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Abstract: [Objective] The eIF-5A gene was cloned and identified in Ctenopharyngodon idella. The
tissue-specific expression and adaptive evolution of grass carp eI FF5A gene was analyzed. [Method) After
the full length ¢cDNA of eIF-5A had been cloned from grass carp, the molecule characterization of grass
carp el F-5A was predicted by ORF finder,SMART on-line softwares and so on. The adaptive evolution of
the eIF-5A had been studied by codon substitution model in PAML 3. 15 software package. The back-
ground expression and Poly I;:C induced expression of eIF-5A in heart, brain, muscle, gill, spleen, liver, in-
testine and kidney of grass carp were detected by RT-PCR. [Result)] The full length ¢cDNA sequence of
grass carp eI F-5A was 2 249 bp,which contained a 5" untranslated region of 41 bp and a 3" untranslated re-
gion of 1 743 bp. The open reading frame was 465 bp,which could code a 155 amino acid polypeptide with a
molecular mass of 16. 856 ku and pl 5. 18. Grass carp elF-5A contained the unusual basic amino acid hy-
pusine that conserved in eIF-5A family at the N-terminal region and a leucine-rich stretch at the C-terminal
region. Only several amino acid residues were substituted, the amino acid sequence shared identity with

elF-5A from human and other species. Adaptive evolution analysis also indicated that elF-5A was not only
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conserved in structure but also in function. eIF-5A was constantly expressed among the heart, brain, mus-

cle,gill,spleen,liver,intestine, kidney of grass carp,as well as by Poly I.:C infected. [Conclusion) eIF-5A is

related to cell division and differentiation. The various elF-5A forms suggest that they are extremely impor-

tant to cell. According to the above results, the grass carp eIF-5A identified is eI F-5A1 rather than elF-

S5A2.
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B

iR ZE N 25 pl.sK 19,25 1,10 X PCR 2
I g g 2.5 pl, 2.5 mmol/L ANTP 1 uL, 10
pmol/mL b FF5I#4% 0.5 pl.cDNA 1 pL. Taq
fitf 0.25 pL. PCR W 41494 CHIAME 5 min; 94
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Fig. 1 Cloning of grass carp eI F-5A gene
M. DL2000 plus;elF-5A. Eukaryotic translation

initiation factor gene of grass carp
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it e F-5A 4K 2 249 bp, i &4 5" 4 B
PEIX 41 bp, 3" JEBIIE X 1 743 bp, JF B 32 4E i
465 bp 2. A% 1 AN Hh 155 > 2% 3 2 20 i 4 & 1
WG 2), 4 F ik 16. 856 ku, 5L 5 pl
5.18, T N uig 55 49 ~ 56 2 KL R bk 5 i
(TGKHGHAK) Ry it A7 eIF-5A 15 it A7 (1) {2 57
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60 GATTTCACCAGCGGAGATGCCGGGGCTTCTGCCACCTACCCCATGCAGTGCAGCGCCCTG
7T DFTSGDAGASATYPMQCS SATL
120 CGCAAGAACGGATTCGTGGTGCTGAAGGGTCGCCCCTGCAAAATTGTTGAAATGTCCACC
27 R X NGFV VL KGRPCIKTIVEMMST
180 TCTAAGACTGGCAAGCATGGTCATGCAAAGGTTCACTTGGTTGGAATTGACATATTCACA
47SKTG[T|HGHAKVHLVGIDIFT
240 AATAAGAAGTATGAAGATATCTGCCCCTCCACCCACAACATGGATGTGCCTAACACCAAA
67 N K K Y ED I CP S THNMDUV P NT K
300 AGAAATGACTACCAGCTGGTTGACATCAGTGAGGGGTTCCTCTCTCTTATGATGGACAAC

