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VRl (Sebastes schlegelii)si J& TlJE H (Scor-
paeniformes) . fifif}(Scorpaenidae). F-fifli& (Sebastes),
MPRRSR . RFELE NERIRA:, WG RN, T
O3 A FPHACARSF A DX, R R AE AR | B0 L
o H A L ] A 1 T b DX 3/ - il 11 R A, 5 R
WiEm, ES2MERYE, BZHNENEE, N
BN DGR IR Z 0 R E AT, Fe R i
Vg PO 66 ) 5 R R R ) R A 2 2 — ) Hi e
Kb, AW ISR R BN — SR,
Bt (Danio rerio) . £ 75 J5 fili (Takifugu rubripes)
T 1 (Oryzias latipes) """ {4 B FRIE Y Fh,
QNN fii (Dicentrarchus labrax) . WI88(Oncorhynchus
mykiss) . KV (Salmo salar) . KV % (Gadus
morhua) & P T IL A W AR SCRR AT . H A E P9 A
XFTVRICE ok 28U h R A5 . THALIE . R SE
D5 T, T OGO X HE BT A 5 3 R DL AGE
VI DG il 5 5 ) 2 v AE DG DG R IRR B R TR =,
PRI, AR 901638 X0 1 Q- fi 2 BT A A 52 0], X R
FEARAT A B PR IF S8 IR A IR
HOR | w2 PR RO S A AR A KT A B Y
HIBHE S E L

A FEEE RS G ) £ 2 A TS 5 W) v AN ]l
O IR) L, FESEYR % 50T, B8 TR AN R B ig (A
Jt. B, gt BOL. 206X R il A T SR 5E
Ab B, 3 e ) HE 2 v 3 A R 3 M K i 7
BRI B B R B, R FEARDGIE X 1 G
fiy £ THTS A Y RE R, 3 A A I G i ) e B B
SAEPR 22 5, AT X G il 3R K7 S B
Te bR AR AL B BT AR, 8 OG5 X 28 A Y o
TR LA, b SE PR R A rh O PR BT A 4R 2 1
HigZ%

1.1 R

S0 AR B R T A DR A K B AR A S
F LREHORWEIE 0 5250 % PR R K LI R 58, 1T
FP-fih 90 H s, 9I5R—JHJs b kit 450 RAABL
R RS AU S [(3642.93) ¢, “FIfAK
(10.07+0.56) cm) ]/ -l k£ 75256
1.2 EBRFk

ARSI E 5 > LED JGigabHidl: G0k 525~
530 nm) . WG 450~455nm) . FOGE K 590~

595nm) . ZLG(IEK 625~630nm) . HOG(IEK 400~
780 nm). SCHCRFH LED YIRSt & B G E
KB HEBTFHENC R R, Bl
TiRE 3 N EEZREE 3 DIEM(NE: 80 cm, JKTE:
60 cm, HROKAIAFL 250 L), HAEHEE I 30 B
ol gt SR OK FRE, GRS — ke R
250 mW/m?, JEEIIEE K 120 © 12DOFLTEE] 7: 30,56
FTHHE] 19: 30), SCHFAR 75 do N TGRS AbEIZH 2
TSGR RS S5 YL, B ACERZH 22 6] 24 AR T .
H 4 8: 30 IR 16: 00 ARSI, SCrbialk
WEERS ARk, A H AR MEARD AR ) R bl g TR A A £
AR 2% TR R RIRIS 2 IR, P Il PR A
1.3 #RRESRAE

