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./0 1)�� �*	)'2 ����3�� �	 41�," 5��" ��2 ��6�1��� 73��"� .  7	�/0* 	����� & '	( 	�)")(�	 9��,: �

�(��;( <=>/?"#��@� A)BC �	 �	��3 ��6 ./0 1 #� D �� 	�)" ��� ��,"	 	)E� ��2 ��6�	 .	�� �F'��" 

 #��G)(�( �@� ����3�� �� �H�D I 0�� J")II ()CuO-NPs(  +M +� � ��HSP70  �	A. cygnea  �/C�	��

����	 <�)N," ��I� .IO�� �P �612  S�F" �	 3��CuO-NPs  ���N>T��6 0 )<(I6�O 25/0 < 5/2  �

ppm 25 /��* ���WI, .����  +M +� � #��  $� ����3��HSP70()* �	 +M ��� �'�)� �I/�� < �  F� �N( 	�)" �

IO �F�W X� <�/1�� ��� �	 .540  7I,,� I� �I �)Z>�)(HSP70 I �)Z>�)( �'�)� .IO +)>� �HSP70  �	

A. cygnea ��  ����	 4 ���8/19 <7/30 <7/26  �9/22  ��6I �)Z>�)( 3� I:�	A <C <G � T �	) . ^��/(

	)� +2 3� ���D  �� �E�)" ��CuO-NPs  +M +� � ��%'� �� �_,"HSP70 �6 �	  `��2 � �� ���� �	IO .

�"�  ab/C�7I6��" 7IO  +� � c�1 � � +MHSP70  �	 �	 ����,F" ����) 	)�( ��	05/0P> .(6 � ,d�

���� �	 +M +� � c�1 �� �E�)" +�"3 `��e�� �� <�1��� 	�)" ��68 3�� � ���� `��e�� �� +�"3 �O�* �� �"

) 	�	 +��( ��6�� I(�� .6	3��	 3��05/0≤P.(  �	 <f)�_" +MHSP70 ����	 �	 ��A. cygnea  ����	

 ��6I �)Z>�)( 3� ���g�� +�e "GC �()* ���1 �� �0��%" �	 �1��� 	�)" ��6�1�  c�1 �� +M ��� +� 

 �� �E�)" �!�CuO-NPs �" `��e��I���< �� �)!(�� `��e�� ��� +�e " ���)" +�"3 � �N>T �� �/0� �E

�1�. 

��>	"� :�2�6% cygnea AnodontaI 0�� #��G)(�( <�����D h)O � Z���� <�*	)'2 < J".  

1-  � #b O 7Ij�(�	 <#b O 7��* ���	�/1��F �P 9��," � �3����� k)>- 7�;�(�	 <�0�3 l !" �*�* <+�*�*.+���� <+  

2- 	�F �P 9��," � �3����� k)>- 7�;�(�	 <�0�3 l !" � #b O 7Ij�(�	 <#b O 7��* �� �(� +�*�*+�*�* <+���� <.  

3- m�,O��� IO�� 7�;���"32 �e��" X /(M � <�M)'),j�) � 7Ij�(�	 k)>- �3����� � 9��," <�F �P 7�;�(�	 �<+�� <+��� �.+���  

4- 9��," � �3����� k)>- 7�;�(�	 <�0�3 l !" � #b O 7Ij�(�	 <#b O 7��* <#b O ��/�	 �)_�(�	 F �P� +�*�* <

+���� <+�*�*.  
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#/2!/ 

 aI:Anodonta cygnea  �� o>F/"

 7	�)(�CUnionidae p�e� 3� �j� � ����

����	�� ��� O q2 ��6�1�  `,���� ��

7	�/0*./0 1)�� �	 �� � ��� O q2 ��6

4' � (	 �)O	��	 )Chojnacki et al., 2011 .(

./0 1 3� �C�� �	 +���� �	 �()* ��� ��2 ��6

 n��O+����  <�(����) 	��	 	)E� e (1373 .(

Anodonta cygnea  &�!� �,"�	 ����	

," �� !" &"�)- �� ��0( �, ��� �� 3� <�1�

�� ���  X� +�),- ��+��(�/0�3 �*  q)C

q2 ���� � +r 0�� �g�� +�e " �� e �� ��6

�" q)0!" ����T 	�)" 3� �,T �/0�)O 	

)Chojnacki et al., 2011.( �	 n�D �H�D  ���

����	�()* �eE �� I�I� ��C ���/�� �� ���6

�� �" ���O) 	��Lopes-Lima, 2014 �� .(

	)E� ��� q2 �*	)'2 +)d�6 �>"�)- �O�( �6

q�0� � >?� 3� �6 �� � �/F,: f�)(� 7r��

	��� � ��1 	�)" <��� � O q�(��� ���D ��6

��2 � ��� � O ��6	)�`��" �6 I(�)�

 	3�I(� 7�P�?" �� �� �()* ��� � FH�

)Chojnacki et al., 2011.(  

73��"� #��G)(�( �� & '	 73�I(� Xs)� 
�*r�� ���6 	)C A�C �!�1<  	�����

7	�/0*73)D �	 �� � .>- =>/?" ��6

�M)'),j� �/���I(� )Moore, 2006.( 3� 

���_(2 )(�( 3� �E)� &��W `?� �� � 	�)"

