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Neuropeptide gene screening and mature peptide prediction in the silkworm,

Bombyx mori

GAN Ling, LIANG Jiu-Bo, LIU Xi-lLong, HE Ning-Jia® (Key Sericulture Laboratory of the Ministry of
Agriculture, Institute of Sericulture and Systems Biology, Southwest University, Chongqing 400716, China)
Abstract: Neuropeptides play an important role of regulation for the silkworm, Bombyx mori. To fully
comprehend the regulation of neuropeptides in the growth of B. mori and to get more neuropeptides in B.
mort , the online program tblastn of BLAST and the search program of OpenOffice software were used to screen
genes encoding putative neuropeptide precursors in the databases of silkworm genome and theoretical proteins
based on the homology and the structure of the neuropeptides conserved in other insects and invertebrates.
Several online programs were used to analyze the structures of the genes and the theoretical proteins to predict
the mature peptides. As results, 31 neuropeptide gene families with 37 gene subfamilies including allatostatin-
A (AST-A), allatostatin-B ( AST-B), allatostatin-C ( AST-C), allatropin ( AT ), bombyxin, ecdysis-
triggering hormone (ETH), crustacean cardioactive peptide (CCAP), and FMRFamide were identified. A
total of 44 neuropeptide genes and 193 mature peptides were predicted. Among them, 73 neuropeptides are
amidated at the C-terminal, six neuropeptides are cyclized at the N- terminal, and nine neuropeptides are
sulfated. Most of the mature peptides share the similarity because they belong to the same family. But
compared with that of other insects, mature peptides of proctolin, CCAP and CAPA-PK are more advanced in
the structure. The results suggest that the neuropeptide precursors, which are possessed by almost all the
insects, are produced by nerve and endocrine cells of B. mori, and in the course of evolution, differences in
the amino acid sequences for most mature peptides formed among different insect species, but the motifs for
the same family are highly conserved. This study provided useful information for future research on functions

of neuropeptides, which will give us novel insights into the regulation of developmental process, especially at
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the pupal stage, in the silkworm.
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ez WRFEFHE, ITREA, HPhERE
ATkt S KBS TRV EZE RN TIR, &2
W AERYL =R AR, R 3G Ak RO (A
RPN G54 R BOR B EH . KRN
HRERERYCMBEMBZER, BT ATEEK
WARKIAEFEMIET, ERANWZRIESY 2L, ™
ZRETIR, “ . KBEETLESHER, &
ER—4r, ZL000. 48 i BUR ()) 4 M
BAEMIEE LSRR AT B, FRRVER
P22 K (neuropeptide ) 2 B MUK N EZ ) IHER R,
EREARANRKBEHRZSHANES ST, EHE
BEWAEKET RE % HEE REENIE
Fi ( Kastin, 2006), J& H 2 4 K 3 #l K ( growth-
blocking peptide, GBP) Xj @ H B 4K & FHE
MRS, SRR TR LA e, X ek srF il
WOk H TR E, 8 7ERE P51 Ak 5 i A0
BEIG B N TR A B B AR 3 M 0 P 42 Bk
(Kastin, 2006) , ZAEH /MM EKRKSE FEL
i R T A 25 R E At o 245 P ) e 4 4 U 4 L
RT SRy BRI S A MR 0 R PR, X
TP IREL IR 1 T 2 R ALY o BEE AN IR B LB [
ZH PRI 58 BRI A TF, IR T 48 BREE R i &
P ( Coates et al., 2000; Hauser et al., 2008), HE
HRE ST HRFMB R REH M THENE
Bo EZREY, Bi AR EIESA JLR P& IRTE
KRN WHLHI A KR TR E L REZNE
A, i sl AR R (PTTH) (PR (EH) 4,
{BACPR FXF B R R R . I FAYIRRE
— IR L, AR A — T BCER 2> 22 B W 2% B 17
LT, RXDEILAMERSEITII R B R A
Ho BEERBEFRATTRIM LM, —EXR
HERBIREEC 28N, AR EEMHENNE
WS TCHHESh Yk 22 BREE RS BN S i B R 4 5K
PP B R P, B RS RF AR R ]
BEFFERIPREIREER , JF TR E R Er,
KB ERRITF B AW F D ReF 58 A B & IRTE &
B AR ) B AR R BB 5 B R

1 ##fnrAaiE

1.1 BiRERR
MR e H b B B JR R OR 88 Drosophila

melanogaster . [X] . V. 3% BS{ Anopheles gambiae . i FFl|
ZEWE Apis mellifera M2 KR Manduca sexta UL F iR
WA Y Tribolium castaneum %22 Fh B & THHESH
Y E A IRIE R KR SF R, AL BLAST
i thlastn 27, 454 OpenOffice FfF & HRAETF,
7 o8 o 5 DR 2H 800 e TN 2 1 B AR I v kAT A
T R G 2, R 5= HELXREF thlasn
( http://silkworm. swu. edu. cn/silksoft/blast2-
simple. html) ( Altschul et al., 1997 ) 347 & ik H
K 1938 2% (blast score JLFE{E A 32 ~ 168 ; A~} blast
#R, EHKERN 6E004), Jf F| Al ExPASy-
PROSITE #X {4 ( http://www. expasy. org/prosite/)
(Sigrist et al., 2002) | ClustalX1. 81 %% {4, NCBI #j
psi-blast #£% ( http : //blast. ncbi. nlm. nih. gov/Blast.
cgi) (Altschul et al., 1997 ) .MEME server ( http://
meme. sdsc. edu/meme/ ) 25 %t A [6) ik W% ik B8
P2 BRAT A 27 5 HEAT HUXT 43087 o
1.2 E PR RS Ha R T

