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Abstract 
Melon ladybird, Epilachna chrysomelina (Fabricius) (Col.: Coccinellidae)� is a major pest of 
cucurbitaceous plants by feeding on leaves at larval and adult stages. In this study, biochemical 
properties of digestive proteases of the melon ladybird were studied in its alimentary canal� Enzyme 

activity in the digestive systems of 2nd, 3rd and 4th larval instars and adults showed that the highest 
specific enzyme activities occurred in 3rd instar larvae while no significant differences observed in 
adults.�The optimal pH and temperature for protease activity in alimentary canal were found 5 and 
30°C, respectively. The inhibitory effect of EDTA, TLCK, TPCK, PMSF and Iodoacetate were 
determined 44.32, 26.05, 22.27, 19.04 and 18.93% in the gut of E. chrysomelina, respectively. With 
respect to the highest inhibition rate in proteolytic activity caused by Iodoacetate, cysteine proteinases 
are considered as the main proteases in the midgut of the melon ladybird. Zymogram pattern in the 
native gel indicated that the protease enzyme had one isoform in the alimentary canal of the pest. 
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Fig. 1. Digestive tract of larvae of Epilachna chrysomelina 
��

��iY pH�Z»{�ÁdÌ·Z §�]��ZXeÁ�aÉ���
� �iY� Ê���]� ÉY�]pH�� ,É�ZXeÁ�a� dÌ·Z §� ÉÁ�pH�� ¦¸fz»� ÉZÅ������cZf�Y� �§Z]� �Y� Ã{Z¨f�Y� Z]� �

�ºË|�±�¾Ì�ËÔ³���cZ¨�§���Ê¸Ì»�|��ÄÌÆe��ÓÂ»� ��¾ÌÌ e�ÉY�]�¾ÌÀr¼Å�ÉZÅZ»{��ZXeÁ�a�dÌ·Z §�ÉÁ��Z»{��iY
�¦¸fz»�����Ze����Äm�{�ÂÌ�¸���d§�³��Y�«��ËZ»�M�{�Â»���¶uY�»�ÄÌ¬]��Z¯�Ã{Y{�tÌ�Âe��Z¯��Á��|À¿Z¼Å

�ZXeÁ�a�dÌ·Z §�¾ÌÌ e�|À]��{�Ã|�É�|��¹Zn¿Y����
��

Ã�Y|¿Y�É�Ì³�dÌ·Z §�¾Ì�bË�e��
�nÀ��dÌ·Z §�MºË�¿�¾Ì�bË�e��ª]Z�»�Á��Erlanger et al. (1961)�Y¹Zn¿�|���Y��{�¾Ë�Á��Y�BApNA �

� á�-N��À]Á¶Ë���DL�����MZa� ¾Ì¿Y��fÌ¿MÁ|Ì¸Ì¿��ÂÀ�� Ä]½Y��f�]Â�Y�YZ¨f�Ã{�|���� Y�f�]Â�� ¾ËY�{�{É�¶Ìf»�
|ËZ�¯Z¨·Â���DMSO��¶u��Á�b��Z]��Ë�e��§Z]���
��ÓÂ»���ªÌ«�|�� �®Ë�YÁ|u��dÌ·Z §YÊ�Z�fy�MºË�¿�

¾Ì�bË�e��U���]Y�]�Yd��Z]�®Ë��°Ì»ÁÂ»µ�ZaY��fÌ¿MÁ¾Ì¸Ì¿�Ä¯���{|»c�®Ë�{Ä¬Ì«��ÁÄ]�Y�YÉ�®Ë��³Ê¸Ì»¹��aÁ¾ÌXe�
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Ã�Y|¿Y�É�Ì³�dÌ·Z §�¾Ì�bË�eÂ¼Ì¯��
�]YÉ��nÀ��dÌ·Z §�M¾Ì�bË�eÂ¼Ì¯� ºË�¿���Á�� �YHummel (1959)�YZ¨f�Ã{��³{|Ë� �Y� �{� ¾Ë�Á���Y�
BTEE��N���À]Á¶Ë��L����Ìe�Á¾Ë���Y¶Ìe�Y�f���ÂÀ��Ä]½Y��f�]Â�Y�YZ¨f�Ã{�|���®Ë�YÁ|u�dÌ·Z §�YÊ�Z�fy�

MºË�¿�¾Ì�bË�eÂ¼Ì¯��U���]Y�]�Yd��Z]�®Ë��°Ì»ÁÂ»µ�N��À]Á¶Ë���DL����Ìe�Á¾Ë�Ä¯�� �{|»c�®Ë�{Ä¬Ì«��ÁÄ]�
Y�YÉ�®Ë��³Ê¸Ì»¹��aÁ¾ÌXe�{� �{Z»É�����{Äm��ÂÌ�¸��Â¸v»µ�{Y�M�Ê»�{Â�� �Ã�Y|¿Y� ÉY�]�� É�Ì³�dÌ·Z §

