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BmCecB6 17 )5 3l T B # J A G R G o0, 45 3R B BmCecB6 Wil ¥ 20E PR 47 fTE S 8 F — 448 ~
- 170 X3, ZXINAEETE LR FoxO, E74A F BR-C 45500, AWFFERM 20E Ml T ILS @ #EKF, BR
ILS T iEH5E S HF FoxO BiE . iE—2 %t BmCecB6 HIJR 81 F 4T FoxO £56 (S B 5848, XUEEIG 2 il A6 )
L5 R 20E XF BmCecB6 W17 316 M I WA 228, I BmCecB6 X} 20E [ I 2 /N 2 il 13 7% St R F FoxO 254
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Upregulation of CecropinB6 expression was triggered by 20E in silkworm,
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Abstract: 20-hydroxyecdysone (20E) is an important hormone involved in insect development and it
plays a key role in insect molting and metamorphosis. Recent studies have shown that 20E also regulates
the expression of antimicrobial peptides ( AMPs) , revealing the crosstalk between insect development and
immunity. Silkworm is an important economic insect. The expression of AMPs in response to 20E in
silkworm and the regulatory mechanism remain to be studied. In this study, we showed by qRT-PCR that
the expression of CecropinB6 ( BmCecB6) gene in the fat body was upregulated when 20E was injected into

the hemocoel of the 3™ day of 5" instar silkworm larvae. Then a series of BmCecB6 truncated promoters

FEETUH . TTRE AR (2019A1515011533)

IR —VEH . TEA, B, 1993 44 WEFEHEA, B0, EEME T RO RRERGE, E - mail: 1787685611@ qq. com;
H/NA, 2o, 1988 4F4E, Wkt A, i1, EEPFR TN ER BRI, E - mail: 814322940@ qq. com

** JEfFYEFE Author for correspondence: XR/NEH, L, M, BIFEER, FEMRTMREREETEE, E-mail: dengxj@ scau. edu. cn
Wk H 39T Received : 2022 —05 —27; #32 H ] Accepted: 2022 -08 -23



5 THEAS. 20E FEFREPUHEIK CecropinB6 1 L JHZA 1307

were constructed and analyzed for their transcriptional activities by Dual-luciferase reporter assays. The

results showed that the 20E responsive elements were located in the promoter region between —448 and

—170 bp, which contains potential DNA binding sites for FoxO, E74A and BR-C transcription factors.

Our study showed that 20E inhibited the level of the ILS pathway, suggesting that FoxO, the transcription

factor downstream of the ILS pathway, was activated. The Dual-luciferase activity results showed that the

mutated BmCecB6 promoter, in which the potential FoxO binding sites were deleted, was still activated by

20E. Therefore, activation of BmCecB6 by 20E was not directly due to the binding of transcription factor

FoxO to the cis-regulatory sites in the BmCecB6 promoter. The molecular mechanism of BmCecB6

expression in response to 20K needs to be further studied.
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B AR A 3E I, R MK BRI R
AT YRR, X FER KN EATRA R KR
FERBPERG ., MY R R d 25— B B2
— W A, B e R B2 4k (PRR)
PO - W6 A B R (Lu et al. , 2020)
Fe R AL Z Gt A e P AT B 928 W 78 70 2L
200 D A5 I 200 L BRA T Y A L N B 4 A
G, AR B G 4% PRARAE T L & BUAN 23 AT T8
K ( Antimicrobial peptides, AMPs) 5 & & B %
(Lemaitre & Hoffmann, 2007; Yang et al. , 2021)
200 B VAR S 2 4 A AN R PR T, I B
Al TAELLE BRIMRAHG Y (Haine et al. , 2008)
AMPs & — KB Z PRI T, 2 RS I
RETE R AT S AR R BUH Z A (Makarova et al. |
2016) , THAEDES AMPs (17 A 3 B0 o b R
SFAY) Toll, IMD Al JAK/Stat 2515 538 # 3#F 47 4 45
(Yang et al., 2021), 1990s Toll 3% {4 7E - i
Drosophila melanogaster HH HUIRGL T 3% DI BE Y )
B (Lemaitre et al. , 1996) it TIHFEL31¥ Toll
FESZAK (Toll-like receptors, TLRs) &I, FHHk
R HEZ) T 98 K % 70 7 HLH R BF5E (Vijay,
2018) ,

R T A P 0y . AMPs 1 3R A 32 3
RGP R TET, WEFRRZF (Unckless et al. |
2015) . #ZE (Reynolds er al. , 2020) H1 DNA i
153 (Karpac et al. , 2011) 5. YUHRAF 5 REFFAL R
W TLS K- 3803 22 &R/ 7 R RR I Ak, 3T
B s K7 FoxO B BOTE #E A 4NN, Ja 3h
AMPs F& R ) % 35 ( Becker et al. , 2010; Zhang
et al. , 2018) . ZKEBIHER 20- 2 HMi B (20E)
ERR L E AR EZMITH -, Wi
AMPs BRI FRIK (Flat et al. , 2008; Han et al. ,

2017), BUA WBFSEFRY] 20E AT LU o 3845 IR SR bk
HAEE (PGRP) #EMi Y AMPs i) %3k ( Rus
et al. , 2013; Wang et al., 2014; Han et al. ,
2017), ] DL 33 20E {5 5 38 % b oC W T
BR-C i{% AMPs {335 (Mai et al. , 2017) ,

