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WE LRI ZFRIPZFRGEERANKR, EAHANERTE, TR HHAWEGEHNEE
BTz —., KHR 7% T JL4iE st 4T (Litopenaeus vannamei) ILP1 (LvVILP1) 4K 3£ ], mRNA K & %
812 bp, H & FF I BEAEK 543 bp, 44 180 MEAEHK , FH AT B, LVILPL &R ATt FE R
20.81 kDa, FEip%Ed i 945, FHREAK KN 9620, EH M5k, HABHEEN, #EHLAL
mME. ARENQWES, FHTNE T, ZEAEARYD F8 X kKTFWIGF £43, B N
fE5 k. B4, CIkfm A4, B EA 6 MRFHFEMABRC A2 MTRMAE, RAH NS
#r 8 7&, LvILP1 5 383 %t #F (Penaeus monodon) ILP7 % % Z & t, 5% &34 ILP1 B — %,
K5 5 TAM A ILPT, M 5h 144 # & (Relaxin) . & % & (Insulin) . fi# 5 & # 4 K F T (GF)
RAE—#, THEM Y ILPT £ 5 428 3 (Actinia tenebrosa) ILP By 3k 1h % Z & U, & WX £ ILP
GRS EFBZRNALERNEMN, EREFHMER, LVLPL T EREFH LEE S
03 (FoxO3). ¥ % ik & % K(GR). CAAT X/¥# % F4 4% A(C/EBP), F 5 FREFZHEEA
(STAD%; Ea BB, LVILPl S40//E FW S % 2 H(IR), # £ 52 F(VGLUTI,
SYT 1 3). #7%& A% % (GPHBS5). ¥ 1t.3% % (Bursicon)% 1 B 1F | ; atix i K H T A BAEE & 10 4
WM BEAT AT, SRR LVILPL TR A AR T A KA T . HERBA L, WERARAS . K
WAMRAS, A EHRERURABRAEERA . 2 AN, LVLPL £ EITFHLE M
BRERGERE, EREEN AL T HREL, BERATRLAEREG. AARXERIENT BAHA
BEXTER ILP S E A A, B, R R R A RETEEE R, BN LNES I 2 F 7 Mg
FIEREER R
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X Sy 38 Ak AN T ) A2 ARG A O B R A
SImEE, MRS AR R R R AE . B S
FF A A AR B R (Hoffmann et al, 2011), HAT,
TETCBEHES Y b ok & I 5 R 5k IGF, {H7E R i
(Drosophila melanogaster) (Riehle et al, 2006) , 3% } f}*
Iz (Aedes aegypti) (Liu et al, 2016). 75 M %A JpdF
(Sagmariasus verreauxi) (Chandler et al, 2017) ., 75 i &
FT-2k H1 (Caenorhabditis elegans) (Zheng et al, 2018) .
5 BRIREJIH (Srongyl ocentrotus purpuratus) (Perillo et al,
2014) R HM MEBE 575 25 (Oulactis sp.) (Mitchell et al,
202) AR R I T 2R R AR —K R
% ZE K (insulin-like peptides, ILPs), iX£& ILP #REA
i 5 25 RIS I Z5 I REAE 5 DB, R ILP & —
OGEA N AV P33 A5

B A TLP 3 p Rl 1) o 28 43 DA A ™ A, T
A S = T MR AR, AR
AR RS B s . WERORUS AT AR Y TNk
P EBEAE ] (Wu et al, 2006), Filn, 76K 204 i
(Rhodnius prolixus) fl1#f #x (Antheraea pernyi), ILP
J TR 1% 22 35 RE 08 115 B K Ak W A0 R i s 4 g
(Li et al, 2021; Haddad et al, 2022); &340 b %k
DILPL w] LA #F Ui #A 4% B 41 21 ) A= K (Liao et al,
2020); 7544 2 F i1 (Leptinotarsa decemlineata) T
i LAILP ik 2 S EON IR ] 2E K (Fu et al, 2016);
1E #it % A @\ (Diaphorina citri) # T #t DcILP1 #lI
DclLP2 FRik£xSEU™ I W& mib, HOPHE =
Al R F 52 2 K A0 (Wang et al, 2022); FEE
J#f A (Samia cynthia ricini) 1 ScILP GE % HI AL Rif g i
% % (Prothoracicotropic hormone, PTTH) %P, Mifi
HE— 2 8 P8 5 2 8 % (20-hydroxyecdysone, 20E)f)&
5 i (Nagata et al, 1999); 1 75 S i H @i BR DILP5
2" ST A 1Y JE 1 (Yamaguchi et al, 2022),

HAcahyd ILP JE A CHF s /0, E A7 AT
TR IR, ILP EZEAEM . HRAR 1 R0 ok i 5
20 #1rh 263k (Chandler et al, 2017; Jiang et al, 2020), 7E
Diteorim, ILP S5, K. mEmAEy S
WE M B ARG sh o Blan, 78 JLgh X iF
(Litopenaeus vannamei) fll H1 1g 45 %% & (Eriocheir
sinensisis) it A LVILPL A% R I it g4k 2 rb 4 285 b
& (Su et al, 2022; Wang et al, 2020); & [KiBUF
(Macrobrachium rosenbergii)s T4 ILP FiAfEML[E
A JBR R VA 8 B R )5 K - (Jiang et al, 2020); 7E
H A8 iR (Macrobrachium nipponense)+ 13 ILP 3
ik SR T HAR K (L et al, 2019); ARyl 2
H EsILP 7 HRAW R L4 o e 2R3k DL 2 5 LR X g

7K <, B MU TR (Aeromonas  hydrophila) 8% 4 i) s 538 [
(Wang et al, 2020); i /£ & & # /K & (Calanus
finmarchicus) 1 %5 ) 4 Fl CAILP Bk, 98k,
HAT e 2 56 AR S RN TAER , Ty
PR A4 B 1Y 97 (Christie et al, 2016).

