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DR KREFECIRPHREM UM REQ®LS%), IAREEERRY —MAI B KRR
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KRS, I 40 20 G U SE ™ JE R i
AR T 40 CIRPE &80, EBE A0 A% 1Y)
N OBURL T s 2 52 B PR EE 0 i, B 40 iR
1T IRESF ML 4 I CIRPAY A 15 1, I A 4il i
B 2 A, 2 5DNAMIERE | (REE
SR MBIRMRRE , (HANM . 20 ZUPEE B Ak
BN, R P R RO AR I, 55 AR CIRP
S5 KE R MR R A A RS2 T
AR, BETCAREL T KPE A (Salmo salar) |
X8 (Paralichthys olivaceus) . Bt ffi(Danio
rerio). WLH% (Oncorhynchus mykiss)55 25 1)
CIRPI:H 75, J7 51 L X o3 4 s 5 FL2E |
PIT SR CIRPE A B R ~P 1k, JFHEZ S
IR . 535 R A a T B R A

2013—2014%4, ASEHXF Ko fT 12
r 18P e, SR )5 X CIRPHE P cDNA 4 &K

GREN -V GEIF iR MR AR5 SERO)
EHJI SFIBWEW , BTE T CIRPTE K 2 £ X%}
ORI B 38 o i VR I BL] , 3 — 28 Aok 77K
PR e R B A IR I LM, A S H At £ 2
XA 8 1Y 23 T AL H SR 2%

1 MEHS 1A

1.1 SLIEXHR

S FH A0 R 5 s T K P RR A BR 2 R
SR IS ARIF15 7 Keifa, $h400, K5
144.58~56.66 g. 1K1 15.51~17.08 cm, fafE/K e
SR d, KRS A I ORI — 2, A
Jo HEAT R T2 5 o BT R RS B A S R IR,
B R A [ L K LR, oK 2173,
1.2 REMESLERHEREE

Sa R ID N R B o BB Y ) ST R
i i+ Bilon DCH I I 15 I 48 P4 ACRE 42 ) K i . AR
005 B 1 X4 2 7K U BTG 1Y) — e B0 A8 6 47 12 7
IR B 3E , 768 3% K U 3l ok /K IR M 12.0 °CTF
GG LL0.S °C/diy B R HE AT R, R IR B IR S 2
524 h; S HIAEKEFEZE 10, 8F16 °CHAE2 h
JaBORE, B BEALEC6 A TS HLIE % By £,
AT TG T 3 R A 04 s SRR I I i
IZ7J</mTaeF%é4 CCIYEBRIG B, LIS 30 fa A
HFHRMOKIR12 °C) I A8 cCy Lt rf, 43
AR AR TR M 38 1 (0 h) RTINS S 0.5, 2814 h 44~
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B) A5 BURE , A R BE ML 6 ) A7 76 HLIE % iy fa .
FE LW EINEE ; LW, S5 R K R
H1(8+0.2) °C,

B YR HURE ) FH T A B K o BRI 5 3 1))
%%'JHM"] Bk LA . B, B BRI
JIE | NI A mmuif}: 80 °CYKAH
%T )EHTI'IZOHZ—I;‘:J:ZEH:X%QEV/vé RNA,

1.3 K#EHf CIRPERE cDNA K EERFFISHT

AR A © 0 £ 28 CIRPHE K R SF 17 9150751 9
CIRP(+)/CIRP(-); LU S RNAN BT S % 5
£ W eDNA, LicDNAN B Y # CIRPHEEH J+
Bt o MR 7 R4S B W CIRPHE 4 v Bodke b e S 1k
5| ¥ CIRP-3 GSP Outer/CIRP-3 GSP Innerf1CIRP-5
GSP Outer/CIRP-5 GSP Inner, JH3’-Full RACE
Core Set Ver.2.0(TaKaRa)FIBD SMART™ RACE
c¢DNA Ampilification Kit (Clontech)i(173'RACE
HS'RACEY H K ¥ fit CIRPHE [N cDNAJF 51 1) 3 it
58, D BRI R B B T . T
B BRIy 24 e 2 T AR T AR (T I A R
AT (Do

Xﬂﬁ"lf? f R PR 25 KB 8 CIRPHE PR cDNA
F3, ﬁBLASTXéﬂ‘ﬁ(http //www.ncbi.nlm.
nih.gov/), FSignalP 4.0F2 ¥ #4715 5 ik ¥ 51 it
(http:/ /www.cbs.dtu.dk/serv1ces/SlgnalP/), H
Clustal W2 J7 117 £ 5 )7 51| HL X (http:/clustalw.ddbj.
nig.ac.jp/), JIMEGA 4.0% {44 8 R Gk ALt

