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Effect of 17B-estradiol on Ecdysteroid Pathway Related Genes
in the Brackish Water Flea Diaphanosoma celebensis
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17B-estradiol (E;) is a natural hormone secreted by ovary, and continuously discharged
from household and livestock wastewater into aquatic environment. Due to its strong
estrogenic activity, it has adverse effects on development and reproduction in crustacean
as an endocrine disrupting chemical. Although ecdysteroid signaling pathway play a key
role in development in crustacean, little information on transcriptional modulation of
ecdysteroid-related genes in response to E; is available in small crustacean. Here, we
investigated the acute toxicity of E, to obtain 24-h LC, values in the brackish water flea
Diaphanosoma celebensis. Time-dependent expression patterns of seven ecdysteroid
pathway - related genes (CYP374al, EcCRA EcRB USP, ERR Vig VigR) were further examined
using quantitative real time reverse transcriptase polymerase chain reaction (qRT-PCR).
As results, 24-h LCsp and LCqq values were 9.581 mg/l and 4.842 mg/|, respectively. The
MRNA expression of CYP374al, EcRA USP, VtgR was significantly up-regulated at 12 or
24 h after exposure to E,. These findings indicate that E; can affect their molting and
reproduction by modulating the expression of ecdysteroid pathway - related in D celebensis.
This study will be useful for better understanding of molecular mode of action of endocrine
disrupting chemicals on molting process in small crustacean.

Keywords: 17B-estradiol(0i| 2 E2}C|Z), Endocrine disrupting chemicals(Lf&H| A w 2t=
A), Ecdysteroid(E IS 2 &), Brackish water flea(7| =42 H ), Acute toxicity(B4 =S
Gene expression(S XX}t 2oy

=
4



36

ro
>
re

40
=
o

=

[

A
42 ﬁo”‘ ol LHZHIAE WEAI7|= 22 RE &
LA Q(Endocrlne disrupting chemicals; EDCs)Z2

I|01)\|7|7<||_|- =IXINZ|E
2 3A F 7
HLUioM RtHHo=
2 HAEAHZES ZE|
| MM ALBEIEE HEHE
O|CH(affrezic-Renault et al, 2020). O|2{st ECDsO]|

wek ge olzte =

ey

ox o
1o

==

of
3
Hu ol
Moy 19 @ | - o ox et

1
g

I'Q

rot Oh Ti

ro A
1o
L
> fob oy

E St= ZRF 27, OfF,
Al PRo| @&te o)X Z
|CHEsplugas et al, 2007).

17B-estradiol (F)= HAREH WELs M LHIH"" k=A=_Xe)
E, EDCsOf| £5t= o[AZFS2| 5as%t 2 ofz}, #&
M S 52 ALRO| HIIMZA AFEEICHE InW|shy et al, 2012). I}
20| 7t= H7|2 788 HE & Ot 425 ¢ S&s
O Xt =<0l 22| AUCHForghani et al, 2020). B2 &2 Of
2EZU 248 JHX|1 U7| RO ng/I2 Oif e sEE
EMSIEEE D EE MBS Of7|e 4= A0 7 A2l Water
Framework Directive (WFD)O| O|AEZH M QAZHZE S5
|0 QUCkDai and Liu, 2017).

Ex= 8 +=&%|(nuclear receptors, NRs) & estrogen receptor (ER)

ZAgtsto] L S MAlof FgE O|XChwelshons et al, 2003).
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ZtE (Crustacean)O|A] E.QF &2 6'§
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2y QUCKSegner et al, 2003; Ghekiere et al, 2006). 12
Lt Z2tR= ER Ti4 estrogen-related receptor (ERR)Z} E=X|5IH
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Yztz0| Wrek2 EHO(molting)0l2t 22l MZ2 QEZS
dMeto2M OFOX|H, Ol BIU|ZEE(ecdysteroid)2| 4=
M2 P30l 28l 0| F0{ZICKGismondi, 2018). CYP374a72 ecdy-

e Z2EE 20-hydroxyecdysone (20F)2Z HBtsIE=G 0]
Sh= FTXIO| O (Rewitz et al, 2010), ecdysteroid receptor (EcR)zt
ultraspiracle (USPYE heterodimerS &445t0{ 20EE & LHO| =&

