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 �n "�0���O�$�  � �� .(��� %A�&-�� �7*
/PCR %$��*� �*3
� 

(4 ��!��/��� ��  	0 ����%�7
/��0 .

%$����7���Y�n�0 �0 �/� b a

AGGATCCAATCCAGATGCGCAAACATCGAATC CC1.5L 
AGGATCCGTGGCTGAGAACGCCGGGATGTTG CC1.5S 
TCCCGGGTGCATGCTCTGGCATGTTCCGA CC1.3 
AGGATCCCATGGCCGACAACACCGGGACG CC2.5S 
ACCCGGGAGAAGGAGAGATCCTTAGGCGCT CC2.3 

� 5�,�7�C�6 c�"2, �	� V?	JcDNA +�,	-.�� /�0 

�� �[�&'� ���� ~$�� cDNA  � *b 70�� W�;$�1� "�n �� 

)Sephalgas Bond prep kit((Pharmacia Biotech, 1995) 

7< ���1-�� .�0��0 �!/[�&'�  ! �� %RT-PCR ����*� [4 ��

7A�� Q/ 7< ����� -5$� .���70�-��  @��� ��VH �� � O=-
� .

70�� ��! )���-�*�� ��H�0 �� �7< �7!�?� ��*!��w I�II �*n 

�� O�$�  �/� b l�0 ��! )���-��� ���� � �7< ���1-�� ��! ����n

 7
�� ������A #!  � "?b � ���1-� %$�R�� (�� �� 70�� �� 

�7/� (�-�  ! �� %�.707< � �7*< �7/ � �*� ��*P �� �*0��7� 

�$�$ ��*! Q*/ 707*< � *��w � *-�$ %*��� .~$�*� [�&*'� 

RT-PCR ��"�� �7�� ��gpt���� %-0�� ��  C��&� �� � 

7< � ��w �7>� .�*0��0 ���*� ~$�*� ��*Xe� �� *� �*! 6*/

 "�  a�d0� ����� -5$� [4 8/���� Q0�� �/ P �� �30� %$��� �

7/�  ~B?� (4.

�	� ����cDNA +�,	-.�� /�0(CCs) LG<	6 �� pGEX 

2T �pUC 19 

���� (��@ �� � [�&'�RT-PCR � 0� "�/�X�� �7< ~$�� 

����0 O&-� I��
� O\�0 6/ �.#V*! O*�9 ��*	
� )/� �� � 

#/:0� ���� �0��� ��!SmaI �Bam HI "*�  ���*A .��

 ��� �
/��$ (���0 ���m� �� #V! O�9 (�/�b) *-�$� R�� y
*b (

�!7*0�� .(� n ����� -R$� � [4 ����� �� (� [�=-0� � [��'� ��

��0  /� ��UV 7*< �7!�?*� .7��*�_bpUC 19 �pGEX 2T 

� :�0�7< #V! I�� � )��! .[�&*'� #V! O�9RT-PCR �

#/:0� �� �!7���_b "*�n �� ���1-*�� �*� � �7*

n ��7*'� ��*!

 "n < ���70�-��BOEHRINGER MANNHEIM (�*�$� )��

"n < ��  m�H [�HROCHE "�� �7< a�L�� ("*�  a�d0� .

(�/�b �� �� a�7n  ! 7��*�_b ���H ,��� �*� �-�*��)�� ��*!

��w �7< �70�d
 ��gp�7*< �_@�*��  *D=� ,�  -�$ � 5�� 

�� � [�**xB/ �� �7**>� ���1-**�� �� **� � O**H��**3+ �**��� 

%-0�� ��  �*;0 ���� 7*< .[�&*�� O*�9 "'*A )�*�>� �� *�

#/:0� �� �0��� #V! O�9 .7���_b �� [�&'� ��*!Sma I �

Bam HI � "*�  ���*A [�&*'� ���*H 7���_b ���  � 

�0��0 �!7< ����� -R$�.

���� �	F-6" 	�� >���� 	�5�-.��?��	�!2!" 

qp[��� ��  -�$� R�� ��! 7>-��αDH 5�� u��� ��'� �� ��

��  -�$� R��7���_b ��! ���HcDNA ��  *	0 ���� cuvette 

� "*r�b %����*� ��� )/7
+ �� � ��*< ��;-*�� �� ���1-*�� �*�

 #�	
� �� %R/ -R$� "���=�Ωgpp c$�b ."$� #�0 � �� 4�-$� �

/�d"*�  ���*A [�=-0� O�9 � ��.[��*� ��*! �*-��/ [�*=-0�

 �� ��A��_�Q/���*� [��'�  -�$ %��� LB )���*� %*r�� 7*\��

 � �7< OH .��/��� �� cb Upp [��� ��  -�$ � 5�� ��*! ��*/���
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�	� ����cDNA �,	-.��+/�0 (CCs)� 1...  

��U 

�7*< ��*'� ���  *� O/ -*�� FastMedia™ LB Agar Amp 

IPTG/X-Gal W�**-
� � "n **< �� �7**< �**�3�)Phermentas 

Company(�**� �7**� ��� **H �**��� �� I**< 6**/ °C ��

�;0 ���� 707< .%0��n ��!��"*�� "*��b ��� �� �7*�� ��*!

 ��'� ���HLB �� � 707*< ���B� )���� %r�� ����*��� 

%-0�� ��  ���7� I< Q/ �;0 ���� 707< .� ���*��7� �� �

 ��_b ���� ~$�� )���-�*�� ���H ��!7� ��*! [�*=-0� ��w

 [��� �� �-��/ ��! �������� "n < � b %�R�� "�n �� 7>-�� 

Q**����)Pharmacia Biotech, Flexi prep kit(���**D� �

7< O�9 �P�� � OR�� b ..7���_b �� �70�d
 �����7� �� �

 7��**�_b ��  **-�$ � **R�� y
*b ��*! "**'� �7**< ~$�**� �ef**� 

#/:0� ��!Sma I �Bam HI �7*� �� g�� "9�*� ��*��� �

%-0�� ��  �� � 7�/f� ��*�� 7*
/� � ���*� (�*�n �*;0 ���� �

�0��0 �!707< ����� -R$� [4.