®1 TEXHECIRPEEFASIYER

Tab.1 The information of primers used for
cloning CIRP gene of L. crocea

514 FFHI(5"-3")

primer name sequence(5'-3")

CIRP(+) GCAGATCTCGCGGTTTCGGCT

CIRP(-) CGTGTGCAGCATAGCCGTCGT

CIRP-3 GSP Outer CAGAGGACGCTAAAGACGCAAT

CIRP-3 GSP Inner AGTGACCGCTCTGGAACCTA
CIRP-5 GSP Outer TCTCCACCCCCGAAACATCT
CIRP-5 GSP Inner GCTGTCATTGCGTCTTTAG

CIRP-RT(+) TGGCTGCGGCCTTCGGCAAATA

CIRP-RT(-) TGCCACGCTGGCCCGATGAAAA
P-actin-RT(+) ACGTTGCCATCCAGGCTGTGCT

p-actin-RT(-) ACGCACGATTTCCCTCTCGGCT
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1.4 SRR E EPCR(QRT-PCR)AE

R 3 B AY K B 10 CIRPHE [H cDNAF 11 5 3
qRT-PCRAG M 5] ¥ CIRP-RT(+)/CIRP-RT(-)(# 1),
VL B-actinfE N N2, FEppendorfsZHf & & PCR
14T qRT-PCRY 3G K o 2 I 44 & A 4
SYBR® Premix Ex Tag (Tli RNaseH Plus) 10 pL,
1E. G4 1L, cDNAKR] pL, ddH,07 L,
SVATR20 pL.o NIRRT R 94 °C AR P2 min;
94 °C 221 155, 58 °CiR k15 sH172 °C FEAH130 s,
SR CTIE , TEFR400K . RNV EE, REAE65~
94 °C, FRRTFFIRO0.5 °CH: BLIE i 2k
1.5 HIELIE

Z MR Livak 55U 2 R 5, IR
B £ f-actin iy N S 1155 CIRP mRNAAH X £ ik i

1E DSPEYE 4k BEEX 14 b FI LSD% (least significant
difference, /g 2 2280 CIRPHLA £
ISR ARG AT, LLP<0.050 BA B

2 4k

2.1 K#EH& CIRPEEDNAZKFT

K # 11 CIRPHE [H cDNAF 41 4 K 1211 bp, &
— K Ry 546 bpry TR 2 HE (ORF), 37, 59k
i XA B 3 1) D 599166 bp, £ TN, % FE A
i — A I HERA MW EH, »TEKX
INIIR19 ku, SFEHL S ON8.92, %R AN AL —
NRNA I HF (RNA recognition motif,
RRM)(6~81 aa), Cufifi — > H =M & & X (& 1),

1 GAAACTCACTCGACCTGCAGCGCCGCTCCTCCTCTGCTCCACCGCTACACACGAGCTACATTAAAG 66

67

1
166
34
265
67
364
100
463
133
562
166
661
760
859
958

ATGTCGGACGAGGGTAAACTGT TCATCGGAGGACTGAGCT TCGAGACCAGCGAGGAGTCTCTGGCTGCGGCCTTCGGCAAATATGGAACCATCGAAAAA 165
M SDEGEKLTFTIGGLSTFETSEESLAAAFGEKTYGTTIETZ K 33
GTGGATGTGATCAGAGACAAAGAGACGGGCAGATCTCGCGGTTTCGGCTTTGTGAAATACGATAATGCAGAGGACGCTAAAGACGCAATGACAGCAATG 264
VDVIRDEKETG GRS SRGFGFVEKYDNAETDAEKDAMTAM 66
AACGGCAAGTCTCTAGATGGTCGGGCTATTCGTGTGGATGAAGCAGGAAAGGGTGGACGCTCCAGAGGTGGT TTTTCATCGGGCCAGCGTGGCAGCAGA 363
N GKSLDGRAIRVDEAGEKG GGRSRGGTFSSGQRGSTR 99

TTCAGTGGAAGCAGGGGGAGAGGTGGGGGATATAATGGCGACAGGAGCTATGGTGGTGACAGGAACTATGGTGACAGATGTT TCGGGGGTGGAGAGAGG 462
FSGSRGRGGGYNGDRSYGGDI RNYGDIRTCTFGGGETR 132

