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PHAER. B2REEHRREY

LHAYTEA AT ERESRERE, EEMEREFSEEER, FHER
B2, TEME (hydrogen peroxide, H202) RH AP —Fh. ERE K H.0, &XT LA
ERENS T, THEBKREMN RO TUEAGESFFSEEMAEHTRE. SIEMEEE
(catalase, CAT) i 31/ERRIT B Ho02, 4EHF HoOx FEAE IR EETE L, 2AEVBI St
NEREEUNER. CAT FEHE AT ERILSHHARE H0 IRE A S S HE R A 7 H
REFBRELE . W CAT i Z R4 2R KIAWWE? BiF &1 (post-translational
modification, PTM) 2 i@ d M BEASERER L, NMATTERDGELUEN
PO AR RE AT K. FHBRGRE REEBER L—M PTM, HAUEAIER
B SR HEMMABIR R =RBIET, SABRREPREETEX, BizBmERER KL
KRB, XTEERRER A A0TSR0 I 40 I 5 0 B RO . BERIBRAL IV R AR
Al LLE i B (R B AEBE (R A9 R, BRIABEILAI BRI AT LRI ER(E A B 2 AHCHE 5
(sir2-related enzyme 5, SIRT5) fi3x. AN S E S DYMHP S EBIIENHT, H
HEFH G AERE. 42 ETd, RIERSRE, CAT ByEi RS2 RIBREB &
MR, AR L e 2

BREMNG R E g RETPIESTRES, RERESEERBKR, HAUIIMEESERER
EXM, NESENTBIOENEUEREFREMES, 2P AINABML AT EATIA
MRGFEA ., Hik, AU ESEERRMR I AXN R, MEBEBNEE CAT
ROWE TEREAT B, R R IRIBALXS CAT ERX K E IR P Ihae i~ &k Livlml . BF
FRERIF & CAT #id PTM SR M LA B4 fEBRR A (LB HLRIIE 78, FF % BT
MBI TT TRALHT R FEAR .
MARER

BATHGCAEMB R TTE LR T Car 2 FEERN T A FEH H02 3R M CAT
EMERR, RIMAEZSRI H0. FB L, CAT &M EF. FIA RNA FHEAR, #ifE
Cat, FiRERYRIF Cat 5, FURARPIGTZ RG], SBEEALRZIH . HEF CAT
BEERETEER, #% 7 SETE. SRR B CAT EARARFIHREL,
HEARRPINREERANEZER 5, B RZEITELREN T CAT #JLF PTM
HRERIENRN, ERER, SMAMAL, TEPBRTA BB %
AL, MIRIARE MK TR . BEE, BRATBIFEIEHBSRHE ISR, MER
B, KRl e A TRIAREALIY 7 DMERR A AR E R, SRR LIRS, &
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MR RERRUBAFRTIRE. ERER, K6, K241 F1 K456 X=MimRKEG,
KA RBEHRL LS MK TR, Bt e 1e® b, #—38, Ed RNA
TR, T SIRTS W H#ES CAT 44, At HmmiBiin %
B, FHBEIEIR IR MRS LIGIUERT 20-52 28 7 BF (20-hydroxyecdysone, 20E) A1t
BFE T EEEMZE (ecdysone nuclear receptor, EcR) 1E # F /K AR I Sirt5 R
pr.
i

TESh R ELE ], CAT DBRHAB LB SEE, BREMHERUK, £ HOp AT DURMEIK
BEFECE: BEANEEM, H0WREF &, RS 20E @it EcR L Sirt5 BIZRIA, SIRTS {£
CAT R &IRHIBHLEM, BRMLEH, ZBREZRM H0., (Rt RARARIGTHE, #Him
R#ERBHEERE .
i, I ERERE: BEIBRMLEM, 20-BEEE: WBRRELHTERAQ 2 MK S;
R
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ABSTRACT

Research background, scientific problem and research significance

Most organisms need aerobic respiration to provide energy for life activities, but reactive
oxygen species are produced in this process, hydrogen peroxide (H202) is one of the various
forms of reactive oxygen species. High concentration of H,O> will cause oxidative damage to
the body, while appropriate concentration of H202 can be used as a signal molecule to
participate in a variety of physiological processes. Catalase (CAT) is responsible for clearing
excess HoOz in order to maintain H2O> in the appropriate concentration, and CAT is the main
effector required for biological defense against oxidative stress. The disturbance of CAT
activity can cause metabolic abnormalities and diseases due to the increase of H:0:
concentration. So, what factors regulate CAT activity? Post-translational modification (PTM)
is a rapid way in which modification groups are bound to amino acids through covalent bonds,
thereby regulating protein function to adapt to changes in the surrounding environment.
Succinylation is a kind of PTM that occurs on lysine. Succinyl group comes from the
tricarboxylic acid cycle, which is closely related to the metabolic state of cells. This
modification causes changes in mass and charge, then changes the activity or subcellular
localization of target proteins. Succinylation can occur by enzymatic or non-enzymatic means,
and removal of succinylation has been reported to be regulated by sir2-related enzyme 5
(SIRTS5). Succinylation is involved in the regulation of multiple physiological processes in
multiple species, but its upstream regulatory mechanisms are unclear. Therefore, the scientific
question was raised: Is the activity of CAT regulated by succinylation and what is the detailed
mechanism?

During the metamorphosis of insects from larva to adult, the metabolic state is quite
different, and not only the morphology changes significantly, but also the internal organs such
as midgut and fat body are dissociated and reshaped, which provides a good model for
exploring the mechanism of succinylation regulating protein function. In this paper, we intend
to detect the CAT actibity fluctuation during metamorphosis in Helicoverpa armigera, a
complete metamorphosis insect, to explore the regulation and upstream mechanism of
succinylation on CAT function. The results can enrich the research on the mechanism of CAT
altering activity through PTM in response to changes in the cellular environment and provide

new targets for pest control and disease treatment.
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Results
Firstiy, we cloned and identified Cat gene in H.armigera. Then, we detected the changes
of H202 content and CAT activity at different ages, and it was found that the content of H20;
and activity of CAT increased during metamorphosis. RNA interference technology was
used to knock down Cat, and the results showed that the proliferation of adult tissues was
inhibited after knocking down Car, which led to the obstruction of metamorphosis. To
explore the regulatory factors of CAT activity, polyclonal antibodies were prepared. Western
blot showed that CAT was expressed in different tissues, and there was no significant
difference in expression levels at different ages. Then, we detected the changes of several
PTMs of CAT before and after the initiation of metamorphosis by immunoprecipitation. The
results showed that phosphorylation and acetylation levels did not change compared with the
feeding stage, while the succinylation decreased. Subsequently, based on the results of
succinylation modification omics, we constructed plasmids that mutated 7 lysine sites likely
to undergo succinylation into arginine, simulated the desuccinylation state, and
overexpressed them in Helicoverpa armigera epidermal cell line. The results showed that the
succinylation levels of K96R, K241R and K456R mutants decreased, meanwhile the enzyme
activity and ability of promoting proliferation increased significantly. Further, through RNAi
and co-immunoprecipitation, it was demonstrated that SIRT5 could directly bind to CAT and
be responsible for the removal of its succinylation. Dual-Luciferase reporter assay confirmed
that 20-hydroxyecdyone (20E) could promote the transcription of Sirt5 through the
transcription factor ecdyone nuclear receptor (EcR).
Conclusion
During the feeding stage, CAT exists in succinylated state with low activity, so that H202
can exist in Jow concentration. During metamorphosis, the concentration of H20z increases.
At the same time, 20E up-regulates the transcription of Sirt5 through EcR. SIRT5 directly
binds to CAT to remove the succinylation of CAT, increases the CAT activity. Then, CAT
can remove excess H202, promote the proliferation of adult tissues and the metamorphosis of
insects.

Key words: CAT; Succinylation; 20-hydroxyecdyone; SIRTS5; Metamorphosis
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Tab. 1-1 Symbol description

YHNEE YA o AR

CAT catalase PUE=R A=

BLAST  Basic Local Alignment Sarch TOOL A Xt T R

SIRTS sir2-related enzyme 5 FUERE RS &R 2 HKE 5
ExPASy  Expert Protein Analysis System HFAWEAR S R4
bp base pair B Xt

NaCl sodium chloride AR

ddH0 double distilled H;O AT

cDNA complementary DNA T %t DNA

dNTP deoxyribonucleoside triphosphate i ER A AL AR
DPBS dulbecco’s phosphate buffered saline kE ECBERR £ 22 PR
PBS phosphate buffered saline BEER Eh 2 PR

DEPC diethy! pyrocarbonate HEIKEE — B8

BSA bovine serum albumin FMEEA

20E 20-hydroxyecdysone 20-F2 B3 17 B
DMSO dimethylsufoxide ZHRETR

6F feeding stage of sixth instar larvae 6 WL E ISR

6M metamorphic molting stage of sixth instar larvae 6 WA R

P pupa L

FBS fatal bovine serum A4 MiE ‘

GFP green fluorescent protein FEEE E]

RFP red fluorescent protein AREE & |

IPTG isopropylthio-S-D-galactoside FREFRN-L-D-LAEE
KkDa kilodalton TR

L liter Ft+

M mol per liter FEIR BTt

mg milligram =

mi milliliter =7

min minute 435
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Tab. 1-1 Symbol description (continued)

HERE B HX LR AR

TBS tris-buffered saline Tris A& MK
Tris-HCI  tris-hydrochloride Tris #hEREL

WB Western blot G s BN

Co-IP co-immunoprecipitation G FLUTIE

IP immunoprecipitation RFEUTHE

ECR ecdysone nuclear receptor WM E A
ECRE ecdysone response element B8 R 35 3 e S oA
E.coli Escherichia coli KGFE

HaEpi Helicoverpa armigera epidermal cell line MEHREABR
™ imaginal midgut g

LM larval midgut st
qRT-PCR  quantitative real time PCR R EE PCR
PTM post-translation modification X 5

PCR polymerase chain reaction REmE UM
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11 SEUSEE

L11 SRUSHNEER

REEAEDBHFEERTRERFHLBEANE 4TS, HFEFRT AT EEWH R
AmEs R ENBELTRE TS TR 5RAKERN, RIEHES (reactive
oxygen species, ROS)IZ. ROS & B A & MR — R EEWRP ST, BHEH KK,
—EHHERY, EEHE. BAEHENBEAAE TAMmES, —RIFE mERR,
it FALE (hydrogen peroxide, H202). REMBLLSEMEL, 5¥], AM1iAJ ROS
REVERBREE~Y, ENIABBTSMENRE, BEREMRNEEEEEY
REMIr 0L i, ROS «EMWEER, WHREARSEM, BUEEAREHERMKC; &
KRN SIES, fFFAR S RS R () S IEM okt 5l AERRE, EESH
HAEMROE. Fk, AIZBHAIRE ROS HRIE—M, W& &R ROS 7L
WL E AR R EE, KIS H AR e, SROEFEMM M, ROS B A LUB T
WL EBRESEHESRE, NM"SHRAESRS, B352MEBERM.

