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Effect of cold treatment on the expression of genes related to energy metabolism

in abdominal adipose tissue of gible carp
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Abstract: In the present study, cold treatment (4 °C for 12 hours) has been conducted on gibel carp ( Carassius aura-
tus gibelio) , and no significant histological changes in gibel carp visceral adipose tissue (VAT) has been observed. To in-
vestigate the expression variation of genes related to energy metabolism, utilizing Western blot analysis, slightly elevated
levels of mitochondrial protein COX IV in gibel carp VAT could be observed after cold treatment. In fact, the levels of
the transcriptional expressions of cidea, pgcla/b, pparg, sirt3, ucpl, ucp2 and ucp3 in the gibel carp VAT after cold
treatment have been significantly elevated in real-time reverse transcriptase PCR test. These results indicates that the ele-
vated lipid metabolism activities in gibel carp VAT can be induced by cold treatment.

Key words: cold treatment; fat; gibel carp; gene expression

Wk H 9. 2020-07-31 & H 4. 2020-08-17 e HIY . 2020-08-24

PR WAy« 2B (1995-) 55 At A 5 AT 5Er 1) 2 #0260 TN 73 b2 . E-mail: Mike15680921315@163. com

IR R A BEAR(1965-), 53, M1 B oY 5L s ST O 1] 02840 F N 40 W . E-mail: zyin@ihb. ac. cn

Fe I H - [ 5 SRR (2018 YED0900404)

SRR 2R B, BT R, A R AL ) S U R U 2H 2 RE ek A A D R Sk RS R [T ). A BEIR, 2020, 42(6) : 698-703.
LiW, HelY, Zhai G, et al. Effect of cold treatment on the expression of genes related to energy metabolism in abdominal adipose tis-
sue of gible carp [J]. Biotic Resources, 2020, 42(6): 698-703.




AW R + 699 -

0 3l

IS5 B %) 738 Ak 2 2 A ) AR A R W 3 R
TEZLB Y, — M e T 2 R AR U 1 75 5K A [\ AR 4
HATEEAEAR T ARG T . 28K
Y HATA R PE R (45 197 20 21 (brown adipose tis-
sue, BAT) , % 2H 2L AT 75 52 8% plt 28 %5 ¥ 00 384 1) Ja R0
PSR PO £ 8 1D 2 S0 R AR R B —— i A
B¢ % A 1 (uncoupling protein 1, UCP1) iy £ ik, %
A 8 15 7 20 21 0 A AR 6 AR 11 3R GK T ORLAR B, AT
DA SR BT SR (8] 3 40 i BT, i 2R ) S A AR 1Y
AE 5 ATP MEERA IR, ™ A= B BE , DA 2 35 MUK (4
Mo A5 B, e FLsh W, 45 5 1D 2H 4L
(white adipose tissue, WAT) Fl 46 {2 g Fi7 21 2146
1 20 W i 07 20 211 5 A Tl =R A s R, R 0
iR T LA S 7 352 o7 ) AR

S B IR AR 1 1k Sy T A Sy T L Bl A AR
SN B e €8 I U7 2H 2R RRAE VR SR L B R R
1R H AR 1, 0 e A 6 2 1 2 IR AR 11 3 55 1Y
FEARLTR] 5 S Bt R, A 7E 8 U 1) B HE S ), A4 £0 2K
S PR R Y X (R A LU R
IR WA FL 3 iy AR R X T RE LA T &
M A DD s WA S W BE AR A i (Lampris gut-
tatus) W HA A 5 07 AL B SR F , 28
ML, JEH RS IR AHSR Z B LR ESH
AW T3 0h RS E X R AR R A LU A 2 1%
Ab PR G B S R GA AR L T — S ST R
THED VAT B XoF #0285 g 15 41 2007 XoF ¥ Kb 3 A 7 36 I 5%
KW HRE .

