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20-hydroxyecdysone regulates G protein-coupled receptors and insulin pathway

to promote insect metamorphosis
ABSTRACT

Background and unsolved questions

Insects can be divided into complete metamorphic insects and incomplete
metamorphic insects. The important agricultural pest Helicoverpa armigera we studied
belongs to a kind of completely metamorphic insect. The tissue morphology changes
extremely significantly. 20-hydroxyecdysone (20E) and insulin like peptides (ILPs)
play important roles in the growth and development of insects. Insect 20E signaling
pathway and insulin/insulin-like growth factor signaling (1IS) pathway (abbreviated as
insulin pathway) have antagonistic effects.

The steroid hormone 20E initiates the molting and metamorphosis of insects. 20E
enters the cells and binds to the nuclear receptor EcR to initiate the transcription of
downstream genes and initiate the genomic pathway of 20E. Current studies have found
that steroid hormones can bind to receptors on the cell membrane to initiate certain non-
genomic pathways such as rapid protein modification, rapid changes in calcium ion
levels and other rapid physiological effects, which has been confirmed in mammals,
Bombyx mori and Drosophila melanogaster. The G protein-coupled receptor (GPCR)
on the cell membrane belongs to a family of proteins with a seven-times transmembrane
structure, which transduces various signals including neurotransmitters and hormones
on the cell membrane. GPCRs are the largest membrane protein family in humans.
Studies have found that there are also multiple GPCRs in insects. Our laboratory has
identified multiple GPCRs involved in the non-genomic pathway of 20E. Multiple
GPCRs are involved in the signal transduction of the same ligand 20E. The mechanism
has not yet been fully elucidated.

Insulin receptor (INSR) binds insulin to promote larval growth and maintain
normal blood glucose levels. Although steroid hormones such as estrogen and 20E are
known to antagonize the function of insulin, the molecular mechanism leading to this
antagonism is still unclear. In addition, changes in the insulin pathway can lead to
diabetes. Insulin can maintain normal blood glucose levels and steroid hormones can
antagonize the function of insulin to increase blood glucose and even induce diabetes.

However, these mechanisms have not been fully elucidated.
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Results

In the genome of H. armigera, 122 genes encoding classic GPCRs that can act as
guanine nucleotide exchange factors (GEF) were identified and classified. And the
unannotated GPCRs in the genome were also reclassified. We analyzed the GPCRs
differentially expressed in the larval midgut transcriptome during metamorphosis stage
compared with the feeding stage. and examined the expression profiles of 11 GPCRs
with upregulated expression and 2 GPCRs with downregulated expression during the
metamorphic stage in the transcriptome. The results showed that there were great
differences in their expression in various tissues and developmental stages. The results
showed that their expressions were very different in various tissues and in
developmental stages. It was further confirmed that the 6 GPCRs involved in the steroid
hormone 20E signal pathway were knockdown by RNA interference, and the larvae
showed different phenotypes and delayed pupation or formed small pupae. Knockdown
of these GPCRs down regulated the expression of HHR3 in 20E signaling pathway.
However, only knockdown of GPCR-PrRPR and Smo reduced the expression of the
bifunctional phosphatase (Pten) and the transcription factor Forkhead box O (FoxO).
which play roles in the process of 20E regulating metamorphosis. Knockdown of
adipokinetic hormone receptor Akhr and 5-hydroxytryptamine receptor Htr upregulated
transcription factor Kriippel homolog 1 (Kr-h1) expression. Knockdown of these four
GPCRs all led to delayed pupation. Knockdown of Frizzled 7 (Fzd7) downregulated
the expression levels of Wnt and cMyc, resulting in weight loss during pupation.
Knockdown of the tachykinin receptor TkR86C did not cause a difference in phenotype.
The 20E enzyme immunoassay (20E-EIA) analysis confirmed that PRRPR can bind
20E. These results explain the mechanism by which multiple GPCRs transmit 20E
signals through different expression profiles and regulation of different gene expression.

20E induces the dephosphorylation of INSR to antagonize the function of the
insulin signal pathway. The expression and phosphorylation level of INSR were higher
during larval feeding stages, but lower during molting metamorphosis stages. Insulin
upregulated INSR expression and phosphorylation, while 20E inhibited INSR
expression and induced INSR dephosphorylation. 20E upregulated the expression of
protein tyrosine phosphatase 1B (PTP1B, encoded by Pipnl), which dephosphorylated
INSR. At the same time, 20E upregulated the expression of PTEN and maintained the
nuclear localization of the transcription factor FoxO. FoxO located in the nucleus

promoted the expression of Ptpnl and inhibited the expression of /nsr. Using RNA
%
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interference technology to knock down Pfpnl resulted in maintaining the

phosphorylation of INSR and leading to small pupae and earlier pupation by increasing

the 20E titer. Knock down of Insr inhibited the growth of larvae and reduced the

production of 20E, which led to delayed pupation and the small pupae. Knockdown of

Insr also led to accumulation of hemolymph glucose. Taken together, these results

indicated that 20E counteracts the insulin pathway by dephosphorylating INSR to stop

larval growth and accumulate glucose in the hemolymph.

Conclusions and scientific significances

1.

We identified all classic GPCRs in the genome of H. armigera and classified them
to provide a reference for the research on the GPCRs of H. armigera. We found that
PRRPR is another receptor of 20E. 20E regulated the expression of Pten and FoxO
by binding to PRRPR or SMO that cannot bind 20E. This further revealed the
mechanism that multiple GPCRs transmit 20E signals through different expressions
in tissues and the regulation of different gene expressions. It provided a new target
for the research of steroid hormone signal pathway and a new theoretical basis for
the control of pests.

INSR functions to promote insect larval growth and 20E production to reach a high
titer during the larval feeding stages. The high 20E titer counteracts INSR function
by upregulating PTEN expression, which maintains FoxO’s nuclear localization to
promote PTP1B expression, resulting in INSR dephosphorylation and repressed
INSR expression. The critical titer of 20E stops larval growth, determines the body
size, triggers metamorphosis, and causes accumulation of hemolymph glucose for
imaginal disc growth. This provides new ideas and basis for further research on the
interaction between steroid hormones and insulin, and provides a new target for the
control of pests. At the same time, it provides theoretical support for the study of
blood glucose metabolism, and can also provide a new experimental model for the

study of human diabetes.

Keywords: Helicoverpa armigera; 20-hydroxyecdysone; G protein-coupled receptor;

insulin; insulin receptor; PTEN; FoxQ; hemolymph glucose.
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1 BRAZBRPEESRE

EdETEESEINYHNSENY, L FERtE RSN AE, L3R
FHMERL, BEEKN, WRIEMWESEREREZN, 5AKRREY.
BEHAHAKREIRREZERENEES LT, KERSTEHHTRERL,
R RRAANCTELRERERANATLEASLER. T2BSXERN—4E
0. 4l . AN RENR, SMBHNESEMEARE, B
WH. FEHEMNEEE. AT R R4 dUr a2 7E 4 B A E S
PARAR SIS EEA HHEUZ L, OFESEE. BigH fFESE %,

EHAEERELEZZMIBFENLFRIAT (Kostal et al.. 2017; Truman and
Riddiford. 2019). B2 EKIEMHEER 20-F2 88 &K (20-hydroxyecdysone,
20E) A] LAREIAS) BRI 5 I A2 LA K 4 R -4- R R S IE #E (Zitnan et al.. 2007),
AR, 20E 5 ST HILT (programmed cell death, PCD), HIEF
TR AR, DUELHRANHEBARRHARMEE (Hay and Guo. 2006; Ryoo
and Baehrecke. 2010: Yin and Thummel, 2005). %47 % Juvenile Hormone (JH)
AL RN 20E FAE, (EUR AR AR CERN W BuE, RIEFLHRE
(Riddiford, 1996). B & insulin/BEE EFEA KA 7{55 Cinsulin-like growth
factor signaling, 11S) MM EE R, MM B X/N%E (Edgar, 2006).
BRRBOERREY, #ENERYATME# 2 HHRAPEK, &R
BN b RR 22 2> A4 ME (medial neurosecretory cells, mNSCs) /[l 8) £
FEAK Cinsulin-like peptides, ILPs), ILPs i 11S-Target of rapamycin (11S-TOR)
RGHETZHAK (Das and Dobens, 2015; Koyama et al.. 2013). 1IS {23 /7 B iR
(prothoracic gland, PG) = 20E & R AURIRIRATTHRAER, HAERKE L
BEHTFEAES (Colombani et al., 2005; Layalle et al.. 2008). fR41EE (JH).
% 4 # & B B ( juvenile hormone esterase , JHE ) F1 {2 A7 B AR & &
( prothoracicotropic hormone, PTTH) 5 — M A RRIFF . 4 B8 E M0 £
(corpora allata, CA) 7“4 JH (Richard et al., 1989), @itiM#] PTTH IR K
Ml 20E KF. HAEAKER I FAER, BENEMEMBE~ER JHE
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AT BT R JH, ETORE PTTH, SIRBLREENE, KRR i
K, EIEHESHTAKRYE (B 1.1) (Edgar, 2006). FIt, B84 K EE
SKREELERZEF 20E, Insulin M1 JH EZMBEILRBRE, RESERZAK
AR, LUAWAKAMRE (Spindler et al., 2009).

/"“\/ -
I P

N\ _l/ Ty

JHE g 7\‘\
/ ( PG ; (- mNSCs

20E

\/<\L//
ANNE /%

A 1.1 5%&?9@?&&%&%&-&2{5 (Edgar, 2006).

Figure 1.1 Multiple hormones involved in regulating growth and development in D.
melanogaster (Edgar, 2006).

2 20E fEFNLEI K 20E 5 SR &
2.1 B RBERR

KEREZEGUREMEREEI ST, FETHEY. SIWHNEES.
2K (2] 3 O [ 2 R 3 4 A PR 1) T R AL RS 40, FE AR B R T R H R &5 M RO
M. REBMARRFRGER 52 FHOMEM, WEE (Moss. 1989). 23K
B A MR, M. BAEE. SERBRUREEE. BEEBER
TENEMZ WM &S RhEEEXEENEM, Hik, THEARER
FIE S EEBIEFEE (Zhao, 2020).

RUMEEBERTREREE, BFEAiiME (PG &/, FEAW
Foh B #4273 WA £ B 7 WA AR AT B AR (PTTHD RS ILPs {EA TRME S
W (Yamanaka et al., 2013). 73 EZ8ZE (Ecdysone, E) 7E & [ 2H 4R -0 4 g
RR#E 20 iM% B (Ecdysone 20 monooxygenase, E20MO) 7E58 20 fiBRIRE T L
TNz EEFEAL TS PE 20E (Smithetal., 1983). i B IR 13 4h A Th e A0 HUIR

o
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BB R e M M R AL R Dh REH B VF 2 ARl 4L (Brown and Cai,
2007; Tata, 2000), W 1.2A Fi7R, SRR MK I8N H#RAK, B2
EENBEHESE — N EEEE. bTF8EEE 20-2 08B 7E B &7 8 R L
W (Tata, 2000), FlUCi IR EIEETIART HI8%, T 20E /G R EHH.

WEBEARKSS FHRARENIBRLEN. EERERNFEEN=1
G Z S SR BME IR R (Lagueux et al., 1979). SRR EMEED S
RESHIRBRERE AT AR IR R E, (HRTIEM RS RHER L (Rewitz et al.,
2007).
2.2 20E MEFRAFESEE

7 B E 20E ATLLEE B By BUE A NIl B S5 HZZE ECR &6,
% EcR 58S ITEA USP BRI REZBEEY (Koelle et al., 1991; Yao
et al.. 1993; Yao et al.. 1992), XFRIE " BEE AW HU L BEN B TH
(ecdysone response elements, EcCRE) [F7E J3 5 F JF 51 45 G K U 9 it j S N
2[R 40 Hormone receptor (HR3). Broad £ HIKIE, #4 TR M (Zhao
et al., 2004).
2.2.1 20E BB %4k

BN 21 B 3 S A M Y S A R RSB VE R (Weigel and Moore.
2007), 0, MEBE S HMZIK ERe f1 ERP 454, W% E 21k EcR fiEX
TR USP AR R KR (B 1.2B), 48R ik 4 RS- B
71 R R BORIX I N K A/B 458380, 159 DNA 450 X101 C 45, 7y
Wz b 510 D 4iM. fE NRCIRSE & (X IH E SAI71E T EcR HIf F 4544
1% (Moras and Gronemeyer. 1998). DNA 44 X (R -FHRE, 76 N i o« BBHEM
W, AFE NI A IR BRR AL A R B R 45 1, BB A iR
B R N T (EcRE). EcR ZTEARFEMRMEK, HEEMEH —E W
HME, EAFHEEN DNA GE&X U REAENEESX, {8 EcR AERHER
N K AFR . EREF, 4 ER =M FME: EcRA. EcRBI fl EcRB2,
E=fRHEAETERPREENR, Fln: EcRBl EREL DL EHENENE
Fik, il EcCRA MFERLRHENES PRI RIS Z R RIE (Sullivan and Thummel,
2003; Talbot et al., 1993). = REKIFEAFERIIGE, EcRA AENHE S EcR-
USP & HRELERER, #MEsIEHNKE (Uyeharaand Mckay, 2019).
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20E Beid i RUE M = EcR ki ML RS MIE 1T (Robinow et al., 1993).
FEFR &P, 1 EcR M=F F#A-EcRA. EcRBI 1 EcRB2 (Kamimura et al.,
1997), 20E ®[i#it EcRBl #SRXE LR AFEF ST (Goneu and Parlak,
2009); EMHERES, FHF EcR FIRMMA-EcRA 1 EcRBI (Fujiwara et al.,
1995; Jindra et al., 1996), 20E 7] LL@id PKCS BEERILARES HL ) EcRBI 28 468
PIFHEER (Chen et al., 2017), {21F EcRBI 5 USPI R RIFE_Fik, 443
HHR3 B FXBHR N T4 EcRE LB RER (Liu et al,, 2014a).

RHEESIEA USP MFFI 5EMESIMIMERERZAE (RXR) FHIHEEL,
B 5hiksE G5k, nJLLS RXR A4S (Bonneton et al., 2003). EcR-
USP RIF - RIATEMMZ+ 5 DNA &4 (B 1.2C) (Riddiford et al., 2001), ¢
SBEBEESES (Yao et al, 1992). EREH RFALE—H USP (Henrich et
al.. 1990), MHE R H B USP 7512 USP1 A1 USP2 (Jindra et al.. 1997), #
RIS (Tan and Palli, 2008)F13% & 50 (Wang et al., 2000) ¥ 7E7E H Ffr USP,
FRHEMAKKRELES, USP T EcR REREWHEINGERLFW
(Hegstrom et al., 1998), 20E ifiidi%S USP % 35 (4T RBMRRILIAE(E 5B
LRI AR (Wang et al., 2012). fERIEH, RE USPJ5, 20E F5H@EHEZMH,
RAETREEIEFE B (Oro et al,, 1992), JF HAMHI T 20E 5 @B PHERER,
SEL R BHRIER RS R AL T (Hall and Thummel, 1998). 7ERIES R,
FREFEARIIEBE USPI 25 20E {5 5% %, EcRB1 5 USPI gelEd vk m&E A
LR A B8 AR B 10 (CDK10) RS R R &1k, 5 20E 5%
B TR RE S (Livetal, 2014a; Liu et al., 2013b),
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B 1.2 BHMBERE (Truman, 2019). (A) L BE N GRS 70l Rd 1% %1k,
Manduca sexta M%) BS54 57 8 #1515 % (L (Bollenbacher et al., 1981; Warren and Gilbert,
1986). (B) Wi L% A MIH4Z 4 EcR LR USP (19454, (C) st | {7 (L1 Fh EcR WET:
EcR-USP B &# 5 M B Tif (EcRE) 4G

Figure 1.2 The ecdysteroid system of insects (Truman, 2019). (A) The synthesis and secretion of
ecdysone (E) and the ecdysteroid titer from larva to pupae of Manduca sexta (Bollenbacher et al.,
1981; Warren and Gilbert, 1986). (B) The structure of ecdysone nuclear receptor EcR and USP. (C)

Two different EcR isoforms of Drosophila; the EcCR-USP complex can bind to its response element
(EcRE).

222 BIEMERESEBRRN

B 20E FHa) R BB M —ANEIS) R -8 W R, ol M S A SRk
(1148 A8 % (Gilbert et al.. 2000; Riddiford et al., 2003). 45 HAth 204 (¥) 28 [ BF i &
20, BTREEM S TR 20E AT LE By 8AIMIRT, RE5HZZE ER 4
s ELRIFDEN AL IR DA F SEAIE I B R 1], EcR 2415 USP AT H.{E
. SRR Bk 7 | 549-EcR/USP (Oro et al.. 1990). X #h 8 &1 58K
B # NG EcRE &5, WYY Nilf &N W HHR3. Broad "S(1%% % (Liu et al..
2014a; Riddiford et al., 2003).

HR3 BT ZMHBRBEAIRA, 20E 7] LUET EcR/USP B &145& | HR3
WIENT XIS EcRE FRFITAS L #IE (Liu et al, 20142). HET, FZH RSP
RILHR3 BIFF7E. 20E RBURE L IAE K18 DHR3 19RIE (Koelleetal., 1992),
SR ) DHR3 IS A] L4055 3 [K 1~ Broad %kt #2 (Lametal., 1997), &0 LA
FiAH#EFZFRATF B-FTZ-Fl HREABIZEERNOBETE, BEREXFRFHNERAT
75B (E75B) N A[LA%54& DHR3 0| B-FTZ-F1 %5k (Horneretal., 1995). A
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BRI EY MHR3 5 1485 DHR3 BE /75 MM, MHR3 5% 20E FJREE,
2 5 R R 20E 51 EMEEMBIEMKIEMRIRRE (Palli et al.,
1992). HHR3 X} 20E HZhaeREFHbBEAT HIE, BEv] 5 20E G637 ERBAE,
R ERFEZMBETERE, XFTLL5 20E 456317 i R BT M £ 15 20E
EERS., ERBRBRFRIGEERM HHR3 BWRAE, HPHNUMTEREE
SHRIEER, A%—F HHR3 RMENRENELSREKRKEIRSTRE R
431k (Zhao et al., 2004).

Broad R—FEAFHHBEMNHERETF, BN N HREAE —RTFNEE
BRI (BTB 8] POZ &#8), C BB Is&MIR, fE454 DNA (Bayer et
al., 1997), EZMEHRAFLEEE Broad FHELMHIER, MERTH 6 #
(Moussian, 2010), FiEF A /Ff (Dhadialla et al., 1998), fHERIKRPE 4 Fb
(Riddiford, 1976), FHRIBFEFE 5 Fh (White and Ewer, 2014), R[EHEEI7E &
ERAE R B BRMEAFEERRERIE (Mugat et al, 2000). 7EREF,
Broad BER] LABE S HAHE R RAA MR R, SCRT LARDHI4h st B A0 A R HAFR T 1 R AR
(Champlin and Truman, 1998; Moussian, 2010). ' Br-C 7EX X iR RKiA L
L EMEERMNTAZHARLZNEKAE (Sandstrom and Restifo, 1999), Brz-4
54 itk R RAESS (Zhou and Riddiford, 2001). Br-C ZEMHE RIKHIES
BRI 20E KIS, 25RHESFKELR (Zhou and Riddiford, 2001). Br-C
TEMEME I T B R P RIEZ R EERIER (Chen et al., 2004; Zhu et al.,
2007). AP EES BrC 1095 R M RTE TN KA RIEE A E K hRe
(Chen et al., 2004), BrC ) R M ke MM MAT, FHEEMIEWRERE
(Terashima and Bownes. 2006). A1t =42 B4 i BrZ7 5 20E (&
SEH, 20E AR BrZ7 RIA I RS ESRICRE, Nmfed R
HBEKRE (Caiet al, 2014¢c), HH Brz7 BES5HRREHE 90 (Hsp90) #EH
ERAY Brz7 MfagE AR EA 20E f1 JH ES@THINEE (Cai et al.,
2014b).

