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elF4E elF4F s (Rapamycin) (Leu)
1] (Arg) eifde2 eifdela
, eIF4E mRNA 5’ , eifde?2  eif4ela
elF4G  eIF4A, elF4F , mTOR ,
mRNA [12] ,
Altmann [ (Mus musculus)eifde
cDNA , eif4e ,
eif4e , ,
, elF4E
2004 , Javier ! An .
(Danio rerio) eif4e 1 )H';H'—t—j ﬁ 7%
, eifdela  eifdelb 11 ZHzsHY
» elfiela : 9.0 cm=1.0 cm,
eif4elb
’ , 1 m’
s 30, ,
1.2 AEA%
) ) 1.2.1
[15]
eifde , mTOR
, eiffe2  eifdela , primer Premier 5.0 5'RACE
( ) cDNA 3'RACE
) ; PCR , 1
PCR eifie?  eifdela
#z1 ATERAZEMXAEEMSIMFET
Tab.1 Nucleotide primers used in gene cloning and real-time PCR
(5'-3)
elF4E2-5R1 TGTCCTCCTGGAAGCGTA
elF4E2-5R2 TAGCCGAATCCTCCCACA
elF4E2-3F1 GGAAGATCCGGGACACCCTA
elF4E2-3F2 ACGACTCTCTCAAGCACACC
elF4E1A-5R1 CTCCTTGGTTGGCTTCTG
elF4E1A-5R2 GGCCCCAATTCCTAAGCT
elF4E1A-5R3 GACCACCACCAACACTTT
elF4E1A-3F1 GCAGCAGCACCTCCATCCA
elF4E1A-3F2 CAACGCCCAGAAATCCTC
5'CDS GGCCACGCGTCGACTAGTACGGGGGGGGGG
NUP AAGCAGTGGTATCAACGCAGAGT
UPML CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
UPMS CTAATACGACTCACTATAGGGC
3'CDS AAGCAGTGGTATCAACGCAGAGTAC(T)30VN
MI13F TGTAAAACGACGGCCAGT
MI13R CAGGAAACAGCTATGACC
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(5-3")
qelF4E2-F TGGAATCAAACCTATGTGGG
qelF4E2-R GTCCTCCTGGAAGCGTA
qelF4E1A-F TCCCTTTCCCTAACCCTCA
qelF4ETA-R GTTTTGCTGTCTCGCTTCC
EF1oF TGGCTGTGAACAAGATGGAC
EF1oR AGATGGGGATGATTGGGACC
1.2.2 cDNA 500 pumol/L
50 mg, Trizol , 75% DMSO(
RNA, oligod (T) 3'CDS s Takara ), 100 uL
M-MLV cDNA, -207C 0 h, 05 1 2 3 4h
3'RACE:  3'CDS cDNA Oshiro  "JmTOR
, UPM/ 3F1 NUP/ 3F2 (17]
. PCR, 3 50 mg, RNA,
5'RACE: oligo d(T) cDNA, 4
, Takara TdT cDNA poly(C), ,
, oligo d(G) 5R1 5R2 5R3 4 0.1 mol/L ,
. PCR, 5’ 0.1 mol/L , 0.1 mol/L +
60 puL PCR , (1:1), 0.01 mol/L pH7.4 PBS
, 3S DNA ( ), 100 uL
Trans-T1 . 0 S 05 1 2,3 4h
Trans DH5a , Hara !"*")mTOR
3’ 5 50 mg, RNA,
, cDNA 4
1.2.3 1.5 £ EXZE PCRHH
NCBI ;
SYBR Green 1 Real-time

ORF Finder (Open Reading
Frame Finder) ;
DNAMAN ClustalW ;
MEGAS5.1 ;
http: //smart.embl-heidelberg.de/

1.3 RRAREGUERSH
4
50 mg
Trizol , Trizol RNA, Takara
Reverse Transcriptase M-MLV(RnaseH)

cDNA,
1.4 FTrEEfREBIESHS SR T

B

PCR, 20 uL : 2xTransStart Top Green

qPCR SuperMix 10 pL, (10 nmol/L) 0.4 pL,
c¢DNA 1 uL, ddH,0 8.2 uL :95C-305s;95C-
55s,60C-30s, 45 ; EFla
, Line-Gene K
ct , 2 AAc mRNA
R Excel SPSS
, Origin Pro 8.0
2 EREXR
21 ABEAFFISH
3’ 5!
:elF4E2 cDNA
, 1 069 bp, 699 bp, 3’ 74 bp,
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296bp, 232 , 1; 208 , 2 eife2 eif4dela

