, exists a gradual alternation between tbapgr ofD. caespitosaand of
Juncus effususis the ecological conditions are somehow identitids way of
positioning is most probably due to the competiti@tween the two species.
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Table 3

Phytocenoses of associatiori3eschampsietum caespitoshiervatic 1930 (rel.26-29),
Juncetum effusiSoo (1931) 1949 (rel.30-35%cirpetum sylvaticRalski 1931 (rel.36-37),
Holcetum lanatilssler 1936 emend. Pass. 1964 (rel.38-39)

0 12| 3| 4| 5| 6| 7/ 8 9 10 1p 12 13 14

Relevee 26| 27| 28| 29| 30 31 32 33 34 35 86 B7 (38 |39

Altitude(m) {11301130113011301130113011301125112511231130113011301130Q
Aspect N | N | N |[NE[NV [NV | NV [NV [NV [NV [NV [NV [NV | NV

Slope(degrees)l 2 | 2 | 2| 2| 4| 5| 5| 5 5 6 @6 ¢ i 6
Cover % 100{100| 100|100 100|100/ 100| 100| 100| 100| 100| 100| 100| 100

Sphagnunsp. . . . . 21 3] 3 2 2
Carexcechinata 2 | 2 | 2| 1 . . . +| + . +H o+ 1
Carex rostrata | . . . . . . +
Agrostiscanina) 1 | + | 1| +| 1| +| +
Agrostis tenuis| . . . . . . . +
Anemone
nemorosa
Anthoxanthum| 1 | + 1| +| + . 1| +| +
odoratum
Briza media
Caltha palustris| . .
Carex leporina| + r . + . . . . . . r +
Carex fusca . . r
Chaerophyllum
hirsutum
Cirsium rivulare| .
Crepis paludosa +
Cynosurus
cristatus
Deschampsia| 3 | 3| 2| 2 . . + . . . . r
caespitosa
Deschampsia | . . . r 1) 1| +| 2| 1| +
flexuosa
Driopteris
carthusiana
Epilobium . r . . . . +
palustre
Equisetum r r| + . . r
pratense
Eriophorum . . . . . +
latifolium
Eriophorum . . . . r
vaginatum
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Table 3 (continued)

0 1| 2| 3| 4| 5| 6 7, 8 9 10 1p 12 13

Festuca rubra | . . + . + +

Fillipendula
ulmaria

Galium
uliginosum

Galium palustre

Gentiana
cruciata

Holcus lanatus . . . . ) . ) . ) ) r

Homogyne
alpina

Hypericum | . . . . . . . . . . r
maculatum

Juncus . . . . . . . . . . . r
articulatus

Juncus
subnodulosus

Juncuseffusus+ | 1| +| 1| 3| 3| 4| 3| 3| 4 1 4 1

Knautia
arvensis

Luzula
luzuloides

Lychnis flos-
cuculi

Lysimachia
vulgaris

Molinia
caerulea

Myosotis . . . . . . . . . . r
palustris

Nardus stricta| + | + | + | + | r . . +| + ) . ) +

Oenanthe
aguatica

Orchis maculata .

Picea abies | . . . . r

Potentillaerecta+ | r | + | + | +| .| r| +| +| +| .| r

Prunella . . . . . . . . . . . . r
vulgaris

Ranunculus | r | + | . | .| .| .| +| .| .| .| .| .| +
acris

17
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Table 3 (continued)

0 1 2 3 4 5 6 7 8 9 10 10 12 13 14
Ranunculus | . . . . . . . . . . . r 4+ r
repens
Salix cinerea| . . r . . . . . . o+ o . r
Salix purpureq . . . . : . : . : . : .
Scirpus . . . . . . . . . .3 3
sylaticus
Sorbus
aucuparia
Stellaria
graminea
Succisa
pratensis
Trifolium . . . . . . . . . . + r
alpestre
Vaccinium . . . N o+
myrtillus

Vaccinium vitis
idaea
Veratrum album .

-
+
+
-
+
+
+

The graphical display reveals the main affinitiesAeen samples of different
cenotaxonomic groups, and especially the relatwéden these and certain ecological
gradients, normally associated with the two axak@brdination diagram (Fig. 2). As
the ecological conditions were pretty uniform ahé studied area is small, these
gradients did not have an obvious amplitude. THg wisible differences, but in a
small measure, were caused by the degree of hynaidd oligotrophism. This way,
the vertical axis correlated with the change indbgree of humidity, observed most
times on the field too, culminating with the smaditer poundson which were found
mostly the communities @arex rostrataand at the other end, on more inclined parts,
phytocoenosis dDeschampsia caespitasa
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The multivariate analysis
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Fig. 2. The multivariate analysis of type DGADetrended correspondence analysis, based
on quantitative data of relevees from the phytooses present in the studied area. The
relevees were symbolized this way: CarRost-r/nRel.1-6, CarEch-r/nr for Rel.7-12,

ErivVag+EriLat-r/nr for Rel.17-25, MolCae-r/nr foredR13-16, DesCae-r/nr for Rel.26-29,

JunEff-r/nr for Rel.3.-35, SciSyl-r/nr for Rel.36-3HolLan-r/nr for Rel.38-39.

The second axis of the system, horizontal (Axiscbyrelated with the
degree of oligotrophism of the habitats. The asdmris enlightened by the
specific element of the oligotroph swamsiophorum vaginatunare situated at
the other end of the dominar®lcus lanatusand Scirpus sylvaticysindicators of
some swampings yet unaffected by the peat phenameno

The relevees dominated hwlolinia caeruleaand Juncus effususlon’t
occupy well spatial defined positions, which islakged by the ecological intermediary
position of the studied area, between the swampgingnesotroph lawns and
oligotroph peat bogs. The two species, but espgcthkir companions, were
affirmed as having higher ecologiahplitudes.
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Conclusions

The studied area, situated in the place calledsa& &lcestilor (Valenilor)”
covers an ensemble of eight plant associationshafh three $phagno-Caricetum
rostratae, Carici echinatae-Sphagnetuamiophoro vaginati-Sphagnetum recurvi)
occupy large areas and confer the general physipridrthe field and other five,
that were settled because of the presence on ssnattered areawith different
ecological conditionsDeschampsietum caespitosae, Juncetum ef8aipetum
sylvatici, Holcetum lanati, Junco-Molinietum

Ecologically, the flora and vegetation analysiseaded different stages of
transition from eutroph swamps to the oligotrople®peatbogs witkriophorum
vaginatum. The multivariate analysis shows the mosaicatattar of vegetation,
caused by humidity and chemical reaction factothefsubstrate.
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THE ACTIVITY OF THE ANTIOXIDATIVE ENZYMESIN THE
MOUGEOTIA ALGAL SUSPENSIONS, STRAIN AICB 560, UNDER
LIGHT STRESSAND LOW TEMPERATURES

VICTOR BERCEA!, BOGDAN DRUGA?
NICOLAE DRAGOS"?

SUMMARY. The activity of antioxidative enzymes was investdaunder light stress,
low temperatures and in the presence of certaitoplathetic inhibitors, during the state
transitions of the exponentiallylougeotia cultures. The activity of SOD and GR has
been enhanced, excluding the anaerobiosis corglitidnced by FCCP, which have lead
to the decrease of oxygen production - the maimncsoof the reactive oxygen species.
Blocking the PS Il by DCMU, the cyclic electronsMl around the PS | operates at
highest rate. In the conditions of intense lighty ltemperature and anaerobiosis, the
activity of the ascorbate peroxidase has been difieth The activity of
monodehydroascorbate reductase has decreasedfirgxdie state of anaerobiosis.
Moreover, the activity of dehydroascorbate redectsd NADPH dehydrogenase has
significantly decreased both under intense lighd &w temperatures, and also in
anaerobiosis or in the state transition of the ghatems. Under light stress and low
temperature, the lipids peroxidation has been emhrprobably due to the oxidative
damages. When the photosynthetic inhibitor DCMU Iteen added during tigate 2,
the lipids peroxidation activity has been enhanweadl times. The maintenance of the
electrons flow from the thylakoids is essentialtfoe chloroplasts protection against the
photooxidative stress, this being a process in twttie cyclic electrons flow and the
water-water cycle also contribute.

KEYWORDS ascorbate peroxidase; monodehydroascorbate regjudtds/droascorbate
reductase; superoxyde dismutase; glutathione rasecNAD(P)H-dehydrogenase;
lipid peroxidation

Introduction

The low temperature induces the decrease in theaS€imilation together
with the inhibition of photosynthesis, leading ttetenhancement of the excess
energy dissipation in the PS Il antenna, and tdqa@mages in the PS Il reaction
center (Fryert al., 1998), and also to the decrease of the Calvitecgnzymes
(Kingston-Smith, 1997).

! Institute of Biological Research, 48 Republicii Street, 400015/Cluj-Napoca, Romania
E-mail: bercea_victor @yahoo.com
2 Faculty of Biology and Geology, Babes-Bolyai Univ., 5-7 Clinicilor Street, Cluj-Napoca, Romania
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The unfavorable environmental conditions make thatgsynthetic electrons
flow towards Q to enhance, causing the increase of the superokig®, and
hydroxyl production, which leads to the limitatiofthe NADP concentration in
the acceptance of electrons from the PS | (Asa@@9)1 In anaerobiosis, the ATP
synthesis occurs without to influence the NADP/NADRtio due to the operating
of the electrons cyclic flowround the PS | (Forét al., 2003).

The G reactive species are quickly removed inside of raplasts by a
group of enzymes consisting in SOD, GR, DHAR, MDHARd APX (the
chloroplasts lack catalase) (Asada, 1999). Theeam® in concentration of these
enzymes may limit the photodamages (Hodges., 1997). In normal conditions,
the majority of the reductants that are generatedhle electrons transport are
consumed during the G@ssimilation, while other pathways such as theogén
metabolism, the ©reduction during photorespiration, and the Mehéaction are
maintained at a minimum level (Edwards and Bak883). During coldness, the
ratio between electrons transport and,@Ssimilation has been enhanced, during
an increase of the distribution of reductants talsather pathways comparatively
with the CQ assimilation (Fryeet al., 1995; Massaceit al., 1995).

During this study the activity of the antioxidativenzymes has been
investigated, under light stress, low temperataned in the presence of certain
photosynthetic inhibitors, during the state trdos#g of the exponentially
Mougeotia cultures.

Material and Methods

The green algaviougeotia sp. Agahrd (AICB 560) derives from The
Collection of Algae Cultures of the Institute ofoRigical Research from Cluj-
Napoca (AICB) (Dragget al., 1997). Strain AICB 560 was grown in Bold (BBM)
nutritive solution, during continuous air stirringynstant 48mmol. mi?. s* light, at
22°C. The cultivation period was of 18 days.

The light, inhibitors and low temperature treatment. The 400Qumol. ni®. s
! PAR (photosynthetic active radiation) light intiégpsvas applied for 60 minutes,
at 0-2°C, in the presence of certain specific inhibit@30uM DCMU [3-(3, 4-

dichlorophenyl)1, 1-dimethylurea], @M FCCP (carbonyl cyanide-p-trifluormethoxy
phenylhydrazone) and 5 mM iodoacetamide. The stasamsition of the
photochemical activity was obtained using lighthmitarious composition for the
photosystems excitation, namedyate 1: light 1 with a wavelength more than 700
nm, far-red, emitted by a combination of blue aed filters, at 47qumol. m?. st
light, which activates the PS | arsthte 2: light 2 which is specific for PS II,
emitted by a red filter, at 620 nm, with a 23080l. m%. s* intensity.

The analysis of the antioxidative enzymes. The activity of the analyzed
enzymes was measured at room temperature. Thectitranedium contains 50
mM potassium phosphate buffer, pH=7. 8; 1 mM EDTAmMM mercaptoethanol
and 2% PVP (polyvinylpyrolidone).
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Ascorbate peroxidase (APX) was measured according to Leipner (1998hdn
extraction medium 1 mM sodium ascorbate was addbeé. extraction medium
contains 50 mM potassium phosphate buffer pH=7. 200 uM DTPA
(diethylenetriaminepentaacetic acid); 1 mM ascerlaaid 25QM H,O, to which the
enzymatic cell extract was added. The enzymatititycivas measured by decreasing
the absorption at 290 nm using the extinction dteffte = 2. 8 mM®. cni’.

Monodehydroascor bate reductase (MDAR) was measured after modifying
the Leipner method (1998). The extraction mediumtaios 50 mM potassium
phosphate buffer pH=7. 8; 20 DTPA; 1 mM ascorbate; 0. 12 mM NADPH, 1
unit ascorbate oxidase and cell extract. The reacbegins after adding the
ascorbate oxidase, and NADPH oxidation was measimgeddecreasing the
absorption at 340 nm. The enzymatic activity wasutated using the extinction
coefficiente = 6. 2 mM". cmi.

Dehydroascorbate reductase (DHAR) was measured after modifying the
Leipner method (1998). The extraction medium cost&0 mM potassium phosphate
buffer pH=7. 8; 20QuM DTPA; 2. 5 mM GSH; 1 mM dehydroascorbate and cell
extract. The enzymatic activity was measured by itmkng the absorption
enhancement at 265 nm using the extinction coeffiei= 14 mM*. cni®.

Quperoxyde dismutase (SOD) was measured after modifying the Leipner
method (1998). The extraction medium contains 50 pathssium phosphate buffer
pH=7. 8; 200uM DTPA; 13 mM methionine; 1 mM NBT (nitroblue tetaium); 4
mM riboflavin. After illuminating the mixture witla strong light, the cell extract was
added and the absorption decrease at 560 nm whgexhaThe control does not
contain cell extract and it is not illuminated. Tamount of enzymatic extract that
causes the absorption decrease with 50% was define@&OD unit.

Glutathione reductase (GR) was measured after modifying the Leipner
method (1998). The extraction medium contains 50 mpdlassium phosphate
buffer pH=7. 8; 20@uM DTPA; 1 mM oxidized glutathione (GSSG) and 0,
NADPH. The enzymatic activity was measured the aiigm decrease at 340 nm
using the extinction coefficierst= 6. 2 mM*. cm™.

