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HRERSRERE

i TETEER—ELRI. 2R, WHREI MR B, E40RiiEe B aiE i
KRR, ERAREH NKESRZWEBIR S FERE, BI04 RE
L-FWRREFEGHNRBAALRE . BHEME (XIE 20-2EHF 8, 20-
hydroxyecdysone, 20E) RiFZEHNEBESREMERYE. LKW 20E BN,
BESRESEY, MEERsTR, FEAMEANRE AL ERT, MBI EYFKEEE
ERETNBE S B REB SRR, WAENERTMEAEH WML, HFEYLH
HAERE, RUEFDSHAEBRHXRRAB D RRE ., AR UERRLE fGifs &
( Helicoverpa armigera) NHFFFEE, W7 20E HFE EREAK BT HRREEHGENO ST
ML, ELIERTFC 20E Xt Krippel H# KK F (kriippel-like factor, KLF) BIRIXIHIE KK
EEHBMBRAEFHMEA: B QHEAETN A 20E RiIE8ERREEREN S FULH.
HARGEHR

BN KLF1S ERAREKEEERBESKRERATN, K KLFIS FEREELE
s R E &L, 20E 8 EcR {23 KI5 8. B WE s T4 oL K dufk
WEPESES, UERR KLF1S X TREHBI AL HEXER, KLFIS R4, gumm
TATHRERMRIEX. R EWASEDE 8 (autophagy related gene 8, Atg8) J5, fghi
BRI REZBE], FREDERESENE. HMMFEaEROSE TR, 586
KFTFRE, BEA KLFIS AW, AHERARMERY. BREST, KIWE A4tg8 F
BRI ER R & (phosphoenolpyruvate carboxykinase, Pepck) B8 3T F5lH
H KLF15 (g4 5 (CACCC, KLFbs), 20E S KLF15 Z&54& 41g8 1 Pepck JAFNT
Y KLF bs i {edt R, EHRBEHRE, A AR SRKBEREAEHTN
BEPWBRENE. BB SE S £ AR E Y LR BB Z PRI IRE
B, KMBRAGHHXHEERIRET BESRN, NIEHNEREER. BENEE
Fo R RERARBATINRRERR. BRNSERSREEEERE, $
B H I BRI T & . BRI 20F @5 KLF15 B4R SARLRERN
C EmERRER | ‘

I e g R A K (6th-24 h)< HFFEHA (6th-96 h) FIHHA (P6) i #k AR 4,
R EFPIRE~DERBRRELBHIAEEZTL, Eb, BER. -k
RS RBFELEE G REKE. E MR SR Y. SRR EEY
HMMIEE, o B - REdSHMBEE, FEBRHACRAMIETE. £ EH, 20E
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B MEIRERIRIN®R & 88 (argininosuccinate, Ass) Bk, JHEIRE SRS, 3 H, 20E
B AR AR (arginase, drg) MRE, RABERSH, AmHELHESRIEER
BEHRNFENESERNESHNETE. MAREBRER (glutamate dehydrogenase,
GDH) 7ERU 8RR E i Rl P E R, RSN ST RENBEARETH o
B B2, AWM o-B—BREEBERESHE. INEHE, o BlX_-BES—HFa
RS M (gltamate dehydrogenase-like, GDH-like) FIMER THEZEABRER, &
SR aRERNFESRERDETHAEER, ANTFLHEFHARBRERHLE
i, RARHKENFZEREYR. EHRELREHFATELE, 20E BT HEL
BERE@EPXEREFNORANMERERERRMHCERRRNTELRE.

&

— BEHEET KLF15 BE4EEEBIRRENNERFBARARTPHERES

1. 20E i3 EcR {3 Kif15 BIRI%.

2. KLF15 @i 44 A1g8 B sh FIX B KLF bs {23 Arg8 %3, (24N G
AT,

3. RS HAL R HRSFET AR ARAEEY.

4. BRHFERFEIEF, 20E 8L KLF15 FAEBREER L EREERBL.
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FIEDRESREW, FERREHIEHERREKIIGHE.

3. 20E @i 4 Ass BIRIA . (R Arg WREBREBSHRBRERKAKT.

4. EFWAMAHERFGPRETEN G £SEH#BEMEDTN o-BHE 8. ofF
KBRS AN b ik P S RIER) Gdh-like HERNBRR.

5 BRATUAEZMESEERARUIEER, NTAIRRRERERE.
BERX

ZWTAE Y T KERRE 20E BT EEARENRAEHERARHME RS
RIS-THE], BT RESHARERNXR, AEAFALEREEBRRS ERER
BT RN, AE ARG T B R AR S . ‘
el WEEE: R dREE; #REF KLFIS; BER; « I K; 288

|



AR KFE LR
ABSTRACT

Background and scientific questions

Holometabolous insect undergo four developmental stages in their life: egg, larva, pupa
and adult. Feeding supports growth and development in larval stages, stops feeding in
metamorphosis development stages (from the last larva through pupa to adult), and survive and
develop adult tissues by breaking down larval tissue, a process known as autophagy. 20-
hydroxyecdysone (20E) is a crucial hormone that controls insect metamorphosis. The high-titer
20E during metamorphosis inhibits feeding behavior and opposes the insulin signaling pathway,
resulting in great changes in the metabolism, from food intake to energy acquisition by
decomposing larval tissues, which involves changes in genes transcription and metabolites. In
this paper, the major agricultural pest Helicoverpa armigera, cotton bollworm, was used as the
research model to investigate the molecular mechanism of 20E regulating metabolic
reprogramming during metamorphosis, including the regulation of 20E on KLF expression and
its role in autophagy and gluconogenesis; the molecular mechanism of 20E regulating amino
acid metabolic reprogramming by metabonomics.
Results

By detecting the expression changes of KLF15 during the development and
metamorphosis, we found that KLF15 was highly expressed in the fat body during
metamorphosis, and 20E promoted KIf15 transcription through EcR. By observing the
morphology of fat body and knockdown experiments, KLF15 was crucial for the decomposition
of fat body during metamorphosis. After knockdown KIf15, a series of metabolites and related
genes were detected, and KLF15 was found to promote gluconogenesis, autophagy and
apoptosis. The decomposition of fat body was inhibited after knockdown autophagy related
gene 8 (41g8), the level of glycogenic substrates including free fatty acids (FFAs), glycerol, and

free amino acids (FAAs) decreased, and the glucose levels decreased, indicating that KLF15

promoted autophagy and provided substrates for gluconogenesis. We found the binding sites of = .

KLF15 (CACCC, KLF bs) in the promoter sequence of Afg8 and Pepck, and 20E induced the
binding.of KLF15 to KLF bs to promote the {ranscription of Arg8 and Pepck. 20E
reprogrammed glucose metabolism from glycolysis in feeding phase to gluconbgenesis in
metamorphosis phase. The expression of genes related to glucose metabolism changed-
significantly, going from high expression of glycolysis, glycogen and trehalose synthase genes

during feeding stages to high expression of gluconogenesis, glycogen and trehalose
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decomposition genes during metamorphosis, leading to the increase of hemolymph glucose
levels. These finding showed that 20E promoted KLF15 to integrate autophagy and
gluconogenesis to maintain glucose homeostasis during metamorphosis.

The metabolites were measured in the hemolymph at the larval growing stage (6th-24 h),
wandering stage (6th-96 h) and pupal stage (P6). It was found that the metabolites changed
significantly during the development and metamorphosis of H. armigera. Arginine, o-
ketoglutarate (a-KG) and glutamate (Glu) were screened as the mark metabolites of the feeding
larva, wandering larva and pupa. Arginine promoted larval cell proliferation, 0-KG promoted
larval cell autophagy, and Glu promoted adult cell proliferation. By inhibiting the expression
of argininosuccinate (4ss), 20E inhibited the synthesis of arginine; additionally, by promoting
the expression of arginase (A4rg), 20E promoted the decomposition of arginine, resulting in a
significant decrease in arginine levels in the hemolymph after entering the metamorphosis
stages compared to the feeding stages. Glutamate dehydrogenase (GDH) was highly expressed
in the midgut during feeding and wandering stages, which promoted the conversion of Glu
obtained from food into a-KG and increased the levels of a-KG during wandering stages. After
entering the pupal stage, 0-KG is transformed into Glu by another glutamate dehydrogenase-
like (GDH-like), and FAAs produced by autophagy during metamorphosis were also
transformed into Glu, resulting in a significant increase of Glu in the pupal hemolymph, it
becomes the primary source of energy for adult development. 20E reprogrammed amino acid
metabolism to promote tissue remodeling during metamorphosis by regulating the expression
of key genes in different metabolic pathways.

Conclusion
KLF 15 integrated autophagy and gluconeogenesis to maintain glucose homeostasis under
20-hydroxyecdysone regulation

1. 20E promoted KIf15 expression through EcR.

2. KLF15 promoted Atg8 transcription by binding to KLF bs in the 41g8 promoter. thereby
promoting autophagy and apoptosis in the fat body during metamorphosis.

3. Autophagy and apoptosis of larva tissue during mctamorphdsis provided the substrates
for gluconeogenesis. .

4. 20E reprogrammed glucbse metabolism by regulate the expression of glucose
metabolism genes.
20-hydroxyecdysone reprogramming amino acid metabolism support the metamorphic

development of insects
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1. The hemolymph metabolites were altered during metamorphosis of Helicoverpa
armigera.

2. Arginine, a-KG and Glu are abundant marker metabolites of the feeding larvae,
wandering larvae and pupae, which promoted larval cell proliferation and growth, larval cell
autophagy, and imaginal cell proliferation and growth, respectively.

3. The arginine levels were decreased by 20E regulation via repression of Ass expression
and upregulation of Arg expression during metamorphosis.

4. The 0-KG was increased from the transformation of Glu by GDH expressed in the
feeding and wandering larval midgut that was repressed by 20E during metamorphosis. The
Glu was increased from the transformation of a-KG by GDH-like expressed in the pupal fat
body that was upregulated by 20E.

5. The FAAs produced from autophagy also contributed to the increased Glu levels at pupal
stages.

Scientific significance

This study elucidated the molecular mechanism of steroid hormone 20E reprogramming
glucose metabolism and amino acid metabolism by regulating different genes expression, and
illustrated the relationship between metabolism and tissue remodeling. It provided new
theoretical knowledge for further study of steroid hormone regulation metabolic
reprogramming, and provided theoretical basis and target genes for pest control.

Key words: 20-hydroxyecdysone; metabolism; tissue remodeling; Kriippel-like factor 15;
arginine; a-KG; Glu
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FFSUER
£ 1-1 F5HHA
Tab. 1-1 Symbol description
TREE EXLH X ER
20E 20-hydroxyecdysone 20-$2 F i 57 A
3-MA 3-methyladenine 3-HE RIS
5F fifth feeding stage 5 HBEEH
5M fifth molting stage 5 ¥t B2
6th-6 h sixth instar 6 h 6th-6 /NS
6th-24 h sixth instar 24 h 6th-24 /B
6th-48 h sixth instar 48 h 6th-48 /)it
6th-72 h sixth instar 72 h 6th-72 /Nt
6th-96 h sixth instar 96 h 6th-96 /NEY
6th-120 h sixth instar 120 h 6th-120 /st
PO pupa on day 0 H 0 K
P2 pupa on day 2 952 K
P4 pupa on day 4 WE 4 R
P6 pupa on day 6 0H 6 R
P8 pupa on day 8 8 8 K
ANOVA analysis of variance HETH
ARG arginase BERRE
ASS argininosuccinate synthetase IR &
ATG autophagy-related gene B A KA
bp base pair B 0t
°C degree Celsius HIKE
CASP3 caspase-3 FIEREAR 3
cDNA complementary deoxyribonucleic acid H AN B BEL R
ChIP chromatin immunoprecipitation Zuth i R YT
DAPI 4', 6-diamidino-2-phenylindole 4, 6- " BREE-2-FH 0]
LS
DEPC diethy pyrocarbonate ERER_ZEE
DMSO dimethyl sulfoxide R
dsRNA - double-stranded RNA B EG R
EcR ecdysone receptor R R Xk
EcRE ecdysone response element W B R uiF
FAAs free amino acids HEAER
FFAs free fatty acids B R T AR
G6P glucose-6-phosphatase & bE-6-TE R
GFP green fluorescent protein geRkEA

X1
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B8R 111 58
Tab. 1-1 Symbol description

GEn%1E FLEM SR

Glu glutamate HERR

GDH glutamate dehydrogenase BRBMER

GS glycogen synthase W& R

h hour N

HaEpi H. armigera epidermal cell line R R MM R

HE hematoxylin and eosin HAKEHFA

H3 histone H3 #HE A H3

HK hexokinase CAE B

IgG immunoglobin G GEIREH G

M imaginal midgut A

IPTG isopropyl B-D-Thiogalactoside F A EGA-B-D-L A,
W

kDa kilodalton TR

KLF kriippel-like factor kriippel B3R H-F

L liter Tt

LB luria-bertani medium Luria-Bertani 5% 3g%

LC3 microtubule-associated protein 1 light MEMAXER 1| BE

chain 3 3

LM larval midgut S g

M mol per liter BEIREF

mg milligram £

min minute 45

mL milliliter ZTt

mRNA messenger RNA fZ4F RNA

ng nanogram a5

PA pyruvic acid AR ER

PBS phosphate-buffered saline R EZ MR

PCR polymerase chain reaction o URMN

PEPCK phosphoenolpyruvate carboxykinase T FR I 7 74 i BR J42 K
&

PFK phosphofructokinase R R

pH _hydrogen ion concentration AR TIWRERI

p-H3 phosphorylated histone H3 HEA H3 B

PK pyruvate kinase PR B ‘

PMSF phenylmethanesulfonyl fluoride 7 A

PTU phenylthiourea 330

qPCR quantitative real-time reverse Lt K EE PCR

transcription polymerase chain
reaction

X1



R REH AR

g% 1-1 FSUH
Tab. 1-1 Symbol description

ing s EP R L&

s second b

SDS-PAGE sodium dodecy! sulfate- T R ERBRW-RR
polyacrylamide gel electrophoresis A5 Bk ik B P2 L K

TCA cycle tricarboxylic acid cycle ERBREH

TPS trehalose-6-phosphate synthetase BT -6-RE S LR

TRE trehalase R

USPI ultraspiracle isoform 1 BRITEA

YFP yellow fluorescent protein BHERNAED

a-KG alpha-ketoglutarate o-BHZ —BR

ug microgram 8z

pL microliter Tt

X1



AR RF AR

£—H WE

1. ¥R

B ok FE B EMMRR L MEDERE, Bilcania Lt RRMAEKD
26t 100 FR[1]. BERKERBIERMLE R, BEREHEYT KB RPES
MEFAETRE. BES, FLTE. FrELTENELEE. ©2XERR—44N
Bi. i, SRR BN, ARSKEIRYT, RRIVNMER. sMNEEEM
BN REBERL, ARG EY, W RHARBRRERBHERATER, BRAR
W RET, NBEREBRELETARMHSRERE. BIEFEE (M 20-5%
Wi HA, 20-hydroxyecdysone, 20E) {fEAEERREEREMNEERE, ERRTER
BT UMRABHAEERREKIBFEFZREZ ¥ REATEKARE. BE
AR, KR —F 0 B IR SEIe AR AR R DUEE KR E AR AT A &,
ARG EERRABERTSRE .. A48 EHYU R, MG EEEREREESR
BEHRSHAEBRRR. AFAFEE TEHRREIGCRE DR, AHRREERE
RO RSE, FNAERGGREERERE, X TFRPRIRDRIEVRFEMN TR =
AT RREFTIEENZ L.

2.20E RARBTSREN

BRMTEKE EEH 20E B2, 3]. ERRKEIREY, KHNK 20E BERLE
BN, MERERET, 4150 20E BERIK, TR T 4 KRB S B8, &R
i) 20E W EEBW A E, MR HEARA[4]. RIS, 20E 7 =84 R IR S
—AN/NEKr, T A R 4 B B R R AR DA R R A A My S B[ ST. B T UFERA, 20E
BT T B ke, 5524 e B EUE T 58 RS TR T i s AL 4,
IRzh4h I NIH[6]. FEMEY R, 20E BEAEL REILEE/E A LT (B 1-1). 208
RIETHRERE AT LL 5 H A% 24K (ecdysone receptor, EcR) Mi&E4, WLl 54 /%
& G BEAEBELZA/E (G protein-coupled receptors, GPCR) A& IETAS KM . 20E @i
GPCR A#EE A M BN KB FEEEN, BEERARRNCEHEZRET, Mk
H 4@ EE R FHERE(T).
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49 6th larva (6 M)

| 1 2.909+0.548
(4.7 udM)

34 2.280+0.468

(2 uM)
0.988+0.152

20 titer (pg/g larval/pupal weight)
~
A

| e

T

T / T T

T T

T v T

& G > N -~ N - ~

‘7\ S NS ;\ ,’__\ ":s\ ,\\\\-« \\’%\‘ A Q\‘ > \\ <’ s \,)‘ \,.\‘ \‘T‘bqr\\ R, T
v

Yo' ¢v v v \‘,\

Feeding MM Pupae Adult

B 1-1 S RRETES 20E WEHLR[7]

Fig. 1-1 20E titer curve of H. armigera during development [7]

2.120E a5 N

Wi 7R R 7E 1954 £ Butenandt A1 Karlason B K22 H 3R HI[8]. iR BERETE
AR AR {2 AT AR iR E (prothoracicotropic hormone, PTTH) i##5& pEFI[9, 10]. PTTH
R— M/ FRIMERR, 7R RIS N RN A U, 53 TR AR A (gt a
BBERERS W11, 12]. AT 7 Wt R R R R R IR 20- B nE By

(ecdysone 20-monooxygenase, E20MO) HIERF, 7E% 20 MR+ LmMBREBAE
TR 20E H & ﬁxwﬁfﬂﬁmaﬁziﬁﬁ%@ﬁ%m 14] (& 1-2).

‘ Peripheral tissues
MM " 00

L O

/ <
Brain Prothomcm\ cdysone 2 x
- Glands monooxygenase ‘

S s

Ecdysteroid titer

Days

A 1-2 20E &RHLHI[12]
Fig, 1-2 20E synthesis mechanism [12]

2.2 20E HEFHIZE

20E REDREREIE 5EHEZ EcR M4 4, EcR BE58S[1EBE (ultraspiracle

protein, USP) JERERE &1k, A% 20E S HASEBHERRKIES, 16], X2
2
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BIRZFE —BOA W 20E RIEDGROE—E5EE (B 1-3). REHBREANFHH
EcR, Bl EcRA 1 EcRB[17], R B £ =3 3 1 EcR A, B EcRA, EcRB1 #1 EcRB2,
EcRA FEFZETRAALL, EcRBI ERT- Mg RELA+FFHRIA[18]. ERBRPLE
F|—% EcR K&, Bl EcRB1[19], (R RfFE—F USP. ERBPEEH —F USP, B K
IO R B K i R M A2 B Fh USP[20]. 7F 20E B35S N EcR 5 USP LR IR Bk
Hit—SE S THERREW Hr3. Hr4 M E75 FIBHT, NTEREBRTE[R21].