FUERTEXTUR B A e | P8 P Mg |
iR ARD R S50 2000, © B FRIE R 5 b i B 2485
PHAE R FRIEER S AR E LK 2T, H
A AT R I a8t A 2 SRRl — EAY 2 OQ U (O R 4
2020; XIRTAE, 2021), TERITHIFTSEH, AUREH
YrE T PLANTEE XTI g8 5 2R A o i v ) — S0 T B
A, Nk L 2 32 K (insulin receptors, INRs) . fi#i & &
He K R 745 4 25 M (insulin-like growth factor binding
proteins, |GFBPS), A [ iiF 04 W A ik LI -3-35%
fiff (phosphoinositide-3-kinase, PI3K)., XLHEHEH O
(forkhead box O, FoxO) ., ¥ Wil -3 (glycogen
synthase kinase-3, GSKI)&F I, #1240 my Yy g bf 5%
N, TP I S L DAY 3R 3K 23 5 e O I ) A R R
(Pang et al, 2021a, b), F ILAHIAST IR A7 78 R 5 A5
S, 8 T DA IR R AR R o VR BT X
5O A A ILP, HIERH S5 . REti L)
Koy DIRE M ANE FE o ASBIEFT N LGN I X6 MR e 57 2H 5
P P S 4% ILP R, AR AR R A T i
TR . Rgdife . kN BAEEAS, IF
ot SOt E B PCR(RT-qPCR) RS % 35 [H 7F 4%
AU AT F Ak &, X BB ST 45 R T O I SR X ER
ILP Wy 4518 5 Dy e o8 S 0 28 e 1 2245 =3 fi 55 A AR
R oy st B A AR S PR AR

1 #RE5FE
1.1 SHIgHE

ARSIy Fir A LA T IRk B I AR H B SR g
M, TEH E R BN T (1L R T ) B K G
FEAH R 1 ELURRE HARRE . R KT
B, AT, T R(25.0+0.2) C, EHhEEHN 30, pH
{HK 7.5£0.1, & H 09:00, 15:00 1 21:00 43515 F i
PR & KRR A DR —K, B H B e —ik
FEFH K

1.2 HAFRE

PEHL O FEfidt FREEPEXT IR, &K A (6.7£0.8) cm,
RE N (4.5£0.7) g BUREZHZUNRMG . BREL ., FHz .
WLA . H . B B, 85 FFBEAR . BERhLS . imgn .
Wtz . IR E RO, ST 14 R, K
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SRR SCAE T PLYA NS BT I 3R IR PR ) 45 4 S ik i 107

3 RIFHIAHRIHZUE A 1 RS (AR i R 08 s
2438, JEHC 3 DAY EE . BRESERSUSE , FEEE
i TRGEE A VR R S R, B e B T A RE S B 80 C
ABAC IR VK AR B AT o

1.3 EIEF*

131 LviLP1 AR Al %e ARSI SRR
A5 19 PL 4 XoF R 35 D) 2 R 2 3 2 i b s 2 9 2 B
B ERBR ILP BB P . Brikis e siE A
query, FE NCBI Blast [ %(https://blast.ncbi.nlm.nih.
gov/Blast.cgi) AT X, ik 5 H AL R 1ILP 3
PRARLL BE A i B 7 91 o B X SE 7 31 2 52 2 ExPASy
translatetool ¥k (http://web.expasy.org/translate/), 5
FIBE S AT . A A ERITINRZ 2
SMART [ 3 (http://smart.embl-heidelberg.de/), Tl
HORAHA WA DI Re S5 M. fJm, XTI 287 51 1Y)
SER AT, RS th—4% ILP 2 FS, Jf
444 LVILPL,