#g)B!" ��(�E +2�6 +)d�6 4>T�  #g)B!"

q�0� �l !" 	��� �/F,: ��6 ��2 ��6

�" 	)O)Daughton, 2004�(��;( <( ��6

�	 �(�e��3��7���  �� 	�)" ��� �'��/D� #��@�

 .�1� 7IO 	�_�� ��2 �0�3 l !" �"b1

�1���7	�	 +��( �6 �1�  3� ��� 0� ��

 #��G)(�( �� &���� � � ��� � 'bD & '	 ��

9�_� �	 l !"��6 <��2 �"I,(�)� ���� 

 I,O�� ��1 +��e�2)Durnev, 2008(�	 .  � �

J" �� �,/�" #��G)(�( <=>/?" #��G)(�(  ��

& '	 �1�/1	 <7	�1 �,�e6 � ��� � �*r����6 

 A�C ��� � O � �j�e � ��7	�/0* �)P ��

 I ')��" ���W 7	��/1� 	�)" �I(� * )Umer et 

al., 2012( & '	 �� 	�)" ��� <9W�� �	 .�/O�	 

 <�3����� �, "3 �	 ����j "IH A�)C

�/��� +����� 	����� �F,: � �jOe� I(�

)Kasana et al., 2016 .(	)E� ��  � I ')�

 +2 4W�F/" � J" #��G)(�( 7	�/0* 	�����

q�0� �3�1�6�&:�D ��6 +2 3�  l !" ��

�	 ��I(� #�-bP� <�0�37���  �'��/D� #��@�

 .	��	 	)E� 7I(3 #�	)E)" �� 	�)" ���

����	���*r�� & '	 �� �6 ���1 +)d�6 ���6
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 � +	)�`�g��  9�_� +2 9�� �� � o>F" #��G

 <#��G 3� �E)� &��W +�e " �� #�	)E)" +�),-

 �� t)��" #���C ����� �	 IF/0" �� 0�

�*	)'2 �/C�,O #��G)(�( 3� �O�( �� !" ��6

7IO) I(�Canesi et al., 2012�1��� .( �6

 7	�	 +��( �1� J" I 0�� #��G)(�( ��

)CuO-NPs( �"I,(�)� �	 `��2 9�_� 

� I,��) ��I 0�� m�/1� � ��  �	Mytilus 

galloprovincialis  �%'�I,,� )Gomes et 

al., 2011 �� ��;�	 �1��� �	 � ,d�6 .(

�()* ��� M. galloprovincialis  u?�"

 �� IOCuO-NPs  �� 4 12 ��%'� v-��

DNA �	 n)>1��6 ')�6,= �")O	 )Gomes 

et al., 2013 .(  

���.6 <�/�� m�/1���6 �� !" �"I,(�)� 

X� ��%'� v-��  �	 �j�M)')�e � #��  $� ��1

 #�	)E)"I()O �	 �  $� <�/1�� ��� �	 .c�1 

 � +M +� ��C�1 X� 9��1 � Z���� ��1 �6

� Z���� +)d�6) �����D h)O ��6HSPs (


1�� +�),- ��m�/1� ����� �	 n)�F" ��6 ��6

7IO �/C�,O �� !") I(�Lakhotia and 

Prasanth, 2002(. <�� ��� 3�  #��  $� ����3��

 7IO 	�_���	  +� � c�1mRNA  ���

� Z�����6<  ���1�,O �	 I"2��� �O�� +�),- ��


1�� I-�0"�( l���O ����� �	 �j�M)')�e � ��6

�0�3�" �/��* �N( �	 �� !" 	)O

)Bierkens, 2000 .(HSPs 7	�)(�C 3� ��

� Z�����6 ��C�� �	 �� �1  ��� D ��6I,�2��

n)>1 �	 �����" �6I(��	 m�/1� l���O � �3

+2 +� � ��%'� �� �_,"�" �6)O) 	Iwama et 

al., 1998.( �	 � � � Z������6 h)O  <�����D

HSP70  �1��� �	 aI6 � Z���� +�),- ��


1��&1�" �	 m�/1� ��6 ���1 3� ` � <�6

� Z�����6 	�)" �E)� ���W �/��* �1� )Fabbri 

et al., 2008 .( ��n�D �6<  ��� #�F'��"

�	7��� &1�" �	 � Z���� ��� +M +� � k�_(� �6

 7IO �1� +)d�6 A�C �()* I,s �� ��

Crassostrea gigas )Hamdoun et al., 

2003 <(Mytilus galloprovincialis 

)Franzellitti and Fabbri, 2005; Dutton 

and Hofmann, 2009; Bebianno et al., 

2015( � Mytilus californianus )Place et 

al., 2008 ( 	�I!"�"	)O �	 .�F'��"  �H�D

 �� � 	�)")(�( +�e��3�� 	����� �/��* �N( �	 ��

 � �6� �� �E)�Anodonta cygnea  +�),- ��

 X�+��(�/0�3 �* �*	)'2 �	 5��" ��6

�0�3,d�6 � �� !" �	 #�-bP� +�I%� � 

 c�1�')j')" I 0�� #��G)(�( �@� ����3�� �� <

J" )II( �� +� � +M HSP70 �	 ����	�� 

A. cygnea .IO �/C�	��  
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@�� � &"
/�A  

B�.#$%�& ��"2-C, � �����"�A  

����	���6� Anodonta cygnea 

 (&1�") 7�"�" �	1394  �(�C	�� 4B" 3�

J�1 �	 9W�� �_� +��I(3�" +�/1� 7I,�

(36°48́46́ ʹN, 53°6́57́ ʹE) 9�E �� � ���2

�e�2 �'�1 � �3����� k)>- 7�;�(�	 �����

 l1)/" .I(IO 7	�	 n�%/(� +�*�* �F �P 9��,"