5�?�,/�0 +�,	-.�� +�7,�28 �� E. coli �	� V?	J �

[��*� ��*! 7>-�*� DH5 α7��*�_b O*��H ��*! � I*�n ��0

 �7*< ���*� ~$��19 pUC �pGEX 2T."*3� ~�B?*�

 (4 ���� )�Y�� b 7�$�� ��! �7< �70�d
 � .� */� ^ *< ���*� 

�� \ 8/����-�  7
:

[��*� .I�n ��0 )�Y�� b 7�$�� �� Q/ '� �� � ��*! "*<�� �

 7��*�_b O*��H �7< �*! ��gp��*'�  *-�$ %*��� LB Q*/ �

%��� [��IPTG (SIGMA, USA) �K�*� %*��� �� "*	�L �*�

 �� "9�� �� �7� �� �������%-0�� ��  707*< ���� �� \ .

[�&'���"�� �7�� "9 � �� g�ppp ��� *H ���� �� �

��3+ ����%-0�� ��  �7*� �� � Up7*< 4��1/ -0�*� �*=�\� .

/�**�T�7**� �� **� O**A�H ,�**�� � 7**< �**-B/� ��� %**`�� 

6/ �� "9�*�°C gpt�*;0 ���� 7*< . *-�$ %*��� 6*/ ��*;0�

 c���$ ���)zp�K�� %��� Tris �-/7��� �� Z.gp�K�*� %*��� 

EDTA .z%�dH 7A �� Triton X-100[� ��� �(� ���*m�

 [��'����7� y
b �/ �� �=�\� �;0 ���� 7< .[�*�'� )*/� �*�

qp  *-�$ %*��� �� a * %���)�*30 "*	�L/%pgz/p7*A �� (

$�7� �� � ������ � ���m� #/��:�y
b �*/ �� �=�\� �*;0 ���� 

7< .��'� cr� [#/��:*�$ O�9 �� OA�H �� *�Up�*� �*=�\� 

"9 �g�ppp �� �°C q� %*`�� T/�*� ��  *! � 4��1/ -0�� 

�� � ,��� 8/���� )�Y�� b )��>��;0 ����707< .

��#�0 .���&9 ��  -�$ %��� �z/p[�*�'�  -�$ %��� zp7*A �� 

7*�� ����*� (�������)Glutathione agarose beads()��*3+ 

%���  *-�$Tris zp�*� �K�*� %*��� PH ����*� "?*! +Uzp

%��� a  7�� ����� (������� (7< ���m� .�� *� %`�*30 #*dH

 �7��p� ��0�e ��*� O&-� )�Y�� b �� 7< ���� (�5� %����GST 

,F�bead �� � cr� � ��< Up�*� �*=�\� "9 *� g�ppp 

7< 4��1/ -0�� .*� ��-��b "r�b �� %`�� T/���%*���� �*� � �7*� 

(���0 ���m��� -�$ %��� Tris zp7*
0��! I�@ � .�K�� %��� 

7< 4��1/ -0�� OX\ "$�H .� �� � O�9 )/����� �� 5� a�*�� ��

 �7< ,F� )�Y�� b �� �7< ,F� )�Y�� b "/�30 �� �bead �� 

#�0 �K�*� %��� Tris zp���*H �K�*� %*��� Up�K�*� %*��� 

(������� �� �� � I�@ � 4��1/ -0�� �� ���1-���7� y
*b �*=�\� 

"9 � ��Up��� ��:! ./�*� T~$�*� )�Y�� *b ���*H %*`�� 

7< "<�� � .�� � O�9 )/���"*�� .)�Y�� *b  �@�7*H (���� 

�� ~$�� )�Y�� b � �� 5�  ;/� ��X5/°C gptC��&*� �� �

 �7>��;0 ����7<.

Hd�e +� I, +�7,�28 /�0 +�,	-.��" ��	T-�" 	� �O�	G��9 

�����"2�)Broadford Test(

�� ��*	
� T/ *� 8/�*��� �� .�7*�$�� )�Y�� *b (�:*�� )�*�B� 

���*��� �)g(�� �BSA )Bovine Serum Albumin ( �*� (��*
9 

7< ���1-�� ���70�-�� .��*A�H )�Y�� *b "*	�L )�*�B� �� *�

 ��7**=�z.Up.Uz.gp� .gz/�**30 "**	�L ��  **-�$� R�� %qpp 

a � R�� �7< ��3� [��'�BSA a�7n  ! "	�L �n ��I*�� � 

�X*��'�  *-�$ %*��� �� a � R�� �� � "?! .8< .��3+ .��

 (���0 ���m� �� � "<�� � .7<gpp ������ � [��'�  -�$� R�� 

�$�$ a��� #dH �7<  �D=� ��� ��  D=� ,� ���! �*� 8/�*���

 "*	�L  -��-�� -Rr�� �� � 7< �70���  -�$� R�� ��:! �*! �� ��
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����� ��	
� � ���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��g 

� �� R� }�� [�P ��zsz���7*0�  -��0�*0 �*30� [7*>� � � *�

 7/�  �X��'� .�0��0 �� � ��!)�Y�� b ��! )���-��� I�n ��0

 �� ���0 %$�;+ :�0 ��w !����:*�� a *0 �� � �X*��'� I�� � )

 R/ n C� (Cricker graph Software) �OD ��"�� �7*�� 

"	�L �� � ��! �7< �-��
<BSA �*$��>� )-*<�� �� � ���1-�� 

)�Y�� *b "*	�L C� * �� O*A�H (���� � ��*!  *	0 ���*�

7< �X��'�.

+�,	-.�� �"5�	8 � H�?	�� O�	��9 	� �56�"��	� E�C2,�6

�	,�28 +�7-.�� 

%*5/ �� �*@ 7*< ���� I*�� � 8/�*��� �� ��*	
� )/� �� � ��

 )�b�b� b(PP) %$�R�� (�� �� �s(�*-$�� ���n �� � *;/� �� �

� b�/�b�b ��
�Y�� b (Carica papaya))PP IV ( %$�*R�� (�� ��

U� (�-$�� ���n ��(��
9 �� � � -���� ���&9 ��K %*<��� �$�$

 ��� �n Q���)��;?*/���� ��*=�='� �� * �*��� �7< ��3�

[��K ��;?**0�� �4�**$�/:�� (�**� (��**
9 ��**Y�� b )�Y-�**�� T**X
� 

�7< ���1-� .�� !�� a�7n 8/�*��� )/� �*! ��7*=� #�*0� "*1! 