EcR B ZHRREASEHRES[17, 22], BPEEHEREESE. DNA &858, &
PfE S UREAZESE. St EcR SUE TR A SRR MA4) HFET[23]. USP
YT 20E R ENERBEEXEEN. ERIRFRE USP BB RARIEFESE
[24], 20E {5518 THRENEZ TR, H R4 RARKFAT[25]. EcR BT BALL—
FhR %5 & USP W15 2N 20E[26], {5 20E £5&J5, EcR 5 USP 45435 /11858,
USP B& T #1415 EcR, XIT3¥. RS REMRRAREREZEEREZLN[R27].

Cytoplasm

Nucleoplasm

EcR-BI, USP1, N2
Ran. E75B. BR-CZ2
HHR3, Ha-¢lF 3¢

1-3 ZRHFSERH(21]
Fig. 1-3 Genomic signaling pathway [21]

2.3 20E BIEEEEER

[ERFTFKI, 20E BRT ATLUEALMBRA S HAZZ MG &5, 0T DLPGE 5 40 A i
LB GPCR HHE S, BRETHESER. GPCR EAKEREENARESERIEEE
YER, WEMILEY+ GPR30 {EAMBENZE, WNEE/GHESMRA Ca Uk
1£[28]. R AL ERZIE (dopamine receptor, DopEcR) 5 20E HZE&5IE— &5
AR R[29]. #B42 : B ErGPCRI #1 ErGPCR2 7F 20E #i%F T o] LARSHE T ilp il B4

3
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=S@K, A EcR A1 USP WRER Ca2 RERZE, MEDREXFHEM Gper 5,
20E £ S EBRAEFERIAZFIMA], 580 20E 7T LB EZ 4453815 5(30,31]. IS
FH &%+, 20E @i GPCR A#% CDK10 1 USP1 #1#0i¥ /5 &1fH, {2i# EcRB1 5 USP
FERFERE A, NTHERARENERRARTHES. FERARZHAENTE
THERRER GRS, HFEEMSERARZ RGN E ST RS R R
BRE (E1-4),

° o
[}

20E. »

I-tvpe Ca”™ channel
TRP channels

cytoplasm

.,'\:

i “
Y30
nucleoplasm
iy

Genomi®p:

— = —

& 14 JEREEESEEB3)
Fig. 1-4 Non-genomic signaling pathways [31]

2.4 20E {E#H¢HA RS

MFREBESBAME, HAERELNYRARKNA TR RALRGER, EX
MEEFH, AERIGENINBHATRARMERKERETN. AREBFERET
YA FE BT (programmed cell death, PCD) LB, GFEEWBMFET . FEH AL
R 20E 0] LB A% F R R H A1k EcR/USP BRAEEFIR R (St g e fig .

AR EIEALEN H SNERY T AR REE, AR SEBKESRRE
WA, NTIFAEBESMBRENYR. HHERTEFRNE - RANETERE, M
BF A EEART AR EEATTERIFA TR, 2 EEE0NH . HidRE e wmeR
EREHAESESERAT, HHERSBFENERTCRHEZMARREN. HRE
SEFRREZFTIMAL, BIVGETIBRES TR DR —FEFILHIE2) (B 1-5. BE
FIYLEI R B RRIFHBI 5T, BANSEBRK 30 EMNERMEXRES. EBPRES
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RERKEEEEZAS, HYHBHAXAEA 8 (autophagy related gene 8, ATGS8/LC3) &&
BBt 2. B2 (phosphatidylathanolamine, PE), M LC3-1#%4 LC3-1I, HEBREZHWE
B2 b, BEME LC3-I RARAKENEERERS, 34]. BUROEREHEHAKEEE
ERIRTRIERE, EMARELEAE (caspase) TF R P RIZEEE(EF . JEIHEH caspase (2.
8+ 9. 10) #EIEIE o (F L35 THFRLD caspase (3~ 6. 7), M FHIMEE T, Caspase-
3(CASP RAMMFET I BRI REENELR, L2 BINAME T EEBL 7 T[35].

Growth factor
deprivation

Starvation
Decreased Block in
extracellylar nutnents nutrient uptake
Decreased
ntraceliular nutnents

B 1-5 aSEFREEVEREB2
Fig. 1-5 Autophagy is closely related to nutritional status [32]

20E ®JLARE Args Al Casps HIRZFEFARRKEERAFET[36]. EXETHE
20E WEMNTE, AWEREEIS[37,38], MEEERETERE, ATHIEREZE. +
R AR PRSI R [39] (B 1-6). 20E B2 5BV EiArEETE[40], @it
Br-C. E93 SHEREIHEAFELT, AW FRIANERE. B £93 HREFEXRE
HRKRERE, BIERNEESZRME41]). 20E B LLET MBI EF SR E AR
REpith BB REEE(EA42, 43]. EMRBLBRRE LR 20E (B3 [gf-2-like FIFRIE
(RuER HAE AR R [44]. BMSREATRAEY], ERRRPRAEBRERB TR
Az, 20E FF Ca" Wi, MTI{E BB AFM T, ERDINERAMHEIFH 3-MA J5 T
B9 & 4[45). 20E {TiH LA EEEE D (cathepsin D, CTSD) Fik, BEEHWHEIHER



R R AR

AR BRZS TT 3 — 25 805 CASP3 {2t SR T-[46), 80 8 W R E T i 56 th &4 [47].

Pupal peak

Prepupal peak

Late larval peak

— T T T ——r—p Eclosion
I T

L L y |
404 12 24 36 48 60 72 84 96 hRPF

. N
= =)
DEOM MN

-4 hRPF 0 hRPF 4 hRPF 12 hRPF

12 hRPF 14 hRPF 24 hRPF
8 8 P2 S ; ik j () g
& 1-6 20F A HA R R (39

Fig. 1-6 20E regulates tissue remodeling [39]

3. RABELAHERANRERERE

3.1 R R AEATFRR S R NN EEER

B RIEI AR ThEe L T S AT, RGP ek, Beliik
M EER D G (lipid droplets, LD), A FERS 2 Hih =8 (triacylglyceride,
TAG), HERBMH AR, EN AR BRBITERKKRE. RBRN. FEAHOER
BERBERSLHER[48]. FEVEE— NS ARA R, BRENM R, BPRER
RBSEQEHP. LmEXEWENE, TEEPSAERBALE, BEEL IRt
B, BB ERERIRENPREHBMRAZN, E4HpRAEREKR, B
HHATERA R, BREREDG, KRESTHELTFRSE. MR TEREH, ARER
BREBBEHEREWR, FRREEZNED, WIEGERRIR%ERER, KENL RN
EAREIET49], RHERE—F 7 RFHNZEER T HHFSR NIRRT,

TENRERT R RE BRI E RAMEE, BRE —FhREMEHEamrfim, K
FEYHEE TAG. EEEREMMERS0, 51]. EBHATLLELRME FEX RETIHRT
W, EARRAANEEBEAARE, SR NEERREER — KT, EH
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iR KA 2218 ST

ik UDP-BI & ¥ & R SR TS AP IR . FE B RRENS, B8R IE Bl IR B AR (L Bt 1T 20
. EERARERERNEEEES, BRSO ERBRAEEEL TRRIRESAT
FWRFRERR. BEE. IR SE FRBE 0 R AT BRI 4 1 8E B FUR TR &
IRES NG FOR

32 RiERWEBHEX

BEHETAEHSY, AREMLAREFLREHRCREE—R BBF8 M
LIEEARWEFRYRS2]. BROMMET UERFRBHIREESNOBENEEER
[53], M ABBSMNEME YR U R 7R YR EL Tl KBRS
HMSMBRARE 7 8 HNARBPRARRREN[54], FRARMEHRIBERERESS
Mk B EFREEA K[55].

R SEKRFETHER, REYRERRNERKE, e R A A H B
BEATAEMHAT R ERBEEOME, BERTIHRARSCE TIE SR E RE%(56]. e
RS F, TCA A FRREYR M RAREWENEEMR[ST]. RAWEL
e, LEERANEFRAILREEEENEENEZER(SS]. £XET, HEPER
FIEFRYRPARWEER, MERTARBLUARESEAET, MTARRKEL
FERGRIRETRE . TR AT HRIABRBERETIETREERE, THEHE
AP RE I EFEAN LA, FETEIR SRS, MEANFEHEXFHRTE (B
1-7), 5 20E fRELHETHAMES. BREAM—SBRBEERYNEEENSR
BeREAT DMERARITTF R, H B Aok =4 ATP FIET A4 5 11601

WTFRESEABRRNE, ENRTE S4 0 S0%ME RIS, MEHRKRPIMHER
WA RS L T AR E RS, FEKERGHFFNYRNGRE SHHESRER.
FEREAN TAG REEMGEMEEREY, BEEE TS BBREZENERBREL61], 1
REBARENEEYR, MTENEARETE+T>EE62, 63]. TAG HTHEH
MEETEENHRESTHH6-66], FTUREAREHREEMBERET],. BEE
HKEE VTR EERE[68]. N THRABRANE, HTEMARZIHRFBIEREER
Mf%, ZERLE) TAG A TFHEAIREIF AT LS K4 F BfE AT RAHMKIR (R [69]. 9D
WHATRER MR N, WEKER ARSI Ira i /17 AT E3970), &
FaRT, EEKENBRE FRHARE70,71]. EHEERF, SHHERLERLETE
KRS, (R4 di & . T 21 TS, 20E #4454 DopEcR Min & 4h iR &([7].
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Fig. 1-7 Glucose levels changes during the development of H. armigera [59]

3.3 20E RN

20E ERAZERRRERENERERER, SREFTMR, wWTUERERLS, 2
KRS, RATSEE. ERED, BEERESHESHALARGERENE (Eik
BERR L AN LR IPIR B ), BSR4 A SRR SR AR A K[72]. EHEERR
MBXFEEP, 20E BEHEXEF HR4 # E75 AREBRERRY, REARENEER
UUEMBEIL[T73, 74). £ B PR P& EcR Z J5 10 BR SRR X 16038 2% h B BB B [F] 2(laccase2,
Lac2) MIRIE, NTISBARELSREAE[75]. £EBRESTRES, 20E Bt LT
BIAFHIRIEMW rpr, hid, dark F dronc %S KBS HHARKINET-[76,77]. TERE R
4 e LS, 20E @ kR EEREN SR LF[59]. EERPHNE
ZIMLEIBLER, 20E @it EcR R3S A SRS MURERERE, MEREEL RS
BRsRERNERE, ATTERSEAE DRTEHLKE S EREKTE(78]. 8
B i, 20E {23k H i BR-3-8% R i S B ( glyceraldehyde-3-phosphate dehydrogenase , Gapdh)
1%KL, GAPDH Bt HESHERE ( wehalase. HaTrehl) Z&##IHEN, FIiE%
EIFERRAS[79]. 1SS 20E FRESBEYIHEFE, S H BRI R BT3B 17 5
71 #E[80]. 7E R MEH, 20E it E XL F F HF (fork head transcription Factor, FOXO)
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AR AR

(81, 821 LA H M =Ee e MBS C(adipose triglyceride lipase, Atgl) HIZIX{E3EHG R #Y7
[83]. 20E i@ T R AR E WYL EE (methionine sulfoxide reductases, Msr4)
IRIE T BT AL[84].

3.4 RifE

ERNGREFRA S, HFA%¥,. BEARA%ZENHNAY, REHRFREDENR
WYL, HEHESEZUN—TTRF. R TEEs RN R, A RS
45 BT AT IO BR AR A i i R B 1R IS SR R 47 BB 55 FB R (85, 86] - MR B AL XY
KA ENT LA A e F SR m A A, K I A H T2
XA fir P IR AR =BT 7L, TR RER RS EEE, FME MR E A4 m.
EHEARBHZARESEEANXES L, KR, HPE RNERBERIL
#% (nuclear magnetic resonance, NMR). A& i%-FiEBA (liquid chromatograph-mass
spectrometer, LC-MS). SAHEE-FT1EEXA (gas chromatography-mass spectrometer, GC-
MS) %, W CERRIEE S GC-MS HAR, %o s BRag AR & R A A
WRIER, MIMEE 7K. KEREY AR B RE R e e

4. KLF B RERHNERERET

4.1 KLF S HSHE

KLF B—REFEFRERE, MAXSESEY R 540 iR 4 3h P a0 S & R %K
Y IEE, BT SRS RIBH krippel FZRIIRTIH T4 N krippel FEFER
HF[87]. HEWfr aRERBEREE = METFHMRE M Cys2His2 FIE4H, Fi
H 7 NMEERER, HPiHmMREHEE 3 4MEER, H—MEREMEE 21
ANEFHEFR[88-90] (B 1-8). KLF IR R G FFIFBA ol (B@EEHETHRK
EERIREE RS HIR. BRiEAFCL%EEE 18 ) KLFs, RigFLes| s
KLFs. KLFs i8R H% A S S GC I DNA F%] (CACCC, KLF bs) MW H %8
ERBFER91].

 H ,H ! H
® ) ®) @ \
. . . H ' H ’ X H
N Activation/Repression  S— N\ GERP ~—C

Domain

1-8 KLF GiH338AF4E(92)
Fig. 1-8 KLF domain characteristics [92]



R KFE 2R

4.2 KLF RYTh6E

KLF " Z 2508 RN IR OB Ak o0 R TS nEL R KLFs
CA—Fp &M T B W A AR HE drgs B RN IEKF 6 [93]: /D R KLF5 @K,
R G S BSETI[94]: KLF4 7 MEA—FFAMREFX T _E R4k -+ EE[95,
96); KLF15 5¥R4AXREY: KLF 2 RAET UthFEREER, I KLF11 f1KLF13 5
Sin3 BA%ZE, EATHEAEZHALE . AR FREERBESHLHEIT. BARAKLFH
HEFIIR—HN, BEHTNEERESHFMARRE. RERTRULEFZSEM, N
MR EAR R KLF SARZERF S & RKERERER97-99].

4.3 KLF15 iR MR i
FEAF KLF15 2—M25REEEABNEELREF, sEFEhERE,

HEYBRE TREE LF, EREERERERERE P EEREREREEANRHR
BR¥EE (phosphoenolpyruvate carboxykinase, Pepck) [FJZR1E[100]. KLF15 &R & FERR
SEBMHEBREZE 1 (alanine aminotransferase 1, Altl). MEBRK A&

(prolinedehydrogenase, Prodh). 2R 2, 3-XUIN%EE (tryptophan 2, 3-dioxygenase,
Tdo2) M 4-F XA ERE (4-hydroxyphenylpyruvic acid dehydrogenase, Hpd) I
&, MR A IR AR SCRR[101, 102 7E/MNR A RERR Kif15 S8R MAE, HE
FEEFI AR ERAE LR, XRERAEREURBZ RYOILFEER[102]. BEREE
&1k 4 (glucose transporters 4, GLUT4) RENMAMBEHARFHREAVZHEEREN
184k, KLF15 L Glur4 B35 T {2 2t 40 B3 81 & B2 I 3R AN [103]. KLF15 AT A%
o0 p A R, BRI ZKAREA D M E (cyclinDand E) F1J& # 5 A KM BsE
2 (cyclin-dependent kinase 2, Cdk2) HIFIEHNH]E /MR RIEA M NGHMEH S,
HI4HHuIETE[104]). B RFIBMERHEE A 5 BEHEKEKEBRA 1 (acyl-CoA synthetase short
chain family member 1, Adcssl) BFEE, XEEREL KLF15 &4 H B3 FH A KLFbs
SEERII[105]. KLF15 i@id 5 liver X receptor (LXR) FHE{E % BEBEE T o4&
5 1c Csterol regulatory element-binding protein-1c, Srebp-Ic) %3, BILX—HLH,
KLF15 7] DA BE B A2 R s 0 88 e A SR8 B B B IR AS[106] o

5. FHPFERIMEHRA R

5.1 PHEFE)E

KLF fER—REENHERE T, M T REARNEREEEEM, KLF15S SHENAHE
YR, RHERETURRES T LUMRERRE, RANE5ERATRHXRAFNIEE, &£
BHHXT KLF FRERD>, KLF MARERE KERTH DR i MR FE 2
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AR REM AR

AREIHT -

M TRAZARNNE, FEZHGRARNWETA SRR PR RAR, FX4
SRS, HHEABREREHRNEILRE, BTREALATIRARNENE, K
FMRERL, RENSHLBBRXRRURMERIFEAFREN. ERRRRKELE
1, EKRAEEREORSAEPEERANN. 20EEAARRERENERRR, &
BEWHELA, ERERELRAFEHRSRESHER, REHANERMET,
RUCERBXREE T, AT 20E W ihAiEEAREREIRB A EEEE.

52 MRAFREFBR

AMAUERRIVEHBRIIAANR, BA—RINEVMNER T TERFEFTE,
AN KLF15 BRI K& B RIS 3 208 {28 KIf15 HRIE R BRI RNA
FIMLIAR T KLF15 X T REKERTIEE:; A ANERAMB TR KLF1S 23
HEEHET; R—RIABOMREREXEBEFEER KLF15 AREFRE RS
SHEAFEERRRIE: FRRELRIE R KLFIS (R#fERE. BT HREN
il o

FIF LC-MS HAR, WeshdAEKE, WHEHAGEHLKREREH SERERE
M B AR SR, B R SHCER RNA TIARE &4 oS IR IR BE R AR AR
SHAKEBMER: BN EHERAR R IR RIA U X 20E RIBIERA 20E A
BEERAH ERERBEAHH]

WIS A R AT SRR T KLF15 EMRRRRRKE PRI RENR; S
TETHERARELETIFENREY, HHEARETYESHAEBRX R 55E 20E H
BEREN S FOH, RFRPIERA T i AR ERER.

11



WA R F 208 5T

FoE REMRET KLF15 BEREEAEAIERENTEFERT
SR EFREERS

i}

1. §i

AR AR S K KB AR AT se YR, o] DL E sl
R R N . A Uy AL a4 RN AT 2, = SRV & 8k
TR TR W EIERE TRIE BT, E£IEEHREENT, BE
BEMR{LBE (glycogen phosphorylase. GP) EALKEIR o = £ R EPE[107), FBIHERER
B IERE (pyruvate, PAD M =fERIRE (adenosine triphosphate, ATP). A fifi#
FRRERA S LR E /NN A AEFEL R, I R EER A EE B TP — AR
A, BRIET e 3ERE B R 20 FL B8 (lactate, LAD. H il PA Rl & & HEPR (free amino
acids, FAAs) F=EHEFE[108. 109]. KUILEE B M 1L B & S I FE 7R LEME AR AT
HEWIE, ARSI ATE .

