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HE AR T W EVE R BT L X8R (Siniperca chuatsi)# % R G i AES BN R, KR
B4 17:00 (T1), 23:00 (T2). X H 07:00 (T3). 11:00 (T4). 17:00 (T5)3t 5 & £x vt 8] 5 KA 0 =2
AL R T A EACS mg/L) 5 BRABE VAT HERAHXETNHFZR EREF,
1d#d, MEFELE A REAWA ST, T3 8, EEARK, FHH 0.93 mgL; TS &,
MR ERE, FHH 1058 mg/L, T3 M T46, W FHEHELERK, IREGEEEAE; I
JEFHERESETE, ARG EREAT, ATP 2 E R FRIK; A A RAATH B 68 (CS)E %
DEBRRK, TARABEIRNEABmOLDH)ERLF A5, HE AR OEYEHK) ., %8200k
(PFK). T BB % Be(PK)7E B F A w, )R 0 A8 i R e B (L BR(GP) B e B B F & 1L hk. pfk.
pk. ldh-a %1 gp HE KK ERFE LI, s REAEREFTH, HWEBHEZED g2 kA EXLLEXL
o FHREH, BARBAFEY, REFEERAMUIKE LN, BEKTFHTRLSIZHTFTER
BA AR, HAERRMEENTERMBT FEEENA T AL EL L,

XKBIR B AE; B fubE; B AERHE

FESZES S965 NHEKFRIEEE A 0 XEHS  2095-9869(2023)03-0124-09

ST K= IR BB N, 250 KRR
JERE . KU L KIS R R R 5 BOK PRV K B
ZE . B FREE . MR IR AL N
4, 2005, #EFESE, 2013), FEKE IR R, BR
K HEARSAAE A EL SRR SR R P A AR T A0 2, X
155 I AE 52 25 51 B [ (Graham et al, 1990; Stierhoff et al,
2003), FRAEITREH, A HAPEAR S 2 i fa A
A K HIE5 BE /1 (Yang et al, 2013; Bera et al, 2017,
Targett et al, 2019; Obirikorang et al, 2020), 7% B/t
R A RHUA N EE R 2 —, tR4 i ATP

) FERAR . IER AT, A AR A A AL
IREEE A ATP, 2 2 EME 19 a2 2 AT A i
BEAR Jg TCAEARE, WD XF O, T 3K (Hemre et al, 2015,
HGAE, 2021) . A0 By AR 2 R EWLA ATP K
)RR, EWBLARR IE R DhRE. [FIF, PR 2 5t
WEADCA PR AERE &, 7 FL AR = & AR s
GRS A A, ARG e AT RE 2
EMAUARIE R A AR A, AR EE (E5RA
&5 2011),

8% (Siniperca chuatsi) 2 3% [E B 2 IR K & 5%
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X, EEFERMARTD SRR BT % 2001)
WFFE W, 0575 5 o K AR AR R B AR AR Y 7 4R
HESL BRI ;. M 25 (2004 2008) FIFE 45
(201138 5 43 A7 B =t A AR SAL IR - R B, SAIR
FUKFGIEASHF WAL . 2B (NH,-N)SEH
Thim, BWIEEEE, SSRGS (R . T SRR
B LI R 3, Tt E SR A AR T R A AR R
BRSO, WA T T, R
B (R Z S, 1999), [FIRF, SFEA MR HE >
M, BB RE AR BTt i R R IR . BT LA
TF 5 b 35 A 130 S0 A8 Ak T 8 2 A 38 1 28 TR R X
TR R IR A o i, AHFSTE i
AN [F) i TE0) 5850 U 4 A0 A 1 M S 0 2 B it 2%
JF B A A £ TS s A8 Ak SR P4 7E B 00 7 S8 1k 1Y BR
358 T K 9 2 A AR 18 B ot W S

1 #wREFE
1.1 SCIgHH

g RO Aok [ R RPNV OK T 35, i
BUARTE 7(39.15+3.18) g, /R M(14.42+1.34) cm B85
A FEEFE 7 d, WA N SECTARRHTE 5 mg/L L)
Lo 43 FIHE 08:00 F1 19:00 2 HEAEMMAT H1(8.3540.21) g,
AR H(5.03£0.56) cm A (Clenopharyngodon idella) .
SCEYHT 24 h SR B o R R

