
Òì 

��
ŢƟŚƿŹŵ��ê�ë�æèîçƁźƿŸě����çí�î�æèîç���

 

ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ�Ʊřźƿř�ƾſŚƴƃ��
ëí�êì���è�èè����æèîç� 

ţŐƶưƘƏ�źǀŧ�ƮƿżƳō�ŢǀƫŚƘƟ�źŝ�ƞƬŤŴƯ�ƽŚƷ��Ʋſ�ƾƃŹřƺĭ�ƽŚƷAndrallus spinidens (Hem.: Pentatomidae)��
ƾĪƬưƫřŶŞƗ�ƾŝŚųźſ�źŰſÎƾƿŚŞƿŻ�ƁŹō��æƹ*ƾƴǀƀů�ŚƋŹ��Î�ƽŶƷ�Ʋƀů�ƹÏ��

Î��ƵŶĪƄƳřŵ��ƾĪƃżĜƷŚǀĭ�Ƶƹźĭ�ƽ�ŢƃŹ��Ʊǈǀĭ�ƵŚĮƄƳřŵ��ƽŻŹƹŚƄĩ�ƭƺƬƗ���ƾŤƀě�ơƹŶƴƇÎÐÎÑ�ÑÎÓÐÒ��Ï��������ƾĪºƃżĜƷŚǀĭ�šŚºƤǀƤŰţ�ƶºƀſƺƯ��ƪºƯō�Ĩºƿĥƺƫƺǀŝ�ƩźºŤƴĩ�ƵŚĮƄƿŚƯŻō��ŹƺºƄƧ��
ƪƯō���

*ƾĪǀƳƹźŤĪƫř�Ţƀě��šŚŞţŚĪƯ�ƩƺŘƀƯ��arash.zibaee@guilan.ac.ir��
��

Effects of different prey regimes on activities of digestive enzymes in Andrallus spinidens 
(Hem.: Pentatomidae) 
 
S. Sorkhabi-Abdolmaleki1, A. Zibaee1&*, R. Hosseini1 and H. Hoda2 
1. Department of Plant Protection, Faculty of Agricultural Science, University of Guilan, P.O. Box 41635-1314, Rasht, Iran, 2. Amol Biological Control 
Laboratory, Iranian Research Institute of Plant Protection, Amol, Iran. 
*Corresponding author, E-mail: arash.zibaee@guilan.ac.ir 
 

ƵŶǀĪģ��
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ƵŹƺě�ƶƿŸƜţ�ƽŚƷ��ƵŶƃŚŝ�Ŝƃ�Ƶźě�ƽ�ƭƺƯ�Ŷǀŝ�ƹ�Źřƺų�Ŷƃ�ƵŶƷŚƄƯ�ŵŹō���ŢǀƫŚƘƟ�Ʋǀŝ�ƍŚŞţŹřƮƿżƳō��Ʋſ�ƾƃŹřƺĭ�ƽŚƷA. spinidens���Ŝºǀĩźţ�ƹ
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ƽŶǀƬĩ�ƱŚĭĥřƹ��Andrallus spinidens��ƮƿżƳō�ƶưƘƏ��ƾƃŹřƺĭ�ƽŚƷ�ƞƬŤŴƯ�ƽŚƷ��
Abstract 

The responses of digestive enzymes of the midgut of Andrallus spinidens Fabricius nymphs, toward feeding 
on Chilo suppressalis Walker, Galleria melonella (L.), Plodia interpunctella (Hübner) and Ephestia kuehniella 
Zeller were analyzed to find the most satisfactory species for a mass rearing program. The nymphs were fed from 
2nd instar until 24 hours after the emergence of the 5th instar. The highest weight gain was recorded in the nymphs 
that fed on C. suppressalis and G. melonella, and the highest amount of total protein found in the nymphs feeding 
on G. mellonella. Carbohydrase activities including á-amylase, á- and â-glucosidase were the highest in the 
nymphs that were fed on C. suppressalis and E. kuhniella. The highest TAG-lipase activity occurred in the 
nymphs feeding on G. mellonella and the related gel electrophoresis showed distinctive zones in comparison with 
the rest. General proteolytic was performed at two pH values and the highest activity recorded in G. melonella 
(pH 8) and E. kuehniella (pH 6). The highest activities of serine proteinases, cysteine proteinases and two 
exopeptidases were found in the nymphs fed on G. mellonella and E. kuehniella. Correlation between digestive 
enzyme activities in A. spinidens and nutritional composition of their feeds may reflect the adaptive nature of the 
enzymatic profile. These findings can efficiently help to find the most suitable species for an efficient control 
program and successful mass rearing of the biocontrol agent. 
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Ʋººſ�Andrallus spinidens Fabricius��ƽźĭŹŚĪººƃ
Ţſř�ƶĩ�ƶŝ�ƱřƺƴƗ�ƪƯŚƗ�Ĩƿĥƺƫƺǀŝ�ƩźŤƴĩ�Źŵ�ō���ŵŹƺºƯ� Śǀºſ

�Ţſř�ƶŤƟźĭ�Źřźƣ�ƶūƺţ(Zibaee et al., 2012a)��ƵŹƺě�ŚƷ�ƹ�
�ŵřźƟř�ƚƫŚºŝ����źĭŹŚƨºƃ�Ʋºƿř��ƶºƳřƹźě�ƽŚºƷƹŹǇ�Żř��ŚºƷ���ƪºŨƯ�� �

Chilo suppressalis Walker ��Naranga aenescens Moore�
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�ƹrbneüHHelicoverpa armigera ��Źŵ�żƫŚººƯƽ��ŶººƴƷ�ƹ�
ƩŚưƃ�řƿŸƜţ�ƱřźƿƯ�ƶƾ�Ŷƴƴĩ�(Najafi-Navaee et al., 1998)��
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��ƵŵŚƠŤºſř��Źřźºƣ�ºƯƾ��ºƷŵ�Ŷ(Zibaee et al., 2012a, 2012b; 

Sorkhabi-Abdolmaleki et al., 2013)���
ƲǀŘţƹżě�ŢǀƠǀĩ�ƹ�Ţǀưĩ�ƶưƘƏ�Źŵ�ŵƺūƺƯ�ƽŚƷ��ŚºƷ��

ƮƿżƳō�ŢǀƫŚƘƟ�ƹ�ƕƺƳ�����źºǀǀƜţ�řŹ�ŚƷźĭŹŚĪºƃ�ƾºƃŹřƺĭ�ƽŚƷ
�ƾºƯ���ŶºƷŵ(Broadway & Duffey, 1988; Felton, 1996; 

Pascual-Ruiz et al., 2009)���ƶºŝ�����ƩŚºŨƯ�ŹƺºƏ�šŚººƤǀƤŰţ
Pascual-Ruiz et al. (2009)����ƶºưƘƏ�ƶºĩ�ŵřŵ�ƱŚºƄƳ���ƽŚºƷ

Ư�ƞººƬŤŴ��ƫŚƘƟ�ººǀ���źĭŹŚĪºººƃ�Ʋººſ�Źŵ�řŹ�ŚººƷŻŚŘţƹźě�Ţ� �
Podisus maculiventris Say�ţ�ŢŰţŐŧǀƯ�Źřźƣ�źƾ�ƫƹ�ŶƷŵƾ�

ƹŹƽ��ŚºƷŻŚŘţƹźěƽ���ºŝ�ơřżºŝƾ�ººţŐŧǀ�Ţºſř�ź���ƲƿřŚºŝ�ŵƺººūƹ��� �
Habibi et al. (2001)�ŵřŵ�ƱŚƄƳƳƫŚƘƟ�ƶĩ�Ŷǀ�żºƳō�ŢƿƮ��ŚºƷƽ�

ƣřżŝƾ�řƿƳ�Ʋſ�Ʋ�ºǀ��ºţ�ŢºŰţ�żŐŧǀŸƜţ�ź�ºƿ�ƶºưƘƏ�Żř�ƶ��ŚºƷƽ�
Ɯţ�ƞƬŤŴƯǀǀƯ�źƾ�Ŷƴĩ���

ſŹźŝ�Źŵƾ�ŚƷƽ�ĥƺƫƺĩřƿ�Ƃƴºĩřƹ��Ĩ��ŚºƷƽ��ƘŝŚºţƾ��ƹ
ŵŶƗƽ�řźŝƽ��ƆŴºƄƯ���řŹŚºĩ�Ʊŵźºĩƾƿ��ƹŹ�ŚƷźĭŹŚĪºƃƽ�
ƶưƘƏ�řƽ�ƶŝ�ƅŚų���ºƯ�ŹŚºĩƾ��ŶºƳƹŹ����ºſŹźŝ�Źŵ�ŚºƯřƾ��ŚºƷƽ�

ƟǀżƿĥƺƫƺƿżƳō�Ƃƴĩřƹ��ĨƿƮ�ŚƷƽ�ƃŹřƺĭƾ�ƫŚƘƟ�źƔƳ�Żř�ºǀ�Ţ
ŝǀ�ºƃƺǀưǀŚƾƿ�ººƿ�ºŤů�Śƾ�ŝººǀƱĥ�ƱŚ��ŚºƷƽ��ºƯ�ƎŞţźººƯƾ��ŶººƳřƺţ

ƱŚƄƳ�ƵŶƴƷŵ�ƽ�ŜſŚƴƯ���ƶºưƘƏ�Ʊŵƺŝ�ºƿ�řŹŚºĩ�Śƾƿ���źĭŹŚĪºƃ
ŶƃŚŝ��Ɣƴţ�ŹŵǀŸƜţ�Ʈƿƶ�řƽ�šřźƄů��ōźƟƿŚƷŶƴƽ�ěǀĤ�ºǀ�ƹ�ƵŶ
ƮƷźŝ�Ƃƴĩ�ƵŶƴƴĩ�řƽ�����Źřźºƣ�ŽźŤºſŵŹŵ�Śºŝ�ƶºĩ�ŶƳŹřŵ�ƂƤţ�

Ŷƴĩřźě�ƹ�Ʊŵřŵ�ƵƱŵźƧ�ŸƜƯ�ŵřƺƯƽ��ƹ�ŚƤŝ�ƶŝ�źŬƴƯ�ƞƬŤŴƯ

ƫƺţºººǀºººƯ�šřźºººƄů�ƪºººŨƯ�Ŷƾ��ŶƳƺºººƃ(Simpson & 

Raubenheimer, 1999)���
�Ʋſ�ƵƺŞƳř�ƁŹƹźěA. spinidens�ƶŝ��ƱřƺƴƗƿ�ƪƯŚƗ�Ĩ

�ƩźŤƴƧŝǀĥƺƫƺƿ��ĨƶưƘƏ�ƭżƬŤƀƯ�ƽ��Ţºſř�ƵŶƳŻ���ƁŹƹźºě�
ƿŹŚĩ�źĭŹŚĪƃ�Ĩō�ŶƯƳǀ�żĩ�ƶŝǀƠǀřŸƛ�Ţƾƿ��ĮŤºƀŝ�ƶưƘƏƾ�

ŵŹřŵ��řƿƯ�ƪƯŚƗ�Ʋƾ��źŝ�ŶƳřƺţ�ƵŹƺºě�ŶƃŹ�����ƶºŝ�ŲºſŚě�Źŵ�ŚºƷ
ŸƜţººƿ�řŸººƛ�ƖŝŚººƴƯ�Żř�ƶƾƿ��ººţ�ƞººƬŤŴƯŐŧǀź���ŶººƃŚŝ�ŹřŸººĭ� �

(Legaspi et al., 2004)���ƝŶƷ�ŻřƶƘƫŚƐƯ�źƋŚů�ƽ��Ƙţǀǀ�Ʋ
ƜţǀǀƫŚƘƟ�šřźǀ�żºƳō�ŢƿƮ��ŚºƷƽ��ºƃŹřƺĭƾ��ƵŹƺºě��ŚºƷƽ���Ʋºſ� �

A. spinidens�ŸƜţƿƶ��ƵŶƃŚŝ��ŚºƷƹŹǇƽ�����ƭźºĩ�ƭŹŚºƸģ�Ʋºſ
ƶƣŚſ���ŹřƺºƳ�Źřƺºųƽ���ŪƳźºŝ�C. suppressalis���Ŝºƃ��Ƶźºě�ƽ�
ŶºººƴƷƽ��(Hübner)odia interpunctella Pl��ŝºººǀŵŹō�Ŷ��

Ephestia kuehniella Zeller���Ŝºƃ�ƹ��Ƶźºě�ƽ��ƭƺºƯ��Źřƺºų��
Galleria melonella (L.)��Ţſř��řƿ��ƵŵŚƠŤºſř�Śŝ�ƂƷƹĦě�Ʋ

ſŹźŝ�Żřƾ�ưĩƾ�żƳōƿƮ�źƏ�Żř�ŚƷƿ��ºſŹźŝ�ƹ�ŚƷřźŤºƀŝƺſ�Ƣƾ�
ĩǀƠƾ�Ŷƃ�ƭŚŬƳř�ŻŹƺƟƹźŤĪƫř�Ʃĥ�Żř�ƵŵŚƠŤſř�Śŝ���
��

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
Ɩưū��Ʋſ�ƁŹƹźě�ƹ�ƽŹƹōA. spinidens�ƶºƿŸƜţ�Ţƀţ����ƹ�ƽř
ƶǀƸţ�ƶƳƺưƳ�ƽ�ƾưƿżƳō�ƽ��

�źĭŹŚĪƃ�Ʋſ�ƚƫŚŝ�šřźƄůA. spinidens���źºųřƹř�Źŵ
Ţƃřŵźŝ�ƕŹřżƯ�Żř�źƸƯ�ƪƿřƹř�ƹ�ŹƺƿźƸƃ��ƵŶºƃ���Źŵ�ŪƳźºŝ�ƽ

�Ɩººưū�ƪºƯō��ƽŹƹō�ŶƳŶººƃ��źººųō�Ʋǀƴººſ�ƽŚºƷƹŹǇ�ƽƹŹ�ƹ
Ŝƃ��Ƶźºě�ƽ��ƭƺºƯ��Źřƺºų���ƶºŝ�����ƽŚºƯŵ�Źŵ��ƶºưƘƏ�ƱřƺºƴƗÏÒ�
ƶūŹŵ��ƽ�ƾŞƀƳ�ŢŝƺƏŹ�ƹ�ŽƺǀƀƬſÕÍ��ƁŹƹźě�ŶƴŤƟŚƿ��

ƮŴţ�Żř�žě��ŹřŸºĭƽ����źºƠţ�ƹ�ƚƫŚºŝ�šřźºƄůƿ�ƮºŴţ�Ų����ŚºƷ
ƵŹƺě�ŚƷƽ��Ʋſƿ�Ĩƶŝ��ƝƹźƓƶƳŚĭřŶū��ƽř��ŶƳŶºƃ�ƪºƤŤƴƯ��

ƶưƘƏ�Ţƀţ�ƽřźŝ����ƁƹŹ�Żř�ƞºƬŤŴƯ�ƽŚºƷPascual-Ruiz  

et al. (2009)�ĩŶƳř�Śŝƾ�ƜţǀǀŶƃ�ƵŵŚƠŤſř�ź��ƵŹƺě���Żř�žºě�ŚƷ
ººſŹǀ�Ʋººſ�ƶººŝ�ƱŶ�ƭƹŵ�ƶººŝ�ƭřŶººĩźƷ�ŚººƸƴţƾƿ��ƝƹźººƓ�Źŵ
ŤſǈěǀĪƾ�řŹřŵƽ�ƺƸţƿƶ��ƶŝ���źƐƣÒ�Ï�ŤƳŚſƾ����Ƶŵřŵ�Źřźºƣ�źºŤƯ

řźŝ�ƹ�ŶƳŶƃƽ�ţŐƯǀƶŞƴě��ŢŝƺƏŹ�Ʋ�ƽ��ºųǀž����śō�Śºŝ�ƵŶºƃ



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���è���ÎÐîç���������������������������������������������������������������������������������������������������������������ÒÖ 

ƪųřŵ�Ŷƃ�ƶŤƃřŸĭ�ƝƹźƓ��ƝƹźƓ��ŹƺºŝżƯ��ŚºƯŵ�Źŵƽ�ÏÒ�
ƶūŹŵ�ƽ�ſŽƺǀƀƬ�ƶĮƳ�Źřŵƽ��ŶƳŶºƃ������ƶºſ�Śºţ�ƹŵ�ƶºƳřŻƹŹ
�ƹŹǇC. suppressalis��P. interpunctella��E. kuehniella�ƹ�

G. melonella�řźŝƽ�ƵŹƺě�ŚƷƽ���Śºţ�Ŷƃ�ƮƷřźƟ�źĭŹŚĪƃ�Ʋſ
ſŹ�ƮŬƴě�Ʋſ�ƶŝǀŶƳŶ��řźŝƽ�ĥŹ�źƷƿ��ƶưƘƏ�ƞƬŤŴƯ�ƮÎÍ�

Ŷƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ƵŹƺě��Śě�Źŵƿ�ƵŹƺºě�ƱŻƹ��ƱŚ��ŚºƷƽ���Ʋºſ
ƵŻřŶƳř�ƮŬƴě�ĭǀźƽ�źƷ�ƶŝ�ƹ�ƵŶƃ�Ʋºƿř�Żř�Ʀƿ��ƵŹƺºě��ŚºƷ�ÏÑ�

ŸƜţ�ŢƇźƟ�ŢƗŚſƿŶƃ�Ƶŵřŵ�ƶ��Śě�Źŵƿ�ƵŹƺºě��Ţƀţ�ƱŚ���ŚºƷ
ƶŝ��šŶƯÒ�ƣŵǀŚƯŵ�Źŵ�ƶƤƽ�ÏÍ��ƶūŹŵ�ƽ��ŽƺǀºƀƬſ���Źřźºƣ

ŶƴŤƟźĭ�źƄţ�Żř�žě�ƹƿŻ�Źŵ�Ůƿ�źŤºſř�źƿƺ�Ưǀ�ęƺĪºſƹźĪ��
ƵŶƘƯ�Ʊō�ƽ�Ź�ƢŞƏ�ŚƷ�ƁƹCohen (1993)�ƶƳƺưƳ�ƹ�ũŹŚų��ƽ

Ŷƃ�ƶǀƸţ�ƾưƿżƳō����
�ƽŚƷƹŹǇG. melonella�Ư�ŻřŒƶƀſ��ŪƳźŝ�šŚƤǀƤŰţ�ƽ

��ƽřŹřŵ�ƾĪǀŤºſǈě�ƝƹźƓ�Źŵ�ƹ�ŶƳŶƃ�ƶǀƸţ�ƪƯō�Źŵ�ŹƺƄĩ
Źŵ�ƶƿƺƸţ��ƽŚƯŵÏÔ�ƶūŹŵ���ƾŞºƀƳ�ŢŝƺƏŹ�ƹ�ŽƺǀƀƬſ�ƽ

ÒÍ�����ƪººƀƗ��ƭƺººƯ�ƪƯŚººƃ�ƶººĩ�ƾƗƺƴººƈƯ�ƽřŸººƛ�ƽƹŹ
�����ŶƳŶºƃ�Ƶŵřŵ�ƁŹƹźºě��ŵƺºŝ�ŽƺŞºſ�ƹ�źưŴƯ��ƲƿźǀƀǀƬĭ� �

(de Oliveira et al., 2011)���ŚºƷƹŹǇƽ�E. kuehniella��ƹ� �
P. interpunctella�ƵŶĪººƄƳřŵ�Żř�ƽ�ŻŹƹŚººƄĩƽ��ƵŚĮººƄƳřŵ
Ƹţ�ũźººĩ�Źŵ�ƱřźººƸţººǀ�ƝƹźººƓ�Źŵ�ƹ�ŶƳŶººƃ�ƶƹ��Ǝƿřźººƃ
�ơƺººƟ�ƾƷŚĮººƄƿŚƯŻōƹŹƽ�řŸººƛƽ�ƗƺƴººƈƯƾ�řźººŝ�ƶººĩƽ�� �

E. kuehniella���ŽƺŞſ��ŵŹō�ƪƯŚƃ��ƹ�ƲƿźǀºƀǀƬĭ�ƹ�źưŴƯ
�ƽřźŝP. interpunctella����ŵƺºŝ�ƭŶƴĭ�ƹ�ǇŚŝ�šŚŞǀĩźţ�ƪƯŚƃ

ŶƳŶƃ�Ƶŵřŵ�ƁŹƹźě�(de Oliveira et al., 2011)����ƽŚºƷƹŹǇ
C. suppressalis�����Ɩºưū�ƪºƯō�ŪƳźºŝ�ƕŹřżºƯ�Żř��Źŵ�ƹ�ƽŹƹō

ƝƹźƓ�ŹƺƧŸƯ�ƶƣŚſ�ƽƹŹ�ƽŚƷ�ŚƯŵ�Źŵ�ŪƳźŝƽ�ÏÒ�ƶūŹŵ�ƽ�
�ƾŞƀƳ�ŢŝƺƏŹ�ƹ�ŽƺǀƀƬſÕÍ��ŶƳŶƃ�Ƶŵřŵ�ƁŹƹźě���

��
ƭřŶƳř�ƽŻŚſřŶū�ƹ�ŮƿźƄţ����ƶºǀƸţ�ƹ�ƵźºƄů�ƾºƃŹřƺĭ�ƽŚƷ��ƽ

ƵŹŚƈƗ�ƾưƿżƳō�ƽ��
�ƶºŝ�ƚƫŚŝ�šřźƄů�����Ŷºƃ�śŚºŴŤƳř�ƾƟŵŚºƈţ�ŹƺºƏŶƳ��ƹ

ƵŶƘƯ�Ʊō�ƽ�ęƺĪſƹźĪǀƯ�ƺƿźŤſř�źƿŻ�Źŵ�ŚƷ���ƩƺºƬŰƯ�Źŵ�ƹ

ĪưƳƾ��NaCl��mM�æå���ƢŞƏ�ƁƹŹCohen (1993)��řŶºū�
Ŷƃ��ƵŹƺě�ŵŹƺƯ�Źŵ�ƱŶŝ�ƪƧ��ƭƹŵ�ƹ�Ʃƹř�Ʋǀƴſ�ƽŚƷ��ŵŹƺºƯ�

�ƵŵŚƠŤſř��ŢºƟźĭ�Źřźºƣ����ƵźºƄů�ƱŶºŝ��ƚƫŚºŝ�ƽ��ƶºŝ��ºſƹǀƶƬ�ƽ�
�ºŝźģ�ƭŚƀūř�ƝŸů�Żř�žě�ƹ�ƵŶƃ�Ƶŵřŵ�Ɓźŝ�źĜƫŚĪſřƾ��

ƶƫƺƫ�ƽ�Ŷƃ�ƵŶƷŚƄƯ�ƁŹřƺĭ��ƵŶƘƯ�ƽ�źƄţ�šřźƄůƿŮ��ƵŶƃ
ƹŚƀƯ�ŢŞƀƳ�ƶŝƽ��ƮŬů�ƶŝ�ƱŻƹ��ŚƳĥƺưƷ�źƐƤƯ�śō�Źŵƿ�ż

Ŷƃ��ƶƳƺưƳ�ŚƷƽ�ŚƳĥƺưƷƿż��Źŵ�ƵŶƃÎÐÍÍÍ�Źƹŵ�ƣŵ�źŝǀ�ƹ�ƶƤ
ŚƯŵƽ�Ñ�ƶūŹŵ�ƽ�ƀƬſǀƶŝ�Žƺ��šŶƯÎÒ�ƣŵǀźŤƳŚſ�ƶƤƿƠǀ�ĥƺ

ŶƳŶƃ��ƄƳƹŹ�ƩƺƬŰƯǀ�ºſŹźŝ�ŢƸū�Ʋƾ��ŚºƷƽ�żƳōƿ�ºưƾ��Źŵ
ŚƯŵƽ�ÏÍ��ƶūŹŵ�ƽ�ſŽƺǀƀƬ�ƶĮƳ�Źřŵƽ�Ŷƃ����
��

ŚƠƫō�ŢǀƫŚƘƟ�ƲǀǀƘţ����ƵŹŚºƈƗ�ŻǈǀºƯō��ƶºƫƺƫ�ƽ���Źŵ�ƁŹřƺºĭ�ƽ
ƵŹƺě�ƶƿŸƜţ�ƮŬƴě�Ʋſ�ƽŚƷ�ƵŶƃ�ƶưƘƏ�Śŝ�ƞƬŤŴƯ�ƽŚƷ��

ŚºººƠƫō�ŢºººǀƫŚƘƟ����ƁƹŹ�Żř�ƵŵŚƠŤºººſř�Śºººŝ�ŻǈǀºººƯō
ƽŵ����Ŷǀºſř�ĨǀƬǀºƀǀƫŚſƹźŤǀƳ(Bernfeld, 1955)���ƩƺºƬŰƯ�ƹ

ƶŤſŚƄƳ��ƽÎ��ƶŝ�řźŤƀŝƺſ�ƱřƺƴƗ��ƵŻřŶƳř�Ŷƃ�ƽźǀĭ����Ţºƀǀŝ
ƶƳƺưƳ�źƷ�Żř�źŤǀƫƹźĪǀƯ��ƶºŝ�ƾưƿżƳō�ƽ���šŶºƯÐÍ��ƶºƤǀƣŵ��Źŵ

ŚƯŵƽ�ÐÒ��ƶºūŹŵ�ƽ��ºƀƬſǀ��Śºŝ�ŽƺÎÍÍ�ƯǀƫƹźĪǀ���źƟŚºŝ�źºŤ
�šŚƠƀƟ�ÍÏ�Í�ſř�ƹ�ŹǇƺƯǀŶƿƶŤ�ƽ�Î�Ô���ƹÑÍ�ƯǀƫƹźĪǀ�źŤ
ƶŤſŚƄƳ��Ŷƃ�ƶŝƺĪƳř�����ƱŵƹżºƟř�Śºŝ�ƂƴĩřƹÎÍÍ�ƯǀƫƹźĪǀ��źºŤ

DNS�šŹřźů�ƹ�ƶŝ�Ƃƴĩřƹ�ƍƺƬŴƯ�Ʊŵřŵ��šŶƯÎÍ�ƣŵǀ��ƶºƤ
�ũƺƯ�ƩƺƏ�Źŵ�śŸū�ƹ�ƵŶƃ�ƞƣƺŤƯ�Ɓƺū�śō�ŹŵÒÑÒ�

�Ŷºƃ�ƵŶƳřƺų�źŤƯƺƳŚƳ���ºƿ�ƫŚƘƟ�Ŷºůřƹ�Ĩ�ºǀ�ŚºƠƫō�Ţ���ºƯōǀ�Żǈ
ƶŝ�żƳō�ŹřŶƤƯ�ƱřƺƴƗƿƳ�ŵŹƺƯ�ƮǀŻŚ�řźŝƽ�ƫƺţǀ�ŶƿƯ�ĨǀƬƾ���ƭźºĭ

�Źŵ�ŻƺŤƫŚººƯÐÍ�ƣŵǀŚººƯŵ�ƹ�ƶººƤƽ�ÐÒ�ƶººūŹŵ�ƽ�ººƀƬſǀ�Žƺ
źƘţƿƯ�ƞƾ�ŵƺƃ��ŚƯŻōƿŶƃ�ƭŚŬƳř�ŹřźĪţ�ƶſ�Źŵ�Ƃ� 

��
�ŢǀƫŚƘƟ�ƲǀǀƘţTAG-Lipase�ƵŹŚƈƗ�Źŵ���ƶºƫƺƫ�ƾºưƿżƳō�ƽ��ƽ

ƁŹřƺĭ�ƵŹƺě�ƽŚƷ�Ʋſ�ƮŬƴě�ƶƿŸƜţ�ƶưƘƏ�Śŝ�ƵŶƃ�ƞƬŤŴƯ�ƽŚƷ��
ƵŻřŶººƳř�ĭººǀźƽ�ƫŚƘƟººǀƫ�Ţǀ�ƁƹŹ�Żř�ƵŵŚƠŤººſř�Śººŝ�ŻŚººĜ

Tsujita et al. (1989)���Ŷºƃ�ƭŚºŬƳř��ŝǀ�Ư�ŢºƀǀƫƹźĪǀ��Żř�źºŤ
ƵŹŚºººººƈƗ�ƽ�żƳōƿºººººưƾ��ƹ�ƵŶºººººƘƯÑÍ�ƯǀƫƹźĪǀ�źºººººŤ� �



ÓÍ                                                              ƱřŹŚƨưƷ�ƹ�ƾƨƬưƫřŶŞƗ�ƾŝŚųźſ���źǀŧŐţƶưƘƏ�ƮƿżƳō�ŢǀƫŚƘƟ�źŝ�ƞƬŤŴƯ�ƽŚƷ�ƽŚƷ������

p-nitrophenyl butyrate��ÏÔ�ƯǀººƬƾ�ŹǇƺººƯ��ƶººŝ���ƱřƺººƴƗ
�Śŝ��řźŤƀŝƺſÎÍÍ�ƯǀƫƹźĪǀ�šŚƠƀƟ�źƟŚŝ�źŤ�ÍÏ�Í��ƹ�ŹǇƺƯ

ººſřǀŶƿƶŤ�ƽ�Î�Ô��ĩźţººǀƶººŝ�ƹ�Ŝ��šŶººƯÎÍ�ƣŵǀ�Źŵ�ƶººƤÐÔ�
ƶūŹŵ�ƽ�ƀƬſǀ��ŶƳŶºƃ�ƶºŝƺĪƳř�Žƺ���ř�Żř�žºě�ºƿ�šŶºƯ�Ʋ��

Ŷſ�ƩƺƬŰƯƿƮ�ƷǀƀĩƹŹŶǀ�ŶƿƯ�źƷ�ƶŝ�ŹǇƺƯ�ĨǀţƹźĪǀ�śƺ
�Źŵ�śŸū�ƹ�ƵŶƃ�ƶƟŚƋřÑÍÒ���Ŷºƃ�ƵŶºƳřƺų�źŤƯƺƳŚƳ����źºĭř