Bl A B AR 58, TER A HE P2
& BT SE 5E T Attacins, Cecropins, Moricins,
Gloverins . Enbocins, Lebocins £ Defensins 7 > AMPs
KGR 37 ZRHEH P, 580 e 5 B9 50 2 15 2
Y5 (Cheng et al. , 2006; Yang et al. , 2011) , #&
THOEE . DU EMGUEYIX AMPs B R ) #e 5%
05, #E BmCeeB6 . BmceecD il Bmmor TE Vi
BRI ) S g i Bl EEAEH (Yang et
al. , 2011) . 20E XJ 78 AMPs 323k 0 50 K H 4%
FHLRIBF T, Tian 55 (2010) &3 20F 4
T ZR 4 Moricin F1 Cecropin %5 AMPs J& [H ) % 55 /K
o ABFFEXT 20E PR K AU MK BmCecB6 HIZR
KIEATFSE, IFXF BmCecB6 1Y )3 3l T 28 47 K 4 Al
GG WA 3h TP A, LA ik — 2P fe s
B U A B 5 SR 2 [a] B K 3R B A

1 M5

1.1 #F#

AW, P RS, HEERLIHRAE 25C
1°C LA S 5%, 53 4 20 B S5 240 Y 3R Bm-12
HE&H 10% (v/v) JRFIWE (Gibeo) F190%
(v/v) TNM-FH %5 3% 5 (Sigma Aldrich, USA),
16 27 °CHEEIG A R

pGL3-Basic & Kk HL%¢ Y K g 5k 25 /4 A1 pRL-
Null ¥ &2 E R i ik 3k (32 E Promega /A H])
P A B U 3 K 2% B OB 5T T 2% ik E 5T O A A
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pRL-Null 4 A Actin5 #t 5 (A 44 £ i pRL-Null-
Actin5 1 ' 5 2R B H 4 NS BOR ] TG D 248 i o
AR ZEGE

KIGHF B Escherichia coli DHS5 o JBSZ 75 41 it W
AAL S RARA I A F

Phospho-Drosophila Akt (Ser505) HI Akt $t A&
4 Cell signaling technology 23 &l 7= i, Tubulin H.5¢
BEPLIA R HRP ARIC A ILEH0% 2 HRP FRic i1l
PN S [ 3 = RAEYERITSERT,

Wi 7 82 (20-hydroxyecdysone, 20E) A3
Sigma Aldrich A F] 7=, Trizol Reagents &L RNA Hifi
PR G, BRI N U0 EE . R SR KR &
( PrimeScript RT reagent Kit with gDNA Eraser) , T4
DNA ligase, Primer-STAR DNA R & fif ) g H
TaKaRa FAY) TR KIEARA R, LI POLE &
PCR i 7| SsoFast EvaGreen Supermix A 3 [& Bio-
Rad 77 i, Effectene Transfection Reagent Tk 3L 57
EONTE[E Qiagen 2y F] F7 i, Dual-Luciferase Report
Assay System {7 &8 Promega 23 w7 i
L2 ik
1.2.1 20E 4b3Jr sk

20E FER R A d: WG 5 R4 3 Ry,
DAVCER Ve AP i S — % AR AR T2 5wl 20E
TAER (AT 5 ne/k), 3.6, 9 Fl 12 h 5k
SENRIWIAR . O T IR 20E X AMPs 315
M2, BE 0.05, 0.5, 5 Fl 10 pg/3k iy b 3
4, TESE6 h JEHEATRES R ATAL B, JF RIS
SRR 20% LBE 0 IR, A% 5 Sk ZK A AR A
VER—AHE, BRI 3 A E R,

20E AL BEE IR SR K NR IR ZH S IR &R
5 3 Ry, DL 75% WK AT IR R R . I

T, RS BT 8 R B S5 DO SR RIS i i, T
TR B e A PR K th iU S e B 25 A Grace |
WG FFE (Antibiotic-Antimycotic ) Y 6 L # H it
TTRWREFR, 55953 h Ja A 20E {f &0k Bk
5 wg/mL, ALBE4 8 FI 12 h J5 AR G WA 45
DU A ZEAR TR 209% A5 AL FRAE S 3ok R

20E ZLBH Bm-12 2. 7EX 404 K Y Bm-12
AL 3 5N 20E, 2K EESN 0.01, 0.1, 1
110 weg/mL, 4bF 4 8 F1 12 h J5WAEAR L&,
PIANAZFARTL ) 209% TEHRSVE R 3t IR
1.2.2 qRT-PCR Xf AMPs JE[H 1) 315 & B

I AMPs SER B KT, BURTE HiB4)
HABWT AR Bm-12 4, R4 MIQE 5 Fg 1 b 1
(Bustin et al. , 2010) #F 17 5C B} % )6 & & PCR
( qRT-PCR ), B & #% TRIzol Reagent RNA
(Invitrogen) $EBGAFI H UL BHEEUS RNA, &
RNA % PrimeScript™ RT reagent Kit with gDNA
Eraser 127 & %% 5% & L ¢cDNA, 7E CFX96 & &
PCR Y (Bio-rad) Hill AMPs . J#E& EZK InR
20E ZRWI R EE SN T E75a WG, &%
Zhang %5 (2018) Wit ®msly, FAINE 1, XK
H SYBR Green ¢ %€ i PCR i 7 & (Bio-rad),
SN AR Z& M. SsoFast EvaGreen Supermix (2 x )
10 pL, 51 % (10 pmol/L) %% 0.2 pL, cDNA
0.1 wL (FH247T 10 ng & RNA), il ddH,0 Z ik
120 pL, RAFEFN: 95CTAEE 1 ming (95°C
15 s, 55%C 30 s, 729C 45 s) & 40 ¥k; il
ZRTE 65 ~95C ARG 0. SCRE 1 IR, BUCRES s,
LI mp49 (BHHAZEH, ribosome protein, rp49) fE
NS, R 274 (Livak & Schmittgen,
2001) THEFLFFXT R LA,