5 FH W (Carassius gibelio) VE i — Fh 28 17 3l
Y, N ERG 7 AH 2R AR N D RE () 2 2L, AR5
e G AR A A AR o Y RE ) R R T 5 )
AR At 55 IR 0 2 04 T RL R R B A O
TR RN B T H SR TS R A o kA
AH VL 19 1 05 A5 22 4k, DA SO 5 2 28 i 38 19 i 4 EC
T 53 T 05 AR 1 2 38 2 75 L 2 AT Ut Ak BT 52
Wi, FFJ 7 AR A ) S AR AR U7 2H 2L AR AR (4R
RLAR IR 1 7KF CHH ZURE 5 AR DG BE R 3R 3K 52 1 1Y
WIS .

il

1 ME5FZX
1.1 KM

S AR A K A AR YRS BT B AT R B R AR R S
5 0 R TSR T —5 SCm s fa by

L2 XEpAH

7 S0 M S A 1 R A i 21
1.3 fRBA T ik

ST PEAIG YL A B ZH (4 °C) A X BR 20 (20 °C) A4S
b BB FRE RN 10 BB 5 A AR B E T R 2 K/
FRIHAE , DEATWOIR AR IR AL B I A . LR E T
ACHIER T, 25 h e K iR s 2 4 °Co By ¥ 45 31
F, 12 h 5 W AR BRI A 8URE A o X B0 ) — B Ak T
20 “CAK I, I 158 55 4 RE AR A ] — A i R) R 4 g
iR A o S i LS St/

1.4 mBagrmHh R
14,1 A 888 R HiI4E I

B R A 4 £ R W EE (paraformalde-
hyde, PFA)7E % 4514 F @ & 5, fE 8L A )
IR B b 28 CBEdh BE K 2R S A s, HJK
BB T5% LBE4h;85% ZBE2h;90% B2 h;
95% P 1 h; /K L 29K, B IR 30 min; Jo/K 4 B
MR (V:VREH1:1)5~10 min; —H K 2K, &Ik
5~10 min; 65 “Cltfb A7 8 3, BER 1 he F5 A B 5E
R R 17 20 20D 7K G vl BB e L 24 T ) 2SR
AALHRAE , T — 20 ‘CRUMRHLE 618 J) 5 5 40 0 358 [
Je 5 s D E SEAE v B B R L B S BT A S D) R bL
YI R, I8 5 pm D) 07 T4 5 Bl 76 40 “CHRK 3
B ol 2 RS, FH AR Rt 8RR IR 60 °C
BEFE N5 o FEZKEE T A W 5 b S B R IR AR AR
= H.

1.4.2 HBARRPLpE(HERE)

B A7 W) R MR YR 2R 29K, 45 R 20 min;
Tk B2 Y, 4 5 min; 75% Z W 1K, 5 min, fi%
Je PR K ok s FKE U0 R A D5 R 2 Y ) 3~5 min,
AW 190 Eh R £ W AR 431K 30 s, K wh sk
0. 6% Z /KR W, WK Wk s U0 KU 85 %4 .
95% Y 2 BB I 7K 4% 5 min, B DR AT Y YL 5
min; 34 8 58 1B 8 U KA TE K S 3K, B
Wo5ming “HIE2W,HK5min, HEBYW . Bk
Yl i1, F M e 3 R BT
1.4.3 BHTHRGEY R WL

WM J5 28 306 1% T, 100 SRR S [
1.5 h,PBS ¥ (pH 7. 2) 3 ¥k, 70 % 0 4 1t A1 15 iR
o g Y e e VORG PNT R T K, ISR T 618 3
FIALHE . AEEEY) A 80 nm, i Rl L F R R T 45 UL 1
5min, £ HT-7700 %% 5 L85 T W48 ;R o
1.5 MW AR&AEKEG RN
1.5.1 ReWidd 2 v 2 F e i S B

