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Abstract — The activity of superoxide
dismutase (SOD), total protein as well as
protein and SOD electrophoretic profiles
in the digestive gland and the gills of the
freshwater bivalve Unio tumidus at four
localities of the River Sava (Jamena,
SremskaMitrovica, Sabacand Ostruznica)
was examined. The specific SOD activity
in the digestive gland of the U. tumidus
was significantly higher in Jamena in
respect to Sabac and Ostruznica. The
different trend was obtained for the total
SOD activity in the digestive gland, which
was significantly increased in Sremska
Mitrovica compared to investigated
localities Sabac and Ostruznica. The
total SOD activity in the digestive gland
was also significantly higher in Jamena
compared to Sabac, as well as in Sabac
in respect to Ostruznica. The activity of

Casicemax — Y HaIIoj CTYIUjU UCTPAXKH-
BaIM CMO AaKTHBHOCT CYyNEpOKCH-IHU-
cmyTase (SOD), ykymHe IMpOTEHHE Kao
U enekTpodopercku Mmpopui MpoTeHHa
u SOD y AUreCTUBHO] JKJIE3AU U LIKpra-
Ma CJIATKOBOJHE IIKOJbke Unio tumidus
Ha 4eTUpH Jokanutera Ha peru CaBu
(Jamena, Cpemcka Murposuua, Illadar
u Ocrtpyxnuna). CrenduyuHa axTH-
BHOCT SOD y AMIeCTHUBHO] KJIC3/IU IIKO-
mwre Unio tumidus je Ouna 3Ha4ajHO Be-
ha y Jamenu y nopehemy ca llamnuem u
OCTpyKHHUIIOM. Pasznuaut TpeH yKynHe
aktuBHOCTH SOD je nobujen y nurectu-
BHOj KJIE3/IH, [I€ je 3HayajHo rnosehame
y Cpemckoj MurpoBuim y mnopehemwy
ca uCTpaxuBaHUM Jokaiuternma llla-
6ary 1 OCTpy)XHHUIIA. YKYITHA aKTUBHOCT
SOD y aurecTUBHO] *KJIE3IH je Takohe,
3HauajHO Beha y Jamenu y nopehemy ca
Hlammem, xkao u y Ilanny y nopehemwy
ca OCTPyXHHULIOM. YKyIHa aKTUBHOCT
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total SOD in the gills of U. tumidus was
significantly higher in Sremska Mitrovica
in respect to Jamena and Sabac. The
results obtained in our study show strong
tissue and locality specificities, indicating
different metabolic activities and various
environmental influences. Our work also
suggests, that the variations of SOD
expression pattern in Unio tumidus could
be used as a tool for the environment
monitoring. Our study represents the
first comprehensive report on SOD as
a relevant oxidative stress biomarker in
the freshwater bivalve Unio tumidus at
different localities from the Sava River
and provide the basis for future studies
that will consider our reported parameters
as potential biomarkers for biomonitoring
of basal environmental conditions and
some anthropogenic impacts.

INTRODUCTION

Antioxidant enzymes play a
crucial role in maintaining cell homeostasis.
Antioxidant defence system (ADS) may be
induced after exposure to pollutants and this
response reflects the adaptation of species
to their environment. ADS may also be
inhibited, which may lead to antioxidant-
mediated toxicities (Winston and Di Giulio,
1991; Doyotte et al., 1997).

ADS protect cells against the
deleterious effects of oxyradical generation
by maintaining endogenous reactive oxygen
species (ROS) at relatively low levels and
attenuating the damages related to their high
reactivity. A range of antioxidant defence
mechanisms are present in bivalve molluscs,
including low molecular weight compounds
(Vitamin E, ascorbic acid, reduced glutathione,
etc.) and specially adapted enzymes (Winston
and Di Giulio, 1991). Among these enzymes,
the superoxide dismutases (SOD; EC 1.15.1.1)
are oxido-reductases, which catalyze the
dismutation of the superoxide anion radicals
into molecular oxygen and hydrogen peroxide
(Fridovich, 1989).

SOD y mikprama kox U. tumidus je 3Ha-
gajuo Beha y Cpemckoj MutpoBunu y
nopehemy ca Jamenom u Ilamnem. [lo-
OujeHn pe3yaTaTH y Halloj CTYIHjH II0-
Ka3yjy BENUKY CHEHHU(PHUIHOCT y OTHOCY
Ha TKHBO M JIOKAJTUTET, yKa3yjyhu Ha pa-
3MHYHUTe MeTabONNYKe AKTUBHOCTH U pa-
3HOBPCTAaH yTHIj cpenune. Hamr pan Ta-
kohje, ykasyje ja Bapujalyje eKcrpecuje
SOD y3opxka kox U. tumidus mory outn
kopunrheHe 3a OMOMOHUTOPUHT CPEIUHE.
Harra cTymuja npencraBiba IpBU 0OUMaH
W3BENITaj O AKTUBHOCTHU CYIEPOKCUJI-[TH-
CMyTa3e Kao pPeJIEBAHTHOM OHMOMapkepy
OKCHJIAIIMOHOT CTpeca KOJ CIaTKOBOIHE
wkoJbke Unio tumidus Ha Pa3IHIUTHM
nokanuteruma Ha pern CaBu u 0be3oe-
hyje ocHoBy 3a Oyayha mpoydaBama Koja
he y3etn y 003up Haie mapaMeTpe Kao
MOTeHIMjaaHe GrnoMapkepe 3a OHOMOHU-
TOPUHI OCHOBHHUX CPEIMHCKHX YCIOBa U
HEKHMX aHTPOIIOT€HHX YTHLAja.

