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3'UTRIX IR 4 &, 7R3 5 e 7Kl i R R 3R
B, REEEMEDE" . EE R,
[ 3k i 5 IR 1 2R 38 2 miRNAZE JE 9 S RNAR] )72
3" {3 mam-miR-24-37F [ 3k 5 I ({1 2h G
SRR EAEHANETH. EEERNE, &/
(Carassius auratus)iif o A8 ICHITF 57 3% B R 008 1T 3
IE miR-24 9 YA 4% bim', § i 43 #4682 4178 Ak, It
KA E . X" miR-245 bim E AR RHZEHLH] AT #E
A& 4 AR AEUE B R AR R . AR, 1R R R
BAFAE TR A BUR R H Sk 5, 7 7R3 .

T, AW R T Bk Wi bim B N, B 1E5)
BT H A FRFE & S mam-miR-24-3f) 15k R, LG
TN FLAEEZH SUR A B I EAEH . T TAS
FEIGUE T [k 5 bim2E R ICDS X, 45 & W15 B
SE N E A AR K Rauit R R A
P SEI %< 't %€ B PCRECAAS Ml bim A mam-miR-24-
37E ] Sk i v ) 2 AR 2RI 1S K AR S5 5 3R I8 A4
B R R BRI R SOk
B EBOR S W40 E 7 5255, % BAmam-miR-24-3%f
bim F1HE ] AL e HAZ N DhRE e . B i85 R
A BRI 3k 075 41 420 B WL 1 A 98 % R A 00T o b
EERMEHERSE,

1 #RERE

1.1 SRR
A S B FH 9O B 1 3k 77 [ (15+0.5) g)HX H L
FERZAON AR I Sk 5 8% 5 & Mol B9tE

TG 82528y . BT FH293 T4 g 4y A Sz 36 58 B4 A7 41
Mo BT SCUs R Y 4 B R R A s ) S 5
B AR S 5T .
1.2 K& B KB

T A I8 P SE A0 T7 58, W S 4y N A
[(7.9+0.1) mg/LIHIIC 4 4b B 2H [(2.0+0.1) mg/L],
% W3 ATAT . B I A 4 52 50 £ 38 1 BAWS080
i AR 8 SE 50 TAE S (IR, YLE)AbHE24h, fif
FIEREW AL AR, . FFAE. WL,
B DAL B H LR A PBSK TR T,
37 B & F TRIzol (TaKaRa)$ 2) 3%, F M T A RNA
FEHL .
1.3 bimEE cDNAFFIRIIEUE AR 5347

ki bimE E TAR [& MNCBI (https://
www.ncbi.nlm.nih.gov/) b~ 83k bim 3L K cDNA
J¥ 511 (XM_048203885.1), # 4 % /7 41] it ik Primer
Premier 5.0% i1 5 F£ 51 ¥ (% 1). KHPCREARY"
4 E R S, GRER HUk 4 B IR E E AR
W H 5pMDI19-T# R AT A E#E . K EH =)
AL B B A N, TR AT T B R R [ AR S
FRFE b 37 CHEIBE R IR 12—16h. BREURE KX S
A AR R () By A7 BR 2 w) R AT 00 3 43 A

bimEFNEMEEEZSH F) H Snap-
gene A LU X TATERE I 7 BT £43 CDS 7 41, K F
PR AR T 41, 18 1L ExPASy-ProtParam (https://
web.expasy.org/protparam/) 7L 28 73 H7 [4] 3k 5 Bim )
HAEPERT . KPS R 5E; R FISMART (http:/

FT 1 AELIFTASI4FImiRNAE L)

Tab. 1 Primers and miRNA mimics used in this experiment

5|44 F{Primer name

5|4 7 %|Primer sequence (5'—3)

