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Molecular mechanism of androgen action in fish

Koichiro GEN™, Hiromi OKU™, Takahiro MATSUBARA®

Abstract Androgens are pleiotropic hormones for expression of the male phenotype. They play
pivotal roles during male sex differentiation, but also during the development of secondary male
characteristics and during initiation and maintenance of spermatogenesis. The biological action of
androgens is mediated through the androgen receptors (AR), which are ligand—inducible transcription
factors. In teleost fishes, an understanding of the molecular mechanism underlying androgen action
is important not only for basic science but also for aquaculture. In this article, recent progress in
several aspects of androgen action in teleosts is reviewed ; namely, physiological roles, biosynthesis

pathway, and structure and function of androgen receptor. Additionally, possible future directions of

study are suggested.
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Figure .1. Schematic representation of testicular steroidogenic pathway. Abbreviations are as

follows : P450sec, Cholesterol side chain cleavage enzyme; 3 3 -HSD, 3 8 —Hydroxysteroid
dehydrogenase; P45017 «, 17 a — hydroxylase; 17 8 -HSD, 17 B —Hydroxysteroid
dehydrogenase; 11  —HSD, 11 8 —Hydroxysteroid dehydrogenase.
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Figure .2. Phylogenic tree of vertebrate P45011 S proteins. The unrooted phylogenetic tree was constructed by

Neighbor—Joining method after alignment of deduced amino acid sequences of P45011 [ protein. The scale bar
indicates an evolutionary distance of 0.1 amino acid substitution per position in the sequence.
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Figure .3. Functional domain structure of the red seabream androgen receptors.

a) Comparison of red seabream androgen receptor

a (AR a )and B (AR B ) predicted protein

sequence. The protein consists of several distinct functional domains: transcription activation functions
(A/B domain), a nuclear localization signal (D domain), the DNA-binding domain (C domain) and ligand

binding domain (E/F domain).

b) Phylogenic analysis of vertebrate androgen receptor proteins. Sequences were aligned by the
CLUSTAL W software, whereas the phylogenetic tree was constructed with Neighbor—Joining method.
The scale bar indicates an evolutionary distance of 0.1 amino acid substitution per position in the

sequence.



I BT D REE AR LT v OEET

2) 7orRRT 2B AROIERKRF

AR CREMERLVE L G LT v R r U a R
ik, TNETHEA LTV =Y v~ 4+ (Hsp 70
) MLEEEL 2 BEROEKEIT )., Z OREMR
N =T U RS U R EAGRPENICAT L,
DNA _EOREMERLVE VIRERS] (ARE) IZHET 5,
AREZHEG LIz T v Ra 7 v w3 e & K 1 B
(SRC1/NcoAl, N-CoR/SMART %) %4 % Z & Tk
EANTHE RS T O R B A TS ML L7z v il ik L 72
VT25 (M4, 20D, BERTFO/KEET K
0 U AR OMSRER BUC R E 2 79 B 2
5L TCW % (Heinlein and Chang, 2002), IT4E. BN
ZRBOY T RFEGEALO X S S SR 70 &
FEOFEMIR A T =X LRHLNIENTND, Thb
H, UH Y RES RAA o ORILIAIE LT 5 BK
DY Ty FIEGRT v MIELVEUDBHEET D &
LD o -~V v 7 2D bk CRMICHH~D v
JARPRKRELBENT D2 LT, EEENZE L,
FNZEIEHL P TFHNOBELLIZ Lo T, S/ RR
[HIZA~Y > 7 A3~ 5B 7R B BKMEDIEDOE K2 5

MR T OFEENB 20 | I EE T ORI
NFFE SN D (Shiau er al., 1998), Z D X HIZHFLE
Tk, 7 Redr 2R EOBEFHBUCK T 235/
TRAN = ALRALDIENTNADD, fBEICBIT 5
Ty Ra S U FEROERBRITIEE AL E R TS
By HEEMEAERW LR =2 =7 vEAI12L o T,
UFXOLFEHOT v Rar U RIRE, TA AT
7 v OERFIEMEIIE S TRV OO, 1TIKT 22 5 N
HILEOEMR T 2 b 27 1 v (DHT) (XA 065
EMEZFSZ LR boyo Td  (Ikeuchi ef al., 1999),
F/2, & A AR B TIET A AT L 1IKT Ol
FIZL DT OIEM bR HE SN TWD, fili)i, =¥
T ANLHEBESN 2FEOSZRED 9B 1 D0EEE
M7255% (AR ) THY, 1IKT, TAMRT R VR
5 N DHT O FEE 2R HENE AR L o TEE OTE AL 3
EZ5, Ll WTFRoLAIZE N ThH, BRI
OIS LD VR — ¥ —i{5 1 OEBEIE LA
WMZ2LTNDHDOT, BEIEHEI R AL 00 T R
G R AL Ol 2 OFSRERFHEIZ DWW TR E L TR
HTH D,

Androgens

Cytoplasm

-
Gene expression !!
|

&L
\a‘}‘-j’

spermatogenesis, sexual differentiation
secondary male characteristics etc.

Figure .4. Molecular mechanisms of androgen—androgen receptor action. Androgens bind
to androgen receptor (AR) and promote the association of co—factors. Then androgen—
AR translocates to the nucleus and binds to androgen-responsive element (ARE) in the
promoter region of target genes to induce transcription.
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