627 bp, 3'

cDNA . 3579bp,

42 bp, 5' 2910 bp, , 3 4

1 gagtgttatgaatg

15 gcaagagaagaacagaatcggaagactctttgttgtttataagtgccatttttttgcata
75 atgtcaactgctgttaacaaatatgacgtcctaaaatccaatgatgactctggggaagaa
!1 M S TAV NIKYDVL LI KSNDUDS G E E
135 gataatggaagccgggatatgaaagacaaaccactgccacaagtggaggtaaaaccaggce
2, b NG SR DMIKDIKPLUZPQV EV K PG
195 gagcaccctcttcagtacacatattctctttggttcagcagaagggcaccaggcaaacag
41 EH PL QY TY S LW FSIRIRAPGIK Q
255 gcaacaacacaaaactacgaccaaaatcttcaattattagccaggtttgccteggtggaa
61 AT T Q N Y D Q NL QULTU LARYT FAS V E
315 cagttctggggatattacagccgetgtttacggccagtcgatcttccttcacactccgat
81 Q F W G Y Y SR CLIRPV DULUPSHS D
375 atacatatttttaaagatggaatcaaacctatgtgggaggattcggcectaataaaaatggce
01T H I F X DGIKPMWEUDSANI KNG
435 gggaaatggattgtacgtttaaggaaaggacttgcttcgegttgetgggaaaatatgate
121G K w I vV R L R XK GL A S R C W E N M I
495 ttagcaatgcttggtgagcagtttatggttggecgatgaaatttgtggagetgttatatcet
41 L AMLGEQFMV GDETTCGAVTIS
555 gtacgcttccaggaggacataatatctgtctggaaccgcacagcacaagactctatcacce
161 V R ¥ Q E DI I S V W NRTAQD S ITT
615 acagggaagatccgggacaccctaaagcecgtgttcttaacctacctcctactaccgttatg
81 T G K I R D TULI K RVLNTULUPZPTTVM
675 gaatacaagacccataacgactctctcaagcacacccactccgecgtcaagectactacge
200 E ' Y K T HND ST LI KHTHSASSLULR
735 aaacccggcctacccatgaggcatgacctccttcactgacgtctctcteettttgetece
221 K P G L P M R H D L L H *
795 ctcccecectectettectggecagggggggggagggtggggagagagagagagagagagece
855 tgagacaccacccattctctgtgcatctacaggtgcagtgtacagtacaacccctttaat
915 tggaactaattagtgggaacgtgatagagatttgggaaatttacagagtaaatggacgtg
975 atgtgaggaaggctgttgtgattccttaaagaaattgtgttcatatccatgccatgtgta
1035 tagtaggtgcatatccaatacaaatttattttaacaaaaaaaaaaaaaaaaaaaaaa

1 eif4e2 cDNA

IF4E

Fig. 1 Complete nucleotide and deduced amino acid sequence of eif4e2 from L. vannamei

22 EHARBRABF I oM elF4E2

MEGAS5S.1

74

5

elF4E :
6 eIF4E2 , :

(Marsupenaeus japonicas)

elF4E

(Zootermopsis

nevadensis) (Cerapachys biroi)

(Homo sapiens) (Bos taurus) elF4E2

99% 72% 65%

62% 62% 60%

elF4E1A

(Lasius niger)

eIF4E1A (Cerapachys birori) (Melipona

(Aplysia californica)
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(Osmerus mordax) elFAETA(
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1 aggtaatatcttcacatgtgagtgactgacgggctggacgtg