Measuring the NAD(P)H-dehydrogenase. The reaction medium contained 3 ml
cell extract in Tris-HCI buffer, 0. 122 mM NAD(P)Hhd 120uM duroquinone. The
activity of the NAD(P)H-dehydrogenase in darknesas wspectrophotometrically
measured by decreasing the absorption at 340 nenefffymatic activity was expressed
in pmol/minute/mg chlorophyll asing the extinction coefficient= 6. 23 mM. cni’,

The lipid peroxidation was measured according to Venisse et al. (2001).
The algal material was extracted with 10% trichkmetic acid. The reaction
medium containing vegetal extract, 10% trichlordi@ceacid and 0. 2%
thiobarbituric acid was boiled for 30 minutes af @and then was clarified by
centrifugation. The TBARS amount (reactive specieshiobarbituric acid) was
calculated based on the absorption at 600 nm, ubmgxtinction coefficient =
155 mM*. cni®.
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Results and discussion

In the photosynthetic organisms, the superoxidéoimed through the
univalent photoreduction of ®n the PS | reducing site the thylakoid membrane
when the photosynthesis is saturated by light (kiyand Yokota, 2000; Schreiber
and Neubauer, 1990). Superoxide dismutase (SODjlysat the superoxide
radicals dismutation (§) producing molecular oxygen and hydrogen peroxide
(H20,), and thus the © concentration decreases, being the first link lod t
enzymatic system for the removal of the active exyg

Related to the control, the SOD activity has enkdric almost all the variants
(Fig. 1). V; was an exception, where the anaerobiosis conslifimuced by FCCP
have lead to the decrease in the oxygen productibith is the main source of the
oxygen reactive species. Durintate 2, the light 2 that is favorable for the PS I
photochemistry, has lead to the intensificationSQID activity was a result of the
intense oxygen production whose cellular utilizativas blocked by the FCCP
inhibitors and iodoacetamide. #tate 1, light 1 which is favorable to PS | and in the
presence of DCMU that blocks the transport of phgithetic electrons from the PS |,
leads to the utilization of the electrons from Bt | towards the de-activation of the
reactive oxygen species. SOD and the enzymes dnabve HO, intensify their
activity in proportion with the light intensity thaplays a regulator role of the
antioxydative enzymes in chloroplasts (Cakmak aadsithner, 1992).

0.6 SOD

D wnits.min g dordfilaa
o
w
|

Fig. 1. Superoxide dismutase activity (SOD): M — contk6l:~4000umol. mZ. s* light; V,
— 4000pmol. m% s*+ T é)d) — 2C); V5 = 4000pmol. m? s* + T (P — 2C) + FCCP;
V4 - 4000pmol. m? st + T (@ — 2C) + FCCP + iodoacetamide; ¥ Sate 2: light 2 (620 nm)
+ T (0P — 2C) + FCCP + iodoacetamide; ¥ Sate 1: light 1 (> 700 nm) + T (b- 2C) +

FCCP + iodoacetamide + DCMU
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By blocking the PS I, the cyclic electrons flowoand PS | performs at the
maximum rate of photosynthesis inducing the ATRI®sis, which also implies the
cytochromebsf (Joliot and Joliot, 2002). The photogenerationtaic oxygen
species is intensified when the plants are exptisedrtain stress factors that block
the utilization of the absorbed light energy foe 1BG fixation (Asada, 2006). The
damages produced by the low temperature togethbrtha¢ light can be quantified
through the active oxygen species. The acclimabadbr coldness leads to some
changes in the antioxidants isoenzymes compodiflotheroet al., 1997).

The hydrogen peroxide that is formed from supetokiglthe disproportionation
catalyzed by superoxyde dismutase, is reduced tier Waough ascorbate peroxidase
using the ascorbate as an electrons donor (MétidrZilinskas, 1991).

The oxidized ascorbate is reduced to ascorbate dryedoxine,
monodehydroascorbate reductase and dehydroascoduhtetase. The ascorbate
peroxidase (APX) activity is located in the cytoaod in the chloroplasts (Asada,
1999). The chloroplastic and cytosolic isoenzymekke each other due to the
large lability of the chloroplastic formn the absence of ascorbate.

The activity of the ascorbate peroxidase was iifiedsin all the variants
(Fig. 2). Together with the strong light, the loamperature and the anaerobiosis
conditions induce the activation of APX. The amoah®APX increases in strong
light and in the presence of methyl-viologen (Yoshiaet al., 2000).
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Fig. 2. Ascorbate peroxidase activity (APX) (see Fig. Jeled)

The catalytic removal of hydrogen peroxide througRX produces
monodehydroascorbate (MDA), which decomposes in oa-emzymatic way
through spontaneous disproportionationascorbate and dehydroascorbate or by
univalent oxidation of ascorbate in enzymatic neast In chloroplast stroma,
MDA is enzymatically reduced to ascorbate by momgdeoascorbate reductase
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(MDAR) that uses NADH and NADPH as electron don®fA may be reduced
by the PS | in the ferredoxin pathway, also (Miyaked Asada, 1994). The
cytochromebsf and its reductase participation in MDA reductioaswnoticed by
Hara andMinakami (1971).

Monodehydroascorbate reductase is different forrDNAlehydrogenase
and other enzymes due its molecular weight, amicid aomposition and its
specificity for electron donors and acceptors. MBluctase is localized in the
chloroplast stroma (Hossain and Asada, 1985).

The monodehydroascorbate reductase activity isceslin almost all the
variants (Fig. 3). An exception is noticed when #&mzyme activity was tested in
anaerobic conditions created by the FCCP preseviem the enzyme activity was
more intense comparative with the cont’)( In the DCMU presence, sate 1,
the photochemical activity is sustained only by IP8here the reactive oxygen
species are generated, which imply the intensifioatf the antioxidative enzymes
activity that can be found in the contrik).

The importance of Mehler reaction in removing tlggxide excess was
demonstrated by the increment of APX activity assponse to the environmental
stress factors. The cell recovery of ascorbateseth on direct reduction of MDA
radical to ascorbate by the MDA reductase, usiegNW\DPH as electron donor.
Simultaneous, the MDA radical is spontaneous teainsfd in ascorbate and DHA — in
this case DHA is reduced by DHA reductase and G&iatase using the GSH and
NADPH as electron donors. Thus, the presence djrizate/glutathione recovery
system was studied more in chloroplasts, but timd kf enzymes exists in cytosol
also. Many enzymes from Calvin cycle are rapidictivated if the hydrogen peroxide
concentration is not preserved at low levels byARX catalytic activity.

The dehydroascorbate reductase activity is sigmifiy reduced in the
presence of high light and low temperature andoind@ions of anaerobiosis and
photosystems state transition as against the dorghoes (Fig. 3). The decrement
of dehydroascorbate reductase is due to a reduvedira of dehydroascorbate
which was consumed in other metabolic pathways. BH¥hd GR were severely
inhibited using a % temperature value (Andersenal., 1995).

Glutathione reductase (GR) is a flavoprotein thethlyzes the oxidized
glutathione reduction (GSSG to GSH) in NADPH preseas an electron acceptor.
GR togetherwith APX and DHAR constitute the chloroplast systéon H,O,
removing. The GR activity is localized mainly iretbhloroplast and it is involved
in glutathione recovery (Karpinski al., 1993; Foyer and Halliwell, 1976).

The GR activity increased in conditions of intenkght and low
temperature as against the control values (Fidi, 4/,). The enzyme activity decreased
significantly in anaerobic conditions induced by and iodoacetamid¥+ V,).
The GR potential activity of the photosystems waBiced irstate 1 andstate 2.
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Fig. 3. Monodehydroascorbate reductase (MDAR) and dehydoohate reductase
(DHAR) activity (see Fig. 1 legend)

NADPH-dehydrogenase is an oxidoreductase that @ct®NADPH, the
substrate which intervenes in €@ixing mechanism. The stress factors produce
reactive oxygen species based on the NADPH-oxidatety intensification (Rao
et al., 1996) that was observed in many plant speciadléMand Lim, 1986). C®
fixation through oxygenic photosynthesis dependdlADPH and ATP generation
by the electron transport stimulated by light, frahe water to NADP In
anaerobic conditions, ATP was synthesized without NADP/NADPH ratio
change due to the cyclic electrons flow. In anaerabnditions, ATP increased
and NADPH decreased.

The Q evolution was stimulated by the inhibitors addifilgese observations
suggest that the photosynthetic generation of taducequivalents limits the
photosynthetic assimilation (Fod al., 2003).

The obtained results as fitre NADPH-dehydrogenase activity showed an
activity inhibition in all experimental conditior(§ig. 5). Mehler reaction and the
cyclic electrons flowaround PS | photosystem may contribute to the merg of
photosynthetic ATP/NADPH ratio. In aerobic conditx) the NADPH generation
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rate, showed by the NADPH-dehydrogenase activitgt thses NADPH as
enzymatic substrate, is an important process irtoslgathetic assimilation. The
NADPH-dehydrogenase complex is involved in the matpchemical reduction of
the plastoquinone in darkness, after preillumima{i@ournact al., 2000).
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Fig. 4. Glutathione reductase (GR) activity (see Fig. kied
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Fig. 5. NADPH-dehydrogenase activity (see Fig. 1 legend)

Lipid peroxidation through lipoxygenase generateglat oxygen and radicals
as anionic superoxide. Lipoxygenase catalyzes dhetion between LQOwith free,
polyunsaturated fatty acids producing hydropercxiadé conjugated lipids. The
lipoxygenase activity increment is correlateith the high MDA content, a product of
lipid peroxidation. The increment of lipid peroxiidea is showed by the increment of
lipoxygenase activity (Fryest al., 1998). Lipid peroxidation determines the alierat
of the membrane integrity (Venisaeal., 2001).
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The lipid peroxidation inducement was examined dstecting the
accumulation of reactive thiobarbituric species ARSB) as a consequence of
thiobarbituric acid reaction in trichloroacetic @c{Fig. 6). Lipid peroxidation
inducement was slightly diminished comparative witle control sample\),
under intense light and it was raised in conditiohdow temperature, probably
because of the increment of oxidative damaye)s (

Lipid peroxidation raised significantly comparaiwith the control in the
presence of light 2, igtate 2. The lipid peroxidation activity increased two &@min
state 1, if the DCMU photosynthetic inhibitor was addég)(
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Fig. 6. Lipid peroxidation activity (see Fig. 1 legend)

The activity of antioxidative enzymes, induced enaor less by the
photochemical state transition process, certifieat tthe relative flux of @
reductive photosynthetic equivalents through thehlglereaction is rather high.
The maintenance of the electron flow in thylakoids conditions of enough
amounts of NADP as electron acceptor is essential for the chlasigbrotection
from photooxidative stress. The cyclic electrorswfland the water-water cycle
around PS | am involveu this process (Rizhskst al., 2003). The photogenetion
of reactive oxygen species may intensify when tlantpare exposed to intense
light in combination with stress factors as low parature that limithe usage of
light energy absorbed for GCfixation in photosynthesis. These conditions
determine the limitation of disposable NAD#sed to accept the electrons from the
PS | and so, &s activated (Cakmak and Marschner, 1992).

Conclusions

1. The SOD and glutathione reductase activity inciekasalmost all the variants
in anaerobic conditions induced by the FCCP, widebtermined a decrement in
oxygen synthesis, the main source for reactive exygpecies. By blocking the PS II,
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the cyclic electrons flowround PS | functions with a maximum rate of phgitesis,
inducing the ATP producing, a process that imptydbmplexosf too.

2. The ascorbate peroxidase activity raised in comaitiof high light, low
temperature and anaerobiosis.

3. The monodehydroascorbate reductase activity desnleaxcepting for the
anaerobic conditions.

4. The dehydroascorbate reductase and NADPH-dehydasgeactivity was
significantly reduced in the presence of high lighiw temperature and in
conditions of anaerobiosis and photosystems sttsition also.

5. Lipid peroxidation intensified in conditions of hidight and low temperature,
probably due to the increment of oxidative degiiadat_ipid peroxidation increased
two times if the photosynthetic inhibitor DCMU wadded irstate 1.
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THE KINETICSOF CHLOROPHYLL FLUORESCENCE
INDUCEMENT IN STATE TRANSITION IN MOUGEQOTIA
GREEN ALGA, STRAIN AICB 560

VICTOR BERCEA', ADRIANA BICA"? NICOLAE DRAGOS"?

SUMMARY. The photochemical kinetics of the photosystemsdas the evolution
of chlorophyll fluorescence in state transitionsd aim the presence of some
photosynthetic inhibitors was studiedMougeotiacells. The state as induced by
excitation with far-red light 1 (720 nm) and light2 (665 nm) for thestate 2,
respectively, in aerobic conditions and in the gmes of 2 uM FCCP. The reaction
centers ratio, the photochemical activity and #lastpquinone reduction increased in
state 1 in the presence of 300 uM DCMU, 20 uM DBMIB an802mM
chloramphenicol. The oxidation state of plastogo@and the usage of excitation light
in photochemistry increased without a non-photodtaindissipation of the excitation
in state 2.DCMU reduces the photochemical efficiency and tieddybecause ahe
photoinhibition. The inhibitors combination, whiphomotes PS | oxidation, induced
the plastoquinone reduction state due to the R&trens. Instate 1-state &ansition,
light 2 contributes to increasing of the opszaction centers ratio and so, the
plastoguinone may function in high oxidative coiodis. Thestate 2-state fransition
increases the ratio of the open reaction centers.

KEYWORDS: quenching coefficients, state 1, state 2, statesthte 2 transition,
state 2 —state 1 transition

Introduction

The state transitions has been described as a aticoataptation of short
duration, which allows the plant and algae to respto the spectral quality of
light, through the variation of the PS Il and IHigabsorption. The process is
mediated by the transferring of a protein componeart of LCH Il antenna
complex, from the PS Il to PS |, Btate 1-state Zransition, which balances the
excitation energy redistribution between photosysteThecytochromebgf complex
regulates the state transitigffSnazzi, 2005; Valloret al.,1991).

The LCH Il — PS | migration through lateral diffosi (state 1-state 2
transition) is due to the LCH phosphorylation méstiaby a protein-kinase bound
to the thylakoid membrane which is activated whéamstpquinone is reduced
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(Allen, 1992; Venert al, 1997). In oxidative conditions, the kinase ikilnited
and LCH Il dephosphorylationsfate 2-state 1transition) is achieved by a
phosphatase, which is supposed to be constitutvetiye (Cannanét al, 1984;
Finazziet al, 2001a; 2002; Forti and Caldiroli, 2005; Williaraad Allen, 1987).
The cytochromebsf complex isaccumulated in the thylakoid stromal lamella in
state 2(Finazzi et al., 2002f5tate 2represents the structural conditions which uses
the excitation energy in PS | photochemistry, se #hectrons cyclic transport
around the PS | predominates the electron lineax fivhich implies both
photosystems (Finazet al, 2001 a).

Finazziet al (2001a) have established th&ate 1is obtained through
incubation of the cells in the dark under strongtadign, whereasstate 2is
obtained through dark incubation in anaerobic diomus obtained by argon
bubbling. Incubation of the cells in conditionsttpaomote thestate 2— anaerobic
or aerobic and FCCP - generates an electron sdhroegh cytochromebsf
complex, different of that produced by the PS W d@nis active wherstate 1-state
2 transition does not produce. The reactivationhef ¢lectron linear flux between
PS Il and PS | depends atate 2 — state tommutation and is indicated by a
concomitant rising of the fluorescence, F

Two hypotheses were proposed explaining the phenom LCH Il
migration may be caused by protein conformatioanges in phosphorylation
process (Nilsson, 1997), playing an important ml®-LHC — PS | bounding. An
alternative hypothesis proposes the electrostagjuellence generated by the
increasing of the negative charges in thylakoi@d tretermines the detachment of
the P-LCH Il from PS II.

In the present paper, we studied the photosyspdrotochemical kinetics
based on chlorophyll fluorescence evolution inestedinsitions, in the presence of
some inhibitors of photosynthetic electrons tramsploain.