2.3 20E WERFELAESRE

P E BB E T DUR I S A2 & RIEEM, Bz, HH
TR BB 42 [ Bk 1] L@ BOE 4H IR B2 45 R BB S MR R AR
b, XEHUE Y R R AR T R RIA, B ROyIEER AR, BIX
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FFRETFEREFMBERARS . Flan, EHEREHRVE 3 88 (PBK),
B ML T REZERAFH LG EA RS B (AKT/PKB) SR
HYIHIAEAE L (Aronica et al., 1994). ZIGEEERRMERE. MEE. 28R, %
R R EEFHE R U R BRI (Nilius and Voets, 2008), Bz ZE ) 5 R EH
i EMBERT 2B AL (TRP) S FEEN FHIERFEMER IR TEERERIE
(Aquila et al., 2004). HHFFTIEAFLE G EAMBZIR (GPCRs) 2L EHZ &
(mPRo, mPRB. mPRy. mPRS f1 mPRe) (Kasubuchi et al., 2017). ZEER
MAEZ R DR R HINYRFEILE (Kasubuchietal., 2017; Zhuet al., 2003),
HEBFR T M AR £ 3% (55 (Michels and Hoppe, 2008). R F i@t —4N7]
R ES A E BRI GPCR (GPRC6A) S FIEFEKA ML (Pi et al., 2010), HEE
#%2/k GPCR (GPR30) (Revankar et al., 2005), B E M4 A G B A BB
%%k | (GPERI1) FEMMIR 15 @EMERMESS (Maggiolini and Picard, 2010;
Prossnitz and Maggiolini, 2009). (&K ifif GPERs 555, BUEREEKE
Tk, (Bt AFE IR EMMRAIST (Filardo and Thomas, 2012).

20E AT A4S G AR E 2R R e R R AE Si2%, FlERA—
YRR FIMRA Ca® /K P RRE R U R BEARKREZ S (Kang
et al., 2019; Losel et al., 2003). 20E 7EBEF #3500 7| KX L tRos 1y 4F £ F 4F H
B HEHE R EX R BAT LR AB AP IRBH . HRFUERT LIS & PH] Pon A,
X ERE A R A ZATEAE (Elmogy et al., 2004), 20E @it K& GPCR i
SRBLIGHMRA Ca® HIRFEI (Gorelick-Feldman et al., 2010). 7F 4 %
& Bl —Fh 4 MU 524k GPCR (dopamine/ecdysteroid receptor, DmDopEcR) A LL{%
i#% 20E 55, id 715 DmDopEcR F Sf9 ¢l fEmI LL45 4 [PH] Pon A, 20E fil & 48
A Ca MM BEER AR T (cAMP) MIRGEMIN, i8S ERK MIBER (L
(Srivastava et al., 2005). Agrotis ipsilon W] DopEcR F EE#MZ R Gih Rik,
AipsDopEcR 1 FRIE 5 HEM 17 N X (Abrieux et al., 2013). 20E f1% ER&
(DA) @it AipsDopEcR #HHlBAMHP KA ZANHEE R (Abrieux et al.,
2014). TEMH AP % E S ErGPCR-1 (Cai et al., 2014a). ErGPCR-2 (Wang et al.,
2015)%1 ErGPCR-3 (Kang et al,, 2021)85 20E HIE S5 3. 7 20E AT,
ErGPCR-1 HIREKFIEW LAZEHME I, ErGPCR-1 X 20E &2 H K 1)=&k
MY EETEXEE., ErGPCR-1 A RFLMME (HaEpi cells)
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Mt RN T 20E BRARAAEFMRL. 20E @it ErGPCR-1 5% Ca®*/K
PRE G, FR(REES R E A A% B AL FIBEER I (Cai et al., 2014a). ErGPCR-
2 EA M ErGPCR-1 FBIAITHAE, BIIAFTMAEA Ca /K- TPkt Al USP
FIBEERML. (Wang et al., 2015). FIE R FEX IR 20E FF GRK2 BRI L
&, {73 ErGPCR-2 B¥ER{L 9 & NI &k 20E {55 (Wangetal., 2015). ErGPCR-
3 ME4EE 20E FHRHEHFEANMRL RMMKREE 20E 55 . ESHRFEHK
ErGPCR-3 SBUERMN T & i, MR pFAENErES, % 20E &
SHERERIE, 4, 20Ei%E2 ErGPCR-3 5 G EAWME/ER LA LM Ca®'.
cAMP FE H R BRI S RE L. ErGPCR-3 # GPCR ¥ 2 N FHIBEER L
fERMAENE, 5 p-arrestin-1 MIMNEEAMEBIEA, £20EHFF F&1E20E
55 . M4t 20E 5 ErGPCR-3 #6315 % ErGPCR-3 [RJVR — BRAKTE AL YR IN 3R
A, 1#h020E #EANMMEIE (Kang et al., 2021). i 20E BELS0Z 2047 (20E-
EIA) iEBA R MM fE | ) ErGPCR-2 A1 DopEcR AT LAZE A 20E. 1%Hf FIEIE
B 20E @i 53 B ES4 A DopEcR, FHBIZ B (S 5i84E, H/E30 20E i&
7, MEs R RELENKE (Kangetal, 2019).
2.3.1 G EBRBRZ AR

G BEAMBRZARER —RREEQZHRFTKRMGER, XL ZAT R
ZigR. BE. AP, £KETF. AMRKRELZMEM (Bjarnadottir et al,
2006). GPCR BAIS RIS E A6 B IGNMIPY, LAV % A R4 A
. R RIE. RIESIFYMEIGETE (Rasmussen et al., 2011). R4EFFFIThEE
AR, G BMABBKZEFEME S NAKRE: A B LBNEOH L4 B K4
WEZE: C BRBEBSER/EERZH: D X-HEMEERZME: E £
AMP 324&: F Z-Frizzled 31k (Sadowski and Parish, 2003). & A HKZKKH
RKEBEL, FTUXTLE SN 19 MF2. 2005 F, HARE—NFH
GRAFS B RS, % 0L ALK GPCR FIESNAAE: REBBEKRZIA,
KWL 2, WMEEASHE, FWEZHUK Frizzled/%R 5 %4 (Schioth
and Fredriksson, 2005). fEAEF, G BEAMBZAER KT AULE: A, B. CH
Frizzled (Lebon, 2020).

Z MM GPCR AR L SER R TR HE T (GEF), GEF#UE G HEBfA
MEBTHRAKE, ATEENSE 3R (GDP) &8 ERNKRKEZNTH
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HERIAPIRRES, REHS G EA4ENAFENSE=MER (GTP) MiEst
HEUREH B IR PEE TIHESHS (Lebon, 2020).
232 G BEABRZAN 2K 20K F5HS

fEtags i, ErGPCR-1. ErGPCR-2 F1 ErGPCR-3 #fjE T B KR 1K,
EMTHMAE L, ¥n[{£i% 20E {59 (Wangetal.,2015). tHtt2F, DopEcR &
A~ EEHSNY GPCR A KF#) ARs BIFVEME (Srivastava et al., 2005), FFAEK
B9, ErGPCR-1. ErGPCR-2. ErGPCR-3 # DopEcR 7E 4 4 122 5 Rk f 53 4
AE, ¥%520E551F (Kangetal., 2019).

G BEHE T LLE 1% GPCR HI{E5 (Preininger et al., 2013). 7ER# R+,
20E ATLLES G B alpha q W (Gaq) KAEBEERL (Renetal., 2014). Gagq
A TFHA IR EARMMRFEN, E20EMEST, HAMRBEEIH. 20EE
%S Gaq EHEEF C (PKC) HIBERILFIRFZIZ. Goaq B5 20E HFFHI Ca*
AP, FBRAESHREKEE. BEUK 20E E5S@FRERRESEHRKE
EUAADHIER (Renetal,2014). 20E @it Gaq. ErGPCR-1 1 Src FK ik #
S BEAREE Cyl (PLCGI) 7E 20E {5 5@ K INfE. 20E % PLCGI SH2
SR R BEER L, ELE PLCGI MANMRBEIERS, Bal4A Ca 551
S EERH M Ca? Wi, MiiAdR PKC NS0 USP BERIL KRS USP 5
EcRE M4 &, #EM#T TR R, XL R 20E #id ErGPCR-1/Gag/
PLCGI/Ca?*/PKC dEERA(E T2 M ERFAE TiR1Z.

GPCRs 5 20E iF S M4IMA Ca BN, T Ca®* T3 STIMI BEEL 1L AN
. BEM STIMI MFEEES, 5 Ca? @EERA Orail MEEA, {2 Ca®
it N SRR (Chen etal., 2019). 20E it ErGPCR-2 1 H AR A
fILIEE 1 (PKACL) MBI R G, PKAC] B FIBERRAR T R N T
Z&%HH (CREB) iRk, HHEGHBRIRE RN/ (CRE) LA 3R
20E FIEEF %K (Jing et al., 2016).

GPCR 5 H{EFIELR 4 & IR HBuE, 5 X MRi#E ki, g 2R 5 GPCR |y
B2, GPCR UM BUR —Fh BRI L], LLBT Ry Eud B 51 2 0y 4H AR 15
5 #&Fl (Krupnick and Benovic, 1998). #3% B = GPCR MXBULHIH A
&, 20E 5% B-arrestin AUBEERILANAMPIBERE L, IEAB B4 MIRRAY B-arrestin 5

ErGPCR-1 A EL{EF T FELBT 20E {5 51% % (Zhang et al.. 2015). 20E J&T PKC
9
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BERGEAMKZAHEE (GRK) KIBERILMIN 32 GRK MAMRE AL, GRK
5 ErGPCR-2 #HE.{EF, BiBgfk ErGPCR-2 AN E, &1k 20EE5#S (Zhao
etal., 2016). ErGPCR-3 [ElJEVU MA@ L GRK2 /i FHIBEER 1L LA K B-arrestin-1 1
Mg EA NS 5MRENTIHEMBMTIE GPCR Bk, 41k 20E {55 (Kang et
al., 2021).
3RBERAREEFSRE
3.1 REERR

B ERATIAHRBEREALATTLHEE, EAF, BEEHES B
MW, RN AME— R MUK AR, ARt (R 40 s B R EURIARI H
RFEEER, MEFERE, NMRELE. EHALIN, BESEEKBEE
FEMHERS, HNTFEHESEHRNAAETRE, EXEPRIAHLES
FHEK-ZEER, R—HWHEEE, HEARNBEIEFEEMLMEH (Kondo
et al., 1996). RS RFRRZATEK. B, RBNEFGENEAIRTFHEAR
(Bai et al., 2012). &+ KRS ZFEK (DILPs), SAERBARKREHN
B EHRHEERRRITHEE (Brogiolo et al., 2001). 7ERIBIHA TS EZREAK,
SFHARGETE, MEREAFEIENRK, REKEZE LA, XRABRDE
FERKRE (i3 DA H4E K (Slaidina et al., 2009). S EABESELKEFESE
#®5 R RMMEARAKEE BB (Oldham and Hafen, 2003).
32 BERESER

[REEERESHZEBESEZM (insulin receptor, INSR) HE & 4 HER
BEHAYAEME, INSR SRS REREERBRA, BRI INSR S
EZRJEY Cinsulin receptor substrate, IRS) REER{L, BEER{LIY IRS 5 PIBK
( phosphoinositide 3-kinase ) 0 & & , 1§ % 5 B VL B2 45- — B &
(phosphatidylinositol 4, 5-diphosphate, PIP2) BEER{L ABEAREAALEE 3,4,5- =B
( phosphatidylinositol 3,4,5-triphosphate, PIP3). PIP3 #% AKT/PKB (protein
kinase B) FNBEER LB K #i M 4&s-1 (phosphoinositide-dependent kinase-1, PDKI1)
ERE, PDKI#TifE AKT BBk, BEBRILAT AKT RIBHEWEHIZEA (glucose
transporter 4, GLUT4) HIFARG AL, {R#tEH & HECH (Tilg and Moschen, 2008)
(B 1.3).
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B 1.3 BEK/ESERE (Tilg and Moschen, 2008).
Figure 1.3 Insulin signaling pathway (Tilg and Moschen, 2008).

3.2.1 REEZE (INSR)

INSR B —#ZABEEBRENR, &5 4%Es, AWHERE. BUHRNE
FUBACH MR BRI, A £ R EEER (Gabboyj et al., 2019).
INSR B —f i —HBEZMMDS o TREAMFEN p TRARNEEEERA
(Mohammadiarani and Vashisth, 2016; Tatulian, 2015). INSR Hi Insr JEDK it 11 8
FUE,  AESE IR furin 1EID N, BBV DIRDR o WAL B AEXE, 735dr %4 9
INSRa #1 INSRB (Bass et al.. 2000). INSRa R EESEE S A, L TS,
INSRP {3 7% — A5 B2 4 3 O A1 g N PR BRI s 1 (Ebina et al., 1985). M8
HERXNT o WAL R IEES E BB S ERE X AL T B .

AR T, INSR EA M P L AR (Petruzzelli et al., 1985), 7£
F#E BHE KEAR K THM INSR, Ef1#EHEKAMEHENKE, INSRI
BITHUE PBK/AKT {5 5@ B HHC# R, T INSR2 U {E Y INSRI/PI3K/AKT
SEEBONIETRFREEH, ABEERNKE Xu et al. 2015). {HIEHEH
HERIFRE, WERBEEBLEFN I F—F INSR, AEHEEKKE.
3.2.2 BEREENIK A EEREY (PTEN)
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PTEN 2% & MMACI (mutated in multiple advanced cancer 1) 8¢ TEPI
(TGF-regulated and epithelial cell-enriched phosphatase) & PI3K/AKT {5 5 %1%
K158 E T (Goberdhan et al., 1999). PTEN {EA—MXThEEMNERRE, BXEEF
A S EREE AIE M L B A R RRES R A, B B ERER (M TIRE RIS PIP3
BB 1L PIP2, #ETGFHET PI3K/AKT {£5i8# (Chalhoub and Baker, 2009),
3.2.3 FoxO (forkhead box O)

FoxO fE IS/PBK/AKT {5 5@ P KIFHEE/EA (Brunet et al,, 1999), HHf
FTEIM, FoxO A LB H &EME /7 m (e A T: (Jacobs et al., 2003).
A% B FoxO 7E S 88 51§88 i {2 80 ] B Rk iy 0 o B R 2 4, A
M REMAEK (Puig et al., 2003). MBS HRT, 20E 5% FoxO A%, #i
HHE S T4 FoxOBE &, RIETIFERER (Caietal, 2016).

4 RERE 20E FSEBRAOMEMRERARR

FEREH, BEEMKM 20E HEEAKRRERGERE, REEFKE
B B AR KA R AR B FARE SRR 20E B4, ATRIARER, FEAEEZH
20E 21384 (McBrayer et al., 2007; Mirth and Riddiford, 2007). 7ER#H PGs
g #IE FoxO IR T WK BRI AEY A KAIE FIAE (Koyama et al., 2014),
EME i, BRIERKIES AKT HWBRAL, MMEES FoxO MBHRRAL, BR
1LH FoxO EML THM ., SR, 20E MAM%| AKT KBS 1L, MTT S FoxO
TREW B ER AL H N Ui P 5 5 20E B2 FIEEREMEE R (Cai et al, 2016),
UtAh, B ER 20E fH) Pdk] ik 406 AKT Al FoxO BIBEEZ 1L, 23 FoxO
e AL LA S B AR AR I%SE (Pan et al., 2018). XUEAFAR KA, R

BERMER S 20E &S BREEETIER. |
5 FERRE BTG R

GPCRs £ 8 K40 Ha i B SZ B X I, GPCRs RRANSM P RIBH & H AL s 3
AR LAY S MRS, 24K GPCR EAMME LE#s KRB E
55, XEWINY (Maggiolini and Picard, 2010). R## (Srivastava et al., 2005).
K7 (Elmogy etal.,2004)H 3 OB FHESL. #4829 %2 2] ErGPCR-1 (Cai etal.,
2014a), ErGPCR-2 (Wangetal.,2015), ErGPCR-3 (Kang etal.,2021)LL & DopEcR
(Kang et al., 201935 FILATE 20E 5SS £REES. REHAERHE, 24
GPCRs A LAMEAKE R R ZRRER, R, BT CHK GPCRs 4, TH %
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/> GPCRs £5 T 20E (5543 EE. £ GPCR M FHETHFPE—1E
EHBHIR: £ GPCRs AR —FLHAMEIE(ES (Hauser et al., 2017). Aft 4
£/~ GPCRs [ 5F—{5 5@, "WHHNERIZE GPCRs EARAR P KE
{Ef, BETRRERMRIEL. AT RSN EESNE RLERRER
NFARMER, BEHEAL D GPCRs MRIXIELAK I 20E B2 K FHEEE
HHR3. Pten. FoxO FR#ZERRAKKEKERLW BrZ7. Wat. cMyc M Kr-hl
RIRIE AT RIGIEX — 1%, T LEIFER £ GPCRs 25 20E (5 518721
N, FEXRERERESESHFEL, AHE PRI R RKIE ML
PR

BES ZRE RS AT RIARAVAEKAD 20E M4, 20E ik SREHLEE S FFERK
MThee, R HRAER (Mirth et al., 2005). 20E AT LAAT AT — RIIE K &RIE
EHUER FRR, AT, 20E A MK bl f iR & ZREARK K 48 INSR B
RIEFBERBU K P REBDRS RERMTIERE. HIRANTH 20E HHRRSER
FEERNS, ROFASHE R RHRRIENEL, HEEGALRENES
MR MR HaBpi, RASHM S FEDFRAREYFER, HA INSRER
EAFIR B B R RIA B R B 181K PRk, FFHR%E 20E #@id INSR 15471
RS ERER S TS, Nt — P HRRER R 20E 2R EER KRR
REH ISR,
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% _% GPCRs 7 20E 5 S EBHRAWAFRENRE
1 3%

G EAMRE S GPCRs BT LIXRBIREMMZHRRIE, XEZ A RuE
TECHA (Bjarnadottir et al.,, 2006), HI4/E SEBRIMA, W EMAEMEIE
(Rasmussen et al., 2011), ANKEFHF LK GPCR FHH 1000 X ALhH
(Fredriksson and Schioth, 2005), /M A H#) GPCR i 1300 F, BRAR U SZ 44 FI0R
wAZARSL, RAEHIFEE 116 M2 LK GPCR (Hanlon and Andrew, 2015), X
i b 276 42 GPCR (Hill et al., 2002). 7EZHARAE 453385 S E3THAR
ZHEEAL T (Marinissen and Gutkind, 2001). REEARESHEFIHE
B, % 34%M 2 5EH 108 F4FE B GPCR (Hauser et al., 2017). GPCR
WEBEN T —REERFFI B (Audsley and Down, 2015).