FFH ExPASy HJ Translate tool ( http://www.
expasy. ch/tools/dna. html) ( Gasteiger et al., 2003 ) X}
AR 2 P 2 BREE R BT R RR A B . FIFTESR
¥4 Signal P3. 0 f{) Neural Networks 1 Hidden
Markov Models %3 #2 % ( http ://www. cbs. dtu. sk/
services/SignalP/) ( Bendtsen et al., 2004 ) T2
BREGAAE S BRA T o w44 ik i 70 0 5 1 S
T H. NeuroPred ( http://neuroproteomics. scs. uiuc.
edu/neuropred. html) ( Southey et al., 2006) [ Known
Motif F Insect Models 75131454 Veenstra(2000) 2
B E B LU 5 B A B sh Wk 2 BRai iAo TR ¥
B2 IR (R 1 L N L 22 R TR PR A T
Hi; P72 A E MAFET Jiis 6 (hitps//align.
bmr. kyushu-u. ak. jp/mafft/online/server/) ( Katoh
and Toh, 2008) X el 3 L IERR AT 7 51 KL AT
FH7E 46 #2 /¥ Sulfinator ( http://www. expasy. org/
tools/sulfinator ) ( Monigatti et al., 2002) 454 5 B
RS Yk 22 BRI R PR A T B E R R B BR TR
SHTM ; N Ko A 2Bt/ A R R C R
Uiy H SRR S i (4 e i A6 S5 AR 48 5 8 R BT 22 g )
PEFEAT IR
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2 HBRES5HMH

2.1 REWMEREENRR

F 1 F3HE T REMEKRERFERSER ., It
ANASTIF 5T 5t LA e A B S A e EAS Jn EL R B
+ AR AT T8 %, B H/LGSI/LYRamide Fil-

Ryamides ( Stemmler et al.,2007) , (BER&BEHEH
EIFEBEHREBER, 1 PRINEHEXER
(bombyxin ) 2 %45 #4 5 JiE & & (insulin ) /#) 5t &
(relaxin) MHRIBK, ERXBEFNAP R RRERNA
32 ANE DL, ARG ENTFF AR AR 53R 6 5K
7% ( Yoshida et al., 1998)

£1 BENNREREHER
Table 1 Neuropeptide genes in Bombyx mori
P RFR IR WRE WG5S B IR 2 B X (EREFIN TR AR
Neuropeptide family Subfamily Number in database =~ Genomic region  Signal peptide Known functions
AKH BGIBMGA008722-TA  Bm_nscaf2912 No S 54 Bl Bk e &
BGIBMGAO008672-TA  Bm_nscaf2912 Yes BhAT- i35l
gi:195182593 Bm_nscaf684 Yes
Apis-ITG-like gi:193248555 Bm_nscaf2623 Yes
AST-A BGIBMGAO014377-TA  Bm_scaffold416 Yes
AST-B BGIBMGA009464-TA  Bm_nscaf2953 Yes U041 A 5 R S A AR
AST-C BGIBMGA005369-TA  Bm_nscaf2828 No
AT BGIBMGAO011850-TA  Bm_nscaf3031 Yes
BMKS BGIBMGAO008978-TA  Bm_nscaf2930 Yes
Bursicon Bursicon o gi:62529358 Bm_nscaf3015 Yes S 5RERNY R
Bursicon 3 BGIBMGAO11086-TA  Bm_nscaf3015 Yes
CAPA gi:191175143 Bm_nscaf2954 Yes
gi:191175145 Bm_nscaf2954 Yes
CCAP BGIBMGA009606-TA  Bm_nscaf2962 Yes
CCHamide gi:194072591 Bm_scaffold701 Yes
CHH CHH BGIBMGA004168-TA  Bm_nscaf2770 Yes
Corazonin BGIBMGA002280-TA  Bm_nscaf2330 Yes WY ER, A
DH Calcitonin-like BGIBMGAO011588-TA  Bm_nscaf3027 Yes
Corticotropin-releasing gi:193248573 Bm_nscaf2888 Yes
factor-like gi:193248575 Bm_nscaf2888 Yes
g1:193248577 Bm_nscaf2888 Yes
EH BGIBMGA006291-TA  Bm_nscaf2852 Yes 5| & jz 5% 84k
ETH BGIBMGA009728-TA  Bm_nscaf2964 Yes P B Rz 38 R R
FMRFamide BGIBMGAO009271-TA  Bm_nscaf2943 Yes 008 T O A B R A= R
Myosuppressin BGIBMGA010073-TA  Bm_nscaf2983 Yes X R AR LA 900 450 4 5 90 o AT
R ) 35 2
FMRFamide-related peptide NPF BGIBMGAO009803-TA  Bm_nscaf2964 Yes
gi:191175137 Bm_nscaf2852 Yes
g1:40861544 Bm_nscaf2852 Yes
sNPF BGIBMGA012522-TA  Bm_nscaf3048 No
Sulfakinin BGIBMGAO013558-TA  Bm_nscaf3078 Yes
GBP BGIBMGAO014551-TA  Bm_scaffold802 Yes
GPA2 gi:194072586 Bm_nscaf2998 Yes
GPBS BGIBMGAO010342-TA  Bm_nscaf2990 Yes
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4F3% 1 Table 1 continued
LERY e WK HRGS H R 20 1 X 3R IERCTIN EXTRE
Neuropeptide family Subfamily Number in database ~ Genomic region  Signal peptide Known functions
IMFamide gi:193248554 Bm_nscaf2964 Yes
Kinin BGIBMGAO010075-TA Bm_nscaf2983 Yes
Neuroparsin BGIBMGA006409-TA  Bm_nscaf2853 Yes
NPLP1 BGIBMGA009024-TA  Bm_nscaf2930 Yes
Orcoknin BGIBMGAO005422-TA  Bm_nscaf2828 No
PBAN BGIBMGAO01651-TA  Bm_nscaf2176 Yes iR ey
PDH g1:193248572 Bm_nscaf2859 Yes
Proctolin BGIBMGAO008345-TA  Bm_nscaf2902 No
PTTH BGIBMGAO000357-TA  Bm_nscafl681 No (R RIS BRI Bz 5 4
SIFamide gi:193248552 Bm_nscaf2964 Yes
Tachykinin BGIBMGAO010076-TA  Bm_nscaf2983 Yes

