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miR-462-731 Xt &2 fa ZL R (K Th e

RZFE, IEE, A8, M, THIK

e

AR R 2K 2 B, AR AR SRR A W B s s, i 430070

FE: 508 1) miR-462 5 miR-731 i TRl —FEE L (5 8 miR-462-731), VAR RIAESWE L,
KT 2B WFSY miR-462-731 FEMIVE R, AWF5E LLEL 1 (Ctenopharyngodon idella) AT i 4H i %7 42, 434 miR-462 5
miR-731 i3 FEXT A ML R AR A Y2 DI RE AT RZ I . 25 /R miR-462 5 miR-731 i ik )5 =R IRIG I h X HE A
mdh, ogdh. cs ) mRNA FiLKF-LL K ATP & & 24 5 2 FAR, ZORLIRIR A AL TR, 200 b i M % (reactive oxygen
species, ROS)HY & & W &1, [RIR B BT AL BE /1 (total antioxidant capacity, T-AOC) S S k¥ 17 fL i (superoxide
dismutase, SOD)i& I & 2 T K%, TN /% (malondialdehyde, MDA) & & Ft 5 ; BT BB WE X I miR-462 5
miR-731 13 3K )5 0Lk AR G5 A 1405 . A BLHEDN, miR-462-731 #Z Al i 52 4 i Lok iR B s 47 . i A Atk hy
WS 5N Zh, WFoTas R ] g B I AR B AR AR T B SR AR SE R FERL

KB HfA; miR-462-731; AERLAUHS; AORRIRALAL ARG A0 AR s 1

hE SRS S917 MHRFRERD: A

AR TFaERNAEfFREXLEZN, Skt
WA, KIRABERE S BT H AR IR AN
TGS AL FARERE, A A B XA Tf
T ™ 8 Y, B A (Ctenopharyngodon idella)
VR B G U RIRK FRp e 2 —, Fl) 2
H M 5w, (B 3750 i 72 v R RE A7 2R 4R
R o ISR PR il 1% 5 300 S S AR IO P8 s B M
M i, AR e, mMKREEAL &%
e R 2R A R A PR R

/N RNA (microRNAs, miRNAs)&—2iE 1k
bR EARASF ARSIV RNA, 2 4 M
FHE RS T, OB RY 30%K)
mRNA #0552 #] miRNAs 5] 5X 8 miRNA 7]
ZEO SN S RN S e b A
Koo gee . AR, B3 R R AR AN 2 5 i
& F AR AT, miR-462 Fl miR-731 kg4
TR, AR TR ] (775 4 miR-462-731),
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F AR 6251 miR-191 il miR-425 k!,
I HAE ZFEE B a2 m e U RN A
s i R G0 SO NE . IFIESEHULE F R A HE
SRR A S SHAN | T T
P& i g ad AU FEBE £ (Danio rerio)
miR-462-731 fE % i i 1% 45 15 7 K+ (hypoxia-
inducible factor 1 alpha, Hif-10)Z S5KE N Z, 5200
WA S E AR AL S g R R AN UAR R 78
eRR TP 2 54 AN, doki AR 40 i e 2
W, JEAALEBRRR AL A& AL I T o R, FEAREAIAR
B 5% MM miR-462-731 1R ] RE 54k A Th g
K

Y T FE D B DR ST, AR5 DL B 0 R A
XX 4, Wit M miR-462-731 I FK K JG = RMR
PEIRITRE e B FE PR e 3k . ZRBIIR LY, . ATP
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M, Sy IO X e 01 57 4 ik R e AR 4 PR i Ak — S 1Y
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1 #MHEFE

1.1 ZHRagEL

AT 40 I 2R (L8824, B A B R K2
K= BE)E 28 C L 5% CO, IE IR 5746 (35 [
Thermo A aN)H R, HEFEIENAE 10%064 1M
H (3£ E Hyclone A H]). 100 UmL H% & .
100 U/mL 5555 & 19 M199 1535 5(GIBCO A ),
1~2 d B 1 RIEFRIEL . K an e Fh 3] 12 FLEK
24 fLARMERE SR (SORFA A wl), 45 240 i 4 6 15 5%
i 70%0F, F1H Lipo2000 (Invitrogen 23 7)) 73 51145
miR-462 H 4 (miR-462 mimics), miR-731 Fi4Ll
¥ (miR-731 mimics) . B XF B8 (ne) (¥ BE 3 N
80 nmol/L, 353/ w)) L |40 fit, 24 h 5
WAR AN T IE 22508, B SEmikE 3 M EE,

