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Expression Pattern of Connexin 43 mRNA during Sexual
Maturation in Female Goldfish, Carassius auratus
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Connexin (Cx) is an important und essential protein in induction of vocyte maturation, which is present in
almost all mammalian tissucs except circulating blood cells and adult skeletal muscles. In this study, gold-
fish Cx43 cDNA sequence is available in GenBank under the accession number AB0O78505. Homolopy
analyses using the GenBank and EMBL general database searches indicated that goldfish Cx43 ¢cDNA has
a high homology with carp Cx43 (95.1% identity), zebrafish Cx43 (90.5% identity), and chicken Cx43
(81.9% 1dentity). Goldfish Cx43 is similar to the Cx family in its general features, and all the typical Cx
consensus sequences are also found, Moreover, significantly increased Cx43 transcripts were observed in
mature goldfish (GSI; 18.3~21.7) pituitary and ovary when compared with immature goldfish (GSI;
4.9~0.0). Cx43 transcripts were weakly detected in both liver and kidney of immature and mature goldfish,
There is possible thut Cx43 activity was relation to oocyte maturation in the goldfish.
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I 3l EARNEEIEE gEdla g AFds
FREIL 1A Gk,

2, A Y o] (Myecropogonias undulatus)
o A= ol Asdl 3ol wel, gap junctiono] 2}
T BEee dZ9 Hd¥y e F27F dEA
X9} FYJAE Apole A HAAR & W] &
FE)Qr} (York ef of., 1993), A)F71A] <&=] 2l
+ gap junction FZ A XES MEE HAAs
ST 30 BEe ] 22, 2 oot
)AL o}E) Ak cyelic AMP 2 cyclic GMP -9
1000~2000 Da o|&}2] A HEo] FTulel
agle AfEo] HHAY 4 Us FEROIY
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(Stagg and Fletcher, 1990; Yoshizaki et ai.,
]9} 22 gap junctiond ¥y} FZHIAEL A
A% Ag BE FEzH Busjs, Q7] A
NAZke] Al g 2 TEo 271244 3
A Yol R ARE BT ABA
A (Kumar and Gilula, 1986). Gap junction-2
AZEvHE BEIL A= connexon ojaly St
£ mokel B o) AZY sy Mz
AAS Y Sle F2E 2T Utk 05 connex-
on UL 6 F2}12] connexin (Cx) &8 o]
oA e P Z A 170¢] gap junclionS- 277 2]
connexon A3fAo|H, & 1279 CxL.E o]
AR FZE 7oL Sk (Kandel et al., 1991;
Yoshizaki et al., 1997),

o1Foll olA gap junctiong FAET e
Cx ¢cDNAS Akt W) (M. undulatus)
(Yoshizaki ef al., 1994}, A2 7
erinacea) (O'Brain et al., 1996}, perch (O'Brain et
al., 1996), 2 (Plecoglossus altivalis) (Choi et
al., 1999; Choi and Chang, 2000) ¥ %
(Pagrus major) (Choi and Takashima, 2000; Choi
and Takemura, 2001)ell1 R.3¥%e) Spray ef
al. (1981)= o FollA HRE Fundulusol A gap
junction®] x| W2 §) oel, zebrafish (Darnio
rerio) (Kessel ef al., 1985) Zo| X gap junction®]
A7 WA EHRUT 53, York et al. (1993)& ¢
ALt TSl (M. undulatus) (York et al., 1993)9]
X gap junction®] ZAE WA g Zof
ol HHTUC, WY TR} EA 2
skt Bskg )l 23k Yoshizaki er gl
(1994) B Yoshizaki and Patino (1995)& t A<k
3 Rlje] URATI} HFAG she B4 Fol

Yol o7 pap junctiono) BA g8
gte], YA<3 gap junctione) AR DHPA
& B33t} Choi and Takashima (2000) & A]
A5 YaojA gap jun-::tiﬂn-i TAd8kal Sl
Cx31.5 mRNA7} gAls 2] o ol
c}a .E'.._L.E}'ﬁﬂt}‘.

- Qe Rl (Carassius anratus) B o) &

(Runa

1997,

AP

3l gap junctiong AT AE HAAKI
Cx43 mRNAS| FZAWH By ol A Moo mE
CxmRNAS) Walse] W3t Bastel, ol 7]
YA WG 7FAES A AR E

Ao 22X = Afct A Ew A E3a)
AHANM $£L 17C o] HE3 Jaao g A}
# Fold A% 9-12 ems] FEo] dAR AL
ST GSI (412 SRRl 2)sko] m)yg
&0] (GSI; 49-6.0)2} 4<20] (GSL; 18321 V&
TR ¥, Aol 23S 425 80T YT
To) 4, 52 BaveEA Ade) ALesidr
GSI= A4 FR/oJA15E X 1009 4L o]
Lo I | B o v A e