¾Ì�bË�eÂ¼Ì¯,����� Z]� ºË�¿M� �fÌ·Á�°Ì»����� ÃY�¼Å� Ä]� Y�f�]Â�� �fÌ·Á�°Ì»�����Ë�e� �§Z]� �fÌ·Á�°Ì»��
�pH �
�Á��Â¸z»�cY�ÌÌ¤eÄ¿Â¼¿�[~m�ZÅ��kÂ»�µÂ���{������f»Â¿Z¿Ã|¿YÂy�|����½Y�Ì»�dÌ·Z §M�¾Ì�bË�eÂ¼Ì¯�ºË�¿�Z]

µÂ»�§��Y�Ã{Z¨f�Y�½Y�Ì»�Ä^�Zv»�dÆm�Ã|���¯}��dÌ·Z §MºË�¿�¾Ì�bË�e�|»M�d�|]���
��

Ã|¿�Y{�Z]��iY��dÌ·Z §�ÉÁ��ZÅ�ZXeÁ�aÉ��
Ã|¿�Y{�Z]� �iY�� ÉZÅEDTA�����ÓÂ»� Ê¸Ì»�� cZf�YÁ|Ë� ,����ÓÂ»� Ê¸Ì»�� ,TLCK,�TPCK�� ÁPMSF�� �

����ÓÂ»� Ê¸Ì»� ��dÌ·Z §� ÉÁ��ZXeÁ�aÉ�|��Ê���]���YÂ³� Ä·Â·� �Ã|¿�Y{�Z]� �iY� Ê���]� ÉY�]��dÌ·Z §� ÉÁ�� ZÅ
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�
���cZ¨�§��§Z]��{�|��{���pH��¶¬fÀ»��c|»�Ä]�Á�����{�µ��Ä¬Ì«{�¾ËY�µÂ¸v»Ã{Y{�½Z°e��|���¶¼��¾ËY����Z]

|���Y�°e����b���µ��Y��Ã{Y{�Â�f���cZ¨�§��§Z]�Z]��Z]�¾Ë|ÀqÁ������¾ÌW�Z¯�µÂ¸v»��fÌ·�Ê¸Ì»���ÉÁ��|��{
�c|»�Ä]�µ��Á�|��ÄfzË��µ����ÉZ»{��{�d�Z�����Äm�{�ÂÌ�¸���ÉÁ�d§�³��Y�«��°Ì����Ä¸u�»�¾ËY��Y�| ]
� Á�Â�f�����¬»�[M� Z]� µ�����²¿��µÂ¸v»��fÌ·�Ê¸Ì»��É�Ì»M� Â¸]�Ê�Z»Â¯� Ä]½M��c|»� Ä]� Á�|�� Ä§Z�Y����
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�ZXeÁ�a�dÌ·Z §�É�¶¯��
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Ä·Â·���YÂ³�Z]�Ã{Z¨f�Y��Y�ÉY�f�]Â���Z¯Á�MW¾Ì�Ã�Y|¿Y�É�Ì³�|���É�Â��½Z¼Å��¶°���{�Ä¯���A���Á�B���Ã|ÅZ�»
Ê»�� {Â��½Y�Ì»�ÉÁ�Ó�¦¸fz»�¾ÌÀ���{��ZXeÁ�a�dÌ·Z §E. chrysomelina�{�Y{�cÁZ¨e� �½Y�Ì»��¾ËY� Ã�ËÁ�dÌ·Z §

º¯�Á{�¾���{�ºË�¿M��Ì]�¹Â��¾���{�Á��e�Ê»��´Ë{�¾��Á{��Y��e�|�Z]���¾ÌÀr¼Å�Ì]��ºË�¿M�¾ËY�dÌ·Z §�¾Ë�e��{
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{Â¼¿�ÄÌmÂe��´Ë{�¾ÌÀ���Christopher & Mathavan (1985)�¾Ì]�Ä¯�|Àf�Y{��ZÆ�Y�½Y�Ì» [~m Y~£ Á dÌ·Z § 
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�Y~³�ÌiPe |�Z]��pH��Z]�ºË�¿M�dÌ·Z §�ÉY�]�ÄÀÌÆ]pH�Ä¿Â³�Êy�]��{�Ã��u�Ã| »�ºÅ�ZÅ���ÌiPe�dve�Á�Äf�Y{�Ê¿YÂy
�,Y~£��Ì�¿�ÊËZÅ�Âf¯Z§pH�Á�Y~£ dÌ ¼m º�Ì¿Z³�YÁ�°Ì»��Ã| »�ÉZÅÊ»��|�Z]�Dow, 1986����Y|¬»� pH�Æ]ÌÄÀ�Y�]É�
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(Tatli et al., 2010)� pH � ®�Â�� �{� �ZXeÁ�a� ºË�¿M� dÌ·Z §� ÄÀÌÆ]Zabrotes subfasciatus Boheman 

