HEDKFERE 2024 £ 9 B, 31(9): 1079-1089

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.12264/JFSC2024-0125

SREARIM D AIERE R KLFIS-TWIST2{E S KR A0

1,2 iz 2 2 iz 2 — == 2 2 1 1 3 2 Sy oob 2
LRI T R S TR, W K 410114:
2. KRB S L TR, WU A PORIE TSV IR 5 780 N T TR b, WP K2 410022

MWE: RS KLFI5-TWIST2 {5 5 AR S i (Danio rerio) S AU BIVET, 2007 1w iR AaDh X B 25 £ A4 B i
br . HEUESFPUAAERE MR 2, FHEEPT T IR SC 5 & KLF15-TWIST2 {553 i 1 R L FRE . 45 R 8
7N, B A S NSRS | SR E EE(TC) . Hh =5 (TG) AR 25 B 15 4 (I [E BE(LDL-C) & i B & | T1(P<0.01),
AR BLK B AR, AL PE AL (SOD)IE P W35 1 TH(P<0.05), 4% bk H ikidt S Ak M (GSH-PX) I P & 25 P A%
(P<0.001), LAk, HEARMSFRLEEW I T KLFI1S JER A EKF(P<0.001), T TWIST2 31k 3 I (P<0.05);
BE i & W AH G LR SREBP . FASN. ACCI. DGAT2 . CEBPa ik i 2T+ E5(P<0.05), NN/ SE N ATGL 5 2 A%
(P<0.05), TMifgWiMR A AL N PPARa. CPTI. LPL. LXPa WSR2 T 5 #3(P<0.05), A8 KM 2 Hr W
KLF15-TWIST2 {5 5l i 5 SREBP. FASN. ACCI. ATGL. DGAT2. CEBPa. PPARa. LPL %5JERNFKILHERELA
I 25 LR, SIRIRRBENE 5 e Bt b fh th Py o 8 i BB BT S BUIR AR ER L, M KLF15-TWIST2 {553

T REXT R A R A S B A

K& B f; KLF15-TWIST2 {5 5 g, Ehstakl; Merti

HESES: S963 X ERARERD: A

AR, 1E/K" SRS R h SR E N T 14
(GRS R S WD & N = Y IR S X AP A A
IRNEE A oL G AR Gk SRS ShAS I B ]
JIg I RE$ s 2 19 B A R IR0, A7 B T 4EFp Sk
IR AR BN RE, K AT . Hid A
SRR N RN EER, SEms R A=
fil, RZATREE R IR fups e Rers IR K
B NFE T AR KR, ™ R AR B, 2 7K
PRGN AR B T RS A e . il TR A 2
Jo AR 3 B I8 5 BT A SR SBURE I 1) A8 BR A i, w2
A R REAR 1 S R e A a1 KU, 0 DR e £ 288
fat R A 2R

BRI ST Kriippel #£HF 15 (Kriippel-
like factor 15, KLF15)C 8 iiF S S I 2 i AR |

s HER: 2024-07-16; 1&iTHHE: 2024-08-04.

XEHE: 1005-8737—(2024)09—1079—11

7 25 AU O R R R AR O B TR SN T
FEAEUERE G A LS A6 A . BLIR A KRR i
R FE 5 TEEAER . Matoba 25UVt FH B 25 B
KLF15 J& W& AR T 3T3-L1 FARNE 40 i o
BB & &, w33k KLFIS Iglior i s, %
Wl KLF15 3@ 298715 B i A2 i . 90l B s o i 5 5k
PR B A . Anzai 255 3o X6 JFF-RJ: 40 i 13k 28
JFE 20 i v LA 25 57 0k O B 57 TR 7 0 47 4 1 O 3
KIN KLF15 764l 2 72 b BAT R 1R o

WM, KLF15 RS BRA 2L CnFE . &85
WL, Doy s B Rk, e S TR R A1
et L g RT3 TR 4% 1 g A 2.0 Mord
SRV 3T3-L1 R PRAE 07 40 M ik 520 363k KLF 1S
RENS i & HE R L B, WEEYe KLFIS Mt

EE£WH: BRAAFEILESHFEILLIH (32102816); #1r 4 A E TRAHIRML T HH 00 H (22B0327); ERK A KRBl 4
DI A I 5 KR4 T H (U21A20263); [E 5T sbF & 3140 39 H (2022 YFD2400802).

