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WABREPERE:

HF & B EAM (Matrix metalloproteases, MMPs) R —RE IR EHEH
TR ENERAOKER, N THREBAFTEREM, ERRIARIE N L
BE. BRERTESHHHAMNRIER, BTRERERS, EXEREH, 4R
BRI EBEIN, BESRERETN, RARHYREEREVREME. Bai
SRESETSZH FEE 20-52E 8 78 (20-hydroxyecdysone, 20E) i##%. 20E i@t
¥% 24k (Ecdysone Receptor, EcR) {@i#f FirEHRIE, MNMRHAZEFKE, {H 20E Xt
AR E KRENHITR TG R . A5 LR SO L, BF A MMP2 EER A
iR E FH1E & 20E X MMP2 RI& 9112, T BA B a3 &k & 1 4 7P,
FEERSERRAEMRTE REREFHMR, AT REHRATOER.
TR R

B AYE BRI ERS R ERA R B =5 MMPs: MMP2.MMP14 1 MMP25.
iid qRT-PCR RKI MMP2 EERAHIMM b mRIE, FEk ik e 4R X o A KR
#EH. Hl& MMP2 MRIES mEGE, Bl MMP2 EBSREFHREERN, iF
Bl MMP2 ERAHR P SRE. FIARBEEZALERRIN MMP2 EA TR+,
FIF ftk RNA TIRLE R, FibE Mmp2 &5 RBAME . INGIRMAMGE. H
AR, FERPHEERNAERKTE TR, HERNAEREEEORETR, i
B MMP2 NfE4aMEE . EFRMRENEREK R T E e . RIS 2 Mmp2
MEBhFXIEE XL EH#FHEF O (Forkhead box transcription factor 0, FOXO) &4
Joff (FOXO-binding element, FOXOBE, F%l 5’ -TTGTTTAC-3’ ) %1, @it 20E #
BAIUR Ve R BIR S Se Bt — 5l 8 20E B3 EREF FOXO0 Ll Mmp2 EX%.
SGRRBN:

BRI MMP2 A RIETE . Rt R E KR E e &R, B TH
B B4 % 20E Bid# %A F FOXO {&# Mmp2 ¥3%, AREBBRRATHASHIRM
AR, R R RA T B RAEAREE, BFEENERE U NSERME.
XK@i: BRTERE: ERLBREOE; 20-2E8 K8 MRME; ER0%; Bt
KKE
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ABSTRACT

Research Background and scientific issues:

Matrix metalloproteases (MMPs) are a class of proteolytic enzymes which are necessary
to maintain the normal structure and function of extracellular matrix. MMPs are widely
distributed in the animal and plant world and can degrade almost all extracellular matrix
components and peptide hormones such as collagen, fibronectin, elastin, and proteoglycan.
MMPs play an important role in tissue remodeling, but the regulatory mechanism of their
expression is not fully understood. Helicoverpa armigera (H. armigera) belongs to the
Lepidopteran Noctuidae. It is a holometabolous insect. During metamorphosis, the larval brain
will grow to the adult brain, and the morphology will change significantly. Insect
metamorphosis is mainly regulated by the steroid hormone 20-hydroxyecdysone (20E). 20E
promotes the expression of downstream genes through nuclear receptors (ecdysone receptors,
EcR), and thus promotes metamorphosis. However, the regulatory mechanism of 20E on brain
development during metamorphosis is still unclear. In this study, we investigated the role of
MMP2 in brain development during metamorphosis and the regulation of MMP2 expression by
20E in H. armigera, thereby clarifying the molecular mechanism of brain development during
metamorphosis, providing new knowledge on the regulation of steroid hormones on animal
brain post-embryo development, and providing new targets for the pest control.

Research Results:

Three MMPs, MMP2, MMP14 and MMP25, were identified in the H. armigera genome
by bioinformatics analysis. MMP2 was found to be highly expressed in the brain during
metamorphosis by qRT-PCR, so it was selected as the target gene for further study. The rabbit
polyclonal antibody against MMP2 was prepared and the expression pattern of MMP2 was
detected. It was proved that MMP2 was highly expressed in the brain during metamorphosis.
Whole—braln 1mmunohlstochem1st1y showed that MMP2 was localized in the brain. In vivo
RNA interference experiments showed that knockdown of Mmp2 caused autophagy, inhibited
brain cell proliferation, inhibited brain growth, decreased glucose and glutamate levels, and
decreased the expression of glucose and glutamate transporters in the brain, indicating that
MMP?2 is the basis for brain cell proliferation, nutrient supply, brain growth and development.
Using the website prediction, we found Forkhead box transcription factor O (FOXO) binding
element (FOXOBE) 5° -TTGTTTAC-3’ in the promoter region of Mmp2. Furthermore, 20E

stimulation and dual luciferase reporter assay demonstrated that 20E upregulated Mmp2
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transcription through the transcription factor FOXO.
Conclusions and significance:

This study revealed that MMP2 precents the basis of brain cell proliferation, nutrient
supply, brain growth and development. It also demonstrated that steroid hormone 20E promotes
Mmp?2 transcription through transcription factor FOXO, which provides new knowledge for
steroid hormone regulation of tissue remodeling and new ideas and target genes for H. armigera
control, which has important theoretical significance and practical value.

Key words: Insect metamorphosis; Matrix metalloproteinases; 20-hydroxyecdysone; Cell

proliferation; Nutrient supply; Brain growth and development
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Tab.1-1 Symbol description

EREIE FXATR AR

20E 20-hydroxyecdysone 20-F2H 5 57 B

bp Base Pair B )

BBB blood-brain barrier i iy 5%

cDNA Cpmplementary DNA H %b DNA

DEPC Diethyl pyrocarbonate HERM 708
DMSO Dimethyl sulfoxide T HRE TR

dsRNA Double-stranded RNA X RNA

ECM Extra Cellular Matrix 4 SR

EcR Ecdysone receptor W K R Z
EcRE Ecdysone receptor response element LR & A YK e L 2
FOXO Foxhead box protein O XkHEHB O
FOXOBE FOXO binding element FOXO #&& uft

g Centrifugalforce B

GFP Green fluorescent protein HERNER

h Hour (s) /N

IPTG Isopropyl B-D-1-Thiogalactopyranoside 5 NEHAL-B-D-FFFEH
kDa Kilodalton TE /R

MMP Matrix metalloproteases ER&REEDR
min Minute (s) a4

PBS Phosphate-buffer saline BERR L rh EL IR
PCR Polymerase chain reaction REMEARNM
PMSF Phenyl methane sulfony! fluoride p BT (%)

pH Pondus hydrogenii FRBAE

VI
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RFP Red fluorescent protein ARED - 4=

S Second (s) L

TBS Tris buffered saline Tris-HCI 2 i b VA
gRT-PCR  Real-time quantitative PCR i & PCR
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1.1 XRERECR

111 BHREMEBEEMAITHRE

EF &R EHE (Matrix metalloproteases, MMPs ) 2 — & 7K 2 40 jg 4 2 ;|
(Extracellular matrix, ECM) HJEB/KEEE, AR ABMARENY, JLTeeRMH
H i ECM BRIk 28R . ECM R E M AEhA 454, eh (8] 57 2 R A0 2 R IEA B2,
(BB R R M LERKC W, B4 E, MMPs REREREY, @%h
{85k (Signaling peptide region) . BIRKZE#IIX (Pro-peptide domain) . #E{LIEMESEM
[X (Catalytic domain) « 8 [X (Hinge region) « C KigK M4 K E AL S X (Hemopexin-
like C-terminal domain) LA RZEAEIX (Transmembrane domain) FZEHIHRL (B 1-1) B,
B2 MMPs fEGHHESI L FEER, Fln, MMPT7 1 MMP26 SR Z 88X C K
WmRMAREEEAX, MMP23 AFLEREARFLHE, MMP2 1 MMP9 &F #ist
WA S ERRE QIR XEREE, E438E, MMPs RIBILEDR R EMNEHISKHE
REEM 53 N JREE (Collagenases) « JEE! MMPs (Membrane-type MMPs) %7, | R &
€ MMP1. MMP8 1 MMP13, E#AL. I, . V. IXEKEEH. SHEEMLTER
EFEAL. RE MMPs B35 &F BIRE 1K MMP14. MMP15. MMP16 ! MMP24 LA
REBEEBISBEE/LE A (Glycophosphatidylinositol, GPI) ) MMP17 1 MMP25.
MMPs & R 7E LR 45 /i Zat b & e S 01 100,
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. A ————— | T
Sp Pro e s v Caliyie s i

¢
St 1 t f b
SH o R Hinge Hemopexin Strome t MMP3)
SP Pro v GVt s e Stromelvsin 2 (MMP10)
e et | St ; L s
HINER \ \
SI I
( INT P
o 703 Hinge Hemopexin
5 R TR W N — (
Sp Pro e Ciﬂi}ﬁc Fi h,h. & p
S —S
Funn-activated sceercticd M MP
s SR W H Hemopexin &
S R R s b |
Sy
ke insert MMPs
sH i Hinge Hemopexin
SP P Vo Fu £50 0 Catalvtic 3 _
R R S M RS ) s smnted 4
ine MM
SH 702 Hinge Hemopexin INM Oy “
sp Pro. Fu Catalytic ) _ ane® |
CABISE RS P s st 8, P & i
GPl d MMI
SH Far Hinge Hemopexin  GPI
2 P s et S TRl § 7 SRR Tt o A
SP Pro.- Fu Qe Chmlimie = 60 : Wy
B TStk e e S e R ML
[ ¢ MMI
SA Pro - Fu 9209 fcamltic i 0 ) CA ( 1gGHlike

B 1-1 EFR&REAEFKRNEMGEHE
Fig. 1-1 Classification and structure of the matrix metalloproteinase family