AKH: JBlizh 54 Adipokinetic hormone; AST: WHM{A&MH#IZ Allatostating AT {EFEM{A&Z Allatotropin; CAPA: fE& AL Capability; CCAP; H
5T I B Crustacean cardioactive peptide; CHH : F 52314 UKL 2 Crustacean hyperglycemic hormone; DH ( Cal-like) ; [45 ZREF] R4
Z Calcitonin-like diuretic hormone; DH ( Cor-releasing factor-like ) : & ¥ | it f% Jifi 18 X K F] JR % & Corticotropin-releasing factor-like diuretic
hormone ; EH: FJ{Li#Z Eclosion hormone; ETH : i jz it i & Ecdysis-triggering hormone; GBP; 4= K #iffil ik Growth-blocking peptide; GPA2 : i
FHHBEE o2 Glycoprotein hormone alpha2 ; GPBS : ¥ F#{ & B5 Glycoprotein hormone beta5 ; NPF: #iZ2 ik F Neuropeptide F; NPLP1 . #1422 jiAE
Hii{& 1 Neuropeptide like precursor 1; PBAN:; {5 8 K AEY)& M4 % Ik Pheromone biosynthesis activating neuropeptide; PDH; &, & /i & Pigment
dispersing hormone; PTTH; £ 5ij i Jii# & Prothoracicotropic hormone; sNPF; 4G ##£2 ik F Short neuropeptide F. 3 2 [A] The same for Table 2. F
“EHFAK X" ) Bm {{ 7 Bombyx mori Bm in the column of genomic region represents Bombyx mori ; W “{5 5 K" R “ Yes " FRm BAMS
SRk, “No” #/Ri%A WM RB{ZS K Yes and No mean with and without signal peptide, respectively. FHH“FKHNHS” £, BIEEREREEN
HBHE E (http : //silkworm. swu. edu. en/silk db/) F1 NCBI, #7 “gi” B4 53k H NCBI, AN 4 Sk AR E LN HEIEFE, Database means

silkworm databank (http://silkworm. swu. edu. cn/silk db/) and NCBI. The numbers with gi are from NCBI, and the rest from silkworm databank.

T P 22 R A E 51 5 7E 53 A B R P GE
F P 22 BRETACRE USRI, KA FI A 43 Wb 40 i
AT IJLR TR B R B BRI Z AR, BR T
JEZ K ( vasopressin-like peptide ) 148 28 kA Rij 44
2 ( neuropeptide-like precursor 2, NPLP2) , REMZ
BREE R PRSP E AR LR IULA 7 : (1) )
BIRTERTIA P AL B ORSF o KA ST P L BRAT AR B
AT MEEHFE: {55 8K + BBE M & 8K + (BT
RARSCRR) , HLin ETH; (2) P2 EE R AAMEIR
T AR AE 1) A B T ) sk e R U R AL 5 4 F, A
FMRFamide #H ¢ k. AST-B.CAPA Fik4E, YR7E
ARBRWEEY S, EEBEAHEER; (3)%
R B B R IR TRy, ZTER & b i DH %
IR 53 S e Bk B 3 7 D M R U A E AR TR
J=(Dai et al., 2007) ,
2.2 REAHZRKE T

KA B2 40 a2 AR N R TR 2RI E 5
o XESFHEERE TERMEHB, BIAKE
REH, BdEREFF MBI LS, F2Ka
I s E e, BERERRAN BEEY
I VERIAEL . PR BRATAR B AE Y BUE B LA [
HIBLARI =4, A0 OO AR R 2 e TR Ak ) 1 BB /N

HIRK; TEREEMERLAL, R BRI EAL, BEER
BEM R, DL A & B 3T B A &R
(Eipper et al., 1986) , %465 B X PR IUE SRR B A2
YAE s AR E M R A

DA B 240 ) 44 317 46 2= (allatostatin-B, AST-B) 2k
161], FER A AR R A48 2% S B A ) T 0 it 72
1), FIFSRERE B A0 M 450 1) 2 AT 44 ik ( GenBank
NP-648971 ) #t 17 # R, R &
BGIBMGA009464-TA F£[H (blast score: 69; E-value: 8e-
13) SAfBUE 4t B ZUNRN A 2R B 2 AR AR
Hmtr e E H BGIBMGA009464-PA RfiE ) B £
WERHOND & 41 4] 3R ok 22 R AT 44 (8 1) Signal P3.0 1
Neural Networks F11 Hidden Markov Models 23572 %
MR IBXABIARIRFSET 19 MEERIEAESIK, /7
SHKEFE Ala” 1 Ala™ 2 [EIEATREDIACEE, T F51)
7T 17 4> Lys-Arg il Lys-Lys 1 — BRI T AL
M, Hrp 2 AMARZETA 1A Gly 33, R THAAH
PIEF=Y) C RKummthiit. BR TIESFESI51, il
th 18 MEEMIAR, Hog 12 MFE B BRI ]
R C AR ImIRSFEEF 25 WX6Wamide (X FRR7E
P4 Trp BREZE K 6 NATZRER), B
AWQDMSSAWamide, AWQDLNSAWamide, GWQDLNS

accession no. :
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AWamide, AWQDLNSAWamide, GWQDLNSAWamide, ~ AEEPHHDAAPQPYKTSICALRSAVLPH, PDKCSTNSYK
SWQDLNSVWamide, AWQDLNSAWamide, AWQDLNS TRFPVTGSNNHTLNTDNEVDLTEDD , AWSSLHSGWA
AWamide, GWNDMSSAWamide, AWQDINSAWamide, ~ DDEAME, PVKPMFNNGGY , SSIEPDY 5y, EEIDAVE
AWSALHGTWamide 1 AWQDMSSAWGKQAPEKWAAF ~ QLVPYQQVPNEEHIDAPE % B ZUNRN{A 4] Z R A

HGSWamide([& 1 F1Z% 1), ®THI 6 NIKFSI, BI  SREK(E 1R 1),

PROTEIN:BGIBMGAO009464-PA
MRWCLFALWVFGVATVVTAAEEPHHDAAPQPYKTSICALRSAVLPHKKPDKCSTNSYKTRFPVTGSNNHTLNTDNEVDLTEDDKRAWSSL
HSGWAKRAWQDMSSAWGKRAWQDLNSAWGKRGWQDLNSAWGKRAWQDLNSAWGKRGWQDLNSAWGKRDDDEAMEKKSWQDLNS
VWGKRAWQDLNSAWGKRAWQDLNSAWGKRGWNDMSSAWGKRAWQDLNSAWGKRAWQDMSSAWGKQAPEKWAAFHGSWGKRSSI
EPDYEEIDAVEQLVPYQQVPNEEHIDAPEKKAWSALHGTWGKRPVKPMFNNGGY