Kriippel-like factors (KLFs) ZFJRE —HEAEHL R EEF = MRFH Cys2His2 $18
SRRSO T, IR RIES G R ING ST /FFIF GC box, GT box (CACCC,
KLF bs) MifiiR$s &R FR91, 105], S 5MMME4K, MEER T, 111]. /£35F
WHESATER A, KLFs DMKHR A ME A7 EE KB ar (93], KLF3 5t F iz e g -0 2
(112]. FE/DRA, KLFIS R —fZ 5EAHNEZEXET, mEEH, KLFIS5 T
hRIAE LA, (RS A SRR B PE-6-BEBREE (glucose-6-phosphatase, G6p) Flf
R EE A ERER R EEE  (phosphoenolpyruvate carboxykinase, Pepck) HI¥3%[100, 106).
[, KLF15 &6 il gnbd s i /- MR R IR 00 08, T okl S A SR 5 5 B0 AR BRI
#1101, 102). HEFFA KM KLF15 HE B £ K [113). R, KLF15 8% 3R
TE AR A TE 2

BT RREIERE ISR E A RE, SIRFEESRRAAKERTRREE
EHREEKAE SN, AR A S R T R AIMIET . (programmed cell
death, PCD) P#f#, B EMIETI[48. 114). BRI EIE A 230 PAT RER RIIRA
2, IR PR L AT E TR R T RE A ) 3 EEH 2R 68, 115], A% (lipid droplet,
LD) A A40R - T E M AS T S A A 85, H o /Y 3 B Al & Bl =88 (triglyceride,
TAG) [64]. 20E j&F 2l f AR 0 F I A T[114, 116]. 20E /L (E4) S 4% &
el Fr e E46], BILLE S HZZ K (ecdysone receptor, EcR) F5HARITEH
(ultraspiracle protein, USP) R RE &M, S5 KA M T (ecdysone reaction
element, EcRE) Z&JF[117]/d8 TirEEFREANMELL B RKESKE[118]. =iHE

12



WARKRFE LR

%) 20E & UM it 4 R SN B A AT TI[4S]. ZRTSER = M FURIES R b
#)E, MAETHEREKFAEBS], SIRMERRKERMR. RE 20E X BREEHHA
BOHTZRER, ERRERERAE NG KL 54 R4 PCD IR RTIANEE.

AEFAUMR RLER, HRT 20E RERRBEREMREN 4 PCD 1
Pll, 20E @it KLF15 B4 8 WA T {240 Rl RRERE, JbERdr=tRy, M
TR MK FREZEKE

2. HRERHE

2.1 SKBREH

2.1.1 LR

BEARZREMRWEF IR SRR AN R, FREREN 27°C+1°C, FHEIEE
N 60-70%, KRR 14 /8, BREKEW. MERF. EE5EER. BREALHE
S5IC B M RIS EH 119].
2.1.2 SEIOYRM

PR HER MR (HaEpicell line) ZHALREM 5 BYIHEFAR P BHEHF
SRAG[120]. K AMBA(E RGP E HAA BB Z, A 5 mL Grace 3582 (11300
043, Gibco, 3£ Fl 10%HKIE G 4 3% (16140063, Gibeo, £E), BEFRIEE A 27°C,
BRGRER - RHNRARRESUREETH G
2.1.3 %R

Trizol RNA #EURF & ANTP. Taq B458. HIFI B (&2xX4&, b5, $ED. I
JEFE. —HETH (DMSO). DNA I . ZERRIGARE. CCK-8 4MuiE /17
. RN RN A, IR ERAFE. BRI ERHE. BRI EiRN
& GBRFE=, b5, 1E. HEEleEfe (Besy, tE, PE). chP Efl&
(BEXR, L&, 9E). 5I1WFFEH. EFXFER. FREXR. RHRERMRLAREE
IPTG. EAEEM&H PMSF CET4Y, b, TE). KEKEN &, FARBGAH &
($&5H5, ¥, FE). RNA BMHEIF. REERNTIEE. &8 dsRNA RF&E (Thermo
Fisher Scientific, &M, £E). 3HIRFEA|. 4', 6-diamidino-2-phenylindole (DAPD)
(Sigma-Aldrich, BK%, 3£ ). 20E (Caymanchem, ZFERM, EE). LR
(B8, b5, E). £RAME (Biolnd, EAE FHE BT, UEA%)). T4DNA
S (New England Biolabs, ##, £E). cDNA REZIAFE (Abcam, 8IHF, X
B . Grace ;7% 2k (Gibeo, MAFEEEM , £ EH) . IRILEHHL(General Electric Healthcare
HE&NE, BED. iR 20 RE, b5, PED. BBRAKAER H3 LBk (Serl0)
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AR REE 224083

(Cell Signaling Technology, 4, £E). HRTELYEE (HRP) tRidEHFAE
P 1gG. WEBBER LN ENAESHR 1gG (FEEF, Jbtx, FE). p-Actin B
TEEEFUE. GFP/RFP 7B HifK (ABclonal, BRI, FE). CASP3 B REHik (i,
VLB, D). CASP3 iHMM T AFI& . Annexin V-PI B T-HMRFAE Tunel
TRME (FEAEY,. M, FE). TransStart Tip Green gPCR Supermix (L3, Jt
. PED. HARRRSE T BT ainl.

2.1.4 S2BH{ s

PCR X (IEHEBHE, HM, FE), KHEE PCR X (Analytik Jena, EE), Ik
1. SDS-PAGE ikt (Jlyo, i, FE), BEE. SEAEEOHL (Eppendorf,
BED, BEBEX L, T8, 8, MEMLbET (R, b5, FE), Olympus
BX51 ROGEME (REFEK, B, HAMM (Amnis, FHRE, EE), ¥R
AR RS 5200 CREE, LI, BED, L-8900 REMAHM (HA, R, HA).

2.2 SKWAHE

2.2.1 ®E RNA

EEAREE . HEXMEB =R 8, K L 15min, 7ESME TR
B, 2B HER, PRABENEFRA 1xPBS (pH 7.4, 10mM Na;HPO4, 1.8 mM
KH:POs, 140 mM NaCl, 2.7 mM KCD e £ B b, SABHEL 100 mg 2 SUHA
EHMA Trizol AT B2 IR BREE, EUH BB B SE A B DL 12000 rpm
.0 15 min, B EEBREF WL RNA B EP P EEFHFE 5 min. 7EIRIGIM RNA
B, A 1xPBS FkHBRFEIK, #R/FAL 1 mL Trizol Z /TP AEVK EJHE 10 min 45
FRANAR, FIRIKITAHMEFAWESR EP B9 . A 200 uL EAFERIZIES 20 s J§ 12000
rpm, 4°CEL 10min, B EFRKMFMASERHNAL ENRRERST B EZEHE
10min, 12000 rpm, 4°CE> 10 min J5 £ EIEMR, BT, F DEPC KERER 75%
B ZBEF S BRRIIIE S 12000 tpm, 4°CES A 5 min, ERZBEHESFENRNT 5 min fF
ZEMERER, WI\IUERMA DEPC KHF 72°CE&EBHFIHE 10 min { RNA F5H
22.2 R¥%F AR cDNA

FrREUF B RNA Mk E, #4E 5xAll-In-One RT MasterMix R FAF &80 8,
FEE 2 pg HUEIR, A 2 uL AccuRT Reaction Mix (4x), %M DEPC /K% 8 uL 851G
HE 2°CERBHPEE 2 min; A 2 pL AccuRT Reaction Stopper (5x). 4 pL 5xAll-In
One RT MasterMix+ 6 uLDEPC 7K, & 25°CEBBHME 10min, RFHZ 42°CER
BHEE 15min, BT 85°CEBHBFTIE Smin. K& BUITFH cDNA BHT-20°CHRAF .
223 REER. WEMEMEREMT
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W AR KFE LR

R SRR IE AR R KLF /751347 NCBI 75 E$k, 3RELT A 18 4~ KLFs
FORwE 5 A KLFs; DAAFIRER KLF ANEgtR, R4 REFE FH#1T Basic Local
Alignment Search Tool (BLAST) &, RIBF/ S HNEMRL RPHETR 54 KLFs, ¥
KLFs P12 KFFFI#1T SMART HEREK A i RILARBE R BF RTREREH. B
& KLFs 2KF 54 588519, dRESIWMFK ke E PCR 514, B &ERN
cDNA BR#HTH . A MEGA 7.0 RIEXTAREF ) KLFs BHF ST HX g
ARG
2.2.4 XitEXk PCR (qRT-PCR)

WA FHLR cDNA BATHRE (GRE 1:6: F7 1:8; Rk 1:5) 1E MR, B
FIALATF RBL R 10 pl):

& 2-1 PCR REEfER
Tab. 2-1 PCR reaction system

A AR £ 10 ul
F#5 (M) 2L
TS A pMD 2L
TransStart Tip Green 5uL
qPCR Supermix

MR cDNA 15K 1 uL

RN ZAE: 95°C 15 min; 95°C 15's; 60°C 1 min; 78°C 2's, — 3L 40 NNE3R, 7E
65°C-95°CHHAT IR AR LR S0, [BIFG 0.5°C, KB Ct EMRIE AN 2724 iH 5L, BP 240>
WH-ACUIRA) | ACE RBEHAPERY Ct FIIEATRATERY C FIE—-NSER
0 Ct FI91E, B-Actin AN S ER it B RBEHET 1858 (* p<0.05, ** p<0.01,
*x* p<0.001) Bl ANOVA (REIFRRRFBAZAFERZEER p<0.05) 2HRTR
BFREER.

225 HEEEESG
2.2.5.1 WRBEERERKE

%48 KLF15 ] cDNA F B (1-564 MIIZHERTS, 4miS 188 NEER) #HATH 1,
TR4E pET-30a i b B i i B @ WEE YIS, F DNA %A TIREE 37°CE& BT
Y1 KLF15 B8 B A pET-30a 1.5 h, SR IRAEREEER FLA HEaHT IR |, e RE R
F T4 SR T 4°CHB U . BEEYWENKBHITHE DHSe 19K E®E 30 min 5T
°CERBBPHIE 75 s, BFEHEBBK L 2 min, T 1 mL B3REF BN 37°CREK+
WE 1 he BHOWERESRSIRESRITEZR (Kana) 1) LB EMEEEFES H I 37°C
BEFRFEP SR 16 he PR BT PCR ¥ ISR RIEFAME B 7%, 1 LB B
ROGHAT R AR R, BB B TR N KHATE Rosetta BRI FRII®, ik
FHAEBE FE IO 20% B i 31T -80°C LR 17 -
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2.2.52 RHRBRZBHAFT A4

B EHABEREMEEH SmL LB H#EP (Kana JifE) T 37°CEAIR, REU
1% LIRS 2 500 mL 35375 P T 37°CRIK 7 3h, A 0.5mM ) IPTG Jak4E
JRE 37°CIBIKHEFE 6-7 ho ERBELINEE, A 30 mL 1xPBS SR UTIE K BIBRAX
BHATHREE® (BA Ss, AR Ss, MK 1L5h). TAHEBEOHIAFE.G 20 min 5251
W HIEWMATTEE . 25T SDS-PAGE ¥f%, KLF15 BAERERE, BIEBETEE S
M RERZBMER (0.1 M Tris-HCI (pH 8.0), 8 M RE) T B H N E 37°CRRIKE
B BUET 4°C, 12000 rpm &0 20 min j5 B EIEWRGT His-tag T # 7 41L
2.2.53 & HEGE

RKEFAZRKBAREAREN R, WUEBHELERSNEEZEKAI 1 mL mIEART
& Kok 8 A AT SDS-PAGE KRR, & 500 pg 5EENTEH KK
MRSBESZWEKEPRE, EFHE KB RME TET 2 A3 =5 500 pg 46
WHPIE ESENAZEL B REFNBLEIITE ZIKES: FRBR 1 mg MALTR
BATUREN RsE e . —AERMANGEEEDE, FHCAATME RN RET S
B tERai21).
2.2.6 RHARAER

BRE e U B oKk b 15 min S LRSI, EH%& SR R E] 1xPBS P ¥esk,
RIGHALREE) pH 7.5 B 40 mM Tris-HCI (& 1%H] PMSF) R RSB GHE#ZZ EP &
&1, 12000 rpm, 4°CES-C» 15 min FEXJ::*&EED AREHRALSES. RMAREAN, §
Sell B REFRE I IxPBS PEEBIR, REIA 1 mL & 1xPBS WRITWE4HME, 4°C,
3000 rpm &> 5 min FR HEREAMRAES. A 12 GHKEALERT 100°C
FEEE 15 min.
2.2.7 BERRFEEE

EEAEIFHE AR INE SDS-PAGE IikEfL+, WEHE 80 VERABHER
BERTIBET . BEENERAEZEEIZENEARA/DN, A= EELN—EMERL
HREIHXNABRLE, SEER/DMOEBRIIHRAERE L, B =BT
R, BITHBRAARBESERPMNEIFEREAH TBST(TBS FIMA 0.02%f1tiED
HHE—BEMASEBE (5 g BATMET 100 mL TBSTH) ®E 1 h, ZRTHEH
TBST Bk —BBEEMADIAT 4°CR BT .. TBST HHEEF X, TBS (pH7.5, 10mM
Tris-HCI, 150 mM NaCD) JBE¥WE—IK, X 10min, WAZH, FEREEF 2h =B
ZPij5F TBST HEBERIK, TBS EH— R AN ERERGBSETEEMNE. BOFW
ST Image J B (2N, MR, E£E)D.
2.2.8 MyERt Rk R

¥ KLFIS K55, HH4EEY)AL SRS R D8] B 8 5 BBk

16



AR KFE AW

plEX-4-RFP-His, SFEZIRSEREER T, BKEREE, H T4 ERBERIREREA
KA DHSa, 07535 FE A% V& 5 W 8 OR P FIHER
2.2.9 &R RNA

% #E 400-500 bp 9 cDNA 751, EH S SINA T7 B F R HFHETT EBIENEK
WUEE RNA R, DN BT OBIBEE & BUOOUEE RNA [k &R

% 2-2 dsRNA B R

Tab. 2-2 dsRNA synthesis system
ERMAR 50 uL
cDNA 3ug
T7 polymerase 4 pL
T7 polymerase buffer 20 uL
Rnase inhibitor 2 ul
NTPs 2.4 nlLx4
DEPC /K M2 S50 pL

B R R E 37°CKIBERTFIRE LR, M 10 uL 8 DNasel F1 10 pL #] DNasel
buffer, Hil DEPC /K4h52 100 uL, T 37°C/KIH#HIEE 1 h. B4 MmN DEPC /K E 200
pl, A 100 pL SO 100 pL KA R B SRS, 12000 rpm, 4°CEL 15 min, HX
29400 pL FERMEERRNEHRSEE L, B 200 L LBEBRMA 2.5 FERBH L
K ZEERN 1/10 ¥R E] 3M ZEEH1 (pH 4.0), T E-20°Ck FHIT R O UREEDTIE, A DEPC
KECE B 75%0 Z B RiA e G T 2B 82, A S0 uL i) DEPC /KIEFETUE. 1:10
B BE & BT dsRINA U5 3R 2 FE3H 1T BRIR PRz R UK, 2 B2 — HIASR IR A ik Th .
2.2.10 Hfk RNA T

KAXUEE RNA (dsRNAD 7E B g2 44 Py 0] LARE 0 S L2 B/ ) dsRINA AT R A 8
PREEREIFER1122]. HRIGE T RRNE 0 h ghdugb{Tited, BUAE A/MELISE 6 h
SR B FrkE. BIKER 1xPBS KX EE RNA B2 500 ng/ul, JE5TEREL dsSRNA A
PR iU AT ER 5 = 18 B 0O BIE AR A M RTYEST, (A1RG 24 h JRiEST S —&F, — It =
Ko dsGfp AXTHRA, SLRAMNBAFHED 30 Rb, FEE=ZX#HITSIT.

2.2.11 RARBEFI®

Fi DMSO ¥ 20E %## 2 10 mg/mL #7147, 1xPBS ¥§ 20E #H £ 20, 40 # 100
ng/pL. HEE 6 R K/MEEBIAI/SE 6 h TS, BIRIES SuL, FHHLWES
514 100+ 200 #1500 ng/ R, A 1. 3. 6. 12 Fl 24 h, IREUBHAEEITEN.
2.2.12 ¥t FIA FRLA dsRNA

¥ HaEpi g3 p 2N FUlh, RSB0 80%ET, BT % RS FREHA
TCH EP &, A 100 uL 9 0.9%NaCl, —A~ EP B I 10 ul BIEEHRF, H—
A EP EFIMA 5 pg ERIEFRIE 2 ug B dsRNA, WA EP IR SIE B A %I FE MBI

17



R R 22 AR

LR, F27°CH: 3% 48-72h, R 24 h 7R 6 B T M4 LR 4 & B %K
WER BRI, TRFER pIEX-4-RFP-His AFEHXTHE.
2.2.13 P52 M A

BEA=RBMmAEIL 30ul (& 1mM EHEERR, (phenylthiourea, PTU)), B
DERDMAMEEE 10 uL MAHKE, WA 1 mL BEFERIE, T 37°CEEEE 10 min,
£ 505 nm LB R ILE
2.2.14 5 M EFE3ERE

WRERZE A= R EERS BI040 R liE, BY 2558 IO MY B sl FER AR AL 4L — 41, TRE 50
pL Mk EWEREH 2.5 uL 1 mM PTU FELE S, B.OFI EEBIA 450 pL i
BIRBUEHEZESRE 45min J§, 10000 rpm B4 10 min, B EEBRSRAFI&TH ITIE
WIRAS], BREREE 95°CE&BrR s 10 min, FFEARAHEHMEEEE 620
nm Kb EFEE
2.2.15 P MM ERHR

Wt Z > = R g MR E 45 pL, AMASREAK 200 uL 7E0K_EHROGERF B 5 2 R #
# 30 min, 10000 rpm 25.L» 10 min JFEL_LFEW 75 pL, #HREFE BB IMARR —H
BRI, RAOBHZERZELEEE 520 nm L& ERLE.
2.2.16 P RRR AR

RIS F K BB B4 R eE i g 44 0.1 g, FH PBS B ERBRMAAME, MARFIE
FFERENE B, T 100°CH E 20 min, 8 S min BA—RKFEERSESN, FHEGBT
SR EHRB YA B MARIRT, 257 620 nm AW 2 RIBE.
2.2.17 PEHEEAER

B( 25 pL M#KEZE 1.5 mL EP &, HIA 1.5 ul. 1 mM PTU Ml 25 pL $8E5] (450
mM NaCl. 10 mM KCI. 10 mM EDTA. 10 mM HEPES) , E.CJEH 30 uL BiEWIA
300 pL 20%E =R ZBRHF 7 4RSI, 10000 rpm B-L» 10 min /5B EEWHA 0.22 pM T8
BitEEHEERM N IS ERNEE.
2.2.18 = WA B BT R

M RR B H B4 AR R B 50 pl MR, 5 PTU B &85 1L B4, HEBRAA
BVHPEIMARFETE 550 nm AR ERIHE.
2.2.19 CCK-8 Hi e 4Ri%E /1

B E 96 AR, FHZEN 4x10°MEM/mL, A 10 uL CCK-8 iR7, 7
27°CHE AN E 2-3 h FH B E/EIE 450 nm ALK F6(E .
2.2.20 S dupufb ¥

