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Research progress on insect growth-blocking peptide
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Abstract .
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( College of Plant Protection, Yangzhou University , Yangzhou 225009 , China)

FENG Cong-jing

Cytokines have played an important role in environmental adaptation, growth and development, and im-
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mune defense in insects over the long evolutionary period. Insect growth-blocking peptide ( GBP) is a cytokine originally
found in Pseudaletia separata, it can delay pupation of the larvae. Recent studies have verified that GBP is a kind of dual
growth regulator, which regulates insect growth and development, insect immune and stress responses, and balances humor-
al and cellular immunity by affecting insulin signaling pathways. In this article, the functions of GBP involved in regulation
of insect immunity, growth and development were reviewed, and the future research direction and application were prospec-
ted. The results are helpful for understanding the physiological functions of GBP and revealing the molecular mechanisms of
insects to maintain the organism homeostasis.

Key words: growth-blocking peptide; cytokine; growth and development; immune response; physiological bal-

ance

TE FAR S, B HUIH G 22 R SN IR 4= e FER 355
etk I E iR

Qe | Ko o e DL, PRBE (UL L R

SFT MM E 2

Gy bR R LT %ﬁ%ﬂﬁj\?
SRR A P A A PG K2R

Wofs H 1 :2022-11-02

ELWA . [R A ARER4 I H (32072417 ,32202281)

YEZ RN TAL R (2000-) , 5 TLIRETLN, B+ 0 53 28, BF 55 0 1)
AEBAFAMS S TFAEYY:, (E-mail) hudongchunlol@
163.com

EIEE B L, (E-mail) fengcj@ yzu.edu.cn

%EL,ﬁﬁ%ﬂ@?ﬁﬁi%%ﬂi%ﬂ%@ﬁ&i&,T%
e IO A PR A R P T AT, A
PRl — b A a2 200 M [ 15 5 O 2R B, JLF-S2 i s
R AR B RE i TEDB AR, e
AR N 5 BA AR BT RE , a2 5 e kit



A AR A B R A AR B IR A 7T 30 1073

RAE MEEA IR R o34 I AR R BN

R H A K BH % IR ( Growth-blocking peptide,
GBP) B X & BT % 4= & ( Cotesia kariyai) 75 )5
Zh W ( Pseudaletia separata) WM ELH , GBP S 2
AFLES B R DR 2R R (JHE ) 1 TR AR,
WG T M ERRE S, AR, GBP FEANIH]Fl
SR AR K R B I A B A T REC K
4TI

1 GBP LH[FEIRY

GBP J2 & H 4t PR 1) a7, VR A 2 S
LRSS BT, AR 8 T B e A A B
ARER., AR T GBP 4t 26 H R 4h
o BETR THRMIERERE . HE AT
GG —LESE GBP W] 2 5 R s 5 T K
CN e RTINS | B A B P w i PN T = 1)
A B W8 ( Drosophila melanogaster ) 1 N % &
DmGBP (A8 A< B K HYME— A2 A 1 Mihl10,
3 3t B DR R B 5 T GBP-Mthl10 76 SR B iR A8 21 5%
it AR R AR AR A, S — i
F I P2 0 BK ( Stress-responsive peptide, SRP) #f iE
WIRENS T S 1526 5 GBP, 3@ ik RNAi FIU: 55 PsGBP
(FhduvA K BHA K ) , & 8L SRP AT EJE GBP R
B A T, GBP H 587K 1 19 28 Ak RE A I 77 Zb H 1M ik
ELrt SRP BYH S, JFaE i 90 B0 B A7 ok 75 e
JE RIS R GRE ™S

GBP fie L7ElfH H B e rb g e B, (H T 4R R A
UGS RR I H AR B duh A7 7E GBP [Rl R4
flhn. S5 E AR H B e 24,
ErEEAD 10 Pl H R Rh &3 T GBP 14 A
IR, EATEA AR R B AP, an . 5 SRR 40 b
B AR A Y Xk GBP MR & A 23~
25 NEIEFRIRIE , 7 A [FEPEZ) R 70% ~80% , T
BT R N S e 91 45 28 IR - % A Tt JHe -5 TN 2 iR -
(Glu-Asn-Phe-) , IXEERUEFR A ENF R (& 1)1,
N i B 3G L5 R 70 X% GBP 25 [ B9 IhRE = 6 2
Ishii %7 & BT —FPBLZ N i ENF 583 10 88
FAYFRIEAK ( Paralytic peptide, PP) | iFE 5% Hik = 75
SRBRBFLA UG BE ST, Aizawa %53 i
G GBP YRR s GBI EE 1 R B N g 17 1 7
ST IR E R SERE S 52 I GBP B AEWTE M, . A 4
SPSAR M AN #E Y, XF PsGBP & BmPP (%