H Primer Premier 5.0 415 1H5191, FrHS19I(tH
ERA YRR RA A S )P FI LR 1,
1.2 ELHERHEEE PCR

FIIH Trizol VEFEHUIT AL ML 52 RNA, Jf
i 7 HiSpript II Reverse Transcriptase %% 535
& (F L MERE AR W) SO Sk L cDNA, FIl
qRT-PCR #5519 R I8 284K . qRT-PCR 1Y L1
& %&: cDNA £ifz 1 pL, SYBR Green I Master
Mix(2x) 10 pL, 1IE M54 0.8 uL (10 mmol/L),
Ter%R K 7.4 uLo SOWSEF: 95 °C 5 min; 95 C
30s, 59 °C 30 s, 72 'C 20 s, 35 PMEHK; 72 C
5min, HH miRNA fIE5HT ] 18S rRNA 1EH
WS HEEH, 1 mRNA #5087 H ACTB 1R N2 4
o BESR A 274 A E AR R AR ek
1.3 ZRALRRE R AL

I 2 e (AR 5 (57 G DK 7] 8 (B 5 RAE W)
Kl miR-462 F1 miR-731 1 253K 5 4H o £ b {4 i

*k1 FHMRETASIMFET
Tab.1 Theprimer sequencesused in thisstudy

LB JF31(5-3" Hik J7 3 R U
primer name sequence (5'-3") usage sequence source

miR-462 KE#IH miR-462 mimics Sense: UAACGGAACCCAUAAUGCAGCU miRNA  [16]
Antisense: CUGCAUUAUGGGUUCCGUUAUU mimics

miR-731 K% miR-731 mimics Sense: AAUGACACGUUUUCUCCCGGAUCG [17]
Antisense: GUGGCCUACAGAACUGACAGGUU

B4 % B8 negative control Sense: UUCUCCGAACGUGUCACGUTT
Antisense: ACGUGACACGUUCGGAGAATT

RT-miR-462 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGCTGCAT miRNA  [12]

RT-miR-731 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCGATCCGG X He%k

miR-462-F CGGGCGTAACGGAACCCATAAT qRT-PCR

miR-731-F GGCGGGCAATGACACGTTTTCTC

qRT-Reverse TCAACTGGTGTCGTGGAGTCGG

miR-18s-R GGACACGGAAAGGATTGACAG
miR-18s-F CGGAGTCTCGTTCGTTATCGG
cs-F GCGGCCAAGATCTACCGTAA
csR TGAACTGTGGCTCGCTGTAG
mdh-F AGGAGATGTGTTCGGCAAGG
mdh-R TTGGCATAGAGCCCACCAAG
ogdh-F TGCACCGCTTAAGGACTTGT
ogdh-R CGTGTAGCACCTGAATGGCT
ACTB-F CCTTCTTGGGTATGGAATCTTG
ACTB-R AGAGTATTTACGCTCAGGTGGG

C
[16]

XM_051879024

XM_051910623

XM_051903446

[17]
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RZZ % miR-462-731 X B 48 2 RiAA 2 i i 52 1 53

A AR L, 7E 12 FLARBALIMA 1 mL JC-1 Y4t
F(1x), 37 CHEF 20 min, JIA JC-1 Y28 il
(DOBEH 2k, FSLINA 1 mL M199 }5 358, I
88 O AR AE 490 nm LI . 530 nm &
S S A, 525 nm BRI . 590 nm
R SR LT B
1.4 ROS&E#RN

FIH ROS A6 I35 65 (P % 2 A 0 ) A ) 44
il ROS & &, ZERIIMIIEFREE, MA 10 pmol/L
) DCFH-DA J& 28 CH#HE 20 min, FHICIME
M199 HEFRIEPEHANM 2 K, KFBRFE4 1 DCFH-
DA, SRJ5 A B E 25O W MBi e 487 nm A& I
£\ 524 nm G TSGR
15 ATP ZE®KN

FIH ATP A5 3AG0) & (G 2 R A ) A ) 240 e
ATP &1, BBRANREFEIE, H PBS VLR IA
SR B AN, 4 °C. 12000 r/min 25.0> 6 min
B, 76 96 FLAREEFLINA 100 pL ATP Kl
LR 10 pL B WIR A E E IR FHE S min, 285 7
FHBEPRUAE 480 nm AT . 525 nm A G K
TR ATP & &,
16 mEMLEEHKT