¥: SPAE SRR, Pro: HIRKIX, Fu: BHEOBEEUIALS, TM: BRX, Cy: MHELEHE,
GPI: tEEBEABE RS,

Notes: SP: Signaling peptide region, Pro: Pro-peptide domain, Fu: Furin-recognition site, TM:
Transmembrane domain, GPI: Glycosylphosphatidylinositol.
MMPs 7 L EARAIHIAME R, SHMEK . KBS0, il ECM
I, BN BN IR R, HR AR B R, &5, MMPs fI{ER T ECM
B4y AR BRSBTS 1. fldn, I B A p A i ) 8 0 ) R T AR R RaB Y
MMPs {ERF 4, TIEMEERB-5 WH MMP2 ;704 L= A v i kg i B,
Hik, MMPs FE{E MR MRER T RKE T RRIEM, BiHA T TR E MMP fEAI )
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T R RS R A ) s A A A MMIPs I B 3@ PR AR ECM AT B2 0 #4128 JT 1)
MG, RIRERMTEN. MERESLMAERI BRI RIFEER. MMPs BI5£
IERMIETE R H R ESARS, Blin, 7ERRIBEIR T, RAER N A0 LN BT 1 P 2
FE MMPs RIILERZE, #MeEMETRRAINMIIGE TRE. R, EReHRT,
MMPs {57 # RIEAEE R SHREERAMZ T TR UK. K, MMPs
ARG REEEEER, JIA MMPs B REHRIERILS], FEIT RN T 1
2 RS HLHIE,

112 EREMEEMATEL

MMPs & —XKBEHRXBEWFEINRENE, BEUBEERT W, £2NKF L2
R, MMPs BB AN REIEMET, B4 G TEMEN ARG KR FIF
5], RERFEBIGHMING LEEZXREEZNIERP, B4 EE MM R Z MMPs
FEATL, RRESEETSS. FIREGHEPEE ERERIT X “PRCGV/NPD” #Y
RFFFF, & MMPs F IR R 2 [BIAH BLAR BRI EAE I EE S M BHEAMEAK
FRE DR ATARSS M BT, IR BRIT Rl 22, FEX/NE R B S sEE F, B
FFEMIHETE MMPs BIEHEG G4 E, UL EERE, MG MMPsP,
BEAE, MT-MMPs 3 0] LA7E 0 R 9 48 Y BEBR S A, T US40 A B IR 125, B 1 B Hofih
B EKEBE DI EIAT IR SR8 4L, MMPs & 0] LU — Led 38 4 2R Fn 4T ia B v 1 . 1 o,
WETFMEE T LS MMPs 454, (R . HE &R 7 CngmMED tn) bim
b MMPsPel, bAh, —SSHE LGS COnZRmy RO 2R) AR 28 Cln sy i R RE R A%
PO B LU MMPs 8938101270 g iR ME4H 214 & B2 A B 1) 77 Tissue inhibitor of matrix
metalloproteinases, TIMPs) =2 —X5 MMPs HHEERMERRK, TLAEMRIEMNFHEE
90, M MMPs (135 1% . TIMPs 7] LL25 6 2] MMPs BEPEAL s, AT FE 1E MMPs
SHAERDLE G, a7 LUEE AL E0 %] MMPs KEMERS E G, TIMPs A LLTE4E6F
MRS RR R P R EEEH . MMPs FIiELAIIH] & — DN E 2R 8,
RE|ZMARKHELIEM, —5% MMPs 2 7] DUE K P HAt pR 51129). X F g /e A T
PUET 2 Fh7 RECE, Flani@st S5 H ks MMPs 45 & 5803 BN E A 2 BAEEERBY, X
MIEERN T 2MEMFLRREXREE, Flndsih. K8 REMMBEERE

[5.311

113 EREMEBOMERDARTINERARERRIE

ERIHEMAHD, TXREREREZENNER. ERBETEREIETR, BHG
MM R —NERNERE, FE MMPs M EERBPY. R4 H MMPs &35 MMPI
A MMP2, MMP1 #3578 b7 i 4B M SRR B, MMP2 U] £ 53 g 7 44 40 Al P9 REE () P AR
TSR AR TS B A9 73 03], IR MMPs RIA KR AT e SR RRTESKE R, #
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B R E KR EBY,

MMPs E 2 2K B LT RIE—EIhEE. AR, EMHERFZKE RN
B, BRIBMEAAP A TTEE T — RKIEEMI G LB, NRER—&EEA TR
Z W E], FEIX—idfE S, MMPs il i R ETTE B A 2 FUR BHE T (4]
FIFEE R, MM T B EAY. MMP2 8 MMPs KEH—R, T
BHMATHTIBHNREEFEXEENIER, EMEREREERETAFEENEY
B P, MMP2 BEBRFIZZIM A TTMAMEE N R ILRHLUTH, AR E T
EHERME R B ARULA. LS, MMP2 BEERIEMAETTZ RIMM EIER, FH& It
WA BOtAERE S . TFRERY, R MMP2 REAZENS], &SBHETitB ARt
I, #HMEHMERAWNETRKE. HAEKIH, MMPs X #4085 H A4
e /1 B AT WA ME P8, MMPs 7] LUE Bt 2 SR A7E T, A 24 258, MMPs e
FRFRAMANE R, MMREMEMRnES, AR THagaRiEEmEEs. i,
MMPs i 0] LB E 755 5@, (RmEaffAsmsenidess. 4Am, MMPs [@
it B AT 0 AP S A B . R MMPs A2 5 B S AN 5 Bt B
BEfR, MMISIR4IME4EE . AT SR, it RIATEH MMPs 3T #4410
FEMBANEHBERERM, Fla1, MMP2 1 MMP9 X ES 5 RKIERR, BIGH
24 R 2 40 M (AR IR AL AR T MMP3 Al MMP14 X #4240 i B — e RO R4 15
421, 2% F PR, MMPs XL MRMEEAMEEE N REENAER, EHERGAEE
AR, KRR RTE MMPs FIRIEFIBUEREE, BB TIRIcH S L3R, (et
WA EAESBE. ik, WA A MMPs £ R1E I HLH LA EE
%X[M]Q

B 87 MMPs [F#3% RN Z Rz AL, H2H FRE RAEE S MEANFxE
FEHPRET BIER. KAEE S LUAR BEZE F-«B (NF-«xB) FHFHE T HKe
#t MMPs #FREM. TmH, HEFRESREE F-a (TNF-0) FEHHER-17 (IL-
17) AT LA#E I #0E NF-xB B2 3R MMP9 HI%iE. #RETFEIEEA-1 (AP-1)
IR RE T (SP1) ZHFZFRFAILULEEE MMPs ERBE3 T £, WMRBEREEE
. MEFRET YIN-YANG 1 (YY1) F1SIN3 HFiEBEARBERL A (Sin3A) S
57 28 38 BR] - T AT LA St B0 Y B T O 5 M9 SRR T MMIPs RISl [FRY, FEAN[F]RE
LM, MMPs IR RIABSZRHBERRENT, ECM MBS AT LLE RS
AR MMPs BRIAHS, TMi4i i i R = FLER A H0, St o] LUB I BEANFRIE S
WBESRIAT MMPs FIRIE. XEFTHIRAELER, #58 MMPs HFRIAEA F4H 3
R RN, NS5 R ZMAEYFEERES, 8T MMPs B4R RS LK
BE IR H A ST R,
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1.2 BABSEE PR

1.2.1 BBEERH

EHAIMEEHBTA (Protocerebrum, PC) . FhN (Deutocerebrum, DC) /5K
(Tritocerebrum, TC) A8, BT Z — NS EE KM E K, B =AFEH Ak
At (Optic lobe, OL) . B4k (XFREEZE K, Mushroombody, MB) M 4%k (Central
body, CB) , XS & HMNEASRMIIEEILEME, HH8EREBRMIIE, 227
RIZUK#HAT B mizsh®), M R fRBmAE kg RENER. BEASTFEMETT,
RES IR AN E AR . BUERMEE, JFFHB R RAMYIARAE . BERMEE, X TR
R A, B, FREBHEEHEFEE. BadRFIMEZ R0, RTTRaEm
R BB ERREE R, DARENEMAIRENERP, ERAKD EHAX
ERME THREL, Rk REFERF O, ARESRRAEMERP), B
BRUCRAREREREE, Widh . FIAMTTRRZEE, FHiAYRARZMEH,
PUE R A B BT AF K. FREBRMWERGH KRB Z—, SiFAMAT
(Antennal lobe, AL) HIFEMRAFRE R, A2 B RS R, s 1 B A gy a iR
SN FAA BRI EBFZXEENEAC. MERRROAAMTHEMAR, BEA L
JINERAZ 3%, X AHAREATRENS TN BB R AN B RS, SR R SR, R T IR
WINEESL, fAMIES ST BEROWEITH, WFHREY. FHKECE. Ry E i 575
MBS, Fi, il B IRBRMANE RS EER T o JE I R 42
SR B AHE, W TMEH 3 ANMETRIE MR XL o 54 i
LIES B M9, DRI SE R B R BE B vE sl 50, BeAh, TG Riid SEm & LIS b M4,
X Eeph e B BTG IRIR A B, F R AR B R A SRR B AR AT R B R 5 L e ek
BAZ AR 2D 0 RS B RS P8l X U8B B AT DU S B R AN R S HEAS R B uRE, T
HEECHHETA. IMEEBRNRERS, N TERIKEYNELSEEYREAE
AEHEE X, GHFER, EMiES B R poflm RS s s EEsE, 58
e M A RS E. B xEMaERE, BRoREER RN, LLERNA
BT AR AL R A1 57 2R AFE0

ERMHZRFELSKELEFTIRERENTN, X—TEBRIGRHETT
RIZE T M S ARs Rt A T AR O XA AR R A e b Z 0 E B — N,
B 1R B A8 A4 B BRI B R BB B, AT SERAE AR SE . 4 A T
BT M A TR A BGEH (8], FONRE RG] BR824 T Y kR B S AR A6
BN, LM TS R A B T4 ik N & o 5148, 18 & A GriE s 1 R 163,
FE4h MM A LA b, FTMECEAER, HFEFERREA R RFHEMMHE R
4. XL REMETTERRNEA. BN WETTREEEEZEMH, B
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EBHUE M TR AEFRRE, REEFNEEE N, EXZKELESD, 20-2E5KEE
(20-hydroxyecdysone, 20E) #id iz B RERRENAMHIE, RERERENK
B HMIhEESS), Je4h, 20E 0T A5 HABE G S @B EERLS, FHit, BEMER
ZEZFREIBPHBUR AN ERTE, BREETHBTHEHLE. BRAES
Z/NH, 20E EREHRR T HHTIEE RS FHLEIE R R,

Vinegar fly Red flour beetle
Drosophila melanogaster Tribolium castaneum

Honey bee besen locust
Apis mellifera Schistocerca gregaria

B 1-2 ARAE B R fils0
Fig. 1-2 Adult insect brains
E: B fAT, a6, B, B IR, BE. Mmrhr, g6 PRESE.