T RIFLII) 2 1 4 AR A B i 306 7 B A i 3 IR 45 4
FTHRT, K IIL B-turn DX I 25 40 22 S 3 A 2 IR
AR AYIEE it GBP K HL[R] 8 K i) A%
IR (NMR ) A7 40 55 L6 240 Jfd [543 0 7L 30
Wi S A= K7 (EGF) 805 P i — >k e BAT AR
WS EHT, R TE AR R B GBP (1 ] U5
Yy ABA WFE 45 R R W] DmGBP 5 A2 B fH % BD2
50 i 5 RGE R 1P/ Ca™ U5 5 VE T
A —E AR

2 GBP wmMEHRMWAERKEAT

GBP Xf B HUE K Bl 1% 5 3R A G, GBP i
] JHE 1SR AE S B A 4 (R ) B He ifi
WREL h JHE 35 P 0 L] % AS 5 2P Noguchi
SRR IR RE B4 B ) PsGBP g% i 25 0
Z WK, 22 W TR B B Ay A 1 SR 3 rh BEAS O
PR A i, DT R el B A R R
AR PsGBP n 5d 3 i 5 22 1 i 4 2R 8 7K - R
M ARG, O T 2B WESE GBP BYZIEE, DIR
WA AR S AR W E AT GBP 185 A K ML AY B 5%
Tsuzuki &7 i B I 4 15 3 PR SRR (D, melano-
gaster) %) GBP [f] Z2%) DmGBPI1( CG15917) ,i%FE A
Pihh S AT 118 DR B HE F i, S8 0 Bl
GBP Wy —REEHIAAML, X DmGBPI #EAT RNAi Ff%
PR Fek ik a5 9 % B DmGBP i BE i fR & A,
Sy MR A T R R H (TOR) &
AL FIRAR T3 1, RN B 03 WA R B
ZFERK (Insulin-like peptides, ILP) , 334 i K i
B &y A IR AE K 7 A S T A, e oE R SRR
K0 A eI GBP 3@ i T T 2 3E ok
WA RARHE, Meschi %70 & Bl GBP 55 il
BRI RK A BV KR, CBP R L AKKE T2
& (Epidermal growth factor receptor, EGFR) A — Ff
JESAIECIR, t AR Wi 1A & B GBP G EGFR J&,
YER T R 5 % & B 40 B ( Insulin-producing cells,
IPC) Fll¥% $22 #1242 7T (IPC-connecting neurons, ICN) ,
AR ICN A S B TPC D REAI i, DA T 8] 42 fie 32
IPC 73 TLP, S JE3E FR 54 . DmGBP H i 1l 44 7
Az 38 I A R B RS 2 N L AN A A
T ICN 19 73 7Bl 5 i A

FHWFFREEFE W, DmGBP 1E R G & A i i b &
FEHREWNEN ., R & & 55, DmGBP XX
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MsGBP MKLT I|S[T LJF[CV]I[L]T[L
HvGBP [MKLT I[S|TLIF|CcV|I|LITIL
MbGBP MKLT I|T|ILIF|CV|ILITIL
Se GBP MK L T I|A|T L|F|C A[V|L|N|L
Of GBP MK LVP|V[VL|LICV|FL|I|S
HaGBP MKLT I|S|ILF|ICV|ILITIL
SePP [. .. .. e ofele ofofelo]
PmPSP [MKL S L|I[VLLICV|GIVV]
60 70
MsGBP [NND|ASSN[IJHFAD. .S
HvGBP INTDIES. .|I|HFVEEES
MbGBP [NKD|ESSN|I|HFVEDES
SeGBP [NNDAASS|IFFVEDES
Of GBP [KND|DAGK|I|TFEEETS
HaGBP [NTDIES. .|IHF VEEEP
SePP [NND|AASS|I|FFVEDES
PmPSP [NQYPRES[VKVSKPDS
110
MsGBP NP TT|LAPSTTTKD
HvGBP N|TTT[EA..... KD
MbGBP NATT|ILAPSTTTVK
SeGBP E[TTTINNG...TDR
Of GBP A[TTTIKSSNGTDKD
HaGBP N[TTTIEG. ... . KD
SePP E[TTTINNG TDR|
PmPSP N[TKADP..... QA
Ms GBP
Hv GBP
Mb GBP
Se GBP
Of GBP
Ha GBP
Se PP
Pm PSP
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~ 22 (31,33
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REATRITFIR 8 AT F 58 RARNR BUFHR 43, Jr HEF 53 Fom PRAFHR 43, M 2 A K Ak B D) EI A2 2. MsGBP : b AR R B JIK ( GenBank %545

