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FHE: N F0 LGN R FE MR 1) 27 2, se PR % T ANV X EFDEAD-box RNA A JiE B 1) [Rl Y5 55 1A
MR 2208 0 P i B 1 — /MK IR _E % [V DEAD-box RNA AR e By 25 A 1 B, @it RACE PCRY 3R 15
2 AL cDNA 4 K FE 1, 2 cDNAY 91430 bp, 327139 bp 5'UTR. 79 bp 3'UTRAI1212 bp FT 75 i
HE, Gfitd03 N IR TE AL . Blastblotf 25 B IR, 952k cDNA S HA Y B (1) DDXS AU 5z v, 80 A FLANTE XF
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box RNA helicase)%& K& H i KA S AR 7%
W) REY)E A R AT AR i SE I
FEXF 1550 g BT 4R B B EL B e R R, 9Fd B KR
% SR DEAD-box RNA fi# jirg B R 1) B A ) A2 A7
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) TIRIE 5 S B DEAD-box RN A fif e fiff 2 K 24
M B A (5 LA BTG ARAS, W N HE R R
B RGly s64-Arg) STHFERE SR R FERILLOSS
FEPRIE L 5 CBFSE R 2 R I R I, $2 =il
T FERE J7, 22 °C A K AR AE4°C IE W 4
KO AN i 5 A L1 JFDEAD-box
RN A fiff e lilf 525 K AtRHO R AtRH25, 0 7] DA ROk

ERIE: |7k 86 X BB A i MR B AT AR 55 3% (95 - GXIF-2014-002), 5 5 AR #3430 H (%5 31460690); )\
FE BT TE & (%5 BGXZ-NMBDX-05); IR B AR & @ % % Wi(%i*5: CARS-47)% 8 [Supported by the
Fundamental Research Funds for Nonprofit Research Institutes under Guangxi Zhuang Autonomous Region (Grant No. GXIF-2014-
002); the National Natural Science Foundation of China (Grant No. 31460690), the Special Funds for Ba Gui Scholars Project
Construction (Grant No. BGXZ-NMBDX-05); the China Agriculture Research System (Grant No. CARS-47)]

EEE M eE1981—), &, ZRAE LN, mie il t; FENFOKsmate B 50 7B 8 FT 7. E-mail: pengjinxia@gmail.
com; B FHEL(1970—), &, I AL ; EZMF K HARHME LIE. E-mail: Lvlihong5829857@163.com. *3& [ 5 — &

BIE1EE: e, E-mail: chnxhn@]163.com



33 W4 A IR 5 8 FLANIE G IFDEAD-box RINA fiff i il 5 [H (1) 5 b 5 45K 43 #r 475

J AT TR A R T B 1 R R R ol L MG IR Rk Y
AR SR i 52 1 5 BIDEAD-box RNA fife g i
DRI 45 v i € B8 77 77 THT )R <7 2 o

BoudetZ % )\ J R BE4K £ FE 40 B T 38015 T A0
Bl 2 RS Y EDEAD-box RN AR il 5 4]
gh K b S IR R S DRk Ak A EL sh b ok T
DEAD-box RNA fif Ji i 55 K] Ty 5 1B 78 3 2498 [
YIS AE . EAEMI R A AR E S BT AR I
55 FEAH RO

JLGRIE ST IR 2 3R [ = KA R S Fl 2 —, (H
JUGREE XU R B A 0 i € g 70 22 4 il 20 FL =
Wk R E RN 2 —. N, @A i FE PR 1 2
T EFENUE, 8L 5374 B 5 5 S Ak B A2 7k
KRB R . AHIF I 22 08 S v i
B — MR I F£ A I DEAD-box RNA fif Jig fiff 3
BRIEAT T A7 41 Sl 2 A, 0 ARG IR i 2%
R R IERFERAT T W T, it — S I R I REwt
FUR R 43 4 B i 2€ 5 Al g F B 4 2 Al 4L
i o