Notes: Blue: antennal lobes, Red: mushroom bodies, Yellow: lamina of optic lobes, Orange: lobula of optic
lobes, Green: central complex.

122 MBRARMREMRER

MR BEE (Blood Brain Barrier, BBB) BRIt MBIEH REEHARFZ ZIH KA
HAER, AWSET. 2 F 407 KRR ML 2 (8] 132 21168, e L3N 40 #5805
ECM FIFY 2 (#4 F B R F 482 (Pericyte neuroglial, PG) F1E 4 (Pericyte, PC) )
UERFEREE (NEH (Endothelial, EC) ) 91, SRR fufix 57’ B R EH .
F£—E PG HEEEFRAEREEEN LR, RUTHIASImFH EC. B—
2 PG BB EE (Tight junction, TI) , B AR —FMMEARE., WRHEH
oF oot i fR R RN FRT B 7 L HE B Y8 th Y B EShiE S, N FE R LA
BN TR B By G BOAERRE FEREE A B A RS S ), E RN A

6



W AR RSB 2T 18 3

SRR E YR, MLUES gy B E S kR, FEGDREESREEGEDEI
i BRI EshiE R N, AR A KR B IR tRETY.

W R B MMPs 74 I B P i) A R Bt RR h A E B EAEH . MMPs S 54 #F
MR FERER) SERE M, BILEME BM 8 T 3 R AEE Y, S e2mm i 818 FE
REPLTI RHEZMEHHARME S, FEHHYEH (Occludin) « Z FH & H (Claudin)
PRI E KR (ZonaOccludens, Z0) !, T H MMPs fEZ it e o A G R IE X 821
H. i, fER/RREBERA . HeERRERLBITHEERY, MMPs HIFEERE &,
A R R BUM AN R AR . RAE RSN CL R R 2 A SE TSR B AR (b, M RREH
KEEDL, Ak, B A MMPs 165N I i B B A AR B FR R I VE LA, B TR
KIERAR AN, FEREIT IR 1 B A iEle),

1.2.3 WEHARNZ BROER

REHE, 1R —Phia S E BRI A, ZA R4 SR B e 8 19 3 2R YR,
EANGER, GEEET—RIIPREITRE, £ ATP 77, NHAKEHREE, EFHIE
WHVEF MRS, T KM E RgRi, HEEESATERNGEIR, FAYHE
2 5 R H1E BB MR E T B 15 S5 . KT MR HRERK, 2945 A&
BREE TR 20%, 31X A8 15 KB X 1 A B KT AL B R U T ETHEK P R
T, MATRERBORMINGESZM, HIUAFIEEA TR, EENAES . FEENFER
(801, ALt (RAFH ETHE KT 103808, XT4ER KRN B IE 5 DI REFIPP 42 R IR HER LT,
G f) ] R T BERUR T R 2, e e o o o e R PR N, AR, A B
EAEBh MM IS 0% & REFE B (Glucose transporters, GLUTs) A GEREANZHHIBY,
GLUTs fEA—MEBIEED, B ISEEHMARIMEZIAEN. NARREREME
Flo WRYBEISHURIO AR, HEFEFIE AT LR E2)s A i Bh giops s 511821, 4
FAAMRI NS FIRE RS, IAKE I SRS S BUE AT Esz e i E & %
&, XM S AN EERR, BB ZMRIMNE FIREIRSE . By
HAFEHEEARARE, BERFErERETHEE FREEAN SHEENE
12, XF75 M E R BRI, HE LR E = KRS ATP 77 F, X
ATP 5 TRAMAGEEN EZRIE, N THEFEFNAEIIREREE. IPMITEEAN
HRAREZEZXREEMNEAB, AR, £RAEELES, RiBNPmE i
HEMESERY, WEREREEOREERI, BEHEIHICERNRKER D, RNVIE
FIRGE, TN ATP 53 TR ERD, X R AT A EEEW, M ATP
SFREMMAE TGS, SEUAMMIEZEZE IR TR, b R RN 2 R
R AR =P AR R T X B R = AR T s e B0 IX — SR T U B A 4 T o S T
VEIREL, EFFMMA ATP KF, EEEE.
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BRARZ—MEENRIER, BENTREENHFEEER, EMERGEITHE
FREERAC, REES 5P I RAMES . MEEREE R MR LR ML
FHIE R, EIEFERMEE S FIRPRIEEEER, S8 HTME TR XA
FIELT, AR, REMEREZTH mir-263a AEEIETREHIARESEEBRZHKFE,
[P E R MGG E S, ARFTRMERSENER. S2REEM P HEENHEED N,
R LU ZRERTEFR (Tricarboxylic acid cycle, TCA &%) F=AREER. BFH
BEAREES, BERARXAELLES MK FRE, MNBERAZKRIETESER, B
BHEREHREERASE B EWLE P, PEARB/KE KNERIEFEE,
2 80D B B ERAR X K= A AN FIREmT, MITSZIaRkThae: i A B 2 BRK-Fid &
B, 25 K—RIVEERIN, WABMEERN. MEERBEBENSE, R84t
I EEX AP, TR i 4 T 2 B R8RS, SEOARIBESFIF 21181068 /) T B

1921

1.3 20E BFTSEHE

BRMNE LR - INERUBHNEYERR, RZFFEENEE. K, 20E
MRS ZR (Insulin) RPFEZEAEER, P& U F 1R 2002 R R 2% 0 Gk N ATAH B
e, REAEKKEMREEAED. 20E 2 —FIEE BENRERBER, TIZTFETERE
RN, RERSH T R RBHTHR R RS, RHEEHRGBPERKKE . 20E WAL ZIHE
o SR AR & R I RS B TR S AN AR EENE SR RIEM,
ERRREEB A — RIVEN R, BERZEE &Y EcR-USP FEHL BaERER,
Mz B A AR H - 20E AU LU i B AR5 78, i REvs sl (R HEAL 2R 0 e
BEAHEFRMREMGEE, UXHRARSAEORE, FANREHEEE. RARTHER
HARREA, @dREElI0RE, 20E e m B R AaRH™. i, 20E &R
AT RRASITEM G TIEE, NMESIEE, X THEFARARSNERZ
. S B R EEAEN. RBRAERRAEIREFHEEEZNEM, L
R¥% Foxo RIBEERULANENL, AT B HRA &I RE S HABREPY. Foxo &2k
W RET, TR RAKAEMREGRRNERZERRKRE. B RELHE
Foxo BYBSBRACAIERL, B LA Foxo N, MG HEEFEMMIIRE, ATTRME R
R KR FEARBSL. BRAEIEPHBERER -ANERERE, SHEBERLE
FEEF VIR RMHEELIERAL,

20E G4 HME R M R ME RE B REE RBEERPY. 20E M i#E
MARE, ERRIMERFEABEFHNAE, AT RBI K BRI, 1H 20E
B H5REMRNEK, WREMETNEZARL T, BNRATHRRC e TR
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FES24. 20E B AR RAR, ST ANRMEZEENRY, RENERSA
KRR, UL EFEENLEARER, REWERLENIIG, MESE
RV ERRANN EREF, RENERFEEHNRPERREDY,

20E Insulin

PTEN =| P-Akt

& )l P-F ng
FoxO

Cytoplasm

FoxO

FoxOBE-BrZ7 F

Qs 3rz7

CPA

Nucleus Proteolysis

B 1-3 &% A ESEZBEE FRD

Fig. 1-3 The development of Helicoverpa armigera is regulated by hormones.
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1.4 ZRTHPFRBEARAR

gr EFTiR, MMPs B EZEIDIGER/KEAMIE R, AHLVEKRMETEE, H
MMP2 7t B 2R MWK E F e Thae . 1E RV R RE RS WARERE. ACLURREA
SR AL, J8id qRT-PCR Rk HAEMW TS E RER MMP2; @ E B Ry
*ﬁMMPﬁ%n&K?B’JEt S 5 M 5 B B A G 5 4H 2R 4K S UE B MMIP2 £ X R K158 5

HREFHRERRA MMP2 ERPKEPRENEA: BdmlEEREIEs T
MMP2 i B o 8 774 5 18 360 B 52 ) 5 Sl I eR AR R RN 9% 6 R R R & RGuR I 20E XF
MMP2 HI¥%iAE. Bit Ll EsLisE e 20E i@id MMP2 (23R TSN R BN 5
THUE, AFHMESIYIRIEE KB REF AN, AERER RN ER.
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220-RRE RIET L iREREMEEO M 2 A REMSRTSFE
R H

21 5|8

£ B E B (Matrix metalloproteases, MMPs) &—REA/KER. £4EH LA
AR EREEN. MMPs E2 4K LS 3RE. £RERES, MMPs fHiEEHRS S
HARBRYXCRARELR. WA, MMPs 250K RGN KB SEF S FMph
S REN., 4K, DMREMAR. HETMERKRAMEES 7 MMPs {253
MEMRPAE, FANETHEANLEERENERE. XETH, MMPs M EXEE.
R, MMPs 7ER A F{EFIPLHI MR SE 400 T 24,

BERMERERELRE, HRES RMBEITERIEERFEES, BEMKAD
EREERTBHU. EYREREESD, REFREX, $1RPRA4EHETSS 54k
SRPERK. ~BHRMRTRAETEYIRBARPILL, BEZHHETLSE MR
RiEATBCEMAIE . F, CNS FRIERAR REWETTHSBE. AT B il B LRGN
RE KPR A 22 200,

MERR EaffiEAERLESR, BTRATEFRR, RRFHHARRMAR
BRI, T ERR HERTEREFIRT WS Z MR REL. 485 5 DA%
HRHMR B ALRME, HitT7T MMP2 ZRRZSHMKE PRER KRR EB KK
* 20-33 54 YA (20-hydroxyecdysone, 20E) YEF FHIREIHIE.

