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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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BEENDEN, Z0HH LIKT 1%, HEESRLE AARLEF
MRAEMBRBITBWNTT A AT e X DRV EEE
TR Z e LAEEOEERBERALTL THhD EE L
BNTW5D, FRZ, HEOERBFRAIZBNTIX, =&
U F X & Wz in vitro fi@EFTH B BRI BFE
FRICELETOBBELZFIE L TWD Z EAbho
TW5 Miuraet al., 1991), Fiz,. =K U X TiL,
T H I RICEE - Tl LIKT B89 5 2

L. in vitro T 11KT 1T X = THIEI IR D JhER D B
DIABDBEESND Z &N, T HEOALNER ST
W% (Endo et al., 2007), £E LMy o~ v %A
W EAT T MEACEGETE T 1IKT ERAE W2 &
Do THEY., W ONOREIFETIX LIKT BEOR
BFIRL. FRCINRTERAI I BB R 2 > TV
DAHEMEBD TEV, S I, 1IKT X, AfERO
A BP M E N LM T EREICERT 2 2 & CEM
R R VT (GTH) B FORRFASICHES L
TWb, INETIZ, BREELLE~Y A 2RV
fiEAT T, 11KT #5112 X > T FSH B mRNA DI
ZBNDH T Lhb, HED GTH BT 0 EE A2 HIHEIE
FDO—2>THDH I ENPABLMNE 72> TUWD (Yamaguchi
et al., 2005),

HEMEAR LT IT T L AT B — LR FIBRE & L TARR
ENDN, BERAIC LIKTIZT A AT b 11
B-tRaF TAMATRVENLTEREIND T
EBRDnoTND (K1), BRENT &2, 11IKT
ERRICE b 2ERIL. UESWORIETOIvaa
IVFaf REESLCIRTNVa)NT aAf REEZ ﬁ
DEEFZ L LTRIESNTEHLDOTHD, Thbb, 1
B**@M%?(Mmﬂﬁ)ﬂ\?xkx?ﬂyﬁ
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CE—RR - B R - RREE

b1l - ReXFr 7R MRATar~D&ERK. 11 B
- KR EEM K FEEESE (11 B -HSD) iX, 11 B-E R®m
XUTABMATEUDPE LIKT ~OERKRICEE LT
5, INLEREZDOEREIXIINETRATH -0,
< Z A BETLWL DPORBTETE D cDNA 3 HEfE S
., BFoBERHLMIR-TEE (K2), %
OFER., MIFHD P45011 B HNT 11 B -HSD X, #&
R THEERE WS OO, UEE O 0 L i3
PERMENT E D, TR EL OB TREMA O
HEeE ol Z LRI STV 3B, 2, =V X
BT D 2EEOEGMREER DM LY . mE X
BEROTAT A EMIETHRIALTWALZ &, BTEK
IS TINOERBETOREANENTL 2L,
HIZ, Fi 5 mRNA OFB & f FREERLVE S ED
BEEICIEOMEN D B Z LD hro T3B  (Kusakabe
et al., 2003), FEHRIZRIT DHEMANLE  OEAIZIL,
FLEFER M T EA AR SN D 2 FEiEO GTH (FSH
BB LH) BELBEbo T35, F7RAETIX
FF AR OFEBL R C FSH 72 & ONZ LH 23 [ %
L1IKT FEAREZEF oS, T OB imH@$mm¢
AR - HWMEN TS 7%, FSH 23 1IKT O A
FIZEIZBNTWBE EEX LN TS, fillF, <&
A TIE, Y REEREE, i vitro TiE, FSH 72 B
I LH AR D 1IKT OFEAZ(EET 523, K
FIEE A TIZ FSH B 72 5 ONZ LH B mRNA D33
DENZ &G, WEN IIKT OFELEZ = bo—b
LTCWBAHREMENRIBEIN TS (Gen et al., 2000),
ToX oIz, 2FED CTHIZ L MR V' DRE
ARSI ABIC I > TR RD LS TH D,

Testosterone (T)

11B-Hydroxylase (P45011p)

11pB-hydroxytestosterone (11-OHT)