OB H R 24 BRI ALY, i A #] 1.5 mL &0



+ 700 - R A AR AL PRO0T S 7 I R i 7 2 SRR A A SC K A Gk 5 iR T Y

ErOFPRICE R A 105 B A SDS 8 H 24 f# I

QO 8 T UK B A (10% 4, - 4 5,456
) H 2 H U8 20

@10 000 g &> 10 min;

(@ W HC 5 W B T B0 T 2 L I E AR
P B 0o B R st it BCA 2K 1A e iR &
(1# -+ 18 AR1110) ;

O F A 43 A #E F 5 5 X loading buffer, &
B 11 K R e, Wl KT 7 min i 8 AR R T
1.5.2 45 5T g B3 43 By

O 10 pL FF o KR fif e & 04 8 5 e I AL
WL TE 80 VL R T HAL K A R AR B A5 R, FEOKE R R
£ 120 V#1757 B I HLIK

QR B UK ZE G B R B ) T a5
0.2 pum fL 4 PVDF [ (PVDF &7 H B %06 1
min), IR & <2 0R A0, FH Je M I 4, A B
JIES H, kR o, FEL U 200 mA 7E 4 °CTF HL UK 90 min

O] . A5 1 5, B PVDF B, B TBST
FiC B 1Y 5 %0 i AR 5 8 T W BT 3 WK, IR 10 min, £
AR T TBST B & 8 5% BAE 038 64 2 h;

@ —PUWFE B — P A FH 1568 5 7% B (L B
H1:1000, il —HiMBW) .4 CTRAEPURME T &b
B H 12~16 h; (ir Hl— ¥ A BBt & ki k& B COX
IV ST BT, L abcam 23 7], 525 ab33985) ;

OEPE . % W N TBST ¥ W E 3 PVDF Jiit 3
WK, B R 15 min;

© ZPUWF A FF U B FH 156 BH 5 75 B (L B
125000, HH =9 M B, SR T IEE 2 h; (240
2B BUOBROR S 45Uk ) B D 9 1gG Bk, 1 A
Proteintech, 525 SA00001-1) ;

@EPe W T, TBST E P 3K, &K 10 min;

@ I 048 M8 . AL 2% & 6] ImmobilonTM West-
ern Chemiluminescent HRP Substrate #J Peroxide
Solution Ml Lunimol Rragent # f 1: 1(V: V)R & 5
A E] PVDF B 1, F AR 2% & 6 BUAGASORS: T 46
1.6 Mgyt ¥ RNA IR

W R Trzol ¥& $2 B A — B 5% B AR IR i 4 21 1
S RNA, R H Trizol i 7 (Invitrogen) 4% 45 /E 1 B 5
PEHUIR BT 4120 B RNA #8120 B3A5 0 e Jie vl ok A Aag
TEEAMIOEOCEE TG I RNA Y Tt R i . RESh I
£ — 80 C# B RNA (9 ¥ £ % K T 250 ng/plL,
OD0/ OD o 1 F 1. 8~2. 2 Z 18] , OD1s0 0/ OD s
K FEF 2.0, ABHAR RNA JCREAR, Joi5 5 .
1.7 Z&FPCR7F &%

H EasyScript One - Step gDNA Removal and

cDNA Synthesis SuperMix i 7l & #2& i ¢cDNA, LA
Oligo(dT) 514 (1 uL) , HL0. 5~3. 0 pg i, ik
H RNase-free 7K £ 8 pl., 65 CH# & 5 min, VK ¥ 2
min, J5 Il A 2XES Reaction Mix (10 pl.) | EasyS-
cript®RT/RI Enzyme Mix (1 pL) #l gDNA Remover
(1 pL) A& —3£20 pl,42 CHH 15 min, FRHHY
7= G R i PCR. ] transStart® Tip Green qP-
CR SuperMix 1 7 & 17 5560, KW AR 5y 20 pl,
£ % 10 plL B9 2X TransStart®Tip Green Real-Time
qPCR SuperMix, 2 pL 84 , 0. 2 pmol/L 51 ¥ 1 7. 2
pL B XUZE K, BRI 3 EE A, O AR T I
YO RS LA G R A . BT B ) &
) H TransGen /A A .
1.8 #¥E%IT S5 5 #