YBOJI

AHTHOKCHUTAIIMOHN CH3UMU UMajy
BaKHY YIIOTY Y OfpKaBamy henmjcke xomeo-
crasze. AHTHOKCHIALMOHH 3AIUITHTHU CUCTEM
(ADS) moxe OUTH MHAYKOBAH IIOCIIE H3I1a-
rama 3araljuBadnMa W OBaj OATOBOpP OIlle-
Jla ce y ajanTaldjy JeINHKH Ha Pa3InduTe
ycioBe cpenune. OBaj cuCTeM MOXKe OHTH
UHXUOUPAH, IITO JOBOIH O aHTHOKCHIALU-
OHO-y3pOKOBaHe TOKcHMuHocTH (Winston u
Di Giulio, 1991; Doyotte u cap., 1997).

ADS urruti henuje o mITETHUX
edexara TPWIMKOM CTBapama pajuKaia
KHUCEOHHKA OJIpyKaBajyhu eHJoreHe peaxTu-
BHe BpcTe kuceonnka (ROS) Ha penaruBHO
HICKOM HHBOy H cMamyjyhu omrehema
Y3POKOBaHa FbHXOBOM BHCOKOM pPEaKTHBHO-
why. Pasnuuurn MexaHU3MH aHTHOKCHJA-
HOHE 0J0paHe Cy MPUCYTHH KOJI IIKOJBKH,
VKIJbYUYjyhH ¥ HHCKO MOJEKYICKE KOMIIO-
HeHTE (BUTaMUH E, ackopOWHCKa KHCEIHHA,
PELYKOBAaHM [IyTaTHOH WUT/.) U CIIEIHjaTHO
amantupane ensume (Winston u Di Giulio,
1991). Mehy oBuM eH3uMUMA Cy CYLIEPOKCU-
a-nuemytase (SOD; EC 1.15.1.1), xoje cy
y OCHOBH OKCHJO-PEIyKTa3e M KaTaluu3yjy
JIUCMYTAIM]y CYTIEPOKCHI aHjOH pajHKaia
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The antioxidative defence enzymes
and non enzymatic components of ADS have
been proposed as biomarkers of contaminant
mediated oxidative stress in a variety of
marine and freshwater organisms (Saicié
et al., 1993; Ziki¢ et al., 1996; Ziki¢ et al.,
1997; Ziki¢ et al., 2001; Borkovié et al.,
2005; Kovagevié et al., 2006; Saponjié et
al., 2006; Ziki¢ et al., 2006; Despotovié et
al., 2007; Borkovi¢ et al., 2008; Kovacevié
et al., 2008). Our previous reports have
also considered antioxidant enzymes as
biomarkers for oxidative stress in marine
fish (Pavlovi¢ et al., 2004; Ognjanovi¢ et al.,
2008; Pavlovi¢ et al., 2008) and freshwater
mussels (Perendija et al., 2007 a,b).

SOD is very important enzyme of
ADS in the freshwater organisms. Many
studies have shown positive correlations
between levels of ADS and the influence
of environmental conditions (Orbea et al.,
2002).

Freshwater — mussels are an
ecologically important fauna because they
are used as sensitive biomarkers of aquatic
ecosystems pollution. Bivalves, such as Unio
tumidus (Cossu et al., 1997) are stationary,
filter-feeding organisms abletobioaccumulate
and concentrate most pollutants even if they
are present in fairly low concentrations
(Niyogi et al., 2001). Mussels have a number
of characteristics, which make them useful
bioindicators of pollution: they have a wide
geographical distribution, are easy to collect
and are abundant in bank regions of the large
“potamon type” rivers which are submitted
to high contamination levels.

Mussels are also capable to
bioconcentrate xenobiotics to many thousand
times the biotope background. They are
sessile species, which is particularly
desirable with bioindicators since they are
likely to reflect changes in pollution status
of the environment from which they have
been sampled (Phillips and Rainbow, 1989;
Manduzio et al., 2004).

The aim of our study was to
determine and compare the physiological

Y MOJIEKYJTapHH KHCEOHUK U BOJOHHK-IIEPO-
keun (Fridovich, 1989).

AHTHOKCH/IAIIHOHN 3AINTUTHA
€H3MMH U HeeH3MMcKe KoMroHeHTe ADS cy
IpeuIoKeHe 3a OoMapKepe OKCHIAIIHOHOT
cTpeca y3poKoBaHOT 3araljereM 1 HCITHTHBA-
HU Cy KOJI Pa3IMYUTHX MOPCKUX H CIaTKOBO-
JHUX oprann3ama (Saici¢ u cap., 1993; Zikié
1 cap., 1996; Zikié u cap., 1997; Zikié u cap.,
2001; Borkovi¢ u cap., 2005; Kovadevi¢ u
cap., 2006; Saponjié et al., 2006; Ziki¢ et al.,
2006; Despotovi¢ u cap., 2007; Borkovi¢ u
cap., 2008; Kovacevi¢ u cap., 2008). Hamm
NPEIXOAHN PaJOBU Cy Takole, pasMarpain
AHTHOKCUJIAIINOHE €H3MMe Kao OHoMmapke-
pe OKCHIAHOHOI CTpeca KOA MOPCKHUX PH-
0a (Pavlovi¢ et al., 2004; Ognjanovi¢ et al.,
2008; Pavlovi¢ et al., 2008) u c1aTkOBOAHHUX
mrkoJsbku (Perendija et al., 2007 a, b).

SOD je Beoma BakaH eH3UM ADS
KOJU CIIATKOBOJHMX Opranmsama. Muore
CTynuje MOoKa3yjy MNO3UTUBHY KOpEeIaIujy
u3Mel)y HUBOA aHTUOKCHAAMOHE ON0paHe 1
yTunaja cpeguHckux yenosa (Orbea u cap.,
2002).