�()�( +3� � n)P�� �6  4 ���9/0±5/11 

�/(�1 � �/"6±5/84 ����	 .	)� k�*�� �� �6

 �	 �/�6 �	 #I" �� ���*3�1 �)N,"

k)���)�2�� O ��6�� ._D �� 60  q2 �/ '

.I(IO ���I;( 7IO ���	3�>� ��O  �� ���$�

 X�>E 3� 7	��/1� �� �(�3�� #�):Chlorella 

vulgaris )1-L.cells610×3 .���* k�_(� (

uC�O��� � O)j�e � ��6  #I" �P e ( q2

 ���I;( <�)N," ��I� .���* ���W ����3�� 	�)"

 � n)>!" +r 0�� <�"	pH  3� 7	��/1� ��

) Xs����  7�;/1	Water Checker U-10 <

 �/")/� 7�;/1	 3� 7	��/1� �� q2 �/?1 � (���M

)Wagtech73�I(� (+��'2 <   .IO �� * 

  

 D/ 2�9%" E"�F
,�, �
6G/ #�-�)II(  

 �� <7� CG n)>!" � � �)N," #��G)(�(

) J" I 0��II (�	)�)(�() CuO-NPs <40 

% <�/")(�(99 yA)>C US Research 

Nanomaterials Inc.�j��"2 < 3� 7	��/1� �� (

) X ()1��/'��Top Sonics 400-A+��'2 < (

 ��	 �	rpm400  #I" ��20  q2 �	 �% W	

) ��%"1-L.mg200 �;�6 #�): �� � `?� (

�	 ��� & '	 �� .I(I"2  3� J� #��G)(�( ��24 

 ��48  ��2 n)>!" �	 �-�1q)1� �" <I,���

o >F� 	I_" n)>!" 7� CG �� #�): 
�(�3�� ) �e��(M)�6 3� 7	��/1� ��T25 Digital 

Homogenizer <IKA Ultra-Turrax <

+��'2 ��	 �	 (rpm14000  #I" ��15  �% W	

 �� e ( #��G `,���� 7)!( � 73�I(� .���* k�_(�

 7�;/1	 3� 7	��/1� DLS)ZEN 3600+��'2 < (

 .IO �  F�  

  

J��/*� K(L  

 3� J� �/�6 �	 �P <���*3�1 7��	

&1�" 7��* ��s �� ��	�B� #�): �� �6

 +�I�) I6�O +�),- �� 7��* X� :I(IO . 0%�

CuO-NPs �	 7��* �1 � IO �/��* �N( �	 (

 S�F"CuO-NPs .I,/��* ���W  m�1� ��

�/��* #�): #�F'��" � � � �N>T �1 <

 3� 7I,�� �!�CuO-NPs  &"�O25/0 <5/2 

 �ppm25 �?/(�) IO qQadermarzi et al., 

2017 .(��� � �6 ����  �/��* �N( �	 ���j� �1



 � ���
HSP70  �%Anodonta cygnea  �
 &'(��) �%CuO-NPs       	
� ���������
 � �����	�� :���5)3  (1396  ]5[  

 

IO )6 (���j� �6 ���� �()�( #I" n)P .

 �E�)"12 #I" ��� �P � 	)� 3�� q2  l !"

�" z�)F� �(�3�� #�): ���()�( .IO 3� ���	��

���� ��63�� �P `��2 � �� ��64 <8  �12 

 <�)N," ��I� .IO k�_(� �E�)"&1�" �� �6

) X? " &* �	)� 3� 7	��/1�1-L.g1�� ( �)6

 I(IO���� �9�E �N( 	�)" ��6 ���2IO .

����n)(��� k��D �	 �>:��b� �6-  X�C 
�

 I�_,"IO 7	�	 ���W  {��?/1� +�"3 �� �RNA 

��"	 �	80 - �/(�1 �E�	 .IO ���I;( 	��*  

  

