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AR, AW 5T LAAE B 55 R T 200 1 O %o 2,
PRATTE = W 6708 200 9 6 e B 9 R AR
AL, LU S e K AR A QI 12 T ST 4R B
Z HE LA o

1 MRE5FE

1.1 kiR RIEFRF %

A FE A FH 1 200 Ry A o 20 L R, Sk i
KA YT b kot AT 2 G R SR AR, 7R
TR A& 20%064- M35 . 1% 4%
K M DMEM/F12 {5373 F 28 C, 5% CO 45144 T
Fige o TESCH ALY, HAifE R R 70%~80%
A, ARG AR 0, 2.5, 5. 7.5,
10, 20, 30, 40, 50, 60 . 80. 100 mmol/L [
WG4, 3+ F 6h, 12h, 24h, 48 h fl
72 h XM TE P HEA TSI, LA BE b B IR 1A
B,

M — i Mg B A R, 1E R
PEE 2 ANAETE, B B RN AL, AR ik
B 3ANEEILE ., XTI A E DMEM/F12 K%
R SR AN N, R R S A ok R A R Y
DMEM/F12 ¥ RS 3240, K595 48 h o A
FRALBRES R G, WA R R IR B, R AR
SEPHCE VRN 2 WS, SRR I A
AN, I PR BEIR EE 22 s Uk 2 1K
1.2 IEHRME
121 HMREXSH  HAEE S ERM Zhang
SO B M D sk AT N 2 5 45 TN 3% & B (ALT)
BB B (AST) R Dong 25U #AE Iy i 4
ARG

JHAR D o ARSI, R P e ot A Il D 3k 7
A& E o TR D IR R ISR A A A AR T
200 pL BEFRERZE vPIREE B, R AEVKIB A T
FRAERE, B 50 uL FESYIIA 150 pL SiA R, K
7% 20 min J&, WKRHE), BIA PR AT . X
D EERIEE, 25MA 1 mL 3FE
K. 1 mLARESE . 0.9 mL AZE/K+0.1 mL P05
K, FEHmA 2 mL B0, RAE KR
5min, BUREREITES), T 620 nm ¥4, 1 cm Ot
7, FAEIRE, W4 ODE.

SR MR AT (ATP) & &= I e SR H Rl =
KA AR PR w58 ATP R &, o
YL ER: EMCELF A 200 pL AR,
ARG I W FT 78 /0 USSR i . 24t ) 4 °C
12000xg #5.0> 5 min, B g, HF/R2mME .
Fi BB MRE R 100 L ATP A6 0 T4 8 1 L 491 i
HlTE 2 5 ATP R TR . fERE R e vk i
R BUE B ATP AR, IR 1 4 19t
B R, Bol s ATP #2 TAEW, 754 BIK bR
M DARESL 100 pL By AR L, =R ECE
5 min LITHAEFEA ) ATP, SR J5 G hNA 20 uL
o DR &, 38 5 2 D) RE il B8 [ (Varioskan LUX,
Thermo Scientific)#E1 74k & ek, % RLU {H
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2 WK, FEER 12 1000 0 A FH G L 55 35 S R
DCFH-DA #%t, 37 CW¢E 20 min, JCILIEEFRE
P 3 WA, TR dnii{(CytoFLEX, Beckman
Coulter) #1777

KA Dong ZUTHBRAE T ¥, X AE B
JHF- 448 Jf P9 8 R Ak ) 1% AL i (SOD) . 3t S Ak AL il
(CAT)IEME S5 [ (MDA) & 2 dE T 52
1.2.4 LKRGEHEEME FFEFE, WEMAKRT
1.5 mL .45, 500xg B0 1 min, 3 L3, 78
ANMLITTE A 500 pL 35 B, 500 pL 25494 s
B Y tail, FEAMIRA), vk R G E 20 min, RIZI
BHC10 uL B FEHI A L, EH A5 TL Bt
(DM5000B, leica) F W%,