l 116-HSD

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

follows : P450sec, Cholesterol side chain cleavage enzyme; 3 8§ —HSD, 3 8 —Hydroxysteroid
dehydrogenase; P45017 a, 17 @ — hydroxylase; 17 § —HSD, 17 8 —~Hydroxysteroid
dehydrogenase; 11 8 —HSD, 11 8 —Hydroxysteroid dehydrogenase.
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Figure .2. Phylogenic tree of vertebrate P45011 [ 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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T Re o REEEI AT EA RIRVEVRR
B, anFasl FERERLTICIR TV NTFaL
REZRET, BAZEEKE BT, MRERND 500
BIEERNICHFEET S0 FEBIK 50 ~ 150K # L k0
HUNRTEHFTHD, ZRbE, TREEDRLVE
VIR L CEWEIFIME (RBEES 1x107 ~ 107°M)
BT, 1 KABEOMATEIC L - THBOME & #
BEAEFOBEGTA—/ =773 =% L TNBZ
ERbhoTWwB (Mangelsdorf et al., 1995), 7 K
0 UL, 1988 I N THID THRE S RLL
S, B AT cDNA 7 ) AEE O BEE - REHS
RER, IRETOEZ AEEEY TR 1 EELMNME
LRV ERbhroTW5, i, AETIE., &1k
ERETIC L > CERIBHEEZ L 2O T P
0 URBEOFEENRBINTWER, =Ky
TFTRTOFHT v Na /%5 cDNA O B * 225
W, 2TREOS T OBENPREICHL I R>TE R
(Ikeuchi ef a/., 1999), TNETIZ, v &1 TiL1EHE
OF L FasUREE (AR B) LPBEEEIRL TV
MoTz, EE D ORI T 2 MEOZEEOFENHE
MENTEY, ZLOAETT V Fe i UZ2REIZ 2
TERHHIEIFERENREZF5THS (¥ 3a),
BETE., #EOBRT2Y ) LAOEENEZY., &

TOBEBFNEM LU Z ERHLNZ - THND B,
TR H A THLND 2EEOT R U BR
EEETF (AR « 2B TNT AR B) HZORRICLD
bOEEZLNTVWS, i, =VvATHE, WED
FFRMEDS O TE < o FREERTOESR. B CE
BFT TAZ—IIHIEEND Z LD, Y BARER
BHO 4 FHEERERE LB (3b),

Z OBNZRENRFESOLIIC, T e raR
EOEEOBEE F AL U bR TWS, Thb
B NEBIZEREEEL FAA > (A/B RAA V),
HFRERSIZIEDNAFES RAA 2 (C FAA V), BN
BTV T FNAUREETED FAA . EHIZCEKE
BZIZ Y H o FREERAAL Y (B/F FAALY) D6D
DOHEEER AL THD (K3a), ZD5H, DNAFES
FAAL L EVH Y FEGRAAVE 7 Rady
ZHREIBWCHERICEERBERTHDID, vF
AEELRENOHILBBETED FAL ViEE (7
I/ BES) BEEIAEFEEINTYDS, DNAFA R
AA L ORZE, BENICLEENICLERD 2D
DYy T 4K (CIRLNT CI) MFE
L., CIEENEAST 2 DNABFEZR T 2L SN
TW3, £7%. TOBEEIIEZ. BERLEVISE
B2 %) (ARE:androgen-responsive element) & FE{EN 5
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R AR AR E S X o TERENHE END
BETFEICRVWE SN Z L%, WHEE T,
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PERNECBENT V Ka by SR EROREBITIEIR
WERT B Z ENMbA TS, LxL, TRETO
LA ZREBETORBBEIRICIT ARE (X R
ENTELTHENREEORREENTRR I LT
B, M7, EELDOH AR FHAWEEERT
1. HEMEAR NV AN L > TRBROFEENENT 5 2
LRBIEENTEBY ., 4%, MZEERETORBE
BEOMHITREFEEIN D,
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FELZ HET ABEIEEE KA A VL EHE L CHEET
DTEBHALDERSTVWD, BiRTHEIT, TV
Nua 7o/ EE N LB ORBHEE,. 28
kL& 2R+ (cofactor) DFEEMNARA R TH DD,
& OMHBEERICITIBEIEMNL KA A & U H o ik

(a)

AR a NHz+

ZIE—RR - B RHE - IREE

B RAALUPELSEbo2TWVD, 2250 RAA HIZ
X, TNZHAF-1 72 5 TN AF-2 & '3 5 fEIR S
FEL, HEERLVEYDOH D /72 L TEORREN R
5. Thbb, HEMERLEURFES L TORUVIREET
1. U2 BB RAA i AF-1 ESEZE LT
D0, HEMEARNLVE VORI X o TAF-2 IEENFHE
INd LR, 7Y KaFUoEREOSTHEEDE
fLIZ & > TAF-1 {EHEOMBIOMERRMBEZ Y | BiEF
RBEOEH P FEIND L O THDH, REATIX, —
I 2 DT v Fal VR EOIRBIEE RA A
(A/B RAA V) FHERMEMENZ EBbho TS
(K 3a), E£7=. £IHAR o DEEFEMAL KA A 2130
B Db O L FRMEREV ($80%) DIZxt LT,
AR B IHED THIFEMEMEV (89 20%) &) R
Ho, TOTENL, W7 Na b UEREEORET
FEINZB T DIEFBEF OEW, $IC AR B2 Lok
(BT OFRBFEHFE LB B D L 2 ATH D,

295 380 419 670 (aa.)
A/B COOH
408 439 520 769 (aa)

