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 ������ ���� ��� �����  ! �	�  ��"�!�� #� $�% &��' ( ( �)�&	�! � $*( 	��+ ���� �	�,�) #

-�'�(�)� #�"�!�� .�/0!� ��� #� . �,�)� ! .' ( 2��3 4� #� 5!�6+ #�"�!�� 4� 7�8���#� �	 ���  4�  9)��+

.��  �  ����  &( :�+ $�;�< �	�,�)� ! ��=>�  ���/��)�?*�@ #�"�!�� A/!B� ��� �	 . #� ���  .�C�+

Penaeus vanamei 2*�*���� .!�����D��E $� �F .�/ )SMWCNT(  G��� #� H� .�� ��=>�&	�F 

����2*�*�/  2  -�'�( 4����)�!��I*� G�J�� ��K�+ 2  04����� ��)� � &("�!�� G�LM+ 0�  $��  �KL%

mg/mL7 ���� 2 2*�*�/  2��O� �� ! ��+( �)	 2  G�LM+ :�+ 2 4  .�+	 �	 �Q�)C°10 �I�� .�� 2 ��  

 #�3 :�,�� ���  �  �U��� ��  )pH 5/7( 0 -�'�(���� �	mL1  .�� YZ :�,�� ��� [�)� �   �)	 2  \����

 0��+(���  .!� -�'�( ��=>� 2*�*����.�/ 0$� �F $����Z .������ 0:�+ $�;�< .������ ��� !�	 .���pH 

 .�/#� ��� ��=>� -�'�( 2���  .�+	 .��U8  	�=�  $�D�� Y �] &�'�+ 2  �� $���M 60  2 C°80  A��'��

 ! ����pH  .	�I� .���`� 2��� ?@��) .�/�) -�'�( $I���mK  !catk �	 '�� (5�C�/  ��=>�	 ��8�)

 ���`�����. $+ &�U� \���� ���2F �/	  #� -�'�( #�"�!��Penaeus vanamei � �  ��� ��=>� .!

2*�*��������D��E $� �F .�/0 ;�  .������ Y�*	 2 0 $+ &���.��  *��I���  .�/	� ��F)� .a� �	�,��F	.  

��6�1� :
2�8.  .�C�+ 0#�"�!�� -�'�( 0��=>�vanamei Penaeus2*�*���� 0����D��E $� �F .�/.  

1- �cU��	. ���� $)�����F ���#���	 $)���0 �!�3 ���#$)��� 0���	 ��IU��	 Q5�L ! &��� 0$����	 ��CU��	 

0&�3'+�/ 0[�=Q���  &����.  

2- ���	��)� �!�3 0$�����  ��IU��	 05�LQ ��CU��	 0&�3'+�/ 0[�=Q���  &����.  

* :G�"�+ ������� a.homaei@hormozgan.ac.ir  
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e�M+$ ( .�/0  Y�*	 2 ����	 2��3 .�/

.' ( 	���+0  ��*�� ! fUF .��  $�;�  ����g

�	�!(��.�/ $���# fL�8+ ����+ -�'�(�/ .����	 

G�) �	 :��*�h+ ��@� .�/�	���3 .!� .�

-�'�(2��3�	 	�D�+ .�/-F .�/! .' ( i�J+ 

5�c�� &��' ( �C�	 .�!(�� #� $��� :����O 

! 2���3 �#�Z A����� jQ�   .��  .���D

#� �	�,�)� &( �)� ��� fL�8+ k���� �	 �/

)Sila et al., 2012; Zeinali et al., 2015 .(

-�'�( ��� #� $I�?*�@ -�'�( 0�/��� .#�)  #�

.�C�+ Penaeus vanamei  �)� ����@ � 

I���*���F$  2�+�	 �  $����� �) $3B�! 0;� 

 �)� '�*�"�!�� .;�  $������ ! k�)!

)Dadshahi et al., 2016 #�"�!�� -�'�( .(

 .�C�+ #� ��� ?*�@Penaeus vanamei  � 

$3B�! 2  2D���JM�+ .�/   2	��$+ 0 �����

.�/	� ��F ��!���$ �	 2��+#.�/  0$I�'�

 k����$���% !  0$%� 	 0���# e�M+ 0$�!��	

 ��*�������� 2�,J� 0$)�IQ 0-U�� � k���� 0�/

&� �� 0���3 .�!(�� 0.#�)���� 07��� .#�)

 !��*��  9�E 2���	) ��� Choi et al., 

2015; Meireles et al., 2016.(  

�   $h�M+ e���� 2  2D��:!�,�+  ! &��' (

&( .��3#�)	�@ i��<� e�M+ �  �/0 �  ����/ 

��*��� .��  .�Q��+ e���� 0$I���a l��� 

-�'�(�	 &��' ( �	 �/  0&��������� �  2���6+

! &�/��3 �!�I�+-����3�2F �)� ��� -/��� �/ 

#� ��� &��+ $+&��� 2  ��*��� ;� �/ -�'�( . �	 

pH  !�+	 	�F ����� fL�8+ .�/

)Klomklao, 2008.(  

-�'�( 	� ��F $��3���3.�/  jQ�  #�"�!��

 ��� �� �)��!� ����� .�/ .��  ���F ! ���D

-�'�( #� 2�)	 ��� ��=>� m,Z ���F �	 2F �/

  -�'�( ��*��� 2  �=�� &( .������ &�'�+ �

?@�� .�/ ����+ $I�'��pH  $+ �+	 ! 0���'��

�����/ .��  &��CU/!B� 9*�D ���  ! �!�3.�/ 

! $/�CU��	 'F��+ 2  2�� �! $U/!B� $���� 

��  fL�8+ .�/��UF �	 A/!B� ! $)��  2  �	

 2��+# ��� 	��	�!)Bolivar et al., 2016; 

Mehta et al., 2016(.  