WA A e S, 4 °C . 12000 t/min &
L5 min B EWE, FHBTEARE R & GE
5 KA 20 i 5 SOD 1% 1 LA K T-AOC Al

MDA &5, EAR TR UL B3 T34
1.7 B REHNEE

P 20 M A B B0 b, 1000 r/min B
8 min, F 1 mL 2%J% " EEE &M, Jf7E 4 CIH
E 4 h, SRJ5 4000 r/min 2.0 10 min, ZHM07TTE R
o CEEBK . AR YR Bk B A s
FH, FIH 100 kV 37 5 #2585 (H A< Hitachi) X
SN A S5 44 .
1.8 HEAIE

FIFH SPSS Statistics 24.0 XF B #4720 Hr, R
Ffl Duncan’s #1728 AL, BUE R A FH{E+
FrifEiR( X £SE)# R, P<0.05 NN ER B, P<
0.01 T\ 22 i 1 2 o 45 R ] GraphPad Prism 8
AFAEE, Tmage T 3KAF 43 BT 29 G50 o

2 #R59H

2.1 miR-462-731 it RiX S H = BREREIN X B B
ERRERATPEET

miRNA mimics 4t 18824 M), it
qRT-PCR £l miR-462 Fl miR-731 KiK. 45
R E/R, miR-462 F1 miR-731 FihHE W& LM
(P<0.01, &l 1a). 534b, SXFRRAIAHLL, 5544 miR-
462 mimics. miR-731 mimics J5 =R BREH I F2
r QB I DR S SR R i & (malate  dehydrogenase,
mdh) . ol )3 R A S B (oxoglutarate dehydrogenase,

I 5 R4 ne
. N . .. I xfH4nc
I >t HR A ] miR-462# 14 miR-462 mimics : ) o
5 g miRNA;;m% miRNA mimics s [ miR-73 184 miR-731 mimics ’s —:*":RNA*ﬁ?ﬂ% mliIiA mimics
g a - o Dp  *x ** N Sre
9 —
M'éﬁ = mm“aﬁ”& = = - gg_‘ 20Ff T
L S &
ﬁqa @.’*ﬁ%%;lﬂ— ° <
= & wégs Es 15}
=7 ReEas £t
SEY E2EgE %
<§ §<°§:‘aé05_ @gl.o-
é ° S8 e S
e CEEE < £
52 nEZEE 05
©
Moo 0 . . . 0
miR-462 miR-731 mdh ogdh cs miR-462 1) miR-73 13

miR-462 mimics miR-731 mimics

Kl 1 miR-462-731 it Fik )5 —RMRIGIFSCHEAL ] mRNA £k K ATP &[22 1k
a. miR-462 Fl miR-731 Fk/KV-; b, = FRRRIEI i OCHERL N 9 R IK ;¢ ATP 1.
ne JRF IR, *FR 2 5 ik 35 (P<0.05), **3R 7R 22 5 ik 3 (P<0.01).

Fig. 1 Changes of the mRNA expression of key genes in the tricarboxylic acid cycle and
ATP contents after miR-462-731 overexpression

a. Expression level of miR-462 and miR-731; b. mRNA expression of key genes in the tricarboxylic acid cycle; c. ATP contents.
nc: control, * means significant difference (P<0.05), ** means extremely significant difference (P<0.01).
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ogdh) . #715 fiR & liff (citrate synthetase, cS)fY) mRNA
K3 8 3 BE(P<0.05, & 1b), [A] B 40 i
ATP &8 & FFKP<0.01, & 1c), #i8 miR-
462 Fl miR-731 32 2 1K W] LA i 41 B — ¥R R 116 34
iR, SRR ATP AR R, R AN BE = Qi
2.2 miR-462-731 it 3R 1A 4 Ml & L {4 B B8 iL
IEH A IC-1 Yo ARG Y R AR 4L
miR-46245 414

miR-462 mimics

Xt HR4H ne

o

7%
red fluorescence

gEih

green fluorescence

merge

R & A s, IR TR JC-1 A8 A%
BRAEAE T S R T k2 sk it BT IC-1 K
Mz R R, SXTBAME, % miR-462 5]
YA miR-731 B J5 40 A Hh 24T 0 5B 15 5 Ik 55
M 28 0 9 A7 5 I 35 3 5 (P<0.01, &l 2), UiHH
miR-462 Fl miR-731 i F ik 23 P I 4t A 8 R4 i
HLA o

miR-73 VB4

miR-731 mimics

600 _b *k
L
B o2
5 HE 400 -
Res
73y
O
}?}[: g 200 -
eS8
Bp g
@&
R, ) S )
El% ’@‘ S ’S@‘ S
N 3\3\\%‘&&
S S
& T

