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Effects of dehydroepiandrosterone on G6PD activity and chitin synthesis in

Hyphantria cunea larvae

Mugqiri  Zou Chuanshan Wang Zizhuo
(School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] This study investigated the inhibitory effect of dehydroepiandrosterone (DHEA) on
glucose-6-phosphate dehydrogenase (G6PD) activity and the pentose phosphate pathway (PPP) in larvae of
Hyphantria cunea, a major agricultural and forestry pest, further examining the role of the PPP in larval
growth, development, and chitin biosynthesis. [Method] The HcG6PD gene was cloned from Hyphantria
cunea, and the amino acid composition, physicochemical properties and structural characteristics of
HcG6PD were analyzed by bioinformatics software. The expression pattern of HcG6PD at different
developmental stages was analyzed by RT-qPCR. The G6PD activity, the expression levels of key genes and
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intermediate product content in PPP in the 5th instar larvae of H. cunea were measured after treating with
DHEA. Meanwhile, the inhibitory effect of DHEA on G6PD and PPP was analyzed. To evaluate the effects
of G6PD inhibition on chitin synthesis, the relative expression levels of key genes in the chitin synthesis
pathway and the chitin content in epidermis of the 5Sth instar H. cunea larvae were determined. Meanwhile,
chitin in the epidermis was stained after treating with DHEA. [Result] (1) After treating the 5th instar
larvae with DHEA for 72 hours, the activity of G6PD significantly decreased, and the transcriptional levels
of the key genes of PPP (HcGO6PD, Hc6PGD, Hc6PGL) were only 18%, 17%, and 13% of control,
respectively. The content of fructose-6-phosphoric acid (F6P) of key genes of PPP was only 0.18 times of
control. (2) DHEA treatment led to the obstruction of larval growth and molting. After treating with DHEA
for 72 hours, the mass gain of the Sth instar larvae was only 13% of control, and the molting time of larvae
was delayed by approximately 4.8 days compared with control. (3) The transcription levels of key genes
(HcGNA, HcPAGM, HcUAP, HcCHSA) in chitin synthesis pathway of the 5th instar H. cunea larvae were
inhibited by DHEA. This inhibition led to a reduction in epidermal chitin content, which was only 27% of
control, as well as a thinning of epidermal chitin structure. [Conclusion] DHEA significantly inhibites the
PPP metabolic pathway in H. cunea larvae by suppressing G6PD activity, reducing the transcriptional levels
of Hc6PGL and Hc6PGD, and the content of F6P. The inhibition of G6PD activity and PPP induced by
DHEA significantly depresses the growth and development, and the epidermal chitin biosynthesis in H.
cunea larvae.

Key words: glucose-6-phosphate dehydrogenase (G6PD); dehydroepiandrosterone (DHEA); Hyphantria

cunea; larval growth; chitin biosynthesis
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(3-VR P TR D 35508 26 [ k4 UL T A B A
R DL G S TR Uk BTN T 1 I R 2
ERERuheRE BHEJLT G B BRI .
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P B e S8 1 i g oA N AR R g A
MMV T B R A S 5 BRI B AR (B RO .
S 15% FH XS ONE 3 TH AT B 281 B8 10 min, 28
JE K EE T (25 + 1)°C. e A # N 141 10D, A%
MR RE(30 + 5% MIN TR ReSARAR (WU B IRAN AR 1
#ABRA T, GZH-800A) FiE Ak o 115 4 B E T
RLFE R, LUFT BN Tk R . W84 s,
{5 F To 7K 2B 32 0t 56 18] 1 ik 4y Bk A7 7™ A 9 o
AbFR

BRI T A MERF (CoHag0,), 4% =98%,
T 22 e AR AR IR A R A = (D o
1.2 HceG6PD EEZER EWMEEZSH

HE T 0 5 1] g 25 ] A i 2 H0HE 7 3 T LR
R E ¥ K HeG6PD 3 [H £ 51 . F| H Primer 5.0
(http://www.PrimerBiosoft.com) % {4 % 1t HcG6PD
2K, SR 1 . SR Trizol VE$2 B3R EH 1
i RNAPY, i 43 606 FE vH Il & 260 nm AL )
J6FET E RNA WK FE, J-{# 77 & ¢gDNA Eraser [f]
PrimeScript®RT il /fl| & (TaKaRa, Ki% )17 cDNA