 M"(NO�"RNA  �P:�� cDNA 

RNA  o�P n�e���� � � 3� 7	��/1� �� &�

 7I(3�1 ���O &j����)Invitrogen�j��"2 <( 

 	�ID 3�100 �> " �3�1�IE ���� �6 3� k�*

 3� .IODNase I )GeneAll��),E 7�� < e ( (

 a�D ����gDNA �()�( J� .IO 7	��/1� �6

 +2 3�RNA  �� ��"	 �	 7I"2 �1	80- 

�/(�1 �E�	 	��* � �� .IO ���I;(RNA 

) |��	)(�( 7�;/1	 l1)�2000c <Thermo 

Fisher Scientific�j��"2 < +�e " `(�)C �� (

�E�()�( q��0( �	 �6 280/260  �/")(�(

 �  F�IO � � � � ,d�6 .RNA  o��P 3�

 3�)���/j'�)Bio-Rad (�j��"2 <3��*2 nM 1 

I:�	 .IO ����3��  

�C�1 cDNA � � 3� 7	��/1� �� 

)RevertAid First Strand cDNA 

Synthesis <Thermo Fisher Scientific <

 (�j��"2 3� �� ��� <�:bC �)P �� .IO k�_(�2 

 k�*��j "RNA  �1  �/ '��j " �*3�T2Oligo 

dT )��j�)(+���� <�0�3q2 3� 7	��/1� �� < 

DEPC )��j�) (+���� <�0�3 ._D ��12 

 � IO 7I(�1� �/ '��j "�"	 �	 �65  �E�	

�/(�1 	��* #I" ��5  �% W	 �)���)j(� �	

)CM120E(+���� < ���* ���W 3� J� .

 <
� ��� �3�1	�14  `,��� ���� �/ '��j "

(5X) <1  �/ '��j "RiboLock RNase 

Inhibitor )U/µL20( <2  �/ '��j "dNTP 

)mM10 � (1  �/ '��j "RevertAid M-

MuLV RT )U/µL200(  �	 � ���H� ��"	

42 �/(�1 �E�	 #I" �� 	��*60  ��)j(� �% W	

 �	 �/��* ���W �� �P)��" `,��� ���( �	 .IO

 ��"	70 �/(�1 �E�	 #I" �� 	��*5  �% W	

 .���� ����C 

  

 +3"(L(>*�Q�  �+��(� �	 ����  

 �D��P�*3�T2 +M ���� �:�B/C� ��6

HSP70 �'�)� 3� 7	��/1� �� 7IO ���e* ��6

�	 X(�� �(�E 7	�	��6 �M)'),j�) � )NCBI (

 �� t)��"Dreissena polymorpha 
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)EF526096 <(Modiolus modiolus 

)EU050640 <(Perna indica 

)GU391233 <(Sinonovacula constricta 

)JF748730 <(Mytilus edulis 

)AF172607( � Mytilus galloprovincialis 

)AY861684 .���* k�_(� (�*3�T2  � '��

HSP-seq �'�)� ����� ����  �� +	��2 �1	

 +M �'�)�HSP70 �*r�� .IO 7	��/1� 

�*3�T2 �'�)� �� ��� /1	 ���� 7IO �D��P ��6

+Mn�IE �	 �F'��" 	�)" ��6 1 7	��2 7IO 

.�1� �	 ���( �*3�T2��6  ���� 7IO �D��P

 ��e�� �	 +	)� �:�B/C� ����3��Primer-

BLAST  ���1NCBI  ���W +)"32 	�)"

 ��E ��� ��	�B� � }j� `,��� .���*�*3�T2 

) �>j��1)"�� 7�;/1	 �	PeQlab+��'2 < �� (

 ._D30  &"�O ��/ '��j "5/1 �> " �g)"

 <k)�e ," I��>�2/0 �> " �g)"dNTPs <10 

 � �6�*3�T2 3� k�I��6 3� �g)")j �5/0  ID��

 .�e(2TaqDNA Polymerase )Thermo 

Fisher Scientific�j��"2 < #�): �� (10 

�/O�1�� �% W	 <� '�� �3�140  ��"	 �� �C�s

�/O�1�� � '�� �3�194 �/(�1 �E�	 �� 	��*

 #I"30  n�B�� <� (�@�*3�T2  ��"	 �	56 

�/(�1 �E�	 #I" �� 	��*45  l0� � � (�@

 ��"	 �	 ���e(272 �/(�1 �E�	 #I" �� 	��*

60 ( �	 .���* #�): � (�@ ���e(2 l0� ���

 ��"	 �	72 �/(�1 �E�	 #I" �� 	��*5 

.IO k�_(� �% W	  ��I%"10  3� �/ '��j "

 n)B!"PCR  3��*2 nM ��� ��1  	�)" I:�	

 � }j� ���� aI6 I(�� � ���* ���W ����3��

 `,��� �	 � ��� 7����	PCR  ���O 	I_"

.IO 7	�	  n)B!"PCR  41�," � � � ��

�'�)� ���� 7	��/1� ���P �	 ����IO.  

  

 ��2.1:  +>R��(>*�Q� �&�$O�" &�
/ ��A�"(� �	 +�"
� #� +���O�&#5��S/ &�
/ ��A  

 ��,(>*�Q�  +�"
�  
#5S; �
L  

(*�� P$.)  
#5S;  

HSP-seqf  GGTGAAGA(T,C)TTTGA(T,C)AA(T,C)(C,A)GAATGGT  26  640  

HSP-seqr  TGAATG(G,A)(T,A)(G,T,C)AC(G,C)(G,C)C(C,A)GGCTGGTTGTC  26  

ASHSP-F  GACAAGAAGGACCTCACCTCAATGC  25  124  

ASHSP-R  CCCTCAAACAGCGAGTCAATCTCAATC  27  

Bactin-F  CCTCACCCTCAAGTACCCCAT  21  153  

Bactin-R  TTGGCCTTTGGGTTGAGTG  19  



 � ���
HSP70  �%Anodonta cygnea  �
 &'(��) �%CuO-NPs       	
� ���������
 � �����	�� :���5)3  (1396  ]7[  