22 XBRHH
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2.2.1 SR

SERC TR R E R R, KSR, . B, E544E K.
FEAE FNER 2 G S ECH R0, #H4T NI SR, RFFIERE R 25°C-27°C, HFEREA 50%-
70%, FFRLEEEKL 14 h,

2.2.2 SCRKF

Trizol 5. HIFI . HIFIbufferl. HIFIbufferIl. Taq & . Taqbuffer. dNTPs (&
K&, dbFE, FE) ; 59FFHER. WHEBRMA-B-D-LFAMEL IPTG. FHAER. EO
EEINEIF PMSF. |5 HE (T4, ki, TED ; KR 2 DEPC. #H%E
FESERMRARE (AR, E#, FE) ; 5%<ALL-IN-One RT Master Mix % ¥ 35 i 77
& (Bo%, I, ¥E) ; ZHFHETM DMSO. BHi# TritonX-100. DNA FEEUHE .
RNA ##EBAF]. AEREERMAFE (FE=E, bE, HHE) ; 2XSYBRPCRMix
(L3, Jba, FE) ; FHARIGAFI & DNAmarker. BREWXF& (5, L&,
FED ;. EAM. BEEHEERW (REUK, IR =, EED ;. T4DNA EHEME (43t
Y, FEREE, £ED ; RNA BEIHIF. RN TIEE. B marker CGEEL KR,
g gEM, EE) ; rhif 20 CRE, b, ED . ERPEE (GE4R, R PED
BifE#: (US Everbright, M, EE) ;s FMEAEA BSA (ZiERR, BN, TE) .
MiEsE gk (s, b, ED ; 20E (Caymanchem, ZEGRIMN, EE) ; XK
HEREBIREEREIRA & (FEED, HIM, FED .

HAR T E LIRS (HRP) FRICHIEH IR 1gG (P2 44, Jdbsl, #E) ; ACTB. GFP
A1 RFP S5 PiiE. Alexa Fluor 488 £#ifk IgG (FiEHRT, KL, #H) .

2.2.3 SCIO{U %

PCR 1 (MMERHE, B, HED ; gRT-PCR X (HRELPT{XEE, HiZ, #E) ;
A (FZ, T8, TED ; &K Easikic G, B, BED
ElEn (REARE, degt, ED  BK GEEAY, b, $ED . ZIEEER
X CGFERS, L, TE) ; @&EAFE-OHL (Eppendorf, #8HE) .

2.3 KW

231 £PEREMT

7E NCBI ¥ Chttps://www.ncbi.nlm.nih.gov/) FEIA . R, K&, /DNRFE LH
P MMPs KRR E, LGN EERbR, TEMR RE KA P EHR S MMPs KIKFFEEH,
#it MEGA 7.0 TR KEWHIME, BT DNAMAN #HTFFILLST, @it SMART

12
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® 35 (http://smart.embl-heidelberg.de/ ) #E 1T &5 ¥ 3 43 #r . @ id JASPAR W 3
(https://jaspar.elixir.no/) #4783 F4E 600 S R TMI

2.3.2 Hi{k RNA £l

SRR IR R . Bl i fE R, B 1xPBS EREHRASIXKEP. 0
N Trizol R, K LRSHEE, 10000 xg A1AE0 10 min ZRABHEDR, R EBAE
7K BB 5 min, FFMIA 200 pL EATRIZIRS, B0 15min, B EFMARKES
E 10min, 10000 xg ¥ B4 10min, B EE. BEEH 75%28 (DEPC KWR) ¥
%, BRTR 5 min. BJGMA 20 uLDEPC 7K, 7E 65 °C% 14+ T A% 10 min 53] RNA.

233 cDNA R

DASREUAT RNA N8R, A0 2 uL Accu Reaction Mix (4x) , A 6 uL Jc RNA #§
K, BT 42°C, ®F 2 min, MARFEF AN, REETF25°C, 5 10 min, RE
BT 42°C, WE 20min, BEET 85°C, ¥ E Smin, HEHF/RLELIE-20 °CHR
fFo

2.3.4 EERRME

R4 NCBI M3 fEL 1T 54, LIBFA) cDNA IR, &K 2-1 MEBAHER, %X
2-2 IBATREFF, 1217 35 NMEW, 183 PCR =¥

13
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& 2-1 PCR RNk

Tab. 2-1 PCR reaction system

SAVALEA 25 uL
c¢cDNA I uL
ddH,0 17.375 uL.
HIFI 0.125 L
HIFT buffer II 2.5uL

F 54 (10 uMD 1 uL

R 3|41 (10 uM) Ime
dNTPs (2.5mM) 2uL

% 2-2 PCR RIVFER

Tab. 2-2 PCR reaction program

F2FP
95 °C 3 min
95 °C 30 sec
50-60 °C (AR#EF|¥) Tm E#TE) 30 sec
72 °C 1000 bp/min (IRBEFKEZFHE)
72 °C 10 min
2.3.5 PCR = - Mg

¥ PCR 22| 97K B 7K 2 B8R4 200 pL, 2R 200 uL DNA $#2HUR,
% 15s, B, BOREE, MAZBRARITKZE, -20 CERITHE, 4°C, 10000
xg, B 10 min, 25 L3, M 100 uL 80%Z B2k s, F 30 ul 37 °CRE /KB, -20°C
RAF o

2.3.6 qRT-PCR
IFEE IS 1K) cDNA ABEAR, &K 2-3 BLERMIER, DL B-Actin fEARS, 2FEE
Fe#R1E, £ qRT-PCR AT R, FBEIR ct EHITEIE 247
% 2-3 qRT-PCR RNFEF

Tab. 2-3 qRT-PCR reaction program

RRLE & 10 uL
cDNA 1pL
F 514 (1 uM) 1 pL
R 3% (1uM) 1 pL
2xSYBR PCR Mix 5uL

ARG 10 uL

14
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2.3.7 RRE R AHE

R Mmp2 12K 75, £ NCBI MufEL R ET#F514, Ll cDNA iR, B
2| PCR =¥ B B IRy B, M-S A #3482 500 bp 245 B DNA H B
HL 3 pg #3RH7 DNA il PET-32a (+) BikL, 153K 24 iEMUMER, 37 °CE§Y) 1.5 h,
4 CEBIR. AKEEYEA 50 L DHSa BS540+ . =K PCR #1510,
¥ EHAFRET BL21 Bk, SBIMESE%E.

* 24 RAEYMAR
Tab. 2-4 Plasmid digestion system

i) ia & 20 pL
BR (FBD 2pg
A IEE 1 1uL
NI 2 1pL
10xFast 2uL
ddH,0 R ZE 20 L
25 EHEER
Tab. 2-5 Connection system
B R 10 pL
5% A 50 ng
RE 100 ng
T4 DNA Ligase 0.5 uL.
T4 DNA Ligase buffer I pL
ddH,O *NEZE 10puL

B4 mL FRYEEEBUNA 400 mL S FEFEE RPN LB &P, 37°CHE 4 h,
A IPTG, 37 °C#E 5 h, BEBERE.G, B 100 pL EEEABRE LFEFES, F 100
pL 1xPBS ¥ MoV SR, (ENREEORERES, FEMEESIMA 50 pL HELAE
&, BT 100°CHE 15min, BIKBWELRZE, A SMREEQTHE, FEMAER
HkgsfE, BIATRRHREED.

MERBATHEFOFEZ KA RE RGN 1| mL {ERRT0E, EHMEE, £
RENZEERT, 7d 5 1 mL BEE#KLHTHARN, RRMRRLE, 74 /50U,

15
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2.3.8 SEEDEE

HARNASAEANARED. IRNAREAON, 2B R RIRE. R,
FR A2, B 1xPBS EHE RS ZK 2, JIA 500 pL 40 mM #J Tris-HC1 #1 PMSF,
BTk ERSSHK, 8O EE, MASEOLER, BT 100°CE 15min, BRHLE
H. ERAEEER, BEHRERS, A IxDPBS HRIEWIK, JIA 500 uL 1xDPBS 1 5
uL 1 mM & ABEHI7 PMSF, SEU400, YRE&ER EP EH, 4 °C, 3000 xg, L5
min, HU ki&E, BOA 60 uL 1xDPBS, EJliEEEE, A 30ul HELHE, ET 100°C
Z 15min, BRMEEAR, ATHTREER.

R RE A 30 pg M 20 ug, UL 100V BESHTHIK, BEEHEE, HMH 1h,
IOAFE, MMP2 ik 1: 500 ##%, ACTB. GFP Al RFP Hifk 1: 3000 55, 4°CHBE
I, F 1xTBST (TBS FHIA 0.02%f] Tween) ¥EfE 8min, EE =X, MAZH (1L
FHiR1gG) BE, BE=X, A IxTBS (10 mM Tris-HCI, 150 mMNaCl, pH7.5) ¥t
BZ 10 min, BELRIMAEE, EXETHE.