LB AT i A% AR AN RS, H IR R [ 2
5 min, &) T RHEE 45°HRES" T, 1500 r/min &
L 3 min, FFUUNE, SRIGINMA 2.5% )5 8 5 2 ),
ZFIREDOEFE E 30 min 5 4 CHRAF. MG 1E OsO,
VSR P E (B 1%, Y] 2 h), SRAR IR LB,
i TR D) A WL 60 nm JE MY A . e
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(TR AR BEIR ), TEFS 7 WA T ge,
1.25 WHEEPCR ZflE RNA BIHRECR
trizol ¥E#EAT, BAREAEL RS H XM &I 4.
S RNA & W5, 8 o B 4r ot o B it 7
260/280 nm AbIE RNA ¥ & f4lifE, %5 it
1%I5 HE W BE I L UK A T 42 RNA By 58 ek, 38
if RQ1 RNase-Free DNase ZbHfl RNA F£ i, DLk
B LR 2 DNA V5%,

i HEMEREAH & 61T cDNA WAk, Hik

PAEL RS H AR U . [T SYBR Green 1
B DRI TR DO i PCR, BT LA ok
Y6 5E 7 PCR 1% (QuantStudio Flex, Thermo Scientific),
SR G U B TR P2 . 4 Primer5.0
B s s iseit, 1A i il TAE
W) TREAT R R AT o SRA 2724 s S I 4
Xk, WESILHAN p-actin, BT HGIHIHL T
PRRCREUE, Hrh B & B-actin S
KB AT 3 IKEH A, ARLRET ST 0% 1,

x1 IHRAEENSIWFT

Tab.1 Sequencesof the primersfor real-time PCR

R 1EFF(5'-3") S FF(5'-3") 1B KR/ C

target gene forward sequence (5'-3") reversed sequence (5'-3") annealing temperature
drpl CTCGCCAACAGAAACGGAAC TGGCACTTTGGTCTTCGACA 60
tfaml GGTCAGACATTTCACTGGGTTG GCGGCTCTAATGCGTGAAT 60
mfnlb GTCAACGCTATGCTGAGGGA TCATCAGAGCCCTCCGTCTT 60
mfn2 TTCCAACGACCCAACACCAA GTAGGCCCCCAACTGTTCAA 60
Mull GCTGCCGTGATACGAGTCAT ACGTTGGACAAGGACTGGAC 60
atgs TCAGTCGCTGCCATTAGAGC TCTCGTCACCTGCGAAAACT 60
pge-la AACCCGACTCTTATCCCTCC CGTATCAACGCCACAGCAC 60
pge-1p GTTCCTCCGAACTCCCAGTG GCAACACCCCTCCAACTACA 60
nrf-1 GCCTTTCCACCTCTGACTG ACTCCTGCTTTCGCTTCC 60
pinkl CTGTGAAAGCCCGGTACACT TGATGTGGAACTTTGGGGCA 60
fisl GTCCCGGGAGTCATCCTTTG ACAATGAGCTGGTGAAGGGAG 60
P-actin CAACTGGGATGACATGGAGAAG TTGGCTTTGGGGTTCAGG 60

W drpl, S HEAMEEN 1; tlam] RRAREEFENT A; mfnlb, LRKEEEE 1b; mm2, LBARBAEN 2; mull, LRifk E3 2
REAEER | args, AWVEMIKREEN S; pge-la, i A ALY BEARIETE YOS Z 14 v WG AL INF Lo; pge-1B, 33 EUAL Y 116 5 0 84T
ZAK y WOTECE T 1B; nrf-1, BOFWRE T 1; pinkl, PTEN S0 1; fis], SORKRRAEE N 1; f-actin, B-ILEIE .

Note: drpl, Dynamin-Related Protein 1; ¢faml, mitochondrial transcription factor A; mfnlb, mitofusinlb; mfn2, mitofusin2; mull,
mitochondrial E3 ubiquitin protein ligase 1; atg5, autophagy related 5; pgc-1a, proliferator-activated receptor gamma co-activator 1a; pge-1,
proliferator-activated receptor gamma co-activator 1B; nrf-1, nuclear respiratory factor 1; pinkl, PTEN induced putative kinase 1; fis/,
mitochondrial fission protein 1; f-actin, beta-actin.