EHBAN: WK A999-), L, W-EmrsA, s ka2 5 Rk, E-mail: 1064980422@qq.com

BEEE: W, ¥, Uo7 28 3R 5 5 IR, E-mail: chuwuying18@163.com



1080 A B2

%31 %

PRI ARG B T AR 25 5. 295 2P R
PRAG I 4 i i i siRNA T4 KLFIS )5, % PG
WIE R TG W& & W T, #E—Euogik
B KLF15 £ —AEHZE IR AL PR A 1, i
FAE R R EEAEH

TWIST FHIFEE I 2 (twist-related protein 2,
TWIST2) 5& — Fi £& 57 (% 5 1k 42 € - BF - 1R Jig
(b-HLH)#% sk N 1, M8 —Fh o 7156, i |
2 55 1] 3L s S ) # R UYL R e g
WY, TWIST2 P 103 v K s ™ | ik g
AAigEEEL JFHAB TWIST2 /5 3T3-L1
HI K BE 7 48 A 53 Ak 6% 0 1 I & 4 AR .
TWIST2 FAR SR M | 9 5 2R HHT A0 i 17y 22
PR, FEA SRE . PN T I N ORI R R AR ) e R A
M TWIST2 13k 32305 W1 LA 235 I 240 e i 1 28 4
I & AE" . ChIP 43T £ W, KLF1S W LI
5 TWIST2 J3 8 ¥ EAE A OF 1Y 5 TWIST2 %
RS P, SRR KLF1S-TWIST2 {553 # 15
fa R A B E AR BB AL, A S 57
PR AR B 5 SR AT Y SR B

BT, T HEREK ™ W B B A i
5%, EBAEPLE R R AR Y B =X
I Zhao &V BIAL B ZEHINT B (Bacillus subtills)
AT DL Ak 400 0 O A 0 R 1) 5 RN AR i B- 4k K
[ I 5 £f1 (Ctenopharyngodon idellus) T Jg & &,
] LAZE i il B 5w AU IE S A i 05 . BRI ZAh,
= T 1 (tributyrin) X} 4 4F K B a1 (Larimichthys
& R 3 (puerarin) X 3 £ 18 (Danio
rerio)?V . /INBERE (berberine) X} Kk I B 6 (Micropterus
salmoides)? | 77 K4 B ) (Bitter melon extract) X}
i(Cyprinus carpio)™', it} % (Quercetin) X fifi ffi
(Lateolabrax maculatus)> #S Al DL 3]s /> 20 41
REMFUCVE . RS PUAIRE ST . T S0 1E .
SR, X T = e Rk 5 1t R AR AQ I 25 L S H:
PRaa 5] il i B N o 2 7 R € £ e e s Wl TR =10
RE M FENE B R o B RS SRR A
Bz B T A gOR i g P ik, A
WS LABE S S XF 4, 3B v Ra DR G 5 5 £ g
AR SR B2 KLF15-TWIST2 {55 51 % 1 26 14 4%
HE, %120 B KLF15-TWIST2 {5 5 18 f& 75 B 5 4,

20
crocea)[ N

A P AR, A B T B e o E i £ D
AR 72 T B, DU D 0 2 SR A 0 IR e s 4
PEPBARE

1 WS

1.1 SCIEzhi

AHWFFE BT BT AR B(AB 2)BE A1 [ Kb
B K AE S ILPR ot BT 5 f B S 0 2 . e BRI AL
F14) M P 5 I A A Ry b, S 6 T B ) B
A7 Aa I bR R A0 S A B . SEER T AR R
AN 2 MR K R GE /K IR(28.0£0.5) °C, pH
(7.5+£0.2)]"P & 7%, JERIN 14 h, BERIN 10 h,
B R o) e MR AR AT B 52 DR Ak, B e
R E ik Ml
12 SREAHE
121 SEWETT K AEME . MERES L) 2 ;2
el 12 MERRR G N, W H R L4708
R, ol IR AR Aol LA B =0, 1 h S U A, W
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Tab.1 Nutritional composition of experimental
diet (dry matter)