Materialsand Methods

The green algdougeotia spAgardh (AICB 560) derived from the Algae
Culture Collection of the Institute of BiologicaleRearch from Cluj-Napoca
(AICB) (Dragos et al, 1997). The alga was grown in Bold nutritive s$ioln
(BBM), under continuous air agitation, illuminatievith 630 pmol. rif. s's*, at
22°C. The period of growing was 23 days.

The quenching analysis of fluorescencBhe induction curves of
chlorophyll fluorescence with quenching analysigenbeen recorded state land
state 2 state 1 — state 2ransition orstate 2-state Iransition, using 650 nm
measuring light and saturation pulse mode as fallow

-state 1- excitationwith far-red light (lightl, 720 nm) for 30 seconds to
excite the PS |, then applying the saturation pulse

-state 2— excitation with actinic light (lighg, 665 nm) for 5 seconds to
excite the PS I, followed by applying the satwatpulse
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-state 1 — state 2 transitiorexcitationwith far-red light (lightl) for 15
seconds, then excitatiavith actinic light for 2 seconds (ligi2)

-Sstate 2 — statel transitiorexcitationwith actinic light (light2) for 2
seconds, then excitatiavith far-red light (lightl) for 15 seconds

The photosynthetic inhibitors used: FCCP (carboysmide-p-
triluoromethoxyphenylhydrazone), an uncoupling efhicauses the transition to
state 2by decreasing the ATP and the membrane poteitigl DCMU (3-(3, 4-
dichlorophenyl)-1, 1-dimetylurea) inhibits the dlens transfer between,and
Qe (V2); FCCP+DCMU V¥s); FCCP+DBMIB (DBMIB (2, 5-dibromo-3-methyl-6-
isopropylbenzoginone)) inhibit the photosynthetideceons transfer from
plastoquinone to cytochromebsf complex ¥,); FCCP+chloramphenicol
(chloramphenicol inhibits the protein synthesigy)( The algae suspensions were
incubated for an hour, in darkness, in the presehdaehibitors, and then the state
transition was induced. The chlorophyll fluorese@n@s measured with PAM-210
fluorimeter according to Schreibet al. (1986).

Results and discussion

On short time, the plants response to the lightityugpresents thetatel
— state 2 transitiormechanism qtate linduced by the far-red light (>700 nm)
preferential absorbed by PS dtate 2induced by the red light (<680 nm)
preferential absorbed by PS II), fact shown by teelox changes of the
plastoquinone and cytochrorhg complex (Su and Shen, 2003).

The exposure to short wavelength light determimes adaptation of the
photosynthetic apparatus $tate 2through energy redistribution in favor of PS |,
to balance the excitation between photosystemss pitcess is reversible in the
presence of far-red light obtaining th@ate 1 when the short light excites mainly
PS Il photosystem (Veeranjaneyulu and Leblanc, 1994

The kinetics of chlorophyll fluorescencestate 1(excitation with far—red,
720 nm) shown a decreasing of,F photochemical efficiency g and an
increasing of R in control sample (Fig. 1, M). The open reactioenters
increased, showing the oxidation state of plastomne. F;, Fo photochemical
efficiency (g) and yield (Y) increased in the presence of 2 pBCP (Fig. 1Vy).
The reaction centers ratio, the photochemical égtof both photosystems and the
reduction state of plastoquinone increased. Thedinoh of oxidation conditions to
plastoquinone, in presence of 300 uM DCMU has preduan alternation in
increment and decrement of J-F with a slightly increment in the yield and a
high value for the photochemical efficiend).

DCMU inhibits the @ reduction of PS II, so the plastoquinone oxidation
produced in light presence and #tate lis achieved. Irstate 1 the majority of
antenna proteins are associated with PS | (Takabbah 2006). The FCCP+DCMU
mixture determined a high value for,Fa small value for 5 F',, g and an
oscillation for the yield\s).
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In presence of FCCP and 20 nM DBMIB,,F', have increased, while
F'o, ¢ have decreased, and the yield has oscillatgyl The rise of the closed
reaction centers induced the plastoquinone redustiaie and reduced photochemical
activity. The FCCP+230 uM chloramphenicol combimratiietermined the increment
of Fm, F'm, Fo and decreased PS |l efficiency)(@nd yield of photosynthesi¥d).
The efficiency of energy harvest through the openters was influenced by the
internal structural changes of photosystems.
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Fig. 1. The induction curves and quenching analysis ofl @gspension istate 1
M — control; V.- 2 uM FCCP; \6- 300uM DCMU; V3~ 2 uM FCCP+30QuM DCMU; Vy4-
2 uM FCCP+20 mVDBMIB; V- 2 uM FCCP+23QuM chloramphenicolF,-minimal
fluorescence; fF-maximal fluorescence; F, F'o- fluorescence after illumination; Y-yield;
gr- photochemical quenchings-gnon-photochemical quenching.

The fluorescence kinetics g@tate 2(excitationwith light 2, 665 nm) produced
Fm decrement, 5, and kincrement and yield (Y) and photochemical efficieiiq,)
oscillated in control sample, after applying thesguration pulses (Fig. 2, M). The
guenching analysis revealed the photochemicalicieeft (q) decrement and the non-
photochemical quenchingy(gincrement. In FCCP presencg,dnd F, decreased, i
increased and,giaised at a maximum value explaining the lightasa photochemistry
only, without a non-photochemical dissipation af #ixcitation (small value fory
stimulating the plastoguinone oxidation state (Ejy/).
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Fig. 2. The induction curves and quenching analysis ofl agspension istate 2
M — control; \i- 2 uM FCCP; \4- 300puM DCMU; V- 2 uM FCCP+30QuM DCMU; V-
2 uM FCCP+20 mVDBMIB; V- 2 uM FCCP+23QuM chloramphenicolF,-minimal
fluorescence; fF-maximal fluorescence; F, F'o- fluorescence after illumination; Y-yield;
gr- photochemical quenchings-gnon-photochemical quenching.

In DCMU presence, when the plastoquinone oxidat®ninduced, the
fluorescence parameteg, ., Fo, F'my were increased after applying three saturation
pulses which determined a decrement of photochéefinziency (g,), yield and non-
photochemical quenching \jgdue to the achievement of photoinhibitions)( The
FCCP+DCMU mixture determined an oF'F',, increment. The photochemical
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efficiency (g) and the yield decreased and the non-photocherdisaipation of
excitation was insignificant\g). In this case, PS | electrons are responsiblahfor
reduction of the plastoquinone. The FCCP+DBMIB cation, that facilitates the
oxidation conditions for PS I, induced the risingbasal fluorescence and ap, F
photochemical efficiency (1 and yield decrement, so the plastoquinone passed
reduced staté/). In FCCP+chloramphenicol presencg, Fy, Fynincreased and F;

the photochemical efficiency fgand the yield decreased, so the photochemical
activity of the photosynthetic electrons lineamnflavas diminished\(s).

Light 2 that excites mainly the PS Il induces a PS | lsghsitivity while
the transfer to the far-red light that excites R8dduces a PS Il high sensitivity
(Wollman, 2001). In both states ap &d k quenching was observed and so the
F./F ratio remained constar@tate 1-state 2 transitigoroduced changes in the PS
Il internal organization (Hodges and Barber, 1983).

The kinetics of chlorophyll fluorescence state 1 — state 2 transitiois
shown in Fig. 3.

In the control sample,oFF'q increased and F, the photochemical efficiency
(ge) and the yield oscillated (M), creating oxidatmonditions for the plastoquinone. In
FCCP presence,H'o and yield raised while the photochemical efficiedecreased
(V1). The increment of the open reaction centers lamdeaducing of the photochemical
efficiency induced the plastoquinone reductiorestat

In the DCMU presence, §decreased and [F'increased, allowing the
plastoquinone functioning in oxidative conditions)( The FCCP+DCMU mixture
produced an F’ and yield increment and angFlecrement. The high ratio of the
open reaction centers stimulated the PS Il eledtamsport and the plastoquinone
oxidative state\(z). The FCCP+DBMIB mixture produced a slightly risfel, F'o
and yield and K fluctuated ¥;). DBMIB inhibited state transitions after
preillumination of the cell (Finazzt al, 2001 b). Chloramphenicol and FCCP
determined a variation of the maximum fluorescemue a slightly rise of the yield
and Fp (Vs). In the presence of the used inhibitors, |@jht state 1 — state 2 transition
contributes to the maintenance of a high ratichefdpen reaction centers, making
possible the plastoquinone functioning in high aftigé conditions. In these conditions,
the non-photochemical dissipation of the excitaéinargy was reduced at minimum.

The kinetics of chlorophyll fluorescence state 2 — state 1 transitiois
shown in Fig. 4. In the control sample,,F',, the photochemical efficiency and
the yield became fluctuant. In FCCP presencg, IF, decreased and the yield and
the photochemical efficiency raised, kept constant at maximum valudg)( The
increment of the open reaction centers shows thgeusf the excitation energy in
photochemistry only, inducing the reduction stat®$ Il and plastoquinone.
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Fig. 3. The induction curves and the quenching analys@gsl suspension in state 1-state

2 transition. M — control; ¥ 2 uM FCCP; \6- 300uM DCMU; V3- 2 uM FCCP+30QuM

DCMU; V4 2 uM FCCP+20 mMDBMIB; Vs- 2 uM FCCP+23QuM chloramphenicolF,-

minimal fluorescence; f-maximal fluorescence; F, F'o- fluorescence after illumination;
Y-yield; go- photochemical quenchingy-gnon-photochemical quenching.

In DCMU presence, E, the quantic efficiency & and the yield decreased
and F, and Fp increased \{;). The efficiency of energy harvest through therope
reaction centers diminished in conditions of a lgistoquinone reduction state due to
the PS | activity. The FCCP+DCMU mixture producedRs, decrement, a slightly
increment in yield and fand F, fluctuation ¥5). In FCCP+DBMIB presence k' F'o
increased and the yield decreas¥y).(In FCCP+chloramphenicol the fluorescence
parameters remained constant with the excepti®n,aofl F'o (Vs). In state 2 — state 1
transition the high ratio of the open reaction centers destnates the effectiveness of
excitation energy usage in photochemistry and ®dlPeduction state inducement,
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though the photochemical efficiency is diminish&de non-photochemical dissipation
of the excitation energy was not observed in ndriesoexperimental samples.

The parameters of the fluorescence kinetics arttleim short-time dynamic
were correlated with the evolution of the long-tifik@orescence parameters, in
condition of light exposure and they shown appratety the same photochemical
activity in both photosystems according to the nstty and quality of the
excitation light (Berceat al., 2008).
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Fig. 4. Induction curves and the quenching analysisgdlauspension istate 2 — state 1
transition M — control; \4- 2 uM FCCP; \4- 300uM DCMU; V3- 2 uM FCCP+30QuM
DCMU; V4 2 uM FCCP+20 mMDBMIB; V5- 2 uM FCCP+23QuM chloramphenicolF,-
minimal fluorescence; f-maximal fluorescence; |, F'o- fluorescence after illumination;
Y-yield; g-- photochemical quenchingzgnon photochemical quenching.
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Conclusions

1. The reaction centers ratio, the photochemical iactim both photosystems
and the plastoquinone reduction state increassthia 1(excitation with far-red light,
720 nm), in the presence of photosynthetic inhibitBCMU inhibits Q@ reduction in
PS 1l, so the oxidation of plastoquinone producesandition of light exposure and
state 1is achieved. The increment of the plastoquinodeation state is due to the
imbalance created in the photochemical activithefphotosystems.

2. In state 2(excitation with light 2, 665 nm), in FCCP presenihe excitation
energy usage raised in photochemistry only, witkonbn-photochemical dissipation
of the excitation and the plastoquinone oxidatitatesincreased. DCMU reduces
the photochemical efficiency and the vyield becawudethe photoinhibition
achievement. The inhibitors mixture, which promd®s | oxidation, induced the
plastoquinone reduction state due to the PS Irelext The photochemical efficiency
and the yield decreased, diminishing the photocb&naictivity of the linear flow
of photosynthetic electrons.

3. In the presence of these inhibitorsstate 1 — state fansition, the lighg
maintains a high ratio of open reaction centers smthe plastoquinone functions
in high oxidative conditions. In these conditiohe hon-photochemical dissipation
of the excitation energy is reduced to a minimutuea

4. In state 2 — state fransition, the high ration of the open reactiemters
proves the usage effectiveness of the excitati@nggnin photochemistry and the
inducement of the PS Il reduction state, thoughpti@tochemical efficiency is
diminished.
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A MODEL FOR POPULATIONWITH RESPECT TO THE
IMMIGRATION

MOHAMMAD REZA MOLAEI",
MAHBOOBEH MOHAMMADHASANI*

SUMMARY. In this paper we introduce a model for populatidthwespect to

the per capita birth and with considering the numbfepeople who immigrate
from the society and to the society. In this motie per capita birth and the
immigrant percentages are time dependent. Thenetreanditions which make
the number of all age groups fixed.

KEYWORDS: per capita birth; age group structure; hyperbakied point;
immigration

Introduction

Population and studying about it is one of the mogiortant issues of
society of human beings. In this way each subjbeotiapopulation is considerable
(Dordea and Coman, 2006, Hoseini Anvari and Ma8éi6).

In the mathematical direction, age structure m¢Batkas, 2001) is one of
the most important models. In this model the omJg groups who participating in
reproduction are matures. Moreover per capita bintld death rate are time
dependent. In this model the population is divideth nage groups. All the
classifications have the same long. For examplédanan population, a lifespan of
150 years is broken down into 5-year groups. Itmega= 30age groups.

We would like to expend this model with paying atien to immigration
as an important time dependent phenomenon whigttafbn population. For this
goal we introduce two percentages for immigratiome for those who immigrate
from the society and one for people who immigratéhe society. It is remarkable
that per capita birth for people who immigrate e society is different from per
capita birth inside the society. In section 3 wé @pguations which determine the
fixed points of the semi-dynamical systems credtgdhe model. Moreover we
present some conditions for the hyperbolicity méfl points.

! Department of Mathematics, Shahid Bahonar University of Kerman, 76169-14111, Kerman, Iran;
E-mails. mrmolaei @mail.uk.ac.ir; mahboobehmh2003@yahoo.com
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The mode

In this section we introduce some factors thatral&ed to increasing and
decreasing of population, especially the numbethaf.Let divide the population

into N age groups. The per capita birth of k& age group at timg is denoted
by b, (j). It is considerable that per capita birth of angugr is time dependent
andb, (j)is fertility of k" age group at timg .

X, (] )is applied for distinguishing the number of indwas in the
k™ group at time j . Then k™ group affects on the number of population with
b, (j)x, (J)-

The mortality of those are itk™age group at timej is denoted by
d,(j). In the other word the percentage of thosekifi age group at timej who
survive to form age grouf +1 attime j +1is 0<s, (j +1)=1-d, (j ).

e (j)Iis the percentage of those immigrate from socieiy also leave
k™age group at time] (just before leaving society they have beenkifi age
group at timej ).

Howeverx, (j)s, (j) are the number of those surviveki!" age group at
time j and X, (] )s. (] )e,(])are those who survive and also immigrate from the
society, fromk™ age group at timg .