H0, BiF RN —H, BTIAHELY, 8 L0, WMHEHEE, W H0 @idH
WESPR R O LA E, B R AR A0 H0. 8 LB M%) F «B (nuclear
factor kB, NF-xB) FIB§ER1L, FH#5 NF-«xB ) DNA 254, W B8 SR 30 R 7% 5 1) NF-xB
e, BT TEFEEERNER, SIRMERIETNE, B0, B#TF 0. £4F
A, EAMKM THEMTRE .. GEHEERARRER S, EAESSES/EAR A
AHEFH, 5 Ca? R ATP K, &155 4 FHRTHEI2. filin H.0, 7T ME A E{E S,
SIRBEMBPHEE, S560850YIGETREDL. Bz 4, H0, 7T LUEE RN
T ANEN R IEBATAE RS Y, W R R LR, MBS 5ROEME G ik
WEUBEE, FESMERESM, K1, 88 0, ERI ROS B4 EHIRE, #
HERWRIER s Tt Ext ks sl A E854 .

L12 SR SO HFIRLSNERRE

FEAER RGP, ROS W= SIE B H T R, & H4 S5 R R 6™ E K1,
KREEM S THEEN, REHG, HKABRMME. HlER ROS B4 F—NEE
W, BRReRIEARIEM, XA REMNE. X— TIEHEYERR R BERE K.
RIFBE RGBT BANYELE (superoxide dismutase, SOD). iTE L EH (catalase,
CAT) FidE LY. CAT 2RI EE £ 4 o FI X BERE, SOD # B E (1L 8 H,0.117),

!
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CAT i 5l B H.0 BN LT RIKFES, HEERFANR TS H0, FREKT, X
R 02 KIFEMIAS 5 4% T 1F R P-4 35 U8,

CAT BFE=FA): MR MEFH AR CAT. dANEAR- A NLYEEMEL AN
S8, AT ERESMARENHE, B RUREEMAR, FHEURESHS
TN, SR CAT o] LM WR BT BRI R, a2, SfEAHNE.
HME. RAER. BHE. BEYAZY, ERBRFERENXK MEELEMRE-TALYRE
AMXATLMERIE IR, RS ERYENE, EEEYMNZIW T AFE: B=2K,
REME P RAMEIENERE, BRI MEMEEARIK, EEEMNASGEHED
BET, BRAELT RS HEMELERL. HEM CAT ERAEEFT UREL T ARN
3. HE, BEMISEY PN CAT BT 1, KR (55-69 kDa); 73X 2
BIEEAMEMIT S EE TR CAT, HAFABANIEE (75-84 kDa); 53X 3 =17
YHEHEEEN, AETARE. BoERE. BEEY. BoEDEIHE CATR,

1.1.3 SEMASEENLASRSHER SR

CAT $hZ s WE M ML H H0, BIRIEH BRI SBE MR K L. mBl/R%#E
R BEENp-EMHELS CAT MEEA, %7 CAT BIWEN, SEH.0 FIKREH
&, HUAEARGEME., £/ F, CAT MNRHEREE, R0 RET S, BB™E
MR, SLRMMAG, (@RI R R RS, ot MIKMAKKRT CAT,
5B AR TSI ARG RAEG, ¥ Car ARG, RABTIAM AR H0: B BUR
M BT, BRI EE TR, FHTHRECER, MEREFINEEN CAT |, RERFL
BEERA,

B&, H0, Wi EFERIUAEZARIE . Flin, HO & H AR B S A
FARIRIB R G L BHBIE T, tZ H0: £BUE R R & A o s>, B
R B Th e & A4 ZEIR L,

ik, CAT HVEMEREZBTRMMARE, — T HEEATERLIEN H.0., &N,
H20: 7t £ 51 R AL RO, STHUASE ARG : 73— T T XA RETE 238 PR Ha02 EREF Ha02
FE— @& AR, ERRERERE S TERERMBIETFHER.

1.1.4 RN SMAFRMERT

WREH, TRIX CAT HALHEMLOMEF H0, KIFRAEKTF, RAZH H0 K ¥
i, RN CAT A £ RIEEFAEREZ R H02, 4E5F Ha0: BIIEFACTR, itk
ATLLE H, CAT S 2EREHMEREE, Al W0, FREEHIRE, A CAT #iGt
SR AR REHYE?

—J5 M, CAT RIFFEMTFELRENHM. AdEEARBRRFENRGE, a1
MEPTE, SMTEEE NN ARNEREN— DL RFHEY. NN RPEY

2
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WoarsR: (1) SARHARRN N KBS0, AERE CAT RIEEAMMLEER
BB ) SHAGMORERNBERAENEEL: 3)p MEHE, X& CATH
AL (4) FBT SRR ARR L R ES TR A A o RIRAMEREY.,

H—7E, BRTREEAEN CAT MiEM, CAT MEMME M BEEmILiEYE.
CAT X Z T AMYEEE S, RFTEM, CAT RIANYBE+EEREHEE, oL
fE NS SR RIAR S . BT e TSN Bs Ak, E40MR 2R PRI CAT
IFFAERS., CAT BIE AL Pl RE R E T HARY 4 ML 4 2 EAGAR G5 B TH AL, BF F0AIE S 4 o 5 56
FUEARLE) CAT s Tid S AL W 4K CAT Xt H.0, M BRE AR B &P, T B7E4M 5
AN H0: MBI T, MMRER A M CAT AR, & SBRATE /I FBEEY, Xk
WY CAT N0 M5 2 57 7 fiE A2 o S ME S AL RO Th BB ML . ATCL, AT B AT s R %o
SR, TEUDBEENRERT 14 BRILE, SEBHHINGETE B AL
MEERT 5 N FOLEMEBE AW, BE CAT #ALAYEHE, # CAT
5E (7 T2 Jo ik o P 132

ot SENAREE R Z R EARENTY . SN PR EAMMEAEN
HTEEEFENTEAMPOERITY, —Hil, AHRIEY, HRETF&EFC,
FAHERS | CIRS AEE I RIE 2k v PISER AT LA i i SRR Rl (Y
Fex. BRS—IH, BAMAER, WA AREREAEKEFNHTE SBEHE,
BFEEA TATA &, TRGETHFS, BEhTF GC &EFmELY, JHA AR R
PLRFREFIE . MAERFRKREMEAREE BB R T, CAT Wnfil i/ HiFtE 5
HAMSIREL S ERE RS, TEMEREE TR R REER? BREE R
Sh, CAT BUISMEEZ R AR KT, LXK LSIEAT R CAT FRE R4 e
HtaxZ, BATMANER.

1.2 BRIA/M

B fE &M (post-translational modification, PTM) 5 MR EARKEERE L, @
AN EE RN EE A M BIE S i Tid 2. iR =Y 2B . BEImt L2 40
AH LB HER. PIMBEATRASMRASEORTEREE B, TEdAWES
FORARREE AL EAEAMEIER. EAWRSEESEF NRERTE Q6 LURIE N E
SPARTERAL.

1.2.1 BRIBRILAOTHEE

HRMEEEHREREERANE, MBERRELRIHLhH S8R, il
AINAF SRR FE AT B, WA, EIBUL. R BAML. ZBL. TR BRI,

3
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5 REAN ZBEARLL, BEIARBLBEE ST RE RS, —FHm, IABRBihK
KPR ERN. RAEBFEBME, BRRBREEMN S FRERSM 14 Da: K4E
LBABIR IS, BEBRR AN 4T R EIN 40 Da; SHTME AHEL, BEIAMALE M
HEAA—BRINELHER A O LMESEEBRBREEN S FRESEM 100 Da. H—77H, KA
e E RO RB R A THE. €48 pH 44T, PEBRUSER —IER
1, RARFEABNE, BEBRBRENAFRETRESE; KEZBRIENE, B
FERTRE M AR M+ B9 0; SEIEEM L, FUHB BT MEME R R AL 08
FERAEMNT B R-1, HEBERNBEHERR, Fit, ROBKGEMHSMEGEENR
R4 A () R RSN 2 B AL 184, RS ES SRR R SR R R A KR A&,
Fir LART Ge X AR 2 9 Th e ™= A2 58 K82 .

EaERE, FEABRAEHEREDATEEANIIGR, S5 MERNHABRMAEIES,
BIEE BB, AR AR BB BT, BRIB LB TT R A RERI T
RIRZ, EROHTNOEEmEANBENE. R AERANARE . PRy,
HE O RERABLBME, S5 DNA ZEBSER ), Ml Mamgetis
fofasEtE, MR RRIEL, R HYEA 3 (histone 3, H3) #£ NaCl R S H0E M E
FEfK, REMEZDMEEEENLR S, UREFAMHATA H3 EANER, SHRA
MG, RIEA R H3 KI22E EAGRPBAEMRREE . 4ER H3 7 NaCl IR I#H
REREAS, MAEREHEA H3 KI122R HALEFEHAB LEMRERN, BRE TR,
IXUEEH, ZRRIFFABLSIE R F 2 MR, A, IREBCBITRES AR
FIBEARA AR W, B RBART, ARBEM (lactate dehydrogenase A, LDHA)
1258 222 MR R IR LB G, SR ZHIRASR LDHA, BEEHEEEE 1
454, S5 LDHA B, @ BB EKmT®, o HmEFE~EEFNN
MELme, MK, AeBEsRRARET, REABRARRMSIREBEImingn, <
0 i gz By AR R R ),

MEBREABANE . BRI HEEFHMRTFES. EHAD+
EAERZ MR, FEHBMEH US55 2RENREFR B, MR 2 0%,
HETERRMVEEREIES, BB BEIFRERIREE LD .

