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FET-HESET (Apoptosis-inducing factor, AIF) ZEAYMET ZIEXNEINRE, H
SKEOEMELNENER, 5B THEREHRERE, ERENERE, HE
FRIG I C K Rk N 0Ht% 5 DNA WY & REAT- R &4, &3
Z| DNA SER KKK, SBYIRET . HaixtTiRiE AIF FBUbi EirR-F
Mz EL ZETEEHERBEIEPEHALNEE, HHadfkEqmfiET,
ARG, XU EZEREFERE 20-5E8 K8 (20-hydroxyecdysone,
20E) BJI$E. C50 20E 5 B W@ #iE LA R E QKA (Cysteinyl
aspartate specific proteinase, CASP) ¥ [FF 1=, {H 20E Xt AIF B &34 a4y
ZREm R WARE, H 20E Wi imisp sl bRk e A e . RS
RN E SR8 L (Helicoverpa armigera, H. armigera) AR, 1R 20E X
AIF M E AR E R P RMER A& TS, FELRERERELREMFR
XFIAHR TR
HRER:

. MAEYMEEF T EERBRRERAFTEER T = AIF:
AIF1(XP_049697456.1). AIF2(XP_049697520.1)%1 AIF3(XP_021182458.1). AIF1
RSB ERE, BGEEAAB ST TSR, 2. $1& T 5 AIF1 &
R EPUE, &I ATF EEUE B B 2K AIF FZ 3 (full length-ATF 1, f-AIF1),
ST U # & 58 1T AIF] (cleaved-AlF 1, c-AIF1), SRS, EUEME
N EAIF1 R, BEM BN c-AIF1 B3, 3. RBEHALAR LR RI AIF1 EfL
AR AR b, E SR E MM 4. 7R R K (H. armigera
epidermal cell line, HaEpi)4Hfi &R+ i3 RIX ~AIF1-RFP-His, KIL 20E LLIAKH
FEER TR B EMELRATH -AIF1 BRIEAN c-AIF1, BlELRE AL,
HFER c-AIF] Fh B ML, SURAMBIAT . 5. AIF1 (VEER B BIRIE, c-AlFI
XA AR, KT A RNA TS5, 4 BIFE B & AR A4 MR fE 4if.
RIVIAH FAIF] BUR BB ATP &R T M R BB SR M s 36T
MAEA c-AIF1 BRI SBURTAARAT KT TR, 6. @RS RN
Aifl BT XFES k& FXHF O (Forkhead box transcription factor O, FOXO)
54 otk (FOXO-binding element, FOXOEB, %1 5°-TTGTTTAC-3")F%, @t
AR R RS LI UE B 20E i@ R F FOXO BF Aifl 3%

it A -AIF) S ELNGET, 25 ATP &/, SFRFLEhERE,
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M AR, AN, 20E @i EFET FOXO (8t 4if1 Rik, FHE -AIF1 2fF
N c-AlFl, SBEEhARBINBER. c-AIF1 #AMMEZIRABET .

B ZBFRIL T R BEIBBER 20E (3 4if7 ¥ I8 AIF FBL, [
SRRk B WRI4ERIE T, AR B R T R RANIR, E RBTR IR At
THHEIRERA.

Xegin: ATHRET: 20-2E8 A, G &ndkan: BT, Bk
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ABSTRACT

Research background and existing scientific questions:

Apoptosis-inducing factor (AIF) f)lays a dﬁal role in organisms. The full-length
expression of AIF is located in the mitochondrial inner membrane and participates in
the synthesis of energy in the electron transport chain to maintain mitochondrial
homeostasis. The degraded C-terminal fragment enters the nucleus and binds with DNA
endonuclease to form apoptotic complex, which binds and cleaves DNA to cause
chromosome degradation and apoptosis. However, the upstream factors which
regulating AIF fragmentation are poorly studied. Complete metamorphosis insects
undergo tissue remodeling during development. The larval tissues undergo autophagy
and apoptosis, while the adult tissues proliferate. This process is regulated by the steroid
20-hydroxyecdyone (20E). It is known that 20E induces autophagy and leads to
apoptosis by activating Cysteinyl aspartate specific proteinase (CASP). However, the
regulation of 20E on AIF and its effects on cell fate have not been reported. Moreover,
the regulatory mechanism of 20E on mitochondrial homeostasis has not been fully
elucidated. In this study, Helicoverpa armigera (H. armigera), the cotton bollworm, a
major agricultural pest, was used as a model to explore the role and molecular
mechanism of 20E regulation of AIF in tissue remodeling, and to enrich the knowledge
of mitochondrial homeostasis regulation and its biological significance.

Research results:

1. Bioinformatics method was used to identify three AIFs in the genome database
of Helicoverpa armigera: AIF1(XP_049697456.1) . AIF2(XP_049697520.1) and
AIF3(XP_021182458.1). AIF1 was highly expressed in fat body during metamorphosis.
Therefore. it is selected as the research target of this thesis. 2. Rabbit polyclonal
antibody against AIF1 was acquired. AIF1 expressed full length-AIF1 (f-AIF1) in
epidermis during feeding.stage. Cleaved-AIF1 (c-AIF1) was detected in midgut during
metamorphosis. In fat body, f-AIFl_expre'ssed during the feeding stage, and ¢-AlF1
expressed during metamorphosis. 3. Tissue immunofluorescence experiments showed
that in fat body, AIFI1 vwas localized in the cytoplasm during feeding stage and was
translocated to the nucleus during metamorphosis.. 4.0Overexpression of f-AIF1-RFP-
His in H. armigera epidermal cell line (HaEpi) showed that 20E induced the
degradation of f-AIF1 which localized in mitochondria to c-AIF1 in an autophagy

independent manner, induced mitophagy. and c-AlF1 translocation to the nucleus to
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induce cell apoptosis.5. Because f-AIF1 was only expressed at feeding stage, and c-
AIF1 was only expressed at metamorphosis stage. Aif was knocked down at feeding
stage and metamorphosis stage respectively by RNA interference experiments to study
its dual roles. The result shows that f-AIF1 deficiency would lead to insufficient ATP
synthesis, developmental retardation, mitophagy and death. c-AIF1 deficiency resulted
in decreased apoptosis of fat body cells. 6. The same sequence of AIF1 promoter region
as Forkhead box transcription factor O (FOXO) binding element (FOXOEB, sequence
5’-TTGTTTAC-3") was predicted by software, and the results of dual-luciferase
reporter showed that 20E induced the increase of AIF1 expression through the
downstream transcription factor FOXO.

Conclusion:

f-AIF1 was located in mitochondria during feeding stage, involved in ATP
synthesis, maintained mitochondrial stability, and inhibited autophagy. During
metamorphosis stage, 20 promoted the expression of Aif7 through the transcription
factor FOXO, and f-AIF cleaves to c-AlF, leaving mitochondria, leading to
mitochondrial instability and mitophagy. c-AIF enters the nucleus and leads to a shift
from autophagy to apoptosis.

Significance:

This study found that steroid hormone 20E can promote A4if transcription and AIF
fragmentation, causing mitophagy and apoptosis. It provides new knowledge for the
study of autophagy regulation, and provides target genes for pest control.

Key words: Apoptosis-inducing factor; 20-hydroxyecdyone; Autophagy; Mitophagy:
Apoptosis; Fat body
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Tab.1-1 Symbol description

| YEREIE AR IR
20E 20-hydroxyecdysone 20-¥2 2L st 57 B
AIF Apoptosis-inducing factor BTESET
H. armigera  Helicoverpa armigera pintoge)
f-AIF1 full length-AIF1 ATF1 2K
c-ATF1 cleaved-AlF] WA AR ) ATF1
AMID AlF-homologous mitochondrion-  AIF [RBlEZ& KA X TIH
associated inducer of death =X
AIFL AlF-like KETHFSRET
MLS Mitochondrial localization signal R EMNES
IMSS Inner membrane sorting signal HNESEES
™ Transmembrane iz i1
FAD Flavin adenine dinucleotide BHERREW ZER
NADH Nicotinamide adenine dinucleotide S JEE R I Bk o B R A R R
WAH-1 Worm AIF homolog i% B AIF [[lYR K
ATG Autophagy-related EL:iES
LC3 Low complexity communications codec  {KE 2B ESafdid sy
CASP Cysteinyl aspartate specific proteinase FMRARRE QKA
DEPC Diethyl pyrocarbonate ELRER — 28R
FOXO Forkhead box O XkEHERET O
FOXOBE  FOXO-binding element FOXO %& 7oft
dsRNA Double-stranded RNA XU RNA
ATP Adenosine-triphosphate RN B R
AMP Adenosine monophosphate RS AR
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Tab.1-1 Symbol description(continued)

GERETE XL HSCAFR

AMPK AMP-activated protein kinase AMP K14 2R 3
GPCR G protein-coupled receptor G EOEBZA

PBS Phosphate-buffer saline BT REMEER
TBS Tris Buffered saline Tris-HCI 28 (i £ 35
kDa Kilodalton T1E /R

DMSO Dimethyl sulfoxide — TR

DAPI 4',6-Diamidino-2-Phenylindole 4 6-_ PRI -2-JE R g vk
HaEpi H. armigera epidermal cell line EARREMBWEA

h Hour (s) /N

min Minute (s) ST
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L1 ACESAET
1.1.1 BATHESRFRIE

T ESEF (Apoptosis-inducing factor, AIF) & —F N INEELLRIAE 4, BE
S58&NAREREN], X ESHMBZIELXrHMRLEBREDE (Cysteinyl
aspartate specific proteinase, CASP) {KEiIET-[2]. MW MP, AIF X
BEFEEHE AIF. AMID (AlF-homologous mitochondrion-associated inducer of
death). AIFL(AIF-like), 4338 difml. Aifm2. Aifm3 ZERL[3], AIFL XK
59 AIF3,

ATF AT LUEIT 2 M SR R B = 4 R Fp R R, Hb AIF1 ZEfTAHASF
BHE#ERIL. AIF] FEMR S8, £H N AR ENES (Mitochondrial
localization signal, MLS) BB T S AMBEIZEHIE, MLS B C IS B NES
i#%{55 (Inner membrane sorting signal, IMSS) UL K& #EME (Transmembrane, TM) X
W, WREONRRE NN IERIER[2]. TEHAERAE, MLS #9 N iR
RERRE 53 ML S R R b IR B /KR . HEEAELERIIR B RG ATF1 TH (e BEA] BaL,
BT EHBR TR R REM —i%FF8 (Flavin adenine dinucleotide, FAD) 7%
B AR FTEHAE . AIFl B FAD HZ R EBBEREER _—_BHER
(Nicotinamide adenine dinucleotide, NADH) 454 F B, 5415 NADH {K#pIE AL
EEEAREETEN, BAESEMEME. AIF1 i C SR AT SR, @dHEELH
BB A TR &Y, V)E DNA 4L )5 545[4,5]. AlFsh (AIF short) & AIF
F—METE, HEFGEBAAMT difml IENAANNETH, ZBER T B
i, BRET C MEATHE. E3MTERRIE AlFsh 7] S EH
Mtz PR RIS RMBET . AIF B8 — WA —ANRIEFWN T, 4F/RET
Bk Rifh e M AEALEEINRE, BRE C WMIEHET &ML, AIF HE=FM2{k
AlFsh3 B BE RS S, (HEHMFTTEIARDT AlFsh2[6]. o

AMID FEAZHHIALT 10 Stk L) Aifm2 S985, 3 N A MLS, M
TEBANLRAE, e AMEET 6-¥23 FAD TIAE FAD kiR & EERE
P[7]. FEAMEF, DNA 44 AMID By [EE B LG {45 E NADH 5 AMID
SR [BIRIMBIEREE . ot B MMEMAIER ps3 BREE, EMEMRESER
IKEREE, BONME ISR —[9]. AIFL ZEAEF BT 22 SRE4 N

1
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Aifm3 9whs, . 4. L. B BEARATEEREL, BT RESLEE
4, AIFL B BfH — M Rieske MR, MR T BT BB R AR
BE c FIBUE CASP3 SENAERAL, 38 INLeRLI A8 7 1 M SRR B TS
FET, BAHAGRZ[0].

