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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 of0.5 m2 The 
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poKCH,ll,-,ll,HCMyTa3e (aKTHBHOCT, KOHQeHTpa
QHja YKYDHHX npoTeHHa Kao H rrpOTeHHCKH 
H SOD eneKTpocpopeTCKH rrpocp0n0) KO,ll, 
CJiaTKOBO,l],He lllKOJbKe Unio tumidus y ,zJ,Hre
CTHBHOj )KJie3,ll,H H lllKpraMa H3 peKe CaBe, 
ca qeTHpH JIOKaJIHTeTa KOJe KapaKTepHlllY 
pa3JIHqHTH cpe,ll,HHCKH ycnOBH. 

MATEPIIJAJI II METO,Il;E 

Onuc JIOKaJiuTeTa u caKynJbalbe y3opaKa 

Czy,zJ,Hja je 3acH0BaHa Ha MaTeptt
jany caeyoJbeHoM y aBryczy 2006. H 2007. 
ro.nttHe. McTpa)Iurnaa,e je cnpoBe.neHo Ha 
qeTHpH JIOKaJIHTeTa ,ll,y)K o6ane rnaBHor Ka
eana, o6yxBaTajyli.n 188 rkm cpncKor .u:ena 
peKe CaBe (cmIKa 13.I). 

y cnyqajy npHKYfiJbaiha illKOJbKH 
poa,ea,eM, H>HXOBa 3aczyrrJbeeocT je npol{e
a,etta IIpHKYfiibaH,CM tt 6pojan,eM HH)J.KBH

eya YHYTaP cJiyqajHo o,ua6patte noBplllHHe 
OJ( 0.5 m2. PoHHJial{ je CaKYfiHO CBe y3opKe 
H3 H3a6paHor KBa.npaHTa H npetteo nx Ha 
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Figure 13.1. Sampling localities: (I) Jamena, (2) Sremska Mitro vi ca, (3) Sabac and ( 4) Ostruznica. 

Cn11Ka 13.1. JI0Kan111er11 y1opKOBaH,a: (I) JaMetta, (2) CpeMcKa M111poB11Qa, (3) llla6aQ 11 Ocrpy)KHttQa. 
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diver sampled all specimens from a chosen 
quadrant and removed them to the shore for 
identification (Paunovic et al., 2008). 

The coordinates of sampling 
localities were measured by GPS ("Garmin 
Etrex") and charted using Arc View software 
(map 1:300,000, system WGS_l984). 

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. l" 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.

o6any 36or H)];eHmqnmaI.J,Hje (Paunovic 11 
cap., 2008). 

Koop)];11HaTe JIOKaJI11TeTa cy o)],pe
ljeHe y3 rroMoh GPS ("Garmin Etrex") 
11 HaI.J,pTaHe ArcView co<pTBepoM (Marra 
1 :300,000, c11cTeM WGS _ 1984). 

Y30pl.l,H CJiaTKOB0)],Hl1X IIIKOJbKl1 
Unio tumidus, (n=40, 10 ca CBaKor JIOKa
JIHTeTa) cy caKyrrJbeHl1 Ha qeT11p11 JIOKaJil1-
TeTa Ha peu:11 CaBH: JaMeHa (44°52'41.6" 
N H 19°05'21.0" E), CpeMcKa MnTpoB11-
1.1a ( 44°57'55.4" N H 19°36'01.4" E), llla6au: 
( 44°46'17.2"N 11 19°42' 16.1 "E) 11 0cTpy)KHl1-
u:a (44°43'19SN 11 20°18'15.s"E). CB11 y30-
pu:11 cy 6HJIH IIOJIHO 3pem111 rrpoceqHa i1,y)K11-
Ha JbYIIIType HMje 6nJia OKO 6.87 cm (cJI11Ka 
13.2). HaKOH caKyrrJbaH>a y3op1.1n TK11Ba (i1,H
recT11BHa )KJie3)],a 11 IIIKpre) cy O)],Max )],11ce
K0BaHH Ha Jie)],y H 3aTHM 3aJieljeHl1 y TeqHOM 
a3ory rrpe CMeIIITaH>a Ha -80°C, 

Figure 13.2. Freshwater bivalve Unio tumidus.