89 R ND Y QL VDTISEGTFILSILMMMDN
360 GGTGACGTGCGCGAGGACCTGCGCGTGCCAGACGGTGACCTGGGCAAAGAAATCGAAAGC

07 G D VR EDLRV PDGDILSGI KTETE S
420 AAATTTGCAGCTGGTGAAGAGATGTTGGTTACTGTGCTTTCAGCTATGGGCGAAGAATCT

127 K F AAGEEMLEVTVESA AMSGEE S

480 GCAGTGGCTGTCAAACCCATGACCAAATAGGAAGAGAGACTGGGCTGCTCAGGCTGCAAC
147 AV AV X P M T K =*
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Fig. 2 Nucleotide sequence and deduced amino acid sequence of grass carp eI F-5A

The “ TGKHGHAK?®® sequence denoted by underlines is conserved domain;Real line frames denote deoxyhypusine modification site 71K

Leucine-rich stretch at the C-terminal region denoted by shadows
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540 ATGCTACACTTTAACAAATCTCTTGCATTTGTTTTTTTGGTTTTATTTGTCACCAAAGCT
600 ATGGCCTTCACAAACAACCTCACATTTTTGTTGTGATTGTATTCCTTTTTTCTCCTCCCA
660 ATACTGTGCTNGGACTTGTCGGGTCAGTTGGCATTCTCTCGGGTAAGAAGTTTATTATTG
720 TCAGTGTTTACCCCCTCGACCTCCCCCATTCCACTTTTTTTTTTTTTTTTTTCTCCCCCT
780 CAAGTTTTTACCAGTTACATTCCTGAATGTTAAATAATGGGATCCATTTTTCATTTTTTG
840 TATTCTTGAATTTCTTAATAGTAACTAGTGTGCAGGATTTATGCAACATGTTGCGAAGAG
900 AGGAAACCCCCAACTGACACTGAACTTTATTTTTTTTCCTCTCCCTCTGTGGGTGCCATA
960 CTCTTACTTTTCTCCTTACATAATCAATGCCATTGCTGGCACTATGGTTAATTTCTCTCA
1020 ATTGAATGCCTTTTTCCCCCCTCCCAAAGTGAGATGCACACTGGTAGTTGGCACTTCCTT
1080 GTTCTTGCAGTACTTTGAGTACCTTCTCAAGTAAAAACCGCTATGACCAAGAAATAAACT
1140 CCAGTGAAATGTCCTCTTAAATGCCAGTCTCTAATTGTACAGAAGTAGAAAGGATGTGAT
1200 GGCCATGTGCGAATACCTCTGTAACCCAATATAGCAGCCAGCTTGATTTTGGCTGTCAGT
1260 GATGACATTAAATAAAGTGTTGAAGCCTGTATTTGTCTCCAGGTAGGCTCTTATCAGAAT
1320 GCCCCAGAATGAGCTCAGGCTCTTAAGGACTGAATCTTTCATGCGAGTTCTAATCTTCCT
1380 TTGTTCACTCGAGGCCTTTGTCACCTGACTGGAGAGAGCAAAAAATAAAAACCTAATAGA
1140 TTACCTTTTCATTATTATTTTTTTATTTTTTTTATGAAGCACTTCATCAGTACTGAAAGA
1500 AGTTCCTGAATGCTGGTTAAGGTGCCGCTTCATATATACAGCTGATTTTTCTTTTGGTAA
1560 TATTTAACGTGAGCNTCTTTTANTTTCTCAGTCTCTGGAGAATGAATACCCTTGTTTAAA
1620 AGTTACTTAGTCTAACCTGTCCGGTCATTTGGGACGACTTCATTTACTAAGGTACAGATA
1680 TTATACTTTATTCAGAAAGTGTCTGTTTTGAAGTATGATTTTTAGGTACATCACCTAAGT
1740 GTTCAGTAGCACAACATGCGATGTTTATGTTCTTGAACTAAGACAGTACAATAATATACA
1800 TTCATGTGTATATATTATGTGTATTCCTTAATGTCTGTTGTATGGTTTTAAATGCTAAAT
1860 TTAAGGTTTAAGAACTTATATAAATGGCATGGGACATAATTTTAGAAAGTGAGGACATGG
1920 ACCATAACTGGGAAGGAAAGACAAAGCTTTGTTGGGTTGGGCTGCCAAATCCTCTGCATG
1980 GGTGGAGCCAAACGCTCATTTCCCACTCATGGCTGGATGCCCAGACAACACTGACTCAAT
2010 GAAAGTGTTGCACTTAAGTCTTGGAGACATGTGGCATTGCAGTATATTCAAACACACAAA
2100 CTTCATCAATCAACTGGCTCCTAGTGAGCGCTTTCTCATATGTTCAGTTATGTATTTACA
2160 TGAATTTTTCAAATGGATTAATTTCAAATTTTGCTGTCGTGTAGCTGAGTGACATTAAAA
2220 ATTTAACCAAATAAAAAAAAAAAAAAAAAA

