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Bisphenol A is a representative endocrine disruptor and continuously detected in aquatic
environment due to wide use, resulting in adverse effects on growth, development, and
reproduction in diverse organisms as well as human. Structural analogs have been
developed to substitute BPA are also suspected to have endocrine disrupting effects.
In the present study, the time-dependent expression patterns of ecdysteroid synthesis
(nvd cyp374al), receptors (ECRA EcRB, USF, ERR), and downstream signaling pathway -
related genes (HR3, E£75 Vtg VtgR) were investigated using quantitative real time reverse
transcription polymerase chain reaction (qRT-PCR) in the brackish water flea Diaphanosoma
celebensis exposed to Bisphenol analogs (BPs; BPA, BPF, and BPS) for 6, 12, and 24 h. As
results, the expression of nvd ¢p374ai, £cRs, USP, ERR and £75 mRNA was upregulated
at 6 h exposure to BPF, which is earlier than BPA and BPS (12 h). On the other hand, HR3,
E75 and VigR mRNA levels were elevated at 6 h earlier at BPS and BPF than at BPA (12 h),
but Vtg mRNA level was slightly changed within 24 h. These findings suggest that like
BPA, BPF and BPS can also modulate the transcription of ecdysteroid pathway - related
genes with different mechanisms, and have a potential as endocrine disruptors. This study
will provide a better understanding the molecular mode of action of bisphenols on

ecdysteroid pathway in the brackish water flea.

Keywords: Bisphenol A(H|AL{|=A), Bisphenol F(H|AH|EF), Bisphenol S(HIAHES),

Ecdysteroid(E 1| S 2 2), Brackish water flea(?| =4t SH £)
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ME
H| AT = (bisphenol)2 Z2tAEl KX, Z0| AE, O|ZA| $X|
SO FEHASHAH AR L0 22D (Beausoleil et al, 2018), X[
E2AEo] AHEO| 710 mhat 4= 2 ojME X&HeR
pal

AEL| 0 UCHLiao et al, 2012). 7}& 0| AFRE[0] & H|AHE
A(bisphenol A, BPA)= CHEX Q! LIEH|H =2 LM 2t
o, Izt ZES Crfst MEoM FHH 2229| 7|58

uEsto 2N A%, LM, dA S0 Foliet s njEctn 2
0 E HE RACHSegner et al, 2003; Canesi and Fabbri, 2015). [TH2}A]
BPA= 2018EHSH I HAIR|OM AREO| HTHE|Of 2EOTH(ECHA,
https://echa.europa.eu/), Ol CHA|SL7| QI8 XIZIHA| 16572
BPA 7= SAHHE0| 7HE /0] RtCHChen et al, 2016). Ol &
H| AT =F(BPF; 4,40-dihydroxydiphenylmethane)2t H| AH=S(BPS;
440-sulfonyldiphenol)= A1 2%, F4Z, F2(dyes), A1t &
H| & CiFet 20F0A AL E 0 2t BPARL T E0] £+ '—HOiW
=4 AEE|1 UCHCabaton et al, 2009; Naderi et al, 2014). £3|
R0l M HAHE & RAKE EIXS0|M BPAEITH 13370 ng
/g dw) > BPF(XICH 9,650 ng/g dw) > BPS(XICH 1,970 ng/g dw) &=
O=Z =7 HEE H UCKLao et al, 2012). 2 ATE Sl BPA
TE FAMSE WEHA ngt 2ES 3
(Rochester and Bolden, 2015) 8§ A3 2
7= Olg% dFolct.

U2 F(Crustacean)2| LY WEH| 22EQ! ecdysteroid
o o5 =E=H 7HH|2l ’3” té“o", HE, O2[0 Ao 523t
1P40|Chlafont and Mathieu,
o5 ZHAHENM °**"5._|

S
= M2 ot 3y

4 T

07). Ecdysone2 neverland (rvafof|
p314a1 SHMREO| AMEQI
sone 20-monooxygenase0i| 2|s 2% Q1 20-hydroxyecdysone
(20HE)E M2H=IChLafont et al, 2005). 1 CHS 20HEE
receptor (EcR)Zt ultraspiracle (USP)Q| heterodimer?t ZAgtsto]
o2 0|538l0] ecdysone S ARO U= -?r’ﬁxf%(HRji E75
vitellogenin (V#g), vitellogenin receptor (VgR)2| LdiS ZHBIA
EICHNakagawa and Henrish, 2009; Miyakawa et al, 2018). 2279
estrogen-related receptors (ERRs)= HF=S22| estrogen receptors
(ERs)2t REX MPO| FABIY A EStHoz 7pt2 Aoz &
X QUCHLaudet, 1997). ERTt Z E.&E oY 2EZAU F
FOH I.}\HAlOl 0161:2

| ecdy-

ecdysone

LIRS W copepod, mysid & 29|
LACH= 207} O'o'-f(Andersen et al, 2001; Segner et al, 2003;
Ghekiere et al, 2006), Z4Z}7 ERRQ| 7|50f CHolAf= OFZ G177}