$I� #� �!�$��/ 2F 9=) A��'�� .������ 

-�'�( :�+ $�;�< �	 �	�,�)� ��K�+ 2  �/

$+ ���� $��'�( ��=>� 0	���	 .�)� 

 0&��+ .a�*��I��� '�( #� ��K�+�-.�/ =>��� 

� ����� '�( 2F �)��-�/ �< 2  ���6$ �����=  !

n�M� &(�/ �� 	!�M+ 	�F 2F 2   ��<

��2�)� ����  �	�,�)� Y �] )Homaei and 
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Etemadipour, 2015; Homaei and 

Saberi, 2015.(  

(�� �	��� =>��� '�(��$0 '�(�-  2 �4  �	�+

 G�LM+�� �������C���  YJ�+ ��� $+�� 	��  �	

 ���] &( Y@�	$+3�	� � ��< 2  Ho) !�2�)� 

 �	�4 + �	�,�)� &( #� ���F��$	��p�  �	 .$ 

�D 2  	���+. :��=Q »'�(�-.�/ =>��� ���« 

 #�:��=Q$��/ ����+ »'�(�-.�/ G�LM+��«  !

»'�(�-.�/ ���  2  YJ�+« ��' + �	�,�)�$��	 

)Ezhil et al., 2014; Xiaoyan et al., 

2016 ��'+ �  &!'�� 0$��'�( ��=>� .(

 #� ��� !	 �	�,�)� &�I+� 0-�'�( .#�)������

 &( .����C� ! -�'�( �� -/��� �CU�F�! �	

$+) ��FAltinkaynak et al., 2016 .(  

2  2]qQ �#!�+� 2��+# �	 A/!B�  ��=>�

0�)� 2���� A��'�� -�'�( 0$��< #�  #� �	�,�)�

-�'�( �/���(�� #� .����  �	 ��� ��=>� .�/

��6��+) �)� �	�  '�+(Silva et al., 2013 .(

2*�*���� ��  ��� �	 ����  .�/���  0$� �F .�/

 Y�*	 2  2F ����/ $��'�( ��=>� .��  $�(��F

 2F $I���I+ .������ ! k�)! rh) ����	

$3B�!�� .��  -�+ .�/(� �������/ ��=> 

-�'�( 	�IL�Q 	�=�  jQ�  ��� ��=>� .�/

$+) ����Chengdong et al., 2013; Alan 

et al., 2014; Ran et al., 2015&��F �� .( 

��6��+ ��=>� $*( 	��+ '�+($,L�8+ $*(��% ! 

�  .!� 2*�*����.�/ $� �F ���'3 ��� .�)� #� 

2*�*���� .!� �  ��� ��=>� $*(��% 	��+.�/ 

$� �F $+&��� 2  ��=>� :��s���� �/( 2  ��K�+ 

-)) 7qO�� $��	#Guodong et al., 2016( 

! 2*�*���� .!� ��6� :��s���� ��=>� $� �F .�/

 $���/� 't�Z $�����F� �O u��@ .���	 2F

) 	�F ����� 0�)�Yan et al., 2016(.  

�	 v�=��� �  ��=>� 	��+ $*( 2  �B�! -�'�(�/ 

 .!� � 2*�*����$+ 0$� �F .�/ ��=>� 2  &���

-�'�(  2F 	�F ����� #;�L) ! #�F; .�/ m,Z �

$��'�( ��*��� 2KZq+ Y �]  ! .������pH0 

 .���	 .������$��+	 ! .���@�) - .	�IL�Q 	�  

)Pedrosa et al., 2010; Mubarak et al., 

2014(. ���w�/ ��=>� -�'�( α- #q�+(  .!�

2*�*����$� �F .�/ 4� ����D � $�(��F 

)���;�  $I� )Han et al., 2010��=>� ! ( 

2*�*���� .!� �  #��q��# -�'�(.�/ $� �F 

����D��E 	.��� %99 ��*��� �*!� H� -�'�( 2

��=>� ���(�� #� )Shweta et al., 2008( 

�)� ��� ���'3.  