126 ZREEEEASNPOH  WHEANRE, 2K

2 HER59Mh
LR DNA, PEA0L TR KA e R m i s,
JH MagPure Bacterial DNA 7| &2 B2 ki {& DNA, 21 ZHRaAE

S S AR E D 0, 2.5, 5. 7.5,
10, 20, 30, 40, 50, 60 . 80, 100 mmol/L [
KRS IR AN 24 ho Z5 R WA 1a PR, MH 4
B & S mmol/L B, 4B VS T e s, A ek

SRJ5 F Qubit dsDNA HS 7] &bk B,
FH 1%B A biEE R UK B N DNA SE8 P, 1740k
& DNA Il A T AR A BRA /58
B, w2 SO, IR T AR

1.3 #HESIT

FH SPSS 23.0 #4707 2508, KR I
220N Ry B HEAT W A B, R 2 R LT
{HprifE2E (¥ £SD)FRIR, B E KN 0.05,

JE 75 F 40 mmol/L J&5 4 B3 P iR B R, 5
2RI 5 mmol/L 1 40 mmol/L 1147 454 7K 43
IIREE S %ok B 2 e A4

JH 5 mmol/L F1 40 mmol/L %525 i & 2 1% 97 4
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WEFRMM 6. 12, 24, 48, 72 h, Z5RAE 16 fr
R, CUALFRETE K 48 hoEF, A0S KT 50%3F
INF 70%, UG L5 AN PR ] 2R A 48 ho

5 mmol/L F1 40 mmol/L #&j 0 & 1 15 95 L %

FRANML 48 h 5, S5HANE 2 FioR, EELAnAE R
2 W8 RO TR i 2 S T IR (P<0.05),
AN AN, AR AR R ST
X HEZ(P<0.05)

— X} #&4H control group

150 == EE4H high-glucose group
n=3; x+SD ** **
* *¥
; |k §
S 100 -
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S
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$ 50
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g
0
6 12 24 48 72
[} [E]/h time

N T e ] 2 B () RS [) 45 57 6] 18] (b) T A 85 i T-240 0 1) 355 g

* IR AL 22 57 i 2 (P<0.05), ** R 2 0] 22 S0 2 3 (P<0.01).

Cell viability of Lateolabrax maculatus hepatocytes cultured under different concentration of glucose (a) for different time (b)

* indicates significant differences between groups (P<0.05); ** indicates extremely significant differences between groups (P<0.01).
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glycogen content

¥ F A&/ (mg/mg prot)
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control group high-glucose group

[d  »=3;x+SD

N
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(=]
T

AR M /(U/g prot)
AST activity
3

B
control group high-glucose group

P2 40 mmol/L Hj#47HHKT 7= AL 05 F 40/ 48 h J5 4l P i A M () . BRI (D) &S
MR AR LIS N A (a) . A3 R () R TG
* N A 25 57 1.3 (P<0.05), ** /R 4 17] 22 240 i 38 (P<0.01).
Fig. 2 Glucose (a) and glycogen (b) concentration in hepatocytes and ALT (c) and AST (d) activities
of cell culture supernatant for Lateolabrax maculatus after 48 h culbivation in 40 mmol/L glucose

* indicates significant difference between groups (P<0.05), ** indicates extremely
significant difference between groups (P<0.01).
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0-KGDHC , SDH ,MDH {4 & 3 7+ 5 (P<0.05)
AN, B AN ATP B 2w T 0 R4

