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Fig. 1. The effect of AEBSF.HCI [4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride] injection on the activities of serine proteases
and phenoloxidase in the hemolymph of Cydalima perspectalis larvae. Statistical differences have been marked with different letters among
values give in time intervals (Tukey’s test, p <0.05).
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Fig. 2. The effect of TLCK [tosyllysine chloromethyl ketone hydrochloride] injection on the activities of trypsin-like protease and
phenoloxidase in the hemolymph of Cydalima perspectalis larvae. Statistical differences have been marked with different letters among
values give in time intervals (Tukey’s test, p <0.05).
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a0l Ok 3l 2, Jale el en 5 5 S wg b
w538 Ol ¢ i gen (g3 5 wleli Hs Il s 4 S
S350 30l Sl g5k 31 (ol 5 0358 s fagl iy
Cladis st 5 el GalKw JUS! (O gl Mo O geen O
Sl p3Y ks S ksl Pl s s S A4S
Sre e 5 35S el ol s ool sl tasn
OaeVgo b s plaedilssl oo LS 05K bile
s 3liad o pd LS 5 Ll J a8 4 b s S wlsl of

ol

e A 05’\-;5/ 50 W 95 Cw" C,Jjbu 3 dlf.k.....q"j;

A 1 S LS b sl el

&lw

Barillas-Mury C. 2007. CLIP proteases and Plasmodium
melanization in Anopheles gambiae. Trends in Parasitology
23:297-299.

Cerenius L, Kawabata S, Lee BL, Nonaka M, Soderhall K.
2010. Proteolytic cascades and their involvement in

intervals (Tukey’s test, p <0.05).

R S o llash aw LS sdasglis fags ol GL\;
SIS 0T o 53 5 il Il Jlee L3 sl
Wl ol 45 55 85 b andl o g sliad oyt slay)Y
Lo Ol o adgen 53 sz e 3 Glae kil b g
355 00 3 So Il aS ablee 5o slannS i ae I
(US):A\SJJJW a4 elislasl pl S Olasl sl
Shgsldas &8 Wledss SLba VB Y glacy v O 555 sl
Moo o 3 5 W3 e i [lee o L
(Jiang etal. &g o a3l s 5 o sdiS b o255, ol se
2003a, 2003b; Zhu et al. 2003; Wang and Jiang 2004,
J =S 53 ek 63,28 s8s ;l Ll Kanost and Clem 2012)
ol il Caeal b Wl ol Dlee BT s S
Lina b iS55 obantl slaeislssl b baedislssl cnl S5l 0l

invertebrate immunity. Trends in Biochemical Science 35:
575-583.

Gorman MJ, Wang Y, Jiang H, Kanost MR. 2007. Manduca
sexta hemolymph proteinase 21 activates prophenoloxidase
activating proteinase 3 in an insect innate immune response
proteinase cascade. Journal of Biological Chemistry 282:
11742-11749.

[ oo i Seieshon


https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.12.7
http://gebsj.ir/article-1-364-en.html

[ Downloaded from gebsj.ir on 2026-06-08 ]

[ DOR: 20.1001.1.25885073.1399.9.2.12.7 ]

b g0y hwg

e G5 D 2

Jiang H, Vilcinskas A, Kanost MR. 2010. Immunity in
Lepidopteran insects. In K. Sdderhall (Ed.). Invertebrate
Immunity: Landes Bioscience
http://www.landeshioscience.com/curie/chapter/4692/2010.

Jiang H, Wang Y, Yu XQ, Kanost MR. 2003a.
Prophenoloxidase- activating proteinase-2 from hemolymph
of Manduca sexta. A bacteria-inducible serine proteinase
containing two clip domains. Journal of Biological
Chemistry 278: 3552-3561.

Jiang H, Wang Y, Yu XQ, Zhu Y, Kanost MR. 2003b.
Prophenoloxidase-activating proteinase-3 (PAP-3) from
Manduca sexta hemolymph: A clip-domain serine proteinase
regulated by serpin-1J and serine proteinase homologs.
Insect Biochemistry and Molecular Biology 33: 1049-1060.

Kanost MR, Clem RJ. 2012. Insect proteases. InL Gilbert, L. I.
(Ed.): Insect molecular biology and biochemistry. London:
Academic Press; p. 346-364.

Kanost MR, Gorman MG. 2008. Phenoloxidases in insect
immunity. In N. Beckage (Ed.). Insect Immunology (pp. 69—
96). San Diego, CA: Academic Press/Elsevier.

Kawazu K, Nakamura S, Adati T. 2010. Rearing of the box
tree pyralid, Glyphodes perspectalis, larvae using an
artificial diet. Applied Entomology and Zoology 45: 163—
168.

Mally R, Nuss M. 2010. Phylogeny and nomenclature of the
box-tree moth, Cydalima perspectalis (Walker, 1859) comb.
n., which was recently introduced into Europe (Lepidoptera:
Pyralidae: Crambidae: Spilomelinae). European Journal of
Entomology 107: 393-400.

