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[ HEY ] XEr A (BPA) 2 — #p BLA MW & 2 oy B (b /), xE At 2 78
®wiLE, #e% G E (ApoE) 3 A £ & H b = e fn JH [ B 4 g o 2
WA EERF . A RE T BPA ¥ £ ApoE X B & B &
MLE|, DAHIHR 2| BPA Fr 5| AR oyt 2 78 1F) BR 5 fl (R 2 B B9 R BE R o
[ 755 ] M E5ET BPA(I5S pg/L) 1. 3 515 A, @t SLu Kk
E & (qPCR). #J% B3t (WB) K % 9% %% % (IF) £ il BPA 3t ApoE # [
Rk Fap A7 e, It g6 % & 3£ 0 (ChIP) fr DNA H A {6
MK % BPA 3t ApoE #y 4% HL.% .

[ 2552 ] qPCR. WB X IF 45 R & 7%, BPA 7 DL % % "4 £ ApoE 3
H W &k AnsgpAio ChIP £ R B <, ApoE Mg 20 F K 4 — MEH &
A & Z 4Ky (Esrrg) P ME1E AL &, ApoE mRNA 8 &£ 3% & b § Esrrg B
FELTM—FH. DNAFEMBMNERE R, ApE W B o T X & T %
MR A, BPAREXNH L L EF W,

[ 4518 ] BPA 7 DL 3t i 4% # & ff) 8 #5 % ApoE 2 B B ) 7 X 3y
Esrrg B9 % % ¥ 4 T4 ApoE # Bl &35, BPA T #3313 % v /i A ] 44
ERFHEY A EE . ARRERENEENERRHAEHR
RAEFEN R TR A EE ARG T HRESE .

T2 A A A, WE A, BIEEGE; BE; BEREMEXZEY

X A(BPA) f&—Fh A EE NI T4, 25 W A g A SR ik
FRME R Ikl H AT R S H T ok g . Ui, AR .
B ISR . 4 JE e Sk P9 RE IR 2 A SRR AR A K IREE R R G
VIR RES T, BPA AT LLE N 2R 07 ik AOKAIREE, nisiB g
AEETG KR Tl 7K . BPA fE7E T B RZE i Angiia e, (B
HYRBEAE/NT 1 pg/Lo SR, 7EZT544r9Kd, BPA WL AT ik H %K
+E=HH pg/LP,

BPA ML2E 451 5 G i R —— M AR AL, B M R T
P, SHURRMER R SZRZE G S A DU R sl s R E R, M
TR IE ¥ BN TG S, BPA X e A 7l A 52 0 2 — BT LASE Y
KA, BRI TR BPA & i 5K 71016 1 B A, 7
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/NERRT 28 B A5 R A& B BPA AT LA
RAM. BRI S5 SR A A M T DA
Ko FEAVRS 116 J155%, P 2 ih9E 2 BPA b &
AL YR AW RN (1) Y AW e RS e Y B
Y, WH W=l EENEREY R, N
A R LT RE R PR LR IR, IR E RE SR A
2 [ T 38 25 1) DR R 40 B B ) B R Gy, R
e P 2R A ORIORS - RIE B D g™, AR By F
SEWIE], KB 15 pg/L 1) BPA #5825 | B
A k) 8 (Gobiocypris rarus) K510 [F EE K55,
PR G EETL, KR R i, 28 &
RGeS R R, (HE BPAERTT, MEPEA:
FE 5 RS ZE L 2 R OC FR& A iR

