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Abstract 
Dreissena polymorpha mussel were collected from Al-Kadesia lake - Haditha /Al- 

Anbar Governorate-Iraq. The animals were exposed for 2, 4, 6 and 8 days to 16 mg 

zinc/l of water. The soft tissue was analyzed for the effect of zinc on total protein 

components and activity of six enzymes (using colorimetric and/or electrophoretic 

methods). 

Zinc was found to cause (a) Change in the intensity of some esterase patterns and 

increase of total protein by increasing the exposure time to zinc (b) Increase in the 

activity of the enzymes, alkaline phosphatase (ALP), glutamate oxaloacetate 

transaminase(GOT) and lactate dehydrogenase (LDH ) and decrease in the activity of 

acid phosphatase (ACP) and glutamate pyruvate transaminase (GPT) with increase of 

exposure time. These changes may be useful as an earlier  indicator  for water pollution 

with zinc. 
 

تأثير فترات التعريض إلى الزنك عمى البروتينات وفعالية الأنزيمات في النسيج الطري في الحيوان 
 Dreissena polymorpha الرخوي

 

 عبد عمي ذاكر واحمد سامي فرحان
 جامعة الانباركمية العموم/  -قسم عموم الحياة

 الخلاصة
مامفظتت   -ا لثتت  -متتو يالتت ق ن يم  تتل   Dreissena polymorphaجمعتتن امتتمن  متتو ن التتونو ن   تتو   

  من ن كتلت  ن الت  ألمم. ن تت 8و 6و 4و 2ملغم زاك/  ت  ممء  لفت نن  16إ ى  تم تع لض هنه ن الونامن .نلاايم 
أازلمتتتمن سيم تتتت  نم ن  تتت   ن اتتتويل  أو ن ت التتت    تتتت  مع فتتت  تتتتلثل  ن زاتتتك نلتتتى ن مكواتتتمن ن ي وتالتتت  ونلتتتى ا تتتم  

. زلتتم ق فتت( كملتت  ن ي وتلاتتمن ن كللتت  وتغلت  فتت(  تت ز أاتتزلم نلا تتت لز ن م اتت  أن كه يتمي(.. وجتت  يتتلو ن زاتتك )تت   تي  س
وتثيتتل  فتت( فعم لتت  أازلمتتمن أ تت    ( ALP,GOT and  LDH) ازلمتتمنكه يميلتتم س . تا تتل  فتت( فعم لتت  يعتتض نأ

(ACP and GPT)م هنه ن الونامن يم زاك. لمكو نو تكوو هنه ن تغل نن كمؤ   نلى تلوث ن ملمه ن ت( تعلش فله. 
Introduction 

Mussels have been proposed as sentinel organisms in monitoring programs because 

of their wide geographical distribution and their high capacity of heavy metals 

bioaccumulation as zinc (1). Zn is essential in low concentrations to the metabolism of 

animals being present as constituent of numerous proteins, enzymes and cofactors in 

many animals and when the concentrations of this essential metal reach a threshold 

value their presence become first inhibitory and afterwards toxic and even lethal for the 

organism (2). When Corbicula fluminea  and D. polymorpha exposed to zinc many 

biochemical changes such were observed as a synthesis of new  proteins 

(metallothionein) (3), also zinc caused changes in activity of enzymes (ALP, ACP, LDH 
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and SDH) in freshwater crab  Spiralothelphusa hydrodroma (4) and zinc effect on the 

activity of ALP, GOT, GPT and LDH in mice (5).  

The goal of this study is to follow the biochemical changes in D. polymorpha after 

exposure in the laboratory to zinc and capacity for using these changes as indicator to 

water contamination with zinc. 

Materials and methods 
Zebra mussels were collected in November 2008 from Haditha city/Al-Anbar - Iraq 

. The animals were transferred to the laboratory where they were distributed in a plastic 

container containing 10 liters of dechlorinated tap water. Seventy five individuals were 

kept in each container. The water of each container was replaced every days. No food 

was provided.  