$3B�!.�/  rh)2*�*���� .�/$� �F 

����D��E $+ ��  $ �D :;��,�� ! Y�� �����

  �� $� �F 2*�*���� ! -�'�( 2��<  $�D�� Y �]

 ���] ��y�� �M�$+ -�K�� �  2F .��< 2  0�/	
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! $��p� $3B�!.�/  rh)����2*�*0  ��L �]

G�J��  -�'�($+� -�K�� ������! 	  ��*���

$���# � �� 	�=�  )Gomez et al., 2005; 

Chengdong et al., 2013 	�IL�Q 	�=�  .(

 �� ��� ��=>� -�'�($+ $����)� A��'�� 2  &���

���# e�M+'�� ! $I���I*�3#�) 9���+ ��

2*�*���� e)�� 2F ����	 .�/ ����D��E $� �F

 -/���$+) 	��Ran et al., 2015 .(  

�	 ��� A/!B� �q� ��� �� �  i�� 2��'/ 

-F ! $�!� 9)��+ $������ ��=>� -�'�( #�"�!�� 

 .�C�+ #� ��� ?*�@Penaeus vanamei  ��

�  .!� 2*�*����.�/ $� �F  ���F �	 ����D��E

.	!'�� $��'�( .������ &�'�+ �  ��*��� m,Z  

  

:�� � �1�9�/  

.�C�+ #� ��� ?*�@ #�"�!�� -�'�( 

Penaeus vanamei e)�� $/��	�	 ! &���I�/ 

)Dadshahi et al., 2016 5#; 	��+ ���) ! (

 u�L@ $C�/ 2F �� 2��� n�+ �F�� #�

! �����	 $��6�6M� ?*�@ 2  .#���.	�=� .#�)  

  

�$� ;<����- Penaeus vanamei  � (�)��*+

0���= )��*+ %>8?�=  

�� . '�( Ac�)��$  #�"�!��Penaeus 

vanamei  �!� #�End-point  .�� �	�,�)�

� �� ��K�+ µL25 #� n��)� '�(��$ mg/mL7 

 #�"�!��Penaeus vanamei  2 µL175  ��� 

:�,�� mM50  � pH 5/7 2��O� .�� Ho) 

G�LM+ 2  �)	 ��+( 2  �=�� 1:1 �  t#�F�� %1 

v�L8+ �� )µL200 t#�F��.( ��   v�L8+ #�

'�( G�LM+ &	�F��$ t#�F � �� %1# 0&�+.�/ 

)� �I�� fL�8+�&� -�'�(- ���� �) #� 5  ��30 

]	�26 &�M�+� .�� ��� �� &�+# 2F 10 ]	�26 

	�  �� . �+#(�A.�/ �� . �	�,�)� .�� �	 ��� 

 2���� �/ ����/ 2  �!��4 �/�� )Blank( 

��' 2����3 .�� F���9 �/�� ]	��6 ����+ 2���� 

�D 2  e6� 	� . '�(�0-  2��O� ��� ��  &( #� !

�� . ��, ��+���!��Io)� &	�F )Ultraspec 

30000 Pharmacia Biotech0 �I��+((  G�< �	

 z�+nm280 �o) #� H� .�� �	�,�)�.  &��

10 ]	�260  -cZ -/2���� ���$ µL400 

��.��)�!�LF4 )��� %10  &( 2  .�� 2��O�

� ���3 #� �� �- � �Q�)�� F���9 �!	 �  

rpm12000  :�+ 2 5 ]	�26 ����)�a�, 

)EBA21 0Hettich(&��*( 0 ��  ! ��  �,� #�

��C�)	 &	�F0 7�D �+�k !�$� �	 G�< z�+ 

nm280 e)�� ��+���!��Io)� �����@ .��  2 

 ��K�+2=)�M+ *����� '�(��$ �  9�Z �Z�! 

 ��LL�*�$ '�(��$ )IU�M�+ ($ 	������)� 

��#!��� �� -)� �)4 '�( �Z�!��$0 ���6+ 
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'�(��$  2F �)�µmol1 ��#!���-   2 &���Q

	������)�- �� �	 �4 ]	�26 	�#( +$��F( . ��� 2 

 2F 9�����KL% ��� �.�/ *���+ ! :!�,�+$  #�

0  ��100 +�5�3!�I �  +�L$�*�� ��#!���  �	

 G�LM+1 G�+�� )��� �LF����4 ���2 .�� �� . 

�M�+ -)�$ � 	������)��#!��� )� #��� 

�LF����4 006/0 G�+�� 2  &���Q �/�� �	�,�)� 

 #� H� .��G�LM+ 7�D �=y.�/ 	������)� 

��#!��� 2���� !.�/ '�(��$  z�+ G�< �	

nm2800 �4 �M�+$ �  ! �� -)� 	������)� 

� #� �	�,�)��9 e@ �M�+$0  �Z�!('���$ 

 2=)�M+��.  

Ac�) '�(�- #�"�!�� Penaeus vanamei 

=>��� =� ����2 '�(�- � �  �)� 	�#(��  :!�,�

2F v�L8+ '�(�-- ���� �) �	 G�< &�+# A�F�! 