R 1 ANXETABRXEERNSIYFS

Tab. 1 Primer sequences of related genes used in this study

B ER SIS (5—3" I 5IFE (5—3" PIGKEEbp YK NCBLIEREFS S
HcG6PD TGGAAAACAAAACAGACTTTCAGTA TTAACATAGTGTAGGTTTCTTCCATT 1485  Complete CDS  OR509770.1
HcG6PD ATGGAAAACAAAACAGACTTTCAG TTAACATAGTGTAGGTTTCTTCCA 189  RT-gPCR OR509770.1
Hc6PGD  ATGGCACAAGCTCAAGCTGATA TTAGTTGTTGTAAGTGGAAGCAG 134 RT-gPCR OR509771.1
Hc6PGL  CGAGGACTACACAGCAAAAC AATGGATGACCAGGGAACAA 173 RT-qPCR PV416882
HcGNA  ACGACACCTACAGAGGCAAA AGCGTTAGAGTTTCCAGGCT 163 RT-qPCR ON624327
HcPAGM GAAGGAGAACCGGAACAACG CTCATCCACTGCTTGATGCC 148 RT-qPCR ON624328
HcUAP  CTGACTGTGCAGCCAAAGTT GCCTGCTGAGAAAGTTAGCC 160  RT-gPCR MZ485790
HcCHSA CCCACAACATCGTCGTTGAA TTTGCAGGCAAACTTTCCGA 187  RT-qPCR MZ485791
Hep-actin CTACCTCACGCCATTCTC AGCTTCTCCTTGATGTCAC 193 RT-qPCR MMH678709.1
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BB BT . R AE 2603 B B SOPMA
J¢ SWISS-MODEL X5 [ (i G6PD f) — 2l =2
2k ¥ 3t AT WU 23 A o A A BioEdit X 4 Chttps://
thalljiscience.github.io) % >k H 3 E H i . 5 % &
(Helicoverpa armigera). 55 % L (Mythimna loreyi)
2R AT Wk (Arctia plantaginis) W) G6PD & [ ¥ 41 i
ITZJFHILERT . teAh, A GenBank H 3 HY B2 I 2R i
(Drosophila melanogaster)~ 7 X & W (Diuraphis
noxia) ¥ ¥ 3 4 R (Xanthia icteritia)~ 41 P ER T
W% (Tyria jacobaeae) H % . # & &\ (Nilaparvata
lugens)~ 7 FUA ¥ (Tribolium castaneum)- S [K YN ff)
B (Ooceraea biroi) fji 8UAT Wk (Spilarctia lutea) 7%
W % (Halyomorpha halys). N 25 (Homo sapiens)-
% B (Mus musculus )] G6PD & H ¢ 51, 318 F
MEGA X # 4 (https://www.megasoftware.net) 14 %
RGEREW.

1.3 HcG6PD EEFRIFHER

N HT HeGO6PD fEAN R K & B BLKI R IE KT
I3 AIBELIGEL 1 ~ 6 WefdHese E A 2 3 =k, HT
& RNA $REUS S —5E cDNA & . LLIRT3 cDNA
MR, i3S % 6 58 B PCR MIE HeG6PD IIAH %%
LK, AN ESE 3 K.

1.4 EEAS GoPD FEME

B I e R B B B — 3 36 1 F i 5 e
gh i, 22 12 h YUK AL BE )5, 73 590 1 PR 5 100+ 200,
300 mg/g DHEA VR & 1 kL. 23 5l T 4L 21 24, 48,
72 h J5 BURE, K GOPD i 71 & Ml ' G6PD ¥ 14
DL M IE 3 DR 4 AT R, N EEE A 3 IR,

i H GoPD i & (R FERHEA R AR, b5
X2 E 3 % 4 B GOPD iF PR HEAT M e o H R HE 2
G6PD f#{t. NADP & Jf 4 it NADPH, iiid NADPH
[ 38 0 2K 8 GOPD 3 P . BARSD IR R« Bk
B 0.1 g BRduZH4y, N | mL 42EUH, VK E785r50%
Ja BT EOHLA, 8000 x g, 4 °C, B0 10 min. B E
T, BT UK BRI 4 a0 &l B AR o Gk
A, R E AN 66 EETHAE 340 nm R lE 5 min
W AEAR A, THE SR E gk GOPD JE % . HiHE DHEA
Xt GOPD i 11 [ # i) 2 A, %3 200 mg/g DHEA Hl
T a5 .