4
AEEPHHDAAPQPYKTSICALRSAVLPHKKPDKCSTNSYKTRFPVTGSNNHTLNTDNEVDLTEDDKRAWSSLHSGWAKRAWQDMSSAWGK
RAWQDLNSAWGKRGWQDLNSAWGKRAWQDLNSAWGKRGWQDLNSAWGKRDDDEAMEKKSWQDLNSVWGKRAWQDLNSAWGKRA
WQDLNSAWGKRGWNDMSSAWGKRAWQDLNSAWGKRAWQDMSSAWGKQAPEKWAAFHGSWGKRSSIEPDYEEIDAVEQLVPYQQVPN
EEHIDAPEKKAWSALHGTWGKRPVKPMFNNGGY

AEEPHHDAAPQPYKTSICALRSAVLPHKK PDKCSTNSYKTRFPVTGSNNHTLNTDNEVDLTEDDKR AWSSLHSGWAKR
AWQDMSSAWGKRAWQDLNSAWGKR GWQDLNSAWGKR AWQDLNSAWGKR GWQDLNSAWGKR DDDEAMEKK SWQDLNSVWGKR
AWQDLNSAWGKR AWQDLNSAWGKR GWNDMSSAWGKR AWQDLNSAWGKR AWQDMSSAWGKQAPEKWAAFHGSWGKR
SSIEPDYEEIDAVEQLVPYQQVPNEEHIDAPEKK AWSALHGTWGKR PVKPMFNNGGY

AEEPHHDAAPQPYKTSICALRSAVLPH;

PDKCSTNSYKTRFPVTGSNNHTLNTDNEVDLTEDD;

AWSSLHSGWA AWQDMSSAWG AWQDLNSAWG GWQDLNSAWG AWQDLNSAWG GWQDLNSAWG DDDEAME  SWQDLNSVWG
AWQDLNSAWG AWQDLNSAWG GWNDMSSAWG AWQDLNSAWG AWQDMSSAWGKQAPEKWAAFHGSWG
SSIEPDYEEIDAVEQLVPYQQVPNEEHIDAPE AWSALHGTWG

PVKPMFNNGGY l

AWQDMSSAWamide AWQDLNSAWamide GWQDLNSAWamide AWQDLNSAWamide GWQDLNSAWamide
SWQDLNSVWamide AWQDLNSAWamide AWQDLNSAWamide GWNDMSSAWamide AWQDLNSAWamide
AWQDMSSAWGKQAPEKWAAFHGSWamide

SSIEPDYEEIDAVEQLVPYQQVPNEEHIDAPE AWSALHGTWamide

SSIEPDY (s03mEEIDAVEQLVPYQQVPNEEHIDAPE

B1 R&E—MEER B EIRMAIHIE (AST-B) BT AHIE o 2
Fig. 1 The precursor activation process of a putative B-type allatostatin ( AST-B) in Bombyx mori
E %X & BGIBMGA009464-TA #:H 4555 T — M E BIHT/A A putative precursor is encoded by silkworm BGIBMGA009464-TA
gene in the figure. Fj&MR E M55 IKF5 Fi#HMA R The putative precursor signal peptide sequence is shown in italics. 2 A
The same for Fig. 2. allatostatin-B (AST-B) ATl E M TWMARRRINT « 54 1 MEAURIE S IRBEATIE] 5 26 2 5 kAR
RGeS ABERTIE; 55 3 MLARE LR IKES E MBI T, e RTFI8REG 56 4 MRS H &5
o-EREAL B AL XS C R H BRERE M BEREAL ; 265 5 5 Sk AR IKT 1 b B R BRI EE AR AR AL /E o The processes of B-
type allatostatins ( AST-B) are shown with arrows: the first arrow stands for the cutting of signal peptidase; the second stands for the
cutting of the putative precursor invertase; the third stands for the release of the putative peptide sequence by carboxypeptidase E; the
fourth stands for the amidation of peptidyl-glycine o amidation monooxygenase to C-terminal glycine residues; and the fifth stands for

the sulfation of the tyrosine residue in the peptide sequence.



14 B 23R Acta Entomologica Sinica 53 %

AR B G AR AR A [R] B9 07 35 U8 B R 7
T, T BRI 20 BTSSR R, 5
A2 IREE R BA TG 5 P51, IR ix 2o
RS KIGATEE, 7 MLATRERTE 5" KB 55—
MERAREBT Z A — B PR, PR K
M2 IRME S P EX —BUE S IR g K P
PRI . 3 MR BN SE B T B S BN A R
JRBSCHR D RS AN R o PRI Rl i -5 A
BB B Rl SR AT EE BT

PROTEIN:BGIBMGA008722-PA

MAEAQLTFTSSWGGKRAAIAGTVSCRNDESLASIYKLIQNEAEKLLLCQKP
2 FBR-AMBSER) AKH BT BERK ) B
Fig. 2 The prediction of a putative AKH precursor

mature peptide in Bombyx mori

RE& (25 Ik 2 8§ BGIBMGAO08722-TA 45
R (K 2) BA 5 IFFLE, BATA E MK AKH
B QR AU S S 5 (55K + B8 I
BREASR + o v B TR Bl A — BB U F (5 5 (-GKR &
#-GRR) + AKH Hij {& #f 3¢ ik (APRP), % #% ik
pQLNFSPGWamide f JL /R 1438 % 1 AKH/
RPCH K%, A AKHs BLATE N KA & FRFF
IE A &R, i C &K i B B% L ( Fernlund,
1974) , R LA ZE Alad 5 GIn5 Z [H] A5 5
BRAGEDEN G, T H 32 5 PR 4 5 1) K 2 M L 1)
AKH B RK R pQLTFTSSWGamide, Fij {4 AH 56 fk 45
#4525 AATAGTVSCRNDESLASIYKLIQNEAEKLLLCQKP,,
2.3 WHMERWEN
2.3.1 MRRGWH R R F2RAHE
FRER B ] B IR RRAE , X Se S5 B P 7E 98
MBS T B BERSF o PRI BE AT 455 [R5 Ho X
BEATPR 22 BRFE R A 0 2, 0 AT o) A P P T 5 2R
BEATIAIE . TISE SRR, KHR 43 28 AL K S B
BIRTT VI3 BB A SR R RRE 9 S G 22 BR AN RIS
PRI AR (R 2) , o 73 SARYE S0 [R] P44 T U
7E C Ry & LE BEREAL , T 6 M TINAE N K & 4=
T, 9 M 7E B PR BB RR 1k o H AT I
REMEIRFTRTIE], C A i A He B e A 2 e i i
R BT, HrhmnEs 3 ~AA AKH/
RPCH K & #t 2 ¥ fF 9 AL 24 Bk 45 #4, ED
pQLTFTSSWGamide ( Ji, ik ) . pQLTFTPGWGQamide
(+BK) \pQITFSRDWSGamide ( + k) . 7EZHK & —
N5 M E X AKH 5% £ M F 8 L ik
pQLTFTSSWGamide B 2838 if {62 9 77 15 8] T 1E