€ AYAA A3 FHo] Cx43 (DNAL
GenBankdll §5-5|0] 2l AB0785059) g7
& ©l&3Ach -4, FHo) Cx43 cDNAY}
Cx lamily {FAHAE A Q) TE2H4A0l Cx con-
sensus ML THEST ImtE mpobaraln:
AA E 2] domainel] EA)S1= consensus HjA
1 C(DNITXQPGCX2VCYD 3 #)24) 2 9|
domaintj ¢] Cx family consensus u} 9]
CXsuPCXA(LLM,VY(DENICEY)(LLVM)(S,A
YKR)P (Yoshizaki et al., 1994y ¥ cDNA2] o}
| deAk 44-573) (77-19300) A Zbz) gelEin),
3HA ME AE domainel] £A 3= amphi-
pathic helix-forming consensus¢l TX,SX,(K.R)
X,E (Hoh et al., 1991)2] Cx family consensus b}
B2 H cDNAY o}u| -4k 144-156¢) 4] &1
Ack, Eg, C-Pdd] EA g Cx family con-
sensus B2l QNX,.S (Hoh ef af,, 199])= &
¢cDNAS] olu|=it 234.2439)A] 1=
(Fig. 1). o143} 710), consensus Hlg S.e] =7
o] Cx family ¢] FF322] §A& WHA7= A
0% Hol & oA AH8-¥ cDNAY F5o]
Cx439) Ze g FlEct =8l $-Ax} data-
base¢l GenBankol|A] S8o] Cx43 olu|-Abz}
o] AsAde AN E A3 Aol (Cyprinus
carpio) (AY008286)2} 95.1%, zebrafish (D. rerio)
(AF035481)9} 90.5%, ¥ (Gallus gallus)
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Cx43 AP} A Alar

CTTGACAAGGTGCAGGCCTACTCCACGGCCGGAGGGAAGATCTGGCTCTCTG TGO TCTTC
LeuAspLysValGlnAlaTyrSerThrAlaGlyGlyLlysIleTrpLeuServValLeuPhe

ATCTTCCGGATCCTAGT T CTGGGAACAGCAGTGGAGTCGGCCTGGGGTGACGAGCAGTCA
IlePheArglleLeuValleuGlyThrAlavValGluSexAlaTrpGlyAspGluGlnSer

GCGTTCARGTGCAATACCCAGCAGCCCGGTTGTGAGARTGTCTGCTATGACAAATCGTTC

AlaPheLyscysﬂsnThrGlnGlnProGlyCysGluAanvalCysTyrAspLysSerPhe
O 0 © 0 © 0 ¢ 0 0 ¢ O 0 0 o0

CCCATCTCGCACGTGCGCTTGTGGGTCCTTCAGATCATC TTCGTGTCCACGCCTACGCTC
ProlleSerHisValArglLeuTrpValleuGlnIleXllePheValSerThrProThrLeu

CTGTACCTGGCGCACATT TTCTATCTGATGCGCARGGAGGAGARGCTCAACCGCAAGGAG
LeuTereuAlaHi5I1ePheTereuMetArgLysGluEluLysLeuHsnArgLysGlu

GAGGAGCTGAAGGCCGTACAGAACGACGGTGGTGACGTCGAGCTCCATCTCAAGAAGATC
GluGluLeuLysAlaValGlnAsnAspGlyGlyAspValGluLleuHisteulysLyalle

GAGCACAAGAAGT TCAAGCACGGCCTGGTGGAGCACGGCAAGGTGAAGATGARGGGTGCE
GluHisLysLysPheLysHisGlyLeuValGluHlsGlyLysValLysMetLysGlyAla

CTGCTGCGCACCTACATCGTCAGCATCCTTTTCARGT CCATCTTTGAGGTGGGCTTCOTG

LeuLeuArgThrTyrlleValSerIleLeuPhelysSerIlePheGluvalGlyPheLeu
& & A A A A 4 A A A A A A

TTGCTCCAGTGGTACATCTACGGCTTCACCCTGGCCGCCGTGTACACGTGCGAGCSTTTG

LeuLeuGInTrpTyrIleTyrGlyPheThrleuAlaAlaValTyrThrCysGiluArgLeu
8 L » .

