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FAETEIZRET N . A ST 785 B0 Kifg 5 (Hippo-
campus kuda), — MR /NG A, BT
BTl S S MR R O R S R A 2
SR A GRS IR, I A,
(i T N T FRGEIES KR, AR, Fohid 72
HHARAEVE 2 )85 SR P2 ORI R, e R 2 20
TR FR A R G P i ER s B Bl R A
POMNA b A B, PR 0K 55 N AR K I 4% A,
WP LR RS, RN, fEd R KD
(4= P8k 5 FLRR AR TR R 96 R, 3R T Rl 5 i
P AR R A RS AR 2 A

1 #R5ERE

1.1 ZEHYESEERER

SEI KOG S (H. kuda) N T 9% K248 N 92 5H
S E o EE160E 15K H 9 (0.61+0.121) g,
S KK N (5.1£1.33) emff 4 4K o a4, B4
40)2, 73 BTN AS20 LI 3% 385 7K R &1 vh 4l 9%
R E B B g K, FRGE K A ER BE25+0.5, iR
(2540.5)°C, JEIBIRE1000 Ixo 4 H BV UK ELREIT)
TR, IR R L8 g 28w 264 4: 411 (G1):
J6JE HIL:D=16:8, ML 8] 4] J5 2h; 42 (G2):
6L D=12:12, $MEHS (RN FFKT J&2h; 443 (G3):
H WL D=16:8, #WEHS 0]y AT 1 2h; 204 (G4):
FEFWIL D=12:12, BEMEEF R N AT /i 2he &4
BIE Bl &A% T o N FR4E 5, BORE /3 #r . 7R
FE BT, 2% £ 24h, G1HFI G34) %l £ ZT2 (Zeitgeber
time). ZT4. ZT6. ZT10. ZT14. ZT18. ZT20.
ZT220} B A, G2R1 G4%y Il 75 ZT4. ZT6. ZT8.
ZT12. ZT16. ZT18. ZT20. ZT24i BUFE . 764
ANEURE I 1] £, B ATL 28 B4 R i T 28 JRR I i i S i
LA AR AL 2, 73 A RNA store ™, SZZI7E
R PR, PG FE2-80°C VKA TF K IR AT
1.2 RNAIEEUFIcDNA& K

W B 5 E R %, I ARNAiso PLUSAE K, &
O ISR B E s O R, InNEE, TR
B, I EEEAER TR H, B
NEZEARF R AL LAUTIERNA, 2015 2IRNAT
BYLTE, FH OB, S8 5 K RNAVUIEIE T
DEPC/KH1 . FH 43 6% B 175260 F1280 nmif K 4k
I R OGAR, FF 1 %5 T b i FR Kk R 2 A RN A

FF i () 400 B2 RN 52 88 . AR AR 4R TRANS Y 4%
SRR B B 15, 7520 pLAR R I GE B S RNA,
gDNA Remover. Ffi#l 5] 9 2 RNase-free Water, &
BB 4IDNA 2: R FIcDNA A R
1.3 SERPREEEPCR

Fe VIR BE R 1 . kuda® 36408008 B2, A
Primer Premier SE{F Wit w51, N T A
BEAT 7€ B PCR, ¥4 3K 15 ¥ cDNAM: B 815 . HUHE 43
cDNAF FE B B 16 B2 F T VP Ak A5 A4~ 25 BRI 51 4
120, DA OR BI85 >85% . LI 2%
Jt %€ & PCRTE Eppendorf: Mastercycler realplex I
HEATEEAE, R FH2xSYBR Green qPCR Master Mixiz
. qPCRIZ B4R R N: 2xSYBR Green Master
Mix10 pL, IF [\ F A A 514 % 1 pL, cDNA 1.5 pL,
RNase-free Water 6.5 pL; 826 #F4: 95°C F 2min,
40N E IR, 95°C 10s. 58°C 20s. 72°C 25s, fE )i
—ANIEIR G TR (O At 2, TR DR AN 8 HE A
S B . R 2 B bR B A R
KiLE,