ěƾ�ƳǀƴƟƹźŤǀƪ�ţƺŝǀƶŝ�šřź������ŵƺºƃ�ƵŵŚƠŤºſř� řźŤºƀŝƺſ�ƱřƺƴƗ
ƿ��żºƳō�Ŷºůřƹ�Ĩƿ�ŚºƯŵ�Źŵ�Ʈƽ�ÐÔ��ƶºūŹŵ�ƽ�ſ�ŽƺǀºƀƬ��ƹ
ſřǀŶƿƶŤ�ƽ�Ï�Ô��ƣŵ�źƷ�Źŵǀ�ƶƤƦƿ��ºě�ƩƺƯƺƳŚƳƾ�Ƴǀ��ƩƺºƴƟƹźŤ

�ŵřŻōƯƾ�Ŷƴĩ��Ŷƃ�ƭŚŬƳř�ŹřźĪţ�ƶſ�Źŵ�ƂƿŚƯŻō���
��

ƵŹŚƈƗ�Źŵ�ƪĩ�ƽŻŚŘţƹźě�ŢǀƫŚƘƟ�ƲǀǀƘţ���ƶºƫƺƫ�ƾºưƿżƳō�ƽ��ƽ
ƁŹřƺĭ�ƵŹƺě�ƽŚƷ�Ʋſ�ƮŬƴě�ƶƿŸƜţ�ƶưƘƏ�Śŝ�ƵŶƃ�ƞƬŤŴƯ�ƽŚƷ��

�ƽřźŤººƀŝƺſ�Żř�ƵŵŚƠŤººſř�Śººŝ�ƪººĩ�ŻŚººŘţƹźě�ƂŬƴººſ
�ƁƹŹ�ƢŞƏ�ƲǀŗŻŚĩƹŻōElpidina et al. (2001)���ĩŶºƳř�Śºŝƾ�

ƜţǀǀŶƃ�ƭŚŬƳř�ź���Ƃƴĩřƹ�ƍƺƬŴƯ��ƪƯŚºƃÎÍÍ�ƯǀƫƹźĪǀ��źºŤ
�źƟŚŝTris-HCl��ÍÏ�Í�ſř�ƹ�ŹǇƺƯǀŶƿƶŤ��ŚºƷƽ�Ó��ƹÕ���ÒÍ�

ƯǀƫƹźĪǀŗŻŚĩƹŻō�źŤǀ�ƲÏ���ƹÏÍ�ƯǀƫƹźĪǀƶƳƺưƳ�źŤ�Ưƾ��ŶƃŚŝ
ƶŝ�ƶĩ��šŶƯÓÍ�ƣŵǀ�ŚºƯŵ�Źŵ�ƶƤƽ�ÐÍ��ƶºūŹŵ�ƽ��ºƀƬſǀ�Žƺ

ŶƳŶƃ�ƶŝƺĪƳř��ř�Żř�žěƿ�ƫŚƘƟ��šŶºƯ�Ʋ�ºǀ�ŻŚºŘţƹźě�Ţƽ���Śºŝ
�ƱŵƹżººƟřÎÒÍ�ƯǀƫƹźĪǀ�źººŤTCA�ÐÍ����ƹ�ƵŶººƃ�ƞººƣƺŤƯ
ƶŝ�ƍƺƬŴƯ��šŶƯÎÍ�ƣŵǀŚƯŵ�Źŵ�ƶƤƽ�Ñ�ƶūŹŵ�ƽ�ſŽƺǀƀƬ�

�Źŵ�ƹÎÐÍÍÍ�ƣŵ�źŝ�ŹƹŵǀźŤƳŚſ�ƶƤƿƠǀŶƃ�ĥƺ��žĜſ���ƮŬů
ƹŚƀƯƽ�ŶſƿƮ�ƷǀƀĩƹŹŶǀ�ŶÏ�ŝ�ŹǇƺƯƶ���ºƄƳƹŹ�ƩƺºƬŰƯǀ�Ʋ

�ũƺƯ�ƩƺƏ�Źŵ�śŸū�ƹ�ƵŶƃ�ƶƟŚƋřÑÒÍ�Ŷƃ�ŢŞŧ�źŤƯƺƳŚƳ��
Ŷƃ�ƭŚŬƳř�ŹřźĪţ�ƶſ�Źŵ�ƂƿŚƯŻō���

��
�ƽŻŚŘţƹźě�ŢǀƫŚƘƟ�ƲǀǀƘţ�ƵŹŚºƈƗ�Źŵ�ƾƇŚƈŤųř���ƾºưƿżƳō�ƽ

ƶƫƺƫ�ƵŹƺě�ƁŹřƺĭ�ƽ�ƶƿŸƜţ�ƮŬƴě�Ʋſ�ƽŚƷ�ƶưƘƏ�Śŝ�ƵŶƃ��ƽŚƷ
ƞƬŤŴƯ��

��ŚƷŻŚƴǀŘţƹźě�Ʋƿźſ������ƹ�ƲǀºƀĜƿźţƺưǀĩ��ƲǀºƀĜƿźţ�ŢºǀƫŚƘƟ
�ŻŚŤſǇř�ƶŝ�źƿŻ�ƶſ�ƱřƺƴƗ�Żř�Ƶƹźĭ��ŚºƷŻŚƴǀŘţƹźě�Ʋƿźſ���Śºŝ�

�ŢƔƬƛ�Żř�ƵŵŚƠŤſřƿƯ�ĨǀƬƾ�Żř�ŹǇƺƯ�BApNAÎ��ƶºŝ���ƱřƺºƴƗ
řźŤƀŝƺſƽ�ƇŚƈŤųřƾ�źţƿƀĜǀ��ƲSAAPPpNAÏ�ƶŝ���ƱřƺºƴƗ
řźŤººƀŝƺſƽ�ººƇŚƈŤųřƾ�ĩǀźţƺưƿººƀĜǀ�ƹ�ƲSAAApNAÐ�

ƶŝ�řźŤƀŝƺſ�ƱřƺƴƗƽ�ƇŚƈŤųřƾ�ŻŚŤſǇř��ƵŻřŶƳř�ĭǀźƽ��Ŷºƃ��
��ƪƯŚºƃ�Ƃƴĩřƹ�ƍƺƬŴƯÐÒ�ƯǀƫƹźĪǀ���źƟŚºŝ�Żř�źºŤTris-HCl�

��ŚºƯŻō�ƢŞƏƿƂ��ŚºƷƽ���ºſř��ƪºŞƣǀŶƿƶŤ�ƽ�Ƹŝǀ�ƶºƴ�ƽ�Ö��řźºŝƽ�
źţƿƀĜǀ��ƲÎÍ�řźŝƽ�ĩǀźţƺưƿƀĜǀ�ƹ�ƲÎÎ�řźŝƽ�ŻŚŤſǇř���Ò�
ƯǀƫƹźĪǀ�ŚƷřźŤººƀŝƺſ�Żř�źººŤƽ�ººƇŚƈŤųřƾ�ŹƺƧŸººƯ��ƹÒ�
ƯǀƫƹźĪǀżƳō�ƩƺƬŰƯ�źŤƿưƾ�ŵƺŝ���ƶºŝ�Ƃƴĩřƹ�ƍƺƬŴƯ���šŶºƯ

ÎÍ�ƣŵǀ�Źŵ�ƶƤÐÍ�ƶūŹŵ�ƽ�ƀƬſǀŶƃ�ƶŝƺĪƳř�Žƺ����Żř�žºě
řƿšŶƯ�Ʋ��řźŝƽ�Śěƿ�ƱŚƿ�Ƃƴĩřƹ�ƲŤƟŚ�TCA�ÐÍ��ƹ�ƶƟŚƋř�

ƳřŹŚººěǀƳřƹźŤǀƬǀ�ũƺººƯ�ƩƺººƏ�Źŵ�ƵŶººƃ�ŵřŻō�ƲÑÍÒ��źŤƯƺƳŚººƳ
ƵŻřŶƳř�ĭǀźƽ�Ŷƃ���

��

��ŚƷŻŚƴǀŘţƹźě�ƲǀŘŤƀǀſ��ƫŚƘƟǀ�ºƀĜţŚĩ�ŢǀƲ��ŚºƷƽ�B��L��ƹD�
�ƶŝ�Ż�ƶſ�ƱřƺƴƗƿź�ſ�Żř�ƵƹźĭǀŘŤƀǀŘţƹźě�ƲǀŚƷŻŚƴ���ƵŵŚƠŤſř�Śŝ

�ŢººƔƬƛ�ŻřººƿƯ�ĨǀººƬƾ�ŚƷřźŤººƀŝƺſ�ŹǇƺººƯƽ�ººƇŚƈŤųřƾ�� �
Z - Ala - Arg - Arg 4 - metjoxy - â - naphtylamide acetate��� �

N-benzoyl-Phe-Val-Arg-p-nitroanilide hydrochloride��ƹ
ƀĜţŚĩǀ�ƲD�ƵŻřŶƳř�ĭǀźƽ�Ŷƃ�����ƪƯŚºƃ�Ƃƴºĩřƹ�ƍƺƬŴƯÐÒ�

ƯǀƫƹźĪǀ�źƟŚººŝ�źººŤTris-HCl��ŚººƯŻō�ƢººŞƏƿƂ�ŚººƷƽ���ƪººŞƣ
ººſřǀŶƿƶŤ�ƽ�Ƹŝǀƶººƴ�ƽ�Ñ�řźººŝƽ�ººƀĜţŚĩǀ�ƲB��ƹÓ�řźººŝƽ�

�ººƀĜţŚĩǀƲ�ŚºººƷƽ�D��ƹL���Ò�ƯǀƫƹźĪǀ�Żř�ƭřŶºººĩźƷ�Żř�źºººŤ
ŚƷřźŤƀŝƺſƽ�ƇŚƈŤųřƾ�ơƺƟ��ƵŹŚºƃǇř��ƹÒ�ƯǀƫƹźĪǀ��Żř�źºŤ
żƳō�ƩƺƬŰƯƿưƾ�ŵƺŝ��Ƃƴĩřƹ�ƍƺƬŴƯ�ƶŝ��šŶƯÎÍ�ƣŵǀ�Źŵ�ƶƤ

ŚƯŵƽ�ÐÍ�ƶūŹŵ�ƽ�ƀƬſǀ�Ŷºƃ�ƶŝƺĪƳř�Žƺ���řźºŝƽ���ƞºƣƺţ
Ƃƴĩřƹ��źţƽ�ŤſřƹźƬĩǀſř�Ĩǀ�ŶÐÍ�����Źŵ�śŸºū�ƹ�ƶƟŚºƋř
ÑÍÒ�Ŷƃ�ƵŶƳřƺų�źŤƯƺƳŚƳ���
��

                                                
��Î  Nabenzoyl-L-arginine-p-nitroanilide. 