H XX
EE5i0t

7|4t EHE Digphanosoma celebensis (Crustacean, Cladocera,
Sididae)= HEd X|ZFE OLAOFS] FLHX|AOA F2 AMAISH

Cf 1% 2HIRZAM OfF SATYOM X[0{e] Ho|2 0|8k = T
= oHPYEIA N =2 OHX| MEXZM 2% 92 HE

ot ULk AFSO0| BO[3tH, A7|7F &1, Bhg MiTH 7HXI2] 7|2t

[

-~

off CHst MEf=AdstE A720] 0|8 &1 RUCHMarcial and Hagiwara,
2007; Kim et al, 2018; Bae et al,, 2018; Won et al, 2021; Yoo et al,
2021). 22[9| 7|& HTE Sl ecdysteroid signaling pathwayf|
20f5t= FEAIO| URl0| HIAHE 7& RFANO =& A =&
SZof wat Hateto 2 7, 2 3 Ao dgs 0 =
USES HASH vt UCHIn et al, 2019, 2020, 2021).

= AF0ME 7|4t SHE Q| ecdysteroid BHd(mvd gp3Tdal,
receptors (EcRA, EcRB, USP, ERR), St%l B2 RVRIS(E75 HR3
Vig VigROl CHol HIATE T FAKI(BPA, BPF, BPS) =Z0

ME AlZEH o|EY L BIZIE ZARSIIAL ofRULE Ol HIAHE
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Diaphanosoma celebensis= $Had|¥nte 7|28l
A
o

(KIOST) O|Z% HHAtol|A| 2 2o, HYristy getsateyst
YIS 2XEES MMM BB QU= A2 ABBIACL
ME2 8li5=S(Instant ocean, France)= 15 ps uZ HMZESHH 02 um
ZHE o3t 3 ARBSIRIL, WY 2E= 25:1°C, EF7|= L:D
12A1ZH: 12412t U2 HYYBIRILY. Chiorella wulgarisS 20| 2
FAD, THY 40 - 45 x 10° cells/I*| HSSHAULE

2. HAHE = |fAK =& A"

HIAHE 7= A Q! BPA (2,2-Bis(4-hydroxyphenyl)propane),
BPF (4,4'-Methylenediphenol), BPS (4.4'-Sulfonyldiphenol)& Z&tst
SE A2 EH AZ0| gl Bt Sigma-Aldrich Co. (St. Louis,
Mo, USA)CZEE FOiSIY AESISICE ZF S & 9| stock solution
2 BPAQ| A< 6 mg/ml, BPF 10 mg/ml, BPS 23 mg/ml7t /=&
dimethy! sulfoxide (DMSO)Ofl =0 A FH|SIRACE KT Lol A
&= 2IsH BPA (3 mg/l), BPF (5 mg/l), BPS (23 mg/fE D celebensis
(S 200 7§*l/ 200 ml) 42 ZHA[OH 0, 6, 12, 2442t =EAIR
Ch & ske 7|82 S4=4AEE o Y2 24 h-LCy &
= EZ OHXAL S=0M ZFSIRACHIN et al, 2019). XF
DMSO SEE 005%= 9X| %D, AIFHSHY cEdt= SOt
=2 WM YHEX $RATE F J|2H S HOLE MER HY
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3. Total RNA =& 3 cDNA gHd

ANEZE0 =5 ME2 eppendorf tubed| 22 = 5Hi 2
9f TRIzol reagent (Thermo Fisher Scientific Inc, USA)E €O @&
o} SFRALE Total RNA =F = 1% agarose gel electrophoresis@t
Nano drop (Maestrogen, Taiwan)g 0|8 4 I M 2M3 3
RACE. Total RNA 500 ng= cDNA S0l AHESHA 20, (DNA B
2 ReverTra Ace® gPCR RT Master Mix (Toyobo Corp. Ltd, Japan)Z
ALBBIUL, ®ZXL o) e} et dstRIct