1.2.2 IRABHRE

AHAE A R B BEIAB L B K T S RE A R AU RO B T R A B AR (0, 1 = SRR 1A
.\ WERE AR AT A B RS T , AR AR BRI BB UK P AT & B A
S5 &, FERRERIRI A SREREENAE T, MRBAREEA BT
A RE ST BN, B RR MR BE A B AT E T R R T SUR AN, FEA ML A ERATAE
SRR, EERN STV iEMER, EIERT DU R BRI RN, R R A A

4
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A MIBALEFE R, £ LB A ) 150 £, FBABAIUERA, it pH FIEKEDR
MBS A 2 U5 R EOBERRIEBEIENBL R R AP, thah, EHREYR, 351
PR A 1By —Fhim SO I R R, AT LAEEAR 524 pH JE Bl B R B BRI
BRAREWL, H WARB VIR AES A (UELR AR P4, FL b, BRTERK
IR, BRIABAAS A 0] e SRR P A AL, IF Hid S4Bk o 7= 4 A9 55 A Bt
Wl A NETRPAER PR, BTEFANBEHBAER A TSR ER
Fhals1],

Br T EARRAERBR KA VLS, SRINB LSt e] LB BE R R BRI R E . EAERERR
REFBHBUEHHELBOHe-BHR_BHREBESEY (o-ketoglutarate
dehydrogenase complex, a~-KGDHC). B EEL ¥ 588 1A (carnitine palmitoyltransferase
1A, CPT1A) FEE R LB ¥ 7 85 2A (lysine acetyltransferase 2A, KAT2A) 052,

a-KGDHC A AT LA {4 B SRR AL, (AT LU TCA 1§ P aFEE H R KL
B TR S BB AN R I SR 2 A S H A BE SR IAB4b, ST SR X BB
2 A A0 o-KGDHC B 7 B8 B R 10 7 UL R P B B R AR R mE AL 12 48
& R] BB AT IR B AR A /K, @i AERE0E 10 7 SR BERE AR R A BB B0 )
KB,

KAT2A J& T GCNS5 K N- Z Bt B B 50K, $AONA R A 2B 7588 (histone
acetyltransferase, HAT), O] 5Z. B4l A S8 B EBMEAEBIHEA L, B#HA
EARE BB, BRIENHAERHE, E5FAREATERMNESY T, KAT2A
AME LLE DY HAT, &Rl UREFIRIBLEBEM/ER . #lin, KAT2A 54+ 8
a-KGDHC #HE{EA, Ela-KGDHC BB KAT2A 7 LU#4LAE R [ H3 RAFEHIBL L&
IS, KAT2A b7 5N BRER Al M2 B E/EH, (FHLESE 475 AU ERR R A 353
BeAu iz, BB B R A S, nEMER SRR, Am{Eit B KRR,
KAT2A &7 UL C K5 &8 A 1 4 K46 1 K280 £ A R AETRIABLL, BRET C K
IMA&EERA | MEMED | BRPNEENE, NMER TEERMER, REIIEE
KR BB,

BT ERMBRIAR A SRS, CPTIA AR BIRABINES A (E AR, TEMIA
RRIE AR BB RIEEH. TR M RES, CPTIA A RAETEHIBE
W E BB, JLT 50%2 M5 & A 5, 1 2 ) DR 2R R & . B, CPTIA
AR | RASUABAE, BIOGEIGER | WBEEM, 232U g K
EEBY; CPTIA (R R AR AR R 7 K302 ARIBRIA®EAL, MTMPHIEEZ R-FEABAKE
RN RER T, CMESOF BRI R BON. Rtz b, BT LUEH BRI RE. CPTIA
55100 EEMHEEA, {F S100 /A KAEIEABL, % S100 FEAMZ R, FHAY
iz RN EOBERER, R4 S100 EAMEA, #MnTHREEMNTIR, RIEEE
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[y R BN,
123 BB

H TIRIETE S BT & A 2 M58 5 (sir2-related enzyme 5, SIRTS) FAULER(E B
TR 2 HISKHEF 7 (sir2-related enzyme 7, SIRT7) 1 57 2B AN 8] 88 (1 R BRI MR AL (215102
SIRTS 1 SIRT7 &8 J& T Ui BR(E AT EE A K& (silence information regulators, sirtuins,
SIRTs). SIRTs 2FFE Sir2 EAMRZY, EBERERTHE, KRBT EBZRER —%
WA e KIERER, BTHEZRAEAM OB, SIRTs 241M4E KM 340, B A
AT, REAEESSMAESRENXBATRET, TAX PTMs fERESXEEG,
SIRTs #AL#5 SIRT1-7, 7 MEAKRA . AN RES, 8AX 7 M EARARTTIR
FRILE RN OEWIE AR RTM, BEHTENRN N 5w C i XSS M LA
A, KT e A E AL LR R R T A R AR RS, 0, AAiEE A
JiT, SIRTI A1 SIRT2 £ F Mt MM B E B &; SIRT3. SIRT4 M SIRTS FEFK
FERiikrh, (BEMMFRER P FA; SIRT6 F SIRT7 FEE M Tz, &£
IhfiE 1, SIRTI. SIRT3 F1 SIRT3 EA R AN ZBEEEEH, fnEBREREAN
Z. Bk t&4m; 1 SIRT4. SIRT5. SIRT6 A1 SIRT7 #A MBS R H & 551K 2 BB
LT

Hrh, SIRTS % ZBERAEHBIK, BAGBERKZIRMEBAELECY. WaHE (5
7N, SIRTS ¥4y AL FLeRithep, A 1A T LR A SO AL BT 2 51 7, BTk
B, 24 SinS ARG, FTE A4S R ABRRABRLEMRKTFS 4 BT, SIRTS A&
VIEACHERSHIRE. SIRTS XEEE A 1 (Annexin Al, ANXAL) KIEIRABIML
B ANXAL BE LI/ ANXAL R4, SIRTS 0] LA 5 3-F255-3- FF AL T — 4
B A 58§ 2 (3-hydroxy-3-methylglutaryl-CoA synthase 2, HMGCS2) £IEIABLIL, #BUE
HMGCS2, #EmHEEwiEtE, SURH = 4 R,

SIRT5 KBRIEIABLAL B R ME A Rt R bR ThRE R RE M, #I%I SIRTS RIRE, &
SEMMEET S SR TR AHHX 1 (apoptosis inducing factor mitochondria associated 1,
AIFM1) BEIABEALE RN, 6] AIFMI SEEREEBEQ MM IER, 2
£ PR T AL RS 72, 1T H, SIRTS /13 SOD1 it AL R 2 H 3 (peroxiredoxin 3. PRDX3)
HIBEIABEAL B AR, AT LUIR & SODIIIRN PRDX3IRITEYE, ZEARLERI R B AL N L

B4k, SIRTS B BEHB LG SBERN KB VIMER. SIRTS ff LDHA £IEIHB
1k, FEAK LDHA 5, b FBREO =42, AT S 3 el 1 51 i 4 A A i 72 F (R 281
SIRTS LA c-myc L BEHBE L R {E 38 R 005 R UL,

BEBLIE S 5 MRS R &S L MR 2 AN, B2 7T umsie
BIRA R, JUH XN LR RSO A Frt— P R R

6
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Kk
B

1.3 RRESLRE

RREBATATIMEEN— S L, BHEA LEZERNEDT. BRZFTLLEE
ERINEE L M EREE, BEARERELRE PRI ENEES, AEKER
BERES, ATENHE, BRiLd RER e, EAEEREH AR, Ak, B
i F BT 20-F2 BB B (20-hydroxyecdysone , 20E) 73 £ it i8S B 9 46 B Sle S T
AR, HARENER, BARBAGE, X—38, K2 A8K.

RERBRAERIEF A —NEENIS, FTERYRARROEETTE, F£1X4
TEF, BRAAKMRBHEFRRAERERSEZETN, TTUEBRAEHHNENFEN N
&, BRMESRE N R I PR A EH IR B AR 28 0 B8 de K I Gt
A BEARIR ML T 2 4E,

FTEESRNBR—AEBEZBIN. B4R, BENEERE 4 NMEERR, Phht
SEBEAMUESNR EABRIZER, mERNSRAS KA BRATE, RRHRE
W E R, GRS, BRI AL, e EET R,

felr AR B AR L, —MEn. shAMAL, RUTERsaiE 44
MR, RATERRREMTANEEALZ —, FAMEREHESEZHAGH (K],
LTS RNAVESTTES, SR fgpARLZ b7 Bs b 7 E 2B RSk T sk A B4 . EL
K, R 20E ZWEMDFRNRET, BREEEQHYS MRS e Em,
EEMERE, BEHRARET REALNSEEME, WY REN AR KN, AT
REARC AEER, AR BAEM A, E R, NEAMENSAENIEHARNRE S
i —ie, HANTEHE, B ARZIRE, BE5e0 8RS Hme B g
Witsdmie, 22K, AT, BB AR R MRS T IR W, A
ERXNEEF, RENMEFRRRAKEZETN. EHRE, BHEAHREBAXENE
FAL. BEBIAIRERAEE RSy, HAPfERkE, R BRI R iESd, e n iR
R P e % 72 8 TR D70 o R0 SR R A R R B SRR,

RAEBMERNHENERE, dail. PRAEHARD. KhdgEamiiemn
FER. IRBMEARSEFRRM EERA, LR KRS AETELTMEACT., H5es
BERBBRMESILRES, PHibegEEN, KBTS BFEHET AT HL,
R @S ST TR RRPY . — B ghduE bR, HWMSYIEE, BEaEaM
SIRMBAET; RN, T 4R ERMBRESN/NERARE, SRETHRM S
S, BRI, HE, EXANEREF, SR man ey e R s i
WAL, FFHERE NS, BHJEH e AT, S B M a] LA AR R i R s T SR
T,

BT EREZ2 20E BEMHEY. 20EF#ENSRERSERAEGRERYE S
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FERENBEBMERES, TR R R 2 23] 20E 7% 2 KA
pEs), fEBRR R, SRANSIRRE, 20E MRS REEE, BETSMBUEL, M
WERITE AR ; 28 VR R A KMEALSE 10 h &, AR BEHRCSKERAME, I BLAR 55 1 11 ik
220z 0 22 A

20E RIEEREER] ULt N 55 —RIE4E S, BB A M EZZE (ecdysone
nuclear receptor, EcR) IS [T A 1 (ultraspiracle 1, USP1) &&TE/, M SEENARES
WA, WA LS S M F Y& G EEEBRASE S, N FIEERARE SRR,
Hep, EcR B FEBERBRERERSE, TULSERERN BRI TH, NEET
WREREZIRE, B 20E TEMIGERE I EOTRNR. Kk, TikfER
H{E 2242 EcR. USP1 &, TRIAFXFAMNEF G EAMBZK, ENEKGHZ
FER R E BT, B E BT LU BT E o, HHIEEE BIE AN TI6E .
B0, USP1 WTLLZESE 35 (I S A AR, LSRRI FRA, USPI FHFERE
(¥ FTFRS S BHHI0, FHEAMAIER, R LBUREN USP1 465 EcR
R Bk, AR E/ERIM.

BREEMENRAZET, AhmmiaERnidEs, Bk ELERN, T
Mg ASAAERL A, AT . MEMEBLRE, UEARRITABMAEMR AT
RARER RIFHRE,

1.4 FEMNFER, HRATNHREX

B EREIR A, IR Ho0 £ AUAE SRS, T SR H202 7T BME R
ES4T, B5M0RESHSEY. CAT ATERILEN H0: 4 HOE— 1 61&
(IR . & CAT EMRT A, SENFERREES R0 REFRERESK
R FH REREE. M4 CAT HHZRAMARKRMET? @FFEHLRYTESD
BE R AU BRI PR AR, BB RRAEEBER LN —MEEREe, i
RIRBE R R S MBREA Y, 5EMERREFRIREETIMX, HiXB1ER
B RAB KRR ELM BRI L, xRS AR RA I E fOF 8w, 3R
B S 52 AR 2 FhAE B AR AT, B EREET IR AR . TERSE
SREEBALRES, SR SHERBNERREEFER, AR R ERERL,
N ERES B R A A D R B B R A AR R YR, R FUBREAM AL E 3 Th e R AT B
FRRL, g2 b, RBBEREE: CAT M5 & T ZRBIB B R, AR
W .

