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A B AE-BP1 EE RIS, RIS R EIENE g (E A

B HEE, HEN KEAL, T FEAL REED BEAN, GBS

1. FPEZK PRI B R K O WS H G, AR FBIR Al 5 b 5 98 W5 ) 3 s2 6 =8, L9 0% 214081;
2. MR KT ML 22 BE, 19 To8 214081

HE: EEMEEG N T 48 4558 M 1 (4E-BP1)JE mTOR 15538 I U7 A Bl 7, 3877 B m mE A
A MRS H ARG B (Eriocheir sinensis) 4E-BP1 JEFIFHIE | B 23 36 3h A 2 S HLAE 5t 72 2o A2 v v 2E 4R
ARHFFEH ] RACE # AR T3S P e B & Es4E-BPI &1 cDNA F51, FIF qPCR B ARIEITH A 2= Fik, FIH
dsRNA THHRFTHAE AR B BB /e . MF 45 R 7R, Es4E-BP1 ¢DNA 41 1678 bp, {34% 134 bp i 5
AEGAS X . 1193 bp (9 3 AR FS XA 351 bp HYTF B BAE . 2 HE MR ¥ 51 70 Bt K B, Es4E-BP1 547 1 1 elFAE MK
R MAMRSEEL, HAAE 1A HEH TOS )Pl 1 A~ YXXXXLO 57 . 275 LA R G A 4B s,
Es4E-BP1 Y5 W5 (Callinectes sapidus) . =P T8 (Portunus trituberculatus) ¥y — 32 It H B A 1R & 1 5] V5 4
(95.69%71193.16%),qPCR 4 3R L7, Es4E-BP1{E U AN HA A Rk, Hrp Y Sy B Ris ke, HUOWILA, 6
22 R IR AR, — DR BT RN, AR A AR IR, (HI7ERC 5 A-B Rk iR &, BiSThT
WFAEEAR . 9 dsEs4E-BP1 J&, "SI EAETR AR T X BEH CG 4, Wiseba & = T CG 4., #Focas
REW], Es4E-BP] TErP AR BB A A iz Rk, TEREB A KD RAEEEN, bk 2R T sy
4E-BPI Nt T HESF

KEEIE: PARGUEE; 4E-BP1; Wi5E, R TRk, REEFERE
FESZES: S968 XHRFRERRD: A XEHE: 1005-8737—(2022)12—1714—14

HBIPFRIG N T 4E 454 % H[eukaryotic 2 B4 K S8 MRS RIS, mTORCT #fR

initiation factor 4E (eIF4E)-binding proteis, 4E-BPs]
S RSN TR A, R B S E AR,
EHEMEREAY | (mechanistic target of rapa-
mycin complex I, mTORC1) T i) £ ZR N #7 2
—WM, FE I L (U5 eIFAE i i 511 74544
M B G WAL s 3 B
4E-BPs, /342 4E-BP1. 4E-BP2 Fil 4E-BP3[!,

Herf, 4E-BP1 M5 iZ, 4E-BP1 HUBE R 1L
BNNE mTORCT HE bR . IRBER LAY
AE-BP1 45501 eIF4E, M B A0 615), 1

KB 2022-06-04; 1EITHHA: 2022-07-28.
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B EAREEN, WitEmEA A . 40
PSRN E [N T I VAw

YT 4E-BP1 WYEEAEH], WiFlsh¥Iny 4E-
BP1 45 . Ak K HE R o e i ok om0, i
ALY 4E-BP1 XA, K= s,
4E-BP1 fEfaZRifi — WSS, EEW LAN
K EINRE . R ARSI R KR . Lin 250
KIL 4E-BP1 1155 11 240 ff1 (Schizothorax prenanti)
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KLz RL, BHEEn . 88, e, B
)ik AR R E . Li MR Bk
(Oreochromis niloticus)ibk U 20 JifL 1) 1% 16 13 58 52
mTORC1/4E-BP1 {553 7, M2 5id h
PEGE RN o Cassidy 2515V B, UG48 5 380
BTN 1 (Astronotus ocellatus) & 5T & s /D, 1t
i Z %] 4BE-BP1 Al elF2-a 155 5 F# il .
Valenzuela 25UV BP0 B7 Moo (R K T 20 4
F-(Paralichthys adspersus)fi) mTOR I 4E-BP1 i)
BERR AL AT, #EmamdI AR, SR, 4E-BP1
RI7E F Fe2K s b 9 470 . Fang 25117 o 36
FIXFHR (Litopenaeus vannamei) % mTORC1 f44H
43 Raptor FER JEAT RNA T4, 51 Tl 4E-BP1
1) 55 PR 3 38 FAR, I IR AL AT i E ARG, =
TS | 7 [ R ES MR (Procambarus clarkia) mTOR
M 4E-BP1 BRI FRIE RN, Lk T & 5
(1 2 g Fn AT R RS A A R B SE sh
4E-BP1 & mTOR i ## T lF oG8 N 1, (A I Py
fiIE . B 28 Rk Ol S R W 5T A SR e =