BRE CHE 24 FURF, ZBRIEFEPHIEERE, MAFREFRESHRY
54EZE 24 RS, FFEMLNARZEELN 2x10°-3x10° NMEM/mL K#ENF R, 7EF
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PRI RN E TR dsRNA L3, =8 24 FLRFRE5EE, A 1xDPBS HEMIK,
N 4%%2 B FESELE F40 10 min, A 1xPBS ¥EMM 3 KERZSRFE, A
DAPI (1 pg/mL) FEENREE 10 min BT RE, HERGE, R 1xPBS Bkl
6 ¥, IR Smin. BEF BRI 2L Hil, B RINEHH E#HTHE, EHR
TELE 4°CUK%E, 1# Olympus BXS51 %6 BB S bt mi.
2.2.21 BECEIKEB LR (EMSA)

¥ pIEX-EcR-RFP-His 1 pIEX-KLF15-RFP-His % 44 HaEpi I+, HAMI/E
#I DMSO i 20E (5 uM) Hl# 6 h FIREBZEH. NETEMAERITHHE 6-RE
W E (FAM) ARCHIRE 214, 48R KIS Bl FXBAE EcRE WFFIHRE (IE
Y % 5- TCTCAATTACGTTCAATAAACGGCTTTGTTAA-3 #1 &k X # 5-
TTAACAAAGCCGTTTATTGAACGTAATTGAGA-3’ ), RN ks (IE X # 5-
TCTCAATTACATGTAATAAACGGCTTTGTTAA-3> 1 &k X B 5°-
TTAACAAAGCCGTTTATTACATGTAATTGAGA-3’); Atg8 BahFX kA& CACCC f+
FIREREE (IF X% 5°-CCCGCGGTTTCACCCTCGTCCTGTGGGAACTGCTGCCCG-3"H1
R %k 5°-CGGGCAGCAGTTCCCACAGGACGAGGGTGAAACCGCGGG-3"), RAEN R
BE (F X4 5°-CCCGCGGTTTTCCCATCGTCCTGTGGGAACTGCTGCCCG-3" MR X
% 5°- CGGGCAGCAGTTCCCACAGGACGATGGGAAAACCGCGGG-3'); Pepck JR BT
K #® @ & CACCC B % ® ® # ( E X # 5-
TGAAAACACCCTGACGCCATCTTGTGTTGAAGCTCGCGCG-3* M &k X # 5-
CGCGCGAGCTTCAACACAAGATGGCGTCAGGGTGTTTTCA-3"), RAA FiRkst (IE
Y& 5’- TGAAAATCCCATGACGCCATCTTGTGTTGAAGCTCGCGCG-3' Ml 5 5°-
CGCGCGAGCTTCAACACAAGATGGCGTCATGGGATTTTCA-3"). KRB TR
22y (pH 7.5, 10 mM Tris, 50 mM NaCl, 1 mM EDTA) #, F 95°CHn#% 10 min J5
EZBAHNERR. IE %I RNBBRER (2 540:

R 2-3 RRERBERESRER
Tab. 2-3 Polyacrylamide gel synthesis system

&Rk & 20.14 mL
10xTBE 2 M 1 mL
40% R 15 BE R R 3mL
50%H 7 1 mL
10%id R ER E% 120 pL
TEMED 20 uL
EETK 15 mL

¥ 15 pg MEAMBE B (pH 7.5, 10mM Tris-HCI. 1 mMMgClz2, 40 mMKCl,
0.1 mg/mL BSA, 5%H i) FESGEZEHE 10 min, 5 200 fmol FAM Fric FIERET
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EZETHE 15min J5 LS| 6%0 RN BBEREEER HREFLH[123, 124]. X T@BRITH
SR, EERRMA 1.5 pg B His ik X TESELR, S&RBMMA 50 fFRIFCH
Her. 80 V BUEER 80 min A A EF1E, BUEARE] Tanon B SR X 1T B 5 AL
#wa.

2.2.22 $eB i RFEIEYTIE (ChIP)

52 R 5 pg B pIEX-EcR-RFP-His F1 pIEX-KLF15-RFP-His JfiFL 5 44i# HaEpi 4
Firs, 72 h JSM\ DMSO B 20E %3 6 h. #%EM4T, SN 40.5 pL FEEHHE
37°CHEFRFEIE 10min; MIA 165 L HERBABES G ZEBNHE Smin; ZRFE
MHERE, A 1 mL &% PMSF i 1xPBS F&¥ 40 M w6 vk o F 40 B 1 A Wi S 4 e 5 8
Ly EFr EEWER S PMSF # SDS W SR UTeH BT HE (EF 2s, AR
9s, HABFH 8min) UIBTYIEF A DNA, f# DNA K4 BrR AL 200-1000bp K/h. KR
BL G BB 400 uL E3E, A 500 pL B dilution Z5pP9R )5 &L B _BiER S S 4
REA4Y, —# 9 Input 41, B 4°CUKHH, BAMFHMIMA protein A+G T 4°CIRIRIBIE 30
min ZRIEFRELE S KEBOEN EEE, —60 3l ik, A—m ik, —
[E7E 4CIRRIEZEER. A 60 uL protein A+G B 4°CRREIEIE 1 h TR —H
FriRBIED, [REEOXR LIEREHUTE S HH Low salt wash buffer. High salt wash
buffer. LiCl wash buffer 1 TE buffer $£%%, TREBMA 1 mL fF], T 49°CRIKEES
min JE7EK L8 E Smin, 2458 LBUIE. BHEMA 250 pL Elution buffer (1% SDS,
0.1 MNaHCO;) , 7EERBIKFIELM 5min, EE —K/GIHIE LB 500 uL, O
20 uL5MNaCl, JB&IJG 65°Chn# 4h, AR AMEF A DNA Z R, FdnEF
BAA 10 uL. 0.5 M EDTA, 20 uL. 1 M Tris (pH 6.5) 11 uL 20 mg/mL FEEE K, BAE
F 45°CH# & 60 min. F/EMAF T #I3E DNA FH T qPCR #&illl.

2.2.23 13 B R

$3 2.5 ug B pIEX-RFP-GFP-LC3-His XUFR& % J AR B HaEpi UM+, # 4 48h
JEBIEI S uM B 20E F#k 1 h, 12h, 24h F148h, RJEHT RBMMmILETEA K
®It. BT GFP RN EME pH 8UR, L EWREN, HEWAME, /5 E®WHE—F
TGRTE Rk B WS B AAR, RERIKEEK[125].

2224 PP

HAEEZE 24 AR PHTHERE THRAES, FRABEFREMA 200 pL 1
1xPBS F1 2 puL i1 CASP3 J&¥), T=EEME 30min, AREHTRBEHMIMFENE. KR
RMBRE TR e A E 6 LIRS, SERAHEEH 0.25%0 R T H b F &40
M, FATUAH 1xPBS W AMUTIEF IR, WE 1-5<10° MEMEH 100 pL §) 1x4554
MR EEMAMTTE, SERERBIA 4 ul i Annexin V 1 4 uL i PT TIEW, B =R
F5EE 10-15min, FEMA 400 pL B 1x55E8 S rh il 5 8 95 =040 M SOk 30 40 B 1
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. AnnexinV AZERN, PI ALAR . RishERTREZE (TdT) dUTP B0
FIbrid (TUNEL) RErEaMARREATR, HaMiEREN A&, 1xPBS B EEM
WHE, ERRNBLERARETAEEE, BEFHANAREIUIR 5 pm ERHRY
FEETERFE A L, RIE TUNEL A& B THE, ARPRERTHMAKRH
HRPZERNES.
2.2.25 JsEReR A H

WENREM BB, 1xPBS EBEEME, KHE 1 mg AL MA 10 pL H#
R ELFFEDK b3 B BT i kAT HOERR S, eI E 70°CE&RIEHEE 10 min (EASHTBE
HKiE, RIEECER EERA T YOCEIELE 620 nm AR ERLE .
2.2.26 Gtk

S % RAE ) Excel A1 GraphPad 7 ¥4F Chndtl, £E) M 8EEHEE. Fra R
YIS, BMEAZDEE=REBEFRTRER, SREEH «+ B35
p<0.05, ** p<0.01, *** p<0.001) HATHFLETE ANOVA (AR FERRHHZ (A
FELREZR p<0.05) BITEENBRRIEEFEREEZR.

# 2-4 PCR 5|¥1/¥ %)
Tab. 2-4 Oligonucleotide sequences of PCR primers

Primer name Sequence (5°-3°) GenBank accession number
qRT-PCR

Tre-RTF aatggcgaggctetacaat AJK29979.1
Tre-RTR atggctecagttegttgte

Tps-RTF atgctgageccaaactettcg XP_021201246
Tps-RTR ctttcecttetgttgtttgage

Gp-RTF gagatggcctaccacgat XP 021190210.1
Gp-RTR gaaccaacaacgeacaag

Gs-RTF tcggacttattatgetcaggac XP_021199514.1
Gs-RTR aggagatgitctgectcgtaa

Go6p-RTF gatggaacaaatctacgcactcg XP _021186784.1
Gop-RTR agccaccatttcataagageatt

Pepck-RTF cgcaagaacgatgagggcaaat XP_021197900.1
Pepck-RTR gttgtcacageggegeaggat

Atg8-RTF aagagaaagaccgaaggeg XP 021181573.1
Atg8-RTR ggtetcegagtctagecttc

Casp3-RTF acccttcaaatacgagcaatce AEK20819.1
Casp3-RTR catcattgtccgtaccattectt

Hk-RTF tcacattctegttcecgatgaa XP_021198412.1
Hk-RTR gtgeoggtggtgtegtiga

Pf&-RTF ctgatgtgactgestegetag ALJ94066.1
Pf-RTR cgggcacgtigttactgat

Pk-RTF agggtgggcaaaccagtaatc ARQ20739.1
PE-RTR tcggacctcaacaaccaaatca

Kif15-RTF tgttttgtgaaggctetggat XP 021201196.1
KIf15-RTR gatctaaatcactaagcetgec

KIf16-RTF tcgtceccacctgaaageg XP 021187184.1
KIlf16-RTR cggceacccgaacttctic
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43 2-4 PCR 5| 90/%5)
Tab. 2-4 Oligonucleotide sequences of PCR primers

Primer name Sequence (5°-3’) GenBank accession number
KI[f8-RTF cgtgetgecctetacaat XP_021193494.1
KIf8-RTR gacaaccagccacatcac

Dar-RTF agcaccagccaaacacctectt XP_021188037.1
Dar-RTR geagtggtggaccctectettct

Luna-RTF caacccaccacgacctica XP_021190721.1
Luna-RTR cgccagtatgcgtcctettat

EcR-RTF aattgcccgtcagtacga ACD74807.1
EcR-RTR tgagcttctcattgagga

p-Actin-RTF cctggtattgetgacegtatge EU52707
B-Actin-RTR ctgtiggaaggtggagagggaa

Atg3-RTF ctggcetigttggatgaggts XP _021197073.1
Atg3-RTR cggegtttggtagtatttgt

Atg4b-RTF cagaaggcaaggaagtggge XP _021182853.1
Atg4b-RTR tgagcggeactatcaacage

Atg7-RTF gegatgacggatgaaacag XP _021186875.1
Atg7-RTR agcagccgagatcaacace

Atgl2-RTF ctacaggcaatgctccaa XP_021193862.1
Atgl2-RTR ctggtgacggtgcaaacg

Atg14-RTF geggaactcaggagecataa XP _021191352.1
Atgl4-RTR ccteegtgtectegectat

RNAi

EcR-RNAIF gegtaatacgactcactataggegetggtataacaacggagga

EcR-RNAIR gcgtaatacgactcactataggaagctggagacaactectcacg

Gfp-RNAJIF gegtaatacgactcactataggtggicccaatictcgtggaac

Gfp-RNAIR gegtaatacgactcactataggcttgaagttgaccttgatgee

KIf15-RNAJF gegtaatacgactcactataggtetcctgeggaaagtcttata

KIfl15-RNAIR gegtaatacgactcactataggectetactgggeaacgaaaa

Atg8-RNAIF gegtaatacgactcactataggtatcetgategtgttceggtaat

Arg8-RNAIR gegtaatacgactcactataggttaatatccatatacattctc

Casp3-RNAiF gegtaatacgactcactataggacctcgigeatgtgtgtea

Casp3-RNAIR gcgtaatacgacicactataggtggaaggcgtgtatgtogt

Yp-RNAIJF gegtaatacgactcactataggegecageacgacticttca

Y/p-RNAIR gegtaatacgactcactataggcegaactccageaggaccatg

Chip-A1g8F tcgattgticattctatgactat

Chip-4tg8R tcgetecctatttegteaatttc

Chip-PepckF ftttattcatttggcacce

Chip-PepckR acaagatggcgtcagggtg

Chip-Kif15F geaaagagttacatagtac

Chip-KIf15R cagtagaaaatatcaatta

Expin E, Coli

Anti-KLF15F tactcaggatccatgtittgtgaaggcetctggat

Anti-KLF15R

tactcagagctcaccactgtgccgacgtaagtg
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3. LIWHEHER

3.1 fEEm#h b S SERE N KLF

PAA 18 4 KLFs fRuaH 5 4~ KLFs A4, @it BLAST, 7EMRE REFAS
ik E) 5 4 KLFs, 7545 4 A kriippel-like factor luna( Luna) , B RIFARE IR E A (Dar)
KIf8. KIf9 F1 Kif16, ¥+ KLF9 A5 AFH) KLF9 BA—X, M5 RER KLFIS B
ik (F2-1), MESR\BMAK KLFI5 FFIE AL (B 2-2), #% KLF9 B4
I KLF15. N7 EEANERER KLF, $2H 6th-24 h 1 6th-96 h fIER K Ffaf
REHI A H) cDNA fEREIR#HIT EH R RGBS (reverse transcription polymerase
chain reaction, RT-PCR), 45 &7R Luna. KIf15 7 Kifl6 e A BEmFE (H 2-3A-E).
AT MRS ERERER KLF, F RNAI SURERE Luna. Kif15 0 Kif16 BIRE I M
¥ (8 2-3F), SEREREME KIf15 M Kif16 JFIKE R HE LXK TFEE TR (B 2-
3G), 5IcRERTt, fbE Kifl5 2 Ja B F R R4 XREE Gop 1 Pepck HIRIE, T dsKif16
%t Pepck MIFRIEFHEAH T (B 2-3H), FPi%E#E KLF1S fEANEEREE#ITH -

50— NP_006554.1 H.sapiens Kriippel-like factor 1

NP_057354.1 H.sapiens Kriippel-like factor 2
2 LU NP_619638.2 H.sapiens Kruppel-like factor 14
NP_114124.1 H.sapiens Krippel-like factor 16

,,l. e ,,41’-‘ NP_001197.1 H.sapiens Kriippel-like factor 9
0\ — NP_057079.2 H.sapiens Krippel-like factor 13
— NP_005646.1 H.sapiens Krippel-like factor 10
2 "*25—’*' NP_057615.3 H.sapiens Krippel-like factor 3
— _“¥r— NP_001721.2 H.sapiens Krlippel-like factor 5
i 8 joo Q652G6.1 C.elegans Krippel-like factor 3

. o § XP_004929171.1 B.mori Kruppel-like factor 10

. XP_021187184.1 H.armigera Kriippel-like factor 16
| 57 -1 NP_001291.3 H.sapiens Krippel-like factor 6
_ N NP_003700.1 H.sapiens Kruppel-like factor 7

} —— ; 93 T NP_995811.1 D.melanogaster luna
99 — XP_004932855.1 B.mori Kruppel-like factor luna
[ | ; 1 100 —— xp 021190718.1 H.armigera Kriippel-like factor luna isoform X1
; — XP_021190719.1 H.armigera Kriippel-like factor luna isoform X2
1 { 3 17—— AAH49844.1 H.sapiens Kruppel-like factor 17
[ - - — NP_507995.2 C.elegans Kriippel-like factor 2
' 0 = ?* NP_572185.1 D.melanogaster Kriippel-like factor 15
ST  “'r— NP_054798.1 H.sapiens Krippel-like factor 15
4v —— NP_611747.2 D.melanogaster CG42741
24 - NP_001097493.1 D.melanogaster dendritic arbor reduction
1 100 P XP_012548904.1 B.mori dendritic arbor reduction protein 1
[ XP_021188036.1 H.armigera dendritic arbor reduction protein 1-like isoform X2
— XP_021188035.1 H.armigera dendritic arbor reduction protein 1-like isoform X1

NP_003588.1 H.sapiens Krippel-like factor 11
| XP_021190721.1 H.armigera Kriippel-like factor luna isoform X3
\ 0 1722 — XP_004929687.1 B.mori Kriippel-like factor 14
- | - { — XP_021201196.1 H.armigera Kriippel-like factor 9 A
— " NP_497632.1 C.elegans Kriippel-like factor 1
NP_001345367.1 H.sapiens Kriippel-like factor 18
0 XP_0043930797.1 B.mori putative zinc finger and SCAN domain-containing protein 5D
— — . - NP_009181.2 H.sapiens Kruppel-like factor 8
NP_722636.1 D.melanogaster cabut
NP_004226.3 H.sapiens Kruppel-like factor 4
| NP_009180.3 H.sapiens Kruppel-like factor 12
| 89— XP 021193494.1 H.armigera Kriippel-like factor 8
— XP_021188037.1 H.armigera dendritic arbor reduction protein 1-like isoform X3
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B 2-1 X AFHFE KLFs RRERETH
Fig. 2-1 Phylogenetic tree analysis of KLFs from different species

ERE RERHAFLEE R S/ Kifs, 2 5 & Luna, LOC110376548(XP_021190718.1, XP_021190719.1,
XP_021190721.1); Dar, LOC110374594 (XP_021188035.1, XP_021188036.1, XP_021188037.1);
KIf8, LOCI110378525 (XP_021193494.1 ); K%, LOC110384292 ( XP_021201196.1); Klif16,
LOC110373997 (XP_021187184.1). H. armigera: Y8482 2; B. mori: X%&E; H. sapiens:®E N; D.
melanogaster: B#8; C. elegans:FERifEFF & 4.
There are five Kifs in the genome, Luna, LOC110376548 (XP_021190718.1, XP 021190719.1,
XP_021190721.1); Dar, LOC110374594 (XP_021188035.1, XP_021188036.1, XP_021188037.1); KIf3,
LOC110378525 (XP_021193494.1); KIf9, LOC110384292 (XP_021201196.1); Kifi6, LOC110373997
(XP_021187184.1). H. armigera: Helicoverpa armigera; B. mori: Bombyx mori; H. sapiens: Homo sapiens;
D. melanogaster: Drosophila melanogaster; C. elegans: Caenorhabditis elegans.