�'�(�$ )10 ]	�26( � �� !�. -/&# G�+) 

SKIR-6010 �F�� Fine Tech0 ��F ($ ��D 

���] �3	� #�� ���k =>� #�� �	 ���� �)��  ���

�&��I ��� �	 .��� �0� �� . �����  YF �KL%

"�!���� .�� �	�,�)� 	���	��  �!� #�  

  

��*. ��0� ,��$�$ #��$� ��@�1 � -��*. 
�/

*��� ,�  

��� � 4� $L�+5�3 2*�*���� $� �F ����D��E 

�	 4� ! -�� $L�+���* ��)� 4����� YZ �� ! 

Ho) 2  :�+ 30 26�]	 ��I���) .�� G�LM+ 

2*�*���� $� �F .�/���F���  :�+ 2  ���5 

26�]	 �	 �!	 rpm12000 a�,�����) �� ! ��  

 ��8�� �!	 #�$�!� G�LM+0  �  2=��+ 2) 7�)�

:�,�� ���  �  pH 8  �U��� �	�	.��  

�cZ$  #�2*�*����$� �F .�/ � 	��+ 2F�#� 

	�  2���	�  ! 5/1 �� 2 � ��  -cZ ����2*�* 2  &( 

'�( n��)���$ �KL% �  mg/mL7  .�� �	!'��

'�( v�L8+ Ho)�-- ����2*�*  :�+ 2 4 �Q�) 

0.!� -/<��`+ &#��$ �+	 �	. C°4 2����3 

2� #� H� .���U��  &������2*�*!� G�LM+ 0$� 

2���	�  �� ���� !2*�* ��E�� �  ��  ���  :�,�� 

mM50 �  pH 5/7 �U��� ! �	 $L�+ 4� ���*

 YZ :�,�� ��� �+ .���k !�$� ��' 2  �!� 

	���	��  �  n��)� *!��2 mg/mL7 #�"�!�� 

Penaeus vanamei �6+�2� ��.  

  

0���= �0� ��(���% #��$� &'� ��(�� ��%  

2  ��K�+ #��� �$ +�&�' *����� '�(�- =>��� 

�w�/ ! ����� (��F$� =>� �!��0� ��� � 

mL5/1  #�'�( n��)��� $mg/mL7  #�"�!��

Penaeus vanamei ���2  ��  2LZ�+ �	 .��

µL750  #� 2���	�  &(�� �+	 �	 !. C°4 

����C�.  .��µL750 ]� ������  '�� 2 ����2*�* 

'�( v�L8+ �����3 #� ��  .�� 2��O� G����- - 



]40[                ���	
 � ��
�                                                               :������ ����������� � ���������4)2 �(1395  

 

����*2*� !�. -/&# <��`+��$ 2  :�+ 4 �Q�)0 

�+�k !�$� &( 2���	�  �� ! 2  �!� 	���	��  ! 

Ac�) '�(��$ �  n��)� *!��2 '�(��$ )µL750 

2F �	 �+	. C°4 ����C�. ��� (	�  �6+�2� 

+ .���&�' '�(�-  G�J���2��� =>�)�� (��� �� 

+$&��� {=< 2h �� 1 �  -F &	�F �KL%  n��)�

*!��2 '�(��$ #� �KL% �+�k !�$� 2  �)	 .	�!(  

  

 ,A�1�1:  

CI.E. = Ci - Cs 

.I.EC :+�&�' '�(�- =>��� ��� |iC �KL% : n��)�

*!��2 '�(��$ |sC :�+ �KL%�k !� $��KL%.  

  

�	 ����� *��� &	�!( �)	 2  � ��  n��)�

*!��2 '�(��$0 �+�k !�$� '�( !�- =>���  ��� � 

 4�F2h �� .�/2  !3 (��F$� >� �!�=�� ! 

*����� ]� ������ '�(��$ *���)�� '�(�-  �� � #

=>���.�� 2=)�M+ ( 
  

 ,A�1�2:  

I.Y. (%) = [M E(mg) - M  A.E. (mg)]/M E(mg) 

.I.Y :��=>� $�(��F1 |EM |��� 2��O� -�'�( ���6+ :

.EA.M : ���6+.��U� 7�D -�'�(  

  

 ,A�1�3: 

A.Y.(%)  = B/A×100 

.A.Y :*����� ]� ������ '�(��$2 |A*��� :�� 

'�( n��)���$ |B*��� :�� '�(�- =>��� ���.  

                                                           

1- Immobilized Yield 

 *B1pH �2� %�&'� � �1(� #��$� %��0� 
��  

{=< �!� 2t��� ��� .��  ����� ��*��� 

 �!� 2  $��'�(End-point0  $=�� ��*���

�	 	�#( ! ��� ��=>� -�'�( pH �	 fL�8+ .�/

 eL�8+ ���  ��� � .�� ����� ��CU��+#( .�+	

)Mixed Buffer �#�� :��� 2  ( 9���� ��� 2 

�� 2���:  #� $<�L8+mM200 H��� - 0#�  

0����L3 -��) :�,�� ! -��) :��)� 2F �  

G�LM+ #� �	�,�)�.�/ NaOH �� ! HCl  �	

pH.�/ fL�8+ )2 �� 12( -�K�� .�� ��t#�F 

%1 2  &���Q ���� �) '�� �	 7( �h6+ 2��� .�� 

 �  ���  �	 -�'�( Ho)pH Ac�) fL�8+ .�/

�� Ac�) e�M+ �	 ���  �KL% 0���� ��  .

mM100 .	�   

  

 � �1(� #��$� %��0� 
�� C�1*4 ,D�� *B1

�2� %�&'�  

 A��+#( ��� �	pH  :����Z 2D�	 �+� � �y

e�M+ Ac�) ��`�+ 	�  �� ) 20 �� °C100 ! 