rhAE Y B & (Eriocheir sinensis)H A #1544
e (R, H XU RO R A0 (8 45 32 08 9% 5 9 BE,
2020 4F = ftik 80 J7 11, ARSI E ML A K
WS PIAHOC, HA A R &7 18~21 kit
oo WA R AR E MR, MEHEIEE .
B AR EE S T AR AT, AL A T
mife, MZENENNNZES . EEERKKBEE
AR AEUO200 I TR Y BT A3 0 R g g 2 [
FRITHIR A9 77 A5 % 400 S P 220 O (L st Rz 38 25 0 ol 9
)P IR R T B S sh Y S AL Ao K
B, mTOR {553 70 18 15 Wit e 248 [T st ol e
KHEE P B 4E-BP1 A Ry H T U 6 4 iy B o1
PEREE N, &1 S5 RE Rz B e
AR TTH . L, AWF5E 5d B T rp 48 G0 8
4E-BP1 3£ 4K cDNA J¥51, 2087 7 HIF51
FEAE, JT0F 90 HAE B AR [ 40 21 | &) 8O [R] it 72
AN R A R Rk 1 00, #E—20 R dsRNA
e TP R 0 A B 5 W5 i AH O, e
Y B W e A A TR A LR AE o SR A — S Y BRI
5.

1 HRET%

1.1 SCI&zh49 R BUAE

SCEG AN EE T 2020 4F 4 H HUCH P EK R A
FEBE IR A U A5 Hp O T3 M BH Vs T A 8 o € S
JeHh, PEIORAS K 10~12 g By P ARG, B35 T
S E KL, PR EEAKIR R (2543) C, WA >
5 mg/L, & A <0.2 mg/L, pH 4 7.0~8.5, H}KER}
FE R MEEC A iR RE, TR BRAR AR K, DAR
UE AR G B I W se A K, o — 35 4 g
TR W SE i BHURE, — 20 FHF dsRNA T 5E
$o 53T 10 U AR o B B SR B eSS 3 A,
W S 44 TR K (96.25+6.34) g, HEREYEE Jy(115.23+
10.72) g, WOH Y 88 F . HRAA . OE. WLA . HFBR
B Wil | KSSE. DN ELAIERA S, WAGETR, BT
80 CUkFafRAE, MTHLFRKILDH.

G LR, 2% Drach 2PV 53
JA BRI, LA AR S 56 2 e S 1) 5 vk B v
QBN TR g Fe i . 43 R A-B BT C
Do. Dy Fll D34 ARy RSB 6 L, bl |
Mg 3 H, L Y #vE . IR, miE, DLUET
B BREAIEER 3 DAEFRA LA, A
Bk, B T80 CUKARAEA .

1.2 HiesfE%E AE-BPL ERE =&

Hha] BT S Trizol 12 & MO 18 2% B i figs
5. RNA, oligo dT-AP 5|94 H & % 5 B cDNA,
R A8 T 91 3045 19 B skl R 9045 B, AL Primer
Premier 5.0 I I1455F 59 (Es4E-BP1-F Hl Es4E-
BP1-R)i#f 47 PCR [ )ii, 345 Es4E-BP1 cDNA
[8] Bt PCR JZ WK Z5: cDNA it 2 uL, b FiiF
514110 pmol/L)4% 1 pL, 2xPCR Mix 10 pL, fil
ddH,0 % EAF 20 pL, PCR F i 544 94 “CTi
AR P 3 min; 94 CAL:30s, 58 ‘CiBk 305,72 C
FEAH 1 min, 30 NEHF; 72 CHEM 10 min, §7 51 =
Y 1.0%R B Be W e F Uk 43 125, YIRS, i
[l iz ik 59 & (TaKaRa, Ki%)EW, F pMDI19-T
(TaKaRa, Ki%E)#EMERE, W, £ 2 L RH
AR A BRA FN T o AR YR F P 5 TR R
i 3'RACE HI1 5'RACE 5|¥1(F 1), ¥ 4E-BPI
FEP ) 310 5"
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F1 rhAEgESE AE-BPLERFIIV ESIMER
Tab.1 Theinformation of primersfor 4E-BP1 amplification in Eriocheir sinensis
5|4 primer JF31(5'-3") sequence (5'-3") JH& usage
Es4E-BP1-F GCTCCCTGACCACCCTAACA PCR
Es4E-BP1-R GCACCAAGACCTGATGATGAAC
Es4E-BP1-3'Race-P1 CTGATCTAGAGGTACCGGATCC(T);sMN 3'Race
Es4E-BP1-3'Race-P2 CTGATCTAGAGGTACCGGATCC 3'Race
Es4E-BP1-3'Race-P3 GCGGACCTTCCTAATGACTACA 3'Race
Es4E-BP1-5'Race-P4 GCACCAAGACCTGATGATGAAC 5'Race
Es4E-BP1-5'Race-P5 GCTGTCAACGATACGCTACGTAACGGCATGACAGTG(G):, 5'Race
Es4E-BP1-5'Race-P6 CCTGGGGTAGTGGAGAATAGCGTG 5'Race
Es4E-BP1-5'Race-P7 GCCACTGGGGACGCTGACAT 5'Race
Es4E-BP1-5'Race-P8 GCTGTCAACGATACGCTACGTAAC 5'Race
Es4E-BP1-RTF GCGGACCTTCCTAATGACTACA
Es4E-BP1-RTR AGGGCTCTGGCTTTTCTGG 9FCR
EF-la-F AGGTCGGCTACAACCCAACT
EF-1a-R TGAACTCGTAGGAGCCACTC PR
ds4E-BP1-F TAATACGACTCACTATAGGGGGCGGACCTTCCTAATGACT
ds4E-BP1-R TAATACGACTCACTATAGGGTCTCAAACTGGTCCAGGTCA W% RNA & T
dsGFP-F TAATACGACTCACTATAGGGAAGGGCGAGGAGCTGTTCA synthesis of dssSRNA
dsGFP-R TAATACGACTCACTATAGGGACTTGTACAGCTCGTCCATGC