��Ï  N-succinyl-alanine-alanine-proline-phenylalanine-p-nitroanilide. 

��Ð  N-succinyl-alanine-alanine-alanine-p-nitroanilide. 

 



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèè���è���ÎÐîç���������������������������������������������������������������������������������������������������������������ÓÎ 

��ŚƷŻřŶǀŤĜěƹżĭř��ƫŚƘƟǀ�ƹŵ�Ţ�ƵŶºƘƯ�Źŵ�ŻřŶǀŤĜěƹżĭř���Ʋºſ�ƽ
A. spinidens��Żř�ƵŵŚƠŤºººſř�ŚºººŝHippuryl-L-Arginine��ƹ

Hippuryl-L-Phenilalanine��ƶºººŝ��ƶºººŝ�Ŝºººǀţźţ��ƱřƺºººƴƗ
ƾƀĩƺŝźĩ�ƾƇŚƈŤųř�ƽŚƷřźŤƀŝƺſ�ŻřŶǀŤĜě�ŻřŶǀŤĜěƺƴǀƯō�ƹ��

ƵŻřŶƳř�ƽźǀĭ�Ŷƃ��ŝƲƿŶ�ŹƺƔƴƯ��Ò�źŤǀƫƹźĪǀƯ�Żř��ƽŚƷřźŤƀŝƺſ
ŹƺƧŸƯ��ƹÒ���ƶºŝ�ƾưƿżƳō�ƩƺƬŰƯ�źŤǀƫƹźĪǀƯÐÒ���źºŤǀƫƹźĪǀƯ
źƟŚŝ�Tris-HCl��ƂƿŚƯŻō�ƢŞƏ�ƶŤƿŶǀſř��ƪŞƣ�ƽŚƷ�ƶƴǀƸŝ�ƽ��ƽ
ÎÍ��ƹ�ŻřŶǀŤĜěƺƴǀƯō�ƽřźŝÕ�ƾƀĩƺŝźĩ�ƽřźŝ�ŻřŶǀŤĜě����ƶƟŚºƋř
Ŷƃ����ƶºŝ�Ƃƴºĩřƹ�ƍƺƬŴƯ���šŶºƯÎÍ����ƽŚºƯŵ�Źŵ�ƶºƤǀƣŵÐÍ�

ƶūŹŵ�Ŷƃ�Ƶŵřŵ�Źřźƣ�ŽƺǀƀƬſ�ƽ���ƶƟŚºƋř�Śŝ���ƱŵźºĩTCA�
ÐÍ���Źŵ�śŸū�ƹ�ƞƣƺŤƯ�ƂƴĩřƹÐÑÍ����ƵŶºƳřƺų�źŤƯƺƳŚºƳ
Ŷƃ��Ŷƃ�ƭŚŬƳř�ŹřźĪţ�ƶſ�Źŵ�šŚƄƿŚƯŻō�ƭŚưţ���
��

�ŻŚŘţƹźě�ƹ�ŻŚĜǀƫ�ƭřźĭƺưƿřŻ�ƾſŹźŝ��
�����Żř�ƵŵŚƠŤºſř�Śºŝ�ŻŚºĜǀƫ�ƹ�ŻŚºŘţƹźě�ƭřźĭƺưƿřŻ�ƾſŹźŝ

Ʃĥ�ƮĩřźººŤƯ�ƽŚººƷ�ƵŶººƴƴĩřŶū�ƹ�ƵŶººƴƴĩ��ƽÑ���ƹÎÍ���ƢººŞƏ
ƁƹŹ�Garcia-Carreno et al. (1993)��ƹLaemmli (1970)�

Ŷƃ�ƭŚŬƳř���ƽŚƯŵ�Źŵ�ŻŹƺƟƹźŤĪƫřÑ�ƶūŹŵ���ƹ�ŽƺǀºƀƬſ�ƽ
�ŢŝŚŧ�ĥŚŤƫƹ�ŹŵÔÒ�ƾƬǀƯ�����ƶºĪƴƿř�Żř�žºě�ƹ�Ŷºƃ�ƭŚŬƳř�Ţƫƹ

��Ʃĥ�ƽŚºƸŤƳř�ƶŝ�ĬƳŹ��ƶºŝ�Ʃĥ��ŶǀºſŹ�����ƹ�ƵŶºƃ�řŶºū�ƾºƯřŹō
ƶŝ��šŶƯÎÒ��Źŵ�ƶƤǀƣŵÎÍÍ�ƾƬǀƯ��ƱƺŤƿřźţ�źŤǀƫÎ���Ƶŵřŵ�Źřźƣ
Ŷƃ���Ʃĥ��ƺºƄŤƀƃ�Żř�žě��źºƐƤƯ�śō�Śºŝ����ŵƹŶºůÒ�Ð�Ð�

�ƲǀŗŻŚĩ�ƩƺƬŰƯ�ŵŹřƹ�ŢƗŚſÎ���řźŤƀŝƺſ��Ŷƃ��žĜſ���Śŝ
�ƺƬŝ�ƾſŚƯƺĩÎ�Í��źƐƤƯ�śō�ƹ�Ŷǀſř�ĨǀŤſř��ƩƺƳŚŤƯ�Źŵ��

ƶŝ�ŢŞƀƳ�Śŝ�Ŝǀţźţ��ƽŚƷÒÍ��ÎÍ��ƹÑÍ��ŵ�Ŝƃ�ƩƺƏ�ƭŚưţ�Ź
ĬƳŹ���Ʊō�Żř�ŶºƘŝ�ƹ�ƽżǀƯōÏ����ĬºƳŹ�źƟŚºŝ�Źŵ�ŢƗŚºſ���ƽźºŝ

�ƽƹŚůÒÍ�ƾƬǀƯ���źƐƤƯ�śō�źŤǀƫÎÍ�ƾƬǀƯ�ĨǀŤſř�źŤǀƫ���Ŷǀºſř
�ƹÐÍ�ƾƬǀƯ�Ŷƃ�ƶŤƃřŸĭ�ƩƺƳŚţř�ƪĪƫř�źŤǀƫ��ŻŚĜǀƫ�ŵŹƺƯ�Źŵ���Żř

�ƽřźŤƀŝƺſ4-methylumbellipheryl-butyrate��ŢƔƬƛ�ƶŝÒ�
ƾƬǀƯ�Ŷƃ�ƵŵŚƠŤſř�ŹǇƺƯ��žĪƗ�ƹ�ƵŶƷŚƄƯ�ƽřźŝ��Żř�ƽŹřŵźŝ

��ŹƺţŚƴǀƯƺƬƿř�žƳřźţ�Źŵ�ŚƷŶƳŚŝƩĥ��ƶºŝ���šŶºƯÎÒ���Źŵ�ƶºƤǀƣŵ
Ŷƃ�Ƶŵřŵ�Źřźƣ�ŢƴſŹƺƬƟ�ƽřźŤƀŝƺſ�ƽƹŚů�ƩƺƬŰƯ���

ƵŹŚƈƗ�Źŵ�ƪĩ�ƲǀŘţƹźě�ƲǀǀƘţ���ƶºƫƺƫ�ƾºưƿżƳō�ƽ���ƁŹřƺºĭ�ƽ
ƵŹƺě�ƶƿŸƜţ�ƮŬƴě�Ʋſ�ƽŚƷ�ƶưƘƏ�Śŝ�ƵŶƃ�ƞƬŤŴƯ�ƽŚƷ��

���ƲǀŘţƹźºě�ŢºƔƬƛ�ƢºŞƏ��ƁƹŹLowry et al. (1951)�
ƲǀǀƘţ�Ŷƃ��Ƶŵ���ŵŹřŶƳŚŤºſř�ƲǀŘţƹźě�Żř�źŤǀƫƹźĪǀƯ���ƲǀƯƺºŞƫō
ƭźſ�ƹŚĭ���Śŝ�ŹřźĪţ�ƶſ�ŹŵÒÍ�����ƝźºƘƯ�ĬºƳŹ�źºŤǀƫƹźĪǀƯ

�Źŵ�ƹ�Ŷºƃ�Ŝǀĩźţ����źºĮƿŵ�ŹřźºĪţ�ƶºſ��ÎÍ��źºŤǀƫƹźĪǀƯ��Żř
ƶƳƺưƳ�ƽ�żƳōƿưƾ��ŚŝÒÍ�ƯǀƫƹźĪǀ����ƍƺºƬŴƯ�ƝźºƘƯ�ĬºƳŹ�źŤ

ƶŝ�ƹ�ƵŶƃ��šŶƯÎÒ�ƣŵǀŚƯŵ�Źŵ�ƶƤƽ�ÐÍ�ƶūŹŵ�ƽ�ƀƬſǀ�Žƺ
Ŷƃ�ƶŝƺĪƳř��žĜſ��śŸū��ŹŵÒÑÍ�Ŷƃ�ƵŶƳřƺų�źŤƯƺƳŚƳ����

��
ŦŰŝ�ƹ�ŪƿŚŤƳ��

Źŵ�ƶƘƫŚƐƯ�ƽ�����ƶºĩ�Ŷºƃ�ƆŴºƄƯ�źºƋŚů�ŸƜţ�ºƿƶ�Żř�
ƶưƘƏ�ŚƷƽ�ƞƬŤŴƯ�ƫŚƘƟ�ºǀŢ��żºƳōƿƮ��ŚºƷƽ��ºƃŹřƺĭƾ��Ʋºſ�� �

A. spinidens�ººţ�ŢººŰţ�řŹŐŧǀººƯ�Źřźººƣ�źƾ�ŶººƷŵ��ººƴģǀ�Ʋ
ſŹźŝƾ�ŚƷƽ�ŝǀƂ�ĭ�šřźƄů�ŵŹƺƯ�Źŵ�źţ�ºǀƵŚ����ƭŚºŬƳř�Źřƺºų

ƹ�ƵŶƃƾƫ�Ƴ�ŹŵǀƮ���ƶºŝ�ƱǇŚºŝ�ƫŵ�ºǀ���ũŹŚºų�ƁŹřƺºĭ�ŵƺºūƹ�ƪ�
ƳŚƷŵƾ�ưĩ�šŚƗǈƏřƾ��ŽźŤſŵ�ŹŵŢſř��ŚŤƳ�ƶŝ�ƶūƺţŚŝƿ�Ū