CraTKOBOJIHE IIKOJBKE CY €KOJIO-
KA BakHa (ayHa, 3aTO LITO C€ KOPUCTE
Ka0 OCETJbUBH OnomapkepH 3araljema Boje-
Hux exocucreMa. I1Ikospke, kao wro je Unio
tumidus (Cossu u cap., 1997) cy cranuona-
pHe, XpaHe ce (UITPHpaEmeM H CII0COOHE
Cy Ja aKyMyJiWpajy ¥ KoneHTpuiny sehuny
3araljiBaya 4ak W axko Cy IPHUCYTHH y IIpuU-
JUYHO HUCKUM KoHUeHTpanujama (Niyogi
u cap., 2001). Illkospke nmajy OpojHe Kapa-
KTEPUCTHKE KOj€ MX YHHE KOPUCHUM OHOH-
HIUKAaTOpHMa 3araljera: uMajy IIHPOKY Ie-
orpadcKy IUCTPUOYIH]Y, TAKO CE CAKyILIbajy
U BEOMa Cy 3aCTyIlJbeHe y 00aJICKHM peruo-
HUMa BEJMKHX PEKa ,,JIOTAMOH TUIA™ KOje Cy
H3JI0KEHE BHCOKUM HHUBOMMA 3aralema.

[lIxospKe cy Takohe y cramy Oa Ko-
HIEHTPUIITY KCEHOOMOTHKE O BUIIE XHJba-
Ja nyTa Behoj KOHIEHTPAlUjH y OXHOCY Ha
OuoTon Koju Hacesbarajy. CecuiiHe Cy BpCTe
IITO j€ HAPOYUTO TOXKEJHHO 33 OMOMHANKA-
TOpE U THUM IIpe, Cy ITOTOIHE Ja OApaxaBajy
MPOMEHE y CTaTyCy 3araljerma cpeuHe U3 Ko-
je cy cakyrubene (Phillips u Rainbow, 1989;
Manduzio u cap., 2004).

[use Hamte cryauje je onpehuBame
n nopeheme GU3NOIOIIKOT 0ArOBOpa CyIle-
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responses of superoxide dismutase (activity,
total protein concentration, as well as
protein and SOD electrophoretic profiles)
in freshwater bivalve Unio tumidus in the
digestive gland and gills from the River
Sava, at four localities that are characterized
by different environmental conditions.

MATERIALS AND METHODS

Locality description and sample
collection

The study is based on the material
collected in August of 2006 and 2007. The
research was carried out at four sampling
localities along the banks of the main
channel, covering 188 rkm of Serbian stretch
of the Sava River (Figure 13.1).

In the case of molluscs collected
by diving, their abundance was evaluated by
collecting and counting individuals within
randomly selected square areas of 0.5 m> The

POKCHA-IUCMYTa3€e (aKTHBHOCT, KOHLIEHTpa-
[ija YKYIHHX TIPOT€HHA Ka0 H TIPOTEHHCKH
n SOD enexrpodopeTckH 1poQuiH) Ko
ciarkoBoaHe mkosbke Unio tumidus y nure-
CTHMBHO] KJIe31IH U IKpraMa u3 peke Case,
ca YeTHpH JIOKAJIUTETa KOj€ KapaKTepHIILy
pa3jIM4YHTH CPEIHHCKH YCIOBH.

MATEPUJAJI U METOJE
OnHC JIOKAJINTETAa H CAKYNJbalbe Y30paKa

Cryauja je 3acHOBaHa Ha MaTepH-
jay cakyrsseHoM y aBrycty 2006. u 2007.
roaMHe. McrpaxuBame je CNpoBEACHO Ha
YEeTHPH JIOKAIHTETA JyX oDase MIaBHOT Ka-
Hama, obyxBatajyhiu 188 rkm cpnckor aena
peke Cage (canka 13.1).

Y cnyyajy npHKynUbama IHKOSbKH
POBEHEM, BHX0BA 3aCTYMJBEHOCT j€ MpoLie-
beHa NPHKYILbakbeM H OpojameM HHIAUBU-
Jlya YHyTap ciy4ajHo omabpaue nmoBpHIMHE
oa 0.5 m’. Ponunai je cakyimo CBe y30pKe
U3 H3a0paHOr KBaJpaHTa M NpPEHEO HX Ha
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Figure 13.1. Sampling localities: (1) Jamena, (2) Sremska Mitrovica, (3) Sabac and (4) OstruZnica.

Cnuxka 13.1. Jlokanurern y3opkosama: (1) Jamena, (2) Cpemcka Mutposuua, (3) Ila6au 1 Octpyxsuua.

)
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diver sampled all specimens from a chosen
quadrant and removed them to the shore for
identification (Paunovi¢ et al., 2008).

The coordinates of sampling
localities were measured by GPS (“Garmin
Etrex”) and charted using ArcView software
(map 1:300,000, system WGS 1984).

Specimens of freshwater mussels
Unio tumidus, (n=40, 10 from each locality)
were collected at four localities of the River
Sava: Jamena (44°52'41.6” N and 19°05°21.0°
E), Sremska Mitrovica (44°57'55.4" N and
19°36'01.4" E), Sabac (44°46'17.2" N and
19°42°16.1" E) and Ostruznica (44°43'19.5"
N and 20°18'15.5"E). All specimens were
sexually mature with the average shell length
about 6.87 cm (Figure 13.2). After collection,
the tissue samples (digestive gland and gills)
were immediately dissected on ice and then

frozen in liquid nitrogen before storage at
-80°C.

obany 36or uaentuduxauuje (Paunovié u
cap., 2008).