VE RS IR FEAS, SCBG 2 R, S5 faly
T 24 h, BRASFRGHAR BE AL 3 B AE R 5250 5 1
FEA FE SR BEAE— AT, TP 4 h -7 HURE (B
AN ] 5 2305910 4 8: 00, 12: 00, 16: 00, 20: 00, 24: 00,
55K 04: 00, 8: 00, 43 IXf L Hf X (zone time, ZT)
ZT4, ZT8., ZT12, ZT16, ZT20, ZT24), HUFEfH
MS—222(200 mg/L)¥fapRmE, ffFHFRM R, i
il 1% 2R AR SR WP T, KB B 500 e 1 55
A RE, WEE KB, I 1.5 mL B
B, 4 CEE B, 80 CUKFRAFRH, B4
s [E0) A5 A L %) S 56 P £ 57 B TE AR g O B L I
o G BT RA A, —80 C UK fRAF 5 H
1.3.1  HALACEES MR W E

BT T 4 CUKFE N RR, TE VKA BT iR JF
TR B PR A 2 (B AR 0.1 g 240, A 9 4
IRF ST 3 A TR, TEVKOK I 20 TR ST 3, il Bk
10%2)3%, 4 “CF 2 500 r/min Z5.0> 10 min, B35
D T AR AR B G 7 o M 4L 2UR T 00 T AL, 2
&0 - VE K (0-AMS) . 5 B (TRY) FIR 15 il
(LPS); JFHEZHZH T FC 0 i, 45 PO HI R
fifi(PK) . FLR M 20 (LDH) A CBH R (HK) . I A it
15 700 7 349 7™ A% 4 BR Pl pg ol AR ) TR Y A
PR B B T
132 IMEEEE. #ERESENNE

I AR R ZR L R Jo Pt B 0 e TR K A %
BT (ELISA) I ) & (Al 156 A= 1 ) 1 B A 400 BH 45 458 R WLt
PRI AT E, A FHEEFRAY 450 nm P4 T M@
W RE(OD i), EaAnifE M2t Fae b e R 3R

B SR
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1.4 REFEHRITHHT

TIGHAEZA Excel 2016 #IEALHES, HLISE1Y
bR 2Z LR, ] SPSS 22.0 #AFHEAT A E )7 2%
38T (One-way ANOVA), B [A] 2253 B 3 PE(ZT4 . ZT8.
ZT12.ZT16,ZT20.ZT24), 455K KK P<0.05. H
Matlab BAFHEATA5L0HT, BAEREITER =M+
Acos (tn/12—¢); Fory fe) /248 B )% 10 4 i 44 7K
M RPN TR FR A T E; A RIRTE; o RIE(E
MIBE, JE4R 8 2 WA A B 21

2 HREH

2.1 TR AETH KT BTG ER
T4
5 PGS, YFICOTahin NS TE AR o-UE
WS S 5 G I A AT I TR 22 5 (P<0.05), ik
P Tl T 1) B ) 22 S R W 3 45T AR AR B i
F R RS EOLE 1.

x1 FREHBEUEEHNERTRESH
Tab.1 Circadian rhythm parameters of digestive enzyme
activities of Sebastes schlegelii (n=9; Xx +SD)