Finally x, (j)s.(]j)e.(j)b,(j)are those are born at tim¢ by the

people who immigrate from the society (we have #gsumption that the people
who immigrate, take their offspring with themselves
Similarly the percentage of those immigrate togheiety and increase the number

of that and enter int& " age group at timg is denoted byc, (j), (in this case

the percentage is considered with respect to tmebet of those are ik ™ age
group at timej . For example if the number of peoplekr’ age group at timg is

100 and the number of individuals who immigratethe society and enter into
k™age group at timej and increase the number of that is 4 then we say

c.(j) =%0). Assume per capita birth of those immigrate & s$bciety and are

placed in k™ age group at timejis denoted by b, (j). So that
X, (j)c. (j )b, (j) is those who are born by the immigrants that gattite society.
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Then for givenj 0{0,1,2,.}

X +1)= 3 (B (%, ()%, ()5, (e (Db, )%, (Do (105 (1) =

n

2 [b (D=5, (e (I +c, (Db (X, () = n a (1) x (1)

and fork > ;:l

X (1 +2) =5 (1 X, (1) =X, (8 () +X, () () =[5 (1) & (1) +e (DX ()
=A(1)%()

where

a.(j) =b, (N -s())e (i) +c. ()b (j) and
A1) =s.(i)-e(j)+c (i)

This model is applied for the population of a stciwith considering
immigration as a time dependent phenomenon.

If x(j)=0.(]).%,(j).-..x, () for all j=0,1,2,..then we have the
following generalization of Leslie matrix (Lesli£945, Leslie, 1948).

o) @) - . . a0)
A@lE) o0 00 O 0

0 j) 0 0

Lo . P (i) :
. L 0

0 0 . . B.G) o0 |

We also have Xx(j+1)=L(j)x(j)for allj =0,1,2,...

Thusx (j)=(L(j))'x(0) for j =0,1,2,....

Since detL (j )= 1a, ( )3.( )3,( )-.5,_.( ) then under the
conditons a,(j)#0 andB (j)Z0 for al k=1,2,.n-1 we
havex (j) =(L(j))™ x(j +1) for allj =0,1,2,.. .thenx(0)=(L(j))'x (j)
for all j (0{0,1,2,...}.
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Fixed Points

In this section we want to find some conditions ehhinake the number of
population fixed. We define the following mapping

Y,:R" - R
X(j) > x(j +1) where j=0,1,2,.. .

With respect tox (] +1) =L (j )x(j) for dl j =0,1,2,.. we have
G x(G) =L +m-L(j +m=2)..L ( X ()=x( +m),
where m is a natural number.

Thusgog]" (x (1)) =¢; (x(j +m)) =x(j +m+t) =¢;"" (x(])).

So o = ;™™ for all natural numbers and m.

Thus {{ R™,{¢/]", mON}}, j=0L2,..} is a family of semi-dynamical
systems. Now for giverj {1, 2,..} we get a fixed point fog/ ; .
Letj be fixed. We would like to finck (j) which ¢ (x(])) =x(]).

If ¢ (x(5))=x(j)thenx(j +1)=x(j).

So that
a5 Xy ()= 60 G+ DX, G + Dy {+ 1)
x,(j +D=x,(j) implies Yo, ()x.()=x,(). 1 we put

6.(j)=a,(j) for al k=2,.nandd,(j)=a,(j)-1 then
>6,(i)%.() =0. e

For all k <j sincex , (j +1)=x,(j) and
alsox, (j +1)= B, (j )Xc1(j) we have
X (1) =B % 4()
=:8k—1(j):8k—z(j _1))( k—2(j _1)
= BBl "DBoi =2)-B,( — k=D Ix, ( — k= I Hordl k <. (%)

For getting a fixed point we should have
X, (])=x,(] +1) ,for al k >j.
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Sox, (J +1)=A4(J )X, 1(J) we have
X (1) = BraliX 1)
= BB (i DX (1 —1)
=Ba(1)Be=o(] —DB5( _2)--:8k—j—1(0)( k—j—1(0) fordl k >j. (***)
At last we havex , (j) =X (] +1), for k =] so
X (k) =By (k)x (k)
=ﬂk—l(k)ﬁk—2(k —1)x k—2(k )
= Bra(K)Bio(k =1, 3k =2)..8,(2x (2) . (***)

Sop=x(J)=(,(]),X,(])--.x, (J))is afixed point if
>4 ()=0. o
X (1N=Bea(DBe=li “DB( —D-L,0 k=D Ix, (— k=T Hordl k G (%)
X (1) =Ba(Be i “DB-3i =)Ly OK -, el k > ()
X K) =B K)B kDB k=2.8,Fx,2) . ()
Since the equations (*), and one of the equatitfsdr (***) or (****) have

common solutions then the model has fixed pointwvM@& would like to find
conditions for the hyperbolicity (Palis and de Mel882) of a fixed point.

Let ¢, :R" — R be the components @ ;, and p be a fixed point for
it. Then

a (i) a(i) . . - a,()
G() © 00 0 0O
0 ) 0 0
@)=l ﬁz.(.” . 0
S 0
Y o . . B.G) O |
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Thus
[a(j)—c ayj) ca() a,()]
BG) —< 00 O 0
0 ' . 0
XO)=det(@y ), )= deff ﬂz_(lj)f Y b
. . - 0
. O 0 . . B40) <
0 A(G) —c 0 . 0
. . . 0
D)"a, (i) pG) o O
. . 0 B () —-
0 0 : : 0 B
a(j)—c ay(j) - : : A, ()
B(j) < 0 O
S I
. Be() < 0
0 o . : B ()
BG) —< O
0 ABG) < O
(D™ a,(HBGBG)- B )+ o), ()Y _C
- - Bs()
0 0 0
a(i)—c afi) . - C a0
BG) =< 00 . 0
(_C)Z(_l)n—l-m—l 0 = =
. . . . 0
0 0 . B5(G) —

D a,(DAGBI)-BG6)+

(O a1 (BB B0 )+

O (D" 0)AG)BA)-B50 )+

O (D0, 5()BGIB)-Ba( )+ -+
(O (D'a,()AG)+ ) D@ )—c)=
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Thus
x©)=(D)"Ya (1) B BLi)--LBra(i) +
ca,,(1)B(1)B))--By-2() )+
C’a,, (1) BNBAI)-Bosli )+
¢’ (1) BB Loali )+ o+

¢"a,())B (1) +c"Ha(j) -c.
So the fixed pointp =X (] )is a hyperbolic fixed point ify(-1) # Oand
X(1) # 0 .this model also contains the non hyperbolic fipethts. For example if
we put n=4, and =2, and consider a model with

a,(2)=6,0,(2)5,(2)= -2,a,(2)5,(2)B,(2)= 0,and
a,(2)B,(2)B,(2)B,(2)= - 3. then this model satisfies the equations (*) and

(****). So we have a fixed point fogy,. This fixed point is not a hyperbolic fixed
point becausey(c) =c* -6c*+ X*+ 3, y(1)=0.

Conclusion

In the previous section we stated the conditionglvhan lead us to find
conditions to fix the number of a special age group
It can be very helpful in the developing prograrhthe society, which keeping the
number of a particular age group of human beingdixand this model has the
stability for such programming.
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SPECTROFLUOROMETRIC ANALYSISOF CHICKEN IGY
STABILITY AFTER UREA TREATMENT

FLORINA OLARUY, ALINA SESARMAN? HORIA BANCIU?,
MANUELA BANCIU?Y IOAN PETRESCU?

SUMMARY. Spectrofluorimetric measurements are useful toolsnvestigate
structural changes in proteins. More insights thi® protein folding pathways are
essential for the general understanding of thebadii molecule structure.
Moreover, elucidation of the folding mechanismsypla crucial role in illustrating
the final configurations of multidomain oligomegecoteins. The fact that chicken
IgY antibodies might represent exquisite tools imgdostics, medical application
or biotechnology prompted us to investigate theatffof chemical conditions-
urea treatment on IgY stability, by monitoring chasa in fluorescence emission
spectra. Our data revealed that IgY stability ig affected after 3-5 hours
incubation with 0-9M urea, denaturation occurindycaiter 21h incubation with
5,5-9.5M urea. The low fluorescence intensity of §\Mound to IgY, appears to
indicate no conformational changes after urearmreat, probably due to the lack
of hydrophobic sites on IgY immunoglobulin. Increagtability in different urea
conditions would suggest a possible therapeut& 0blgY antibodies.

KEYWORDS: IgY immunoglobulin, denaturation, renaturatiorgal

Introduction

Among all avian immunoglobulins (lg), chicken Igtimunoglobulins are
most frequently studied and best characterized. &ytibodies represent the
counterpart of mammalian IgG, although, structyralhd functionally, they are
closely related to IgE (Warr et al., 1995). Theusture differences between
chicken IgY and mammalian IgG, are reflected inrthalogical function.

In terms of immunological properties, chicken Igiibodies have several
advantages over mammalian IgG: 1) the lack of iactvith human (Lindahl et
al., 1992) or bacterial Fc receptors (Godfrey gt1892, Hoffman et al., 1996); 2)
the inability to activate mammalian complement eagc(Gigli and Austen, 1971,
Larsson et al.,, 1992, Vikinge et al., 1998); 3) tlaek of interaction with
rheumatoid factors (RF) and human anti-mouse Igthadies (HAMA) (Larsson
et al., 1991, Schade and Hlinak, 1996); 4) evoharg difference, which confers

! Faculty of Biology and Geology, BgbBolyai University, 400006 Cluj-Napoca, Romania.
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IgY an increased ability to recognized more epitopea mammalian protein than
the corresponding mammalian IgG (Gassmann et30)1 5) increased resistance
under various physico-chemical conditions. Duehts tlifferences, IgY antibodies
represent excellent tools with application in vas@reas of research: diagnostics,
medical application or biotechnology (Narat, 2003).

In the present paper, we examine the effect oéidifit urea concentrations
on the stability of IgY antibodies, by measuring tthanges in either the intrinsic
fluorescence of the tryptophan residues of IgYthar extrinsic fluorescence after
administration 1-anilino-8-naphthalene sulfonateN@). Changes in tryptophan
fluorescence wavelenghts is a widely used toobseove changes such as folding/
unfolding dynamics in proteins (Ervin et al., 2008NS has been used extensively
as a fluorescent probe to monitor hydrophobic sifegroteins, after denaturation
(Strayer, 1965).

The molecular mechanisms of the denaturing actjoarba is not entirely
elucidated, albeit, it is believed that the deratir action occurs due to
preferentially interaction with the backbone CO-didups and other polar groups
in the side-chains by forming multiple H-bonds,dieq to thesalting in of such
groups in the aqueous solution (Nandi and Robing®84, Roseman and Jencks,
1975) the addition of urea to water causes an asereof the surface tension ,
leading to thesalting outof nonpolar groups from the aqueous phase (Breafuv
Guo, 1990). Increase stability in different ureaditons would suggest a possible
therapeutic role of IgY antibodies.

M aterials and methods

Denaturation studies of IgY antibodidgY antibodies were purified from
chicken egg yolk (27M) and subsequently incubated in 0-9 M urea at 2&%C
3, 5 and 21 hours. The state of protein denaturatias monitored by measuring
the changes in both intrinsic and extrinsic fluosge intensities (Jasco FP-750
spectrofluorometer).

In the case of intrinsic tryptophan fluorescenceording, the urea
denaturation mixture was diluted ten times withmi®l sodium phosphate saline
buffer (PBS), pH-7,2. The excitation wavelength weet at 295 nm and the
fluorescence emission spectrum was recorded iratigee 300-420 nm.

The extrinsic fluorescence was obtained by using B8l ANS (1-anilino-
8-naphthalene sulfonate) that binds to cationiaupgsoof proteins (Matulis et al.,
1999). After denaturation, each mixture was dilutigd times with 10 mM PBS,
pH 7.2. The excitation wavelength was set at 350 amd the fluorescence
emission spectra were recorded in the range 42G:600

Renaturation studies of IgY antibodi¢%or the renaturation studies, the
urea denaturation mixtures were diluted in 10 mMSP@BH - 7.2) solution as
follows: ten times, in the case of measuring ofimsic fluorescence intensity and
five times with the same buffer in the case of méag of extrinsic fluorescence
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intensity. The time of incubation was 3, 5 and 2uris at 25°C. Fluorescence
excitation and emission wavelengths are the sarfethose used for denaturation
studies (Covaciet al, 2004a; Covaciet al, 2004b).

Results and discussion

Proteins are synthesized as a linear chain of aatius, but a functionally
protein has a folded (native) conformation. At pbiggical value of pH, the
folded and unfolded states of a protein are in ldgwim. The stability of the
native state in aqueous solutions is influencedthy:amino acid sequence of the
protein, the pH conditions, the temperature and dbecentration of salts and
ligands. Immunoglobulins, show a strong structunection relation in the different
domains, which makes these molecules excelleneémgsfor various tests. Herein,
we evaluated the effect of increasing urea conagaitrs, on IgY stability, based
on changes in the intrinsic or extrinsic fluoresmimtensitiy, due to the presence
of tryptophan and ANS bound to IgY.

The intrinsic tryptophan fluorescence emissiontspe IgY in urea conditions.
The state of denaturation-renaturation of IgY wasdied by measuring the
changes of intrinsic fluorescence intensity at Bdland of extrinsic fluorescence
intensity at 474 nm. For the intrinsic and extrindluorescence studies, the
concentrations of IgY were 2.4 and 5.55uM respectively. After 3 hours of
incubation with different urea solutions (0-9.5Mdhe intrinsic tryptophan
fluorescence emission spectra of IgY were simildre maximum fluorescence
intensity at 341 nm has the same values (369% 58640n the range of 0-9.5M
urea (Fig. 1la). After 5 hours of incubation theiigic fluorescence intensities of
IgY were constant (about 430%) up to 5.5 M ureae Tlnorescence intensity
increases slightly from 437% to 585% with 9.5 Mau(Eig. 1b). In the range of 0-
5.5 M urea, the fluorescence intensities are simvdth values between 369%-
380%. The same situation was observed after 21shafuincubation of IgY with
urea (Fig. 1c). No significantly difference could bbserved when comparing the
fluorescence intensity values of IgY after 3 hoafgncubation with 9.5M urea
(405%) and OM urea (369%). After 5 and 21 hourmotfibation of IgY with 9.5M
urea, the fluorescence intensity values (585% &3%brespectively) were similar
(Fig. 1d). The values of intrinsic fluorescenceensity of IgY in 0-9.5M urea
solutions, after 3 (Fig. 1e) and 21 (Fig. 1f) hoafdncubation with renaturation
buffer, were similar with those from denaturation.
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Fig. 1. The intrinsic tryptophan fluorescence emissiorcsjpeof IgY in urea conditions.
Intrinsic fluorescence emission spectra of IgY @®€a), 5 (b) and 21 (c) hours of
incubation with 0-9,5M urea; (d) Comparison of therescence emission spectra

of IgY after 3, 5 and 21 hours. Intrinsic fluoresce emission spectra of
IgY after 3 (e) and 21 (f) hours of incubation winaturation buffer.
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The fluorescence emission spectra of ANS boumggYtmlurea conditionsThe
IgY ANS-binding affinity was weak. The maximum ar8ic fluorescence
intensities at the peak wavelength 474 nm were686.fr the IgY (5.58M). The
values of extrinsic fluorescence intensity werestant in the range of 0-9.5 M
urea. After 3 or 5 hours of incubation in denatiorafFig. 2a)or renaturatior{Fig.
2b) conditions, significantly changes in the extrinbimrescence emission spectra
of ANS bound to IgY, could not be detected.

la 0.5M urea 7o

60

40

20

Fig. 2. The fluorescence emission spectra of ANS bouraetégly in urea conditions. (a)
Fluorescence emission spectra of ANS bound to figY & hours of incubation with 0-9,5M urea;
(b) Fluorescence emission spectra of ANS boungMafter 3 hours of renaturation.