AAB35742.1) ; HvGBP ; Z-A 4% i A K B K ( GenBank %% 555, ACR78449.1) ; MbGBP ;

WA

L

T i A= K B K ( GenBank %% 542 . BAD20461.

1) ;SeGBP ; 0 it A= 1< B IK ( GenBank % 3% 5 : AG002159.1) ; OfGBP ; 37 Y| E K A= K BH #f JIk ( GenBank % 3% 5 QWX20072.1) ; HaG-
BP . M4 dA: KB IK ( GenBank %55 : AUB45120.1) ;SePP : BRI FRIFAK ( GenBank %545 : AEK12768.1) ; PmPSP . 8 XU M I 4 Jifd 4
JERK (GenBank % 3%%5 . KPJ16907.1) ,

&1

B4 KK ( GBP) Rk R 5 H it ENF AR89 S E B 5 L3¢

Fig.1 Amino acid sequence alignment between growth-blocking peptide ( GBP) family members and other ENF peptides

TEHAL R Ry kB R h, GBP WA &+
HEMMAO, B AL

e B
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B AU R A

FRAE, Gnish s B B S 1 ( Spodoptera exigua )
SR TG ST P U0 4 AR L 4 A4S By
B RGN ER (JH) FIli f2 3R (MH) sk &

i, AL RUEI, ARG B2 g i R
du 4 b 4l 4k 15 2 A SeGBP ( Fil 32 7% 18k A 1 BHL
JK) T S A SR Mk 4 H, T O A KA ZE R
(i) 2K HL R B o b 35 AR 5 [T, 50 B 5 T AT 1 ]
SeGBP [Nk, M PRAIE R L LIY) T I SeGBP By 3K
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ik, UL SeGBP TELR- 48R Fs Bz 53 W 1) 45 T 1
NP A K A M R B RS
41, Duressa 55" I F 1 1 S A= 00 5 06, 43 8 2
FE T W8 W ( Locusta migratoria ) KN GBP BY[R &%),
FEF 10~ 100 pmol (UE L GBP J5,40% ~ 50% )
L HUIE R T R

TER K GBP HYRIA =T 2 S A M B L&
WY GBP ik K2 fie ik B 1 A0 i 2 AR 1K
RE Bk &R GBP W 24 HUB S 70, H 25t
o0 R A SRR, R Y GBP RERS I
Ree AR e gy s A R 00 I LA R AR 11
AT ECR & (Bombyx mori ) VU % 41 HUJBK 5 1 5E
T2 TR BmGBP (52t A K BRI IK ) 1158 2=
DAL A DU % 5K A gl By 2 5 SOCHCHI o AR b
JiK T A 22 Uk A R Y 2y st BRI AR R R AE I H
5 LRI XS B P HE AR, X AT BB T R vk Y
BmGBP 2L 1 3l i) b 408 5 DI RE T, BmG-
BP W] REH I 5 e i 1 A BRI RE SR A G Ay A 4K

3 GBP W s

R AT, BRI R IR 5035 2 Ge B
S A PR IR AR e e NSRS . BRIUR SR
G JiE T2 B py 410 G P B AR VR G 3 AL, B P RO B
ARG 8 B B 4y 7Y S B B
E\%{’/"';EEEE E_éj ( Serratia marcescens) ﬁ% @J {E'lﬁﬂj}iﬂ N
BUBE A 473 o 361 I, g W 44 b 19 DmGBP 3£ L) Kbt
IR g B PR J 25 B R R GR Bl RNAT T3
DmGBP ‘3 Z 4t 1 IR R 35 = FEAIL, 107 A A hs-Gald/
UAS-GBP 1A & i 61k DmGBP £ SEHH K1k
w P, s a5 U AR 41 e A AR FIFAEE Y
YIS0 #2 F 3 DmGBP ik & T, I e it
RIS T PR Ik ERRT . 54, GBP R RYE
ZoP IR A7 e R P AR R R RO T RE RS R it
— AR A IR S — AL A A R Rk Y
G N N, R T B A A M SR T 2 e