¥ LVILPL JE R ) cDNA J381) 78 % R 35 P 201 0o 32l
(http://www.shrimpbase.net/lva.download.html)# 17
BLASTN X, ARAGIZEERTERE R 4 B AYA 85 R
HRAE L XT A5 5, 55 B F 41 R DR 4 7 LU 38 7E 97%
DL BB e RS RIS, DA 2SR A 45415 B .
1.3.2 % RNA 6942 E cDNA % —# e oM ¥
WCAE R AL HEA T TOAR B, R FR B R A ZLCAn LA
JFIRAR ), R AW S LA 3, A AR A /N 2
AUIRIR SIS AL PR K Ak 347 1 X MR 41 20 & 18
RNAiso Plus ji{#](TaKaRa, H7Z<)HEHLM RNA, it
Nanodrop 2000 433t i1 (Thermo Fisher Scientific,
FENFI 1.5% (w/v) B IR B BE L AL VK 23 B A RNA Y
WRE T, e T S il & PrimeScript™
RT reagent kit (TaKaRa, HZX)$ RNA Jf%45% 5 cDNA.
133 LVILPIAR 2 % LVILPLEER T 94858
% Primer 3 Plux Pu}(https:/www.primer3plus.com/)
FFRIHY 2K 51 E 1) DIKNAZSIE cDNA E
B, i PCRAXHEATY 4% . PCR FF: 95 CHi
A5 2 ming 95 ‘CAEPE 20s, 60 ‘CiEk 40s, 72 ‘CHE
i1 20s, 40 NMEFF; 72 CHEK 10 min, 3R PCR
FEMIZE 1.5% (W) B BEE R FRL VKA, B0IE 25 R
/N—3U5, A MiniBEST DNA fragment purification
f & (TaKaRa, HA)#A74ifk, 4ifk/519 DNA i
$25 pMD19-T vector (TaKaRa, HA)H, ERIKR .
pMDI19-T vector 0.5 uL, Solution I 5.0 uL & DNA
afifby=¥ 4.5 uL, ET 16 CKIHEPERE 12 h, Z
Ji%% A E. coli Trans DHS50. J& 32 2 4l fifl (TaKaRa, HA)

T R R, O R B BRSO R D HEA T TR V& PCR %5,
457G H RS PR TR A T I e (A T

1.34 LVILPL AHEF7Io4 e Mt TH
HEWT LvILPY BEPH fA% 1 IR 7 1 5 2 B R ¥ 4 T4 &
M A W22 5 B, R Al ExPASy " Y ProtParam
(https://web.expasy.org/protparam/) T il & 4 5t (14 41 %t
Sy a SRR ANERE R BT YK 32 (Wilkins
et al, 1999); SignallP-5.0 (https://services.healthtech.
dtu.dk/service.php?SignalP-5.0)Hl {5 5 ik ; TMHMM
Server 2.0 (https://services.healthtech.dtu.dk/service.
php? TMHMM-2.0) it Il 25 (1 Ji A TG B5 5 45 #4) 35
PSORT I Prediction (https://psort.hgc.jp/form2.html)
I 520 8 5E 07 ; SMART T 2K 14 o 45 #4355
SOPMA (https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.
pl?page=npsa_sopma.html) il | &5 [ T — 9 45 14 ;
QUARK (https://zhanggroup.org/QUARK/) Fii il 5 [ J5i
=g kR, T ZE HH SAVES v6.0 (https://saves.mbi.
ucla.edu/)i#E17 i & 1Pt ; Neuropred (http:/stagbeetle.
animal.uiuc.edu/cgi-bin/neuropred.py) Fl JE Al i £
JOR %) DT ZR4A07 1
cgi-bin/methprimer/methprimer.cgi) ¥l #ll CpG & ;
AnimalsTFDB 3.0  (http://bioinfo.life.hust.edu.cn/
AnimalTFDB/#!/)Hl PROMO (http://alggen.lIsi.upc.es/
cgi-bin/promo_v3/promo/promo.cgi?dirDB=TF_8.3&ca
lledBy=alggen) Tl % 5 X 1 (Messeguer et al, 2002);
STRING (https://cn.string-db.org/) 7l M H 1F & 1 ;
Jalview 3/ LT LVILP1 5 HAB Fh K JB &5 2 88 5K 0k
SRS ERARSFPE ;. SMART BOi3k73 LvILP1
Ko g By R R 0L R S5 A X B R A, fl
MEGA-X {4 () 4B #2 % (Neighbor-Joining ) % iX £&
JP ot AT Rge it Ak sy B, RIS MEME M 2
(https://meme-suite.org/meme/) T JF> 51| {4 5T ) motif,
135 LVILP1 AR &L F ey R EsE L
VTR & B o B AR T A S IR I L T Ak
W RGN | BRARA A AR 5 BB, A
S FE AT T LGN R RN R T A& B Be 2 A
B S TR 5 R b VRS R A &, S8 T RATARE 5 A4
W B B s 57 40 0 e (Wed et al, 2014), I 3R75 45 5%
AHAEXS 2 ih & FPKM (Fragments Per Kilobase of
exon model per Million mapped fragments){f . AHF5T
M EREC LVILPL BE N 7E 451> % & IHYT ) FPKM i,
I+ A GraphPad Prism 7.0 3 1F2: .

1.3.6 LVILP1 # B 448 R k69 S0 22 547 1E
Primer 3 Plux Myl BRI E =T IMIER 1), WHE
R B BE R 200 bp 227 o KEHHEURESL Y cDNA i
BERIE Y, {1 Eppendorf Mastercycler ep realplex

MethPrimer (http://www.urogene.org/
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Tab.1 The primers used in this study
5|4 Primer 5| %73 Primer sequence (5'~3") A& Purpose
LvILP1-F CCGAAAAGATGGTGATGTCGATG PCR
LvILP1-R GCCAATAGATACACTGGTGCAAA PCR
rtLviLP1-F TGACTTCGTTCGACAGATTGAGA £+ Quantitative
rtLviLP1-R TCATCAGACTCTGCCGGAAG 1 Quantitative
18S-F TATACGCTAGTGGAGCTGGAA F i HNZ Quantitative internal
18S-R GGGGAGGTAGTGACGAAAAAT FEMNZ Quantitative internal

