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Effects of Estradiol-17 8 and Nonylphenol on mRNA Expression of
Estrogen Receptor-related Receptor 8 Like 1 and Early Embryogensis
in Sea Urchin, Strongylocentrotus nudus

Yujung Jung, Sejoeng Maeng and Young Chang Sohn'

Dept. of Marine Bioscience and Technology, Kangnung National University Graduate School,
Gangneung 210-702, Korea

ABSTRACT : The estrogens and estrogenic endocrine disrupting chemicals(EDCs) function through a steroid nuclear
receptor-mediated process and subsequently regulate the transcription of mRNA for a number of target proteins. The
estrogen receptor-related receptors(ERRs), which are structurally similar to estrogen receptors, are members of orphan
nuclear receptor in the nuclear receptor superfamily and their functions are known to be involved in the formation of
extra-embryonic ectoderm. To investigate effects of EDCs on early embryogenesis and ERR gene expression in marine
invertebrates, we examined morphological changes and the mRNA expression of ERR 3 like 1 in sea urchin Strongylocentrotus
nudus exposed to estradiol-17 3 (E2) or nonylphenol(NP). The E; and NP-exposed embryos showed a delayed development
compared to control embryos. Furthermore, they showed abnormal embryonic developments at late stages, i.e., blastular,
gastrula and plutei stages. The mRNA level of ERR/S like 1 at the gastrula stage was significantly lower in E, and
NP-exposed embryos than those of control group. These results suggest that NP and E, are potent chemicals causing
abnormal embryonic development of S. nudus through at least in part down-regulated ERR 3 like 1.
Key words : Sea urchin, Strongylocentrotus nudus, Embryogenesis, ERR 3 like 1, Estrogen, Nonylphenol.
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Table 1. Oligo primers used in real-time polymerase chain reaction

Target Direction Accession number Sequence(5’-3’)
sn ERRJ like 1 F XM789882 ACAAGACTACGATGATCCAAATGC
sn ERRJ like 1 R XM789882 CGTCGGCTAGCTTGTCCAA
Ubiquitin F M61772 TCATCTCGTTCTCAGGATTCGT
Ubiquitin R M61772 CGAAGATGAGACGCTGCTGAT

F=forward; R=reverse.

system(ABI 7500 Fast Real-Time PCR System, Applied Bio- TEE] AHYHA & hxa FIAAY FATEL 2
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Fig. 1. Representative morphologic changes of developmental embryos in sea urchin Strongylocentrotus nudus. A, Fertilized egg(0.5
h post-fertilization, hpf); B, The 2-cell stage(1hpf); C, The 4-cell stage(2hpf); D, The 8-cell stage(2.5hpf); E, The 16-cell stage
(3hpf); F, The 32-cell stage(4hpf); G, The 64-cell stage(5hpf); H, The blastula stage(10hpf); I, The gastrula stage(46hpf); J, The
plutei stage(72hpf).
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Fig. 2. Representative morphologic changes of Strongylocentrotus nudus embryos treated with the indicated doses of estradiol-17 3 (Ez)
or nonylphenol(NP).

Table 2. Percentages of delayed development and embryonic lethality in sea urchin Strongylocentrotus nudus treated with estradiol-17 8
(E2) or nonylphenol(NP)

2cell 4cell 8cell 16cell 32cell 64cell Blastular Gastrula Plutei
stage stage stage stage stage stage stage stage stage
Control ) ) ) ) ) ] ] 10%” 20%”
(individual) (12/124)  ( 25/124)
E, 10 ® M ) ) ) ) ) ) ) 10%” 34%"
(individual) (10/ 95)  ( 32/ 95)
E; 10 ° M ) ) ) ) ) ) ) 20%” 50%"”
(individual) (20/101)  ( 50/101)
E; 10 ° M ] ) ) ) ) 30%” 50%” 97%”
(individual) (27/89) (62/ 89)  ( 86/ 89)
NP 10 ® M 25%" 48%”
(individual) ’ ’ i i i i (27/108)  ( 52/108)
NP 10 ° M 30%” 50%” 95%”
(individual) ’ ’ i i (32/109)  (76/109)  (103/109)
Superscripts @ and ® indicate percentages of delayed development and embryonic lethality, respectively.
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Fig. 3. Expression levels of ERRA like 1 mRNA in the indicated developmental stages of Strongylocentrotus nudus embryos treated
with the indicated doses of estradiol-17 8 (E;) or nonylphenol(NP). The relative ERR 3 like 1 mRNA levels were normalized
by ubiquitin values. Data were represented by the mean+S.E.M(n=3~6 in each group).