GPCR FIUAEME FE RN KBEREBERFS. Hln, GPCR30

(GPR30) WA/ WAL B R WL MM B (Maggiolini and Picard,
2010). DmDopEcR 415 %42 20E H)IFFEFHZ51%F (Srivastava et al., 2005),
HHHR 20E 55 OKRESSES DopEcR 4 IEREHEHESNELE
(Kang et al., 2019). 7ZEARE S+, ATLAMAR 20E {55 H#9 ErGPCR-1 (Cai et al.,
2014a). ErGPCR-2 (Wangetal., 2015). ErGPCR-3 (Kangetal., 2021)LL & DopEcR
(Kang et al., 2019)#E 20E HFFERAFE SHE P EEEEH. XBHARH, £
/™ GPCRs BB K BIRE# E Z AN, BT QAKX GPCRs 4t, HAihZ 5 20E
551 S H GPCRs M RiE#.

54k, £4 GPCRs FJME#E—BAENES, B0, H A GPCRs fEA
E EIREZEIMER, 111 GPCRs 1EAE ERRZIAEIEA (Hauser et al., 2017),
£ =1 GPCRs D iF LFEM4S R 20E 5 5B IEEES (Zhao, 2020), XU
HARY, ER—FSHEIEBEEPAUELA GPCRs XFEZ 5, XAGEEHT
GPCR HFHEHARERMRE, RATUERN—FSEETESTRBRNRIEL,
R, ROFIERBIFX—RiK. HER, BT -MEENSBHBRWLER
(Wu et al,, 2008). HATLUMBBL I ATFAXN R, EdANERAPLEELITH
GPCRs, FEXTEAT#ITHE, HEANFREN T GPCRs FIRIEHE LKLY 20E i%
R TR R W HHR3. Pten. FoxO MR REKKENEZEERW Brz7,

Wat. cMyc 1 Kr-hl HIRIERBIEIX—RiK.
14
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BATERR REFRATLEET 122 MWILE H GPCRs MEK (FAEFEAT
BMERFFD, #— B AHET 6 ™ GPCRs 514 20E 554 %, HIX 6 N
GPCRs Xt #F M RILFEARE, ©ANBEE5 HHR3 K1FRE, H+H 4 1~ GPCRs
5411k, A 2 4> GPCRs- PrRPR #1 Smo 5 20E- L i8H Pren F1H A F
FoxO RIFIE AR Brz7 WKL, Hir R Akhr 35 Kr-hl RIE, Fzd7 W5 Wat 0
cMye FIRENTRIZESIREK, HF PRRPR f8454 20E. AHF 7%t H44 L )
GPCR #1714+, 4B~ T £ GPCRs 5 20E 155 RIHLE .

2 KRR T
2.1 ERR
2.1.1 LRz

A i AL LA EE R AR F R B R R R Helicoverpa armigera AW FXY
R, WERRMYHREALRELVHYEFERTALER, EHERFER,
BRI R 26+1°C, BERS0%ALE, JHABDY 14 h BIOERE/10 h BERE.
2.1.2 ERHH

BAEANBAIRRRAR T IBEHARERUBRAREKHARR
HaEpi (Shao et al.,2008), BT &%F 1/10 f4-fLiE (FBS, Invitrogen, Carlsbad, CA,
£E) MER Grace's HFEPHEFR, HET 27 BEREFAY, CHAMK
E R RIS, BN BMRRS S LA E T L%,
2.1.3 EEHEH

20- 32 B @ X B (20E) (Caymanchem. ZHEKMM ., EEH), ZHEEHRK
DMSO (%3%, dt5, #E), TRIzol RNA REURF (£X&, dbm, HED,
5X All-In-One RT MasterMix ¥ FRXF& (abm, FNEIL, MEK), 2xSYBR
real-time PCR pre-mixture (234, Jtk, FHEH), BEH Grace % (Gibico,
My, E£EH), B4 IME (Biological Industries, LAAF]), B¥EEHFER (ETE
¥y, L#g, FE), 4.6-diamidino-2-phenylindole (DAPI) (FUIEIZAE], E£EH),
Alexa Fluor594 FRiCHI/NEMRFEE K (WGA) (Inveitrogen, R/RHTEME, %
&), 20-Hydroxyecdysone Enzyme Immunoassay kit (20E-EIA kit, 20-7% %8 57
BEBBAESITIANE) (JURESZ, HE), HlAHmeE TEHKNS
HraifFl. NTPs. T7 RNA ALK RNA BR#IHIF (RECKHIR, ErgE

#, EE), #HYRF) QuickShuttle-enhanced (EH s, Jb5l, H[E), T4 DNA
5
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HEHBY (NewEngland Biolabs, ZEE). B EAYEF (HRP) #RiciL£4H
REZHRER G (gG) (P12, dtit, $E)D, ACTB BwEHifE (Cat. ACO26,
ABclonal, BiX, FE), GFP B fEHifk (Cat. AE0I2, ABclonal, X,
E), sI&k (LAY, Bk, PED.
2.1.4 LHACE

PCR X (AkEEGMNHF AR, BIKMN (LHAN—XEEAA ), Infinite
M200PRO NanoQuant 7 J it (BHF] Tecan A7) ), KN EE PCR X5 Gel
Doc XR BB AR (EEAFATD, @EAHE OV (EE Eppendorf A7),
FIBRCEME (HARBREAT), Olympus BX51 R EH#%E (HZE& Olympus
NCIDR
2.2 LR
2.2.1 #4# 3 GPCRs WX EMRGERE T

BT TUANSBEEREHEN GPCRs: H—5, KB CIPREHRE
MEZEMLE GPCRs, 2 AIM FlyBase (http://www.flybase.org/)F1 NCBI FF %1
(http://www.ncbi.nlm.nih.gov/)FIREU T Rif 116 N2 # GPCRs LLEF & 90 14
#L GPCRs FIREBTS|. F 5, FHKRBMEEMNEA GPCR FFIEMR
22} & H JR ii| H
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp& PAGE_TYPE=BlastSea
rch&BLAST _SPEC=OGP_ 29058 158185&LINK_LOC=blasttab& LAST PAGE=
blastn)i#f {7 BLAST LA HiEE/ M mENEERTT]. F=0, BXBERSR
ANEEBRTIHEFENEAFIERRREORARHITEER, UREBE
ZHHRRKBIM M GPCR FHl. IS, xR ERSEPREBUELFFIH
M B2 % K M , & & ® & NCBI CD search
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) & SMART 7E £k &% 4
(https://smart.embl-heidelberg.de/smart/set_mode.cgi?NORMAL=1)Fil il 1X ££ 5 H Ji
sk, REAESLRBBEEMBMEDR, AL HERN GPCRs. IAFIR
PR FIZEHIH GPCR AR, FIF MEGA 6.0 HME NI RERER .
2.2.2 RNA #5X

RIS BI A B R W E 4, ERXAEMET, ABHER
BroBHEMARRE. #H. BHEMBESE, #T [ XPBS (1.8 mM

16
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KH2PO4, 10 mM Na;HPOs, 140 mM NaCl, 2.7mM KC1) FiZEHTi%. % | mL
FRELF) TRIzol FHON S0 mg A HF K EWFEE, 12, 000 rpm 4°CE.C» 10 min,
W fE BB FHL RNAase BBOE S, FRME 5 min. &ML FRIR 40
#9 RNA B, A 1 XPBS Sik4ifd, LA | mL TRIzol BTk L7 5240
A, 10 min fEWRIRK MBI EFHIFIL RNAase BIE-OE . I 200 uL
S ERIZIEYS 15s, FRTEHE 2min, 12, 000 rpm 4°CE L 15 min, ¥ LE
KAFEBZF ML RNAase MBEOLES, FIMAZENRITTANRREE, b
TEENES], FETHE 10min AJUE RNA, 12, 000 rpm 4°CE L 10 min, 3
Ei&, B 1 mLDEPC /KECHIHI 75%M) ZBEHE % RNA JTIE, 7,500 rpm 4°CH s 5
min, ¥ i, FX RNAase MIGRIRTHRE 28, FERT, UK O,
MMANEER DEPC /KT 60°CEREFHEE 10 min i#M RNA, H Infinite
M200PRO NanoQuant 7} Y& JEEETHER IR BXHT RNA IR, 1%B A5 HE&EAR LIk Aa
M RNA FREMALE .
223 REFRE R cDNA

FIF 5xAll-In-One RT MasterMix R FiAF|&E (abm 2 7)) HITRERE
% cDNA. RNk R :

RNA 2ug
AccuRT Reaction Mix (4 X) 2uL
7 RNAase /K #hE 8 L

1R%] 42°CH¥E 2 min

AccuRT Reaction Stopper (5X) 2L

5 X All-In One RT MasterMix 4 pL.

& RNAase 7K 6 uL

25°CHEE 10 min, #RJ5 42°CHH 30 min, )5 85°CH¥E S min. -20°C{RF7.
2.2.4 £t EE PCR (qRT-PCR)

KR 6~8 fE/EHIRE T cDNA BIR{E NN E& PCR #R, SIMRE
2.1, RMNAERIT:

5 F (1 uM) 2 uL

SR (1 uM) 2L

2XSYBR real-time PCR pre-mixture 5uL



IWRREE 26 X

R R cDNA HEiR 1 uL

RS %M 95°C 15 min, 95°C 15s, 60°C 1 min, 78°CiEM2s, FL40MEIF,
65°C-95°CHHTIBMEHILL, [AIR%0.5°C, FREXCH{E, A2**“Ax (AACT = ACTuy
n-ACTIT B, ACT = CTuww-CTacss TRE BAcrbEEFME NI T HmRNAXT
RiLE,
2.2.5 MERNA (dsRNA) K& AR

RNAT# (RNAD # 2 TEBAE NS MF T Xuetal, 2016). K
BR M dsRNATE B Ak % 73 A i8N J Y (Zamore et al., 2000),  FF R Th 6] T
i% R A EL R JRIX (Fire et al., 1998). ET7E N FRIIGMESIWFFIHS’
i (F2.1), LLcDNANHEAR, §IGMHMNIMEERFR, REUHETIREITFH
ED IR Fr BONMEAROR & B dsRNA. E2 pg cDNAREAR 1A 80 U TTRNA R &8,
2.4 pL 10 mMAJATP/UTP/CTP/GTP #1120 U RNasin (TaKaRa), F7FERNaseft]7K
#FESOuL, E37°CKIBFRIE LR, MA10 uL DNasel & 10 uL DNasel Buffer,
FIFERNase 17K #5572 BARFR100 L, 37°C/KBEFHHEHE | hf&EDNA, FEB/R
PIZEBIRNA, RE YA JoRNase B7KF0 57 2 @48 872200 uL, MOAFEE R 2K 5
IEAEMFIK, 9,000X g 4°CE 215 min g b2 KB B &H SEBE 1
BOES, BREL, BLEREBIS —MEHREOCES, IA2SFEEY
K ZERN0EFEIZ MZEEW (pH 4.0), -200CIRA TR, W&EDE, H
DEPC/KECHI B175% £ BE B i dsRNATLIE, 7,500 rpm 4°CE 05 min, ¥ _EiE, K
T, UMEEBRAEMZEE, REMAS0 pLiTERNase /K& M . H Infinite
M200PRO NanoQuant4} 3t Y B 16 M dsRNARI U BE . dsRNAKI R B P 1%35 g
=gz R
2.2.6 Hifk RNA T3k

Fi 1 XPBS #% dsRNA % 200 ng/uL, B/ 6 h BIZh R E T 0K E£9 15 min
HE AR RIE, AEREHSEMNRERE=RE MR | ug dsRNA A
hakly CMNOERME, RERMBFR), FRE24hEH—IK, BZIRESH,
| ug dsRNA 1 500 ng 20E —RIF AL RAERN . § LA MXTBAIA DT 30
Rehd, FHIT=REMFER, FEM dsGFP fENXRA.
227 HEAEKARBERES

B 4%:H DMSO ¥ 20E (Cayman chemical) i&f#Z 10 mg/mL, A PBS #%
18
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RS E (P3376-4001U, B =KD % 100ng/pl, AEHARIREER 20E MRS R
SRESTRINEE 6 h ke, 43 HILL DMSO 1 PBS {EAX M. 20E HWKEE
FEWE N 100, 200 A1 500 ng, BREEMIREHEREN 1, 2 M5 ug. 73T
1, 3, 6, 12 F124 h k4 500 ng 20F 5% 5 pg FES K. RELE RNA B EAA
BT qRT-PCR 8B AR ZENI M. A 5 M 20E R 5 pg RS & 7 A AL FEAS
WIRRFAM 1, 3, 6, 12F124h, 435120 DMSO A1 PBS {EAXT B . F AR
FEF) 20E FIRE S R B FF3EFE 6 h, LU —PEMMA LIEWH 20E IR B R
%t INSR #1847 .
2.2.8 HANARL (HE) R

Fi PBS Eikghdirb g, BT 4% KHET, 7E£4°CHEM4THEEIR. ¥IE
EMHRRZLEEWAF (PEERIE Servicebio) #1T HE Rt
229 SREBRAEHE

¥ PrRPR F1 Smo Z:FMIFFHURIENE (ORF) FHIEARITH IE BaITH
HHANREH A plEx-4-GFP-His i @EERERNM . Hixitrrrtsd (B
#2.1) i@t PCR ¥ 38 PrRPR F1 Smo 3:[K ¥) ORF R EX, LY. EEFHEA
Hikdh, B RRE RIEFNT R @ P UKL PRRPR-GFP 1 SMO-GFP.
2.2.10 AR RTRE

REUKBFT B E.coli DHSo FHIEH T RIXFRL, MREERERESNIR
g, FANFLRAIAREBEIAE] 80%IN AT H R LASLH— AL AR, 7E RS
LE NN 200 ul 0.9%H) NaCl ¥, 10 pL QuickShuttle-enhanced ¥ G5,
3-5pg it RIAFRKL, B, BEFMENIURA, 7£27°CHEFHHHE LT 48-
72 h, BIEREERMETRELAKE, #ITEEELR.
2.2.11 GEHRILE

Y4 7E 24 TR S EE 95 #Y3E %X PRRPR-GFP #l SMO-GFP # HaEpi 08 1 X
DPBS PRk =1k, BHEZMHTIMA4%LKABREZEHFE 10 min BEHB. 7
L EPES, F 1 XDPBS ¥%i% 3K, 8IK 3 min, FLIMA 300 pL FEEH) Alexa
Fluor 594 fBEX WGA ¥ (1 XPBS #¥% 1000 {&), BXFMTHITHRBRE,
#8 4 min /5, PBS ¥ 6 /K, FIK S min. MALKIKEN 1 png/mL & DAPI &
W, BWAEMTHTHRELRE, $E 10min /5, PBS ¥ 6 /X, X Smin.

FH 80%MH i T A, A Olympus BXS1 {8 E RN EMBE (Olympus Optical
19
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Co., &x, HA) MEBHERK.
2.2.12 20- 2B R R B R RE (20E-EIA)
20E-EIA 1 J& 3 & Jo ¥ 10 ¥ #5710 19 1 B 1) 20E # Tracer ( Z. Bt 1B B4, s B
(AChE) Fr#RidfI20E) X1 FRI20EF AT R E ML &, HMET20EM
o REHEMMFEMBHR AN ECENFRSE &, FH20E-EIARHE
(Bertin Pharma, B2, #%:E) $fWash Bufferfe it SR, ¥ TracerFIFE A
fI20ENAFLS, 4°CHEE LA, Wash Bufferei =K /5, MM A ElimaniX 7
(AChREM &R B E YD), TERKRZSLEME LS he EllmanidiHKEY
ETracertH EEM, HREEKMLEY, FTHRIK405 ~ 414 nmAT6. B H6H
FEit (Infinite M200PRO NanoQuant) 1 BIAIERE, REIMATESEEIIN
AChEFTFriCHI20E A IEEL, (HE M FHI20ERERKRLEL, A EATR
T £ g B fYIGPCR &5 & 20E /915
2.2.13 HaEpiZl U455 & 20 E R A
£ HaEpi 40 8 & " 43 51 iE R X PRRPR-GFPF1SMO-GFP, 1 XDPBS (137
mM NaCl, 2.7mMKCI, 1.5mM KH,POs#18 mM Na;HPOs, pH7.4) IHiRFHIR,
A EEFRTEl uM 20EH)Grace35 89, T27°CHEE IS5 min, BUEEMKE, T
1700 X g 4°CE >S5 min, BHMRITIEAS00 pL EIAZ ST ER, s hE
5 min, BB EEMMAMALTE4CT, Li48, 000X gB.>1 h, FI100 uL EIAZ MK
BEUTIE. 50 pL EIAZ IR EARS0 ugfE R H, FI20E-EIAR T &4 M HaEpidH
FfUfE b 25 & BI20ER L .
2.2.14 GiitiikE
FIAMEHERAED ZRMEER L EFLR. RAWE (B ST ik
SRR LRE FNEEER, * p<0.05 REEEWUESR, *p<0.01 RKEHK
REER, ZAREAULELRAZ MR EEZRRALRETZES (one-
way ANOVA), ARINFRRREEEZHER (p<0.05).