This low capacity of ANS binding is probably duette low number of
cationic amino acids from the IgY composition.

Comparison of urea denaturation—renaturation pesgilof IgY After 3 hours
of incubation, the fluorescence intensities atuala concentrations were similar
(about 370%). The same results were obtained aitebation in the renaturation
buffer. These results could suggest that IgY isstast to denaturation in the range
of 0-9.5 M urea after 3 hours of incubation. (R3g@). After 5 hours of incubation,
the values of fluorescence intensity at all ureaceatrations increase in the range
of 5.5-9.5M urea (about 437%-585%), suggesting ssipte denaturation in this
domain (Fig. 3b). A slightly denaturation have besmen after 21 hours in the
range of 0.5-5.5 M urea. After incubation in theatration buffer, the values of
the intrinsic fluorescence intensity were similaithwthe one obtained at
denaturation (370%-380%), suggesting that IgY isigley renaturated in the range
of 0.5-5.5 M urea after 21 hours of incubation. Tatues of fluorescence intensity
increased in the range of 5.5-9.5 M urea, sugggstmirreversible denaturation
(Fig. 3c). Fig. 3d shows the comparative denatdraefile of IgY at different
time of measuring. In the case of the ANS bindimdgtY, the values of extrinsic
fluorescence intensity were constant, increasiimghty at 1.5 M urea (65.8%)
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suggesting a reversible denaturation in the ranfje0.6-3.5 M urea. After
incubation in the renaturation buffer, the fluomsme intensities at all urea
concentrations were similar with those from derattan step (Fig. 3e). The
fluorescence intensities were unchanged after Bshafincubation (Fig. 3f)These
results suggest a low number of cationic aminosafrioinm IgY structure.
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Fig. 3. Comparison of urea denaturation—renaturation peofif IgY. Denaturation-renaturation of
IgY after 3 (a), 5 (b) and 21 (c) hours (intrinkimrescence). (d) Comparison of denaturation IgY
profiles after 3, 5 and 21 hours (solid line—3 kopdashed line-5 and 21 hours). Denaturation-
renaturation of IgY after 3 (e) and 5 (f) hourdiiesic fluorescence); solid line—denaturation;
dashed line—renaturation; Int.(%)-fluorescencensitg
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Conclusions

Our experimental data indicate that IgY stabilgyniot significantly affected
after 0- 9.5M urea treatment at room temperaturslightly increase of fluorescence
intensity, in the range of 5.5-9.5M urea, afterhi®lirs incubation, suggests a possible
irreversible denaturation of IgY. The low valuedlobrescence intensity of ANS bound
to IgY in urea conditions, indicates no conformaaiochanges, probably due to lack of
cationic sites on IgY. A further investigation tietstability of IgY antibodies against
urea, using different experimental techniques shioelluseful to confirm this evidences.
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THE MOLECULAR DIVERSITY OF CYANOBACTERIAL
MATSASSOCIATED WITH THERMAL SPRINGSIN NORTH-
WESTERN ROMANIA

BOGDAN DRUGA, |ULIA SOFRONIE?, IOANA VASAR?,
CRISTIAN COMANY?, ADRIANA BICA?, ANA NICOARA?
NICOLAE DRAGOS*?

SUMMARY. In this study, the diversity of the cyanobacter@mmunities
associated with the thermo-mineral springs wasyaedl We used a molecular
technique based on the generation of differentlphoretic patterns, subsequent
to a DNA digestion with restriction enzymes. Theg&t DNA fragment which was
amplified through PCR was the 16S rRNA / ITS gemeyell known molecular
marker used in the phylogenetic studies of the gmgites. The 16S rRNA / ITS
gene wes cloned i&. coli cells, using a plasmidic vector. Eventually, wevéha
obtained 24 to 45 different clones for the 4 cyambbrial communities. The target
DNA fragments were re-amplified through PCR usihg plasmids as template
DNA, and then the 16S rRNA / ITS gene copies weigested with several
restriction enzymes. Of all, only the Taql restdnt enzyme has generated
unambiguous electrophoretic bands, and specifitepet The distances the
digested DNA fragments have migrated into the edgttoretic gel were
measured. The number of distinct electrophoretitepas is considered the same
with the number of different cyanobacterial spefiem a related mat.

KEYWORDS: 16S rRNA, ITS, DNA cloning, restriction map

Introduction

Cyanobacteria are photosynthetic prokaryotes theturo in widely
different habitats ranging from fresh, brackish andrine waters to hot springs,
damp or Antarctic soils, deserts or hyper salikkeda(Van den Hoekt al., 1997,
Rasmunsen and Svenning, 1998, Matel. , 1990). Developments in gene-based
identification methods and environmental-analygishhiques have significantly
enhanced the ability to describe the ecology ofdrad populations in situ (Ferris
et al., 2003, Tatonet. al., 2003). Our research has focused on the molecular
diversity of cyanobacteria in hot spring mats, veheellular morphologies are of
limited use in distinguishing populations. We agaly the 16S rRNA gene, well

! Faculty of Biology and Geology, Babes-Bolyai University, 5-7 Clinicilor Sreet, 400006/Cluj-Napoca,
Romania
2 Ingtitute of Biological Research, 48 Republicii Street, 400015/Cluj-Napoca, Romania
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known as suitable molecular marker in the phylogefithe prokaryotes, due to its
enhanced conservation level in time (Otsekal., 1998, Janset al., 2004, Lee
and Kyung, 2001, Katara al., 2001).

Microscopy has always been essential for studyhey morphology of
microbial mats, and light microscopy has been tlanstay of such research (de
los Rios, 2003). Nevertheless, the microscopy mayubable to discriminate
between different species from field samples, ag las these samples usually
contain one or two dominant species, and the rdanmimnes could pass
unobserved (Myerst al., 2007). This is the reason for which we employisd
molecular method for the study of the cyanobadtez@nmunities from four
thermal springs in the west of Romania.

M aterials and methods

Sampling sites and morphological studies. The cyanobacterial mats that
were studied in this work were sampled from fowgrthal springs, in Satu Mare
and Bihor counties (Table 1). Part of the biologivaterial was frozen in liquid
nitrogen, to be preserved for the DNA extractiomtirermore, some samples were
kept in liquid medium in order to be analyzed whk optical microscope.

Table 1.
Thefour locations wher e the cyanobacterial sampleswer e collected
Sampling place Lat/Long Temperatuf€) pH
Beltiug 4753 22" 22° 85’ 24" 59 7.95
Ady-Endre Not determined 48. 3 8. 38
Sacuieni 4721317/ 22° 05’ 64” 77 7.64
Ciocaia 471997 /12203 09” 65 7.74

Part of the samples brought in the laboratory wassed in GZ liquid
medium, and after their growth, they were usedfoadditional DNA extraction.
The cell morphology was analyzed with a Nikon Es#id E2000-U inverted
microscope and photographed with a Nikon D200 digiamera. The best results
were achieved with the 100X immersion objectivey(Hi).
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from Beltiug and Scuieni

DNA extraction. Cyanobacterial DNA was extracted using a cyanohaktte
specific protocol, based on phenol, chloroform &wdmilic alcohol purification. In
addition to this protocol, we have first treated Hiological samples with aluminium
sulfate, in order to remove the humic acids. Theesapounds are wide-spread in any
kind of soil and they are well known for their capgato inhibit the chemical reactions
subsequent to DNA extraction, including the PCRn@et al., 2005, Moreira, 1998,
Birgmann et al., 2000, Bachoon et al., 2001). Afterremoval of the humic acids, we
followed the specific steps of the protocol. Thhe, samples were washed with certain
buffers, and then were treated with Sarcosyl, which detergent whose function is to
remove the peptidoglycan layer from the cyanobatteurface. The subsequent steps
include the sample treatment with Sodium Dodecyfiafuand K Proteinase, in order
to denaturate any proteic structure that may affecDNA quality. DNA isolation was
achieved by phenol addition in the same quantitly thiat already existent in the tubes.
The phenol and chloroform function in this metheda denature the proteins. DNA
precipitation was accomplished with the additioiNafCl and isopropyl alcohol. After
gently stirring up the samples, DNA could be obséras a transparent aggregate. The
obtained DNA was preserved in refrigerator, atc2@usubel et al., 2000).
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DNA was also extracted with two commercial kitspyaded by Promega
and Fermentas. In both cases, the biological sampiere first treated with
aluminium sulfate, for the humic acids removalthe subsequent steps, we used
the DNA extracted with all these methods, in fumectdf the DNA quality obtained
from each sample.

PCR and electrophoresis of the products. The amplification reactions were
performed employing the PCR (Polymerase Chain Regctvith a “Tgradient
Thermocycler”, produced by Biometra. For the annifion of the 16S rRNA and
ITS region (Fig. 2) -about 2000 bp- we used prin2is and ITER (Table 2). For a
final volume of 50 pul reaction mixture we have usg2l 5 | ultra pure water, 10 pl
5x Flexy Green Buffer, 3 ul Mge(25 mM), 1 ul dNTP, 1 pl ITER, 1 pl 27F, 1 pl
DNA and 0. 5 pl Go Tag Polymerase. The tempergiunéle was: one cycle of
94°C, 5 min; 30 cycles of 94C, 1 min; € 75 seconds; 7€, 75 seconds; one
cycle of 72C, 15 min.

The PCR products were purified using electropheresil. 0% agarose
gel and Promega Purification Kit.

Table 2.
The primers used in DNA amplification

Primer Formula
27E 5 -AGAGTTTGATCM TGG CTC AG -3’
ITER 5 -CTCTGT GTG CCT AGG TATCC -3’

Cloning the 16SrRNA gene and the ITS The PCR products were cloned in
the pGEM-T Vector (Promega) using manufacturer’'strirctions. The vector
contains a multiple cloning frame which lies withine o-peptide coding. The
ligation reaction contained: 25 ng PCR productnsuT4 DNA ligase, 2x Rapid
Ligation Buffer T4 DNA ligase, deionized water tdimal volume of 10 pl. The
reactions took place one hour at room temperaffter electroporation th&. coli
DH5a cells became competent, and they were incubatgther with the plasmid
1 hour at 37C.

From this mix 120 pl were pipetted on LB/ampicillPiT G/X-Gal plates
(double selection, with ampicillin on one hand atal on the other hand) which
were incubated overnight at®7 A various number of white and blue colonies per
plate are usually observed. White colonies genecalhtain the insert.
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rRNA16S ITS rRNA 23S
0 400 1000 1400 2000
M H d ﬁ
ﬁ [ | -
27F cYA106F  CYA359F CYATSIR ITEF R4 ITER

Fig. 2. Partial rrn operon and the relative positions afers during annealing. With green
are marked 16S and 23S rRNA. Between them lies ITS.

Each one of these white colonies was passed otibeacontaining liquid
LB medium, ampicillin added. After cloning the irtet DNA fragment, we have
performed the plasmid isolation with commerciakkirovided by Fermentas and
Promega. For each studied cyanobacterial mat, we performed over one hundred
cloning procedures, in order to achieve as marfgrdifit clones as possible.

All the obtained clones were subjected to PCR dination for the 16S
rRNA / ITS gene. Eventually, all amplicons wereadited with Tagl, Haelll, Rsal
and Alul restriction enzymes, all provided by Fentas. The reaction mixture
contains 17 nuclease-free water, | fast digest 10x buffer, 10 DNA amplicon
and 1pl restriction enzyme (1 FDUII). The reactions took place at’87 except
the case of Taqgl, where the proper temperaturghfersuitable function of the
enzyme is 6%C. The digested DNA samples were electrophoreyicaigrated in
1% agarose gel, at a 5 V/cm voltage.

We used the amplicons digestion in order to obtimethod for a fast
discrimination between the DNA fragments resultexnif different cyanobacterial
species.

Results and discussion

After the PCR amplification with the CYA 27F andBR primers we
obtained a 1800-2000 nucleotide fragment, congjstinthe 16S rRNA gene and
the internal transcribed spacer (ITS) between geise and the 23S rRNA gene.
This fragment was cloned, and the recombinant [iisswere then extracted (Fig. 3).
Eventually, we obtained 24 clones from Ciocaia damp8 from Ady-Endre, 29
from Sicuieni and 45 from Beltiug.

All the resulted PCR amplicons were eventually stigg with four restriction
enzymes: Tagl, Haelll, Rsal and Alul. Of all, teestl three have generated many
ambiguous electrophoretic bands, as well as diffmsears between them (data not
shown). On the other hand, the Tag! restrictioryerzhas generated unambiguous
electrophoretic bands. The number of distinct ebgpttoretic patterns is considered
the same with the number of different cyanobadtepacies from a related mat.
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M 87 61 62 79 86 73 8575 90 72

Fig. 3. Recombinant plasmids extracted fré&mcoli cells, after cloning the 16S rRNA /
ITS gene from the Beltiug DNA sample. M = contrak:- 5000 bp; b = 2000 bp. The
pGEM-T plasmid is 3003 bp long, and the DNA insgrt800-2000 bp long.

The resulted recombinant plasmids were subject&C amplification with
the 27F and ITER primers, in order to achieve gdanumbers of 16S rRNA
amplicons (Fig. 4).

S 9 10 TISEIZEI3 I48lSe 16
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2000 pb

35 36 37 40 42 45

2000 pb

Fig. 4. Electrophoregram with the 16S rRNA / ITS amplicofained
from the Scuieni DNA samples subsequent to the PCR amplifinain
recombinant plasmids
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In the case of the Beltiug cyanobacterial mat, wéaioed 45 different
clones of the 16S rRNA/ ITS gene. As presentedrbefee did not obtain specific
electrophoretic patterns with the restriction enegnexcept the Taql. This enzyme
derives from the bacteriBhermus aquaticus, and its proper temperature for use is
65°C. Between the 45 clones, we have concluded thatetlare 7 different
electrophoretic patterns (Fig. 5). The distancevbeh the bands was measured
with the LUCIA Net software, in correlation withdhcontrol bands. The DNA
fragments corresponding to the electrophoretic damdre ranging from 100 to
827 bp long.