F, BATMRESERRBH. 8530 HE RS RN %, AuiEsd
th CAT HFE R T RAEZ N, 5B % NEM &I il CAT FIFRIHR LB

8
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KFREREZMN. FH MM R Pt KA B &M ABPEH BB IO R RELFERL, &
RIRHABALBIERE T CAT iEHER AN, B/FEiL RNA T, IERBRE LR
F7 A IR B AL B i LWL .

ABE5UTT LA SRR B AL B MR IR T CAT JEHEREAINLE], E RBRIRELHT A4
PR, 308 CAT MXRERINIBTT IR R S5 .



th 2R KA 267 V8 3L

2 IRMBAEIHIAT CAT NEM S 5RATS

21 5|8

CAT RAEMMEF ALK, K H0, FIRELRFESENKFE. 8 CAT &
EMERTTHUIEATE R . BEIRL B E — M 5 E RS E DML NB R R M.
BRATUL R R RNER, RRIEMBALEMES CAT WM AT HLE .

2.2 SElRME

2.2.1 LT

AFARAUSTFERLTARRRALRENHATR. BB RATRAERTINEY
FHE, ARMRSEFERER. W, E644 5. WAEA S, AR
F, RFEE26°C £H, BE 60-70%, 8 14h, EEE 10h.

2.2.2 SCLGYARE

SEIh AT AT AT R R A R . AT FRE RS 10%(4 iERN
Grace 5353, BT 27 °C WEREFFHT .

2.2.3 SRR

fa/E ¥ (Biological Industries, LAfA%), B HL Grace EiFx4t (Gibico, A%y, X H),
“HEETR (B¥EE, JbE, $E), 20E (Caymanchem, FEURM, EH), &AM
F (AL, dbs, FE), HiFi#. Easy tag DNA &8 KXt R buffers. 2xSYBR
real-time PCR pre-mixture .dNTP.RNA $#2EUR 7 Transzol (&%, b5, &), T4 DNA
#H:E (New England Biolabs, =i ZE, £EH), dsRNA & A&, RN VIS
J buffer. & [E) marker 26616 (Thermo Fisher Scientific, i ZE M, EKH), F G
Quick Shuttle-enhanced (f§ 2 %, Jbt5, FH), CAT Bt NHA57& (BC0205). H202

SERIRFE (BC3595) (BK=E, b5, ), mutiulia &, Lig, FH),
HEARBURAE (BB-3117) (&R¥%%x, b, FE), GSTH. His & (CR#BAM, &
M, ), Protein A/G (Santa Cruz, Smp#ii, EE), ECLLZEARE]M (KEE, L
¥, FE), IPTG. &FHAEER. 51 (T, L&, $¥E), ACTB REREHIE (AC026).
His (AE003)/GFP (AE030)/RFP (AE020) R 5epEHifA (Abclonal, #i, HH), L%
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BRI R U PR HIR (ab9332). 4H R 3 H3 (17168-1-AP).P-H3 B i [EHiik (Serl0) (9701S)
(Cell Signaling Technology, #R%, £H), ZBitZ wEHiR (CP0380) (Immunechem,
APVEREHELETE, INEEK), ZIRIHABAL A ST PR (PTM-401) (RALY, vU, S E),
HRIRIFC L FEMA/R g6 (P&, Ik, 1E), KRN E &E5, LE, #E),
HoAt S48 1 A2 o5 RIS N E .

2.2.4 SCI{de8

KIGEE PCR X (Analytik Jane, #2E), PCR X (Biometra T-Gradient Thermblock,
BHE), BB, FTREMN. EOEikE @R, ), FH), SDS-PAGE #ikiE (2
76, E#, FE), Infinite M200PRO NanoQuant 4} /6 3¢ E 1. Tanon 5200 & H ¥R
BT RAE (REE, ¥, E), Bk OsER, dbm, FE), BRE. &
R LWL (Eppendorf, Hamburg, #EEH). ZIMREMR (FER S, L, FH).

2.3 L&Ak

231 BEREREMEIREN

M NCBI H3RB R B Car mRNA {1721, MEGA 7.0 5 fF it 47 2 b il EL U8
HEBRFANEX, e ZHWMHE Ca 2E & Z4% 3 LK. SMART
(http://smart.embl-heidelberg.de/) Filj iT & 1k S B B &5 #9458 . Expert Protein Analysis
System (hitp://web.expasy.org/translate/) #iE Cat FIFFHUREEHE (ORF) 41,

2.3.2 DNA 8

7] PCR P40 p I NS 4R TR DNA 20K, IRFERBIZIES 15 s, vk EFHE 2 min,
J5i 13,000 g, 4°C B0 15 min, 8 LERIFHMECE R, A 0.1 FHRER 3M 48
B (pH=4.5), BSEIA 2.5 FERTKZE, J8E, 20 °C JUHE 40 min. 5ERITE
fa, 13,000g, 4°C B 20 min, F L, JIEFMA 100 pl 80% 2. MLk, Bo)E
F L&, RF, A 20 Wl BEK. JKRE, BHEHTESERERE T-20 °C R4 .

2.3.3 RNA 125

R AR EEE AT AR MRS R, »FRERAL, aREL. 1
MG WTAE, BNBEER Eh 22 ¥A ¥ (phosphate buffered saline , PBS) ( pH=7.4, 140 mM NaCl,
10 mM Na;HPOs, 2.7 mM KCl, 1.8 mM KH.PO4) Fyh¥eT %, LMtk . F 100 mg
HATANT RNAase i 1.5 ml B.OEH, S0 400 pl Trizol 35, MBI ERFE S TE.
BHEF > E, BN 600 pl Trizol ik, JEAEIK L& E 10 min, {44158 %07 M

i1
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SERJE, AE4°C, 13,000g, 5.0 10 min, & EEEH AT RNAase BB LE T ER
& 5 min. 4 ml Trizol X RZAIA 200 ul BT, RGIFFIZZES 15, 13,000 g, 4°C
B0 15 min, B EFEFMAZARRTAEHNFNEE, FFRFES 6 X, 5TJEZRFH
& 10min, 13,000g, 4°C &L 10min, L&, TUERA 75%0 L8E%kE, BLREHFL
&, AT, A 20 ul FEBEER — 2 fS (diethyl pyrocarbonate , DEPC) 7K, T 65 °C &J8#t
HEE 10 mine WRES, BHEHATRERIET-80 °C £R1F.

234 RER

DLIRELAY 2-3 pg RNA SR, I 2 pl 4xAccuRT Reaction Mix, ¥l DEPC 7K ZE
BARTRN 8 pl. JBAIEIRE] 42 °C, 2 min. HMA 5xAccuRT Reaction Stopper 2 pl J25
J&» JA 5xAll-In-One RT Master Mix 4 ut 1 DEPC 7K 6 pl . 515, Kk 25°CIE
10 min, 42 °C & 18 min, 85°C A& 5 min. -20 °C {RFF,

2.3.5 LAIESE PCR

AN SEIG TR T R SBA SN &Y TT, LURFEREB M cDNA AR, L
ST I WE 2.1. SCHF5E & PCR (real-time quantitative PCR, gqRT PCR) & N A& F 4
F: 1 pulcDNA 4R, T3] & 2 ul, 5 ul 2xSYBR real-time PCR pre-mixture. J&%]
JEE L, BTN . gRT PCR ™2k M. 95°C e 15 min; 95°C M 15s; 60 °C #F
%E 1 min; 78 °C [ZBZ 2s, FLAEEF 40 i%; T 65 °C ~ 95 °C BHATIBME LRI 534, RIfRA
0.5 °C.

2.3.6 dsSRNA &/

75 B B9 E R mRNA FyidakiF KA 400 bp LA KA B, @RI £ T k5]
MR 2. TEEBEAKERE. % PCR, B3 RNAI B K DNA. HUL
DNA AR & BAHRLH dsRNA . BAE LR T 8--K, ATP. UTP. GTP. CTP (10 mM)
& 2.4 ul, 20 pl SxEEFEMPW, 4 pl T7 RNA BAE (20 U/ul), 3 pl RNA B0 (40
U/ul), B S5 %M DEPC 7K 2 84T )5 50 ul, 37 °C 8 &L B A M 10 pl DNAase I buffer
(1 U/ul), 10 ul DNAase IF1 30 ul DEPC 7K, 37°C & 1 h. £ RNA $#2 By F &7 ihiE,
ZEMZBAIIEE, BO%WERNT, A 20 ul DEPC KiEM. 1:10 HEE, KK
B FF BRI B KIS M dsRNA FHFE .

2.3.7 RNA Fi#

Bhik 60 Ri& S ARIghd, BEVCE S e, % 30 H, —4HAE S 5 ul dsRNA (H
LB 1 X PBS FBEE 600 ng/ul), 55— HLITH 2019 dsGfp fRIR. 5 BIHESE — KA
BERFRES. SR, S X R4 2 B PLIEI 3 R BRI & AR

12
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RNA 8T E. MEILRIFGITHHRTHIERE.
2.3.8 TA 328&

AR E M L RS9 CAT-OEF #1 CAT-OER (& 2.1), FIf Hi{A& % cDNA {£
AFAR, @i PCR 471 Cat mRNA 2K, MFRIE. 53 PCR =HW/5, ST AsHt
BEHLEK . K PCR PR IRIMLS , SMISERS pMD-19T 4K, 16 °C 4 30 min, AR/5i#
fr¥etb. KA, #H1T PCR B7% IRk, BRIMMTIE, FHTEM, AT/ESEx%.

239 ZRIEREHIE

it 519 CAT-OEF 1 CAT-OER (% 2.1) '8 Car BFFREILAER) cDNA FER, 3F
W E G 522 FR AL pGEX-4T-1 38, MR B A TR . IUK EH RN KT E
DHSaf3Rik, FBIREURR, ¥ A KB HE BL21 (DE3) 3T A ERIL. EHM CAT
AR, M 7.5%KE R ) TN K/NIEMR CAT RE . 80 BT TIRER,
EEEEREEFRATREFRSE G4 A2 EN, Bt ARTESER),
SRR (MESRXEZEEYRRKERATRR), B 55 a3 E, -
EPAOSE =4FRIRG 2 B, S =4, RGESE, BB, BB AR .

2.3.10 CAT 7EM R H,0: R ERE

Y& H20, 7E 240 nm &F 15 5 i, 5L A BT UL R Ha00, BT LATT LA
B W0 KB RAIEARY), RIEIA SRR R 2 f 102 0+ 58 4 Slak Al b CAT
FIEE . AR, BURNRIG I SR BS T ik, AEIRIR D3 ITIKIB 513, BEO
IR L, BB REARFRI TR, 76 240 nm Fic RO 934k .

RIE H0, 5T EYERE RN G, SEREOCHESY, ZESWH 415 nm
AR RIRISIE R 3 . R RRHIE R, BRIk ESIR, BOBR B, BIRF
ARERFE, £E 415 nm MERAE, HHE H0: K% .

