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WE. E WA EE & (Rachycentron canadum) 4 # 4 3 75 % i (30.5+1.0)°C F21% & (20.0£0.5)°C 37 3% T 14
KT HATEIR BFAR G TRIANMEEXREFE NAFE R, FIAEEXLEE
PCR(QRT-PCR) E A M S M B R M A X A E WX AT HEN, MR EREBEEE2BEREmE
AR ERER, F 1K, U0 A5 8B 4% 5 B -1 3 B (epr-1). e B ¥ & B B i
By A B (hsl) VA B AL A B cpt-1. hsl, 5 Bt 5+ 5 B B 2 B (mgl) % B 2 3 (p<0.05), B JE LA 8 2Bt
WEE A BREERE (aco) ST B A& R BEE R (fas) L X EIE AR B IPR)S MER WA < X W XX H B
Z T # (p<0.05); % 4 K i, AF AE B9 cpt-1. hsl, mgl 2 AL A 89 hsl. mgl. acc. fas YA & IPF & cpt-1. hsl, mgl.,
acc % %k ik Ll (p<0.05), K JIE 89 acc. fas & ik & F T (p<0.05); % 7 K B, if JE 40 IPF 8§ cpt-1. hsl.
mgl. acc 71 LA B9 hsl.mgl. acc % % ik i (p<0.05), AL cpt-1 5o fF JE fas k35 & & T (p<0.05), & F
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A Ng I A A, B A 7R R it
PR A ALY (Acetyl-CoA Carboxylase, ACC) ¥
ARG 7= AT IR G A, TN B E A BRI R &
& E (Fatty Scid Synthase, FAS) 22 YA AL J5 77 Az 4 Al
e Wi, fa A n] LA S Rk — 25 & LA i 5 19 45
T T R U i 7 A A AR 32 A 45 T Ih = TR Y 7K
fif AR AR Y - A AE AP TR, HHh = IR K 2 4s Hoh =
i %% IR 1 18 2 B4R IR U ¥ (Hormone Sensitive Lipase,
HSL). PAEEE H il EREE (Monoacylglycerol Lipase, MGL)
S A A CH I R I — T RN AR D R Y ik
FRU-E P B-AE AL 3R R A AR LR R 0, i B RE
Tk PR e 7% 28 &9 b ) il A S SIS TBE CoA, T 1A B80S
it JL %% % [ - 1 (Carnitinepalmitoyl Transferase-1, CPT-1)
Xof SRR A B4k Py 3 2 RS e A

7 £ (Rachycentron canadum) J& T B K4 2,
TR BE VS R 21~31°C, FE ) M 3R SR 5 1l A7 9
T A5 AR i RS AT 38 o IR s 5 e 4 A Y
AR B AT IS M AU, (R DL S AR AR O R T
ST . SRR I R ZAEAAAEFIE . LY L I
FHE T 2H LR 4 AR, 7R 258 Ao b ) 32 20 A 7R
JFFIE AL PR R it o A BF 58 >R 5 I 2 D %€ 1t PCR
(qRT-PCR) ¥ X [t 53 #r 75 8 £ )y £ Jig A AH G Ak
FEA () B2 (AR A sy i )L BRI (55 1 R 55 4 R 5B
7R KLU L E R B U7 ) 1) 26 35 78 A1
B, Rk — 2L o A A R A 1) o FALH R S % |

2 MRPAT Ik

21 ZWHMEEE

¥ o0 R Wty fh [ A (211.1749.51) g] “F- 3
JCFRAE 6 1> 300 L 14 28 A o, 4 KM & 45 R P I
(08:00 £ 16:00), B 7% 5 d J5 FF 4R IE 5L 8. % 6T IR
ZH KR A (30.5+1.0) °C, I UL 55 96 2 R FH %% B 3 vk
Hedie B 0.5°C/h &) U 28 (20.0+0.5) °C, 52 55 A ] i
IR IR A HL A R T 50% S5 0BT B K . S g 0 AR
% R 75 A0 4 0 7R 20°C B SE A O Ak, b i e ik
ARG YK BT, SRR 4L R B, X BE 4 AR R R R
PHVCIE VR S0 2H R ) R 4 1 R Rl I 78 <, 45
W 4ATE 5 mg/L, pH iy 7.4~7.8; 5[ 30 min &I 1 ¥
KR, g R A o A 000 3 R S M K, 4 R X R
0T VL 2 I U B A B K IR B R — B HL R FE A
Yy vk FE AL TR KT (& /DT 0.02 mg/L. AR
E/NF 0.01 mg/L).
22 HE@mFE