(Eppendorf, 7)Y #5147 RT-qPCR ¥ LvILP1 &
FHLUP A XS ik, [RIAT 18S rRNA [R5 5 AE
HZE M, RT-qPCR F2¥: 95 ‘CHilAEME 2 min; 95 ‘C7%
P 20s, 56 ‘CiEk 20s, 72 ‘CIEfH 20 s, 40 PMEIL;
72 CHE 10 min, BMFESA 4 MEARER, 519
B Rl £ 94 PCR P04 e p0 kel . &,
il 272 R R LN A A Rk

2 RS9

2.1 LvILP1 EEFEFI4S R

AL A48 Y Xof W B S 2 5080 v O e 7 31— 2% 5 B
5 % R (Penaeus monodon) ILP A 87.93%AHU VY 7
511, SMART il &/, HEA5EHAY IIGF 45#435K,
TZLE PR R 5 O R R IR 25 R, R e B AT
TNZ B R JLAREERTIE ILP 3L 4 Hidr 44 4 LvILPL
(GenBank &35 . ON973859), 7 FL4N I iR 5k K 40
MG 4T BLASTN X, &3 LvILPL B[R T3
ZH ) LVANscaffold 2976 I, 1 6 NoME T4,
FEE 5 s, LVILPL 3£ K mRNA 4244 812 bp,
FEHC B SEHE A 543 bp, 4ifi% 180 & FEFR o ProtParam
T 4 A (0 & (1 40 T8 20.81 kDa, FRIGZEHL S
J99.45, RFaERECH 96.20, FHIHiKE K-0.795,
UL HED, LvILP1 MM AR E M FEKEA .
TMHMM Server 2.0 . SignallP-5.0 #1 PSORT II
Prediction il &7~ , LvILP1 %A EBIREE, H—4
N fa Sk, HEMEMMRESS, & TR .
Neuropred il i 75, LvILP1 7£7E KR Fl RRRR Fi>
AT HE A T 2407 55, 2R 7K A T ok W SR 0 L e
FIFFN(C I)VIFEILIE AR Z K [F9 K2 )5S
KR WrEL07 S ET RS T 51 4 B £, RRRR B2 S22 )5
HIFESI R A 5, A %%, B 8E L BIAEFE 4 0 2 MR
SERERDEE MR, Hdr, Cys156-Cys162 H1 A NI —
A%, Cys47-Cys157 Fl Cys59-Cys171 Hifila) —
TREEAHE ,, HIE R 3 A ais(E 1 FIE 2A. B).
SOPMA Fil QUARK il it 7, LvILP1 () A, B #%3

FEM 24 a-RBEL A, A BERY o-BRAEH 1 A4
Loop ¥4, BHEN 19 24> o- BRI Hh B-5 M1 i 3 (K 20).

22 LVILP1ZFFILXT R BEGE#*L

it Jalview BB S A LvILP1 (502 551
AR TP Ko JBe & 288 53 % Jk A G A (1) 22 B 1R

1 atggtgatgtcgatgatgttggccgttttcctgctctgctcgacg
M VM S MMUL AV F L L C s T

46 tctctcgctctcgatcectgacttegttcgacagattgagagcagg
S L A (L D P D F V R Q I E S R)

91 acggagctcgagtggcaggccctgtggagegaggagaggctggeg
(T E L E W Q A L W S E E R L A)

136 ctgtgccgggccaagctgaggcagaacctggacgeccatctgeggg
(Zz. € R 2 K L R 0 N L DA I C G)

181 aaggacgtgttccggaggtcgtcggtcgagaggcgtcgtcggcege
(K D VF R R S SV ETZRURTRR R)

226 gataagcgagacgagggtcgagacggaagcaaaccacttccggca
@)X R D E GR DG S K P L P A

271 gagtctgatgaggtgcctcgtgccaacccttccacacctgacacce
E S D E V P R A N P S T P D T

316 9gacaggctcccgacaagcggaggtcgcctttcctgagegtgecag
G Q A P D K R R S P F L S V Q

361 caggccaacctgttcgtgacaacgtgggtgcacgaccaagggggg
Q A N L F V T T W V H D Q G G

406 cggcgcaggggcaggtcccactacaggcgccgtcgccagtegece

R R R G R S H Y RRR RCO S P

451 tccatcaccaccgagtgctgcacggtcgccggectgcacctgggaa
(S I T T E CC T VA G CT W E)

496 gagtatgcggagtactgcccgtcgtccaaccgagcgecggttctta
(BE Y A E Y C P S S NRAURF L)

541 taa

*

Bl 1 LVILPL 3T 51
Fig.1 LVILP1 gene sequence

WO FERRESWTH ;LN AR I 1 5
B s SR AR TR0 1 Zr O T7HE N Y PP 51
& A, Bk, BHEETE(G TP BRI C k.

A signal peptide sequence is highlighted in blue font; the
conserved amino acid sites are indicated in red bold; the
cleavage sites are bolded with black font; the sequences in
green box represent A-chain and B-chain, and B-chain is
following signal peptide; C-peptide is marked in italics.
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| SignalP‘ B-chairll . C-peptide I{\-(iha.inI
g < S &
B C
B-chain
1

S

%

A-chain
| |

s

4 -

K2 LvILP1 B4k
Fig.2  Structure model of LvILP1
A: LVILP1 &MEZRIAL; B: LvILPL TR MR LRAL; C. FU Y LvILP1 2 1 =451,
HEARRFESIK, E@0R B, KEME CHK, FOMAERAH.
A: Linear structure model of LvILP1; B: Linear structure model of LvILP1 processing as hormone;

C: Predicted 3-D structure of LVILP1 protein. The color blue represents signal peptide, the green represents B-chain,
the gray represents C-peptide, and the purple represents A-chain.