3'RACE Jik: AR =ik, H3 pg &
RNA UL Pl 5|¥iE47 [ 5% 5% O (RT-PCR), A5
i 10%E’~J RT ¥, LA P2 51¥F1 P3 5|¥it1T PCR
L, B KHEEE R 58 C, P 1.2%M iR
BHEESH Ik o B, [, vake, )y,

5'RACE J5#:: J 3 ug s RNA, LI P4 ~514),
Y5 AMV Jiff(TaKaRa, 3% FHUGBHIEST RT Jx
N, #RJE I RNase H 730 mRNA, 5 H B B
F & m W cDNA, ] TDT [ (TaKaRa, Ki%)7E
cDNA 3’3 fill Poly(C); JFH K [m] g it 551 & sl e fin
Poly(C)#J ¢cDNA, VI iR, H P5 1 P6 A7l
Y, 17 PCR. PCR ¥ HM M BE 10 fi5, HL 2 uL
B, FHP7 A1 P8 54, 47 #50 PCR, PCR &
FH 1.0%B B e I Fa Dk o3 5 Inl i, sk, Y .
1.3 rhiEg s AE-BP1 EEMFE IS

i 3 Primer 5.0 # 4 52 NCBI (http://www.ncbi.

nlm.nih.gov/)Xf 4L E & Es4E-BP1 T 54715
e B LB E B Al Expasy Server
(http://web.expasy.org/protparam/) Tt 55 H, 15 S 43
T # 3 TMHMM Server v2.0 7F 2k %k
(http://www.cbs.dtu.dk/services/ TMHMM/) i 1 75

15T Y Zif sk, Wil CDD 7 2R B
(https: //www ncbi.nlm.nih.gov/Structure/bwrpsb/bw
rpsb.cgi) T I 2K 1 45 44 PR <7 5k, {1 SignalP4.1

(http://www.cbs.dtu.dk/services/SignalP/) 7£ £k Fi il
=5 Jik; I JH PROSITE (http://au.expasy.org/
prosite) 73 #7 4E-BP1 FEN 1Y 25 1 45 /4, 38 4
BioEdit 7 ¥ J Clustal X Xif F A 4% 25 k7 HoAh )
flt 4E-BP1 #F A7 2 5 1R ¥ 41 Lo X 43 M
MEGA7.0 # )48 4% 3% (neighbor-joining, NI)#%
HARYIFD 4E-BP1 1 R G AL
1.4 g JE-BP1 ERER = RIEDH

i ] qPCR $ AR M & 4E-BP1 KPR 75 i A [F)
21 2 K Ay 18— > it 57 J) AN T) 300 1) 28 8 155 O
Oy BKGIRAT I S, 9 ML ZhfE S BT
1) 3 AL 3 ASARIEBA LR 24T RNA
PP RSN cDNA, ¥H EF-1a fE RN S 3
H, 5% 1, £ TB GreenTMPremix Ex
TaqTMII (Tli RNaseH Plus)(TaKaRa, Ji# )Mk
R & HEAT 928 E B PCR (QPCR), I IK %
20 uL, R A 95 CHiIAEYE 30 s, 95 C
s 55, 60 CiBk 30s, kit 40 MER B
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Fefh NS TR 3 Ik, qPCR {1 CFX96 Touch
Real- Time PCR Detection System (Bio-rad, Ame-
rican), qPCR 45 H %] 2724 i,
1.5 4E-BP1 EM& dsRNA T L8

W4t Es4E-BPI ) cDNA FF4l, #&%it&A T7
J& 3 T (5-TAATACGACTCACTATAGGG-3') )
Fr S PET 9 ds4E-BP1-F/R (3 1), dsRNA ¢ 118 T7
RNAi Transcription Kit (Vazyme, & )ik &
BEH 5%, dsSRNA ZmiEkalifl, 4R oE 5 2%
1.2%~1.5%BE B BEGE I L UK Al . dsSRNA VR B
H 553 OB EE T , fEAEFE-80 C . dsGFP
YER T B8, A O 2R b o ST RT A 0.85% 4 B
A A R AF 1Y) ds4E-BP1 ;. dsGFP i B B vk
A1 pg/ulo SE5 FH AR KA R (10.5+0.6) g, &1
4 pg/g W HLBIF5E 247 B R4 dsRNA, 7E
P53 h 34, CG 4 A= BEER /K, dsGFP 41 1%
$F dsGFP, ds4E-BP1 414} ds4E-BP1, H 4+
Bt 6 R ey B, 55 24 h fl48 h UL Y
WEMPINALE T RNA AT, H qPCR
Bk Es4E-BPI1 WFRiAar, MIMALIN dsRNA T