oJgh kg-o] ALE= 484 4 ERRA like 12] mRNA
AS ZAFIAT B9 NP7 A2 A 9
HAEE7E 9=, T
ez} #2F A om, ERRA like 1 mRNA
zH)7)e) ZAse HES BY) o)ty AxE 3%
29 %7 o2 estrogen® EDCsol| 7HAdo]
,ERRJ like 12 QA9 7kAa7} 2 o9}
° & Als €t
E;9F NP2 AE|® S24A1Y S s
A o 57 A3 A AL XA}
07 FopAH, 27] 4719 F-FH
postoral arms®] 3/do] BAA OS2 o] Fo 7] Y=
A itk ole v Aol FE AEe 4
Al S. purpurtus®] Aol A F2E bl §lom(Roepke et al.,
2005), E;¢} EDCsZ Qlate] Hejstd 718o] futel 23
oF & B3tenh w13 A S e FHFETER
T} estrogensoll 1731, A4A19 FrA8S Exdll 2)3te] apop-
tosis7} &itelA] Yojdt(Sato et al., 2006). ek T4
ALYl 27] HAHFL B8 NPoll 3) #3152 AlEok =
Zo) gl FAS = T Ues A, o9k 2 FH
#9] W3le} X|A}8-2] 271 estrogen 2 EDCse] A &334
A%Z o]&d Ao g 7t Hr.
TEEs WHOR 3 A7 AFolA

ox ol
= ©
1o,
OL
rJ
Xi

i==]
Tp&io

(LN T RN VR < [ e Ao

U ()
o=

2
pass
m[o

Ao

Tl 1.

oX i
frode g

b
Lo
B
N
(o

M
m

=z
L-']

S
— o

(e}

W, 0 o ox
HJ[O oX,
r

r

2~ o S 7
T R=
Liu et al.(2003)& ¥

ERRY W8 estrogend] Aol 8] Z71Ea 7)%50] &
43t 2 & itk Huslgon, ERRO) EHEE 2]
AN Sl FHAN 2 ddEt st
(Luo et al., 1997; Mitsunaga et al., 2004; Pettersson et
. 1996). Tk FAgAC 252 S. purpurtusS] ERR
mMRNA HHEL 27 d@A 7100 skl 7)o} @uf 7
o 2712 B % th(Howard-Ashby et al., 2006). o] ¥ A
A5 o Hag uke} Zo] ERRY AEAIQl ERR A like
1°] mRNA & o] xuj7] o] 5o WA Fof F7tst=
A7 43 THIung & Sohn, 2007). ©]9} 22 estro-
genic EDCs¢] 937 ERR mRNA 2@ el A7 4
24 240 vAE NPY B B3 AAUZE 775
£ glo} 23 Aust 2 4 Utk AAL, A2 estro-
genic EDCs7} A Wel EAlste A5 845 A
o]-/\]?-‘] A4AR S “Xil‘dﬁh H ¥ ]t(Sato et
., 2006). & ATAXNE NP = E7t A€ T4
%AM ERR 3 like 1 mRNA ‘?:_}f?i% ZARE A3, 7]
A0l o5 F2 e 93te] 7.%6}% ﬁﬂol gEgo
W, ol WA A7) F Sl F4 A
10] Eo%} NPe] o2 w0l
ERR A like 19 E; ¥ NP
HA o FAE HAUZY

5F5
ClILy
d

J}'_,::a o%

A
.



184 464 - A

Arukwe A, Knudsen FR, Goksoyr A (1997) Fish zona
radiate (eggshell) protein: a sensitive biomarker for environ-
mental estrogen. Environ Health Perspect 105:418-422.

Cameron RA, Mahairas G, Rast JP, Martinez P, Biondi
TR, Swartzell S, Wallace JC, Poustka AJ, Livingston
BT, Wray GA, Ettensohn CA, Lehrach H, Britten RJ,
Davidson EH, Hood L (2000) A sea urchin genome
project: sequence scan, virtual map, and additional re-
sources. Proc Natl Acad Sci USA. 97:9514-9518.

