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- Brief Communication -

Effect of hCG on Connexin 43 mRNA Expression
in Goldfish Ovary

Cheol-Young Choi'
Department of Biology, The University of Alabama at Birmingham, Birmingham, AL 35284, USA

This study examined whether the connexin (Cx) is an essential protein during oocyte maturation in the
ovary of the goldfish (Carassius auratus). In mature female goldfish ovaries, at late vitellogenic stage,
human insulin-like growth factor-I (IGF-I; 20 M) and human chorionic gonadotropin(hCG; 20 IU/m) were
injected. Twelve hr after the injection, mature female goldfish ovaries were removed and stored at -80C
until analysis by RT-PCR. From the goldfish Cx43 cDNA sequence (GenBank accession number
ABO078505), two degenerate primers were designated. In vivo, 12 hr after the treatment with hCG, goldfish
Cx43 mRNA expression level was increased, while the levels of IGF-I was not changed. Goldfish Cx43
mRNA expressed after, but not before the hCG treatment. These results suggest that Cx43 mRNA was
judged to be a gene, which was transcribed during oocyte maturation induced by hCG.
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In this study, human chorionic gonadotropin
(hCG) induced oocyte maturation in ovaries of
goldfish. It is known that priming with an injection
of hCG influences the induction of oocyte matura-
tion in vitro (Degani and Boker, 1992; York et al.,
1993; Yoshizaki et al., 1994). Kagawa et al. (1998)
reported that GTH-II is involved in the final matu-
ration of red seabream oocytes. In the oocytes of
Atlantic croaker (Patio and Thomas, 1990) and red
seabream (Kagawa et al., 1994), actinomycin D, an
inhibitor of protein synthesis, blocked gonadotropin
-induced oocyte maturational competence. These
reports suggest that the production of new proteins
through a mechanism of GTH-stimulated protein
synthesis is essential for the development of matu-
rational competence (Patio and Thomas, 1990;
Kagawa ef al., 1994),

The objective of the study wasto clarify whether
human insulin-like growth factor-I (IGF-I) and hCG
can induce of maturational competence. The
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increased production of connexin (Cx) mRNA
appeared to be selective because the levels of cer-
tain Cx mRNA were increased with gonadotropin
induction of maturational competence. The present
study was designed to measure changes of Cx43
mRNA levels, in the ovaries of goldfish induced by
treatment with hCG, during the induction of matu-
rational competence.

Goldfish (Carassius auratus) ranged from 9 to 14
cm in length were purchased, and kept at 17-18°C in
a semi-recirculating tank. In mature female goldfish
ovaries, at late vitellogenesis stage, IGF-I (20 M,
Sigma) and human chorionic gonadotropin (hCG;
20 IU/ml, Sigma) were injected. Twelve hrs after
the injection, mature fernale goldfish ovaries were
removed and stored at -80°C until analysis by RT-
PCR. For control, physiological saline was injected
into mature females, at the time of IGF-1 and hCG
injection. From the goldfish Cx43 cDNA sequence,
two primers were designated as follows: Cx43
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primers: [5'-TAG TTC TGG GAA CAG CAG
TG-3 ] and [5'-AGA TGG TCT TCT CCG TAG
GT-3] as described in a previous study (Choi and
Kim, 2003). Approximately 100 mg of ovaries
were extracted for total RNA, using a total extrac-
tion kit (Amersham). The extracted RNA samples
were treated with RNase-free DNase (Promega)
according to the supplier's procedures. Three micro-
grams of total RNA extracted from ovary of gold-
fish was reverse transcribed with an oligo(dT)
primer and M-MLV reverse transcriptase
(Gibco/BRL) according to the manufacture's
instructions. PCR reactions contained 3.0 zf of the
RT reaction, 200 gM each of dNTPs, 10 uM each
of primers, 5U of Tag DNA polymerase in 50 xf of
buffer (10 mM Tris-HCI, pH 9.0, 50 mM KCl,
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Fig. 1. Effect of human insulin-like growth factor (IGF-I;
20 M) and human chorionic gonadotropin (hCG; 20
IU/ml) on the Cx43 mRNA expression in goldfish (Caras-
sius auratus). Three micrograms of total RNA extracted
from each sample of hormone-treated ovaries was used as
a template for the analysis of Cx43 gene expression by RT-
PCR. The expression level of Cx43 mRNA, each samples
were standardized to the goldfish 18S ribosomal RNA
(rRNA) signal and expressed as a percentage of the control
level. An asterisk indicates a significant difference com-
pared with the respective control value (P 0.01). Values are
means + S.E. (V=5). CO, control; C12, ovaries 12 hr after
physiological saline injection.