FH#: Application

bim ATGTCTGACACGTCCAGAGAGCA
TCATCTTCTTCGCAGGAAAAACT

7 HIRAIE(TA )

bim-QPCR TCACCGATGTCCCGAACT W)t E #EPCR
CGGCGAACCATACCTCAT

mam-miR-24-3 CGTGGCTCAGTTCAGCAGG
AGTGCAGGGTCCGAGGTATT

PS-actin TGCCATGTATGTGGCCATCC
TCTTTCGGCTGTGGTGGTGA

U6 GGAGCCGGCAGAGGTATTTT
TGGTTTTTGACACCTTGTGGT

pmirGLO-bim 3'UTR tgtttaaacgagetcgetagc TTGACACATTGAATGCCCAGC e FR s
caggtcgactctagactcgagATAGACTACGCAAACCAAACGCA

pEGFP-bim 3'UTR tgaaccgtcagatccgetagc TTGACACATTGAATGCCCAGC SR NEA
aattcgaagcttgagctcgagATAGACTACGCAAACCAAACGCA

mam-miR-24-3 mimics UGGCUCAGUUCAGCAGGAACAGU £ BimiRNA

mimics NC

mam-miR-24-3stem loop-primer

GLO/EGFP-bim 3'UTR-M

pEGFP-bim

UUCUCCGAACGUGUCACGUTT

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACTGTT miRNA %3k

GAAAGgatgcggATTAGATGCTGTGTTGACGTGAAAA
CTAATccgecatcCTTTCCATGTGAACGCAGGAA
tgaaccgtcagatccgetagc ATGTCTGACACGTCCAGAGAGCA
aattcgaagcttgagctcgagTCATCTTCTTCGCAGGAAAAACT

TE mRAR
TR E AL
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smart.emblheidelberg.de/)- PRABI (https://npsa-prabi.
ibep.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html)
A3t PE L TN R 5 — 2% 458405 M FHSWISS-MODEL
(https://swissmodel.expasy.org/) Flill Bim & [ [ =2k
AP

FENCBIH 25 i A1 T EAS [F] P R bim ) 2 3 1R
Fr 31, FFIDNAMANZEAT 413k 55 Bim A H At 224~ 4)
Pl B HE R 7 S AR AURE LU XS . R FAMEGATTEAF,
JE F NI (Neighbor-Joining)&F 422 % #) i & 4t it 1k
o F FHWolfPSort (https://wolfpsort.hgc.jp/)« Cell-
PLoc2.0 (http://www.csbio.sjtu.edu.cn/bioinf/Cell-PL
oc-2/) W ki T Fe V. 4 i 5 Az Tt o
1.4 Real-time qPCR

F PrimeScript™ RT reagent Kitwith gDNA
Eraser (Perfect Real Time; Takara, H 4% )fll Seven-
Clever™ First Strand c¢DNA Synthesis Kit (with
dsDNase; 8 3¢, o [H)¥ _Eik 20 215 U RNA S %
3% J9cDNA J miRNA c¢DNA, [f] i} 3 51l 3@ i Primer
Premier 5.0F1miRNA Design 4 15 11 4] 3k 5 bim A1
mam-miR-24-31qPCR 5|1 (F 1), WS 5195 N
B-actinF1U6,

qPCR [ B 7E 56 58 F AN (Bio-Rad) LT, M.
& (25 uL)N: TB Green Premix Ex Tag 1l 12.5 pL,
WS A T 5% %1 uL, cDNA 2 pL, RNase-
free water 8.5 pL. N F2F: 95°C 30s; 95°C Ss,
60°C 30s, 40 cycle; 95°C15s; 60°C 1min; 95°C15s.
1.5 MEEFMmiR-202-5paY R E A

Bk bim 3'UTR 741 HNCBIZE 1S, mam-miR-
24-3FF F K H A< SEG =5 i 1 o ol 2 BoR
Py i A L BimiRNA P, Kk FIRNAhybrid (https:/
bibiserv.cebitec.uni-bielefeld.de/rnahybrid/) 3 4 7
15 358§ = K bim ) 3'UTR 5 mam-miR-24-3 (1) 1 7
SRR A
1.6 #HixHE

MR EHERERERE, FEXAEARESR
ERTHEEMEABAWEMBBILEE K
318 A1 3k 851 bim 52 R 1) 3 'UTRRICD S 7 471, {3 5 i 4%
2% I 1. H (https://crm.vazyme.com/cetool/singlefrag-
ment.html) % V15 A B D) AL SR [R5 3 51 1R R S
Y51 W (G 1), Bk f 6 cDNAJY 85 4, 3 i
PCRY™ 4 3R 13 Ik ik BEZE A (13 'UTRAICDS F B, 4
1. 2% 5 0% J5t e P vk o I 2 7= R e v IR 2%
BN SR B — HLIE S, K PCR™ W EAT 2% 35 i b
B LK 1, TEBER G R S8 N PR VI H 1 2%
17, IR B FIAGA T & (Omega, 52 [E)iE 47 4li4k [A]
. (R, 4 F Nhe TR1Xho T BRI P9 U1 Thermo,