239 RBEAUTF

T Rk, BRIMKAEL, M 96 fLIRH, EFLIMA 200 pL4%Z KHE, 4°CHE
1 h, F PBS M3t 15 min, EEIYK. RN 5%HK] BSA ] 0.5% TritonX-100 £ /9 M
W, LI 200 pL, =F\REE 2h, MA—H, 4°CHE 3d, H 0.5% TritonX-100
¥ 15 min, EEIDK, IAZH, ZEES2 h, F 0.5% TritonX-100 ¥t 15 min, E
B VUK, A DAPI-Fluoromount-G % Y¥ A 7E F, 4 °CFIct&R, & 7T HEBVIKET
TR &

2.3.10 HiFEFiL

¥R 2-6 EEMR, IRSIEHE 37 °Cit 4, MIA 10 uL DNase I 10 pL DNase I buffer
#1300 pL DEPC /K, VBSIERE 37 °C, #HAL 1 h, B ERELE R DD DEPC KA EE
400 pL, 435100 200 uL RNA $#REGEFD 200 ul &5, k% 15s, 4 °C, 10000 xg, Bl
15 min, B_E3E, 400 uL &5, % 15s, 4°C, 10000 xg, & 15 min, BETE,
I 750 uL Fo/K ZBEFD 30 pl 3M LN, IRSIETHE-20°CE &, 4°C, 10000 xg, Bl
30 min, % k&, MO 75%BE6ki, @XFHR S min, B0 20 pL DEPC KiE#E, 732
dsRNA .

16
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2K 2-6 dsRNA # Rk &
Tab. 2-6 dsRNA synthesis system
AR R 50 pL
cDNA 3pg
T7 polymerase buffer 20 pL
T7 polymerase 4 ul,
RNA inhibitor 2 uL
ATP. UTP. GTP. CTP H24uL
DEPC 7K R ZE 50 pL

¥ dsRNA #RZE 500 ng/uL, EEX 60 R 5 #shd, 2 RxtIRA dsGp HMSLIGH
dsMmp2 4, 7E 6 & 6 /BY (6th-6 h) JEHTEE—4F, BRI BES S UL, 24 h [FIEHE
Z4&t, 48 h JRVESTEE =4, RS =4, FESTER 6 h SRIEHSR RNA FIEAKEHA
ENCE L

23.11 HERE RGN

PREX AR ZRZ) 2 mg, BN 200 pL RFR KBS, 8000 xg B 10 min, H E
ERGRAEEE, 2IAFRFNES, 340 nm JE 20 s B 5 min20 s B AR,
TEAEBRNSE.

2.3.12 HHMSERN

FRE SRR 21272 2 mg MO 20 pL BB IR, 12,000 xg HEBL 5 min, B L
& . # 20,000 mg/dl B & FEFRAEMFREN 0. 5. 10, 20, 50. 100, 200+ 400, 800. 1200.
1600 F1 2000 mg/dl FIE G FEIREE R, HUH Glucose Assay Reagent, Blifif. VBSIFIKE
ZER. B S pL 7R EEEMRZE PCR EINA 185 pL Glucose Assay Reagent, B4k
A 190pL. RIBIEEE, 5000 xg BLHHFERBITEZEK. PCR X L 95 °Chn# 8
min, HBERZE4°C. FRZE 4°Cla, HATHE PCRE. BFRH 180 L BIEE—F
96 LIRS, HBRBANEFEEEATESHE, 630 nm WEBLE, THEFRPHE
BFERE.

17
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2.3.13 20E sh{EM ¥R

F DMSO # 20E M 20 mM ##ZF) 2 mM (10mg/mL) , F- A PBS ##4 20 ng/uL.
40 ng/pL. 60 ng/uL 1 100 ng/pL TIFAFEHEL . B 6th-6h B94hH 50 R, AR AH, H
b PO 4 R BIVEST 5 ul/ REH A RR /) 20E, XtHRAVES M R4hH 5 L Splk
B DMSO, 6 h B SURE RNA, HHTERFEEMN, TRAKERELR.
BX 6th-6 h #9413 40 R, S R4187ES 5 pl 100 ng/ul B 20E, 4 AV, 1h. 3h. 6
h 112 h JG UL A ZERE RNA, #ITRREREERN, FER0 AR L .

2.3.14 4MRRELE RN LIS MR REN

73 Mmp2 57 LRSI FOXO 4& M R 7EARY 2000 bp, 2 pMmp2-LUCI-
GFP-His FE 2 fifi.

B 3 pg EHARKIET 100 pl 0.9%KI A /KA, 48 10 pL HZKFET 100 pL
0.9%FIAEFE /K, KB FIRES), IRIL 48h FriE BMEMEL R IR, 72h FAT
RIAMEERT/EELR.

2.3.15 Luciferase 3}

¥ EAFTAL pMmp2-LUCI-GFP-His, # BN FUARMIR L@, Wit 04 s,
H A P4 YL RFP-His, 12 h J52> BI¥00 2 uL DMSO 12 uL 20E (2 mM) 4b¥, H4h
P ¥ 4 FOXO-RFP-His, 12 h JG43BI% A0 2 uL DMSO #1 2 uL 20E (2 mM) Zb#, 72
h GRARESR, BdEO%RZEHTRN Luciferase LK F. B EHFH pMmp2-
LUCI-GFP-His, ##%%| 24 LAk, FEN RN SFR pRL-TK, 4FR[FE F, 8RN
FREAR B 2 R 0 A T R SR

2.3.16 it

R sEiER =W, LKL E KA Graph Pad 9. Image J 1 Ai B4 76, ¢
B HESMESHREEMKT (p<0.05, **¥p<0.01, ***p<0.001) , LHZEEE
HErHARTRRIR,

18
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* 2-7 LRATASIYIFFSIR

Tab. 2-7 Primers used in the experiments

Primer name Sequence (5’ -37 )

Exp-Mmp2-F TACTCAGGATCCTACCCGAGCAATCCCAGACC

Exp-Mmp2-R TACTCAGTCGACCAACACGACCTTTTTCCTCAT

Mmp2-RTF AAAGAGGGTTGAGGCTGACG

Mmp2-RTR AACAACACCACGACGGCTAT

Mmp2-RNAIF ACCGCAATGGTATCCAGCAA

Mmp2-RNAiIR GTGGTGGTCGTTGTTCGTTG

Gfp-RNAIF GCGTAATACGACTCACTATAGGGATGGTCCCAATTCTCGTGGAAC
Gfp-RNAIR GCGTAATACGACTCACTATAGGGACTTGAAGTTGACCTTGATGCC

: MMP2: XP021185411.2; c-Myc: AHN95658.1; WNT: AHN95659.1; B-Actin: ALP73405.1,

2.4 SCIREER

2.4.1 W d MMP2 HEEE

NTEEMBRREI MMPs, A, /MR, BERER. FEMNRXPBEOIKER, &
NCBI $iE EF R 7T RA RERA K MMPs. 7ERRE RERAF RN 3 Ff MMPs,
BHRAD TR LAERE/EEARE 2 (matrix metalloproteinase 2, MMP2) . ZFR &R
EH# 14 (matrix metalloproteinase 14, MMP14) FIE R & B H A B 25 (matrix

metalloproteinase 25, MMP25) ([ 2-1) . @& MMPs R EI, HBER. XE.

IR AR R MMP2 BoA—3%, FEIRFRIAREE MMPs: MMP17 1 MMP25 RN

—X

2'3) o

B JEift SMART 4347 7 #42 dt JRIR . KEMIR K FIBH MMP2 A& A B MMP2
M MMP25, REVWITEMLIREAER, B AR MMP2 A& BRI, MMP25 &
DUF &#ig, (ERMEFRSREOR C mNBEEHWED , M4 RN MMP2 F 2 NEIE
gipiyis, REARE R MMP2 JB TRER MMP (B 2-2) , X417 7 1% P =% MMP
BIFES, RI MMP2 K515 MMP25 fil MMP14 (9—30i%:43 5118 17.8%F1 23.59% (&
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100[—{H.armigcra matrix metalloproteinase-2 XP 021185411?‘
100 = B.mori matrix metalloproteinase-2 XP 004932298.1

AR D.melanogaster matrix metalloproteinase 2 isoform B NP 995788.1
| 89 %——A.aegypri matrix metalloproteinase-2 XP 021704764.1

H.armigera matrix metalloproteinase-25 XP 021185388.2 |

H.sapiens matrix metallopeptidase 17 KAI4068988.1

H.sapiens matrix metalloproteinase-25 isoform X1 XP 024306159.1

100 ——— M.musculus matrix metalloproteinase-25 isoform X1 XP 017172955.1

1001 H.sapiens matrix metalloproteinase-2 isoform 3 NP 001289439.1

99 L M.musculus matrix metalloproteinase-2 isoform X1 XP 006530814.1
49

[ 100 H.sapiens matrix metalloproteinase 15 (membrane-inserted) AAP35361.1

H.sapiens matrix metalloproteinase-24 isoform X3 XP 016883087.1

H.sapiens matrix metalloproteinase 11 (stromelysin 3) AAW65373.1

A.aegypti matrix metalloproteinase-19 XP 001662056.2

Zzilj_amelanogaster matrix metalloproteinase 1 isoform C NP 726473.2
A.aegypti matrix metalloproteinase-14 isoform X1 XP 001651241.1

100 ‘— H.armigera matrix metalloproteinase-14 isoform X1 XP 021183732.2

100;_{ B.mori matrix metalloproteinase 1 isoform X1 XP 012547705.1
100! B.mori matrix metalloproteinase 1 isoform 1 NP 001116499.1

0.10

& 2-1 MEGA7.0 8 MMP RZELR
Fig. 2-1 The phylogenetic tree of MMP constructed by MEGA 7.0