112 BTESETFSSHELRBRALTE ATP

AUHBRULEREAREFTENEYLSTRE, ARMRE. BR. RORS
VIR URBRR KB BT, Bl TSRS ATP & K. EIEEAEP, AIF#
WECENAENE L, RESWCREEYE, 258458, mRiEHES5H
EFRHEEERAERNRERENL,12], EEXRROEDEIAERE. EEERWN
HiERE, MR AIF HBRESBENARG, E4E 1 BEWHERAD. £ &4
MEHR S, HEMEIR AW UL IV PTIRER6). L HPHERI, AIFH
[El¥EEH WAH-1 (Worm ATF homolog) HI N IR SHESBBRILITIEE, H4E
mAMEF@13]. EAEY, AIF 2R EEMNEER CHCHD4 (Coiled-coil-helix-
coiled-coil-helix domain-containing protein 4) ThEE LA RTEN, WHE RAEYEIEH
[14,15]. CHCHD4 2 B#£E4% hi o i (8] BRI A RN 40 26 5 B/ Mia40 (Mitochondrial
import and assembly 40) I AKRIEY, ©&KE NADH 2Ptk $ a8 ik IR
BHHT W LR ERRIENE A ALRE, FEIRES SANIERLE
A Ei[16-18]. A3 AIF EERE S Cowchock £5 1, RMAHEFAME
13191, SRR & AR AT FRIEE 5<[20,21].

AIF R TS 5L ENESEARP AL, ETaaE SRR AN
R E SR EMIIRE A B . PRSP, AIF KBRS SR b A 48 5 B
KEMETIENRER2]. £KBE. BREE. LHFARAMKIA23,24]. A
HENRATERETFRERBE RN AR . FRNEHNY KEL.CH
W[25]. BEAh, AIF BUR/NRERILE T ARESHEE, BidREEFETFLT
NADH 84LEEMBNEH AIF ERKERE S1518[26]. XLHFTERMA, AIFH
FAEEBEHEARTESEPRIEEEN/ER. b, AIF ZERERERR
SRAE EERTET27]. AIF Sk £ SREALBIRR LI AL SZIA28], W HEEEMR
ATP R I58, STARTES, SR ERAREEEL.

1.1.3 BATFERFESAT

B R R EE R BB IS BN EREMRERELREYF,
AIF #1257 HT-OHAT29]. MRETHE G, AIF A\ERBEE B IIMMHE A
Mk, BAMZINEF R, L DNA #R457EL ROS RlEEt, AIF &##
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EMMAZR AT . XA IR ROS & ERIIR[30].

AIF A SWAETEN, EAERMXEIFNESHIETTY, R ADP &5
REEF K Poly(ADP-ribose) ¥ &R A TR SR AIF 40 AMID B
AlFsh B, FRA parthanatos[31]; Ti7EEEEM DNA AN SHE T ES, AL
FLRAENIEN AIF KBNS, KEIEHZIERFERE: ()ERERES
MR AFER: SEABBINEAESE [33]. HEABE CoXIKBNEGT
W AIF WEE, T Ca¥ TS 5HLE AN T AIF 8iE: (2)kE Bel-2 (B-
cell leukemia/lymphoma-2) FIEMR 177 T HIEEE[34), Bel-2 KRG RER 1A
SMEREFE MG, (B BAARBYLH R 2 E . XFEKBELRED RIS
B, BA— SR T/ Bel-2 2 A DA 1 B BR B8 P BRIR0E [33] - ZEAR B 1,
AIF BURHRE R AR, FARBETHSERLEREE, BREHA
T{E5[2]. EHEMMBHLRT, AIFFIFEER WAH-1 AT MR E T HRRE
BERRWE 22 HERSML[35]. kS, TEEAZAYH, Kim FABIKI T EZMER
4518 F 3 L g (Eukaryotic translation initiation factor 3 subunit g, elF3g) N ¥
A AIF ) C o X B BAAMHEIER, MATERR MG EFEKEOREE.
AIF I N3 2 52 B8k 72 B H (Heat shock70, Hsp70) BI#MEI[37]. AIF /-5
TR R 1-1 Ars.

Alkylating DNA damage
Hypoxiallschemia

NMDA/ Glutamate
Chemotherapic drugs

Glutamate l.!m B RN temina

excitotoxicity
Mature AIF 62 kDa
‘ W PO AN [T

Calpains
Cathepsins
‘ Truncated AIF 57 kDa

B 1-1 AIF -2 E T [38]
Fig. 1-1 AIF mediates apoptosis [38]

BT AIF X5 A EREMATIEETE, AIF 31 DNA BERBT T

BB ESR . M, AIF 53R R ESIR A VIR AT S 1, S5
3
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BALE TR H2AX[S5]. RHE A [39]18 N VIEE G (Endonuclease G, EndoG)[40],
TR T8 &4k, B, EndoG th & T R Witk-1% B AL F2 . B T H A k554 DNA,
HEUIBIG 4k, 518 DNA B, ST CASP A T:[41]. AIF RE#HH
WA M EERK4], BERELS DNA EEER. EXHBREAS T, AIF 84iE
RGP # FAD S MU # REA LM R T TIR842], BESELERBF,
FAD. NADH & &M fMIRZE WAL T IIEE[43]. FEit, AIF BETHEE
KT H NADH EALEF IS M. T DNA &8RN EERRERT 2 AIF 1
ATEEEEL. ERET, CEARREUEEEARELEL-2 BT RMEH T
AIF S SHI4 LT T [44].

1.2 BEES5AT
1.2.1 HEE

I R R 4 L P 0 B 4 12K B 3 A7 4 e v T A AL 40 R B B B A VR R
Hp e, AR EFMHNRSETNIYRUHESRKNE R BRE
MEEERM™4[45), B =RKEER. MEBMI FHEEN FHROEEM46]. K
t, BEER (ITHEHRER) SFEEFEaudeegtan, X, 848
WIREFRDUAAF S AZHEBRE, BEEEE. KRS, AWRHAmS
FREMMARRN . W/REE G, AR MENHSNECE SRR R
BWE, BWASERERE RN B IBEEE[47-49], FEERPEEIMR. M
B R R 18 VA B A A B I Y BRI N FA B R LR I R R R A3 S FAHBA B
HWHEBXRET TFHESEREAS SR B EBIE[S0].

AT RES, £ ATG (Autophagy-related) B iHTE B WAKRI R HF,
ATG1-10,12-14,16 1 18 B HMAFERET L F/R, R0 ATG EA(S1), #
AREYTEERT[52]. EEREENHRMHT, mTOR E46% 1 M%] ULK]
(Une-51 like autophagy activating kinase 1) E & (B X ATGl). EEHRYR
MEER. AKET. EKPGRERZNZHT, BWERES3]. HPESEE
B Z AR RE AW A YARTESERSKPHERS4]. BERESRSE,
ATGI13 % ULK1 B& WS £ — il B ik g L, BELFRENATGEN,
TERENEII[47]. 2 ATG B A4 RIRBERE[SS], F6 R A0 55440 R
MAEE. REHE ATGI2-ATGS fRELE &R ATGS/LC3 (Low complexity
communications codec 3) BEKRZMN BT, HEHAEXNEBELE MR EEA
[56], ¥ESEHBIERETER S EEHA.

LC3 &% ATG4 BV} 2 T HEBREE LC3-1, EMTHMFE+, AR

4
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A, LC3-1 #% ATG7. ATG3 FiZ R 5 SBENEHE L B A 8B, B LC3-
I, A F B WEARE b BERFABARA S, SME LB LC3-11 # ATG4 T3,
FEAE LC3-1 R AR, PIRE BB LC3-11 # VAR AR FEfE, Kok, LC3-IECARR
Sl AN ERE iy

122 RREEM

R E R RSN, 2 ATP &R EERFT, RS 58k
EYERSIER. 5515 S15%. SRS lE TRAER % R N SR AT FE[57-
60]. HIT ML FAESE AR E, USSR AN 2 2 AR PR, &R
REFEUHAMAMThERRIE61]. “LRikEWR” —HET 2005 FHkigH62], &
& B RAH Z MM LR EIZ X R AT B, BRAERSMARBSENLE
RS EFNEYE[63], R 4ERFYHM 4RI ThEE M4 ML 28R R B2 —[64].
FERM BB O, FFESFERE ATP AR, LRAEERIE 4R
REET R, HIXWHMMAAREZMF T, SrfkEmsE SR> RuisiE,
ERREFAF65]. Bhsh, TEAEH, RPkEERIESBESMER, MRER
B LS. EEMIEE[66].

ELNEEES, 2FR-HEBRIEBEE (PTEN-induced putative kinasel, Pink1)
A E3 12 REHES Parkin KIFEEThRE, RN X P H WAEH 2N EHRH R
BUREFH[67]. TRGBRRABIE AL, flR Parkin RA[68]. Pinkl &AL FELRHL
1k, ELIEEBERRALFFEUE Parkin 7EHZ RGN 2R 65 A15[69], 5 p62
LEHBEF[70], XL ERE FRETAE LC3 WERE[71], BB ZRENIKIEZ
1.2.3 J/t

MAA T RIS ZMOMBEER FET B XA THERE, BB Mg
MR EFREZA U R Z MBI RE, AU ARARRER M FTR
VAR TERR, ARV ISR To[72]. 4URRVA T 4 A AKHE B B Bh ik
CASP B T-MIA4K# CASP HITET-. CASP 43NS CASP 4T CASP[73].
— BRI B M5, is CASP (CASP 8 F1 9IS, FF4kELEIEHIT CASP
(CASP3. 6 R17), BF DNA WYIEEHIENE . EOMAREROEN . EHR
RIZCER . A M4 A B4 B RIERE T/ MR BT AR [74,75] - ARHR: CASP BRI T-E
B AIF FESH AIF f1 AIMD 5 5[76].