T g6 45 S WoR, ZE W fafE 20°C I ARIR AT

EEGERTE 2 7 d, B DOE SR K o 7d. TR
51 R LHE 4 K E T KI5 R SR AR W 30 2 RN R
X REZHAE S K A 3 R H AU IR A R —
B, LAEAS KR 3 MR FE AR 3 MY E R
HEATRGIN o SR T A My AR I S SBONL Y L I A
BT AR B R, 154 7% 22 —80°C VKA IR AEFRFI
23 ERNARHERER

PEHE SR T3 D A R IR T R A
AR, R 5 Hi2 B RNA 42 JiUi ) & (TransZOL Up Plus
RNA Kit, b5t e W HOR A RS 7)) 3 5 k1T
AL RNA Y4 B, 32 UG SR 1% 3006 4 B e P, Dk A
B PRI RNA St DL K A P i A% 2 A 1 A 4%
XF RNA () 48 BE Fvk BE EA7 A0 . B 1 ul &L RNA
St S5 RS 42 1 i I 77 & (EasyScript One-Step
gDNA Removal and cDNA Synthesis SuperMix, Jt & 4
KA EYHEARA WA F) UL A4 B —5% cDNA.
24 5|4igit

A 8 B B s B OR AR AR A
H b 3 R K N 2 2 K B-actin B K 41, fdi ] Primer
5.0 AN EER W B NES IR, 518
A T A A RS F S . 1) e s e T
PRFESME | PCR 45 R JC — RAKFIAER: - vE 4 18 5 1R
MIER SR Gy, A S BT SIS Ik 1 TR,
o ace. fas. hsl, cpt-1 Fl mgl g BrFE R, B-actin N
NS
25 HERZEEKRN

R 26 B & (PerfectStart Green qPCR Su-
perMix, Jt 5 2204 AW FARA B2 7)) XTHFAE . LA
I 0 B 7 45 20 2R R AT A, K 5 A4S 5 BRI A5 (Y Ct
{E e BR 27aac ks TR e iA 5. 10 L W AR R AL
i ddH,03.5pL, E #5194 0.5 pL. cDNA(100 ng/pL)
0.5 uL. SYBR Green Supermix 5 pL. PCR " 4 F2 % A
94°C FiAE M 30 55 94°C A5 55, 60°C iR K 155, 72°C
FEAH 10 s, R 40 YK 72°C ZEAH S min. 4347 7 fiFf il
LHIRY G A RN PCR 7 . B FEARE A 3 K.
2.6 SEitaran

S50 KA >R V- 2 47 T 2% (Mean+SD) £ 7R,
K JH SPSS 19.0 BRAH 1 T 46 56 % AH 7] Bk 8] 5 9 Xof B 2
AR L84 1T 22 7 o o AT 25 R BRI Y
p<0.05 i Ry 22 53 3, p<0.01 Wy 25 bl f 3%

3 4

31 REBETEES&ESBEHEXAXERRZE
A ERIRI A 1 K 58 4 KA 7K
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Table 1 The primers used in the experiment

GIL/EAN FeI(5-3") P&
acc-F TCGCCAGTCTCCCAACTCCTAT accVGE DY)
acc-R ACCTGTCCACCTCCTCCTTCAT accVGERD Y
fas-F AGCATCCTGTATCGCCCGTTTGA Jas P CERS Y
fas-R GTCGGTCCTGTGGGTCTCCTTGT Jas P CERS Y
hsl-F AGCAGTCTGGTTTGGGTTTGGC hsIFOCE RS )
hsl-R AGGTTCTGGGTAATGCGTTCA hsIFOCE RS )
cpt-1-F TACCGCTTGGCTATGACTGGAC ept-19 GRS 1Y
cpt-1-R TTGCTGGAGATGTGGAAGTTGATG ept-19 GRS 1Y
mgl-F CACTGCGACCTTTGACCTCTTTG mglCETS )
mgl-R AACCATCCTTCTGGGCGTAATC mglCETS )
P-actin-F AGGGAAATTGTGCGTGAC NSRRI E =S Y
f-actin-R AGGCAGCTCGTAGCTCTT WSRO GE T Y