1 MR5ERE

1.1 SLIesrst

SZI6 BT A RL GRS R 340 A T T 2K R R 2
FelE T &) PG SPFES 35 [ 4R 8t% B A b o B 1
23 AR HOE A KI5 R XFUF, A% 8—12 go #45E
IO Rz 22 /KR SR 5G %E )5, 740 cmx 160 cm A 457
B S 25 2 B A 90, KR N28°C, thEE N
22%0. PIFETAIGRENL T NIIZEHISAH, — AR FFH
TELFREA, ) AL AR 4 w3 T3S 50 A 2 16 B IR R
(18°C. 15°C. 13°CAHI11C)HIFEIRH % (4h/1 C )i
TR . 15 CAIN3°C AL % B K E )5 if12h,
24h. 36h. 48h. 60hF172hRH G ) T fife iR L 4R,
18°CHITTCAHNUERLE T AbHE36hXT R FF AR . PR
Ab PR AH K TR VR PR R 4 % BURE A5 4 I B 3—S ),
KA U RGE R, B 5 78 N80 °C UKFE 4 A7
H#H . IR FETERR L. 88 B, UL 8
B OUNEEH A THLRRERE ST
1.2 SLWHE

BEEmE X AR L Z2 98 S W P 3R AR 1 R
% 4 (ESTs) I DN A Star @ 4 35 47 HE 43875 Contig,
SR 5 BEAT AE R blast PR M EL X0 . S BRRIR R
EFEE S MDDXFE R A B &S
WKS5F/WKS5R. R4 5E 7] 4di ApBluescript 11 SK#,
RIISMART 4 & 3C 2 3 NA BRI 51 o
M13+/M13-5191. VMGIEFHEFERSMART 4K 3¢
Pe Py ik, FIM13+/WKSRHIWKSF/M13-3] ¥%f

Sl AT S FI3'RACEY 18 . 738 Fr By 42 1.5%35 i
B Uk 73 B fa, B E R B, v 2 PGEM-
Teasy# &, H A Top 102 &40 )5, AN A Bk
B0 e B/ o

FH5 I &5 R 22 B R AN ST 2 3k
75, FIDNAstarK 4 H ) Seqman 2 /57 3E 47 H 82,
¥ P82 5 A5 7 5148 I EdiSeq e F7 3547 T % ) 52
HE(ORF) (48 &, £ FINCBIM it (http: / www.ncbi.
nlm.nih.gov/blast) {IBLASTX #4347 [F] Y Eb X I
TEAKREAT

WHREEPCR  HTRizolik 7 & (Invitrogen
A F)HAT S RNARI I, S8 5 B 7 RN AT Wl
T8 A3 5 6 BE T 5 RN A A 0/ A g0 FIAE, ) T
RNA R 46 50 5 FR BE, a3 1% 1 B B B Ha ik
S HTRNAK) 56 84 . LLRandom 51 ¥ (BEWL6AZ 1 R
FF %1, Promega C1181), /EM-MLV i S ligfEH T
S A EE —EcDNA, ¥ cDNAF= )i B 1015,
PAB-actinZEPIME N Z, KA SYBR Green I Dye%
H 4k} ) THUNDERBIRD qPCR Mix(TOYOBO)i
17962 EPCRY 1, (X5 AABI 7500-fast. [V
£ %: 1.0 uL ¢cDNA, 10 pL 2xTHUNDERBIRD
qPCR Mix, E Fi#514)450.5 pL, #h 27K £ SR
20 pL. P HEFEFENy: 95°C 20sTHAE%; 95°C 3s.
60°C 30siHEATA0 NI N . FE R 519 7 51 W3R
1, DDX1F2/R2H T4 # LvDDX54, DDX2F/2R ] T
P LvDDXS5B, o H [ R0 ik B 2k
XA I T HE AT AT 3

&1 349K F5

Tab. 1 Primer name and sequence

5|94 ¥k Primer name 5|4/ %1 Primer sequence (5'-3")

M13F GTAAAACGACGGCCAGT
MI13R AAACAGCTATGACCATGATTA
WKS5 F GTGGAGGGTATGGTGGCA
WKS5 R TCATAGGGCTGTCGGTTG
DDX2F CTACTTGAAGAGATCATGGCAGAA
DDX2R CTCATTCGCCTGGTCAAATCG
DDXI1F2 GCCAGTTGCTCAATGAGA
DDXI1R2 CTCCTCAACCCACGAGTA
BQF GTGTGACGACGAAGTAGC
BQR GATACCTCGCTTGCTCTG