% E) %t pmir-GLOMIpEGFP-N 1 # 44 3k 47 XU g 1), g
DI 28 2% B IR W Bl g FEL VRS I J 31 2 1R WL

K2 2 R (B AR 7= ) o 4% e B R &,
afifl J5 1 H 8 By ) 5 XU D) AL B pmir-GLO
MPpEGFP-N1# A BEAT 12, B8 5 45 18 3 7= M ek
2 RS2 AN, 45 2 B 4 R pmirGLO-bim 3'UTR
pEGFP-bim 3'UTR }, pEGFP-bim, 43 ) A& & 75
B AR E R AILB 55 95 5240 0 A7 PUrE s ik,
T I T R PCRISIE IR /5, K BH 1 e Bk 22 48 T A
Y TR (L) B A R A "I AT IR 704 B P
IToR G, BEAT ™ REE I, JF 4% M 0RL 52 D07 &
(Omega, 3 [F) A4 5t B B2 X 4L 5

K HI Nhe 1A Xho 1 BR ) 14 P3 17) Bl % 44 2 1 1)
%) B 20 JSURL R AT XU D) B0

ERRE f81 e R AR R B (AR,
Hh [ K BT B B A 2 5 KL pmirGLO-bim 3 'UTRA
pEGFP-bim 3'UTRH 5 mam-miR-24-3 1 1 /5 %1 -
CTGAGCCJE iR HN-GATGCGG, FA R R fiy
4 4 pmirGLO-bim3 'UTR-M A pEGFP-bim 3 'UTR-
M, Bl J5 K 5848 Jo R AT B O 8, 48 R RPCRIG:
UE TR 1R BE 1 o R 1k 28 A T AR ) T A2 (i) ety
BIRAFATIF 8. okl 7 #iA R4 5, it
179 REEFR ISR o
1.7 KA RMFEIRALEALE

3 2% 3 mam-miR-24-3 mimics#1 8 3% &R

#0.75 uL lipofectamine’ " 30004 44X 7] 50.5 ng

# 4 i ki (pmirGLO-bim3 'UTRA pmirGLO-bim3 '
UTR-M. pEGFP-bim 3'UTRH pEGFP-bim 3'UTR-
M)F120 pmol ) mam-miR-24-3 mimics (mimicsZ).
negative control mimic (NCZ1)74 7l A Opti-MEM#;
B 225 uL, ¥ 5 B J5 1) 2 RL 5 lipofectamine TM
30004% 1 1L B VR & )F 78 0 1R &), =R F 10—
15min. B J5 K550 pLiR & AUMAM R AL, B
T37°C . 5% COB% FR A 4k B B 77 24h. & H XS
HRAAAINAN0.5 pg i 4 Fi K DNA, A ¥ fimam-miR-
24-3 mimicslInegative control mimics, H: 4 5L 56 2
RS LI H IR — 5L

VR S 2= g 46 9 FR W MG I AR A
Double-Luciferase Reporter Assay Kit (415, H[E)
Uit B 47, i K Firefly Luciferase 5 Renilla Luci-
ferase LA (n=3), 2K Fl GraphPad Prism 9%K £f 347 %%
I AT AR 23 B I 1, 38 F B TR 3R T 22 43 1T (One-
Way ANOVA) VAL & IR K Ge 157 22 7, I 35 R
B MEARAE (P) B BB 23 73] 15 B 90.05410.01

FexAXEARN F % )6 & 3 BE (Leica,
75 B ) WA %5 5 1 R, Y A 2R B A ok AT S8 A A A
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JF KL 43 ) 5 mimics ATNCHEE N 293 T4 i, A i 58 &
75 2 B 43 S AR e N B A TRRD G AR TR R, W 2% ]
SR 24— 36h)5 I 4 i 4% (0 9% O R R IA
Bk