CCTTGCCCCCATCAGGTEGGACTGTTTCCTCTCCCGACCTACGGAGAAGACCATCTTTATT

ProCysProHisGlnValAspCysPheleuSerArgProThrGluLysThrIlePhelle
¢ & & 6 B 6 & & & & ¢ ¢ »

GTCTTCATGCTCGYGGTTTCGCTTGTCTCACTTATGCTCAACATCATCGAGCTCTTCTAC
ValPheMETLeuValValSerLeuValSerLeuMetLeuAsnIlelleGluLeuPheTyr

GTGCTCTTCAAACAGATCAAGGACCGAGTGAAAGGCCGCCAAARCGAGTTCCARACCEGC
ValLeuPheLysGlnIleLysAspArgVallysGlyArgGlnAsnGluPheGInThrGly

A A A A A A A
ACCTTGAGCCCCACGTCARAGGAGTTGTCCACAACCARRTACGCCTACTACAACGETTGC
ThrLeuSerProThrSerLysGluLeuSerThrThrLysTyrAlaTyrTyrAsnGlyCys

A A A
TCCTCTCCTAATGCGCCGCTCTCGCCAATGTCGCCTCCGGGCTACAAGUTAGCCACCGEC

SerSerProAsnAlaProleuSerProMetSerProProGlyTyrLysLeullaThrGly

GAGCGGACCAACTCTTGTCGCAAT TACAACARAGCAGGCCARCGAGCAGAACTGGGCCARC
GluArgThrAsnSerCysArgAsnTyrAsnLyaGlnAlaAsnGluGlnAsnTrpAlaAsn

TACAGCGCAGA
TyrSerdla
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Fig. 1. Nucleotide sequence of the goldfish (Carassins auratus) connexin (Cx) 43 and putative amino acid sequence. The
nucleotide number is shown of the left, and the amino acid residue number is shown on the right. Open and filled circles
indicate Cx consensus sequences in cach extracellular domain, Open triangles indicate the predicted amphipathic helix-
forming consensus sequence of the third transmembrane domain. Filled triangles indicate a consensus sequence in the C-
terminal, cyioplasmic domain.
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(M29003)2} 819%2| ®& sAdS vehlg]
o,

T2 A Aed o} YEskE Cx43 F
Azbe] BdwFe] zo]§ RLPCR W& o]&
&l BAM3 gl RT-PCRE 9%t primers £
Wi - 7S S35l F BAEYA e A WA
M E2) domaind} % WA Alxe BE domain
of AA YA forward primer [5'-
TAGTTCTGGGAACAGCAGTG-31E, 5 HH
A E2] domain=} U] ¥4 MES A5 domain
2l ZAADHA| A reverse primer [5'-AGATG-
GTCTTCTCCGTAGGT-31E 4A 3kgdct m)A
o B Ade FRoIERE AHEY Msiea), ¢
A, W A A ZhzE & T total RNA 1 g
= ©|&3lv, RT-PCRE HA8kdct PCR Hk&-
2 GEAAS M4 C oA 17, 55CllA 45327k
T2CoAAM a537F 3 283) ANt H=E AlA
WS 72CdA SEZ HAR F, 1.0%
agarose gel 2. A 7|g-Fste] Z47te] FH 3 A
Ag=o)) wlE Cx43 mRNAL] DHTL 23519
T}, RT-PCR 2] WREF O Z A FH-0] 18S ribo-
somal RNA (tRNA)(GenBank, AF047349)2 A}
£3la], Cx439) AP #-S 18S 'RNA L] ¥ gk
of gk vj&& Bksle] Cx439 V@FE ¥
T35k

Figure 20l 4] \}Ebd vie) o] n|Ads F8of
o] 7§ Cx43 mRNATE ¥H35hrA|9) oA
g o] BFEReY, 743 Al M vl w
2 WEPE Bt e FEole ¥ sl
M= Cx43 mRNA 2| & W igo] 2o
H, §3] dhoiie v]idssole) BRse &
o, ASHA =L Cx43 mRNAS &Fo] a3l
Hdvh Aa gaolet 7k AlgeA Cx439)
A FE vlAds S5ololAe B& T vl
] & o, o7 =& Udwo] #FHUAYW
o3t FEAA Foi= AR Wtk
Cx43 mRNA= V|A<cA7]8] F80] ¥ 3l
of SANEIL, o7} el melr ¥ 3
Ao A 8| E|= gonadotropin (GTH)2| <8}

ate] 4 Fgole) alE FH5)0] 7hs
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(GS1: 183-21.7)
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Fig. 2. One microgram of total RNA prepared from pitu-
itary (F), ovary (O), liver (L) and kidney (K) was reverse
transcribed and amptlified in immature and mature female
goldfish (Carassius auratus) vsing connexin (Cx)43 spe-
cific pnmer, Tissue distribution of goldfish Cx43 was ana-
lvzed by RT-PCR. The expression of goldfish 188 rRNA
mRNA was evaluated in each RT reaction product as a
loading control. The expression level of each tissue was
ormalized with respect to the goldfish 18S rRNA signal,
and expressed as relative expression level. An asterisk indi-

cates a significant difference compared with the respective
control value (P<0.05),
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