���*H ���&9 �� a � 5�� ��*�� b #*dH �*� zp *-�$ � *5�� 

7< �70���.��7=� cr�y
b ��  -�$� 5�� �7

n��3� ��! )���-�*�� 

(10 mg/ml) ����P ���*m� �*� ��*;0� � I�@ � �0��0  ! �� �0��7� 

(��**�0qz **-�$� 5�� �7**

n [�**>�  ��**� )Activated Buffer(

(100 mM Cit-Po4, PH=6; 0/1 Triton X-100 & 5 mM L-Cysteine) 
�� �0��0  ! O@ #dHUpp 7< �70���  -�$ � 5�� .)�*�>� �� �

 ���7/�b �7� � "�$�>��7

n��3� I�@ � .�! ��! �*� �7*< ��3�

�0��0 ��!Up(��� �7� �� � #��=� � -�$� 5�� ��! S*�-B�

 . 1Agp.qp� ��0�e U.z.Up��p��;?/���� ��'� �� �=�\� 

�;0 ���� "*�$�>� "*\�  *! (�*/�b �� �
n��3� %7*
 �*� TCA 

OX\ 7
0��! 7< S\�-� .���7/�b (�:�� � "�$�>� ~�B?� �� �

�7

n��3� ���9  � )���-��� ���� b )�Y-��� �� ��*��� ���&*9 

Q�
R� ��Gelatin-PAGE *< ���1-�� 7)UZ�gq.(�*0��0 ��*!

��3� �� 8/����  ! �� �7< ����P 6*!�+ �� �0��7� ��*! [4

  n� %�b/���&*9 a�7@  ! �� � �-B/� 7��_ ]���* �*$�$��K 

���*H ��� *�n Q*��� � ?H ��*�� b )�Y-�*�� ��7*

n��3� 

)���-��� 7< ���� �� \ .�0��0 �!J >� ��gpp (�*/ � "*$� 

7**07/�  ���**�� -5$� �-�**/ -5$� .b "**�$�>� (�**/�b �� ���7**/�

�7

n��3� ��! �7< 8/���� � �n��*�� "*0���/ � %*����n ����� 

)Commase Brilliant Blue (70��� �7< �:��� �0� �����*A 

7/�  �7!�?� %;0� %�� ��!70�� .

f�	-6 

��"56" 2�4DNA �RNA �5! a"2I-�" 

"	�L )��B�DNA �*� ��w o *� �� �7*< }� B-*�� %��*04 

� -5r�� �� ���1-�� }�� [�P �� � -��-�g�p  -��0�0 )7*H��  !

OD [��>� zp -�$ %��� �� a  � 5��DNA "�� %��04 (�� �

.��X��'� a�d0�q�p  *-�$ %*��� �� a  � 5�� �*� "*�� 7*�� .

(�:**��RNA �� ���1-**�� �**� .��w �**0�� �� �7**< }� B-**�� 

}�� [�P �� � -��-�� -5r��g�p7!�*< �� ��/�=� ��  -��0�0 

)� ,� �7<  �D=� ��� �� ~$� (7*< �70��� .��7*=�RNA :*�0 

�� ��X<DNA 7*H��  *! �*@ ���1� )/� �� �3
� .7/�  �X��'� 

OD [��>�qp *-�$ %��� �� a � 5�� RNA %*� 7*<�� .(�:*��

RNA �7< �X��'� qgq  -�$ %��� �� a  �0�0 ��"��7�� .

� �?"�,56	� �5�	�� 	� G��2,�6 +�,	-.�� >� Q��2�E/�0 

�����2-@?" �D �� 2� 

%$���cDNA )���-��� ��w ��!I�II ���1-*�� �� 7
�� � ����n 

(4 Q**0�� �� 7**< ~B?**� .%**� -�� 7**n �**� ��w )���-�**��

D10622, D90549 ����� %�/:0� :�$�0�  	0 ��s%�/:0� ��;/�� 

)���� �� �7
!� ] � 8<BamHI .EcoRI �SmaI (� ���*�

 ��w )���-���II %*� -�� 7*n �� D38130 ����� ���*;/�� 

�7
!� ] � %�/:0�%�7<�� .

[�&'� )���-��� �� a�7@  ! �!OA�H �DNA%��04 �*@ 

"'� �ef� #/:0� � �*-�  �� *\ %< � ��! �*���PCR  *��5� 

��*� �7< �*� O*=-
� ���*�� -5$� [4 *n�� (� y/�*-0 �O5*< U

�7!�?� %���*<.8
*n�� �*n �*d0� �� PCR��*� ��*� DNA 

� ���� %A�&-��  �L 8
n�� Q/ %��04 %�0 7*A �� 7A (��� 
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�	� ����cDNA �,	-.��+/�0 (CCs)� 1...  

��� 

54321
bp 

500
400
300

10000

100 
54321

L@!'.	-6��" LR	N fPCR ��SU� DNA��6D �� g�,	-.�+	�/�0 (CCI & CCII)h69 �K� L � �" W8 � ����	49 �D �� "�

� �	�6�5��.��-� '2C�	� ?�\?�� ��� 	� ��"56	-�" �1 kb��5!	� .��-�i � 5<	� h69 �K� L�G ���-G� �(	�5G6	� >G� Q�G�2� 

��,	-.�/�0 +)(CCI ��-� 1�	,�C j	�56	� � >� Q��2� �,	-.�/�0 +)(CCI ��-� � 5
�� k������2C >�l< >� Q��2� ��,	-.�/�0 +

)(CCII� �	�6 "� �5�� .	�56	� ��B��	=" ��	�6 ��-� 2� �� ?	 -N" ��B� �5
����D	�	- � ��,	-.�� /�0 +�5!	�.

