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Table 1. The profile of specific endopeptidases in the larvae and the adults of Cryptolaemus montrouzieri

Endopeptidases? Larvae Adult

NC? NC+Inhibitor? NC NC + Inhibitor
Trypsin 0.0154+0.003 0.0075+0.003 NA* NA
Chymotrypsin 0.0063+0.001 0.0010+0.0002 NA NA
Elastase 0.0069+0.003 0.0070+0.0005 NA NA
Cathepsin B 0.0222+0.001 0.0040+0.0002 0.0317+0.002 0.0117+0.004
Cathepsin L 0.0165+0.001 0.0045+0.0006 0.0267+0.001 0.0121+0.001

The enzyme activity has been shown as specific activity of pmol/min/mg protein

NC refers to negative control in which a boiled midgut sample was used as blank to verify protease activity.

NC + Inhibitor refers to use both boiled sample and specific inhibitors for each proteases. In details, 0.5 mM of
TLCK and TPCK; 5 uM AEBSF.HCL and 0.5 mM of Cystatine were used in enzyme assay.

NA refers to no activity.

Cryptolaemus montrouzieri Bl s,V s polamsl glajlaz, s 51 by, —Y Jsd

Table 2. The profile of specific exopeptidases in the larvae and the adults of Cryptolaemus montrouzieri

Exopeptidases’2 Larvae Adult

Soluble Membrane-Bound Soluble Membrane-Bound
Aminopeptidase 0.002+0.0003 0.0195+0.0007* 0.0033+0.001 0.034+0.004*
Carboxypeptidase 0.008+0.001 0.017+0.002* 0.007+0.004 0.033+0.003*

1 The enzyme activity has been shown as specific activity of pmol/min/mg protein.
2 Asterisk refers to statistical differences between soluble and membrane-bound fractions for each enzyme (t-

test, p<0.05).
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Figure 1. pH profile of specific proteases in the larvae of Cryptolaemus montrouzieri. a) serine proteases,
b) cysteine proteases, c) exopeptidases. Statistical differences have been marked with different letters
(Tukey test, p<0.05).
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Figure 2. pH profile of specific proteases in the adults of Cryptolaemus montrouzieri. a) cysteine
proteases, b) exopeptidases. Statistical differences have been marked with different letters (Tukey test,
p<0.05).
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Figure 3. Effects of the inhibitors on the activity of specific proteases in the larvae and the adults of C.
montrouzieri. a) Cystatine against cathepsins, b) E-64 against cathepsins, ¢) TLCK, TPCK against trypsin
and chymotrypsin, d) SBTI and AEBSF.HCL against trypsin and elastase

Cryptolaemus montrouzieri )15 it 5 o W55 2 (65 Lok yla 3L 1Cs0 (glacbale ~¥ J i

Table 3. ICso concentrations of the inhibitors on the digestive serine and cysteine proteases of
Cryptolaemus montrouzieri

Treatments ICs0o’ Confidence limit (95%) Slope+SE X? Df
Adult-CathpsinB-Cystatin 0.451 0.404-0.499 0.476+0.169 2.119 3
Adult-CathpsinL-Cystatin 0.582 0.472-0.700 0.672+0.182 7.0339 3
Adult-CathpsinB-E-64 4.822 2.63-7.061 0.510+0.172 15.627 3
Adult-CathpsinL-E-64 7.471 6.452-9.023 0.585+0.152 3.0109 3
Larva-Trypsin-TLCK 0.483 0.370-0.587 0.734+0.231 9.4867 3
Larva-Trypsin-SBTI? 6.415 4.585-9.936 0.498+0.150 9.3997 3
Larva-Chymotrypsin-TPCK 0.505 0.402-0.607 0.591+0.186 6.2488 3
Larva-Elastase-AEBSF.HCL 3.574 3.177-3.998 0.495+0.201 0.099 3
Larva-CathepsinB-Cystatin 0.417 0.303-0.524 0.435+0.162 4.3611 3
Larva-CathepsinL-Cystatin 0.533 0.323-0.742 0.663+0.194 18.393 3
Larva-CathepsinB-E-64 5.088 3.330-6.792 0.645+0.189 15.388 3
Larva-CathepsinL-E-64 7.167 5.055-13.554 0.519+0.148 10.766 3

2.