. . . £ 8/% content
43 nutritional composition

IE# % NFD /540 HFD
HIZE 1 crude protein 52 52
MG crude lipid 3 11
7K 43 water 5 5
HMLEF4E crude cellulose 2.9 2.9

1.2.2 HBIBEFREN 5 dpf BE S faff o fe i 2k
WEFE 7 d R IREE, IR 1 B | mg #EFTiT
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Ib B B I L DK SR AT A I, A R 3 ok A e
Y6 7+ (NanoPhotometer-NP80, implen, & [E )i/t
FIE . W1 pg FrEHK) RNA %18 TaKaRa 24
A 1 PrimeScript™ RT reagent Kit with gDNA
Eraser (Perfect Real Time)id | & #E1 718046 55 0k
cDNA, KU B cDNA Wk 10 53 F
—40 CIRAF . RHISERT 2 E it PCR AR I AH
FKFER(KLF15, TWIST2 . SREBP., FASN., ACCI .
DGAT2 ., CEBPa. CPTI . ATGL . LPL . SCD. HSL
Sy RIE R LEAR RN 12.5 uL, 45 SYBR
Premix Ex Taq"™ II 6 pL, %% 554 WA cDNA £
Mz 0.5 pL, /K 5 pL, ISR IS 9%
0.5 puL, R &R 95 CHiAEPE 3 min, 95 C7A%
P 5,60 CiRk 30s, 40 MG, BAFEM 3K
FBAREL, RINEHRESH CME, KA 272
A N SE R B AR ek 2200, Brg SR 51
1 Primer Premier 5.0 #4511, LR G4
JPOIE L 2, UL GAPDH VE NS, 519H
R E YR A /A R

*2 EMIKHAEEPCRIIMFT
Tab.2 Quantitativereal-time PCR primers

5| A FK primer IE [ 514(5'-3") forward primer (5'-3") S0 5 #)(5'-3") reverse primer (5'-3")
KLF15 GGAGACTTGGAGGACCATGC TACTAGACCCTCGCCAGCTT
TWIST2 CGCTCCCCTCGGATAAACTC TGTTGTCCATCTCGTCGCTC
SREBP TCGGCTTCACCAATCCTGAC AGTGTTGTAATGCAGGGCGA
FASN ACAACATAACCGCTGGAGGG GGTTCTCAGGCAGTCAGCAT
ACCI GTGGTGGAGTGGTTGGAGAG AGGGTTAGCTTGAACCAGGC
DGAT2 AGCCACAGGATTCACCAAGG ATCACGATGACCACAGCGTT
CEBPa CCATCTACGACAGCCAAGCA GTGGTGTTGAGAGTGGTGGT
CPTI ACTCTCGATGGACCCTGTGA GGCCACAGACAGAGAGTTGG
ATGL AACGTGCTGGTGTCTCACTT CGTCCACATACCTCACTCCT
PPARo. GCTGGACGATAGTGACCTCG CTCGATATGCGGGACGTTCA
PPARy CGCTCGACTACAGCAGCATA CCTGTAGATGGGCTCGTGTG
LPL CAAAATTCGCACACGCAGGA CTTCATGGGCTGGTCAGTGT
LXPa TGGCATCCAGGCTATTGGAG GAACCAACACTGCACCCCTA
SCD ATCCCGACGCTCCTCAGATA GTCGTAGGGAAACGTGTGGT
HSL AGGCCCGTTACATTGCATCA AGAGCTGACCGTTGGGATTG
PLINI GGAGCTTCTGACCCTATGCC AGAGGATTCAGGCCAGGGAT
PLIN2 ACCTGAAGTCTGTGTGCGAG ACGCCAGGTCATTTGCCATA
PGCI AGGAGAGGCGAGTGGTGTAT CATTCTCAAGGGCAGCGAGA
SCAD AGCTTCATCCACTGCCAACA GATACCGAGAGCCTGTGCTG

(f¥£% to be continued)
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(8232 Tab. 2 continued)

5| A FR primer 1E 181591 (5'-3") forward primer (5'-3") S 115141 (5'-3") reverse primer (5'-3")