500

10000

100

bp 

1 2 3 4 5
L@!i.>6� 6 	��5! V?	J cDNA� �" �"5C 2� >� Q��2� �,	-.�+	�/�0 ��SGU� ��RT - PCR G� �	�G6 "��5G��.��-G� '

��"56	-�" 2C�	� >� Q��2�?�\�� ��� 	� �bp 'mm ��5!	� .��-� 	�i)no	� 56	��(���-� (>� Q��2� CC15
�� � �	,�C ��-� �	�j

�k>�,2,�E>� Q��2�CCII� 5
�� � �	,�C �5!	�.�	=" 56	��n	8 �
�� �� ��-� �� ��B�� �5!	� >�	�� ��SU� >� Q��2� 56"�,.

�F*$ .� *n ��
-*�� �7*< �7!�?� ��!70�� � (� �K�&'� ��

 �K�&**'� �� a�K (�**
��P� �� **�RT-PCR7**< ���1-**�� .

���� *� �B�*0 ]�� �� ���1-�� "/:� �� ���1-*�� W�*R>�

RNA ������� I*$�\ 7*�$�� �� *� cDNA (� *-
/� 7*\�� �*n 

)�>D\DNA (�*�� �� %04 l�0 ��! �@ %` %*�0 7*
@ (."*�� 

%� 7<�� .[�&'� cDNA ��"*�� �7*�� ��mRNA �*��� 

PCR �� cb �@  ��5� � ���� ~$�� .(� @ ����� -5$� [4

 y/�-0��O5<g"�� �7�� .

I�n ��0 ��!7���_b pUC ���  *� )���*� %r�� �� a��=� 

7�1� �0� �� "?@ ��'��%�� 707*<  !��.~�B?*� �� *� 

7���_b ���*H ��!cDNA I*�n ��0 %0�*�n 7*
+ .�7*0�d
 

7�1�����P ��'� �� 7<� �� cb a�7n  ! � �7� �0��7� LB 

� )���� %r�� ��������7*� ���  *� )-� * �� *\ I*< Q*/ 

��  R�**<���**��� %-0�**� �� ** �**0��0 � "**<�� � ����

#V*! O*�9 �*� � a�7n  ! �� %$�&'-�� ��!7���_b a�*d0� �

����� -R$�cDNA.�70�d
 7�/f� 7< .%0��@ �� �!/"'� �@ %
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����� ��	
� � ���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��q 

500

2686
10000

bp

10987654321 987654321
L@!(. �X8�5	�C2,�6 �EpUC 19� �	�6 "� �5��)i*)*�	� HTB (3	, HU, >C�� >-�24 �"2< �K� L � 2cDNA��,	-.+�	�

?�\�� ��� �� � "5B 	&69 �" /�0�>-�24 �"2< ��J 56" .

���p	�'�S, H .< 2� �� �?�\�� ��� 	� ��"56	-�" 2C�	� 12�00 bp'H�" .���p	G�i�(�*�q�SG, �" �� rGA H G� 2

���p	�k�*�q�S, �" � �X8 H�"� H � 2�	�5��3	, HU, >C 5
-.� �h69 2��	�< �5
�� `2� ?� >-�24 �"2�2d6 ���� >�l< 5<	� 

��5
!	� .���p	�j�k�)	,'m�S, �" �� rA H � 2>,2,�6��C E�	�"�"� ��,	-.�+	G�/�0 CCI �CCII �	G,�C )(sk �

(km�	� HTB (�� ��p	�i	,j�)�s�S, �" �� H�"� H � 2>,2,�6��C E�	�"�"� �G�,	-.�+	G�/�0 CCII �CCI 5G
�� 

)jkm �kmm�	� HTB (� >C 5
-.�>����h69 >��	��5! ��"� >6	4 �� `2� E�	
� <	� � 56"� �X8 �56	��	� 5pUC�� �� �p	�o	G� 

� �5�	�����!.

��5B'.?	;A���6 ���, �7,�28 Hd�e +�"2� +C2,�6 �� E�,	-.+�	�/�0 

�0��0 $�;+%��0 �

[�� �� R� 

$�;+%0���

a�� �� R� 

[7>� 

$�;+%��0 �

Y�� b "	�L�)

g/ 5 µl�

CC I 7
�� gqq/pgqp/pgqg/pzs/�

CCI ����n �Z�/p�zp/p��Z/pp/�

CCII 7
�� �qz/p�Zg/p�U�/ps�/UU

CCII ����n �p�/p�qq/p��z/pp�/UU

 �ef� #/:0� )/� �!%$�*5�� (�� �*� ���*D� ��!7*0�� 7
-�  �� \ 

)���-��� ��! ��wI�II 7< �7!�?�)O5<�.(

,+���+�,	-.�� +�7,�28 Hd�e 	�/�0 

)���-��� �� �D��� �� %�� �0� �7< ��w II T/ � 8/���� �� 

������ � %*�� �*0� � �7*

n��3� )*/� ,�*� (��� �7
!� (�?0

 �0 �@ ����� )���-�*�� )�Y�� *b #@ ��VH �7
!� (�?0 ��w

 7
�����.�� � )�Y�� b )/� "	�L ��\� )��>� �*! �� ���1-*�� �*�

 ���0 %$�;+  -��-�� -Rr�� (OD) ���*��� � [��'� �� a�7n ! 

�0��0 ���! }�*� [�*P �� �� *R� �� �� )�Y�� bzsz -��0�*0 

7/�  �X��'� �30� [7>� � 7< �70��� .�0��0 )�Y�� b "	�L �!

zs/���*�� �� *�  *-�$ � R�� y
b �� a � R�� ��w )���-�

 ����<I)����*��n � 7
�� I�� � (�s�/UU�p�/UUa *� R�� 

����< ��w )���-��� �� �  -�$� R�� y
b ��II)��7*
�� I�� �

 ����n �(����*< )���-�*��  *-3� (��� �n ���II 7��*�_b �� �� 

(�?0 I�n ��0%�7!�)[�7� U.(

�5

C�	&� �"5�	8 � H�?	�� 	�+�,	-.�� 

O5<q"�$�>� (�:��  ;0�?0�7

n��3� (� ���7/�b � )���-��� 

�� �� � ���&9 ��� �n Q��� ��K %<��� )�Y-�*�� ���*H 

���� b %�7<�� .(��! �7!�?� �@ �0� %*� ��*<  !�*	� �7*<

70�� ��! (�-� �� ����� ��!�%$� Up%-H �p�� c*b �*=�\� 
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�	� ����cDNA �,	-.��+/�0 (CCs)� 1...  