(Col.,:Bruchidae)�Z]��]Y�]��
�,�¾ÌXf�Ì��,Ã��u�¾ËY���YÂ³�ÃZ´f�{��{�\·Z£��ZXeÁ�a�Á��ZXeÁ�a�|����Y�³�ZÅ
�Lemos et al., 1990����¾ÌÀr¼ÅpH��dÌ·Z §�ÄÀÌÆ]�ZXeÁ�a���{Ä�b���»�«�M{��T. castaneum��
���Ä¯�|»M�d�|]

�¾ÌXf�Ì��dÌ·Z §�Ã{Á|v»��{�ZXeÁ�aÊ»�ZÅ�|�Z]�Oppert et al., 2003���cZ¬Ì¬ve�Ê�Fabrick et al. (2002) �,
pH��ºË�¿M�dÌ·Z §�ÉY�]�ÄÀÌÆ]�ZXeÁ�a��c�}�Ä�Ë��®�Â���{Diabrotica undecimpunctata howardi (Col.,: 

Chrysomelidae)��Ã{Á|v»��{pH��¾Ì]�����¾ÌXf�Ì��{ÂmÁ�Á�|»M�d�|]��¾Ë���Á�ZXeÁ�a�¾ËY�Ê¿ZÌ»�Ã{Á���{�ZÅ
|¿|����Y�³� ®�Â���pH�� ÄÀÌÆ]dz�� �Y� Ä¿Â³� ¾Ë|Àq� �{� Ã{Á|v»� �{� ½Z�Âb·Z]�����d�Y� Ã|����Y�³

�Kuroda et al., 1996; Terra & Cristofoletti, 1996; Novilla et al., 1997 � ���pH ���Â»� Ê»Â��y��� �{
Cosmopolites sordidus Germar (Col.,: Dryophthoridae)��½YÂÀ��Ä]pH��ÉY�]�ÄÀÌÆ]�ºË�¿M�dÌ·Z §ZXeÁ�a��{��

�Z¯Á�M�ÉY�f�]Â���Â�uW�|��d§ZË�¾Ì(Montesdeoka et al., 2005)���
��

��
¶°������¾Ì´¿ZÌ»�dÌ·Z §�� Ã�ËÁ�ZXeÁ�aÉ��Ê¸Ì»� �]� Ä¬Ì«{� �]�µÂ»Á�°Ì»�¾ÌXeÁ�a� ¹�³� ��{�¾ÌÀ��¦¸fz»�ÉÁ�Ó �Á

�Ã{Z»�Á��¿�¶»Z¯�cY��u�A��Á�Ä��d¼�«�Ä·Â·���YÂ³��Ã�]�y�­�Á|�¨¯�Ä��¾��Á�Ó�B����
Fig. 2. Mean proteolytic specific activity (ìmol min-1 mg-1 protein) in the gut of the larval 
different instars and adults (A) and foregut, midgut and hindgut of Epilachna chrysomelina (B) 
Means followed by the different letters is differ significantly by Tukey�s test 
(P < 0.05). 
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¶°������iYpH �ÉÁ��dÌ·Z §��ZXeÁ�aÉ�Ä·Â·���YÂ³�Epilachna chrysomelina��
Fig. 3. Effect of pH on the protease activity of gut extracts from Epilachna chrysomelina 

Different letters indicate that the activity of enzyme at different pH are significantly 
different by Tukey�s test (p < 0.05). 