KoopauHare jiokainurera cy ofpe-
hene y3 momoh GPS (“Garmin Etrex”)
W HaipraHe ArcView codteepoM (mama
1:300,000, cucrem WGS_1984).

VY30puM  CIATKOBOAHHX  IIKOJBKH
Unio tumidus, (n=40, 10 ca cBakor Joka-
JIUTETA) Cy CaKyIUb€HH Ha YETHPH JIOKaIH-
Teta Ha peun Casu: JameHna (44°52'41.6”
N u 19°0521.0" E), Cpemcka Murposu-
na (44°5755.4°N u 19°3601.4"E), 1llaban
(44°46'17.2"N 1 19°42'16.1"E) u OcTpyKHH-
na (44°43'19.5"N u 20°18'15.5"E). CsH y30-
PLH Cy OMIIM ITOJIHO 3pEsSIU U MPOCeYHa AyiKH-
Ha JpYILITYpe UM je Omia oko 6.87 cm (ciuka
13.2). HakoH cakynsbama y30pIH TKHBA (JIH-
TeCTHBHA XJIE31a U 1IIKpre) Cy oMax amce-
KOBaHHM Ha JIely U 3aTHUM 3ai1eheHH y TeuHOM
a30Ty mpe cMerTama Ha -80°C.

Figure 13.2. Freshwater bivalve Unio tumidus.

Cimka 13.2. CnarkoBoana wxosska Unio tumidus.

Tissue processing

The tissues were minced and
homogenized in 5 volumes (Lionetto et al.,
2003) of 25 mmol/L sucrose containing 10
mmol/l Tris-HCI, pH 7.5 at 4°C using an
IKA-Werk Ultra-Turrax homogenizer (Janke
and Kunkel, Staufen, Germany) (Rossi et
al., 1983). The homogenates were sonicated
for 30 s at 10 kHz on ice to release enzymes
(Takadaetal., 1982) andthen were centrifuged

Oobpana TkuBa

TKHBO j€ YCUTHEHO U XOMOT€HI30-
BaHO y omgHocy 1:5 (Lionetto u cap., 2003)
y 25 mmol/L caxaposu ca 10 mmol/l Tris-
HCI, pH 7.5 nHa 4°C xopumihewem IKA-
Werk Ultra-Turrax xomorenusepa (Janke
and Kunkel, Staufen, Germany),(Rossi u
cap., 1983). Xomorenatu cy conHbHKOBa-
Hu 30 cexynnu Ha 10 kHz Ha neny na 6u ce
ocimobomwin eH3umu (Takadan cap., 1982) u
3aTHM LeHTpH@yrupanu y Beckman yirpa-
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in a Beckman ultracentrifuge (90 min, 85000
x g, 4°C). The resulting supernatants were
used for further biochemical analyses.

Biochemical analyses

The activity of  superoxide
dismutase (SOD) was measured in triplicate
for each mussel using a Shimadzu UV-
160 spectrophotometer and a temperature
controlled cuvette holder.

SOD activity was assayed by the
epinephrine method (Misra and Fridovich,
1972). One unit of SOD activity was defined
as the amount of protein causing 50%
inhibition of the autoxidation of adrenaline
at 26°C (Petrovi¢ et al., 1982).

The activity of SOD was expressed
as specific (U/mg of protein) and as total
(U/g wet mass) as described previously by
De Quiroga et al. (1988).

Total protein concentration was
determined according to the method of Lowry
etal. (1951) using bovine serum albumin as a
reference and expressed in mg/g wet mass.

Protein electrophoretic  profiles
were examined by the standard method of
sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE) (Laemmli,
1970). SOD electrophoretic profiles were
examined using NBT by the method of
Mavelli et al., (1984).

All chemicals were products of
Sigma-Aldrich (St Louis, MO, USA).

Statistical analyses

All presented data (total protein
concentration and both specific and total
SOD activity) are expressed as mean +
Standard Error (S.E.). The non-parametric
Mann-Whitney U-test was used to seek
significant differences in the digestive gland
and gills between specimens of Unio tumidus
from the different localities of the Sava river.
A minimum significance level of p<0.05 was

ueHtpudyra (90 mun, 85000 x g, 4°C). [o-
OujeHH cyrnepHaTaHTH Cy KOpHILNEeHH 3a Ja-
Jbe OHOXEMHjCKE aHaJIH3e.

Buoxemujcke ananuse

AKTHBHOCT CYNEpOKCHI-THCMYyTa-
3e (SOD) je MepeHa y TpHIUIMKATy 3a CBaKy
HIKOJbKY Ha crekrpodoromerpy Shimadzu
UV-160 y kuBeTH ca KOHTPOJIHCAHOM TEMIIE-
paTypom.

SOD aktuBHOCT je aHAIM3Mpa-
Ha enuHedpuHCckOM Mertomom (Misra and
Fridovich, 1972). JemuHuna akTHBHOCTH
SOD ce neduHume ka0 KOTUYHHA MPOTEHHA
Koju n3a3uBajy 50% nHXHOnuMje ayTokcH1a-
mje agpeHannHa Ha 26°C (Petrovi¢ u cap.,
1982).

AxtuBHocT SOD je u3pakeHa Kao
cnieurIdHa aKTUBHOCT (JeIMHUIIA/ME MTPO-
TEHHA) H Kao YKyNnHa (jeqUHHIIA /g BIIaJKHE
mace),(De Quiroga u cap., 1988).

KoHueHTapunja yKynmHHX IpoTe-
uHa je oapehnBana npema merond Lowry u
cap., (1951) kopuuthewem rosefer cepym
anOyMuHa Kao pedepeHTHE BPETHOCTH.