43 atggagaatgataaatcacaacagaaaaagggtgaagaggaaggagggcagaagacagtt
1 M ENDIK S Q Q K K GEEEGGQK TV
88 gccccagatatgcettatcaaacatcccctacagaacacctggaccctetggttcttcaaa
2 AP DM LT KHUPULQNTWTUL W F F K
133 attgaaagcaatcgcagttgggaagattgtcaagttgagattgctagcttcaacacagtt
41 1 E S N R S W E D C Q V EI1 A S F N T V
223 gaggatttctgggcegttgtataaccacattgaaccagcttcacgtctgaaagtgggttgt
6l E D F W A L Y NUHTEU®PASIRTILIK V G C
268 gattactccatgttcaagcaagggattaaacccatgtgggaagatgaacacaactgecga
88 D Y S M F K Q G I K P M W EDEHN C R
313 ggaggtcgatggcttattaatctcaacaagcaacagagatccactgaacttgacaacttt
101G G R W LT NI LNIKOQQRS TEL D N F
403 tggatggaggtgctgectgctaatgattggagaatcttttgaagagcatagtgatgaagtg
21w M E VL L L MITGE S F EEH S DE V
448 tgtggagctgttgttaatgtgagaggcaagggtgacaagataggtgtatggacagetgat
141C G AV VN V R G K GD KT GV W T A D
493 gcaaaaaagaatgat agcatccttaaaattggtcaagtcttgaaggttcgtctaaacatc
16l1A K K N D S I L K I G Q VvV L K V R L N I
583 cccaggcaggtgagcattggatttcaagctcacacagacaccatgctaaagtctgggtce
1Is8tP R Q VvV S 1T G F Q AH TDTMTUL K S G S
628 accgccaagaacaggtttactgtctga 669
200T A K N R F T VvV * 208
670 cactcacaaccacacatagcaacaagtctgttattacgttttggagatgtagtaaccagc
730 aatttctgtatcagatgtgttttcaccagactttatgttggagagagaagactatgtttt
790 ttttttaaacagtgttacactgaaactggaatttccaaacactatctgtgtcttgecattc
850 ccaaactgtaaagagggctacatgtttactagcaagccagagttagtgtgtaaggaagag
910 tttaaggaagaattgtatgtaatagtttggatcacaaacatttatgtatgtttgtacaaa
970 gtaatttttgttttaatggctaagatgettgattgttgettagtttaattgaaagttaaa
1030 ccaatccacacagtttcacattctcagaatgggcatgcatatctagcaattaaccacgat
1090 ttcaatagtcattcattatagtaacttgtagattcatggattaagttaaaaattataaga
1150 tccacattggatattgggttctttgaattattcttgaaatcatggttcatttccacttge
1210 agtttttcattaaacacacagctaatggttccagtgtttgttttgetgtctcgettccct
1270 tttcatttctcttctctcattttctctctecccttectettectttcctetettttctcacte
1330 ttgtaatctttcatatttttctcctctctcctecctcctcctcattcttaaaaaagtgttt
1390 ggaaaacaagtaaatttattctgcaaggtaaccaagaaagacaggtggaattaggtcata
1450 atgttaaatgtttgcttttctatttaaattttttgtttgaatacattttggetttgaggg
1510 ttagggaaagggaaaaagttaatatatgagtgtgacctttacataaacaatagatatatc
1570 attgtttaaataaactaaaatatatttttacttgcagcatgtatttctctgagcagcatg
1630 cttatgtgaccatgccagccattgcagtgaacataaacaaaagtgtatagatttataaat
1690 gtgaaaattacagatgttaaaggggtggctttgaatgtggtagtttaaagtatgcaaget
1750 tgagagacctgcaaaaataagactgtagtgctgtgtagaacctgetgctcctttgaacaa
1810 ttgaaataattgtaaatcatgatagatgaaacaggcattcatgacacctatgggaaatag
1870 gtgaaaaataattagatgatcattttctgatcttttctcttatatctataaaaaggcaat
1930 gttcatcttttatgatttactctttatgtgattcttgctccttggttggettetgtggag
1990 ataaaactatcctaatgcttattataaaatagaggaaagtttgacatacttcatatggge
2050 ctcaggcaagttttcaagcagagcecttgtgatatttagaatggctgaatgatcacttcaaa
2110 aagggtaaccaaagagtgaaaatgcaaacataagggccaacattatcacctgaaagttta
2170 tcttgcaatgtcttctgaaactggattgagattctagtatgcaggtaacaaccattctca
2230 caagtcctataattgtcttggacagaaatggagccaaacttggggtaaatcactgtgaat
2290 gatacagtctgaaagttgcatcttggtatttgaaggaagtcctctctgaatgttetttgg
2350 gaactgcttttcttaaaaagaagtcctaaatgcttgtcagcagggagcatttctttatac
2410 tatagatgtataaatacatcaactgttaaattctgtgatagaccctaattttattacttg
2470 tatatatgaaaggtgtaagagtactctttggagttacttgtgaggcagaatgttgaagtg
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2530 tcctttatttattttggttaacagtaaatgatttagaggagcagggaaatttaataattg
2590 aactaaagggagtgtgagttattgggcttaatttttaaacacatttgcaaattgaattgt
2650 caaacctttttgagtgtctgettttgagtgcagggaatgttgataaacaggtactggget
2710 ttacttctgtgtgactattttagttcacaattaatgttcataccccacaaattttcacat
2770 gcaagacctgataatagtaagtagtgggtttccagtgatcattgtgttatgcagetcgat
2830 gttgcatagtattttaataattctccaagttatatcatgattagtttagcacttatatag
2890 gagaaaacataaatttaagtaatttttcatgtgggcttcaggcaagttttcagatggage
2950 ttgtgacccatggacctgcatatgagatgaatgtttgaaattgggaagtttaaggtatgg
3010 tacacaaaaaaccataatggagtgagagatttgacagaagagaacttagaagtgagattc
3070 ccagggccaagcctaattatcattcactgttcgtattattattttgttgaagttttacaa
3130 aaaatcttcctgctttgttgctaatcttccagatatggaagtggatactgacttgttcta
3190 ttggtgaagcattaccaagtaatgggccccaattcctaagctttatattatgtaaaacac
3250 agactacaagaacttcacttattaaggagggtacttgaatgtttgtgtagtctgatccat
3310 atttgactgccttcctttctgtgggaacttttgattcaacagagagettgatggeatgtt
3370 gaccaccaccaacactttttggagcccatcactaaagetgtaatctttcccaagccttat
3430 aaccagtgacttggaaagagtatttgatgtcacttgtcagtttattataaatttctgaag
3490 gttctgctatttcgtataaaacactaaaatgtgaaaaatataccagtgtagttctagata
3550 tccttttataataaattaggtgttatgagcaaaaaaaaaaaaaaaaaaaaaaaaa