R Excel #pF x5 2 (1 22O & 1 PCR ™41 1)
F2 B HEAT Z R I A A Ao S 0 A e ok (P Y (B £
br k22 ) K KR, 38 2 Student-t test Fl one way
ANOVA test R PPAli Bl = 8] 19 22 57k

2 HKWER
2.1 ARE AL I JE 69 51 F AR S ST RS W 4L 4% 8 4
LF MK

13 7 1Y 2 X0 S B AR B R B Dy A 2L AT
HE 3¢ 5 U] 5 W g 45 51 |, B R ¥ ol 35 3 % 2% 2 f0Be
(4015%) T3 21 5 B AR B E A0 s D 4 40, Horp 21 68
BB o3 A 4 4l A 2R, 45 4 2 2T LK 40 2 6 IR D
ML B2 R Y 2 E AR D5 2H 2 3 A L 4%
SOEAE NN N RN IR s P & RN g O il
SRS AR A, R O A Rk E L IR
AW %% 3] M (g 2R A 45 4, 2 BT JC W% B A O
FEAE 1 48 € I 10 2 20, T L2 3 ) i s 4 AL <F- 3%
R 1R 7 L SUR— R oy 4 4 4 4
2.2 AREALILJE 69 5t F AR G ST RE W 4 2% 89 £
KR G Al

X5 H AR IE g B A AT R R R R A
COX IV 35K Western blot Kl , 45 5 & s , %%
¥ b SEHI RNV b B S 25 SR LA R R 1 COX
IV %) Western blot #H X} & ik & & 78 6l 61 5 58 B8 5 41
Lrp g BN RS S ENESIEAR
F(P>>0.05), ¥ A DL/ 3 v A 3500 65 460 i 1 448
J v ) R AR A AT 2 LA R (L 3) .
2.3 KB AL I xS F AR O LR 4 2 R 2 K
CEEE N E SR AL

WA FATHEAT 19 7€ 5 308 %% 5 PCR U 1Y 45
AT & B Cell Death Inducing DFFA Like Effector



AW R « 701

A - B
e % . Y d
f il 3 i
/ 5 e,
C D
£ f
i .
ret >0 5 4 £
= K '
£
k f

1 RERUETEHIFHHE£EBNR
Fig. 1 The histological analysis of abdominal fat sec-
tion of the crucian carp by HE staining
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Note: A&.C, abdominal fat sections by HE staining with-
out cold treatment; B&D, abdominal fat sections by HE
staining with cold treatment; e, connective tissue; f, white

adipocyte
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Fig. 2 TEM analysis of abdominal fat from the crucian
carp
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Note: A, TEM-image of abdominal fat in 300 times field
of view, without cold treatment; B, TEM -image of ab-
dominal fat in 300 times field of view, with cold treatment;
C, TEM-image of abdominal fat under 200 times field of vi-
sion, without cold treatment; D, TEM-image of abdominal
fat under 200 times field of vision, with cold treatment; e,

connective tissue; f, white adipocyte
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Fig. 3 COXV expression examined with Western blot
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Table 1 Gene name and gene number

S 4 SN
ucpl AC.No.AAS10175.2
cyp2rl AC.No.XP_016357833.1
ucp3 AC.No.XP_016396245.1
pparg AC.No.XP_016087080.1
ppargcal AC.No.XP_016310875.1
pgcl AC.No.XP_016391034.1
sirt3 AC.No.KTG05203.1
cidea AC.No.XP_016129128.1
ucp? AC.No.AAS10175.2
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Table 2 Primers used in this study
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Fig.4 Adipose tissue mRNA expression of the crucian
carp by real-time quantitative PCR
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