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Fig. 1 Activities of midgut protease in Illiberis pruni larvae different larvae ages
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Fig. 2 Activities of midgut protease of Illiberis pruni larvae under different protease activator and inhibitors

3 4t #

i TR AR R & & B By AR B AT 22
St BRI b s 8 O EE T e B —E 2
SR, B P SEUYOIN E TN R TR
Callosobruchus chinensis %y 4L iy 4% 85 1 il 1)
T L A S 0 30T A T e R RO, 22 K
SEUT AR R W 4 B b i 2R R RV G L 5

i e R R 558 R TR 1 L B L AR )
Ve I b SR A 0l o 8% 30 ) P g T R A o
PSR RGE AN R, AP A SRR AR
gy HUrE 4 i R S P A, 2 R IR
SR ZKE MR R -, RE B RN
FE 4R E KR E RO IR, A B I Re
T A BTG PR v, P 4 % b i 4R P e
Py TR AR . 5 I Al e A A fL 0 B B



9 T A 30T R RO R X AR o i R G A 4 5 .+ 1239 -

WCE A TR B 3 SO0 A AR S 255 , T g
B VEREAC . DL 25 R UL AL AL g e
o 5 1l M 0 AR A 5 AR KR B B YA G

AN TR) 2 1 A0 ) 590 ) B v B e A ) 1
HZESBE. AR R [E 6 700 g
B IE Cnaphalocrocis medinalis %) 8 & H BTG
P 5 4 B AS [ PMSFE, TLCK . E-64 , Pepsta-
tin A.Leupeptin 3 #1851 B 35 14 ; PMSF i 3%
Rif AV Jige 5 7L 2K 11 9% 1% s EDTA L PMSF . TPCK.
TLCK.E-64 i 3 FEAR B A B G k. 7ERFRA
[F) 25 3 300 ) 500 X6 /NS ik Plutella xylostella W
1 % 1 B P S m ik BP9, CaCl,  EDTA FI
EGTA {4 i 5 & A i§ ; PMSF, TLCK, TPCK,
STI F1 PMSF 1 il £ 25 11 6 . o B 1 g 26 11 7
559 B 1 B R 1 6 R R 5 FL AR I s TLCK 414
1 il 0 S PR B AR T, T TPCK B0 5 ik
PR G 5 1 5 ST N Fr A 19 25 11 #0544
HIER . ASHIESE b R 4350 0 B4 B B L 4 18 %)
Hurb iz 2R 1 e R RO AE T A0 B 4 3R B A
AR . A 3 R L AR 2 B R T 1R
FH G 5 B PE B R 1l AR O R om R
5 mmol/L CaCl, ,f¢A 5 mmol/L DTT %} 55 fs ¥
ot R ¥ Tl A 0 A S X e e L AR AR
AR 10 mmol/L EGTA, AF5% 587 A%
25 5 IR AT i 2 AL B ALY R g 2R F K 3 o
I ELAT R B RE o) ) o) b RS 2L AT
il X AR B A B S E R . D38kl
AIRE 55 B s 0o R0 Y RO B O SR
HO R, BRSO 1 4 A R R
A R TR 1 T R0 A Rk e AR R R AT
R AR R BFANFEIR K2 1 d. R, 78 4 5 4% 5 1
W Leptinotarsa decemlineata W HF5E 0 % FH,
A 1.2 W Dy O KRS 2P bk 201 28 1 e 0 1
R

[ o 10 ) 350 2 AN [) e B 0 o A 22 SR
¥ W AKUE Diatraea saccharalis WTFFE 3 , bl
F AR ApTT e BE 9 38 o i 28 1 It A0 I 0 7L
BB P R TR ARG R B A
FEAM D AT DTT 5 TPCK b, H i 5
47 Ay v R T VRO A R T A R B 5 A SR L P
B, CaCl, 76 i W B i 22 BT 1F ARk
JEE B D) 3R B A L 5 20 R 2 R TAA 7E
R v 2 22 BLMBOIE A FH L A o v BB 0 5 %) R A 22 S
AR, H2E 55 A REAE T AS [R] B o i) B ATy ol