T ace ) CIAHREATR LI fas JINR TR G WS DR 5 hs DR NG W 3R AU R I BERE IR s epe- 1080 A RN IS RS Tt- 1 PR mg oAy FRISE S - i

3L B-actin i p-HLSh R I

BF, BFWE epe-1 &3k 2 B 8 3 & F X5 B4 (p<0.01),
JENE st 2235 REAE AR A0 265 1 KRS 4 KA o &
T X B2 (p<0.01), 575 7 K 33k B F R (EAD B3
T B2 (p<0.05), HFE mgl ik w75 1 Rt
X} AR 2 G 22 5 (p>0.05), 55 4 R AER 7 KR4
135 T X R (p<0.01) (B 1a).  Fifi & K L 36 15 (1]
B FE K, A0 LA epr-1 323k S I THE A #
B, H A 1 RN 2 E T IR (p<0.01), 55 4 K
BT % 22 5 0 REZH TE 1B 3 25 5 (p>0.05), 2 7 K If 3
I8 R 2 AR I T X IR (p<0.01), HILIAL hsl 323K
FERIR MO 1R 5 4 R 7 R 5B
FXF B 4H (p<0.01), JULIA mgl 2% 3% 8 76 30 3 72 op 158
W B TE, 1 R X R AL (9<0.05), 5 4 KA
557 R B R T XEYL (p<0.01)(E 1b). & KENE
JIi ept-1 FR3k BEAE RN A 55 1 I A 5 254K T X R
4 (p<0.01), 55 4 KB T M 2 B F & T X 4 (p<
0.05), 5 7 RIf Rk & 29 0 X IR 6 £, ik 21 22
SRR 2 K (p<0.01), I8 = AR W hsl &35 1 F mgl
kAR A GE A — 2, TSI FESS 1 R
FRRR T R (p<0.01), 7E55 4 KN 7 KiHTH & =
W 83 5 TR IR 2 (p<0.01)(I& 1c).
32 RBMETEE&ESRBEXERRE

HEH A L FEAR RS 1 KA 4 KIH B E RE
% T HFIE ace F6 ik 8 (p<0.01), 1M 8 =55 7 Kt AF

WE ace 3¢k &8 W) 3 5 T 5F BB 4H (p<0.05), &2 B H 5
TReE BT B fas 32 3% & 7E AR 938 1
B 1R B 4 RRIEE 7 KN o 2% T )30 X iR 4
(p<0.01), {2y ]y X R4 ik f2 19 0.2 15 (K] 2a). 4
G LA ace 323k i 76 KR M 38 2o R rh 22 B
B Ja TH B 3, 7R 1 R B 35 I F X BR 4 (p<0.05),
B4R R 7 R B3 T R R4 Rk &
(p<0.01), LA fas 3% 3k 5 b 5 AR I W38 () 2T R 9L
Jo R R THE R R, 5 1 R I B R T B A
(p<0.01), 7555 4 KB 3k it 35 B e =y HAR 0 35 T
X} R 2 (p<0.01), 2 7 KB R R E 5% 4 T 8 &
25 (p=>0.05)(&] 2b). NE HE A5 5 i, 258 0 15 s g 1
WD ace 3% 3k ik Bl A AR 0 30 1 34T 52 B S R )R T
A, S 1 R I AR 3 IR T X AL (p<0.01), 5B
4 K mf 5B T X B4 (p<0.05), 55 7 K ik i i
— AR, 50T IR 2 8 3 25 S B 2B KO (p<0.01), B
JEE I 7 2 21 fas 33K 5 AEAR RPN A 565 1 R I A I 25 e
fiX (p<0.01), (HAESE 4 KA 7 KW FHis 2 5 X 4

T F 25 (p>0.05)( 2c¢).
4 g

41 REMEXMEESY &S BRI
0 WSS 15 R ey LA H il = A9 8 S AT 6 A7
I AERUAACTE A I 88 o H 3l = T8 7K gk R o 2 i
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Expression of three lipolysis-related genes in juvenile cobia under low temperature stress

* N TR 5 ) I %o IR 4 22 ] 22 57 18 3% (p<0.05); **+ 38R 25 M B 3 (p<0.01)

* indicates a significant difference (p<0.05); ** indicates extremely significant difference (p<0.01) compared with the control group in the same period
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Fig. 2 Expression of three lipid synthesis-related genes in juvenile cobia under low temperature stress