T AR AR RS X

LRl 2 B eIF-5A Jo HAEW 0 & SR )T )

OTGKHGHAK? s SEURHE b3 737 K Ay H22 185 It e I A6 i 4 167 s B S A C i i %

fly 55 B R

Continue Fig. 2 Nucleotide sequence and deduced amino acid sequence of grass carp el F-5A

The Y TGKHGHAK® sequence denoted by underlines is conserved domain;Real line frames denote deoxyhypusine modification site ' K;
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A (NP _001961)., /N B, (Mus musculus, NP _

853613) .4 (Bos Taurus, NP_001003658) 1 [7] I
ik 81% (126/155 aa) , 53 & 1 (Branchiostoma
belcheri » AAS68511) ff 7] P& 1 i5 69% (107/155
aa) s G HAWZ Y AH L, 8 IF-5A A #5025 &
AR AR 68 LA LR B Gly 28 B Asn, 7E 5 99

SA N i, 4 ) 2 B R N T i TR 18 e 1% 8 TR
KR LY 26 A BLIR Ak B R TR 5F .
2.4 Efh IF5A HEARKEYE

RT-PCR # 2t eIF-5A 75 8 Fh4H 41 il
KRR H RSN 200 bp (K 4AL K 4B) . 5
T 45 5 (196 bp) —F. LA Bactin WS4 cD-
NA IBAR & 45 B ILK 4C, K 4A FB, IE W 50
TLHAh eIF-5A fE 8 MBI A ) iz Kk, HEER
KEEFAK, 4 Poly 1. CiESRJG (E 4B), eIF-
SA W RIKACHI Z IEH &4 N A &,
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BRI 5, CielF-5A.DrelF-5A  RnelF-5A . BtelF-5A  HselF-5A . MmelF-5A , XleIF-5A . SfelF-5A . PmelF-5A Fl BbelF-5A 43 5/t %
#f (EU916931) JBF 5 f1 (NP_998350) . KBl (NP_001028853) .4 (NP_001003658) , A (NP_001961) ./l (NP_853613)
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Homology analysis of grass carp elF-5A

Black shadow indicated the fully conservative amino acids;Real line frames indicated the conservative domain that hypusine was in;
Compared with other species,some amino acids have changed in fish eIF-5A denoted by black dot. CielF-5A, DrelF-5A,RnelF-5A,
BtelF-5A. HselF-5A, MmelF-5A, XleIlF-5A, SfelF-5A,PmelF-5A and BbelF-5A represent elF-5A from Ctenopharyngodon idella (EU916931) .
Danio rerio (NP_998350) , Rattus norvegicus (NP_001028853) ., Bos taurus (NP_001003658) , Homo sapiens (NP_001961) s Mus musculus
(NP_853613) , Xenopus laevis (NP_001084082) ,Spodoptera frugiperda (AAF13316) , Penaeus monodon (ABI30653),
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M. DL600(A, B)

Branchiostoma belcheri (AAS68511) ,respectively

M He Br MuGi Sp Li

300 bp
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B
Bl 4 Ffa eIF-5A 4
A, ARJRFIKA;B. Poly I.CiEF41;C. factin NS
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In Ki
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1200 bp
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Fig.4 Tissue-specific expression of grass carp el FF5A