—

4. Quantitative real-time reverse transcription-
polymerase chain reaction (QRT-PCR)

PCR HHSE2 I8l 1/1022 A5t cDNA 2 pI2t 10 pmol2
primer mixture 2 YIE 250 ALESI2D, PCR ZHE 95°C
/10 min; 40 cycles of 95°C/15s, 60°C/1 min2 =3I ALt EHS0|
2t 2 Bl M=2 SFS 25| 5t 60°CRE 95°Ct
X| 12=00Ct 0.5°CH Z71510] HHE A7l & melting curveE 20l
SHRACH PCR BHS-2 SYBR master mix (KAPA Bioassay system, USA)
£ A83I%1, SYBR greenSZ EX| & MEO FE ORE
CFX96™ real-time PCR system (Bio-Rad Inc, USA)2 &df 22lst
RACh 2t Xt e Z0HE normalizationdt?| {5+ 185 rRNA
£ reference gene2Z O|83IALt. 2t KA H2 FHE ¢t
(threshold cycle) 22 0|85t 2224¢ HHH0O| 2t fold-change

oS 2400 JUiHQl RHA T Y=g AR 24 78
SHAL.
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al, 2014), RNAi 7|&2 0|88t neverland= knockdown A|7|H
ecdysteroid2| titre7t ZA8IHA molting0] AXEHEMN L0
X|HElctn 2 s HE AUCKSumiya et al, 2016). In & (2021)9] &
T Zotof MEM, ecdysteroid MeHH0 EOlSHE nvd AL
1512 bisphenol FOf| 48A12F =EAIZIS I
= SHS HIUCL =F AZto] HE 2
AMoME nvd SEAL LH2 BPA =F Al 12A17H01 A 74E
SO (Fig. 1A), BPF01|)\‘|._ 6A |7WH01| 7+
. gt BPSO| 4 | Zas
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#ol= ecdysteroid &40 MZ Cf
USE MAISHCL
Ecdysone2 cyp314a10] 23 242
2 HEHE|0, nuclear receptor familydl 38l= EcR1t USP2| hete-
rod|mer9k Ao R 40IM ecdysone response element
(EcRE) £2[0] Z&StA ElChHYao et al, 1993; Zhu et al, 2006).
Chironomus riparius (Planell6 et al, 2008; Nair and Choi, 2012;
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0% _J|'>|
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Do 12

= ecdysteroid®! 20-HE

Morales et al, 2014), Gammarus pulex (Gismondi, 2018), 7igriopus
Japonicus (Hwang et al, 2016), D celebensis (In et al, 2019) S0
M ecdysteroid BE0| HOSHE ¢p374al, FcR USP FRXS| &
&0 o L2HA HO2EE0 =EXAUS I ZRECE &
E HE UCE BPAO e EE 0|5 RAUAES LEE X| 12A12F
Mol 7+ =2 Lads EACHFg. 1A). Gp374a0l B0l BPA
= S gp374are] LHO| 2442t SOt 23|
2 godts GYS ERACL Ol BPF= BPARCH=E RX|TH {At
ot AER 22 JHX|H, BPSE 29|H HAERA 22
= 2109 BHHE|0 Y= ZHSZ HOICHRochester and
Bolden, 2015).
£3| BPA oE0| 42 ERAszr FcRB RTXIE2 28] 0|2l &
ok 23-fold, p < 0.05). $+H BPFO| =&
PAO L EEl ZS EC} 0| A|ZFQI 6A|ZHOf &
FoFRACHFig. 1B). D2{Lt LA BPA ELt=
EcRs & EcRAZE 9F 28 BEZ JHY =7 Lig
BPAR} SALSHAl £cRARt EcRB RTERLQ| e
H01| M = BISIRe M, £cRBZE < 1.6H)
RALHFig. 10). In & (20190 WEH D celebensis
48A|7F =EYS I BPARt BPSOIM = £cRAZF
O 37t% BHH, BPFOY e EXE Me £RA7H O S8 YdE
2Lt Drosophila melanogaster embryo2t adult Al7|0A EcR
isoform@| Sgti} BEASYA ERAE SH| 2340 2SHH, EcRBE
larval stageOflA{ EHL] P“Q 5._ Ctd YA QUCHTalbot et al,
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Fig. 1. Relative mRNA expression of nvd cyp374al, EcRA EcRB
and USP in Diaphanosoma celebensis exposed to BPA (A), BPF
(B), and BPS (C) for 24 h. Different lowercase letters indicate
significant differences among exposure time and determined using
a one-way ANOVA followed by Turkey's test.
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Fig. 2. Relative mRNA expression of £ERR E75 HR3 Vtgand VigR
in Diaphanosoma celebensis exposed to BPA (A), BPF (B), and
BPS (C) for 24 h. Different lowercase letters indicate significant
differences among exposure time and determined using a one-
way ANOVA followed by Turkey's test.
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USPR| Y512 BPAR} BPFOI &S M= AR isoforms?|
I{ET FABE oF AZHY] JHE =2 93 e 2 RUCHFg.
1A, B). 3HH BPSO|| CHSHA = 24A|2F O[LHOAl 3A| L&0] BTt
SEX| AUCHFig. 10). BPA =& Al usp LH2| E7H= midge C
ripariusOl M= 210 E Bt QACHPlanelld et al, 2008). BPS ==0{A
USP SR} a0 ZEAE O HEO| 48417t =EOME Ut
T|A| LIEtLFE ZDK(In et al, 2019)2 BPAQLE CHE & 7|HE
= Aoz Holr),