22 S o AN TR 400 A 550 Ak L2 A 40 o 3 1 A B 2
S BR AN TR) o JBEAE T B SR v M B R O E 2
FEAEANTE B A T ASCR . AT AR o AR
(9 CaCl, o 5i Bl 1 IR 25 11 e A 2050 5 1) 300 A 4 D
R E CaCl, WHEBGEET . T RES A FWE T
PHES 5 F AR R F W M AR 25 DU T
B

1 T B R e AL A R T AN R A O )
P DR, 9% T D RE B i A A i BOA 22
St ln B H A T DR R
ESN NS RE RGNS NS IN 5 e R NN R ER A
TR 22 Z R E B, AR A RR Y, R
e B 2 ) 395 P R AL T HL 4 A 1 TR A
e o Ul I AL T B A 1) ) R R A
Bt AT IH AL .

45w

B ZE I A AR LA A4 8 s R A
fit LA e e I 05 M A O A 0T 3 A 4 1 R0 9 3
B AS[R] e 3 T i 2500 X 4 B b B B 1
SR 22 5 W T R R R e Y 2 B Ok %
WEAVE .5 mmol/L CaCl, %8 5P 5 2 1 B i
Ve e A 5 mmol/L DTT X 55 s P 5 25 1 il
A AR FE L 0T 1B 5 L AR 1 A A AR e A
10 mmol/L EGTA. A58 hy i £2 3 il 77 xF A4
5L O A N TR VR R I ST BRI T S R
fEF BB IS R B B AR EE R, R
DA iz 5 1A R b L B & o R B4 2R TR 2
ol 5 S AR R sk B P RIS %

Z%Z3#k  Reference:

(1] ko8t e g, T 4 %6, 30 UM B oin 3 9 2 () 45 4 1 B Y
017, PEHEAR 24, 2002, 11(1) : 53-56.
ZHANG Y N,LONG J P.LEI ]J F. Research on the spatial
structure of insect community in the apple tree[ ]J]. Acta
Agriculturae Boreali-occidentalis Sinica ,2002,11(1):53-
56.

(2] XUEEZE. R E AR s ML S BRI Bl
BH4%.,1986(7) :11-13.
LIU H R. Observation and control of life history and habit
of Illiberis pruni Dyar[]]. Gansu Agricultural Science and
Technology »1986(7) :11-13.

[3] AP RMEEHRMEASPIRLI] IR Z,2013(2);
52.
LI SH P. The occurrence and control of Illiberis pruni Dyar
[J]. Northwest Horticulture ,2013(2) :52.