ICso concentrations have been calculated as mM except for E-64 and AEBSF.HCL which are in uM.
The data were calculated by POLO-Plus software.



Cryptolaemus montrouzieri «s ;suis” 2,18 b, (ol A¥

5 e siBs s s » 2> (Coccinellidae)
315 Al 35 Y el e odne 53 bt
o 5108 O 5 s eslphe) ol ol
spdme S50 SladS5UniS gy, alie slatasy
S T W3 5 it 45 ol ot 5,518 Ll e
Al Sz AL sl s b)Y edae > B
Lz H. axyridis ¢S5 saiis AR, bipunctata
2> 3L 5 5 Mo 5 ST e o S g Slad i o
Walker et al., 1998; ) coul ols oalice 35 458 oulas
Ssy o= sy > (Koo and Park, 2002
SWs,s by, s C. o montrouzieri s ;,ai48
93 A 53 ST uk odalin Bl sl s lag,Y 55 Cales
U3l 55871 ) e el colis s e W35 51 it €3 50
Sope b Ao J 7S5 ool ) e s Sl eslital L
S S oI dag,Y s eds S Lk 4 edd fuate
OL Sl 5 ey FyoS e S o e
&};méb Sal g s oo ol e 5 (B 5T i 3 sl
S LT Ll g e 03 o T o (5 20 danb
5 s &l 55 Comontrouzieri B s b)Y
W35 ok x5 DS e 30T )T S im Oljoe &K
4 Llg o Fpsme i, 5l laY S b
Cod ol odie 35 5m ol 53 Sl by o T (s 2B
23 embol 28 eSTjeiiS (6,5Y d> e ol {"15)6
Sl el bl e s 23 B L AL sl b
0055 deab (6 i sl S lag,Y oSy e i a4 il
4 dms )3 5 pan 350 1y O (die slge plas 5 05 S
N E s b 5l e g p ks di5 YL mhaw (b
sl 4 NS e Al ol 8 Sl (B)E o 5T
o315 s C. montrouzieri b s, ;5 Wiy, o e

(Walker et al., 1998) s ,x

Sy culld 5 e Sbvdnsb W6
C. montrouzieri &b of 1 9 yg,¥ & ,le5

FZ058; ) oy i 5o 6lsine ool
F=0.39; P=0.6939; ) ‘pus 5 o5 «(P=0.5878; df=2
o oV (FFL2; P=0.3645; df=2) k.Y , (df=2
F=1.46; b JKo) L sl (@F JSK2) W), ,
F=1.21;, ¢Cc JKu) -gao7 5 (P=0.349; df=2
C JS8) Sz oSS s (P=0.3608; df=2
maenb ot 4 di5 clay,Y (F=0.09; P=0.9127; df=2
F=10. ¢fb ) B audlS Ll (i salie Caliies (sl
Gay w5 5o 1, S o 2ay 8 P=0.0103; df=2
Sl Olid gl s gy ) Sl o S 5 LS e $Sis
08 JS&) B rslS Sl o ate (LSl o
GbeSes L 4 ds 5l (F=10.62; P=0.0107; df=2
F=6.4; P=0.0325; @ JS&) L sl 5 5757
S w1 95 bl s sdalie sly oSSt 1 (dF=2
Asls Ol (gl b Sl eds wdis Jl sl s 1) el
S50 4% 5l ey @l sl Sz geT Sl o 2ie
Sl b gy S S 5 T, T sleeSas
LI «(F=37.53; P=0.0004; df=2:wb &) 1s sdalis
i WSl s st ol o i Sy (oS S
Lol Jldie o 2eS 5 OLS o oSid 5 gl atd I odds
F=28.33; @b JS&) Wi Job b oSt ) o ds
.(P=0.035; df=2

S

aw 4 glads ks, Ll Coccinellidae o gl 51 3l
S Nph oo e I8 5 lelS e i 0 S
oh5 S Glap 5T Ssline Sl 5 s 4 e
sk 4 (Sakurai, 1968) i dals b8 slajlss ,
J‘}>'c‘.:f gf)).x..uf BE) Jbe
(Fabricius)