A

100 XP 021190718.1 H.armigera Kriippel-like factor Juna isoform X1

25 XP 021190719.1 H.armigera Krippel-like factor luna isoform X2
4 NP 895811.1 D.melanogaster luna

9 NP 572185.1 D.melanogaster Krippel-like factor 15

= XP 021201196.1 H.armigera Krippel-like factor 8 A

1" 22 XP 021190721.1 H.armigera Krippel-like factor luna isoform X3

g9

NP 611747.2 D.melanogaster CG42741
XP 021187184.1 H.armigera Krippel-like factor 16
38 - NP 722636.1 D.melanogaster cabut
86 XP 0211934941 H.armigera Kriippel-like factor 8
XP 021188037.1 H.armigera dendritic arbor reduction protein 1-Jike isoform X3

40 NP 001097493.1 D.melanogaster dendritic arbor reduction

100 XP 021188036.1 H.armigera dendritic arbor reduction protein t.like isoform X2
XP 021188035.1 H.armigera dendritic arbor reduction protein 1-like isoform X1
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B 2-2 XA, REBRME R KLF15 BT RIS

Fig. 2-2 Sequence alignment of KLF15 in H. sapiens, D. melanogaster, and H. armigera

A. XS RAMBERE T KLFs W2 REREM . B. X A$# KLF M KLF15. R+ KLF15
Mpse i) KLF15 BT 5 EEX LU &2 $EAR BE K] . ADMERS N Ei M3

A. Phylogenetic tree analysis of KLFs from H. armigera and D. melanogaster. B. Sequence alignment of H.
sapiens KLF9 and KLF15, D. melanogaster KLF15, and H. armigera KLF15 to name the targeted gene
correctly. The area marked in the red box is the structural domain.
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Fig. 2-3 Screened KIf that highly expressed in the fat body and involved in gluconeogenesis

A-E. JEit RT-PCR ik i EE L SMEmFTIEN Kis. E: KJE; M: F; FJEl#&. F Luna. KIf15.
Kif16 TERRHIRPIITHNE . G. %% Luna. KIf15 50 KIf16 FER MM E R HEEFEKE. H &
i qRT-PCR ¥ KIf15. Kif16 @ARJG G6p Fl Pepck HIRIE .

A-E. RT-PCR screened highly expressed Kifs during metamorphosis. E: epidermis; M: midgut; F: fat body.
F. The RNAI efficiency of Luna, Kif15 and KIfI6 in the fat body. G. Glucose levels were detected in the
hemolymph after knockdown Luna, Kifl15 and KIf16. H. Detected the expression of G6p and Pepck after
Kif15 and KIf16 knockdown by qRT-PCR.

25



th AR R 208

3.2 20K B3 Kir15 fhyEik

RT R KLF15 BITheE, #1487 KLF15 MRIFEE REFAk, RRERHHSES
JG BEIT western blot 1, R BN KLF1S REEERSHMREMBEN G+ £A, H
PP REME KLF1S MR (B 2-4A # Ai), Y8 KLF15 RS BR KRR
ERRIEEEER. ATHF 20E X KLF15 B, 5t 6th-6 h 41 RiE5 20E FREBEAR
[ et (B1H BE R B Kif15 f9RiE. R ER, 53184 DMSO #ith, 500 ng # 20E Hf#
1h BIgE LI K15 9RE (B 2-4B); BEEWRERRIRWKRERE, 100ng [ 20E BigE b
A Kif15 g9k, HEMEBERER EF K15 RAME M (B 2-4C). A TR 20E &
W Kif15 RIAMHUE], BMET 20E M2k EcR, RIL KIS REEBEETHE (B 2-
4D), @it JASPAR 35 KT H#E FEFE R DC#R[126, 127), 7 K15 B TFHI LR
BT £4 EcRE &&46L8, RNTIEY KIf15 B3I FALA K EcRE AT LY EcR M4 &, ¥
Kif15 B FHPARTH EcRE & &0 A HMTERAYT I, A S5EIE EcR BEAMKT
EMSA, SRR KIf15 BEV T8 EAE 5°-CGTTCAATAAACG-3' EcRE &8 M
A5 EcR &S . #—HiRitTES 5-CGTTCAATAAACG-3 45 & i IREr (7
B FAM RIHFIT), 7E western blot iiF B i Th3R 1% EcR-RFP-His RE ARG (E 2-4E), #
R E5REARTHERERABBREK SR, £RER 20E {23 EcR EA 5K
HNGANTHRITIBRBHAT, WA His ik E, HiEdETRMNNEE ER-
RFP-His N\ BRI EB &S EXRFLRF, HTHM 50 FHRIRCHRE AT B
EEEAREANMTERLEEXTRERTE. N TIEH ECRE LARFINIERNE, K45
E IR N 5°-CATGTAATAAACG[77,128], BRRAZEEGEZHHE (B 2-4F). X
177 ChIP 3%, 5 IgG MM, 7F 20E WS T, RFP HUiRBTIRAIH EcR & E W LAYTIE
EL WA 4 EcRE B DNA A B (B 2-4G). Bl ELRUiBl 20 TTLAERE EcR 453
KIf15 BahF L8 EcRE & &0 AT L8 KIf15 MFE%.
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Fig. 2-4 20E upregulated the expression of KifI5

A. EiH 12.5%0) SDS-PAGE RSB f & ezt ill KLF15 ER KK . iR si A RE. 5F: R
BRER R4 H: SM: FIRBLESH; 6th-6 h- 120 h: REBTBFI/SEESH; PO-P8: 0-8 HikiiF. F: BX
B M: B H: MM: BiEAESE: P WH. Al 1 Image J I SR EINE RHITEES
it. B.20E (500 ng/ R ) HEFARKIN ] SR K75 FEREETIRE. C. TEWER 20E
5 120 R Kif15 FERRi R I RIE . D. S dsEcR (3 pg/ R ) mif# EcR RIEJE#MFE 20E (500
ng/ R 3 FE 12h, W KIS RSB HRIE . E. 7£ HaEpi 41/l & id%KiX EcR-RFP-His f51%
A% E A BT EMSA 258, F. EMSA sl Kif15 JE3 731+ EcRE 5|5 EcR &4, WT M
MT 43 5I48& EcRE R4 EcRE RZHEE. G. ChIP S£36 5K 20E 83T EcR 454 EcRE MR #
KIfl5 W% . Primer EcRE ®/"E & EcRE HIF%, Primer KIf15 HRE W& EcRE BIF3, T
KIf15 BFFUREEHE (ORF) .

A. The protein profiles of KLF15 in the epidermis, midgut, and fat body detected using western blotting after
12.5% SDS-PAGE. 5F: fifth instar feeding larvae; SM: fifth instar molting larvae; 6th-6 h to 120 h: sixth

instar larvae at different stages; PO to P8: 0 to 8-day-old pupae. F: feeding; M: molting; MM: metamorphic
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molting; P: pupae. Ai. Quantification of KLF15 in A using Image J software. B. Time course of the KIf15
expression in the fat body after 20E (500 ng/larva) induction. DMSO was used as the control. C, The
expression of KIf15 in the fat body under stimulation with different concentrations of 20E for 12 h. D.
Knockdown of EcR in the fat body by dsEcR (3 pg/iarva) followed by stimulation with 20E (500 ng/larva)
for 12 h to detect the expression of Kif15. E. Nuclear proteins from EcR-RFP-His overexpressed cells were
extracted for EMSA. F. EcRE on the KJf15 promoter bound to EcR detected by EMSA assay. WT and MT
represent ECRE probe and EcRE mutant probe, respectively. G. ChIP assay showing 20E promoted Xif15
expression via EcR binding to EcRE and detected by qRT-PCR. Primer EcRE is the sequence containing
EcRE. Primer Kif135, as non EcRE control targeting to XIf15 open reading frame (ORF).

3.3 KLF15 {RBt4L N8 L B Bg B i 1 B ERUR =

RNTHA KLF15 ERLREKRELESTHIEE, H RNAI BEREAK dsGp M
dsKif15, EHER/MEEMLE 6th-6 h 47 R TS, MBEERKRIE, ERRIMHEL
BB dsGfp, RRPE KIfI5 Z )5, 68.9%MI% IR E . LE R MCREERISE T LA
BRI EIREY, 52.2%FI4 HUEIRILEH2) 20 h, SR/GIEMHEE B izt (1B 2-
5o NTRERERIRE KIfIS FEACHRIEIR . AR R R R, B T k& Kif15 Fa R
5 4 B S R T

A
Phenotype after injection of dsRNA
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Fig. 2-5 Knockdown of Kif15 delayed pupation
A. 1 6th-6 h Zh S s S yE ST dsKIf15 & KIf15 IREEMERERE, —IEH =R, BIRER
24h. FRRAFE 1 em, dsGp AXRA. B. FEE =YEST dsKif15 JG 1RV H R AT S R ELT R

MFMHE. C. REGH, FEECSCEATIET RS, L RMEEFE TR, REw. Pk
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RIGHIEH. D. FEST dsKIf15 M dsGfp WS EIRLHER Lk . E. mFE Gp M Kifl5 [ GiHLEet
A, BRI EaAAR 30 R, H=REER.

A. Phenotypes after injection of KIf15 dsRNA from 6th-6 h larva to 72 h; the ruler represents 1 cm, dsGfp
was used as the control. B. Western blotting validation of the interference efficiency in the fat body after the
third dsRNA injection. C. Ratio of phenotypes, abnormal pupae include larvae that die during the prepupa
stages, dead pupae and chimeric pupae that cannot normally emerge. D. The ratio of delayed pupation after
the dsRNA injection. E. The time at which the larvae pupated after knockdown Gfp and Kif15. The data were
obtained in triplicate with thirty larvae each time.

FESHEBH B (6th-24 h-6th-48 h), Rk HRE, ERKUERKEM,
BB Yfa BRI AT R4, MRS (6th-72h), MEEETIAMEE, 44
- R, TREKR, FE 6th-120 h TEBEBR/D RGN, BEPNEEZD, FET
F%, TUNEL 32K 6th-72 h Z G HIEATES (B 2-6A). Western blot 45 R 54

AT B, LC3- (MUEHIAEA | B8 3, UREWMXER 8, ATGS) LK
LC3-1I (BEfeBE 2 B2l =0), RAMRA BRAARE. BRMWIEHAFF S, FHER IR
&J5 (6th-72h) N5&. HBX{LAY Caspase-3 (CASP3) RET-AIIRICEE, 7 6th-72h FF

GFRIEF - HBEIENE 4 R (B 2-6B f1 B, XiFWERL REILEEHATE
REMERES, ERMETRESLRER. MMM KIf15 2 )5, R ERE S22,

G AN BB, ETESRE (B 2-60). B BT EME (TEM) B8, 5 dsGp
M, B KIS 25, BBt RENBREERENEEAEN R M (&R
R ES EE PR I ) A E VR 129), MBI AR dsGp H—HERE
ik, R BESEMGEmE (B 2-6D-Di). S5HFEE, P& K152 /5, LC3-11 A
F Btk CASP3 IZRIAR/D, #8 KLF15 7] DM@t B WEAE T (& 2-6E).
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Fig. 2-6 Knockdown of Kif15 repressed fat body degradation

A. B HE . BF A RAHM TUNEL AT 6th-24 h B 6th-120 h G52 L. HE §fad
RRA S50 pm. BFLREFAAXKIFENAMERE, #5850 um. TUNEL 3efarh 65858 BN iE
FiEhE T MM, $FRA 100 pm. B. B LC3 FH BULH CASP3 Fiid#nill fig i & LC3-11 #
R BALE) CASP3 HIEE/KF, 15% SDS-PAGE #HR, B-Actin NEEXTE. Bi. X LC3-I1 FMAB1{L
B CASP3 KB AL RHITE RS .C. R K15 5 X BRI A 31T HE %o B B 40 370 TUNEL
BRI AES. D. T8 dskifl5 BERBHRENERE. KREERFHRRN 100pm, 4
MEFEPARR A 40 pm. A AT LFREES, BAFLARRATHARZ. Nu: 4, LD: fEE.
Di. L ZAREMEERGFESHEBEEE. SKEZNERLN 0.09mm?. Dii. i3 dsGh
1 dsKifl5s WA T HIEE. E. B1E G M KIf15 ®ikJ5, western blotting B JUZ] LC3-II F1 4 Bt
{6H) CASP3. FrE B Ll RAS AR E7E 5T dSRNA 72 h B TS50 8.
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A. The morphological changes of fat body were assessed by HE staining, Nile red staining and TUNEL
staining, the ruler represents 50 um in the HE staining. Nile red stained for intracellular LD, the ruler
represents 50 pm. The apoptotic cells in the fat body were determined by TUNEL staining assay, the ruler
represents 100 pm. B, Western blotting detection of LC3-II and cleaved-CASP3 protein levels in the fat body
using anti-LC3 and anti-CASP3 antibodies, with B-Actin as protein control after 15% SDS-PAGE. Bi.
Quantification of the data in B. C. HE staining, Nile red staining and TUNEL staining showing fat body
morphology after knockdown KIf15, observed after first injection dsRNA for 72 h. D. TEM observation after
injection with dsKif15 in the fat body. The bars in the wide field view represented 100 pum, in the small field
view represented 40 um. The red arrows indicated autophagosomes, the blue arrows represented the apoptotic
nuclei. Nu: nucleus, LD: lipid droplets. Di. Counted the autophagosomes contained in three different sets of
images. The area of each image is about 0.09 mm?. Dii. Counted the apoptotic nuclei of dsGfp and dsKif15.
E. After knockdown dsGfp and dsKif15, western blotting detected LC3-II and cleaved-CASP3. 72 h post

dsRNA injection in fat body: 72 h post dsRNA injection into hemocoel and observed the variation in the fat
body.

FE4R A Lk — B AF KUF {23 B WAET., 7€ HaEpi 4l & it FiX pIEX-RFP-
GFP-LC3-His MURE ¥ 6Fiki, Z5m DMSO M 20E J& i B AN [E B R R 66 B dk AT W3R,
ZREHE DMSO AL, 20E 43 12 h 25 HILEWE/IME, &HE 24 h Z FHRERE
P59, T 20E b3 48h 2 ER BRI R, RELERE, UMM A WENE, B
FHSHBRARHEKR (B 2-7A). SHERETHIN CASP3 &Y, KIL 10 uM ] 20E
ACERAAM 72 h 2 JE MGG E (B 2-7B), RU\MMBIET:. WMAERMM K715 &
Wi B YR HIH 7 3-Methyladenine (3-MA) Z2J5, MHLEXRA Yp, 20E &4 12h 5 H
WE/NMERR > (F 2-8A 1 Ai); FFH 20E 402 48 h EABEHI ERIRES A (B 2-8B 1
Bi), ULL&ERULH KLF RFEMMERE. RiFE KIS 2 E AN TamET, MR
dsYfp 41, dsKifl5 BB 3-MA ZJ5 CASP3 i&MHI%5S (I 2-8C #1 Ci), i HMEAR
BRET MRS RAMESLHIEYZE 10 uM (¥ 20E 59 72 h GAREEFET, B
Wik KIf15 2 S ETAREZE D (B 2-9A A AD; CCK-8 LI IE RN KIf15 53 n
MprEME (B 2-9B), DA LSEigs Rit8 KLF1S @R,
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72 h

A 2-7 20E {RHEE40H B AT
Fig. 2-7 20E promoted autophagy and apoptosis.

A. RFP-GFP-LC3-His 78 Y XUbR 2 b4 443 HaEpi 4002, 5 uM 20E 45U 1 hy 12h. 24 h 7148
h, LA DMSO st BRI S8R, RRTR 20 um. HAFFLRRER/ME, BEEHLRTERE
B4, B. 10 uM 20E 73 7IH%K 24 h. 48 h #1 72 h J5 A SuperView 488 CASP3 #ll HaEpi 40HIIE 1%
L, FRRFR 100 pmo.

A. Transfection of RFP-GFP-LC3-His fluorescent double-labeled plasmid in HaEpi cells. 5 pM 20E to
stimulate 1 h, 12 h, 24 h and 48 h, respectively, DMSO was used as the control. The yellow bars represented
20 pm. The yellow arrows represented autophagosome puncta, the blue arrow represented autolysosome
puncta. B. Examination of apoptosis in HaEpi cells by the SuperView 488 CASP3 assay kit. 10 uM 20E to
stimulate 24 h, 48 h and 72 h, respectively. The yellow bars represented 100 um.
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Fig. 2-8 KLF15 promoted autophagy and apoptosis as detected by autophagic flux and CASP3
activity

ARIB. & Kif15 JE42 8 HaBpi Z0H0 R P AT B R . 3-MA (10 M) 5 B BIHIF], FRRER
20 um. BB LFRBER/ME, WET LT R EREERE. Ai R Bi. X A #1 B %71 . C. 7£ HaEpi
SRR PR KIf15 Z IR MBS CASP3 R4 T2, Ac-DEVD-CHO Jy CASP3 ({417,
RRFEAR 50 ym. Ci. giit C FRET-HM.

A and B, The autophagic flux were detected in HaEpi cells when KIf15 was knocked down, dsYfp was used
as the control. 3-MA (10 uM) is an autophagosome formation inhibitor; the yellow bars represented 20 um.
The yellow arrows represented autophagosome puncta. The blue arrows represented autolysosome puncta.
Ai and Bi. Counted the number of autophagosome puncta and autolysosome puncta in successfully
transfected with pIEx-GFP-RFP-LC3 cells. C. After knocked down KIf75 in HaEpi cells, examination of
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apoptosis by the addition of active CASP3, Ac-DEVD-CHO is a CASP3 inhibitor, the bars represented 50
um. Ci. Quantification apoptotic cells in total from C.
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Fig. 2-9 KLF15 promoted apoptosis as detected by flow cytometry and CCK-8

A. REP% Yfp R KIf15 JS 3T YFA88-annexin V F PI et sRfm (R 4B SO A T 4. R1, IE
WM R2, BEHATMN: R3, IR T4 R4, SRFEAIML. AL X A KIS RGHATSIE .
B. mPE Yip M KIf15 J5ER CCK-8 R UZ4nMiE 1.

A. Flow cytometry analysis of YF488-annexin V and P1 staining after knocked down Y and Kif15. R1,
normal cells; R2, early apoptotic cells; R3, middle and late apoptotic cells; R4, necrotic cells. Ai. Statistical
analysis for A. B. CCK-8 detected cell viability after knockeddown ¥fp and Kif15.

T HIT KLFIS {23 HWABE T HLE, 87T Aig8 M Casp3 WEsIFF5, K
Bl A1g8 JAEITF L& CACCC ) KLF bs, RMHBATE Casp3 WEENF LRIABE
CACCC I KLF bs. # %t pIEX-KLF15-RFP-His %] HaEpi 418 £+, DMSO H 20E #lI¥
JEIREUZ B AT EMSA £ (B 2-10A), &R RIMMLLE DMSO 4, 7E 20E FIRIE
T, %EOS 41g8 BT LEE CACCC ¥ DNA FHIHLE &N SHE &R WITEBE
18, TMATEGEERTIEERE supershift band, TEMARIFICHIBTEEENE FES
ZEREASTURMCRIIEEANSE S, 1§ CACCC RFFFIREN TCCCA J&
RO EAREL S DNA F51[106,130] (B 2-10B), iX#iH CACCC &&FFI REH
5. B ChIP L3t —PiERH, 20E A3 J5HMHELE 1gG 46, RFP E45& KLF15 A A
{3 KLF15-RFP-His ITIEE L& CACCC i DNA (B 2-10C). £ RIERIE KIf15
ZJG, Atg8 Fl Casp3 WIREEHEZETH (K 2-10D). RT Atg8, £ Atgs (Arg3,
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Fig. 2-10 KLF15 promoted autophagy through upregulating A1g8

A. 7E HaEpi 41/f8 it %% KLF15-RFP-His [ EUZ & A #1T EMSA £5. B.EMSA LR 4rg8
BT FFIH KLFbs 5 KLF15 54, WT Ml MT 70 5{i3 KLF &840 KLF 458 REHE . C.
ChIP 3£56 7R 20E i8id KLF15 456 KLF bs MTT{E#t 47g8 HF 3K . Primer CACCC R~ & KLF bs
K1/F%Y, Primer Atg8 N FIEHE (ORF) FHFFl. D. P KIf15 J51H Atg8 1 Casp3 WIFRIE.