(4] EEBRAE R AR E R4 durh g 3 AR S Y e



1240 -

wode &k

L
2

i 31 %

[5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

(1], B 241 ,1996,39(1) : 7-13.
WANG CH ZH. QIN J D. Identification of major protease
activities in the midgut of Helicoverpa armigera larvae
[J]. Acta Entomologica Sinica »1996,39(1):7-13.
AJAMHASSANI M, ZIBAEE A, SENDI J.et al. Proteo-
lytic activity in the midgut of the crimson speckled moth
Utethesia pulchella 1. (Lepidoptera: Arctiidae) [J]. Jour-
nal of Plant Protection Research ,2012,52(3) :368-373.
Mg E R T SCL AR TR BEE PR 4k IR 22 R AR I
KR HE R serpin #53 F Be 5w b B A R A1 mRNA # 5
ARSI LT]. PEAEAR 22 4] . 2015, 24(8) 1 16-22.
YE Q. MA X, BO X W, et al. Cloning of partial serpin
gene and its mRNA transcription analysis in different seg-
ments of Moniezia expansal)]. Acta Agriculturae Boreali-
occidentalis Sinica +2015,24(8) :16-22.
GOMAN M J, ANDREEVA OV, PASKEWITZ S M. Mo-
lecular characterization of five serine protease genes cloned
from Anopheles gambiae hemolymph[]]. Insect Biochem-
istry and Molecular Biology ,2000,30(1) :35-46.
S KK L L . B P AR 48 g o
o 2 I £ 1 T R 25 Tt 5 L R 1l R R v B o E R 2
(I, B 5 B AR 4 2441 . 2009, 15(5) :630-633.
SHI Y X, ZHANG Y J, DOU B F,er al. Cloning and rela-
tive quantitative determination of trypsin-like enzyme and
chymoteypsin-like enzyme genes in larval midgut of Bt suc-
ceptible and resistant Helicoverpa armigera [ J]. Chinese
Journal of Applied and Environmental Biology,2009,15
(5):630-633.
SINGH S, SINGH A, KUMAR S, et al. Protease inhibi-
tors:recent advancement in its usage as a potential biocon-
trol agent for insect pest management[ ] ]. Insect Science
2020,27(2) :186-201.
BOWR. 7 e 0, S5 UL S MR E R R AR
(CpTD) i v B B HAR W) B R i [T ], va b el 2
#2.,2008,17(3) :16-19.
LUO J, WANG X M, HAN L B,et al. Cloning of cowpea
trypsin proteinase inhabitor gene and construction of its
plant expression vector[ J]. Acta Agriculturae Boreali-oc-
cidentalis Sinica ,2008,17(3) :16-19.
BROADWAY R M, DUFFEY S S. Plant proteinase inhib-
itors: Mechanism of action and effect on the growth and di-
gestive physiology of larval Heliothis zea, and Spodopt-
era exiqua [ J]. Journal of Insect Physiology, 1986, 32
(10) :827-833.
MCMANUS M T, BURGESS E P J. Effects of the soy-
bean (Kunitz) trypsin inhibitor on growth and digestive
proteases of larvae of Spodoptera litura[]]. Journal of
Insect Physiology s1995,41(9):731-738.
BRADFORD M M. A rapid and sensitive method for the
quantitation of microgram quantities of protein unitizing
the principle of protein dye binding[ J]. Analytical Bio-
chemistry ,1976,72(1-2) :248-254.
oA I S N N A N E 1IN DO NS E TN
4 B KR A RS PR )], B d 2R, 2016, 59 (10)

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

1069-1078.

ZHAO A P, SUN C, ZHAN E L,et al. Effects of prote-
ase inhibitors on the activities of midgut proteases of larval
Grapholitha molesta ( Lepidoptera: Tortricidae) [ J]. Acta
Entomologica Sinica ,2016,59(10):1069-1078.

B FE, BT REWR . AN R AR R /N 3 IR R I
W R [T, R ARl K2 2 4, 1996, 27 (2) 2 147-
151.

LI'Y SH., LUO W CH, ZHAO X H. Effects of food
plants on the activity of carboxylesterase of the diamond-
back moth, Plutella xylostella (1..) (Lepidoptera: Plutel-
lidae)[J]. Journal of Shangdong Agricultural Universi-
ty+1996,27(2):147-151.

BEHGSE-, B/N DY B 2 B S TR R A R X Sk 4 &
P B G AR e [T ], 0 AR A2 . 2018, 29(5)
1660-1666.

FAN Y P, CHENG X F, WANG H M,et al. Effects of
protease inhibitors on the activities of midgut proteases in
Callosobruchus chinensis (Linnaeus) larvae[J]. Chinese
Journal of Applied Ecology2018,29(5) :1660-1666.

BG 20 R, LA AR, FE AR B L AR 5 RN A 2 A W kT R SR Ak &
dur fi 2R RS A R ()], B B A R, 2019, 41
(1) :42-49.