Zinc was added in the form ZnSO4, one week after bringing the animals to the 

laboratory. Animals were exposed to 16mg zinc/l for 2, 4, 6 and 8 days. Control animals 

were kept under the same conditions and time period without addition of metal.   

The flesh of the control and exposed animals to the zinc were removed from the 

shell and weighted. The flesh was homogenized with 5 volumes of Tris -HCl buffer pH 

7.2 in a homogenizer to study enzymes activity  and protein content, and homogenized 

with 2 volumes for electrophoretic study. Pools at least of 10 mussels were used for 

each homogenization. the homogenates were centrifuged in eppendorf centrifuge for 5 

min. at speed of 15000 RPM. 

Electrophoresis was carried out in Hsi slab gel electrophoresis unit connected to 

Consort E 815  power supply. The slab of polyacrylamide gels for protein and esterase 

(7.5%) were prepared in the laboratory (6). Assay of protein content, six enzymes (ALP, 

GOT, GPT, ACP and LDH) were conducted (7, 8, 9,10). 

Statistical analysis: Results were expressed as mean ± standard error of mean 

(SEM).The data were subjected to one way analysis of variance (ANOVA), by using the 

Statistical Analysis System Genstat Discovery program (No.3). P values at 5% and were 

regarded as significant. 
 

Results 
The results of the experiment on  the effects of zinc   on the electrophoretic patterns 

of proteins (on polyacrylamide slab gel) didn’t reveal any changes in the number or 

intensity of bands (Fig.1). Zymogram of esterase on polyacrylamide showed changes 

under the effect of zinc, the intensity of esterase stain increased  by increasing zinc 

concentration (Fig. 2). 
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Control 2 days  4 days  6 days 8 days 

Fig. (1) zinc effect on protein patterns 

with different exposure periods 

 
Control  2 days  4 days  6 day 8 days 

Fig. (2) zinc effect on estrase patterns 

with different exposure periods 

Total protein increased significantly by increasing exposure period to zinc (Fig.3). 

Mean of control was 0.816mg/dl, in second days was 0.851 mg/dl, fourth days was 

0.918 mg/dl, sixth days was 0.908 mg/dl and in eight days was 0.927mg/dl. 

The activity of ALP changed significantly. Enzyme activity mean of control 

animals was 6.083K.A.U/dl, exposed animals for 2 days was 6.716 K.A.U/dl, for 4 days 

was 6.883K.A.U/dl, 6 days was 6.133K.A.U/dl and exposed for 8 days was 

5.767K.A.U/dl .(Fig.4). The ACP activity decreased significantly when the animals 

exposed to zinc in different periods. Control animals mean was 5.398U/l, the mean in 

exposed animals to 2 days was 5.255U/l, 4 days was 4.921U/l, 6 days was  4.686U/l and 

8 days was 3.928U/l (Fig.5). The LDH activity differed significantly. Control animals 

mean was 26.52U/l, mean of exposed animals to 2 days was 30.57U/l, 4 days was 

28.32U/l, 6 days was 26.53U/l and 8 days was 26.08U/l (Fig.6). 

 
Fig. (3) zinc effect on total protein with 

different exposure periods 

  
Fig. (5) zinc effect on ACP activity with 

different exposure periods 

 
Fig. (4) zinc effect on ALP activity with 

different exposure periods 

 
Fig. (6) zinc effect on LDH activity with 

different exposure periods 
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Significant increase GOT activity in the exposed animals in comparison with 

control animals. Mean of control animal was 59.5U/ml, in exposed animals to zinc for 2 

days was 68.67U/ml, 4 days was 72.5U/ml, 6 days was 79U/ml and 8 days was 

82.67U/ml (Fig.7). 

Significant reduction of GPT activity in the exposed animals. Mean of control 

animal was 87.66U/ml, in exposed animals to zinc for 2 days was 73.166U/ml, 4 days 

was 65.166U/ml, 6 days was 63.166U/ml and 8 days was 56.166U/ml (Fig.8). 