A. Nuclear proteins from KLF15-RFP-His overexpressed cells were extracted for EMSA. B. KLF bs on the
Atg8 promoter bound to KLF15 detected by EMSA assay. WT and MT represent KLF bs probe and KLF bs
mutant probe, respectively. C. ChIP assay showing 20E promoted Arg8 expression via KLF15 binding to

KLF bs. Primer CACCC targeting KLF bs. Primer A1g8 targeting A7g8 ORF. D. Changes in the expression
levels of A1g8 and Casp3 after KJf15 knockdown.
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72 h post dsRNA injection in fat body
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Fig. 2-11 Detected the expression of all KLF bs-containing A#gs after first injection dsRNA for 72 h.

3.4 HARRYMRERIURY

HhifF IR E S MR BRAE T GRER A, Tk B R 25K
AW F e, W EFAHRAHEER, BRERNTENAEES, XRFAE%ET SR
RAEFEVIMRX. ATHRABREMBEARKRER, 13 6th-6h HIHRIKNTES dsdrg8 Wk
FEWT EEMIRE, ERERS dsGp Hth, MPE Arg8 2 BRI RS Z2HH], faHE
AESE, ATHARERE (B 2-124). thoh, BER R R =20 55 e i B A H- il i
KB ERT dsGp 4 (B 2-12BF1 C), BIFLER. HEK. BKER. =EBAR
REREAN SRR RBIER% A1g8 2 G EERIK (B 2-12D). dsdrg8 A
MEEEFRKFHERT dsGp HEETH (BE2-12E).

RNT#H—HHE AR SRERERYMSS, BT 2R BEEEHER. HHEEa
ERNSE, RAX=MREVELRENEHEERS, MESHRFLREERETR
(B 2-12F-H). &5 H ERAT MR Ar= NSRRI EE . Bl S a S8+
BEHARR, XEARX=MREDEHERATERAR. TEDRE K15 25, R
WEEPE. HBROBELER. S8, FEE. BEBRARREARENNISEERE
BMEE LA (H2-121-K), ZRHBTREIE K15 2 ERREZHESBRMABER MR
B, MM Casp3 Stk Atg8 HILERMBL, FEIT KPR Z RS, HEHEKEEEREK
(B 2-13). XEERFHA%SHET SEAHNERRFEVHEX, BBAETH~Y
A] AME N R i A R g 7t
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Fig. 2-12 Autophagy presented substrates for glnconeogenesis

A. FRF%E Arg8 JEXtREMT4REAT HE Befs, BT A 46 F TUNEL R BRI &EA. BRI C. &M%
Atg8 JEARHIN fn bk 2 e i AR R R AN R B A (0 H i DL RERE Arg8 SE ARSI LM R O B R
E. fkbE Arg8 SR Mk P HIE B HE. F R G. FLRb4h B3 55 /\ R0 ML bk 2 o Ji B I R R A0 B Ol 4
FHMEKTE. H LR HBIE /A RELME PR EERKTE. 1/ ES dsKi15 72h JFR
WE BT H KT . K g K15 Z e R A 5K

A. HE staining, Nile red staining and TUNEL staining showing the morphology of fat body after dsGfp and
dsArg8 injection into hemocoel. B and C. Levels of FFAs in the hemolymph and glycerol in the fat body
after knockdown of A/g8. D. FAAs levels in the hemolymph after knockdown of 47g8. E. Glucose levels in
the hemolymph decreased after knockdown Arg8. F and G. FFAs levels in the hemolymph and glycerol
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levels in the fat body from 5th instar larvae to 8-day-old pupae. H. FAAs levels in the hemolymph. 1 and J.
FFAs and glycerol levels after first injection dsKIf15 for 72 h. K. FAAs levels after knockdown of Kif15.
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Fig. 2-13 Knockdown Casp3 inhibited fat body decomposition and decreased glucose levels

A, B=IRIEST dsRNA J5, it qRT-PCR ##l] 41g8 F1 Casp3 TER B MR+ T IRALE.
B. #¥4¥ dsCasp3 J5i8id HE Jefa, BT O HE. TUNEL JB BRBITALS. C. #M% Casp3 FiL
HEHEFEKT TR

A. The RNAI efficiency of 47g8 and Casp3 in the epidermis, midgut, and fat body assessed using gRT-PCR
after the third injection of dsRNA. B. HE staining, Nile red staining and TUNEL staining showing the
morphology of fat body after dsCasp3 injection. C. Glucose levels in the hemolymph decreased after
knockdown Casp3.

3.5 RARERWIERNMANENSREEIMRE

AT WA AR R TSR PR RB R, W T A3 bk L b &5 pR R
HRPRETFYRRRNSE, SERKFEGREIERERE (6th-72h) AT, ¥
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FEALIEET (6th-120h) B3 E, ARG RE FE: RS S S RE AL R
PRE R EH G0 6th-6 h-6th-24 h ai%, SRIGPURIEIC, F—E L TIOKFRRE (B 2-
14A) . XU AR ARSI, B EE A U A W A T AR BR, T HL ] REAE 4 RS L
FEEEIEREEREES. B, ROTHE— PRI TR CHERE, CHENEE
(hexokinase, Hk). W§FR R ¥EEF (phosphofructokinase, Pfk) FITNEHELFEE (pyruvate
kinase, Pk) MPEFAERER, Gop Fl Pepck TERRMI AR RIRIEE . KN Hk 1 Pk & =2
TEHUE M (6th-6 h-6th-48 h) T &R, REFIEIR AR, B30 EBOT 4
BigFt &, M PARAEHFRAHAREEN (B 2-14B), SREBECEBREEL
R, G6p K Pepck #RAEAAAR (6th-72 h-6th-120 h) FikwmiE (F2-140), &
WHAERR R ERRE S EPREBNRE SRR, bR T ARRE, EREHEE
IR R AR (Rt TR AR A, WU SEIRER S E B, i 728, B
SRR AR ER A, R ERES e .

K97 AR A, SRR T A s E i R S E ULE
ﬂﬁ%*ﬁﬁéﬁ’]/‘a%%Fﬁi}{*ﬁﬁmm?%}%ﬁﬁ‘]%ﬁ RILHEFIENE N 6th-48 h FFa5 L F
FFTE 6th-96 h Flik i, RIEFEG MR & BN AT 6th-48 h ik #& e, R
B TR TS fﬁAﬁHEFT%LTV‘ XU EENERNEE B RS
A AR Bk B K PR E ATRE (] 2-14D) . AT SR BB, W T A A REN
HETERE-0-TER & 7B (irehalose 6-phosphate synthetase, Tps) F17 il #F FENE RIHF R VERGE

(trehalase, Tre) ENEUIRTFINRIEE, Tps AEXB N 6th-24 h RIAE&R &, Tre TEHL
BN REERIK, #ANEEHERAE LA, XRYEESY, EEEs sodb ULk
IR 2 SECEETCE I (] 2-148). & aHE IR SPEE & BB (glycogen synthase,
Gs) WIFARSHEESEMEL, ¢ 6th-6h-6th-48h FEHK A, TEFILHARE Gs RiE
B, R NE R G 8E I BBk AE (glycogen phosphorylase, Gp) W& {E 6th-
96 h mm (B 2-14F), XUl BHFEE & R D AFE JE Rt I 2 R ECR S EH &
BACEFRAERERZ—. B THS KLF15 SBAERE R, M K15 2 aRIE &6
KFEERR (H2-146), MEBEBERSEFRGTAEZERN BRESEMARRSE
W% (B 2-14H A Do Z Il Al — & 71 HopE 4G 5 AR AR KLF1S R (A
Witk TERPE KIfI5 2 )G, FEREAR CHERE Hk. Pfk 71 Pk RIZEH B3 LI, KW KLFIS
MG R AR A ERNES B Tps MR IEEWIN S ML XN Gop M Pepck
Wk B R PR Klf15 ZFE%?W MR EENE I HRBY Tre AIREIRE M RRE Gp RURIE D
b (E 2-140), LR HAE R KLF1S @il B SR E R BRI (e B 5 70
EATRE S
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Fig. 2-14 Variation in the levels of metabolites and related genes expression after KIf15 was knocked
down in larvae

A, ERBNHEPEEHENEFERNKT. B Hk. Pfh. PkERMEFHRER. C. Gop M Pepck
RV TRREE. D. MKEFEEERKERIR & 8 RK . E. #id qRT-PCR K lifE
Ritkeh Tps M1 Tre BIRILZR. F. Rk Gs 1 Gp NRIZE. G-L V5T dsKif15 72 h AR ¥R FE
P2 J. it qQRT-PCR #MITE ST dsKif15 JE R R RIEK R

A. The levels of glucose and PA in the hemolymph. B. The expression profiles of Hk, Pfk, and Pk in the fat
body. C. The expression profiles of G6p and Pepck in the fat body. D. Trehalose levels in the hemolymph
and glycogen levels in the fat body. E. gqRT-PCR showing the mRNA expression profiles of 7ps and Tre in
the fat body. F. The expression profiles of Gs and Gp in the fat body. G-I. Variation in the levels of metabolites
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after first injection dsKlf15 for 72 h. J. Changes in the expression levels of certain genes after KIf75
knockdown by injection of dsRNA, as detected using QRT-PCR.

3.6 KLF ifixt _Fif Pepck BURARBEERAE

PEPCK Z¥ERANRERNE A FRENE, oM ECERLRE NSRBI RA
e, FEEEFESRRREENXER, JH PEPCK MM FERERFKELZ
FAE, ZERHRAGEELWNERENAEREN3]. Pepck MESNFIFIESR
CACCC #] KLF bs, RATEL & P FIMHE W IT T #REHR#1T EMSA 5£58, 20E &% KLF15
BEES Pepck 38 CACCC ) DNA &AM SRATTBLTE, MARFICHER
HEMNERARSESRSZEAT . RERH ENESMABEABHIREERMN. AT
hERSEEZEANT SRS SR IR ERE R BRET (B 2-15A). ChIP £
RAEUITE 20E B9EF T, KLF15 AJUTIEE Z K Pepck B8 E A7 KLF bs FJ DNA M
MRt Pepck 1853 (B 2-15B). A TIEHBERES AKX EZEYIMER, B RNAI R
& T Pepck HWiR1L, HILTHRREREMRE (B 2-15C-E), BREENR, HE
FHE SRR T EERK (B 2-15F), RIBHIERER (B 2-15G6), X8 PEPCK X}
SHREEXEE, MEREREBRENEERE.
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Pepck EMSA probe
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w

WT: 5-TGAAAACACCGTGACGCCATCTTGTG TTGAAGCTCGCGCG-3 § 5 KLF15'RFP'Hi5+DMSO
MT 5" TGAAAATCCCATGACGCCATCTTGTGTTGAAGCTCGCGCG3 4 = KLF15-RFP-His+20E
(9 ) ) Q_ 40 *
Nuclear extracts + + + + + + € L
DMSO + - - - + - o530
20E — + + + — + ;
FAM-labeled WTKLF bs + + + + — — > 20
Unlabeled KLFbs — =+ — — = g |
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Fig. 2-15 Knockdown of Pepck delayed pupation and decreased hemolymph glucose levels

A. EMSA ] Pepck A 5 F 1) KLF bs AJLAS KLF15 #i%4& . B. ChIP LXK 20E i&id KLF15
44 KLF bs {233 Pepck #ik. C. X5 dsPepck 1 dsGfp ERIRE; #RRAAE 1 cm. D. il qRT-
PCR RAFH = RIES dsRNA FHITIRAE. E. RELGIT. F. #¥ Pepck J5 Mk B8 & FE /K F

—Fp%o G. %I&F%Pepck}ﬁmiﬁe* PA m%zﬂ—f%]—o

A. KLF bs on the Pepck promoter bound to KLF15 detected by EMSA assay. B. ChiP assay showing 20E
promoted Pepck expression via KLF15 binding to KLF bs. C. Phenotypes after injection of dsPepck and
dsGjfp; the ruler represents 1 cm. D. gRT-PCR validation of the interference efficiency in the fat body after
the third dsRNA injection. E, Ratio of phenotypes. F. Glucose levels in the hemolymph decreased after

knockdown Pepck. G. PA levels in the hemolymph increased after knockdown Pepck.
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FEZN A - %5 4L pIEx-4-RFP-His Al plEx-4-KLF15-RFP-His 3l 20E 5{# DMSO i
—3B {8 KLF15 fI3hee, 5 Hit%ik RFP-His #itk, d&RiX KLF15-RFP-His SZ i
Atg8. Casp3 FFERAEMKER, Gop M Pepck ik (B 2-16).

A 9; B pari Red Merge

KLF15-RFP
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C
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B 2-16 TRIE KLF15 3 EE. WTARERE
Fig. 2-16 Overexpression of KLF15 promoted autophagy, apoptosis and gluconeogenesis

A. [FH SR RFP-His, KLF15-RFP-His #9%&iX. B. 7 HaEpi IR F % RFP-His A
KLF15-RFP-His B BLE 8 M EILRZE . C. qRT-PCR B/~ HaEpi 4id F ik RFP-His #1 KLF15-RFP-
His /5 Atg8. Casp3. G6p #1 Pepck fRIL.
A. RFP-His, KLF15-RFP-His detection by western blotting. B. RFP-His and KLF15-RFP-His fluorescent
plasmid transfection efficiency detection. C. gRT-PCR showing the expression of 41g8, Casp3, G6p and
Pepck after overexpression of RFP-His and KLF15-RFP-His in HaEpi cells.
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4. g

RS RTIHR — S AE R R, TEERFSHIT 5%,
BEEPHFESNHKRIEAER. AMARI, BREFEER 20E @d KLF15 AEEA
WA, WIS IR BN TSN L, R e RAET, WA
REREPHBREREED.

4.1 20E MREMA B

BEEBASEFIMEX. RERKRTRASTREIN, BSET LU R g hEE
FERREL. MR REARI A, MR R A R A R AT IR S
B EEA K AHHE A R bR KT [132]. EREP, BEEMIK insulin-like
peptide, ILPs) it /REF/BRE FHAEKEF (insulin/insulin-like growth factor, IGF)
F5E% (IS) WLURIEAUMINGE[133]. EFEFRERET, BERBdHEREE
# (glucose transporters, GLUTs) {40 Mxt 54 bR AL [134]. EABBIRIIEIRTE
JreR, BE R BRI R 52K B R I e B R ThEE AT TR g ACF . SEIR S 2 #TRY
AR, 20E BERFEEZ CRENZEMNTTNHIL) REE[7], 20E HESHBES
F 54k (insulinreceptor, InR) FIBEER L M T 7 i M 34k E2 R &5 68 19 7K S [59] - 7ERER dudk
KABFEES, HEETERBNRLIRSE, R5ENETHERETR, 5255
i 20E i FEAR (b 2R AR [46]. 7EASCREFH, KIN 20E 3B MH M e R AL E 4]
PEBEAR DA SOHE IR Vi bR A R, AT RELBBT ok 5 B & R R0 AC 4 L, 55— 51, 20E
{EREREIE . R KR4, N MESEEANKAEEBA. LEIAKERE
RS EEYRE IR EHE TR, HER— @R eE g ammarH,
F—HHEREAZEH 20E HEAS, AHETUESEHmMFFEBE[135]. 20E R
RN E N ERERE T ATSINEREETA S LEREESRENER.

PR RIS R IE AR N ERRA AT Ha 5 4 57 ) SRR A A0 e B AR R [136, 137],
BRAZNERA T RERBHREETRPE FHELEEXRTARESER, N
O R PRI . LB E ST T R[138-140]. ERBHERD, BAREERD
RIFR R EE MR RN X — RN EERRRR, ENEs TR L TREEZ)
AAREREFEEMN A, NTESARNE R RSERERES. EWIAsT,
KLF15 5REETHR, FERAVRPREERERERE[100]. KLFI5S £55%H
FERIMBENRE, UREREEHE 1. BEBNEEOEER 2, 3-XUNEMHs, M
RBEATHE R ARG R AR R[101, 102]. ZEBBALT, KLFI1S S 20HEE A &
B R HIRRIA[105], R ZBHHEE A &R, REENTEIRERIENE.
KLF15 fE %8 R R BE LA HEEF S, S5WAshR R REE R RERED

44



IARKRFEL AW

TE[141]. 2R KLF15 @il ERE UL RS MR LIRE . AFHFARH,
KLF15 BE#%3 20E ERARE, B8l LiFMscEE R AR R
Fefi. MERtRr A AT UL RS R4, 20 @il i Cuii e R s F st &
2.

4.2 20E i#i5d KLF15 i QX E A .k

W FLA A L AE Bk B SR HEAT RE R LRI — R R WAL, BRI R B RIS e
BANEWAREE S ZHBEEENED. HHR142]. BRSEFREFETHER, EH
MRERZE IR, MIE3EWSRERFARR P EERENTE. BaikT KLFIS 58
WX RRIRER D, RELHRP R KLF3 MAR KLF4 AfRUE#HEE R, HF, /B
KLF3 {RH#f A1g2. Atg9 1 Argl6 WIRIE[112]. FEAHFRIN KLF1S #Mif4 [ EQ D
M E (cyclinDand E) FFIAEEKHIEREE 2 (cyclin-dependent kinase 2, Cdk2) 1%
%, MTTBHAE'E Bk AR S #, MBI NMIgR[104]. FEASER S, £ Arg8 1
BIFERMT KLF bs, FiBTRIFESLE . EMSA 1 ChIP iF8] KLF15 o] LAE {0
Atg8 55 S . SILFRRIEL A Atgs (Atg3, Atgdb, Atg7, Atgl2and Atgl4) WIBNTF
A5 I KLF bs, TITERLRE KIf15 2 J5 Atgdb, Atgl2, and Atgl4 WRAEEZE T,
KLF15 @l HEmE RS R . BB THECER. BRAEXEENERESE
TR . BRT KLF15 Z4b, R8s REREA P FER M) KLFs, BIIEAR/A
LhRE, HURTEREHRA.

43 BEFRTHRRERCED

AR SHRBTEYIMR[143, 144]. FEDREMHETTHART, BT EHRSHELE,
HMFTH L. SRIMHF 3-MA MR ER C BB K caspase FITE{L[145]. 7E
TETSREMERELRE S, Ko BEHXEREERTHXERZIRE. T5H
R R 20E Mg NS BT KE, Y% ATGS, BiE CASP3 i S4HAT-[59]. 20E
it B W% S E AEE D (cathepsin D, CTSD) KB, I CASP3 % S T[46].