%1 gRT-PCR 3|#157
Table 1 Sequences of primers for qRT-PCR

A LUEBIIFs) (5 -3")

Targetgenes Sense primer (5’ -3")

TGRS (57 -3")

Antisense primer (5" -3")

BmCecB6 GCAAAGATCCT ATCCTTCGTC
Bmmor GGCAATGTCTCTGGTGTCATGTAG
BmdefB GATTGGATTATCCAGGCGG
BmE75a CGCTACGATGTGCCTACG
BmiInR CCGAACTAGAAGTGTCCCAAGA

p49 CAGGCGGTTCAAGGGTCAATAC

GAACCAAGGACCTCGATCGCC
GCTTTCTTTTCTTCGGTTTC
AACAGTATTGTTCTGATGAGAGATAG
GATGCACAAGGAACGTGAAC
AGTACAGCGAGTATCCGAGCAG
TGCTGGGCTCTTTCCACGA
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1.2.3  BmCecB6 JE 3T ¥ 3 1P 14

B R & g W5 K, M A Tissue DNA Kit
(OMEGA, USA) #h#2FE 4] DNA, #R¥ER &
K4 845 % Silkbase 3. 0 A5 #Y BmCecB6 J& 81 F 1%
G, W AR B WS S FIr s 51, LiE
S\F A ILE 2, TS 4 BmCecB6 _R: 5'-GA
AGATCTGTTCACTCGTACACGGCTCAAAC-3", T
LIFH1 53 38 Bgl 11 B PIAL 81, PCR AR R .
TaKaRa Ex Taq (5 U/pL) 0.25 plL, 10 x Ex Taq

Buffer ( Mg”* Plus) 5 plL, dNTP Mixture ( 4%
2.5 mmol/L) 4 plL, RS (20 wmol/L) %
1 pL, FEFAMHM DNA 2.5 ng, il ddH,0 #h7E 3
50 pL, PCR W Z ¥ K. 94°C 4 min— (94C
I min—58%C 30 s—72°C 1.2 min) x 30 cycles—
72°C 10 min—4°C o , ZBAEHERER Uk BTk A
SR /NFFE 5571, % AxyPrepDNA 1% [
EA G UL AT B Sy i 5 44k

x2 Y HEEIEH BmCecB6 BENTF3IHF

Table 2 Sense primers for amplification of truncated promoters

519 ¥l (5-3") AT (bp)
Primers Sequence (5’ -3") Promoter length
(-1623 ~ -1) -luc-F CG ACGCGT TTACCCAAGTGTACGTGATG 1623
(-1003 ~ 1) -luc-F CG ACGCGT GCACCGTTAGTGGATCG 1 003
(=630~ -1) -luc-F CG ACGCGT AGGGACAGTTTACTTCGC 630
(-448 ~ -1) -luc-F CG ACGCGT ATGGGTTGTTAGGTCGC 448
(=170~ =1) -luc-F CG ACGCGT CCCGTTATCTTGCGCTC 170

. BHSEIRA B 5104390 4 Bel 11 BV & . Note: Shaded part of the sequence was the Bgl 1l restriction site.

1.2.4 % BmCecB6 A [F K & )5 2 F 1Y pGL3-
Basic B4 # (&

et FFRR A4 v N VT Mlw 1 F0 Bgl 11 %} pGL3-
Basic & 8 T # K F1 BnCecB6 J5 3h T %4 (B4
B wt) #EATRCEEY), A3 R B BUE T 16°C
MR, B WAL R A FF R DHS o 3%
Y0, £ amp T VEFN PCR %52, W5 FHIE SRR
AT AYE ARG RA ST T, 4 8
B 20 #4444 4 pGL3-BmCec6_wt,,
1.2.5 FJEERK FoxO 454 17 51 BmCecB6 Jii 31
THY pGL3-Basic T 2H ik

BmCecB6 JA )T L7 1 623 bp XIHAETE 5 4>
A[BEAY FoxO 454175 (TXTTTAY; X-N, Y-C/T),
FHES PCR 1L 1 ~ 5 WIUFHIR AT FoxO
GEOL S A B A SEAS (Zhang et al. | 2018), S|¥)
FFHILEE 3, T2, 3. 4 =78 K HH4E,
K 3 AL IR R RS | et 3 FRE AR
2515, HIAT 34562 FoxO 254 £ 1Y BmCecB6_
AFoxO" FiEFH, i 1.2.4 W5 BB B2k FoxO
454 0 S BmCecB6 i 3 ¥ J¥ 5 4di A pGL3. 0-
Basic, o) 1 Ty 1) 28 A i 44 M pGL3-BmCecB6 _
AFox0"