 ���  �	:�,�� mM50 �  pH 5/7 2D�� ���  .(

���	 2F 2  ��K�+ Ac�) ��*��� $��'�( �	 

�/ 0�+	 ��� � ���  ���� �) ���#�F) %1( ! G�LM+ 

$��'�( )-�'�( ! (���  �/ !	 �	 &( �+	 2  G	��� 

��)� 0 Ho) ��*��� $��'�( 	��+ Ac�) ���] 

                                                                    

2- Activity Yield 
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 2h ��) [����( 2*	��+ #� �	�,�)� �  .	��34 (

G��� .a���) -�'�( .#�)Ea.�� 2=)�M+ (  

  

 ,A�1�4: 

k = Ae-Ea/RT 

k :A�F�! �Q�) � �y| T : �+	)2D�	 ���LF|( Ea :

G��� .a���.#�)| A: ���F�� A��| R:  .�/#�3 � �y  

  

 �� #��$� 
�12��+ -��*�pH
2��1 
�/  �


(��  

&�+# �	 -�'�( �!� ��� �	�	 fL�8+ .�/ 

���  eL�8+ �  pH.�/ 3 ! 12 2 �I�� .�� Ho) 

 �  eL�8+ ���  &	!'�� �  $��'�( G�LM+pH 

9)��+ �	 .�+	 ��CU��+#( 2  pH 5/7 ����)� 

2���� $=�� ��*��� ! ���#���� �/�� .��3 

2F &��)� �I�� �,� &�+# ��*��� 2  �=��) 

 :��=Q ���  �	 ��� 2 �I�� $��'�( 2���� #� 	� 

eL�8+ �  pH 5/7.(  

  

*�F+�$ %G6*� -��1*4 �2� ��0�*�? -��*� 

#��$�  

G�LM+ ��� � ���  �	 $��'�( .�/ :�,��

mM50 �  pH 5/7  fL�8+ .�/�+	 �	 ! 2���

 2 �I��2���� .���� ?8U+ $��+# Y���� �	 �/

2���	�  ���� ! 2L���q  2  
� Y6��+ .���� 

H� #� -�� �Q�) 2�����/ #� 
� z��@ ��� 

��*��� $=�� &(�/ �	 .�+	 e�M+ ��#���.��3 

�� �=��) 2  ��*��� &�+# �,� &��)� �I�� 

.($��+	  

  

0���= HI���/
 ������- )mK � maxV(  

?@���/. )����I$ '�(�- =>� ! 	�#(�� 

��� �  �	�,�)� #� ���� �). t#�F�� �  �=��.�/ 

�,� �� �4 ���	 �#!$ 2  �)	 .���+( �	�,�)� 

#� ���	 �#!$ t#�F�� �h@ �� �� �Z #�	�. A/�F 

$+�/	 ! G�LM+ ���2 ��� �  �]	  ���U. 

��	�c $+	��. �	 :�=)�M+ ���$� ���  �/���	

+ 2 ��;�+!�I t#�F�� -cZ �	 �+#( v�L8+�A 

�=��Y  ! ����?@���/. )����I$  ! -)� #�

)�� $ +�$�M H�L�t�I�+ - ���+ 2  �)	 .�+( 

*����� '�(�- �KL% �	.�/ t#�F fL�8+��  �	

����e �M�+ -)� �  G���+$  	������)�

��#!��� ) 9�Z � µmol/mL(  2=)�M+.��  

� �	��  #� .��3�LD .��  A/!B�%�� G��� 

&�� '�(�- #�"�!�� Penaeus vanamei �	 �y� 

	�@ 2  	�@ -p/ 0.�)$ LF 2F ���2  YZ��+

=>��� '�( Ac�) !��$  5�c�� ����F &�+# �	

��'�( G�LM+ ��  �/ ! 	��$ �� �#���2 ��.  #�

	 i�<�0�C �� 2  2D�� � ����. =��#�"�!�� $ 

Penaeus vanamei �6+ �	�2� �) � �� 

�/#�"�!�� )Dadshahi et al., 2016( � !�� 

�����	#�  &	!'�� 2F G���Z��/.  �	 #�"�!��
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)�� $ �/���F��. � G�I�� �K� 	��+�	�c ��F0 

)��  2�/$� �	 �/�� �  A/!B�&!  ��pZ

�����	#� �/. .�� 5�c�� #�"�!��  

  

L���$  

�0� ��(���% #��$� &'� ��(�� ��%  

(��F$� G�J�� =>��� '�(��$ +)�&�' "�!���� 

G�J�� �2���( 2  �#�. �/ +�L$5�3 ����2*�*  �F$� 

����D��E G��� ! n��)� '�(��$ mg/mL7 �	 

G�LM+ :�,��  mM50 �  pH 5/7  �=��)

�cZ$ 5/1:1 �  � ��  (2/4 $L�+ ��"�!�� 5�3

$L�+ �	2*�*���� ���*  $� �F*��� �	#�  !�� 

-�'�( =>� �	#�  !�� 2  ����9  	!�Z �	%61 ! 