FEYHA 3 50, DA PR SR A P 3 2 A5 2 Y
DmGBP 22 F 1M 40 M 5 8L, 3X 55 76 08 H R Py 3 5
GBP T S B 40 ™ B i g 45 SR — 2% 71
— T 4E F K DmGBP 1 75 B Hu A py & 454
TRV G2 R A0 B e BE A A, DmGBP 38 3 B s
fiti C/Ca™ 55 BIKAMER , A S i/ MR AT A A K 7
RIS PN B AR A DR 2 4 [R) .40 1) 430, DT % 35k

TR AN A5, 875 2 11 5 5 it oA 400 1 7 7 ik
A, BRI S i, £ a2 1t 200 Jf 4 A, 842 200 i
BaE ) AR 5 G B N G Ok e I
AN TEYF IR &I, SeGBP A 5 BR (1 7 5
( Beauveria bassiana ) W) 2l 0 BE 25 4 HL7E B0 06 P
D5 rh & B SeGBP REfS AR FEIK AL IR, % W] GBP
N H IR Z W] B B HUAR Y BAT 2R UBT IR B g
DIHRA AN AR

4 GBP X B H H At A= BRIE B 1) )8 458

308 o R 1 25 G R R A 1 R DR Y dsRINA SO,
Sung % % EF] G H AMBIBEAZ R Mthl10 J& DmG-
BP MBSz, 18 i B Mthl10, 5 2 FEAR 1 SR A X
ARG A AN | 40 TR R YL A ) 1Y 5 A RN HE L e
71, 16 DmGBP 5 H:AZ /K Mth110 f254& AU AT LI
AN X T A S LA 0 18 2 R R K 4%
HENE, AL REY, DmGBP &2 541 iuxt
i 5, GBP AE 4 Mth110 BYELIA, 5 Mithl10 4%
B IE PE T Ca™ R, i — e ikt LB M
GPE R, DmGBP % F4Y Ca™ WM ik 2 %
B S 0 ot 2 T i 2 2 2 A B 1) o S P 3k, i
A I A R N | E AN 74 2 5 AR

FERIR B S —FE KA T BUEE DNA Ji 7%, {0
P shyy U HOE B B R AL, wix R AR A o G
E D FINEFER A K SeGBP (1) cDNA J¥ 41l
oW W R AR S KA A 1 AR B RS A
pBacPAKS 1, IINTEFFIRIGEE AcNPV H13R3K SeG-
BP {234 w0 b 57 02 3k U 5540 it ( S19) S5 5 25040 i
T ERRAL, SIS E N SeGBP 1T SO 11y
YR, 5P A ANPV {244 SO M, T2 Ac-
NPV WS T SO i+,

5 GBPs Z5/015 518 %

FE X — B B W, GBP {551 i 5 15
BERTERE 45 A7 2 SMIFOR R T 3 A il gk
R PR35 P AR S8 40 B 00 e R Y Ca®t MR 1 T
TR — b A ST AR 401 5 8 K /N2 450 000
ARG PR 375 DmGBP 7K fif 2 11, WA T K S
f&H ProGBP A N-it 16 P A3 43 7K i 11 98 116 , B
J5i ) DmGBP 5 H: 32 (R 45 4 | 3 i S i i g (IMD)
6 R A 2 A A K TR B R U 43 3, BTG e-Jun
B AR U 5 5 PR PR IR 1) 2R3k, aE i
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VTS A PR A 5 T B 53 i, R Y 4 i e
JNE o Y FRMELE TE B BB A K A R A
F5 H ( Target of rapamycin, TOR) BEMSIEHIE FRIRAS

KA @ # GBPZE & 11Tt
<<
HTVARZE 1R %% G —

/ l Pvi/Pvr

Mthl 10 ?

o (ER
K] -t -
e

ffi3E & A9 DmGBP 38 i ifin b B K B B A5 8 & K,
2k s % E 0y 4 W, Mo R BE A K (K

11,29,39-40,44-45
2) [ ]

o]