52 (Ishizaki and Suzuki, 1992), SIFamide & —/"&
ERFHBR/PREIYHAET IR, HFE
XYRKPPFNGSIFamide 454, £ 4 1 kb X J—
AT AR B ER A, TINAE B i 5 A BB STFamide 45
#5°% TYRKPPFNGSIFamide, 5iZZF iR AL, 1X
R T EAERKRER £ 7, IMFamide 5
STFamide Hij {4 [ 5 14 JF % &5 (39% W AH R4 ) EL#B
v F 6] — R 2H nscaf2964 contig H, IMFamide 3&
K5 SIFamide %K B A AH [ %% % 05 [\, 75
AR E®EMW BOROBK &M K
pQTFQYSRGWTNamide, 5 £ F M 3£ Wi 3 W
Periplaneta americana {9 0> J§ 5 1K 2 B 15 2| 19
corazonin 25 52 £ AH[E ( Veenstra, 1989) , B HH
Fo2K & LB B R/ R BB F ¥ 18 ik ( Crustacean
hyperglycemic hormone, CHH/insect ion transport
peptide, ITP) J& BRI — R KM, ZEH 5234
MABE R B EN. RIERTAMXKNEFES
&, AR WA, B CHH M 58 A
AR (MIH) WK, Hr CHH WHRRSH
—ANEIRA K, T MIH WK M ER . A5
XoF 12 2R TR J2 PR G BR F T 25 5 SFFTLECKGVFDA
AIFARLDICDDCFNLFREPQLYTLCRAECFTTPYFKG

CMESLYLYDEKEQIDQMIDF Vamide 5 4 £ 5 i,
HRB B F#18 ik SFFSLECKGVYDASIFARLDRVC

DDCYNLFREPQLYTLCRAKCFTTPYFKGCMESLYLY

DEKEQIDQMIDFVamide( Dai et al., 2007 ) A & E
WM, IF BAERiiA h A — DR RR, &—1
FIER CHH YRR 51 . 45 2] ) FMRFamide
FASRBRFIE R 5 AT L 5L B A RSP 9 C K
PRSP G FFE A R AL R BE (R 2) o TEMAFR
e, #i4 pQVRFRQCYFNPISCF F¥ 51l i Jik £ 4 %
BB 5 Y W 4K 355 2 49 ) 4 A ( Kramer et al.,
191), W JE, W B4 I E MBS
pQVRFRQCYFNPISCF #H5CHI IKFHIE A2 T i3k,
S8 ) pQVRYRQCYFNPISCF ( Williamson et al.,
2001) , LR EIE WM T — MR IR K IR,
EEMFRH C BIMEMAMHIER (AST-C) . XMHEE
C & Mg M (& o & R B R AW
pQVRFRQCYFNPISCF 5 ff % X # 5¢ & M [,
NFDEIDRSGFGFN Jif/ 5 5. A RIS /IN J BF 14 o 28 2R
Gi oy e HAR HAME . RUITEE I BA RIEILAZ
SFEM . ARG BRIE B A2 E P, X AR
fir 4% N orcoknin ( Stangier et al., 1992) , orcoknin ]
A—ANWEBEHEERER T RESIUF R R P8

corazonin
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HESE (Pascual e al., 2004), FHCHD N K% Ah, FALRGMZMERH Gl B S ) T BA RS
NFDEIDR {55 3R KIS orcoknin BRI, Bl SOBASERIRIK, 45 LFTA, RETER B0
WL A 5B A FIA orcoknin SOOI, RS M ZIK O BRI LR L7 T 2
E NFDEIDRSSLNTFV #1 NFDEIDRSSMPFPYAI,, jit, 5, BREEEEETE E ERSE

xR2 WMEHREHRAMER
Table 2 Predicted mature neuropeptides in Bombyx mori

P2 BRI (TR R) T ) K B 251 KRR EF
Family (subfamily) Predicted mature peptide structure Conservative motif
AKH pQLTFTSSWGamide, pQLTFTPGWGQamide, pQITFSRDWSGamide pQXs Wamide
AKH-PRP AATAGTVSCRNDESLASIYKLIQNEAEKLLLCQKP,

SEATDYRNDGCSSEDSVYTIYKLIKNEAEKFLACQS, HFVVSMQPHHSICSSGPRTQLGSR

Apis-ITG-like WGGLFNRFSSDMLANLGYGRSPYRHYPYGQVEPDEAYEALENNRISNVIDEPAHCYSSPCVTNGDC
CGGLLCLETDDGGRCLSAFAGRKLGEICNRENQCDAGLICEEAAPGEMHICRPPSTGRKQY
NEDCTTSSECEITRGLCCIMQ, HRQKSRKSCGYFKEPLVCIGPVAIDQIREYVEHTTGE, IGAYRLH

AST- A SPQYDFGLamide, LPVYNFGLamide, PYSFGLamide, ARMYSFGLamide, ARSYSFGLamide, -Y/FXFGLamide
QRDMHRFSFGLamide, LSSKFNFGLamide
AST-A-PRP SEDDTSENYIDA, AEQVAEHGAEQVAEHAAPLE, AYSYVSEY, FAEEPAED,
AST-B AWQDMSSAWamide, AWQDLNSAWamide, GWQDLNSAWamide -WX4 Wamide

AWQDLNSAWamide, GWQDLNSAWamide, SWQDLNSVWamide
AWQDLNSAWamide, AWQDLNSAWamide, GWNDMSSAWamide
AWQDLNSAWamide, AWSALHGTWamide, AWQDMSSAWGKQAPEKWAAFHGSWamide