CnnKa 13.2. CnaTKOB0,11Ha nrKOJbKa 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/1 Tris-HCI, pH 7.5 at 4°C using an 
!KA-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) and then were centrifuged

06pa)],a TKHBa 

TKl1BO je yc11TH,eHO 11 XOMOreHl130-
BaHO y O)],Hocy 1 :5 (Lionetto H cap., 2003) 
y 25 mmol/L caxap03rr ca 10 mmol/1 Tris
HCl, pH 7.5 Ha 4°C KoprrmneH>eM IKA
Werk Ultra-Turrax xoMoreHH3epa (Janke 
and Kunkel, Staufen, Gennany),(Rossi 11 
cap., 1983). XoMoreHaT11 cy c0H11<p11K0Ba
HH 30 ceKyH)],11 Ha 10 kHz Ha Jie)],y )],a 6n ce 
ocJio6o)],HJIH eH311MH (Takada rr cap., 1982) 11 
3aTHM u:ettTp11<j)yrnpaH11 y Beckman yJITpa-



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 (Petrovic 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 ofLowry 
et al. (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 (SOS-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 

ueHTpmpyrn (90 MHH, 85000 x g, 4°C). JJ:o-
6HjeHH cynepHaTaHTH cy KopmnneHH 1a JJ,a
JT,e 6HoxeMHjcKe aHaJIH3e. 

JiuoxeMujcKe aHaJIH3e 

AKTHBHOCT cynepoKCH)],-)],HCMYTa-
3e (SOD) je MepeHa y TpHIIJIHKaTy 1a csaKy 
UIKOJT,KY Ha cneKTpocpoToMeTpy Shimadzu 
UV-160 y KHBeTH ca KOHTpOJIHCaHOM TeMne
parypoM. 

SOD aKTHBHOCT je aHaJIH3Hpa
Ha eIIHHecppHHCKOM MeTO)],OM (Misra and 
Fridovich, 1972). JeJJ,HHHUa aKTHBHOCTH 
SOD ce JJ,ecpHHHUie Kao KOJI11qHHa npOTeHHa 
KOjH H333HBajy 50% HHXH611u11je ayTOKCI1JJ,a
u11je aJJ,peHaJIHHa Ha 26°C (Petrovic l1 cap., 
1982). 

AKTHBHOCT SOD je H3pa)KeHa Kao 
cneuttcpttqHa aKTHBHOCT (jeJJ,HHHUa/mg npo
TettHa) H Kao yKynHa (jeJJ,HHHUa /g BJJ3)KHe 
Mace),(De Quiroga H cap., 1988). 

KottueHTapu11ja YKYIIHHX npoTe
HHa je oJJ,peljttsaHa npeMa MeTOL\H Lowry 11 
cap., (1951) KOpHUineH,eM roseljer cepyM 
aJI6YMHHa Kao pecpepeHTHe spe)],HOCTH. 

EneKTpocpopeTCKH npocp11n11 npoTe
HHa cy HCIIHTHBaHH CT3HJJ,ap)],HOM MeTO)],OM 
KOpHUilleH,eM HaTpHjyM )],OJJ,eUHJI cyncparn 
IIOJIHaKpHJI3MH)],HOM reJI eJieKTpocpope30M 
(SDS-PAGE),(Laemmli, 1970). EneKTpocpo
peTCKtt npocpHJI SOD aKTHBHOCTH je ttcnH
THBaH KopttUineH,eM NBT MeToJJ,e (Mavelli tt 
cap., 1984). 

Cse KOpHUineHe xeMI1Kan11je cy 
npoH3BeJJ,eHe y KOMnaHHjH Sigma-Aldrich 
(St Louis, MO, USA). 

CBH JJ,06HjeHH II0)],3UH (KOHUeHTpa
UHja yKynHHx npOTeHHa, Kao 11 cneuHcpH
qHa H YKYIIHa aKTHBHOCT SOD) cy npeJJ,cTa
BJT,eHtt Kao cpeJJ,H,a speJJ,HOCT ± CT3HJJ,apJJ,Ha 
rpeUIKa. He napaMeTapcKH Mann-Whitney 
U-test je KOpHUineH 1a 0JJ,pe1j11BaH,e 3Haqa
jHHx pa3JIHKa H3Meljy cpeJJ,H,HX speJJ,HOCTH 
IIO)],aTaKa y )],HreCTHBHOj )KJie3)],H l1 UIKpraMa 
UIKOJT,KH ca pa3JIJ1qHTI1X JIOKaJIHTeTa peKe 
Case. MHHI1M3JIHH npHXB3TJT,HBH HHBO 3Ha-

accepted. Analytical 
Darlington et al., ( 
Blakesley (1973) wE 
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accepted. Analytical protocols described by 
Darlington et al., (l 973) and Dinneen and 
Blakesley (1973) were followed. 

RESULTS 

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

qajHocrn je p<0.05. KopHluneH je aHaJJHTH
'IKH npOTOKOJI Darlington n cap., (1973) H 
Dinneen n Blakesley (1973). 