B2 miR-462-731 i ik T E0RE i 40 i 2L A5 P (o7 [ A1
a. miR-462-731 33 Rk f5 LRI L AL ARG, L0 ETOEFRIRIET A IC-1 IR GWIB AL, BETIFR
AL T B JC-1 LAIB AFAE; b, ZL4RTEGIREE LA, ** 38R 25 5 0 R 35 (P<0.01).

Fig. 2 miR-462-731 overexpression leading to decrease in the mitochondrial membrane potential of Ctenopharyngodon idella cells
a. The mitochondrial membrane potential detection after miR-462-731 overexpression, red fluorescence indicated that JC-1 exicting
in polymer form in normal cells, and green fluorescence indicated that JC-1 exicting in monomer form after the cell membrane
potential decreased; b. Red-green fluorescence intensity ratio. nc for control, ** means extremely significant difference (P<0.01).

23 miR-462-731 T RIZZFH ROSEEH T

DCFH-DA % 5t3 FHRE AR B A 50, 4
A G N 28K A DCFH, 17 ROS 1] L4,
ft DCFH & gk a2, 3T DCFH-DA il
KB, 55X HRZH A H, miR-462 mimics A1 miR-731
mimics 5 Y5 &% (5B R E B 1B 158 (P<0.01,
K 3), UiHH miR-462-731 i &3k 45| 20 g
ROS & b Ft,

24 miR-462-731 I RiX MM R BE

AT f# miR-462-731 X 4l i SH AL fE J1 B 5
Wi, AHBFZE 00T T miR-462-731 i ik 5 SOD i
PE M T-AOC 1 MDA & #7481k, 455Kkl 4 fr
7K, miR-462 mimics fll miR-731 mimics %% 4% J54F
2 S T-AOC K SOD &k g # T B (P<0.05), 1
MDA & & i Z THE (P<0.01), X U8 miR-462 il
miR-731 1 35 SRR AN M1 A A RE
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*%
miR-462K55014) miR-73 1RE3%) 215, -
a it B8 4H nc miR-462 mimics miR-731 mimics §
=3
K5
® 3
g§ 05
% &
B L mmm | .
5% oW ¥
SN e
. S
6‘8.:1)«6 S
o o

K3 miR-462-731 i ik FE ROS & i T+
a. miR-462-731 i 3£ 355 ROS & & A&, DCFH # ROS LT & £k (520, b, SRETOUIRE. ** IR 28 R (P<0.01).
Fig. 3  Overexpression of miR-462-731 resulting in elevated ROS content

a. The ROS detection after miR-462-731 overexpression, DCFH was oxidized by ROS and emitted green fluorescence;
b. Green fluorescence intensity. ** means extremely significant difference (P<0.01).

B 5f#4 no [ %4 nc I 554 ne
[ miRNA#E1H) miRNA mimics [ miRNAZEHIY) miRNA mimics ] miRNAK#IY) miRNA mimics
ol *ok o *
220 05 * 1.5 ¢
%0 .g' a —I— g b ? < c -
& S 04 T T £5 s
S 15 H p S S
RE EEosf 25107
BE 10} =3 =
SR S802 g
ﬁ'ﬁ o EEos
§0s ] ® o
e 0 & 0 i
miR-46285414  miR-73 1834 ® miR-462F 14  miR-73145#Y) miR-462F#14  miR-73 14

miR-462mimics  miR-731mimics

miR-462mimics

miR-73 1mimics miR-462mimics  miR-731mimics

P14 miR-462-731 it Fih B4 i A L e
a. T-AOC; b. SOD i t; c. MDA # & *E/R 25 55 1 35 (P<0.05). ** /R 25 54 8 3 (P<0.01).
Fig. 4 Overexpression of miR-462-731 reduced cellular antioxidant capacity

a. T-AOC; b. SOD activity; c. MDA content. nc for control, ¥ means significant difference (P<0.05),
** means extremely significant difference (P<0.01).