 

  

Real Time PCR  ��� 3� 7	��/1� ��

 k�_(� ���*����1 J,1�)>� ~(� �� �,/�"

 7�;/1	 �	 �I/�� ��� ��� �	 .���*

 `,��� k�_(� l���O �')�F" �>j��1)"��PCR 

 �N>T <`,��� ._D &"�O�*3�T2 ��"	 <

 n�B���*3�T2 l0� ���� k3g +�"3 #I" <�6

 �@)" &"�)- ���1 � k)�e ," I��>� �N>T <�F�W

� }j� ��  �, �IO �, � l���O . ��7I"2 �1	 

�	 7�;/1	 StepOne Real Time PCR 

)ABI�j��"2 < ��E� (IO +	�� �, � ���� .

��"	 n�B�� �*3�T2�6 3� ��� Gradient PCR 

� ,d�6 .IO 7	��/1�  �/1�	 � �!:

cDNA �/C�1  3� 7	��/1� �� 7IOPCR  +M

�()�( ��6 �	 n�/,� �F'��" 	�)" ��6 �1���

IO `,��� k�_(� ���� .Real Time PCR  3�

 � >�48  ._D �� 7�;/1	 A)B?" �j6�s

`,��� ���( 15 �/ '��j " &"�O 2 / '��j "� 

cDNA )ng/µL50( <3 �/ '��j " Ex Taq 

II Mix SYBR Premix )X1 yTakara <

���M( 8/0  ��6�*3�T2 3� X� �6 3� �/ '��j "

 � � � � � 0�)µM5/0(  &��/1� ��%" q2 �

 .IO 7	��/1� <���( ._D �� +I 1� ��  

  

T�6G� � #���� ���/�  

7	�	��6 &:�D 3� �1��� +� � +M  ��  

 �/'	 nI" 3� 7	��/1�Ct )Ct∆∆ yLivak and 

Schmittgen, 2001 (<& >!� � ��e_� 3� J� 

�	 k�(��e�� Microsoft Excel 2007 	��� .IO 

7	�	 & >!� � ��e_� ��67��* �� t)��" ��6

=>/?" ���� <�N>T =>/?" ��6��� �) ��6

=>/?" � +�"3�()�( =>/?" ��6 (���	�� ��

7	��/1� 3� k�(��e�� SPSS �?0( 18 �!� e '�(2 

X� J(����� ���P &��)/���.���* ���W  �0��%"

� ;(� "�	 �6 7��* =>/?" ��6 7	��/1� �� e (

 3� �j(�	 +)"32���* #�): )05/0<P.(   

  

U��O,  

V:��)� +������
���� ��A  

uC�O��� � O)j�e � ��6  #I" �P q2

 �� ���I;( ���5�O :	)� pH 35/0±42/7 <

 �"	1±22 �/(�1 �E�	n)>!" +r 0�� <	��* 

36/0±6/7 �> "�/?1 � �/ ' �� k�*  q2

8/5±256 �> " .�/ ' �� k�* 

  

D/ 2�9%" E"�F
,�, �*"2," )II(  

 73�I(��	 #��G  I 0�� )(�( n)>!" �()�(

 &jO �	 J"1 �	 +��(	 �E)� �� .�1� 7IO 7

&jO ��< 95  n)>!" �	 #��G ��_D I:�	

 ��W ����	 �I �)>�85  ��� �� I,/06 �/")(�(

 #��G 73�I(� +	)� )(�( 7I,6	 +��( �"� �� ���
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 7IO �/��*�1� `,���� 7)!( <m�1� ��� �� .

#��G)(�( I 0�� J" )II( �	 q2 k)���)�2 ���D 

�	������"��� � 	)� +�0j� �6 �	����� �� �6

 I 0�� #��G)(�( �� �E�)" �	 �C�),j� �)P

) J"II �� �E)� �� � ,d�6 .I,/��* ���W (

�" a��* �	 #��G)(�(  �� ���* �_ /( +�)�

 +3�?" =� q)1�.I,/�� (   

  

 P��% � P�$�%RNA �2� M"(NO�"  

#IO q�E �	 ��0( 280/260  �/")(�(

�()�( �	 ��6RNA ���� 3� 7IO {��?/1� ��6

 �,"�	 �	 `��2 � ��1/2- 9/1  �� .I"2 �1	

n)P �	 q�E +�e " <f)�_" �	 {)" ��6

 41�," � >��W 3� ���D <�1��� 	�)"RNA 

 .	)� �N( 	�)" ��6��� � �	 �E��?/1�

 �� 	�	 +��( 3��*2 nM 3�)���/j'� � ,d�6

RNA "2 �1	 ��7I ���� 3� 3� =>/?" ��6

 ��	�)C�� ��)>�" � � � &jO) 	)�2(.  

