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B E [B&)] MR Acantholyda posticalis Matsumura DL 22040 U 7E L F R4, A
A RE LR AN 32 SR W 42 o IS A B I 06 )y el A R oF /4 285 (3 1 1, %ot 1 LA BRI Bl 7 LA E
B, [ FE] RAAMEBEAFIED . WA KOH AL T RN % s s 45 4 10 #A Bl i 8 A )
WA R R R R AN S i SR A FB 28 il HE YL ik B o 4 BUIRRE JL T ARG I & B sh 8481k R
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JUT TR, AR BRI & Rk E 2 & &5 Bk misg . WA E> AL E>s >4 i, H
FE S WA LRI . (2) AP e 4y HUORBE () T T IR 5 TR B 4 H R B B B AR A
AT IESWATHE>S >4 %, HAE S EALATREN K, (3) BBEGRET, b b sk
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Diapause-induced changesin cuticle defense compoundsin
Acantholyda posticalis larvae

WANG Hai-Xiang CHEN Fan SHI Zhen-Ping XUE Wan-Yi
SUN Ya-Xing GAO Rui-He Guo Hong-Yan

(Forestry College, Shanxi Agricultural University, Taigu 030801, China)

Abstract [Aim] Acantholyda posticalis Matsumura is a defoliating insect. The cuticle of mature A. posticalis larva protects
it from the external environment during overwintering. Understanding the ecological adaptability of the larval cuticle is
essential for the integrated management of A. posticalis. [Methods] Variability in the quality and quantity of chitin, fats, and
protein in the larval cuticle were investigated by dissolving fat in mineral ether, digesting chitin using saturated KOH, and
detecting protein with Coomassie brilliant blue. Variation in the dynamic development of chitin and fats was investigated using
Fluorescent Brightener 28 (FB28) and Hematoxylin-eosin staining (HE). Colorimetry was used to determine the protein
content and activity of polyphenol oxidase (PPO on the integument. [Results] (1) The quality of chitin, total protein, and
total fats in the cuticle gradually increased from prepupal diapause, through the soil diapause, the 5th instar and the 4th instar
larva stages. There was a marked increase from the fifth instar to the point of entering the soil. (2) Chitin and fat thickness of
the larval integument varied during development from soil diapause through to prepupal diapause, the 5th instar, and 4th instar
stages. Thickness increased rapidly from the 5th instar stage to entering the soil. (3) There was minimal variation in total fat

content, whereas chitin content showed a decreasing-increasing-decreasing trend. Total protein content also showed an
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increasing-decreasing-increasing trend during larval development. (4) The variation in protein content and PPO activity

showed a complementarity trend. As the larvae developed, the protein content of PPO in the larval integument initially

increased, then showed a consistent decrease. In contrast, PPO activity displayed the opposite trend. [Conclusion] The

variation in chitin and protein content of larval integument exhibited an opposing but complementary pattern. The fluctuations

in protein content and PPO activity appeared to be complimentary. These two forms of complimentary variation collectively

establish a balanced defense system in the larval integument during winter-diapause and non-diapause.

Key words Acantholyda posticalis Matsumura; diapause; cuticle defense; chemical composition; polyphenol oxidase

L HUARRE 2540 Ak 22 1 o0 1 52 2, il HGE
NTAL A9 A 23R 5% ( Vincent and Wegst, 2004;
Vincent and Ring, 2009 ) . JLT Fi. IR FI&EH
AR R A RE LA ZH G A, AU A RE 1 o 2
{48 (Katarzyna et al., 2018) , 1fif H7EE
HAERK LR SR LG HEAEH . RRER KR
Hil st 5L T R ILM s &, $2 5 R R 45t
SETE (Neville, 1975) , JERAER IR PAL
HERKVERH (Wigglesworth, 1975) , AR
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F1 HHREBYRRE
Tablel Substance quality of larval integument