AGCTTTGGTGGTAGCGGCGGATACAGGAGTGGAGGCGECEGCGGCGEAGGATACTCCTCAAGCGGCTACAGAGACAATAGGGGTCAGGGTGGATATAGT 561
SFGGSGGYRS[6GGGGGGYSSSGYRDNRGQGGYS {g§

GACCGCTCTGGAACCTACCGTGATGGATACGACGGCTATGCTGCACACGAGTAAACATCTCCCTGATTCAAGATCATCACTTGGCTGGCTGTATTTCAA 66()
DRSGTYRDGYDOGY AAHE * 182

AGATGCGCTCCTCAAGAAAAATGTCCACGTGTTATTGCTGACCTTAGTTTTGTAGTTCTGT TGTAGTAGCTCAAGCATCTTAAAAAAAAAAAATGTAGC 759
CATGAGTTTTGGTCATTCCTTAACAAACCATGTTACAAATTACAGT TCAAGACTCTTACCTTGCTTGATTGGGCATCTTTATTCCTCAAAGGTCGTTTG 858
TTAACTAAAAGGCATCTGTATAATCTGATAACTTTAAGTCCCGATATGGGGATCAAAACAACGGCTCTCCACAAGGTTTTTCGTTCAACGGCCACTACA 957
CTTCGCTGTAGACTTTTTGTCCGGCACGTTTAAAAGTGTTTCTTGATTTTGATTCCTTATTTAGTTTGTTTTTTTTATATTGAAGTATCCGATGGGGCT 1056

1057 TGTTTTGTTTTTTCCTTATTTCCCCTGTCGGTCTCTGTGACTGACCTACCTCTTGCCAGGTTTTAAACTGAGTGAGGAAAGAGATCCAATTACTCAAAC 1155
1156 AGGCTTTTGGGGGATTTATGCTAAATTCCTTTACTACTAAAAAGAAAAAAAAAAAA 1211

B 1 K#E& CIRPEEL K DNAFF R HE R B & EBL 55

FFRORKIEEE T T RIZOIT R TEHE(ORFE)s [ 82887 JIRNATR 5 2 7 (RRM); - 4 £k 77 HE N o8 H 2R W 5 X

Fig. 1 Full-length cDNA sequence and corresponding amino acids sequence of CIRP gene of L. crocea

* indicates the stop codon; underline stands for ORF; shadow stands for RNA recognition motif (RRM); Gly-rich region is marked with filament box

22 KE&SCIRPSHMIMFIILET R RS
LR T

FE 9 HEX 7, A4 R TR Y Y 2%
R CIRPH LR ¥ 51 B A B 9 P~ 1, e ol 2
N O RN ATE 1 56 5 (RRM) 5 JE 4 <7 (1812) .+ 2
RGeS s, G O 7R Y Y BT A
KA CIRPIF I R — K3, P AL E
466.7%~81.5%; Hr K& | % (4noplopoma
Sfimbria), ZFHF  KVGHBESE K AR —

AN G AT RS B SR IROK AR 1
W a2 rh, KB A CIRPZ LR T 9] 15 R 65 A
B3 F5 125 (81.5%) . 5 ML B A 1L Fe MK (71.6%) 5
0 R 2R CIRPIE A 5 AL . eqT
FO WIS . el T H AL B T 60%,
1R G AR AR B A (1R 3)