AT XS, SRR, ZFH SRS ER ILP7 M5 ILP7. A Z$(Homo sapiens) relaxin, A2 insulin
AL Pk B 5 (87.78%) , HR 2R A W UF ILP1  MIUMERAR(G3%LATF), £ ILP Z AR T 7E A FY)
(53.20%) . 4L % #5WF (Cherax quadricarinatus) ILP1 Folre Ko 5 15 3 2R G AR 3 2 VAR PN &, (R E AT
(52.80%). & IkiF(Daphnia pulex) ILP1 (40.74%), 52 HARSFH 6 2EREIRS 2 WiALE A 3).

v

Homo sapiens Insulin 1 yarwmBrzBrrarrac ovELBBGPGAGSLOPL 110
Homo sapiens IGF-1 24 wrugssBuryiazcyfop--—------- 153
Danio rerio IGF-II 18 BrrMRSLIVFVLSLSM-IG----—---- - - |CGEBLVBTLOFVCEBD GFY-RSNSRR- - —— |- 4- —— - - ] 197
Homo sapiens Relaxin 3 RurrrEiiBrcriing-pxwkoD--- - - - - qGRELVRAQTIAICE-LS- |----- vPALKBSNLSFEEFKKL 185
Danio rerio Relaxin 7 annuvevsvr@nevev--------- - --PGSHRWSLSEVLOLY 161

Bombyx mori Bombyxin 1 —------ iln LATALM- -~ ---JdGRALARTLABLCWlBAG- -|- - -vDRRSGAQHS AW LMP Y SBGRG - - - - - - - 92
Drosophila melanogaster ILP7 3 t: I1ONSGSWTLCGAY) Hrcd 159
Tribolium castaneum ILP 5 m..ivcnu.:.n- - Brcazl---JyprieRRR--- - ----- -] 0 177
Macrobrachium rosenbergii ILP1 1 ---uRr1BaraLvvry -PRITNLHRHLLRPLL 217
Penaeus monodon ILP7 8 AVFLLCSTSLAL----H-------------/ORAKLRONLBATICER--- |- ---- - DKRRSEFLSVQQANLF' 179
Cherax quadricarinatus ILP1 6 ampvi@sTSWAL--- - -----—- SRYRSPFLSVHQANLF 214
Sagmariasus verreauxi ILP1 13 aMLTLVTFSWAL---41}---- - THTRSBFLSVHQANLFV] 205
Litopenaeus vannamei ILP1 8 AVFLLCSTSLAL---- ~-DRKRRSEFLSVQQANLF 180
Daphnia pulex ILP1 5 STVERCWMALLLVLAT VELPKSSDLSAANVME - LSPQYSNUOFL- - - = = —|- == = = = |- - — 180
Tigriopus japonicus ILP1 12 QTF, s:.liﬂr'h LWCNFPSSQLEDQH Hy Hep NAYTYQ-- 146
Caenorhabditis elegans ILP 6 QuYRBSFFFEFLAILIL-[SPTPSDA------| R IFHIHEQQ---------- ] T 109

Consensus

A+FLLCS+SL+LALALWGP+P+DA+++QH+&G+ELVRALDAV&GK+GFYY+SK+KRSPDQFQ+V++PRSPE'LSVHQANLFVL+H+RRRRGIVDE&TRG&THEELAEY&P

K3 LvILP1 ZJ34 L xf
Fig.3 Multiple sequence alignment of LvILP1

DR A< b | AN o S o3 ) L VAL W o Ny << | 2 <N e 1) [ Ve
Yellow triangles indicate the conserved cysteine sites and blue triangles represent the conserved cleavage sites.
GenBank accession number: A Z$ Homo sapiens insulin (AAA59172.1), A2 H. sapiens IGF- [ (CAA40342.1), K5 f1 Danio
rerio IGF- I (AAH85623.1), A& H. sapiens relaxin (CAA00599.1), 55 D. rerio relaxin (AEL22115.1), % Z Bombyx mori
bombyxin (BAA00246.1), & Fif Drosophila melanogaster ILP7 (NP_570070.1), 74 ¥ Tribolium castaneum ILP
(EEZ99258.2), % LB M Macrobrachium rosenbergii ILP1 (QIW91885.1), %7 %4} Penaeus monodon ILP7
(XP_037788563.1), ZLEF T Cherax quadricarinatus ILP1 (ATU40992.1), Z<IR% JE R Sagmariasus verreauxi ILP1
(ATU40991.1), FLAN7EXTHF Litopenaeus vannamei ILP1 (ON973859), #{ki% Daphnia pulex ILP1 (EFX76240.1),
H 2 JR B4R /K 3% Tigriopus japonicus ILP1 (ATW65597.1), 750 faff- £k HL Caenorhabditis elegans ILP (AAC33275.1).
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Fig.4 Evolutionary tree and predicted motif of LvILP1