R AR BN FENEASE, BN EENARBRER, BRPNEERS
& TAG, TAG W5 Er=4) 2 e R s A H 146, 147]. HimT DL E B AR
AMAA R &IRE, TS RRRTRR T LI B-EM R LR CHHEE A FIEAN=REBME
RtEeE. EUVRIRAET, i ERAENEREEREDE R E R SR
WHRRIEFEENRERIF(148, 149]. AHAARRESRELERNE/E, HREEHERE
R, ERPE A1g8 2 J5 FECH M. R RN EEERIRD, XRIE PR
HEREREEHRY . TEMAMEREREEM. SRR ERNERE,
MTTEH SR E PR E N &, XEREEW. BEEBRNEEEEREFELTSH
MEMER.
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W FRIE LN, A KLF15 7] UAEIRIE @15 A1g8 I Pepck M3RiE, HILFE
AXFE KIf15 2 JE BEAMPE SR R B RTTERMPE 418 25, R wH M. WE
FERIRAEERERN S BRI SRR K15 2 G S BBUMR, 7 g8 25, H
. IR RS ERN S ERE, MR K15 ZEH. HERIRNEE
TR S BN, XERNTRIE 4g8 2/ RR2HEKT B, M@ T hT a8
ERREEY, BERREEBEKRIEFTHT. MEMME K15 2)5, AMUBLY B AR
VIR, B ] Pepek RZRIATHEREREMBEMAA, EARRBENEPE
REHIHE. BERTRAFEERERRRNAR.

MR RSB K ELED, KLFI5S TERARLMEN A+ =KL, B RNAI %
AERRTREEN>EWERAREHRARG TN, ABMESNEARAZAHABRE
EDhaery. AN ELUTHERTIREN RN, AR R R s, ERETL
VIR, IR B0E GR 2 8 TR I (B I T R A T B B A TP AR SR
MREEZRARY . SCRFYAMIRERERIIEE, JER T RE4HA se R 4 B AT
T4h, RBFRAME A0 8 1 R — e A A 46, 150) . BRI KLF15 RIS 5
KIETHRE, BB AR QWAREREAF LM E P EERERRS.

SREZHHHARRESHRKFREEEREN 20E MRS RZERRE
MBEERAL, K0T ARKE 2 BIRRKI151], MRS RSEZM, FERE TR b
PR S BB K EFr. TEASCHR A 20E WIS EmE, AR A
PR RS HRRE R E NI T Mk B PR &R A, T NGEHE, HE
B HOE TR, XU A B e (b g B2 0 i AP R B T B R SR 4 s AL AL R
FHEEREE.

5. IMNE

A BB R N SR A USRS S R B WALE TR, 20E il
EFESER KLFIS (LM, WergRe. Rad aeam™ 4
PR R R SR S e . F4S A A oK B B B K T R R M AR A B
HERSEREARINEU RS ENER (B 217,
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Fig. 2-17 A diagram illustrating 20E regulates glycometabolism reprogramming, autophagy, and

apoptosis via KLF15
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20E B SZ AR KIf15 W93k (1. KIf15 38135 KLF bs &, (REFERE D KBEE Pepck FI%
3% (2). KLF15 L BWEAERRRE 41g8 5%, HREE (3), NIARREREEY. £FE5T
RhEaRMEmE b TEEENEENER, HEREIHAERENERER ).

20E promotes the expression of Kif15 via nuclear receptors (1). By binding to the KLF bs, KLF15 promotes
the transcription of Pepck, a crucial enzyme in gluconeogenesis (2). KLF15 increases the transcription of
Arg8 to induce autophagy (3), thereby providing substrates for gluconeogenesis. The increase of glucose

during metamorphosis is due to trehalose and glycogen degradation, glycolysis inhibition, and
gluconeogenesis (4).
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FEBREZERATEVBEKRFTNEENH~Y, WHERY THREEZEXRE
2, RACERFLZHRMAEAESBI[152]. BEBR (glutamate, Glu) B E K o-Ff
8 (a-ketoglutarate, a-KG), RKEBMM y-EET BRI BIEYRE[153], EA—FEE
FIHEER, AEBRYUERHPRNEREWTIEMIA. C1I2%[154]. oK _BRE
= BREM (the tricarboxylic acid cycle, TCAcycle) F RIS EREY), £2—MEF
HRF, FFERESSHAYSRERLFMN[155]. BEBRKFEANZIEREE
PAERELA AR KNG, AT, R TEEREGARBITREIEEARBEE.

R EHRERETIHER, BEARMREFR, HL0Ed 8RR DEE
RN BRI £ 56 1 B 20 e B e BOR A ISR [156) . AR ERW FF L1 e, BiE4mMaYg
. 6. BRAETI157]. BAESBEMARESS) R HEE D RS REIARE,
XA SRS, BRASUEN NGB AN ERTL, $RHAL @S ERAET R
FRMTO =R B AR NEENE R ISR R AR AR[158, 159]. B HART
RS FRBTEHESIFIEAR, R 5RWAE. RN EN TEAR,
FERF RS R REKRERER, $HfeldEd 5 BARE TR A, R
SR MR T AR T R M . AR B A A R S BRI MA R E RS
EJLESF

41 30 3t 1 B e T B AR IR S AR B = 4R i B B SR R AR Ak, AT 6 2 A [F] Y
REBTR[160]. FEREF, HESREIEHAANRBERSRERL, BIU 8
2. fER R BAREHERPUE R, P RE RS RALE T, W 785 RASE
FHE LT, X SRBHRBBRER(161]. ARBIWHEBIREKKELEF BAE
IR RERESN, PR REILRE SRR JtR[162-164]. FEXE
HEHBEERZLRT, BKkKEY. BENEEREEHRFE[165]. 20EX FESKE
BFREE, RFLERZANFRE7]. R4 R \FEB[83, 166]. MHIEREE
SEBRSPFHEHTEITREP K BBMET[48, 167]. RMAXTF 20E BEEEHEERN
i 5 HREBRINBEA TEER.

A AUERRE BRSO AR, @l i mBa#l. 4
HEE A (EEAS B . A AR R R () sk B AR AR,
KHRER. o _-BRNSEREENNEHSR. WERLSERR ST, &
NENTEHLAEBEFER, FE 20E B ZRA AR ERR 5 FHH .
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2. ¥R5EiAZ%

2.1 KRN

2.1.1 LR

FHE_FE2.1.1F2.1.2
2.1.2 SRS

o-F R BRI E RN E (LHBESVERAR, L7, FE). AERUERAFE
(R¥=E, tilg, PE. HER. o R _-8. 558 (MCE, JWEHM, EEH). B
BRI E A H3 LB HIE (Serl0) (Cell signaling technology, BR&, £EH). AEH
H3 ZRfEdiis (=R, b, PED. AFHRIAFIE (UEEY, bk, FE).
ASS ZREHAE (14, RN, HE). ARG BruEdiE (EEREY, BRI $E).
A EHALETARAS 5 =% 2.1.3 M.
2.1.3 SCIR{V g%

FF % 2.14

2.2 LA

221 58 - HHRAKNERTE

A E R PCR (qRT-PCR). REEIE. X RNA (dsRNA) ARk 4BHuEEs. H
EEFERE. CCK-8 ME4MIE /1. Wl St ik,
2.2.2 FEMMKERTRBAL T

EHUR/N PR E AR . RIS R (/S8 h SUEATTHRT, FERKE 24 h. 96 h J5id A 6th-
24 h M1 6th-96 h I H, ShHREEE/SKICH P6 . # 6th-24 h F1 6th-96h % R E
TKE, REAFE, HEFE XM, AKEERRRRNMLKEFERZHN. K
A LSmL BOER, YDREBEA R ILEEL. ST P6 A, BURIFEE 1 mL
ESHE, AR T, RRFEE MR OAERSY, REUMAKEZE 1.5 mL Bl
EPHFINEBEERE. SMEAZDAE 100 pL MIHKE (E/A 5 Rb), §HE6
MEFESR, —3E 18 MEE. BREGBRETIKPZEFELAMERTEDRIEE
Raal TR MR . Rz R EMEREST.
223 PERHEEREER

R mtk e 500 pL FREEBEREA L, RETKERZEZE SRR ER
WERABMATHEEERNE. RAEPBOT: )03 g HAT 10 L MEERT,
m 8 mL 0.02 mol/L H£:ER, iF C18 BEAHRERUH: /5 40X 100 uL W, HE TRERT
A 10 mL 0.02 mol/L HI3EER, R5J. Z4MHU500 uL, #KIKHIA 250 pL 0.1 mol/L RAEiH
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BEARE 20, 250 pL 1 mol/L =ZBZZ.1E, BAMRPHATHE 1 h, T 045 um HHLUE EHL
BEAEBRCL 1000 EIAEER S E.
224 JERER
BARREMBESI R, 620 pL HmMAREF A PTU FIHEET. 3000 rpm B0 10
min JFE LIEW S 300 pL 20%M =R Z.B&REE, BRAREEEOLH EE®R, £iT 0.22
pM T pEER I I8 S R EBR AT
2.2.5 RE - MR-
BARKEMESI S, HIHAEERERERRPHLEEL, RAETKEHERTS
PR BRI A BR A = #E TR
2.2.6 PEBER
AR )8 B B 40 sR BRI A9 MK 2 20 pL, MDA RFEF AR T K LHER
12000 rpm #5-0» 10 min J5 B BB FFMAG IR/ 7E 340 nm PR AGE. RER
AR M B E B AR, JEEERDL 1000 AR R B ER S E.
2.2.7 HEHHY
HKEAFREEMEER. oL _BANAEE, H PBS RERARMEKE. EIK
N BEMLBSIER (6th-6 h) #ATHES, ILHEHIIIR, |IKIAIKE 24 h.
228 RIME. aRRFET
HEH H3 B Serl0 RAEBMILRMITHLARIHEN, £ —MirENENIRC
Y. EEFREYERIAEED, BEBBRAGNAED H3 ZESUE (Serl0) #1TH
S ENZE SR A AN MG . @ e R BRI SRR E LC3-1 Al LC3-11 WRIAER T4
B, MR ERINARRERNAREYE, 42 12h, A Tunel R CASP3 &tk
N TAZNZ ] b
229 =HEHTN
B3t COACH %X {4 (https://zhanggroup.org/ COACH/) 73 1 il GDH A1 GDH-like 1=
FLEMI[168, 169]. F Sybyl-X % GDH il GDH-like 5S8R M o-FHk —BEX £,
Fi PyMOL % {4 GDH 1 GDH-like F145# LA & B # GDH 5EME & M.
¥ 3-1 PCR 3|%/F%)

Tab. 3-1 Oligonucleotide sequences of PCR primers

Primer name Sequence (5°-3%) GenBank accession number
qRT-PCR

Gdh-RTF ggctecatctacaaccetg XP_021195200.1

Gdh-RTR tcgcacttctcgtacaaca

Gdh-like-RTF gcaaggcggtcggtaaag XP_021188737.1
Gdh-like-RTR tcagcaggtcagggagga

Ass-RTF gaaggctttggcgatagg XP_021187849.1

Ass-RTR ggctecgagtttetttge
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4% 3-1 PCR 5|9F5)
Tab. 3-1 Oligonucleotide sequences of PCR primers

Primer name Sequence (5°-3°) GenBank accession number
Arg-RTF tacttacccacgatggactg XP 021181851.1
Arg-RTR gegggcacattgtatttet
EcR-RTF aattgcccgtcagtacga ACD74807.1
EcR-RTR tgagcttctcattgagga
p-Actin-RTF cctggtattgctgaccgtatge EU52707
P-Actin-RTR ctgttggaaggtggagagggaa
E20MO-RTF ggaggtacttctgtggtgt XP_021191112.1
E20MO-RTR cgtatctgtegggtetgcet
RNAi
EcR-RNAIF gegtaatacgactcactataggegetggtataacaacggagga
EcR-RNAIR gegtaatacgactcactataggcettgaagttgacctigatgec
Gfp-RNAIF gegtaatacgactcactataggtggtcecaattetegtggaac
Gfp-RNAIR gegtaatacgactcactataggcttgaagttgaccttgatgee
Gdh-RNAIF gegtaatacgactcactataggggacctccgetaacccaa
Gdh-RNAIR gegtaatacgactcactataggggeccaataaageccttc
Gdh-like- RNAIF gegtaatacgactcactatagggegtaccageccctgatat
Gdh-like-RNAiIR gegtaatacgactcactatagggcecttttgttcttcgecat
Ass-RNAIiF gegtaatacgactcactatagggtatgaatctggegtgctt
Ass-RNAIR gegtaatacgactcactatagggticgggtetaggttgctt
Arg-RNAJF gegtaatacgactcactatagggaaagaaggttggcatcateg
Arg-RNAIR gegtaatacgactcactatagggecategtgggtaagtaggg
E20MO-RNAI{F gegtaatacgactcactatagggaccatettcgtegecacct
E20MO-RNAIR gcgtaatacgactcactatagggcagecttetigtcectca
3. XBLER
3.1 RIBEF SR

6th-24h. 6th-96 h 1 P6 =K BB ARG REKE (REHD. 4R
ERER (FIEECE D MER S ST ER B (FIEECERD (170-172). BT iR
A 4 e A A R 0 P P ST P AR B A, 5 5 A I K
BRI WE/DZHRAHFH M (partial least squares discriminant analysis, PLS-
DA) 7R, 6th-24 h f1 6th-96 h f1 P6 X=4AM G2 RAGFEEEER, SHFERNEY
ZELSE plotmap FHXNRE. AR LR 358 HERKEY . ZHEIEHIT
PF LS, Bk log2 (ERMHEHD > 1, pH<0.05 Rige CAERRIEY. KM
6th-24 h #1 P6 #itk, H 95 FpERMRBMMITE 6th-24 h &R, 140 F2ZRARIEWTE P6 &
B . 6th-24 h Fl 6th-96 h #HLL, 58 FhZERARHMTE 6th-24 h B E S, 103 ME R B
YITE 6th-96 h & E & . T 6th-96 h 1 P6 tHtl, 67 FZRRIYTE 6th-96 h FER, 90
MERHDE P6 SES. EFENERRED T, MERSHEEER, HRENE
FERBARA SRS (B 3-1D, ZHEE#ITHE, BEFRERINE 66 xR
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RBMYITE 6th-24 h EEH, 46 HERRBYE 6th-96h FER, 7S MERRBEP6 &
5 (E3-2).

A
PLS-DA scare plot
6th-24 h/6th-96 h 6th-96 h/P6 6th-24 h/P6

.50 _ 50" . _.50
S = =
K . : 1 &
S 0 3 C 3 0 % 2 0
o . . o~ [
S S R
L .50 o .50 & .50

150-100-50 0 50100150 -150-100-50 0 50 100150 200 -100 0 100 200

PC1 (34.7%) PC1 (31.9%) PC1 (41%)

P8

DM:1407

Xenobiotics
Nucleolide | pPeptide
Other secondary metabolites

6th-24 hiP6
Feeding larva Wandering larva
6th-24 h 6th-96 h
- e

S

i &
- :

Carbohydrate
Amino acid Unknown

Carbohydrate 6th-24 h/6th-96 h

NDM
39

6th-96 h
DM:671

Nucleotide
Other secondary metabolites

Other secondary metabolites

3-1 RS
Fig. 3-1 Overview of metabolome profiles

A. § 6th-24 h. 6th-96 h I P6 MMM 4T LC-MS RIBHRE, EE FEIEIT PLS-DA 7317.
Ed g AR rm— MR, HPRBRAN AKX 6th-24 h IghH, FEAKHAMRE 6th-96 h 114
B, ERERASREP6HE. PCl: M1, PC2: /S 2. B # 6th-24 h. 6th-96 h 1 P6 TR H
b, #EREERIRE U RIS E. DM: ZRREY, BN log2 (ERMHEEHD M4
SERT 1 AZRAKEY. NDM: TZRHREY.

A. PLS-DA analyses of LC-MS for positive ion data from the hemolymph of 6th-24 h larvae, 6th-96 h larvae,
and 6-day-old pupae. Points represent differential samples, orange points represent 6th-24 h larvae, green
points represent 6th-96 h larvae and blue points represent 6-day-old pupae. PC1: principal component 1; PC2:
principal component 2. B. Types of metabolites and the number of metabolites screened by pairwise
comparison of 6th-24 h larvae, 6th-96 h larvae, and 6-day-old pupae. DM.: differential metabolites, NDM: no
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differential metabolites. The ratio of the content between the two groups of samples is log2 fold change
(log2(FC)) after taking the logarithm base 2 of it, the absolute value of log2(FC) greater than 1 is then used
as the screening criterion for differential metabolites (that is, a difference of more than twice is regarded as
differential metabolites).

High in 6th-24 h High in 6th-96 h
6th-24 h/6th-96 h log2(FC)>1  6th-24 h/6th-96 h log2(FC)<-1
6th-24 h/P6 log2(FC)>1 6th-96 h/P6 log2(FC)>1

DM: 66 | DM: 461

Arginine DM: 35 a-KG

NDM: 51
DM: 147 DM: 711

Glu

DM: 751

High in P6
6th-24 h/P6 log2(FC)<-1
6th-96 h/P6 log2(FC)<-1

3-2 BB ER 6th-24 h, 6th-96 h F P6 LYy
Fig. 3-2 Venn diagram with the 6th-24 h, 6th-96 h, and P6
REWESEFRFHELBE, BidiHE log2 (FC) BRARBHEKFREDIEE.

After pairwise comparison of metabolite levels, the number of metabolites with high levels in different instars
were obtained by calculating log2(FC).

BH#E KEGG (kyoto encyclopedia of genes and genomes) Z3#7[173], #ACHE=#4%
RRFER . EEREMARHIT I RUERYR-E-RERELEPRE~IHENL. &
MR =HERENBRETL (B 3-3), MHER, EEREMIERED TCA 15854
BT RER (B 3-4),
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A

Glucose metabolism

| L-Malate
| alphaKetoglutarate
1 Gitrate
. Succinate
alpha-D-Glucose
D-Fructose
L-Ribulose
Maltotriose
Isocitrate
6-Phosphogluconate
i Pyruvate .
| Uridine diphosphate glucose
N-Acetylleucine
ﬂg Glucosamine
Uridine diphosphate glucuronate
D-Ribose
D-Ribose 5-phosphate
L-Arabinose
Sucrose

L-Carnitine
. Palmitoyl-L-carnitine
~ O-Acetylcarnitine
 O-Phosphoethanolamine
138-hydroxyoctadecadienoate
(9Z.122,15Z)-Octadecatrienoate
Sphingosine
Pimelate
3-Ketosphingosine
Mevalonic acid-5P
¥ 9-0x00DE
Linoleate
Azelaate
cis-9,10-Epoxystearate
9,12,13-TriHOME
Decanoyl-L-carnitine
Gamma-Linolenate

12,13-DHOME
&
15 20 25 30 35
| I log2

B
Amino acids metabolism

L-Valine
L-Histidine

' L-Allothreonine
~ L:Methionine
Ornithine
L-Cystathionine
gjﬁ Pyroglutamate
 L-Threonine
N-Succinyl-L-glutamate
L-Homoserine
| ﬁﬁgg L-Targinine

L-Aspartate

Sarcosine

- I citwiline

L-Asparagine

1 JBRRER 1-Methyinistigine
| L-Arginine
N-Acetylhistidine

: E QE“I beta-Alanine

beta-Leucine

L-Leucine
N-Acetyl-L-aspariate
Ketoleucine

B 7
§ 58

L-Cysteine
L-beta-Phenylalanine
3 (5-L-Glutamyl)-L-glutamate

L-Phosphoarginine
beta-Tyrosine
3-Methyl-L-tyrosine

Acetylcysteine
Phosphoserine
-‘% ! a ! g L-Glutamate
> < )
£‘l«°' & <Q

& &

3-3 NS EEFRBHEER AW RTRELS T

Fig. 3-3 Classification of metabolites related to nutrient metabolism

it KEGG s R &5 . EERAELRK MY, 81T log2 ¥ HIEHALIE GRE) HrHE.