AR  NHzo

COOH

(b)

Frog AR

Rainbow trout ARp

Rainbow trout ARa

Japanese eel ARB

Japanese eel ARa

Mouse AR Human AR

Pig AR
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100

Red seabream ARa

Tilapia ARB Tilapia ARa
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Figure .3. Functional domain structure of the red seabream androgen receptors.
a) Comparison of red seabream androgen receptor « (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.
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(2) 7RO 2 RAOERERF

MpE CHEE SV ERE LT Re X UEZs
T, FRETHEAELTWES v m 4F (Hsp 70
BE) DOWEEEL 2 BROEREIT Y, T OMEMR
WVEY =T v ey U B EESEBENICBITL.,
DNA EDOHEMARNE VIGEES] (ARE) ST 5,
AREICREA LT v a4/ oS 53L& K 73
(SRC1/NcoAl, N-CoR/SMART %8) /95 Z & Th
HHNAZER BB T ORB EEEL L2 Mfik L7
Dg2 (M), Zokd, HERTOBEEIEXT R
0y R REOBRERBUICEERER R TEEZ
51TV 5 (Heinlein and Chang, 2002), ¥4, %W
ZREDY 2 REGIALD X MRk R G 0 B
FOFHMBRA T =X LBALNTENTWVD, Tb
B, UHV RiEE AL v ORRIZAE LTV B BK
DY H v REEART v MIELVEVREEST S &,
REOa -~V v 7205 bbb CRAIZH DL~ v
AN NKRELBETHZ LT, SLIEHERELL.
ZHITBI &L TR OMERIZ L - T, ZEKE
I~ v 7 R 3~ 5 NB7RDBUKEDEDIEA S

N HEBEEFOREENB I, BROICELTFORER
MEFE AN D (Shiau ef al., 1998), Z D X 5 IZHELIEA
TiE, 7 P s U SR EOBRETRBEICBT 25
IRAN=ZALRHALNIENTWAEN, RIEIZBITS
TRy USREOERBBIIIZEAEARAATS
B, BEMRERAVEZLR—FZ—T vt 2L T,
UFXO2FEOT  Naf URFERIEL, TANAT
0 v OIREIEMEIIRRS TEWH OO, 11IKT 72 5 NZ
EJEOEMRT 2 27 r > (DHT) 1ZRZDEEE
EMEZESZ ENboro T3 (Tkeuchi et a/., 1999),
F7m. vH¥A AR BTIET A RATr L 1IKT O
FIZEHDBEOEEENHE SN TWD, i, =¥
T ANLHEBESN 2FEEOZEED OB 1 D3RR
72455 F (AR ) THY, 1IKT, TA AT B V7R
5 NZ DHT O EE MR LE » TIRE OTEHE(L A
5, L2, WTFhOBEEIZBNTH, RV
ORI LD VR — % —B a1 OEEEHELOR
MEHLTNDEDOT, BEIEEI FA AL 0V T N
B RAA O 2 OBREFFEIZ DWW TIH KR & LTAR
HTHD,

. ) )

Androgens

Cytoplasm

Nucleous

Co-factors

Gene expression ||
.

spermatogenesis, sexual differentiation
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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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HEVE AR VB TR F IR A Tl e DR FE D T
e, HOESERSXETH D, T2ED
B GABEOESBECLAB AN TWS, L,
L. ZNETOEERLOBTENOERE LIz RL
TUNIATEROZ 72 B fliEdRic BT 2B ETREA
WKWHEEBZRIZLTHWAZERHALNE RTINS
(Yamaguchi et al., 2005), X HIZ, HEZFD L4 -
2] ~ORLOEEVEZZHDYD L, BEEE
B ERZ b0 ERAT a4 NEEFER T OBENEH
ThdHEEBZOND, HE, AIEST L. 7o e
FUSEEEN LBIRNT v Fa X U BRI EE
K (Selective Androgen Receptor Modulators : SARMs)
DERBRB AT TS (Negro-Vilar, 1999),
SARMs iZ, 7V FrF U ERFELO/BAICL - TE
HEIRLOIEELMEFTYEL, TRICX o TAHESE
BT CIEEE L WERT L OBEEREZ5&E D
T e T, ZEREN UABIERO S bF B oEE
T BB EE D &V 5 EEPR R A b o, BRI,
FLEE TSI HA VLS4 BV o T R Lo Tl
RAEERBRELRD SARMs BRI TEY, B
R TIIET-IpERE L LTHX 2B UOTW S, &
‘. KEDOHEIZIBW TS, SARMs 2S3EFICH R 72
RAFEE T &5 WVITERRFER T L2 552 &
BRNCHIRFEN AP, T OBRBLHE L SHAIE
OTHT LT, BIEOT > N & U ZEERO#EE &
BRI T 2R 2 2 MmAOERITINERTRTH D,
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