A. eIF-5A was constitutively expressed at low levels; B. Expression of ¢eIF-5A induced by Poly 1.C;

2.5 Efa e JIF5A N FiEMMERL D
RE APy eIF-5A B R A5 & % 8 A K
ME 5 AT IE B AR NRAT R 4 Fhog 3L 2k

2.5.1

C. Samples were normalized on the basis of factin expressions

M. DL600CA,B), DL1200(C) ; He. Heart; Br. Brain; Mu. Muscle; Gi. Gill; Sp. Spleen; Li. Liver;In. Intestine; Ki. Kidney

P eI F-5A 4b T — A A /D RS el F-
SA2 LT —MAR B b CE S A4 O IS )
() eI F-5A SEGANIT L Ab 1 [ — A b 5 B 0 FTBE 5 £
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K el F-5A H A 1R & 09 4 ) ¥ (Bootstrap {H N RGO FR N IEATE MR A B B T RIE
1000), [Hik.eIF-5A B4R I b 5 WL AS [5) 4 Fh 8] 1

A
R HselF5A
MmeIF5A2 (NP_065123)
(NP 808254) BtelF5A
(NP_001003658) A

HselF5A
(NP_001961) /DB

MmelF5A
(NP_853613)

b
GgelF5A2
(NP _990863)

EIIPIN
X1eIF5A2
KB
(NP_001080536) RnelF5A
(NP 001028853
A A - ’
XteIF5A2 YE#
(NP_001004855) BbelF5A
A (AAS68511)
GielF5A PmelFSA HHiF
@ mec q
D?ngFJSA (ABI30653)
(NP_998350)
i
SfelF5A
HHE R (AAF13316)
PxelF5A RE
(BAG30779) BmelF5A

(NP_001037538)

5 RREIYFIE eI F-5A R G
PyFp LA KA 1 GenBank % 5573 5l 9 N HselF-5A2 (NP_065123) ./ il MmelF-5A2 (NP_808254) %% GgelF-5A2(NP_990863)
5 TS XtelF-5A (NP_001004855) % # BmelF-5A (NP_001037538) 4% KU PxelF-5A (BAG30779) , HiAh ¥ Fhist W1 [ 1 3.,
I3 B BT bootstrap 1 000 YA 324 38 AR A
Fig.5 Phylogeny of eIF-5A of different species
The species and GenBank accession numbers of corresponding sequences are Homo sapiens HselF-5A2 (NP_065123) , Mus musculus
MmelF-5A2 (NP_808254) ,Gallus gallus GgelF-5A2 (NP_990863) , Xenopus tropicalis XtelF-5A (NP_001004855) , Bombyx mori BmelF-5A
(NP_001037538) , Papilio xuthus PxelF-5A (BAG30779) ,respectively. Other species see fig. 3

The numerals on branches stand for the support rate of bootstrap 1 000 times, indicate the difference degrees
2.5.2 elF-5A® Ef#FE 2 PHYLIPY #ff  HEBETFELLMNSEHGE D, IR Mo 5
WItEBRB RGE K ERZIE . CODEML #2574l M3 Xf eIF-5A I& W 1 3 46 1Y 3 Hr 45
£ 1 elF5A ERBERIS M

Table 1 Estimates of parameters in eIF-5A by positive selective test

B ; e » SR T DA
Model B Estimates of parameters Positively selected sites
Mo 1 —3 595. 347 w= 0.033 5 None
M3 5 —3 482.616 225,462 po=0.582 p;=0.354 p,=0.064 None
wo=0.004 w; =0.056 w;=0.312
M7 2 —3 486. 645 None

p=0.310 g= 5.999
po=0.993 p=0.339 g= 7.977
M8 4 —3484.140 5.010 None
(pr=0.007) = 1.000
TE PRI A S5O H L InL (D S iR LR (B A9 X 5. 240 S M3 5 MO Je M7 5 M8 [i] InL(DZ 25/ 2 1%, FR UK ok 3o i L
B, po BnZBEPFEA R AL G, p1 Fon AT REZ B IE B AL B, p Fl g J& M7 5 M8l 8 534 B(p, @) IS0 1578 IE
e NN 2 )

Note; P is the number of freedom paremeters in the model. InL (1) is the log-likelihood, 2Al is twice the log-likelihood difference(M3&.Mo0,