H: FERERERAPLEEIT =N MMP, AEGHEIICHERERE Mmp2. H armigera: 138
#; B.mori: F&; D.melanogaster: RW; A aegypti: RRPBL H. sapiens: B N: M. musculus:
PR BEBLK: MR, XR. REMRRFEH MMP2 BA—3, LELF: fRRERE MMP25
BMEAN—K, Bk AR/DRIEE MMP17 1 MMP25 BA—X, BEA%%: AFU/PREE
B MMP17. MMP2 IR FIRRS H. R, REBMREFE MMP2 BRA—KR3L, KBKE: A
AR AR MMP BA—3, HBL%: BRI, R, XENKREFLH MMP14 1 MMPL R
AH—Xo

Notes: Three MMPs were identified in the H. armigera, with the target gene Mmp2 marked by the red
box. H. armigera : Helicoverpa armigera; B. mori: Bombyx mori; D. melanogaster : Drosophila melanogaster ;
A. aegypti: Aedes aegypti; H. sapiens: Homo sapiens; M. musculus: Mus musculus. Yellow line: MMP2
of H. armigera, B. mori, D. melanogaster and A. aegypti is clustered into one, red line: MMP25 of H.
armigera is clustered into one, blue line: membrane-type MMP17 and MMP2S5 of H. sapiens and M. musculus
are clustered into one, black line: The membrane MMP17 and MMP?2 of H. sapiens and M. musculus are also
clustered together with the MMP2 of H. armigera, B. mori, D. melanogaster and A. aegypti. The green line
is clustered together with other MMP of H. sapiens and M. musculus, and the purple line is clustered together

with MMP14 and MMP1 of H. armigera, B. mori, D. melanogaster and A. aegypti.
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gl | 1 1 H.armigera
3 | |
I IE ‘Z“MC /1 - - HXi “xl ‘HX;‘HX? I matrix metalloproteinase-2

XP 021185411.2

s S w4 = w - )
- 2‘nMc j -ux% x| #x| AH)(I H.armigera
- | | matrix metalloproteinase-25

XP 021185388.2

B.mori
Qﬁﬂc j - XXX HX == matrix metalloproteinase-2

XP 004932298.1

i _ s D.melanogaster
. Q%"Mﬂ/j 5 l Xl HX <" matrix metalloproteinase-2

NP 995788.1
A.aegypti
QZnMc +|x| i
|

x| axp = matrix metalloproteinase-2
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B 2-2 SMART 437 MMPs 251435
Fig. 2-2 Analysis of MMPs structural domains by SMART
¥ BAEXKERREEX, DUF SRR RREER SR EORE C i RSHIR.

Notes: The blue area indicates transmembrane region. The DUF domain represents the C-terminal

transmembrane domain of membrane matrix metalloproteinases.

SR Al R
P Hﬁ TEHEL
I

A 2-3 | DNAMAN Xf##4¢ 52 MMPs &5t 4T text
Fig. 2-3 Sequence alignment of the MMPs of H. armigera by DNAMAN
F: CEFRIFFIRHETERAFS, BEETRFFIRE T RNA TR,

Notes: The Sequences in red boxes are prepared antibody Sequences. The Sequences in the orange box

is the interference Sequences.
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2.4.2 EIFEERMEIIAN Mmp2

AT IFEERSRESREFTSE5MRER Mmps, ¥l T Mmp2, Mmpl4 1 Mmp25
TEEUEHA 6 % 24 /MY (6th-24 h) FIZEEHA 6 %8 96 /BT (6th-96 h) FEfN By FIKF,
RIAY Mmp2 EESHERIE. Hik, % Mmp2 fE AR B (B 24) .

E. 15+ S 1.57 ns [, 1.5 ns
o £
S _— £ ¢ s .
5 s A 5 : .~
@ 10- o4 " L1404 —¢t— ** 2 10 S =
> g’ @ g s ® ®
L ) —® ® [
s s |7 % s
T 5 X Z 0.5- € 0.5 "
£ E
[
& ) s ®
& c L I ?) 0.0 e T -a‘) 00 T 5 g
6th-24 h 6th-96 h x 6th-24 h 6th-96 h © 6th-24 h 6th-96 h

K 2-4 188 Mmps FIEE ik

Fig. 2-4 Genetic Screening of Mmps of H. armigera

¥¥: qRT-PCR ##UE4% P HI=% Mmps EM RPN REMNHIRIZE, EH 6th-24 h RERDME
3, 6th-96h REZFM. FRIVHEZREMFEER, REGB A TEESD, rREOTEEN
EZ5 (%p<0.05, **p<0.01, **+*p<0.001) .

Notes: gqRT-PCR was detected the expression of the three Mmps during the feeding and metamorphosis
stages, and selected 6th-24 h for the feeding stage and 6th-96th h for the metamorphosis stage. The error lines
indicate mean + SD and the r-fests were used to analyze significant differences (*p<0.05, **p<0.01,
*#35<0.001).

2.4.3 MMP2 ) REREA R HiiEH &

TR MMP2 EARRAREKFEHZWL, #lEREREELEDE. B MMP2
H2E 606-778 MR EBFH, TWEY 1 Mmp2 F %5 F, MR EZREB AW EHUR,
REREHERFN, FEREAEIEBRBERSE L, SDS-PAGE flll, RKIE—HUREK
W (E2-5A) , #il%& MMP2 MRIEE ZEE. BEERZEY 6th-96 h AR ER
s, RAGTEREFEIRR MMP2 B8R (103 kDa) AiELE) MMP2 (67 kDa)

(2-5B) , GBI EGR R,
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A B
kDa kDa
- 130 — :
e e -~—— MMP2
130 — 45 103 kDa
o5 — L0 2= s Cleaved-MMP2
55 — 67k Da
72—
43 —
55 p— W . 34 ——
; MMP2 Antigen Peptide
43 — 47 kDa i
34—
6 e 15 —
M 1 2 3 4 5 M 6th-96 h
Brain

2-5 MMP2 HIJRBFGA Al LARBuads e il
Fig. 2-5 Prokaryotic expression, purification and antibody specificity detection of MMP2
F: (A) MMP2 HERELARAL. (B) Hiikfrritiail.
Notes: (A) Prokaryotic expression as well as purification of MMP2. (B) Antibody specificity assay.
2.4.4 MMP2 FERPIEK TR, FERSNAIENN

9T BUE MMP2 FERN ) 2RI, Bl T R B R R U A 4R MMP2 B R IA RS,
BRERE, P, BRI, Western blot SERER, FRKXKEHE MMP2 BRIk H
MR, SHMALMEL, MMP2 £ HIREKFRE (B 2-6A) . qRT-PCR K
FZRIRE T HLURREER (B 2-6B) . XK MMP2 RS R EERBFRIEEH.
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A Ai
KD Epidermis —— Epidermis—— Midgut = Fatbody —— Brain
1307 7 e , —— MMP2 $
72— Cleaved-MMP2 i1]
- g
a3 e ACTB S
Midgut =1
130— =
95 — MMP2
72— 0
$5—
B-Peasaas o3 AcTB
34.—
1 Fat body
B W e e mmemens  MMP2 .
= SUES S Cleaved-MMP2
Q . . 4 =y .
33:? — i s M i st st s ———— ACTE g —— Epidermis — Midgut = Fat body Brain
34—t = 10
Brain : 8
130— ——— MMP2 ]
- Cleaved-Mmp2 2 ©
— - G > <
55— E 4
55—8 p—
43— e ACTB £ 2 e
34— e o e R
& 5 ; : g = : © 'g, = = = £ e = © ;-]
i3y gsdd e 2 3 % % 8 8 2 1%
© i e - = = £ £ = <
& 5 8 & Z © 8 & 8 8 =
©o ©
F MM P F MM P

& 2-6 RETRET MMP2 IRERR
Fig. 2-6 The expression profiles of MMP2 during development

E: (A BRAER MMP2 . RE. BRSSP EBKFRRERN, ACTB N
WESEE, FTRABRIKRERN 12.5%, SMKEIMA S pg EAK. (A Image] X (A) BERH#ITE
B4, RELFR/RFHELSD. (B) qRT-PCR B AR E Mmp2 £ . REZ. T HiER#4
' mRNA 7K HREE K

Notes: (A) The protein levels of MMP2 in brain, epidermis, midgut and fat body at different
developmental ages, ACTB was the internal reference protein. The concentration of the gel was 12.5%. Add
5 ug protein per lane. (Ai) Quantitative statistics of the results of (A) graph by ImagelJ. The bars indicate the
mean = SD. (B) qRT-PCR to detect the expression mRNA levels of Mmp2 in tissues.

2.4.5 MMP2 B TR

ATHRR MMP2 1 AR IELL, B FHIT T RBEHAFL LR, i iEEN
ST, SR ER MMP2 EAEN, ERER, fIEHEEMERGARE, R
B/ 1A 6th-24 h WP MESR] T L EFER N, FEEEH 6th-96 h IRHMER| T KER
Bt (B2-7) , ¥ MMP2 ERS RIEEH.
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DAPI MMP2 Merge

rI) D

: v 1
L
S ©
5 =
L E

200 pm 200 pm
T ‘f
v Y

Anti-MMP2

2-7 MMP2 SEAL TR H i
Fig. 2-7 MMP2 is abundant in the brain at 6th-96 h during metamorphosis

7¥: Preserum: BUME, HERNE: MMP2, {5 X: DAPI, Merge: &3 . A: #iM; D:
HrE; L: ;s P: fE5R: V: .
Notes: Green fluorescence: MMP2, blue fluorescence: DAPI. A: Anteri, D: Dorsal, L: Lateral, P:

Posterior, V: Ventral.