St HEE HEsle RUAE EH2229| 4o ME ZZ20
O3t X|EZ2 A EICHChristiaens et al, 2010).
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of MsIChMarcial and Hagiwara, 2007). 0| A&
&l D celebensis M| H|O|EH|0]AZEE ecdystroid signaling
pathway 2t RHXSS BAMSI0 FHSHAL, CHEX QN L2
A u2tEHO! bisphenol ananloguesO 2[gt O|F |HXS| HAL
ZEE golgezN oo Fes 0jE
ALCHKIm et al, 2018; In et al, 2019, 2020).
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Diaphanosoma celebensis=

=20
SH2 LS 7| 2 Q(KIOST) O] HEALO|A| £QF tbof, At L3t
u g3 MESE 2At=gs AP Mo|A Hifstn R
£ AS AMESIYUCE MES oJ1tEl 15 psu 2133 (Instant ocean,
France)Ofl Al 251°C, 12A|Zt : 12A|7k(light : dark) 7|2 B st
RCt Y HO|= Chiorella vulgarisS 4.0 - 45 < 108 cells/|
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Table 1. Primers used in this study

17B-estradiolO| 7|4t SHEQ

| Ecdysteroid AZ20]| O]X|= Fg 37

Gene Oligo name Sequence (5' — 3 Amplicon size (bp) Remarks

RT-F CAACATACTGAGCAACGAAC
De CYP374AT 126 Real-time PCR amplification
(MK336427) RT-R ATGACACACGCCTTGAGATA

RT-F GCATCAATGGTCACAGCAC
[;/CI—KESC;;‘ 428 96 Real-time PCR amplification
( ) RT-R GACTGTAAGGCGGTTCGTAG

RT-F CGCTCCCTCGTTTACAGTC
ﬁié[fg 12 107 Real-time PCR amplification
( 9) RT-R GATCCACTTCGCCAATATC

RT-F CATCGGTCTCAAATGTCTGG
D UsP 87 Real-time PCR amplification
(MK336430) RT-R TCCAGCATTTCCATCAAG
De ERR RT-F CAAAAGACTCAGGGAGAACAT ‘ o
MN180083 106 Real-time PCR amplification
( ) RT-R GGGCATACACAGCAACAAGT
De VIG RT-F GCACTGTCGAGAAGAAGCTG ‘ o
MN180084 104 Real-time PCR amplification
( ) RT-R GCCGCTGAGTTCGCTAAG

RT-F GCTCTGTTCCTCCTCTCA
be VigR 1M1 Real-time PCR amplification
(MN180085) RT-R CATTCGGATTCGTCCTCAC

RT-F TGGAAGGATTGACAGATTGA
fgrﬂ\éﬁo 1 81 Real-time PCR amplification
( 1) RT-R AAATCGCTCCACCAACTAAG

3. B E ANE

=8 =54 MY OECD test guideline 202&

Rt O celebensis= 42Xt 70 50121 & 5 mI°| Al
| six-well cell culture plate (SPL, Korea)0fl £0f A|ElSI O, 45t
2o FISSIYCH AB AL B XD OFAIRIZ 12 h
12 h (light : dark) 7|2, 25°C+10|A ZIES 17B-estradiol
(0 to 10 mg/)E 48A|17F Mz|sto] R X 2 OIS UL 7
Moljl= 8002 oISt om, 10X 7t 7
L= SX0[X[2 RS o] Xohe
Ct. A& Z1t= ToxRat® Professional softwareS
confidence limits (CL) @t Z&ot=
tration (ECso) &/2E HRALCH

TEA ME | Ee 2ME /510, 250 ml H|FH0
1/2 24-h LCio (25 mg/M2l Al &% 200 miE gﬂ ALK} IHA|

£ 2000f2|% F0iZFRect. o =& 24 h EGo 0]
Hot= ats 2] 34510 ME[SIAU2TH 0 h, 6 h 12h 24 h
LEANZCEL =F AY0AM DMSO2| £|F 5EE D celebensis®
mortality?t ZQIE|X| 42 0.05%2 AE3|Y SO (data not shown),
Al7|2t ¢t Mol= HM& SHX| HRATH

- O L

tReH,
£
¢t 7k2k GEop ALY, OFHI
A 7Y Moz TSR
AME3L0 95%
half maximal effect concen-

]

mjn

OF

M5

4. Total RNA == 3 DNA &

MNESHO &8 MES 221, 5HY 89|
(Thermo Fisher Scientific Inc, USA)S €0 &3}
RNAS| Y M2 1% agarose gelOAl H7| B
rad Inc, CA, USA)2 O|83}0] &tolstin,
(Maestrogen, Taiwan)2 O|&5tRAL}. cDNA B2
RNAE 0|&83}0] ReverTra Ace® gqPCR RT Master M
Ltd, Japan)2| MIZXA} ol w2t 2HdstRUC

9| TRizol reagent
23} IRt F=E=
Chemidoc (Bio-
M2 Nano drop
05 pgQl total

ix (Toyobo Corp.