#5811 E(ApoE) 2 # 5 & 1 R R LI,
AR E AP E ALy, T R A ] A
NG A fad AR PR FEZAE A", ApoE )
I — AR A, ORI, (A A
WEBHAERS A S0 3k, I HED I mT GEAZ ik
H ) ApoE TiRE —HF 11 57 4 A N 1) A 28 R 43
Be, MR 2H 21 P9 R 55 v i g o - i U
AR, NN ApoE BYA [A] 45 5 A
HHAFLHEXCREY], MBS
ApoE S AL H & EEsK -, I 8BS R 55
KE R A ZE S A X, @i ApoE J5 1Y
/N BRI S AR R, R PR B AT O T He il
HEMEY, ApoE JE KRR n] GE 2Bk RN A 5 45
HOCHESRE N Z — . ZATrasE &30, BPA Al LA
T o I ME TR A DE 2 AR y (Bstrg) IS B FIX
CpG 7 5 B S Ak P45 i A i S JH- A ApoE 2 [A]
728, BPA A REXTFA fif] SRS 5 1 ) ApoE
FE R 8 AL

H & F BPA 540 ApoE J&[R HR B >
T A firy 0 02 3R 1= 45 A 09 /N AU B (Cyprinidae)
A, AR, BRI, XTI
AR WU, IF HHORE LA 2Ry R B
Lyt (Danio rerio) 1) 5%, AI i /2 A5 ) 75
Ko AR EERFT AR ZEEFPIT , BPA X
Fii A fity) SRS 5L ApoE 52 M JE S ML, A FF
2| BPA K H RGN or i P 22 2% T Be it
AL S AT R IR R o

1 MRS
1.1 BPA RESR#
i 5 7 W HEvERR A i 80y [ e BB

BeK AT T . TEBEES ST PR 3R, A
KL BSBRA, KEEFIFE (25.0+0.5) °C,
JEREHA 14 10, FREERRILIH 2 K. &
N2 JE I, BEBLIE B A il 8 (0.688+0.141) g
# 5% T BPA (98%, Sigma, 3 [E) HI¥E 7 Xt i
(0.001% —HI AN, Sigma, M), FIEE/D 1L
KSR 1 g, FEAMSE T, WXTHIRYE BPA #
52, R 3 AT, L 6 I ET,
234 45t BPA MYREEEF I (15 pg/L) ZHCH™
VERE, BREEHIN, AR R ARAKE R —F
F)ZEEK, JEIAHR 1 BPA, f-+F BPA [1)
RBRWEEE ., FOEREN 1. 4. 7, 14,
21, 28 F1 35 d £ I % % 7K /& BPA SEBR ik B .
7£ BPA ZE4T, SCPRTH BPA WRE R (11.58+
1.74) pg/L, XJRRADUKHARA BPA fiili, 7EREAS
FEG R, RS ST N KR S R 2 5
S SEEG SRR, FERE SRR, Sefl
FH MS-222 X (AT R, SR 5 fff ) R SR A 81
AL G ER I8

1.2 LR E=E PCR(GQPCR)

fifi F§ qPCR KM A% B ApoE mRNA 335
HAH 6 FMMKEE BAERE 24560, 3/ H
52) TERASRAERS [E] 25 FHF qPCR 43 #r, HLBEfl
FH 36 451, R trizol — 1543 M RNA,
BV RNA ., M-MLV % 4% 5% il (with gDNA wiper) .
R (dT) 519 (Vazyme, 1 [H) FIEEHLS
Y& B cDNA, Jffii | DNA R 25 4b 5 [ 41
DNA, £+ 18S Fl HAX BF & A 1 1 (efla)
VERWNSE (3R 1), 5 1Y H5805% (B) 3475 90%~
110%. RFH 272G P P SR AR X e ik 1Y,

1.3 HRIZENEE (WB)

fdi Fl WB K IS 8L ApoE YR Ik .
HoXxMMIEE BAER2%4M, 3/0EE)
FERRAREERT A S T WB 404, L0 36 4
i, ¥ VR RIPA 2tk (CWBIO, ) i
W, REEN . &AM M4 SDS-PAGE 77
25, ¥ %) PVDF JB | (Millipore, £[H), £
—¥1 (anti-apoE: 45 it &) ApoE i ZH 75 11 il
FIPUER, CARERERN, HUABIO, HE;
anti-tubb: GXY, H[E) Fli& 4 —HiFE )5,
fifi 3 58 b 2% & K (Advansta, 3£ H) BoR
BapE Ay, I MG AL B 2R G2 5 B B AR 1)
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# 1 qPCR, ChIP 71 DNA BHEALS|)
Tab.1 Primers for qPCR, ChIP and DNA methylation