��

�iY�Z»{��]�dÌ·Z §��ZXeÁ�aÉ���
�dÌ·Z §�ÄÀÌ�Ì]�ÉY�]�ÄÀÌÆ]�ÉZ»{�ZXeÁ�aÉ��Ã�]�y�­�Á|�¨¯���YÂ³�Ä·Â·��{����Äm�{�ÂÌ�¸���d�{�Ä]

|»M���lËZf¿�¿M�¾ËY�Ê^�¿�dÌ·Z §�¾Ì´¿ZÌ»��¿ZË�YÁ�ÄË�ne]Ê»�½Z�¿�¦¸fz»�ÉZÅZ»{��{�º��ÉZÅZ»{�¥ÔfyY�Ä¯�|Å{
ÊÀ »�ºË�¿M�¾ËY�dÌ·Z §�ÉÁ��¦¸fz»�Ê»��Y{�|�Z]� ��¶°��Ä]�ÄmÂe�Z]��dÌ·Z §�ºË�¿M��ZXeÁ�a��{�Z»{É�����Äm�{

�ÂÌ�¸���{Á|u����Ê»��ÉZ»{��{�{Ây�ÄÀÌ�Ì]��Y|¬»�Ä]� Ze�Äf§ZË��ËY�§Y�c|��Ä]�½Y�Ì»�¾ËY�Ä¯�|�Z]����Äm�{
�ÂÌ�¸��Ê»�|�����b���eÓZ]� ÉZ»{� �{� §ZdÌ·�ºË�¿M�lË�|e� Ä]��ÅZ¯�Äf§ZË�Ze�� Ä°ÀËY�{�� ÉZ»{����{Äm�
�ÂÌ�¸��Ä]��Y��f¼¯�����Ê»�|�����¶]Z«�c�Â��¾ËY�Ä]�ÓZ]�ÉZ»{��{�ºË�¿M�dÌ·Z §��{��ÅZ¯�¾ËYÄ¯�d�Y�ÄÌmÂe�

�¿Y�[~m�h�Z]�Z»{��ËY�§Y���ÅZ¯�½M�\«Z f»�Á�½M�É| ]�Ä��½Z¼fyZ��¾fzÌ�³�ºÅ��Y�Á�ºË�¿M���Âe�{ZË��É
Ê»�ºË�¿M�dÌ·Z §��{Â��Boyd et al., 2002���ºË�¿M�dÌ·Z §��Ze��¨���Y�Z»{��ËY�§Y�Z]�µÂ¼ »��Â��Ä]�ZÅ����Äm�{

�ÂÌ�¸��Ê»��ËY�§Y� ÊËZ»{� Ã{Á|v»� �{� ,|]ZË������� Äm�{�ÂÌ�¸���w�� Ê¼Ë�¿M�dÌ·Z §� �{� �Ë����ÅZ¯� �
Ê»µÂ°·Â»�Ê´f¨�M��ËY�§Y�Ä��YÁ�Ä]�¾ËY�Ä¯�|Å{��ÊËZ»{�½ÂÌ�Y�ÂeZ¿{�Äf�ÅM��ËY�§Y�Á� ,Y�f�]Â��Á�ºË�¿M�ÉZÅ

ºË�¿M�Ê»�ZÅ�|�Z]�Bird & Hopkin, 1954��Tatli et al. (2010)�{ÉY�]�\�ZÀ»�ÉZ»�dÌ·Z §�ºË�¿M��ZXeÁ�a��®�Â�
½Á�Z¿��YÂz³�]�X. luteola�Â�u��{�Y��Z¯Á�M�ÉY�f�]Â���W¾Ì ����Äm�{�ÂÌ�¸��{�ÁM�d�{�Ä]|¿����

 
¶°������iY�Z»{�ÉÁ��dÌ·Z §��ZXeÁ�aÉ�Ä·Â·���YÂ³�Epilachna chrysomelina��

Fig. 4. Effect of temperature on the protease activity of gut extract from Epilachna 
chrysomelina 
Different letters indicate that the activity of enzyme at different temperatures are 
significantly different by Tukey�s test (p < 0.05). 
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��,���
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���Á�
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���|��{�dÌ·Z §��ZXeÁ�aÉ�{ÂmÂ»��{�Ä·Â·���YÂ³�Y���ÅZ¯�|¿{Y{��¶°���� ���Ì]¾Ë�e��iY�Ê³|¿�Y{�Z]�

�ÉÁ��dÌ·Z §�ZXeÁ�aÉ�Ä·Â·���YÂ³�� Ã�]�y�­�Á|�¨¯Ë� Ã|¿�Y{�Z]� Ä]��Â]�»cZf�YÁ|�{Â]� �| ]��Y�½M,�PMSF�
]Ì��eË¾��iY�³|¿�Y{�Z]Ê�Á�É�·Z §Ìd��ZXeÁ�aÉ�{Y{� ½Z�¿�Á�� �ËZ�Ã|¿�Y{�Z]ZÅ�Ê³|¿�Y{�Z]��{ZnËY�ÊÆmÂe�¶]Z«