20
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R 2.1 ERTASIMFIR
Table 2.1 Primers used in this study

Primer names

Primer sequences 5°-3°

qRT-PCR
GPCR4-F
GPCR4-R
Fshr-F
Fshr-R
Fzd7-F
Fzd7-R
Hir-F
Hrr-R
PrRPR-F
PrRPR-R
Rya-R-F
Rya-R-R
NPFR-F
NPFR-R
Smo-F
Smo-R
Akhr-F
Akhr-R
Galr3-F
Galr3-R
TkR86C-F
TkR86C-R
Fzd4-F
Fzd4-R
Opsin-F
Opsin-R
HHR3-F
HHR3-R
Pten-F
Pten-R
p-actin-F
B-actin-R
FoxO-F
FoxO-R
RNAi

GFP-RNAI-F
GFP-RNAi-R
Fzd7-RNAi-F
Fzd7-RNAi-R

Htr-RNAI-F

tgactaacgcetgaacceg
tcgttgttgtccgattgg
gtgaacaatacgctcggtic
cgtcttcgecacggattcage
tactgtttaccctggtgatacttt
cgtcttcttgtitagegtgat
gaggaaagceggegaaaaca
gtagcccagecacagegag
gtcgcetcttgacatccacag
ctccatcgtcttcatacace
cgccaaccgceatcactat
cacgccttcaggaaactc
tccgetectatacgggtggtt
tcttectgetctttatceete
gettcegtgetttgggtaa
gecatcgtcgetategtga
gacgaactgcectctggacat
agcaccgtcaagttccetgt
tcaacgctccgetecagacg
cctaatgcaccegecaccac
gagaaaggtggtgaggatgt
gccaatagaagaagaggtag
cagtitggtgggtggtggta
agtgaggagtggcggattgtt
atcgcaaatccccttcecca
tccetgcaacgcecaatcact
tcaagcacctcaacagcagceccta
gactttgctgatgtcacccteege
tcttccacttetggttca
gtgtttatgctgcttatee
cctggtattgetgaccgtatge
ctgttggaaggtggagagggaa
tcattacccaagccageac
tccatccagecgaagagt

gegtaatacgactcactataggtggtcccaattctegtggaac
gecgtaatacgactcactataggcttgaagttgaccttgatgee
gegtaatacgactcactataggatacagttcaaggtgecg
gcegtaatacgactcactataggatgacccaccaaatgctc
gcegtaatacgactcactatagggcacctctgetgggatgg

21
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Hir-RNAi-R gegtaatacgactcactataggaatgttttcgecgcttte
PrRPR-RNAI-F gegtaatacgactcactataggacattcagcacaaccage
PrRPR-RNAIi-R gcgtaatacgactcactataggcgaacgecttacggatit
Smo-RNAI-F gcgtaatacgactcactataggggaatctgtttcgtgggt
Smo-RNAi-R gcgtaatacgactcactataggcatcagggtagtcagtaggc
Akhr-RNAI-F gegtaatacgactcactataggtcatacegttgetgtecact
Akhr-RNAI-R gcgtaatacgactcactatagggaagtcttgaaccacgecte

TkR86C-RNAI-F
TkR86C-RNAi-R

gegtaatacgactcactataggagtegtgggaccatctca
gcegtaatacgactcactataggtatgtcacagecaggaac

Overexpression

PRRPR-oex-F tactcagagctcatgaccgacctatgggtt

PRRPR-oex-R tactcagtcgaccagcgcagacacgatagg

SMO-oex-F tactcacaattggatgaccccttggegatgg

SMO-oex-R tactcagtcgacgtcgaagctgaacttgac
3 KSR

3.1 4% H GPCRs %

AT HRF GPCRs 7514 20E 55 FRIER, RATEE THRERERAHH
2¥8 GPCRs. 4 A FIRBAMKEM&FBE M GPCRs £ NCBI #544 B R HEE
2 (https://www.ncbi.nlm.nih. gov/Taxonomy/Browser/wwwiax cgi?mode=Info&id=29058) F1
——#E1T BLAST teXf, BRATBMERFZIS, FHLRBIERL RERAE P ER
) 122 MEERILBA M GPCRs. % 4 MEARKNTYIERK GPCRs, FFET
118 1~ GPCRs B ZHRKEW. BIRLKKE 7, LAAFRIRK GPCRs Hy
#EbR, #R3% GPCRs #1472 (Sadowski and Parish, 2003), iX7E R FK 4 1y 4 1
£ GPCRs /7= KK: A K (73 %F50). B E (24 %750 M CEEHF
£ Q1 %F5D (2.0, MOoEERHAPEREIFEET A.B.CHF M
GPCRs, RIEEERFIMBENARAKE SITHENERATREMER. RIE
BN RERE T, —LRERERHF 520 GPCRs IUTE AT # 134 A A 92K
Bl W8 R F{EE# 20E {558 DopEcR BT A 2, ErGPCR-1. ErGPCR-2
ErGPCR-3 J& T B .
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€34

Class A

2.1 JEX MEGA 6.0 3184 RE S GPCRs HITRARBF T WO VR CEEEN
MPEE T A %I GPCRs. 4L AR &RAENALD L EENIE T B X1 GPCRs.
SR VRR R AEIEIRAL D LI - C K1 GPCRs. {8 % FR & R4 b L Y
J& ¥ F &I GPCRs. B A FRK SN i A %01 70 KK GPCRs. “fIEAC & ARITL
FiFi 1) GPCRs, il 1l & R 3RAT I8 % Z A AT F 3L 119 GPCRs.

Figure 2.1 The phylogenetic analysis of classical GPCRs of H. armigera by MEGA 6.0 software.
Names in blue color indicate GPCRs belonging to class A that has been identified in the genome.
Names in red color indicate GPCRs belonging to class B that has been identified in the genome.
Names in green color indicate GPCRs belonging to class C that has been identified in the genome.
Names in purple color indicate GPCRs belonging to class F that has been identified in the genome.
Names in black color indicate GPCRs that has not been identified in the genome. The triangle
represents the GPCRs involved in this article, and the circle represents the GPCRs we studied before.

3.2 20E {5 5 EERF K GPCRs fiiifk

K S 20E (555 S0 GPCRs, FATTMA L % M@ i e A B
Yo HEAS A BN IS 72 h gh S LR NS 24 b 4 e 65 72 S 2R 1A ik K] v 75 GE H
31 /> GPCRs. A 24 A GPCRs TEAAH Li%RE, H 74 GPCRs 7EAL
MTIR#FEE (F2.2).
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The transcript fold of 6th-24 h and 6th-72 h larval
midgut from transcriptome (log2 Fold)

2.2 A# 24 h FIAR 72 b R A T GPCRs FIEFMER. MUBFRETR log2 NE 72
W 7N & 24 h) . Npffrl-like (XP_021190007.1); TkR86C (XP_021196600.1); RYu-R
(XP_021201003.1): Rrk (XP_021185923.1); GPRI58-like (XP_021190148.1); SPR-like4
(XP_021190551.1); TrissinR-like (XP_021196001.1); OX1R-like] (XP_021190844.1); Mih-like5
(XP_021194305.1); Akhr (XP_021200810.1); PrRPR (XP_021184170.1); F=d7 (XP_021189247.1);
Galr3 (XP_021192151.1); Fzdl0 (XP_021199754.1); Hir (XP_021189580.1); Fshr
(XP_021199987.1); SIFaR (XP_021193313.1); Cirl (XP_021184781.1); moody-likel
(XP_021201565.1);  GPCR4  (XP_021188434.1); Trel (XP_021189408.1); NPFR
(XP_021189907.1); Sstr2 (XP_021194801.1); Smo (XP_021189185.1); Fzd2 (XP_021189976.1);
zd4 (XP_021192380.1); Calcrl (XP_021188050.1); LOC110373470 (XP_021186425.1); DhR
(XP_021182085.1); opsin (XP_021189735.1); Mth-like3-1 (XP_021199338.1).
Figure 2.2 The fold of GPCRs transcripts from the transcriptome of 6th-24 h larvae and 6th-
72 h larvae. The ordinate indicates log2 (6th-72 h/6th-24 h). Npffi-l-like (XP_021190007.1);
TkRS6C (XP_021196600.1); RYa-R (XP_021201003.1); Rrh (XP_021185923.1); GPRI158-like
(XP_021190148.1); SPR-like4 (XP_021190551.1); TrissinR-like (XP_021196001.1) OXIR-
likel (XP_021190844.1); Mih-like5 (XP_021194305.1); Akhr (XP_021200810.1); PrRPR
(XP_021184170.1); Fzd7 (XP_021189247.1); Galr3 (XP_021192151.1); Fzd10 (XP_021199754.1);
Hir (XP_021189580.1); Fshr (XP_021199987.1); SIFaR (XP_021193313.1); Cirl
(XP_021184781.1); moody-likel (XP_021201565.1); GPCR4 (XP_021188434.1); Trel
(XP_021189408.1); NPFR (XP_021189907.1); Sstr2 (XP_021194801.1); Smo (XP_021189185.1);
Fzd2 (XP_021189976.1); Fzd4 (XP_021192380.1); Calerl (XP_021188050.1); LOC110373470
(XP_021186425.1); DhR (XP _021182085.1); opsin  (XP_021189735.1);  Mih-like3-1
(XP_021199338.1).

R S B BT — K, NEIFFE AN 7 B0LE 3], AT dfk Bt
TP RIE. MR HEAF GPCR KEMEEFATEM P ERIAM XL
GPCRs Hi&# 7 11 /> GPCRs, AKX AZERH T ARILR GPCRs (Opsin
Fzd4) MR, id qRT-PCR RACNIEREAREREFMBRMOREIER, DK
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HAEBRMELIEN GPCRs. qRT-PCR R B /R, LEIK. Fm. Bl faf#
VUFhZH 2R, GPCRs-F KR frizzled-7 (Fzd7), A FIERHIBESNIBEZE (4khr)
FEILERBERANZE (PrRPR) HIETZEMERZE (H2.3).
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& 2.3 qRT-PCR BRI 888 55 20E 15 5 @BE Y GPCRs FIR X . 174 R4 R4+ GPCRs
ff) mRNA K. SF: AESECEALHR: SM: REBE NS4t 6th-6 h & 6th-120 h:
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Figure 2.3 gRT-PCR showing the expression profiles of GPCRs probably involved in 20E
signaling pathway. The mRNA levels of GPCRs in H. armigera larval tissues. SF: fifth instar
feeding larvae; 5M: fifth instar molting larvae; 6th-6 h to 6th-120 h: time stages of sixth instar larvae;
P2 d-P8 d: 2 day to 8-day-old pupae; F. feeding; M. larval molting; MM, metamorphic molting: P,
pupae stage. (A-C) The relative mRNA levels of Fzd7, Akhr and PrRPR. f-actin was regarded as
control. All the experiments were performed in triplicate, and the bars indicate mean + SD.
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B 2.4 qRT-PCR #MTERARFERRER GPCRs HIREH. 1 fighdih GPCR M
mRNA 7K. (A-F) Smo, Hir, TrR86C, Fshr, Rya-R F NPFR ] mRNA HXfKF. LA -
actin fE RN, RELRRE=ZXEYMFEENTHELESD.

Figure 2.4 qRT-PCR showing the expression profiles of GPCRs differentially expressed in
tissues, The mRNA levels of GPCRs in H. armigera larval tissues. (A-F) The relative mRNA levels
of Smo, Htr, TrR86C, Fshr, Rya-R and NPFR. f-actin was regarded as control. All the experiments
were performed in triplicate and the bars indicate mean + SD.
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Figure 2.5 qRT-PCR showing the expression profile of GPCRs that are not highly expressed
during molting metamorphosis. The mRNA levels of GPCRs in H. armigera larval tissues. (A-D)
The relative mRNA levels of Galr3, GPCR4., Opsin and Fzd4. B-actin was regarded as control. All
the experiments were performed in triplicate and the bars indicate mean + SD.
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Figure 2.6 Knockdown of PrRPR delayed larval-pupal transition. (A) Phenotypes after
dsPrRPR or dsGFP injection (sixth instar 6 h larvae for the first injection of dsRNA, thrice at a 24
h interval. 1 pg dsRNA/larva). 20E (500 ng/larva). Images were obtained at 120 h after the first
injection of dsRNA. Scale bar = 1 cm. (B) Percentages of the phenotype in A. (C) Statistical analysis
of pupation time from 6th instar 0 h larvae developing to pupae. (D) The morphology of midgut was
observed 60 h after the first injection of dsRNA. (E) HE-stained midgut after PrRPR knockdown
was observed 60 h after the first injection of dsRNA. LM: larval midgut; IM: imaginal midgut. HE
staining showed the morphology of the midgut. The bars represent 100 um. The significant
differences were calculated by Student’s r-test (**p < 0.01). The bars represent mean + SD.
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Figure 2.7 Knockdown of Smo delayed larval-pupal transition. (A) Phenotypes after dsSmo or
dsGFP injection (sixth instar 6 h larvae for the first injection of dsRNA. thrice at a 24 h interval, |
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ug dsRNA/larva), 20E (500 ng/larva). Images were obtained at 120 h after first dsRNA injection.
Scale bar = 1 cm. (B) Percentages of the phenotype in A. (C) Statistical analysis of pupation time
from 6th instar O h larvae developing to pupae. (D) The morphology of midgut was observed 60 h
after the first injection of dsRNA. (E) HE-stained midgut after PrRPR knockdown was observed 60
h after the first injection of dsRNA. The bars represent 100 um. The significant differences were
calculated by Student’s r-test (**p < 0.01). The bars represent mean £ SD.
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Figure 2.8 Knockdown of Akhr delayed larval-pupal transition. (A) Phenotypes after dsAkh: or

dsGFP injection (sixth instar 6 h larvae for the first injection of dsRNA, thrice at a 24 h interval, 1
pg dsRNA/larva), 20E (500 ng/larva). Images were obtained at 120 h after first dsRNA injection. (B)
Percentages of the phenotype in A. (C) Statistical analysis of pupation time from 6th instar 0 h larvae
developing to pupae. (D) The morphology of midgut was observed 60 h after the first injection of
dsRNA. (E) HE-stained midgut after 4kAr knockdown was observed 60 h after the first injection of
dsRNA. The bars represent 100 pm. The significant differences were calculated by Student’s #-test
(**p <0.01). The bars represent mean + SD.
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Figure 2.9 Knockdown of Hir delayed larval-pupal transition and induced abnormal pupae.
(A) Phenotypes after dsHir or dsGFP injection (sixth instar 6 h larvae for the first injection of dsRNA.
thrice at a 24 h interval, | pg dsRNA4/larva), 20E (500 ng/larva). Images were obtained at 120 h after
first dsRNA injection. Scale bar = | cm, (B) Percentages of the phenotype in A. (C) Statistical
analysis of pupation time from 6th instar 0 h larvae developing to pupae. (D) The morphology of
midgut was observed 60 h after the first injection of dsRNA. (E) HE-stained midgut after Hir
knockdown was observed 60 h after the first injection of dsRNA4. The bars represent 100 um. The

significant differences were calculated by Student’s r-test (**p < 0.01). The bars represent mean +
SD.
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Figure 2.10 Knockdown of Fzd7 decreased body weight. (A) Phenotypes after dsFzd7 or dsGFP
injection (sixth instar 6 h larvae for the first injection of dsRNA. thrice at a 24 h interval, 1 ug
dsRNA/larva). 20E (500 ng/larva). Images were obtained at 120 h after first dsRNA injection. Scale
bar = | cm. (B) Percentages of the phenotype in A. (C) Statistical analysis of average weight of a
pupa at day one, by individually weighed. after Fzd7 knockdown by injection with dsFzd7. (D)
Statistical analysis of pupation time from 6th instar O h larvae developing to pupae. The significant
differences were calculated by Student’s z-test (**p < 0.01). The bars represent mean + SD.
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Figure 2.11 Knockdown of TAKR86C induced no changes in phenotype. (A) Phenotypes after
dsTkR86C or dsGFP injection (sixth instar 6 h larvae for the first injection of dsRNA. thrice at a 24
hinterval, 1 pg dsRNA/larva), 20E (500 ng/larva). Images were obtained at 120 h after first dsRNA
injection. Scale bar = | cm. (B) Percentages of the phenotype in A. (C) The morphology of midgut
was observed 60 h after the first injection of dsRNA. (D) Statistical analysis of pupation time from
6th instar 0 h larvae developing to pupae. The significant differences were calculated by Student’s
t-test (**p < 0.01). The bars represent mean + SD.
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B 2.12 qRT-PCR 5-H7RM GPCR ERIBIERT. (A-E) Fif% PrRPR. Smo. Akhr. Hir.
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Figure 2.12 qRT-PCR showing the off-target examination after knocking down GPCRs.
(A-E) The relative mRNA levels of PrRPR, Smo, Akhr, Htr, Fzd7 and TkR86C after knocking down
the 6 GPCRs. The experiments were performed in triplicate and the significant differences were
calculated by Student’s r-test (*p < 0.05; **p < 0.01). The bars represent mean =+ SD.
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53 HR4H dsGFP+20E ML EZMN (B 2.13C-F) . XL E R 20E @idA
Flff) GPCR WE AR HEERIL .
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(RIS dsRNA F 7588 6 h #fidh, BR824 h 59—k, FLEST =K, 1 pg dsRNA/4)
H). 500 ng 20E R 12 h, DMSO {ENERIXHE, LREE T =R, A RRHETEEN
ZRSI (4p<0.05; **p<0.01). REXKRR=REWH¥ EEMFIIELSD.
Figure 2.13 qRT-PCR showing the relative mRNA levels of genes after knocking down GPCRs.
(A-F) The efficacy of GPCRs-PrRPR, Smo, Akhr, Htr, Fzd7 and TkR86C knockdown and transcript
levels of HHR3, Pten and FoxQO in 6th-72 h larval midgut after these GPCRs knockdown (sixth
instar 6 h larvae for the first injection of dsRNA, thrice at a 24 h interval, 1 pug dsRNA/larva). 20E
(500 ng/larva) for 12 h. DMSO was used as the solvent control. All the experiments were performed
in triplicate, and significant differences were calculated by Student’s r-test (**p < 0.01). The bars
indicate mean £ SD.
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AT H—BRIFIX 4, ROTAN T 2 aTH &R %% 20E {5 5 H GPCR,
ErGPCR-1. ErGPCR-2. ErGPCR-3 #1 DopEcR X TA~REE R AR HTIER .
LEREH], {EFM% ErGPCR-1. ErGPCR-2, ErGPCR-3 1 DopEcR J&, HHR3 [
FIEYIT &, T Pren F FoxO 7 ErGPCR-1 W% G KA & T B IMfE ErGPCR-2.
ErGPCR-3 1 DopEcR ril# G RIZEERA T (H2.14A), Xt —SUESE 7 AR
f] GPCR 7L 20E {5 5@ il W AN REKREX 4L, B 2.14B-E Xl
f GPCR I FHLRE.
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2.14 qRT-PCR 2471 ¥i[& ErGPCR-1, ErGPCR-2. ErGPCR-3 M DopEcR JaZ:H FIAE%Y
mRNA 7KF. (A) #&&kP& ErGPCR-1. ErGPCR-2. ErGPCR-3 ¥l DopEcR JGTE7SHEE 72 h 41
thiff ot HHR3. Pten 1 FoxO ) mRNA Rik/KF CGE—IRIES dsRNA T756¢ 6 h 4hdid,
R 24 h VS -k, SEIEE SR, 1 pg dSRNA/SHH) . 500 ng 20E Fll# 12 h. DMSO {E4
WEHIM IR, P-actin TEREEFTER, B ANOVA BITEIEMT, FENTEARESEER
(p<0.05). REZRX=ZKEMFEENFIEL SD. (B-E) ErGPCR-1. ErGPCR-2.
ErGPCR-3 Rl DopEcR WITHMERN. LREH T =X, F r RRFTEEMLEZR DN
(*p <0.05; **p<0.01). REKRK=ZREWZERHTFIHE=SD.

Figure 2.14 qRT-PCR showing the relative mRNA levels of genes after knocking down

ErGPCR-1, ErtGPCR-2, ErGPCR-3 and DopEcR. (A) The mRNA expression levels of HHR3,
Pten and FoxO in 6th-72 h larval midgut after ErGPCR-1. ErGPCR-2, ErGPCR-3 and DopEcR
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knockdown (sixth instar 6 h larvae for the first injection of dsRNA, thrice at a 24 h interval, 1 ug
dsRNA/larva). 20E (500 ng/larva) for 12 h. DMSO was used as the solvent control. f-actin was
regarded as control. Statistical analysis was conducted using ANOVA. different letters represented
significant differences (p < 0.05). The bars indicate the mean = SD of three times repetition. (B-E)
The efficacy of ErGPCR-1, ErGPCR-2, ErGPCR-3 and DopEcR knockdown. The experiments
were performed in triplicate and significant differences were calculated by Student’s #-test (*p <
0.05; **p < 0.01). The bars indicate mean + SD.