AST-B-PRP AEEPHHDAAPQPYKTSICALRSAVLPH, PDKCSTNSYKTRFPVTGSNNHTLNTDNEVDLTEDD, AW
SSLHSGWA, DDDEAME, PVKPMFNNGGY, SSIEPDY (5455) EEIDAVEQLVPYQQVPNEEHIDAPE
AST-C pQVRFRQCYFNPISCF
AST-C-PRP MNRVARSWPQATEPRGWAMRNVDGRLVRPWRAD *
AT GFKNVEMMTARGFamide, GTPTFKSPSVGIARDFamide, GTFKPNSNILIARGYamide -ARXYamide
AT-PRP APDGRLA, KQQRPT, DRSHTRAE, DVDHQRSSQRPS, TPEFENEGIWEADIDLPCVALAIYTRLA

SGNDDYDEEEEIRVT, SILVESKLDFVRDWLSKPQTGPFEKSVSLCRYDIGYVHHPRMKFTPKIGLM
VAHDFGamide, TNSQNEPVYGVNNYWDMLENAPEREGQEANDDKTLERKINDRTKVSFRQMFLA
NYLLKNDNQNGHDIFFCHLVINYV

BMKS GSGTKVGGAGAATKVVTKSGSamide
VSAVPTPSNNKDGSTISELPENWDQTKDDNRSLFLNKSDKNDLEPYPLALSEEGNQDGYDQTVDQR
FDSPQSNGELDNLIMRPELYGEPPAMEGLASAFDLQ,, NLKPEDQAALSPIDLMTQHFEAQ, LIL, GSGTK
VGGAAASAKTATKNSGGN, NFRPISE, DSGLSAADVRALLNLWEAQE, FMVA, KQEYANQFA
ADRYYGRVNPDEEQPEVDENGDLWYNEPVVIGPHDRDYPHHSYFSEQNRMALARGYPDLYQVG
PNELAQRYEEA, QYANKM, SDNMMHQNNYRPRDDLYTLAELLRSAPRVQEQDIPVY

Bursicon o FPVTGHEVQLPPGTKFFCQECQMTAVIHVLKHRGCKPKAIPSFACIGKCTSY VQVSGSKIWQMERTC
NCCQESGEREATVVLFCPDAQNEE, FRKVSTKAPLQCMCRPCGSIEESSIIPQEVAGYSEEGPLYNHFRKSL

Bursicon 3 EENCETVASEVHVTKEEYDEMGRLLRSCSGEVSVNKCEGMCNSQVHPSISSPTGFQKECFCCREKF
LRERLVTLTHCYDPDGIRFEDEENALMEVRLREPDECECYKCGDFSR

CAPA-pvk KLRPDGVLNLYPFPRVamide, QLYAFPRVamide -PRVamide

CAPA-pk GGPPSDRNEPHDDLLGLHLDDPGMWFGPRLamide, -PRLamide
GGPPSDRNEPHDDLLGLHLDDPGMWFGPRLDVVNQNEDamide

CAPA-PRP ASYRTWQIPINDVY (5031) LDY (5035y EPVE, SEREQIDQIAHEERMK, SKLL, SLKNGDDDV
VNQNEDamide

CCAP PFCNAFTAVTVTRYSQSFSKNYLSIRRLRALTKPIKCFKHVLFYQGCamide PFCNAFTGCamide
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435 2 Table 2 continued
MZRFIE (LK) T ) SRR B 454 RIGIRTFETF

Family (subfamily)

Predicted mature peptide structure Conservative motif

CCAP-PRP
CCHamide
CCHamide-PRP

CHH

CHH-PRP
Corazonin

Corazonin-PRP
DH( Cal-like)
DH( Cal-like ) -PRP

DH( Cor-releasing
factor-like)

DH( Cor-releasing
factor-like ) -PRP

EH
ETH
PETH
ETH-PRP
FMRFamide

FMRFamid-PRP

GBP

GPA2

GPBS5

IMFamide
IMFamide-PRP
Kinin

Kinin-PRP

Myosuppressin
Myosuppressin-PRP

Neuroparsin

KQKEFYNSQ, ATIPRNFDPRSNEEMVTMP,
SQTAPGMPNQDLMRQRQYVDEDTLGTMLDSESAIDELSRQILSEAKLWEAIQEASAEIA

GCSAFGHSCFGGHamide
SQNTNDEY ( g3y FLETI, SGEPAPMDMANQDMMVRHQLGQEETPPHPGYPHSSYNVLQPGD
DIIPIRDGGVYDHDAAARDVMKYKLRNIFKHWMDNY

SFFTLECKGVFDAAIFARLDICDDCFNLFREPQLYTLCRAECFTTPYFKGCMESLYLYDEKEQID

QMIDFVamide

LPSSAPHHVE

pQTFQYSRGWTNamide

YKGERNHELFDVFQ, DGH, DELRDEVLERILTPCQLDKLKYVLEGKPLNDRLFVPCDYIEE
EVNQP

AFDLGLGRGYSGALQAKHLMGLAAANFAGGPamide

NAQ, YPSINDYYRDDGQYDPDEIIDMLGRLGNLIQMERKMQNE

CX; GHXCXGXHamide

pQTFQYSRGWTNamide

MPSLSIDMPMSVLRQKLSLENERKLQSLRAMANRNFLNDIamide,
SFSVNPAVDTLQRGAYNHFLEKVVQSNRDYLNRIamide,
KMPSLSINNPMEVLRQRLLLEVARKQMREANQRQAVANRLFLQNVamide

IDLMQMDPSLADDESLGFAMQSLSGRYAAAPWLYLLADVSHDPQNGSDRVK, GFHWAPSAKAAKFY,
IDLMQMDPSLADDESLGFAMQSLSGRYAAAPWLYLLADVSHDPQVRSEMQARS, DSWKILTEN, IDLMQ

MDPSLADDESLGFAMQSLSGRYAAAPWLYLLADVSHDPQRMAEFSQSSGRARP, GAWGEPASYLYNN
MFGPWFEGSLCAESCIKARGKDIPECESFASISPFLNKL, SPAIASSYDAMEICIENCAQC
SNEAFDEDVMGY VIKSNKNIPRMamide -PRXamide
SFIKPNNVPRVamide -PRXamide
NYDSGNHFDIPKVYSLPFEFYGDNEKSLNNDDAEEYYAKKMGSM
SAIDRSMIRFamide, SASFVRFamide, DPSFIRFamide, HRARNHFIRLamide -RXamide
SPDLEA, STLPVVPPAQPSFLQRYSASQPAALTADDLMTFLRAYEEDYSSPVS,