  

 +3"(L(>*�Q�  

�'�)� �_ /( +M ����HSP70  �	NCBI  ��

 �1�/1	 I�KX758099  �);'� � ���e*

.6 +M ��� �'�)� �� �0��%" �	 +2 7IO =�	�

�()* ���1 �	 n)P �� 7	�)(�C ��� ��6540 

 &jO �	 3�� ��E3  .�1� 7IO 7	�	 +��(

�C�	 �(M)> � . 1�� 7IO � 7�;��E �'�)� 
A. cygnea �()* ���1 �� �0��%" �	 �� e ( �6

 &jO �	 4 ���4  n�IE �1  7IO 7	�	 +��(

 <^��/( �� �E)� �� .�1� �I �)Z>�)( �'�)�

HSP70  �	A. cygnae  ����	8/19  I:�	

 I �)Z>�)(A <7/30  I �)Z�)( I:�	C <7/26 

 I �)Z�)( I:�	G  �9/22  I �)Z�)( I:�	T 

 .	)� � ,d�6 +MHSP70 �()* ��� ����	 

4/57  I:�	 3� ��6I �)Z�)(GC  ^��/( .	)�

 3� ���D e ( �(M)> � �C�	 . 1�� 3� &:�D

 �/��* ���WA. cygnea  �(�*�IE �	b� �	

�()* ���1 �� ��0(.	)� �6  
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 T�1: �*"2," B�*
� D/ 2�9%" E"�F
,�, �")II ( �&�
��"
%���A #$%�& ���3 )��"�A  

  

  

 T�2 : �	 (�
W��2/� P�& #�  *��>� *�
��(O�" *"1  #,
> �"(� 2X�&Anodonta cygnea  
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 T�3: �A �
C�"�2� Y�&�  �	 +�"
�HSP70  �
L #�540  *�� P$.#$%�& �& �"Anodonta cygnea 

#,
> (��� �& �	 '�" +�"
� �� #9��!/ �& ��A�A�&"
,�:  

  

                                         10        20        30        40        50        60        70             
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                GCCCGTGCTCTGCGTCGCTTGCGTACTGCCTCGGAGCGCGCCAAGCGCACCCTCTCGTCGGCTGCTCAAA  
Dreissena polymorpha EF526096   ..AA.AAGCA.T..C...C..A.A.......GT........A...A.G..A..G..TAGT.GAA.GG..G  
Mytilus edulis AF172607         AAG......G.C..A..AC.TA.A.....T.GT..AA.G..A...A.A.....T..T..AAGCA.A...G  
Mytilus galloprovincialis AY86  AAG......G.C..A..AC.TA.A.....T.GT..AA.G..A...A.A.....T..T..AAGCA.A...G  
 
                                         80        90       100       110       120       130       140        
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                CCACGATTGAGATTGACTCGCTGTTTGAGGGTATCGACTTCTACACTTCTATCACCCGTGCCCGCTTCGA  
Dreissena polymorpha EF526096   .G.GC..A.....C...G.AT...AC..A...C.T.....T.....AAAG..A..A..C.....G..T..  
Mytilus edulis AF172607         .A.GTG.............TT.......A..AG.T.....T..T..AAGC.....AA.A...A.G..T..  
Mytilus galloprovincialis AY86  .A.GTG.............T........A..AG.T.....T..T..AAGC.....AA.A...A.G..T..  
 
                                        150       160       170       180       190       200       210      
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                GGAACTGTGTGGTGACCTTTTCTCGCACACAATTGACCCTGTTGAAAAGGTCCTGCACGACTCGAAAATT  
Dreissena polymorpha EF526096   ...G.....C.CG.....C...CG.GC...CT.A..G..G..G..G..A.CG....GA..TG.C..GC.G  
Mytilus edulis AF172607         ....T..AA..CA..T......AGAGGA..C..G..A..A........A.CT..A.GT..TG.C...C.A  
Mytilus galloprovincialis AY86  ....T..AA..CA..T......AGAGGA..C..G..A..A........A.CT..A.G...TG.C...C.A  
 
                                        220       230       240       250       260       270       280      
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                GACAAGGGCTCGGTTCACGAGGTTGTTCTGGTCGGTGGTTCGACCCGTATTCCACGTGTGCAGAAGCTGC  
Dreissena polymorpha EF526096   ......TC.CG.A.A........A..GT..........C.....T..C..C..TA.G..C........T.  
Mytilus edulis AF172607         .......CTG.T..C..TA.AA....CT....A.....A..A...A.A......AAAA.C......T.A.  
Mytilus galloprovincialis AY86  .......CTG.T..C..T..AA....CT....A.....A..A...A.A......AAAA.C......T.A.  
 
                                        290       300       310       320       330       340       350      
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                TCCGCGACTTCTTCAATGGCCGCGAGCCGAACAAGTCGATCAACCCAGACGAGGCTGTCGCTTACGGTGC  
Dreissena polymorpha EF526096   .A.AG..G...A.G..C...AAG....TC.................G..T.....G..G..G........  
Mytilus edulis AF172607         .T.AG.....T.....C...AAA..ATT......A..C..T.....T..T..A.....A-----------  
Mytilus galloprovincialis AY86  .T.AG.....T..TC.A...AAA..ATT......A..C..T.....T..T..A.....A..A........  
 