[i] 325
47T

JNK @

L
ElE & — &)

GBP ;A= K BHME I ; PLC . NS C; Pl ML /N AT 2E 2B K IR Pors I N B2 2B K IR F 324K VK : e-Jun 2 5 2K i 380 il 5 IMD « 9 338 BRI

Mthl 10;GBP 5244 ; FoxO: Xk & EH O,

2 AEKMEMK(GBP) S5 EHAE M TIEESR
Fig.2 Working model of growth-blocking peptide ( GBP) participating in insect physiological regulation

GBP 7E Ifil #k B rf /Y % B2 i GBP 45 & & 1
( GBP-binding protein, GBP-BP ) ## %, Matsumoto
AL I PSGBP TS A0 ML G 98 IV S, 2 2 (0 4
JE7E PsGBP I T 4% BET PsGBP-BP 1% 8 15T
AERS W2 PRI B2 PsGBP B9, J5 22 ik
By 238 SRALE W3 — 95 S W ] BB ph B sl B VR
5, Zhuo 55T 20 F2 BL05E KB (20K ) Ab 3R AR 4%
. (Helicoverpa armigera) J&i , H1 24 2 €6 20 Jifd T L 114
HaGBP-BP 3 i H N 3 15 3 BR 1L % H 1 HaG-
BP T T HaGBP 75 T f) 3K IfiL 200 i 47 FBOA 42
PR, A T B Ho s S5 30 DA 200 i 6 52 381 44 9 o
PERVFEAS X — T S Bt A (L PR B AIE T GBP
TV & 20 D S 3 FIAA I e e L 1) 280G H Y
YEHL,

6 J& H

KT GBP BYZhRE A ML A 1 2 Kz
ik, GBP J&— OB A= 4 5 A, 78 o vk FE I 41
il A K A e P S A0 L 0 e
%Eﬁ%ﬁiiﬁ%\,l(oyama %[29] ISE T GBP 7S
PR AR T B R RO | TR B B SRR
(1 GBP Al BEXS B Uiy A KA BURAE ], BAER &t
PRI AT B R GBP il i T 4 4EFF GBP
81 AT 5 2 S — 2P R F T

HFLsh Y, R D 25 h R R & RS AR
BRI UAR RS P R EZEAIER], 2R
A T S I, TR AE 2377 A A R 1Y BE B AT i AN A
ST, BORTRIBIR S RS R T A& o Y
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FLBh W) R 5 A 105 20 2 18] 0 3% 4 5 G AR 2 IR RN
RS M DGR 2 i e B HUMR P U e 8 R
JOf e B e R 1Y) g i AR 0 DR M e AR e s 4
ZRIANESET SRS . B, A
GELE R B i SO, Al A AR =2 ) - 4 Y
FASCAT T HILH SR W 7 AT 4 928 107 98 S 02 I, 4%
Y Toll 55 i A2 25 41 il 19 &% 2R A5 5, DA e A1
B IEATAE A A AT, LA 50 Xk SN B B 0 5 4K 4T
PEAE B B D7 A R AR 41 i T GBP
REAS WO e 98 S 07, A ) 4% 388 2 M b AR 3 TR 0
R R, NTAE A Ko WFSE GBP AUAT X 2 Fil
FETERE & 40 TC () A8 2RO 72 09 43+ BLTI, 43 B ILAA
Wi GBP #EATH R M W55 5 0 A, 5P &
B B HOR P i AR - iR Y 2 2] 5 { B
it AR 3 0 BRI 3E A4 AL B AR L

GBP 5 7 A: 1k R % DI SC1ST . w2 A i
(C. kariyai) 3£ S5 W BEH (P, separata) #4275
GBP [Nk & LR FF A4 dum2~3 50, A
FEAE R RN AT A B 2 7 DNA 9 3 ( Polyd-
navirus, PDV) J& , 25 4 HUIg i &R H 19 ProGBP 5
GBP il T- i 9 7% P 7K O i 35 #0002 A e
A ENFRESF FR M ESLAFEHZRE
WEPY FETHAE L, GBP &5 Ay A LR Y R 5 &
AR, FEAEMH ST T ERLAET,
Pl A W A . HEI GBP R RE B AT AR B 1Y) A
Az PR A DT oA 2 32 B AR P i e i 5 AR
AT, o 35 4 e RS R AR KR E B
WAWGE GBP 52 B W) It B 2 (| i HK &%
JEEEG - LhaGa I (5 AT A B T T & X
PR BT .