SVDEENSGYQAETNTYPQ, SVVDPCNDCA, DNELSESNDEDRY g5y EVESERT

GVNGFFNDLRRGISQVEEDLSDRLIFRDDDNDQYNYNNAVNRPVYPTESVSSGSVQRGVVEFVTQ
PTIVPTPTSAGKTTTEKEGRENFVGGCATGFTADGRCKPTF

HPVTSLGQCCNIMEAEDVPVKVLCLDGERNLIFKSAVSCACYHCQKE,
AESWRKPGCHRIGHTRNISIPDCVEFKITTNACRGYCESWSLPSIMLGF

CWDDVKIVSCWGYCLSYEVCSSEDTSCEWLPPDSSLLGGLILKEELEEELE ,
FFCVDASMSVRCKL, HSHKVMQTDLNS

NYKNAPMNGIMFamide
GPTDYDSRSKTFTALCEIATEACQAWFPTQEN

NFSPWGamide, VRFSPWGamide, KVKFSAWGamide -FX1X2WGamide

FPLKMMALSAKFDPRSFKEAMPFKTFVESLPKVFKPGQPYYDVNIKKDamide
SPPIIGPIWTPAPENVKDSTLDTIILIRNSPDKDEAIKTV ; DKPSFEHMWTW ; SSSVREPSMP,
QYINTGGPGADTILDPLDSSLQYSLPYANYFNVPDAQMDPDTSDGQYGIVHDGGVQ,
TADDKEQVRD, WLPNLADIDKTMYIKNNEVATPFLVGFSGNSDENDTALLDQVD;
SGOMVYKPGSKSSKLIFSATVPELEKIVSNYLPSGERLNLAGLHYIPSVD

pQDVVHSFLRFamide -HVFLRFamide

APAQLCAAAAENDPRATRFCQALNTFIELYAEAAGEQVPEYQALIRDYPQLLDTGM
WDCVCNPRECEVLEPSGCPGLGIVVWDSCRCCKVCARTLGENCGGFSGTCEPGLKCYEGSCTOQIT
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435 2 Table 2 continued

P2 BRI (TR R)
Family (subfamily)

T B R I S5

Predicted mature peptide structure

KIGRT RSP

Conservative motif

NPF PERFDTAEQISNYLKELQEYYSVHGRGRYamide, -RXRXamide
REEGPNNVAEALRILQLLDNYYTQAARPRFamide,
DVDAAGDRVDPELLDRAVRLLWLEKLDRIYSYHTRPRFamide
NPF-PRP FGYK; QYPRP; QMHIADASVIFRESPFFEHSLNEDGLL; SDTYTNWAKDVEKPDLPTWLTYA ;
REEGPNNVAEALRILQLLDNYYTQAARPRID; SDTYTNWAKDVEKPDLPTWLTY A
NPLP1 NIQALARDGYRMamide, PNFIDAFTKNRWQPITKESPKFYYFRSLKIPLHSSamide,
HIGSLAREYFAAPEVDSAVNSDDADV AVPPHSHPTGRILHRPLSNDLPNTNPSLPAPPISP,
KNQ, LPTEPENQWPTFP, NIATLAKNGYLRNSGANSY,
SISILAKNGMLPTYRSPYVGTDKQEHEDESQE, NLASIARLRSYSAM, GQYNTQNN
Orcoknin NFDEIDRSSLNTFV, NFDEIDRSSMPFPYAI NFDEIDR
Orcoknin-PRP DPHQEQDVSGNDHTSGERYDAAGHKTRNLDPLGGGNLVRDVREARHSGYLPYQMF, YDYISPYamide,
EPWPLVPAEYGGYYGDGFP, FYHLSSFD, YRPDYPMDEIDLSHFPVGS, SQDSY (5435, PLASNL
PBAN TDMKDESDRGAHSERGALWFGPRLamide, IIFTPKLGRSVAKPQTHESLEFIPRLamide,
-FXPRL/1/Vamide
LSEDMPATPADQEMYQPDPEEMESRTRYFSPRLamide, TMSFSPRLamide
PBAN-PRP ELSYGMFNVLGTFAVRP, SMKPSTEDNRQTFLRLLEAADALKFYYDQLPYERQADEPETKVT
PDH NADLINSLLALPKDMNDAamide
PDH-PRP VANSEAKIKLNRKVSESSYGSDEQYIRQIHSLVNAYREDNSMLGENFIIETKALIDTKYRTW
Proctolin QGSDDETGCIRLLVCKITPFIVRMQEAVFGNNGRNDKTKSKGNEQQRNGVASVMYRYLPT -RYLPT
Proctolin-PRP HRDCSIE, QDEINEHSDICE, MTWILNKNSRKLQEMISAAKNESLPDNIEHLI *

PTTH PDVGGFMVEDQRTHKSHNYMM,
ARNDVLGDKENVRPNPYYTEPFDPDTSPEELSALIVDYANMIRNDVILLDNSVETRT,
GNIQVENQAIPDPPCTCKYKKEIEDLGENSVPRFIETRNCNKTQQPTCRPPYICKESLYSITIL,
ETKSQESLEIPNELKYRWVAESHPVSVACLCTRDYQLRYNNN

SIFamide TYRKPPFNGSIFamide XYRKPPFNGSIFamide
SIFamide-PRP NNVENDSSGRATAALCEITTETCQAWYQALESQ
sNPF SVRSPSRRLRFamide, SDPDMPPQAPIDEMDELLSLREVRTPVRLRFamide, -RXRFamide

SDERAVPHIFPQEEQDRAVRAPSMRLRFamide

sNPF-PRP QALSNYDASPATFESRNNWDALGGLYALLAQHDALGGHALA, SDNNMFLMPYESALPKEVK
ASGSVEDDRQQE
Sulfakinin GDDTFDDY (5035 GHLRFamide -Y (so3m) GHM/LRFamide.