35 44 45 49 50 56 57 58 61 63 64 65 66 67

BM6 6 6 6 6 6 6 6 4 4 4

Fig. 5 The electrophoretic pattern of 28 of the 45 16HAR ITS amplicons from
Beltiug, digested with the Tagl restriction enzyke= control; a = 1500 bp; b =
850 bp, ¢ =400 bp; d = 200 bp; e = 50 bp. The uppebers represent the
number of the clones, while the bottom numbersasgmt the 7 distinct patterns

With the sample DNA from the aBuieni cyanobacterial mat, we have
obtained 29 different clones of the 16S rRNA/ITS\@eThe digestion with the
Tagql restriction enzyme has generated 6 differlatmphoretic patterns, probably
corresponding to 6 different OTU (Operational Taxwoit Unit), or species (Fig. 6).
The DNA fragments corresponding to these bandseibgtween 170 and 975 bp.
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16 17 18 20 21 22 23 24 26 35 36 37 40 42 45

GERFISST7 M 1 1SSl SR

Fig. 6 The electrophoretic pattern of the 16S rRNA / ITSkoons from Scuieni,
digested with the Tagql restriction enzyme. M = cohta = 1500 bp; b = 850 bp, ¢ =
400 bp; d = 200 bp; e = 50 bp. The upper numbgresent the number of the clones,

while the bottom numbers represent the 7 distinttepzs

In the case of the Ady-Endre cyanobacterial maipbtained 28 different clones of the 16S
rRNA/ITS gene. After the digestion with the Tagktrietion enzyme, we obtained 4 different
electrophoretic patterns. The bands have correggotwd various DNA fragments with the length

between 104 and 738 bp (Fig. 7).
14 15 18 SIORAl 2280858 ()
208D

Fig. 7 The electrophoretic pattern of the 16S rRNA / IThoons from Ady-Endre,

digested with the Tagql restriction enzyme. M = cohta = 1500 bp; b = 850 bp, ¢ =

400 bp; d = 200 bp; e = 50 bp. The upper numbgresent the number of the clones,
while the bottom numbers represent the 4 distinttepzs
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From the DNA belonging to the Ciocaia mat, we hal#ained 24
different 16S rRNA / ITS gene clones. Their digastwith the Taqgl restriction
enzyme has generated 5 specific electrophoretierpat(Fig. 8).

Fig. 5 The electrophoretic pattern of 15 of the 24 16BAR ITS amplicons from
Ciocaia, digested with the Tag|l restriction enzyMe= control; a = 5000 bp; b = 2000
bp, ¢ =850 bp; d = 400 bp; e = 100 bp. The uppemnbrers represent the number of the

clones, while the bottom numbers represent thestihdt electrophoretic patterns

In this study method we have succeeded to anahediversity encountered
in the cyanobacterial mats associated with theshohgs. This is a less expensive
way to analyze the microbial communities, and fos tstudy to be fulfilled, we
will perform the sequencing of the different clonesorder to determine all the
different species which compose these mats. Angifegrer method for the study
of the bacterial communities has proved to be tiséeaular analysis by DGGE
(Denaturing Gradient Gel Electrophoresig)though this method is relatively
expensive, it is well known that it is very accetats long as it allows the
discrimination between DNA fragments which diffey & single nucleotide. For
the future studies, we consider the DGGE analysiaraalternative to certify the
results gained during this work.

Conclusions

Our work has confirmed that in the case on the ayaaterial mats sampled
from different soils, the treatment with aluminigulfate largely removes the humic
acids which may affect the chemical reactions offDhthe subsequent steps.

Of all the employed DNA restriction enzymes, thejTaas proved to be the
proper one in order to obtain unambiguous electiogiit patterns, with clear
DNA bands. The other restriction enzymes used ia $hudy have generated
unspecific patterns, with diffuse smears betweesm EINA bands. This result
recommends the Tagql restriction enzyme for furtiestriction analyses.
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The study of the restriction patterns of the 16MAR ITS clones has proved to
be a suitable method for the analysis of the cyactial mats, as long as it gave
us the number of different species which charazdhie studied communities.
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A MOLECULAR APPROACH TO INVESTIGATION OF
CYANOBACTERIAL DIVERSITY FROM MARGHITA AND
ROSIORI THERMOMINERAL DRILLINGS

(BIHOR COUNTY, ROMANIA)

CRISTIAN COMAN 2 BOGDAN DRUGA!? ADRIANA BICA 2 ANA
NICOAR A', NICOLAE DRAGO §'?

SUMMARY. Understanding the relationships among speciesfiereit microbial
communities, in time, has proved to be quite alehgé. The fact that the majority of
species are not culturable in laboratory conditi@mel determination based on
morphological characteristics is sometimes verficdif, emphasized the need of a
new approach in this type of studies. Based orlid simmarker — the gene for 16S
rRNA and 16S-23S ITS region — two specific cyantdrd mats associated to
Marghita and Rgori thermomineral drillings were investigated gsimolecular
techniques. The 16S rRNA-ITS fragments from th&egbmmunity genomic DNA
were amplified through PCR using specific cyanddrédtprimers, the fragments were
cloned and a restriction analysis was performeck Téstriction maps obtained
revealed the presence of 13 groups 16S RNA-ITSlgsdbr Marghita and 2 groups
16S RNA-ITS profiles for Rgori, suggesting the presence of a similar numifer o
distinct operational taxonomic units (OTU’s). Digti fragments were sequenced and
partial 16S rRNA sequences obtained were compardtiet ones stored in public
databases (NCBI GenBank) usibigstn algorithm for specie identification. At the
same time a phylogenetic analysis was conducted.
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Introduction

Defining the diversity and structure of natural mial communities through
the quantification of their constituent populatitvas been a long-standing challenge in
microbial ecology. Selective enrichment cultivatesan approach for the description
of naturally occurring microbial communities hasese limitations (Poindextest al.,
1986, Wardt al., 1992) because the majority of bacteria in natargnot be cultivated
using traditional techniques (Broekal., 1987, Jannascht al., 1959).
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The study of diversity in certain microbial comnties through classic
methods, based on phenotypic identification of tavas more and more recognized
that provides inconclusive information. This is &ese these methods cannot
determine genetic variability and, in many cashsy tinduce misunderstandings
because phenotype diversity is not always cormlaith genetic diversity.

An alternative approach to understanding the caitipo of natural
communities is the one that uses molecular bioltephniques and provides a
culture-independent analysis of microorganisms.

Cyanobacterial mats associated to thermomineilihgs are an excellent
model for studying molecular diversity and colongipotential of cyanobacteria
because they have precise spatial delimitation aothogenous conditions
enforced by constant temperature and water chgmistrey also represent an
important source of genes that encode proteinstaggito high temperature.

In this study our objective is to investigate ddily and community structure
of two cyanobacterial mats associated with Marghital Rgiori thermomineral
drillings by a molecular approach. The questiorca molecular techniques be used
independently of morphology to characterize mi@bbommunities? To answer this
guestion we selected a marker widely used fortyiie of studies — 16S rDNA and
16S-23S rDNA Internal Transcribed Spacer (ITS) & ar applied several molecular
manipulations using this marker. The 16S rRNA gam#&ains information that makes
it a good biomarker of microorganisms due to tte fhat this gene contains both
highly conserved regions found in all living orgams and diagnostic variable regions
that are unique to particular organisms or closalgted groups of organisms (Moyer
et al., 1995). Besides the 16S rRNA gene we also used165-23S Internal
Transcribed Spacer (ITS) which, based on its hagfakility, could be used for strain
differentiation. For this purpose, we performedtrietion map analysis, cluster
analysis, sequencing and phylogeny reconstructiime restriction maps and
sequences were obtained from different clonesafrom a library of cyanobacterial
16S rRNA gene and ITS. Based on the restriction, mepsequenced the different 16S
rRNA-ITS fragments, we compared the sequencesdsetideposited in nucleotide
databases (NCBI) and we undertook a phylogenedilysia for these distinct OTU's.

Materials and methods

Collection of cyanobacterial mat samples. Material was collected from 2
distinct thermomineral drillings, Marghita and §wi ( Bihor county, Romania).
These drillings, because of the continuous watev find natural light, allow mat
formation as a blue-green layer attached to surface

Genomic DNA extraction and purification. Genomic DNA was obtained
using both the protocol detailed by Vual. (2000) and the “WizaftiGenomic
DNA Purification Kit” (Promega). Humic acids (PCRhibitors) were removed
with aluminum sulfate (Dongt al., 2006).
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Amplification of 16S rRNA gene and ITS. The fragment 16S rRNA-ITS
was amplified using specific cyanobacterial prim@tig 1, Table 1). The PCR mix
contained 10ul of 5x Green GoTaq Flexi Buffer, 306125 mM MgC}, 1 ul of
10mM dNTP, 1 ul of 20 pmol 27F primer, 1 ul of 2&@ ITER primer, 0,5 units
of GoTaq Pol and water to a total volume of 50Aul.initial denaturation at 9€
for 5 min was followed by 30 cycles of denaturati@’C for 1 min), primer
annealing (5% for 30 sec) and elongation fZ2 1 min). The reaction was
completed with a final step at ®2for 5 min.
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Fig. 1. A fragment of the cyanobacteriah operon and the annealing sites
for the primers used in PCR reaction.
Table 1.
Primary structure of the primers used in this study
Primer Sequence
16S 27F 5-AGA GTT TGATCC TGG CTC AG-3
23S ITER 5-CTC TGT GTG CCT AGG TAT CC-3
16S CYA 359F 5-GGG GAATYT TCC GCA ATG GG-3’
16S CYA 781R 5-GAC TAC TGG GGT ATC TAATCC CWT T-3
16S ITEF 5-TGT ACA CAC CGC CCG TC-3
16S R4 5-TAC GGC TAC CTT GTT ACG AC-3

Construction of cyanobacterial 16SrDNA-ITSclone library. The amplified
16S rDNA-ITS products were purified using “Wiz&@V gel and PCR Clean-Up
System” (Promega) and ligated into pTZ57R/T plas(riermentas). The resulted
ligation products were used to transfofin coli J109 cells by electroporation.
Clones were screened forcomplementation using X-Gal-IPTG on agar plates
supplemented with ampicillin (100 mg/ml).

16SrDNA-ITSrestriction map analysis. Plasmid DNA was extracted using
“GeneJet™ Plasmid Miniprep kit” (Fermentas). Plasmigre used as template
for the PCR reaction to reamplify 16S rDNA-ITS. Alicpns were digested using
“FastDigest™Tagql” (Fermentas) and the digestion products were atégt on a
1% agarose gel stained with ethidium bromide 0/milig
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Based on electrophoretic profiles, we determirtesl distinct rDNA-ITS
fragments. Cluster analysis based on estimated si2erDNA-ITS fragments
which resulted after digestion was performed uSitegGraphics.

Sequence analysis. The different 16S rDNA-ITS fragments were sequence
on ABI Prism 310 Genetic Analyzer using 6 interpainers (Fig. 1, Table 1). The
sequences obtained: a) were compared to the orisngxin the nucleotide
databases usintgastn algorithm (NCBI) for approximate determination giesies
from the analyzed mats; b) were used to perforrhydogenetic analysis in Phylip
(Maximum Likelihood algorithm).

Results and discussion

After blue-white screening, a number of 46 colerfier Marghita and 40
colonies for Reiori were selected. The PCR reaction with spedfianobacterial
primers (Fig 1, Table 1) using plasmids extractedhfthe selected colonies proved
the existence of the target fragment in the plasmid

Based on the electrophoretic profiles of the fragte resulted after
digestion withTagl (Fig. 2, Fig. 3), we observed the existence ofdlfderent
rDNA-ITS fragments (13 distinct OTU’s) in Marghitaat and only 2 rDNA-ITS
fragments (2 distinct OTU’s) in Rimri mat (2 distinct OTU'’s).

Using the estimated size of restriction fragmerdsperformed a cluster. The
estimated lengths of restriction fragments werel Use a cluster analysis for both
Marghita and Rgori mats (Fig. 4, Fig. 5). These clusters indicdte number of
distinct OTU’s in the two communities (13 and 2pextively).Based on restriction
maps we selected for sequencing the clones wirelift 16S rDNA-ITS profiles. We
obtained partial 16S rDNA sequences which were epetpwith the sequences stored
in public databases (NCBI GenBank) udihagtn algorithm (NCBI) (Table 2).
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Fig. 2. The electrophoretic profile of the rDNA-ITS fragnis from Marghita mat resulted
after digestion witlTaq| restriction endonuclease. The 13 different patere marked
with numbers (1-13) written under the number oeistigated clones (M1-M46).
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Fig. 3. The electrophoretic profile of the rDNA-ITS fragme from Rgiori mat resulted after
digestion withTaq| restriction endonuclease. The 2 different patere marked with numbe
(1, 2) written under the number of investigateche® (R1-R40).
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BLAST interrogation revealed the fact that the mnisnsupposed to be
cyanobacterial specific can recognize other spedié®rent from cyanobacteria
(Gemmatimonas). Because of this, a further analysis (includiryylpgeny with
cyanobacteria) ofisemmatimonas species (recently proposed as a distinct genus
among bacteria) should be conducted to see thedefrelatedness between them
and cyanobacteria species.

Table 2
Identity of 16S rDNA sequences obtained from comitydDNA of
Marghita and Rgori cyanobacterial mats
OTU nr. | Closest GenBank match | Identity %
MARGHITA
M-OTU1 Uncultured Gemmatimonadetes 90
M-OTU2 Leptolybgbya antarctica 96
M-OTU4 Phormidium pseudopristelyi 98
M-OTUS Phormidium sp. 96
M-OTU6 Oscillatoriales cyanobacterium 96
M-OTU12 Uncultured Gemmatimonadetes 91
M-OTU21 Phormidium sp. 97
M-OTU24 Uncultured Gemmatimonadetes 94
M-OTUZ29 Microcoleus steenstrupii 96
M-OTU36 Uncultered cyanobacterium 98
M-OTU40 Uncultured Gemmatimonadetes 88
M-OTUA43 Phormidium murrayi 88
M-OTU44 Uncultured Gemmatimonadetes 89
ROSIORI
R-OTU7 Oscillatoriales cyanobacterium 94
R-OTU18 Uncultered cyanobacterium 86

The phylogenetic tree (Fig. 6) emphasizes two #iirige need of very
good annotated sequences and repeated researde lsetoscribing a certain
sequence and the fact that the results could bBeeimded by Horizontal Gene
Transpher. In our data there are cases when vexy BbAST scores between two
sequences do not reflect the same evolution. Shisa case df1-OTU43, which is
88% similar toPhormidium murryai, but is located in the same evolution line with
bacteria. AlsaM-OTU29 is 96% similar toMicrocoleus steenstrupii, but is in the
same evolution line wit®ymploca sp. This sustains the idea that, at least for now,
a molecular approach in ecological studies cansked for specie identification, but
phylogeny of these microorganism is somehow unicerta
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Fig. 4. Cluster analysis of the 46 clones from Marghita digested withragl
endonuclease. The 46 clones form 13 distinct alsist®rresponding to 13
different OTU’s. 0-100 scale represents the linkdigéance.
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Fig. 5. Cluster analysis of the 40 clones fromsiRa mat digested witfTag|
endonuclease. The 40 clones form 2 distinct clsstanrresponding to 2 different
OTU'’s. 0-100 scale represents the linkage distance.
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Fig. 6. Phylogenetic tree of Marghita and rwi OTU's constructed using Maximum

Likelihood algorithm (PHYLIP- Felsenstein, 1989) b8S rDNA sequences. Our own

sequences are marked with bold italic. The numberthe branches represent
bootstrap values for 100 replicates.
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Conclusions

In this study our objective was to investigateedsity and community
structure of two cyanobacterial mats associatedh whitermomineral drillings:
Marghita and Rgori. We used for this purpose restriction map gsial cluster
analysis, sequencing and phylogeny reconstruction.