|¿{�°¿���Z�Y�¾ËY��]�Ê»½YÂe�ÄnÌf¿É�Ì³�{Â¼¿��Ä¯�Ã�]�y�­�Á|�¨¯���YÂ³�Ä·Â·��{�ZÅ�ZXeÁ�a��Y�Ê Ì�Á�¦Ì�
{�Y{�{ÂmÁ���Ä]�ÄmÂe�Z]�|��{�¾Ë�f�Ì]�ZÆ»Ê³|ÀÀ¯����Âe�¶¯��ZXeÁ�acZf�YÁ|Ë�Ã|¿�Y{�Z]�dÌ·Z §��Ì¿�Á �{�pH�
�É|Ì�Y��pH ��dÌ·Z §�Ã{Á|v»�Ä¯�ºË�¿M��ZXeÁ�a�f�Ì�XÊ»�d�Y�¾Ì�d§�³�ÄnÌf¿�½YÂe��Ä¯�dÌ·Z §�º��Y�d¼�«

eÁ�aX���YÂ³�ÃZ´f�{�Ê°Ìf·Â�Á�Ó�{ÂmÁ�Ä]��Â]�»�Ã�]�y�­�Á|�¨¯�Y��Â¿�¾ËY��ZXeÁ�ad�Y�ZÅ���{ÂmÁ�¾ËY� Z]
�¾Ë���dÌ·Z §� �Y�Ê¼¯� �Y|¬»�ZXeÁ�aÊ»� Ã|Ë{� Ã��u���YÂ³� ÃZ´f�{� �{� ºÅ� ZÅ�ZXeÁ�aÂ·Zf»� Á� ZÅÄ¯� {Â��lËZf¿�

Ã�Y|¿YÉ�Ì³�dÌ·Z §�¾Ì�bË�e�Á�¾Ì�bË�eÂ¼Ì¯�eP|ÌË�Ã|ÀÀ¯�lËZf¿�¹Y�³Â¼ËY��d�Y� �Alarcon et al. (2002)���{
Ã|¿�Y{�Z]� �iY�Ê���]�ÉZÅ�ZXeÁ�a��Z»�y�ÊËZÀu�Ê»Â��y���ÉÁ�R. ferrugineus�{Y{�½Z�¿|¿�Ã|¿�Y{�Z]� Ä¯�ÉZÅ

�¾Ë���ZXeÁ�a�SBTI,�OVO,PMSF �Ã|¿�Y{�Z]��ËZ��Á�ÉZÅTLCK�,TPCK��ÁEDTA��\Ìe�e�Ä]����,����,����,
�
�����,�
����Á����dÌ·Z §��ZXeÁ�aÊ»��ÅZ¯�Y��É�|ÀÅ{���Ã|ÀÀ¯�ZÆ»��iY�Ê���]��{¾ÌXf�Ì���ZXeÁ�a�kY�zf�Y�

ZËÂ�� �Y� Ã|���scN� �|�� ��Y�³�� Ä¯Ã|¿�Y{�Z]� ¾ËY��ÌiPe�Ê¨À»�� ÉÁ�|���Â¼¿� Á��dÌ·Z §� Á� �
� �{� �ZXeÁ�a� ºË�¿M®�Â�� ÉZÅCallosobruchus maculates Fabricus (Col.,: Chrysomelidae)��{�Y{� �

�Zhu-Slazman, 2003�� 

��
�¶°�����iY�Ã|¿�Y{�Z]�ÉZÅ�Ê�Z�fyY�ÉÁ��dÌ·Z §��ZXeÁ�aÉ�Epilachna chrysomelina��

Fig. 5. Effect of proteinase inhibitors on the protease activity of gut extract from 
Epilachna chrysomelina 
Means followed by the different letters is differ significantly by Tukey�s test 
(P < 0.05). 
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�z]�Ä¯�d§�³�ÄnÌf¿Ê��ºÌz��|¿Z]��Y�µ��ÉÁ��Ã|��Ã|ÅZ�»Ê»��|¿YÂe��ZXeÁ�a�¾ÌXf�Ì���Â¿��Y|�Z]��Tatli et al. 

 (2010)�Ã|ÀÀ¯�ZÆ»��Y�Ã{Z¨f�Y�Z]Ê¼Ë�¿M�ÉZÅE-64 �,TLCK,TPCK � ,EDTA,PMSF �dËÂ¬e�ÁÃ|ÀÀ¯µY�|À¿Z»�ZÅ��
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�¶°�����¹Y�³Â¼ËY��iY�Ã|¿�Y{�Z]�ZÅ�ÉÁ��dÌ·Z §��ZXeÁ�aÉ�Epilachna chrysomelina��

Fig. 6. Zymogram of the effect of inhibitors on protease activity of gut extract from 
Epilachna chrysomelina larvae 
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