dsRNA KA THRXF W 72 i 52 525, BAIL1E
Hufde e HAL T m 4 d (MBS 52 R4k ) B 4h
&, ok 34l CG g EER K . dsGFP 411
$F dsGFP, ds4E-BP1 4114} ds4E-BPI, 41 3 4>
HE, BAEE 6 HE 12 d MR 5048
HEAT IR B — R, A R WA SR I 7 A R R AE
TR, BT —RBIE45 0 G 4 d MR ST
S REAb) PR AT E . ST RIRGE 1
PSR 2 RIise bR KA, HeIA=()MER)iT
ARG R R,

FE =71 HA 2 HA0<100% (1)

3t T R = (W A S V- 35 A E A0 i o A AR )+
W YR EE > 100% ()
1.6 HESH

I FH SPSS24.0 A%t Hi s #4748 141
ANOVA #1725 81, GraphPad Prism8 X} 4511
SRR, BRI EAR R (X £SE)R
™, SR EER 0.05,

2 HREHMH

2.1 HAEGEEE AE-BPL ISR

rhAB 4y B % Es4E-BP1 ¢cDNA 4K N 1678 bp
(B 1), 4345 134 bp M9 5'HEEIIEIX (5 UTR),
1193 bp Y 3'JE X (3 UTR)AI 351 bp [ FF i 1%
THE, FFRCBEAESR DS 116 2 LML (GenBank &
S5 MW687141), W 2 FisR, 5 rh eyl s 4
FL K4 (JACDROO010000071.1) e X} % PR, 4E-BPI
RN 4379bp, W& 2 MTAF T, BN
intron1 (283~2383 bp)H! intron2 (2549~3170 bp).

ExPASy JMF 21, HAE4 8 Es4E-BP1 43
THN 12.64 kD, SFHLECN 4.89, AEESRECN
54.99, WAREEN . IRIETERRECH 73.97, S
YR oK ¥ -0.489, Ui B & 1 B A B oK P
SignalP 3 #7 27n LA A A BAS 5 K TMHMM 43
B 7R R AANTEAE B TR 254, CDD 4000 22 43 Hr
BoR, 5517 BI5 116 DRI N eIFAE B KK
RS R ORI, L 1N A K TOS JE 7 Al
1D YXXXXLO 4545 7 (O R i K 25K
% AE)(I8l 3); PROSITE 7pHr B, i HAT 4 4 1
FE I 1T W% FR 1k 37 25 (casein kinase 11 phospho-
rylation site), 1 > cAMP-BY, cGMP-K#fi 11 11 7 (4
W B B R 1k 17 55 (cAMP- and ¢cGMP-dependent
protein kinase phosphorylation site), 1 /> N-[& 5.5
kb4 5 (N-myristoylation site), 1 4~ 13 C
WAL 7 45 (protein kinase C phosphorylation site),
1 > N-FEFEALA 5 (N-glycosylation site).

22 FIMNERZLZEWTH

¥ Es4B-BP1 551 (Callinectes sapidus)=5 H
oY) 4E-BP1 ZILFR)FHIXT L, 45 kM
e G R R IR, O 95.69%, 5 =R
11 (Portunus trituberculatus). H XX} HF(Pen-
aeus japonicus) ., F§ < HXTUR K 2& (Daphnia pulex)
G [ 5 1 43 00 R 93.16% . 86.21% , 84.48% Al
62.63% (I 3).

] MEGAT.0 B 2 W R i) 4E-BP1 2
ERITINREREW, HE 4 AT, B shidm
4E-BP1 E R G R B W LR 2 3, /35 W HFLAN
(Mammalia) . fifi& ff125(Teleosts) FIH 7 4X(Crustacea)
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1 CTGTGTGGTGTTGTGGCTGAGGACTGAGGGACTGAGGGAGGCGGGCTGCACCACACGAAACCGACTACTGCGCTCCCTGACCACCCTAAC 90
91  AGGATTTCOGTGCCGTCAGCTCCCCTGTGAAGACACGCGTAGCCATGTCAGCGTCCCCAGTGGCTCGTCAGGCGGTGGCTCAGGCCCTGC 180
1 M SASPVARQAVAQATL 15
181 CGCAGAGCATCCCCCGCAGGGTCACTATTGACTCCCCGGCGGACCTTCCTAATGACTACAGCACTACGCCCGGGGGCACGCTATTCTCCA 270
16 PQSIPRRVTIDSPADLPNDYSTTPGGTTLTFES 45
271 CTACCCCAGGAGGCACGAGAATCATATACGAACGAACTTTCCTGATGCAAATGCGCAACTCTCCGCTGGCCAAGACTCCCCCCAAGAACC 360
T T P EC T RIITTERTEFLNOMNRNESPLARTRRIRDLN KN
361 TACCTGTGATCCCTGGAGTGACTGCCAAGGACACGGAGGTTGTCCACCGCGAGAATGGCACCATTGTGGAGGAACCAGAAAAGCCAGAGC 450
(. P U I RPEYTARDTRBRYUVEARBENETIVEEBR B R PE BN
451 CCTCTGACCTGGACCAGTTTGAGATGGACCTCTAAGCTCCAGCTCCGTGTGGTTCCACCGTTCATCATCAGGTCTTGGTGCTCAACACTC 540
106 P S DLDQFEMDL %117