Sk

[1] XUJX, YANGHY, WU ] C. Effects of elevated solar UV-B ra-
diation on herbivorous insects [ J]. Chinese Journal of Ecology,
2006, 25(7) : 845-850.

[2] AHER]ALRERE K B SRaa T B B diE M son 1 B BBy
HLT AR RN [J]. thE B SR B, 2015,29
(6): 1001-1006.

(3] gl BOGE, fBes, 45, IR T B H e 008 A4 HL] (1
WEFEHtR [1]. hEAEYBRA 4, 2021, 37(3) : 598-608.

[4] DINARELLO C A. Historical insights into cytokines [ J]. Europe-
an Journal Immunology, 2007, 37(S1) ;34-45.

[5] VANHA-AHO L M, VALANNE S, RAMET M. Cytokines in Dro-
sophila immunity [J]. Immunology Letters, 2016, 170.42-51.

(6]

[10

[

(11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

HAYAKAWA Y. Juvenile hormone esterase activity repressive fac-
tor in the plasma of parasitized insect larvae [ J]. Biological Chem-
istry, 1990, 265(19) . 10813-10816.

TSUZUKI S, OCHIAI M, MATSUMOTO H, et al. Drosophila
growth-blocking peptide-like factor mediates acute immune reac-
tions during infectious and non-infectious stress [ J . Scientific Re-
ports, 2012, 2(1) . 1-10..

MATSUMURA T, NAKANO F, MATSUMOTO H, et al. Identifi-
cation of a cytokine combination that protects insects from stress
[J]. Insect Biochemistry and Molecular Biology, 2018, 97 19-
30.

ZHANG Y C, HE J, ZHANG Y X, et al. Insect cytokine growth-
blocking peptide may regulate density-dependent phase trait of cu-
ticular melanization in the larval armyworm, Mythimna separate
[J]. Journal of Asia-Pacific Entomology, 2020, 23(2) : 498-503.
HAYAKAWA Y. Growth-blocking peptide; an insect biogenic
peptide that prevents the onset of metamorphosis [ J]. Journal of
Insect Physiology, 1995, 41(1) . 1-6.

SUNG E J, RYUDA M, MATSUMOTO H, et al. Cytokine signa-
ling through Drosophila Mthl10 ties lifespan to environmental stress
[ J]. Proceedings of the National Academy of Sciences, 2017, 114
(52) . 13786-13791.

MATSUMOTO H, TSUZUKI S, DATE-ITO A, et al. Characteris-
tics common to a cytokine family spanning five orders of insects
[J]. Insect Biochemistry and Molecular Biology, 2012, 42(6) ;
446-454.

STRAND M R, HAYAKAWA Y, CLARK K D, et al. Plasmato-
cyte spreading peptide ( PSP1) and growth blocking peptide
(GBP) are multifunctional homologs [ J]. Insect Physiology,
2000, 46(5) : 817-824.

AIZAWA T, HAYAKAWA Y, OHNISHI A, et al. Structure and
activity of the insect cytokine growth-blocking peptide [ J]. Journal
of Biological Chemistry, 2001, 276(34) : 31813-31818.

CLARK K D, VOLKMAN B F, THOETKIATTIKUL H, et al. Al-
anine-scanning mutagenesis of plasmatocyte spreading peptide i-
dentifies critical residues for biological activity [ J]. Journal of Bio-
logical Chemistry, 2001, 276(21) : 18491-18496.

DURESSA T F, BOONENB K, HAYAKAWAC Y, et al. Identifi-
cation and functional characterization of a novel locust peptide be-
longing to the family of insect growth blocking peptides [ J]. Pep-
tides, 2015, 74 23-32.

ISHIT K, ADACHI T, HAMAMOTO H, et al. Insect cytokine par-
alytic peptide activates innate immunity via nitric oxide production
in the silkworm Bombyx mori[ J]. Developmental and Comparative
Immunology, 2013, 39(3) . 147-153.

MIURA K, KAMIMURA M, AIZAWA T, et al. Solution structure
of paralytic peptide of silkworm, Bombyx mori [ J]. Peptides,
2002, 23(12) ; 2111-2116.