*1 BATERRAEEPCRIE LS IMREEIRIEE(T,)

Tab. 1 Sequences and annealing temperature (7;,) of primer pairs
used for quantitative PCR

Bl vE
B[R 4 F Gene 5197 %Sequences (5—3') JE‘T)?%’)E
m
BhEEFIClock gene
Bmall TCAGTCAAGCGGAAATGGCT 60
ACAATGTCACGAAGGACGCT
Clock GAGCCTGAACGTGGCTCTAC 59
TGTGGATCTTGTTGCTCTGC
Cryl CCCAGCAAAGACTCCTTGAG 59
CAGTCAAAGGCCATTTCCAT
Cry2 GCAGCTCCTCAAACACCTTC 60
GGGATCAAAATCCAGAAGCA
Perl GAGGACTCCTGGTGCTTGAG 59
GTTCAAGGACCTCAGCAAGC
Per2 TCTTTGCCTTAGCCGACTGT
CCGCTCTACACGAGTCATCA
Per3 CAAGCAAGTGCAAGCCAATA 60
TGCAGCACAGGATACTGGAG
335 [K ¥ [N Transcription factor gene
Srebpl TGCAGCAATCCAATCAGAAG 60
CACGTTTGGCTTGGTATCCT
Srebp2 CAGACCAGGTCCAGTTTGGT 59
CCACCCAAGATTTTGCAACT
AEZ A% F Lipid metabolism gene
Hmgcr GATCCCGATGACCAGACACT 59
GAGAGCTGACCGGTCTCAAC
Mvk ACCGAGTCCAGCACAGAAGT 60
GCATGCTGAGGTTCTTAGCC
Mvd TCGATGGACCAGATTGATGA 60
TCGCTGAACTCACCATGAAG
Lss ATGGTGGCGTAGTCTTGGAC 60
TGTACCTCCCCATGAGCTTC
Fdfs TGCTGTCATGAGGTCCAGAG 59
GGATGGAATTGGTTTGGATG
Cetp GCCTGGTTATCTCGGTTTCA 60
CCTCTGGCCAACTATGGTGT
Scap CCAGACCTCCTCGTCTTCAG 60
GAGATCCGACCAGCACTCTC
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14 BRI

FESELG AR, A A N %21 rp BE LA 20 2 i
53 0 FF e A S A KA, 4% F IR A
THRS I S AR KR

AR K2R (SGRy, Yo/d)=[(LnW,~LnW;)/t]x100

PR KAE K 2R (SGRy, %/d)=[(LnL,~LnL)/{]x100

JIE3# B£ (CF, g/em’)=(W,/L,)* 100
i, WL 3 5 it By ) 2844 B (o) R 2448 (em);
W RIL oS3 ARG VR B FIRT A AR K B TEl(d).

KA Two-way ANOVAZHT 1 AN IR [H] %
KIS AR FEIR, IR H Tukey o 46 924 i€ AN [
LbHR ) £ R AR E . F Acro B T o T FE
J Rt 5 DR 0k 1) S A6 B HE 34T 23 A, LA e H bR 2k
MFRIE R BT ERIZRE. AL, 8 B R
7257 HT(ANOVA) B 1 A J5 PR 19 AN [5] SR A B[] -2
[ ge it 22 57, Tukey 46 FH T 4ff 8 FF AR S 1] 250 AN
AFIREARLE P IE 2 ) 2 T R E .