A: BESRRBEEIER R IGF 45/50; B: LvILP1 M RGEIAAR; C: 1B 3 FK WL A B 1 motif,
A: The IIGF domain of insulin superfamily members; B: Evolutionary tree of LvILP1;
C: Motif predicted with insulin superfamily members.
GenBank accession No.: Danio rerio IGF- I (NP_571900.1), Ictalurus punctatus IGF- [ (AAZ28918.1), Homo sapiens IGF- |
(CAA40342.1), H. sapiens IGF- Il (NP_001278791.1), Micropterus salmoides IGF- Il (ACS92730.1), D. rerio IGF- Il
(AAH85623.1), H. sapiens insulin (AAA59172.1), Oreochromis aureus insulin (XP_031615350.1), D. rerio insulin
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acutispina relaxin-like (BAU68093.1), Atiria pectinifera relaxin-like (BAQ35470.1), Ixodes scapularis ILP7 (XP_029841940.1),
Limulus polyphemus ILP7 (XP_022245174.1), D. melanogaster ILP7 (NP_570070.1), Saccoglossus kowalevskii ILP7
(XP_006815151.1), Sagmariasus verreauxi ILP1 (AIU40991.1), Cherax quadricarinatus ILP1 (ATU40992.1), Penaeus monodon
ILP7 (XP_037788563.1), Litopenaeus vannamei ILP1 (ON973859), Actinia tenebrosa ILP1-like (XP_031575451.1).
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FEH M+ EZHA 5 KT6e, B R
W AEKSREF R XA EERER AN KAk
AR, EEARE . BLAh, TR 5 S AE
#HH 03 (forkhead box O3, FoxO3)2 k5% KW T
WeFE R, B Bz i & 32 A& (glucocorticoid receptor, GR)
TR RN R T, CAAT X/H#i5% F45 5 HEH
(CCAAT/enhancer-binding protein, C/EBP)., {55 1%F
Mg 5% 18006 25 H (signal transducer and activator of
transcription, STAT)J& IGF- [ H)#% 3 AT (# 6).

25 LvILP1 EEWEEEZEARTN

i STRING 7EL AR FE K R S5 LvILP1 A E AE
MR, BRI HECHN 0.4, WA 7 Fis,
LvILP1 524 JE 5 R B E M Z K INSR (insulin

receptor) . InR (insulin-like receptor) . Putative ILP
Putative ILPreceptor
e INSR
m BZIP
/ A\ 8 GPCRs

Putative ILPreceptor [ -

Putative INSR /_\ -

VGLUT1

receptor . IGF-1R (insulin like growth factor 1
receptor), [ EZ K (insulin receptor substrate
2-B, IRS-2B)LA } G & FHEXZ{&(G protein-coupled
receptors, GPCRs)E A EAEH , [FIAS 05 & R 4514
H(STTK . BZIP)RYEE H i, # £ ASE R H VGLUTI
(vesicular glutamate transporters 1), putative SYT 1 _3
(synaptotagmin), K 55 ZLM A HE H Bursicon
alpha, DSPP (dentin sialophosphoprotein), ¥4 i
# (glycoprotein hormone beta 5, GPHBS), i i 2 1%
TU#HE A PI3K . Akt (threonine/serine protein kinase)
MHEAER . XX HEAEE A S5 04SR5
Br, MIHEN LvILP1 25 T ¥R a2 R 8 1 1% 2 e i
M {5530 % . AR B X BRI SO . A AR AR A

BRSSPI BN L IE [l AR K kB DL OE
I 85 320 R Y A ) T RS S A e R
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o BEZAEARERBEESER

Transmembrane receptor protein tyrosine kinase signaling pathway
HEHEERS Glucose homeostasis
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Positive regulation of border follicle cell migration
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2.6 LvILP1 EEMRIE

LA X IF 0 kB B B 0 e ik A e o
LVILPL 7RI 1) & B BB A 3Rk, fERIRS)
KR A iR R, ZERIERERZH THEE 8A).
RT-qPCR 43477 FLAHIE X R AR AN [R) 41 20 LviILPL ()
FIRNRAE, SRR, LVILPL 78 LA X MR 44 2H 21
RIS BRI EAES, IR R A B,
HYCEIRE . i WA . H . k. 55 414(E 8B),
KR LVILPL SEHRIET iz, TE2FHLUh EAE
B AR

3 it

AWFTEYE T —Fh FLYYEEXTER ILP LK, & (3
AR B A3 45 5 S 7k LVILP1 J@ ot AR 1Y 22K
P A ERHESh Y, RS E T 5 g0 R

Interacting proteins of LvILP1 and the biological processes involved

W& H A2 R S5 G NN & #5745 H (Kahn, 1985), 52—
AR, LVILPL EQIAE4IMAsAl, nIfES5 s % —
FETE 5 0 R 4 A2 ARG 5 T 2 FE AR 02 T RE
GEM MR, LvILP1 EAT 5 28 50 % i 7 )
IGF 254938, i N imfE5 K. B 5. CJIK. A BE4L %,
Uil LvILP1 J& T B & 88 5 L 51 - Pierce 45(2001)
8575 T BT v 114 40 i ins 258 R R 5 G — e e g HE
S5~ o, B ATy =Fp2e; LVILP1 7€ A 85 A
4 ARSEIE R, A 1 AMRST R R e R
i TRRARE RN 34, ISR 2 SNG4 - ad B )
THRENS B BET Y 2 MRS E R A , T
B 3 AT, BT oy BB, RS E A SR
Loop 1 2 4 a- M2 HEL K, B 4 i 4E A Y N-A i
o-TRBE . B-FE A FIER Y C-AK U4l B (Murray-Rust
etal, 1992), AREJE, NLAEXEF LvILP1 AT
MEMLEH, H A, B 8 FEH 2 4 o IRHEL5
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Fig.8 The expression profiles of LvILP1 gene