NIYONSABA F, USHIO H, NAKANO N, et al. Antimicrobial

peptides human beta-defensins stimulate epidermal keratinocyte



1078

AN N A o

2023 4F 45 39 & 4

[20]

[22]

[23]

[24]

[26]

[27]

(28]

[32]

migration, proliferation and production of proinflammatory cyto-
kines and chemokines [ J]. Journal of Invest Dermatology, 2007,
127(3) : 594-604.

NINOMIYA Y, KURAKAKE M, ODA Y, et al. Insect cytokine
growth-blocking peptide signaling cascades regulate two separate
groups of target genes [ J|. FEBS Journal, 2008, 275(5) : 894-
902.

ZHOU Y X, WU S L, WANG H C, et al. Activation of PLC by an
endogenous cytokine ( GBP) in Drosophila S3 cells and its appli-
cation as a model for studying inositol phosphate signalling through
ITPK1 [J]. Biochemical Journal, 2012, 448(2) . 273-283.
SHAFEE T M, LAY F T, PHAN T K, et al. Convergent evolution
of defensin sequence, structure and function [ J]. Cellular and
Molecular Life Sciences, 2017, 74(4) ;: 663-682.

HAYAKAWA Y. A putative new juvenile peptide hormone in lepi-
dopteran insects [ J]. Biochemical and Biophysical Research Com-
munications, 1992, 185(3): 1141-1147.

NOGUCHI H, TSUZUKI S, TANAKA K, et al. Isolation and
characterization of a dopa decarboxylase cDNA and the induction of
its expression by an insect cytokine, growth-blocking peptide in
Pseudaletia separate[ J]. Insect Biochemistry and Molecular Biolo-
gy, 2003, 33(2): 209-217.

HAYAKAWA Y. Insect cytokine growth-blocking peptide ( GBP)
regulates insect development [ J]. Applied Entomology and Zoolo-
gy, 2006, 41(4): 545-554.

MARTINEZ-RAMIREZ A C, FERRE J, SILVA F J. Cate-
cholamines in Drosophila melanogaster; DOPA and dopamine ac-
cumulation during development [ J]. Insect Biochemistry and Mo-
lecular Biology, 1992, 22(5) . 491-494.

GRANGER N A, MACDONALD J D, MENOLD M, et al. Evi-
dence of a stimulatory effect of cyclic AMP on corpus allatum ac-
tivity in Manduca sexta[ J]. Molecular and Cellular Endocrinolo-
gy, 1994, 103(1/2) ;. 73-80.

GRANGER N A, STURGIS S L, EBERSOHL R, et al. Dopamin-
ergic control of corpora allata activity in the larval tobacco horn-
worm, Manduca sexta[ J]. Archives of Insect Biochemistry and
Physiology, 2010, 32(3/4) : 449-466.

KOYAMA T, MIRTH C K. Growth-blocking peptides as nutrition-
sensitive signals for insulin secretion and body size regulation [ J].
PLoS Biology, 2016, 14(2) : €1002392.

MESCHI E, LEOPOLD P, DELANOUE R. An EGF-responsive
neural circuit couples insulin secretion with nutrition in Drosophila

[J]. Developmental Cell, 2019, 48(1) : 76-86.

TSUZUKI S, SEKIGUCHI S, HAYAKAWA Y. Regulation of
growth-blocking peptide expression during embryogenesis of the
cabbage armyworm [ J]. Biochemical and Biophysical Research
Communications, 2005, 335(4) . 1078-1084.

HIRTH F, HARTMANN B, REICHERT H. Homeotic gene action
in embryonic brain development of Drosophila [ J]. Development

(Cambridge) , 1998, 125(9) : 1579-1589.

[33]

[34]

[35]

[36]

[38]

[40]

[41]

[42]

[43]

TSUZUKI S, SEKIGUCHI S, KAMIMURA M, et al. A cytokine
secreted from the suboesophageal body is essential for morphogene-
sis of the insect head [ J]. Mechanisms of Development, 2005,
122(2) ; 189-197.

WAN H, LEE K S, KIM B Y, et al. Developmental regulation and
antifungal activity of a growth-blocking peptide from the beet army-
worm Spodoptera exigua[ J]. Developmental and Comparative Im-
munology, 2013, 41(2) . 240-247.

ZOU F M, LEE K S, WAN H, et al. Morphological abnormalities
and lethality in silkworm ( Bombyx mori) larvae treated with high
concentrations of insect growth-blocking peptide [ J]. Journal of A-
sia-Pacific Entomology, 2014, 17(1): 93-97.