NTHRH PrRPR. Smo. Akhr. Hir %} Pten Fl FoxO B RMEREFE )G R
RH MU B B R R A R R, AT DA I T R BEIX 2% GPCRs J5 Xt
ERAEKAKEEEEEMKE Brz7. Kr-hl. cMyc F1 War Wi, KRB, &%
PrRPR F1 Smo il T BrZ7 WIRIEKF, wiF&E Akhr M1 Hrr £I8 T Kr-hl BIZRIE
KT, FibE Fzd7 THT cMye R Wt HRIEKTE (B 2.15). ZHERE
GPCR E 20E E 5@ T ET AT ARIZRMREEWERULERIEKLE.
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& 2.15 qRT-PCR 537 GPCRs G HALZEFE K] mRNA KF. (A-D) &[& PrRPR. Smo.
Akhr. Hitr. Fzd7 F ThRS6C JG» $hBFEGF Brz7. Kr-hl. cMyc Fl Wnt FIEFKT (F—
RIEET dsRNA F7585 6 h #hsih, 868 24 hiES—IK, HESH =R, 1 pg dsRNA/SIERD.
500 ng 20E ## 12h, DMSO {E RBAIXER. SLREH T =R, A RRHETEENHERS
BT (*p <0.05; **p <0.01). REXRR =IREYZEEEHFH{HEL SD.
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Figure 2.15 gqRT-PCR showing the relative mRNA levels of other genes after knocking down
GPCRs. (A-D) The transcript levels of BrZ7. Kr-hl. cMyc and Wt in larval midgut after GPCRs-
PrRPR, Smo, Akhr, Htr, Fzd7 and TkR86C knockdown (sixth instar 6 h larvae for the first injection
of dsRNA. thrice at a 24 h interval. 1 pg dsRNA/larva). 20E (500 ng/larva) for 12 h. DMSO was
used as the solvent control. All the experiments were performed in triplicate, and significant
differences were calculated by Student’s t-test (**p < 0.01). The bars indicate mean + SD.
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NTHE S5 20E (5% 1% 5 Pten F1 FoxO FIAHK) PRRPR 1 SMO £
%M 20E 524k, 1 5H SYBYL X2.0 34F (Certara, Princeton, New Jersey, USA)
9 Surflex-Dock (SFXC) FEF il 20E 4+ 55 PRRPR 1 SMO 4 & ¥
nrREtE (B 2.16A A1 B). 20E ] LL 5 PRRPR ) Ala-61. Gly-64 il Pro-316
LK SMO 1 Gln-314 1 Glu-219 JE1E 5 (1 2.16C F1 D) . PRRPR 1 SMO
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%, PRRPR L SMO B HESMR 20E 45 &5

B &
li&:
b‘:fr 35 Lv"\
g
oo
"PEC«:
$6) 02
Q 20E
SMO
rrry
. \ l:fP*
Qtf '4')
N,
g ﬁa"méoz’
NS
" SMO v,
&R J
» é"
€ a L5 &

2.16 PRRPR I SMO-BEA G & E WA, SYBYL X2.0 % {4+ i) Surflex-Dock (SFXC)
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Figure 2.16 Modeling of the ligand-binding complex of PRRPR and SMO. Prediction of the
Surflex-Dock (SFXC) program from the SYBYL X2.0 software. (A-B) Whole structures of PRRPR
and docked 20E, Smo and docked 20E, respectively. (C-D) A closer view of the docking model
pockets of PRRPR-20E and SMO-20Ecomplex. The amino acid residues with which 20E can form
hydrogen bonds were shown in the figures.

N THIE PRRPR 1 SMO 5 20E #9454, 7€ HaEpi AT ERET
PRRPR-GFP A SMO-GFP, GFP {E /i RiIAMIREX . 1FRiL#) PRRPR-GFP
A1 SMO-GFP )% 7 T MR | (B 2.17A). 3@ 20E-EIA #{TE& 28 R
L3¢ %3k GFP HIgufa i tk, it %i& PRRPR-GFP )40 i 4l A i 45 4 58 % K 20E,
Mg #ik SMO-GFP AR SE & 1) 20E 51K 1E GFP RABMIAE L H R E
RERM (B 2.17B), X4 R0 PRRPR WL E4HMIE HA 20E, &t
20E-EIA ¥ e iz, #—PitEidRE PRRPR-GFP 404l 5
20E Z£EHIEEHEE (Kd. iF#iX PRRPR-GFP HMMMAMALS 20E #) Bmax
A 2.096+0.1037nmol/mg, Kd A 12.76+2.192 nM. HILbZ T, i$FIE GFP 4
FERIZRBAE S 20E A9 Bmax ¥ 1.195+0.1007 nmol/mg, Kd & 30.2+6.452 nM

(B 2.17C), XLEHHEH—SIER T PRRPR 7] LA45 4 20E.
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B 2.17 RAMR RN RIE GPCR MARBEBLAH 20E. (A) 1L L&ILK GFP I PRRPR.
SMO (I WAl . d5(n: DAPLARICIANMIN . 2000 LREHEN 8 WGA Riid At .
Zffh: GFP FIR[Hf) GPCR @& GFP Mgt taagy. HHIR=20 um. (B) T %Kik GFP I
PRRPR-GFP LA & SMO-GFP ) HaEpi M AY 50 ug B L AT4S &1 20E . (C) &k
GFP 1 PRRPR-GFP LA &% SMO-GFP ] HaEpi #HMul5 15 20E &/ S Mei G Migk. 24X
REZRAEMFEERKSD, M RR#ITEERERDT (*p<0.05; **p<0.01).

Figure 2.17 Detection of 20E that was bound by the cell membrane proteins from HaEpi cells
that was overexpressing GPCRs. (A) Cell membrane localization of overexpressed GFP and
PRRPR, SMO. Blue: nucleus stained with DAPI. Red: the cell membrane was marked by wheat
germ agglutinin (WGA). Green: green fluorescence from GFP and various GPCRs fused with GFP.
Scale bar = 20 pum. (B) Quantity of 20E bound by 50 jig membrane proteins from HaEpi cells that
was overexpressing GFP, PRRPR-GFP, SMO-GFP. (C) Saturation binding curves of HaEpi cells
membrane that was overexpressing GFP, PRRPR-GFP, SMO-GFP to 20E. Error bars represent the
SD of three replicates. Asterisks indicate significant differences according to Student’s t-tests (*p <
0.05; **p < 0.01).
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4. #ig

C%0 GPCR A& Z M55, AT £ GPCRs £Hi[E—15 5 ML M AIE
B, AHASHRRERATHETE GPCRs #HT T XM, BEHER &
GPCRs MREHEA KRS Y 20E FARERRAN A RETEE B
M, FRATKIA 20E 7T L L% 4 GPCRs F£ix, AR GPCR EHHAREMEE
B RIMH A RRRIEE, HE 20E GEESFNBIAIRANERRE, BLR
ERSHIRE . XEHITEERT £ GPCRs 2 5F—E S HHLH
4.1 HHREFA GPCR HEEMYA

R ERAD L ERAE 122 BB ERRILE I GPCR. XL H#
) GPCR T AN KIE: A %K. B, CEMF %, X5FEIB GPCR HHHK—
# (Hanlon and Andrew, 2015). K ERNESEFAAFFROXES L, H
LI 7 AR MR A S, X2 707 4 06 R B FHRATH 528 M I
FlEAEMERGERKEN TN, EXEEERHAYET motif BHTHIS LKHAF
J&, 40 mth ¥ GPCR.

ERBRREFRHASE 194 mth # GPCR, SEEEMRK 16 > mth & GPCR
REEBAE (Patel et al, 2012), BEFEHE 7 4, KEPNE 2 A mth £
GPCR (Fan et al., 2010), fEABFFTH, 15 4 mth # GPCR ERARBEW P RE
f£ B 2§, SRWA 2 D mth ¥ GPCR, WRIEEFIIRERE 47, BIRB A KR
CELF £, BT Mth2-like3 (ZEFEFF]5: LOC110383697) FMth2-like8 (F
KF5)5: LOCI10374712) HIFESIE HARFH ZRIRK, FrLliX®mA GPCR 7E
BB AE Y K. Secretin KK B RZAREK, HWALKEEEZHE,
HABMERAF K N R mR, BT RBIBKKA K, 08k E 2k
(Cardoso et al., 2005; Cardoso et al., 2010). Mth I FK#&JE T Secretin SZEF KA —
K, XRZEEF - MEENRHEREE 10 MEREBERE, BX S M mg
(West et al., 2001).

42 AFEK GPCR EAFMAR P44 20E FENEERE

ErGPCR-1 (Cai et al., 2014a). ErGPCR-2 (Wang et al., 2015). ErGPCR-3
(Kang et al., 2021)F1 DopEcR (Kang et al., 2019)33#¢1%3% 20E 155, #HZMHLS
PRIEHEZSH LIARE. BT A KT DopEcR. ErGPCR-1. ErGPCR-2
1 ErGPCR-3 33/ T B 2X ) mth # GPCR. Mth # GPCR RNZAE T H Y
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d, BENKEYHENFE (Araujo et al.. 2013; de Mendoza et al., 2016; Patel et
al.,2012). Mth fERFFFRQH. B ER. TR, TR, SRt ak
P RAEVER (Friedrich and Jones, 2016). 7EE R, %1 mth FEEYHE)
W5 (Mertens etal., 2007), 1AMIE T (Reagan, 1994) LA K B I8 2 B F1 % iy H &2
F (Linetal., 1998). Mth # GPCR HIEC/AR ARSI, BHILIXLE GPCRs t#FR
NFWEZE (Cvejic et al., 2004; Ja et al.. 2009).

X% GPCRs #Jf£i% 20E {55, HHEFEFM FHEMMNAR, ErGPCR-1 #T
Ca**-PKCi£%. ErGPCR-2 %5 GPCR-cAMP-PKA #1 GPCR-Ca?*-PKC i&#%, 1H
N 20E §9E N, FHi8id 20E ESFHANFHF. ErGPCR-3 # & PKA f1 PKC & 4% .
F54% B89 DopEcR £ 20E %% T Al Hi#% S5 Gas 1 Goq tHEIE A LIS cAMP Al
Ca®/K¥ (Zhao,2020). {HE cAMP Fl Ca® /KT HI2{k )& T 7 BA4H M B & IR R
XA T AR5 45 58 GPCR i 5 R, WHRETIERiFHLIX 7 GPCR %1415 511
5. EAFES, BIHESHEAT A KUK CHF X416 GPCRs, &
5 20E 5% 5., Xt GPCRs fEA LR REHI &R BB A B A RINEREIE,
$4h, X GPCRs BIEARMER KL, B 6 > GPCRs 257 20E %%
i1 HHR3 (%35, B4 PrRPR il Smo £ 1 20E B4 Pren 1 FoxO B
k. 4k, ErGPCR-1 557 20E N2/ Pren M FoxO H)%ik, {H ErGPCR-
2. ErGPCR-3 #1 DopEcR ARif{% Pren il FoxO ik, XERMEKERT 24
GPCRs Ll A R# K LA S 5HFE K 20E & 58 SHHE, 4F GPCR
S P A (71 3 (R] 6326 388 1k 4 D P 8% S TR R 1 R 8 R TN, BEifg iR A R R
M, XfEX 21X 4% GPCRs fEERIANHER

3% 6 I GPCRs TEH:F 4 th 4 5 ¥ &7 % 59 PrRPR. Smo. Akhr. Htr. Fzd7 F0
TkR86C . £V 31+, PrRPR 2 AKH M ALK fL £ Z & (Dodd and
Luckman, 2013), Smo £ 5 Hedgehog (Hh) {55 {2 MM L. HMEMF
& (Wu et al, 2017). Fzd7 S S5WIANYEIERENYT B Wnt BIZ4E
(Schulte, 2010). 7EEHH, Akhr & HRENEE (AKH) {2k Bg ik A 9 BE T 70
iR, WEESBEMEEREN 4 (Baumbach et al., 2014; Bednarova et al., 2013; Van
der Horst et al., 2001). Htr (5 BEfEZ k) ERBMWE RGN ERE T E R
{ER (Blenau and Thamm, 2011). TkR86C 2 B RBHIMAEEAK K 215, ES
BHEREHML2BTHEER, 25E80BRMMEZ3RAE (Vanden
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Broeck et al., 1999). {H&ZiX% GPCRs £ R M HIEThREMATE . RATHIBF
FURIL, PrRPR W] LAfEN 20E #5244k 456 20E #55 20E 5 5%, Smo ]
LI#£i% 20E 5, EA45 20E 44 . Akhr fl Hr 25 20E # 3 HR 4 B L 1H
HIid#2, 18 Fzd7 M TkR86C H AS 5 H e, XK RIEHN G SMERE ML
F. 20E MHMRAEFNESEHESCHWHEEERFTELE—SRA.
4.3 ERRTES 20E &4 GPCR #H LiE# 20K 55

ERMZ BT 7 KB, ErGPCR-1. ErGPCR-2. ErGPCR-3 1 DopEcR 3
ERREY BB 1515 20E /55 . ErGPCR-2. ErGPCR-3 F1 DopEcR fE45& 20E,
{8 ErGPCR-1 AfE4E & 20E (Kang et al., 2019). 7ER48 (Srivastava et al., 2005)F1
WEF.30% (Maggiolini and Picard, 2010)7F, XA GPCR 44 i B 40 Mo i AT LA &5
GREREEE, FIAHZAE, BITKI PrRPR fE454 20E, H 5 20E & &K Kd
fH4 12.76+2.192 nM, Bmax & 2.096+0.1037 nmol/mg EH. RE Smo £
20E 5555 20E F ML, 2 Smo NG5 20E 454 . X EE R —
SUEB T GPCR &5 20E #5697 {514 20E 55, XfgR T GPCR 5K
2 MFERBEEIA NS S (Nygaard et al., 2013; Strasser et al., 2017).  FTLA,
GPCR W¥eskeE R EMIER, 20E @it PKCS f#f EcRBI ) Thrd68 4 f BEML
W, MR EcCRBI/USP1 ¥5% B &6 455 EcRE RIEEFEHF (Chen et al,
2017). GPCR 5HEMKLGEFS, TS G EAMEERMMNTIEMEA cAMP
1 Ca®*KF, F4rHEIE PKA fl PKC &% (Marinissen and Gutkind, 2001).
GPCR-cAMP-PKA H1 GPCR-Ca**-PKC & RZ7EN)KEEH R IERA AR EH
SEESPTREEEEM (Marino etal., 2006), 7EFI f1d1 ErGPCR-1 5% Ca?*-
PKC {55272 (Liu et al., 2014b), ErGPCR-2 %5 GPCR-cAMP-PKA #1 GPCR-
Ca”-PKC {55842 (Jingetal.,2016). 20E iEit ErGPCR-3 775 EcRBI-USPI
HREAMERMAXKPEH USPl. CDKI10. PKACI f1 CREB HIBiEE{k (Kang
etal.,2021). 1EiL DopEcR 11 cAMP 1 Ca®*7K*F (Kangetal.,2019). 20E #&id
EcR/USP1 #3xH 5155 EcRE 44 L1 20E &2 £ F L & GPCR M&EiE (Kang
etal.,2021), REFERMBEFIFENHIERE—PHRA,
5. &

BMERRRERAPEET 122 M2 GPCR, HFLEEF 64 GPCRs
FEARBHR LR M, HHEARF USRI RIET REE 20E 5. X 6
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A GPCRs X B[R FIA M AE, BN HHR3 &L Bk H%4
20E, PrRPR I Smo I35 Pren Al FoxO {3k, #MMT Brz7 #ik; bk
20E @12 Y Hir M1 Akhr Y38 Kr-h] RiK; 20E 8 Fzd7 LR Wi 1 cMyve B
Rk, XL GPCRs @ % A 7] B R A 3 w2 (i sl O 72 . PRRPR 7]
LAZE & 20E FE1EA—F#TH 20E ZUEREER (B 2.18),
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Figure 2.18 20E regulates the expression of different genes through different GPCRs to
regulate pupation. 20E regulates the expression of HHR3 through PRRPR. SMO, AKHR. HTR,

FZD7 and TKR86C. PRRPR that can bind 20E and SMO that does not bind 20E both regulate the
expression of Pren and Fox(Q, thereby regulating the expression of BrZ7. 20E regulates the
expression of Kr-h! through AKHR and HTR, and regulates the expression of Wnt and cMyc
through FZD7. These GPCRs regulate pupation or growth by regulating the expression of different
genes.
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S=F20E BUEHMSEZAEBRAETBESREESER
1 5§

BEEE (insulin), RS EFAEKET (IGFs) FEREFEIK (ILPs) #Eit
ik 5 & /IGF {5 542 {2 i# 4 K (Nassel and Vanden Broeck, 2016). AT, K@
BEEAHBRETRSREEKEREEG, £RES, KEREE 20E HHE
BREGSEARHEK (Hyun, 2013), BEEREKM 20E REREKNEER
FI7 (Nijhout et al., 2014), FREBFEFEARRE EKERT 20E REEKFFLERH
(Lin and Smagghe, 2019). R, P UTELESRMKERBBRE L FMGHEE
ERRIAT EKMLIEERAEE.

BeAh, BB EDE (1 BBERR) BURR RIS B MR (2
BWEIRIE) SBOEKR (Elenaet al.. 2018; Kahn et al.. 2014), RS RAEFEEN
IMFEKF, T 2 B R W SRR S R ThEE, TR KT R E SR
7 (Hwang and Weiss, 2014), ¥ BUME /] =4 R S R R B R & 0
(Schultz et al., 2018), SATXEHHIERE TLBBIERE. 20E X MR &
HAFEZ LHAER,

REBERME (INSR) BR—MZAMERME, Ed46H RS BER)
WEHERE. BhRNEORAEUMEREK, ERSERRTRIEEEEH
(Gabbouj et al., 2019). INSR {EABEFEEH, H_oMEERMHA o TEMFH
AN B IEAEAR (Tatulian, 2015), 2 nsr R RILHERER, FEOBE furin 5 H
YIBIN o F1 B WHE, 43504y 4% 4 INSRa Fl INSRP (Bass et al., 2000). INSRa fi7-F
MRS AR R E LS00, INSRE S5 — N X MIAE7E 5 40 B 9 O TR
RARBEE Lt (Ebinaetal., 1985). INSR 5SS ERLEAF RN A IHWRUEH
KA H R AL, HWBUE PI3K Bk, BERRILAY PI3K ¥ PIP2 BERR{LN PIP3.
PIP3 % AKT L, {# PDKI RAEBEERIL, AKT BEERIL AS160 BH, {4
EIERIZEE 4 (GLUT4) BS54, (R34 iRyk% 4 %% (Gabboyj et al., 2019).
AKT B REEIR S E IR M Sl F F FoxO BBk, {# FoxO N FHMBR +,
AT RELBT FL R A% P R FE M (Verdu et al., 1999). LiRFE S £FESHEE
ATLAUBIE R AR A, —Fh T EBERRES PTEN Ri¥% (Goberdhan et al.,
1999). 7EMIE REIEFZH B A BT RES, INSR N BHBESEESER
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L HTFHHES 0 TSR L& E& R FH (Das and Arur, 2017).