it WA RIE ME MEEAN P

ESTS 0.059  0.765 0.259 0.027

ey 0.123  0.818 0.893 0.028

a-AMS #0294 0.891 0.364 0.041

E4l 0.237  0.755 0.525 0.050

H 0.275 1.064 11.650  0.050

S 0.900 3.645  —2273  0.042

- % 1.551  4.457 0.570 0.050

L HE 1.049  3.048 8.285 0.005
LPS

41 1.474  2.845 4.824 0.030

H 1.432  4.732 1.071 0.245

ST — — — 0.424

K’ — — — 0.356

Eﬁﬁ%% H — — — 0.547

E4l — — — 0.156

E] — — — 0.245

B AR 40 S 2 B B o (L L4
ST PR OL R B WA ISE O 0 I ): P 43K T )5 e e
A LI [T e

211 AREDEE T FRFEG T o-TeREE R ER
2k

5 PGS T VR IV il 18 R0 I 1R A 1T

WP 3 B AR R, 20T SER AT PR AE 2724

KB AR . 7E 8 h(ZT8)Jm KRN e ik 5.(K] 1a), itk
AR, O, JEMBEMETET ZT12 2 ZT24 2
[) 8. 25 14 5 (P<0.05), F-7E ZT24 1K FIEAE 0.90 J5 2518
FEAR(E 1b). EOGA D, TEMBERYIGETE ZT8-ZT16
N AR, JRTE ZT16 A B KM 1.32, 7RI
PET ZT4 FERV AR (B 1e). 20640 b e b s v
fE ZT8 3| ZT16 Z 8] 2 - FHa%, 1F ZT16 ik Em Kk
)5 B R RS, 78 ZT20 AkLL%18 FIEAE Z2T24
INBNRANE, B2 E LA EEP<0.05, K 1d).

G BN 53 5 ZT16. ZT24, JER i
TGPETE ZT16 ik B F RIS TE 4 h N 135 T % (P<0.05),
P ZT24 KBS B & T, 78 ZT8 ik BIm K E (&
le)o &% . WOGTER MITE M B 16 MK A X AL 2 i, &
IR R B IR, T FOL S 20041 ) 2 IS SR AR
MG, G EE W) B e R BB, T Y
BRGS0 OGO il AL Y T
PEIKSAE ZT24 TR BIWAE, 165 S OE A5 AH g
FiE 35 PR K P A, BB RMIZIC R H BLAE ZT 16,
FOL 5 LG BT H (R TS MK B R, AoRdL
PR AL ) TG MRS 3R ZT16 A1 ZT24. 5 H
JEAHE, B FNLT N I 1 W (A A 3 A AN [
FERERYZERS, TSR WG S M 04 (ERE A7 Hh A B
BB AR . TR E (B 1), HE T ek
it P 200 o R T MO, WO 0k 20k
2 m T a0 N F 3475 1 (P<0.05).

2.1.2 ARG T K V-abig IR B S M E R

24k,

5 PGS TR BT fih g 18 B I R e 1 sy
KAERE KA A 2 Bits o 806 F g 07 g il 1%
PETE ZT16 1 (A5 2218 N %, 78 ZT4 ik B R AKE
P, BfJGTE 4 h 58T (P<0.05, Kl 2a), @64l
Y RITE ZT20. ZT4 WP E, & K(EH ZT20, ZT12
F ZT20 218 | TRk RIS 7F ZT24 W35 R (P<
0.05), Rfijm 2 E T (& 2b), EOGAL 44l T B 3
P25, TE ZT12 NRIBG S PRI 2¢). 200640
i1, ZT8-ZT12 53 F K& (P<0.05), 4 h J5 55 =S [a] &
BE LI, 1E ZT20-2T4 225018 F s, 16
S5 Ji B 100 851 M il 0 0 M T v (1 2d). IR g
{EHPTE ZT16, 7EZT8-ZT12 ¥l i & F R&#a#, [H
JE BT E AR ZT16 IR B E(E, 78 ZT4 HBURAKE
P, BfE ETH(E 2e). fESE . BOLT IR R R
%, BOCIEE N IR A, Sk G RS M 0
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Fig. 1 Enzyme activities of circadian rhythm and average enzyme activity level of amylase in the intestine of Sebastes schle-

gelii under five spectra
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Fig. 2 Enzyme activities of circadian rhythm and average enzyme activity of lipase in the intestine of Sebastes schlegelii under

five spectra
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FI TG VEAE ZT8 i, 7E ZT8-ZT20 W3 T k%
(P<0.05), ZT20-ZT24 & FFH#ask, btJa T (& 3a).
WA, 7GR R BE B 2 R % (P<0.05), 7E ZT16-
ZT20 FFEET ik B 5 4k 2 1 2 T B (P<0.05), 7E
ZT4 FikE ks, BEEFE (A 3b). B, £0. OB