R TR WA EERT, JFREREHI[77]). [4RAK—
6 £ IR AR 24505 A T0 B 30 LRI RO WIRYER T2, B CASPY 45,

5
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HSETCEABBERT 1 44, 3 CASP HERFA T, SlEEABENEK
AR[78]. KK REIBENE IR TR REE L —, diEEEE
HEFEE. RECEERSMUET. FHE D MHEMSTHRKEERE Ca
PRI R 2R R R B MR 0, S BR R R AR E T 2R, SRR ZAK, MR,
BRARMFEATAR[79]. T H%E RGNS Z A2 8 5 B ER AR TH
ShEMEETE, B CASPS HIBUEE SET-[80]. EAIEE FEFXKRTEE SN
FET-ZAK[81], BN RGHMEMNMMATEE, HELESRESTEK
CASP8 s [ @ T HAL T R EMHBEEAM TERA LT HERHESHEY L,
SHENH-RABE, FSAMET[82,83]. LibdiHME & BN IEMEZE
RAMEMBAESI RN, MUNIEEHERE. fERET, SRR 3PLH K
RBEH SRBSMERE RSN ETE, SBMRERMSRAZES], AR
RAEMEEUEAE84]. HREHHETESF, TRBUMANRESREREE. BRRE
PEBIR A0t P 45 i 4 [85] -

124 BMSATHXR

4 i B R TR A E R AEENS], BAIZRfFEERKIRR. £—8F
AT, BRMEET. BARERZERNBEATESEW, AHARIEMHLER,
UER ] B2 SR T[86]. EEFMRTLRREFLRS, aRHERET
HIGRARIEINT CASP MM A AR T /ME R B E[87]. HALHIFBER BT
HERHE SBEY A RMEEEHRZ, M5 KHET[88]. FIHIE K
HEBEFHIHIE F p27 R%ES ARAMHE T — A RBE T, BFREAEN K4ER
WNESH ATP A2, FE AMP KB & (AMP-activated protein
kinase, AMPK) HJiETE, p27 BEBERR{L, F4HMLIEIT B WRAFIE[88]. T4HM= 3R
BB g TN TR 5 E R, ERIFIEFFERAEAR, dHA
FEHEE ATP HIPTE T RBPRA[89], MARRBKENRSKEEBOAT. MHEZT,
DNA HifAsist oS ABER B 5| RAT, XAMREK. 8RBT EEH
REEBREER.

TME—SMEAES, GWSBARAT, RNVEREMAMIET90]. HWE
TR R HERR ATGS 5 ATG7 SR ZBTHRMMAETTHTIET-(91]. FERE
ML RE ATGl SBAMRAT, FIRT ATG3 8 ATG8a [HIE THTHKE
[92]. tb4h, TE—ERBRMT, BHYEIEREE Rl R4 AR T e S L Y
FETC. 3 T M5 RIE — B Uk v R gn il A0 A0 RN 38 B O AR A B AR A, &
S RAEAY, REFESTET, EiZERF, ATG7 MHRAIH THRAT93]. %
RSB R LA ESESBRAETUEN S ERANAT. —RNBARE
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ROS[94], FHEBERZ[95]F1 Ca?*o HH, Ca¥ E-FIREKIIN. KEM Ca? 4R
LRRIAH) Ca I HAMR T BE R T{ES[57], RFHESEEE & QKb
Y E DB B oREI & 8 k.

RIMMEE, BROMEYDFERLZHHKE6], Hd, TLETHSRHA
BRHRAREER, HEAEIBREHW. 48, §. REUNPREHE, KEE
THRALASREGRERAT. ERBENTHT, S58RNESW ATGL.
ATGI13. ATGY 1 ATGS & F4naiE T b B H[97). EEFMBRFMLRT, HT:
Wb, BRSNS T[98]. TEARE B R IR ATG12 B T RFENET T 47
AR PR, R AR T G SE T T T H[99], H B Mk 4% A g
D i, B3P ARN CASP3 R A4 A T:[100]. AR KINL M
RIZE R THMRARS M KB, WEAT S B4 ERIET[101]. 2R,
BAREHBERFEEREBTHS FHEEREE2EH.

1.3 E2RERANEREEE

EXEREFRANBSRELRES, 2MHLARET BEWEL, AFHF
RIETE, TR MEN R ERESE. Bt RERRERE, 5EEasirieid
LA RERMA[102], M2 T REIEFERTHEABSIEMSHAL[103], HES
EYFZBFEZER. BB BRBEARA TR, EdHNEHAKMER
[104,105]. JEMIARMIFEMEFRERK. B REMBRERS T, HEAQK.
fERMBKAEY), UMRE K ErEFEMA[106], H MR 5 AR
&Y, FNEREREEMBEENEEBLN07].

TERSKEN R R Hg) R RSt R, BRI EERIR. KANFTh
e L& T RERRN, X—IEERARIIGEE, GBS REN AN E
W IR T AN AR B DA R R R AR R R AR I T R [108] . AR RIS E . W
BHMERBEINRETHRBHAHRLRD. BHRERELBEESH
(Matrix metalloproteinases, Mmps) £ 5% AR AZRMIAI 2 B: Mmps 1 57468
IR Z IR IE], T Mmps 2 FRfRE BRI A H R E A BERAE[109,110], &
Ao A LRI E R 2 T4 AR B iR . B BRI ERTE 4R [ 108]. AE
i E AR BE A OB EOR, Rl —IERAE AR MR A05], =AEERYE S
AR A R AR R RERTAZR TT LR R 40 s i 4l B & 111],
W AT PA e A A 40 B A4 AR A [105] . R R R A 2H 23 78 R 39 R s Bh T A ORI 4y
WINEE RO MM AR RN EAR Y, &FFZXEEMNIEMN06].

T RENi AR B Rghd A& AR Y8 i8R S S | MO ER,
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RERith O RS k. BMARE TR — S aE0RE,

1.4 20E {BSigE

NFESKERR, 20-55F0 FE (20-hydroxyecdysone, 20E) %53 7 £ H
MR EE, 20E & —MKEBEE, darhigr~Ew kB Rk, EAGME
IR 20E, &l TIFRBHME SR — RIVENRE, AWTESRREETE.

20E AT LA S HIEZ 48 GPCR 46, SIEMMASE TR, ERRHRK
TR, SETFREREMAE ATGS R, FARHESERBET[99]. 20E &
A DU B FH AR 2% THES (B 1-2), 20E 5EEZ6E 54 EcCR/USP 4
BREXEEY, 5 ECRE MG A4 &, R THESEER G HKMER
AIRIE, WEE 21k 3 (Hormone receptor3, HR3). Broad &% A EEES
1 %% % & F E74 (Ecdysone inducible transcription factor74). E93[112,1131%, {&i#
T AT ARERMER. Xk& 033 (Forkhead box O, FOX0) FKi&k kR
R—EZRERAT, 252MAREHIREN14]. EERYF, FOXO BREMEE
WTHES, B4R EH, RS RS CHEBIE 3-%E
(Phosphatidylinositol3-kinase, PI3K) RBER N, T FOXO WL, e T4
Mii, T 20E 3T, BiERBEREE 59K /1B O EYEY (Phosphatase and tensin
homolog, PTEN) #Iffll 7 FOXO HIBERRIL, EH A%, 5 Broad W& 7 53T X
] FOXO & &4 &, #55 ATGs Ml CASPs [FRIE[115]. 20E & TFEHFK
FLEEEBIFEE®., FTHEXERN, SBIERER S RYIERE, HFSRUTIR
4, HIRBERNETHRESI[116].

20E Insulin
] (1)
l\

-~ ()] " PTEN =] P-Akt

|
3) P-FoxO

FoxO
Cytoplasm

\ugﬁ » o - >/
\ PTEN ,,,,(.I,ri/
\\ Mwlc%é Proteolysis

v
1-2 20E #RHAFETRE [115]
Fig. 1-2 20E genomic signaling pathway [115]
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1.5 ARVTHBERBERMRAR

LH 1 B R A E BN TR AT R, AIF —HHESKEPERFE
Eefase, —HHABMAZRBEFET, BIE AIF FBYLK LR Fmz &
2, H 20E %f AIF (184 K0 40 612 rI S R WARIE, 20E XS A AETRA
B HREE2EW . AR ST AME, BdEYEREDIA
QPCR, JRIEETA MMk mREM AIF1, FAEORENEEBREA AIF]
TE AR RIERE I R SRR AIF1 7R 4 i 2 A7) F 40 i o 3R ik s
R 9T 20E XF AIF1 fr BAGFEZHARE AL f Rz @it T &4k AIF] R 5T AIF]
5RWHXRR, WA AIF] EHEFHIIGE: HREBRRBRIGE KBRS
FIRA 20E FEREFOKF EXF AIF1 998, ATME B 20E @ik AIF1 R
£RpL R B MEAE T8 L
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2 20-ZENEREFSATESET 1 MRS IREENEEEM
MR

2.1 5|8

RAT-ERFETF (Apoptosis-inducing factor, AIF) 2 —FWIhEELRASET A, XF
LR iARRe EACHINE FA M IE L R RR B H/K#EES (Cysteinyl aspartate specific
proteinase, CASP) MV BT EXREE. AIF BERNEE(LBEER LA EEH K
B4y, H N mmBLRAEAES (Mitochondrial localization signal, MLS), MLS
#) C MmERNESEES AR IEMEM e R ENE L, e
FE[8]. AIF &HHEIREN —BH# (Flavin adenine dinucleotide, FAD) it J5
BB B AZ AR FERS — 1% B (Nicotinamide adenine dinucleotide, NADH) &4, &
HEHEENCERENE, R Eaasgh KEEEEMN0], AN S5HEFnE
WL JR B8 CHCHD4 (Coiled-coil-helix-coiled-coil-helix domain-containing protein 4)
MEEREREAANERE. I8 AIF B C RYEFRTRX, BEEELH
BB TIBETE AT & DNA Bi[117]. Z4ZRMAETE. DNA i
8% ROS HIBET, AIF 236 B EER & H B VI BI[118]3F M ERRL A N BUBE T80 3K .
HAHRER AIF \TUL S EEBREERT 3 T# ¢ SR FESMREENE
HEMEE, WA EHREPRRERLERARRE, BRUEHETES. AIF#
NG, BENREY. #RUHAED H2AX, FHE A HEETIEI DNA 1
45 R %% N VI8 G (Endonuclease G, EndoG), JERREAT-H &4k, BHEDSIS
ik, 3l DNA B, BEIWT(119]. A, HETXNTIRE AIF FBLm L
BFazEb.