��z 

��	b� �� +�8	8�28 �56�"��	� H�?	���	,�28 +�7-.�� �	N ��	S� /

L@!j.��-�'�?�\�� ��� 	� 2C�	� KDa  'mm ��-� 1i��-� 1�	,�28 �	N ��	S� (+�8	8�28 �56�"��	� (PP))(s��G-?"� �G��C (� 1

��-� 	�j�?" 'm>� >C "2-.��� � �56�"��	� E�C2, �	�� /5� �� E�,2, 	G� 12TGRim1jm� >G�6	3 '1k1'm�(m:�GU� �� >GF�<� 

�	;��	��9 ��"� �"2< �� �	�6 "� H�" �5! 5�� .>�N	6 �� 56	� 2�	d, /5!(s/5� 	, ��-?"� ���C (m"2-.G��� 	G� /��	b� �" W8 >F�<� 

)��-�'m(�� �9 �5�6 h�?��5�� � +�8	8�28 �56�"��	� �"5�	8 2;6	�6 5!	�.

�56�"��	� H�?	�� �28 +�,	-.��PP IV�	,�28 +�7-.�� �	N ��	S� /��	b� �� 

L@!k.��-�'��-� 12C�	� s�28 �5

C �	&� �	,�28 	8	8 �	)'(C���-?"� ��(��-� 1'm�	N ��	S� ��7-.�+�	,�28 	G� ��-� � 1i

?"�)C2, ��� /5� �� >C "� "2-.��� � �5

C�	&� E	� �	12TR im1jm� >�6	3 '1k1'm�(m>F�<� ���	;��	��9 :�U� �5! ��"� �"2< 

�24 �����2-\?" ���5� �	�6 "� 56"�5�� .��-� �" 	�56	� 2�	d, /5!i	,k.� O�	C ���-� �" � >-!"� �C �	*	G, )5G! �9 O�	GC �5

�>�����-� �� >C)2F, �58	6 	��	�6 ��J >C H�" �5! 545
�.A /�5< 2;6�?	�� ��� �56�"��	� H�,	-.��� 2� +�>�	,�28 	8	8 G�G?� 	�

��?��5��5, h�b�� �	�� ��� �� �9 �5!	� .

�70�� %\�� %0�7
+  ��G� (�7� � -���� �� �7

n��3� (���0 ���d�

  ;0�?0 l�m�� )/� �n "�� "�$�>�%7

n��3� �7*

n��3� )*/�

 b )�Y-��� TX
� O��=� �� ��� *�n Q��� ���� ���&9 %
>/ ���� 

 (� (7?0 :�$��7�! � � -���� �/:d� a79 �%�7<�� .7*0�� ���� 

)/� �� ��� � �7

n��3� %-H�p�� c*b �=�\� ���*d� (� (� *@ 

� -���� �� )*/� ,�*� ���7*/�b �� (�?*0 ��;?*/���� ��*'� ��

0�������7%�7<�� .��O5<zl�m�� ���7H �� "*�� ���1-�.

�7!�?�  /�&� )/� ��%��@ ��< � *b �7

n��3� PP IV "*�$�>� 

�� �-X�0 ���*H ���&*9 %*
>/ ��*� �� -�*��� O��=� �� �� %�

���� b )�Y-��� ."�� ���� (�?0 ���70�� �7

n��3� )/� ���7/�b ��� 

)�b�b %�0 .7<�� ���0� 70��  !�	� �7< �@ ���7

n��3� �*P�� �

 (�-� ��g��Z � �@ (��� �� ��� ��! S*�-B� ���*d� (� (� *@ 

� -���� ��%�� 7<����� 7>� � �7< #@ y/�7��p�*=�\� �*3
�  *e� 

"�� �70�� %\�� (� �� �:�+�0 ."�$�>�  � ��� l�m�� )/� %X�*0 

%7

n��3� ��)�Y-�*�� ���*H �� -���� O��=� ��*�� b ���*� 

8/����%�7<��.

10987654321

10987654321

39 KDa 

100 kDa 

13 KDa 

100 KDa 
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����� ��	
� � ���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��� 

tU� 

-*�� )�*� �� � ���7/�b a79 ) �ef*� #*� BT � (�*�� [�*P �� 

���b ���7/�b ���-<�� (�  � �� (�=='� .(� O��=� �� �� ?H ��

 �� "����[�X0���� ��n ��!<�� � ;/� %R�-047
.�*D��� )*/� ��

 /���
< �� a�7\� (4 [�*=-0� � %��*! )�Y�� *b �7*

n 7*�$�� ��*!

 �70���������� b %7*0������ "�$�>� T��� �
��� �� �!.%*� 7*0���

 ���� O��=� �� (�!�� %9��� #-��� �� �� %?B� "/�m� y/�-0

 7/��0 ��d/� �7

n ���H .)���-��� �!�� %X�*0 "*/:� )-<�� ��

 ��*3� � [ *-
n �� �� ?H %<��� �$�$ �-/7��� �� ��G� O��=�

���� b ��! � -b�*Y�n ����0�*� �� ?*H %<��� �$�$ �� �����

�v e%�7
<�� .�� �� %5�-04 �7< %�7
3� �K�&'� )%�(��*�

 (4� � %
��� I�� ���70������ (4 ���H )���-��� �:/�� (OCI) 

Q*��� "�� O��=� �� �7H �� �n � n ���<� y0 � [�&'� ��

 ��� �n(CPB) "�� ���� (�?0 "���=� ���\ )���-��� )/� %$�

 (� *n [�>�  �L � [�&�� ����*�� b ��*! l�*0 )��*r��nB�L

�*3
� ��;?*/���� ��*'� �� � ���X0�p"*�$�>� �� 7*A�� ��*!

���� b %<��� �$�$ �� ����� �CPB ��*3� �� %*� 7*
n)U�.(

)���-��� ��! ��w��(��
9 �*n 7*/7� [7*� � )/:;/�*� Q/ 

O**��=� �� �� � -?**�� "**�$�>� �**
������� b(�?**0 ��**� �� �**! 