Enexrpodopercku npodunu npote-
HHA Cy HCIIUTHBAHH CTaHAAPAHOM METOJIOM
kopuurhemheM HaTpHjyM JoJennI cyndara
MOJIHAKPHIIAMHTHOM TelT  eleKTpohope3om
(SDS-PAGE),(Laemmli, 1970). Enexrpodo-
perckn npopmr SOD akTHBHOCTH je Hcnu-
tuBaH koputhemeMm NBT metone (Mavelli u
cap., 1984).

Cge kopumhieHe XeMHKanuje Ccy
npousBenieHe y KoMmaHuju Sigma-Aldrich
(St Louis, MO, USA).

CrarucTuuke aHaJIH3€e

CBH 100MjeHH TI0/1a1H (KOHIIEHTpa-
IMja YKYIMHHUX MPOTEHHa, Kao U crneuudu-
YHa U yKymHa akTuBHOCT SOD) cy npencra-
BJbEHH Kao Cpeliba BPEAHOCT + CTaHAap/AHA
rpenika. He mapamerapcku Mann-Whitney
U-test je xopuurhen 3a oapehuBame 3Haua-
JHHX pa3iiuka u3mely cpenmbux BpeaHOCTH
110/1aTakKa y AMTe€CTHBHO] JKJIE3/IH 1 MIKpraMa
HIKOJbKH Ca PasjIHYUTHX JIOKAJIHTETa peKe
CaBe. MHHUMAaJIHH PUXBAT/FHBH HHBO 3Ha-
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accepted. Analytical protocols described by
Darlington et al., (1973) and Dinneen and
Blakesley (1973) were followed.

RESULTS

The results of measured physico-
chemical parametars at four localities are
presented in Table 13.1.

qajHocTH je p<0.05. Kopwuiuhen je aHanutu-
uku nportokon Darlington u cap., (1973) n
Dinneen u Blakesley (1973).

PE3YJITATH

Pesyntatn MepeHuXx @H3nuKO-Xe-
MH]CKHX MapameTapa ca YeTHpPH JIOKaJInTeTa
Cy npukasann y tabenu 13.1.

Table 13.1. Sampling localities: (1) Jamena, (2) Sremska Mitrovica, (3) Sabac and (4) Ostruznica.

Tabena 13.1. Jlokanurern y3opkorara: (1) Jamena, (2) Cpemcka Mutposuua, (3) Ulaban u (4)

OctpyxHuna.
Site/Jlokanuret Jamena Sremska Mitrovica  Sabac Ostruznica
Temperature (°C) ) )| 22.78 22.76 24.30
pH 8.1 8.5 8.5 8.3
Dissolved O, (mg/L) 5.98 7.46 7.13 6.56
Saturation (%) 66.0 82.5 75.9 73.9

Total protein concentration in the
digestive gland and gills of the freshwater
mussel Unio tumidus is shown in Table 13.2.
The obtained results in the digestive gland
demonstrate significantly higher total protein
concentrationinJamenacomparedto Sremska
Mitrovica (p<0.05) and Ostruznica (p<0.05),
as well as in Sremska Mitrovica in respect
to Sabac (p<0.05) and Ostruznica (p<0.05)
and also in Sabac compared to Ostruznica
(p<0.05). When total protein concentration in
the digestive gland and gills was compared,
we obtained significant differences at three
localities: Jamena, Sremska Mitrovica and
Sabac (p<0.05).

The specific SOD activity in the
digestive gland of the U. rumidus was
significantly higher in Jamena in respect
to Sabac and Ostruznica (p<0.05), (Figure
13.3A).

The total SOD activity in
the digestive gland of U. tumidus was
significantly higher in Jamena compared to
Sabac (p<0.05), in Sremska Mitrovica in
respect to Sabac and Ostruznica (p<0.05)

KoHueHTpalKja yKymHHX NpoTerHa
y IMTECTHBHO) XKJIE3IH M LIKprama cliaTko-
BOZIHE HIKOJbke Unio tumidus npeacTaBibeHa
jey tabesm 13.2. Jlobujenu pesysrati y au-
FeCTHUBHO] JKJe3AH MoKasyjy 3HauajHo Behe
KOHLEHTpalKje YKYMHHX MpoTenHa y Jame-
Hi1 y nopehewy ca CpemckoM MHTpOBHLIOM
(p<0.05) u Octpy>xHuuOM (p<0.05), 3aTum y
Cpemckoj MutpoBuuM y onHocy Ha Lllabau
(p<0.05) 1 OctpyxHuuuy (p<0.05), a Takohe
n y Wanuy y nopehemy ca OcTpykHHLOM
(p<0.05). Kana ynopeanMo KOHLEHTpaUHjy
YKYNHHX MPOTEHHA y AWIeCTHBHO] KIIE3AH
M Likprama, 3HadajHe pasiavke 100HjaMo Ha
TpH jokanutera: Jamena, Cpemcka Mutpo-
Buua v labau (p<0.05).

Cneuncdnuna aktuHoct SOD 'y
JUTeCTHUBHO] xke3nn U. tumidus je 3HauajHO
Beha y Jamenu y nopehewy ca lllanuem u
OctpyxHuuoM (p<0.05),(cimka 13.3A).

Ykynsa SOD axkTHBHOCT y nure-
CTHBHO] xne3an U. tumidus je 3HauajHo Beha
y Jamenn y nopehey ca lanuem (p<0.05),
y Cpemckoj MutpoBnum y ogHocy Ha llla-
6au n Octpyxunuy (p<0.05), a Takohe y

231
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Table 13.2. Total protein concentration (mg/g wet mass) in the digestive gland and gills of the freshwater
mussel Unio tumidus at four localities.