1.2.6 J3zhrid A

FH Effectene Transfection Reagent gL F &
45 9 B 4 AL pGL3-BmCecB6 _ wt il pGL3-
BmCecB6_ AFox0'” 5 N2 ki pRL-Null-Actin5 3&
Byt Bm-12 4008, #3448 h )5, H20E (1 pg/mL)
ALFRAAMEL 8 h, #1000 r/min B0 10 min A
A0f, 3F L. 0.1 mol/L PBS TEVEANMI, sk
) ) 200 J60 0 XL 1 2R T A A 00 5] 6 A ) XL ¢
SefE, B kB E M ( Flue luciferase,
Fluc) 5 B¢t B (renilla luciferase, Rluc)
HefE
1.2.7 SRl A

0 22 ik VR ik A0 P S BRI ER B, B
#E4T 12% SDS-PAGE, #AJ5 45 &5 11 ¥4 # £ PVDF
R, 5% WENE W k3 3t 1] 30 min J&, F p-Akt LIk
Phospho-Drosophila Akt ( Ser505) . &L Akt Pt 4
Tubulin FUAZRFF LA, TBST ik 3 m =
PUERME 2 h, FH TBST iUk 3 &, /5 H
ECL b2 A6 0] & i AT A O
1.2.8 sk ae

SEH RT3 AN B K AR AR A 3 A
MhST AR SR, B SR S A R A B
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%3 BmCecB6 REhTFFFItRK FoxO £ RHES PCR 3|45 5
Table 3 Primers Sequence for overlapping PCR to delete FoxO binding sites

b B

PCR fragments

51975 (5" -3")

Primer sequences (5’ -3")

BmCcB6_A™" 5 EL 1 F: CG ACGCGT TTACCCAAGTGTACGTGATG

fragment 1

R: GTAATTAATTCAGACTTGTTTCATATACAAATTCGCGTGGTTTGTTG

BmCecB6_ A" Bt 2 F. CAACAAACCACGCGAATTTGTATATGAAACAAGTCTGAATTAATTAC
fragment 2 R: GAAGATCTTGTAAGTTTATCTAAATTCAAACGCGGACGTG
BmCecB6_ A0 BBy F. CGACGCGT TTACCCAAGTGTACGTGATG
fragment 1 R: CAATGCAATGTACCAGGCGAGTATGTGCTTAGATGGGTAGGCGACCTAAC
BmCecB6_ A ™ B 2 F. GTTAGGTCGCCTACCCATCTAAGCACATACTCGCCTGGTACATTGCATTG
fragment 2 R: GAAGATCTTGTAAGTTTATCTAAATTCAAACGCGGACGTG
BmCecB6_ A0 5Bt 1 F. CGACGCGT TTACCCAAGTGTACGTGATG
fragment 1 R: CTCTTGTGCTAGATGCAAACCGCATGTACTGCAGCATC
BmCecB6_ A Fr Bt 2 F. GATGCTGCAGTACATGCGGTTTGCATCTAGCACAAGAG
fragment 2 R: GAAGATCTTGTAAGTTTATCTAAATTCAAACGCGGACGTG

A PV BAREE R M 1 BEUIN 0, TRIZN Bel 11 VI, Note: Shaded part of the sequence was the Mlu 1 restriction

site, and the underlined part was the Bgl II restriction site.

KH3~5AEE, i GraphPad Prism 8. 0 A
R T B BRI T R i, RS RRERD
F (", P <005, P<0.0l;""", P<
0.001) .

2 ZERESH

2.1 20E LEifZK%E BmCecB6 &KL

20E A5 K AW )5 Sl g, E75 J& 20E
PIRIH N EFER , E75 T E75a % 20E M [ ¢
NI (Lietal , 2016), MHAZ AR 20E BN
L, HUS IR 3 KRG B A 5 g/ Sk 1Y 50 & v
20E, @it qRT-PCR U X} 20E 4k # J5 1 %) HUl
i BmET5a JE A 6 06 1, S5 R aniE 1
TNo 20E EHN S, K& R NiiR T BmE75a TE
3h, 6 h BRIk EREE, 9 h F1 12 h Bk vE
FRAK, SXTIEA R EZS (K 1-a), mEm
AMPs B:XT 20E BN, ABFERI T 20E 42
B AMPs %% 5% K S 25 fk, 25 R R B BmCecB6
(BmCecropinB6) £ 20E %55 6 h A B B A9 i,
M K % BmdefB ( BmDefensinB ) Hl Bmmor
( BmMoricin) BIZRIATE 20E AR % B & AR
1t (K 1-b), LIS BmCecB6 1E 1 J5 S2 A6 N

25 20F AP A AR SE A

J T HE 20E (B AL BRI, AR 5T D
TRk Ay A SR R R & B 20E X BmE75a Fl
BmCecB6 /175 5 % F, 45 W & IR ik 2 19 20E
(0.05 we/3k A1 0.5 pg/3k) AHE, BmE75a
BmCecB6 WY¥G TG M5 %A B w1284k 5 pe/k
20E RE % 8 BmE75a Fl BnCecB6 W Fi5 (U
K 2), @A 20E (10 pe/3k) HHtE 48 h 22
i, R B BRY KB Hnk & AR IS,
B FEIT, W0 10 we/k B )™ &5
e TR A AEIAA T . Bk, 435 %4 M 20E
MEERIENS pe/k,

20F AbHREIE R AR 5 W4l H i R PR A4 T R R
BmCecB6 5215 L, AB4 20E & [FAEfE LA
TEBs 350 R W7 1R F1 Bm-12 40 1 h BmCecB6 3 A
723187 qRT-PCR 451 /R 20K 1 6E 18 &5 Ak 35
FERINR A AT Bm-12 4 i BmCecB6 Y% 51 7K -
(K3).