SIS AE LRI AR VAR K % B g b o A 5 B
(20 mx30 mx2.5 m) BIFT AT, FE I 0 22 A A
A4 3 AMIFH mx1 mx1 m), BRI EEALBA
20 B Af, X HE L AE T3 — ), i 3% EHLCPER T8,
S-30B)HF4E 24 h FE4AL, TRASF PIAR N A SA7E 5~8 mg/L;
SN FYE S — 0, AR A . YR,
A3 SAE PR A7 B E /KT B2 (S em) | R (S0 em) FIR
JZ(100 co)(JiAE%E . T FALES N S9 Seven2Go™ Pro
i 485 20 A (R FE AR A W], Bt ), BEFR 1 h
W 1 RS KR, LRI 3 d, BRI,

R FiT 3 DU A5 1 v AR T i 2, LA dee s LR IR
UK E SR FERF )5 . R R 40(T1-17:00) . 4R
(T2-23:00), fK4%A(T3-KH 07:00), H14(T4-11:00),
= %(T5-17:00),

12 KEHE

FEAS SRAERT ] 25, 43 531 DA KGT 20 60 512 56 4 ) A4

BEMLEGE 8 FEfh, MS-222 BREYS, o — Ut

PSEF UM, W E T 3 500 /min. 4 CE&UETE
> 10 min, WeBE IS, A—80 CukAE P R-FER .

IR Agp F5 T IO BT , 93 RUH R 5 A —80 °C oKk A v
TRAF 1T T 1 00 7 AR PR 3 ik 20

1.3 & IEFRNE

HYAN . BUEBIFIEH L, AR PBS
ZEM(0.01 mol/L, pH=7.4)k. % 1 : 9 By LLHIAn
A PBS ZE i, vKIB2)H 5 min, 4 ‘CF 2 000 r/min
AURED 20 min, BLOBUETER, 20 CHET

MWE . LR AR S 5 - 4 8 R A
25 0RO %) 97 9, ) VTR A 4 2 ) ARG I 4k
FG, Fe U A5 7 WA, R A 43 i Al 1 A
oAt Fg b A 75 X5 A= Ak A8 A A Iy =X — B

BTG A - ORI (HK) | B2 A LB (PFK) |
A B R 4 Bt (PK) o A7 5 R & Bl (CS) . LR A g
(LDH) ., FH 5 82 1L B (GP) i F L I3 BB AE 4 0 7 A
M7 &, e BRUE I B  iRR R, YR AR AY
(Synergy H1, BioTek, 3 [l WG RE(E, HE 7 brife
HRZR A A, TR Sl S P

1.4 ATPEENE

KD RAEYHE RN GEF= ATP K
G WUIFAEZLZY 20 mg, i A5 100~200 uL ATP £l
R, AR, RIFIE S e 2 E, T
4°C12 000 r/min, B.0 5 min, B EER. BFLA
SEhA 100 pL ATP £ TAEW , SIEACE 3~5 min; Ff
JIA 20 uL FEAE S, R B EARTR S, 2000
Wa2s)a, KRB (Synergy H1, BioTek, 3 [H)illl
FE RLU {H , AR PEAR 1 I £ 7138 AR i ATP B9

1.5 WHE=Z PCR

K H Trizol EFEBUHNE S RNA, i 1% 3R
BRI AL VK AGE I RNA B 58844, SR ] OD-1000"7356
HJE T (Onedrop) Kl RNA ¥ 1 Asso nm/Asgo nm TH o
I OD fATE 1.9~2.1 ZIAIRYREAS, fdf S saal Rl
(PrimeScript RT reagent kit with gDNA eraser, TaKaRa){$
RNA J55% 0 cDNA, 20 CIRAF .

4R AR ST 65 2 T I e SR 2R B iR R & 3%), R A
Primer Express 5.0 3K {F-1& 11 hk, pfk. pk. cs. ldh-a,
gp MR Z MG I8 A glue2 FER S5, 5180H 4
AR (M) AE IR BRA W5 .

W54, LL B-actin HINS LT
PIERE HE PCR AR FR K 20 pl, TB Green Premix Tap
I 10uL, IEEI¥4% 0.8 uL, cDNA #if 1.6 uL, G
F7K 6.8 uLo M FEIFA 95 °C, 30s; 95°C 5, 58 °C
30s, 40 MEH; 95T 10s, 65°C 5s, R 244
TR R AR AR 45 F ] mRNA A9 AR5 (3 1),
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woool B gt R 5 44 %
#=1 #HEBEKREEXEERNSIYFET
Tab.1 Primer sequences of glucose metabolism-related genes
L Genes 1E 514 Forward primer S IE 5] 4 Reverse primer
hk GTGGAGACTATGACGCTGAC CTGTGCCGATGATAATGC
pfk GGGTCAAGACTCAACATTAT ACACTCCATTAGAGGCAGA
pk GGCACTGCTGAGGTTGAG CGGATGAAGGAGGCGAAG
cs AGCACCTAAACTCCTCAAT CCTCATACCTCCATAAACC
ldh-a ACACTGAAGCCCGAAGA ATGGAGGGAGGAGGATGG
gp GCCCTTCTTAGTGGTCTT CATCTCCCGTGTTCTTTAC
glut2 AGCAACAGGGGCCACATATC CACCCAAGGCTTACAGAGGG
B-actin ATCGCCGCACTGGTTGTTGAC CCTGTTGGCTTTGGGGTTC
1.6 HIESHH HRKEAR AR o B, Hig, 17:00—1k