HAYAKAWA Y, OHNISHI A, ENDO Y. Mechanism of parasit-
ism-induced elevation of haemolymph growth-blocking peptide lev-
els in host insect larvae ( Pseudaletia separata) [ J]. Journal of In-
sect Physiology, 1998, 44(9) . 859-866.

LEMAITRE B, NICOLAS E, MICHAUT L, et al. The dorsoven-
tral regulatory gene cassette spitzle/Toll/cactus controls the potent
antifungal response in Drosophila adults [ J]. Cell, 1996, 86(6) :
973-983.

CHEN K K, WANG X Y, WEI X Y, et al. Nitric oxide-induced
calcineurin A mediates antimicrobial peptide production through
the IMD pathway [ J]. Frontiers in Immunology, 2022, 13;
905419.

TSUZUKI S, MATSUMOTO H, FURIHATA S, et al. Switching
between humoral and cellular immune responses in Drosophila is
guided by the cytokine GBP [J]. Nature Communication, 2014,
18(5) : 4628.

O‘CONNOR J T, STEVENS A C, SHANNON E K, et al. Proteo-
lytic activation of growth-blocking peptides triggers calcium respon-
ses through the GPCR Mthl10 during epithelial wound detection
[J]. Developmental Cell, 2021, 56(15) : 2160-2175.
NINOMIYA Y, HAYAKAWA Y. Insect cytokine, growth-blocking
peptide, is a primary regulator of melanin-synthesis enzymes in ar-
myworm larval cuticle [ J]. FEBS Journal, 2007, 274(7) ; 1768-
17717.

JEHLE J A, BLISSARD G W, BONNING B C, et al. On the clas-
sification and nomenclature of baculoviruses: a proposal for revi-
sion [ J]. Archives of Virology, 2006, 151(7) ; 1257-1266.
WAN H, ZHANG Y S, ZHAO X, et al. Enhancing the insecticid-
al activity of recombinant baculovirus by expressing a growth-bloc-
king peptide from the beet armyworm Spodoptera exigual J]. Jour-
nal of Asia-Pacific Entomology, 2015, 18(3) : 535-539.
HOFFMANN J. The immune response of Drosophila[ J]. Nature,
2003, 426(6962) ; 33-38 .

MATSUMOTO H, OCHIAI M, IMAI E, et al. Stress-derived reac-
tive oxygen species enable hemocytes to release activator of growth
blocking peptide (GBP) processing enzyme [ J]. Journal of Insect
Physiology, 2021, 131; 104225.

MATSUMOTO Y, ODA Y, URYU M, et al. Insect cytokine



WA AR 4 B A I BHAR AT 0

1079

[47]

growth-blocking peptide triggers a termination system of cellular
immunity by inducing its binding protein [ J]. Journal of Biological
Chemistry, 2003, 278(40) . 38579.

ZHUO X R, CHEN L, WANG G J, et al. 20-Hydroxyecdysone
promotes release of GBP-binding protein from oenocytoids to sup-
press hemocytic encapsulation [ J]. Insect Biochemistry and Mo-
lecular Biology, 2018, 92. 53-64.

WANG Y, LEUNG V H, ZHANG Y X, et al. The role of somato-
sensory innervation of adipose tissues [ J]. Nature, 2022, 609
(7927) : 569-574.

DOLEZAL T, KREJCOVA G, BAJGAR A, et al. Molecular regu-

lations of metabolism during immune response in insects [ J]. In-

[50]

[51]

[52]

sect Biochemistry and Molecular Biology, 2019, 109. 31-42.
DIANGELO J R, BLAND M L, BAMBINA S, et al. The immune
response attenuates growth and nutrient storage in Drosophila by re-
ducing insulin signaling [ J]. Proceedings of the National Academy
of Sciences of the United States of America, 2019, 106 (49) .
20853-20858.

HAYAKAWA Y, OHNISHI A, MIZOGUCHI A, et al. Distribu-
tion of growth-blocking peptide in the insect central nervous tissue
[J]. Cell and Tissue Research, 2000, 300(3) : 459-464.
WRASAR W1 R REE . AR EE R K S RE
PLEBT TR o (1], R B =4, 2019, 56(3) : 382-
400.

(FAE24E )