IR SR B (mg)  JLT B (mg)  HABBE (mg)
Metamorphosis type Total fats quality (mg) Chitin quality (mg) Protein quality (mg)
ARl 4 4 B 4th instar larvae 0.05+0.02 b 0.13+0.07b 0.07 =0.001 b
Prediapause 5 J44fj it Sth instar larvae 0.06+0.02b 0.27+0.08b 0.08 +0.002 b
W25 i A #5254t Diapause larvae 0.51+0.16b 1.74+0.57 a 2.18+0.42 a
Diapause AT B 41 3 Prepupal diapause larvae 1.04+£0.21 a 235+0.57a 247+0.55a

RPBE P RELSE, RSB G AR FEERRTE 0.05 /KF 25 3% (Duncan's BiZ W 245 ) o TR,

The data in the table are mean + SE, and followed by the different letters in the same column indicate significant difference at
the 0.05 level by Duncan’s multiple range test. The same below.

—— SRR - BEARER o+ LTRSS R 38.57%F1 39.98%, 5 %)) i (ACRE SR (1 AR 2

80 Total fat: Total protein Chiti L . .
Sl T - HERC T 4 A LHER S S R 7 )
Z 260¢ T I X dt (F=17.118, P<0.001) .
mﬂ 850_ b ?f ~ 2 — N > A Doy 2
& B0l % i 1 o g A AR A T, LT

Qo 1 STy .
S 230} c /b b B R 1 S S XA T R B
b + I T TR 11 TR E (i R o

S o R E S,

st ALWE WEWE
4thinstar Sthinstar Diapause  Prepupal 23 Y HEEYREEST

diapause
B & E YL Larval stage HEE 2 FIE 2 AT, 4 b4l 5 k4l
B 1 FESRBEEYESESTETnE A 3 4 BRI 4 BUARRE LT BR R
Fig.1 Changetrend line of substance content on ) 25 5 1 % (F=968.982, P<0.001) , ALWE
larval integument at different instars S RBE LT b B, TPl 4 W4 ke LT
BRI B 2R AE 0.05 K¥- 225 1025 JRSERE S (19.63 + 0.40 ) pm<5 4l HLH (23.20 +
( Duncan's H W 2EK %) o 1.71) pm< A+ a4 H R (107.67+ 4.12) um,

The different letters in the figure indicate significant S
difference at the 0.05 level by Duncan’s WA T S UL T BT R

multiple range test. iR 2 FE 3 mf g, 4. S, A+HE

U B 4y SRR RE R D R B W) 2% S W

Fal TG AR T B IRBER R (E-g 614319, P<0.001) , A-LuiE 4k

FUCE BB WK, SIITHR IR FRERE pepy e pe fgy , 2630050 4 i 4h o P i 52 1 24

FHE G, SEABS A 38%-65%. 5 14 N (3.17+0.32) pum<s #4hHHh (6.83£0.35)

BN, N 65.05%, HUCON 4 WA, N um< A HHE LAY (69.93 £ 0.96) um, WHET
48.06%, ATWFEFEREIH B ARG EABN  WEE Y HURRERR I T .

®2 AREEH R BIEEYFREE

Table2 Substancethicknessof larval integument at different instars

AR PREEJLT BUREEE (um) TREENETEE (um)
Metamorphosis type Chitin thickness of integument (um) Fat thickness of integument (pum)
WEHT 4 8% 4th instar larvae 9.63+0.40d 3.17+0.32d
Prediapause s g4 1 5¢h instar larvae 2320+ 1.71¢ 6.83+0.35 ¢
e h A+ B %) Diapause larvae 107.67+4.12 a 69.93 +0.96 a

Diapause W HT B 4113 Prepupal diapause larvae 76.57+2.44b 42.27+0.49b
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44 5 i ALHE WA
4th instar Sth instar Diapause Prepupal diapause

B2 AEREMRGBEEILTREERN FB 28 BN
Fig. 2 Observation of chitin thickness on larval integument by FB 28 staining at different instars
WENILTFES; BOFLNILT BRIEREPREE; 18 a-d 5N 50 pm,
FALEBRYSum, B CE5HDARA 20 um,

Chitin signal appeared blue, and chitin thickness in integument was showed by orange arrows.
Scales of Figs. a-d were 50 pum, scales of Figs. A and B were 5 um, and scales of Figs. C and D were 20 pm.