%78 .	�   

�� C�1*4 ,D�� *B1
 �0��% �$��#  � �1(�

&'��%  �2�  

��y�� !� :���Z 2D�	. *����� '�(�-  	�#(

! =>��� ��� �	 YI� 1 �	�!( ��� .�)� 2D�	 

 :���Z2���  '�(�-  	�#(C°60 	� �+	 �	 .. 

 #� ��;� C°70 *����� '�(�-  ��E	�4  ���

���3��$ 0�� ��< 2  .2F �+	 �	. C°100 

'�(�- % e6� 	�#(20 *��� #���  �U�2�  �� 	�@

 m,Z	�F  .�U�2� *����� '�(�- =>���  �	 ���

�+	. C°80 ) 	� C°20  �D2�D$�  �	2���  

�w�/ .(:���Z 2D�	�� �+	 �	. C°100 0

'�(�- =>��� % ���40 *�����  �U�2�  �� 	�@

 m,Z0	�F *�Z �	 $2F '�(�- % ���� 	�#(20  #�

*�����  �U�2� � �	 ����  &�U� �+		�	.  

  

  

 M��1 #��$� %��0� *� C�1*4 ,D�� *B1 :�1(� (▲)  �2� %�&'� �(■)  
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�N�9- $���O�  �,&��N9 �*$1
 ��0�
(��  

a���. G���.#�) �� . '�(�- =>� ! 	�#(�� 

�+	 �	!�M+ �	 ���$�20  ��C°60  -)� � 

�M�+$ ��(�[�  .�� 2=)�M+ &( e@ 2*	��+ !

��� ��  ���6+. '�(�- 	�#( kcal/mol.k4/6  !

�� . '�(�- =>���  ���kcal/mol.k7/8  2 

�+( �)	.   

  

 *B1pH �0� *��% �$��# &'� � �1(��% �2�  

�y� pH.�/ fL�8+ !�. *����� '�(�- 	�#( !   

=>���  YI� �	 ���2 .�)� ��� �	�	 &�U� 

 �U�2� *����� '�(�- 	�#( ��� ��=>� !  �	

 �	!�M+pH  �� 6  ��5/7 *��� .	� �� '�(�- 

 #� 	�#(pH 10 �� ��� ��E	 ��  2 ��. �� 

��< 2  .2F  �	pH 12 '�(�- % ���� 	�#(18 

*����� *!��2 *�Z �	 .	�F m,Z �� 	�@ $2F 

pH � �2� '�(�- =>���  ���7  �	 ! 	� 

pH.�/ 6  ��11 ���	. *����� ;� $�  .	� 

�w�/�� '�(�- =>���  �	 ���pH 12 0%40 

*����� *!��2  m,Z �� 	�@	�F.  

  

?���0�* ��1*4 �2�- %G6*��F+�$* �$��#  

 $)��  #� Y��Z \����%�G���� ����Z &��$ 

�U3� ������ '�(�-  2F�+	 �	. C°80  �	 ��� 

 eL�8+mM200  � pH 5/7  �	 �� 5�c��

YI� 3 .�)� ��� �	�	 &�U�  

  

  

 M��2 *B1 :pH *�  �1(� #��$� %��0�(▲)  �2� %�&'� �(■)  
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�	 .�+	 C°80 �'�� � �A )� �I�� &�+#�&�  #�

+�&�' *����� '�(�-  �� 2�)�F 	�#( ! #� �� 

)� �I���&� �+	$�  :�+ 2 60 ]	�26 ���*�� 

'�(�- �6� 	�#(��=  fJ� 2 ��)�*�Z �	 . $2F   �

�o). )� �I�� &�+# &���0&� '�(�- =>��� 

*��� ����� + 2  �� 	�@�&�' �D�� Y �]$ 

 m,Z	�F ���3 #� ��  .30 ]	�26  #�

)� �I���&� �+	$�0 '�(�- =>��� % ���100 0

 #� �� 40 ]	�26 %90  #� ��  !60 ]	�26 %85 

*����� *!��2  m,Z �� 	�@	�F. 

)�� $ %�G���� &�� ����Z$ �U3� ������ 

'�(�- �	 �+	. C°90 YI�)4( '�� &�U� 	�	 2F 

+�&�' A/�F *����� '�(�- 	�#( � ��� �)�k�� #� 

�+	. C°80  ���3 #� ��  .	� 60 ]	�26  #�

)� �I���&� �+	0$� *����� '�(�-  	!�Z 2  	�#(

%30 �)���+	 �����/ . .C°80 0�o) � . 