2 Z

2.1 LyDDXSEEHRIESFSSH

JE I LA Y X G R 22 S P T, SRS 15k
851 bp iR 15 T L iR 1E B contig/F7 41l . Blastlt
X5 RN, %785 H AR YA I DEAD-box RNA
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helicase % K 5% 1) B A DD XS FIDDX 17 [F) 5 14 B¢
o MRS 3RTE Micontigy 41 i@ id 5" Ff13'-RACEY™
1, 43 A4S — 25300 bp 2 A5 15 F Befl—4%1.2 kb
M3 B wBENF SRR, 5" B 342 bp,
3 BN1252 bp, H.3' 1252 bpF 41 HR A7 AE B Fh AN [F]
(RAZ Sk, PRANAE ARTAIBR 7 —1M109 bp v B2 5+,
HoAt A BRI e — 8 KBS RA S I3 T4
WP RAS P 25 cDNAJF 51, Blastbb 4 45 8o,
2% cDNA 5 HAt#fh () DDX 5 FDDX 1 7HH Bl #F 1R
151, {Hblastnfliblastx Eb X 45 5B i, FHARLE B¢ iy FE) A
FEDDX5 [R5 5L L], HEII 4 3G R AF 1) A2 FLANTES IR
DDXSIPANE 4K, 4393l iy 44 A LvDDX5A (GenBank
%35 KT122790)MLvDDX5B (GenBank & 33t 5 :
KT122791)s LvDDX5AMILvDDX5B cDNA4 K1
91430 bp, £15139 bp 5'UTR. 79 bp 3'UTRAN1212 bp
TE BRI, ZmA403 1N 2 IR B R 5

SR JG M GenBank I AN [F] 73 S Hu AL 9 Fb (1) [
PR AT . il 1R, LvDDX5A

MLvDDX5BIE NI I — 3, 5 LvDDX515 4% IR 55
BG4 9 MR 2EDDXS5. SCE#DDX. UK
DDX5. 3 IDDX5HDDX 1743558 J W ¢, W
Y. B2, PR DDXSMDDX17
5B N B AN S, LvDDX5AR LvDDX5B 5 3,
;Y. S PINEERI 2R DDXS R B R, A
5B HEFIDDX1 750 . R 3 FXTEF 55— ~DEAD-
box RNA helicase3& [KIPL101FE A4MSHE, 57 FDDX5
AIDDX17HMEE N — X o
2.2 LvDDXSEFEBIFRIEIL S

R4 22 5 77 51 49 9 iR S T LvDD XS AR
LvDDXSBI WX 519, LI M AN AR (1 2R IA
B, 1, B IE RO R I B UM, 4
MTLHZARAL 1, PN S A 8 5 22 2 4 A 3R X,
HAENA R E R, fEFEHE . OPE. i
RIS, OF R WEHANERANEEE
KB, ARG 68, g, WA E G, LvDDX5B
KL &E S T LvDDX5A, TiAE R LvDDX5A3%

DDX17-like Nomascus leucogenys XP_003264799
831 DDX17 Equus cabaltus XP 001916530
100 DDX17 Pan troglodytes BAK63780

100

DDX17 Bos taurus NP 001095463

98 DDX17-like Meleagris gallopavo XP_003202329

49
100

71

98

0.1

DDX17 Xenopus tropicalis NP 001016781
100 = DDX17 Xenopus laevis NP 001082679
DDX17-like Oreochromis niloticus XP 003443250
100! DDX17 Danio rerio AA134864
DdXS5 Danio rerio AAH67585
DDX5 Salmo salar ACN11269
DDXS5 Gallus gallus NP 990158
DDXS5 Ornithorhynchus anatinus XP 001510775
100~ DDXS Pan troglodytes BAK63192
DDX Branchiostoma floridae XP 002599469
DDXS5B Litopenaeus vannamei
DDXS5A Litopenaeus vannamei
DDXS5 Macrobrachium nipponense ADB44900
DDXS Cherax quadricarinatus AEF33826
DDXS Aplysia californica NP 001191665
DDX17 Camponotus floridanus EFN64092
DDX17 Harpegnathos saltator EFN89962
DDX5-like Bombus terrestris XP 003400954
DDXS5 Harpegnathos saltator EFN75298