N el S
e R 1 -
b N %ﬁﬁ“i
Nk » 6;83 6993 " M!,
4 1% i 5 ¥ ; ALHE L EEHE
4th instar Sth instar Diapause i Prepupal diapause

B3 AEREMBRYREEEREEN HE REYR
Fig. 3 Observation of fat thickness on larval integument by HE staining at different instars
LIRSS, B EHS IRII7ER A ERE ; B e-h b5/ 50 pm, I E F1FARRK S um, B G 1 H RN
20 um, Fat signal appeared purple, and fat thickness on larval integument was shown by the orange arrow. Scales of
Figs. e-h were 50 um, scales of Figs. E and F were 5 um, and scales of Figs. G and H were 20 um.

24 FRFR L) b kS S W S AL BETE ME T E :i IS Osdaseacivity 3
R SRR B RS ES oo Ryl s oo 072 E
YU ILB Y Asos AR ARRIFEER BTN 207 72 i §§,1zo- - 05E 2
S 4. P9 4 K]S AL g 2210 _ L Mﬂg
i, 4 0.653 F10.616 mg/mL, HK it % 60l 0.3 ﬁgg
Yo 4 WA (047 mgmL ), AT Ay, SF 4] rH
0338 mg/mLo H 4 W%, 50, A H AT gg 0 : T v——— §§
Wi Y M) 25 25 (F=400.579, P<0.001 ). QR\:; 4tlfi§§s\tar StIfiﬁitar/];i—pﬁlsﬁe %%%?%i =
b5 S SN AT -3 0 s B 22 15 s

o &8 &% B BBt Larval stage
AL B R BT S R s R E e R4 .
B4 FEXEMELREERER

5 L R IR B B, 290 4 R4 IR 1.39 .

. _.J; ﬁif A EE/W ?ZEE 9139 BERABREHTHES

i, AL H MR 1.05 . W Fig. 4 Changes of protein content and activity
BHEFEEMN 1.91 1%, on PPO on larval integument at different instars
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T 4 T e - AN [v] e SR 1) 22 17y 4
FEBETE ST AR, 4 @, 5 . A i E I
I B 41 U 2 B S A S 140 0 (137.71+
0.02) . (76.57+0.01 ) . ( 10.55+0.02 ) #7
(79.88+0.01 ) AA/(mg-min), 4 #>4)) i Jii
BEESRRT , BTG JIREIR, A0 YR
J1EAR, SR B 4 RS O SO R TR 4
L) U 753002 5 I L A T 40 HU R
HIF &40 1.80, 13.05 F1 1.72 1%, &4
KB BBt HARRE Z Wy A Al 5 5 RS )
AT B B AN

3 itig

B AR BE AR Sy B AR B 5 A IR BT 42
il ER Ay, EEME “BRIET , HE. 0.
25 B B PR AR 20 B T R AR
JZ, AReT kBB, JLT R, EAR
FHE 25 9 o 2 PR RE ) T BRI 9 i ( Wronska
etal., 2018) o AWFFERIL, FART i il e ¢
BREAEM SR 11%-21%, MEARS &N
39%-65%, JLT Bi&EiHN 20%-50%. WF584gsR
5pleck ik Spodoptera litura Fabricius 4141 % Bz
AR 62.61%MJLT I 31.37% & &AL, [HiF
Wi 5.66% & e AHZEFLIE (BPEAESE, 2004) 5 5
Ky i Tenebrio molitor %) HURBE JLT i & &
436% MK (R4EF, 2007) 5 SHEL0H
Brontispa longissima 4 HL 3% J7 &g i & &
11.80%F1 2K 1 A& B 58.10%A0 1M, HJLT
e 13.26%2 Ak (FhEE2F4E, 2010) o
L, D R HUARE i 1k 27 B4 7 AR
EE