A
2w e VPEHK FE Al
ene purpose primers sequence
g name
185 gPCR F TGACGAAAAATAACAATGCGG
R GCGGGACACTCGGTAAAGA
efla qPCR F AGGAAGATTGAACGCAAGAG
TG
R GAGCAAAGTTGACCACCATA
cc
ApoE qPCR F ACACCGTGGCAACCTATCTG
R TCCTCTGCGGTCTGTTCCA
ChIP AIF TAAACAGGCCATAGACGTGG
AR GCTAGAGCATTCCTAATTTTGT
TT
A2F  AACAAAATTAGGAATGCTCTA
GCT
AR TTCGGATTAGCATTCACATGA
A3F  CATGTGAATGCTAATCCGAA
TG
A3R  CAACATTATTGCTCGTACGGTT
A4F  ACCTTCAGGCTTAATTGTCTC
TT
A4R  GTGTCAGTATTGCTGCGTGG
DNA F(559) TGTTATTATTTATGTGAATGTT
methylation AATT
R(359) AAATATAACTATAAAACAAAT
TCCTC
F(364) ATATTTATAGTTTITTGATTTA
AAAA
R (147) TAAACTACTAATACCCAAATA
ATTC
actb  ChIP F GCAAGAAAGCAAGTGTAGCA
(positive AT
control) R TACAAGCTGATGATATTCCG
CA
=Ly =
oy T AN B E

1.4 HBIEXRIN JAF) 7

i ] IF 5 AR 53041 ApoE & (A 7EA §4H 414
AR o B SRR [H] L4 6 S5 ) — 1
B@EAEL 246, 3ANEL) HTZEN,
LAl 36 S5, A S AIRE i1 2L, A
WP RAL (R, FEED VI 6 um BRI A A
Y176 Z W 2R b i i J= il R B 2 Bk Ak,
5% A I LA F (BSA) 6], 1R 5T ApoE
UKk (HUABIO, &) F1AHR /Y —$T (DyLight
488, HUABIO, ) IEE . FIHEXT A 0.01
mol/L W PR EE 2% b A8 BT ApoE Pk . Wi
K R HZOE WG AT, JFIRIE SR, &4

ApoE 175 Y6 BE(ER H Image J 4381481t
1.5 3 FREeEITE (ChIP) 1650

ApoE 1 Ja 3l F )7 51 th 525 v fE k45 (Gen-
Bank: MZ606378) i i3 JASPAR %4 & (http:/
jaspar.genereg.net/cgi-bin/jaspardb.pl) T Hff 34
Z A (Esr) FIMES R AH K SZ K v (Esrrg) M AR
Tt , FEAEVE R o PR s B 1A A I 5 [ 47 o
T 26 H 1] Magna ChIP™ G 2H U457 & (Milli-
pore, 3 [E) 4314 & ApoE )3 8 F 1 Esrrg
Esr 1 FH 0 4 X5 A5 0§04 09 552 4, o 2 FH
Esrrg Fll Est fEFHICIF . 78 BPA XFBHYEVE A7 A4
MISESER R AT, AR 9 S iks &L (1
ANEET 3 HAaEEEEG DA, 34
) E A RAERS 8] S T ChIP Az, 3t 48
kA iEAT ChIP 4347, X Seks S U /N,
e . HH 2R ik, 242z ikl
LA, SR G R o S A B AR
300~800 bp DNA KBz, P43 5 fd F Esrrg B ik
(Abcam, FZ[E)) Fl Esr HTIA& (Abcam, FE[E) #47
JFi 42 ChIP SZ 5 (Esrrg A1 Esr PUAAKEL 220 i 571
REB0), TEAEAES AR Ui ik T, P
X BE 6 FH] RNA polymerase [T $ii4, JH N 23 A
WLEhE F (actb) 1 BHE X FEAS I 514 . 7
PEXT R H, i ] 1gG(Santa Cruz, 35 ) AUt
i, 4lifeiab B 5 FE 5 RS DNA B B, #E47
qPCR &I o 519 4 3 50CR B R UETE 90%~
110% (5 1), >R FH 2728C k3 50 35 R A X 35 54
PR B R A R B — A B S
R EAT ChIP 5255 1Y Yo 15 5T 2L WA M Input A
A, HAEHITALA QPCR, & MREA HFRPA
) B R AR X FE Input R T —ARALE