2.3.11 EBER

BRER: BB AMPBHEHESSZ 100 mg, S£7E 1xPBS MkT#,
J& 53 HIFE 500 pl. 400 pl. 350 pl 1xPBS (SR BIIIA 1%M8& S BI04 IR S9) SR
K E5T3R, 4 °C, 13,000 g B 15 min 4EE_EiEW, IR AR, 100 °C # 10 min,
BIAHABEA.

WHEE: AME RIS KBEER S & (dulbecco’s phosphate buffered
saline , DPBS) (pH=7.4, 8 g NaCl, 0.2 g KCI, 1.15 g Na;HPOu. 0.2 ¢ KH:POs, ¥ F 1 L
ddH-0 ) BE&AM—R, FFLMA 1 ml 1xDPBS (C4RFTINA 1% & [ B0 H FR S
) MfEIUEEmm, ABRGEBMME EP & d. SR 4°C, 1.000 ¢ B0 5 min,

13



% FREIRELANRR, FFLINA 40 pl ) 1xDPBS (BRI 1% R SEFIHI TR &),
SR, mA 20 pl EALAHEE, 100 °C # 10 min.

AFEARI: HRRNENRERTERE. WEMRED, EPERKERSS,
E 4°C, 1,000 g %4 FHE0 10min, BT EFE, SAFMA 500 pl ERRBUR A (SR
M E AN TR SY), BAG, # 4°C %8 FTREHRY 10min. BHTHE,
FE 4°C, 16,000 g 4 F B0 15 min, FF L3, EUUIEPRIIN 100 pl AEARE B,
I 200 wl #3k R EWRITIRAI G, AR 4 °C KA A IKH, 4°C, 16,000 g % T &
O 10 408h, W BiE. £ BN 10 ph X575 C RS MA—FERBEALLHE
BRI EEB, BIAEA.

2.3.12 EERRENE

HUE GRS I RIE IR E R SDS-PAGE R (BRXFTHWREN 7.5%%] 15%, B
YR BE SO RRVEAE XTI BIVE 4, HE4T SDS-PAGE BRI k. HIKERGE, FIAFERELCE
BEOMNGRERIWNRIERE L, BEERE, A S%MRBYTHEE 3% F MEE
B GO IxTBSTECE) ZiR FESGHMIE 1 h, BEHAR, BRESEEREN T
(REHABFHE) EZEEY 10min, REE 4°C THEIH. RH, 5cH IxTBST (TBS
NN 0.02% Tween) Bei%k 3 X, Rk 6 min /5, BESEERE K 51 (HE AR
FERTEGEE 30min, f57E 37°C HAME 30 min. Z&HR/F, A IXTBSTH I K, &
& 6 min, BJER 1xTBS (pH=7.5, 10 mM Tris-HCI, 150 mM NaCl) ¥t 10 min. #H ECL
2R TTEBAT A I . SR Image ) R E B EM&H . BF%EE, BEH
GraphPad Prism 8 34317 47 .

2.3.13 EFRERRNVMESHBRTRIE

FI 1t %54 31 % CAT-OEF M1 CAT-OER (3 2.1) ¥R (M FF U A 7 7 A 2
A IE A3 T Bk plEx-4-His B{ plEx-4-GFP/RFP-His #, #@EFE M REFTR . &
it 0 B O Bl D) 36 I A4 3 A SR R B R

BMRBHTERE S, SEMRFEIXD 0% L AR BITHEE. #HE& A BRIME
O, AEPIN S pg EFRIEF KA 100 ul 0.9% NaCl, B BHINA 8 pl B 5 100
ul 0.9% NaCl (X ATURIIAE, 24 fUREHMIRE). A BN B ERI TR -BELE
dr, IIABLE B ENMMBEEIERT, 24 nh S48 h AR ER RN, 2h AR
Al RER A E .

2.3.14 Nir* gL PN EHER

BANTLR P FRIRAE, A 1 ml EE K 1xDPBS 18183 Rt /F ik B MR 7.
HRBAFFLAN 200 pl RIPA ZHM 226 ( DERATIIN 1% & A EHHI IR A1) At

14
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B, IMAMNERMRRER, B JJWEMM, 7 4°C KM 40 min, THRRE
4. FERARMAHTIRIES, BRAT 100 p NiZHERL, O 650 plE B /KPR 2 Ik, Bl 4°C
BIKIESE 5min J5, 4 °C, 1,000 g B5.0» 5 min, ¥ E35, 8 2 /K. B A 650 ul Lysis buffer
Tk, BEE 3K, BEFELIER. MBEAEMERG, 4°C, 13,000 g &L 15min. ¥ E
EBRESH NTEENEOESR, T 4°CEKHE 55min. £R/E, 4°C, 1000 g &0
S5min, 3 Ei&. O 650 ul Wash buffer, EHE 2k, HHEKEIRGFERM. Tk
BJE, MO 40 pl Elution buffer, S5HREBRESE, T 4°C BEKEE 5 min, JIA 20 pl
HEEALAERE, 100°C & 12min, BHEMNEA. EESBEK L.

2.3.15 Protein A Si{¢ RIFE T

A28 ERIRE AR A T AR EUR AR BE I AR R A, BRLRIBER A BRI
IMASH AR 1xPBS ¥k 3 # 10 pl Protein A Kk, #F 4°CIZKIEE 1 h, XTHE
FHEATARR R R AR, RBRE MR, 5e)a, 4°C, 1,000 g B 5Smin, ##
EREBE-DMHRBECE S, BB 1:10/1:100 IMARRETE, F 4°CEEKBEE 3h. TR
J&, 4°C, 1,000 g 8.0 5 min, #5325 JUTHSEHEIE M 20 wl Protein A £, 4
wl BRI ELR. KB, ATAR IxPBS %k 385, I 40 ul 1xPBS, AFHEH
EIR, RAFBIA 20 i EALHEE, 100°C & 12 min, BABEMEA. EESEEK
ERE.

2.3.16 ML FEEFIR S sCI8

M R MR Y pRL-TK Fiki{E AN B RBBHEITFRSEA EcR
25547 5L pSirt5-Luciferase-GFP-His 1R %5 % (pSirt5-LUCI-GFP-His) 5 EcR-RFP-His
Gkt gy, LA pSirt5-LUCI-GFP-His i #7 f1 RFP-His FUK{F Xt B . IR &
R B2 BRAT Ja 625208, KT Sires IIERIR X B T

23.17 Gt A*%

FTRNALREDELT =K. RELFKR ZIRELHTIE+SD. RAXE Student s
t-test FIENTHAEIRE (*p <0.05, **p<0.01, ***p <0.001), Bi# ANOVA JFixt L H
BHRETZEUE RRFRRRWAL LR EESR p<0.05), KFETERH.
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Tab. 2-1 Sequence of primers used in experiments

Primer’s Sequence ( 57-3") GenBank accession
name number
Primers for quantitative Real-time PCR

EcR-RTF aattgcccgtcagtacga ACD74807.1
EcR-RTR tgagctictcattgagga

ACTB-RTF  cctggtatigetgaccgtatge EU52707
ACTB-RTR  ctgitggaaggtggagagggaa

CAT-RTF aaaggctggtgaactggeat 110374239
CAT-RTR cagctetctgettgageceat

Primers for double-stranded RNA

dsSirt5-F gcgtaatacgacicactatagggaatcatggeticgeggceaat 110378146
dsSirt5-R gcgtaatacgacicactatagggcatctggggeacctcttect

dsCat-F gcgtaatacgactcactatagggttccectggttacatcact

dsCat-R gcgtaatacgactcactataggggtigetgggttictettct

dsGfp-F gcgtaatacgacicactatagggatggtcecaattctcgtggaac

dsGfp-R gcgtaatacgactcactatagggacttgaagttgaccttgatgee

Primers for expression

CAT-OEF tactcagagelcatggeticaagggacce

CAT-OER tactcagtcgaccaaattggeatggtatticttg

CAT GST-F  tactcagagctcatggcttcaagggacee

CAT GST-R  tactcactcgagcaaattggeatggtatitcttg

SIRTS5-luc-F  tactcacccgggattcatecteactctaatg

SIRTS-luc-R

tactcagagctccaccatggtctccagaaaccaccageacc




WARKEB A B

2.4 SLRER

2.4.1 W8 catalase EBRNEE

W 8 B (Helicoverpa armigera, H.armigera) 7 A 4 3£ 3 F| 1 4 catalase
(GenBank ID: 110374239). %% K ORF £+ 1524 bp, 4wh5 507 MEAEER . #id ExPASy
MM iZE A S FEN: 56kDa. 5K&E (GenBank ID: 692456). i (GenBank ID:
40048). /ME (GenBank ID: 12359) F1A (GenBank ID: 847) EARRNF 7513t 1T
BUHSHT, KIHR R I CAT 5RILKIR (GenBank ID: 115441151) KISEZR R
BIiL, RAE—3X (B 2.1.A); 7 SMART W& Hr KILXE Q& HEAT (B 2.1.B).
FHILLXEREH, ARAMFHS, FIHEUERS (B2.1.0). XBLERER, catalase
EAREF SRR B RT .

A s
31 H. armigera catalase XP 021187541.1

L : M. sexta catalase XP 030021653.1
99 ' B. moricatalase NP 001036912.1
D. melanogastercatalase NP 536731.1
100 —— M. musculus catalase NP 033934.2

H. sapienscatalase NP 001743.1
T. castaneumPREDICTED: catalase XP 970103.1

—_—
0.10

B

[ H. armigera ]

[ M. sexta]

[ D. melanogaster ]

[ H. sapiens ]

17



L AR KRB AL 1R 3

C
H.armigera = 732
M.musculus = N 2 75
H.sapiens s 2O 75
D.melanoga Za 3 13
M.sexta s ] 73
T.castaneu : » ~E!ﬂ 80
B.mori oF - 73
1583
155
B, 153
M.sexta 153
T.castaneu : 160
3.mori 153

.armigera
.musculus
.sapiens
.melanoga
.sexta

pHZond:

B 2.1 HERLEEME B catalase

Figure 2.1. Genetic identification of catalase in H.armigera

(A) catalase BIBELRY; (B) catalase HIZERIBITEL; (C) catalase MIFFIXT . B FinEaR5EEA
P—.

(A) The phylogenetic tree of catalase. (B) The domain Comparison of catalase. (C) The Sequence
comparison of catalase. The names are same as their names in genome.
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242 TAM CAT FEELH

Wi BRI R AR R RE IR N 6 NS, A 6 8JE, BT 60 AR
YRKEHRT, WANEH (feeding stage, F); M 72 /MHEF R, BHEANRZA B
AW EH (metamorphosis molting stage, MM), ELE4) 144 /NG ; 5 #AEF SR 20 10-11
R, WL REPULABE. K, NEEEEHZRENNBREHRATEH. AER
CAT ERHMBRARE LRI, RMTLKRMEEH. TEEAH. Wi HO0 KE
A CAT R

B FR H AR B AR B 4, R0 A P HoO2 IRF BB . S5 REH, H00 M 6 i
48 /PEFFFIE_EFE, 6 8 72 /NBF HoO WRIEBR BT, 409 6 88 24 /DETHY 2.5 . MRE—H
FREEEIMER, EWE 8 RIFHB TR, 5 6 i 24 PMHIRERIE (B 2.2.A).