Giguere V, Yang, N, Segui, P, Evans R (1988) ldentifi-
cation of a new class of steroid hormone receptors.
Nature 331:91-94.

Howard-Ashby M, Materna SC, Brown CT, Tu Q, Oliveri
P, Cameron RA, Davidson EH (2006) Gene families
encoding transcription factors expressed in early develop-
ment of Strongylocentrotus purpuratus. Dev Biol 300:
90-107.

Hutchinson TH (2002) Reproductive and developmental
effects of endocrine disrupters in invertebrates: in vitro
and in vivo approaches. Toxicol Lett 131:75-81.

Jobling S, Casey D, Rodgers-Gray T, Oehlmann J, Schulte-
Oehlmann U, Pawlowski S, Baunbeck T, Turner AP,
Tyler CR (2003) Comparative responses of molluscs and
fish to environmental estrogens and an estrogenic effluent.
Aquat Toxicol 65:205-220.

Jung Y, Sohn YC (2007) Gene expression of Smads and
estrogen-receptor-related receptor beta like 1 in sea urchin,
Strongylocentrotus nudus. Dev Reprod 11:43-47.

Liu D, Zhang Z, Gladwell W, Teng CT (2003) Estrogen
stimulates estrogen-related receptor alpha gene expression

sk A A

through conserved hormone response elements. Endocrino-
logy 144:4894-4904.

Luo J, Sladek R, Bader JA, Matthyssen A, Rossant J,
Giguere V (1997) Placental abnormalities in mouse em-
bryos lacking the orphan nuclear receptor ERR- 3. Na-
ture 388:778-782.

Madsen SS, Mathiesen AB, Korsgaard B (1997) Effects of
17 3 -estradiol and 4-nonylphenol on smoltification and
vitellogenesis in Atlantic salmon (Salmo salar). Fish Phy-
siol Biochem 17:303-312.

Maeng S, Jung Y, Choi E, Jeon JK, Kim S, Gen K, Sohn
YC (2005) Expression of gonadotropin subunit genes
following 4-nonylphenol exposure in masu salmon: Effects
on transcript levels and promoter activities via estrogen
receptor alpha. Comp Biochem Physiol Part B 142: 383-
390.

Mitsunaga K, Araki K, Mizusaki J, Morohashi KI, Haruna
K, Nakagata N, Giguere V, Yamamura Kl, Abe K (2004)
Loss of PGC-specific expression of the orphan nuclear
receptor ERR-beta results in reduction of germ cell
number in mouse embryos. Mech Dev 121:237-246.

Pettersson K, Svensson K, Mattsson R, Carlsson B, Ohlsson
R, Berkenstam A (1996) Expression of a novel member
of estrogen response element-binding nuclear receptors
is restricted to the early stages of chorion formation
during mouse embryogenesis. Mech Dev 54:211-223.

Raloff J (1994) The gender benders: are environmental
'hormones’ emasculating wildlife?-includes related articles.
Sci News 145:24-27.

Roepke TA, Snyder MJ, Cherr GN (2005) Estradiol and
endocrine disrupting compounds adversely affect deve-
lopment of sea urchin embryos at environmentally re-
levant concentrations. Aquat Toxicol 71:155-173.

Sato Y, Kaneko H, Negishi S, Yazaki | (2006) Larval arm
resorption proceeds concomitantly with programmed cell
death during metamorphosis of the sea urchin Hemicentrotus
pulcherrimus. Cell Tissue Res 326:851-860.

Segner H, Caroll K, Fenske M, Janssen CR, Maack G,
Pascoe D, Schafers C, Vandenbergh GF, Watts M, Wen-



Dev. Reprod. Vol. 11, No. 3 (2007) Effects of E; and NP on Early Embryogenesis and ERR 5 Like 1 in Sea Urchin 185

zel A (2003) Identification of endocrine-disrupting effects
in aquatic vertebrates and invertebrates: report from the
European IDEA project. Ecotoxicol Environ Safety 54:
302-314.

White R, Jobling S, Hoar SA, Sumpter JP, Parker MG
(1994) Environmentally persistent alkylphenolics com-

pounds are estrogenic. Endocrinology 135:175-182.

Yadetie F, Arukwe A, Goksoyr A, Male R (1999) Induc-
tion of hepatic estrogen receptor in juvenile Atlantic
salmon in vivo by the environmental estrogen, 4-nonyl-
phenol. Sci Total Environ 233:201-210.