                                        360       370       380       390       400       410       420      
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                CGCCGTCCAGGCTGCCATTCTGACGGGTGACACGTCCGAGAAGACGCAGGACCTGCTTCTTCTCGACGTT  
Dreissena polymorpha EF526096   ...T........C..T..CT..T.C..C...CGC..G...GC..TCA....TG.C..G...G.G..T..A  
Mytilus edulis AF172607         ----------------------------------------------------------------------  
Mytilus galloprovincialis AY86  A..T..G.....A......T..T.A.......A...A..AG..GTA..A...T..T.AT.GT.A..T...  
 
                                        430       440       450       460       470       480       490      
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                GCCCCTCTCTCTATGGGTATTGAAACGGCTGGTGGTGTCTCTACCCCTCTTATCAAGCGTAACACGACCG  
Dreissena polymorpha EF526096   ..G..G..T..GC....C..C..G..C..G..A..C..AATG...AAA..G..TG.A..A.....C.AG.  
Mytilus edulis AF172607         ----------------------------------------------------------------------  
Mytilus galloprovincialis AY86  A....A..G...C.T...........A.....A.....GATG..AG....A.....A.....T..A...A  
 
                                        500       510       520       530       540     
                                ....|....|....|....|....|....|....|....|....|....| 
Anadontae sygnea                CGCCAACCAAGAAGTCGGAGGTCTTCTCGACTTACGCGGACAACCAGCCG  
Dreissena polymorpha EF526096   T...G..G...GCTA.AC..ACA...A.C..G.....C............  
Mytilus edulis AF172607         --------------------------------------------------  
Mytilus galloprovincialis AY86  TT.....A..AC..A.AC.AAC....A.T..C...T.T.....T.....T  
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 T�4:  #,
> �"(� �2� ���(� +,	
6�� P:�&Anodonta cygnea.  �	 �"(� +,	
6�� ]�"��HSP70 

�A *" D�P��& (1%"23 @�� #� #,�>2�= �*"(� �� +���,1000 �"�&
: ���.P�" �2� ���(� �*"2,"  

  

 ��2.1 �	 +�"
� #9��!/ #� ^
�(/ E�7_L" :HSP70 #,
> �&Y6ON/ ��A  

�A+$�&�  
 �	 �
L #9��!/

(2��
`6%
,)  

 2X�&GC  #,
> �&

(%) �2� #9��!/  

 �� PA�4� (1%"23

�2� #9��!/ #,
> (%)  

Anodonta cygnea/Dressina polymorpha 943/540  6/55  73/65  

Anodonta cygnea/Modiolus modiolus 501/540  7/42  25/66  

Anodonta cygnea/Mytilus edulis 570/540  40  47/26  

Anodonta cygnea/Mytilus galloprovincialis 2396/540  9/38  85/66  

Anodonta cygnea/Perna indica 920/540  7/42  1/70  
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 �	 +49, ����HSP70  �& �� P��� �&

Anodonta cygnea 
 +M ��0( +� �HSP70 ���� �	 �	 �� ��6

����	 ��A. cygnea �N>T �!� =>/?" ��6

 #��G)(�( I 0�� J")II ( ��63�� �	4 <8  �

12  ����3�� �E�)"IO &jO �� �E)� �� .5 <

�N>T �� �E�)" =>/?" ��6CuO-NPs <

�_,"  +M +� � ��%'� ��HSP70  �� ���� �	

IO &��W `��e�� <�E�)" ./�6 3�� �	 .

 �0��%" �	 �N( 	�)" +M +� � c�1 3� �E)�

) IO 7I6��" I6�O ��� � ��05/0P≤ �	 .(

 +M ��0( +� � <+�"3 �� �/0��� &������ �1���

� ��� �	 �N( 	�)" �1��� 	�)" �N>T ����

)ppm25/0 �� k��s 3�� 3� <( ./�6 3��

 3�� �	 �	I_" +2 3� J� � `��e�� �E�)"

) ���� `6�� .6	3��	05/0P≤ �� �/�'� �� (

 I 1�( k��s 3�� �	 7I6��" +�e "

)05/0P>��  $� .(#  +M ��0( +� � +�e "

HSP70  �N>T �	ppm5/2 �� e (�()* 	)� ��

 �	 <�E�)" ./�6 3�� �	 `��e�� 3� J� ��

I_" �E�)" .6	3��	 3�� ���� `6�� �	

)05/0P≤ ��� � .(ppm25  �� ����" I(�� e (

 &jO) 	�	 +��( �6��� � ���15 .(  

 �P <�N>T �� �/0��� &������ �1��� �	

 #���� <�E�)" .6	3��	 � k��s ��63��

�N>T � � �(�I,s �1��� 	�)" =>/?" ��6

 3�� �	 �� 	)� �'�D �	 ��� .I�( 7I6��"

 ��� � �	 +� � c�1 ����g�� <./�6ppm5/2 

 ab/C� �N( ��� 3� �/�'� �� IO 7I6��"

 ��6��� � � � 	)E)" �� �/��� �E�)"

�N>T#��G)(�( =>/?" ��6 �,F" 	)�( ��	

)05/0P>( c�1 <./�6 3�� �P � ,d�6 .