%� �7*< %� >� .7
!� 7*0�)U.(�*n ���*�� �*��U���� 7*A 

7��� ��! )���-�*�� �� ��*��� �
��� ��*! �� (� 7*
0��! ��w

 �**
��� 7�**�� )�**� ��**A�� �� y0 **� )���-�**�� ��**!���U�z 

%� )���-��� ��� .7<�� ��! ��*\ %70������ ��7\ ����� ��w

)��**r��n .)�b�**b O**��=� �� � **� H�L%7**0������ ��7**\ �

)��**r��n O**��=� �� � **� S�>**mB%**� 7
**<��.C_-**�� 

)���-��� ��! )���-��� �� ��w ��! )/� �� y0 � %*� �*n 7*<��

)���-��� ��!��w %� 7�-rb ����� 7
0��� ��! � 7
*<�� %$�
;��

 �RX**< .O**`�n��  **�	0 %$��**� ��:**�� �� %**R/ �� �F**$ ��**!

 70�*< � *��w �2� ��;-�� �/ � %��_b�70�)U.(C_*�  *�

��**
�Y�� b ��**!)/ **� **�� ��**
�Y�� b �)��**b���n Q����rD�**n 

���� ��/� ��7=�E. coli [��� ."�� �7< (��� ��*! �� ���7*'�

 � %-H )�Y-��� ��!��
�Y�� b (������ #n ��7=�E.coli ]��:* 

"**�� �7**<)gs.(�**� #/7**< �**��� 8!�2**b )**/� ��cDNA 

]�� �*� �� ��w )���-�*��Reverse transcription �*� "*�� 

� �����)�Y�� b ��!�>� [� 7
+  ! �� )���-����#*n ��7=� �� 

%$�@��*< <� � -@�� /�*�0 7*�$�� #�."*	�L )�*�>� �� �*x0�
+

 )���-��� )�Y�� b [�&'� �![�7� ��U�7!�?�%�(�*�� ��<

 ��-X�0 � ���1-�  /��=� �� %n�H (4 #n )���-��� ��! 7
�� ��w

 ����n �%�7<�� .�0 )�Y�� b  !�	� (�:�� �� C_-�� )/� I*�n �

%� I�n ��0 "��� l�0 �� 70��� �!)[��*� � 7���_b l�0 ��*!

 �7< ���1-�� 7>-�� (��< ��� � .#!)�
+ %V*>� ���7/�b a79 

)�Y�� b �� ��! [��� �� I�n ��0 ��! :*�0 7>-�� %*� �� 7*0���

 �*� }�*�-H� �*n 7*<�� �-*<�� "*$��� I*�n ��0 )�Y�� b  !�	�

 ����  -?�� ��='� .]��: �x0�
+ "�� �7< �/� < �� S�-B� 

����l�0 �7*
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6����� %-0�  ;0�?0 �� �� )�Y�� *b ��*X0� 7*�$�� ���*� �*
�3�
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 � (���#!)�
+ � %7
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%$�H �@.a�� (��-��� ��i�&� ��*3-0� ΄z6*/ I*�L� .(� 

���� �� %0� '� 8=0 %� �@ 7
@#!)�*
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7
0��! .)�`�b ��� H ���� "9 � .)� @ TX
� .(2��@� hD� 

%� :�0 � �L � 7<� )�Y�� *b 7*�$�� (�:��  � 70���  �ef*� ��F* 
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%2/� ��! )���-��� %R/4�$�/:��I�w ��3�� �%��*n 70���
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�	� ����cDNA �,	-.��+/�0 (CCs)� 1...  

��� 

O�>$���-�� ��! ����� �/� *< (�*�� � 7*�$�� �� *� %X*��
� 

I�n ��0 )�Y�� b � �n�7H �*� ��*�� O*\�0 l�*0 )R�*$ .7*/� 

[��� � 7���_b �!O*���9  /�*� � ���1-*�� ���*� 7>-�*� �

��� �� �� %>0��� �-��
<�0��"�� ���(�)/� �� ,��D� hD�

 [�>� )�Y�� b ��*�0 ��d/� �� I�n ��0 .[�*H )�*9 �� (�*�� �

7�$�� )�Y�� b ��! I�n ��0 )���-�����w *� 7
+  ! ���7*=�

 )/�  ;0��� 8/���� )/� �� #@ "*�� I�D� �*@ �� ���1-*�� �*� 

[��� ��!7>-�� *-3� �� (4 �*>D\  � e�*� ���*� (�*�n �

7���_b %� )/� �� (��� "��/ "�� #3� .��� (���*R�! �)U(

7>-�*� [��*� �� )�Y�� *b )*/� #*n (��� �n 707=->�E. coli 

%� ��-X�0 7�-rb [�
;�� ���� �� %<�0 70��� )*/� �� �! %0K�P 

 **b ��?**L �� (� w�**10 �� �**n 7**<�� )�Y�� %�**�_b�-�� 

%$�n��< <�%�7!�n.7���_b �� ���1-�� "�9pGEX ��(��
9 

0� �� O\� ��?/���� )/��O�$� �� (� %-/�7*! 8=0 (��� �� *\ 

I�n ��0 ��*3-0� �*� (� [�&*�� � %$�@��< <� �� O��*n�� n 

[�5��g�%0�-$�� ���@ GST O&*-� )�Y�� *b I*�L� �@ ���� 

���\ �� �7< %� %*-H� � � ���� [��'� %�� ��'� �� �@ ����

 �� 70��-�����a�� �/ -@�� /��< �7� %)gz.(O*\�0pGEX 3x .