N SXTHRAAHLE, SE4 R HK. CS. IDH. (P<0.05)
o 150, 4= =) - _ g 20 a3
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ﬁ v E < g 8 -
2= s 23 5| WA
B do =
z & § 0.5
T s L1
£ 9 £ o0
ot TEA payiiE| A IR payiit| bR
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B group group = group group group group
= _ < - _
2 1574 n=3; 48D - & 1S[e n3;x2sD > P 3016 ye3; 348D
S —— a° 2
S £ £ 5
g0 %E’lo £z 2 el
&2 5 8 35
® A Bz < e
=0 st ®Wa s w10
= = &
1] 8 =
= | : :
E 0 S — 0 -
5 XfFRZH =i Xof B4 [y i) Xof HREH [y
control high-glucose control high-glucose control high-glucose
group group group group group group

3 40 mmol/L 74 & 15 IR BB FAL 6 A0 48 h )5 4 b ARG S ) il ATP &5
*FeR 4 ] 22 5 18 3% (P<0.05), ** R 41 8] 22 4 2.3 (P<0.01).
Fig. 3  Activities of cellular metabolizing enzymes and ATP content in hepatocytes of
Lateolabrax maculatus after 48 h cultivation in 40 mmol/L glucose
* indicates significant difference between groups (£<0.05),
** indicates extremely significant difference between groups (P<0.01).

23 BEHEEFEXNEBRRELHEIE
BT SE AL AR SR AR NI 4 Frs . SX R4
A, BN —BE(MDA)S ROS S ¥ B #
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UL, RHZRRTIREZ it FLIG MR 22 . Al
TS NIE 6 R, = T SO 4 i 2ok A
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Wi . A Al
25 EEEFMENEERRENT MW
SRR A MR AE P & A B R R AN B 7 TR,
SRR b, b s R B B T R AR
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Lbi R IR nifol | pge-la. pge-1B 13
iR (P<0.05),
2.6 EHEEFITLALE DNA MR

3 3o 2R 38 S E R SNP 43T, 25N
K8 iz, mllilide T, 5ZFIpHIMLL, ik
D-loop [X 16144~16153bp K487, ¢.16144 T>C,
FH O R 2 B R TN R (TTT) 28 48 Sk B 4L ) 52 4
BR(CTT), H AR A A e R A MUARAS, S Zns
(NI
3 iTig
31 EHELEFE X BT R 58 &2

JHF I 2 1028 55 Sl ) AR P9 e i B AR AR Y

PR AR A SIS A 1 S G T RN, AR
KPL, CUAT AR RS R 5 mmol/L B4 S M B v,
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E 2 200
°
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X HR4H fe et Xof B EH fin |
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6 KN EF
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S
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control group  high-glucose group control group  high-glucose group

Bl 4 40 mmol/L %555 J2 AL B4 T AN 48 h JS 40 h N B & (a) . A ALY AL (b)
i S A BT J1(c) . TR (d)
*FIRHLA] 25 5 35 (P<0.05), ** R 4117) 22 b i 3 (P<0.01).

Fig. 4 MDA content (a), SOD activity (b), CAT activity (c), and ROS (d) content in hepatocytes
of Lateolabrax maculatus after 48 h cultivation in 40 mmol/L glucose

* indicates significant difference between groups (P<0.05), ** indicates extremely significant difference between groups (P<0.01).

Fl5 40 mmol/L Hi%i M

a. XL b wbE4L
Fig. 5 Mitochondria activity staining for hepatocytes of Lateolabrax maculatus after 48 h cultivation in 40 mmol/L glucose
a. Control group, b. High-glucose group.

Kl 6 40 mmol/L %l 15 F7 B4 I7 A6 & T 40 48 h )i 240 R S 4 4

Fig. 6 Ultrastructural section of hepatocytes for Lateolabrax maculatus after 48 h cultivation in 40 mmol/L glucose

a. Control group, b. High-glucose group.
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%55 1
4r n=3; x+SD mm i fEZH control group
== E¥¥4H high-glucose group
K%k
T ]
2 -

*ok *

Wl

pink atg5  mull  nrf-l pge-la pge-18
HE[H gene
17 40 mmol/L & FE I IR AL I IR AL 7 T
N 48 h 5 SORL AR Sk PR ik
* R ] 25 T 135 (P<0.05), **FR 20 i) 22 7
i 35 (P<0.01).