1.6 DNA HEMNX ST

FE 1, 35 J&] 3 ANWE] g, of IR A0 2 i
AW S FMMRER (EE 124 2560,
MTI1-MT4, #&E 34 1 %M, MTS)(MT: K
K 8) 1T DNA B Akl e, Hefdi ] 30 45 fh
e Y AR A Eh AL HE ) DNA(EZ DNA H 3%
1k Gold™ {51 &, Zymo, M), 2lifb/51) DNA
B J5 7E 20 °C {47 LA itE — D58 . Bk IR
SAERACHR S 519 M v (http://www.urogene.org/
cgi_bin/methprimer/methprimer.cgi) % 11, % £
PO dm ) 2 6, AL HE T 124> CpG A s,

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


http://jaspar.genereg.net/cgi-bin/jaspardb.pl
http://jaspar.genereg.net/cgi-bin/jaspardb.pl
http://jaspar.genereg.net/cgi-bin/jaspardb.pl
http://jaspar.genereg.net/cgi-bin/jaspardb.pl
http://www.urogene.org/cgi_bin/methprimer/methprimer.cgi
http://www.urogene.org/cgi_bin/methprimer/methprimer.cgi
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

JEgE, &

K724, 2025, 49(3): 039103

PCR " 34 = Wy 4li Ak 5 {8 FH 4 A pMDI18-T #k {4
(TA FifEItH &, TaKaRa, HA), % T&EM4
e, BEHLZEE 5 A4 5 B I 2 B H 3R ARR S
WY F R R E R A BRA BT (3R 1)

1.7 BUESh

T A 1 i 12 0 il 1 349 (8 5 o 1R
(mean=SE) 7R o i ] 8 [K 32 J7 22 3 # (One-
Way ANOVA) 43804 1) . & 1% . 784 Hr Z 1l
B TR s ) ISR 431 (Shapiro-Wilk) DL
J7 2 [A i (Levene’s test) Kl , AFF&IESME
S3 AR BCE T 22 18] o 0 e T AT log etk AR
S AT R 2500 . WA E A R
1 B 45 K H] Tukey post-hoc test #F17 Ji 22K 45 o
Sy HTHi i SPSS Statistics 17.0 #4417 .

2 #H
2.1 BPA X558 ApoE mRNA FEARIEHIEN

BPA £ )5, K ApoE mRNA A £ ATE
91 RS2 B WA, MAESS 3 MR E ST,
555 JR Az 2 g ] (K] 1-a). ApoE & FAE
91 R RIS Z BN W R ANE], MRS 3 HMR
R IFt, S S AR LT (K 1-b),

2.2 BPA XEE ApoE EH PRI

TEX BRI §ih, ApoE S &2 0 A T
ATHANME AR & BB, AER IR AN oA
WZ, TEWIHREREANME . IRGEREAL . KT
R AR F o A AR WO > (B fiR-1~3). BPA
5% 1 M3 G, ApoE TEAG SN AR LI B AE
ft., BPA B8 5 JilJ5, ApoE & [ 78 A= 58 4 Jfd
oA RS S X IR AH R, (HER I, R
SETENG R AHAE, A0 GO Bk 20 I A RS B 4
A3 A A S T B (1 hE-16~18) . Image
J 53 BT ApoE 2 A R s, 7E%
#5 1 f13 JH, BPA Z#E41Y ApoE HZIEEH N
Xt B ZH ) (0.90£0.07) £% (P=0.055) Fil (1.10+0.15)
¥ (P=0.107), {HZEFAWE; M2 S &, BPA
Z& & 411 ApoE & 128 G R X IR 11 (1.69+
0.23) fi% (P<0.001),