JHRZE 20F AbFHE Bm-12 4 i 14 i F Ak B e B
A5 E T 4 DARMREER 20E (0.01, 0.1, 1
10 pg/mL ARG IR ) AL FE Bm-12 400, 8 h
ARG BmCecB6 (s 323516 M, 458
7~: 0.01 wg/mL 20E ZbEEY) Bm-12 4HfaHr, BmCecB6
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BT N 20 E G AL BRI E75a 71 AMPs ()5 5%KF-
Fig. 1 Transcription of E75a and AMPs in fat body of silkworm larvae after injection of 20E
. H20E (5 pg/sk) HHBIREYRAE, LFE3, 6, 9 F 12 h JFIERNIKRHEL!, BT qRT-PCR Kl E75a (&l 1-a)
FIHCE K BmCecB6 . BmdefB Hl Bmmor (181 1-b) WK, WS EEF A BMHA T 1 49, 7 5B EURHIN T3 B Y
FEREE KT, TR, LL20E BT 20% L BEAL R, Note: 20E was injected into the hemocoel of silkworm larvae (5 pg per
larva) . Fat body tissue was collected for qRT-PCR at 3, 6, 9 and 12 h after 20E treatment. Gene transcription of E75a ( Fig. 1a)

and antimicrobial peptides, BmCecB6, BmdefB and Bmmor (Fig. 1b) was normalized to the internal reference gene rp49. Fold change

was the relative transcription level compared with the control, injection of 20% ethanol, the solvent of 20E.

K2 HESEA R 208 J5 5 44l b i i
E75a Fl BmCecB6 (1% 5t /K F-

Fig. 2 Transcription level of E75a and BmCecB6 in fat body of

silkworm larvae after injection of various dose of 20E
T AR 0.05, 0.5 F15 pg/k 20E G B K A 5
953 RERamahdufis, 436 h fFUERRIARMAL, wit
qRT-PCR Bl E75a FPLHMK BmCecB6 (W5 5k K-, NS
FEHREIRIREE p49, DL 20% ZFEA0HL X} i HR ] — 3
K% 557K 1, Note: Different dose of 0.05, 0.5 and
5 pg 20E per larva was respectively injected into the hemocoel
of silkworm larvae at the third day of the fifth instar. Fat body
tissue was collected for qRT-PCR at 6 h after 20E treatment.
Gene transcription of E75a and BmCecB6 was normalized to the
internal reference gene rp49. Relative transcription level was
the index compared with the control which was injected by 20%

ethanol.

K4 AFHIERY 20E 4B A Bm-12 4% T BmCecB6
R SR

Fig. 4 Gene transcription level of BmCecB6 in the Bm-cells

was induced by the treatment of 20E at various concentration
T TR SR P 20F 2GR 0.01, 0.1, 1
10 pg/mL, 4ZL¥E 8 h J5 AT qRT-PCR &, qRT-PCR
(PN SR AR IR rp49, LA 20E HI) 20% £ BEAL PR Y
XFHEH BmCecB6 5 55 7K} 1, Note: 20E was added to the
culture of Bm-12 cells at the concentration of 0. 01, 0.1, 1 and
10 pg/mL. Bm-12 cells was collected for qRT-PCR at 8 h after

20E treatment. Gene transcription of BmCecB6 was normalized to

the internal reference gene rp49. Relative transcription level was
the index compared with the control which was injected by 20%
ethanol, the solvent of 20E.

fIZeik ICH 284k 0.1, 1, 10 wg/mL 4 20E 13
W3 L BmCecB6 ¥ 533G M, L1 pg/mL Al
10 pg/mL iSRRI E (K 4), BR
1 pg/mL5 10 pg/mL () 20E 23405 BmCecB6
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K3 208 55 B IR AR T AR Bm-12 AUHE BmCecB6 H)ZIA
Fig. 3  Transcription level of BmCecB6 in the cultured fat body of silkworm larvae and Bm-12 cells after 20E treatment
TEeoa, WS WK 3 RIGEBYLIGIIIKRALY, 78 Grace HFILPHEFE 3 h )5, AWK S ne/mL A 20E, $53%4. 8,
12 hJi7, BRI AR ZUHEFT qRT-PCR K BmCecB6 WHE 58K -5 b, LIZCHE | pg/mL 20E 23 Bm-12 4fiffl, qRT-PCR £
IAE 20E ZbFH 4 8 1 12 h BY BmCecB6 %% /K-, qRT-PCR By N Z K A BHIK mp49, DL 20% 2 B kb 3 Y i Be o

rd

BmCecB6 %353 /K 1 1, Note: a, Fat body tissues of silkworm larvae at the 3™ day of the fifth instar was collected and cultured in

Grace medium for 3 h. 20E was added to the Bm-12 cultrue at the final concentration of 5 pg/mL. After the treatment of 4, 8 and

12 h, the cultured fat body tissue was collected for qRT-PCR; b, Bm-12 cells was treated by 1 pg/mL 20E of final concentration.