AR, BURRIRSHA R BE Bk, R CAT iEHRIIRAFE, 7E 240 nm Tid&
RICE A, RN RRE CAT IFHHEN. ERER, 568 24 NESH 6 & 48
/NEFAEEE, CAT WEHEAERAEEHMFEREE LA, AR EHEER 2 £ (B 2.2.B).

XELERBREAN, SIRRNEH, H0 RERMK, CAT HMHEIK, 4R H0: /9
IR BOIRES ; 220 B2 SRR 5 Ho 0. W E B F, CAT V& AR B 7, 47 £ R H20:,
B G AL R AR IR E

A Fat body B Fat body

g o e L

w A
L ]
bo
B
CAT activity
(fold 6th-6 h CAT activity)
w
|
V]

]
|

H,0, content
(fold 6th-6 h H,0, content)
T

& 2.2. H,0, ¥R ¥ K& CAT iEHEAR L
Figure 2.2. Changes of H,O: content and CAT activity

(A) HoOr S BN FEBINZRML: (B) CAT HHAERERMNZN. TEREEITERMT . L
RHBR=REMFER.

(A) Changes of HO2 content at different stages. (B) Changes of CAT activity at different stages.Multiple
comparisons were made for difference analysis. All the experiments satisfied three biological replicates.
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2.4.3 WiF&E Car #DHIRE LA LA INTH

TERR AW R BAFINEHA, CAT MovitE bJ, MAEERRESRELETREAEHAME
FWe? JyifE CAT HITIRE, F F RNAI BIRTE difk FREFE Car. M 6 % 48 /NETIEST dsCat,
RS 24 h DRSS —4F, =4 EERE 240 E, A TRUTHRAE, R
FRZEFNSEOS A AR R E . F RGBS /A 10 mRNA, #HT qPCR #illl. &R ExR, =44
RAp, LA Cat i) mRNA KFAHMT Fof A B B, XUl FIRBRR T (K
23.A). AN T FH Car f5, HER H0IRERIZN, ERER, LTRAREA
H:0: WK R X IRAE 8 3 45 (B 2.3.B), UWHATFHE Car J5 Ho0, TTiE L HERR . T Car
JE HOIREHAESXN ERTEREREMNEMME 2.3.C fin, SXRHAML, T Car
FE60.7%H 5 RIERLEE (K1 2.3.D), T Car 5 P10 8] 28 159 h, EEXTRE4H (143
h) B 16 P AEL (B 23.E). SCIRABRNEGE, H 62.6%HM, REPNAB/DK
HECEAIEFR RS, TEGMBH -FEFIT Y (E23.F.

TR FACER IR FF BB TR IE R IR R R, A TARYE S 2L B /N 1] O
RARBEAT AR, FMEF RS —RIFEREHFRESEWITEN R, 2%
B EActEr s . AR EER, FIERER, MRAMNTHCETL, MERARH
WA MR IR, BRO6; EFEE, xRATBIEFH/D, MLRAHERR
CARAETRE— & (B23.G). A ERFE NP BHARBTAEY) F, HE R4
RER, EHEHXRAMRET TR CEIHEEE, BREETRME, EifE
Cat Ja, SERHAKEFHMEBEHEEZ R (B 23.H). AENENE 6 RAE 8/
HEWTRBEAT AN, KI5 X AR AT aa R &, W IR g5 K, T sEdvdd
P BRI A —EATRECRE, 22 (823D, X RBRENT, £/ Cat 5,
ARG A AT BEZ 3 T ], MR AEIR, RATFP A ETE IR,

9T AR CAT {REFEMIER, 7R85 BRIt A M RAE Rk e ET,
Kol P-H3 S AKPHIRIE. REETEREYH, T Car J5, P-H3 WIRIA T, U]
hRIETERE IR (B 2.3.0. K)o UL R, CAT RS EEHEF S, ZREZ R Ha0o,
fest R R i AR D R S M R R R ERKE
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w)

@

wandering stage

A
= dsGfp e dsCat B Fat body
o 157 e *p<0.03
s *p=0.02 **p=0.003 **p=0.008 8
= —_— _ —_— e
= O
% 1.04 g g‘ a I o
=
E 8 2w
o
2 0.54 *Te ON &
® ~ Q9
&= o
0.0 . - | T T ——
Epidermis Midgut Fat body b= dsGfp dsCat
o Phenotypen after injection of dsRNA
dsCat
g i dsGfp dsCat
2 48 £
=3 A f 1 =
'{ ) & 1cm
@ = Normaipupae E 170- F g &= Normal adults
2= &3 Abnormal pupae e =y
%.,%_ {2l Dalaved nopas. = p<0.04 %’3— 120 = E3Abnormal adults
§ 2 = s g 23
&8 £ = © 160 T a2 g0 paes
= g 90~ *% £ -:_ €& -1
$g 60.7 z g8 i
g« o £ -
25 6o 836 s €7 60
< £ g 150 <E
g g 30 « E_‘ : S 30-
2E ] - 3 gE
t = i | | €5 s
[ S s e @ S
S& s 140 £ dsGfp  dsCat
K SSlpy, Ldstat dsGfp dsCat &
Mophology of midgut H HE staining of midgut | Mophology of fat body

dsGf

¢. Prepupal stage

dsGfp dsCat

P-6d

P-8 d

B 2.3, VS dsCar 1| B H H A8 5E

Figure 2.3. knockdown Cat inhibit proliferation of adult tissue
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(A) BEEK. FHFAEH 4 mRNA, qPCR ¥l Cat T3 ZE. (B) dsCar F dsGfp J5 HiEW H20:
WELLE . (C)dsCar F dsGfp Ja RIEHEHE . (D) it (C) FHMEREL. (E)dsCat M dsGfp Ja4h
BRI R ZER . (F) 4t (C) FRARMER. (G)dsCar Ml dsGfp Ja I EM B R T HA PR A
EE#B. (H) dsCart F1 dsGfp g HE $1)7, #57R% 100 um. (1) dsCar %0 dsGfp f5, P-6d & P-8 d fif
WA, R 60um. (J)dsCar M dsGp J&, P-H3 B9Z4k. (K) Image J 81t (J) % P-H3
FIH3 iy B M. IM: REFH: LM: ghddhff. CRIEE=ZREMFESE, BEXRLTR
FIMELSD, t BRI EEHEER (*p<0.05, **p<0.01, ***p<0.001).

(A) mRNA of epidermis, midgut and fat body was extracted, and dsCar efficiency was detected by qPCR.
{B) Comparison of H>O: concent after injection of dsCat and dsGfp. (C) Comparison of insect morphology
after injection of dsCar and dsGfp. (D) Statistical phenotypes of pupae in (C). (E) The difference in
pupation time between dsCar and dsGjp. (F) Statistical phenotypes of adults in (D). (G) Comparison of
midgut morphology in wandering stage and prepupal stage after injection of dsCat and dsGfp. (H) HE of
the midgut of dsCat and dsGfp. The scale is 100 um. (I) Comparison of fat body morphology in P-6 d and
P-8 d after injection of dsCat and dsGfp. The scale is 60 um. (J) Changes in P-H3 after injection of dsCat
and dsGfp. (K) Image J was used to calculate the ratio of P-H3 and H3 band density in (J). IM: imaginal
midgut; LM: larval midgut. All the experiments met three biological replicates. The mean value of the error
line was £SD. Significant differences were analyzed by T-fest (*p<0.05, **p<0.01, ***p<0.001).

2.4.4 CAT EAELHHBRNEOKLLREER

CAT RS HFEEARE R E M BRHAE /K FRENEUERYE? T CAT
AEEKFHREENL, HAFERNEIE. ¥ Ca £KFFiEN pGEX-4T-1 KL,
MIBFEERIEFRR, £i&kT —BA/NN 82 kDa i CAT ZRLIEANTRE (B 24.A), ME
TP L b & L R . B 6 # 24 /NG SRR i P i AR AT S B B AG U,
KRR Z wETENR R . R8N, PR R RS i — R/
/956 kDa FIEEH, 5 CAT Ml 2T, HAZIAERERE, ATUAT/ES
K5 (B 2.4.B).

R13 CAT ZRENKE, BRARBHARALANERD, BN 5 LRE R
2‘%‘ 8 REIEHEL . FHMASH AL, I CAT FEHK PN TREH . %EH

HRETR, CAT ENRHAREBPHERE, HARLEBETRARAREREESR
1& (K 2.4.0). XULBHEMR R CAT FAFEARR RIES M, HHARRBERRIE
EREEET.

Wiy
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A C I;lga Epidermis

kDa 55—
180— 43

130— 43— —— _ACTB

95—
i e —CAT-GST 72— e |
72— 55—% e e e s s e — C AT
13 “
55— 43— — e e e —ACTB
34—
43— s Fat body
12—
M 1 2 3 4 5 | 8%
43—55
55—
kDa 43— ————— e s e s e e e = ACTB
180—
130— B
95— E
72— o Epidermis —— Midgut - =- Fat body
-
55 —CAT . o
e 56 kDa % 15
34— £1.0
3 ¥ = --- +
26— ° 0.5 *
o0.0
o LS £ £ ££L£ ST T T
J : = 0 0 F DN DO N © @
6th-24 h Midgut % ;;“.“T'T".’ﬁn.zn.n.
@ © 22 2
©w © v © 6
F M F MM P

2.4. BRENA KT CAT B REE H/K PRIEER K BE RN
Figure 2.4. The expression pattern of CAT was analyzed by immunoblotting

(A) CAT MEBRFE K 4itk. (B)WB Klipiik4s R, H 6th-24 h PIREARIES. (C) CAT £FR
FE AR . FHAAEH AR EAKTF. ACTBEAASEL. FARKESBIA 7.5%3% 10%.
TRHE=REMEEL.

(A) Prokaryotic expression and purification of CAT. (B) Antibody specific detection, using the 6th-24 h
midgut as the detection protein. (C) CAT protein levels in the epidermis, midgut and fat body at different
periods. ACTB is the internal reference protein. The gel concentration used were 7.5% or 10%, respectively.
All the experiments satisfied three biological replicates.

2.4.5 CAT BiiER 8 ik R RO 4L

CAT E&RMEBEOKFRELHEER, BE CAT EHAEZRSHER, BEF
£ RMIAKT I ? ARIBX —50, 2 FREUA 6 & 24 /et BIEKI5E 8 K3t
AN RARIE AR ER, FIA CAT Mk, B AaBEIiER s CAT EH.

ETEEAXT CAT LZERBRMLBMKRE, W T CAT LERBRILERR
RN, KRLERBRUBHERSHMESHRA LM, LR EATHIRABK
HAR MR I CAT W REAFEBRIIBEAL 124, FASRBB LTI CAT BRIBELIE 1R
B, KRB SHIHEBAKFHE T £F 2B S5B LB I EiR a2
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RERBER, Fril, FEREN T CAT WZ.BbBin, S&REY, CAT BRELELH
e, (BAERENREBMHKTFREZL (B 25A,B).