541 CCGGCOGCCGAGGGGCTCAGTGGCCTGGGGTCATGCCGATAATTGATCCTGTCCTCCGAGTGATTACTT TAGGCAACACGCCAACTAAAC 630
631 TCAGTGGCTCAGTTTAACTCCCGAGTGCCAACACTTAGTGGTCATTTTTATGGTTAGTGGAGGCACTGGTGACGGAGCGGTCAGCATTAG 720
721 GGCAGCACTCACCCGTGACCTGCAGCGCCTGGTCTTTGCTCAGCGCCCAGCACAAGGCTGTCTGCTCCCTCACTTTCTCTCAGGCAGTTC 810
811 ACTGAGCCCACTAGACGCACCTTTGCTGCCCCTGTGTAGTGGTCCTTGCTTTATTACCTTTTTCTAAGTGTTAAGTATCTAAGTATGGCA 900
901 TGACAATTCACTGTCTTGAGGCTTAAGAAGCTGACGGGTTCTAGTGGACATTAGGTGGTGTCGCTAGTGGTTGGGGGCGTGGTGACGAGG 990
991 ATCTAACTCTTGATCTGTCAGGTAGGTCAGTGGGGCATCAAGGCTGAGCAGGACT TCAGGCGTAGGTTGTCTTGGGGAAAAATTATAACA 1080
1081 ACTGCTAATTTGCAAAGTGCCAAAAACTTAACGAAACATTTTTTTTAGCTGTTCAGGGAAGTGTGTGCATGTGTGTGAGTGTGTTTGCTG 1170
1171 CTTGTGACCTGGATCAGCTTAGAAAATTCTTCTTACAGGGTGTGAGGATGCTCTTGTAAGGCTTGGCAAAACATTCACCATCATTTCAAA 1260
1261 TAGCATTGGTTGAGCACAGAAGTATTGAACAGCCAGCCTGATGGCGGTGGT TATAGTGT TACCCAAGTGTTGGTCTTAAGAAATGTTAAT 1350
1351 TGATGCATTGTTAAACCTAGGAATTAGTTTGTTAAGAGGCT TAATACACTTTTACGCCTGGTGATGTCACTTCAGTCGTTGTGATAATCG 1440
1441 AGTGTGTAGGAGACAAATTTTGTATTTCCATAATTCGCCGAGGTCGGGTGTGACTTGGCCGCACTATTATGCAAGGAAGGCTTTTTTTAA 1 530
1531 AGTTTGTAAATTGGTGTTAATTTTCCTATCT TAGAGATGATGGTTAGACGT TCACTGTAAAGGCTAAAACAGAGCAT TATGGAAACTGAC 1620
1621 AAGAAAAGACAGAAAAAAAGAATAAACTATCAAAGTTCAAAAAAAAAAAAAAAAAAAA 1678

Bl 1 BB 4E-BP1 FEDAZ R 7 51 S HED A LR 7 511
ATG RFEIG BT, AR A BT, BT eIF-4EBP MR KGRI, AATAAA N Z RIFHRINEIES

Fig. 1 Nucleotide and deduced amino acid sequences of Es4E-BPI in Eriocheir sinensis
ATG represents the start codon, * represents the stop codon, the shaded part represents the conserved domain of eIF4E superfamily,
and AATAA represents the polyadenylation tail signal.

ZIN Homo sapiens | ——— ~ il
JNER Mus musculus | -

Bt f4 Daniorerio |
rhAR o E R E. sinensissl -—

1kb

-
— 3
2kb CDS |y UTR ~ Intron

K2 4E-BP1 HEHZERRE
GenBank 7515 14245 % 8 (JACDRO010000071.1), i‘.‘}\(NC_OOOOO&ll), /NEL(NC_000074.7)FIBEL 1 (NC_007132.7).
Fig. 2 Schematic diagram of the 4E-BP1 gene structure

GenBank accession number: Eriocheir sinensis (JACDRO010000071.1), Homo sapiens (NC_000008.11),
Mus musculus (NC_000074.7) and Danio rerio (NC_007132.7).