PE3YJITATH 

Pe1yJ1TaTH MepeHHX qJH3H4KO-xe
Ml1jCKHX napaMeTapa ca 4eT11pH JIOKaJJHTeTa 
cy npHKaJaH11 y Ta6eJJH 13 .1. 

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

Ta6eJJa 13.1. JloKammrn y3opK0Bafha: (I) JaMe1rn, (2) CpeMcKa M11Tpos11ua, (3) Wa6au 11 ( 4) 
OCTpyl1rn11ua. 

Site/JloKamneT Jamena Sremska Mitrovica Sabac Ostruznica 

Temperature (0C) 22.21 

pH 8.1 

Dissolved 0
2 
(mg/L) 5.98 

Saturation (%) 66.0 

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 
concentration inJamenacompared to 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 tlu·ee 
localities: Jamena, Sremska Mitrovica and 
Sabac (p<0.05). 

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

The total SOD activity m 
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) 

22.78 22.76 24.30 

8.5 8.5 8.3 

7.46 7.13 6.56 

82.5 75.9 73.9 

KoHuettrpau:nja yKynHHX npoTer,rna 
y )],HreCTHBHOj )KJJe3)],H H UIKpraMa CJJaTKO
BO)],He I.UKOJbKe Unio tumidus npe)],CTaBJbeHa 
je y rn6eJJH 13.2. ,Uo6njeHH pe1yJ1TaT11 y )],H
recTHBHoj lKJJe3)],H n0Ka1yjy 3Ha4ajHo sehe 
KOHUeHTpau11je yKynHHX npoTeHHa y JaMe
HH y nopel)eH,y ca CpeMCKOM MHTpOBHUOM 
(p<0.05) 11 OcTpylKHHUOM (p<0.05), 1aTHM y 
CpeMcKoj M11rpoBHUH y O)],Hocy Ha Wa6au 
(p<0.05) H OcTpylKHHUY (p<0.05), a TaKOl)e 
H y Wanuy y nopel)ett,y ca OcTpylKHHUOM 
(p<0.05). Ka)],a ynope)],HMO Kom-1eHTpau11jy 
YKYOHHX npOTeHHa y )],HrecTHBHOj )l(J]e3)],H 
H I.UKpraMa, 3Ha'lajHe pa3JJHKe )],0611jaMO Ha 
TPH JJOKaJIHTeTa: JaMe1-1a, CpeMcKa M11Tpo
BHUa H Wa6au (p<0.05). 

Cneul1(p!1'rna aKTHBHOCT SOD y 
)],Hrecnrn1-1oj )JOie3)],H U. tumidus je 11-1a<iaj1-10 
Bena y JaMeHH y nopel)eH>y ca WanueM 11 
OcTpylKHHUOM (p<0.05),(CJJHKa 13.3A). 

YKynHa SOD aKTHBHOCT y )],Hre
CTHBHoj )KJJe3)],H U tumidus je 11-1a4aj1-10 Bena 
y JaMe1rn y nopel)e�bY ca WanueM (p<0.05), 
y CpeMcKoj MHTpOBHUH y O)],Hocy 1-1a Wa-
6au H Ocrpy)K1-111uy (p<0.05), a TaKol)e y 

Bl 
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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. 

CJJMKa 13.4. (A,B). Crrel(mjrnqHa (A),(Je,11MHM1\e/mg rrpomrna) M yKyrrtta (B),(Je,11MHM1\e lg BJJa)l(He 
Mace) aKTMBHocr cyrrepoKCM,11-,11ttcMyr33e (SOD) y !IlKpraMa cnarKOB0,11He IIIKOJbKe Unio tumidus M3 

peKe CaBe. Bpe,11HOCTM cy rrpe,11craBJbeHe Kao cpe,11H,a Bpe,11Hocr±cratt,11ap,11Ha rpenJKa. He rrapaMerapCKM 
Mann-Whitney U-recr je KOpMIIIlieH 33 o,11peqttBaH,e 3HaqajHMX p33JJMK3 M3Meqy cpe,IIH,HX Bpe,IIHOCTH. 

MHHHMaJJHH rrpHxBaTJbHBH HHBO 3HaqajHOCTHje p<0.05. 
·---------
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Jamena S. Mitrovica Sabac Ostruznica 

Gills 

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. 

CnHKa 13.5 (A,B). SOS-PAGE attanH3a npoTeHHa y )lHrecrnsttoj lKJTe3)lH (A) H wKpraMa (E) cnaTKOBO)lHe 

WKOJbKe Unio tumidus. AHaJTH3HpaHa cy no nsa Y30pKa 3a CBaKH HCTpalKHBaHH JTOKaJTHTeT. 