BB RAMRAEREN BN ENHERZIRMMR L — P L AU, 38541 MR
MR ARAE o B ERHME I DUR S IR B R (B WRE)F, BEREHEEE
HEEAE[120], Hh, HEFRGZH, ZHROLNBHIEEDNERERTRRE, &
REREBW, BRARBRNGHRENEE, RERMBSHMIIRNAHE
RFREARZ —. BREE R —FARAERYIFI88], (BHATR KRN E WA
RER ML, W, EMLTTHEME LMK R EET LERE TR EDL.

REWith 2 B R —M e EERMETFHSR, BT EFRENHH =8,
BN REBNEERZREYRNEL[106]. EXETSRRHRETREF, 20-
B 7B (20-hydroxyecdysone, 20E) 7E#& P4 s 40 2R a0 g F g By 44 b B %
FERXFEFRT, EMBERYP, 20E Bid ATGS HEFHMM b ERERET
[99], EMAAMBHEDE D R, FIHHAEA CASP3 R+ HaH
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AR

JAT{100]. {H 20E Xf AIF AR B3 4 friz FIsm Rk WiRkiE, H 20E XWE&RL
R FRAS B RS R g A .

MR RE—FTLTEER, EESIET R G REaGmMNFT, BUR
R RAFSCIOER . BAICMRR SO FIMAL, R T 20E 2FREK
AIF] B3R, FFREMBER AIF1 %R 3 40M%, AT ER - SBOE &R E LR
R E AT

2.2 ERMH
2.2.1 BB

SEI T R SRR R MEE SR = A TIAFE, WFHEE 25+2°C, BEHA 50%-
70%, BRHEBZ 14 /0t R KEH. 445, ErE. BREARSER.

2.2.2 SR

Trizol. HIFI. HIFI bufferl. HIFI bufferll. dNTPs. 6DNA loading buffer (4=
A&4EY, db5, FE); Swescript all-in-one frist strand WHERAFE. LEF
RE[E 2wl CE4ERAEY, RN, HE); 2xSYBR PCR Mix (43, dbmt, FHED ;
T4 EHRG (ARREY, Foekk=, £HE); NiNTABeads 6FF (R AF4Y),
M, HED; DNA marker (RERAY T2, L, BE); HH marker. Mitotracker
green (FRERKHIR, DEEEEM, £E); DMSO. ATP FERMAFE (K%
%, dbx, FE): YF488 TUNEL M- flliX7 & SuperView 488 CASP3 il
RAlE GREXXKBRBAERAHF, HM, FE). 20E (Sigma-Alddrich, #R&E, £
B #FRAA g8k, b, PE); XRARERGEERNATE (FiE
A9, 754, FE)D; GFP/RFP/ACTB HEEdifk (FHEREAEY, R FE);
WS4 1gGARBERRIT . SH/DR [gG/RBHRIC (PESWAEY, Jbst, FED.

2.2.3 SCIR{YUER

QRT-PCR {3l PCR X (EREAHT{XES, BFE, HE); LR GFE
g, FED.

1
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2.3 SCRA*®
2.3.1 EPHERENH

fE NCBI (https://www.ncbi.nlm.nih.gov/) PR E R L RUKLF A AN, K&,
RIBE W AIF 3 EEXTIRBIRE B FTH AIF 2R F5. A MEGAS.0 3
GHERLKXEMN, Bif DNAMAN # 1T F 5| X, Eif SMART

(  http://smartemblde/ ) Tl W & ¥ W, . #E & ExPASy
(https://web.expasy.org/compute_pi) Tl E H 77 EK/DMER &, #id JASPAR
(https://jaspar.genereg.net/) Tl J5 ) F &5 &0 S

2.3.2 H1{k RNA £

4 A F S R E MR . BIARE 100mg, B MEHIE 34
Rk, 2 1xPBS (140mMNaCl, 2.7mMKCI, 10 mM Na2HPO4, 1.8 mM
KH2P04) E¥JG, MDA 1 ml Trizol B EP &, vk E5I, 4 °C 10000g
(FREOGEESHEFA) Bl 15 mine REBETFR—THEPE, A U5 &K
K= Fht, BHES, #E Smin, B 15min. B EFE, MAHBEERRERA
BZVE 5], T-20°CULiE€ RNA30 min, B0 10min 5% L&, H 75% ZE (DEPC
KFER) BEUlE, &L, FLIE, ZBERTF. 20l DEPC /KT 58 °CH## RNA
UUiE, ATHERTEEERE-80 °CIETE. 2B A RNA BEfEH .

2.3.3 HifF B4 DNA AUIEE

B aAT . BIAARE 30 mg, SIEKB[FMA 1| mLEBEH, MAHAL
BERSMBELTRALRER, BHEREBZEELED, T4°C, 10000 g 5
> 10min, B EEEHHELEF, A 500 pl FEKZE, ZEREFELE
WIBERES . AR BB RTRERIA G —E LB, ARKEKEHRY 75%
B Z.BEiE S, BJS 4°C, 10000 g B0 Smin F L&, AL 1 mL KEKERIT
€, BIEFEA DNA.

2.3.4 cDNA &R

i S R AR B A A cDNA. I 2 pg RNA, 2 pl AccuRT Reaction Mix
(4X), #h T TLIZEREE KB /K ZE 6 ul, 42 °CTR E 2 min. B85 %0 2 pl AccuRT Reaction
Stopper (SX)MITIRS, BE/SIA 4 pl # 5X All-In-One RT Master Mix 1 6 pl &
HREEKE K, BERSIET 25°C/HE 10min, 42°CIHE 20min, 85°C/HE 5

min. T J5%: QRT-PCR 1 PCR HIEHT .
12
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235 RERE

{F FI A primer 5 B 3HEEE E T #5140, % cDNA B DNA AR FRE
Z£ 100-200 ng/pl, RIFL 2-1 FHRR, K 22 PIBEFIELT 35 MEH, BASB
YW=, Hbhy 1 cDNA /] HIFI bufferll, $3%&EEFE4H DNA {5 HIFI
bufferl.

% 2-1 PCR PPtk &
Tab. 2-1 PCR reaction system

JANALS 25l
cDNA 1l
ddH20 17.375 ul
HIFI 0.125 ul
HIFI buffer 25ul
F 314 (10 pM) 1pl
R 5% (10 pM) I
dNTP (2.5 mM) 2 ul
% 2-2 PCR RN ER
Tab. 2-2 PCR reaction program
By
95 °C 3 min
95 °C 30 sec
50-60 °C (#R#% FR 3% Tm {E%E) 30 sec
72 °C 1000 bp/min (¥ )7 B iksE)
72 °C 10 min
2.3.6 PCR =41p- W {5 iR

£ PCR 724, WINEHEKZ 200 ul, INZ4AFE DNA REUB, o BHE
S, 4°CZ&MHF 10000 g B0 15 min, /MOEEEZ 150 Wl EFHELES, I
A V10 AR E 3 M ZBMLLK 2.5 IR, gL TEELKERET-
20 °CUIIEZE /> 30 min. 25T 4 °CEL 30 min, HE LIE, H S0%MZER 5
LU, BTN ERBE L THEEZ X, BLFELERFZRRAT, BLH20
ul KEKEME, B AR5 2] DNA.

FE& B dsRNA B, Fl RNA $REUE A B ®y-8 05, B /5 DEPC /KIFBUTE
2R E G RNA BRI FFEM .

2.3.7 QRT-PCR

¥ REFIREBH cDNA #RE 5 FENER, 81 QRT-PCR B AEHE 1 pl

R, LTS48 1 ul, 2xSYBRPCRMix 5 pul, S-ActinfENN S, BHER Ct

{5 B-Actind HEE RNACt, LHAH G RAMERELHACT ZEANAACL. BE
13
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2 200 M BUR R R B R RIEE R .
238 RIES EMHAkAYEIE

R Aifl F519 308 T #5140, $ 1883 609 bp i PCR =4, HiR
=45 pET-32a (+) FHL 3 ng 7EEEVIHL /S BamH IFI Sal LZ VI, L3 EHE
BB LK fE EER VIS I BL T 4 cCE B R e B TR 55 N R 245 DHSa 1,
THRA T RBEREME SR EP SRS, IR EE, HiETEr%
W BB BEERDUGRL, A Rosetta RIAFEIE, 37 CRUREHZE 500 mL )
By deeh - K3ESE 3 h, BEJETE 26 °C. 0.1 mM [ IPTG 55 F&ik sh. BUES
R FIE 5 5 BRI 2 B & R0E =), RSSO 5 IR A Tie i il Rk F= 4 L
E, A 12 BREELAERK 100°CE 15min, SDS-PAGE 2| FRiEF=MH T
BIEERN. [ 8M REBEE LN, £ Ni** NTA Beads 6FF FHBLEMLi{LfE, f#
RREGEE M, AR, BRIKGH 1 mgml.

MFTTE 22 K AR ESEBKAEUL 1 mL EARTIE, BHRESEERI 111
FHLBIR A R EARE, ETEH,. 2 AR, BHESAELERN 111 BEE
WS, 7T RERMSEMTE, K5 AIF1 Hiik. RZELERN AIF AR
MR B B BT

2.3.9 REENHEE

Hskhl & BRI . HAE QMR RiEH ARG R E TRITMA
T 40 mM Tris-HCI I B 9, Tris-Hel 373 1:100 K A B $17 PMSF
B REIHN, ROVBELALRFEEBERLE®, 12000g, 4°CHL
15 min, B EJEMA 12 BRHEOLIER, 100 °CE 15 min, BIHHAED. A
BMEOHRIBEHARBORIUBTH Tris-Hel e uk: KBEER 2 P
(Dulbecco's phosphate buffered saline, DPBS ), JIAIREE G &I T 414, 2L 3000
g, 4 °CES> 5 min /53 LiE, AR PBS BEFREEMA 12 ARNES
AEEWR, 100 °C# 15 min, BISR4RES.
WEFEAWRE, B 30 ug i#1T SDS-PAGE Hik, MEEBEMLTERE
Fo 5%BARTRE A 1h. ERIETRPHRBEDLAR, Hh, AIF1 HiisiZ 1:50 &
¥, ACTB. GFP Fl RFP $ifki#&k 1:3000 #%E, LC3 Hitki% 1:22000 R, 4°CBE
&, 2REH TBST (TBS FHIA 0.02% Tween) ¥ 2 K, TBS (10 mM Tris-
HCI, 150 mM NaCl, pH 7.5)i&%% 1 1k, FERLAE YRy 4% 1:3000 SOABRBEARIC AT =
i, FREE 1 h, %8 FRERDSE. TBS PMANBREE (NBT) il 5-iR-
4--3-05| WL LR £y (BCIP) FiHl K, EEREHIE 20 min FAIERA.
14
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2.3.10 FRESELRRRATRER R SRSk

B R Wit 3 [ e AL 2 R P A R [ e W, Ieliia A8y y T HE
Rt BT O R BT BEMEMM RN R R B BRE R A TR,
BTt sEIh T, 1:50 #E—Hi. DAPI FHandifitk. test, Ry A5 R
YF488 TUNEL {4 T 32057 S hs B AE B oA T .