=
S
=]
s

5. Quantitative real-time reverse transcriptase poly-
merase chain reaction (QRT-PCR)
gRT-PCR X124

Hoi|l PCR HF-32l 285 2QI5H7| Iot0 effi-
ciency testg T&s
098 O

t¥on], 1 Zot efficiency (E) 440l 90~105%,
R ZA1t7F 098 O 49! samplePtS AtE3HRUCHdata not shown).
BE PCR HHE2 HZ8H cDNAS 1/1022 |M5t0] 2 pl, primer
set (Table 1) mixture 2 Y& AMESIY2O, PCR 242 CH21F &
Lt 95°C/10 min; 40 cycles of 95°C/15 s, 60°C/1 min. ¥+&0| &'t
SES 20517| /5t 60°COlA 95°CE 1 sec
5°C B7HAIA melting curveS QISHRACE SYBR master
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Fig. 1. Survival rate of Diaphanosoma celebensis exposed to 17f3
-estradiol for 24 h. Data are shown as mean +standard deviation
(S.D).

mix (KAPA Bioassay system, USA)= £783t PCR tt22 =Ql5}7|
Qs AHESHR 1, SYBR green - labeled products®| 3% W EX|=
CFX96TM real-time PCR system (Bio-Rad Inc, USA)Z O| &30 =
HE|ACE 2 AN 22 RTA Y AWE normalizationdt
7| 21801 D celebensis?| 185 rRNAE reference geneQE 0[&
SIRICE £ &l Ct (threshold cycle) ZtS O|83H0] 2-2act HEEHOf

e} fold-change %42 243t HTIXQl REAH &l g A
LS CHLivak and Schmittgen, 2001).

= S
g 7H|§P3F7| flstof SlgmaPlot 1208 A

U 0 ROl sttt BT
21
1.E =0 I2 34 =4

£ D celebensisdl|
AE EoISHRICHFig. 1).
|E0§ 24-h LCyp %2 4930 mg/IF L, 24-h LCs
at% 9.448 mg/IZ 71|*+E|°+I:r(Table 2) EESE 48-h LCio U2
g/, 24-h LCsp 242 5639 mg/I2 2+2t ZA™HE|ACHTable 2).

3
\

4.
B Oh b
=3 6h
c 3 12h
O 34 |mmm24h
&
9 [+
o
® b
[0} 4
g2 b
(o))
2 a
w a a a
o 1 a
o
0.
CYP314a1 EcRA EcRB USP

Fig. 2. Relative gene expression of D) celebensis CYP314al, EcRA,
EcRB and USPin response to 17p-estradiol (2.5 mg/l) for 0, 6, 12,
and 24 h. Data are shown as means+S.D. of 3 replicates. Signi-
ficant difference was analyzed using one-way ANOVA followed
by Turkey's test (p < 0.05). Different lowercase letters indicate
significant differences between time points in each gene.

mmm Oh
6h
4] |==12n

Relative gene expression

ERR Vtg VtgR

Fig. 3. Relative gene expression of D celebensis ERR, Vtg, and
VtgR in response to 17B-estradiol (2.5 mg/l) for 0, 6, 12, and 24 h.
Data are shown as means + S.D. of 3 replicates. Significant dif-
ference was analyzed using one-way ANOVA followed by Turkey's
test (p < 0.05). Different lowercase letters indicate significant
differences between time points in each gene.