2.3 ApoE EFBzhF ik

i Xt DNA & 315 BEfg o B (12 AL
H1“DNA HISEAL M5 B Ml dfirs), Se8s

[JCon BPAILS %

=

—
[\

o
=)

*

]

relative expression level

5 5 ApoE mRNA HxH ik &
teaticulsr ApoE mRNA
<o
AN

(e

1A 3 )4 5
T R [A]
exposure duration
(a)
207
1 [ Con OO BPAILS
—_— *
ﬁ = 2167 L
® &g 1
Ewmzl2r
m e 8
W< E
m @ g 0.8} *
8382
<E B
@ 8o 04r
=
0 | | J
1A 3 5 J
eS|
exposure duration
(b)

ApoE " S —— e _—
Ty — — — — e
Con BPA15 Con BPA15 Con BPAI1S

14 34 51

(©
1 BPA X5 ApoE FiAHIF M
(a) ApoE mRNA [13i%; (b) ApoE & FI 1L (c) PI4LLE 3 M

& % i) ApoE & HEI#E. *. P<0.05, Tub. iE&EH, WB.AZ,

Fig. 1 Effect of BPA on ApoE expression in testis
(a) expression of ApoE mRNA; (b) ApoE protein expression; (c) ApoE
blotting was performed in two groups at three time points. *. P<0.05,

Tub. tubulin, WB. reference genes.

BT 4 MEBER A K Z AR y (Bsrrg) F1— >
W Z AR (Esr) WVER G Horfr, Esr v
P A —516~-502, Estrg {37 15 1 4 —~773~—762
(T1), —581~571 (T2). —519~-509 (T3) Fil—328~
317 (T4) (K 2),

2.4 ChIP SR

ApoE 1) T4-Esrrg {37 s #% 1E B /2 A 88 rh
Esrrg [ BHMEAE 675 (B 3-a), qPCR Z53R ER,
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Merge

Elh BPA XI55 ApoE 53 HHIFZ M
1~3.5% 1 & ApoE & /£ Con ZHHI /34 ; 4~6.55 1 J& ApoE & A {E BPA AFLL /34 7~9.55 3 J& ApoE & A TE Con I Aii; 10~12.55 3
JAl ApoE B A 7E BPA AbEALI 5041 ; 13~15.55 5 J& ApoE & F1E Con 4140 4; 16~18.5 5 J& ApoE & (A 7E BPA ALEEAL 953 4ii . DAPIL 4',6-
TPRFE-2-FREEINE, Merge. 455, sg AR, psc. MIZKERANM, ssc. KAEREREANML, sd. K5 T40ML, sp. ¥ T
Plate Layouts Effect of BPA on ApoE distribution in testis
1-3. ApoE protein distribution in Con group at week 1; 4-6. ApoE protein distribution in the BPA treated group at week 1; 7-9. ApoE protein distribution
in Con group at week 3; 10-12. ApoE protein distribution in the BPA treated group at week 3; 13-15. ApoE protein distribution in Con group at week 5;
16-18. ApoE protein distribution in the BPA treated group at week 5. DAPI. 4',6-diamidino-2-phenylindole, Merge. combined graph, sg. spermatogonial

cell, psc. primary spermatogonial cell, ssc. secondary spermatocyte, sd. sperm cell, sp. sperm.
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-559 -359 —— ApoE
1<|1 K3 KS/ K7 K9K10K12
Lo =t = |/ \:::H
K2 K4 | K6|K8  KIlI
Tl T2 T3 364 T4 147
| CG fir s MESS AR AR RS v WAAE TR ) MERGR 2RI AR LA
CpGsites Esrrg cis-acting element Esr cis-acting element

(@)