A kpa Fat body B
72— e

55— —Succ-CAT
43—

72—
55—
43—
72— s
55— kiw —P-ser-CAT
43—

72— ps

55—
43— S R
A I
& & &

1.57 Succ e AC vz P-ser

—Ac-CAT

PTMs/CAT

e
> ®

B 2.5, RAENESTHT CAT KB R /E 151K FREEA
Figure 2.5. The post-translational modification level expression pattern of CAT was analyzed by WB

(A) FABAFEEARRI RS ER, S%8RKE, FARKHERN CAT MAERBERL. 2L
FBEHB AL B . FTRBIKEEIN 10%. (B) Image ) 4t (A) PLEAMBKIL. ZBHLAMBRIARL
BN CAT AL 5K CAT EA&ASHHE. SEBEITERMON. LRAWE=
REHHEE.

(A) Total fat body protein was collected at different stages. After immunoprecipitation, serine
phosphorylation, acetylation and succinylation of CAT were detected by Western blot. The concentration of
glue used is 10%. (B) Image J calculated the ratio of serine phosphorylated, acetylated and succinylated
CAT protein bands to purified CAT protein bands in (A). Multiple comparisons were made for difference
analysis. All the date came from three biological repetitions.

2.4.6 ZRMAMMBNE, CAT EiEEFH

REW CAT LR, RWEURHEIRE B R A RBBALEIHEKFENL, B
4> CAT iEMRBZIRABAABIEE TR ? AEREX—WE, TATEEE CAT Hifik
BRIABAL TR R AL . SEI EBRHIBAL B AP K E S T CAT i 7 N RERIH
ZRR (Lysine, K) BRHIBRILALAS, 22518 K36, K91, K96, K241, K456, K480, K492.

FAIH 5 CAT 7E HaEpi 40/ &+ B3l Rk kL CAT-GFP, F¥ CAT AJRER 7 1N3%
HABRLAL SR E R 2 B R B AR E M (Arginine, R), HMER ESHE RS ELRFH
AR AR, TTLMERL CAT ZREHBHMLIRE (B 2.6.A).

#£ HaEpi MR P IS REEF LR 7 MRBFRL, B CAT M. &R
B, SEARMEE, K96R, K241R, K456R =ANREEG CAT HEEZE L, RH
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AR 15 AR (B 2.6.B). BEfS, RIA NP HAUAREAERD, RRZEFS CAT
HIIRHBEL B RIR AR, SBEBERER, XEA TR BB B KT 225
TR (B2.6.0). XRREAT, Z=AMLAMBRBBABIHRES CAT FBIEMHR, £X
PRI IEEE, CAT BiEHE LA,

BATFN K T CAT EHR A MM E LW, RENTERER, HTE
AR, SREFZFRMAREY P-H3 KFEE LA, RARFAER P-H3 892 fF. X
7> CAT {EPENE SR A T DAt — S {E st g5 (B 2.6.D), 5HRELHER—H.

A
. (iDa Dk?sa
K36 Kas6| [K492 132: e E
—Succ-CAT-
H 72—] =
ad K480 130— : ==
95— e s i
72— | R 17— omm emm o= o= —H3
B
g 2.5 b g 05
520 R4 Zoa- 2
s Tc o '
;1'5 aaa T aa e
fioq=*= - Q .
> =™ il 0.2 b e d
& 0.5 5 0.1 r —
- Q
< 0.0 S 0.0~ :
g i
IS ’ v o € s F s
Rl CE Sl
v v ? «a ’«l«a &0 «4 v. o .
FFENCre ey F ¥ ¥ Or

B 2.6. Kl AT RS UL BRI B L B R ATk
Figure 2.6. Detection of activity and changes in succinylation modification of the mutant
(A) A¥LEREFNNTTRAIIRBBAANLE. (B) HFERUR R REANBEERT. (C) REKIEHEL

B P EE R . (D) RN P-H3 RIEKIW . FTARIKREN 10%8E 15%. ZELBOET
ERSPoN. LRGWBR=ZREDFER.

(A) Possible succinylation sites identified by omics. (B) Enzyme activity of wild type and each mutant. (C)
detection of changes in the level of succinylation modification in the mutant. (D) Effect of the mutant on
P-H3 expression. The concentration of glue used is 10% or 15%. Multiple comparisons were made for
difference analysis. Three biological replicates were satisfied in all experiments.

2.4.7 SIRT5 538 CAT IR 85

CAT 4 AR IABREBEAL K PR, 7T ERINHBLIBERER? RM\ATS AT
%1, SIRTS W] LA 4B B 2 IR Bk i1 A4 CAT BEHIB LB ERET R
SIRTS i%He ?

HFFEPIX— AR, BATE AR T SIRTS 7EE& SR EHE QK TEHREE
. WBERER, EPHMENAEALS, BEH, SIRTS RIAERK, BRI TEES
B H, SIRTS MRXEEZE EA (W 27.A).
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B S, FF RNAi HARTE RIKES dsRNA &6 Sirt5. AT EMTHRBE, BB
HMAMELRHANRIEESD, WBERER, TS5, REAKTFHELIEEET
%, ULBH Sirts BRIIEEPE (B 2.7.B). FIf CAT Pifkxt CAT EA#HIT4L, WB K
WoR, Sirt5 HEFEE, CAT BRHIBMLEEZER, #RFFIBIRES (B 2.7B), XiH
CAT BRHIBAL A X BR i SIRTS £ i,

SIRTS X CAT WI{EH, RERES CAT &R —MEIEBERME? RIT#E—SF A
CAT fyditk, B ABHITRER, SRER, CAT MPUAT LLYliE R SIRTS 5 CAT
g4 (82.7.0).

VA ES5 R Ui B SIRTS A LNEBAE A T CAT, ffH LBRIFHABLE.

A kpa Midgut \pa  Fatbody c
B 72—
26 it _ ——ew=s —SIRTS 55— —Succ-CAT Anti-SIRTS 34—
55— 43—
43— —ACTB 72— : o
34— 55 s CAT Anti-CAT SF%MQ—CAT
43— Soeie
e at body :g_ 55
i-ACT e
;z— B N _sirrs 34— Anti-ACTB 43— ———__ACTB
55—, 26— _SIRTS 34—
43 —— -~ —ACTB 55— Co-IP with Co-IP with
34— 43— —_ACTB kDa anti-Pre anti-CAT
2 34— 43
e M . Anti-SIRT5
@ Midgut Fat body - 0.307,,:0.01 34—
s Q = 26— —SIRTS
PRE] i 0204 = 79—
2 1.0 //{/ 3 0.10 == Anti-CAT 55— ——CAT
= - : & g 43—
5 05 & .t % W
5 I~ . “p=0.01 = 1.2
- 0 S E 0.50] Ssilds <
o
@ 8 W T £ £ & = £ £ 2 040 o % 0.8 b b
3 TE3IFTTES Boznd{ F E 041, a
o] 8 £s £ s 2 x @ 0.0
(4 © © © © S » 0.00- Ve Qe
1 ® R 4@ G SRONBG S
FM F MM ¥ SV Y o

B 2.7. SIRTS 75 CAT £BEHELL
Figure 2.7. SIRTS modulates CAT dessuccinylation

(A) SIRTS EAFN B ERHEAKT. ACTBEANSER. (B) mib# Sirt5 Bl CAT
BRI\, REUCT RAMLIRAMIEHAEA, FIF WB 3 SIRTS B3R CAT KERHBL
RZE. (C) Co-IP ¥l SIRTS 5 CAT REEELE S . SIESHFE MY, HirlEEATE,
FIF CAT $Hifk, @it Co-IP LXK, ##ll SIRTS 55 CAT M E LA . SDS-PAGE KFIKE £ 10%.
RELFRTFHELSD, tRRITEZMER (*p<0.05, **p<0.0], ***p<0.001), £ EHLEHT
ERST . LRHBE=ZIREYEER.

(A) SIRTS protein levels in the midgut and fat body at different periods. ACTB is the internal reference
protein. (B) Knockdown Sirt5 to detect CAT succinylation. The fat body proteins of the control group and
the experimental group were extracted, and the interference efficiency of SIRT5 and the succinylation state
of CAT were detected by WB. (C) Co-IP detected whether SIRT5 was directly bound to CAT. Two instars
of each metamorphosis stage were taken, and the former serum was used as the control, and the direct
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binding of SIRT5 and CAT was detected by Co-IP assay using CAT antibody. The concentration of
SDS-PAGE glue is 10%. The error line represents the mean SD, and the 7-fest analyses significant
differences (*p<0.05, **p<0.01, ***p<0.001). Multiple comparisons were made for difference analysis.

All the experiments satisfied three biological replicates.

2.4.8 20F i&id EcR FEREFRKFE L8 Sirts 3k

SIRTS 21157 CAT :RIFHMAL A, 4 SIRTS LiFZEMT AFRKRETTR? H
T SIRTS 7R E = ERIE, Xk 20E HERR, HRATEZEH 20E K. BAME
PR A REAT 20E B[R] A6 52 RV FBE 06 B AT B R . 4R d Ak RNA, #E1T qPCR £ifll
5K, Sirt5 mRNA R1XEFE 20E RI0R & AR [H] f3%8 inifa 3 o0, FF7€ 300 ng A1 3 h
RFREEIR&EE (B 2.8.A,B).

A4, 20E Gnil i+ Sirts MRIK? & BT Z A ER?

£ JASPAR (https:/jaspar.cenereg.net’) W5 T 3 Sirt5 12 3 F X &5 EcR 1 DNA
54 LR (ecdysone response element, EcRE) (19 2.8.C). 7 B, fEHRETI Eor f5, #iT
q-PCR SRAZI Sirt5 RIKEME . SRERH, SXTEBAME, T Eor 5, EERM
20E, Sirt5 MRIEEWMALSE LT, 8 20E Xt Sires 9 F 2 EcR 19 (& 2.8.D).
B2 XTI A R R [ B f e ?

AT H B A ERI Sins R EE, KINMWET FH ERE W
pSirt5-Luciferase-GFP-His R &5 R KL (pSirt5-LUCI-GFP-His) (8 2.9.E). SUK G EEEFIRS
SEREREIR, M pSirt5-LUCI-GFP-His R %5 i i 5 RFP-His 8B R L S Z A R
Ja, TwRAEEM20E, RABEHKI: WA MRS EcR-RFP-His [Fi L5 4 2 41 il
R, ROCRERGE, HEM20E, FOLBEWHE LA (B 29F). FK, &7 TR
FEELEATI, SRR RBFIR G LI R 5 LG FAKLS RFP-His S8R ILH 5
EHMAE, TRWRTEM2E, HMEFRWHREFRNHRE: REFANS
EcR-RFP-His EHILE L0}, o LLEZE HRIRERAINEE (B 2.9.G6).
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K 2.8. 20E 4% Sirt5 (1614

Figure 2.8. 20E regulates the expression of Sirt3
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(A) ANFEIRPEZH 20E F#%, BT qPCR #Jl SRR BT /& Sire5 mRNA KFRIZNL. (B) FH—RES
[ [ ¥ 20E #18, @it qPCR ¥ 3l iR AE B 4 Sirts mRNA /K F#I2E1L . (C) #R4%% HL Hr3 A Sirt5
JAENF EcRE [FFIRIX . (D) riF& Ecr JG R qPCR #4 A& B Bl & 7 Sirt5 mRNA /K F 1AL, (E)
pSirt5-LUCI-GFP-His #1 EcR-RFP-His /i #1B% . fE % R 77 8= Sirt5 5’ LI#F %)+ EcRE HIf7 & .
(F) Luciferase S246 % R ACSRRE , M E B RIEME. (G) RZENIER M RE AL REE N, 34 Image
VTG . RELZRRZFHELSD, t R REEER (*p<0.05, **p<0.01, ***p<0.001).
ZEUBREITER M. LRBFHEZREVHEEER.