23 EBHREMETKESSHLECIRPEE

mRNAMZRIE L
TEH B A R (12 °C)H ZUR IR il 20 Hr 3
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RRM
j(ﬁ'\:ﬁl L. crocea MSDEGKLF1GGLSFETSEESLAAAFGKYGT IEKVDY IRDKETGRSRGEGEVKYDNAEDAKDAMT AMNGKSLDGRATRVDEAGKGG -RSR—--GGFSSGARGSR———
fE @LL A. I’l’l bria  MSDEGKLFIGGLSFETNEESLAAARGKYGTIEKVDYIRDRETEK SRGEGEVKYDNAEDAKDAMDGMNGQTLDGRT IRVDEAGKGG-RSR———GNESGGSRGTRGG—
j( ﬁ {:ﬁ #E S.salar MSDEGKLEVGGLSFDTTEESLAEAFAKYGNIAKVDYIRDKETGRSRGFGEVKYDNAEDAKDALEGMNGKSVDGRT IRVDEAGKGGGRSG———GGGGGGFRGSRGGG
ﬂii @V‘? 0. I’l’lyk[SS MSDEGKLEVGGLCFDIDETSLEEAESKYGNIAKVDVVRDRETRRSRGFGEV TFENPEDAKDAMAAMNGK SVDGRMIRVDEAGK SGGRSDRGGGGGFRGGSGGFRGGS
f}(f '—5 @ D. rerio MSDEGKLEIGGLSYDTITEQSLEEARSKYGTIAKVDVIRDRETDRSRGEGEV TFENPEDAKDAMAAMNGKQVDGRMIRVDEAGKSGGRS ———- GGFRGGSRG——GGR
j(ﬁl\:ﬁl L. crocea ——FSGSRGRGGGYN-GDRSYGG-DRNYGD—RCFGGG-ERSFGGS——GGYRSGG—GG———GGGYSSSG———¥RDNRGAGGYSDR———SGTYRDGYDGYAAHE
fE@LL ﬁfn,lbrla ——YGGGGGRGGGYN-GDRSYG——DRSYGD——RSSHS——EGRFGGSQYRNSGGGGG—GG———GGCYSS————— YRDNRGQGGYSDRG——ASSYRDGYDE————
j‘\‘ ﬁ {:ﬁ S. salar G-YGEGCEYGGERGRGGGGYGGGDRGYGE—RSYGGGGDRSYGGGDRSYGGGGGYRSGG————G6GYSSGCGG——GYRDNRGQGGYGDRS——GGSYRDSYDS————
ﬂi@v—gf 0. I’l’lyleé GGFRGGRGRGGGYGGGDRSYGG-DRSYGGGERSYGG—ERSYGG-DRSYGGGGDRSYGGSYRSGGGYSSGGGSGGYREARS—GGESGYGGRSGGSYRDSYDSYATHE
f}(f ’—5 D. rerio GFFRGSRGRGGGGYGGDRSYGS-DRSFGG-DRSYGG——DRSYGGGDRGYGGG-ERSYG————-GGDRSYGGGGGGY -SNRS—GGYS—————SGGGYRD—NRF———
ok oRkE kK Rk Rk kK
2 KREB5HMES S XCIRPRERF I XY
GenBank® 3¢5 : RE5A. fimbria (ACQ58801.1); K VG S, salar (NP_001133148.1); UL# 0. mykiss (NP_001158591); Bt 1 D. rerio

(NP_001017797.1). #H%E J5 HE N JIRNAIR Fll )57 (RRM)

Fig. 2 Amino acid sequence alignment of CIRP among L. crocea and other teleost

GenBank accession number: sablefish 4. fimbria (ACQ58801.1); Atlantic salmon S. salar (NP_001133148.1); rainbow trout O. mykiss (NP_001158591);
zebrafish D. rerio (NP_001017797.1). RNA recognition motif (RRM) is marked with filament box

69 K L. crocea (ACQ58801)
99 HUE A. fimbria (ACQ58801)
77 FF P. olivaceus (AIA63637)
33 K PG S salar (NP_001133148)
Loriﬂﬁﬁ O. mykiss (NP_001158591)
WL f D. rerio (NP_001274230)
HWIERER Callorhinchus milii (NP_001279973)
91 JEMIRE Xenopus (Silurana) tropicalis (CAJ83306)

MK W, Rattus norvegicus (AAH69219)

23 EEEVIEE Alligator mississippiensis (NP_001274230)
99
72N\ Homo sapiens (BAG70162)

0.1

PSR Ciona intestinalis (BAAT77512)

E 3 ETFCIRPEELRF5H FR S it L1 (Neighbor-Joining %)
Fig. 3 Phylogenetic tree based on amino acid sequences of CIRP (Neighbor-Joining method)

By, R¥EMCIRPEFAENIEhRE &R, 1
JUL IR RN BE b Ry o A R GA I TE B L R K
Jir o . RELAE IO S L 2T R Rk KR (L 4)
EE AR X T, 9NdHEUh CIRPEE A 3
LEIZ:HE/JW’HC%/L@, g i RO 3

MY RMERFE LG ﬁ%?%%ﬁm
(P<0.05), HIGME Y B AES °CHY, AHXT ik
I35 12 °CIFEY5.07. 7.69. 2.831%; M. '%‘
L IR RO A 4 2 4085 B 2 T [ (P<0.05), 6°C
AR IA AR T P B R K F, 512 °CHPHHLEL T
R R B2 4331 M1 80.0% . 65.6% . 91.2%F155.6%; JZ
JER FFITIIL PA) 2H 20 A 3 S i i AR b AR ST =
B, HAE6 °CHI Rk AR AL TAR & i K,
A3 12 °CI 9 11,5648 F19.0345% (1K14)
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24 AMEREMETXESSHLACIRPER
mRNARIRIAZE 1L