AGTGCAGAATCATAGATGAGAGATAAGGCTTTCTTATGTTGTCACGCAAAAA —961

ACCATAATTACCCAAGGCTTTCTGATCTGGAAAAAAAAGATTCGTTTTTACAAAAGAACATGATCATGTTGGGTGGTGTT —881

ATGTTCAGAATAGAACTGCTGGAGCAAACAGCTGTATACATTATGTTAACTCTTTACAGAGAATACTAAAGCATGTCTTA 801

ChIP-M1 T1 Esrrg

TCTTTTAAGATAAACAGGCCATAGACGAGGAAGGGCA
ChIP-N1

GTTTGAAATACATGACATTACTACAGATTACACAGTAACAT —721

ChIP-M2

CATATATCAACATATCATCAACATAACTTACTARACAAAATTAGGAATGCTCTAGCTRTATGTTATAATGCAACATTTGT —641

T2 Esrrg BSP-G1

TTTTAATTATTGTATAGGCCTTATAACATAAAATGTAGCCTTGTTGTTGTAGTAGAC ACTAT TACTA -s61

ChIP-M3 ChIP-N2 K1
II&TCATTAMTCATGTGAATGCTAATCCGAATQTG
K2 K3 ChIP-N3

T2 Esrrg

\GCAATECGATGTCABTAGGCCTATATAAAATGCTAATAGGCTCA 481
K4

Esr

ChIP-M4

TCCATGTTGATAGGCCATTGTAGTAAACCGTACGAGCAATAATGTTGGCGCCTGCAAAAAAAGTTTACCTTCAGGCTTAA] —401

BSP-E1

BSP-G2

T4 Esrrg

K5
[TGTCTCTTTAATCACGAGGAATTTGTCCCACAGCCACATTTACAGTTCTTTGACTTAAAAAAACC TGTCC -321
4—

ChIP-N4

———

K6 K7

K8
@CAACTTCGAT TTTTTTTATCCACGCAGCAATACTGACACTAAATAATTAAATACATAAAAAATAGTAGGCTATAAAT —241

K9

K12

K11
GAAATAATAATATGAAATACTCGTTATTACAGACAGGCATTACGTTTTTGCTGTCAATGTATGTATAGCGAACTATC Tﬁg -161

BSP-E2

GCATTAGTAGCCTATAATAAATTATATAGCCTAGGTTAAGGAATGCAAAGTTGGTGTAATAGCCAGACCATACATAAGCA

—81

ATTCCCGAAGACAATGTGAAAGAAGATGTGCCCTCAAAAAGAAATGAFTTGCGCAATTTATCTCCACCTAGTTCG -1

(b)

2 ApoE B FHIS T
A JTHEN ChIP AT L iE 519, 407 HEN ChIP &0 RS9, BEE N Bsrrg A7 21, LG E BN Esr 745, 45 fi Sk DNA SR

LS, Z#i 9 DNA HIEALRI iS4, TSS. Hiedb i,

K. CpG fiL k.

Fig.2 Analysis and prediction of ApoE promoter

Black boxes indicate ChIP detection upstream primers, red boxes indicate ChIP detection downstream primers, black circles indicate the Esrrg sites, red

circle indicates the Esr site, right arrows indicate upstream primers for DNA methylation detection, left arrows indicate downstream primers for DNA

methylation detection, TSS. transcriptional start site, K. CpG site.

ApoE J& 3l FH ) Esrrg M SE8EAE SR 1 JR B 350
/b MTE BPA BEEJG RV 3 R, S
J& VS (K 3-b).

2.5 DNA BE LM

MT1 F1 MT3 B9 %} B8 2 75 26 5 & A4 547
SR AL, 7E BPA SN T, BREEALES 1
JEER Ay K10 KAH Ik, 7655 5 J8 MT3, MT4,
MTS BE WA N0 S kAR, a5 R %
B, K58 ApoE B shF X Ab T & H AR ES
BPA AbBIX H TG i 252 (1] 4)