Epilachna

chrysomelina (Coleoptera:



AD WA Jlo oF oyle Vel ¢ aLE BT Sl

OLarva-Trypsin  BLarva-Chymotrypsin B Larva-Elastase a
(@]
£ o012 1
= a
£ 0.01 +
E 0.008 +
2= 0.006 +
22 0004 +
2 S 0002 +
[&]
© 0
(&)
% Pseudococcus  Planococcus citri Toxoptera aurantii
o viburni
)
Prey
O Larva-Cathepsin B @ Larva-Cathepsin L b
g 0.03 + a
[ 1 T
E 0.02 + a I
2= 0.015 +
[5]
2% 001 +
2 a
g 0.005 +
2 0
b Pseudococcus  Planococcus citri Toxoptera aurantii
& viburni Prey
OLarva-Aminopeptidase & Larva-Carboxypeptidase c
a
g 0.018 T a
= 0.016 + a a T a
= 0014 + - + a
= 0.012 + - I
= 001 +
2= 0008 +
> % 0.006 +
S S 0004 1
S 0.002 +
© 0
(&)
b= Pseudococcus Planococcus citri ~ Toxoptera aurantii
] viburni
o
)
Prey

tanbs 4w (55, 445 31 - Cryptolaemus montrouzieri slas,¥ 18 slaj s, cIb 45 i -F S
=S5l a3l 5 51 (C el e (D ol 0 (@ ToOXOPptera aurantia , Planococcus citri « Pseudococcus viburni
(P0.05 ¢ S5 05031 okl aseine Calides o > b (s )leT (sla

Figure 4. Changes in the activities of digestive proteases in the larvae of Cryptolaemus montrouzieri
when fed on the three preys, Pseudococcus viburni, Planococcus citri and Toxoptera aurantia. a) serines,
b) cysteins, ¢) exopeptidases. Statistical differences have been marked with different letters (Tukey test,
p<0.05).
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Figure 5. Changes in the activities of digestive proteases in the adults of Cryptolaemus montrouzieri when
fed on the three preys, Pseudococcus viburni, Planococcus citri and Toxoptera aurantia. a) cysteins, b)

exopeptidases. Statistical differences have been marked with different letters (Tukey test, p<0.05).
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Abstract

Type and biochemical properties of the digestive proteases were determined using specific substrates
and inhibitors in the larvae and the adults of Cryptolaemus montrouzieri and their activity changes were
evaluated when fed on the different preys. Rearing of beetles was done in laboratory conditions and they
were fed on citrus mealybug. Dissection was done in NaCl medium and the obtained midgut was
homogenized and centrifuged. Then, the activity of digestive proteases determined by using the specific
substrates and inhibitors by feeding on three hosts. The results showed that just cysteine proteases and
exopeptidases were active in the midgut of adults while both serine and cysteine proteases were engaged
in the digestion by the larvae. The highest activity of the serine proteases; trypsin, chymotrypsin and
elastase, were found in the pH sets of 8, 8-9 and 9, respectively. The optimal pH of cathepsins B and L
were determined in 6 and 5 pH values of the larvae and the adults of C. montrouzieri, respectively. The
highest activities of digestive larval amino- and carboxypeptidases were measured at pH 7 while these
two enzymes showed the highest activity at pH sets of 7 and 6 in the adults, respectively. The specific
inhibitors including cystatin, E-64, TLCK, SBTI, TPCK and AEBSF.HCL significantly decreased the
activities of specific proteases in the larvae and the adults of C. montrouzieri. No significant differences
were observed in the activities of serine proteases, exopeptidases and cathepsin L in the larvae fed on
Planococcus citri, Pseudococcus viburni and Toxoptera aurantii but cysteine proteases and
aminopeptidases in the adults fed on tea aphid showed the least activity. The difference in proteolytic
profile of the larvae and the adults of C. montrouzieri concur the physiological differences in these two
developmental stages with the emphasize on serine proteases in the preservation and control of
developmental status of digestive tract. In addition, the higher activity of cysteine proteases in the adults
may be related to the nature of utilized prey and presence of different proteinaceous components or even
glycoperoteins in the preys.
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