 +M +� �HSP70  I6�O ��� � �	 �� �)P

�,F"� ��� ���	 	)� �6��� � ���1 3� ��

)05/0≤Py  &jO5.(  

   

 �	 +49, ����HSP70  �& J0�� P��� �&

Anodonta cygnea 
 +M ��0( +� � c�1HSP70  ���� �	

 &jO �	 `��26  �	 .�1� 7IO 7	�	 +��(

 �� �E�)" <�1��� 	�)" ��6��� � �"���

CuO-NPs  +M +� � `��e�� �� �_,"HSP70 

 I6�O ��� � �� �0��%" �	IO  #���� ��

 ./�6 3�� �	 �,� �N( ��� 3� 7IO 7I6��"

�,F" �E�)") 	)� ��	05/0P≤ ����3�� �	 .(

#��  $�  � � �	 ����" I(�� <+�"3 �� �/0���

 IO 7I6��" �1��� 	�)" ��6��� � ���)!( ��

�* �� �N( 	�)" +M +� � c�1 � +�"3 �O

`��e�� �E�)" ./�6 3�� �� +I 1�  3� J� �

 ���� `6�� �	I_" .6	3��	 3�� �	 +2

)05/0P≤ �1��� �	 .(#��  $�  �� �/0���
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 k��s ��63�� �P +M +� � +�e " <e ( �N>T

 ��� � �	 <�E�)" ./�6 �ppm25/0 � ��� ��

 �� 	)� �'�D �	 ��� .	)� �6��� � ���1 3�

+�e " ����g��  ��� � �	 +� �ppm5/2  7I6��"

) IO05/0P> ./�6 3�� �	 � ,d�6 .(

 <�E�)" +M ��0( +� � c�1HSP70  �	

�,F" �)P �� I6�O ��� �� ��� ���	 ���1 3� ��

 �� �'�D �	 	)� �6��� � ��6��� � � � �E�)"

�N>T �� 7IO#��G)(�( =>/?" ��6  #����

) �O�I( 	)E� �(�I,s05/0P>(.  

  

  

 T�5:  �	 +49, ���� E"(��b�HSP70 #$%�& �& �� P��� �& �"Anodonta cygnea  +L�� #-."
/ 

Pc6Q��A E��$O/ ) D/ 2�9%" E"�F
,�,II(  �&�A*�� '�C,��/) Y6ON/ �± (���5/ d"(G,"  

  

  

T� 6:  �	 +49, ���� E"(��b�HSP70  P��� �&J0�� #$%�& �& �"Anodonta cygnea  +L #-."
/

�� Pc6Q��A ) D/ 2�9%" E"�F
,�, E��$O/II(  �&�A*�� '�C,��/) Y6ON/ �± (���5/ d"(G,"  
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 #9��!/ �	 +49, ����HSP70 P��� �& ��A

 Y6ON/  

 +M ��0( +� � c�1 �0��%"HSP70  �	

���� � � &jO �	 �1��� 	�)" ��67  +��(

 +� � +�e " <&jO �� �E)� �� .�1� 7IO 7	�	

 ���� �	 �E�)" k��s 3�� �	 �N( 	�)" +M

�N>T �"��� �	 `��2 ��g�� �1��� 	�)" ��6

3�� �	 �� 	)� �'�D �	 ��� .	)� �� ���� 3� 

� � �(�I,s #���� ./�6 ���� 	�)" ��6

) I�( 7I6��" �1���05/0>P 3�� �	 .(

 +M +� � c�1 e ( �E�)" .6	3��	HSP70 

�N>T �"��� �	 `��2 ���� �	 ��� �6

� ��� 7I6��" ab/C� �� 	)� �� ���� 3� ��O 7I
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Abstract  
Anodonta cygnea is considered as a suitable species in evaluating the pollution of 

aquatic ecosystems because of the low resistance to changes in environmental 
conditions. Nowadays, due to the wide application of nanomaterials in different 
industries, the negative effect of these materials on aquatic life is of great concern. In 
the present study, the effect of copper oxide nanoparticles (II) (CuO-NPs) on HSP70 
gene expression was evaluated in A. cygnea. For this purpose, the mussels were exposed 
to the concentrations of 0 (control), 0.25, 2.5 and 25ppm of CuO-NPs during 12 days. 
To analyze the changes in HSP70 gene expression, the sequence of this gene was 
determined in this species. In this regard, a fragment of 540 nucleotide coding HSP70 
was cloned. The nucleotide sequence of HSP70 in A. cygnea contained 19.8, 30.7, 26.7 
and 22.9 percent of A, C, G and T, respectively. The results indicated that exposing to 
CuO-NPs induced HSP70 gene expression in both tissues of foot and gill. Hereof, there 
was no significant difference (P>0.05) in gene expression level of HSP70 among foot 
and gill tissues. Also, the gene expression level in the studied tissues increased with 
increasing exposure time up to 8 days while it showed decrease over the time up to 12th 
day (P≤0.05). In conclusion, the HSP70 gene in A. cygnea showed higher level of GC 
nucleotides in comparison to the other studied species and the expression level of this 
gene increases under exposing to CuO-NPs so that this increase is dependent on the 
concentration and time. 

Key words: Anodonta cygnea, Pollution, Heat Shock Protein, Copper Oxide 
Nanoparticles. 
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