Fig. 7 Mitochondrion-related genes expression in
hepatocytes of Lateolabrax maculatus after 48 h cultivation
in 40 mmol/L glucose
* indicates significant difference between groups (P<0.05),
** indicates extremely significant difference
between groups (P<0.01).
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13 genes; 2 rTRNAs; 22 tRNAs
16,601 bp
GC: 47 %
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] complex IV (cytochrome C oxidase)
I ATP synthase

M transfer RNA
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B8 AL AR circos B
Fig. 8 Circos diagram of mitochondria in hepatocytes
of Lateolabrax maculatus
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4 i

ZE TR, A0S AR T AR R L X S AR 7 far
Af 2> R 5 16 AR AR LA A= 8L g, T AR R ik o fA
FHERE IR & . B RS R BUF 4 AR
G I T B, S S5O AR M S 2Ok R B 4,
X A[HES ROS FLE T2y S AL A OC o X4
PRAE DG I R B AT BT A B, bl LR T Zeokn
T A WA I R A ek . T I T ZOR AR A A O
FER PRk, X2 T BN M N 2Ok R = R
Ko BEAR, St T 2Rk D-Loop X FEK &A=
ZAF M5 M SRR (1) 2544 5 D e A2 e 1 .
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Effects of high-glucose load on energy metabolism and mitochondrial
function of hepatocytes from spotted seabass (Lateolabrax maculatus)

REN Huijuan, KE Yixiong, LU Kangle, LI Xueshan, WANG Ling, SONG Kai, ZHANG Chunxiao

State Key Laboratory of Mariculture Breeding, Fisheries College of Jimei University, Xiamen 361021, China

Abstract: This study aimed to investigate the metabolic characteristics of hepatocytes under a high-glucose load in
spotted sea bass (Lateolabrax maculatus). The liver cell line of L. maculatus was cultured, and two experimental
groups were established. The cells from the control group were cultured in a medium containing 5 mmol/L glucose,
whereas a medium containing 40 mmol/L glucose was used for the high-glucose group. After 48 h of culture, the
cells and supernatants were collected and analyzed. Results showed that the glucose and glycogen contents in the
high-glucose group were significantly increased (P<0.05). The activities of hexokinase (HK), citrate synthase (CS),
a-ketoglutarate dehydrogenase (a-KGDHC), isocitrate dehydrogenase (IDH), and succinate dehydrogenase (SDH)
increased significantly (P<0.05). These results indicate that a high-glucose load accelerates glycolysis and the
tricarboxylic acid cycle in hepatocytes. In addition, the activities of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in the supernatant increased with high-glucose culture (P<0.05), indicating that
high-glucose can cause hepatocyte damage. In the high-glucose group, the ATP content of hepatocytes
significantly decreased (P<0.05). The content of reactive oxygen species (ROS) and MDA was significantly
increased (P<0.05). Furthermore, the high-glucose culture upregulated the expressions of mitochondrial
autophagy-related genes (pink, atg5, and mull) and down-regulated the expressions of mitochondrial
biogenesis-related genes (nrf-1, pge-1a, and pge-1f) (P<0.05). Sequencing of the mitochondrial genome showed
that mitochondrial D-loop genes were mutated under a high-glucose load treatment. In conclusion, in vitro
hepatocytes of sea bass showed similar physiological responses to those in vivo when they responded to
high-glucose loads. Thus, in vitro hepatocytes could be used as a research platform to study glucose metabolism in
fish. High-glucose cultures can lead to increased metabolic enzyme activity in hepatocytes, damaging hepatocytes
and mitochondria. This is related to the oxidative stress caused by ROS accumulation. The high-glucose load
upregulated the expression of mitochondrial autophagy-related genes and downregulated the expression of
mitochondrial generation-related genes, decreasing the number of mitochondria in the cell. Mutations in the
mitochondrial D-loop gene occur under a high-glucose load, affecting the structural stability of the mitochondria.
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