25 ARSI

7% 5 B OB A 2R s, R A A i 4
PR B B 2 H bR 4549 58 8, W AT i3,
1M miR-462 mimics Fil miR-731 mimics 4t j5 2>
P45 2 AR I 25 40, B A i b (] 5), Ui EA
miR-462 Fl miR-731 it KIEH L BN AL,

e 3240t
3 it

K R R R R A K RN E, K
RS R AR L R AR AT ST I A, 0E T S i £
FEMIEF AR HTE B o A5 A8 10 T A 40 it 2
KFEMCE N A P % EHA miR-462-731 #, 4
B miR-462-731 TEF A Z b A H1E .

RGN RN e A EELR A,

K A R, A Re RS S22 2™ E Y
S U0 RS i 2 SRS IE R AR B s P02

AWFgE, id Rk miR-462-731 J&5 kK =RIRIE
FRCEEME R mdh . ogdh, cs #Eik & B E R, H
ATP SR BT, T UM ITHBEHR
miR-462-731 @il J5 5 E AL B IR 1k SO0 I At AH ¢
o3 % 2w A UL miR-462-731 2 540
Re AR . SOk AR FE AV T BT PR 0 5 5 A%
A B MR B AN KT BR 43 A, Zebr AR J5E v 67 7y o3
RSIE ATP A=k, s e 4 i g A, &
I o S~ YR N g AN ES T RN el
¥y, SRS IR & ATP A A, RERFHIT
W P= A B A L ATP, Ml Y Bk & 5 8k
AR P, BED A miR-462-731 i
FEIRT LU R0 T, A B ST R B A
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Fig. 5 Ultrastructural changes in cells after overexpression of miR-462-731
Arrows indicated mitochondria.
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AR AR RY, panb 2 Y AT A = IR IR I 3R
(SR R, 7E A AL B R Ak b A B Z/E ], pdhb
14 3 2 35 B 412 foff P R R A B 0k A\ — IR R AIG 2R ek
R, HETT A 20 85 45 AR 5 25200, dlat 2R AERS
WA AP BRI - A LRI S 5 Y R aE a
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WF5E & Bl miR-462-731 (5 fE A F foxO1 5
foxO3!"?, i i Wi~ 5k 2 5 HLIR AL I 3055 i
P R, ABESTHED miR-462-731 A figil
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25 I, AR R I miR-462-731 it FRikHEHS
P A 2R, REARZORL R A S, Xt
i A = AR R E g — 2 5E % T
miR-462-731 WTIREMFST, A & h Al A -
AR AR T AL B IR AL R I B R — e Y
PRI HEA

SE Xk

[1]  Erichsen Jones J R. The reactions of fish to water of low
oxygen concentration[J]. Journal of Experimental Biology,
1952,29(3): 403-415.

[2] Hermes-Lima M, Moreira D C, Rivera-Ingraham G A, et al.
Preparation for oxidative stress under hypoxia and metabolic
depression: Revisiting the proposal two decades later[J]. Free
Radical Biology and Medicine, 2015, 89: 1122-1143.

[3] Aksakal E, Ekinci D. Effects of hypoxia and hyperoxia on
growth parameters and transcription levels of growth,
immune system and stress related genes in rainbow trout[J].

Comparative Biochemistry and Physiology Part A: Molecular



5514

R4 FEZE: miR-462-73 1 W 540 28 B R B BE A 52 Wiy 57

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

& Integrative Physiology, 2021, 262: 111060.

Landry C A, Steele S L, Manning S, et al. Long term hypoxia
suppresses reproductive capacity in the estuarine fish,
Fundulus grandis[J]. Comparative Biochemistry & Physiology
Part A: Molecular & Integrative Physiology, 2007, 148(2):
317-323.

Lim L P, Lau N C, Garrett-Engele P, et al. Microarray
analysis shows that some microRNAs downregulate large
numbers of target mRNAs[J]. Nature, 2005, 433(7027): 769-
773.

Wang R Z, Zeng C X, Zhuang S M. MicroRNA regulatory
network and cancer[J]. Chinese Bulletin of Life Sciences,
2010, 22(7): 634-640. [FHIF, A, JEREE. microRNA
TSR], ARk, 2010, 22(7): 634-640.]