2.3.11 AR EERRAKRE

Y08 Aifl ¥, 7EREYILI A Bglll A Sal I [8}4E A& ¥i plEx-RFP-His F,
MEEMATN . I, §3 4] BIEFE 7 EHFEE FOXO 4& 70 2500 bp 1
P53, TEASIEHER TR plEx-4-luciferase-GFP-His ) Sma I Sac 1B V)L
R EEAN LTS, ST HESFHEET, 832 pdifI-LUC-GFP-His, £
MHTERR % E L 0% FE 4k,

2.3.12 BMSREAR TR

LC3-TA & LC3-IIBY 2 M B BB fabr . MHERQREHELR K LC3
sk ES P ERKT. F5 BTERRENELHIERER, WK
BERBEMETMRERERE, ERREFERAKRGESHEK, FUTLIET
FEAB G plEx-4-RFP-GFP-LC3-His A WE R AW EEAIH B . K4ii
BT 24 LR, BNFLUEBYFAL 2 ng, 48 h J5HEYL dsRNA, BEWEMEIF 3-MA
Ve MRS R .

1 3 SuperView 488 CASP3 Al iRA5I &R 4 CASP3 ¥&51.

2.3.13 SBEmRLY¥

MR = 24 FLARHIEFR, LA, B EAFRER dsRNA 5%
AFIBBEEAEEIEKFERSMA . #H 200 nM Mitotracker green BET £ {4k
et 37°CH:fE 30 min. ZHMIWMERET, Fi DPBS {E¥EMA L R P BE w40,
Z J5F DPBS JE¥EE K, A 1 ul/mL B DAPI 3e4%, FHH PBS i&E¥E 30 min, T
AEH W B A

2.3.14 RE&F#H
IIANFR 2-3 FRE R, TREE /5 RNA 2B IREL dsRNA, Ml & dsRNA

15
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# 2-3 dsRNA &REF
Tab. 2-3 dsRNA synthesis system

E R R 50 ul

cDNA 3ug

ATP. GTP. CTP. UTP %F24u
Transcription buffer 20 ul

RNA inhibitor 3ul

T7 RNA Polymerase 3ul

DEPC 7K ERZE 50 ul

# dsRNA F PBS #iB: & 400 ng/pl, B R41HES 5 wl dsRNA, 24 h [GHREX
HIKRERIAE A RNA, AFEERN. SFHTIG, EREgHA 6 B Ei#
TRT, BERE 24 h i — R, S 3 K. BIRTIRERES 30
R, =Rt T80t

2.3.15 ATP SN

RIE ATP SERIEAF SN 2 MMHEFE ATP &, SR 10 Rk
Mk, MEREETE ATP 8.
2.3.16 20E S ¢ ¥EHRIM

i F] DMSO % 20E £ 20 mM, {#H PBS #% 20E, &8 R R 5ul #Y
BEEERBERARKRE, SN RESENREBEES 5 R 6th-6 h F4H,
RS BE PRI 4k 12 h JF1REX RNA.

2.3.17 Luciferase #M

WEAH pdifl-LUC-GFP-His ¥ BIRBZAMAS, FENFHELHNSHEA pRL-
TK, FtRi+NHE, RPHES5ALREHER plIEx-FOXO-RFP-His 3£ 45 77
S DMSO F1 20E. %% BRI Luciferase RIEKTF. MR R ANE
W Aifl BN R ARG

23.18 %t
FIEKRHERE =K, QRT-PCR HHEA=ZREVMFERN=ZREARER,
RELRTTFHELSD, RAZMEREH RBAT o EZEHEEZR(+p<0.05,

**p<0.01, ***p<0.001), THZ FMERFH ANOVA Giil, 2HZHAELREEZRW
R NEESS>
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& 2-4 SERPATHIGI IR
Tab. 2-4 Primers used in this study

Primer name Sequence (5°-3°)

Exp-Aifl-like-F tactcaggatcctggceatctgggcaaaatgaata
Exp-Aif1-like-R tactcagtcgacgacattccttgaaaagecccac

Aifl-RTF agaatgcaggaggtaacgaaa

AifI-RTR tgectattatgagatactgaac

Aif1-RNAIF gegtaatacgacicactataggaagggaaciaacaaagggcaatg
AifI-RNAIR gegtaatacgactcactatagggacatacttcaaaatcttcgggt
Gfp-RNAIF gegtaatacgactcactatagggatggtcecaattetegtggaac
Gfp-RNAiIR gegtaatacgactcactatagggacttgaagttgacctigatgee
Aif2- RTF aaagccgtatctgeaattta

Aif2-RTR agectgegtgctcagegage

Aif3-RTF cggcetttgactegettectt

Aif3-RTR cgacatgcccatatecttga

p-Actin-RTF cctggtattgetgaccgtatge

B-Actin-RTR ctgttggaaggtggagagggaa

Oe-Aifl-F tactcaagatctcgatgataggtcegtttcgata

Oe-Aifl-R tactcagtcgacccatactttccaattagttaa

Pro-Aifl-RTF ccatgattacgaattcccgggegetgtcacactggeggattt
Pro-4ifi-RTR ccaattgggatccgegagetccaccatggtgttgactcecgacacatcaa

H: RPERAFTX A GenBank. AIF1: XP_049697456.1; AIF2: XP_049697520.1; AIF3:
XP_021182458.1; B-actin: ALP73405.1.

2.4 L55R
2.4.1 WPH AIF T

7E NCBI F R BRERLHRUEFIAA . &, RBRSRFEYF AIF 75 st
KGR BB FTE AIF A, 353 F] 3 /N AIF, 73512 AIF1(XP_049697456.1).
AIF1(XP_049697520.1). AIF3(XP_021182458.1), BARMNE R FES R 79
kDa. 69kDa. 65kDa. HH#4 AIF1 7£ NCBI F & 58 &4 F, #8id SMART
TSR (B 2-1), KIR AIF1(XP_049697456.1Y8F — MEBEEHIR, — /&
IR R RS 45 F IR ATF P T 55938 1T AIF1(XP_049697520.1) A& S FELE#3R,,
FRRARRA S A SRS B M AIF1(XP_049697520.1)7 4% 4 AIF2. AIF3 474 it
RIH Rieskic Z5#3%. MEF MEGA 5.0 BFMERZ REA. MR F&. 2R
MEH AR AIF NEZEREN (B 2-2), FFEWHN AIF3 BA—%, BE+H
FERERR, AEREXETAFNRE AIF2 BREN—F, BRPHSR AIF
S5A. DR AIF1 ARSI, BHHBEAREXRR, XRH AIF #UR
f*5F. @i DNAMAN TR (F 2-3), SGREBHMB RSP 3 % AIF F
FA N 23.09%, FLUERAK.
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AIF1 (XP_049697456.1)
AIF1 (XP_049697520.1)-AlF2

— Plam
——— mredox_z =

AIF3 (XP_021182458.1)

' Plam Pram
’ ieske_2 Pyr_redox_3

B 2-1 SMART Tl &5 #is
Fig. 2-1 Predicted the domain by SMART
E: BaFRREEX. AIFI(XP_049697520.)ASEEEIX, HHMZN AIF2.,

Notes: The blue area indicates the transmembrane region. AIF1(XP_049697520.1) did not
contain transmembrane region and was named AIF2,

_QEH armigera XP 049697520
100} S. frugiperda XP 035443,

B. mori XP 037871321.1 apoptosis-inducing factor 1 mitochondrial isoform X1 ‘

1 apoptosis-inducing factor 2 mitochondrial |

apoplosis-inducing faclor 1 mitochondral-fike isoform X1

D. melanogaster NP 001259207 .1 apoptosis inducing factor isoform C
H. sapiens AAD16436.1 apoptosis-inducing factor AlF
100~ M. musculus AAD18435.1 apoptosis-inducing factor AlF

B. mon XP 037871110.1 apoptosis-inducing factor isoform X1
100 E H. armigera XP 049697456.1 apoptosis-inducing factor 1 mitochondrial ’
100 S. frugiperda XP 035442547.1 apoptosis-inducing factor 1 mitochondrial-like isoform X1
|

100 H. sapiens NP 001185625.1 ferroptosis suppressor protein 1

L M. musculus AAH38129.1 Apoptosis-inducing factor mitochondrien-associated 2
1)«:[ H. sapiens NP 001139760.1 apoptosis-inducing factor 3 isoform 3
M. musculus XP 006522653.1 apoptosis-inducing factor 3 isoform X1
= _wo:7 melanogasterNP 001188537 1 uncharacterized protein Dmel CG4188 isoform
D. melanogaster AAY84916.1 IP11809p

s B. mori XP 004926894 3 apoplosis-inducing factor 3 isoform X1
100 E H. armigera XP 021182458.1 apoptosis-inducing factor 3 isoform X1
Lo S. frugiperda XP 035448572.1 apoptosis-inducing factor 3-like

B 2-2 MAGE 5.0 #JZ2 #3402 AIF RGEELR
Fig. 2-2 The phylogenetic tree of AIFs in H. armigera analyzed by MAGE 5.0

E: BETEEEMERILR. ZOFERRTREHR AIF, ALK AIF3, LBEER
AARVNRH AIF2 BMEAN—3Z, BEAFRFSBHPESR AIF 5A. MRFH AIF1 E
H—3 . H. armigera: ¥4 8; H. sapiens: \; M. musculus: /)N 8. B. mori: K &; D. melanogaster:
SRUB; S frugiperda: FEHI IR

Notes: Construct evolutionary tree based on adjacency method. The red font indicates AIF of
H. armigera, The green line represents AIF3, the red line represents AIF2 of human and mouse, and
the blue line represents AIF of other insects and AIF1 of H. sapiens and M. musculus. H. armigera:
Helicoverpa armigera; H. sapiens: Homo sapiens; M. musculus: mus musculus; B. mori: Bombyx
mori; D. melanogaster: Drosophila melanogaster; S. frugiperda: Spodoptera frugiperda.
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Bl 2-3 BfHRse e ) AIF AT 75 EE XY
Fig. 2-3 H. armigera AlF sequences alignment
E: =4 AIF FFHIRLUE R 23.09%.
Notes: The similarity of the three AIF sequences was 23.09%.