100 |: DDXS5 Gamponotus floridanus EFN64357

DEAD box helicase PL 10 Litopenaeus vannamei AAY 89070

K1 FIHMEGA4.1 B4 5 T DDX @AM PP 7 INT S G0
Fig. 1 NI tree based on DDX amino acid sequences using MEGA4.1

H I SR, Nomascus leucogenys; 5. Equus caballus; JPEAE. Pan troglodytes; “1-. Bos taurus; ‘K3%. Meleagris gallopavo; #i JTU.
Xenopus tropicalis; AEIM NI, Xenopus laevis; 2 3EL. Oreochromis niloticus; Y& %5141, Danio rerio; KVUEeE. Salmo salar; ANy R
Gallus gallus; W9WE =, Ornithorhynchus anatinus; SCE . Branchiostoma floridae; % B3k 5 W. Camponotus floridanus; K35,
Meleagris gallopavo; ENFEBIL. Harpegnathos saltator; MM IG5, Aplysia californica; BRI FEWE. Bombus terrestris; % Bk 5 L.
Camponotus floridanus; ¥ 4F. Macrobrachium nipponense; 212 #MF. Cherax quadricarinatus
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Fig. 2 The expression of LvDDXS5 gene in different tissues
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S i 1 RGP 8 925 B B g 2H 41
JRF IR o0 SEFD YL AT EEAT P AN AR S BRI R
BN 4R 35T, LvDDXSATE R IR ARATC
o R ARIR Rk, 7R VL RS R R SR 0E, T
LvDDXS5BAE A5 36 56 iR i J iR A p Rk B
RS, 7E LRI A R R

30 1
s 25} ] IvDDX354 28°C
i g K] LvDDX54 13°C36h
Mg 20
"B U1 1vbDX5B 28°C
==
= E 15 t X LvDDX5B 13°C36h
L 9
QN
St
=3
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B3 LvDDXSHERAEAN R I 2E 70
Fig. 3 The expression of LvDDX5 gene in different tissues under
13°C cold stress

Bt — DX LvDDX5 ATEAS M L 2% 14 W 38 X R
(1) R i R IR A AT T b . S, TEAN [R5
B AR IR B8 T, LvDDX5AI % S %15, 18°C .
15°C. 13 CHINT CARIR B 36h R IA & 2 7 N H
2.3 1.5. 2.1811.96%5. ARG 715 CHI
13 CARIE I AN [R] B (8] S Rk 484k . 7E15°C Al
13 CAR IR i f) 255 18] 5 LvDDXS A 2R 15 &1
T R R, 19 ZE T it Ak B ST TRD B n BT
Ja TR RRIEAS, HARTE48hiA B (H (15°C 4
TIRA3.145; 13 CHL: HIR 5265 4).

A

3
25| jr
L5

1k
0.5 r
0
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i F¥ Temperatwre ('C)

LvDDX5 AR ikt
Relative LvDDXS5A expression

35
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257¢
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Relative LvDDX5A4 expression
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Relative LvDDX5A expression
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4 LvDDXSATEH B MR G IE & 434
Fig. 4 The expression of LvDDX54 under cold stress

A, RFMEIE SR EE36h %R, B. 15 CAR IR AL EEAS [ [7); C.
13 CARR AL BEAS [5] 5] 1]

A. LvDDX54 mRNA levels in the hepatopancreas of the control
(28°C) and exposures at 18°C, 15°C, 13°C and 11°C for 36h;
LvDDX5A expression trends in the hepatopancreas from 0 to 72h
at 15°C (B) and 13°C (C)

3 iTig
3.1 LvDDXSEREFHIHFHES 7

DEAD-box RNA fi# Jig i 2 K (DD X) & RNAfi#
BEBE I — AWK, B 5 ATPK AR < Asp-
Glu-Ala-Asp £ A3 AN R 57 IR Ak 45 1 3, 1 Fo At ]
#7545 AN [E I DEAD-box RNA fif Jie i 5% Jk i i
Z A ZERIRK, LUER AR i sh T,