)� �I�� &�+# &���0&� '�(�- =>���  ���

*�����  m,Z �� 	�@0	�F ��< 2  .2F  #� �� 

10 ]	�26 )� �I�� #��&� �+	$�0 '�(�- =>��� 

% ���60  #� ��  !60 ]	�26 %55 *����*!� ��2 

.	�F m,Z �� 	�@ 

 

��*�- �+��12
 �$��# &'� � �1(��%  �� �2�

pH
�/ �1�2
 (�� �
  

������. '�(�- 	�#( ! =>��� ��� �	 pH 3 ! 

pH 12 )��  	��+$ �6+ !�2�  ���3 ���]

%)�G���� �U3�  &��������  �	pH )���.  !

#� ..(

  

  

 M��3%G6*� -��1*4 �2� ��0�*�? : �1(� #��$� *�F+�$(▲)  �2� %�&'� �(■)  
�9� ��°C80  
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 �	pH 3 �'�� � �A )� �I�� &�+#�0&� 

*����� '�(�- 	�#( A/�F )��M+$ �� &�U� 	�	. 

 .�� '�(�- 	�#(0  #� H�60 ]	�26  &�+# #�

)� �I���&� %10 *����� *!��2 &(  �U3�  Y �]

�/ �	 .	� �� ����e '�(�- =>���  �=�� ���

'�( 2 �- ��� 	�#(�e )���.  Y�M� ���  ��

+$	�F.  #� H�30 ]	�26 %80  #� H� !60 

]	�26 %55 *����� *!��2 '�(�- =>���  ���

YI�) 	�  �U3�  Y �]5 .( 

 �	pH 12 ��' �'�� � �A )� �I�� &�+#�0&� 

*����� '�(�-  A/�F 	�#(����  YI�)6 .( .�� 

'�(�- 	�#(0 H� #� 30 ]	�26 #� &�+# )� �I���&� 

%55  #� H� !60 ]	�26 %40 *����� *!��2  &(

��� �	 .	�  �U3�  Y �]�e '�( 2 �U+�- =>��� 

'�( 2  �=�� ����- ��� 	�#(�e #� .  ���  ��

+ Y�M�$	�F . 2F .��< 2  #� H�60 ]	�26 

%80 *����� *!��2 &( .	�  �U3�  Y �]  

  

 

M�� 4%G6*� -��1*4 �2� ��0�*�? : �1(� #��$� *�F+�$ (▲) �2� %�&'� �(■)  
�9� ��°C90  
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 M�� 5 �1(� #��$� 
�12��+ -��*� :(▲)  �2� %�&'� �(■)  ��pH 3  

 

  

M�� 6 �1(� #��$� 
�12��+ -��*� :(▲)  �2� %�&'� �(■)  ��pH 12   

  

0���= �+��12
 $S�T- �$� C29�#  � �1(�

&'��% �2�  

������. �;�<$ :�+ '�(�- 	�#( ! =>���  

 :�+ 2  ���30 #!� �+	 �	. C°4 �+	 !. 

�+#(���CU )C°25��� �M� (�e  2  ! 	������)�

�#���� &�+'�/ ��<�3�. &��/ .�� ��< 2F #� 
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YI� 7 ��I�( 0�)� �+&�' A/�F *����� '�(�- 

 A/�F &�+# ���3 �  ! 	�  [��M+ 	�#(

CU�E��. ���/ 2  �=��. =>��� ��� 	�@ 

&�U� 	�	#� ��  . )� �I���&� ��+#$0 :�+ 2  

20 �+	 �	 #!� .C°25 ! 30 �+	 �	 #!� .

C°4 *����� '�(�-  2  	�#(%30  2�*!� ��*���

	�@ �)���/ �	 .�� ����e '�(�- =>���  ���

�� m,Z � ����.0 *����� �� 	�@ + 2 �&�'  Y �]

�D��$ *!� �*�Z 2  �=��� m,Z 2	�F  ��  !

)� �I�� #��&� ��+#$0  :�+ 2 30   #!��A  #�

%90 *����� *!��2  m,Z �� 	�@F	� . 

 

HI�� ,&��N9�/
  � �1(� #��$� -������

�2� %�&'�  

?@���/. )����I$ '�(�- ! 	�#( =>���  ���

�KL% �	.�/ t#�F fL�8+�� #�� 	��+� �$  !

 .���3 ���] 2�*�h+.��  	�6+ &	�!( �)	 2 �� 

	�Q. mK ! maxV '�(�- =>� ! 	�#(��  0���

�M�+$ H�L�t�I�+ - ���+ &( .�� -)� �/

����\ F�Z$ =>� 2F 	�  &( #��� '�(�-  9=)

�'���A mK (��F A/�F !$� *���F���4 

)mK/catk'�( (�- =>��� ���/ 2  �=�� ���. 