ﬁmﬁifﬂﬂm*] OV IE L HRAR
*’E% FFRRIR . B8 55 9h, Y%%E%n

1 %, BEH%(Insecta)y 1 3., W54 4E-BP1 = 3 R Y
Xﬁj@ﬂﬁ/\éﬁz, Hrp g B SEE -2 H faiE . DR

R — AR TR SR L R I B INAE SN %I)u&t&fﬁzéﬁ, T 8 e ik
2.3 WL ESE AE-BPL AEALHRIENHT i
Pl Es4E-BP1-RTF/Es4E-BP1-RTR N34, EF-1a Es4E-BP1 FERAENEE N R L2 | ASTA] W FE A

HNSHRH, FIH qPCR Kl Es4E-BP1 mRNA 7£
EP‘“%Z%%E%&&'DHE\ MR, Y 888 . JHBRR .
il . 6 FEE . ULA B 9 N 2R F£ ik 1
W(F 5a), 45F W R Es4E-BPI 7% 9 Fhel 41y
fikik, Hife Y S Erh Rk Emm, RiBKF
55 H A 40 21 25 5 W 3 (P<0.05); T4 LH 4L Fi BN

MHAEARISHHR(E 5b)e Y #n B FIHRARH, HER
IEETE A-B Wl 5 (P<0.05), H oy C i, i
] Do~Ds.4 IR IR, Wrh, HFEIEEAE A-B
W&, C WA Dy Wk Z, Dy il Dyg HHEAR
(P<0.05); Ly, HERIARTE C W, A-B 1Y
Wz, WiFeHT WA P SR
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N\ Homo sapiens

JINBL Mus musculus

B4 Danio rerio

FAR¥E Daphnia pulex
HZAXFUF Penaeus japonicus

B E HXHUF Penaeus vannamei

W& Callinectes sapidus

=it T Portunus tritubercus

AR5, Eriocheir sinensis

2 N\ Homo sapiens

J/NBR Mus musculus

PED 44 Danio rerio

F MR Daphnia pulex
HAXFUF Penaeus japonicus

& JAXTER Penaeus vannamei

W% Callinectes sapidus

ZYitR T Portunus tritubercus

LG ISR Eriocheir sinensis

2 N\ Homo sapiens

/N Mus musculus

BE Ly Danio rerio

FAR¥E Daphnia pulex

H AT HF Penaeus japonicus
i EXTEF Penaeus vanname
%8 Callinectes sapidus

i

=Y T Portunus tritubercus

AR E R Eriocheir sinensis

SASPVARQAVAQAEP IPR.RIEINSP :
SASPVARQAVAQAGPOS T PRRIGINSPA

IMSASPVARQAVAQAY PO T PRR 'IMEE DYSTTPGGTLFSTTPG
MSASPVARQAVAQAINPQE T PRRVI I SPAN LPRIDY STTPGGTLFSTTPG

YxxxxL @ .
YIVRIVFLMACRNS DWIKT PDizin Loy T PGVTEEEEEE PSSD@P----
S——--- PTSDiZP----
S———-- PPSVTNNEK
CDSPHKENSKLIN---

GTRIIYERTFLIfDMRNSPLA
GTRIIYERTFLI*QMRNSPLA
GTRIIYERTFLMOMRNSPLAKTPPKNLPVIP
GTRIIYERTFLMOMRNSPLAKTPPKNLPVIP
GTRIIYERTFLMOMRNSPLAKTPPKNLPVIP

.

. TOS
--PMEASQSHLRNSE
--PMQASQSQLPSS

AYPKPTVINNSISP

it HRENGT I\WEEP
it IRENGTI\WEEP
it HRENGT I\WEEP

Kl 3 AR Es4E-BP1 5 H ALY Fl 4E-BP1 & IEIR) P F 2

TRIL RN eIFAE BB F G F AR, TrHEs BN L5 TOS FF M 14 YXXXXLO 4

*FIR 4 A EE RO TR AL A

AT,

Fig. 3 Multiple aligment of the amino acids sequences of 4E-BP1 among Eriocheir sinensis and other species
elF-4EBP superfamily conserved domain was underlined. The common conserved two motifs, the TOS (TOR signaling) motif and

elF4E binding motif (YxxxxL®), were indicated by boxes. * represented four protein kinase phosphorylation sites.
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Fig. 4 Phylogenetic tree derived from multiple alignments of 4E-BP1 amino acid sequences from different species

The bifurcation value represents the confidence obtained by repeating the sampling for 1000 times.
The ruler length represents 0.1 substitutions per site.
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Fig. 5 The relative expression level of Es4E-BPI mRNA in different tissues
a. The expression of Es4E-BPI gene in different tissues in male and female crabs, 1: Y-organ, 2: muscle, 3: heart, 4: eyestalk,

5: intestine, 6: Ovary, 7: testis, 8: Hepatopancreas, 9: gill. b. The expression of Es4E-BPI gene during the 5 molting stages of
crabs in Y-organ, eyestalk, intestine and heart. Different lower case letters indicate significant differences (P<0.05).