48
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RNAZS 725 5 R AE T RE M 1) — R b 4, A4 75 22
TE5y T AR IO B Bl F T2 B B 1 — R S5/ A e R
IR . EW S A KA, 4HRH R B iR G 2
PH, 530 2 19455 1% I mRNA = 2% 45 M % %, 173X
B o gE R S ik R aE— 2B T B B .
DEAD-box RNAfi# e & — K EZ 1) TH1A, B
AT 15 B ATP /K R T3 1) 6 2 P mRNAKS % —
sk, 5l T RS H T B, AT R SRR T (1)
EEBEEs"" ", DEAD-box RNAF 5% A
] DUE o S e S R A I S B R A TR
S IR N T [ ol N (A Iy @ VAR S
ii[lé’ 17, 26]a

Blastht 645 5.2 8, LvDDX55DDX5. DDX17
FIFEAAPE F4R =, 1 S DDXS A . DDX5
FIDDX 1 77E HAZ O Ak 25 IR EL A 92 % AR AL, 78
N A C3fi ] AR [X AT 72% A1 44%FEB:, 15> 3k (A
) H A RN AR e B 05 M T 2 5 3 D6 BT 32 4% 5 1
£, 15 2% b, LvDDXSAFILVDDX5BY
WY 525, PGSR A5 DD XS B B 45
I, W15 B AR DDX 1 7480, K, 85 41 B xet
U A HIE 7 5 1) 7 FLANTEXT UF DDXS B 2 [R5 2
IR, 1B A BE AR 23 A1 &5 SR aft DL € LvDDXS i /2
DDX51&ZDDX17, 1X 7] fig & K 8 T6 B MEsh ) H
DDX5/DDX 17 [FJJ5 3% PR 7 31 ik A g 22, i AN 5 [
(AR AR SAR &, S B0 43 b SR 2R B 22

S35 DRI P 36 995 11 B 0 B S S 1R 4% 1) L L
TE AR I 0 5538 B R g T LR, B TR G R B
AR A EN . SERrE . WP R R R
DACAR, TG 365 7 3 O FR A2 . A RE T i M I
ARE TR, AE & R DL1974 T fie 3 DR 2 A R oy a0 fef
KA TR R, Y RERAR. i
T BT AU R T4 . DEAD-box
RNAfiff e B — 28 5 BRI 4 S 4% R 7, 1R ]
A I i B PR By B SO DY R, 7R BT fah, DDXSHE
DAL A 7 g A X 140 37ty R AE G 0 1 BT 2, PR AE2 %%
mRNAFHI(NM_ 212612, NM_001309525), {H#H 4
BY B AR B B AR T RE 4y B ok LR GE . I
LvDDXS5HE PR AL S AR 1 5 41 EE 353, HEWI 109
bp 2 LR S i FE DI REAH O, LvDDX5ATE
JiR RN o Fp AR IR S $ RIE, MLvDDXSBIERIE T
Fak T bR, N LvDDX5AAE AR A] GEAE FLgRTE Xt
IR i 28 R R FEAE o
3.2 LvDDXSEREMFIEFHES

B FRE RS R BN, RIS B EE
FERNA i e Bl J25 R 4% ) R 42 s LA i € g 70 1
St P R TR LyDDXS AKRE R AE X AR I &

W AT REAE D, ASHIF 7038 L 5% 0% € PCR HAK IR
FIBVERAT T VEL I3 AT o AR5 T2 36 0T 8 I
BAT NN, AR E T — R SRR 8 & 1FF
PR s, a018°C BAR AR T 0 iR iE B A 7 IR
EHAR L TS, Ha RS, MRS 5]
ECHE R R IE R AL, R R % E — AN T
15 CAR IR I, % 0F 5% & BH S5 98 /D HLVE 355, 75
13 CARIR A J5, XTUF R & T 6K TG sh R D, D%
AR G A R 21l 2ANGIR A, 15 CHRI13 CHREXS
XU BR T A S5 AT R RS, AELPE LT A2 IR
] A, D00 b A 35 R 1) 3 0k 18 % b 1) B AR
U BT AR Bl 38 8] ) EORE s AT SR R Rk
A3 M T 24965 P 3 11 °C I, X4 B0 4%, V5 3h i
55, #4rNMALE BB 36hAE T, (RIS K 4 iR A i
AN T3 53477, I R XoF o o7 e DA 3ok 1) 8 e B
) 5 [ 22 35 B SR T« (B LvDDX5A%E R AT %
IS TEEE R 5 TATHEM AR AH [F], LvDDX5AREFITE
AR B8 AR (18°C) W e i B B Rk, FF7E
11°C AR AR IR T 4 35 5 13 C R A L 1 s R IA
K