Sulfakinin-PRP  SDD, ANL, IQPDDDEDFRPHPLY (534, RDYGLIRSRVI

IPQGFLGMRamide, KPQFFVGVKamide, APLGFTGVRamide, -FXGXRamide

AANMHQFYGVRamide, PYDLSIRGKFIGVRamide, GQMGFFGMRamide

Tachykinin
Tachykinin-PRP WIDGMNDPRY, QEMI, HEDDSSEQYY, EDMSSEY (5031 QY (sosn) Y (sosny) PYEAL,

DGSLIGQIEYTSAEHINDGQYPILNDILNEYLQKLERQETNSDTNETEEQRITNEVE,
SVDN, DVKNSNGKEIKFLLSRPFP, NFY (5031, DY (s0315) LENPDGY (53 F

PRP: Hij{&H#H5% Ik Precursor-related peptide; CAPA-PVK. fE& ik pvk Capability-periviscerokinin ; CAPA-PK: & Ak pk Capability-pyrokinin; * 3
AHTES IR, T2 B m R GH s X AR EERRE, HEWEFREARNER, H TR0 RERRNEER
BREL . BRERFEA THR-(SO3H) -REMAMBRETRRIR(SO3H) 5 N Ri/NEFE: p RRBABE/ AERKIFL; C Kifi-amide
RFEHEABRIREE N B L. Asterisk indicates the affected prediction of the mature peptide structure due to the missing signal peptide; X stands for the
variable amino acid residues, and the subsequent figures represent the different variables. The footnote figures represent the number of the interval amino
acid residue. The right footnote of amino acid refers to the state of tyrosine sulfate residue. The N-terminal letter p represents the cyclization of glutamine/

glutamate. C-terminal-amide represents the amidation of glycine residues.
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2.3.2 MHEREWY R BINSREWIRE
WA REWFELEY RIS Proctolin F—H.
Bk, BF RYLPT, £ H ok B FFEX MW Periplaneta
americana ( Starratt and Brown, 1975) fj#iR, 7K
HR BT R RE EESIESE T ERSHAL)
o proctolin 3 BAE K #f 22 4 i & /E H (Tsaac et
al., 2004 ), {di FJ 22 8 3 4 proctolin FY H /& K
( GenBank accession no: CAD30643 ) 3 45 &
openoffice #4125 4% 8 76 < 7 B8 26 1 B 448
PEp 3784 , BGIBMGA008345-TA A E W 4wt
A proctolin FRTAREER . (EXF I HTAA T ) B2
K549 5 QGSDDETGCIRLLVCKITPFIVRMQEAVFG
NNGRNDKTKSKGNEQQRNGVASVMYRYLPT, 5 %5
HMA 5 B AL B 4R B proctolin N 3fF7EY Ji&
ML (E3: A), XFhY RIS LEBRIF Myzus persicae
Fit 4 R 18 ( Christie et al., 2008), M4, &F

A SEYNZEWE Periplaneta

PFCNAFTGCamide %5 #4 B9 ik £ B M i 8 & 28
Carcinus maenas WP 2 RGP 3 BAREESL, R
BAERTORERER, Bk rERF.O 0
kB CCAP( Stangier et al., 1987) . 7Fi| i A2 K i
) CCAP Eij& ik ( GenBank accession no: AAL39064)
#7382, BGIBMGAO09606-TA #%iE 3% 1 5E H 4w
i CCAP ) ## 28 Bk Bii {4 2L K] ( blast score: 149; E-
value: 5e-37) o X FECH{ATIN 45 R 7= A= i K W
k45t PFCNAFTAVTVTRYSQSFSKNYLSIRRLRA
LTKPIKCFKHVLFYQGCamide F15 5 i@ | 4 B X ik
i) CCAP tHIL, TER BB I FEY BRI L (H
3: B), CAPA B:[RFRIAN AT T M 8YHE, XI5Y
7= Y) CAPA-a F1 CAPA-b Y 24 Bk By Tl I &
CAPA-b BBk — CAPA-PK 5 CAPA-a F i34
fkZ— CAPA-PK MHEL AP R (B 3: C),

RYLPT

Z 7 Bombyx

QGSDDETGCIRLLVCKITPFIVRMQEAVFGNNGRNDKTKSKGNEQQRNGVASVMYRYLPT

% 3k 3k %k %k

B jg#iFuk Manduca PFCNAFT. GC-NH,
S 4 Drosophila PFCNAFT GC-NH,
%7 Bombyx PFCNAFTAVTVTRYSQSFSKNYLSIRRLRALTKPIKCFKHVLFYQGC-NH,
% %k %k %k %k % % *k
C %% Bombyx CAPA-a HLDDPGMWFGPRL-------------------NH,

7 Bombyx CAPA-b

HLDDPGMWFGPRLDVVNQNED-NH;

EEEEEEEE L EE R RS

B3 ZEBAHZIREGEH Y RN
Fig. 3 Structure extensibility of mature neuropeptides in Bombyx mori
A: Proctolin; B; CCAP; C: CAPA-PK. = f{FEFEFIHMFE; -NH, 8% C KIFAEEM AL, Asterisk represents sequence identity; -NH, represents the

amidation of glycine residues in the figure.
AJ ‘
3 idig

o3 B SALAH BB R 2 IO A IR EE T
%o (BEETHM MBI T BIMERE , X2 K &
BRI SEHE R Ects , ELARRR T X B 2 R a i
HIBTSE . BEEZXBERNHANF RN, BitE R
B RS, DL AR B BRI B 3
R, ot REE R O 2 BE5E T B4 A 2R A
ABFFA A EHIFTRIE R B B LIRS H M AR
2 ) g ) 5 0 5 2 e PR A P A T T T T R 4
R 2 K TR O 2 M BRI B T, R4S 31 4>

MERERFIE, BN 37 2 IR I 50K
AR 44 A REER, JFE s tidia 5B
0 B R BTG HE S W 1 22 R B [R) R, B 193
AR ZIR W BRI TERAT L, K
ZERRATAE H R 90 ~250 R AEMRER I A, B
MERRI I/ NE T A 3 ~50 MEERR, 5HAME R
ERIARSCHGE R — 2, XA B 2T
A2 BRI X 70 MR, #2100 21
BEBRNT B — P LR IATRIE, #HERER
TE R BEAR B IR R T PEARAE P8 B R B, 72 B IR
BEALH AR TP AT T 45 BT R, ARTBTSE S
RBARHY T T HEMWEIRKER, AMZIKE )
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AR R G HEATEH A MAL-DI-FTMS,, 7] LIi¥5E
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