ř�Źŵ�ƪƇŚůƿ�ºſŹźŝ�ƹ�ƂƷƹĦě�Ʋƾ��ŚºƷƽ��ºƬŞƣƾ���šŹƺºƇ
��ƶºŤƟźĭ�Ǝºſƺţ�Sorkhabi-Abdolmaleki et al. (2013)��ƹ

Sorkhabi-Abdolmaleki & Zibaee (2014)��ŸƜţººƿƶ�ƽ�� �
A. spinidens�ƱŚƯŻ�Źŵ�ŚƷƽ�ƮƿĥŹ�ƹ�ƞƬŤŴƯ����ƾƿřŸºƛ�ƽŚºƷ

���ƝŚºƐƘƳř�ŢºƘǀŞƏ�ƹ�ƾĭŶºǀĤǀě��ƕƺƴŤƯ���ƮƿżºƳō�źƿŸºě���ƽŚºƷ
�ƵŹƺºě�ŶƃŹ�ƾƏ�řŸƛ�ƮƌƷ�ŢƸū�řŹ�ƾƃŹřƺĭ����ƙƺºƬŝ�ƹ�ŚºƷ

ƚƫŚŝ�ŵřźƟř�ƱŚƄƳ�Ưƾ�ŶƷŵ��ŸƜţ�ºƿ�ƶºưƘƏ�Żř�ƶ��ŚºƷƽ���ƞºƬŤŴƯ
ƹŹƽ�Ɵǀżƿĥƺƫƺƽ�ƃŹřƺĭƾ���źĭŹŚĪºƃ�šřźƄů�ŵźĪƬưƗ�ƹ
ƯŒŢſř�źŧ��ųźŝƾ�ƶưƘƏ�Żř�ŜſŚƴƯ�ŚƷ�����ŜŞºſ�ƹ�Ƶŵƺºŝ�źºţ

řżƟřƿ�Ƃŝ�ƱŻƹǀƂ�źţƽ���ºƯ�źĭŹŚĪºƃ�Źŵƾ��Ư�ƹ�ŶƳƺºƃ�ºǀ�Ʊřż
Řţƹźěǀ���ƶºŝ�źĭŹŚĪºƃ�ƱŶºŝ�Źŵ�řŹ�ƪĩ�Ʋ���ºŝ�ŹřŶºƤƯǀƂ��źºţƽ�
řżƟřƿƯ�Ƃƾ�ŶƴƷŵ��ĩ�ƹ�ƁŻŹřǀƠ�ºǀ�řŸºƛ�Ţƾƿ��ƶºưƘƏ���Źŵ�ŚºƷ
ƬưƗ��ƂººººƤƳ�ŚƷźĭŹŚĪººººƃ�ŵźººººĪ�ŶººººƳŹřŵ�ƾººººưƸƯ�� �

(De Clercq et al., 1998)��������řŸºƛ�ŢºǀƠǀĩ�ƲǀºǀƘţ�ƽřźºŝ
Legaspi et al. (2004)��ƹShapiro & Legaspi (2006)�Żř�



ÓÏ                                                              ƱřŹŚƨưƷ�ƹ�ƾƨƬưƫřŶŞƗ�ƾŝŚųźſ���źǀŧŐţƶưƘƏ�ƮƿżƳō�ŢǀƫŚƘƟ�źŝ�ƞƬŤŴƯ�ƽŚƷ�ƽŚƷ������

ŝ�ƅřƺųǀƃƺǀưǀŚƾƿ�ŚƟƹźě�ƱƺĤưƷƿƫ�ƪǀĜǀŶƽ�Řţƹźě�ƹǀƴƾ�
�ƵŹƺºě�������źĭŹŚĪºƃ�Ʋºſ�ƚƫŚºŝ�ŵřźºƟř�ƹ�ŚºƷP. maculiventris�

ŶƳŵźĩ�ƵŵŚƠŤſř��ƾſŹźŝ�ŵřŵ�ƱŚƄƳ�ŚƷƵ�ř���šřźºƄů�Źŵ�ƶºĩ�ŶƳ
ƵŚǀĭ�ƮƿżƳō�ŢǀƠǀĩ�ƹ�Ţǀưĩ�Źřƺų��Źŵ�źǀǀƜţ�Śŝ�ƾƃŹřƺĭ�ƽŚƷ

���źºººǀǀƜţ�ƾƿřŸºººƛ�ƮºººƿĥŹ�ƲǀŘţƹźºººě�ƕƺºººƳƾºººƯ�ĩºººƴ�Ŷ� �
(Broadway & Duffey, 1988)����ƂƷƹĦºě�źƿŚºſ����ƱŚºƄƳ�ŚºƷ

ŵřŵƵ�ŶƳř�Ʋſ�ơřżŝ�Ŝǀĩźţ�ƶĩ��ƵŚºǀĭ�ƽŚƷ���Źřƺºų��żºǀƳ��ƲºĪưƯ
ƵŚǀĭ�ƾƿřŸƛ�Ŝǀĩźţ�ƶŝ�ŲſŚě�Źŵ�Ţſř�ƯǀƜţ�ƱŚŝż�ºǀǀ��Ŷºƴĩ�ź

(Habibi et al., 2001)���
ŚŤƳƿƘţ�ŪǀǀŘţƹźě�ƲǀƵŹŚƈƗ�ƪĩ�Ʋ�ƽ�ƶƫƺƫ�ƽ��ƹ�ƁŹřƺĭ
ƵŹƺě�ƱŻƹ�ŚƷƽ�Ŭƴě�ƲſƮ�ŸƜţƿƶ�ƶưƘƏ�Śŝ�ƵŶƃ�ŚƷƽ��ƞƬŤŴƯ
�ƩƹŶū�Źŵæ��Ţºſř�ƵŶƃ�ƵŵŹƹō��Ư�ºǀ�Řţƹźºě�Ʊřżǀ��Źŵ�ƪºĩ�Ʋ

ƵŹƺě�ŚƷƾƿ�Ŝƃ�Żř�ƶĩ�Ƶźě�ƽ��ƭƺºƯ���ƶºŝ�Źřƺºų����ƶºưƘƏ�ƱřƺºƴƗ
ŸƜţƿŶƳŵźĩ�ƶ��ŝǀƂ�Śſ�Żř�źţƿƵŹƺě�ź����ƵŹƺºě�ƹ�ŵƺºŝ�ŚºƷ��ŚºƷƽ�
ŸƜţƿƶ�Ŝƃ�Śŝ�ƵŶƃ�Ƶźě�ƽ�ŶƴƷƽƮĩ���źţƿƯ�ƲǀŘţƹźě�Ʊřżǀ�řŹ�Ʋ

ŶƳŵƺŝ�řŹřŵ���ƵŹƺºě�ƱŻƹ��ŚºƷƽ�ŸƜţ�ºƿƶ����Ŝºƃ�Śºŝ�ƵŶºƃ��Ƶźºě�ƽ�
ƭƺƯ�ƶƣŚſ�ƭźĩ�ƹ�Źřƺų�ŹřƺƳ�Źřƺųƽ�ŝ�ŪƳźŝǀƂ�Ƥŝ�Żř�źţ�ºǀƶ�ƽ�
ƵŹƺě�ŵƺŝ�ŚƷ��ÐÎ�ÏÏPr > F: ��ÍÍÍÎ�ÍP ≤ ��ƵŹƺě�ƹ��ŚºƷƾƿ�
Żř�ƶĩ��Ŝƃ�Ƶźě�ƽ�ŶƴƷƽ�ŸƜţ�ºƿ�Ƶŵźºĩ�ƶ����ºưĩ�ƱŻƹ��ŶºƳŵƺŝƾ�

�ŶƴŤºƃřŵ���Źŵ�šŚºƤǀƤŰţ�Pascual-Ruiz et al. (2009)��ºƷǀ�Ģ
ţƹŚƠţƾ�ƵŹƺě�ƱŻƹ�ƹ�ŶƃŹ�Źŵ�ŚƷƽ���ƲºſP. maculiventris�
ŸƜţƿƶ��ƵŶƃŚŝ�ƶưƘƏ��ŚºƷƽ����ƵŶƷŚºƄƯ�ƞºƬŤŴƯ�ºƄƳŶ����ƕƺºƴţ
řŸƛƾƿ���ºưƸƯ�ƂºƤƳƾ�Ɵ�Źŵǀżƿ�ĥƺºƫƺƽ�Ż�ƹƿ��ºſŚƴƃ�Ţºƀƾ�

ŵŹřŵ�šřźƄů��řƿŶě�Ʋƿƀŝ�Źŵ�ƵŶǀŹŚƽ����ŢºŝŚŧ�šřźºƄů�Żř
řŹŚĩ�ƶŝ�ƹ�ƵŶƃƾƿ�řŸƛƾƿ�ƹŹ�šřźƄůƽ�ƯǀƱŚŝż�ŚƷƽ�Ʊō��ŚƷ

ĮŤƀŝƾ�ŵŹřŵ��ŹƹźƋ�ƩŵŚƘţƽ��řŸºƛ�ŵřƺƯƾƿ��ƬºƇřƾ����ƪºŨƯ
ſřǀŚƷŶƽ�Ưōǀ�ƶƴƿŘţƹźě�ŚǀƲ�Ʒƺŝźĩ��ŚƷǀšřŹŶ�ŝźģ�ƹ�ŚƷƾ���ŚºƷ

ŹŚĭŻŚſ�ƶŝƽ�řŸƛƽ�ƵŵŹƺų����ƍƺºŝźƯ�źĭŹŚĪºƃ�Ǝſƺţ�ƵŶƃ
Ưƾ��ŵƺƃ(Chapman, 1998)���

Ƙţ�ŢƸūƲǀǀ�ţŐŧǀŸƜţ�źƿƫŚƘƟ�źŝ�ƶǀƷƺŝźĩ�ŢǀŚƷŻřŹŶƽ�
�ƲſA. spinidensƫŚƘƟ��ǀżƳō�ƶſ�ŢƿŚƠƫō�Ʈ��ºƯōǀ�ŚºƠƫō��Żǈ�

ŻƺĩƺƬĭƿŚŤŝ�ƹ�ŻřŶ�ŻƺĩƺƬĭƿſŹźŝ�ŻřŶƾ��Ŷºƃ���ºŝǀƂ��źºţƿ�Ʋ

ƫŚƘƟǀŚƠƫō�Ţ�Ưōǀ�Żǈ�ÐÎ�ÔÓPr > F: ��ÍÍÍÎ�ÍP ≤ �ŚƠƫō����
ŚŤŝ�ƹ�ŻƺĩƺƬĭƿŻřŶ��ƶŝ��ŜǀţźţÒÑ�ÑPr > F: ��ÍÍÍÎ�ÍP ≤ ��� �
ÍÐ�ÑPr > F: ��ÍÍÍÎ�ÍP ≤ ��ƵŹƺě�Źŵ�ŚƷƽ�ŸƜţƿƶ����Śºŝ�ƵŶºƃ

ŚººƷƹŹǇƽ�ƶƣŚººſ�ƭźººĩ�ŹřƺººƳ�Źřƺººųƽ��ŵƺººŝ�ŪƳźººŝ��ƪĪººƃ� �
A, B�Î���ŚƠƫō�Ưōǀ��żºƳō�ŚºƷŻǈƿƮ��ŚºƷƽ�Ʒ�ºǀƫƹŹŶǀż��ƵŶºƴƴĩ�řƽ�

ě�ƶĩ�ŶƴŤƀƷǀŚƷŶƳƺƽ�á-D-(1,4)-glucan�Ƭĭ�Źŵ�řŹǀ�ƹ�ƱĥƺĪ
ŚººſƿƷƺŝźĩ�źººǀšřŹŶ�ŚººƷƽ��ƫŚººţŚĩ�ƎŞţźººƯǀººƯ�żƾ��Ŷººƴƴĩ� �

(Strobl et al., 1998; Franco et al., 2000)��Ƭĭǀ��ƱĥƺºĪ
Ʒƺŝźĩǀųŷ�šřŹŶǀƵź�řƽ��ƶĩ�Ţſř�šřźƄů�ŹŵƳưƸƯ�ƂƤƾ�

ŵŹřŵ�ƎſřƹŶů�ƮƀǀƫƺŝŚŤƯ�Źŵ��ƾƿŚŬƳōŻř���ƾºƏ�ƱĥƺĪǀƬĭ�ƶĩ
ƶƬůźƯ��ƶŝ�ŚƷƹŹǇ�ƱŶŝ�Żř�ƾĭźǀƠƃ�ƽ�ƪƤŤƴƯ�ƚƫŚŝ�ŵřźƟř�ƱŶŝ
ƾƯ�ŵƺƃ��ƾƯ�����źŧŒºƯ�ƚƫŚºŝ�ŵřźºƟř�ƪŨƯ�Ŷǀƫƺţ�ƹ�ƙƺƬŝ�Źŵ�ŶƳřƺţ

�ŶƃŚŝ(Klowden, 2007)��ƶŝ�ƵŶǀƤƗ��ƽFialho et al. (2012)��
�ƱĥƺĪǀƬĭ�ŹƺƳŚūŹŚĪƃƵŶƃ����ŚºƠƫō�Ǝºſƺţ�řŶºŤŝř���ƹ�ŻǈǀºƯō

ƾƯ�ƮƌƷ�źĭŹŚĪƃ�ƽŚƷŻřŶƿŻƺĪǀƬĭ�žĜſ�����Ʋºƿř�ƶºĩ�ŵƺºƃ
ƮǀƳ�Żř�ƶƳƺĭ�ƲƿŶƴģ�Źŵ�ƵŶƿŶě��ƷŚºƄƯ�ƱǇŚŝ���Ţºſř�ƵŶºƃ�ƵŶ

(Ferreira et al., 1988; Silva & Terra, 1994;
� 

Terra & Ferreira, 2012)����ŢººººǀƫŚƘƟ�Źŵ�źººººǀǀƜţ
�ƾººſŹźŝ�ƽŚƷŻřŹŶººǀƷƺŝźĩ���Ʋººſ�Źŵ�ƵŶººƃA. spinidens�

ƾƯ�ƱŚƄƳ�ŶƳřƺţ��ƵŶºƴƷŵ������ƹ�ƶºưƘƏ�ƱŶºŝ�ƱĥƺºĪǀƬĭ�ƱřżºǀƯ�ƽ
ƶººƿŸƜţ�ƾƿřŹŚººĩ��Ĩººƿĥƺƫƺǀŝ�ƽŚƷŶººƴƿōźƟ�ƽřźººŝ�ŹŚĪººƃ�ƽř
ŶƃŚŝ�źĭŹŚĪƃ���
ƾŝźģ��ŚƷƽźţ�ƪƯŚƃ��ƪǀºſō����ƽŚƷŶǀºſř��ŚƷŶƿźºƀǀƬĭ

ƩƹźŤſř�ƹ�ŚƷŶǀĜǀƫƺƠƀƟ��śźģ�ŚƷ�����ƱŶºŝ�ƾƬºƇř�ƽřżºūř�Żř
����ƽŵŶºƘŤƯ�Ĩºƿĥƺƫƺǀŝ�ƽŚƷŶºƴƿōźƟ�Źŵ�ƶĩ�ŶƴŤƀƷ�šřźƄů

ƵŹřƺƿŵ�ŢųŚſ�ƪŨƯ����ŻŚºſ�ƹ�Ţųƺºſ��ƾƴưƿř��ƾƫƺƬſ�ƽŚƷ
ƶƐſřƹ�ƹ�ƛǀưƷř�ƵźǀŶƳŹřŵ�Ţ�(Klowden, 2007)��źţƽ�ſřǀƪ�

ƬĭǀƩƹźƀ�ƫǀŻŚĜ�(EC 3.1.1.3)�żƳōƿưƾ�Ţſř��ƶƧƷ�ºǀƫƹŹŶǀż�
ěǀŚƷŶƳƺƽ�źŤſřƽ�ŝǀƳƹźƾ�ūŹŚųƾ�źţƽ�ſōǀƬĭ�ƪǀƩƹźƀ��ŚƷ
�ººŝźģƾ�ųŷººǀƵź�řƽ�šřźººƄů��źººƀţ�řŹƿººƯ�Ɩƾ�Ŷººƴĩ�� �

(Terra & Ferreira, 2012)��Źŵ�ƶƘƫŚƐƯ�ƽ��źƋŚů�ŝǀƂ�źţƿƲ�
ƫŚƘƟǀŢ�ƫǀŻŚĜ�Źŵ��ƵŹƺºě��ŚºƷƽ�ŸƜţ�ºƿƶ��� ƵŶºƃ�Śºŝ��Ŝºƃ��Ƶźºě��ƽ� �

��
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��

�ƩƹŶūÎ���ƱřżǀƯŘţƹźěǀƶƫƺƫ�ƪĩ�Ʋ�ƽ�ƵŹƺě�ƱŻƹ�ƹ�ƁŹřƺĭ�ŚƷƽ��ƮŬƴě�ƲſAndrallus spinidens�ŸƜţ�ºƿƶ���Śºŝ�ƵŶºƃ��ƶºưƘƏ��ŚºƷƽ�
ƞƬŤŴƯ���

Table 1. Weight gain and amount of total protein in the midgut of Andrallus spinidens nymphs fed on different prey 
regims.  

 
 Chilo suppressalis Galleria melonella Plodia interpunctella Ephestia kuehniella 
Weight gain (mg) 106.1 ± 5.36 a 107.65 ± 7.69 a 76.36 ± 3.15 b 86.86 ± 15.3 b 
Total protein (mg) 1.69 ± 0.16 ab 1.85 ± 0.26 a 1.22 ± 0.17 b 1.37 ± 0.22 b 

 Different letters in each row show statistical differences by Tukey�s test (p < 0.05). 

��

 

 
��

�ƪĪƃÎ��ƫŚƘƟǀ�ŢŚƠƫō�ƯōǀŻǈ�(A)ŚƠƫō���ŻƺĩƺƬĭƿŚŤŝ�ƹ�ŻřŶ�ŻƺĩƺƬĭƿ�ŻřŶ(B)�ƵŹƺě�Źŵ�ŚƷƽ��ƲſAndrallus spinidens�ŸƜţƿƶ��ƵŶƃ
�Śºŝ��ƶºưƘƏ��ŚºƷƽ��ƞºƬŤŴƯ��CS = Chilo suppressalis��GM = Galleria melonella��PI = Plodia interpunctella��� �

EK = Ephestia kuehniella���ƱŚƄƳ�ƞƬŤŴƯ�Ɲƹźů�ƵŶƴƷŵ�ƽ�šƹŚƠţ�ŚƷƽ�ŹŚƯōƽ�Ưƾ��ŶƴƃŚŝ��ƾƧƺţ�ƱƺƯŻō�ÍÒ�ÍP <�����
Fig. 1. The á-amylase (A), á- and â-Glucosidase (B) activities in the nymphs of Andrallus spinidens fed on different 

prey regims (CS = Chilo suppressalis, GM = Galleria melonella, PI = Plodia interpunctella, EK = Ephestia 
kuehniella). Different letters show statistical differences by Tukey�s test (p < 0.05).  

