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Sexual differentiation in the amniote brain is believed to be regulated by gonadal sex steroid
hormones. Recently, however, the possibility of brain-autonomous sexual differentiation in avian and
reptilian species has been reported. In our previous research, the mRNA of Ad4BP/SF-1, a transcription
factor that regulates steroidogenic enzymes, showed significant expression level in the early-developing
chick brain (around day 5.5 of incubation) before gonadal sexual differentiation. Therefore this research
was designed to analyze more detail expressional character of this gene and to find out possible
involvement of SF-1 in the brain-autonomous sexual differentiation.

First of all, the mRNA expression was examined by RT-PCR. The mRNA was already expressed in
the ED3.5 embryonic brain. The in situ hybridization signal of SF-1 was strong and exclusively
localized to the ventral area of the diencephalons from ED3.5. In the ventral diencephalons, the
expression was detected only in lateral area, but not neuroepithelium, the surface of the ventricle. The
area of lateral ventral diencephalon, which was SF-1 positive, rapidly increased until examined
developmental stage (ED7.5). Depending on this expansion, the number of SF-1 positive cell was also
increased. BrdU incorporation experiment suggests that the SF-1 positive cells came from the
neuroepithelium. Now, | am trying to generate monoclonal antibodies against SF-1 for the more detail
future study.



AT ERR
(BEHHAL - 1)
ELFEREEY ] & &t
SRR 20 4F 1, 500, 000 450, 000 1,950, 000
Rk 21 4F 1,200, 000 360, 000 1, 560, 000
FRE 22 AR 900, 000 270, 000 1,170, 000
FHE 0 0 0
FIE 0 0 0
gl 3, 600, 000 1,080, 000 4,680, 000
]S vwar SR/
B o5 F - ME © AT TRk - i

F—U— K

1. WFFERHAG S W OH 5

ZAVE TOMAEBERE O BFZE 13 IR FL
HTEL OMANERBEINTE 2, TORR,
PO ARICAFIE T DR EE I I L 0 &
FEAR DD F T RIE dv, P b U7 A FHRR
TIIMERFEREN AT oA RELEVDED
N, ZORNLVEANTL > TE D & T 54
FERR LA DG CoEENERHEIND &
ZE2HNTET,

—J, BECL>THERREDIEa RS
NOZERFTIRHERSZ AETNDIEE
(32°C) &£ HARWEE (26°C) &V
(34°C) CTlIMENR L < AEND, ZL T, &
WERETEEN IR WVIEETEENT
MEL D, HETRONDHEAITEIZ L0 £<
Bz enmbhTwnad(J Comp Neurol
380: 409-421,1997), ZDOZ &b a UE
> N BT R X OMCITATER O L &
VZIRST U 7= i Db E DN FE T 5 2 &
DRIBENTWD, £, KOEEEN
77 TN ZW Th AT 1 7 0¥
T T T 4 T T, EHERE A YERO N TIELT
B2 B U 7 fHEF ISR BB 7 = N Bl B
N WE & Twvw 5 (PNAS 100:
4873-4878, 2003), Z D L 5 Al H & B¥AE
TOWFZEERIL. K1 oM TRt ko7, &£
FEARDN S DR IVE NS B A 52 1T 72 WS
L 7= DM RE N FE T B Z & &2l <
IRETHHEDTH D,

ZOZENBROMNEETIEX, BavE
Y RHAFERFDODATaA RKRILE VAR
BESR & C DO RARDOIBURNT 217> TE T,
ZORER, B CIXATERROM: & —F L=k
oAb EHEATEYOME & — B U 72 b a3 kAT
LCTIThNTEY, ZORANIEFITE N
BRI CH D Z Enbhot-, i, At
DML DN A TV IR WREE RS B O i T
X P450sce DR BLITHENN 2% < A F N HIRE

PERGE - PES3Mb, SMEVEEMY, W, ARG, AN - FRiEE

TrE< 729, P450arom DFBITIEE IZL
BlLT-Zfbzr LTz, ZOZ LTk a UE
¥ N BT REXOMRER S TH DHIREMN
I EHE@ TR Y . AFEIROMEE & 1T
i % il fH 9 2 FOAL TR OS2 RN L T
1T Z L ZR BT H5HDTH D,

— 7. PEQARITIRAE L TR E S
HEHECTHL=TU N CTHLMSEEITo T,
ZDOFER, steroidogenic factor-1 (SF-1)
BT ORBLNFEAED BN (F790 5.5~6
H) [CHEX v EC—@mmicm< 2, 20
o N M @ VMH  ( ventromedial
hypothalamus) TH5HZ EZB 6L
7= (Zool Sci 24: 877-882, 2007), = D
VRAEFERR DML N A £ B (PR 6.5
H) Kb FEWnZ Enb, MTo SF-1 3
BLOMEZE AR OB 2 S 1T FITMST L
THlER SN2 EE2EWRT D,

ZDX I NRE ETOERRICHKSE,
=U U QYR TO SF-1 ORBEHE A
WEBIINT5 2 L 2@ T, MotEssb
L AETERR O E & O AR A B & T
T& 5 & BWVARMIE & G L7,