Tabena 13.2. KonreHTpauuja yKymHux NpoTerHa (mg/g BlaxkHe Mace) y AMTECTUBHO] JKIE3/M 1 IIKpraMma
CIIATKOBOJIHE WIKOJbKE Unio tumids Ha 9eTUPH JIOKAIIITETA.

Jamena

Gills/mkpre 2009 144 v
and also in Sabac compared to OstruZnica
(p<0.05), (Figure 13.3B).

In the gills of U. tumidus, the total
SOD activity was significantly higher in
Jamena compared to Sremska Mitrovica
(p<0.05) and in Sremska Mitrovica in respect
to Sabac (p<0.05), (Figure 13.4B).

Electrophoretic analysis of proteins
show specifities between the freshwater
mussel U. tumidus at four investigated
localities from the River Sava (Figure 13.5
A,B).

SOD activity was analysed directly
on gels after native electrophoresis, using the
NBT method (Figure 13.6 A,B). We obtained
two major bands for SOD isoforms (SOD-1
and SOD-2) for both tissues and all localities,
and SOD-3 isoform in digestive gland in
Jamena and Sabac and gills in Jamena.

DISCUSSION

High levels of ROS induced by
such environmental stressors can lead to
severe cellular injury or death (Storz and
Imlay, 1999). Therefore, the induction of
antioxidant defence enzymes like SOD is an
important protective mechanism to minimize
cell oxidation in the organisms that live in
polluted environments.

A difference in tissue expression
was reported between the digestive glands
and gills with a generally higher activity of

Sremska Mitrovica

gy 40

Sabac

815+0.87 19.18+0.79
Manmy kaga ra ynopeauMo ca OcTpy»KHH-
oM (p<0.05),(ciuka 13.3B).

Y mkprama U. tumidus yxynHa
aktuBHOCT SOD je 3nauajHo Beha y Jame-
HHU y nopehemy ca CpemckoM MHUTPOBHIIOM
(p<0.05) u y Cpemckoj MUTPOBHITH Y OJHO-
cy Ha lla6am (p<0.05) (cnuka 13.4B).

Estextpodopercka aHanmza npore-
WHa TI0Ka3zyje crennuaHOCTH mopehemem
CJIaTKOBOJHE HIKOJbKe U. tumidus Ha 4eTu-
PH HCTpakuBaHa JoKaiuTera Ha penu CaBu
(cmuka 13.5 A,B).

SOD aKkTHBHOCT je aHAJIU3UPaHa T~
PEKTHO Ha Teny [0Cje HaTHBHE eIeKTpodo-
pese kopumrthemem NBT merogie (ciuka 13.6
A,B). obujene cy nBe rmaBue Tpake SOD,
nazBane SOD-1 u SOD-2, kao u Tpeha Tpaka
SOD-3 1 T0 y IUTeCTUBHO) JKIE3H jeINHKH
n3 Jamene u lllanma u mkprama jeIHHKH U3
Jamene.

JUCKYCHJA

BHCOK HUBO PEaKTHBHHX BPCTa KH-
CeOHMKa MHIYKOBAaHHX HEKHUM CPEAUHCKUM
CTPECOPOM MOKe JOBECTH 0 helujeKux
omrehema W g0 cMptu (Storz u Imlay,
1999). 3aro je MHAYKIHja AHTHOKCHAALNO-
HUX 3aI0TUTHUX €H3MMa, Kao IITO je Cylepo-
KCHI-AMCMYTa3a 3HayajaH 3aIUTHTHH MexXa-
HU3aM KOjU cMamyje henjcKky okeuaanujy y
OpraHM3MHMa KOjU JKHBE y 3araljeHum cpe-
IMHAMA.

Pa3znuke y TKHBHOj eKCIpecUju
u3Mel)y TurecTHBHE XKIe3le H IIKpra ¢y Ko-
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Figure 13.3 (A,B). Specific (A), (Units/mg protein) and total (B), (Units/g wet mass) activities of
superoxide dismutase (SOD) in the digestive gland of freshwater bivalve Unio tumidus from the River
Sava. The data are expressed as mean + S.E. The non-parametric Mann-Whitney U-test was used to seek
significant differences between means. A minimum significance level of p<0.05 was accepted.

Ciuka 13.3 (A,B). Cnenmouuna (A),(Jenunune/mg npotenna) u ykymHa (B),(Jenunurie /g Brakue Mace)
aKTHBHOCT Cymnepokcu-nucMyTase (SOD) y murecTHBHO] K131 ClaTKOBOIHE MIKOJbKe Unio tumidus u3
pexe Cage. BpenHocTu cy IpeicTaB/beHe Kao cpejitba BpeAHOCT + cTaHxapHa rpeika. He mapamerapcku
Mann-Whitney U-test je koputhen 3a onpeljuBare 3HaqajHUX pasiika n3Mel)y cpeisbux BpeIHOCTH.
MuHIMaTHE NPUXBAT/bUBY HUBO 3HadajHOCTH je p<0.05.
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Figure 13.4. (A,B). Specific (A), (Units/mg protein) and total (B),(Units/g wet mass) activities of
superoxide dismutase (SOD) in the gills of freshwater bivalve Unio tumidus from the River Sava. The
data are expressed as mean + S.E. The non-parametric Mann-Whitney U-test was used to seek significant
differences between means. A minimum significance level of p<0.05 was accepted.