2.4.6 HEMRE Mmp2 BT RABHZ NRBESRE

ATHRFTMRBWAET, BT 8 i HE, SHNEH. MM, N
HRiEAn2h (8 2-8) , RIMMREHIIRSHEIEN, MaEsE THERN,
AR TR RSN BRI B W B3 hn.
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6th-6 h 6th-24 h 6th-72 h

& 2-8 FRIEHSHNEIR BRS
Fig. 2-8 Morphology of brain at different ages

T #— PR MMP2 EE R EFRITIEE, X Mmp2 #ET TR, 2R A4, dsGp
AFN dsMmp2 41, 40 30 R4hH, 6th-6 h yESFE—4F, 24 h FiEg—4r, =%
ME—IRFEGFTIE 48h. 90h. 120 h F| 144 h, VUABFEI MBI FITES « RIVES dsMmp?2
AR dsGfp 4/ (B 2-9A, Ai) , (i a1 FHEK 20h £4 (B 2-9B) ,
dsMmp2 475 26.25%K1%) MFET-F1 32.5% KL BETEIR (B 2-9C, D) , FEHTH 240 )5
REL RNA, qRT-PCR BT E, KU Mmp2 RIEEEE TR, WHTHRT),
BERABERWHEAATA Mmps (B 2-9E) , XKW Mmp2 ERSHRREIEEEE
YER
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A Ai
After first injection for (ym) -« dsGfp - dsMmp2
1000~ o
o
0% —+
£2 o0
e 8
55 W = F
dsGfp % lf“ ; =
Es 6004 ——
- I
s -
w{\’ Al i = 1 ' 1 L
g 48 90 120 144(h)
After first injection
dsMmp2jid E .dsGfp . dsMmp2
w 2.04
] _ns
= 1_54 »» ns
‘zi o .
B € 104 s B ‘}
Phenotypen after last injection o 2 o B TF T
= of dsRNA for 96 h 1(0‘3 2 05 -
5 180 dsGfp dsMmp2 = E .
E 170 e 75 0.0 ——T— T T
e = Mmp2 Mmp14 Mmp25
2 160 8
§ 2 50
o
a1 ; J Death
5140 § E=2 Delayed pupae
~ 3 Normal pupae
2 130 Tem
< dsGfp dsMmp2 Pupation Delayed Dead dsGfp dsMmp2

2-9 FFE Mmp2 0] T 4h SRR F AL
Fig. 2-9 The knockdown of Mmp2 repressed development of adult brain and pupation

: (A 5 dsGp B dsMmp2, 48 h. 90 h. 120 h #1 144 h FERRIEA. (AD #@xEiExt
(A) BMERETEESIT. (B) 4 dsGp M dsMmp2 G iHERILREREl.  (C) 74 dsGp
1 dsMmp2, 72 h FRIHRERR. (D) E§ dsGp fl dsMmp2 EIREG . (E) 15t dsGp #1
dsMmp2, 72 h JGIREU RNA, qRT-PCR 1T TR TF B EE R
Notes: (A) Morphologies of the brain after injection of dsRNA for 48 h. 90 h. 120 h and 144 h. (Ai)
Quantitative statistics of the results of (A) graph. The bars indicate the mean = SD. (B) The pupation time
after injection. (C) Phenotypes afier injection of dsRNA for 72 h. qQRT-PCR was detected the interference
efficiency after injection of dsGfp and dsMmp2. (D) Statistics of Phenotypes after injection of dsGfp and
dsMmp2. (E) qRT-PCR was detected the interference efficiency and off-target detection after injection of
dsGfp and dsMmp2.

2.4.7 WM& Mmp2 S BFNEEIE MK TR

NT EARE Mmp2 {HR E BT 28T 7 R R & A ' BRI KT,
HZRETAREHBESY, BEBENSIRNSERRZHASH (B 2-10A, B) ,
RAERSRKETWPHEERENSERTEYINRAARE . B53T Mmp2 25,
RhAERNEE R SEHEETRE (B 2-10C, D) , ¥ MMP2 5t & & msa
HEERENARER.
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B 2-10 NRIKEHBRUKRT I Mmp2 G A E S NS ERAKT

Fig. 2-10 Glutamate and glucose levels in the brain at different developmental stages and after knockdown
of Mmp2

(A BRARMRNESEKE. (B) BAANENBRIBERKFE. (C) Mmp2 @ik 3
d ERiFHEEREKT. (D) Mnp2 #F% 3 d 5P HEERKTE.

Notes: (A) Glucose levels in the brain at different stages. (B) Glutamate levels in the brain at different
stages. (C) Glucose levels in the brain after knockdown of Mmp2 three days. (D) Glutamate levels in the
brain after knockdown of Mmp2 three days.

2.4.8 MM Mmp2 WBIRMBENG S ERMIBENE. MK GLUT ¥ GT &k

AL RERAIKRD T 4 HEEREKEZEER (GLUT) : Glucose transporter
member 1 (GLUT1) . Glucose transporter member 2 (GLUT2) . Glucose transporter member
3 (GLUT3) M Glucose transporter type (GLUT-T) , 2 AR BHEIZE D (GT)) : Glumate
transporter 1 isform X1 (GT-X1) F Glumate transporter 1 isform X2 (GT-X2) . PS5t
qRT-PCR LXKl T HE RN A ERFEEOEREHNESHNREE, RI Glul.
Glut2 1 Glut-t TEAS R P ERIE (B 2-11) , THFI Mmp2 ZJ8 Glutl, Glur2 F
Glut-t WIREEETR (B 2-12) , 5T Mmp2 SBEEFIKTFRE—2, #75
GLUTI1. GLUT2 M GLUT-T 528 &AMAE <, M GLUT3 &M ARRIEEN.

Gt-x] EXBHRPBREBEERRIE, T Grx2 EESHRTRAE T REBRNE
AR (B 2-11) , T Mmp2 25 RE Grx2 RIEE TR (B2-12) , 5F
P Mmp2 Z JFBEBRKFE TR, ReNTHAERTEL GT-X2 HiZANB, el
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Glucose transporter member 1 Glucose transporter member 2  Glucose transporter member 3
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Glucose transporter type Glutamate transporter X1 Glutamate transporter X2
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B 2-11 BUR IS+ A RS E RAHREKT

Fig. 2-11 The expression levels of glutamate and glucose transporters in brain during the feeding and
metamorphosis stages
iE: gRT-PCR RAMRHIMESHR P AR RN R EEORRIEAKT, KK 6th-24 h A
KIRH, 6th-96 h ARETAM.
Notes: QRT-PCR to detect the expression levels of glutamate and glucose transporters in brain during
the feeding and metamorphosis stages, and selected 6th-24 h for the feeding stage and 6th-96th h for the

metamorphosis stage.
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Fig. 2-12 The expression levels of glutamate and glucose transporters in the brain after knockdown of
Mmp2
¥¥: qRT-PCR Ml Mmp2 &5F% 3 d G A ERANE G ENRIEKE.
Notes: gqRT-PCR to detect the expression levels of glutamate and glucose transporters in brain after
knockdown of Mmp2 three days.

NT EARE Mmp2 EH SBEERAARBRIEHZEA S O, AT Rk
HEH H3 (P-H3) MMEMXED 1 88 3 (LC3-1D , FEJyP-H3 M LC3-II 4+ 5l1ER
IR EA AN R BN, RibE Mmp2 J5, LC3-11 38/ (B 2-13A) . MK, REf% Mmp2
J& P-H3 BEIK (B 2-13B) , R Mmp2 Xt iE 40 Mo A RE 1 B R = 1.

BE SR T S FEA SRR Wy o-Myc FIE W CEER Arg8 RiEMZEML, GRER
Tt Mmp2 J5 Wnt Rk TWE, T Atg8 RILHM (B 2-13C)  XEHIRRH Mmp2 £
g e EL A5 {1 a3k P 200 R 1 A RN B 40 B B MR I ThRE, 3R9R Mmp2 {RZESHBUIGTE, ™
AFZMEEHRNSEREEED, #MESHEHNASERENR T, ARKEKK
BRUEFRMRMERMES.
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B 2-13 mfIK Mmp2 i1 40 T IF 51 4 B M
Fig. 2-13 Knockdown of Mmp2 repressed cell proliferation and caused autophagy

H: (A, (B) RZELEERI LC3-11 M P-H3 B2 k. (A , (Bi) @il Imagel X} (A)
M (B) EBRERH#TERL. (C) qRT-PCR W Wnty c-Myc 0 41g8 HIFIETA .

Notes: (A) and (B) Detection of changes of LC3-II and P-H3 by immunoblotting assay. (Ai) and (Bi)
Quantitative statistics of the results of (A) and (B) graph by Imagel. (C) Detection of changes in the

expression of Wnt, c-Myc and A1g8 by gqRT-PCR. All experiments were repeated at least three times.

2.4.9 20E %1t FOXO Hil§ Mmp2 ¥ R¥E

AT EH MMP2 EESHRAERMAS-FHLG], ER E#1TT 20E BERB
256, FKN20E REBTERENEE. TRERExR, NERYHES 200 ng. 300
ng M1 500 ng #RFENI 20E6 h J5, Mmp2 MRZEHLH LR 8R4 HEH 500 ng K
FERI 20E, BRI 3h. 6h 0 120 2 )5, Mmp2 FIREE LS HiE (B 2-14A, B) .
IXUEBA 20E W5 LA Mmp2 B3R T H4ETFHL T 20E H% 24K Ecr M % F Foxo,
HEM 20E, RUMETIH Ecr 1 Foxo ZJ5, Mmp2 HREERZE TR, #H—PUH
20E i#id Ecr Ml Foxo b Mmp2 ®i%& (& 2-14C, D) .
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Fig. 2-14 20E up-regulates the expression of Mmp2

(RS
Y+ -
H

Wk f%& Foxo J5 Mmp2 BIFRIXKF.