2 4R

2.1 BEEKHEER

ZidaF )G, SHBSMAKHI T B3E
P2 5:(P<0.05). TEFTH A, GIH S 1) % I
ARKIER AR R 1, AR KAk BRI ng £,
1% ISGR FISGR izt 1 T FHAth £ 2H (P<0.05); A
W B (CP)5 G281 M i, 1 5 F G3FI G441 (3R 2).
G2H W A KR EA WG, H M iT 5 T G3H
G4, WWESEKIBIRE, G3A il A KTERT
AR R ZE

&7 22500, RS KBS AR K2 (SGRy)
5596 #9% RANE DN (F=1.708, P>0.05), {H 5 #
WEL I ] ) 2 R AR B VI (F=171.152, P<0.01), 4% K
i 37 5 2 3% R FH 3B 5210 (F=20.866, P<0.01).
T4 B 1K R (SGRyw ) FICFAR AL 1 & 32 )6 (F=20.572,

%2 FEAEGEDEKILLER

Tab. 2 Comparison of growth index of H. kuda in different treat-
ments
K AR
Growth index
WIRRK (cm) 4.99+0.25 4.98+0.17 4.99+0.35 4.98+0.18

Gl G2 G3 G4

VIR E (g)  0.59£0.06 0.60+0.04 0.60£0.03 0.60:0.04
ZAEK (cm)  8.88+0.14 8.24+0.13  7.12+0.15 7.42+0.16
2K (g) 2.5140.13 1.97+0.11 1.21+£0.14 1.31%0.12
SGR, (%/d)  2.06+0.18" 1.80+0.14" 1.28+0.27° 1.42+0.16"
SGRy, (%/d)  5.20+0.38" 4.27+0.25" 2.53+0.34° 2.82+0.25"
CF (g/cm’) 0.36+0.01" 0.35+0.02" 0.34+0.02° 0.32+0.02°

A AT AN [A)  BEARR ZH A2 A 2 35 1 22 3 (P<0.05)
Note: Different letters in the same row indicate significant
differences (P<0.05)

P<0.01; F=256.819, P<0.01). %Mt [A](F=847.781,
P<0.01; F=5060.988, P<0.01)}% % & b & 1F F 1 2%
VIS (F=74.448, P<0.01; F=548.721, P<0.01).
2.2 PFIRHERENRIES

A SIS BT A A AT 1 2R A TR SR A I (] T
A g EREEE R, & H A & AR S R 1)
FKIETAE 1R

FEGURNIG3 R, BTl () 74 35 IR R 64N 3 [
(B Cry2 M)A R Sy 19 K i A 28 7 H BE 2 R B AR
TERIE. HA, GIE Clockf Per31E 1 47 J5 1h
(ZTS5)IE B HTiAH, /26 IR fa BI(ZT16-ZT18) R
FFAH XK B9 % 35 K V- ; Bmall A1 Per14E 14T J& 5h
(ZT9)ik B FLTUAH, 1EJ6IE HI(ZT22-ZT24) REFAK I
FALIKF; Per2F Cry IHE G52 1 B R (ZT9)ik 2|
RIKWEAE, ARG AR (ZT18) s A1 SRR IAIK
o G3I¥ ClockH1 Per37E ¥ 4T J5 Sh(ZT9)iA F1| W& {H,
FLG1HEIR T 4h, TR 6 IR A AR R IE K F(ZT18-
ZT20); Bmall. Perl. Per2F1Crylt#[{EZTi%
WEAE, o Per 1 Fll Per21E Y6 g BH A B (K R 1A /K F,
Bmal IF1 Cry I WAE 52 i B 45 R 2 21 B AR AH -

TEG2RIGAH, IX 64N 3 [ 1 i 7~ A B 1 1
PRk . G2/ Clock. Bmall 1 Per3#E = 1 vh 1
(ZTTV F£iLWAE, H T Clock N Bmal 175 ¢ 15 11 1)
B TR HA(ZT18-ZT22)H HAK R IA, 1M Per3M £t 5%
WIS R (ZT16-Z2T18) tH MR AIAE; HoR I Perl Per2
A Cry IFEFFAT JG Sh(ZT11)iA B H T AH, 7] B iX 32
IR B AE Y6 I 3 A (Z2T22-2T24) Bon B B I B ik
KF. GAR SR [ FRIA AR 5 G2 AL
2.3 FFEEINEAERERIES