(A) The changes of Sirt5 mRNA levels in the fat body were detected by qPCR at different concentrations of
20E stimulation. (B) The changes of Sirt5 mRNA levels in the fat body were detected by qPCR at the same
concentration and different times of 20E stimulation. (C) Comparison of EcRE sequences of Hr3 and Sirt5
promoters in H.armigera. (D) qPCR was used to detect Sirt5 mRNA levels in the fat body after Ecr
knockdown. (E) Plasmid profiles of pSirt3-LUCI-GFP-His and EcR-RFP-His. The position of EcRE in the
sequence 5'upstream of Sirt5 is shown below the map. (F) Luciferase assay was used to determine the
fluorescence intensity and transcriptional activity. (G) The expression of reporter plasmids was detected by
WB and statistically analyzed by Image J. The mean value of the error line was + SD. Significant
differences were analyzed by T-test (*p<0.03, **p<0.01, ***p<(0.001). Multiple comparisons were made

for difference analysis. Three biological replicates were satisfied in all experiments.
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CAT B R IA N R Ho02, SUBRmEFENS) G RFINO. SALRIEIE Z
MAEBELERR, ERERTRT CAT WEIRGBIFHANSHRE. BEEEHLE
R RADARENEZT X, JUHEIRAB LS T U B I R ER—EE R 1 e
PERR, XFRTIZIRA R SR AR W ThBEFE A B KRR . B AT, CAT REFIEIRIBE
HAZ TR LA BAXFME IR XT CAT ThREMT M HLEL R mi). AP G, RIARERX—
EERSRRIEAFAN R, MIFHBEMFAEY CAT MIhEE, BEM R B
HEEREHAT TR MARLEREH, CAT FEIEHHIBHLIENE, JE L XFHEIRER
SHTHE, BT RE,. CAT MiEtE B, HMmEs R RERMIEHE. SIRTS AR
F& CAT BRIHMILIIEE, FAEHTOKFZ 3 20E 1 EiF.

2.5.1 MEAMALBIFERG CAT FBMFR, (RiMAENTE

YL, AT H0: BHERBIE P A FMEIY, SRERE. &EARMAE
B, SRS, SRATUETS R HLEIERRE . B, RUTEREREUETERY
EEE H0: /T LMENH RME S F, S 5RMBNSFESH FEREIC, H0 5T
M RFRK, REAET H0: KIRHKE, SKEKTFH H0. & 53 Z M4 fET:,
TR BT 8 H20: 1 M5 570 F N SAEBRARE SURE, B0 38 20 0 396 5 R IR s 251071,
AT AL REY, AREH, BER HO0 IREEK: METSH, dkpBkmR
R NRIZL, RO Ha02 R EE T /. MR, CAT SR EUE UK, AT LLE H20:
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MR e e — NIRRT 7 HoO2 IREFH AR, CAT MiiEtM T m, o E
H) HaO2, By 1h XS PR IE R4 47

WAEH, CAT I ZaMm T X&) it AR RUsl, FERR dh i R4S
R, BOKFH CAT fEMEL REHGFHE 4, FHFEEBNMEEMBE, CAT HEK
FRIRIEEBRALT, MEHAATT CAT WEEEN? CHMHIARY, EHAY
, RABBRE, CAT MiEMES AU, HEEERMNWFAS, ZREANARKE
B, ZEBRBRAKTIFREREER. B2, BIRE CAT EREHNEEHN
BRIBL BRI L, RIHIL TR/, ZAH CAT MBSt ImY] 2 T,

ZRIRHBE S, EAEEA SN TOERSHIRE. flin, FTRRA, £
R L ER RS 2 (malic enzyme 2, ME2) A URAEBRHABL LIS, BEMIE, ME2 iEHET
F%; SIRTS #4528 ME2 F L BRHIBL L AR, JF H R & EERG R 3P = 98 SIRTS
5 ME2 fIAHE/ERT, {23 SIRTS 3/ ME2 MEBRHIBLERE, BOE ME2 MBS,
WS S B0 ME2 2> 15 35 3 9 2R R AR IR , I TFT P 1428 SR Bk i 3R < %o 988 400 B o P PR 320
AR 335 4 B 8 B AN PR ) R AR (1), e Ah, SIRTS 3@ 3= Rk AT R LAl 2 (isocitrate
dehydrogenase 2, IDH2) [EEIHEEIL, 2 imtE, HIRATAT4E A it E Lk e
SRR T R LR FR VRS U AR S R T R AU LR, TEAH R 5= % CAT K96, K241,
K456 A NRERBRG, CATHMEEE EF, WM TEHBMLIE NN TS CAT BRETE
(BT 8 AR B R, FF BB RNAI DL Co-IP SEZRUESL T SIRTS ol LLE 45 &
CAT, =Rk CAT MIBRHIBH L& .

AR 4 BE AT AL A5 4 2 Q0 (T 520 CAT RIBSVEMERITE ? BREIBE (LBt SR A TR /Y
HLARAS, TR W R R R A, MM CAT WS . FRABLEmES
WY CAT TEMREATFE R —SHER. W4, AFPEEET T HMIEHBLEZ
MG AL, XU SRR HA SR CAT HEFETE, EEATRTRES CAT T4 E fr
HHEMERAER, XEUFESFETIERERE.

CAT G A S G SRR, £RR BN rmaRy, dEaiksR
ZHARARMENTERE TR, BFdREATEMEEETAHREERE, TUHAERERR
BHMAEIETE, REMARNEERE, MRS AR RPN, FRBR O
ML, CAT BT RIEE 1] LA B BAh 5 SR8, AT (R g7, s hna
EED, ERPRHEERTHUNS®: S5 CAT EHE LG, HEHEHEEE
BT, ATCMERER R R A R R . SN Ca BURE, BB BE
iR IR Z B3], BB IEFE . B RNA TIRLERAE T AR CAT,
AR E GBS L MBIESBIH CAT.CAT £RSHERETHMIEHEG ER
2 BBEHBE AL (4 V8 730 75 Bl I B R gm 48 S 00 R — P RE. W] LS R SRR K
TE R R CAT BEHBEALAE R AL & R 2 MBRVE T K96, K241, K456 RENBER,
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BRI IRRGS, R BB X CAT ThREM AT RE R RS K E T8
. XMHRBEEEERRE SRR,

2.5.2 CAT MThEE X 2| 2 EE Rt EHETS

CAT IR BIE R £ BRI AR ZHIMLE . EXRNCL 0 CAT Bt
AN R RIERBACE W E TS, ZREERBHKPFRIEY. EREK CAT B3N
BB LR AR RATRIL, 5t ARk CAT BEMABE LIS A BE SIRTS 7EFE %
K52 B4 B K 20E 1 1A, %ﬁ 20E f7E 2 it BOE 248 EcR /T Y. 1E
NRAET R AR ALUER: SEMEEBEDBE 2 v HBERE T-1a
(peroxisome proliferator-activated receptor y coactivator-1a, PGC-1a) 4% Sirt5 #3535, 7 H
X FZ W T PPAR a (peroxisome proliferator-activated receptor o, PPAR o)l i3 Z #H
KRZMa (estrogen-related receptor a, ERR o) HIZRAIM, M E 5 20 #5)8 T & B8
#, ERR o TEMEBAERIE SBBE T HTREMNIER L5 EcR £ 20E {5 Silg 24 let:h
LB CAT #iE PEBR B R B 1 /K AT 41, I IR HE 2 B 20E 7E4: KT (115 .
FEARWSCF, ME FHRIT SIRTS 5157 CAT (I ERRIFFFAB LB, B2, REEFE
HALKIBER A T IX — RGBS

EIFREMBEAKTFRERTEREWHAKRIAER . iEeR, falus
REBRESHER, NMEHAEMENAEK. 20E (R RRMEENESTE, 2RER
RSN RERRZ -1, ERREAERAMEKERE, M 20E K PEKERER
ERERIOE B, SRS, BNERBESNBRFESRR. ERH, MERE
HERMEHKERE, NREMEYPHFEBEEE, (RS HNEKRE, SREHHE
WK HEAZRSBEHGE, 20E#E LA, MSRIGESR, ShHFFHRAEDF), B EE
BRI EHAERRERE B 2RO, BERIB LS ik —BEEIBAHEE A T L
B =ZRREATE, ARG GRS R RS B SR EDR ST,
PHAURY, ERRERINBA A Z4T, FIBLIRE T DUE S R 7 K
U8, SRATPURIFIMKAEUU: EREH, S RKERE, RANEREE, I
BLle A IR, CAT RAEFMB LB, BEStEEdK: MEZEN, 20ERE L,
RIERRGAZ, FIENEFRRENRE, CAT ZRIEFB IS, BEM L. M CAT
MR PR LT U3 20 BT X2 ERNRESHEGSHAAZERREEN
Tix.

FTEL CAT fEN—F7E MRS SIS SEM T o RN, AFERET REREE
{ERRIEE, HINRZIBWEEBIG. BRELRKTE, UABRRENEEESEEH
RESBREZE, Bor T Ak FAEREMRBAIRYE, BRI T CAT iEtkigYy
PUEIRIBE 0 T R R B LS ARG IT 8 A EESENME.
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A&, CAT RARHBMLEM, BEHRIK, 27 H0: HRIREFE; HAZ
A, H:0:REFH, 20E &L EcR Lif Sirt5 H1F1%, SIRTS 5 CAT HEL S, &
CAT EWRBFHBLILIEM, BEEH LA, ZBRTEMN H0:, {3t I RE R A4 A

HIE%E, ATIR#BREZERE.
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Figure 2.9. Summary diagram (By Figdraw, ID: PTYIU4ccc9)

4. 20E @it EcR Liff Sirt5 IRIA, SIRTS 5 CAT H#4 &, {f CAT ZRIRMBLEIT, 89S
HET, ERERM N0, RERLBHRRAHSANNE, NTREBRESKE.

Summary: 20E up-regulates the expression of Sirt5 through EcR, and SIRTS5 directly binds to CAT, which
removes succinylation of CAT, increases enzyme activity, removes excess H;O:, and promotes the
proliferation of midgut and fat body tissues of adult insects, thus promoting insect metamorphosis and

development.
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