FE By ERER(R A AT AR B0 KA 20E H722E, 20E NAEEHEDUR S EgE,
(R B RS (Mirthetal..2005), 7EREEF, 20E BFIFEFREF FoxO EN,
EHUE I ERT?E (Colombani et al., 2005). TEMA S, 20E L Pren &L
MEl AKT BiEg{k, BHM FoxO AREME AKT BERRIL IS NAPEZL T 20E &%
THEE MR (Caietal, 2016). thoh, TEMB RS, FKRED 20E 1M Pdkl
(12635 3] AKT 1 FoxO HIBERRML, 2B FoxO #ZELL, ¥53 MR 052
RUITE (Pan et al., 2018). XEEHFFREA, 20E 7 LAEHRB Rig®E, MM 20E
B 73 0] INSR ROR A FIBE R LR M IR SIS DR B @R M ANE . it —
HIEANT BAERBERRBESREZONS, RINUSHE B B RRE R
TR, URBERBERORBEFIENE, &R&I, INSR 7£RHRLH4:
K RIEREER. 4R A B 20E 74, EHAFIEFE R, 20E
%S INSR £ (L, MBS ERE. KEBFEE 20E #HPURS ER12E4 S
ElAKFR RN CEE .
2 KBRS
2.1 LW
2.1.1 SLREY

DS H R AR N R, [RSE L
2.1.2 L4

[
2.1.3 LR

7 INSRP BIZHE %I (Cat. WL02857) A3 P-AKTI (Serd73) HI%iA
(Cat. WLP001) (JiEAMAF, W, HED: HIBEERILE INSRB (p-INSRB)
(Tyr1150/1151) #8 B %BT (Cat. 3024) (Cell Signaling Technology, #F 3t 3i,
E£E):; FiACTB HRETEHIIA (Cat. AC026). i GFP IR B LMEHE (Cat,
AEO012) F4i His Fr%H0 R 27 Hi4k (Cat. AE003) (ABclonal, i, HE);
High-sig ECL Western Blotting Substrate ( KEERIE AR AR, tifg, PED: RE
JRABEUE (ChIP) RFUA (P2078) FIRIPA HAW (BZE K, dbx, $EH);
HERERNRAE (BEBEY, bE, FE): NFERER FTRT, kg, F
E), HEE_E,
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2.1.4 LR A8

HARKE GEEMBAAE); WERIEKEB RGS5200 CRERFAMRAR,
t#, #E), Bioruptor Pico HAE X (Diagenode, 5| H, LRI ) HAithH
B,

2.2 LWHE
2.2.1 BERBEEE (Western blot)

Manf el s h R R E, H 50 pg BT 7.5%8 12.5%+ k56
FREN-R R G B EE R Bik (SDS-PAGE). BiT#BICE EARERS 022 pm
MR RE L. =BT, AHAZHHR (5% TBST BEHIKIBETH) %
FEE ARG, A3 GUEFHEIE] 1:1000, B anti-p-INSRB i 5% 4
A& R BSA #REsh, HRIUEIH 5% TBST BECHIRIBARTIRFRE), 4°C
WEHLR. TBST WAL=, K 10 min, MAEHS/DNR 1IgG-BAETE L
MIESRIEEA P (ZHIMBELLA] 1:7000), =FRWHE —/Iit. TBST FHEMIX,
P TBS BEfR-—X, &R 10 min. 4 BEEEERNBR T LB IL 2R
J&4) High-sig ECL Western Blotting Substrate ', F{b2RIEHIE RS 5200 #&,
BROG)E, BRI EA Image) A E @ GraphPad Prism7 #1715
B HIE .

2.2.2 RNA 5

IS8 3 4
2.2.3 R¥EFRER cDNA

A58 & J5i%

2.2.4 S ER PCR (qRT-PCR)

A 5% = # 5k
2.2.5) BMREE (WPPase) 0E

VK EHEREUNES 48 h FINES 120 h 41K EES (RBEATESF
INBEEREE A HI ] LA G B2 00 APPase HU3EHE ). ARG, EX40uL MAFEM (2.5mg/mL)
AN 0.5 pL APPase, SuL MnClL#05 pL 287, 7€ 30°C/K % E 30 min. {#
F 7.5%H) SDS/PAGE #ER#ATE AR G ZENE 4T, MBEEAR > TFREIEL.
2.2.6 INSRB EHK K&

K4 HH R E T8 500 pL Tris-HCL 3 (40 mM, pH 7.5) 15 pL HH
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RgI) 75 (PMSF, 174 mg/mL) PBAEBTIK L%, BEWT 12, 000 x g
4°CELr 15 min, W HIEFHHE OEPIFNERE, H300 pg HEE AW,
B0 2 pL INSRP HIFiA K 50 L protein A FRASHETRAE 4°CHBEEH. BLE,
50 uL PBS B3R UTiE, FIARRWKRE K INSRB 2 (347 8 (5 S ENIE Rl
227 BARAREEES

EIE a7 s
2.2.8 X4k RNA (dsRNA) HI&R

EE N 7~
2.2.9 Hifk RNA FiR

RE=EHE
2.2.10 SRERFHE

[ 58 T F Ak
2.2.11 GHRATRE

G = a7 =
2.2.12 SILYTEE (Co-IP)

BRI E AR plEx-4-PTEN-GFP-His B{ plEx-4-PTP1B-GFP-His $4 4%
HaEpi 43 &4, 48 h 5 2 uM 20E #:# | h, DMSO {EXRR. A 5 pg B
FAFE 1 h, BEEMEHSEQRMEIFN RIPA RERRIAHNEAR, KR
f#30 min, T 12, 000x g4°CE {30 min. BULE b M AR % EE R,
P& BRI protein A BEfEFERR =K, AR 3 min. HFELIR LS protein A
BHEREER N A FIBWH P E 1 h BRAERE R4S, 3, 000 x g 4°C# L 3 min
IETLE, AEBZMRIER=IK, MAEE RIPA %% & SDS-PAGE L# 42
MIRALERGTIE, EB 10 min, BOJE, HATEEREEEERN, FH GFP K
BR v B2 FRPTAIHL INSRP M 2 F 2 bl B &

2.2.13 HREEAHIiLE

[ 38 — & ik
2.2.14 BB FRBETIIE (ChIP)

R 7SN FLAR A B9 40 B 22 95 75 24 S 80% T 5% L plEx-4-FoxO-GFP-His i ¥, 48
h/E M A20EAL 32 M6 h, DMSOfEXTER. R BB AZETIIE (ChIP) Hif &
TR, EAMI%NREZHYM, BT37°CHEFAMETEGCHEFLI0 min, A
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0.125 MR HEER, % F 10 min, ZIEZXEE, APBSHFRAMM XS, MASDS
ZURLE I (1% SDS, 10 mM EDTA, 50 mM Tris-HCI, pH 8.1) E &40, H
Bioruptor Picoi# 75 I B R {X 4§ DNA BT 1] 52001000 bpfI Fr B, 4°CE (215 min,
7 EIBER T IIANS0 L BeikIF Hprotein ABRPEHERK, 4°CHEE | hLlE % Kprotein
ARIERFELS S, BOEE EFERE T4CIEART-PCRY fInputhf &, H
fib L3 SPLGFPHI B i & BT (IgGRITENFAMEXTHED fE4cCRE LR 0
50 pL $EEIF protein A BEFERR4°CIEE2 h. RS TEREMM (
0.1% SDS, 1.0% Triton X-100, 2 mM EDTA, 200 mM Tris-HCl, pH 8.0, 150
mM NaCl) $Ei—IR, BEH&EHEIREMBE (0.1%SDS, 1.0% Triton X-100,
2 mM EDTA, 20 mM Tris-HCI, pH 8.0, 500 mM NaCl) ¥E#&—iR, LiClERR%E
M (10 mM Tris-HCl, pH 8.1, 0.25MLIiCl, 1 mM EDTA, 1%NP-40, 1% fE
FREh) Pels—ik, FHTEZEM (10 mM Tris-HCI, pH 8.1, 1 mM EDTA) ¥&i%k
BIR, BB ErE® (1% SDS, 0.1 M NaHCO;) ¥ifi, DNA-EARE &
MFE6SC/KIBHIBE TR, JFH#EITRNase A AIEABKACE, FHRR/S 54
{tDNA, BEfE#E4TqRT-PCRAGH .
2.2.15 20E 5 ER

ERJE—RIES dsRNA 66 h J5, BED=HRUREMME, mEREST
A 107 pM B9 N-ZREERR IR B5 1E k2 4L, 3, 000 rpm 4°CES .0 5 min. HIA
80%H FREZHREL 20, T 4°CH AP EREM C 4 F 4, H 100 uL EIA A
fRyiE, WEAFERA EIA SRR, MHEL 50 pL Bt TRl 20E &
BERIRE BT AR c=0/M (¢ /R 20E RUBE/RIKE: o R 100 pL MmE+
20E HIRE: M %R 20E fEE/RFE, 480.63 g/mol) &, '
2.2.16 MR & B W

SHAFE R B Bg R WEER=R U, SR EREL30 uL i)
MARE, EEAEEG A 105 pM 89 NREFRARDS b Ak 240, 3, 000 rpm
4°CH0 5 min, B 10 pL B, FIABEESFERNANE, $eAETERT S
BAJE, BT 37°CKE 15min, BEJE, Bt eEELE 505 nm A4 it
SR,
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Table 2.1 Primers used in this study

Primer names

Sequence (5'-3")

Overexpression
PTEN-oex-F
PTEN-oex-R
FoxO-oex-F
FoxO-oex-R
PTP1B-oex-F
PTP1B-oex-R
INSR-oex-F
INSR-oex-R
RNAi
GFP-RNAI-F
GFP-RNAI-R
RFP-RNAI-F
RFP-RNAIi-R
Insr-RNAI-F
Insr-RNAI-R
Pten-RNAI-F
Pien-RNAI-R
FoxO-RNAIi-F
FoxO-RNAi-R
Ptpnl-RNAI-F
Ptpn1-RNAi1-R
Mitmr6-RNAI-F
Mtmr6-RNAI-R
Ptprn2-RNAi-F
Ptprn2-RNAi-R
E20MO-RNAI-F
E20MO-RNAIi-R
qRT-PCR
Insr-F

Insr-R

Pi3k-F

Pi3k-R

Akt-F

Akt-R
B10-like-F
B10-like-R
B2-like-F
B2-like-R
C1-like-F
Cl-like-R

tactcacaattggatgggtatttgcgtgage
tactcaggcgegcecgatactectgtggegtggtg
tactcatactcagagctcatgtctatacggggcage
tactcatactcaagatctggtggacccaggagggggc
tactcagagctcatgagtcaaaacaacgtc
tactcacaattgggcctaatttcctcagtctc
tactcaggatccctcggtcgacgacagectg

tactcaggcgcgecgageagecggeggceggaggg

gcgtaatacgactcactataggtggtccceaattctegtggaac
gcegtaatacgactcactataggcttgaagttgaccttgatgee
gcgtaatacgactcactataggcettcgectgggacatect
gegtaatacgactcactataggggtgtagtcctegttgtggg
gegtaatacgactcactataggcetttcaacaccttccgeacta
gcgtaatacgactcactataggeacccaggactaagaacattatcat
gegtaatacgactcactataggeggetgactccagaaatg
gcgtaatacgactcactataggtatcatccaaggcaggta
gecgtaatacgactcactataggcaagacaacagactcacg
gcgtaatacgactcactataggttgtccgaagtecgtttg
gcgtaatacgactcactataggtggcaacctgaatctgte
gcgtaatacgactcactataggttctttcttatcgtcctee
gegtaatacgactcactataggagcegttctceegtcttcac
gegtaatacgactcactataggtgttcttatccgecttcttac
gcgtaatacgactcactataggcctgaaccaagggtctacatt
gecgtaatacgactcactataggcggctcectatcaccaacactaac
gegtaatacgactcactataggaccatcttcgtcgecacct
gcegtaatacgactcactatagggcagcecttcttgtcectca

tettggtacaccgtgaacate
actacgaagccgttgggottctgag
tggaggagttcacgatga
cccttetgtcccttatig
gcaacaaacagcgacagge
ccgtcaatcgggictaca

ggttctcgetategtgg
ggtttgtagcagcactcg
tgattctcattgtcgetgte
gettgecacgeatace
gctgetggtagtagtgtcg
aggcagcactcgtcca
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Peptide A-F gttatggctccgactatg
Peptide A-R aggtttgaggcagcac
Gl-like 1-F cgccaagttcgctatt

Gl-like I-R cagacggtaaatcactaatc
Gl-like 2-F gtaggaggcgactggtt
GI-like 2-R cagcagtttcgcatcg
Al-homolog-F tgtgecctgatgacggag
Al-homolog-R tgacgacgaacctcttge
Gl-like 3-F acaaggcagttcagttcg
GI-like 3-R gtcagcaataccgtttec
Pten-F tettceacttetggttca
Pten-R gtgtttatgctgcttatee
pS-actin-F cctggtattgctgaccgtatge
B-actin-R ctgttggaaggtggagagggaa
FoxO-F tcattacccaagccagceac
FoxO-R tccatccageccgaagagt
Pipnl-F tcaacatccaggagacgctt
Pwpnl-R atgacggcttggtagcagaa
Mtmr6-F cagagaatgaatgtgcctaacg
Mimr6-R ctegettgggtatgtgtcg
Ptprn2-F acaacccaccectaacacca
Ptprn2-R cttctgggcaaggattegtt
E20MO-F ggaggtgcttctgtggtgt
E20MO-R cgtatctgtcgggtctget
CHIP

FoxOBE-Ptpni-F cgaacggagcgacatatctaa
FoxOBE-Ptpni-R tccaccaatgggaggtttact
FoxOBE-Insr-F ctaaaccaacgaggcattcaagt
FoxOBE-Insr-R gtattaccgatagcaaatccaag

2.2.17 itk |
i Imagel 314 Chttp://imagej.nih.gov/ij/download.html) 4347 & £ 5% ENZF
MR, BREKE =AM MEY R EL LR, Mgt FikEE S8R .
3 LRER
3.1 INSRP F AHIREKF BB K PRSI T &
MRBERLA—NBRERS R WRRIENBAORE, NTHERINSR K
hee, RINMHAATHAERBELERXENMBMRENBERUAKFHTN. 5T
INSRP % 7 BEHUAEMITBEER LAY INSRB (p-INSRB) (Tyrl1150/1151) HIHTERE
PUARFEE R AR, LS INSRE & HK T RBEBR LKk,
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IX PR S FE R A RS B B — g %7, /£ HaEpi 4R & id &k INSRB,
FI#1 INSRB H9FL4AR A4 1R 51 HaEpi 4002 &9 A9 INSRB-His, 3K =1
FA AR NTETER INSRB (B 3.1A). {FAHT INSRB BIFTIFFE I INSRB 7E d1 {4
AFKERBEMANFEHLRTORIEER, KU INSRB EAUEH] (6th-6 h & 6th-
48 h) RIZERE, ME 6th-72 h ERRMWREERIK (E3.1B 1 C). XL
YELRH, INSRP 7E B4R RIL BFEK.

A
His + —
INSRB-His — + kDa kDa
kDa 180. 180-
180- s 130- §
130- ....msrzg-ms 130
95- “INSR 95- -INSRB 95. ~  -p-INSRB
72- 72
55- 72- ,
43- o5
55-
34 43-
26- 43-
34-
34-
17- 26-
55- 26-
473 w— e ACTB
Overexpressed INSRB in HaEpi cells INSRB in the epidermis (6th-24 h larvae)
B C
Epidermis kDa kDa
== 4 95 _ 95 -+ Epidermis
INSRB 72 72 P
-55 -55 34 —* Midgut
ACTB — — — — — — -~ 43 43 + Fat body
Midgut i
INSRB— — — o s 9
-55 55 @
ACTB --43 i i
Fat body ey
INSRp - 2 b+
s - | S —— . ke -
0 A >V Q >
SREW P LS. %V % B SARAT TR
S 6"\ ® O
@ =
= e FM F P
FM F MM P MM

B 3.1 BARSRETITRAY INSRP RIEKFREM. (A) ST RILHRA I T
1 5. {F HaEpi 402 &P id &1k INSRp-His M1 His /F ki 48 ho 7EHifAPHUNES 24 h 4hh
RBKGMGUAEE . 22 54T INSRB B JI INSRB #H p-INSRB KIS p-INSRB
(H 5%BSA [:1000 AT 4 HRP #RICHILL FHRAIAIE, 12.5%F7 SDS-PAGE
B, (B) INSRB TEHRHRIEKTF. SF: HESSIH: 5SM: R4S 6th-6 h
% 6th-120 h: ANEADHEHE: PO-P8: 0 KE 8 KKHIMH: F: BEH: M: &M,
MM: 83 P Wi P ACTB RS e SyTR Il ACTB fEuxt . k& 50
pg HEAM. (C) Image] ¥ f4-%f INSRB HIRIEEBHITEETHT. 12.5%H) SDS-PAGE #E .
Figure 3.1 Western blot showing the decrease in INSRp levels during metamorphosis. (A) The
western blot analysis of the antibody-specific detection. The INSRB-His and His tag were
overexpressed in the HaEpi cells for 48 h, respectively. Antibody specificity in the epidermis (6th-
24 h larvae). INSRP was detected by rabbit pAb anti-insulin receptor f§ (INSRp), and p-INSRp was
detected by rabbit mAb anti-Phospho-insulin receptor  (the antibody diluted with 5% BSA in
1:1,000) as primary antibody. The secondary antibody was HRP labeled-Goat anti-rabbit. 12.5%
SDS-PAGE gel. (B) The expression levels of INSR in tissues. 5F: fifth instar feeding larvae; 5M:
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fifth instar molting larvae; 6th-6 h to 6th-120 h: time stages of sixth instar larvae; P 0-P 8: 0 day to
8-day-old pupae; F, feeding; M, molting; MM. metamorphic molting; P, pupae stage. ACTB was
detected by the rabbit monoclonal antibody ACTB Rabbit mAb as the internal control. The loading
quantity for each lane is 50 ug proteins. (C) Quantitative analysis of the INSRP expression using
Imagel software. 12.5% SDS-PAGE gel.

T ERTT INSRB BEER LK P17k, RATEEZEN INSRP DL ARAEAH
INSRp RIAEM THESFBHBRMKFREAMIE, B p-INSRP HH A
KB, INSRB HIBERRILK-FH AR PR mmEG K TR (5F M 6th-6 h £
6th-120 h) 8K (E 3.2A), AL INSRP HIHiik KKK E 7.5%H#) SDS-PAGE #&
AT IR B I I &4 (I 3.2B), A BERRERALFEFEMK T p-INSRP M4, Xk
B, LTI+ R0y p-INSRB &4, B INSRB B {bE (B 3.2C), iX
Segk RN, (EZEAH] INSRB KRR LK FRAR.