NTEENS S EHR BB AIF, RIOEEFKF LRI T R
B 6th-24 h FIZEZA S 6th-06 h REWT 4R 3 Fh Aif RIEKF, RIURH 4Aifl 1
AN B ZERMERIKL, B 6th-96 h FXER S (B 24), FHBEII%EE
AIF1 TR 8RSE5 .

b D\ 2

< < <

S S 20[ . S 201

[} W n ®

) ° - © 15} =

g K g [T

Z :t 1_0% ; 1.0-—913-

z Z . m = ®%0 ~
o o o5 @ o05f °

£ £ E

(] o 0 o 0

> > = O >
E o 5 ~<\',]p- ‘\9‘6

& g & & g & &

K 2-4 FREARHT A E RRIKR Aif
Fig. 2-4 Screened Aif that differentially expressed in the fat body
7: QRT-PCR &l Aif TEEX R 6th-24 h F1AFEZASHA 6th-96 h mRNA /K F L RIKE.

Notes: Aif expression levels at 6th-24 h at feeding stage and 6th-96 h at metamorphosis stage
was detected by QRT-PCR.

2.4.2 ATIF1 REFRER &

ANTRMN AIF1 £ERIREKTFHTW, F/H AIFI EEFRH 385-587 {i

FEBFFIH % AIF1 RE BT 518 Aif 754 BidE N pET32a (+)-His i
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b, MEBEZEREASEHETEEH 0.1 mM B IPTG % R%ik, BUESRIME
SREBANES FRETY, HRECEREBEMRGNREINE, K
W AIF1 RiXtEAREY, THEFALBE, PUEFZFRE— (B 2-5A). FIHZ
PRSI AIFl NRESEDUE, EPiikrrREIRA AIF1 (B 2-5B),

A B
kD
kDa_ 135‘_
180 = 130 —
130 _ 95 —
95 g S e 79 — e — AIF1
72— Ny T E S 79 kDa
55— == s 55—
43— n @ — AlF1 Antigen Peptide 43 —
- e LT 34—
26— — & a2 26 —w
FanE & o
o .
17— - g 17— @
o HEEE -
M 1 2 3 4 5 M

5F
fat body

&l 2-5 ATF1 WIRZRIE . A R BUi e R R
Fig. 2-5 Prokaryotic expression, purification and antibody specificity detection of AIF1

E: (A) AIF] FIERIE R4, M: EH marker; 1: KN IPTG ESHEER: 2: N
IPTG FESHIRER; 3: BREMHRN LERS: 4. FREHROARERER: 5: AIF1 B
PUE4AML. (B) FiikirRtERm, B 5 R RAnis e ARRERE . FTERKERN
12.5%. SF: 5 #&E&H.

Notes: (A) Prokaryotic expression and purification of AIF1. M: protein marker; 1: No IPTG
induction sample; 2: IPTG induction sample; 3: Supernatant samples broken after induction; 4:
Inclusion body samples broken after induction; 5: AIF1 fragment antigen purification. (B) Antibody
specific detection, the SF fat body protein was used as the detection protein. The gel concentration
was 12.5%. 5F: the 5th instar feeding age.

2.4.3 ATF1 EBSK P B RBER s RERNM

B O REETEEN AR ERE PP S E B RIEKTE, 44T AIF]
FERBEHHMER. REE SF £ 6th-6 h NEHIK I EI KK AIF1 (full length-
AIFLf-AIF1). ZEJEMitAR, 7€ 5F & 6th-24 h VA IR E) f-AIF1, 7E 6th-72h
Z p-6d HAMRA M E] 55-72 kDa Z [RIHI4&H, HERIATIBIBEEX S AIF1 89 C
3G (cleaved-AIF1,c-AIF1) (B 2-6A,B), ZEF g+ RATEIT c-AIF1. 4R K H,
AIF1 2R HARR: R ERIERZTH
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A
kDa Epidermis
95—
72— —f-AlF1
55—
—ACTB
Midgut
95—s
;g:g —c-AIF1
—ACTB
Fat body
— - —f-AIF1
o —c-AlF1
- — ——ACTB
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--»-- Epidermis  --e¢-- Midgut =-- Fat body
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o P--a--a
S2.0 )
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< 10p,. > 8, R L |
. u r Reg
0.0 = . o K
% 6= s n 0o e & &
e ¥ ¥IT K 2 o
8= &§ 5 & 2
o 1=} [{=] o -
(7=}
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B 2-6 HHREENLETHT AIF1 ) RiRFRIEHE
Fig. 2-6 The expression pattern of AIF1 was analyzed by western blot

iE: (A) AIFl EARN R E . R MEH A+ HEAKTF. ACTB EANSEH,
BT KR B399 12.5%. (B) Image J Ziil (A) ™ AIF1 f1 ACTB & B EHE. RELR
KARTHIE £SD. £AIF1: 2K AIF1; c-AlF1: #3UEN AIF1; SF: 5 #E&; SM: S#d
WifZ; 6th-6 h. 6th-24 h. 6th-48 h. 6th-72 h. 6th-96 h. 6th-120 h 2> FIXI R 6 & A [E] A
P2. P4, P6. P8 73 RIS RIS REL; F: EUEH: M: GiFHE:; MM: &G, P 85,
SRR =SIREYFER.

Notes: (A) The protein levels of AIF1 in epidermis. midgut and fat body at different stages.
ACTB is an internal reference protein. The concentration of the gel was 12.5%. (B) Image J was
used to calculate the ratio of AIF1 and ACTB band density in (A). The error bar indicated the average
+ SD of the three biological repetitions. f~AIF1: full length-AIF1; c-AIF1: cleaved-AIF1; 5F: the
5th instar feeding age; SM: the 5th molting age; 6th-6 h, 6th-24 h, 6th-48 h, 6th-72 h, 6th-96 h, 6th-
120 h corresponding to different stages of 6th instar; P2 d, P4 d, P6 d, P8 d corresponding to different
pupation days; F: feeding stage; M: molting stage; MM: metamorphosis molting stage; P: pupal
stage. All the experiments satisfied three biological replicates.

244 ATF1 MAFARA T MR, TSREREMRS

ATHE f-AIF] # c-AIF1 FE RAKF I EAL, #E4T T B K HLRIFE ST
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ATMBEE AR, AERNER AIF1 EAMIER. BTSN 6th-24 h Agh kA
Hh R MR EHN. -AIF]1 7F 6th-24 h BN T4AHFE, c-AIF1 7E 6th-120 h
FEAM TR (B 2-7). REH, -AIF1 il c-AIF1 ERRA K BEMEREMER
EIlSE iR

Preserum
6th-24 h

Anti-AlF1
6th-24 h

6th-120 h

& 2-7 AIF1 B R IIE Ao AR, 2223 e frfE A%

Fig. 2-7 AIF1 was localized in cytoplasm during feeding phase, in the nucleus during
metamorphosis phase

¥E: HE Je 8 9% R % Y 4 SR IR R iR 850 . L6856 AIF1, B B3%%: DAPI.
A BB X R .

Notes: HE staining showed the fat body structure of corresponding tissues of
immunofluorescence. Red fluorescence: AIF1, blue fluorescence: DAPL The preserum was used as
negative control.

2.4.5 20E %S -AIF1 B BN c-AIF1 R

RNTHF 20E BEFIE AIFl B2, ¥#E T plEx-f-AIF1-RFP-His R,
HENE RE K (H armigera epidermal cell line, HaEp)ZHEZR[1211FT KA -
AIF1-RFP-His. A RZENEL R ER 115kDa (f-AIF1 79 kDa + RFP-His 36 kDa)
BI%&H (B 2-8A) 8 f-AIF1-RFP-His FiAIEH (B 2-8A). LRBi{kye 7
Mitotracker green 7= f-AIF1-RFP-His 54¢ki{h3tEfr (& 2-8B), FHH f-AIF1
SE L LR R

£ 10 pM20E 0¥ 72 h J5, AIF1 BB E4ME (B 2-8C), B 20E #F
f-AIF1 S84 c-AIF1 H 467 DI H .

9T B 20E B2 c-AIF1 BB TR EWE, Hamiisii 3-MA

BERAMHIFIEECQAEMM, FIMA 20E 45, AIF1 5R 0] PA#E 20E 5
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SR BALTIAME (B 2-8C.Ci). X—£5 R E W 20E 55 AIF1 REMAZIFAK
W E v

kDa RFP-His f-AlIF1-RFP-His

B
f-AlF1-RFP-His _

180— —

bl 115 kDa , e

el 20 pm

55—
Mitotracker
sl __RFP-His Qe 20y
34— 36 kDa
26—
17—

M1 M2 DAPI

c +20E (10 uM, 72 h) Merge
DMSO 3-MA ca
» Ci
¢ + B
AIF1-RFP ’ =
T »
O =
28 80 = -'ill .
DAPI ST 60
20 20 am W 20 pm T
g ; 40
2 0 g 20
* ‘ °%g
verge SN I IO B © © |
= . —
20pm 20 ym zﬁﬂ 920 pm -2 DMSO 3-MA cQ

+20E (10 uM, 72 h)

K 2-8 20E %% c-AIF1 & REfL
Fig. 2-8 20E induced c-AIF1 nuclear localization

E: (A) FIA RFP B E AR H R plEx-f-AIF1-RFP-His IRIE. (B)R&E
T ER FAIF1 6L FERIAE. (C) 20E BF c-AIF1 A¥. TIABBEHHIF 3-MA FIgeE
BIARBES] AIF1 B BAL AR E AL, 73RN 20 ume (Ci) SO REANGMIAZ R AIFT HFF
B ORAMBEBNE DL,

Notes: (A) Examination of the expression of pIEx-f-AIF1-RFP by western blotting using RFP
antibodies. (B) Immunofluorescence showed f-AIF1 is localized in mitochondria. (C) 20E induced
c-AIF1 nuclear localization. Addition of autophagy inhibitors 3-MA and chloroquine did not inhibit
AIF1 fragmentation and nuclear localization. The bars represented 20 pm. (Ci) Counted the
percentage of AIF1 entering the nucleus in the total number of red fluorescent cells in (C).