AR B, 1 HBAE ZT12-Z2T16( 3 ¢, d.
e), SR JBEER 1A TG P ) W (ELFE TR G s PR v d
o . £0. FOBPREE T B A s P 2 I S AR
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Fig. 3 Enzyme activities of circadian rthythm and average enzyme activity of trypsin in the intestine of Sebastes schlegelii
under five spectra

TE: GETHIN ] 8 Z 18] 1 22 5 (P<0.05) A ) 5 BE4F-5-(a, b, o)38m o R EOF 4RI, ORI B, BOARBEH B

22 REABETHK TR RME MG V. FLERGSAG . 7N R SR O T A
BREA B 22 52 (P<0.05), 4476 I Hh 3 1 1 B 1
5 MGG AT, UGBTI &R © ERESELE 2.
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x2 TRPHAHBEEHNERTELESH

Tab. 2 Circadian rhythm parameters of digestive and
metabolic enzyme activities of Sebastes schlegelii
(n=9; Xx £SD)

g ARERA PRUE PME O MEERIG P
Lk 1095 2143 2747 0.031
o #0874 2369 0519 0.027
B%ﬁiﬁ% B 3017 3397 15440  0.045
20 2131 4128 3423 0.001

H 2.747 3.234 6.580 0.008

£ 10.060 41.760 -0.498  0.026

i 20.690 43.980 2.909 0.011

LRI 2 Al B 10.250 38.630 -2.542  0.050
LDH

21 29.680 36.010 0.423 0.011

H 25.130 48.710 -23.270  0.039

£ 0.147  0.170 0.091 0.039

N ) i 0.148  0.240 -3.488  0.049
ngﬁﬁ% B 0.270  0.259 -0.092  <0.001
N 0232 0.187 2.538  <0.001

H 0.101  0.216 -0.634  0.050

TE: i A S5 R W 2 () B 88 B0 — 21 T (A S 300 3 1R
WAy R ] 9 i o i B2 %0 P i) e (OIREE )5 P Ay ki) ) 4 2 S5

22,1 AEPEREFVFRFoh AL OV B

B4k

5 FROGTE T 1 BT fil I b OB e T 1 1Y)
T BTG KPR AN L 5 B o sfotdlh,
TE ZT8-ZT24 W LA RFF 8 N FE S, 1E ZT24 3k
Fie/ME, B 2T m R (A ) EA T, LR
Wb B S PR RA S, 78 ZT24 K| R(E, ZT24-
ZT8 2 [ FHEa# (K 4b). BOLTTE ZT8-ZT24 {1+
g TR, SFHERAKR, MG 2EH LI
P o) LI AL (E de) 7 ZT16 1K F (A,
AR BAAF (E 4d. e)o GG I PEKF- 76 1
FGig e i, a8, . EORAIEEM M AR,
FOCTE L I B S ARG, WA AR 2 1 B AR
FR o PSS KPR E (B 46), £006F X004
BEETHALROCOA, . BOLiHrk R FHETH
o,
222 ARG T VR P B b LR i SR I 1 1Y)

Bk

5 FIOGIE T VR FCF- il I 2L i S0l T PR 1 S
WS IEEACEAS anE 5 e . goltd .,
fifg 15 PETE ZT8-ZT12 Wil &t TR kads, 76 ZT12 i 3t

H/MH, 4 b 5 IR, FECHE I 2 R R 2
(1# 52). WAL LIRS TG KO 2218 I
P, TEZT16A (A, 754 h)5 W3 T FE(P<0.05), Ff
Ji SRR LI (R Sby. 4L, A BITE
ZT20, ZT4 HEIEE ., 264 (F 5d)Hh, 18 ZT12 ik
SR AR5 22218 [ a5, ZT24 ;KB J5 (-
B8 R R EE Se). FOEd Y, ZT8-2T16 R &1 T
FEkad, 4 h 52 8% L IHEH(P<0.05), 1£ ZT20 6%
HOKAE, BG5S TR, 75 2124 k2| AR E
Se)o FIIGCAL WA TG /K T8 FLRI GRS PREE P fie i, 41
AR = BRI S, SO, S, 8L 40
HIGEAN AR, WA REGRE ., SbETHEE
IR TG 22 5 (] 51).