M78.M8). # x stands significant at 1% level. po and p; indicated the proportion of sites under selective constraint and under positive
selection, respectively. Parameters p and g for the beta distribution B(p.q) are given under M7 and M8. w indicated the parameters of

positively selected sites.
M2 1 AT i R BRI A B 25 00 2 4% 240 = 18,467 (0. 1% W3 AKF) s 0] W, 4 eIF-5A #4710
225.462, M A AE d. f. =5—1=4 9 y* B {EN ISR LA k5 0 2 . AR M3 F5/R IEZE #1248
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537 &

w1 =0. 056, B8 M8 5 /R IEEFE A S B = 1. 000,
KESHAART 1. ERE eIF-5A h iy IR AL
SBAT 32 B IE R TR AR T A vk 2 e A
ARZS .

R M3 S8 po =0. 582, BRI M8 (1 2 2K
Po=0.993. py RN B FE 20K 181 LB 3
UYL el F-5A B RZHEN I Z B LR .

3T’

elF-5A J&— 28 5 20 g 43 24 F1 43 b % U AH OC 1Y
EAT AR T B Z 8 eI F-5A By UK, R
HXT e AR Ar AR . CiEHHEsh Y 20
BA 2 A el F-5A By PRSI, 43 5 eI F-5A 5§
eIF-5A1 fil eIF-5A2, JU45 3K 86 35 [ 1 #% 1 i £ B
Z AR K (1 089~5 537 bp) . {H 4 i 1 5 11 5 149 4
TR 16~18 ku, AR m B AHRLEE, i A eIF-
5A1 5 eIF-5A2 Rl PR Pk 2] 84 %1, & B 1k f
oMt 228, 7F eIF-5A P A KT 110 o fH.3F
HAE M8 v, 52 BITE B AL 8 LB S50 po wib
99. 3% s B MK % 15 I 45 K GRS 1 AH X B, eIF-5A 7E
Dihg b BA AR STPE

[FIREZEBE Dta R ARE T 2 4> el F-5A JE A, 5
W Sk BC056297 (1 945 bp) il NM213185 (1 301
bp) s 3% 2 A JFEFVAE R AL, FUR T 76 3 AR BHIE X
Z 125 600 bp, BEH a1 2 A5 51 5 At A A 5
VI el F-5A1 Fl eIF-5A2 [ ¢ R i A 15 39— 5 o
. ARBFSERIFRE L e [F-5A FH Jy 2 249 bp, B
SRHLBE D 41 BC056297 Al NM213185 KR £ . H 45
0 25 (s AR B AL TR B, B eTF-5A B R /N
AT HABHESN Y e F-5A1 Fl e[ F-5A2 Z ], 3 5
X eIF-5A1(Q09121) Fl elF-5A2 (NM205532) K [A]
PEPEJy 81. 54 Y% M1 79. 31 % (ZE B ARFIHD

B LR /NP L eIF-5A 5% e F-5A1 5 el F-5A2
) B R 22 3 AT BB AE T R AFE M b, W5 R, el F-
SAL FE NI & F 18 i 3Rk L 1 eI F-5A2 #£ N IE
240 ML e A B ARG, AT DI 5598 N4 i i A0 e
i 31 735 K P 3k, [ BE, Western blot R,
elF-5A 7E/NRUR R AL i o A e K22 5
Northern blot 43 #7de & B, e IF-5A 76 AN W4 2 40
gl Fas . WL, eIF-5A1 8 el F-5A 1Y%
KR R 25K LT eI F-5A2 1Y 321k J& 32 — S gk
PRI 2% (B 53 2456 N s S i R Gk . 7E — B RRIK
TG T eI F-5A1 Fl e F-5A2 323k (A0 & & fin o] LA

A 20 L AR R R TR B, SN BRURT A
eIF-5A AL, B eI F-5A FEO ki UL L B 5,
NN = A e R S R N e v T = 2
Poly I.CiE 3 )5 » HAES AL h R EA H B
V. b A SCE R R R e]F-5A S el F-5A1,
mAE eIF-5A2,
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