0.1% Triton X-100, 1.5 mM MgCl2). Primers for
goldfish 18S rRNA was designed as an internal
standard based on the GenBank accession number
AF047349, which was described in a previous
study (Choi ef al., 2003). Expression levels of Cx43
mRNA, and on the 18S rRNA for positive control,
were carried out using total RNA extracted from
ovaries 12 hrs after hCG and IGF-I injection.

In the present study, in vivo, RT-PCR analyses
revealed that expression level of Cx43 mRNA was
increased 12 hrs after the treatment with hCG.
These results suggest that Cx43 mRNA was highly
expressed after, but not before, the oocyte matura-
tional competence after treatment with hCG (Fig.
1). Choi and Kim (2003) reported that lower tran-
scription of goldfish Cx43 levels was obtained in
immature ovaries, which was found strongly
expressed in mature ovaries. However, IGF-I does
not affect the level of Cx43 expression (Fig. 1). This
agrees with previous reports (Kagawa et al., 1994;
Choi and Takashima, 2000) that IGF-I transcription
is not involved in the induction of oocyte matura-
tional competence. The findings suggest that gold-
fish Cx43 mRNA was transcribed during oocyte
maturation induced after treatment with hCG.

References

Choi, C.Y. and Habibi, H.R.: Molecular cloning of
estrogen receptor a and expression pattern of
estrogen receptor subtypes in male and
female goldfish. Mol. Cell Endocrinol.,
204:169-177, 2003.

Choi, C.Y. and Kim, B.S.: Expression pattern of
connexin 43 mRNA during sexual matura-
tion in female goldfish, Carassius auratus. J.
Fish Pathol., 16:125-129, 2003.

Choi, C.Y., Kim, S and Kim, B.S.: Tissue- and
maturity-dependent expression pattern of



QOocyte maturation and Cx43 217

androgen receptor mRNA in goldfish,
Carassius auratus. J. Fish Pathol., 16:111-
118, 2003.

Choi, C.Y. and Takashima, F.: Molecular cloning
and hormonal control in the ovary of con-
nexin 31.5 mRNA and correlation with the
appearance of oocyte maturational compe-
tence in red seabream. J. Exp. Biol.,
203:3299-3306, 2000.

Degani, G. and Boker, R.: Sensitivity to maturation-
inducing steroids and gonadotropin in the
oocytes of blue gourami, Trichogaster tri-
chopterus (Anabantidae, Pallas, 1770). Gen.
Comp. Endocr. 85:430-439, 1992.

Kagawa, H., Kobayashi, M., Hasegawa, Y. and
Aida, K.: Insulin and insulin-like growth
factor-I and -II induce final maturation of
oocytes of red seabream, Pagrus major, in
vitro. Gen. Comp. Endocr., 95:293-300,
1994,

Kagawa, H., Tanaka, H., Okuzawa, K. and
Kobayashi, M. : GTH-II but not GTH-I
induces final maturation and the develop-
ment of maturational competence of oocytes
of red seabream in vitro. Gen. Comp.

Endocr,, 112:80-88, 1998.

Patifio, R. and Tomas, P.: Effects of gonadotropin
on ovarian intrafollicular processes during
the development of oocytes maturational
competence in a teleost, the Atlantic croak-
er: Evidence for two distinct stages of
gonadotropic control of final cocyte matura-
tion. Biol. Reprod., 43:818-827, 1990.

York, W.S,, Patifio, R. and Thomas, P.: Ultrastruc-
tural changes in follicle cell-oocyte associa-
tions during development and maturation of
the ovarian follicle in Atlantic croaker. Gen.
Comp. Endocr. 92:402-418, 1993.

Yoshizaki, G., Patifio, R.and Thomas, P.: Connexin
messenger ribonucleic acids in the ovary of
Atlantic croaker: molecular cloning and
characterization. Hormonal control, and cor-
relation with appearance of oocyte matura-
tional competence. Biol. Reprod., 51:493-
503, 1994,

Manuscript Received : June 15, 2003

Revision Accepted : October 11, 2003
Responsible Editorial Member : Joon-Ki Chung
(Pukyong Univ.)