2 eifdela cDNA
Fig. 2 Complete nucleotide and deduced amino acid sequence of eif4ela from L. vannamei

1 25 50 75 100 125 150 175 200 225232

O ——

[F4E superfamily

3 eIF4E2 IF4E
Fig. 3 Position of domain IF4E superfamily in deduced protein eI[F4E2

1 25 50 75 100 125 150 175 200 208

O ————————

IF4E superfamily

4 eIF4E1A  IF4E
Fig. 4 Position of domain IF4E superfamily in deduced protein eIF4E1A

100 [~ Litopenaeus vannamei
L Marsupenaeus japonicas (GeneBank:BAB85210.1)
4,— Zootermopsis nevadensis (GenBank: KDR09888.1)
71 Cerapachys biroi (GenBank: EZA62910.1)
I— Mus musculus (NCBI Reference Sequence: NP 075803.2)

| Homo sapiens (NCBI Reference Sequence: NP 001263265.1)
100 Bos taurus (NCBI Reference Sequence: NP 001069263.1)

—
0.05
5 elF4E2
Fig. 5 Phylogenetic tree based on eIF4E2 amino acid sequence
64% 61% 63% 61% 63%
’ 2.3 eiffe2 F= eiftela KB 6L R KA 5H
65% 63% 61%  62% cIF4E2 ifde2 Fo eiftela AR LR d
eIF4E1A , PCR eifde2  eifdela
35% Swiss-Modle elF4E , eiffe2
8 B 3 a eif4ela
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i:Lasius niger (GenBank: KMQ88700.1)
99 Cerapachys biroi (GenBank: EZA52788.1)
100 ————— Melipona quadrifasciata (GenBank: KOX78026.1)
Zootermopsis nevadensis (GenBank: KDR11192.1)