 
Fig. (7) zinc effect on GOT activity with 

different exposure periods 

 
Fig. (8) zinc effect on GPT activity with 

different exposure periods 

Discussion 
The accumulation of heavy metals is a characteristic feature of aquatic 

invertebrates(1,2,3,11,12), so it is expected that mussel Dreissena polymorpha 

accumulated an effective quantities of the zinc.  Although the heavy metals known to 

induce changes in electrophoretic profile of protein (metallothionein or metal binding 

protein) on polyacrylamid gel (12), zinc didn’t cause such changes in Dreissena 

polymorpha after 8 days of exposure to 16mg/l in this study.  A similar result was found 

in the  Dreissena polymorpha taken from southwest France, and this was explained 

because  the insufficient accumulated zinc to trigger gene metallothionein expression     

(3). Total protein increased  in tissues of  D. polymorpha with increasing the exposure 

time to zinc , and this may be to face the stress caused by zinc. Similar results were 

found in the  gills of clam Pseudontopsis euphraticus exposed to 0.4 mgHg/l for 21 

days(13). On the other hand a decrease in the total proteins was found in the kidney of 

clam  Pseudontopsis euphraticus  exposed to  0.4 mgHg/l for 21 days (14). 

The electrophoretic profile of esterase in D. polymorpha (this study) revealed an 

increase in the intensity of bands with an increase of the exposure time to the zinc. 

A similar electrophoretic pattern of esterase in shrimp Callianassa tyrrhena was 

observed after the exposure to cadmium and mercury (6,15), it is suggested that the 

above biochemical responses are not specific for zinc but possibly represent a common 

response to heavy metals.                           

Alkaline phosphatase is a metalloenzyme with an active zinc containing center and 

may be replaced by other metals in polluted environment (16) .This enzyme is a brush 

border enzymes and it was reported that this enzyme split various phosphorus esters and 

mediated transport (17), involves in active transport (18), and glycogen 

metabolism(19).Thus any alteration in the activity of alkaline phosphatase affect the 

organism activity (4). The initial activation of the enzyme (present study) followed by a 

reduction was identical to what have been observed in shrimp Callianassa tyrrhena 

exposed to 0.1 to 0.4 μg Hg/l for 6 days (6). Zinc caused a reduction in the activity of 

enzyme in different organs of fish Mugil cephalus (20) and Lepomis macrochius (21). 
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It has been reported that generally the increased activity of acid phosphatase 

attributed to the activation of the enzyme, which is kept (ACP) in latent state inside the 

membrane of lysosomes  (22). It was found that the manganese increased the acid 

phosphatase activity in the cerebellum of rabbit (23). In this study the  activity of acid 

phosphatase decreased in the presence of zinc in the ambient environment,  and this 

may inferred as a response to altered metabolism due to zinc stress (4). This is 

consistent  with that reported in fish Channa punctatus (24) and Fundulus heteroclitus 

(25). On the other hand an increase in the activity of acid phosphatase has been shown 

in the field crab Spiralothelphusa hydrodroma exposed to 81 mg/l for 30 days (4), and 

in  cavia porcellus exposed to pesticide chlorpyrifos (26). 

LDH activity increased in fish chana punctatus exposed to pesticides ,quinalphos, 

dichlorvos and suquin (27), and in the the freshwater fish cyprinus carpio exposed to 

the pestiside cypermethrin after 8 and 12 days of  treatment (28). In the present study 

the LDH activity of the freshwater mussel Dreissena polymorpha increased with the 

increasing of the exposure time to 16mg zinc/l . A similar result was observed in the 

crab Spiralothelphusa hydrodroma exposed to zinc, which might have depending on 

anaerobic carbohydrates metabolism, cumulative effect or possibly to meet the 

increased energy demands under toxic effect of zinc (4). 

GOT activity increased while GPT activity decreased with increase zinc duration of 

exposure in the mussel  Dreissena polymorpha (present study). These changes are 

probably due to a function response to zinc as in the fish Mugil cephalus (20) or in 

freshwater snail  Melanopsis nodusa (29). Transaminases in mammalian are indicators 

of liver, heart, and other organs function and they are also reported to be indicator of 

degradation(30). 