A B 1.57 C
= 3 a
2.0- —* Epidermis Q1.0
& 511 9 6th-48h + + - -
215 5] b b 6th-120h - - 4+ 4
? 1.0 = lil ‘{;l APPase -  + = + kDa
@ . opdll i1l L B2 |- 130
a p-INSRB kDa p.INSR [
B INSRB 3= — a5 PAKSEE |
» i i INSRB—+ = e -95
p»INSRB[— —— tgs ‘
~ . in i T e i
INSRB[— —_— — ————_ 85 -s5 -85
I I A 1 ——— ACTB | =i G s 499 .,
R NOPCN PO -
S & & 2 S
Qe — ’ N
FM F MM & &

B 3.2 BERAKREZESTRSH INSRp BIRUKTFREMK. (A) E4ERELKFLRT
INSRP BARRILKF R FEBFEEN INSRB EH, £ Image) B3 INSRB HIBERR (L
KPHATEREDNT . RELFET ZKEMFER. 125%0 SDS-PAGE &HZ. (B) MINEE
24 h B R B VTR AR K INSRP [ & FIREBR L K P B94E L. P-INSRB £ INSRP 5%
BT ERIT INSRB 4Lk, ACTB fEN SR H. 7.5%1 SDS-PAGE AtiR. fEH
ANOVA #1741t i, ARIFRHAHREEMNEER (p<0.05), RERARE =ZRELEWNT
BHE+SD. (C) A-PPase #LHHTY T p-INSRP it 738 48 h M/NES 120h MR EH 5 A-
PPase (50 pL ZZ/ A NA 0.5 uL A-PPase T 30°C $ & 30 min) —##E. 7.5%H7 SDS-
PAGE ¥ F¥L INSRp MIFTH AT B R BB ED N, ACTB fEASIEE,

Figure 3.2 Western blot showing the decrease in INSRp phosphorylation during
metamorphosis. (A) Variation of INSRP phosphorylation levels in epidermis during larval
development. The amount of INSRf was affinity-enriched using the antibody to same as the method
described. Quantitative analysis of the INSRP phosphorylation using ImageJ software. Error bar
was based three biological replicates. 12.5% SDS-PAGE gel. (B) The variation of expression and
phosphorylation levels of INSRp in epidermis from sixth instar 24 h larvae to 4-day-old pupae. P-
INSRp was the phosphorylated form of INSRp. The antibody against INSR was used. ACTB was
used as the internal reference. 7.5% SDS-PAGE gel. Statistical analysis was conducted using
ANOVA, different letters represented significant differences (p < 0.05). The bars indicate the mean
+ standard deviations (SD) of three times repetition. (C) A-PPase decreased the intensity of the p-
INSRB band. 6th-48 h and 6th-120 h epidermis proteins were incubated with A-PPase (0.5 pL A-
PPase in 50 pL buffer for 30 min at 30°C). SDS-PAGE gel in western blot was 7.5%. The polyclonal
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antibody against INSRB was used for western blotting analysis. ACTB was used as the protein
quantity control.

3.2 20E k] INSRp HIRIER BB

RSN RAEKZELSH, A 20E FIREE M 0.5 uM 3BH0ZE 10 pM (Di et
al., 2020). A 7 IR LRET INSRE BRI RIEEMBERRILACFRIVLE,
T8 S NES 6 h B AP 23 BUTE S R B F A 20E KR FUIX L E 0 INSRP
HIER, SREI: MINESEROKRE, SIERETH INSRp RIEKFMBEEL
KT BT (B 3.3A). FIHT INSRB HIPiiAE 5 INSRP E 1 INSRB B HK
YW —JG, R p-INSRP FOHLAER IS INSRB HIRBERR (L K7 L BE IR & FlkE
BAPE RO homi i K (B 3.3B). MR, @IKEM 20E (500 ng) WIFFMK ; INSRB
BIFRIEAKTF (B 3.3C) LK INSRP EAEEEMBERMW /KT (B 33D), Xtk
GER UL, IR 20E P INSRP Y ik MBERR L .

A @ 2.0 b B

INSRB/

oo -

o un o
S

=]

-4
p-INSRB/INSRB

- )

o o

o

o

o

— »]~130 a
e, e, o
I p-INSRB w95
' g _ 72
k72
‘55 INSRB —— = —— ——95

ACTB — — — — -4

72
PBS 1 2 5 (ug)

PBS 1 2 5(ug) Insulin (12 h)
Insulin (12 h)
Cwmi1s i a D

a
(&)
<1.0 ?1.5 a
~ a
a b n a
0.5 Hj 2410

Q.

Zooll L1113l vpa b

130 é 0.5 l*l

P-INSRB. o e == -95 a 0-0 —— —— — kDa
INSRB— p-INSRp\ e |95
72 — L72
166 INSRB\— - — ]85
iy e i DMS0 100 200 500 (nQ)
TP 500 (ng
n i o i
DMSO 100 200 500 (ng) 20E (12 h)
20E (12 h)

B 3.3 S KM 20E A EFEDIIAIE INSRp FIRAFBMERIL . FREFFRIEIISL, ACSRI0 P AT kE
R 7.5%H) SDS-PAGE %t . (A) BESEXT4HRRE INSRp RIAEHHET (CAS5ALK
R NBRR MR RMRARE - AXEZLFERAREXMHHALRMAT). FRH INSRB
Fitk. ACTB {ERNSATEE. (B) BB EX INSRB BERILAI AT . 12.5%K) SDS-PAGE #¥
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Iz 53 E R INSRB HIFTIA AL p-INSRB AIHL4K. (C) 20E Xf4h K i INSRp ik & 19
W, EATT INSRB 4k, ACTB {FANSX . (D) 20E % INSRP BEERILATIETT.
12.5%11) SDS-PAGE #5273 5l f# FIHT INSRB UK K13 p-INSRP HIHi#k. 20E 500 ng #H
YFEAR S M, ARWF: c=m/MV, m=500ng, M=480g/mol, V=200uL (/& 6
h 450,

Figure 3.3 Insulin and 20E counteractively regulated the abundance and phosphorylation of
INSRB. 7.5% SDS-PAGE gel for the experiments in addition to indication. (A) Insulin regulation
in the expression of INSR in the larval epidermis (The purpose of using epidermis in many places
in this article is to keep it consistent with our HaEpi cells). The antibody against INSRB was used.
ACTB was used as the internal reference. (B) Insulin regulation on the phosphorylation of INSRJ}
after affinity-enrichment of INSRp. 12.5% gel. Antibodies against p-INSR and INSRB were used,
respectively. (C) 20E regulation in the abundance of INSRJ in the larval epidermis. The antibody
against INSRf3 was used. ACTB was used as the internal reference. (D) 20E regulation of the
phosphorylation of INSR in the larval epidermis after enrichment of INSRf. 12.5% gel. Antibodies
against p-INSRJ and INSRP were used, respectively. 500 ng 20E was calculated as 5 pM 20E in
vivo by the formula: ¢ = m/MV, m = 500 ng, M = 480 g/mol. V = 200 pL of a 6th-6 h larva.
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2 bombyxin C-1 precursor Bombyx mori NP 001119736.1
bombyxin A-1 Bombyx mori XP 004934106.1

]Sw 42 bombyxin B-1 precursor Bombyx mori NP 001121791.1

18— bombyxin F-1 precursor Bombyx mori NP 001119734 1

‘ insulin-like peptide isoform X1 Bombyx mori XP 012548888.1
9l [ bombyxin-related peptide A Helicoverpa armigera XP 021200694.1

- bombyxin G1-like 1 Helicoverpa armigera XP 021181605.1

bombyxin B2-like Helicoverpa armigera XP 021190987.1

0.2

B 3.4 #Eid MEGA 6.0 38 BAEAEME ILPs #TRERE . RPHFER%E
% FKFE. XP021200687.1 R XP021184590.1 REHR AT AHLMELR, &i14
5% ¥4 % 24 bombyxin G1-like 2 1 bombyxin G1-like 3.
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Figure 3.4 The phylogenetic analysis of ILPs of H. armigera and other organisms by
MEGA 6.0 software. The numbers in the picture represent kinship levels. XP 021200687.1 and
XP 021184590.1 were uncharacterized proteins in the genome and were identified as bombyxin
G1-like 2 and bombyxin G1-like 3 here, respectively.

{BiX 8 4> ILP FA9MRAN ILP ATLA 5 INSR & & AR HMAG, Kk, |AMEN T
iX 8 N ILP HERERIEKTF. qRT-PCR &R K, 8 1~ ILP ZF 1 mRNA K¥
HEESHIEPANRE .. PR ETREERM (B 3.5A-H), E£KA
ZIRER B10-like HMFHA ILP BIRIEAKFHERTH (ONEE 96 h) #Eim (& 3.5D.
55 DMSO H%F BB ZH AR b 1) 4 s Sy S B 20E AR IR B FIB (R) #5621 B2-
like« B10-like ¥ Cl-like H13RiE (P 3.5)-0). XE¥IERE, KEH ILP 7%
SEFREKTERE, Fik, X772 INSRB BERIL/KFRERMER.
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HF EL# R B DMSO fEXTHR . 3idid 2T - HETH AHXT mRNA KF, RELRR =
KAEMZEGSHTIELSD. (D £ (0) H BT EZEMER T (%p <0.05, *#p <
0.01).

Figure 3.5 qRT-PCR showing the expression profiles of ILPs and 20E induction. (A) to (H)
qRT-PCR showing the expression profiles of eight ILPs in epidermis, midgut and fat body
during larval development. The NCBI (https://www.ncbi.nlm.nih.gov/) reference sequence
numbers of all ILPs are same as Fig 3.4. The bars indicate the mean + SD of three biological
replicates. (1) gRT-PCR showing the expression profiles of eight ILPs in brain at 6th-24 h and
6th-96 h. (J) to (O) Effect of 20E on the expression of /LPs-B2-like, Bl10-like and CI-like in
epidermis by dose and time. Equal diluted DMSO was used as a control. All the relative mRNA
levels were calculated by 2722, and the bars indicate the mean + SD of three biological
replicates. Significant differences were calculated using Student’s ¢-test (*p < 0.05, **p <0.01)
according to three replicates in all qRT-PCRs in (I) to (O).
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Figure 3.6 20E-induced dephosphorylation of INSRp was repressed by cycloheximide and a
phosphatase inhibitor cocktail. (A) The effect of cycloheximide on 20E-induced
dephosphorylation of INSRP in HaEpi cells (50 uM for 1 h). (B) Statistical analysis of (A) using
ANOVA. (C) The effect of a phosphatase inhibitor cocktail on 20E-induced dephosphorylation of
INSRP in HaEpi cells. 12.5% gel. (D) Statistical analysis of (C) using ANOVA, different letters
represented significant differences (p < 0.05). The bars indicate the mean + SD of three times
repetition. ImageJ software was used to transform the image data.
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Figure 3.7 PTP1B was identified as being involved in 20E-induced dephosphorylation of
INSR§. (A) qRT-PCR showing the mRNA expression profiles of Pipnl, Mtmr6 and Ptprn2 in H.
armigera midgut during development based three repeats. (B) 20E upregulated the expression of
three PTPases in the larval midgut. The 6th instar 6 h larvae were injected different concentrations
of 20E for 6 h. Equal volume DMSO was used as a control. All the relative mRNA levels were
calculated by 27CT, The bars indicate the mean + SD of three times repetition. Statistical analysis
was conducted using ANOVA, different letters represented significant differences (p < 0.05). (C)
Knockdown of Prpnl. INSRP could not be dephosphorylated by 20E induction. The cells were
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transfected with 4 pg of dsGFP or dsPTPases for 48 h. 20E (5 uM) and insulin (5 pg/mL) were
added to the cells for 6 h. 12.5% SDS-PAGE. ACTB as the control. (D) Statistical analysis of (C)
using ANOVA, different letters represented significant differences (p < 0.05). The bars indicate the
mean = SD of three replicates. Imagel software was used to transform the image data. (E) Co-IP
showed the interaction between INSRB and PTP1B-GFP-His. The cells were treated with PBS,
insulin (5 pg/mL), insulin plus DMSO, or insulin plus 5 uM 20E for 6 h after transfected with
PTP1B-GFP-His for 48 h. The protein expression levels of INSR, PTP1B-GFP-His and ACTB in
HaEpi cells were detected via western blotting following 12.5% SDS-PAGE. INSR was
immunoprecipitated with anti-INSRp, and the co-precipitated PTP1B-GFP-His was detected via
western blotting analysis using an anti-GFP mAb. Rabbit [gG was used as negative control of the
antibody. Statistical analysis was conducted using ANOVA, different letters represented significant
differences (p < 0.05). The bars indicate the mean + SD of three replicates. ImageJ software was
used to transform the image data.
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Figure 3.8 PTEN is involved in 20E-induced dephosphorylation of INSRp. (A) qRT-PCR
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showing the expression profiles of Pren in various tissues during development, with Acth as the
quantity and quality control. (B) Western blotting showing the effect of knockdown of Pren or
overexpression of Pten in HaEpi cells on INSRp. 12.5% SDS-PAGE. (C) Statistical analysis of (B)
using ANOVA, different letters represented significant differences (p < 0.05). The bars indicate the
mean + SD of three times repetition. ImagelJ software was used to transform the image data.
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Figure 3.9 PTEN cannot interact with INSRP by 20E induction. (A) and (B) gRT-PCR analysis
of 20E regulation on Pten mRNA in larval epidermis by dose and time. Equal volume of diluted
DMSO was injected as control. (C) The efficacy of Pren knockdown by qRT-PCR analysis. DMSO
was a solvent control for 20E. dsGFP was the control of dsPten. The relative mRNA level was
calculated by 2-4CT, The statistical analysis was performed using three times repetition by Student’s
r-test (*p < 0.05; **p < 0.0]1) and the bars indicate the mean = SD. (D) Efficacy of PTEN
overexpression in HaEpi cells. 12.5% SDS-PAGE. (E) Co-IP of INSRp and PTEN. The cells, after
transfected with PTEN-GFP-His plasmid for 48 h, were incubated for 6 h with various reagents.
The protein levels of INSRB, PTEN-GFP-His and ACTB in HaEpi cells were detected via western
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blotting with 12.5% SDS-PAGE. INSR was immunoprecipitated with anti-INSRP, and PTEN-GFP-
His was detected using an anti-His mAb. Rabbit IgG was used as negative control of the antibody.
Statistical analysis was conducted using ANOVA. different letters represented significant
differences (p < 0.05). The bars indicate the mean = SD of three replicates. ImageJ software was
used to transform the image data.
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FoxO-GFP (4, Pipnl MRIEKFEIERIE GFP KXt RZAAE L EE LM

(E 3.10B), FEAITFRIE FoxO-GFP §& L Prpnl H9RIX. ChIP kB, 5
DMSO [ AR, £ 20E &LBE N, FoxO-GFP 454 E £ Ponl B3h T XM
FoxOBE (5|%) FoxOBE-Pipnl-F/FoxOBE-Ptpni-R & Pipnl EFEHFXAE
FoxOBE H Bt it (314, 813 3.1 FFs). 1gG IMERT BRI Prpnl 3R 97
¥ (Ppnl-F/R AT Ptpnl BIFFRAERET) BeA HIARRE R (K 3.100).

ix et BB 20E @it FoxO {Ei# Pponl B,

1E Insr ZFH1 B30 F X TN 5 — 1 FoxOBE 5-TGTTTAC-3' (/HX}F ATG

#)-1835 £-1829bp), HBLFATRF T FoxO-GFP B B 13T INSRB Rik/KFH)

o, fEXLFIX FoxO-GFP Biffid, PTPIB AU HERE(K INSRP FIBEER 1L /K F,
HEARKKEHMAER TR (F 3.10D). XRFITHRIA FoxO-GFP #I%] INSRP
ML, ChIP £ R it—BH T 5 GFP xR 44HEL, FoxO-GFP S5&E £ Insr

BB F X I8 8 FoxOBE (3|4 FoxOBE-Insr-F/FoxOBE-Insr-R & Insr ¥:H B 51F
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X f9.4 FoxOBE B9/ B FTiRit 814, Wk 3.1 Bras)e 1gG FHPEXT AT Insr A&
FH 519 (nse-F/R AL T Insr FIFF AR GEHES D) A RBAERI SR (B 3.10E).
X tbgk B BE FoxO iM% Insr BUFE K.
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=
INSRB p-INSRB o 104
+Insulin 1[3)03 =
INSRB e 95 £ 57 ad
130 ©
PINSRP ———— tes = 0- : T
4 W anti-GFP IgG anti-GFP
ACTB‘ N _ e Primer FoxOBE of Insr Primer Insr

GFP FoxO-GFP

B 3.10 PTEN $R5E FoxO KB SERLPL K FoxO 7E 20E R B KB 2 P A R BV RTIEE. (A)
TEiR A FBS A E B &M F (BERES pg/mL 20E 5 pM fli#% 6 h, ZHHD RPN 4
ug dsRNA ¥%4% 48 h) FoxO-GFP-His i) EA4NME . 4% fA: FoxO-GFP [#Rtaié . (0.
DAPI briCAMUR% . R =20 pm. (B) qRT-PCR ;}f}rr HaEpi *1Jd £i% FoxO-GFP |1
r Pipnl W i%KFE. (C) ChIP 5-#7 20E i 51 FoxO Y Pipnl Ki#h 11X $8f) FoxOBE #%
?r. {f HaEpi 41l £t &% FoxO-GFP-His 48 h il 5SuM 20E 15X DMSO 4t £ 6 h. Input:
KARIEIUERN P00 1gG:  E4F R PE R 1gG: Primer FoxOBE of Pipni: Pipnl 31X
& £1X 10,5 FoxOBE fWIT%145145: Primer Prpnl: ¥H4F Pipnl JFRCRTEHEFE 515 LS99
(D) | URRILONER I L 454 FoxO-GFP i) INSRP (1) &1 & HUMRZ LK 1> 12.5%[1)
SDS-PAGE &t . fili ] INSRPB (L ¢ F7L p-INSRB 4L 04 23 ) £ ) ]NSRB 1) 430 FI i RE
LK V. 1) Image) SATFUE PG BdE 4. (E) ChIP 731 FoxO Y5 Insr k14 1~ [X 4ty
FoxOBE 25 6. fF HaEpi 41l £1d &k FoxO-GFP-His 48 h. Input: M FIETTE I Y )5
1gG: A4 IERI 1gG: Primer FoxOBE of Insr:  Insr 2 [KJA &1 7 (X {1 % FoxOBE /7515l
¥: Primer Insr: $t5% Insr FFRUREHEF SR 005140 FRAESERMER =R, A R
ITEEMERDN (*p<0.01), BEELERZIKRERMFHELSD.
Figure 3.10 PTEN determined FoxO nuclear localization and its opposite transcriptional
functions in the 20E and insulin pathway. (A) The subcellular localization of FoxO-GFP-His in
the cells in various conditions (insulin 5 pg/mL, 20E 5 uM for 6 h, 4 pg of dsRNA for 48 h) without
FBS. Green: green fluorescence from FoxO-GFP. Blue: nucleus stained with DAPI. Scale bars: 20
um. (B) gRT-PCR showing the increased Prpni expression levels after overexpression of FoxO-
GFP in HaEpi cells. (C) ChIP analysis of 20E-induced FoxO binding to the FoxOBE in the Prpnl/
promoter region. FoxO-GFP-His was overexpressed in HaEpi cells for 48 h followed by inducing
of 5 uM 20E or DMSO for 6 h. Input: non-immunoprecipitated chromatin. [gG: nonspecific rabbit
IgG. Primer FoxOBE of Ptpnli: primers targeted the Pipn! FoxOBE-containing sequence. Primer
Ptpnl: primers targeted to Prpnl ORF. (D) Western blotting showing the repression of INSRB
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expression and phosphorylation by the overexpression of FoxO-GFP. 12.5% SDS-PAGE gel.
Antibodies against INSRB and p-INSRB were used to detect the INSRP expression and
phosphorylation levels. All statistical analyses of the density of western blotting bands were
performed with Imagel software. (E) ChIP analysis of FoxO binding to the FoxOBE in the Insr
promoter region. FoxO-GFP-His or GFP-His were overexpressed in HaEpi cells for 48 h. Input:
non-immunoprecipitated chromatin. IgG: nonspecific rabbit IgG. Primer FoxOBE of Insr: primers
targeted the /nsr FoxOBE-containing sequence. Primer Insr: primers targeted to /nsr ORF. All the
experiments were performed in triplicate, and statistical analysis was conducted using Student's /-
test (**p < 0.01). The bars indicate mean = SD.