S 55 E5 4 4 DAV {45 E 1R (Mean+SE) %R .
KT SPSS 22.0 FRA#EAT 7 25K 56 LK 2R 22 73 A
(one-way ANOVA), # iK% g 27K, Wi#EfT LSD A1
Tukey’s ZH L, P<0.05 Jy WK,

gZER
MIERESEEERTW
ME 1A DVES, f£24 hvh, WL, . F

2

21

—— | JZ Upper water

- H1Z Mid-water

H 07:00 &b S0 TR B, 07:00 B4 &K P
AL, Eoh L P EREEEAS 0.74.1.09.0.96 mg/L;
07:00~17:00 J& 3 A E LT B B, 17:00 A% K
Fiewm, b . FEBEATYN 1629, 9.15.
6.32 mg/L.

)2 KIRAE 21:00—K H 09:00 P, JhiE .
TFEAKRIEA—FE, 10:00 ZJ5, FZ2KEAHES.
Lo FEKIE A R R KR 32.30, 31.53,
31.07 'C, i L PR EAR/KIE R 29.73 . 30.00., 30.00 C,
BRR#EN 2.57, 1.53, 1.07 C,

—— )2 Lower water
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Fig.1 Diel variation of dissolved oxygen and temperature in the pond
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2.2 Im3RFNATREE W ISR TN

B S0 LB B 284k DL IR 2a, MR 2a AT LIE Y,
Xof BRZH BRI X RA R, 24 h NG 3548 10(P>0.05) ;
SEEGAH MR R e TR IE TR, IR (T3) M4
(T4, I 2 R F(P<0.05), H & (T4, 256
S I /N T BE2H (P<0.05) . SEE0 4 1l 3¢ 3L
AR S T R R A (T3) Rl 4 (T4)RT

B SCI4H Treatment group

S A FLIR i b 2 KT IR (P<0.05) (] 2b).
X} R A A R e 5 I T A (P<0.05)

(# 2¢), TMSCIRAFREIR & 1 MRS LTk
{HIE 83725 10(P>0.05), (RE(THRITE(TH BE/NT
X HRZH(P<0.05)0 FFAEZLAR & BEAEARAE(T3) A 4(T4)
IR BT, PE(T4I, SCIRHFLIR & o o & KXt
TRZH(P<0.05)(1&] 2d) fRA(T3)MIHAE(THI, SLERLAT
JIE ATP & & i 2 /NFXT BRZH (P<0.05) (K] 2e).

Xt H84H Control group
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Fig.2 The effect of diel variation of dissolved oxygen on plasma and liver biochemical indexes in S. chuatsi

AN PR RN S 4 A E] 22 57 0 (P<0.05), K TR IR 2H 4 W] 22 57 .35 (P<0.05),
* R T [F) — Isf 0] i S ey 2 5 X B 2H 25 S 1035 (P<0.05) . T Tl
Lowercase letters indicate significant differences between treatment groups (P<0.05), uppercase letters indicate significant
differences between control groups (P<0.05), * indicates significant difference between experimental and control group at the
same time (P<0.05). The same as below.

2.3 RFAERE R EXEE TN

W EE R At R S ZHH R A HK 5 P
TEARSA(T3) . 28 (TS) R 2 K T4} B 40 (P<0.05) (&
3a); PFK i 1 7 4 (T4) I 2 35 KT X IR 40
(P<0.05)(&l 3b); PK i MEAEARSA(T3) ) I 25 K T X i
2H(P<0.05)(Id 3c).

g, CS IEPETEARAE(T3) . 480 (T4) il w4
(TS)A ) & 2 /N F X3 B 2H (P<0.05) (& 3d); LDH itk
BT, AR (T3) A (T4 i 25 KT X R4
(P<0.05)(I¥] 3e). LI F, GP &M SX MALAH TG
ARk (P<0.05)(F] 3f),

24 FrEEEECGHEXE,. AARREERER
EXtREENEL

SEYG A, N A A OG 3 R Y A B R
F LTS, 53R G R E AR B (P > 0.05).
SCHTAH hk AEXSFRIR B AEARA(T3) I 48 (T4) B I 25
THi55(P<0.05)(Kl 4a); pfk AHXTRIBHETE T3 B W& T+
1(P<0.05)(FE 4b); pk HIXF ik FEAEAREA(T3) M A
(T4} 2 2 THE (P<0.05) (] 4c).