Li W S, Wang D F. A review of microRNA research in
fish[J]. Journal of Fisheries of China, 2017, 41(4): 628-639.
(253045, FARJT. 025 microRNA WIS #ER[I]. /K440,
2017, 41(4): 628-639.]

Greco S, Martelli F. MicroRNAs in hypoxia response[J].
Antioxidants & Redox Signaling, 2014, 21(8): 1164-1166.
Seok J K, Lee S H, Kim M J, et al. MicroRNA-382 induced
by HIF-1a is an angiogenic miR targeting the tumor suppressor
phosphatase and tensin homolog[J]. Nucleic Acids Research,
2014, 42(12): 8062-8072.

Lai E C, Tomancak P, Williams R W, et al. Computational
identification of Drosophila microRNA genes[J]. Genome
Biology, 2003, 4(7): R42.

Huang C H, Chen N, Huang C X, et al. Involvement of the
miR-462/731 cluster in hypoxia response in Megalobrama
amblycephala[J]. Fish Physiology & Biochemistry, 2017,
43(3): 863-873.

Huang C X, Chen N, Wu X J, et al. The zebrafish miR-462/
miR-731 cluster is induced under hypoxic stress via hypoxia-
inducible factor la and functions in cellular adaptations[J].
FASEB Journal, 2015, 29(12): 4901-4913.

Huang Y, Huang C X, Wang W F, et al. Zebrafish miR-462-
731 is required for digestive organ development[J]. Comparative
Biochemistry and Physiology Part D: Genomics and Proteomics,
2020, 34: 100679.

Schyth B D, Bela-Ong D B, Jalali S A H, et al. Two virus-
induced microRNAs known only from teleost fishes are
orthologues of microRNAs involved in cell cycle control in
humans[J]. PLoS One, 2015, 10(7): e0132434.

Zhang B C, Zhou Z J, Sun L. Pol-miR-731, a teleost miRNA
upregulated by megalocytivirus, negatively regulates virus-
induced type I interferon response, apoptosis and cell cycle
arrest[J]. Scientific Reports, 2016, 6(7): Article No.28354.

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Wang A Q. Verification of the target genes of grass carp
miR-462 and functional analysis of target gene family[D].
Shanghai: Shanghai Ocean University, 2020. [ F 28, #fa
miR-462 LK 50 IE K AURE K G DR A (D). it b
TEIEIE RS, 2020.]

Fang Y. Study on the function of Gadd45 family genes and
related miRNAs in grass carp[D]. Shanghai: Shanghai Ocean
University. [J7[R. B Gaddds FEHHE KAHFE miRNA
IRERISEID]. i HIEEEEREE, 2020.]

Newsholme P, Curi R, Gordon S, et al. Metabolism of
glucose, glutamine, long-chain fatty acids and ketone bodies
by murine macrophages[J]. Biochemical Journal, 1986,
239(1): 121-125.

Williams N C, O'Neill L A J. A role for the Krebs cycle
intermediate citrate in metabolic reprogramming in innate
immunity and inflammation[J]. Frontiers in Immunology,
2018, 9: Article No.141.

Vanltallie T B. Parkinson disease: Primacy of age as a risk
factor for mitochondrial dysfunction[J]. Metabolism, 2008,
57(Suppl 2): S50-S55.

Bender A, Krishnan K J, Morris C M, et al. High levels of
mitochondrial DNA deletions in substantia nigra neurons in
aging and Parkinson disease[J]. Nature Genetics, 2006, 38(5):
515-517.

Farshori N N. Verbesina encelioides-induced cytotoxicity
and mitochondria-mediated apoptosis in human colon cancer
cells through ROS generation[J]. Biologia, 2021, 76(9):
2711-2720.

Mitchell P. Coupling of phosphorylation to electron and
hydrogen transfer by a chemi-osmotic type of mechanism[J].
Nature, 1961, 191(4784): 144-148.

Marchitti S A, Brocker C, Stagos D, et al. Non-P450 aldehyde
oxidizing enzymes: The aldehyde dehydrogenase superfamily[J].
Expert Opinion on Drug Metabolism & Toxicology, 2008,
4(6): 697-720.

Zhu'Y Z, Wu G, Yan W F, et al. MiR-146b-5p regulates cell
growth, invasion, and metabolism by targeting PDHB in
colorectal cancer[J]. American Journal of Cancer Research,
2017, 7(5): 1136-1150.