Litopenaeus vannamei

Aplysia californica (NCBI Reference Sequence: NP 001191552.1)

Crassostrea gigas (GenBank: EKC23107.1)
% T{ Xenopus laevis (NCBI Reference Sequence: NP 001089212.1)
100 _|——Dam'o rerio (NCBI Reference Sequence: NP 571808.1)
94 Osmerus mordax (GenBank: AC0O08998.1)
—
0.05
6 elF4E1A

Fig. 6 Phylogenetic tree based on eIF4E1A amino acid sequence
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2 8 ,
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H 4r / b I
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2 be 7 : % ¢ % 00 L
S e g | i
' ' ' ' nou/h

a Rapamycin

I
T

7 eif4e?  eifdela i a [_Jpwmso
912 1 4
Fig. 7 Relative expression level of eif4e2 and eif4ela in ® 10 a
different tissues of L. vannamei E '
Z 08
Iy Il S ~ S:’i 06
24 ARBEEWMEZZHGOREISH ® 04
elF4E 02 b b
Z | P
mTOR TOR , 007 . . —
0 0.5 1 4
TOR Hﬂ‘lEﬂ/h
PCR )
8 eifde2 ifdel
eifde?  eifdela elF4E eifie eifdela

0

Fig. 8 Relative expression levels of eif4e2 and eif4ela in
, muscle responding to rapamycin
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e 2
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catme (Caenorhabditis elegans)elFAE
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60
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= 7 eIF4E , elFE2
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% eifdela eif4e2
0 .
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Fig. 9 Relative expression levels of eif4e2 and eif4ela in B p ¢
muscle responding to amino acid elF4E >

78 /2016 / 40 / 12



, Marcotrigiano

mRNA 5’
elF4E
mRNA

3.2 REMAER RIS
, eifdel

eif4e2
[25]

, eif4e2

; eifde2
eifdela

33

, FK506
binding protein 12, FKBP12),
TOR, FKBP12
TOR ¢ TOR
4EBP ,

elF4E s elF4E

mTOR

> >

eif4e2  eifdela
eif4ela mTOR
TOR ,

>

3.4

Peponi  1**

4E-BP1,

[24]

[14]

EHARABE XA

elF4G R

eif4ela

eif4e

AHEMEZTEAB A

1

Bt

elF4E

eifdela

12 kDa

12(FK506-

RAPA

4EB

[27]

TOR

it

FKBP12-RAPA

B

P

elF4E

2 h
eifde?2

TOR

elF4E

Marine Sciences / Vol. 40, No. 12 /2016

'M@AWME

4

(1]

s elf‘4e >
mTOR 5
[29]
) mTOR
, eif4de?  eifdela
R R PBS R
eif4ela
; eifde?
mTOR
) TOR
[30]
eiffe2  eifdela
mTOR
IS¥=
mTOR eiffe?  eifdela
, . J1.
, 2006, 2: 41-43.

Ren He, Zhan Xiuan. Research progress on amino acid
nutrition of aquatic animals[J]. Feed Research, 2006, 2:
41-43.

Kim J, Guan K L. Amino acid signaling in TOR activa-
tion[J]. Annu Rev Biochem, 2011, 80: 1001-1032.

Ma X J M, Blenis J. Molecular mechanisms of
mTOR-mediated translational control[J]. Nature Re-
views Molecular Cell Biology, 2009, 10(5): 307-318.
Laplante M, Sabatini D M. An emerging role of mTOR
in lipid biosynthesis[J]. Current Biology, 2009, 19(22):
R1046-R1052.

79



[10]

[11]

[14]

[17]

[18]

80

Bt

Duvel K, Yecies J L, Menon S, et al. Activation of a
metabolic gene regulatory network downstream of
mTOR complex 1[J]. Molecular Cell, 2010, 39(2): 171-
183.
Koren I, Reem E, Kimchi A. DAP1, a novel substrate of
mTOR, negatively regulates autophagy[J]. Current Bi-
ology, 2010, 20(12): 1093-1098.
Proud C G. Regulation of mammalian translation fac-
tors by nutrients[J]. Biochem, 2002, 269: 5338-5349.
Kimball S R. Regulation of translation initiation by
amino acids in eukaryotic cells[J]. Prog Mol Subcell
Biol, 2001, 26: 155-184.
Hara K. Amino acid sufficiency and mTOR regulate
p70 S6 kinase and eIF4E-BP1 through a common ef-
fector mechanism[J]. J Biol Chem, 1998, 273: 14484-
14494.
Laplante M, Sabatini D M. mTOR signaling in growth
control and disease[J]. Cell, 2012, 149(2): 274-293.