Restriction analysis usin@agl proved to be a good screening method. It
can serve as a diversity estimation tool, becabsenumber of distinct OTU’s
selected for sequencing using this method was not.

The identification of OTU'’s is highly dependent the sequences existing
in the nucleotide database. This is why repeatselareh and correct annotations is
crucial for this type of study.

Our results brought valuable insights about thanopacterial diversity
within the thermomineral mats from Margita andsiRd. They represent also a
solid proof of principle on how microbial diversitan be captured into an instant
shoot at any point of community development. Ouesgtigations will be refined in
the future by using DGGE (Denaturing Gradient GédcEophoresis) of ITS
fragments amplified from the entire community germor®NA. This method,
which combines the ability of PCR to amplify fragmefrom very small quantities
of DNA with denaturing advantages, will provide anem accurate approach.
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EVALUATION OF THE FUNGICIDE EFFECT OF CERTAIN
DISINFECTANTS USED ON DIFFERENT SURFACES IN FOOD
INDUSTRY AND SANITARY INSTITUTES

ILDIKO-IREN RACKOVY %, JULIA EDIT FEKETE 2 GYULA LASZLO
FEKETE ® and MIHAIL DR AGAN-BULARDA *

SUMMARY. The efficiency of a disinfectant depends on itgimsic biocide
activity, the used concentration, time of contabt nature of treated surfaces,
hardness of water used to dilute the disinfectiuet,organic substances present on
the surfaces in question, the type and number ofaoiganisms present. Our goal
was to study the fungicide effect of disinfectaimtglifferent concentrations, used
for disinfection of surfaces in food industry arehgary institutes, as well as to
classify them according to their efficiency on fungo determine the fungicide
effect of chemical disinfectants, we have usedntie¢hod of surface test. We have
also used a positive sample for comparison. We ldetermined the average
survival, we computed the logarithmical reductiondathe data have been
processed with the Kruskal-Wallis statistic teste \Wave tested the effect of 8
disinfectants (P3-Topax 66, Omnicide, Terralin, Mzid AF, Javel Chloride, DJP-
anios, DVA-anios, Suprasept) on the developmenb dfpes of fungi Candida
albicans, Aspergillus niger, Penicillium sp., Muap., Alternaria sp) on different
surfaces (faience, glass, vinyl plastic, woodnt#as steel). We have found that their
efficiency depends on the type of fungi and theetksurface. The efficiency of
disinfection is decisively influenced by the chodésinfectant and its concentration

KEYWORDS: disinfectant, sanitation, fungi, surface test

Introduction

The effectiveness of a disinfectant depends antiiasic biocidal activity, the
used concentration, the contact time, the natutkeo$urface disinfected, the hardness
of water used to dilute the disinfectant, the oiganbstances present on the surfaces
in question, the type and number of microorganigrasent (Rackovgt al.,2007.

Generally we do not know what kind of microorgarssane on the equipment
and on the contaminated surfaces, therefore we tmugse a suitable chemical
disinfectant at a contact time and concentratiorchivhas a wide spectrum of activity
in controlling the number and type of microorgarésm

1 public Health Autority, Targu-Muse Romania; E-mail: Rackovyildiko@freemail.hu

2 public Health Center Targu MugeRomania; E-mail: feketeedit@yahoo.com

3 University of Medicine and Pharmacy, Targu Murg-mail: dermafek@yahoo.com

“* Babg-Bolyai University, Department of Experimental Bigy, Cluj-Napoca, Romania; E-mail:
draganb@bioge.ubbcluj.ro



l.-l. RACKOVY, J. E. FEKETE, G. L. FEKETE, M. DRGAN-BULARDA

Fungal cell wall appears to be a primary target\sith postulated interaction
with chitin. High concentration of disinfectant sauintracellular coagulation,
degradation of proteins and nucleic acids. Micranigms can adapt to disinfectant
therefore the effectiveness of cleaning agents rbastcontrolled periodically to
minimize acquired resistance. Although the envirentris a well-known source of
human Aspergillus infection, Candida albicans swrvivell in the environment.
Therefore, fighting against yeast reservoirs in thespital environment would
contribute to diminishing the risk of nosocomidettions (Wilson, 1986).

Our goal was to study the fungicide effect of diitants in different
concentrations, used for disinfection of surface®od industry and sanitary institutes,
as well as to classify them according to theircedficy on fungi.

Materials and methods

To determine the fungicide effect of chemical dsitiants, we have used
the method of surface test, the simulated testrattjigal conditions. The test
cultures used for investigations were chosen aaugrtb EN 14562:Candida
albicans ATCC 10231 Aspergillus nigerATCC 16404 and funghy isolated from
humans or the environment, strains whose survivahé hospital or on product
contact surface is not admissibRenicillium sp., Mucor sp., Alternaria sp

A dilution of 10 organism per ml was made from each test culturesyitfate
buffer was used for dilution. 25¢nest areas were determined and designated for each
disinfectant and for control in glass, stainlessglstile, plastic, wood.

Sanitizers. Eight types of sanitizers were tested. They weretet
according to the manufacturer instructions. Thevacagent and recommended
concentration of sanitizers are listed in Tablénlthe first step the maximum of
recommended dilution of disinfectants (Terralin280. 5%, P3-Topax66 2-5%,
Microzid AF 100 %, Omnicide 0. 2-0. 5 %, Quick javdéo, Suprasept 0. 5%,
Anios DVA, Anios special DJP )were used. Dilutiormasvmade with tap-water
except Cidex and Microzid AF, which were used withdilution.

Sanitizer treatment. Volume of 0. 1 ml of test cultures were spot-
inoculated on the determined and designated aféaxscéeaning with detergent,
rinsing with tap-water, degreasing and disinfectivith 70 % ethanol. Each test-
area was inoculated with approximately® 168st organisms/25 ¢émThe surface
was air-dried at room temperature for 30 minute$erAdrying 0. 2 ml of diluted
disinfectants were inoculated in each test-arepogixre time was 30 minute while
disinfected surfaces were dried just like in thdusirial and hospital practice.
Control-areas were not treated with any disinfact&ampling was made with
contact media (Tripticaza soia agar-TSA) by analegth common hygienic
control practice. Contact media contains a rangeeatralizing agents to inactivate
the disinfectants (lecithin and polysorbat 80).

82



TESTING ANTIFUNGAL EFFICIENCY OF DISINFECTANTS

After proper incubation Gandida albicans:23t2 °C, 48-72 hours;
Aspergillus niger:23t2°C, and the other fungi for 5 days) the numbeswfived
cells (CFU/25 crf) was compared to the control.

The efficiency of disinfectants was evaluated by thrmula: LRV = log
No/N where LRV is the logarithmic reduction value of CAY is the initial and\
is the final number of organisms (CFU/25%nT he efficiency of disinfectants was
accepted when: LR¥ 2. Percentable reduction value of CFU was usedtéirstical
evaluation which was carried out with Kruskal Weabioftware (ANOVA).

Table 1.
Disinfectants tested against test-organisms by sate-test

Disinfectant Recommended Active agents
concentration

P3-Topax66 2-5% Potassium-hydroxide, Sodium-hylooite, Non-
ionic surfactant

Terralin 0.2-0.5% Dimethylbenzil — alchil- amanmichloride,
fenoxipropanol, Non-ionic surfactant

Suprasept 0.5% Glutaraldehyde

Microzid AF Undiluted Ethanol, Propanol

- 0.2-0.5% Glutaraldehyde, Dimethylbenzil-coco-

Omnicide . .
amoniumchloride

Quick javel 1% Sodium- diclorizocianurat Sodiunthrnate, Adipic
acid

Anios DVA Undiluted Didecil-dimetil-amoniu-chloridghenol, glycine and
alcohol

gg'lgs special - Undiluted Aldehyde, Didecil-dimetil-amonium-chloride

Results and Discussion

We have taken 220 surfaces test. According todheltrof the surfaces test
the 0. 2% of Omnicide was effective on each studigthces againgtenicillium sp,
Alternaria sp but Candida albicansand Aspergillus nigerwere present (4-5 UFC)
on glass, wood and stainless still surfaces. Onifi 2% reduced fungal load by
only 1 to 2 logp yeast cell mi(LRV<2). Only 0. 5%Omnicide maintainéd
fungicidal activity, reduced fungal load on evenyrfaces by more than 4 lgg

yeast/mould cells ml. Good fungicide propertie©aofinicide are the result of strong
antimicrobial action of aldehydes. They cause mat@d enzyme denaturation and
membrane damage of microbial cell (see Fig. 1).

Quaternar ammonium compounds are considered agl imocides (Burge
et al,1989) They are attached chemically to the surfacwiding a permanent
effective dose during sanitation (Kemper and WHi891). In spite of this fact the
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results of Terralin in 0. 2% was reduced fungaHlld only 1 log, yeast/mould
cells ml. on every surfaces.

In the repeated test increased concentration (Q.8&8 used, which
was effective, the number of test organisms wasaed by at least 2 log cycles on
every surface. The investigations of Theraud e(28104) presented similarly low
effectiveness of quaternar ammonium compounds sigfaingi.

According to the result of the surfaces test thed%3- TOPAX 66 was
not effective againsPenicillium sp, (7-9 UFC / on every surface) nGandida
albicanson wood and stainless still surfaces. P3- TOPAXvG6 effective against
all test organism in 5% solution.

Pasanen and co-workers (1997) reported that hyjoritehbased products
provided the best biocidal effect, preventing furggawth on dusty sheet metal (Fig. 2).

Microzid AF has a lower biocidal effect on the viip of the test organisms,
reduced fungal load by only 1 to 2 jggeast/ mould cell ml, on every surface survived
3-4-5 cells,Candida albicanson wood, plastic and stainless steel (LRV<2) sarfa
just like Aspergillus niger, Penicillium sp., Mucor sp. ariteAaria.

Quick Javel is a chlorine based disinfectant. Id tittle effect against
Aspergillus spandPenicillium sp.pbutCandida albicanstrains showed no growth
after 2 and 7 days of incubation. Fungi are lessib& then yeast cells to chlorine
based disinfectant (Passanen et al., 1997).

According to the result of surface test, anios DI&s ineffective against
every test organism.

We have determined the survival average of tesum@d in present of
disinfectants on different surfaces which was 2623
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Fig. 1. The survival average of fungi in presence of desitéints.
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We have found out tha€andida albicanshas a survival rating much
higher then the other 4 fungi cultures. On the oh@d we could not demonstrate
a significant difference between the 5 fungi sua/mnating with the Kruskal-Wallis

test (p=0. 2).
The survival of fungi depending from the texturetloé surface on which

they are developing presented in the figure 2.
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Fig. 2. The survival average depending of the tested saifathe presence of studied
disinfectants

The Kruskal-Wallis test showed a significant statidifference (p=0. 05):
more fungi colonies survived on the wood surfaterafsing the disinfectants then

on other studied surfaces.
The rates of fungi survival were grouped accortlirtfye disinfectants studied.

Table 2.
Fungi survival depending on studied disinfectants

Desinfectant Survival % Standard deviation Standard error
P3 Topax66 2% 1.17% 0. 006991 0. 001563
P3 Topax66 5% 0.31% 0. 005448 0. 001218
Omnicid 0. 2% 1. 12% 0. 008425 0. 001884
Omnicid 0. 5% 0.18% 0. 002604 0. 000582
Terralin 0. 2% 1. 44% 0. 003946 0. 000882
Terralin 0. 5% 0. 45% 0. 001596 0. 000357
Microzid AF cc. 1. 33% 0. 005492 0. 001228
Javel Chlor 0.44% 0. 004566 0. 001021
DJP anios 6. 05% 0. 038790 0. 008674
DVA anios 0. 60% 0. 004662 0. 001042
Suprasept 0. 5% 0. 44% 0. 005572 0. 001246
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Fig. 3.Survival average depending of disinfectant used

DJP-anios and Microzid AFcc. were least effectihent every other
studied(p<0. 001).

In average, the DJP disinfectant could only desB%y of fungi. It was
observed that after a while of depositing, in iheitl there were appearing filiform
precipitates, and the fact that can be explaingtidojow efficiency of this product.

Products P3 Topax 66, Omnicide and Terralin in eoatration of 5%
respectively 0. 5% were 1-5 times more effectiventthe 2% respectively the O.
2% concentration.

Satisfactory results gave Javel chlor, DVA-aniod 8aprasept 0. 5%, too.
The best result was delivered by Omnicid 0. 5%eghbe survival average was
only 0. 18% reported to the control test.

The efficiency of disinfectant on different surfage also shown in Fig. 5.
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Conclusions

1. There were tested 8 disinfectants (Terralin-0. 8%, P3-Topax66 2-
5%, Microzid AF 100 %, Omnicide 0. 2-0. 5 %, Qujekel 1%, Suprasept 0. 5%,
Anios DVA, Anios special DJP undiluted) on 5 kind&fungi growth Candida
albicans Aspergillus nigerPenicillium sp. Mucor sp. Alternaria sp.) on different
surfaces (tile, glass, PVC, wood, stainless stael), found out that their effective
depends of the type of fungi and the tested surface

2. The pathogen yeastCandida albicans seems to be the most resistant
microorganism against the most of disinfectants ganng to the other kinds of
moulds tested.

3. The P3 Topax 66, Omnicide and terralin disirdets manifested the
most important biocide activity, and DJP-anios jgebto be the least efficient.

4. 5% concentration P3 Topax 66 used only in th& priocessing factory
proved that it destroys most of fungi on stainlgte®l and tile surfaces comparing
to wood surface.

5. The 2% concentration Omnicide was ineffectivenlyo high
concentration of this product had fungicidal a¢tiviThe low concentration is not
accepted for use in the health care units.
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OLIGASE AND POLYASE ACTIVITIES IN VARIOUS TYPES OF
SOILS FROM PARANG MOUNTAINS

RAHELA CARPA !, MIHAIL DR AGAN-BULARDA*

SUMMARY. Five soil samples from the Parang Mountains ir&beth-Eastern part
of the Hunedoara county, from five altitudinal vegien zonegthe alpine zone, the
subalpine zone, the conifers zone, beech zone tandtaleia flood plain) were
collected and these samples/e been analyzed qualitativelyzymologically.

In the soil samples, the followingnzymatic activities have been qualitatively
determined: four oligase activities: maltase, saa$e, lactase and cellobiase and
three polyase activities: amylase, dextranase anlhase. The studied activities
were detected in all the 5 altitudinal vegetationes, with differences noticed only
in the intensity of the processes. Generally, ihldst intensity of qualitative enzymatic
activities were registered in soil samples friova conifers vegetation zane

KEYWORDS: soil samples, oligase activities, polyase agésit

Introduction

Studies on enzyme activities in soil are importast they indicate the
potential of the soil to support biochemical preesswhich are essential for the
maintenance of soil fertility (Brzezinskaal., 1998).