SRR S, 88 Bk WG, FFRE
%u»L\HES/\éﬁ%E{EPCIRPﬁIE@%%Jii@zf‘atﬁ}:
TR, 8 . FFE3ANHSIL 0T 0.5 hiKTE
Hﬁ‘LE%@LE@%ﬂ'%\ K F] I 5 (P<0.05), H
TE0 W20 N TFH s T 291.47. 6.92F11.714% (&1 5).
SVEMRIR 38 2~4 hith, BRI Y Ak
Z 50 hitfAH 24 19 7K - (P>0.05); i ATE A 26 ik 4
FREEREAR, 2 hif A2 50 hifb A2 | 4 hist ) &g
FAR T 0 hif iy R B KT (P<0.05), FEIRA
94.2%, SCPEARTE M8 0.5 hisf Bz Bk A0 E
CIRPFR N S ¥R Kk 1 % 1k (P>0.05); Mria2h
IF O 5 35 T (P<0.05), 43 51 38 R (0 h)iY
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B 4 SLERXEZEPCREMISMHKIENIBE T XEE L HA CIRPEE MRNARIAT L
LB 2 ks 3UULE: 4 s 5 fls 6 R 7OJFEE: S MBAE: O O . P B R N E I bR UE 2 (n=3). [A]— 414U R i

BER [ 3RI8 & 2 MG AR [E) /N5 - B RS AE1E W3 11 2 = (P<0.05),

Al

Fig. 4 Changes of CIRP mRNA expression levels in different tissues of

L. crocea under chronic cold stress detected by qRT-PCR

1. gill; 2. skin; 3. muscle; 4. intestine; 5. brain; 6. kidney; 7. liver; 8. spleen; 9. heart. Error bars indicate the mean and standard deviation (n=3). Without

the same letter among different temperatures in the same tissue indicate significant difference (P<0.05), the same below

20 1
1.8
1.6 ¢

—_
[\

CIRP FXT &1k &
CIRP relative expression
SO ——
oc—wbwhnowwoo—

b
OO0h
: mMo.5h
af @2 h

B B4h

NN
N\

tissue

5 SERREEEPCRENAMIKEMNIET KRS RHLACIRPEEMRNARIAE K
Fig. 5 Changes of CIRP mRNA expression levels in different tissues of
L. crocea under acute cold stress detected by qRT-PCR

1.89f% F13.061% ; 4 hAd B 4K b2 hish i B i 3% P AIG
(P<0.05), {HA & T aRT . 2 AR M L
W, B AVE R3S H SR CIRPR 5 SR 2R
BEfa s LA RIXETE0.5 hid & 3F FE AL
(P<0.05), F&IREK27.6%, ZJaZeikaytTx—
K5 B A R A R AE0.5 hi 3 AR (iR N
50.0%, P<0.05), ZJ5Ziki A T Hanse
IS T 38 AT B K 5 B E A Y 3R 3K 5 75 0~2 il

AL 25 (P>0.05), 4 hit H B i 3 IR (P<0.05),
MR 87.1%; MAUE Fh (1 4634 B FE0.5 hik 35 7
T 1L91F (P<0.05), 2 J5 2 s Rk A7 U 3 7 2%
B 3 (P>0.05).

3 iR

AR W 5% 78 A5 3] K % M CIRPEE [N cDNA 4 K
A, TR A — A 182D A LB A N . 4 T
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W19 kuf o P 53T s K fa
CIRPEE 14 7 — > N A9 RN A TH 51 36 )3 Fil— A4~
CmHARE X, XH5ZAMEN/N. A
25 ARVNIIUE | K P i £ 45 22 Fh A= 9 1 CIRP—
H, YETE & HEBRRNAL & E A KK .,
F G A o3 B 2 B A R £ 28 b CIRPSE A i Ak
KRBT, R RNAPLGI I 5 5 B sr;
5 HE B ) CIRPIHE R B AR MG — 52 . S5 fa
K CIRPEEN [R) PR MR BA , {H ALY 35 A NI RNATH
I, FIAX 25t TR R AE W B,
2R 1% R AE AN [ A= 9 b vl g A A AR ALY 2
REU, TMHFLZE . MCATE . WIS AR HE Y Ak
W—32 . SMECRKI, Won T
R 5Pk B CIRPAE Ak i Bl 49 it A T & A= [] U8
RS .