SOD in digestive 
although the digestive 
interest because this 

gland. Moreover, 
gland is of special 
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. 

A) 

Jamena s. Mitrovica Sabac Ostruznica 

Digestive gland 

HCTaTosatte, ca rettepantto senoM SOD aKTH

sttowny y ,u11recT11sttoj )KJie3,llH. Oc11M Tora, 

,ll11recT11stta )KJie3,lla je O,ll Hapoq11Tor 3Haqaja 
jep oso TKHBO yqecrnyje y sen11tt11 6110Tpa

ttccpopMa1.J,110H11x npoI.J,eca 11 pe,lloKc 1.J,11KJiyc 

rettepa1.J,11je, rr0Ka1yje sem1Ko sap11pallie HH

soa 3KTl1BHOCTI1 I13Me1Jy y1opKOBafua rra qJ,[

HI1 Te)KOM l1HTeprrpeTa1.J,11jy pe1yJITaTa, 33 pa-

3J1I1KY 0,ll pe3ynTaTa )].0611jeHI1X y WKpraMa. 

B) 

Jamena S. Mitrovica Sabac 

Gills 

Ostruznica 

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

investigated locality were analysed. 

CnHKa 13.6 (A,B). EneKTpoqiope3a cynepoKCH)l-JlHCMYTa3e (SOD) no611jetta NBT MeTOJlOM. AttaJTH311patta 

cy no nsa DOK3JTHTeT. 





------------------------------- Part3 

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 isofonn 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 m 
routine monitoring of these ecosistems. 
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Bap11jau11je y eKcrrpec110HOM o6pacuy SOD 
KO.[( Unio tumidus Mory Kop11crnT11 3a cpe.[(11-
HCK11 MOHl1TOpHHr. 

3AK.Jhy.JAK 

Harna czy.[(11.ja rrpe.[(cTaBJba rrpBH 
0611MaH H3BernTaj O aKTHBHOCTH cyrrepo
KCl1.[(-.[(11CMYTa3e Kao peneBaHTHOM 611.oMa
pKepy OKCH.[(aU110HOr CTpeca KO.[( CJiaTKOBO
.[(He IlIKOJbKe Unio tumidus Ha pa3n11.q11.T11M 
JIOKaJIHTeTHMa Ha peu11 CaBH 11. 06e36el_jyje 
ocHoBy 3a 6y.[(yna rrpoyqaBatt,a Koja he y3ern 
y 06311.p Hawe rrapaMeTpe Kao rroTeHu11janHe 
6110MapKepe 3a 6110MOHl1TOp11Hr OCHOBHHX 
cpe.[(11HCKHX ycJIOB3 11 HeKHX 3HTporroreHHX 
yrnuaj3. l1crr11THB3HH rrap3MeTp11 cy ecjJe
KTHBHH 6110MapKep11 3a PYTl1HCKH MOHl1TO
p11Hr CIIOJb3IlIH,e Cpe.[(11He. oy.[(yn3 l1CTp3-
)[{!1BaH,3 MOp3jy .[(3 .[(e<p11H11wy Be3y 113Mel_jy 
crreu11cjJ11qH11x 3ar31_j11B3qa/rpyrre 33ra1_j11-
B3q3 11 O.[(peljeHor 6110M3pKep3. C o6311poM 
.[(3 WKOJbKe rrpe.[(CT3BJb3jy je.[(HY O.[( B3)l(Hl1X 
KOMIIOHeHTl1 33Je.[(H11Ue y BeJil1K11M p3BH11q3-
pCKl1M peK3M3 y perHOHY, Kao WTO cy C3B3, 
,l],yH3B, Ben11K3 Mop3B3 11 T11ca, MeTO.[(OJIO
rnja rrp11Ka33H3 OB.[(e je Hapoq11rn rrp11Mett,11-
B3 3a PYTl1HCKH MOHI1T0p11Hr OBl1X eKOCl1-
CTeM3. 

3aX6aJINUi/a - 0B3 CTy.[(11jy je fl0.[(p)l(3JIO M11-
H11CT3pCTB0 H3yKe 11 TeXHOJIOWKOr pa3BOj3
Perry6n11Ke Cp611je, IIpojeKaT 6p. 143035.6.
Ayrnp11 33XBaJbyjy Mp P3.[(Ml1JIH Il3yHoB11h
lllTajH 33 JieKTop11c3tt,e pyKorr11ca Ha eHrne
CKOM je311Ky.
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