2.4.6 f-ATF1 #]1 2k ¢ 5 g

HTFEREP{UR f-AIF1 BRE, FrCAERE B3R LM HaBpi T 4if1
B3R 4] RA LK AIF1 TiBe. FATEE HaEpi 40 & idRiX plEx-4-RFP-
GFP-LC3-His e/~ B, LA dsYp BRIEN dsf-Adifl BIRTHR . 254 dsRNA
48 h EMEMMRAE, FRER, T £4if1 J5 48h AR BLE/ME (H 2-
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9AAD. T fAifl f5 72 h, RMBRAAKE, FERAKEK (B 2-9B,Bi),
KU B B RIEEAEE, B CAIF HHH 8RR TIR.

RNTHRI -AIF] SURSIEHBEMREHAAELT, FARERE plEx-4-RFP-
GFP-LC3-His JBRLII HaEpi T4 £4ifl, £ SuperView 488 CASP3 & illik 7
ERZHA CASP3 HT/KF, FERERRHAMS CASP3 /KF. 48h f5, T}
fAifl MET-IHIF Ac-DEVD-CHO & E ¥R MBISR G, R REA
BT (B 2-9C,Cid. 1H72h G, T £4ifl FLHEF BoRggeaikt, mmET
#17] Ac-DEVD-CHO A-E Fi il A B4k 5% 0% (| 2-9D,Di), #iEH f~AIF1 HyBR
KT E MR RARER T ET . XEEREH -AIF1 B4 8 mAaRET
fIThEE.

A C

48 h after dsRNA transfection
dsYfp dsf-Aif1 dsf-Aif1+3-MA

48 h after dsRNA transfection

dsYfp  dsfAift 95! Ac-DEVD-CHO
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Kl 2-9 B E IR CASP3 iEYERHE FAIFT ] B RN T
Fig. 2-9 f-AlF1 inhibited autophagy and apoptosis detected by autophagic flux and CASP3
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activity

E: (A, BT £4if] J5 HaFpi AR EREE, Uldsyp AXHE. (AQ, Bi) it
FRINEE 4% pIEx-GFP-RFP-LC3 40 ) E BR/NEER B WA BE A% . (C, D)YE HaEpi 4+
PR £Aifl J5, BIAEI CASP3 iIEHRE AT, Ac-DEVD-CHO £ CASP3 #li#i7]. (Ci, Di)
Ziit C. D B AT N . FEMRRER 20 um. BEHBRIE: DAPL.

Notes: (A, B) The autophagic flux were detected in HaEpi cells when f-AIF1 was knocked
down, dsYfp was used as the control. the yellow bars represented 20 um. (Ai, Bi) Counted the
number of autophagosome puncta and autolysosome in successfully transfected with pIEx-GFP-
RFP-LC3 cells. (C, D) After knockdown f-AIF1 in HaEpi cells, examination of apoptosis by the
addition of active CASP3, Ac-DEVD-CHO is a CASP inhibitor. (Ci, Di) Quantification apoptotic
cells from C and D. Blue: DAPI.

NTHRABBRGELERE, FEERIXT plEx-4-RFP-LC3-His FLfY
HaEpi UM T4 £4ifl, FEHEITRRAA G . YL dsRNA 48K /5, R ER,
T £4if] J5 AV SERAEN (B 2-10), RERETRIIAEME, B
BR £-AIF1 #0817 &Rk B BEATE TR R A .

Mitotracker
LC3-RFP Green DAPI Merge

€ &
0
20 ym 20 pm| 20 pum
dsf-Aif1
20 0 pm 20 ym

B 2-10 gAML HAiRE f-AIF1 RAELRIE A
Fig. 2-10 Mitophagy occurs when f-AIF1 is knocked down in cells
FE: BRI BT FAIfl 5 LC3-RFP S& R AL EAL.

Notes: Immunofluorescence showed that LC3-RFP was co-localized with mitochondria after
interference with f~Aif1.

2.4.7 {-ATF1 3R EREM ATP B=4%

dsGfp

BT EHIUE FAIF1 FRIL, ATIRA -AIF1 % B2 FHLEH, &
T4 SF T3 Aif1, BIFHR f4if] . E AR ENE B IR f4if] THRAEE 2-11A),
Rib% f-Aifl J5, R HINERSE AT HMERR (B 2-11B). 30%H4%h S 2B 15
BN 6 %, MIFESTEIBE Z 6 WA RIZEIR T 17h, FET-E K 36% (B 2-11C,
D). SxtERAMEL, BIRHAMMES ATP AFHE TH (B 2-11E). mibE £A4Aif]
J&, FEWiES LC3-IKFEHASE (B 2-11F), HBERET B,
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A B L C == Normal
E Phenotype after injection of dsRNA == Delayed molting
© dsGfp dsf-Aif1 o T RN
< 3. S0 =
w y ) - > ©
-— \ i 2 4% - -

I 48 A 5 5 £
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95_ i 3 3 38 )} S g 50
2 - L I p a1 <
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D 4 =
& .
E’ E : w05 [—
° ° '5 0.4 'I;
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5 = —LC3-l =T
9 » £ 0.2
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B 2-11 7E 5 BB ISR F Rt f4if] SEGEBR LR MIET:
Fig. 2-11 The knockdown of f~4ifI in 5F larvae led to delayed molting and death

H: (A) {5 dsRNA 24 h J5 R E S B eI L AR B i R B TR 4EE . (B) SF 4185
dsf-Aifl % 6th-24 h FIREE, KA1 em. (CFES dsdifl M dsGp JEERLGHT. (D)
M SF g BVEST dsf-Aif] JE BN 6 BINA]. (E)ES dsf4ifl 1 dsGp Ja ATP KE,
(F)rsiB% dsGfp F dsf-Aifl J&, |HAFREZEERR LC3-1T.

Notes: (A) Western blotting validation of the interference efficiency in the fat body 24 h after
the dsRNA injection. (B) Phenotypes after injection of /~4ifl dsRNA from SF larva to 6th-24 h, the
ruler represents 1 cm. (C) Phenotype statistics after injection of dsf~A4if1 and dsGfp. (D) The time of
which the 5F larvae molted into 6th instar. (E) The ATP levels after injection of dsf-4ifI and dsGfp.
(F) After knockdown dsGfp and dsf-Aif1, western blotting detected LC3-I1.

FHi% &% B 8% (Transmission electron microscopy, TEM)M Z LA, 4R E
ANTES dsGfp Xt RERT 2B Mt B R R TE R , bl ik R IEF B, BIEHTRIE,
TS dsf-Aifl SV T AR RE T, Lotk A i B A6 I 45 4 o ik i
WA (B 2-12A), BUERXZEE ZREE/H K B WM I E LN E
R (B 2-12B) HBISRKARAET B, |

U LZERRE, EERENRME L4 STLAERG, MEKRIEEYE, &
i ATP BIE& R, FREREZHEHET.
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(%)
150

TEM scanning after injection of dsRNA

Ratio of damaged mitochondria

Bl 2-12 {E4 dsfAifl FRERRLIRSZ I B R
Fig. 2-12 Mitochondria were damaged and mitophagy occurred after injection of dsf-4ifl

T¥: (AEST dsRNA 24 h JG Giit BT A SHREE ST B TP B ZARRRLIE LU ). (B) dsfAif]
HBBER NI ERSNERERREER. /RN 1 pm, BEFLARRZHIIK LR
, AEFLRRANERE ZHEEHNER/NE.

Notes: (A) The ratio of damaged mitochondria in fat body cell was calculated by TEM 24 h
after dsRNA injection. (B) Autophagosome puncta surrounded mitochondria in the dsf-4ifl group,
and mitophagy occurred. The bars represented | pm. The yellow arrows represented the damaged
mitochondria. The red arrow indicates a bilayer or multilayer autophagosome puncta.

2.4.8 c-ATF1 \Z{RBE4mBRRT

HTFZABNE c-AIF1 BRI, AT c-AIFI ERERKEHIER, R
I17E 6th-48 h T3k Aifl MBERE, AAFEX 5, BHH dsc-difl #ox. BEHBE
ENZERS I B c-AIF1 7R85 HAKF LERUR (B 2-13A), FIRA BB ETRE, 3
THIEH| 50% (B 2-13B,C). ATHREERTERMER, TAVEEST dsRNA 24
h A1 48 h JFEUIEIE A2 B TSLleWMEE. HE B8R, SHBAML, T4
KNI R B At Bor, TIRAMRBRDM: TUNEL B ER c-Aifl
FREMARATKTFEERD (B 2-13D,E). XEZEREE, c-AIF1 £33 7 i
Witk A B .

27



i R KR L 2240 18X

A B
E : Phenotype after injection of dsRNA
2 dsGfp dsc-Aif1 B
e 3 S 100
=4 s
S =
]
B S
= —c-AIF1 S
$3°5 ——a—ACTB °
©
EY x 0
&G‘Q F dsGfp  dsc-Aifl
6‘9
D E

24 h after dsRNA injection in fat body 48 h after dsRNA injection in fat body

-

HE
staining

Nile Red
staining

TUNEL
staining

50 pm

dsGfp dsc-Aif1 dsGfp dsc-Aif1

& 2-13 7E 6th-48 h FifF c-4ifl FBILT:
Fig. 2-13 The knockdown of ¢-4if1 in 6th-48 h led to death

VE: (AWEET dsRNA 24 h 5 R A S & B RAEE IR R I TIRRE. (BYESF dsc-4ifl
BRRHE, 3WRA 1em. (CFES dsc-4ifl FldsGp FEHIRES . (D, E)iES dsRNA24h
M 48h 5, HE §ufa. BF AR BM TUNEL el EZBlams, RN 50 um.

Notes: (A) Western blotting validation of the interference efficiency in the fat body 24 h after
the dsRNA injection. (B) Phenotypes after injection of dsc-Aifl, the scale bar represented 1 cm. (C)
Phenotype statistics after injection of dsc-4ifl and dsGfp. (D, E) HE staining, Nile red staining and
TUNEL staining showed fat body morphology, observed after first injection dsRNA for 24 h and 48
h. The scale bar represented 50 um.

2.4.9 TASNIE 20E Ll AIF1 35

FER AR R,  AIFl EASESEERE, R 20E #1% 7 HRIAKF.
1A AV B S [RL R B R P PN TR] 86 FE Y 20E 2R, Fgififk 20E 4b3# 200 ng-500
ng J5 Aifl RIEEZE I (B 2-14A), BRYHRTES 500ng20E 12h JG, Aifl R
ZELEFE (F 2-14B). NTHZER 20E L 4ifl RIEKRE, FHELN M
JASPAR (https://jaspar.genereg.net/) TRl | T Aifl J3 3 F XIH(pAifl)&H FOXO0 1
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DNA %467 A (FOXOBE) (A 2-14C), ST FOXO JG 4ifl X TH (E
2-14D). XEEEEEIFS: T 20E it FOXO L Aifl IRk,
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Gene FOXOBE sequence(5-3’)
B.mori brummer 267 1 TGTTTAC 4
H.armigera Aif1 _2276—14TGT_ITAC .2269
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a

Relative mRNA levels

o
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Foxo Aif1
Fd 2-14 20E FiRREHI R Aif] HiRiE
Fig. 2-14 20E up-regulated Aif! in fat body

7E: (A)EIT QRT-PCR M AERI & 4ifl HI7KF, MALEE DMSO fEAAHX . (B)
FH 20E (500 ng/43)## 3h. 6h. 12h. 24h J5, Fi QRT-PCR UM Aif1 KF, FF
IINZE DMSO 1E NS R . (C)K % Brummer FIKEEL R Aif]l E31F FOXOBE F5IHIH.
3o (D)EM% Foxo JG M QRT-PCR #ill Aifl fi%EFAKF.