1.8 T 4MpRELSELE

4% 3 pEGFP-bim [ KL ¥ lipofectamine'
3000%% G857 5 1 ug® 41 5 ki pEGFP-bim 4y )
Opti-MEM#A B £ 50 uL, # B 51 K 5 % B lipofec-
tamine 3000 1:175 /& 4], % & 10—15min, 43
#4100 pLIBAWIMAFER /LY, T37°C, 5% CO,
g rh 4k B2 97240,

ol i B (= 2 =R R o 4 o A e
24—48hJ5 , K H 43 N H A 4L[(7.940.1) mg/L1AME
A[(2.0£0.1) mg/L), H A KA AL HILELS (=
7%, HAMRSE AL B 24h. 1 26 R LI b i 5 95 3,
FIPBSHR P 40 3 I B G fE =&, A
TR 114% % 58 F B [ 5 40 25 min; 25 B [ 2 U5,
CLPBSHEV4H M, I ANDAPIZL R 3 F 45 4R e 05 &
10min; W BRDAPIAE G, 75X FI PBSTE S A0 A3 1K,
FFR10min. f i FBOEIE R B (Leica, 18
)33k 47 W 22 F0 B 45 R 46

2 %

2.1 bim cDNARIF% 52 pE

bimB) F 5 FFAE 518 10 14 R TA T 15
bim3E K 4 15 [X 7 5], 3546 bp, 1% 7 51 4 fith 1824~
aa. BimJ; T 3N Cya7H 285N2600272S0, 70 T N
19.63 kD, 27K #%(Hydrophilic coefficient) 4-0.629,
PH & 2% L, 1 (Theoretical isoelectric point)’A5.54, A~
Fa 7€ Z H(Instability index)977.11, 4% £ $(Extin-
ction coefficients)A13980, I [Iij % 5 £ (Aliphatic In-
dex)}955.03, Ktk Bim & FON AR E BKPEER H

Bim & )i 45 M)A 4E 1N BH3 45 i 4 A2 A~
RE A ThReSEFak, A5 19.89% a-MEHE. 60.22%
FITEHEIN A . 19.89% FA SEAHI 8% .

JHIISWISS MODEL [ 455325 Tl 2 11 )57 =
45N, LIPDB ID NB8IK68.1. A M 45 Fa 1 AR
SEBimE A =R R . A R E 4 T (GMQE)
£35380.56, AT 04 1 IE 5 [X [A150 Bl N, 3R B T
DR B A T 5 () HERf 14 BRIK6S. 1. AL HirE A
Bim 1) & 1R 7 51 A AL 1 15714 84.66%, 3 B Bim &t
H SR E AR ULE R . iR B, il
FEE TR B 1 A S R Bim AR [ 1) = R S5 MR AIE, H =
WEER TS RS R T8 R mE—
I8 3t SignalP 6.08 14 73 T &7~ , Bim#E H A fEAEAS
SRS s I, RIZE A AR T W EA

WAETFEMREA. & T WolfPSortfil Cell-PLoc
2,035 14 11 7.4 B e o7 F00 &85 SR 7, Bim [ 3 2
TENL T AMIAZ A .

BimZYMEERFIILLN R ARG LXEN S
#r Z YRR FE IR A He et g BB OR, B3k
BimZ 2 [ )7 41| 5 168 i1 A 0L B B =1, S 98.34%;
H IR & B A (Ctenopharyngodon idella), 7995.58%;
5 32 ##ith (Pseudorasbora parva). . 2% [ H
(Onychostoma macrolepis)~ BIFIBE 1 (Danio rerio)
BimZ 12 7 41 B AHACLBE 73 501 9186.19% - 86.19%
85.64%- 81.77%F181.22%.