ZENG ] L, KONG Y D, DONG Z H,et al. Effects of five
different host plants on the midgut protease activities of
the larva in Spodoptera exigual]]. Journal of Environ-
mental Entomology,2019,41(1):42-49.

YANG Y J. XU H X, WU Z H.et al. Effects of inhibitors
on the protease profiles and degradation of activated Cry
toxins in larval midgut juices of Cnaphalocrocis medinalis
(Lepidoptera: Pyralidae) [J]. Journal of Integrative Ag-
riculture ,2021,20(8) :2195-2203.

ZHAO AP, L1Y, LENG C M,et al. Inhibitory effect of
protease inhibitors on larval midgut protease activities and
the performance of Plutella xylostella (Lepidoptera: Plu-
tellidae)[J]. Frontiers in Physiology ,2018,9:1963.
MCMANUS M T, BURGESS E P J. Effects of the soy-
bean (Kunitz) trypsin inhibitor on growth and digestive
proteases of larvae of Spodoptera litura[]]. Journal of
Insect Physiology »1995,41(9) ;731-738.

MICHAUD D, BEMIER V N, OVEMEY S,et al. Consti-
tutive expression of digestive cysteine proteinase forms
during development of the Colorado potato beetle, Lepti-
notarsa decemlineata Say ( Coleoptera: Chrysomelidae)
[J]. Insect Biochemistry and Molecular Biology ,1995,25
(9):1041-1048.

DA SILVA D S, DE OLIVEIRA C F, PARRA ] R.,et al.
Short and long-term antinutritional effect of the trypsin in-
hibitor ApTI for biological control of sugarcane borer[ J].
Journal of Insect Physiology»2014.61:1-7.

CHENG Z Y, XUE Q Z. The structure and regulation of
plant proteinase inhibitor genes and their strategy in pest
control[ J]. Journal of Genetics and Genomics, 2003, 30
(8):790-796.



9 T A 30T R RO R X AR o i R G A 4 5 - 1241 -

Effects of Inhibitors and Activators on Protease Activity
in the Midgut of Illiberis pruni

DONG Yanlu',ZHANG Zhanli* , WU Jiangbo® ,CHEN Wei',
YUAN Xiangqun' and LI Yiping'

(1. Key Laboratory of Integrated Pest Management on Crops in Northwestern Loess Plateau, Ministry of Agriculture and Rural
Affairs, College of Plant Protection, Northwest A&F University, Yangling Shannxi 712100, China; 2. Shaanxi Provincial Plant
Protection Station,Xi’an 710003,China; 3. Yichuan County Agricultural Technology

Extension and Service Center, Yichuan Shannxi 716200, China)

Abstract This paper aims to investigate the effects of different inhibitors and activators on the midgut
protease activity of the Illiberis pruni.Determination of the activities of four midgut proteases (total
protease, high-alkaline trypsin, low-alkaline trypsin and chymotrypsin) in different instar larvae of
Illiberis pruni by biochemical techniques, and then the effects of protease activators (EDTA, MgCl, ,
EGTA, MgCl,) and inhibitors (PMSF, TPCK, STI, TLCK, IAA, DTT) on the midgut protease ac-
tivity of Illiberis pruni were determined at the optimum age (4th instar larvae). The results showed
that total protease, high-alkaline trypsin. low-alkaline trypsin and chymotrypsin have the highest en-
zymatic activities at the 4th instar. Under the optimum conditions, all reagents have activating effects
on total protease; 5 mmol/L CaCl, have the highest inhibitory effect on high-alkaline trypsin; only 5
mmol/L DTT have inhibitory effect on low-alkaline trypsin; 10 mmol/L. EGTA have the best inhibi-
tory effect on chymotrypsin. The screened inhibitor has inhibitory effect on the main midgut proteases
of Illiberis pruni, which has reference value for the development of green pest control technology tar-
geting insect midgut proteases.

Key words [lliberis pruni; Midgut;Proteases; Active; Inhibitors
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