BmCecB6 transcription was determined at 4, 8 and 12 h by qRT-PCR. Gene transcription of BmCecB6 was normalized to the internal

reference gene rp49. Relative transcription level was the index compared with the control which was injected by 20% ethanol.

MyFeIk FIRUIE HIJCH 22 5, HAE TRk R
20E X Bm-12 Z0 M IE A2 KA — E R, 5 2k
B 4 S 56 R FH ) 206 AR BV N 1 wg /mL, 5
A QL Calliphora vicina g B 1A 240 o v 2 2 B 25
B (Gordya et al. , 2016) A, Bm-12 21 ffd %
A IR EE 206 0 S i A I B AR
2.2 #EE BmCecB6 JAZNFiE S

MRV 20E P55 AMPs F35 (15> T I FEHLHI
fii 7 26 3K {4 Matlnspector  ( http: //www.
genomatix. de/products/index. html) X§ BmCecB6 i
B DXCHEAT e s I 745 B A S R T 2 B, e B
BmCecB6 [ 1. 6 kb J& 3 T X771 NF-kB, FoxO I

EcR., BR-C, E74A % §# ¢ N 1 W9 45 & 17 5
(E5) , AR sk 65 5 R - 45 5 6 TR S 3+
FINLE, ¥ 1623, 1003, 630, 448 il 170 bp 3k
5 AR EE G Zh 778, i BUOG 3R B
SIHTINE AN [ BE 09 i3 2 XF 208 #Y i 1 1% B,
ZERANE 6 iR, K6 s —1003 ~ -1, —630 ~
—1 Al 448 ~ — 1 Jash 7% A B A AR 8h 76
B 255, 1 20E Xf — 170 ~ -1 B3 TS
SETEPER L TR, U BmCecB6 XF 20E 1 ) 2 It
TFAE - 448 ~ - 170 Ja 8 FIX 30, XA EL A
NF-kB. 3 4 FoxO, 2 > BR-C 1 1 > E74A i 5.,

K15 BmCecB6 Jii 811 DX SR 53 R 1452 O F500 2B

Fig. 5 Prediction of potential transcription factor binding sites in the BmCecB6 promoter region

2.3 FoxO RNEEHEIEIE BmCecB6 WK EF

BmCecB6 TF — 448 ~ — 170 J& 3l F X S AFE 75 %)
20E M AT HER 201 NF-kB . FoxO. BR-C Fl E74A

fiini, Hoo NF-xB O B HUPR W S %58 - ((Toll 71
Imd {553 1%) Ry W1, = 5HEY Rk
i F L] ( Lemaitre & Hoffmann, 2007 ) ;
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6 ARFEHEEER BmCecB6 Ji sh TG TEAHT
Fig. 6 Promoter activity of different lengths of the BmCecB6 5'-flanking region
. NEKBER BmCecB6 Ja shF 5 B 7ibedfi A pGL-3 Basic 2k {4, F HE A1 1A& S pRL-actin5 54 Bm-12 41, A T 8L
20E MR SRS SIGE, 7EFEYLE 48 h il 20E ZbBE Bm-12 4, ZbFE 8 h J5 L pRL-actinS A PS5 A A K 8 1 15 30
FUOEEMIGME, 20E i FA5E0N 20E A0 HE 15 6 R I A F XF AU HLfE . Note: BmCecB6 promoter and its truncated

promoters were respectively cloned into pGL-3 basic vector. Recombinant vectors were co-transfected with pRL-actin5 into Bm-12

cells. To verify the effect of 20E on luciferase activity, 20E was added to the culture of Bm-12 cells at 48 h after transfection.

Luciferase activity was measured at 8 h of 20E treatment and normalized to pRL-actinS. 20E fold change was the relative luciferase

activity of 20 treatment compared to the control of 20% ethanol.

FoxO NRJEN ZES (ILS) HhHE B RN T,
TAER KB FoxO B2 5YUIKIE S 0992  (Becker
et al. , 2010; Zhang & Palli, 2018); BR-C fll E74A
JEM N 20E {55 HIR B A 7, EREBEPLC
ZUF BR-C 18# 20 i S8k & Wb A B ik
lebocin F)3%35 (Mai et al. , 2017) . N T BIF FoxO
1555 20E 15 311 BmCecB6 335 VA%:, 1 5ot
qRT-PCR il FoxO MHARIEFBRS R AZIA (BminR)
fFE k7 [ R Sk HI Kt 20E 4035 2 75 I0E K
Bk FoxO, qRT-PCR 453401 7 fis, Wos
20E Ab3S MR gl BRI IA | BAREFR AR D5 1A N
Bm-12 i BmInR W) 3235 FIH, B T 20E 4k
GRS RS (ILS) A, WMiEn
KA F FoxO ARZIHEREAREE R BmInR B35, Xf
Akt BERR AL AT ARG 45 5 B /R 20F 4b 530 Akt
BERRALKF TRE (1818), IESE T FiRrySegm st
20E AT ECILS /KRR, FoxO KB AL M B
G A ¥, 5 Hossain 5% (2013) #1845 R
FHAE

J T HE—2 FoxO BTG 2R S5 20E 530
BmCecB6 % i5 8 ¥, ¥ BmCecB6 J3 3 T X
(1.6 kb) B FoxO i g F JHH & PCR 1Y J7 i1 7
BRIE (Deletion) 2278 5, ¥ 1IE 8 )5 #fi A pGL3
Basic #{ 1, # 8 Bl Bk & FoxO 1 A B pGL3-