ARG R B ERE 1), B3k Bim 5 21 6 i i
R, e R, —H RN —.
2.2 bimFmam-miR-24-37E ] 3k & 7~ [ 4H 28 b Y
RIENH

9 I 7€ ' PCRIIE B bim 7 i 1 1K & i =, MR
T HAl 40 44(P<0.01; B 2A); mam-miR-24-
S[FEIAE AR ] Sk iy 8 v 0k 2 A i, AR 35 T LAt
HZ(P<0.01; F 2B).
2.3 bimFmam-miR-24-37E 1K & 18 f5 [ Sk i 83
RAPHRIZETL

HEAE 98 ' € B PCR4Z: R W, KA P iE 24h 4
(H24) 3] 3k fifj 2 2H 20 bim Al mam-miR-24-3 f) A5 X}
RIB K IIME3  TF AZH(NO)(P<0.01; ] 3).
2.4 mam-miR-24-35bim#[5) 3% Z 7

JH I RNAhybrid &£ 7 4 H7, & B mam-miR-
24311 7 511 (2—841 ) 5 bim 3"'UTRIX 47 1L 576 ¢
1 B AN A A s (B 4), BRI HE I bim P fE & mam-
miR-24-37% 7 I #E AL A
2.5 HHERMRTRGAEESEIE

DL 4] 2k 175 il cDNAJN 155, 1 XT bim i A 1)
CDSIX FI3'UTRIX & 1H4F 515 5140, 43 0l el K
[ 954671560 bpH]bim#E FICDSHI3'UTR i B (B 7%
g r s ), B LUK A R R 4 KNS T
HAMAAT, AIE S2bim#E ICDSIX F3'UTRIX A B E 1)
Megalobrama amblycephala
Chanodichthys erythropterus
Ctenopharyngodon idella
Danio rerio

Pseudorasbora parva

Onychostoma macrolepis

—E Cyprinus carpio

Carassius auratus

1 Bim&& H RGN
Fig. 1 Phylogenetic tree of Bim protein
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5o . B A B A A B 4R R pmir-GLO-bim
3'UTR. pEGFP-bim. pEGFP-bim3 'UTRAHI %45 7Y
# 41 i ki pmirGLO-bim3 'UTR-M. pEGFP-bim-3'

A 70 -
A
60 —

50
10t

8k

FHX R
Relative expression

(=R )
T T T

os}
= o
=

FR ik
Relative expression
N

C C

DﬂDD

= Y PO /R

2 Fk#ibim (A). mam-miR-24-3(B)H %%
Fig. 2 Relative expression level of bim (A), and mam-miR-24-3
(B) in different tissues of Megalobrama amblycephala

: AFKE R R AL E) 22 7245 5 3 (P<0.01)
Note: Different uppercase letters indicated significant differences
between groups (P<0.01)

_ B ¥ _
A 4 ®*% 22'5 ®%
< K € 20r T
w20 K g
%) § = g L
= 22 ::
= o o2 1.0
£ 28
SEqp L gg
5 g o 05
~ £ 2
=
0 | | o 0 ! !
NO H24 ~ NO H24

B 3 42405 3k 568 Fbim (A). mam-miR-24-3 (B)f{ & ik i

Fig. 3 The expression levels of bim (A), and mam-miR-24-3 (B)
in the gills of Megalobrama amblycephala after hypoxia for 24h

bim 5'G

ACUG

(LN
UGAC

mam-miR-24-3 3’

ACUCACAGCAGAGU

UTR-MEFINhe 1 F1Xho T BE 14 Py 1) B 47 X0
VISGAIE, A B vk 45 AN SPoR. 454 e+
IR (B PRI & SR, E S B 2 RO LR DA A
2.6 mam-miR-24-35bhimE0[E X REE

WK N =Bk & & B AN & HIES T
293 THH WU ' 25 g ik 2 J5 (R Rl & SRR B, TE#%
YLy A= R R pmirGLO-bim 3'UTRI 4, 52
1450 BH M 20 (NC)#H EE, mam-miR-24-3 mimicsZH.
() 5 ' R G 14 2 25 T B, T A S B 1 A 2 TR
KRR E 2R 6A). 1EFE YL I A R R pmir-
GLO-bim 3'UTR-MIJ4H g H, mimics. NCHI 7 H
e B BRI T B E R 22 7 (K 6B). SLIG 4
7R, mam-miR-24-3 1)1 %18 T35 FEK T him mRNA
) 2215 7K F, W12 30E SZbim & mam-miR-24-3 ) B
1 R A