2.2.3 ARG T4 Bl AT A A 79 R BRI T P
B

5 s 9 DT fo FF AT e A I R 95 7 2 1 e
RS ITE HK A AL 6 Fis o St S
Wit LZE Ak, ZrBIFE ZT16., ZT24 KB\, 156
SR — ] B S B R a3, 4 h 5 BT, TR
5 — I 8] Bt 35 I (P<0.05), ZT20-ZT24 Z£18 I
Tt, 4 h 5 2218 F A, ZT4-2T8 W3 b T+(P<0.05,
Kl 6a), WG, GRS —m R B g g B, fE
ZT16RBIE(E, RS8R FRERaS, £ ZT4i5%)
AR, BEJGAE ZT4-Z2T8 i T (P<0.05, I8 6b).
FOLALTE ZT12 MIEPEAEE(E, 4 h J5 B
(P<0.05), 1£ ZT16-ZT4 ZZAL 818 5 5 b T $ (&
6¢). ZDGALH, BEATEEAKF— BORRE NI, 78
ZT20 iR EI R ARAE, RS 28 EFHESE(E 6d). HYBA
H, BERIE MK RIS R R, 7E ZT20 5%
AR (H . %Fﬂm,fzm4¢ﬂmﬁ:4m?£ﬂ%
1 IS 6e). BCALIE(H I METE HAPEIE R
$%%,%%%ﬁ%WmMﬁmmﬁﬁﬂ&ﬂE%ﬁ
RS FobdlSst, Ot a4 HLIgEE AN 47
o HOLE FCA AN AR —3, FHTEEKE
ToHH 225 5 (E 66).

23 FEAARTHRKFSLFERABZELSE
Tk

B J P ARV ECOF B it 355 v 2R AR 1 B AR Ak A
K7, Sotdh, SR B Witk As ik, JeE
BB (ZT8-ZT12) 3% L JF, H 25 3 E S(ZT16)
B TS, e ZT16 kB (H, Ffn 2818 AR,
GRS R 8 IR, HE| ZT24 2T R
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under five spectra
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Effects of spectra on digestion, metabolic rhythm, and physi-
ological stress of Sebastes schlegelii
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Abstract: The serum, intestinal tract, and liver of Sebastes schlegelii were sampled over a period of 24 h (8: 00, 12: 00,
16: 00, 20: 00, and 24: 00) under five spectra (red, green, yellow, blue, and white lights, respectively; photoperiod 12L:
12D). to investigate the digestion and metabolism levels and peripheral hormone rhythms. Results revealed that the
digestion and metabolism enzymes of Sebastes schlegelii under different spectra exhibited rhythmic patterns, except
for trypsin. The peak phases of a-amylase (a-AMS) and lipase (LPS) under yellow light shifted to the left compared to
those under white light, and trypsin (TRY) showed no temporal difference. The peak phase of Lactate dehydrogenase
(LDH) under green, yellow, and red lights moved to the left compared to that under white light. In the five spectral
environments, red and yellow light affected the peak of digestive enzyme activity earlier. The peak phase of pyruvate
kinase (PK) shifted to the left under green, blue, and red lights. The secretion of hexokinase (HK) was observed under
green, blue, and yellow lights, and its peak phase shifted to the left compared to that under white light. In five spectral
environments, green and blue lights affected the peak of metabolic enzymes substantially. The melatonin level in the
serum of Sebastes schlegelii was low during the day and high at night. Moreover, cortisol decreased during the day
and began to diminish continuously after reaching its highest value at midnight. Changes in the peak phase indicate
variations in circadian rhythms. The above results show that different spectra can influence the physiological meta-
bolic rhythm of fish. Thus, future research should fully consider the biological effect of spectra on cultured organisms

and then formulate appropriate lighting conditions.
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