*FN AR 4L 5 RS0 0] MR 2 2 0] 22 57 0 3 (p<0.05); **3 7R 22 57 i 2 3 (p<0.01)

* indicates a significant difference (p<0.05) ; ** indicates extremely significant difference (p<0.01) compared with the control group in the same period

WAL R A e i . DR R, Hol =Bt 2 52
FZK PR FE RS20 . Wen S50 58 & 81, KR L 4R
FEH T LR (Symphysodon aequascmtus) BYAR
R R, HE-LR AT LUE o [ 32080 R e RE
WIS, $2m H IR U st 2 b iz ez

FEMRCY 4 S0 BE D (Danio rerio)™ S5 W) Fh L
52 BRAGIR 2 ) e A g AR A (e R R . e AR BT
O, A £ I RS D7 41 S TE AR A 5 1 R
WEAR T hsl B DRURT mgl & K ) R 3K, 7255 4 KR 2R
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I 2V e A AV I 3 FS 0T A T G B A A A IR I B
05 B R T o AR NEZH 8, hst 3236 i e Tt = S 2
FEAR, mgl Fe3k 8 AEAIRIREE 1 KRBT 5 X 4 O 18 3% 22
S, CEARIRI 8 5 A A B, 45 R R, A
JHF O A AV T 300 o R v i 4 3 ok 8 v X = R Y
REA IR 6 SR LR XS B I 8 1 55 22, W6 5 15
238 2ok 1G5 A AL S0 A H I — R ok i — 2 b AR Y
eSS AR TR & . FENLIR 4, 22 40 7 (IR o 72
R R E R T hsl FERRN mgl £ Gk, DA
SRR K AR 4E R LA RE I Y B R iR 2 —
e SR W R I H il =R rh B ok Z 5, i/ %
Zeat B A BE BRI B ==, Ak B 32 A2 B opr-1
EEANIUE AL N e N 4 o AT S E R T N
WA cpr-1 Fih 5 ¥ BT m, 5L RS R 4
B, Z 8 3 F 1 (Onychostoma macrolepis)® %5 ¥
P 52 45 SR — 2, v IS = IR iR B4 ik vl g2 2
oy £ 28 1 XoF PR I 38 1 A SO . (BB S IR IR 38
IR AE LS, epr-1 TR AR 758 1 3 PSPl T
25, fEFREh A2k S a AT — B B E = T
X RRH, (HAE LA Hh 3R 8 B W T B, IR I B T v
Foak g W BB T . B oepr-1 FEHTE 3 AL BN Rk
7 G, 2 £ A IR P 0w AT R TR B4R Ak
FY 3 2H SUR AL A, T A e S A R AT AR D
1R B-4A A B 3 22 2 20N A g2 T 0 I A
4.2 {KREMEX EE &4 &5 & A 8 &
YMATEIEF GO T, KR BE T R 2ok A &)
T A VA N A )6 A5 TR A 3R A2 2, £ ) 8 A Bl 2 B
15 1k 25 3 BUIE BT AT 9 32 SRR, s 4 /55 A
AW B OGBS R 2258, AT AL AR A B B A ik 2 )
—ASHHY P . ACC I FAS 2 52 0 iig 1 25 40 45 1 14
PR O Rk 2200 3 o X A A LY L R
i B I ARSI 93 T e B, BR TN fas 0 3K 7KF- TR
AR U B 2 A Sk 2K T X B 2 Ab, ace FRIK REAE 3 AP
ALV K fas T2 WL T A 15 v i) 228 1 i 2 81

SE K

RAETREE EF . HEMMRE R 5 1 RAS, BT LA
AR iR B2 B U BE ) R BT R B, T LA B T R A
B IR R 3k 08 D A IS O o (HL B A 4l 0 A AR K IR
IRBE o HE AT 3 PR TR R T A DG BRI SRk A
BTl . ZBEEE A 9 ACC A5 7= 4 (N — k4
it A J2 Hi 5T A S i) O S R 4 DR, BT D O E i I R
S A AL B 2 EA TR AR SR, I HLBE A% 0 i 1) e
5t % Tt 1 355 P DT 0 20 g I T 1 SR, 385 g Iy 7
20 i N TR Y, R T fas 3k KPR AT
R 20N A AE A (B, X 7 A, IR A
T, A g nT R L Y R A Sk R T R R
i A At A, DARER R iR B RE B [E] . 53 4b, fas &
TR 7 T IO 0 B 7 e R B T R k5 B2 T
3 25 S AR IR 30 5 4 RIS LA ZH 2
HR k3 T, 2 O R s 2H 20 7R ARG R 3 et AR
H, S5XT AR DR A A A LA A R A
FT R R AR A I, LR b R DR A S A Y 38
8 25 B, U AR TR Pl 30 X 7 R T R AE A R 4 2
[E] P4 53 A 72 A — e S, AR SE I, R A LA
FEARIR AT b 35 3 1 AR 20 il A DG R 338, T
S8 WL A AR I 3 v 9 i BT A A DG R PR Y R Gk
AT DAAMEEFT Ik 22 0T FE, AT 4EREILPY s 7 R
I ARRTRRE o I [ RE A A AR T 00 Y = ik g
ML, fas 33k WA R AR o 72 bR 3 AR,
0 2 208 7 B i DL S A ST BE RT BE R T E S LA