Notes: (A) The level of ¢-4if7 in fat body was detected by QRT-PCR, and the same amount of
DMSO was added as negative control. (B) The ¢-4ifI level in fat body was detected by QRT-PCR
after 3 h, 6 h, 12 h, 24 h stimulation with 20E (500 ng/larva), and the same amount of DMSO was
added as negative control. (C) Alignment of FOXOBE sequences in B. mori Brummer and H.

armigera Aifl promoters. (D) QRT-PCR analysis of the transcript levels of 4if1 after knockdown
Foxo.

R T t— B FOXO XF AIF1 BERRE, MET&H FOXO &him
F) pAifi-Luciferase-GFP-His it &5 J&i #i( p4if1-LUCI-GFP-His) ([ 2-15A), Western
blotting LI B, HRE KIS RFP-His L RERFHMASE, pdifl-LUCI-
GFP-His /0 ERL, HNHAREMEREN, BE&M 20E B#REREE LT
5 FOXO-RFP-His i RIEFR LY /E, FFEM 20E 5%, ATEF L LUCI-
GFP-His )15 (B 2-15B), Lucifease 2% B.78 FOXO I B EiF -2 H 58 AIF1 1)
HFiEN (B 2-15C).,
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The 5 upstreah sequence of Aif1 i = * *
——TTGTTTAC—ATG FORIpRER S, & e
| | pAif1-LUCI-RFP-His + + +
2276 2269 DMSO + .
c 2 . 20E - +
e 43—
g—g 15 -— b 34— ~ —RFP-His
g = 26— £ SR
g % 10 a %‘ 130—
ES2 5 _i_ 8 95— —FOXO-RFP-His
S 72—
- = 130—
0 95— — e —| UCI-GFP-His
RFP-His - - + + 72—
FOXOQ-RFP-His + - - 55—wae
pAif1-LUCI-RFP-His + + o+ 43— ——— — - SN—ACTR
pRL-TK + + + 34—
DMSO + -
20E - + - +

B 2-15 FOXO #23F3858 T 4if1 5" LI PP FIETE
Fig. 2-15 FOXO induces and enhances the transcriptional activity of 4if1 5’ upstream

#E: (A) p4ifl-LUCI-GFP-His 1 FOXO-RFP-His FIfi R B, ERKERTH ER 4ifl 5
Li#FF %% FOXOBE HIfLE . (B) Western blot £l LUCI-GFP-His fI3RiX, F%F5 ImageJ i#
AT M. (C)XR BB i S0 M e Fe RV .

Notes: (A) Plasmid maps of pAifl-LUCI-GFP and FOXO-RFP, The position of FOXOBE
contained in the 4ifl 5' upstream sequence is shown below the plasmid maps. (B) Western blot
detection of LUCI-GFP-His expression, and Image I statistical analysis. (C) Transcriptional activity
was measured by dual-luciferase reporter assay.

2.5 #ig

KKIEREREREVBIEEENNERM. AELKNERESHERAZ, &
SCREAIFL X FRERFFERRARE . MEIRAAEWAEXEER. KEREE
20E M@id ¥ 3%0KF L AIF RiE, Ff 353 AIF1 RENEBAL, —HHBR
T AIF1 TERRATHIThRE, SRERARSHBERMEREaN, Fif, (@i
c-AIF1 BN, (RBERERT AT, Fit, HKEEEE 20E @it % AIF
EEH{R T BRARET.

2.5.1 AIF RYTUIHRER W42
ATF LR P D REBR K & SR AL BRBR LTIk IE W H#EAT /DR AIF H9BR
REEE K I HEVERD. £ SARSAR P, LRSSy 1A IV
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WRRF A AE X

HIThRERERR[6], A AIF 2R EALIE R E CHCHD4 2R b4 5 (8] B4 A 0
HEETHREL AT BRIN[14,15]. EFE, BATWFAA LR AIF FISR S SBURR R
MAFEF ATP KPR T, UWBALK AP EF R EZANTRESEITRES
B LRRERBEES RN EEGAT, H TR P AR EEEEERN A2
FEWRBPER, RETREFRERAEMMIIGERIE61]. LAEE KRR
B R SN R AEE SRR T MR, RAYERF 2R 2R
R EREE[63]. fEACT T, RAITEA T 2K AIF BIGE FEER KT, FEfE
BEASFRERIEEE, FETRNEERIIKENSE . DUERTTARE, AIF
EAR R PSR RN, FHMER SR ERER, BUERRATHE
5, HANEREZRAVIBESSHRAT . RITOHARIK, BT AZH, AIF
HTFELNEF ISR BB ERE, X ERHRLTES CASP3 {HHLAM
RATRE, TREEALAER 5] RNtk B R S I LIRS

PRI R R AIF FE2RAR R M, Bl AIF SRR
UL EBEHERRE TR SR, MXFBGERH TRTHRZEREH
RIIBEM R IE M ATERE, RITIEL HARBHANTIMERRY, LiLRAFF
PR EE B A AR -ATF] B R T 0 c-AIF 1, HE S BRMEL h R E R H BRI,
XRB\ERBBKEF, AIF FWINEEBR—AT], Bk f-AIF1 FEERLE H AR
BEAR, MHkE c-AIF1 RBUATZM, RREKERFREYRMS. I F
WL R I £-AIF I B, 0 20E {3 AIF RiEHIRIEH{RHE T AIF 2%, Filt,
20E it AIF [FRHR3 7T BRAE TR A

2.5.2 ATF B3 R{EE

S5, AIF EZKFITUZBZHERAY. ARARYE, RE&BESET
(Hypoxia-inducible factor 1, HIF-1)7] LLiliid 454 AIF B3I FHHBRER BT
e Ris] AR MIRIE, AIF T RABTHETE 210 L E M- 78 5 %
{k(Epithelial-mesenchymal transition, EMT) [122], EMT 7E4 ¥ F 5RRER. B
JARAEMBEREER, BEFHERENEB K OIS Z—[123]. REFH
AIF TRSS PTEN ki§, AKT BilgiElL, RistMERE124]. AT RIE
BB CR 20 @it FOXO {2 AIF1 fFE, HiET AIF1 BT BAURIARES
THRRPER BT, BT A KE RS EN R AR KEH RYUBIRA T 5%,

253 AIF HFSHENEEES AT

CAF AR Y BT DU T, e i R B 20E @ (4R Ca™*

WREEHE I M T AR ATGS [99], HAWMAEHNEAE D K2, H:H AN
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il AR K 2 3

CASP3 R+ g h B MABAT[100]. AHAKN, 7£EEMFATERE
1, AIFl R¥ETEEEH . AETERRBETHESE, £R&T, BT 20E &
AIF1 WL, SEAMERAERMETCFENRKE. HARHBRPARY
R AT RE R FRI 20 B WS A2 A9[125]. FEREEF A, BHILMKE E K4 str:
SEHBHNENERR, XRPABNEEREEREREYRHPEEEEEH
[126], [BLEFAABRER S CASP3 KBHATNERETE#—SHA.

KPR EGREFVER, 7£ CASP ESRHAEREET+, AR
C MERRERRB, BuERT-EAEBEGEE T 1 (Apoptosis protease-activating factor-
1, Apaf-1) FHfliR CASP FKEX[127]. BR AIF Z5E TR ANKE: CASP
BIATS, EREEEYEPEEE VIR SRR DUBRE A< E F He A
L FBRIKE 2[128], R F EB I S-S MMEFATMHIZEE (Inhibitor of apoptosis,
IAP) KRR A{E# CASP HIBIE[129], AIF tWMERRL AR HBR. ERRES
it fEd, FONARETETHEEL, X—IER%E 5 CASP3 MigHx, A
FHFH, fEFEFE CASP3 H#IFER Apaf-1 5 CASPY SREAMIZHAE T, AIF HIEH
L AR MR T UR RT BABEAT[130]. X #68 AIF SR HE TS CASP R A
TCHNSE TRERTERE. RIWHARERNR, ERUMESHTIEAF G, AT
KFRE TR, BRAGBRNBVGEHNETES, XRPTREERNATES
AIF 1 CASP }:FE2 51, H# R B 20E iH#5. CASP il AIF 94 FOXO ¥% L
WRIE, W FOXO EAMMBETRAIEN EHERETFRIEER,

2.6 &g

1. BB f-AIF1 BAERNGY, SE5REAH, SRFENERE, WH
EREAET. 2. AH 20E RN, 20E B Ti#EidiE CASP3 5lET-4,
BB FERA T FOXO i {-AlIF1 K&, HF -AIF BEFEN c-AlF, BHLEHN
%, SBERERGRE, RELRIEEE, ATP AR, c-AIF A%, FANEER
AT (B 2-16).

2B R K E RS 20E (R Aif] BRI AIF BRI RER kS
BRI MLE TR, OB R B R TR A T BB IR AL . {BKH CASP 54Kk
i AIF AT ZRMXER, ERELE—BHE.
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FAR L
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CASP3

7 Foxose DBTAIF
c-CASP3

D

JONA - N\ ,
e 3 ~————3 Apoptosis
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A ™ T
7
faky —> @) —> Mitophagy

V
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Bl 2-16 20E {3 ALF1 §1E5] REdohi ik B WA Hu T
Fig. 2-16 20E promotes cleavage of AIF1 to cause mitophagy and apoptosis

E: BAH FAIFI BELKESE5RE

AL, REEARRERE.

Notes: In the feeding stage, f~AlF1 is located in mitochondria to participate in energy synthesis
and inhibit autophagy and apoptosis. The larval fat body cells are tightly packed and remain intact.
In the metamorphosis stage, 20E promotes f~AIF1 decomposed into c-AlF1 entering nucleus, it

& ATH B AT, a4 R
HEFIFHRFFTE, W 20E {F FAIF1 BRER c-AIF1 N 51 AR 1440 i ) 2ok 4 15 R

induces mitophagy and apoptosis of fat body cells, and the tissue dissociated.
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