TG A FAEE o5 BURINT Rk EAEIRA(T3)
A, T (TSI fx i (P<0.05) (I8 4d), S5XF R4
FHELTE 3 22 55 (P > 0.05); L9 T EMBEE Idh-a
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Fig.3 The effect of diel variation of dissolved oxygen on glucose metabolism enzyme activity in S. chuatsi
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Fig.4 The effect of diel variation of dissolved oxygen on the expression of genes related to glucose metabolism in S. chuatsi
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31 EREERTHXGRE RS

M T AT RIE H, Sea, T e E AR
— DR ANV I R WIS
A OEJE RN A A2, 07:00—17:00 B,
TR BGRE A2 W, B2k KoK AAEY A VR
S KT RN A RE S, IRIUL, 76 H P& 201,
WA R RN {E; 17:00—X H 07:00 i, KFH
B WG, FRWEEYE L C G AERT, B A
S, I b P RN AR R, KR
VR B D i B T A B R R R I
(FRT5, 1998). [FIEH AT LA 1, shyE L EKER
WEZEEER, FREKZEEB/N, AR EEKEGE
SPGRREREE R, S AR FIRAOGERE/N, b
B AR, NIEK I AR R EREE XU S5
A 2K R R Kz s Ay i, HiX — R R R
gig, FTLL, TREBA FEEEEA L, HiEZE
S BRI AT 2 USRS AT 2 (5
4 1992).,

IEH AL, 2R S A A AR
AALBEIR AL 7= K ATP; FEMRE ST, Hiwp
[ =N R SR Aw e it BRI N ST U v =R aw
O3 i TR R R 7 A /D R ATP, BT I 9 R BE BT R
(Wenger et al, 2002), CS J& =R (TCA)EI H =%
S, HLE M — T 7R PR A A AR Y 5 bR (Ding
et al,2020), LDH RE7ETC4UIE O T A A DI R R 55 16 Ry
FLRR(LA), e s e T Jo & Y 58 & (Wang et al,
2022; FEBH4E, 2021),

BT AR R, X A 5 2 1 T v
TR TR E R, RUEBETEHOLT, )
AR AR RS RS, ¥ AT AR
T AT o EAR(T)FIRS(T2), 5 50 2H 65 o) 2 4l
PRI GBS M S R ik i S0 A A L TE W 5 25 57,
2 W33 — B ] B 1A 2 AR = 5 0 R 2 K 50AE
A, FEZLA A T . IRE(T3)R, g
JHFRE R A AR CS BT M S ik i B R
A7 AR 2 B, ATP 42 i R R, J0R
G LDH 3 M fe ek i b Th, ToERITAE J1 1o .
FFUA%E(2020) . Sun %5 (2020)AFFT F W, 651K 1 2 6
(Micropterus salmoides) . # (Cyprinus carpio var
qgingtianensis)5F a5 —AF, 8 3 AR 7 O N
IRSAIRET o AR Ty 300 A8 5 R I R ot 2 e e 4L ARl
FEELRRIR R, W RHHUAN ATP & EM TR,