TEA SIS b, H A5 ik BORS 51 ApoE 3 [
mRNA )5 7E BPA 2282 )5 (945 1 I AIEE 5
VIR, MRS 3 AWM B E AT, EME
“UEAsfeiash . HSk HATE T BPA AR 28R
R[] A8 I B RN A AT A b, HR DAFE RS &
PUAS[AJ5) 2 1 BPA B2 22 119 1 2 52 B0 E S0 14551
RO, SR U FE] < U] 7 4 &k
R BRI R I, BPA TEAS[R] (13 & 7
M TR AP ML 325, AE A5 s ] ol i A2
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IgG Esrrg/Esr  Input

(@)

ek £8<

E3 HBE

T4-Esrrg

ﬁ@ 1.8¢

L9 OCon [OBPAILS

Ei 1.6 F H

= L4t

X552

gw'&) “T L il L

N S 210}

= 5 *

RS 2ost 1

LE g

% 2 206¢

=2 %oal

< e .

g g 02

PR

520 AL LT

&) IgG 1) 3/ 5/
FEFEI TR

exposure duration

(b)

ApoE BT Esrrg M52 T {4#) ChIP 4245 R

(a) ChIP 5 Sy A 5 55 4R I8 20V & B 5 b Esrrg Wi S J6 1 (9 363IE ;s (b) ApoE J3 37 T4 17 &5 Esrrg ZE8: 7284k . 1gG. BATEXT &, Input.

FHPEXTIE, ZDHER IR PHIEAL 51, *RRANZER B, P<0.05.

Fig. 3 ChIP detection results of Esrrg response elements in ApoE promoter of testis

(a) verification of Esrrg response elements by ChIP method in mixed samples of bisphenol A exposure group and control group; (b) changes in Esrrg

recruitment at T4 of ApoE promoter. IgG. negative control, Input. positive control, the red box indicates the positive sites, * represents significant differ-

ence in the group, P<0.05.

Con BPA15 Con BPA15 Con BPA15

KL23456789101112KI 23456 789101112 K123456789101112K123456 789101112 KL23456789101112K1 2345678910112
000000 000000 000000 000000000000
8860060000000 833385833938 283385838333 833533333338 000000660666 666666000000
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Fig. 4 DNA methylation analysis of ApoE in testis
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Effect and mechanism of bisphenol A on apolipoprotein E gene in
rare minnow (Gobiocypris rarus)

JUJian, ZHU Zhu, YANGHui, WEI Wenzhi, ZHANG Yingying"

Fishery Environment and Healthy Aquaculture Laboratory,
College of Animal Science and Technology, Yangzhou University, Yangzhou 225000, China

Abstract: Bisphenol A (BPA), a plasticizer with estrogenic activity, has significant effects on male reproduction. Apolipopro-
tein E (ApoE) plays an important role in the transport process of lipids, such as triglycerides and cholesterol in spermatozoa. In
this study, we investigated the effects of BPA on the ApoE gene in testis and its regulatory mechanism, to elucidate the poten-
tial relationship between BPA-induced male reproductive problems and lipid metabolism. Rare minnows were exposed to BPA
(15 pg/L) for 1, 3 and 5 weeks. The effects of BPA on ApoE gene expression and distribution were assessed using real-time
fluorescence quantification (qPCR), immunoblotting (WB), and immunofluorescence (IF). Additionally, the regulatory mechan-
isms of BPA on ApoE were explored using chromatin immunoprecipitation (ChIP) and DNA methylation assays. Results from
qPCR, WB, and IF demonstrated that BPA significantly affected ApoE gene expression and distribution in spermatozoa. ChIP
analysis revealed an estrogen-associated receptor y (Estrg) positive effect site in ApoE promoter region, with changes in ApoE
mRNA expression correlation with Esrrg recruitment. DNA methylation assays showed that the ApoE promoter region was
unmethylated, and that BPA treatment did not significantly alter its methylation status. These findings indicated that BPA dir-
ectly interferes with ApoE gene expression by regulating Esrrg recruitment in the ApoE gene promoter region. Consequently,
BPA may affect the reproductive function of rare minnow by disrupting testicular lipid transport. Our results provided a refer-
ence for future research on the effects of environmental endocrine disruptors on male reproduction from the perspective of lipid

metabolism.
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