2.4 i ERE AE-BP1 EEEWNSEAHANIA
R RIERE RIS
AR AR g B R L 2 . B R A
FRILIN 44 4E-BP1 £ [H ) qPCR 45 5 R (] 6a),
TE— e B W52 R, rh g B D R LA
HAFGR AW TR, HrhBisEaimt] Dyy Wik
R ART I, BEMRTBREN A-B B2
[ C ] (P<0.05); 2 ENNALIRILETE 3 4
WsE SRS R, Hirp C IR IA R 2R TR,
BEMLT A-B B Dy H(P<0.05); JEFE LA AT
FIRFAE 3 DWW R L, Hrf A-B
AT R I B R T C I D3y (P<0.05),
MR 5 — SR Baku 4 R 5 rh AR g B e 2 R
AR LR, RIS rh AR g B B w7 I 5 A
A S0 v, AR KT I A Sk e TR — 00 e A B
3 9 A5 A (8] 6b-1) o HH A 8 28 18 it 72 W I 6 B )
A-B H, ZRENIEB @R, R KT MR
DG JC MR B bR wiselal il C B AR
W1, ZENIES A RIE kS, 2REK AR
ottt HRGE; BSR4 Do, B E KN
% Bz W R EE SR IV WSS HT A e Dy B, B
PR 2 B2 R R MR NI, 720 93 3 A IR Wi 5T
HIE 8 Dsg 1, BB ISR B PRTE MR 2
WL R TE N B, RS SR B, AR R T

RiSE, M, HEMATEEES
2.5 A4E-BP1E[E dsRNA FHixtchfe 4 B a2 b o5
) %2 i

WRE 2.3 L5, Es4E-BP1 {E Y #h B Rk
e, WIRMRBERZ, FILEE Y 85 /L
WL, 9T THJ5 24 h Al 48 h #EfT dsRNA
FHRRCRAM . HIE 7 iR, ds4B-BP1 4L Y 4 H
Es4E-BP1 £ 24 h W RE &N HE CG AW
53.77%. dsGFP 2119 52.57%; 48 h i}, ds4E-BP1
P FRIB RS TBE, 43510 CG 41 41.99% .
dsGFP £ 1) 42.40% . ds4E-BP1 #H L A 4 2
Es4E-BP1 £ 24 h WKL HIN CG AW
44.00% . dsGFP 4111 41.12%; 48 h B}, 4351k CG
HH 27.49% . dsGFP 211 27.13%., HILAT L,
ds4E-BP1 M THLACR B . .

Frer KIS dsRNA RHL, 5 CG 41 A0
dsGFP A, ds4E-BP1 ZHACT-FIE AN, Wi )&
WA, R T INGR 2). ds4E-BP1 41 &
FEIG %R 38.89%, LT CG ZHF1 dsGFP 41fY
61.11%F1 50.00%, ds4E-BP1 4 1555 6] 734
Jy38.29 d, BEFEE T CG 41(34.45 d)F1 dsGFP 41
(33.10 d)(P<0.05). ds4E-BP1 ZH# CG 41 F1 dsGFP
4 14 T AR BTN, ds4B-BP1 41 W& 5 T dsGFP
21 (P<0.05), {HJE5 CG 41 e imnAs 8 3 (P>0.05)



5512 4] WICORAE: AR 4E-BPT FEIN I e e | FIRRHIE SR 7 b /R ] 1721

a
= 3.0 - HiFEATH] molting stages
A a 0JA-B @EC WD34
Ky N -
mlmﬂ% 2.5 l a a TSE
o a
8320 1 1
= ©
=5
Eol5r
15
B
KN o
205F
kS
g 0 1 1
RN RN JEERULA
walking leg muscle claw muscle abdominal muscle
ZH tissues

P 6 TSR B FE P 4E-BP1 S 2E LA AL 250 R s T S
a. 4E-BP1 FEF LN AL CE R LD, 2R WL RIS MLIAD AR ik, ARR/NE FREFRIR 22 53 1.3 (P<0.05). b. Bi7c)5 ] A-B
W LIEA, B W, IE: WAERKE. c. BiSEMIIH C I RIEAS. d. Bi7eHT I Do 2 2B, ED: R LYK, e. WiFEHTH Dy M,
AE: R MYRTE ERAR. £ BiSEHTG B Dag W13 RIE, SE: REHLK.
Fig. 6 The relative expression level of Es4E-BP] mRNA in muscle tissues and the characteristic changes
in the claws of Eriocheir sinensis during molting cycles
a. The relative expression level of Es4E-BP1 mRNA in muscle tissues (walking leg muscle, claw muscle and abdominal muscle). Different
lower case letters indicated significant differences (P<0.05). b. Morphology of claw at post-molt stage A-B, B: bristle, IE: inner
epidermis. ¢. Morphology of claw at inter-molt stage C. d. Morphology of claw at post-molt stage Dy, ED: epidermal dent. e. Morphology of
claw at post-molt stage D;, AE: annular epidermis. f. Morphology of claw at later post-molt stage D3.D4, SE: shedding epidermis.
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Fig. 7 The relative expression levels of Es4E-BP1 in Y-organ (a) and muscle (b) of
Eriocheir sinensis after dSRNA interference

CG: normal saline injection group, dsGFP: dsGFP injection group, ds4E-BP1: ds4E-BP1 injection group.
Different lower case letters indicate significant differences among different groups at the same time point (P<0.05).
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Tab. 2 The statistics of molting of Eriocheir sinensis
after ES4AE-BP1 dsRNA injection
x £SE
T fEER TR
S BRSO Y% WiFelkE/d 1%
group number pumber survival moltinterval weight gain
of deaths  rate rate

CG 6 2 61.11  34.45+0.76" 28.69+2.58"
6 2
6 3

dsGFP 6 3 50.00 33.10+0.97° 26.95+2.43°
6 2
6 4

ds4E-BP1 6 4 38.89  38.29+1.54" 34.32+2.25°
6 3
6 4

TE: CG NG LR /K 41, dsGFP N i 4F dsGFP 41, ds4E-BP1 K
TEST ds4E-BP1 4. AIA/ING T B3 7R A ] 41 18] 22 5% 0 35 (P<
0.05).