T R B TE B R RE T K, 0N R A 8 HK  PFK
M PK JEPE K R A 2 ETHE S, WA GE ) 1 v
AR ATP, HRER(TA)I, SER A SR CS 1
PERFRIB TG BT, RN ATP & W IT T,
{HIMARE A . ATP & 2 DA S TG A AR LDH I 14 M
FE S —EAKTR T2 B ]S A B Y 2
S, AT BRI A 2 P AU, BRI PN A BRA T
P E M, QAR UL EUK TR, 054 N e A A
HKFATIAE T I AT B, AR 2 IEH /Ko Az i
Ja EAE = e T (Portunus  trituberculatus) (LEAREE,
2016) Al 2% 4 fiy i (Pangasianodon hypophthalmus)
(Rachael et al, 2021) A5 H CHGHE o =5 %(TS)RY,
WSV S SRS B B AR, 59 56 2 8950 o 2 W A OB Tl
PER ATP & itk 2 IE K-, 050 % b Qi i
A AT A AN
32 MEAREERTUXNFEMNESENZM
AR A S TC AR A ATP, AL T
T RE I Y BRI FRSLAR U 7E 4 R ALK P B
T AN BRI B 3906 (8 A S e #0288 — Mt ok S 1
PR ORA TR, dERFRE R ACHTE, B OB T EmE
it . WD S A O S A AR AR T DG B 1) 0
JAT (Pilkis er al, 1992), XA BHLEI T LELE D Fl )
MBEA PR AF AR E (B 5 P (Polakof er al, 2011).
I WE R R I, — 0 T R AW AR 1 2 1> ATP,
T RERAR, BT, TEAREAENSOLT , IR A2
BRI 5 RS OB IR B2 R R F9E 3R, KD R f
(Yang et al, 2019)7E¥ %N 1.2 mg/L I, 2MEMNHA 4,
8.12 F1 24 h VL M K F ffi(Pseudosciaena crocea) (Gu et al,
201)7EA N 1.5 F1 2.0 mg/L i, 18R 6. 12,
24, 48 h, MM rha S Y eE A, RS
& %, B AEff(Oreochromis mossambicus) (Li et al,
2018). fE&(Lateolabrax maculatus) (Yan et al, 2020)
S RTEARACIRAT | #02lad R 70 IR SRR A b
F MR BE o A SE S 45 R b, AU, I 3% 38 4 b
i E NSRRI AN S o 200 20 65 1
b5 Wt s U DA DG, BT BV S 9l T
W, SRS BT SRR b0 i Y s
M B2 A G R s, IS, 8R4 SN 52
B, HREAMEE KB RO R AR SR I ATP, 3L
S50 2 0 0 T B TR IR AR AR 4R I
WERRE , S IE T R, M e 0 i o fife g 1) A 1k
TS R R, 2 glue2 B2 3 10 P 2 I T
M5 o AEAWEGE D, S0 i 25 e FORHE S50 e T 1 G
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The Effect of Diel Variation of Dissolved Oxygen Content in a Pond
on the Glucose M etabolism and Plasma Glucose L evel of Siniperca chuatsi

SONG Yindu, ZHAO Liangliang, MA Chenxi, ZHAO Jinliang "

(Shanghai Ocean University, Key Laboratory of Freshwater Aquatic Germplasm Resources of the Ministry of
Agriculture and Rural Affairs, Aquatic Animal Genetics and Breeding Center Shanghai Collaborative Innovation Center,
National Experimental Teaching Demonstration Center of Fisheries Science, Shanghai 201306, China)

Abstract Diel variation of dissolved oxygen content in aquaculture is common. Generally, the
dissolved oxygen content in the pond is the highest in the afternoon and the lowest in the early morning.
Siniperca chuatsi usually feeds in the early morning because of its unique feeding habits, therefore the
low dissolved oxygen level may affect its metabolism. In this study, S. chuatsi was subjected to different
oxygen conditions, a control group (>5 mg/L) and an experimental group (dissolved oxygen changed with
sunlight) for 24 h to determine glucose metabolism systemically. The following results were obtained: (1)
Dissolved oxygen level in the experimental group that underwent periodic variation was the lowest at
07:00, with an average dissolved oxygen level of 0.93 mg/L; and the dissolved oxygen was the highest at
17:00, with an average dissolved oxygen level of 10.58 mg/L. (2) At T3 and T4, the plasma content of
experimental group significantly decreased and lactic acid content increased significantly; liver glycogen
and ATP content decreased, whereas lactic acid content increased significantly. (3) At T3 and T4, the
activities of the key enzymes involved in glucose metabolism in liver varied; the activity of aerobic
metabolism enzyme citrate synthase (CS) significantly decreased while that of anaerobic metabolism
enzyme lactate dehydrogenase (LDH) increased significantly; the activity of glycolysis enzyme
hexokinase (HK), phosphate fructose kinase (PFK), pyruvate kinase (PK) increased significantly and the
activity of glycogenolytic enzyme glycogen phosphorylase (GP) exhibited no significant difference. (4) At
T3 and T4, the expression of ik, pfk, pk, Idh-a, gp genes in the experimental group increased significantly,
the expression of cs significantly decreased, and the expression of glucose transporter 2 (g/ut2) was not
significant difference. Thus, when diel variation periodically changed dissolved oxygen level in the pond,
lower dissolved oxygen level lead to change in glucose metabolism, from aerobic metabolism to
anaerobic metabolism, and the energy utilization mode of S. chuatsi had changrd.

Key words Siniperca chuatsi; Dissolved oxygen; Diel variation; Plasma glucose; Glucose
metabolism
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