A: LVILPLER A T B BP RIS ; B: LVILPL7EX IR A ZUP R . EAR RIS 2 7 1.3 (P<0.05).
A: Expression of LVILP1 in early development stages; B: Expression of LVILP1 in adult tissues.
Different letters represent significant differences (P<0.05).

ARG, HOEHEN o-BRAELE A ThAEAE LVILP1 R4EY)fe
FIAL, (HIFELEAR TR AL S LA f it —2E 0% .

Z P A X R, JoEHESI Y ILP JE R 55
JEAEST, (HESEAH NIGF 455, Xrfits A, B
BE D AFAE PR ST 0 2 e 208 DA KPR ST 10 W 2407 5 A5 5
SEARSF AL X ILP JE R D 45 # a1 E 2L, T
PIAE R A AL R rp gl O B, 1 3 PR3 51 A AR A T e
SR T IE N A AR AR AR TN B R AR B SR . Ah,
TR, TAHEMESY H R K+ 2 B ILP 4515
XEFH R, HAE C BRINAAFERN Y motifs, 1#iH]
T H ILP et fbid B h & A4 T R85k . REtitfb
SAAT R, EEE ILP VRSN, R R A R W)
E0 k3K, BB HESY) ILP7 28 5 B 528 ILP
RA—AKZ, EHENY) S 51 Relaxin RH—
X, BMESHY IGF-1 . IGF-11 . Insulin 5 ILP7 Z4b
MR Al ILPs RN — K3, H, THEHESY
ILP7 ZRAE LIRS I 525 ILP it , Wi/~ ILP7 28
A R TE I T IR 5 B A A S S R SRl ILP7
S5 ILP BAE—, PR ILP7 5H 52
Y ILP WSEZ O R B, HnTge 5 R 4L ILP (& IR
X BHESIY Relaxin 3 51 2 3h¥) Relaxin-like 28
F—3%, Vi Relaxin ZESEfL o LB, BATHIME
BN T HREHESIY ILP7 2. W5esh¥ ILP 5%
MEZY) IGF | Insulin J2 2 # ILPs Z[H]; ILP7 Z AN
B AL ILPs S5&HESHY Insulin BAE—, FPR

H—3FR4) ILPs S5¥HE YY) Insulin 135 R .
TEFE R FALBIFEH, Cui %(2021) & L, B ILP7 2%
LR I R A T 2 AN, A o
¢ /R Relaxin 3 /& Relaxin Z3% (#1563 (Chan et al,
2011), [FIA, 2% B Relaxin 5 Insulin, IGF f)
FHL 2 [R) JE M %5 5 (Caruso et al, 2011), TMiMdiFLsh 4
Relaxin Fl Insulin-like J& [A (1) .45 D10 557 7= £ T g
ST ZRIS T 2 ek N4 E #|(Hoffmann et al,
2011), X SAMF A RIEA -, HLuiTH
HEZh#) ILP7 S0 REJ2 i B3R, RS R A
G R 53 W AR P /] BE SR ILP , Relaxin, Insulin, IGF-
I IGF- I . BT 4R Sl it — 22 2%, ILP,
Relaxin, Insulin JE BB AT 20)H] C Ik, i
IGF- | 5 IGF- Il W2/ E ) RI7E R HoR I AF7E /) E
JIk (R T 4 motif4) (Pierce et al, 2001),

FUIW R B B B i sk AR WoR, LvILPL fE R
WEBMBYARE, X5 IGF AR KBTI
AH{l(Alekseenkova et al, 2022), Vil LvILP1 X} X} i
MAERKEBAEZEMN. 9OtE s, LviLP1
TEARXT U SUh A 3k, X 50 ILP7 HAE
B AR IA AT LVILPL 72 HR AR AR X 26k
Him, X5 KPR L R~ Jiang et al,
2020), HFERGYWRH PN X-EH-FEREA&K
(X-organ-sinus gland complex, XO-SG)Je & i) f £4
WA IR, WP 2 IR ER (1) 507 B (Grunewald
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etal, 1995; Amo et al, 2011), XS5E A HLH ILP F
SR R PR 22 4 WA A M v F IR A RL kA, LvILPL
TEONEL . REz . LA, BEHLUhRIE RS, HE
LVILPL i isk Lo 21 20 r (10 i S A B0 3l HL A O 1 1
Mo