1.5 AKABRFRUE
ML I e HOR BB B — 30 36 [ i 5

s, JURLLEE 12 h J5, NS 200 mg/g DHEA (1]
N Thakl, B:68 12 h it %) R 8 Rt ji R . PLIE
R, WG EE 3 K.
1.6 SEHEKEESH

BEALIZE B R B B B — 20 32 E H ik S
I, YU AR EE 12 h )5, IS 200 mg/g DHEA 1]
N TTHEL, 43590 F 24, 48 Fi1 72 h JFHURE, F T #2HL
S RNA I [ #5675 81 cDNA. SERF 9% € & PCR
S M fE Bio-Rad CFX 96 Real-time PCR %4t L 47,
N ZAH N 95 C AR 30 s(40 ANMEIN), 60 C iR
K 30's, B 65 ~ 95 °C AT IE M M2 4T, A
FE it B 3 IR SE 2 E & PCR 51 W) & 18
NRAEFARE PR A AL A R AR5 751
W 1. B ER 3R, B AR K A R IA &
THH UL HeB-actin NN ZHEH, KA 2742 IEPIEAT
H— 1t Aab .
1.7 RiE-6-BEER (FoP ) SENE

FBE-6-TE R (FoP) 2 &% ) Hulfl & (g 808 A&
IR BRA T, S DHAT I E . BAAD R R
FREL 0.1 g ALY, i | mL $2HUR, vk EFE52)
W5 4 °C, 12000 x g, &0 10 min, B L3, Bk -
Rl o AR R S U A5, R B IE S N &
TR I N B AR AR AR T, IR A, iR
(25 COWE 20 min J&5 Ml 72 [ MR AE 340 nm ALK
fH(OD;40), FHARYE OD5yg 1H5 FOP 5 5
1.8 JLTREeE

5% EH B 5 W% 4h A B DHEA 42 72 h 5,
BT 4% M2 EPEE Y, 4 CHEELIR.
H8 Petshow S5UI 7732, H4 8 5 1 4 AL B T
B3 55 (FSC 22 Blue, Tk~ A A, FIHE D)
FrHLCCM1900, $R-RAFDAE-25 C FHATHLD .
TE Y] B " NN Fluorescent Brightener 28 T AE i, =
EE I E 10 min, 3¢ & T PBS(pH 7.4, 7E /it
OREIR FBEE SR BV 3 I R 5 min. YIS
TG0 PTG, = i G G A Mo A% 8 min J5, H
PBS(pH7.4) %% 3 X, M AT JG FHPT R el K A
FIE Fr, B N WS
1.9 JLTREEHNE

JUT & il E 2 I8 Zhang S0P 7 vk 4T 1
VB, FHVE 1B ¥ AbEE 72 h JE IS [E ik 5 7 4h &
figel], OHER B BT B HIEAGE F, N 8 mL M
SAMNENEW, BT 160 C HAE I 45 min B3R L
JUT W B T R it 25, A58 B R (1 LT
AR UT BEE T 5 FR Mk e, R mA
WTE 95% 1 100% L EERL/K . BRI R IETHH LT B
(AR 5 &
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2.1 HcG6PD EEZEREWEEFESH

¥ HeG6PD F:[K#E4T PCR ¥ )5, P14 1.0%
TR R WE BRI FEUKAS I, HEME R o B R BEK B S
T R — 2 (B 1a) . HeG6PD [ 1) 52 # 4w 7 51)
K 1485 bp, 4t 494 NMEAKEERR, TN EE S FEA
57.335 kDa, & 5 7> T XN Cag0sH042N60007415135
BRSO 8.060 R = EE R MR B, L
ik GOPD & [ 25 M35 40.69% 1) a-48HE. 14.37%
1) B-97 8 LA K 44.94% HEA 3 B CHL 35 Jo F 5 ith
M B-#E OB 1b ~ ¢ HeG6PD K o-12 JiE 5 kb &
15 40.69%, HAr & 77 5 4 8 Ji B8 1Y) Rossmann
P18 — 8 SRR LS A Dhae; KRETTHM N5
(44.949% )V T 6 ) 308 18 2 24538 9L 1 5 45 P A a1
(pI = 8.06)AL T 5 NADP i # L AH ELAFFH o iX £

FEAE S R A B LA Sy PPP PR T3 1) &5 M L
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