fas ZESFRIRE N, BARBERA T EE— 208

5 ZEi

ML N R AR 17, 48 £ 4 o e (R i
SO Ao 400 o i 5 AR, AR TR UL P v B B K
ik, 300 ) i D 0 T 27 e oA o 2R L P 3 5 IR
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Effects of low temperature stress on the expression of genes related to lipid
metabolism of juvenile cobia, Rachycentron canadum

Cai Runjial‘z, Zhang Jingl’z, Huang Jianshengl, Shi Gangl, Pan Chuanhao', Xie Ruitao!,

123

Chen Gang', Zhang Jiandong', Wang Zhongliang', Tang Baogui

(1. Fishery College, Guangdong Ocean University, Zhanjiang 524088, China; 2. Southern Marine Science and Engineering Guangdong
Laboratory (Zhanjiang), Zhanjiang 524025, China; 3. Guangdong Provincial Key Laboratory of Pathogenic Biology and Epidemiology for
Aquatic Economic Animals, Zhanjiang 524088, China)

Abstract: In order to explore the effects of low temperature stress on the expression of genes related to lipid syn-
thesis and catabolism in cobia (Rachycentron canadum), the experiment set up a normal temperature group
(30.5£1.0)°C and a low temperature group (20.0+0.5)°C, and used real-time fluorescent quantitative PCR (qRT-
PCR) to analyze the expression levels of 5 target genes in liver, muscle and intraperitoneal fat (IPF). The results
showed that at 1 d, the expression of carnitine palmitoyl transferase-1 and hormone-sensitive lipase genes of liver,
carnitine palmitoyl transferase-1, hormone-sensitive lipase and monoacylglycerol lipase genes of muscle were up-
regulated (p<0.05), acetyl-CoA carboxylase and fatty acid synthase genes of liver, muscle and 5 lipid metabolism
related genes of IPF were significantly down-regulated (p<0.05); at 4 d, the expression of carnitine palmitoyl trans-
ferase-1, hormone-sensitive lipase and monoacylglycerol lipase genes of liver, and hormone-sensitive lipase,
monoacylglycerol lipase, acetyl-CoA carboxylase, fatty acid synthase genes of muscle and carnitine palmitoyl trans-
ferase-1, hormone-sensitive lipase, monoacylglycerol lipase, acetyl-CoA carboxylase genes of IPF were up-regu-
lated (p<0.05), acetyl-CoA carboxylase and fatty acid synthase gene of liver were down-regulated (»p<0.05); at 7 d,
the expressions of carnitine palmitoyl transferase-1, hormone-sensitive lipase, monoacylglycerol lipase, acetyl-CoA
carboxylase genes of liver and IPF, and hormone-sensitive lipase, monoacylglycerol lipase, acetyl-CoA carboxylase
genes of muscle were up-regulated (p<0.05), carnitine palmitoyl transferase-1 gene of muscle and fatty acid syn-
thase genes of liver were down-regulated (p<0.05). The results showed that cobia responded to low temperature
stress by inhibiting lipid synthesis and metabolism, promoting lipid hydrolysis in the liver and muscle, and inhibit-
ing the lipid hydrolysis of IPF in the early stage of low temperature stress; in the late period of low temperature
stress, cobia lipid synthesis and catabolism were significantly increased, and the main tissue that used fatty acids to

provide energy was transformed from the liver and muscle to liver and IPF.

Key words: low temperature stress; lipid metabolism; gene expression; Rachycentron canadum; real-time qRT-PCR
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