UCPI GGTGTGGGCAGACGATACAA CTCGTGATGTTCGGCAGAGT
UCP2 TTCAGAGCTGGTGACGTTCC TGGTGGAGGCTTTGTTCTCC
UCP3 CTGACCAAAGAGGGACCAGC AGAAAGGCGATTCCCACGAG
GAPDH TGAGGTTAAGGCAGAAGGCG AAGTAGCACCTGCATCACCC

e KLF15: B85 5N F Kriippel R F 15; TWIST2: Twist #5CH 1 2; SREBP: AR AT O SEN,; FASN: R IAMR & Wi 5L 4
ACCI: ZPBthimg A RALEE 1; DGAT2: “BEBEH MM S G SE N, CEBPa: CCAAT M5 74558 1 o; CPTI: WTAZIBEH 2 1;
ATGL: M =Wa/K i Bl 5 5, PPARac: 33 S AL W RS B W0 ZAK o FEI; PPARy: 33 ALY B SE TE W0 52 44 y BEIH; LPL: IR 2R
FUIRWT S LXPo: I X Z4k; SCD: WENRWERARG A JSH0AEG 1; HSL: W BURIRIE; PLINT: JE&E A 1; PLIN2: JRE A 2; PGCI: it
ALY A BT 2 My SO T SCAD: ALEEBEAEREE A AR ucpl: BUBEEE M 1 ucp2: MBERE T 2; uce3: LA
YREE 11 3; GAPDH: TS 3-f I i &1

Note: KLF15: Kriippel-like factor 15; TWIST2: twist-related protein 2; SREBP: sterol-regulatory elementbinding proteins; FASN: fatty acid
synthase isoform; ACCI: acetyl coenzyme A carboxylase 1; DGAT2: diacylglycerol O-acyltransferase 2; CEBPa: CCAAT/enhancer-binding
protein alpha; CPTI: carnitine palmitoyltransferasel; ATGL: adipose triglyceride lipase; PPARa: peroxisome proliferator-activated receptor o
PPARy: peroxisome proliferator-activated receptor y; LPL: lipoprteinlipase; LXPa: liver X receptor a; SCD: stearoyl-CoA desaturase; HSL:
hormone-sensitive lipase; PLINI: perilipin 1; PLIN2: perilipin 2; PGCI: peroxisome prolilerators-activated receptor ycoactivator lalpha;

SCAD: short-chain acyl-coenzyme A dehydrogenase; UCPI: uncoupling protein 1; UCP2: uncoupling protein 2; UCP3: uncoupling protein 3;
GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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Fig. 1 The effect of a high-fat diet on the biochemical indices of Danio rerio

NFD is the normal-fat diet group, HFD is the high-fat diet group. An asterisk above the bar graph indicates a
significant difference (**: P<0.01, ***: P<0.001).
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2 Al X 5 o 0 20 SR 38 K i T 3 AR 052 el
a. NFD 41 HE 4t{%; b. HFD 41 HE J¢(%; c. NFD 413141 O 4%; d. HFD 413h4T O Jefa.
Fig. 2 The effect of a high-fat diet on tissue morphology and lipid accumulation in Danio rerio
a. HE staining of NFD group; b. HE staining of HFD group; c. NFD group oil red O staining; d. HFD group oil red O staining.
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Fig. 3  Effect of high-fat diet on antioxidant enzyme activities in Danio rerio
NED is the normal-fat diet group, HFD is the high-fat diet group. An asterisk above the bar graph indicates
significant difference (*: P<0.05, ***: P<(0.001).
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Fig. 4 Effect of high-fat diet on gene expression of
KLF15-TWIST2 signaling pathway in Danio rerio
NFD is the normal-fat diet group, HFD is the high-fat diet

group. An asterisk above the bar graph indicates a
significant difference (*: P<0.05, ***: P<0.001).
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Fig. 5 Effects of high-fat diet on the expression of lipid
metabolism-related genes in Danio rerio
a: Lipid synthesis-related gene expression; b: Fatty acid oxidation-
related gene expression; c: Other lipid metabolism-related gene
expression; NFD is the normal-fat diet group, HFD is the

high-fat diet group. An asterisk above the bar graph indicates a
significant difference (*: P<0.05, **: P<0.01, ***: P<0.001).
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Fig. 6 Correlation analysis between the KLF15-TWIST2 signaling pathway and the expression of lipid metabolism related genes
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Effect of a high-fat diet on lipid metabolism and KLF15-TWIST2
signaling pathway gene expression levelsin zebrafish (Danio rerio)
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1. School of Food Science and Bioengineering, Changsha University of Science & Technology, Changsha 410114,
China;