Malthouse JP, Scott Al. 1983. Cryoenzymology of trypsin. A
detailed kinetic study of the trypsin-catalysed hydrolysis of
N-alpha-benzyloxycarbonyl-L-lysine p-nitrophenyl ester at
low temperatures. Biochemistry Journal 215: 555-563.

Nacambo S, Leuthardt FLG, Wan H, Li H, Haye T, Baur B,
Weiss RM, Kenis M. 2014. Development characteristics of
the boxtree moth Cydalima perspectalis and its potential
distribution in Europe. Journal of Applied Entomology 138:
14-26.

Nappi AJ, Christensen BM. 2005. Melanogenesis and
associated cytotoxic reactions: applications to insect innate

immunity. Insect Biochemistry and Molecular Biology 35:
443-459.

Oppert B, Kramer KJ, McGaughey WH. 1997. Rapid
microplate assay of proteinase mixtures. Biotechniques 23:
70-72.

Powers JC, Asgian JL, Ekici OD, James KE. 2002.
Irreversible inhibitors of serine, cysteine, and threonine
proteases. Chemical Reviews 102: 4735-4736.

Szekely L, Dinca V, Juhasz 1. 2011. Macrolepidoptera from the
steppes of Dobrogea (south-eastern Romania). Phegea 39:
85-106.

Wang Y, Jiang H. 2004. Prophenoloxidase (proPO) activation in
Manduca sexta: An analysis of molecular interactions
among proPO, proPO-activating proteinase-3, and a
cofactor. Insect Biochemistry and Molecular Biology 34,
731-742.

Wang Y, Jiang H. 2007. Reconstitution of a branch of the
Manduca sexta prophenoloxidase activation cascade in vitro:
snake-like hemolymph proteinase 21 (HP21) cleaved by
HP14 activates prophenoloxidase-activating proteinase-2
precursor. Insect Biochemistry and Molecular Biology 37:
1015-1025.

Wilson K, Cotter SC, Reeson AF, Pell JK. 2001. Melanism and
disease resistance in insects. Ecology Letters 4: 637-649.

Zhao P, Li J, Wang Y, Jiang H. 2007. Broad spectrum
antimicrobial activity of the reactive compounds generated
in vitro by Manduca sexta phenoloxidase. Insect
Biochemistry and Molecular Biology 37: 952-959.

Zhu Y, Wang Y, Gorman MJ, Jiang H, Kanost MR. 2003.
Manduca sexta serpin-3 regulates prophenoloxidase
activation in response to infection by inhibiting
prophenoloxidase-activating ~ proteinases.  Journal  of
Biological Chemistry 278: 46556-46564.



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.12.7
http://gebsj.ir/article-1-364-en.html

[ Downloaded from gebs.ir on 2026-06-08 ]

[ DOR: 20.1001.1.25885073.1399.9.2.12.7 ]

U AJUNY Sl S8

Genetic Engineering and Biosafety Journal
Volume 9, Number 2
2021

Determination the role of hemolymph proteases on phenoloxidase activity
of Cydalima perspectalis larvae using specific inhibitors

Leila Yousefi-Lardeh and Arash Zibaee*

Department of Plant Protection, Faculty of Agricultural Sciences, University of Guilan, Iran
*Corresponding Author, Email: arash.zibaee@quilan.ac.ir

Abstract

Protease cascade in insect hemolymph is important in proper response against invading
microorganisms and parasitoids. Serine proteases lead to the induction of antimicrobial
peptide syntheses and phenoloxidases. In the current study, the effects of the least
concentration of the three specific inhibitors of serine proteases including AEBSF.HCI [4-
(2-aminoethyl) benzenesulfonyl fluoride hydrochloride], TLCK [tosyllysine chloromethyl
ketone hydrochloride] and TPCK [tosyl phenylalanyl chloromethyl ketone] were evaluated
on the activities of trypsin, chymotrypsin, elastase and phenoloxidase of Cydalima
perspectalis larvae. The 5 uM concentration of AEBSF.HCI lead to the significant decrease
of trypsin, chymotrypsin and phenoloxidase activities at the time intervals of 1, 15, 30- and
60-min post-injection while the activities reached to the value of control after 120 and 180
min. The inhibitor showed no significant effect on elastase activity. The 5 puM
concentration of TLCK also decreased the activity of trypsin at the time intervals of 1, 15,
30- and 60-min while the activity of phenoloxidase decreased at all-time intervals except
for 180 min post-injection which the least value was obtain after 15 min of injection. TPCK
decreased the activity of chymotrypsin at all-time intervals following injection except for
180 min in which the least activity was recorded after 1 min. This inhibitor decreased the
activity of phenoloxidase at the time intervals of 1, 15 and 30 min after injection while no
significant differences were observed at other time intervals. These results demonstrate the
important role of serine proteases in induction of phenoloxidase within C.perspectalis
larvae. Inhibitors used in this study can prevent effective immunity of insects by stopping
the serine protease process in insect hemolymph and increase the sensitivity of larvae
against pathogen. In other words, the use of these compounds improves the effective
control of pests through microbial control.

Keywords: Cellular immune system, Cydalima perspectalis, Phenoloxidase, Serine
protease
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