Notes: (A) qRT-PCR to detect the expression level of Mmp2 after worm injection of different
concentrations of 20E for 6 h. (B) gRT-PCR to detect the expression level of Mmp2 after time-treated for 1
h, 3 h, 6 h, and 12 h after larvae were injected with 500 ng 20E /larva. (C) gRT-PCR to detect the expression
level of Mmp2 after knockdown of Ecr. (D) qRT-PCR to detect the expression level of Mmp2 after

knockdown of Foxo.
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(RIS B SCHRARGE IS 20E it Eor 8% Foxo #3P%, HtA SRR T FOXO %t
Mmp2 WIFER 8. Bid JASPER Mus 8t Mmp2 B 5° LiEF5l, Bl FOXO &4 7T
## (FOXOBE, ttgtttac) , TME] Mmp2 115’ LiERFFIX &8 £/ FOXO & DL A,
Hep, K3 tgtittc FHE4Y B Brz7 B9 FOXOBE 45647 AU %1 tigtttac ARACUEEREDOS, HER
FOXO & Mmp2 ) LI FHET (B 2-15B) . AHAHET pMmp2-LUCI-GFP-His #
EFRL, [T RE FOXO-RFP-His ([ 2-15A) . M EBHR & L4 B 7R FOXO-
RFP-His 7E 20E 3% F £ ¥ pMmp2-LUC-GFP-His #%%& H LUC-GFP-His %k

(B 2-15C) . BEAGREEELRERE/R, £ HaEpi MR PILFIX pMmp2-LUCI-
GFP-His 1 RFP-His, DMSO #1 20E £ ¥ T #& A/ ] LUCI-GFP-His 1% i&; {BE
HaEpi Zif & 3tk pMmp2-LUCI-GFP-His 1 FOXO-RFP-His Z /5% T LUCI-
GFP-His 1315, TiH7F 20E 4 #E T, LUCI-GFP-His XA EZEH M (B 2-15D) .
XEEHERY, 20E @id FOXO i Mmp2 K%,
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" H.armigeraBrz7 -ssT TGTTTAC g5
RFP,
luciferase & FOXO-RFP-His] H.armigeraMmp2 -1 1GTTTTC 560
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. & 10 b+
The 5’ upstream sequence of Mmp2 (_'? %
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B 2-15 FOXO B2 20E % 51 Mmp2 3%

Fig. 2-15 FOXO significantly increased 20E-induced transcription of Mmp2

#E: (A) pMmp2-LUCI-GFP-His 1 FOXO-RFP-His FiRifFRI EiE . (B) #48 ® Brz7 1 Mmp2
JA3)FIX FOXOBE FHILLE. (C) MFEHEMR G LRGN S FOXOBE FHIMHEFREE. (D)
B EIENERFE 20E 48 T LUCI-GFP-His fIRIX. KA Image ) A SR BEAT ST 204 .

Notes: (A) Plasmid mapping of pMmp2-LUCI-GFP-His and FOXO-RFP-His plasmids. (B) Sequence
comparison of FOXOBE in the promoter regions of Cotton bollworm Brz7 and Mmp2. (C) Dual luciferase
reporter assay to detect transcriptional activity of FOXOBE containing sequence. (D) Protein western blot to
detect the expression of LUCI-GFP-His by FOXO under 20E regulation.

2.5 g

YIRS KB FR NS 24 R X S . ASCR K EREBUER 20E 7]
PLB T FFF FOXO 23 MMP2 fIRIA, MMP2 DL /K 840 i 712 B iR K # 4
MulEER:, ARAEKRERETEYE, NNy HEREgeTE, MAREESBEEHE
ZEEANSEREZEAQNN, TUESHESHEERNSERAM, MM EEN
BEFRYRER, RERAOABBENEKEE.
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2.5.1 MMP2 35 iRl R v 6)

MMP2 B —FERERBEOR, 252 MHLH ECM KIKM#E, N HReEL
FR G264 T TR FEA AR, MMP2 AT DA4ERF ECM B IE¥ 5/ A IhRE,
FE ECM B2, BERERZE. BEREMMEENGHARRNMBER T P AIEEEE
AP MG BB R R RERELRET, BRSSP ERET BRI,
oA B I RE AN K A AR PR B AN R T A A A I AR, O B 3 0 ) R
FR) B fgp AN TR R PO B 2890 . 2 f ) 5 5 FR) BE A T LA A RIS AR BE 2 1), R OK 32
AT, filtn, ERBRSKELESD, MMPs BE% 8 /K WE4H M40 L 5 v 4B H 3G 7
Hefftas (U001, ZEAFHE RN W AR T A rh B BB USSR, BA S HEMETE 98 MMPs
AWK, DL IDGH M a2 (RO, BEFUEREE, MMP2 MR M4IMIE R B X E
By, HEDELEI AT R MMP2 [EA2 ECM, FABMIR ERM, AT o 20 Rl 33 58 FH AR A2
KRB RACEEUCL, AR SCRBT 7t K IT I Mmp2 5S040 A GEHS 5, i8] MMP2
] LAORFE M A R B o RO ZE IG5, MMPs 383 7K % 400 g (8] 25 157y fill 400 B 160 B 4R L = ()
R TV h REE S T B A TR <P

2.5.2 MMP2 MR BYE S 144

R REEFMGMEERIE, ARFELNERE, . BEORMEEERS
TG E S A BB N de ik Re &, RAEIRSEREREE D T EE R AN
MG FERE T B m 28 WA SO AL, AT LLLURE L R g
5 EAUL A S A R AE R BT R sh U R 7= MAE T M & R DB, i
(18 &7 08 2 BB B /M LR S R IR LR 50 . B AR A RE LM, aiadhy
B BV BN S ahiE e, (B By IR, FEREEB T MR E Ao
BERABTIO, MMM E BT GLUTs RIEZEQ UMY B RELME SIS
iz . ASHT SIS B RS W A & R KT 0, [FRF GLUT1 #1 GLUT2 %
EEWMBM, M Mmp2 W3 300 5 & 5K Glutl . Glur2 Ml Glur-t #3232
NEE R E GLUTI. GLUT2 Ml GLUT-T H#EBWTH. AMAEERM, HETIH
Mmp2 FHNMMIETEZE, FEREBW, RN Gl R Gluw2 FRIEE TR, Ui
Glutl+ Glut2 FI Glut-t WA B M4 g S N . X teg RREAS S RIEN
MMP2 {R5%E 7 i ZEM 5, MM T GLUT1. GLUT2 #1 GLUT-T fIRAE, ¥m7T
HERENFE N .

BEERT LAF BT E I AL, TR KA SRR BT RAfE R R
HEEEHZELIN. i, RERERN P EEZNBAMREYR, £EEEIEN
BT AIRAEEEIYS), #EERIET GDH, —MREELSEBRNe-KG B, BE
H o-KG N TCA #EIFT=4E ATP, A AR ALae &0, SR, K@ it i i 52 b
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BN A RRBC, b i A SRR 32 2% el i #2215 5 400 B 10 3 28 W AR A s 8 1Y
TCA &3 7= 4 Ha-KG 7E GDH {46 T 4 s i) BF 5T R B fEAR 44 R R I 7 #F GDHs,
Ho' GDH FEAWMBHFHEHNTH I EEE, BABRERELA-KG, 1
GDH-like M F EAMIAN PN AR EHRE, HZF) 20E HIEMRZE, Ea-KG HERK
BEE, NEMKEFHIRERAEINCY, AFARZIRE BTSN AR R
KGN, ER GT-X2 RIEEWIEM, TTH Mmp2 NS+ A EE/KEH GT-X2
R, IRABRBRYTUN GT-X2 HZ 3. dETH Mmp2 S ESUIRNARIETHE S,

FE GT-X2 MRIXE TR, U GT-X2 MREEEZMAMIEEMEMK. FHFTLKIN
LA AERMIENEE TAEREEED, WHESHNFHAERR MU GEHE
PR SRR, ARSI Mk LN .

2.5.3 20E it FOXO {8 Mmp2 REEF

H AU T Mmp2 #REAIMER D . AT, Mmp2 BIHEFZEMREHE T
MAEKREFHIER A, TNFo A IL-17 i@id AP-1 #1 NF-kB IE @RI B MMP-9 #
R, HBREFHEKRMSEERNEA 2 (GLI2) HiE MMP7 R A LA £mR %
HiEg Y e RE T, JH 1 20E G2 HhATE 5] MMPs % S R I (A 1 A AR 35 0 R B B[],
EH R-HFEANL TR, Kr-h] 5 JH {5 50%] MMPs 53R AENT A41M 73 5, 24 JH 7§
FE P&, 20E @@L E75 F0 Blimp-1 {233 MMPs % S RIBERI A 73 55251, KRB R
ZKEBEE 20E ReiBil It 3R K F FOXO 7E# /KT L3 Mmp2 fIRIE, X RHA
AH MMPs I FRERRFIRE T 5%,

2.6 ZEREBIFRES

RBRSEEY, REFBE 20E BEHEXEF FOXO £ MMP2 &Ik,
MMP2 FE AL T3 . MMP2 452 3 7K ik 40 i [] 2 o PO PR A 400 B () 22 42, 39 i (9 ]
YR, ARSI AT, SNSRI RREEN RS, BEEZNEE
MANRZBEN S, BUEMN T AERIER, ANNEKKEREREYR, T+
BB R MG M E R AN ST, RERETASRELEPIHNEKKE.
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1. R¥ MMP2 TE RN AR R ERIE.
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Fftes.

3. 20E i8I #% A F FOXO {23 Mmp2 #%3%.

20E

Glucose Glucose ' Brain t Brain t
<« Glutamate < Cell Proliferation €= Plasticity
Glutamate
Transporter

& 2-16 20E @it MMP2 {2t A MR & 17 F UL

Fig. 2-16 The hypothesized mechanism of MMP2 expression and function in brain development

¥: 20E @id {2t MMP2 RAERREMK T, MTEMERSRE IR REHMMEME
FRORIR AT
Notes: 20E promotes brain development by promoting MMP2 expression to give brain plasticity for

cell proliferation and nutrients supply during metamorphic development.
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