LVILPL & PHFE SR F 100 s, SCHEss St
FoxO3 RS RE5WMEA FiiH, GR EBRSHE
Hy%L %1, C/EBP Fll STAT J& IGF- /Y% ¢ T,
TR AT . AT g i S
W EREE BRI SE— R EAE Yt
BAEZE/EH@u et al, 2005; Xin et al, 2020; Yin et al,
2020; Calissi et al, 2021), Kk, FATIHEMN Fox03 .,
GR. C/EBP fl STAT & 5f#% LvILP1 JL [N 4 5% .
J—Ji, RS RSF XY CpG &y H Ak
RAEFK, & CpG JFFIh ) C Ry H ik, SR
PUIER 5%, I 2 He PR s il (Jones et al, 2022);
AWFFEAE LVILPL J3 3+ X 3 N & B —~ 203 bp 1)
CpG &, Hid s 16 4> CpG 75, XA fEXT LvILP1
F DR B 5% Sk B AT TE

HAEEAW S, LvILPl e S5ER XA
WEHE R 2 R FHZS 4, [RIAT 5 VGLUT , Putative SYT
1 3. GPHBS5. Bursicon alpha %4> F# H.1/EH ;
VGLUT1 &M A AR ZEA 1, HImeEk
M4 245 (Central Nervous System, CNS)H' A EE
LA M 23 T A A R B 12 31 28 i 48 360 (Du. et al,
2020); Putative SYT 1 3 ERfl4E&EM, NMSFHE
TR 28 P 430 AT v %) e PR P A T, AT AR 3 o
25335 I FIR 28 JIK B4 2% 0 43 Wb (Park et al, 2018); GPHBS
VR IR, AT FR R PR RO 3R 22 AR 2
HitE, EHTHRIREEN RNEZEBES 54K
KB W VESI (Querat, 2021); Bursicon FRN#EILIE ,
S L O B Sk AR R ) BRI R  FEIH R EM
%IE, BALEY G O R A bk b, SRR R
Fz 24k (Dong et al, 2015; Scopelliti et al, 2016).

VLR M7 /R LVILP1 53008 ILP7 A — 7,
UL B ATAR W] BEHA AHAL A DI BE o 7E S rh 235 1ILP7
B £ 025 Bursicon 715 4B #% il b (Flaven-
Pouchon et al, 2020), U4 ILP7 W €55 Bursicon A H.
Y LAY 3 K A BUR 1 i s ek SRR 75 24 S 1k ILP7
IR RARHE P OF iy P AU T BE(Garner et al, 2018);
B i ILP7 2 59875 i B AR, DA 4 il 5P 5L
KB it i BE i (Ling et al, 2017).

VI E25E LVILPL R B3Rk FHE . e sk 1 i
W HAEE A LR ILP7 ABFsT, TR

LVILPL FEVRFEXTER A R - R R B
MARGRA . oKL EWRAS | Wik S E D
K5 B RAFVE R o A58 N i — R R FLANIE
XHUR ILP 3 P A 4540 5 D REFT T 3£, RIS FLAW
TEXTHR I 53 Tt % B R b e e L 1A
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Abstract

Insulin-like peptide (ILP) is a member of the insulin superfamily with evolutionary

conservation and is one of the most important factors affecting animal life activities. In this study, a
full-length of ILP1 gene in Pacific white shrimp, Litopenaeus vannamei, was cloned, and the mRNA
length consisted of 812 bp with an open reading frame (ORF) of 543 bp, encoding 180 amino acids.

Sequence analysis showed that the predicted molecular weight of LVILP1 protein was 20.81 kDa, and the

theoretical isoelectric point was 9.45 and the instability coefficient was 96.20. There was a signal peptide,

no transmembrane structure. It was deduced that it was located outside the cell and is an alkaline unstable

secreted protein. Structure prediction found that LvILP1 protein had the conserved IIGF domain of the

insulin superfamily, which was composed of the N-terminal signal peptide, B-chain, C-peptide and
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A-chain, as well as six conserved cysteine sites and two cleavage sites. Phylogenetic analysis found that
LvILP1 was most closely related to ILP7 in Penaeus monodon, and clustered with ILP1 of Crustaceans to
form a branch, and then clustered with ILP7 of Invertebrate, Relaxin, Insulin and Insulin-like growth
factor (IGF) of vertebrate; ILP7 of Invertebrate was evolutionarily closest to outgroup sea anemone ILP1,
suggesting that it may be more similar to the ancestor gene of the insulin superfamily. Transcription factor
prediction found that the possible transcription factors of LVILP1 are Forkhead box protein O3 (FoxO3),
Glucocorticoid receptor (GR), CAAT region/enhancer binding protein (C/EBP) and Signal transduction
and transcription activator protein (STAT); The protein interaction analysis found that LvILP1 interacted
with Insulin receptor (IR) on the cell membrane, nerve signaling molecules (VGLUTI1, SYT 1 _3),
Glycoprotein hormone beta 5 (GPHBS), Bursicon alpha, etc. By analyzing the biological function analysis
of these transcription factors and interacting proteins, it is speculated that LvVILP1 may play an important
role in regulating shrimp growth and development, response to hormonal stimulation, nervous system
homeostasis, carbohydrate homeostasis, postmolt tissue remodeling and reproductive development. The
analysis showed that LVILP1 was expressed in the early developmental stage of shrimp, and expressed in
all tissues of adults, but the expression level in the eye stalk was the highest. This study provides
important information for in-depth understanding of the structure, evolution, function and expression of
ILP in shrimp, as well as clues for molecular breeding and healthy farming of shrimp.
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Expression analysis