In conclusion, zinc was found to cause changes of protein components in the 

mussel  Dreissena polymorpha. Therefore this mussel model is suitable to be use as an 

indicator for water contamination with  zinc. 
 

References 
1. Letendre, J.; Chouquet, B.; Rocher, B.; Manduzio, H.; Leboulenger, F. & Durand, 

F. (2008). Differential pattern of Cu/Zn superoxide dismutase isoforms in 

relation to tidal spatio-temporal changes in the blue mussel Mytilus edulis. 

Comp. Biochem., 148C: 211—216. 

2. Soto, M.; Marigomez, I. & Cancio, I. (2004). Biological aspects of metal 

accumulation and storage. University of Basque. Basque., P. 644. 

3. Marie, V.; Gonzalz, P.; Baudrimont, M.; boudrineaud, J. & Boudou, A. (2006). 

Metallothionin response to cadmium and zinc exposures compared in two 

freshwater bivalves, Dreissena polymorpha and Corbicula fluminea. 

Biometal., 19: 399-407. 

4. Senthilkumar, P.; Samyappan, K.; Jayakumar, S. & Deecaraman, (2007). Effect of 

Heavy metal zinc on the neurosecretory cells of a freshwater field crab, 

Spiralothelphusa hydroma. J. Appl. Sci. Res., 3: 1609-1614. 

5. Wang, B.; Wang, T.; Jia, G.; Wang, M.; Shi, J.; Zhang, F.; Zhao, Y. & Chai, Z. 

(2006). Acute toxicity of nano- and micro- scale zinc powder in health adult 

mice. Toxicol. Lett., 161:  115-123. 

6. Thaker, A. A. & Haritos, A. A. (1991). Mercury bioaccumulation and effects on 

soluble peptides, proteins and enzymes in hepatopancreas of the shrimp 

Callianassa tyrrhena . MAP Tech. Rep. Ser.,48,89-104. 



105 

 

7. Kaplan, L. & Pesce, A. (1989). Clinical chemistry. Theory, analysis and 

correlation. Second edition. Mosby Company. United State of America. 

8. King, E. J. & Armstrong, A. R. (1934). A convenient method for determining 

serum and bile phophate activity. Can. Med. Assoc. J., 31: 376 – 382. 

9. Reitman, S. & Frankle, S. (1957). Colorimetric method for the determination of 

serum transaminase activity. Am. J. Chem. Path., 28: 65 – 58. 

10. Tietz, N. W. (1995). Clinical guide to laboratory Tests. W. B. Saunders Co. 

Philadelphia., P. 271-285. 

11. Amird, J. C.; Amiard– Triquet, C.; Berthet, B. & Metayer, C. (1987). Comparative 

study of the patterns of  bioaccumulation of essential (Cu, Zn) and non-  

essential (Cd, Pb) trace metals in various esturiane and coastal organisms . J. 

Exp. Mar. Biol., 106: 73 – 89. 

12. Thaker, A. A. (1989). Cadmium and mercury in hepatopacreas of the shrimp 

Callianassa tyrrhena, bioaccumulation and effect on proteins, peptides and 

enzymes. Ph. D. thesis, University of Athens, Greece. 

13. Thaker, A. A. & Mohammed, S. (2008).Effect of mercury on the total and 

electrophoretic profile of proteins and on the activity of three enzymes in 

kidneys of three species of freshwater clam: Unio Tigridis, Pseudontopsis 

euphraticus and Anodonta sp. J. Pure. Sci., (Anbar).2: 24-35. 

14. Thaker, A. A. & Mohammed, S. (2006). Effect of mercury on the total and 

electrophoretic profile of proteins and on the activity of three enzymes in 

gills of three species of freshwater clam: Unio Tigridis, Pseudontopsis 

euphraticus and Anodonta sp. Al-Anbar J. Agricu. Sci., 4: 222-231. 

15. Thaker, A. A. & Haritos, A. A. (1989). Cadmium bioaccumulation and effects on 

soluble peptides, proteins and enzymes in hepatopancreas of the shrimp 

Callianassa tyrrhena . Comp. Biochem. Physiol., 94C: 63-70. 