K7 20E 4bPHF 3 BminR ik FH
Fig. 7 BmlInR transcription level was up-regulated
by 20E treatment
Hi: 5 pe/k 20E TEGTZ A 5 W4 3 RERLM, 6 h )5
We el R M B AR SR AR AR A0 Bm-12 4R 20
REBRHERE Jy 5 wg/mL, ALFRMFE] K 8 h, qRT-PCR #: il
20E KBRS B9 A 4y BUIR A | BRI SR AR W ¢4 % Bm-
12 4 BminR BY%5 5515 PE, Note: 20E was injected into
the hemocoel of silkworm larvae (5 pg per larva) . Fat body
tissue was collected for qRT-PCR at 6 h after 20E treatment.
Cultured fat body and Bm-12 cells were incubated with 20E at
concentration of 5 pg/mL. qRT-PCR was used to detect the
transcriptional level of BmInR in the fat body of silkworm
larvae, cultured fat body tissue and Bm-12 cells after 20E

treatment.
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P8 208 4bFEFE Bm-12 4fH T Akt BEFER FLKF-REAI
Fig. 8 Decrease in Akt phosphorylation in Bm-12
cells by 20E treatment
7. a, Western blot £:ill] 20E 4ZbFH Bm-12 40l J5 Akt B iR
K5 b, F Image J A4 p-Akt, & Akt F1 Tubulin
AR I BE AL, AROE I 245 p-Ake HIXS T L Akt Al
Tubulin AYHEE, BN p-Akt/ (total Akt - tubulin) , X7 H& ¥
WA K FEEFS € N 1, Note: a, Western blot detection of
Akt phosphorylation level of Bm-12 cells treated by 20E; b,
Gray value was scanned by Image J and relative value was given
by p-Akt/ (total Akt + tubulin) , ie. the relative gray value was
the division of the gray value of the p-Akt bands by the value of
total Akt band, and then by the value of tubulin band. For the

control samples, the final value was set as 1.

BmCecB6_AFoxO"” B ZH 3K . R H W 2¢ 6 K B %
PEHT R FoxO 3 5% BmCecB6 W2 20F 1 PHERY
A, ¥ pGL3-BmCecB6 _ AFoxO'" HIHF Af: 1 J5 5
T HEH AR pGL3-BmCecB6 _wt 55 4t Bm-12 41 i,
RS R G, 4558 B ER FoxO A7 s % g
FPFIEHERA R (E9), 7 U BmCecB6
Ja B FXF 20K {9 0 206 MR J& 3l i FoxO 25 4 3
BmCecB6 Jii 8l ¥ X (=TT B RAE R .

3 it
ERH Y, 20E 5 JH W EVEH, W88 .

AR K B Z 5 (Riddiford et al. , 2003; Zhu
et al. , 2021) , HORERZWIEHE R 20E £S5

K9 B FoxO 255 L mi X BmCecB6 i 8111 ML 50
Fig. 9 Effect of the deletion of potential FoxO binding sites on
promoter activity of BmCecB6 gene
F: BmCecB6-wt #FAE #UJH 8 (1 623 bp) FIZREASHK
FoxO i /5. BmCecB_AFox0' J& 3143 % 72 B i A pGL-3
Basic &, ¥ EH M pRL-actin5 LY Bm-12 41 ff,
FEYLIT 48 hoKE 20 JAE] Bm-12 4RI, 20E 4bFE8 h
J PL pRL-actins NS5 A [ L 9 )53 3 7 5O6 R M i
ko 208 RN 208 Ab B A 6 R BHE PEAH X T 20%
S B (X)) M EE{E, Note; BmCecB6-wt wild type
promoter of 1 623 bp and its mutated promoter with the deletion
of 5 potential FoxO binding sites were respectively cloned into
pGL-3 basic vector. Recombinant vectors were co-transfected
with pRL-actin5 into Bm-12 cells. 20E was added to the culture
of Bm-12 cells at 48 h after transfection. Luciferase activity was
measured at 8 h of 20E treatment and normalized to pRL-actin5.
20E fold change was the luciferase activity of 20E treatment

compared to the control of 20% ethanol.

W K G e AR, 4 AF WE ORI AMPs 1 7 /R
(Dimarcq et al. , 1997 ; Flatt et al. , 2008 ; Zhang &
Palli, 2009; Rus et al. , 2013 ; Nunes et al. , 2021)
WL 3400 e A T 5t 5 I 26 T s g8 3R % G sz A )
oK o SE M R GE B R A B A R W AE
(Benagiano et al. , 2019) . SFlf 40 H P A 9 Je e
RN AEBUE AR diptericin, HATTE 3 &4l UG
20K T A B R SR BT A S R A (Meister &
Richards, 1996) ; JE&YLHi LA 20E Fikh # AL bg S2 41
Mo al DLBE i AMPs [ (1 55 s K (Flatt et al. |
2008) ; AWFFTHIESL T 20E AYALBEAT LIS X &%
BmCecB6 B33k, Wang 55 (2014) A B, Hi4dH
Helicoverpa armigera TEACUA T BV 2 1], BEZE 20E
T B 1GNP IR Awacin, Gloverin
Cecropin VA T B Lysozyme HREMERRIE L
P&, 20E B40G KiE AMPs JE Rk A, R
TR e ARG 5y, e ans S {1 R 48 (Han
et al. , 2017; Han et al. , 2020)
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20E X B UG i RGEAUSEMR, BR T IR A A
e, FL B T v W) B AT DL O 40 M 2% (Regan
et al. , 2013) , £ X kb W 4% B0 Anopheles gambiae
(Ahmed et al. , 1999 ; Reynolds et al. , 2020) . Fir
[t X %t Hyalophora cecropia ( Roxstrom-Lindquist
et al. , 2005) . ENPELUE Plodia interpunctella ( Aye
et al. , 2008) 1M B K Mk Manduca sexta ( Zou
et al., 2005) “FE R AIIHGE T 208 BB
YER. AR EER R, —Jri 20E fedk B Uiy e
FERLI, 4 i B HO i I A WY R SR L RE 05 9
— 5T, AR IR B B T DA A 3 S
HE3B-10 A (3DE-3B-reductase) 1¢#f 20E 7
FETHE, R 3 S e )N (Sun et al. , 2016),
KRR B 5 208 18R K- AETEAH BAE ]
KRR,