�_X\ ���� ��?�� (���5�! �)U�(.�����*A :*��� "*�=��� 

)���-��� (��� �� � y0 � (OCs) �7< ���1-�� ���.8!�2b �� 

O\�0 ��  m�H 19 pUC ��(��
9 %�A� O\�0 .���� (��@ �� �

 �*�� %*!� 8/�:*�� ��7\:(�%$�@��*< <� � -@�*� �� (�*��

���1-**�� 7**<)gZ��U(.#**! )�**
+ O**�$� **��-���1O**\�0 �� 

pGEX 2T ��3-0� �@NH2 j�?*
� (� �� �
��� 7��� %*� .� *�

�R��(7�$�� �� %
�Y�� b �
��� 7��� ��!)���-��� ��w � �� �*/ 

[�
;�� (�7�b7�-r"�� ����.��� (���5�! �)U(�� ���1-�� ��

 O\�0pCC7S [��*� �� ��*! 7>-�*�E. coli (�*�� �*� �*���

���-�**�� )�Y�� **b %$�**R�� (�� �**� ��w )U�(�**-$�� �**��n 

��707< #n ��7=�.I*�n ��0 7��*�_b l�*0 �30� �n %0��� ��� 

pCC7H � �
� �n ��7*< �-��� 7���_b Q/ (�?/� �-1 ��*\

 ��w )���-�**�� I**�n ��0 )�Y�� **b (�**�� ��7**=� 8/�:**�� �� 

%� .70���  ��G� �� 7<�� O&-� )�Y�� b (��� �� ����Ugp 7��� 


������7�-rb [�
;�� 7\�� %��*�D� hD� �� 707*< .��?*�� �

(���5�!)U�(��[��� ��! 7>-�*�JM-109 �*� (��*
9 6*/ 

�0�(��� �� � ]��� �� IGST-OC ���1-������0 70�.

8!�2*b )/� y/�-0 �� �x0�
+ �*� "*�� 7*�� CC I  �CC II �� 

�� � (�*<��� "1� ��7>� � �
��� ��!7��� %$��� ��/�=� �*d�-0 

����<��� ���A�&�/O��=� �� �30� %���� b ���*1� #*! �*� �*!

 y/�*-0 �*� l�*m�� )/� �n 70��� �*� "*�� �*��� �7*�� �*�� �

(���**R�!)U(���� "**=��D� .���A�&**�  **;/� C **P ��

)���-��� ��! )���-�*�� �*� ��w ��*! y0 *�(OCs) O*�$� �*� 

l�*0 )*/� T*�d� "/�7*! k*9�� �*n �7*�-rb (�?0 Q/ )-<�� 

)���-��� �!O'� ����A�&� %$��� (��� �:�� �� %%���*<

)���� �**�='� �**� ��**�0("**�� ���**1-� ..��7**\ l�**�d� ��

 )���-��� %70������ ��! ��w)CCs ( )���-��� �� "X�0 ��*!

 y0 �)OCs ( �� �30� %X�n � O�� O�$� ������ b %�  -?�� .�! 7<�� .

���� ��7\ ����� ��w )���-��� ���  ! �� � � ��\ %70��

)�b�b O��=�%�7
<��)��I*�� � 3.7x10-8 Ki�6.6x10-8�� *� 

CCI �CCII �� ��/�=� �� 3.64x10-8 �1.14x10-6 �� *� OCI 

�OCII .(�
x�! )CCI \ ����� �� � � ��\ %70������ ��7

)��**b���n ����**d� H(Ki, 5.7x10-9).=� �� �**� ��**/�OCI 

)(Ki, 7.8x10-8 �OCII (Ki, 2.5x10-7)%� 7<��)U�gU.(

�"h;�	u� 

)/7� �*n "\� %70��� ��3� ����� a -'� )�$�Y�� �� �����

 %0���7*\ �  R?*� 7*0���0 #!� � �� 8!�2b )/� a�d0� "A � 

%� #/��0 .#!)�
+ )�*�  *-n� � ��?*�� Q*�
���  -n� (�/�\� �� 

��0�n [��K ��;?0�� �4�$�/:�� 8B� 7����� ��n a�*d0� �� �n �

8/�*��� OH� � *!*H�X� ^ *P �*� �k(��*�0 #!� *� � %*��9 

%0���7*\ �0����*A .7*0���0 ���*/ � *� %!�;?/���� ��:�3d� 

%� #/��0.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
28

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-1

1-
26

 ]
 

                            11 / 13

https://dorl.net/dor/20.1001.1.24763594.1386.11.1.28.0
https://iutjournals.iut.ac.ir/jstnar/article-1-669-fa.html


����� ��	
� � ���	�� ��
� � ���� /�	�����	� /��	 !��" )$(/�	&� '()* 

��Z 

��	
� ���� ��	T-�" 

1. Abe, M., K. Abe, M. Kuroda and S. Arai. 1992. Corn kernel cysteine protease inhibitor as a novel cystatin 
superfamily member of plant origion. Eurp. J. Biochem. 209:933-937. 

2. Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein using 
the principle of protein-dye binding. Anal. Biochem. 72:248-254. 

3. Chen, M. S., B. Johnson, L. Wen, S. Muthukrishnan, K.J. Kramer, T. D. Morgan and G. R. Reeck.1992. Rice 
Cystatin Bacterial Expression, Purification, Cysteine Proteinase Inhibitory Activity, and Insect Growth 
Supressing Activity of a Truncated Form of the protein. Protein Express Purif 3:41-49. 

4. Edward. K., C. Johnston and C. Thompson. 1991. A simple and rapid method for the preparation of plant genomic 
DNA for PCR Analysis. Nucleic Acids Res. 19:1349.  

5. Felton, G. W, C. B. Summers and A. J. Mueller. 1994. Oxidative responses in soybean foliage to herbivory by bean 
leaf beetle and three-cornered alfalfa hopper. J. Chem. Ecol. 20(3): 639-650. 

6. Gatehouse, A. M. R., Y. Shi, K. S. Powell, C. Brough, V .A. Hider, W. D. Hmilton, C. Newwell, A. Merryweather, 
D. Bulter and J. A. Gatehouse. 1991. Approaches to insect resistance using transgenic plants. Phylosophical 
Transactions of the Royal Society, London. 

7. Gatehouse A. M. R., Down R. E, K. S Powell, N. Sauvion, Y. Rahbe, C. A. Newell, A. Merryweather, W. D. O. 
Hamilton and J. A Gatehouse. 1996. Transgenic potato plants with enhanced resistance to the peach-potato aphid 
Myzus persicae. Entomol. Exp. Appl. 79: 295-307. 