Note: CG represents normal saline injection group, dsGFP
represents dsGFP injection group, ds4E-BP1 represents ds4E-BP1
injection group. Different lower case letters indicate significant
differences among different groups (£<0.05).
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Molecular cloning of the 4E-BP1 gene and its expression pattern
during molting stagesin Chinese mitten crab, Eriocheir sinensis
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Abstract: The eukaryotic initiation factor 4E protein (4E-BP1) is the main downstream factor of the mTOR
signaling pathway. It is phosphorylated by an activated mTORCI] signal and acts as a translation inhibitor. 4E-BP1
plays a key role in the rate-limiting of cap-dependent translation, thus influencing protein synthesis, cell survival,
growth, proliferation, and metabolism. Although the regulatory mechanism of 4E-BP1 has been well elucidated in
mammals, the knowledge regarding crustaceans is still limited. In this study, we obtained a full-length cDNA of
Eriocheir sinensis 4E-BP1 (Es4E-BP1) using the RCAE method. Real-time quantitative PCR (qPCR) was applied
to detect the temporal and spatial expression patterns of Es4E-BPI. The double-stranded RNA (dsRNA) silencing
method was used to explore the role of Es4E-BP1 in the molting cycle of E. sinensis. Results showed that the
length of Es4E-BP1 cDNA was 1678 bp, containing a 134 bp 5’ non-coding region, 1193 bp 3’ non-coding region,
and 351 bp open reading frame (ORF). The cDNA sequence is composed of three exons (282 bp, 165 bp, and 1209
bp) and two introns (2101 bp and 622 bp). The ORF encodes a putative polypeptide of 116 amino acids with a
molecular weight of 12.64 kD and an isoelectric point (PI) of 4.89. The secondary structure of Es4E-BP1 contains
a typical eIF4E superfamily conserved domain, a TOR signaling motif, and a YxxxxL® binding motif (O denotes
any hydrophobic amino acid), which are unique to the 4E-BPs family. Multiple sequence alignment and phylo-
genetic tree analysis showed that Es4E-BP1 was clustered with Callinectes sapidus and Portunus trituberculatu,
with high identities of 95.69% and 93.16%, respectively. qPCR results showed that Es4E-BPI was expressed in
various tissues of adult crabs. The transcript level in Y organs was significantly higher than that in other tissues,
such as muscle, heart, eyestalk, intestine, ovary, testis, hepatopancreas, and gill (P<0.05). During a complete
molting cycle, the expression patterns were distinct among different tissues of juvenile crabs. There is a similar
expression pattern in Y-organ and intestine. The highest expression levels were observed in post-molt (stage A-B),
followed by intermolt (stage C) and early post-molt (stage Dy and stage D). The expression levels were the lowest
in the post-molt (stage D;_4). The expression level in the eye stalks was the highest in stage A—B. It decreased in
stages C and D, but increased in stage D; and stage D;4. In addition, the expression level of Es4E-BPI differed
among different muscle tissues. The expression levels of Es4E-BPI in the claw muscle and abdominal muscle
reached the peak in stage A—B, was the lowest in stage C (P<0.05), and increased slightly in stage D;_ 4 compared
with stage C. In the walking foot muscle, the expression levels were high in stages A-B and C but decreased in
stage D;4 (P<0.05). The RNA interference test showed that the mRNA levels of Es4E-BP1 were significantly
decreased in the Y-organ and muscle after injection with ds4E-BPI. In the Y-organ, the expression level of
Es4E-BP1 in the injected group was 53.77% (24 h post-injection) and 41.99% (48 h post-injection) of that in the
control group. Meanwhile, in muscles, the expression level of Es4E-BPI in the injection group was 44.00% (24 h
post-injection) and 27.49% (48 h post-injection) of that in the control group. Furthermore, during the long-term
interference experiment, dsEs4E-BP1 was injected every 2 days. The survival rate of the ds4E-BP1 injection group
was 38.89%, much lower than 61.11% in the control group and 50.00% in the dsGFP injection group. The average
molting interval of the ds4E-BP1 injection group was 38.29 days, much longer than that of the control group
(34.45 days) and dsGFP injection group (33.10 days). The weight gain rate of the ds4E-BP1 injection group was
34.32%, higher than that in the control group (28.69%) and dsGFP injection group (26.95%). Overall, our results
indicated that Es4E-BP1 might play a crucial role in the molting and growth of E. sinensis.
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