��
ƭƺƯ���ƵŶƷŚºƄƯ�Źřƺºų��Ŷºƃ��ÔÓ�ÏÒPr > F: ��ÍÍÍÏ�ÍP ≤ ��
�� ƪĪƃA�Ï���żŬţƿƶ�ƹ�ƬŰţǀƪ�řŻƿƭřźĭƺư��Śºŝ��ƵŵŚƠŤºſř�Żř�

řźŤƀŝƺſƽ�ŢƴſŹƺƬƟ��ƱŚºƄƳ��ƶºĩ�ŵřŵ��ºŝǀƂ�Żř��Ūƴºě��ŶºƳŚŝ�

ƫǀŻŚĜƽ�ƵŹƺě�Źŵ�ŚƷƽ�ŸƜţƿƶ��ƵŶƃŚŝ�řƿŚƤƯ�Źŵ�ƹŹǇ�Ʋƿ��Śºŝ�ƶƀ
ŹŚƸģ�ŶƳŚŝ�ƶƣŚſ�ƭźĩ�Źŵ�ŹřƺƳ�Źřƺųƽ�ƶſ��ŪƳźŝ�ŶƳŚŝ�ŝ�Źŵǀ�Ŷ

Ŝƃ�Źŵ�ŶƳŚŝ�ƹŵ�ƹ�ŵŹō�Ƶźě�ƽ��ŶºƴƷƽ���ŵŹřŵ�ŵƺºūƹ��ƪĪºƃ�� �
��
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�ƪĪƃç��ƫŚƘƟǀ�Ţźţƽ�ſřǀƪ�ƬĭǀƩƹźƀ�ƫǀŻŚĜ�ƵŹƺě�Źŵ�ŚƷƽ�Ʋſ�Andrallus spinidens�ŸƜţƿƶ��ƵŶƃŚŝ�ƶưƘƏ��ŚºƷƽ��ƞºƬŤŴƯ�(A)��ƹ
řŻƿƭřźĭƺư��ƶƏƺŝźƯ(B)��ƱŚƄƳ�ƞƬŤŴƯ�Ɲƹźů�ƵŶƴƷŵ�ƽ�šƹŚƠţ�ŚƷƽ�ŹŚƯōƽ��ºƯƾ���ŶƴºƃŚŝ����ƾƧƺºţ�ƱƺºƯŻō�ÍÒ�ÍP <���

ƭŚƳźſ�ƽřźŝ��ƪƨƃ�ƶŝ�ŚƷæ�ŵƺƃ�ƕƺūŹ����
Fig. 2. TAG-lipase activity in the nymphs of Andrallus spinidens fed on various preys (A) and the related zymogram 

(B). Different letters show statistical differences by Tukey�s test (p < 0.05). See fig. 1 for acronyms. 

��
B�Ï���šƹŚƠţ�Źŵ�ƫŚƘƟǀŢ�ƫǀ�ŻŚºĜ���Ʋºſ�ŹŵA. spinidens��řŹ
Ưƾ�ŹřŶƤƯ�šƹŚƠţ�ƶŝ�Ʊřƺţ�ŝźģƾ�ŚƷƽ�ųŷǀƵź�ƱŶƃ�Źŵ��ƱŶºŝ�

�ƹ�ƶưƘƏ�ƾƗŚƟŵ�šŚŞǀĩźţ�ƕřƺƳř�Żř�ƾųźŝ�ƾƫŚưŤůř�Źƺƌů
ƹ�Śƿ�ƽŹŚƸƯ�ŢŞƀƳ�ŵřŵ���

ƮǀƳ�ƶģźĭř��ũŹŚų�ƮƌƷ�Żř�ƱǇŚŝ��ƖƿŚºƯ�ƽřźºŝ�ƾƳŚƷŵ�
ŢƟŚŝ�Ʊŵźĩ�ƾƯ�ƵŵŚƠŤſř�ƶưƘƏ�ƽŚƷ����ƾºƘƣřƹ�ƮºƌƷ�ŚƯř�Ŷƴƴĩ

ƲǀŘţƹźě�ƵŵƹŹ�ƱƹŹŵ�ŚƷ��ŚƷŻŚŘţƹźě�ŢǀƫŚƘƟ�ŢŰţ�ƹ�ƾƳŚǀƯ�ƽ
ƾƯ�űŹ�ŶƷŵ��ƞƬŤŴƯ�šŚƘƫŚƐƯ�Ƶŵřŵ�ƱŚƄƳ�ƶƧ�ŶƳř�żǀƫƺŘţƹźě�

Źŵ�ƵŵƹŹ�ƽ�ƳǀƮ�ƱǇŚŝ�ƶŝ�ƵŶưƗŹƺƏ�Ǝſƺţ�ſǀŘŤƀǀƲ��ŚƷŻŚŘţƹźě�
ƯōǀŤĜěƺƴǀŻřŶ��ºƀĩƺŝźĩ�ƹ� ŚƷƾ�ŤĜě�ºǀŻřŶ��ŚºƷ��ƭŚºŬƳř��ºƯƾ��ŵƺºƃ��

ƌƘŝ�Źŵ�ƶģźĭřƾ�Ʋſ�ŚƷƽ���źĭŹŚĪºƃƳ�ºǀ�ż����ƕƺºƳ�ƶºŝ�ƶŤºƀŝ
ƶººưƘƏ���źººſƿƲ��ººƯ�ŚººƷŻŚŘţƹźěƾ��ººƯ�ŶººƴƳřƺţŒ�ŶƴººƃŚŝ�źŧ

(Stamopoulos et al., 1993; Bell et al., 2005; Alvarez-
� 

Alfageme et al., 2007; Pascual-Ruiz et al., 2009)���Źŵ
ſŹźŝƾ�ƽŚƷ�Sorkhabi-Abdolmaleki et al. (2013)���Źƺƌů
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�ƲǀºººººƀĜţŚĩ���ƽŚºººººƷB��L��D�Ưō�ƹǀŤĜěƺƴ�ºººººǀ�ŻřŶL��ƹ
ººƀĩƺŝźĩƾ�ŤĜěººǀŻřŶ�A�ƵŶººƘƯ�Źŵ�ƽ��ƲººſA. spinidens�

Ŷƃ�ƆŴƄƯŢſř�Ƶ���
ŚŬƳōŻřƾƿ�ƶĩ�źſƿƲ�ŚƷŻŚŘţƹźě�ƹ�ſǀŘŤƀǀƲ��ŚƷŻŚŘţƹźě�Źŵ

ƶŤƿŶǀſř�ƽ�ƾƿŚǀƬƣ�ƹ�ƽŶǀſř�ƩŚƘƟ��ŶƴŤƀƷ�żǀƳ�ƹ���ŽŚºſřźŝ
���šŚºƤǀƤŰţ�ŪƿŚºŤƳSorkhabi-Abdolmaleki et al. (2013)��

ƫŚƘƟǀŢ�ƫƺŘţƹźěǀŤǀĨ��ƶºŝ��ƬĩŹƺºƏƾ�Źŵ��ºſř�ƹŵǀŶƿ�ƶŤÓ��ƹí�
ſŹźŝƾ�Ŷƃ��ŚŤƳƿŪ�ƱŚƄƳ�ŵřŵ�ƶƧ�ſř�ŹŵǀŶƿƶŤ�ƽ�í��ŝǀƂ�źţƿ�Ʋ

ƫŚƘƟǀŢ�ƫƺŘţƹźěǀŤǀĨ��ƶŝ�ƍƺŝźƯƵŹƺě�ŚƷƽ�ŸƜţ�ºƿƶ���ƵŶºƃ�Śºŝ�
Ŝƃ��Ƶźºě�ƽ��ƭƺºƯ��Źřƺºų���ºſř�Źŵ�ƹǀŶƿƶŤ�ƽ�Ó����ƶºŝ�ƍƺºŝźƯ�
ƵŹƺººě�ŚººƷƽ�ŸƜţººƿƶ�Ŝººƃ�Śººŝ�ƵŶººƃ�Ƶźººě�ƽ�ŶººƴƷƽ�Ţººſř�� �

�ÍÏ�ÏÎPr > F: ��ÍÍÍÎ�ÍP ≤ ����ƪĪººƃA�Ð����Źŵ
řŻƿŻŚŘţƹźě�ƭřźĭƺư�ƽ�Ʈĩ�źţƿ�Ʋ�ƹŝǀƂ��źºţƿ���ŶºƳŚŝ�ŵřŶºƘţ�Ʋ
ƶŝ�ƵŹƺě�Źŵ�Ŝǀţźţ�ƶƿŸƜţ�ƽŚƷ�Ŝƃ�Śŝ�ƵŶƃ��Ƶźºě���ƹ�ƽŶºƴƷ�ƽ

ƵŹƺě�ƶƿŸƜţ�ƽŚƷ�Ŝƃ�Śŝ�ƵŶƃ�Ƶźě�ƭƺƯ�ƽ���Ŷºƃ�ƵŶƷŚƄƯ�Źřƺų
��ƪĪƃB�Ð����šŚƤǀƤŰţ�ŪƿŚŤƳPascual-Ruiz et al. (2009)���

��

a��
��

 
��

�ƪĪƃÐ��ƫŚƘƟǀ�Ţ�ƪĩ�ŻŚŘţƹźěƵŹƺě�Źŵ�ŚƷƲſ�ƽ�Andrallus spinidens�ŸƜţƿƶ��ƵŶƃ�Śºŝ��ƶºưƘƏ��ŚºƷƽ��ƞºƬŤŴƯ�(A)��ƹřŻƿ�ƭřźĭƺºư�
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Fig. 3. General proteolytic activity in the nymphs of Andrallus spinidens fed on various preys (A) and the related 
zymogram (B). Different letters show statistical differences by Tukey�s test (p < 0.05). See fig. 1 for acronyms.  
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Table 2. Specific proteolytic activity in the nymphs of Andrallus spinidens fed on different prey regims.  
 

Specific protease Chilo suppressalis Galleria melonella Plodia interpunctella Ephestia kuehniella 
Trypsin-like 3.82 ± 0.08 b 4.70 ± 0.08 a 3.36 ± 0.004 b 2.80 ± 0.122 c 
Chymotrypsin-like 2.62 ± 0.009 b 4.05 ± 0.02 a 1.56 ± 0.09 d 1.85 ± 0.004 c 
Elastase 4.09 ± 0.024 a 3.95 ± 0.028 a 2.19 ± 0.046 c 2.06 ± 0.025 c 
Cathepsin B 4.16 ± 0.02 c 4.72 ± 0.009 b 2.03 ± 0.009 d 6.02 ± 0.016 a 
Cathepsin L 4.82 ± 0.032 c 5.93 ± 0.008 a 3.20 ± 0.024 d 5.92 ± 0.04 a 
Cathepsin D 1.75 ± 0.008 c 1.95 ± 0.083 b 1.46 ± 0.028 c 3.50 ± 0.004 a 
Aminopeptidase L 5.19 ± 0.032 b 5.95 ± 0.02 a 3.40 ± 0.008 c 2.78 ± 0.036 c 
Carboxypeptidase A 3.28 ± 0.012 c 6.93 ± 0.024 a 3.68 ± 0.032 b 3.55 ± 0.016 b 

 Different letters in each row show statistical differences by Tukey�s test (p < 0.05).  
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