2. College of Biological and Chemical Engineering, Changsha University; Hunan Engineering Technology Research
Center for Amphibian and Reptile Resource Protection and Product Processing, Changsha 410022, China

Abstract: Lipids are important constituents and energy storage substances in fish, and their main role is oxidative
energy supply. Excessive lipid levels in the feed affect the normal physiological metabolism of fish. KLF15 is an
important regulator and effector of intra- and inter-organ metabolic processes, playing a key role in promoting fat
synthesis and storage. TWIST2 is a conserved basic helix-loop-helix (b-HLH) transcription factor that serves as a
molecular switch to activate or repress target genes through direct or indirect mechanisms, regulating pathways
involved in inflammation, energy homeostasis, and metabolic disorders. The expression patterns of KLF15 with
TWIST2 play important roles in many aquatic animals. This study aimed to investigate the role of the
KLF15-TWIS2 signaling pathway in lipid metabolism in zebrafish (Danio rerio). Zebrafish larvae were randomly
divided into a normal-fat diet (NFD) group and a high-fat diet (HFD) group 5 days after fertilization. The NFD
group was fed a basal diet and the HFD group was fed an HFD. After 7 consecutive days of feeding, zebrafish
litters from the NFD and HFD groups were homogenized in an ice bath to collect samples, centrifuged to extract
the supernatant and measured to analyse changes in lipid metabolism-related indexes and the expression
characteristics of the KLF15-TWIST2 signaling pathway. Physiological indices and antioxidant enzyme activities
as well as histological observations were used to determine whether an HFD caused lipid metabolism disorders.
The expression levels of KLF15, TWIST2, and genes related to lipid metabolism (SREBP, FASN, ACC1, DGAT?2,
CEBPa, CPTI1, ATGL, LPL, SCD, and HSL) were detected by fluorescence quantitative PCR and their correlations
were analyzed. An HFD caused a significant (P<0.01) increase in total cholesterol, triglyceride, and low-density
lipoprotein-cholesterol content in zebrafish. A significant (P<0.05) increase in superoxide dismutase activity and a
significant (P<0.001) decrease in glutathione peroxidase activity were observed in zebrafish in the HFD group
compared to those in the NFD group, and a large accumulation of lipids was observed. Intake of an HFD
significantly increased the expression level of KLF'15 (P<0.001), but significantly decreased the expression level
of TWIST2 (P<0.05). The expression levels of lipid-synthesis-related genes, SREBP, FASN, ACCI, DGAT2, and
CEBPa were significantly increased (P<0.05), while the expression level of the lipolysis gene ATGL was
significantly decreased (P<0.05). Meanwhile, fatty acid oxidation genes PPARa, CPTI, LPL, LXPa showed a
significantly higher expression level trend (P<0.05). The expression levels of members of the KLFI15-TWIST?2
signaling pathway were significantly correlated with the expression levels of SREBP, FASN, ACC1, ATGL, DGAT?2,
CEBPa, PPARa, and LPL. These results suggested that an HFD led to excessive lipid accumulation and tissue
damage and lipid metabolism disorders in zebrafish, and that the KLF15-TWIST2 signaling pathway may regulate
lipid metabolism through its involvement in fatty acid synthesis, transport, B-oxidation, catabolism and lipoprotein
synthesis. The present study explored the role of the KLF15-TWIST2 signaling pathway in lipid metabolism in fish,
which is of great significance for understanding the health of fish.

Key words: zebrafish; KLF15-TWIST2 signaling pathway; high-fat diet; lipid metabolism
Corresponding author: CHU Wuying. E-mail: chuwuying18@163.com