CIRPE: A mRNATEAE T 3 W) 1 2 Fi 41 214
M, IR A AR ES 2 IE A K
I (12 °C) M AR BT R B, KiE 1 CIRPTE
JEE b ek e, WL RNE IR h &3R8,
Bk O WE L B . BB ARG NE e Ak K PR
ik, RWFBERT AE 2 AN BOR S PR B S S
HEICIRPI FE A& X . WML RN &
iy . HEMAEY, 7552 2R P 0 a2
R — RN REE N, XK E
FO AL ZH U A B A — o iR VE Y, %%
7 FRNAZE A 8 1 (CIRP)E g —Fh L8 () 14K 5
B, BRI BT R A KT R, B
AR R T 5 G CIRPHE R i 63k, i 40 Jifg /> 24
GUIAZER: , AT 41 4 40 B ) A A AR Y, 1E
BN LR CIRPER & BT 200 B A% 1% 1 8 ks
L BRI YA R IR A A U I (AR
T BRAE L SR AN IR A N R R, BLIAR
[ CIRPA K 2, Ff3 i CoA ity Y 3k 1T i 40 i
B ENMTE, 2 5DNABGBE . R
SEFEH PR e, (A0 22Uk 5 By Ak A
SR, SRR & AR AR

FENS R 2 R T R, R A A Y
T CIRP3% 35 2 A8 AL R B R0 & A 78 Ak 1) T R A
B [B) A5 A AS A TRD, 3X ] BB 5 AN [R) 4 20 1 2 B R
PE . R DIREAS [F) 55 R A P, 2 MR
38T, CIRPH:HTE R v el . Kok . WL .
WG AL RS LU R I TR, R
PS5 T MR B A IE R K R AL
AR R T 2R T, HAE6 °Chf
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Foak A SRAL TAR & B K, He12 °CHs 4351 T
BT 211.26. 9.934%, S0 MK B R XK
ek M 17 1) S BT 4 AN [ R R R R 3K v A
5 21 2R CIRPHE IR 36 34 o A el A8 ] g2 il 15k
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Cloning of cold inducible RNA-binding protein (CIRP) gene in
Larimichthys crocea and its expression analysis under cold treatments

MIAO Liang, LIMingyun’, CHEN Yingying, HU Mou, CHEN Jiong
(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract: In order to investigate the function of cold inducible RNA-binding protein (CIRP) of large yellow
croaker Larimichthys crocea in cold acclimatization, CIRP gene was cloned and the expression changes were
analyzed by real-time quantitative PCR (qQRT-PCR). The full-length of cDNA sequence of C/RP is 1211 bp,
encodes 182 amino acid residues and the protein molecular weight is 19 ku. Amino acid sequence alignment
showed that CIRP was conserved in teleost, especially the RNA recognition motif (RRM) at N-terminal was highly
conserved. The phylogenetic tree analysis showed that CIRP of L. crocea had the highest identity to sablefish
Anoplopoma fimbria (81.5%), CIRP of L. crocea and other teleost formed a clade. During chronic cold stress
(water temperature slowly decreased from 12 °C to 6 °C), the CIRP expression of skin and muscle significantly
increased with the temperature decreasing, in which the expression levels at 6 °C rose 11.56 and 9.03 times
compared to 12 °C. In gill, brain and heart, the expression of CIRP increased at first and then decreased, and the
maximum appeared at 8 °C which were 5.07, 7.69 and 2.83 times compared to 12 °C. The expression level
significantly decreased with the temperature increasing in intestine, kidney, liver and spleen, and the decreasing
amplitude at 6 °C were 80.0%, 65.6%, 91.2% and 55.6% compared to 12 °C respectively. During acute cold stress
(from 12 °C to 8 °C immediately and maintained for 4 h), the expression levels of CIRP in gill, skin, brain, liver
and heart increased first and then decreased, reflected the stress and adaptation process of L. crocea to cold.
Compared to 12 °C, the CIRP expression in muscle and intestine were always at a lower level during acute cold
stress. The difference of tissue expression of CIRP between chronic and acute cold stresses suggested that there
were multiple regulation mechanisms replying to cold stress in L. crocea. The present study indicated CIRP was
involved in L. crocea responding to cold stress, and the results could provide fundamental data for further research

on the mechanism of response to low temperature in L. crocea.
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