X6 JE R FE KU S 1 U R AR S R4
A, RO AEAS R 2 AR [ 1 2R IE R AE
(K 2). G1H, Clock. Bmall. PerlHPer27E Yt
WA H(ZT9) L B FRIK AR, Per3M Cry I fEZT51L F|
W& Y ; ClockRll Per24E St I 11 2 I N % /K °F, 1
Bmall. Perl. Per3H1Cryl M| 155 11 45 % (ZT9)
B RARAE . G2, 61 IR IAERIEZT1 1A 3]
U AE (K 2), 75615 11 AT 3H(ZT20—2Z2T24) B i
KR IEME . G391, ClockfE 9 55 1 15 B THAH, 6 h HH
(ZT20-ZT24) b TAK/KF-3R1K; Bmall. PerlF1Per2
1267 5 ik B TR AN (ZT17), Per3 M Cryl WAE Y
L3 b T B TR (ZT13), 103X 54N 3 ] A e Mk 26
T AE 25 LA KT AT B (ZT4—ZT6). G4, Clock
TET AT B T, 75 I B o B Ak TR KPR IA
(ZT22—ZT24), Bmall. Perl. Per2. Per3f1Cryl
FES G P AL T TG (ZT15), d 72 NIJTAT I Ak
THRIKP3RIE
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LIGHT AND FEEDING TIME ON THE GROWTH, BIOLOGICAL CLOCK GENE
EXPRESSION, AND LIPID METABOLISM GENE EXPRESSION
IN HIPPOCAMPUS KUDA BLEEKER

XU Yong-Jian, BO Yang, LI Jia-Wei and LOU Ye-Jing
(School of Marine Sciences, Ningbo University, Ningbo 315832, China)

Abstract: Biological rthythms play a critical role in the metabolism of organisms. In this study, the juvenile Hippocam-
pus kuda was used as the research object. Four treatments were established, including two photoperiods (L (light):D
(dark)=16:8, 12:12) and two feeding times (2h after light-on the and 2h before light-off), to analyze the interaction
between the two biological clock systems of H. kuda and their relationship with nutrient metabolism. The aim was to
determine the optimal environmental conditions for artificial breeding and the conditions necessary for the synthesis of
important metabolites in H. kuda. Results showed that under long photoperiod (L:D=16:8) with feeding 2h after light-
on, H. kuda exhibited the highest specific growth rate in body length (SGR;) and body weight (SGRy), as well as the
highest condition factor (CF) in all four treatments. Rhythmic expressions were observed in six clock genes (Clock,
Bmall, Perl, Per2, Per3, and Cryl) and eight lipid-related metabolic genes (Hmgcr, Mvk, Mvd, Lss, Fdps, Cetp, Scap,
and Srebpl). The trend of clock gene expression in the brain throughout the day, and its peak expression, was consis-
tent with those in liver, which correlated with SGR;, SGRy, and CF. However, in the treatments where feeding
occurred 2h before light-off, these parameters were significantly lower than those with feeding 2h after light-on. Addi-
tionally, the central clock system and the trend of clock gene expression in the brain throughout the day, including peak
expression times, differed completely from those in the liver. Only four lipid-related metabolic genes (Hmgcr, Mvk,
Scap, and Srebpl) exhibited rhythmic expression under the long photoperiod, while five lipid-related metabolic genes
(Hmgcr, Mvk, Mvd, Scap, and Srebp1) exhibited rhythmic expressions under the short photoperiod. The study suggests
that H. kuda possesses a comprehensive biological clock system closely linked to lipid metabolism. Combined analysis
indicated that stable rhythmic expression of clock genes and metabolic genes could be maintained under the conditions
of L:D=16:8 with feeding 2h after light-on. Under these conditions, the clock gene expression in the brain and liver
tended to synchronize, promoting the growth of H. kuda and maintaining the normal lipid metabolism pathway. These
findings provide a scientific basis for promoting lipid synthesis and accumulation in H. kuda.

Key words: Photoperiod; Feeding time; Biological clock genes; Culture conditions; Hippocampus kuda
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