Cnuka 13.4. (A,B). Crenmdriuna (A),(Jenunune/mg npotenna) u ykyiua (B),(Jeansuue /g Bnaxue
Mace) akKTHBHOCT cynepokcna-aucmyrase (SOD) y mkprama ciaTkoBoaHe wkoibke Unio fumidus u3
pexe Case. BpeHocTH cy mpeacTaBibeHe Kao cpe/itha Bpe/IHOCTECTaniapaHa rpenika. He napamerapcku
Mann-Whitney U-tecr je kopuuifiet 3a opelBame 3HauajHUX pa3nuka u3Mel)y cpeix BpeTHOCTH.
MUHUMaITHH PUXBAT/LUBH HUBO 3Ha4YajHOCTH je p<0.05.
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Figure 13.5 (A,B). SDS-PAGE analysis of proteins in the digestive gland (A) and gills (B) of freshwater
bivalve Unio tumidus. Two samples at each investigated locality were analysed.

Cnuka 13.5 (A,B). SDS-PAGE ananuza nporenna y aurecthBroj e (A) u wkprama (b) cnatkosogne
ukosbke Unio tumidus. AHa1u3upana cy no JBa y30pka 3a CBakM MCTPaKMBAHU JIOKAIUTET.

SOD in digestive gland. Moreover,
although the digestive gland is of special
interest because this tissue is involved
in most biotransformation processes and
redox-cycling generation, it showed high
fluctuations of activity levels between
samplings, thus rendering interpretation of
the results uneasy, unlike those obtained with
the gills.

HCTaToBaHe, ca reHepanHo Behom SOD akru-
BHOIINY y AurecTHBHOj >xne3au. Ocum Tora,
JUTECTHUBHA JKNe3/a je O HapOYUTOr 3Hayaja
jep OBO TKHMBO yyecTByje y BehnHu Ouorpa-
HCHOPMALIHOHHMX NpoIleca U PeloKC IIUKITYC
reHepallije, rmokasyje BeJIKO BapHpambe HH-
BOa aKTHBHOCTH M3mely y30pkoBama I1a yu-
HH TEXOM HMHTEpIIpeTallHjy pe3yliTara, 3a pa-
3JIMKY OJ1 pe3yaTaTra JoOHjeHHX Y HIKprama.

A)

Jamena S.Mitrovica Sabac  Ostruznica

Digestive gland

B)

Jamena

S. Mitrovica Sabac Ostruznica

Gills

Figure 13.6 (A,B). Superoxide dismutase (SOD) electroforesis using the NBT method. Two samples at each
investigated locality were analysed.

Cnuka 13.6 (A,B). Enexrpodopesa cynepokcna-ancmyrase (SOD) no6ujeria NBT meronom. Ananusupana
Cy 1O /1Ba y30pKa 3a CBAKH HCTPAXKUBAHH JTOKANUTET.

b
d
h



Part 3  sosmmmsms s e i PRy

Changes in temperature and food
availability induce oxygen consumption
and cellular oxyradical generation, which
are compensated by increasing antioxidant
defence.

The differences in the protein
concentration in the investigated tissues
could be a consequence of various external
influences, such as different food availability
or the different degree of pollution at
the investigated localities. Furthermore,
the differences between the total protein
concentrations in the investigated tissues and
the analysis of protein electrophoretic profiles
show strong tissue and locality specifities.
The differences between investigated
localities can be the consequence of different
degree of pollution.

Electrophoresis in native conditions
associated with NBT  photochemical
revelation allowed simultaneous
characterization of SOD isoforms. Using this
technique, we detected three SOD isoforms
in the digestive gland and in the gills of Urnio
tumidus. Manduzio et al. (2003) reported
that two major bands, named SOD-1 and
SOD-2, were obtained at pl 4.7 and pl 4.6,
respectively. The third band at pI 4.55, named
SOD-3, was not systematically visualized in
tissue extracts from mussels collected at the
reference site, but always with very weak
intensity (<10% of the total SOD activity)
compared to the two others. In contrast,
SOD-3 was always present and pronouncedly
expressed in the digestive gland of mussels
taken at the polluted site (20-40% of the total
SOD activity). We also obtained the third
band of electrophoretic profiles of SOD,
named SOD-3, in the digestive gland of
mussels taken at localities Jamena and Sabac
and the gills at Jamena. According to the
results of Manduzio et al. (2003), it can be
concluded that SOD-3 isoform is connected
with more polluted sites of Jamena and
Sabac. Our results suggest that the variations

Temneparypa © pacrmolIOKHBOCT
XpaHe HWHIYKyje IMOTPOIIkhY KHUCEOHHKA H
cTBapame henmjcKux pajuKaia KACEOHHKa,
IITO ce HaJoKHal)yje mopacToM aHTHOKCH/1a-
IIUOHE ofi0paHe.