The metabolites involved in glucose, amino acids, and lipids in KEGG were screened, and their peak area

data (intensity) were mapped by log2 transform.
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Glucose | |}

Glucose 6-phosphate —»—— Xylulose 5-phosphate

;

Ribose 5-phosphate I»

-bi |
Fructose 1,? bisphosphate Ribose g
}
Y
i
5 I . Threonine t
— Pyruvate
l Serine d 1
t Palmitoyl-L-carnitine I
Acetyl-CoA Fatty acid
L Acetylcarnitine
“mZ Asparagine !
Aspartate — Oxaloacetate Citrate | {7

Malate cis-Aconitate I
g TCA 11

cycle
Alls
Phenylalanine—>F t i
Yy umarate I Isc?;trate | Arginine | _,
Succinate I a-KG I —» gy +— Histidine l
,LVaIine .
—> Succinyl-CoA Proline L.
.. Methionine

B34 |ER. WEHRETERANYRKRE-ENERANER

Fig. 3-4 Nutrient metabolic pathway of differential metabolites involving amino acids, glucose, and

lipids
AT EEBAFRIASBW Y, X 6th-24 h, 6th-96 h F P6 X =R FHITH

FH LR B S BT ROR, SIEER BB DMIBIGET URRRIERENEEER
MREEETFEENREDHEE. SIBEER, 6th-24 h/6th-96 h 1 6th-24 h/P6 AT E
£ EHEREAUY, HPHLI=NERNER. RLEABNAERAE, HaRE
A LA K mTOR {5 538% (& 3-5A f1B). 6th-96hW/P6 FAE4EMREIEREER TCA &
. ZEREBNEHE A SRULERERANPHREARRE (B 3-50). JREERTHE
SRBET AN, RIUBEBKE 6th-96 h fl P6 SEHB®E (HEE. RLEBMNE
TR BERESH): £ mTOR EFERT, FERNTEARAZE 6th-24 h T &
BE: 7E TCA A, RITHFR. THEBRN o-FR _EREEE 6th-96 h SERE .
FERZBRILFHEE A SR0ER T, ERIZ AT P6 B4 LY ME R FREARNK S+,
L-FHER S-EUIRE P6 SERE (B 3-5D-D. U EERGERER. o LR
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MBER NES A, WEMHEHEE. ZRIBER. oL _BNAER
EHRRIhEETP M EEN, EEEER. o X —BASEER/EA 6th-24 h. 6th-96 h F1 P6

Hibs R B

C
6th-24 h/6th-96 h 6th-24 h/P6 6th-96 h/P6
14 © T
124 1 Alanine, aspartate and }‘C 12 Alanine,;‘spartate and 10 TCA cycle—p@
\ glutamate metabolism glutamate metabolism 8. Pantothenate and
10 | o 10 Arginine biosynthesis CoA biosynthesis
o Arginine biogépthesis)' b= 6 \ © @ (=2 .. Cysteine and
o L2 97 A 24l @methionine metabolism
T M " o ] 4 | mTOR 51%3@9 Pathway d e %
¢ o0 Q ﬁ) o . %%GO ® 2
271 % @%TOR signaling 1 (Dm 3%}2}? 2
0 =8 pathway 0 | o8 8 )ﬁ‘, el 0l A V) )|
N \
Q o Q’LQ‘be‘Q‘bQ‘b Q Q Q"L Q’b QBQ@ QQQ‘b <:> {L{LQ
Pathway impact Pathway impact Pathway |mpact
D
6th-24 h/6th-96 h 6th-24 h/P6 6th-96 h/P6
Alanine, aspartate and glutamate metabolism TCA cycle
L-Glutamate{ R Isocitrate:
Succinate semialdehyde! Fumarate;
alpha-Ketoglutarate alpha-Ketoglutarate+
Citrate+ | Citrate
Succinate | Succinate
Fumarate [&] cis-Aconitate
N—Acetyl-L-aspartatew‘ B 0 1 2 3
L-Alanine E] [ e
L-Asparaglnel ] log2(FC)
L-Aspartate B3
20 -10 0 10 20 -10 0 10 Pantothenate and CoA biosynthesis
log2(FC) log2(FC) Phosphopantothenate
E beta-Alanine
Arginine biosynthesis L'Y_ﬁ_‘;’;ﬁ
N-Acetyl-L-glutamate/ o Spermine
L-Citrulline1 : Pantothenol
L-Glutamate- L-Cysteine

alpha-Ketoglutarate:

2140 4 2

N-Acetyl-L-citrulline+
Fxmarate log2(FC)
L-Arginine’
| . :
LLgr?\?tﬁuar}g Cysteine and methionine metabolism

—_—
-20 -10 0

L-Methionine-S-oxide

-20 -10 0 10 0 -10 0 10 O-Phospho-L-serine
log2(FC) log2(FC) Glutathione
£ L-Methionine
mTOR signaling pathway L-(L:-yss?erelirr::
L-Arginine jmmms 6-4-2 0 2
L-Leucine [EESTTEY T a2 (ECY
v - |
01234 01234 8g2(Fa)
log2(FC) log2(FC)
3-5 fRMERR AT

Fig. 3-5 Pathway analysis based on the differential metabolites

A-C. SIBEZ#7 6th-24 h. 6th-96 h Fl P6 FFIAHLL AT E £ BIRIRIEER, HEAFERKENMLEA

WY EESERRIRRN, RERUSMSETIEREYNEERRZN, @RS XA 6

HIRESHRENA LA, DI MEEEMNEHERFHERNEY. FC: ZRMEH, BEGZAE

BEERAEH.

A-C. Bubble chart of metabolic pathway enrichment. It was calculated by adding the importance measures

of each matched metabolites and then dividing them by the sum of the important measures of all metabolites
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in each pathway. The greater the pathway impact, the more likely it is to be in the upper right corner. D-L
Screened differential metabolites in important metabolic pathways. FC: fold change, multiples of difference
in content between samples.

NTRERBAZOEIE, N THRER. B _BRASEMM SF IaHIZ P8
WHRKE, RAKEREENENEES, EYREFILREEZEN % (B 3-6A);
o-F K BRI BN RS R IEEHIWIH (6th-72 h-6th-96 h) &= (B 3-6B); 4
KRN FEEHIE LA EAE LA FESER (P4) REEE (B 3-6C). XEEER
SHZENEERM—B. RTHRA 20E REFEERE R, BAREWRER 20E F
SN 6th-6h g fEF, RIVERER 20E (100 ng/ A ) HMINEER. o-Bk—
BRABSERNSE: MEKRER 20E (500ng/ R ) BERBEBRMNASEERNAKT, B
B30 o-BA R —BREI/KF (B 3-6D-F). LA 43R ER 20E B ik BB IF R
HWPRIAKE

32 MER. ER-BAAERREFRNARSE

RNTRARUTHDESARAEBHRER, BLREARER EA2HBNEER. oFRX=
BN ERANINE. BYAFET . 8T CCK-8 MMMMALE 1, RIMGINFERNAR
FEIWEE, WA o-FR _BRIMGIMMIE S, RNASEREEMARES (B 3-6G-D.
B EARAEEESERRMAE A H3 BRI, RIKEREHNE, o Fk R
MEEE, SEREAEE (B 3-6)-L). Bl LC3 HREAEZNEERMFAE, oF
ROBEE A, SRR A (B 3-6M-0). BT R caspase-3 &1 TUNEL %t
&, RUSMHELEREML, RMEERNAERIHEANSIEEAT, BNEREN o-F=
BEBRRSIIRET, B5MBAMEHFREEREEER (B 3-1.

BETREBER. o- IR _BANASEREN 3 6th-6 h FRIMES, HWACHIN Rk
MsEm. RIETES PBS ML, FEHBERE SRR 26 h 4k, BRI
Pk pIEsE, R EME (B 3-8A-ED). VEST o~ —BRE FBLIELIR 14 h. o-FRL
TESMHI ARk A e A, (REHAER A B WS (B 3-8F-Ji). FHIAEERE HE R
RRERSESSERAL, SBE BB, (R AKaE, MK
B (& 3-8K-01). Ml EERREREER. o FR _-BANRER T LU EH AR K0
Raniz R AR ER .
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Fig. 3-6 20E reprogramed metabolism
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A-C. MEERFER. ol - BNSERENKEPHERRIERBFHFENER. SF: 1R
Bfrghdy; SM: TESBLEZShH; 6th-6 hto 120 h: REIFTBHI/NK4IR; PO-P8: 0-8 HilkHIHE. F: B
B M: BUEHR: MM: SRS P WM. D-F O RENRER 20E #8122 h ERAEER. o
MR AR ERN SRR, DMSO A, G-I 7 HaEpi MM AFHRINEERE. oL =B
RERGRAMMIE /. J-L. 7 HaEpi ZRATHFMEER. o- B _BASER/ERAMHAER H3
HIBEBRALIKF, 15%H) SDS-PAGE BEfZ, H3 NEEXEE. M-O. 7E HaEpi AL AT RINBEE. o
X RS ERERN LC3 KF. H Image ] W EAKWHITHITEMN.
A-C. The levels of arginine, a-KG, and Glu were determined in the hemolymph to compare to the
metabolome results. 5F: fifth instar feeding larvae; SM: fifth instar molting larvae; 6th-6 h to 120 h: sixth
instar larvae at different stages; PO to P8: 0 to 8-day-old pupae. F: feeding; M: molting; MM: metamorphic
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molting; P: pupae. D-F. The levels of arginine, a-KG, and Glu were determined in the hemolymph under the
stimulation of different concentrations of 20E. DMSO was used as the control. G-1. Cell viability was assayed
with CCK-8 after adding arginine, a-KG, and Glu. J-L. Detection of p-H3, with H3 as protein control after
15% SDS-PAGE. M-O. The protein profiles of LC3 after the addition of arginine, a-KG, and Glu, with B-
Actin as protein control after 15% SDS-PAGE. Quantification of the data in the scatter plot was made using
Image J software.
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Fig. 3-7 Arginine, a-KG and Glu did not promote apoptosis

A WINBER. o- B _BABSEREIMAEY caspase-3 frillE 40, #5100 pm. Ai. Xf

A #1%iit. B. Al TUNEL REERMMARER. o R _BAAEREMHATHR, RN 100

pm. Bi. Xf B f94tit. C. {ENFAMEXSTEE, DPBS AHE40ME 6 h /& 51 AT .

A. Detection of apoptosis cells by the addition of active caspase-3 after addition of arginine, a-KG and Glu,
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the ruler represents 100 um. Ai, Counted the apoptotic cells in A. B. The apoptotic cells were detected by
TUNEL staining assay after addition of arginine, a-KG and Glu, the ruler represents 100 pm. C. The cells
were treated with DPBS for 6 h as positive control of apoptosis.
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Fig. 3-8 Injection of arginine and Glu promoted early pupation and proliferation while injection of a-
KG resulted in delayed pupation and autophagy

A. 7 6th-6 h B R & ST 0.01-1000 pM KRG ERRAGERHRE . B. FHEEBRENE AR
B, #wRAE 1 cm, PBS AR, C. {4 10 pM FEE A PBS B4t RE. DR E. F5 10 uM
FE B PBS G lH EE H3 B4R LC3. DiRIEi XD M E #/74it. F. 1 6th-6 h g
FE ST 0.01-1000 pM Y o-F8% - BR AR E B AR . G R H. 51 0.1 pM oI BRFN PBS J5
MERERB UG TRE, HRAER L em. TR I F5 0.1 pM o-Fi L B PBS FRENIHAER
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H3 BEERLAT LC3. LR Ji X3 1 A0 1 #4743, K. 4% 6th-6 h % HUM B iE ST 0.01-1000 uM A&,
BRLATRE B EEVREE . LRI M. V5 100 uM HEEH PBS EMBRIERBLI R GITHRE. NRO. i
& 100 pM AEBRAN PBS JEHE 4L 5 (A H3 BEERLA LC3. Ni R 0i. %t N M0 #4745 .

A. Optimal concentration was screened by injecting 0.01-1000 pM arginine into 6th-6 h larvae. B.
Phenotypes after injection of arginine started at 6th-6 h; the ruler represents 1 ¢cm, PBS was used as the
control. C. Ratio of phenotypes after injection of 10 pM arginine and PBS. D and E. After injection of 10
uM arginine and PBS, western blot detected p-H3 and LC3-11. Di and Ei. Quantification of the data in D and
E. F. Optimal concentration was screened by injecting 0.01-1000 uM o-KG. G and H. The phenotypes and
ratio of phenotypes after injection of 0.1 uM o-KG and PBS. I and J. Detected p-H3 and LC3-II after
injection of 0.1 uM 0-KG and PBS. Ii and Ji. Quantification of the data in I and J. K. Optimal concentration
was screened by injecting 0.01-1000 uM Glu, L and M. Phenotypes and the ratio of phenotypes after
injection of 100 uM Glu and PBS. N and O. Detected p-H3 and LC3-I1 after injection of 100 pM Glu and
PBS. Ni and Oi. Quantification of the data in N and O.

3.3 20E TS S OK S T

BEBRRBRTUUNEYHIRE, WA lEIHEKRITHB S8 (argininosuccinate
synthetase, ASS) HEATHIRMEERL. ASS RREBEAFRCEMRER, HBUMEARMK
R BRFEW AR, AT A LE BB ERR[174, 175]. Ti kS 2 BR S (arginase; ARG)
R R R RS IR EER[176). BRI ASS M1 ARG HIRIE, KRIL ASS 7E4) HEL
BYERIE, T ARG MIRETEHERIE (B 3-9A-Aii). HE REMGEHILER,
ASS FENLTE 6th-24 h 4+, T ARG MELLT 6th-96 h 4hd i+ (B 3-9B
C), PN EHEKTFHBEBRREH ASS AN, MELSYH ARG #170#. AT
Y8 20E SHEEMR & R R, 7E 6th-6 h 4 s P IS A ERER 20E 317
AFEIRS AR AL EE, KB 20E B 3EHH] 4ss FIRIE, (R Arg REA (B 3-9D-G)e AT
PRI 20E X Arg WIEHIHLE, 5347 T Arg RT3, KT 5°-GATTTGATTGAAATT-
3 XEARTH EcRE F%1 (B 3-10A), TIERME EcR 25, Arg WREEEERMK (H
3-10B). i & 20- B INE & (E20MO) W] LU WL R (B) B 8B TGS 20E[177),
WiPE E20MO |G, Arg FIRIZEEERIK (B 3-10C), XL R Ui 20E 8] 4ss IR
15, FEEHEZZ A ER REBEARE IR ENTRIBERITE.
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Fig. 3-9 20E inhibited the expression of Ass while increasing the expression of Arg

Ztit. BR C.HE $EM G B AL E R ASS M1 ARG 7E 6th-24 h 1 6th-96 h fIEfr. LM: 4hdid .

IM: . 458 200 pm. D. AR EIRIE T, 20E (500ng/Rf) FS T B+ 4ss WE

B2k, E. NREER) 20E FIEFF B Ass FIREILLL, DMSO A5, F. RERFLGET,
20E (500 ng/RH) ST Arg BT, G. REWKE R 20E B T R 1E+ Arg BRIAZAL.

A. The protein profiles of ASS and ARG in the epidermis, midgut, and fat body detected by western blot after
12.5% SDS-PAGE. Ai. Quantification of ASS in A. Aii. Quantification of ARG in A. B and C. HE staining
and immunohistochemistry showing ASS and ARG location in the midgut of 6th-24 h and 6th-96 h. LM,
larval midgut; IM, imaginal midgut, the ruler represents 200 um. D. 4ss expression in the midgut after
induction with 20E (500 ng/larva) under different time stimulations. E. 4ss expression in the midgut under
the stimulation of different concentrations of 20E. DMSO was used as the control. F. 4rg expression in the
fat body after induction with 20E (500 ng/larva) under different time stimulations. G. 4rg expression in the
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fat body under the stimulation of different concentrations of 20E.
EcRE consensus sequence:

5'-PuG(G/T)T(C/G)A(N)TG(C/A)(C/A)(C/T)Py-3’
Arg ECRE: , GATTTGATTGAAATT

419
B C
Fat body » dsGfp
© .DMSO.dsGfp+20E g1 5% dSE20MO
% -20bE ‘dsEc§+20E & .
B4l 17T, % = E &
g2ia” ¢ I%-a 3 | ¢
B § U
2 EcR Arg o QQ S
<(/q'
B 3-10 20E 3T EcR {28 Arg RIEF

Fig. 3-10 20E promotes Arg transcription through EcR

A. FIF JASPAR ¥ TR FE T 4rg JAZNT LM EcRE 7. B. f# EcR J5, Wi+
EcR Al Arg WIZRIEKFE. C. @& E20MO f&, RPUREHI A E20MO 1 Arg WIRIE KT,

A. The EcRE site on the Arg promoter was predicted using the JASPAR transcription factor database. B. The
expression levels of EcR and Arg were detected in the fat body after EcR knockdown. C. The expression
levels of E20MO and Arg were detected in the fat body after E20MO knockdown.

A THRIT ASS 1 ARG FEIZHIBEB/K R RIEREFHINEE, HTE 5th-20 h F
6th-6 h % R IS dsdss M dsArg @& Ass F Arg HFRIE . KIAEHERIE Ass Z
J&, 57.8%HIBREREBIM BT, TR R HINIERILEHRIEREY, 25.6%1)40 R AL IH T
B, FELEER AT RAERT 18 h (B 3-11A-D). 75 dsGp HIXTHRAH,
F R R A, XL PG ERORRE[17], HRES dsdss 2 RFEREEa (H
3-11E), dsGfp A% R B R PG RAESE, Bkt REREME, T dsdss HIY
HE #6E7R-FH. BEHAENEEEZ2ME (B 3-11F). TEES dsdss ZERHEERRK
FREE (B 3-11G), HER H3 MUK FEE, BWEE (E 3-11H), X¥iH,
ASS X FEBBERR T EEN, MEEREMENTE. ShREKMEZFR LT,

fE 6th-6 h I HRAPFE drg 25, 34.5%07%) RIEHE AT T, 38.9%M40 R
FEIRAEHZ 20 h (B 3-111-L), FBHAEZLD (B 3-11M), @& 4rg Z EH B AR &
FIRERRISZ RIS (B 3-1IN), KEBRRE (E 3-110), ®EMEEKFTHE (K 3-
11P), PAESFRUE ARG B/ BRER MR REERNKE, BERTTURERE
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