, . elF4E [J1.

, 2001, 23(5): 280-282.

Xia Liangping, Zeng Zongyuan. The function and
regulation mechanism of eIF4E[J]. Foreign Medical
Sciences Series of Molecular Biology, 2001, 23(5): 280-282.
Sonenberg N, Hershey J W B, Mathews M B. Transla-
tional control of gene expression[M].
Harbor Laboratory Press, 2000: 39.
Altmann M, Miiller P P, Pelletier J, et al. A mammalian

translation initiation factor can substitute for its yeast

Cold Spring

homologue in vivo[J]. Journal of Biological Chemistry,
1989, 264(21): 12145-12147.
Javier R, Bhaveh J, Scott C F, et al. Two zebrafish eif4e
family members are differentially expressed and func-
tionally divergent[J]. The Journal of Biological Chem-
istry, 2004, 279(11): 10532-10541.

, . J1.
, 2015, 1: 50-52.
Li Qian, Li Jianguo. Research progress in molecular
nutriology of animal[J]. Heilonjiang Animal Science
and Veterinary Medicine, 2015, 1: 50-52.
Oshiro N, Yoshino K, Hidayat S, et al. Dissociation of
raptor from mTOR is a mechanism of rapamycin
induced inhibition of mTOR function[J]. Genes to Cells,
2004, 9(4): 359-366.
Sun S, Wang B, Jiang K, et al. Target of rapamycin
(TOR) in Fenneropenaeus chinensis: ¢cDNA cloning,
characterization, tissue expression and response to
amino acids[J]. Aquaculture Nutrition, 2015, 21: 1-9.
Hara K, Yonezawa K, Weng Q P, et al. Amino acid suf-
ficiency and mTOR regulate p70 S6 kinase and elF-4E
BP1 through a common effector mechanism[J]. Journal

/2016

/

[19]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

40

) H@ART/CLE

of Biological Chemistry, 1998, 273(23): 14484-14494.

Kimball S R, Shantz L M, Horetsky R L, et al. Leucine
in L6
myoblasts through mTOR-mediated changes in avail-

regulates translation of specific mRNAs
ability of eIF4E and phosphorylation of ribosomal pro-
tein S6[J]. Journal of Biological Chemistry, 1999,
274(17): 11647-11652.

Keiper B D, Lamphear B J, Deshpande A M, et al.
Functional characterization of five elF4E isoforms in
Caenorhabditis elegans[J]. Journal of Biological Chemistry,
2000, 275(14): 10590-10596.

Miyoshi H, Dwyer D S, Keiper B D, et al. Discrimina-
tion between mono— and trimethylated cap structures
by two isoforms of Caenorhabditis elegans eIF4E[J].
EMBO Journal, 2002, 21(17): 4680-4690.

Fingar D C, Salama S, Tsou C, et al. Mammalian cell
size is controlled by mTOR and its downstream targets
S6K1 and 4EBP1/elF4E[J]. Genes and Development,
2002, 16(12): 1472-1487.

Marcotrigiano J, Gingras A C, Sonenberg N, et al. Co-
crystal structure of the messenger RNA 5'cap- binding
protein (eIF4E) bound to 7-methyl-GDP[J]. Cell, 1997,
89(6): 951-961.

Marcotrigiano J, Gingras A C, et al. Cap-dependent
translation initiation in eukaryotes is regulated by a
molecular mimic of eIF4G[J]. Molecular Cell, 1999, 3:
707-716.

Bhavesh J, Amy C, Rosemary J. Characterization of
mammalian elF4E-family members[J]. European Jour-
nal of Biochemistry, 2004, 271: 2189-2203.