16. Spiro, T. G. (1978). Phosphatase transport and its activation by metal ions alkaline 

phosphatase. In inorganic Biochem. (Editted by Eichorn G. L.) Vol. 1: 624 – 

660 Mir. Moscow. 

17. Goldfisher, E.; Esser, S. & Novikoff, A. B. (1964). In: Use of histologicaland 

histochemical assessment in the prognosis of the effects of aquatic 

pollutants(ed) D. E. Hinton, M. W. Kendall and B. B. Silver. Sect. 528, 

Amer. Soc. Test. Mat. Philadelephia., P. 194-208. 

18. Denielli, J. F. (1972). Structural factors in cell permeability and secretion. Symp. 

Soc. Exp. Biol., 6:1-15. 

19. Gupta, V. & Rao, G. (1974).Histological studies on the chloride plexes of the goat 

embryos 11. Histological distribution of acid and alkaline phosphatase.  

Acta Histochem., 49:60-63. 

20. Hilmy, A. M.; Shabana, M. B. & Daabees A. Y. (1985). Effects of cadmium 

toxicity upon invivo and invitro activity of proteins and five enzymes in 

blood serum and tissue homogenates of Mugil cephalus. Comp. Biochem. 

Physiol., 81c: 145 – 53. 

21. Thaker, A. A.; Jawr, M. S. & Shahir, W. S. (1997). Alteration in enzyme activities 

and protein profiles in the tissues of mosquitofish Gambusa affinis (Baird 

and Girard) exposed to three concentrations of cadmium . Al- Mustansiriyah 

J. Sci., 8(3): 43-48. 

22. Deduve, C. B.; Pressman, G.; Gianetto, R.; Wattiaux, R. &  Applemans.. (1955). 

Intracellular distribution patterns of enzymes in rat liver tissue biochem .j., 

60:604-617. 



105 

 

23. Zonek, J.; Olkowski & Jonderko, G. (1966). Cytochemical studies on the behaviour 

of thiamine pyrophosphate nadh2. fetrazolium reducatase and acid 

phosphatase in the cerebellum of rabbit chronically poisoned with 

manganese. Int. Arch. Gewerbepath. Gewerbehya., 22: 1-9. 

24. Sastry, K. V. & Agrawal, M. K. (1979). Mercury chlride induced enzyme – ological 

changes in kidney and ovary of teleost fish Channa punctatus. Bull. 

Environ. Contam. Toxical., 22: 38 – 43. 

25. Jackim, E.; Hamline, J. M. & Sinis, S. (1970). Effect of heavy metals poisoning on 

five liver enzymes in kill fish Fundulus heteroclitus. J. Fish Res. Can., 27: 

383 – 390. 

26. Sheeba, L. (1999). A study on the effect of endusulfan an organochlorine 

compound in cavia procellus. Ph. D. Thesis, University of Madras, Tamil 

Nadu, India.(Cited in 4). 

27. Ghosh, T. K. (1987). Toxic impact of three organophosphates pesticides on 

carbohydrates metabolism in a freshwater fish Chana punctatus. V. Bio. 

Sci.,  6: 20. 

28. Sivukumari, R.; Manavalaramanujam, R.;  Ramesh, M. & Lakshmi, R. (1997). 

Cypermethrin toxicity: sublethal effects on enzyme activities in a freshwater 

fish, Cyprins carpio (Var. Communis). J. Environ. Biol., 18(2):121-125. 

29. Thaker, A.  A. (2005). The electrophoretic patterns of proteins and activity of four 

enzymes in the snail Melanopsis nodusa exposed to mercury. Al-Anbar J. 

Agric. Sci., 3: 27-33. 

30. Bell, G. H.; Davisdson, J. N.; Scorborough, H. & Garry, R. S. (1968). Text book of 

physiology and Biochemistry. 7
th

 ed.. Livingston. 

 
 

 
 
 
 
 

 
 

 

 

 

 
 

 