AR AR, HARRE (b 2 i oy & R T
FKIMAEHL A T B, R EA 5L
TR B AR, RREATEARR L E BB
QUE|S a=iib R S L ERT i g ey I B L
HIEAT HREAFERN (A28, 2016;
A, 2017; bz &, 2019) o AWFFEL;
FEHR | BAABAT i e 4 20y O S MR RV A 4 B
Wi & BB 22, JLT RfE IR & Wi E
WL, BAFRIEGAHR, IR E LT

o, SIBIEN SRR, PRERE
I Chilo suppressalis 4l i 22 21 ¢3¢ L Stodiplosis
mosellana Z A FEEHA LT EMMIKTZ
gl BOA AT T 48, 2008 5 3R 7K LA, 2008 )
AL —3, TR AULT B2 & ILT B
FIER AR AL OCIR AR AL LA R . ABFFE
FERNBT Jd i B &)y AR A R B A Ry, AR BE BT £
YIAWI R, 2hF A E R, UARIEHE
FE S IR ER A o BB i i i 4y B RE TL T 5T
FRE R B Y TE s & )R, LMEN S — 18 B
LB 1LY AN o DA Jd i 40y s B R H
By B, SR & mAs b 22, JLT AN
A AR Z R A A B, R 2 AR
W sl , F WX A B ANMENS B W AR & PR
BBt RS h i E mEERH . R EA#ELS
JUT B S I s &, $8m 7R LS5 T
FEPE (Neville, 1975) , fRIPYI L 2HA

Z M S A oA T B A 20 B L IR AR
A4 (Binnington and Barrett, 1988) ,
Z 5 ABEREfL . B4k (Hans et al., 1991;
Hearing and Jiménez, 2004 ) | ZE&K & MR
Bjifl ( Ashida and Yamazaki, 1990) . ASHFFT4%
TR, P B] s it e R U )y sl A v RS Y
PPO & i = T &2 fui &R, HE AR A i
LA, BT HAb o P B e A R0 &)y e
PPO hitkfeim, 55 A RAE Kby fufAkrE
PPO {fithm 4 R —3 ( BEEEESE, 2017) o K
A KW 4y RS B A RE T i) PPO 1 1 3 TR
AHIF 5 b B s o e M U B AR B LR R
W, BUTREEE, WARTH TR PPO & T
B, PIE WA 2, XU AR RE T 0 IE Bt
BMOZA PPO MMMk B fRREE hfEiz , IRV A7
TER R T (B A, 2002) .

gl HUAREE TR R - LT B N S5 R S 2 Fh
i a4, PPO B & &-15 1 B AN )
T4 HARBE B E R G0 i B, 4l A P R
PRBE AR R L T B 2 i & A 22K,
B EE-JLT B 25508 O A RE RS e PRI
I, 4y i pARE SR A e PPO AR S EA
, HEE K, X T B iR R e %)
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H, (REE PPO LA i MR AS il ik b (AR RE 32 A1
REETI, KotS 50EE R LG IHER
I, WERT, ZhdiaBEm B A E-JLT AR
FREPELEHI+PPO RS TE” SEE G B 10

TEMEWN, KBE PPO B (K, 25
RRESBAL A THE R I BE I FEAIK . LERsT, 4 Lk
BE SR A BT B R B & AR R
WIFZEAR, Iz PPO S 5{KEEREAL, )R-
JUT B 245 &I s (R BER e P, e B 1
] Gy R B A B - LT A M 2 A+
fik PPO 151" SEELGE B 10

fERE RS LR E R &R
#) , REEREASERE, PPO FEE, IF
PEEIBGIN, A B G LB, kR %R
B, JRsh Z W AL RIS, HUARE TR
I 9K L4 22 I A A G B 8 AR R | 4 b i o
“TE A LT R BERRE E MESEF+PPO SR
SEIR G B

PRI, A o] g P e 4 el 7 Sl s 1 7 1A 2
e “EEEBT-JLT B RARES E M A5 F+PPO ST
PRI, WEIALL “EA LT R s R
ZERIHIK PPO 1ETE” A BH AR
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