The enzymatic activity of soil is the result of thetivity of accumulated
enzymes and of the enzymes of the proliferatinganiganisms. The accumulated
enzymes are considered to be enzymes present dind ac a soil where the
proliferation of microorganisms does not occur. ®Bwmurces of the accumulated
enzymes are the microorganisms cells, but theyatsmcome from the vegetal and
animal organic residues. The enzymes are accunmilatithe soil as free enzymes
(freed from the live cells and from the disintegdatells) and also as enzymes bound
to the cellular constituents (enzymes presentardikintegrated cells), in the live but
not proliferating cells. The enzymes of the praodifeng microorganisms are enzymes
freed from the live cells under multiplication agwlzymes which are found within the
cells undergoing the multiplication processi@am-Bularda and Reu, 1997).

There is a series of factors affecting the enzymadiivities in soil. The
ecological parameters such as seasonal changesagkic location or water regime
may affect the level of the enzymatic activity mfliencing both the yielding of
enzymes by plants and microorganisms in the sdiltiaeir persistence under natural

! Faculty of Biology and Geology, Babes-Bolyai University,1 Kogalniceanu Str, 400084/Cluj-Napoca,
Romania, E-mail: k_hella@yahoo.com; E-mail: draganb@bioge.ubbcluj.ro
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conditions. The high content of mineral and hunaltoides is often associated with
the stable but less active enzymes. That is whiattiers influencing or changing the
physical and chemical properties of the soil magbpbly affect the imobilization,
stability and catalytic activity of the soil enzysn@ianfreda and Bollag, 1996).

Thus, the enzymatic activity analysis offers, inshorter time than
microbiological analysis, the suggestive data iggrthe processes that are taking
place in soils or in other natural habitats. Thalgsis of the enzymatic activity in
soils of the mountainous ecosystems is a reseagtioohin evaluation the functional
diversity of the microbiota involved in the biogbemical cycles (Schiotet al. 2003).

Studies regarding the assessment of the mountas@usere previously
carried out in the Vladeasa Mountain (The ApuseauMains) (Nemeet al., 1977).
Complex studies (ecological, eco-pedological, erdpgical) were also carried
out on soils from National Retezat Park and theyevammpleted by a synthetical
approach (Pa&aet al., 1993).

For this study the soil samples were collected fBoattitudinal vegetation
zones in the Parédng Mountaftine alpine zone, the subalpine zone, the conifers
zone, beech zone and the Maleia flood pldiocated South-East of the Petoi
town, the Pardng Mountains form the eastern baofiéne Jiu Valley, with a large
surface of 1100 kfn These are the tallest mountains in the areatlmdecond
tallest mountains in Romania after thigkras Mountains in the East and the fifth
highest peak (The Paréngul Mare Peak) after th&ksP®toldoveanu, Negoiu,
Vistea Mare, Gltun (Popescu, 1986).

In order to complete the ecology studies existimthe specialty literature
(Donita et al., 2005) regarding the vegetation zones in theri@akéountain and to
understand the operation and composition of theogsin-fixing microbiota
existing within these types of solil it is necessaryperform the microbiological
and enzymological analysis of the soil specifictte each mountain zones. We
specify that microbiological and enzymological imf@mtion related to the soils in
the Parang Mountain are not mentioned in the sipediterature. The present
paper analyze for the first time the evolutiontod gualitative enzymatic activities
from the mountainous soils Parang, which is necessary because the enzymdlogica
analyses pursue the knowledge of the percentagernoé enzymes involved in the
biogeochemical cycles of the elements and the &&ment of an overall image of the
biological activity in the soil ecosystems.

Material and Methods

Five types of soil from different vegetation zoimethe Pardng Massive were
studied in the autumn of 2007. In table 1 therepaesented the analyzed soils and
some of their physical-chemical characteristics.
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Table 1.
Soils in the altitudinal vegetation zones from Pandg Mountains
No. Sampling Soil type pH Eh (oxido- | Humus | Total
zone reducing (%) N
potential) values
(mV)
1 Alpine Humosiosol (humic{ 4.40 146 32.96 1.058
silicate)
2 Subalpine Cryptopodzolic 4.1 160 2436  0.529
3 Conifers Podzolic 3.7 181 2850 1.020
4 Beech Eutric cambosol 5.3 110 4193  0.270
5 Flood plain Pelic fluvisol 6.2 76 418 0.183

The soil samples were taken from 15-20 cm depthtlemdampling sites of
the soil werethe alpine zone (2216 m), the subalpine zone (18) 1he conifers
zone (1646 m), beech zone (1286 m), and the Mgmd plain (805 m).

The following enzymatic activities were qualitalivestimated in the soill
samples: four oligase activities — maltasglicosidase) (MA), saccharase (invertase)
(SA), lactase [{-galactosidase (LA) and cellobiasg-dlucosidase) (CeloA) and
three polyase activities: - amylase (AA), dextrané3A) and inulinase (inulase)
(IA). The above-mentionated enzymatic activities weresehobecause their
determination in the soil samples constitutes eareh tool to evaluate the functional
diversity of the microbiota involved in the biogéeenical cycles of the elements.

The technique used to establish these enzymativitest was paper
circular chromatography. The reaction mixture cstesi of 3 g soil + 2 ml toluene
(for preventing the proliferation of microorganigms5 ml 2% enzymatic substrate
(maltose, saccharose, lactose, cellobiose, stdeotirane and inulin); incubation:
7-14 days at 37°C. After developing the chromatphi@ paper, the reductive
hydrolytic products were emphasized. The largetssfar the hydrolytic products
show the higher activities of the oligase and padygDgan-Bularda, 2000).

Results and Discussion

The oligases(SA, MA, LA and CeloA) activities are well represed
qualitatively in all the five soil samples.

The presence of the saccharase (SA) in soil coelddirelated with the
microbial activity and could be used as a “fegtilihdex” (Gianfreda and Bollag,
1996). As one may notice in the chromatogram in figthe saccharase activity is
very intense in all five soil samples collectednfrohe five vegetation zones as
compared to the control sample, which was provethbyoccurrence of an intense
glucose spot. This indicates that the vegetal vesidncorporated in the soil and
transformed by the microorganisms have led to gehgsis of the saccharase
under the action of the specific substrate.
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Fig. 1. Saccharase activity (SA).
1-5: soil samples (see Table. 1) + enzymatic sates{saccharose 2%).
M = control - saccharose solution 2%.
a = glucose spot.

One can notice that the level of the saccharaseitgdh all the five soil
samples is similar, indicating that the accumula@ctharase constitutes one of the
key enzymes in the carbon cycle. Our analyses simme more that the saccharase
accumulated in the mountain soils has a high Igust, like the fertile arable soils
(Nems et al., 1997).

The cellobiase activity is illustrated in fig. 2n® can notice that this is
relatively significant in all the soil samples aymdd comparatively with the
control-sample. The cellobiose is a disaccharidelteg from the degradation of
the cellulose, representing a sign of its transfdiom in the mountain soils. The
cellobiose proved to has of the maximum intensitysample 3 (the coniferous
zone), as the entire added substrate was hydroipzgllicose (the cellobiose spot
has disappeared from poial as compared to the control-sample. In all thé soi
samples analyzed the enzymatic substrate was mioglgrnydrolyzed. Of the 4
samples where hydrolyze was partial, the weakdéshgity was noticed in sample
5 (soail in the Maleia flood plain).

In addition, the cellobiase activif§-glucosidase]CeloA) is stimulated by
different ions. The hydrolysis speed became highesugh addition by different
cations like nitrates. The heavy metals (Ag, Cu &fg) acting like reversible
inhibitors (Vasilescu, 1961).
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Fig. 2. Cellobiase activity (CeloA).
1-5: soil samples (see Table 1) + enzymatic sulesfcallobiose 2%).
M = control - cellobiose solution 2%.
a = cellobiose spot.
b = glucose spot.

The cellobiase is another oligase involved in theban circuit in nature
and represents the sign of enzymatic transformatiothe cellulose under the
action of the accumulated cellulose. The presehtteeacellobiase as an accumulated
enzyme represents a significant proof regardingétumulation in soil as a result
of the cellulose residues degradation; the celluligsthe most important vegetal
polysaccharide.

The chromatogram in fig. 3 represents spots ofnthétase activity. One
can observe that the activity was maximum in 4 sahples (1, 2, 3, 4), in the soll
samples from the Maleia flood plain (5) the malteses not entirely hydrolyzed
(a). The low maltase activity existing in samples Jrobably related to the nature
of the existing vegetation in that area where pgtetvee species of alder tree,
patience, nettles and other weeds specific to flpladhs in the mountain area
which influence probably the enzyme activity. Thaltase activity of the soil
reflects the transformation of the starch in thgetal residues by the intermediary
maltose-glucose stage.
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Fig. 3. Maltase activity (MA).
1-5: soil samples (see Table 1) + enzymatic sulesfraaltose 2%).
M = control - maltose solution 2%.
a = maltose spot.
b = glucose spot.

The lactase activity was also present in the apdisamples (fig. 4). The
sample 3 (the coniferous zone) presented the mtesige lactase activity, which
was proved by the disappearance of the lactose (smai hydrolyze) from the
pointa. The other samples have a significant lactaseigchut without recording
the total hydrolysis of the lactose spot.

The presence of the lactase in the mountain soipks leads to the
conclusion that these do not have a high enzynetal as also in the arable soils
the lactase activity is less intense than the saeske and maltase ones.
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Fig. 4. Lactaseactivity (LA).
1-5: soil samples (see Table 1) + enzymatic sulesflactose 2%).
M = control - lactose solution 2%.
a = lactose spot.
b = glucose spot.

The polyase (polysaccharidase) activity of soils represents thain
component of the enzymatic potential of a soilthespolysaccharides represent the
most important substances in the vegetal resicgkaehing into the soil. Of course, for
the synthesis of the soil enzymes there also @utérithe saccharides reached in the
soil as a result of the roots secretion (Kisal., 1975). The polyag@A, DA and 1A)
activities were also well represented qualitativelgll soil samples.

Among the analyzed polysaccharides activities tstrimportant proved
to be the amylase activity (fig. 5). The amylasdividg (AA) increases
proportionally with humus content and with capadfycationic change (Eliadet
al., 1975). It is interesting that from the analysighe chromatogram in fig. 5 one
can observe that the amylase activity was verynggein all the soil samples
without significant differences according to thartus quantity which ranged very
much depending on the vegetation zones.

Thus, the sample in the alpine zone (1) indicateligh percentage of
humus 32.96 of the moder type of alpine meadow ianthe samples from the
coniferous zone (3) the humus percentage is hi§tb)2Here we meet a raw type
of humus (of the mor type); then sample 2 is néxing the sub-alpine) where the
humus content (moder of alpine meadow) is high3@4.In sample 4 (the beech
zone) and in the sample 5 (of meadow) the foresk type humus, with a weakly
to moderately acid reaction, it reaches a low paege of 4.93, respectively 4.18.
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It is known that the microorganisms are the oneighvtlegrade the vegetal
residues up to simple compounds and also, stafitong the simple compounds,
they synthesize the organic substances of the(tbal humus). A lower amylase
activity cannot always be correlated with a lowemls content.

One can notice that as a result of the starch lhy&lsp glucose is produced
as a final product of reaction without any othetermediary compounds
(oligosaccharides or maltase).

Fig. 5. Amylase activity (AA).
1-5: soil samples (see Table 1) + enzymatic sules(starch 2%).
M = control - starch solution 2%.
a = glucose spot.

Another polyase (polysaccharidase) highlightechangoil samples was the
dextranase which hydrolyzes the dextran (fig. 6)e Textran is a polyglucoside
which is not strictly related to the vegetal reggluThe synthesis of the dextran
into the soil is achieved by microorganisms starfitom the saccharose under the
action of the dextran-sucrase #Dan-Bularda and Kiss, 1972 (a). The dextran
plays an essential role in the aggregation of tb# garticles, its synthesis
reflecting the complexity of the soil microbiota.hd hydrolysis of this
polyglucoside under the action of the dextranase pvaved by studies performed
on brown forest soil and on chernozem&@an-Bularda and Kiss, 1972(b).

The dextranase activity was presented in all thié ssomples studied.
Differences in its intensity were noticed. The miostnse activity was recorded in
the samples 3 (the coniferous zone), 1 (the alpov®) and 4 (the beech zone)
followed by the samples 5 (the meadow) and 2 (theadpine zone) as compared
to the control-sample.
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Fig. 6. Dextranase activity (DA).
1-5: soil samples (see Table 1) + enzymatic sulesfdextran 2%).
M = control - dextran solution 2%.
a = glucose spot.

The oscillations regarding the intensity of thetdmxase activity cannot be
justified by the vegetal residues reached intosthie as this depends more on the
presence and the activity of the dextranolytic owcganisms in the mountain soil
samples.

The polysaccharidase activity highlighted was thdinases activity (fig. 7).
The inulinase (IA)is a polysaccharidase which specifically hydrodysiee inulin
(polyfructoside). This activity is closely connedtto the presence of the vegetal
residues which reach into the soils rich in thig/fsactoside (Digan-Bularda and
Pascu, 1997). From the analysis of the chromatograifigin7 one can notice that
only in two soils (samples 2 and 3) the hydrolydishe inulin was total (the inulin
spot disappeared from the start pahtas compared to the control sample where,
at the start point only the inulin spot appearsthaut any other impurifying
substance. In the other soil samples (1, 4 andh&)inulin was not totally
hydrolyzed, which was proved by the occurrencehef inulin spot at the start
point, more or less intense.
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B i

Fig. 7.Inulinase activity (1A).
1-5: soil samples (see Table 1) + enzymatic sutesraulin 2%).
M = control - inulin solution 2%.
a = inulin spot.
b = glucose spot.

Conclusions

All the seven enzymes (four oligases and threeggely) studied qualitatively
have shown variations of their intensities, depegdin the sampling place and on the
necessary substrate for the enzymes synthesi® logithhoorganisms.

The oligase activities (maltase, saccharase, lactase andbik) were
significant in all the analyzed 5 soil samples. Tieximum intensity was registered
in the sample 3 from the coniferous zone. A wedknisity was presented by the
Maleia flood plain sample (5) where, probably, Wegetation type existing here has
influenced the studied oligases activities.

The polyaseactivities (amylase, dextranase and inulinase)velierepresented
in all the soil samples.

The amylase activity was very intense in all thd samples, without
significant differences according to the humus ¢tyawhich varied much depending
on the vegetation zones.

The dextranase activity was present in all theyereal soil samples.

The differences between the samples, as regaidttdresity of the enzyme
activity was justified by the presence and activitghe dextranolitic microorganisms
activity in the mountain soil samples.
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The inulinase activity presented a high level ihtla¢ soil samples. The
most intense activity was registered in sampleth@ §ub-alpine zone) and 3 (the
coniferous zone) where the hydrolysis of the iragiewas total.
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