Tang H B, Luo X G, Li J, et al. Pyruvate dehydrogenase B
promoted the growth and migration of the nasopharyngeal
carcinoma cells[J]. Tumour Biology, 2016, 37(8): 10563-10569.
Patel M S, Nemeria N S, Furey W, et al. The pyruvate
dehydrogenase complexes: Structure-based function and
regulation[J]. Journal of Biological Chemistry, 2014, 289(24):
16615-16623.

Mela L. Direct and indirect effects of endotoxin on mitochondrial



58 Hh K R #5318

function[J]. Progress in Clinical and Biological Research, 27(4): 1387-1394.

1981, 62: 15-21. [32] Farshori N N. Verbesina encelioides-induced cytotoxicity
[29] Tsikas D. Assessment of lipid peroxidation by measuring and mitochondria-mediated apoptosis in human colon cancer

malondialdehyde (MDA) and relatives in biological samples: cells through ROS generation[J]. Biologia, 2021, 76(9):

Analytical and biological challenges[J]. Analytical Biochemistry, 2711-2720.

2017, 524: 13-30. [33] Xu X H, Zheng N, Chen Z N, et al. Puerarin, isolated from
[30] Guo M D, Zhu C H, Fu R Z, et al. Ginsenoside Rk3 regulates Pueraria lobata (Willd.), protects against diabetic nephropathy

nonalcoholic steatohepatitis by modulation of intestinal flora by attenuating oxidative stress[J]. Gene, 2016, 591(2): 411-

and the PI3K/AKT signaling pathway in C57BL/6 mice[J]. 416.

Journal of Agricultural and Food Chemistry, 2023, 71(24): [34] NiY J, Deng J, Liu X, et al. Echinacoside reverses myocardial

9370-9380. remodeling and improves heart function via regulating
[31] Li A X, Zheng N N, Ding X D. Mitochondrial abnormalities: SIRT1/FOXO03a/MnSOD axis in HF rats induced by

A hub in metabolic syndrome-related cardiac dysfunction isoproterenol[J]. Journal of Cellular and Molecular Medicine,

caused by oxidative stress[J]. Heart Failure Reviews, 2022, 2021, 25(1): 203-216.

Effects of miR-462-731 on the mitochondrial function of grass carp,
Ctenopharyngodon idalla

SONG Ankang, SUN Tiantian, LIN Junzhao, LIU Hong, WANG Huanling

College of Fisheries, Huazhong Agricultural University; Key Laboratory of Freshwater Biological Breeding, Ministry
of Agriculture and Rural Affairs, Wuhan 430070, China

Abstract: Oxygen is necessary for fish survival, and low oxygen levels affect the growth, reproduction, and
survival of fish. miR-462 and miR-731 are located in the same gene cluster (miR-462-731), which is unique to
teleost fish; the expression of this gene cluster is significantly upregulated in hypoxic environments. Mitochondria
are the centers of energy metabolism and use oxygen for aerobic respiration to power the body. The function of
miR-462-731 is speculated to be related to the mitochondria. To investigate whether the miR-462-731 cluster
could regulate mitochondrial function in grass carp (Ctenopharyngodon idella), we analyzed the effects of
miR-462 and miR-731 overexpression on the biological function of mitochondria in grass carp liver cells. The
mRNA expression levels of key enzyme genes in the tricarboxylic acid cycle were detected by qRT-PCR after the
overexpression of miR-462 and miR-731, and the expression of mdh, ogdh and cs significantly decreased.
Simultaneously, the ATP content was significantly reduced. The JC-1 probe was used to detect the mitochondrial
membrane potential of cells after transfection. The content of reactive oxygen species (ROS) in the cells increased
significantly, whereas the total antioxidant capacity (T-AOC) and superoxide dismutase (SOD) activity decreased
significantly; however, the content of malondialdehyde (MDA) increased. Electron microscopy revealed that the
overexpression of miR-462 and miR-731 led to mitochondrial structural damage. In conclusion, this study found
that overexpression of miR-462-731 could reduce cellular energy metabolism and the antioxidant capacity of grass
carp liver, destroy mitochondrial structure, and affect mitochondrial function. This study further improved the
functional study of miR-462-731 and provided a theoretical basis for the hypoxic regulation mechanism and
hypoxic tolerance of grass carp and other bony fishes.

Key words: Ctenopharyngodon idalla; miR-462-731; energy metabolism; mitochondrial membrane potential;
oxidative stress; cellular ultrastructure
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