BIEEARENITIESEL T FoxO-GFP #1 GFP 7£ HaEpi AR & HEFRE (F
3.11A). E3R1E GFP X ERAHIE A HIZL FoxO-GFP HITE4i M e (7 381k (FE
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A 3.11 PTEN AR GFP-His FINE4ARRSERL. (A) 7E HaEpi i & it %A FoxO-GFP 1
GFP #R&EEHIEFE 48 ho U GFP MHUiE{EA—H, HRP RiciLFE50/NREEAR =
fl. (B) 7EIRA FBS M NEMELEFZMGT (BBE S ug/mL, 20ES5 pM Rl 6 h, HE
TIRIN 4 ug dsRNA 3%55% 48 h) GFP-His MIEAfE L. . GFP EOMZRERL. #
f: DAPI fFRid YA . F7R=20 um.

Figure 3.11 The subcellular localization of GFP-His tag was not affected by PTEN. (A)
Overexpression of FoxO-GFP and the GFP tag in HaEpi cells for 48 h. Anti-GFP was used as

o
(3]
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primary antibody. The secondary antibody was HRP labeled-Goat anti-mouse. (B) The subcellular
localization of GFP-His tag in the cells in various conditions (insulin 5 pg/mL, 20E 5 uM for 6 h. 4
ug of dsRNA for 48 h) without FBS. Green: green fluorescence from GFP. Blue: nucleus stained
with DAPI. Scale bars: 20 um.

3.6 FMELh RIKA R Prpnl 4EFE INSRP BERRILIRA F3( 20E W R {RE4I =
AT IR AL /N

T AN PTPIB 7E AR B Ih e, @i 1h) /S & 4h i PV 5T dsRNA SR
Ptpnl. qRT-PCR &R EIR Pipnl MFEBEL) RE KPR IImEE (8 3.12A4).
TEST dsPrpnl J5, INSRP RIBEERL/KF B E & T dsGFP XA (B 3.12B), X
UESE TR PTPIB 18 INSRP HBEERILIOEM . S5 RRIM, HibF Pionl fo& ¥
TRRMEK 7/ME (F3.12C-E) HH 5 BAMLEE L (B 3.12F),
BAh, 7E dsPipnl (SEBe41H, Zhidhig 2T, XIEH K EELS PR ERL)
i A B AR FE TS (Hakim etal.. 2010: Wang et al.. 2007), {B7E{E 5T dsGFP
o xt BLL A I B B IR (B 3.12G). X R dsPipnl BISLIGA4)
Jubvet BRAE R NS . kR 20E ML 5 pM, B E & TR
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3.12 M3 RNAi B RFRIE Ppnl 48587 RN B, 408, 30 20E BEE.
(A) qRT-PCR 7347 Pipnl MITINME (B IRKVES dsPrpnl 5 dsGFP T 7<% 6 h Zhdirh, 24
h EEES IR 1.5 ug dsRNA/SHHR). (B) BABRKENTER LR, 5 dsGFP X HRAM
tb, BE— KLY dsPipnl J& 72 h, INSRP {B4EREBERRALIRAS, 7 5I{E BT INSRP H9F1E
FIHT p-INSRP HIHifh. 12.5%M9 SDS-PAGE #tiZ. {#H Image) #1117 BG Bk, (O
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. (E) A1 (F) $HEZEALEN R (G) BRJG—IRIESN dsRNA 24 h j5H
HANFBHEE. (H) BE-—IKFES dsRNA 5 66 h i LAk E o 20E WM. A ¢ 58
SEAMSLHAEYFEBEEREARBITRIN T (5p < 0.05; **p <0.01), RELAREFIYEL
SD.

Figure 3.12 Ptpnl knockdown via RNAi in larvae accelerated pupation time, formed small
pupae, and increased the 20E titer. (A) Efficacy of Pipnl knockdown in the epidermis of larvae
by qRT-PCR analysis (sixth instar 6 h larva for the first dsPtpnl or dsGFP injection, 24 h later for
the second injection, 1.5 pug dsRNA/larva each time). (B) Western blot showed the maintained
phosphorylation of INSRB 72 h after the last injection of dsPtpr i, compared with the dsGFP at the
same time. INSRP and P-INSR antibodies were used, respectively. 12.5% SDS-PAGE gel. ImageJ
software was used to transform the image data. (C) Phenotypes after Pipnl knockdown observed
from 114 hto 138 h after first dsRNA injection. (D) The statistical analysis of percentage of different
phenotypes based the experimental group and control group. Each group contains 30 larvae. The
statistical analysis was performed using three independent replicates by Student’s r-test. (E) and (F)
Statistical analysis of pupation weight and pupation time. (G) Midgut morphology observed after
the last injection 24 h. (H) The 20E titer detection in the hemolymph after the last injection of dsRNA
for 66 h. The statistical analysis was performed using three times repetition by Student’s r-test (*p
< 0.05; **p < (.01). The bars indicate the mean + SD.

3.7 RS AR A Tnsr SBAL/DEE, FEIRILEE, FHEiREK 20E BE TR L
WHERHERE

ATHRA INSR FERBHAEKMBE R EREHFHIEM, 0 24 h FidiER
ST dsinsr WibE Insro BEFRENEE R INSRB BE/KTFRE (B 3.13A). wifE
Insr FEHIH 30.9%MIFET-H, 59.5%M Rk /NE (B 3.13B F1 C). dsinsr 4t
HH AR EPEIRE 026 g, dsGFP XTRRAMINEEN 037 g (B 3.13D). &% Insr
Je AR 18] B X B2 A 140 h ZEIRZE 190 h (B 3.13E), 1 ipA 4L (iAot (8] B T
dsGFP Y$HR4H (B 3.13F), RE INSR FE4hAKMUM R RIFEEER. &
B EEEFET R MMKES 20E HEMNAE (B 3.136) LK Insr @i
GBI RAERKMIER. EE, & Insr BB R IZFLER Insr, Pi3k 7 Akt 1)
mRNA 7KF T (B 3.13H), EEREESTRRE Insr iiFEf5 AKT HIBEER
KPR I (B3.03D, KU Ins BLOT 75245 S B%. 4 dslnsr 1)
s MK EEEFEK T HE ST dsGFP XTHRA (B 3.13]), XL RLZH INSR
EFHREK, 20E =4, HEBRBMYRTEIETREEN.
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Figure 3.13 Knockdown of Insr in Sth instar larvae via dsRNA injection delayed pupation time,
produced small pupae, and decreased the 20E titer. (A) Western blotting showing the efficacy of
Insr knockdown. The larvae epidermis protein was extracted after the last injection 24 h. 12.5% gel.
Image) software was used to transform the image data. (B) Insect phenotypes after three times
injection of ds/nsr or dsGFP into the larval hemocoel (1.5 pg/larva, in fifth instar-24 h, 48 h, and in
sixth instar-6 h). Phenotypes were observed from 90 h to 144 h after the third injection. (C) The
statistical analysis of percentage of different phenotypes based the experimental group and control
group. Each group contains 30 larvae. The statistical analysis was performed using three
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independent replicates by Student’s r-test. (D) and (E) Statistical analysis of body weight and
pupation time. (F) Midgut morphology observed 90 h after the last injection. (G) The 20E titer
detection in the hemolymph after the last injection of dsRNA for 90 h, (H) gRT-PCR detected the
mRNA levels of Insr, Pi3k and Akt after the last injection of dsRNA for 24 h. (I) Western blotting
showing the phosphorylation level of AKT after the last injection of dsRNA for 24 h. The antibody
against p-AKT was used. (J) The hemolymph glucose levels detection after the last injection of
dsRNA for 24 h, 48 h, 72 h. The statistical analyses were conducted using Student’s t-test (*p < 0.05;
**p <0.01) based triplicate. Error bars indicate the mean + SD.

3.8 FEXAH 20E FHE Mk EFHERAKT

FERSH, INSRP MIRIAFMBEERU /K TR 1T A6 & S 2 itk LA E K
TR, FEEARN T SRR FR B BB AR R A R KCE R, 4hk
MMM EREREAFA A SENE, EEEYRBLERERE N 20 B
0 948 B8 & WK P AR AR AE FE i, Ao S5 itk DR T B K B T MR E R
$A (B 3.14A). X 1 BA MLt 2B & B /K P AU BE INSRB A BT H# AR R, T
HAEZSHEEBER 20E RS RABREFOKICEHERELA. 5
DMSO fxtHRZAAALL, JE5F 500ng (VS FEN SuM) LLEFEEIRE R 20E /5,
Zh R BB E KT (B 3.14B A1 C). ATIESE 20E B8 T Mk EEE
BEEURE I, WAIMEES 24 h A BARTER T dsE20MO VAREFE RIS B &R
20- BB HNEAE (E20MO) MEERRIE. FEH dsE20MO (% S i itk B8 £ KT
REREK (E 3.14D). XLLERRY, SHEKN 20E 4 RS ME AR T M
WEHEE KT
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Figure 3.14 20E increased hemolymph glucose levels during metamorphosis. (A) The
hemolymph glucose levels during development. The error bars were calculated from three
independent repeats. (B) and (C) The increase of the hemolymph glucose leveis by 20E induction
in dose and time. DMSO was used as the solvent control. (D) The hemolymph glucose levels
detection after the last injection of dsRN-A for 24 h. 48 h.72 h. Statistical analysis was conducted
using ANOVA for (B). different letters represented significant differences (p < 0.05). Statistical
analysis of the data in (C) and (D) by Student’s t-test from three biological repeats (*p < 0.05; **p
< 0.01). The bars indicate the mean + SD of three times repetition.
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FRIFFBULMKE HH SRR R LEZ—.
4.1 InFRER 20E HIT RS RS2, E4hREbEKHde B RMERN

BEHAMNMER/NEZMEZRRE (Hyun, 2013), SFEFHF Mirth et al.,
2005), BESEMAEEREZE Nijhout et al., 2014), EHIE (Zhou et al., 2004)F]
ME R (Nijhout, 1975)%, ZHRLIUEIIEFEEAGHANTEH . RigL
FE=#/5 8-12 h (LLiFEHE 20 h) KFIEFAE Mirth et al., 2005). INSR
5T KRB P RIER TR MG (Giannakou and Partridge, 2007;
Kannan and Fridell, 2013). IATKIEA TR, RIFE Pipnl 4658 T %) R B IH 1055
TR = A . XK INSR HUBSRR 1L 78 LA4ERE, 20E W& Lbxf A F R it
BRI FREE. AT, MME s SBOEEWEEH BEREEKES, S 20E
WEAR R NE, 45 EFTR, INSR FEESERAEFHRIEER, UHREL A
WEHAEKEIGRAE, PERR 20E W, MRTE, wEhEiMaR).
G HE R J5#) 20E WE RGN TTBER B MR (Brown et al., 1998; Tawfik et
al., 1997).

4 HEA ) 20E RS R AEKBIRAEAEE (Riddiford etal., 2003): 4H
RN 1-4 pg/mL (2-9 uM)  (Langelan et al., 2000), ENEEZR MM EF 20E
WHETEN 0.5-5 pg/mL (1-10 M) (Kumar et al., 2008), & RfLMHE PR
0.5-10 pM (Di et al., 2020), % H R &FHI5 0.2-6 uM (Kang et al., 2019). £ IHF
R, TNEKER20ERIEARERINRE, WAEMRERES, KKER20E
R ZHAEIE5E (Nijhout et al., 2007), {HIEARE R EHKE R 20E ML i 40 M
T (Liuetal., 2013a). {E¥SE /I 20E 6% H) BoR 2 (0 W40 f sk 47 DU 858 (Koyama
etal., 2004), T %< B9 20E M ZRAEIE 5 HBE 1 H R BIH ALK (Edgar. 2006).
EEARIPLHIERE 20E DIREKRIRIG TGN T 40/ Ca>* KF (Wang et al.,
2016), RI\EAER Ca?*WREFHFAWRRIET. (Liet al., 2016).

4.2 20E F 5 M3 EREBEK R ILP FRE

RSP, 20E HIAESERI 6 (DILP6) RIFIECMEHE & 5 Rk 4
1 (Okamoto et al., 2009), AT EILE 20E BIE T, HEERSLEH ILP K& b
. 20E 5% BEFESHSL G DopEcR, SHZAME 4 R{FILEE (Kangetal.,
2019), [k, ILP BIRZMMFISZHESHAEAMSYBANEFH. 2E2RN
HEBEAT MR A (Henquin, 2000)F1 R 48 (Alvarez-Rendon et al., 2018)f & & i
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FEA . BASHIRILK A A AT RENE SRS ILP WRAFES —SHA.
S M RE R AN RN, LA S AMEMERS I (Nussey and Whitehead, 2001).
Bombyxin, REFEHKINKE— ILP, GER#HBMWAKE (Nijhout and
Grunert, 2002). ATHHIFTRE, NEM ILPs TREIEITE & INSR BT Z 1k
SklR 3 R HA LR EK

LS ANFEF R, ERAR ILP BREER BN, 20E T MKk B & EFEKF
fos o, ILPEAKFRIRNEF#E S ITHRA . LR E R =T
RERANTEZASH 20E MAT T, INSR MREMBIBRILKTARE, BEREIRE
WAL, AREERFEE, MARRANRTERE. shRFILEERE, Y
f KB B REK P RETH R, XRBE 20E MFIEERFANEHSET, #E
IR, XSRS FEER KRt — BT,

L3R o B 5 R AKCST E AL B LR R v N2 BB IRTE (T2D) F S AYHy
1, SR, HAPLH|HMATEH (Ashcroft and Rorsman, 2012). R#EH A B A H AR
&, THEMBEKF>7.0 mmol/L & NEFEIRMBIIGEARIE/E (Organization, 2011).
RATHIDIFLREA, &RER 20E @I %) INSR 5 71% AN B EL b 35 10 1 4k 2 H
EiPE/KTF. 20E T A0S R L EE & HEKF/D T 7.0 mmol/L, {EEZRZSHE
fLugE (PO #1) X% 8 mmol/L: KIS, /K- itk B2 8 & 08 N i x5 (LU &
RS RERFGEHEE L.

VA EN Y, BB R BE AT LA K RRE B8 WLt INSR B 1% AR 1k
(Giorgino et al.. 1993). K& KT & FA047) 10 98 K Fa 300 B 1% 2245 %5 JF401) INSR
IR (Lowenbergetal..2006), PTPIB 7iX- - R R/ (Herreraetal.,
2020). HBZEEKMNILELE 7 207 INSR /KF (de Francaetal..2018). RIBHIRSF
BEENRES EIRFAEF AL, Kk R80T LU R BT 5288 IR 1 4 A 4
(Alvarez-Rendon et al., 2018). % 240 1 55— AN0T 98 2 B B2 1A 15 4% 7K~ LA
Rah BB REFET RACR BT R A% RIEEL
4.3 FoxO ] INSR ik

HE RS R SR EH£EREJWFEFTHER PR, FUBEREERZER
MEFRETAEE. EWAWRER S, EREFRKFEET, FoxOl 7
BT R BRIE L S 2 INSR EEH/KFHIEI (Puig and Tjian, 2005). #R, 7E
PR ARSI, FoxO MRIKEINIF AL T A, 7£ 20E W T RH#HR
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KFHIERA (Cai et al.. 2016). MR, & 20E 5% F, INSR HIRIATEAE R
b, I FoxO REEWMAREA R INSR HFIE, T Insr FESHTFRBAW A
FoxOBE /7%, ChIP SLIIIET FoxO RESZ44A: AMidRIE FoxO #f T
Insr 3235 o BATHITE T8 7R FoxO 1EN Insr He FZ MR K T RIEMEM, 38 FoxO
STHTMEEMNATREIRERERNER. XEAABIAWRELE R

R HTEARNZFTHARADFF FoxO MEARAFN, WITRSS
FoxO 5 FoxOBE 4 & FIHAME 71 E e FE i — PR A .
5. &

INSR RE{E#E Bt 41 d A KARME 20E 7E4) RN & BIE B WAL, 12 Bl 77
TR 20E @33 LA PTEN FIRIAMN BT FoxO % ERL, M| INSR HIFRIE
F HAZ N FoxO {2 PTPIB Ri&, S8 INSR AR EE 5@
. WmFHEEN 20E A REOEEK, REMERN, AR, SHEMME
HEERAURMTFHAEK (H3.15).

—

“. 20E titer
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FoxO (nuclear localization)
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under 20E regulation
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3 > N
& & SR R A RS ARURARAIS
S ol o
o O O o
FM F MM P
& 3.15 20E #HHR SRR LIEL R A K I RE BAE/MIVLE B EHE d B A
20E R Jll (Dl et al., 2020; Kang et al 2019). lNSR NI EC ] FoxO 4% & i R A2
R ARG B AERK I 20E ARG FEE (). G FEEER 20E AT Fi PTEN ik LLREF
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FoxO HIfZsEfz, MIM LI PTPIB Fikff INSR XBEERIL (2), JH#MH] INSR FiX (3).
INSR ik FIBEER (/KT HI BRI ES T H %+ FoxO %8 Britmai{EFH . Atk 20E 59U S &
®iE, EehmEibak, BIERES (SRMEE T RARER), RHEHAEKRR LMK
EAEE. SF: BB EESE (KHHE 0 h36 h): SM: FESEIL %NS (L9HEE 36 -
56 h); 6th-6 h % 6th-120 h: NESILAIFTE: P 0-P8: 0 RE 8 RKHu:; F: REH:
M: Z)HRBLEH: MM: BB P .

Figure 3.15 Chart explaining the possible mechanism of 20E counteracting insulin pathway to
stop larval growth and determine body size. The 20E titer increased during metamorphosis in A.
armigera (Di et al., 2020; Kang et al., 2019). INSR played roles to promote insect larval growth and
20E production to the critical titer by repressing FoxO nuclear localization during larval feeding
stages (1). The critical 20E titer upregulated PTEN expression to keep FoxO nucleus localization,
which initiated PTP1B expression to dephosphorylate INSRP (2), and repressed INSRJ expression
(3). The decrease in INSR levels and phosphorylation weakened its inhibition on FoxO nuclear
localization. Thereby 20E counteracted insulin pathway, stopped growth, initiated metamorphosis
(larval cells apoptosis and adult tissues proliferation), and accumulated hemolymph glucose levels
for imaginal discs growth. SF: fifth instar feeding larvae (about fifth instar 0 h-36 h); 5M: fifth instar
molting larvae (about fifth instar 36 h-56 h); 6th-6 h to 6th-120 h: time stages of sixth instar larvae;
P 0-P 8: 0 day to 8-day-old pupae; F, feeding; M, larval molting; MM, metamorphic molting; P,
pupae.
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