2. Ecdysteroid0il 2[sf ZHE|= FEXIC| Wil 4t

EcdysteroidOfl 2|3 ZHE[= 5t REAE T early response
gene®l £759} HR3 late response gene@l V1g@t VigR SHXIC
LALYLS ZASHAULE. 712 OFF] 1 7|50| F=SIR| HX|T
vitellogenesis@t 2HAE[0] ULt LM U= FRR REAIQ| LH
Ytz B ZALSIRACE Fig. 2A00A 2= HiQ} Z0| FRR RTAL
2| S717t BPA leE 1241240 24A|ZHOf A =HQIE| QALY £759%
Vigr SERES| &2 BPA Lt ZE 12A17tH0f] 25 25HY O|4 &
P1SIACE HR3RE Vigll Wol Laf2 24412kl 7+ =A B7ts5t
RUCL THH, BPF =& £ FRR RTIXIC| ©ol2 6AIZHH0 7t =
A\(f 28, p < 0.05) LSRR, 1 2 FEXEE BF 6A[ZHN

=

=
o 7bE =2 UL ERUCHFig. 2B). BPSS| AR £75= 12A|2t
W 7P A Ut OLL, HrR3E 6AIZIO 7HY A wis)
RACHFig. 2C). Vig SR LHY2 BPSE M eldtne SAXCR
FO5t7|= ST HMH o2 A SIKSHA| A2 B, ViR &
HAe| wodY2 BE LETOA AlZte] XH0|= JUX|TH St
= Y2 20t

HR3RL E75= ecdysteroiddf| Qs ZHE|E ot9 |HXt0[H,
Daphnia magnadlM HR3 XS] &el2 20HE0| 28 573t
BHH, E75= B8-S EO|X| YUt EnE Hb {CHHannas and
LeBlanc, 2010). £3| HR3E vitellogenind} chitin A2t 1Py 2
HEl R YHE AFote GBS StH, E75= HRIE AH|

i TT —
St UE2 BOBM 0159 HBHSL T # o3t Wi}

Efabgol ¥&E O/XIChHannas and LeBlanc, 2010). 2t 2

755 HR3| ME CHE U a2 0|23 42%E
He 2o 2 HOICt Vitellogenine h 2hM ME0AM yolk
protein®! vitellin® 70| X, vitellogenin receptor (VigR)2 &
8l cocyteZ HEHE|7| W20 A0 Lo S dgs ot
(Hayward et al, 2010; Roth and Khalaila, 2012). £3] vitellogenin2|
o2 RS Sl ZEEV| =20 LIZHA o= Ee ¢l =
& 238 37|= HePh Ho|OHE Y2{M 2ACHZhong et
al, 2014). B4t SHE Q1 Daphniad| M= BPARL NPO| == E|!
= I g FEXRC| EH0| &7 S7Hetttke Bt R EHHannas
et al, 2011). & AN Vigre| Lad0] F7tok BHH 1igo| U
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H|$t Ao 2 2QICt In § (20201)2] ZMOM D celebensistf| H]
=FE 4BAIZE M2l Al vl EY0| IA Btk HE A0
BN VigrO| LHE S7H7F 48AIZHOIM Vgl HH
2 F=ote BolS Aoz TP £ ULt

EXSE0M ERe EX= LM UAX| &1, THA estrogen-
related receptor (ERR)7} 2 11%|0] QUCHBardet et al, 2006). ERR2)
gt BESME gametogenesisE ZEE 4 2 H(Nagasawa
et al, 2015), ecdysteroid O§7§ Z=0| £0{5t0] gonad develop-
mentS Z2EY & AL LK ACHJin et al, 2017). 2L}
ERR2t estrogenic compounds?| 230 siM= 2|0| 2
ZOCL MytilusS 0| 8%t M| Me £RRO| 17B-estradioldf &t
SIX| QO LK(Nagasawa et al, 2015), C ripariusHl M= BPS
(Herrero et al, 2018)2} BPA, 4-nonylphenol, di2-ethylhexyl)phthalate
S(Park and Kwak, 201001l =Z=|{S [ FRR RTAIS| &30
S7Pt ATk BT QUoh Z44FOA Crfet LH2H|A FolE
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