SFERAERFRIENN Kl 7o 6 B
WL EE B o T B A B 43 (0 08 )l B 1 B 4H R
pEGFP-bim-3"'UTRAN 5 A8 B £ £, 5% 5 1 1 8 41 )i
$i pEGFP-bim-3'UTR-M%} %Il 5 mam-miR-24-3 3L #%
LG iR e RIS . o B AR A s (g LA
NCZH %Yo F KA B B A4k, mimics4] % 6 5% &
5 A b 3 R B, o s B D AR
B spmimicsZl . 4% FH ENCAH % e g M 0 i 2%
ZEPE (] 7)o AR B FE AR AL 45 B 5 R
7 L DR S 6 45 SR AR — 2
2.7 T4RAEENL

TEH J% 36—A48h)5, 1% HEDAPI 4% 4 )7 i Ab R
A0 A, T8 52 O 8] B U W %¢ AT WL HEK -
293T 41 g H EGFP & [ N4t th, DAPIYL t4 2 /R 4H
A% S B (5% 5%, pEGFP-bimil & & (A 1) 4 (.75
A5 5 5 A0 B A% X Jak i P B S, R B e A T4t e
M. ARSI G, pEGFP-bimfl & & H 178t
55 A S A A% X 48 58 4 3 e (K] 8). Xk
T, TR AR FIL AR A KT, Bim A%
e AL T AR R Rk

3 g
AW IR e 1 3k 8575 bim 22 R 2 i [X
R3], I RGN T 4> TRAE X Th R T LA

GUUCACAUG  AA U3’
UUCCUGC GA  GCUGAGCOA
FEIIEE [
AAGGACG CU  UGACUCGGU

A 5

2—8ffhFF41

4 mam-miR-24-3 85 K] T
Fig. 4 Prediction of target gene of mam-miR-24-3
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l aM2b3 cM4d5 eM
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MOLECULAR CHARACTERIZATION AND TISSUE EXPRESSION OF THE BIM
GENE IN MEGALOBRAMA AMBLYCEPHALA AND ITS RELATIONSHIP
VERIFICATION WITH MAM-MIR-24-3

3

DING Si-Yu"*®, FENG Ya-Hui"*’, LOIC Kemmadzong Foning"”>®, CHEN Jie">”,
ZHENG Guo-Dong" >’ and ZOU Shu-Ming" >’
(1. Genetics and Breeding Center for Blunt Snout Bream, Ministry of Agriculture and Rural Affairs, Shanghai Ocean University,
Shanghai 201306, China; 2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and

Rural Affairs, Shanghai Ocean University, Shanghai 201306, China; 3. National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To elucidate the structure and function of the bim gene in Megalobrama amblycephala, this study obtained
the full-length coding sequence (CDS) of bim through TA cloning and systematically analyzed the primary, secondary,
and tertiary structural characteristics of Bim protein by using bioinformatics tools. Multiple sequence alignment
revealed that the Bim protein of Megalobrama amblycephala exhibited the highest homology (98.34%) with that of
Chanodichthys erythropterus, and a Neighbor-Joining phylogenetic tree further supported their closest evolutionary
relationship. Tissue expression profiling demonstrated that both the bim gene and its putative regulatory factor mam-
miR-24-3 were predominantly expressed in gill tissues compared to other organs. After 24h of hypoxia stress, their
expression levels in gills were significantly upregulated, suggesting potential synergistic roles in hypoxia adaptation.
Dual-luciferase reporter assays confirmed that mam-miR-24-3 directly bound to the 3'-untranslated region (3'-UTR) of
bim mRNA, leading to reduced luciferase activity. When combined with fluorescence co-localization analysis using
green fluorescent protein, these results indicated that mam-miR-24-3 negatively regulated bim expression at the post-
transcriptional level. Subcellular localization experiments revealed that Bim protein predominantly localized to the
nucleus under both normoxic and hypoxic conditions, implying its potential involvement in nuclear signaling pathways
to directly regulate downstream gene transcription. This study provides a theoretical foundation for elucidating the
molecular mechanisms by which bim contributes to hypoxia adaptation in Megalobrama amblycephala and lays the
groundwork for screening molecular targets in hypoxia-tolerant breeding strategies.

Key words: bim; mam-miR-24-3; Gill; Bioinformatics analysis; Hypoxia; Megalobrama amblycephala
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