B0l o3t AlZtE |REX HH HIE ZARE| {5td, D
celebensisOll E; 25 mg/hZE 0 h, 6 h, 12 h, 24 h St 1E|0}9"1|:f.
SOt dojit HOE H0IE|= 24 h(5Y)2 7|ECE IS I,
CYP314alit USP, ERR RTIXES| H210] 12 h HOf| & 25HH Ol&f

O SEA WHZO| Z7ISFACHFig. 22 3). BHH, FRAE 24 hof|
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17B-estradiolO| 7|4t SHEQ

| Ecdysteroid AZ20]| O]X|= Fg 39

Table 2. The 24-h and 48-h LC, values and 95% confidence interval (C.) of 17B-estradiol in D celebensis

Chemicals 24-h LCyg

24-h LCs

48-h LCyo 48-h LCso

17B-estradiol 4930 (3.010~5.982)

9.448 (8.009~13.399)

4.125 (3.262~4.688) 5.639 (5.040~6.203)

Bt 2 9.2. ig= &
Olgh AT BE A|ZHOIN BHEEROH, VigRe AlZHO| K|
et fEAL 20| ZIISICHIE 24 hO|A 7HE &2 dhoizket
358 £7h2 LIEHHRACHFg. 3).
o

17B-estradiol (E)= Y &2 ol &Z0| £E| FE5/0,
oty QHEHE Ho|X|T HEEo &F 2¥S op7|s=
EDCsOf Chist otEs MRS slEEZ0 EEE0 Lo, Ao
2 Hoz220f 3t 54 28 o7 LT CHE @'?E 2=t

ot 2 AR0M B2 D celebensisOl 24 h =EA|7]
2 9448 mg/l (95% Cl: 7.697~11.927 mg/)&E |—|'E|"“H:|'(Fig ).
0|2{¢t A= adult O celebensisofl E; =& Al 24-h LCsp 40|
1037 mg/I2 LtEFRCHY 203 Marcialdl Hagiwara (2007)2] ¢
ToF RASIACE Bttt EHEO| L2 24 h-LCy 240 3.67 mg/l
2 LIEILL B0 CHEY QI ET} D celebensisOiM & § RCtn &
4 QUCHBrennan et al, 2006). B0 CH$t LCs 4t CHE BX™ZE
MEO0IM 2 L™ UX| LX|T ofg] ARLE Sl ng/l - pg/l
FFEO| Bt 2 FAE YE0| Ao FeS 0| + AUCte
0| BE HE QUCE O|E S0, Btt QZFQ Brachionus
calyciflorus PallasOfl B, =& Al Z[C§ 100~1,000 ug/I0 A gener-
ation timeO| 7151, & HAIE0| 715t RS LIEFLHRATH
(Huang et al, 2012). &3t B0 &% D celebensisOI M T 10~
1,000 pg/10IA X HHRY AL A| 7|7} BEkX| 1, fecundityZt S7t5t
£ SN2 LIEHHACHMarcial and Hagiwara, 2007).

Segawa®} Yang (1990)01 2™, O celebensis®| AL ‘g% O™
Ol= S0l sHHA 2ot AojLiH, 48 d= O|2RH= 2Y
off AN S Ao =2 EuEl H QUCH ofH| dES S¢f D
celebensis= & AL0| K HM neonatesE HESIH, EI| 7|
= 590t 7~8Y ALO|Of|A] HEZl B} QICHdata not shown). In
S (2019)2 E{OIt = 4~9 days &2 D celebensisOIN gp374a,
FcRA, FeRB T1B| 1 Usp R7RIS] 23 Bt £ S &df OIE 0
MA7F O ce/ebenS/sol o F719F YX|S }
429 BHHE Q

M
MRt 2 =719 dsd k40| D ce/eben5/5°| MAl Z=7|9F 2
X|gt= A2 2*8@ HF QUCKIn et al, 2020). & AT 1/2 24-h
LCio2 B0l ==& = D celebensis?| gp3idal, USP, ERR ST

A SOl 12417400 7HY =R, EcRASF VigRe| R7TEAL Eed
2 24A12t00 7HY = A LIE f HCHFig. 2). AT ecdysteroid=
2] o S715H7| AEfolAM B 2HO| 7HY S7otn, 2ot
2O Ato] 2|1 Egml o|20ls XA RAIEC N Ut

(Martin-Creuzburg et al, 2007). CYP314a2| 4t=2l E20-hydroxylase
£ HAF CHA oA =EE|H 20E (20-hydroxyecdysone) A Atof 2
O{2tCHMaeda et al, 2008). & HEO|AM EHO{ X| 4Ry &l 74
Mol =EAZ7| W20 B, =F F 24AI1240| =W D celebensis
7b 2Ol AZ|52Rholl HOEA Eloh oFel Y BEM=
n & 019)2] ZUOIMNZ Cyp374ar RERIL L2 2|