 &( 	�#(�� G!�D) 1.(  

  

 M��7 
�9� �� (V�*9) �2� %�&'� � (W8'9) �1(� #��$� C29 -$S�T 
�12��+ -��*� :°C4  � (*+��)

(-�I��) X��1 
�9�  
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��2D 1 :HI���/
 ������- �$��# (�)��*+ Penaeus vanamei �2� %�&'� � �1(�  

  )1-(µM.minmax V  )1-(min catk  )(µM mK  m/Kcatk  

 #��$��1(� 8/0±3/82  6/0±2/38  4/0±5/16  31/2  

 #��$��2� %�&'�  3/0±6/75  2/0±7/35  5/0±8/17  00/2  

  

WN�  

 �	 ��� ��=>� ! 	�#� -�'�( ��*��� $)�� 

 &�U� fL�8+ .�/�+		�	  -�'�( 2���  .�+	 2F

 ��� ��=>�20 $���) 2D�	 2  �=�� 	��3

 A��'�� 	�#( -�'�(���	 �	 2�=*� . �C�	

A/!B��/ -/ A��'�� .�+	 2���  H� #� ��=>� 

-�'�( ���'3 ��� �)� )Homaei, 2015.( �+� 

A/!B� $@�  �	 .�/ �  -�'�( ��=>� 02 �U+

 	�I� .���`� 2���  .�+	 0$� �F 2*�*���� .!�

)Mubarak et al., 2014 .( �O�Z 2�*�h+ �	

 .�+	 �	C°90  	�#( -�'�(52  ��*��� #� ���	

 �	 ��� ��=>� -�'�( �+� 	�F m,Z �� 	�@

 .�+	C°80 0100 ! ���	  .�+	 �	C°90 

 #� A� 83 !� ��*��� #� ���	* m,Z �� 	�@ 2�

 ! �)� ���/� 't�Z ����  l�O�+ ��� 2F 	�F

A/!B� #� 4� }�/ �	 .�/ ��U� ���'3 $L=]

	�  .��� �'���A ������. ����Z$ '�(�- #�"�!�� 

Penaeus vanamei =>���  ~�M* 2  ���

�/	� ��F. ����$ � ��� .�)� ����#�� �a��. 

G���.#�) '�(�- =>� ! 	�#(�� �	 ���  �	!�M+

�+	$� 20 �� C°60 �< #��{ �M�+ -)�$ 

��(�[� �� 2=)�M+ 2F �� . '�(�- 	�#( 

1-K.1-mol.kcal4/6 ! �� . '�(�- =>���  ���

� ��  �  1-K.1-mol.kcal7/8 	�  2F &�U� 

+$	�	 '�( ���@�)�- =>��� �8) ����� ! 

�h���i����. �F &(�� )��  .�)� ���$  �y�

`���:�� !� �  �+	. A�F�! �Q�).�/ '�(��$ 

����E :�Qq<�$ ��I+ 	��+ �	�-�  A�F�!

*���F�' '�(��$ �@� �	��� � ���]	�� � �+���  :��y�

8U� �	�? `���:�� ���@�). '�(�- *��� !�� 

�  &(��� �)� ����#�� )Li et al., 2016; 

Sojitra et al., 2016( 2*	��+ {=< �  .

��(�[� �'�� � �A  �+	�4 ��'��A ���$�  �	

'�( A�F�! �Q�)��$ + 	�D! 2 $(�� 

)Bayramoglu et al., 2016('�( 	��+ �	 .�- 

	�#(0 +�C�/$ ��@ �Z #� �+	 2F$ 	��C  -�'�( 

2) �	�U� ���@�) .��  ��  2F �� 	�@. 

*����� *���F���4 �!�O &(.  �)	 #� �)�

+$�/	�/�+	 �	 .. #� ��;�  C°60 '�(�-  	�#(

% �Q�) 2 ��+ G���$�	�'�( �+� .�- =>��� 
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� 	�D! �LQ 2  ����'M+�e0 y�� �M� ���F�� 

+ ���] :���Z 2D�	$�3	� )Homaei et al., 

2014.(  

����\ )�� #� Y��Z$.�/ %�G����  &��

����Z$ �U3� ������ �/�+	 �	. 80  !C°90 

)� �I�� &�+# #� 2E �/ 2F 	�	 &�U��&� '�(�- 

+ 	�#($0���3 *����� '�(�- A/�F .��U�  

+$���� ���3 #� ��  .�4  &�+# #� �Q�)
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Abstract  
Aquatic industrial waste is rich in protein and the best way to reach this 

organic material is using a protease enzyme. Therefore, the selection of a 
resistant protease from an aquatic species and using a suitable substrate for 
immobilization is very importatnt. In this study, the purified protease from 
shrimp Penaeus vanamei was immobilized on multi-walled carbon nanotubes 
(MWCNTs). After activating MWCNTs with nitric acid, in ordet to binding of 
enzyme to MWCNTs, enzyme solution with concentration of 7mg/mL was 
added to MWCNTs and incubated at 10°C for 4 hours. After three washing with 
phosphate buffer (pH 7.5), the nano-enzyme was dissolved in 1mL of phosphate 
buffer. Based on the results, the enzyme immobilizations on the MWCNTs 
enhance significantly the stability to temperature and extreme pH values. The 
optimum temperature of immobilized enzyme increased from 60 to 80°C and 
optimum pH did not change. The kinetic indexes of the enzyme (Km and kcat) 
changed during the immobilization. These results indicate that immobilized 
Penaeus vanamei protease on MWCNTs could be used for biotechnological 
applications due to the high stability. 
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