20K G 1G5 B A AR R e E T, RS H
AP B AHIE B, AR5 4 A B Ll 4 B — i
RIS L B R, 20E 454 5 i B i K A2 4R
(EcR) FIHSITHEEA (USP) 41U 55 Rk
E, RSS2 AR (BR-C) 1 ET4 7E
IR, R SR 15 S R N ( Baehrecke,
2000), H 2T B0 L) HULH 2 R A RN A 2 210
Ao BIHA A B E B iR, BRES %
FIBCEYR R, AR 208 7K B9 T 0TS
P18 BB S I R A8 285 Y ) Tk A S 30 o (4
YERT. SRI5, A SEF 5T 7R 20E BA Gz 4 i
MVER: Gordya 5§ (2016) & BUAELL 3k i W ik iy
PRANAE D, AR A5 R R RE A8 2 s LA
5 AMPs BRI, TR R JEE 19 050 R R el
GPEI N 5 20K AbFHAT DU 5 A B2l AMPs FE A
¥ K F (Tian et al., 2010); Beckstead %5
(2005) 3 20E LA EcR A 75 20 40 i ik
defensin , cecropin C, attacin A, drosocin 1 drosomycin
MERIE, X B B X H 3 1 4 95 A P 2 51
EPBITERY, XA AR PERE s T R KNS
FRASTR] () P L], 208 18 15 14 0 o 2 1Y) 0% i 3
R,k B R M AR AR B R T LAy 3 2%
(1) HKHT Toll F1 IMD e K e i@, (2) K
BIFIRE R (Insulin) {55545 (3) #KBIT 20E
{55 8 % [N F BR-C 550 H 2 W 4% (£ %,
2019) . Rus 55 (2013) H&H 5w i o A~ A [\ 1Y
BLEI A AMPs B9Z35, — Rl 208 @ i 4%
W R R 5 R Sk R F (BR-C, Eip93F,
Eip74EF, Eip78C F1 HR46) A& 2 N SH W GATA

[AF (Serpent Al Pannier) , #E1MJH#% PGRP-LC ,
i IMD 58 R AMPs 193R35 5 I3 — R AU
PGRP-LC 12 £ BR-C, Serpent Fll Pannier 52 M
—Tha; AMPs 123k, W 2538 i 2 18] 47 78 28 X
B o ZERYERE T AR R WY S KA S h 20E 7]
Phdiat s IMD 5 -5 i 42 5 1 45 AMPs K3k 1Y
PL

B AR ey B R iR (AR 24 T FL3h
YIEIIERE) A s AMPs, 4330 21 il bk B 5 38 5 T
ARG R &R Gek iz ik B A AR E, &
ARG R IE/E R (Lemaitre & Hoffmann, 2007 ;
Eleftherianos et al. , 2021) . 20E X} 46 K 4 555 19 14
T, BREH TR B R S R B ( Systemic
immunity ) , %9 57 7 #F AL BE (Local immunity ) ,
RPsE o B se /i ae wak A gl g, R, S
LR DAY AMPs 77 A Y R S ROV . Fix
VT B 9T A R, Ak W 0 Y R e T B AR A
drosomycin (drs) MILFEE R drosomycin-
like 2 F1 drosomycin-like 5 [)FRI5 0 E AN, Wi {7 3%
15 S WEENR WK drosomycin F1H 1% drosomycin-
like 2 723K (Nunes et al. , 2021) ., RIERIERE
LR AR drosocin 13 3K R AE 75 22 20E {545
(Tan et al. , 2014 ) . ZZ A% 4l 0] 8 % 5 #2225
Wi IR B2 (PRR) F AMPs LR 3R
A BV (Xu et al. , 2012), Mai 28 (2017) A9
SR T PR K lebocin 13235 118325 BmBR-C
74 F BmEts (7%

AHE ST R W 20E 5 5 5K & R AR 0 K
BmCeB6 4215, ¥ BmCeB6 323k ) I 47
FEF 5 Bligfa g F X - 448 ~ - 170 Z ), )3 3h
FIXINTEAER BR-C Tl E74A 45 A 7 52 8 1
AR -, T — 2Bl i X% B X AR
20 1) AR R XL 91 3R I R o M, TR I 2 S
EMSA 457153k #4 BmCecB6 [N %4 20E (5 I01F
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