8. Hanada, K., M. Tamai, M. Yamagishi, S. Ohmura, J. Sawada and I. Tanaka. 1978. Isolation and Characterization of 
E-64, a new thiol protease inhibitor. Agric. Biol. Chem. 42:523-528.  

9. Hilder, V. A., A. M. R. Gatehouse, S. E. Sheerman, R. F. Barker and D. Boulter. 1987. A novel mechanism of insect 
resistance engineered into tobacco. Nature 330:160-163. 

10. Hilder, V. A., A. M. R. Gatehouse and D. Boulter. 1993. Proteinase Inhibitor Approach, PP. 317-338. In: Kung S-D 
and R. Wu (Eds.), Transgenic Plants: Engineering and Utilization, Vol. 1. Academic Press, New York. 

11. Hines, M. E., C. I. Osuala and S. S. Nielsen.1991. Isolation and partial characterization of a soybean cystatin 
cysteine proteinase inhibitor of coleoptera digestive proteolytic activity. J. Agric. Food Chem. 39:1515-1520. 

12. Kane, J. F. 1995. Effects of rare codon clusters on high-level expression of heterologous proteins in Escherichia 
coli. Curr Opin Biotechnol 6: 494-500 

13. Lawrence, P. K. and K. R. Koundal. 2002. Plant protease inhibitors in control of phytophagous insects. Review 
Article. EJB Electronic J. Biotechnol. 5(1): 93-109. 

14. Liang, C., G. Brookhart, G.H. Feng, G.R. Reeck and K. J. Kramer.1991. Inhibition of digestive proteinase of stored 
grain coleoptera by oryzacystatin, A cysteine proteinase inhibitor from rice seeds. FEBS Lett. 278:139-142. 

15. Mertens, S., M. Craxton and M. Goedert.1996. SAP kinase-3, a new member of the family of mammalian stress-
activated protein kinases. FEBS Lett. 383: 273-276 

16. Michaud, D., B. Nguyen-Quoc and S. Yelle. 1994. Production of oryzacystatins I and II in E. coli using the 
glutathione S-Transferase gene fusion system. Biotecnol. Prog. 10:155-159. 

17. Michaud, D., L. Cantin and T. C. Vrain. 1995. Carboxy-Terminated Truncation of Oryza cystatin II by 
Oryzacystatin-Insensitive Insect Digestive Proteinases. Archieves of Biochem. Biophys.322:469-474. 

18. Michaud, D. and A. Asselin.1995. Review, Application to plant proteins of gel electrophoretic methods. J. 
Chromatogr. A. 696:263-279.  

19. Murdock, L. L., R. E. Shad and M. A. Pomeroy. 1988. Effects of E-64, a cysteine proteinase inhibitor, on cowpea 
weevil growth, development and fecundity. Environ. Entomol. 17:467-469. 

20. Murdock, L. L., G. Brookhart, P. E. Dunn, D. E. Foard, S. Kelly, L. Kitch, R. E. Shade, R. H. Shuckle and J. L. 
Wolfson.1987. Cysteine digestive proteinases in coleoptera. Comp. Bioch. Physiol. 87:783-787.  

21. Michaud, D., B. Nguyen-Quoc. T. C. Vrain. D. Fong. and S. Yelle. 1996. Response of Digestive Cysteine 
Proteinases from the Colorado Potato Beetle (Leptinotarsa decemlineata) and the Black Vine Weevil 
(Otiorynchus sulcatus) to a Recombinant form of Human Stefin A. Archieves of Insect Biochemistry and Physiol. 
31: 451-464. 

22. Perlak, F.J., T.B Stone, Y.M. Muskopf, L. J. Petersen, G. B. Parker, S. A. McPherson, J. Wyman, S. Love and G. 
Reed. 1993. Genetically improved potatoes: Protection from damage by Colorado potato beetles. Plant. Mol. 
Biol. 22: 313-321. 

23. Ryan. C. A.1989. Proteinase inhibitor gene families: Strategies for transformation to improve plant defense against 
herbivores. Bio Essays 10:20-24. 

24. Smith, B. J. 1984. SDS polyacrylamide gel electrophoresis of proteinsi. PP.41-55. In: J.M Walker (Ed.), Methods in 
Molecular Biology. Vol. 1. Proteins. Humana Press, Clifton, New Jersey. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
28

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-1

1-
26

 ]
 

                            12 / 13

https://dorl.net/dor/20.1001.1.24763594.1386.11.1.28.0
https://iutjournals.iut.ac.ir/jstnar/article-1-669-fa.html


�	� ����cDNA �,	-.��+/�0 (CCs)� 1...  

��s 

25. Smith. D. B. and K. S. Johnson. 1988. Single step purification of polypeptides expressed in E. coli as fusions with 
GST. Gene. 6:31-40.  

26. Tabashnik, B. E. 1994. Evolution of Resistance to Bacillus thuringiensis. Annu. Rev. of Entomol. 39:47-79. 
27. Vaeck, M., A. Reynaerts, H. Hofte, S. Jansens, M. D. De Beucketeer, C. Dean, M. Zebean, M. V. Van Montagu and 

J. Leemans.1987. Transgenic plants protected from insect attack. Nature 328:33-37. 
28. Vieira, J. and J. Messing.1982. The pUC Plasmids, an M13mp7-Derived system for insertion mutagenesis and 

sequencing with synthetic universal primers. Gene. 19:259-268. 
29. Willetts. N. and B. M. Wilkins.1984. Processing of plasmid DNA during bacterial conjugation. Microbiol. Rev. 

48:24-41. 
30. Wolfson, J. L. and L.L. Murdock.1987. Supperssion of larval clorado potato beetle growth and development by 

digestive proteinase inhibitors. Entomol. Exp. Appl. 44:235-240. 
31. Yanisch-Perron, C., J. Viera and J. Messing.1985. Improved M13 phage cloning vectors and host strains: nucleotide 

sequences of the M13 mp18 and pUc19 vectors. Gene. 33:103-119. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
28

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-1

1-
26

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dorl.net/dor/20.1001.1.24763594.1386.11.1.28.0
https://iutjournals.iut.ac.ir/jstnar/article-1-669-fa.html
http://www.tcpdf.org