2o
7b AR El= SEMO| 7+E =2 peak(%f 24H)S EO[A Lt 1
2Lt B, B0 Q8 CvP374a72] TALZEO| 12A1ZHRO 7+ =
=

Al LIEFLER 24A17H0= 23]2] 158 =2 Zacts B

E0ICt Huang & (2012)2 Brach/bnus calyciflorustl|l B2 =EA|
72 M Hf 2 EEAIZF SHEE|D, juvenile Al7|QF AL 7|7t

o[ ct 205k HE QIO f. 3_“4 Marcial®t Hagiwara (2007)= D
celebensiso|l E,E EAZI At K EA A|7|7F WEEK| 1, fecun-
dltyjl. gjl.o}, 7-|OE |__|. I.I_H:I- EFE'E 7|'7|-EO| A‘lxl-, HFAH H:'EH
2 Ao 55t ‘:f71|0||:f Lafo t and Mathieu, 2007). 2 ¢

M O|2{%t 7HA| =F0A Q] 2dnt MAlo) OX|= F&2
SHX|= R3OoLY, 0|’“| ATE S 2nlE =H™st=H 2o
FHRe| ol F747t B0f ofs Wty 20| D celebensis®

I 27|18 ZUSORM WAOILL LYo FFS 01Y 4 %

Gy

mlo mm rr m2t

]
ojo

EcR2 USPQ} Z%t5}0] ecdysteroidS MZZO|A oz 0O|F
Stk o)1 7SS SOl EcRAE MA|Q et

Ue BHH, ERBE S Al7[0] EI| Pyt o] QlC
X QUCHKato et al, 2007). & HAFOME FRBE KT
24310] 7|0 AM|ZICHL 2441740 2T HEE 38L&
M, FRAE 24AI710| B718te Yat2 EAULCE B7tE g2
(201901l M E0E|QAE 42K} CHH| 5K Loigkol| HsH
YoM B =E = U 2Hf B SN
9| Xto|7t £, E0f o3t AHoz FHY
2 27§9] EcR1t USP 7to| Zgte £l 1
Ct ®MAISE B A0 &2 D celebensis®|
EcRAQ} EcRBO| g2 & O A7t ERsICH & HT0fA
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YAMOl M 1Y FO D celebensis ERR SHAHE 4L CHH|
20| BII5tA2n, |ARSH THEO| VigR
oMz BEE B CKIn et al, 2020). £3F & HEHA vige
4~5Y AO[Of Ao oty QUULCE 2 MM B0 EE
D celebensis ERR SRS Hol 2 12412t 0| 25H] 0|4
SIISIRL L, 242G ANO= 28] H=2 ZAsH0] 0 2%
AE2 maAst7| o2 ChFig. 3). HME B0l =EE MytiusC
ERR STXIO| Yo0| Rolot s HO|X| Y2 AE LIEIL}
£RRO| B0l BHSSIX] Q4=Ctn HA|EH HE ATHNagasawa et al,
2015). A2{Lt B9 DFEVHAZ2 ERIt st A2 2T
bisphenol AM|l ==&l D celebensistiX ERR SEXI7L S2/81A
ZIlSHe QANS BRIOD 0|9 2 ABHS 12 DM = ME0|
ME ZHEE| AT HChen et al, 2016; Herrero et al, 2018; In et al,
2020). O|2{3t Alt= B2t ERRO *+74|”“ OfL[2} SHEFOA
ERR| 7|50 Oish & O AFE LRI UASES AlAFSICE
SHH VigRE 24A|ZH0]| 3.5HKTIHX| §7f tol £, & T YsiZo|
Vig A &2 Q3|H E, £E £
ChFig. 3). FHEFS=20M vige VigR
|So0), L 2T} A

oo &

"
ot

L,
= HY
0 HAl RH

ut
=

L
o

o
CHAli et al, 2017). Vtg@t VtgR2| M2 C}2 QFX}
HESHME vig B HOfl vigRe| MARZE HA Yo
22X ACHDominguez et al, 2012). Vige HESE
EDCsOfl .eE & 11 Lok} CH Oko| Bt

rr ree =2

L

ox
IS
o
B
ro

of CHet Metst biomarkerZt OH-|EPE =40| UCkBoulangé-
Lecomte et al, 2017). B0l ‘=&l grass prawn Palaemon elegans
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