Paznnke y KOHIEHTPALU]H IPOTEH-
Ha m3Mel)y MCHHTHBAaHUX TKMBA MOTY OHTH
MOCTENIA PA3THYUTUX CIIOJAIIBIX YTH-
11aja, Kao IITO j€ Pa3IMIUTa PACIOIOKUBOCT
XpaHe WIK pa3lInduT CTeleH 3araljeHocTi Ha
WCIUTHBAHUM JoKanuTeruMa. Ocum Tora,
pa3iiuKe y KOHIEHTPAIMjH YKYIHHX MpOTe-
WHa Y MCIHTHBAaHUM TKHBHMa, Kao U ee-
KTpoopeTcka aHalin3a NPOTeHHa TOKa3yjy
BEJIUKY CHenu(UIHOCT Y OJJHOCY Ha TKHUBO
u nokanuter. OBe paznuke nm3mely nenuru-
BaHMX JIOKaJUTETa MOy OWTH TIOCIIenuIa
pa3IUYUTOr CTeleHa 3araljerha Ha HCIHUTH-
BaHUM JIOKaJIUTETUMA.
) Hartuena emextpodopesa ca HBT
(doroxemujckoM AeTeknujoM, omoryhasa
ucToBpeMeHy Kapakrepuzaiujy SOD mn3zo-
¢dopmu. Kopunihemem oBe TEXHUKE, OTKPH-
mu cmo Tpu SOD m3odopMe y AUTECTUBHO]
xe3nu u mkprama Unio tumidus. Manduzio
u cap., (2003) cy merexToBanu, IBE HajBa-
JKHHje Tpake, HazBane SOD-1 u SOD-2, xoje
cy nooujene Ha pl 4.7 u pl 4.6. Tpeha Tpaxa,
nobujena ua pl 4.55, naszsana SOD-3, nHu-
je yBEeK BWJJbMBA Y €KCTPaKTy TKHBA IIKO-
JbKH CaKyIUbCHUX Ha pPeePeHTHOM MECTy
u ciabor je uaTeH3uteTa (Mame on 10% ox
ykymHe SOD akTuBHOCTH) y Topehemy ca
Jpyre nse tpake. Hacympor Tome, SOD-3 je
yBEK IIPUCYTHA U BEOMa M3paXkeHa y Jure-
CTHBHO] KITE3TH MIKOJFKH Y3€TUX ca 3aralje-
vux jnokamutera (20-40% ox ykymae SOD
akTHBHOCTH). MU cMmo Takole, moOwmu Tpe-
hy Tpaky Ha enekTpodopeTcKoM IPOoQHITy
SOD, nazsany SOD-3, y AWT€CTHBHO] KJe-
30U IIKOJBKU ca JokanuTera JameHna u Illa-
Garr 1 mxprama ca jgokanureta Jamena. Ha
OCHOBY Iojiaraka koje cy noomnmu Manduzio
u cap., (2003), MOXXeMO 3aKJbYUUTU J1a je
SOD-3 wu3odopMa KOjy CMO JAETEKTOBAIU
noBe3aHa ca 3araljemeM U J1a Ha JIOKaJInuTe-
tuma Jamena u [llabar mocroju Behu cTerneH
saraljerba y OJHOCY Ha Jpyre MCIUTHBAHE
nokanutere. Hamm pesynratu ykasyjy na ce
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of SOD expression pattern in Unio tumidus
could be used as a tool for the environment
monitoring.

CONCLUSIONS

Our study represents the first
comprehensive report of SOD as a relevant
oxidative stress biomarker of the freshwater
bivalve Unio tumidus at different localities
from the Sava River and provides the basis
for future studies that will consider our
reported parameters as potential biomarkers
for biomonitoring of basal environmental
conditions and some anthropogenic impacts.
The observed parameters are effective in
routine environmental monitoring, especially
SOD-3 isoform obtained in animals from
Jamena and Sabac. Further investigation is
needed in order to define the link between
the specific pollutants/groups of pollutants
and a particular biomarker. As the molluscs
represents one of the principal components
of the comunity in large lowland rivers in
the region, such as the Sava, the Danube, the
Velika Morava and the Tisa, the metodology
presented here is especially aplicable in
routine monitoring of these ecosistems.

Acknowledgments — This study was
supported by the Ministry of Science and
Technological Development of Republic of
Serbia, Grant No. 143035B. The authors are
thankful to MSc Radmila Paunovié Stajn for
proofreading the manuscript.

BapHjallMje y excrpecHoHoM obpacuy SOD
xon Unio tumidus MOT'Y KOPUCTHTH 3a CpeH-
HCKH MOHHUTOPHHT.

3AK/bYYAK

Hama ctyauja npencraBjba NpBH
0oOHMaH HM3BEHITa] O aKTHBHOCTH CyIepo-
KCHA-AMCMYTa3e Kao peleBaHTHOM Onoma-
pKepy OKCHAALHOHOI CTpeca KOA CJIaTKOBO-
nHe mkosbke Unio tumidus Ha pa3Iu4UTHM
JokanuTeTnma Ha peun CaBu U 00e30ehyje
ocHoBY 3a Oynyha mpoyuaBama koja he yzetu
y 003Hp Hallle napaMeTpe Kao MoTeHLIH)alHe
OHomapkepe 3a OHOMOHHTOPHHT OCHOBHHMX
CPEOMHCKHMX YCJIOBA M HEKMX aHTPOMOTeHHX
yruuaja. McnuTuBaHM mapaMmeTpu cy ede-
KTHBHH OHOMapkepH 3a PyTHHCKH MOHHTO-
pHHT croJealike cpenuHe. Bynyha ncrpa-
JKHBama Mopajy aa aeduuumnly Besy usmehy
crieu@UUHUX 3arahuBaua/rpyne 3aralu-
Baua M oapeheHor Obnomapkepa. C 063upom
J1a 1LIKOJbKe MpEeACTaBJbajy JeAHY O BaKHHX
KOMITOHEHTH 3aje[IHHLIEe Y BEJIMKUM paBHUYA-
PCKHUM pekama y periony, kao o cy Casa,
yHaB, Bennka Mopasa u Tuca, metonosio-
ruja [pHKa3zaHa OBJIe je HapOYHTO MPUMEHH-
Ba 3a PYTMHCKH MOHWTOPHHT OBHUX €KOCH-
cTema.

3axearnuya— OBa cTyaujy je noap:xajio Mu-
HHCTapCTBO HAayKe M TEXHOJIOUIKOT pa3Boja
Peiybnuke Cpouje, Ilpojexar 6p. 143035b.
AytopH 3axBasby)y Mp Paamunu [laynosuh
[IITajH 3a JiekTopHcaibe pyKomnuca Ha eHre-
CKOM JE3HKY.
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