Harding M W, Galat A, Uehlingd E, et al. A receptor for
the immunosuppressant FK506 is a cis-trans peptidyl-
prolyl isomerase[J]. Nature, 1989, 341(6244): 758-760.
Ma X M, Blenis J. Molecular mechanisms of mTOR-
mediated translational control[J]. Nature Reviews Mo-
lecular Cell Biology, 2009, 10(5): 307-318.

Peponi E, Drakos E, Reyes G, et al. Activation of
mammalian target of rapamycin signaling promotes cell
cycle progression and protects cells from apoptosis in
mantle cell lymphoma[J]. The American Journal of Pa-
thology, 2006, 169(6): 2171-2180.

Blommaart E F, Luiken J J, Blommaart P J, et al.
Phosphorylation of ribosomal protein S6 is inhibitory
for autophagy in isolated rat hepatocytes[J]. J Biol
Chem, 1995, 270: 2320-2326.

Gonzalez I M, Martin P M, Burdsal C, et al. Leucine
and arginine regulate trophoblast motility through
mTOR-dependent and independent pathways in the
preimplantation mouse embryo[J]. Developmental bi-
ology, 2012, 361(2): 286-300.



HRRTL » |7
H@A RTICLE

Cloning and functional analysis of TOR downstream signaling
factors eIF4E2 and elF4E1A of Litopenaeus vannamei

XIN Fang"?, WANG Lei’, LIU Mei', WANG Bao-jie', JIANG Ke-yong', SUN Guo-giong'

(1. Institute of Oceanology, Chinese Academy of Sciences, Key Laboratory of Experimental Marine Biology,
Laboratory for Marine Biology and Biotechnology, Qingdao National Laboratory for Marine Science and
Technology, Qingdao 266071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Received: Dec. 18, 2015
Key words: elF4E; Litopenaeus vannamei; mTOR; amino acid; growth

Abstract: The aim of this study was to explore the regulation function of mTOR signaling in the amino acid
metabolism of Litopenaeus vannamei. We cloned the full length cDNA of eif4e2 and eif4ela genes from the muscle
of L. vannamei for the first time. The cDNA of eif4e2 was 1069 bp and contained a 699 bp open reading frame that
encoded 208 amino acids. The cDNA of eif4ela was 3579 bp and contained a 627 bp open reading frame that
encoded 232 amino acids. We individually compared the deduced eIF4E2 and eIF4E1A amino acid sequences of L.
vannamei with other known sequences. The results confirmed their homology. We used a real-time polymerase
chain reaction (PCR) to detect the tissue-specific expressions of eif4e? and eiffela in L. vannamei and the
responses of eif4e2 and eif4ela in muscle to the injection of rapamcyin or amino acid (leucine or arginine). We also
investigated the functions of eif4e2 and eif4ela in the cell growth of L. vannamei. The results showed that the
eif4e2 and eif4ela genes were expressed in all the detected tissues, including the eyestalk, hepatopancreas, stomach,
intestine, gill, and muscle. The relative expression level of eif4e2 was significantly higher than that of other tissues
(P < 0.05). The relative expression levels of eif4ela in intestine and muscle were both higher than those in other
tissues, and that of the intestine was higher than that of the muscle (P < 0.05). The relative expression levels of
eif4e2 and eif4ela in muscle decreased after the injection of rapamcyin (P < 0.05). The relative expression level of
eif4ela was unchanged four hours after the injection of unitary leucine or arginine, while it increased significantly
after the simultaneous injections of leucine and arginine (P < 0.05). The relative expression level of eif4e2 increased
significantly after the injection of unitary leucine, unitary arginine, or both leucine and arginine (P < 0.05), and the
relative expression level of eif4e2 after the simultaneous injections of leucine and arginine was significantly higher
than that after injection of unitary leucine or arginine. In conclusion, with respect to animal molecular nutriology,
we cloned full-length cDNA of eif4e2 and eif4ela genes from the muscle of L. vannamei, and the results indicate
that eif4e2 and eif4ela can accept the amino acid signal and regulate cell growth in L. vannamei muscle. This study
represents a significant contribution to our understanding of the mechanisms of growth and metabolism regulation, the

optimization of feed formulas, and the establishment of a reasonable management model for shrimp culture development.
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