TER FEsh b, B B RR A2 s L AL i . 5
Fo. PN, EEBRM AR EER T, mH
LvDDX5 X R AE 2 30 BRI 5 S RIS %,
B A 9 3 IR B i v 22 TR R A A = (1 A4k, 1T
JUL PR R Fp 1 TR 1 2R 0A T BE 5 R R 1 22 Thig tE Al
%o LvDDX5AFMLvDDX5BS I A i 2 a4 2 ]
RE 5 WS BTRER Th RS 1040 B 5%, e sl B 77
H kI, DEAD-box RNAfi#ig g 3 K ChGRPi# IS ik
VBT P2 2 mRNA ChbDRH.2 MIChDRH.1,
ChbDRH2VW 5B HREANEALE G S 5itmE
i FE AR, MTCbDRH. 102 5 7 YA T FImRNARF
RPN 15°C RT3 "C ARG A B A [ B[] 1 36 15 1% 43
M H, LvDDX54 mRNA#S 2 256 F TG N, I
FEARIR R — B4R R IA K, 5 ORISR IR N
AEKAtRH9. RCF1. CBF2. RD29AZE[ %A
BERAR— ", LvDDXSAM R KR 55
56 PO 52 21 1 HRIRAS — B 7E 15 CRIN 3 CHR I Ak
HAH, FF AR IR i B ek R 3% h AR 2D B 5% 6 4N 44
%, WA it i ) ZE K, 13 °C 4L6HIR A #R g 1%
R B BLSEIRAS, T 15°C 4L RHEF B 1k 5 31 1F H5 Y bk
R AT RS R VR M 3, 40 75 2K 8 Al
LvDDX54 mRNAFA W 2 A, 2 IERIER 5]
R IRNAR R T S, 10 i 5 {0 iR W B B [a) 7 ZE 4K
4 Mo A B PR TS B R AR S B W i N, LvDDX5A4
mRNA KK 35 7 B AR - 4 BR8P DL 4E B
YRR A 1F T B IEH BRI
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CLONING, CHARACTERIZATION AND EXPRESSION ANALYSIS OF A COLD-
INDUCIBLE DEAD-BOX RNA HELICASE GENE IN LITOPENAEUS VANNAMEI

PENG Jing-Xia', LU Li-Hong’, WEI Pin-Yuan', HE Ping-Ping' and CHEN Xiao-Han'

(1. Guangxi Academy of Fisheries Science, Nanning 530021, China; 2. Guangxi Fisheries Extension Center, Nanning 530021,
China)

Abstract: Cold-inducible DEAD-box RNA helicases are conservative regulator of cold tolerance in archaea, proka-
ryote and eukaryote. We have got a cold-inducible DEAD-box RNA helicase EST from cold tolerant shrimps. In this
study, two cDNA sequence of the DEAD-box RNA helicase gene were obtained by RACR PCR. The two cDNAs were
1430 bp in length including a 139 bp 5'UTR, a 79 bp 3'UTR and a 1212 bp open reading frame, encoding a peptide of
403 aa. Blast analysis showed that the two cDNAs had top hit of DDX homologous, thus named LvDDXS variant A
(LvDDX54) and LvDDXS variant B(LvDDX5B). Phylogenetic analysis revealed that LvDDX was related closely to
shrimp DDXS, Branchiostoma floridae DDX and Aplysia californica DDXS. LvDDX5A4 and LvDDX5B were widely ex-
pressed, and LvDDX5B was higher in testis, gill, intestine, muscle and ovary, whereas LvDDX5A4 was higher in hepato-
pancreas. LvDDX54 but not LvDDX5B was up-regulated in hepatopancreas and heart by cold induction. LvDDX5A can
be induced by various low temperatures including 18, 15, 13 and 11°C. With different time treatment at 15 and 13°C,
LvDDX54 increased firstly, reached to the peak at 48h, and decreased afterward. These results suggest that LvDDX5A4
may play an important role in cold tolerance of Litopenaeus vannamei.
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