2. WEoHBY

A F CTHILE O O X AE SRR O PE
TACICERICEIT T D B2 b TE T,
LML, Fex D ZiE TOMENSFR UAH ¥
EFEIC B 2 € dE & S TS B A1
M35 Z EBRHLMNI /> TE 2, TE€H
HeaUELMIAERF—Z O TG
JAEFOIREIC L » THENRRE SN D — T,
MWD T, O AFENDHIEET
X P450scc DFEHA E < 720 . P450arom D
FRENIIRE AL TELS DI ENnmgn
o, Fio, =U MY MKz Lo T
DRTE S DH— TIL M CORER A 72 SF-1



@%Eﬁﬁ@m%@@ HMERTOREHICE I D
ZEBFEA LTS (Zool Sci 24: 877-882,
2007), ZNHORERIZ, BOMERE - Moy
fBIZ—4 T2 <, FOUMLZ & ICATERRD
PEIRIE « Mo b & R 2807 & [FRE L 72 v
AN DZ EEBBIRBTEHLDOTH D,
AWFFEIL, PEREHENR2 5 e a 7ES B
BTERXFELE=T N TRDTEZHED S
T FERRAT 2 IS D . B DMy
B2 26 & B O e B & B Ao
AN=ALERAT L EH2HE LT
Do

3. WHEDTTik

1) FERREM) -
FEBRICHWZ=U M RIT A TAHAER
BB (HA BE) »HiEA LT White
Leghorn D AN ZHINS T D TH D,
BPONIE, AFEEANOIINERIZ TUL T O&RMET
1ToTz (IS « IR 37.6°C - 1 HEZ &
WZHRPN) . AREIRE O AERFHA IR, IRIRERIC A
AT OIIF A A BLIZ, Ny /—H—

— I }\ VORBEAT—TUEEL LI
REL, LT,
2) RNA i & cDNA Gk

=7 MU (FK) Z 4 L, ISOGEN
(Nippon Gene) % AV NT total RNA &
L7z, HiH L7= total RNA 226, AU =(dT)
7" A4 <—, M-MLV Reverse Transcriptase
(Promega) % AV CHHRE %17V, cDNA %
ARk LT,
3) DIG A5k RNA 7" 11 — 7 DAEY

in situ hybridization FH®O RNA 71—
1. cDNA Z#§81Z Table. 1. T/R L7z SF-1 @
7T A = —%HT &LV HEIE L 7= 689bp DEZFIIZ
DIG RNA labeling Mix (Roche) ZHT
digoxigenin (DIG) EFAZITWVERL LT,
3) WAEY) o ERY

=7 MU ROFHE Z fiH L 72 &I 4%/3
FHRINLT VT K (PFA) / U VBN y 7
7— (PBS) HiIZAN—BEE L7, FD%
20% A 7 v —Z /PBS TE#L L7-BEH AT ¢
Va— 7T v 0CT. ar,Nys K
(Sakura Finetek Japan Co.) 2 CHEHEL.
7V AAL y M ERWTHEEY R 2 /ER L
7oo IR IXRTEAWT - FRErZ2 24 20 um @
JEES TR MAS-GP 22— F 2T A R T %
(MATSUNAMI) ~BE Y 1) 7288, —HBREMREIC
THREZ L, —30°CCTR1F LT,
4) in situhybridization ¥EIC & 5 38N

AR D38 0 (ERL L 72 @G B o st L C DIG
TEEE RNA 7' — 7 % FHV N C SF-1 mRNA D38 HL
ERNLDOREMNT 24T > 77, insituhybridization
X [7] ICREENTWD HEE —#WAE LT
Tolz, BRI E LTITEr AT 0 —7%

Ay

5) DAPT % Hu 7= Zleta

SF-1 @ in situhybridization %O %
PBST (0.1% TritonX-100 / PBS) T¥E¥ L.
1 u g/ml D BE D
4’ | 6-diamino—2—phenylindole (DAPT)
(Roche) # 5 ZyMfEA & CHIpERE &2 H06
e L7, BENKEEMESE K] (1% DABCO,
90% glycerol / PBS) % Hu 7=,

6) RT-PCR {12 X % R AT

BDNF, PACAP, S1it3. LBH O 451, %
NENERN T T4 ~—%F%it L=, 25
ng/ u L IZFER L2/ cDNA 2§75
A ~—xF. BLWExTaq (TaKaRa) Z W\ T
RT-PCR % 1T > 7=, W E® & L TIX
beta—actin 77 A <~—% AV /= RT-PCR %
1TV FEMEse IR & L CIL R BT D total RNA
25 ng/ul AR LIZbDEHME LTH
Wz,

7) BrdU BV A X 2 HEFEAm D oo H
AR OO FERENIC 501 (B0ug /ml)
e L. 4%PFA ¥R CEE LIERR LN T B v
Bl %, 2N HCl % 37°C T 1 WAL L Th
5. PLBrdU Hi{A (BD) & Vectastain ABCKit
EHOWTHRE L,

4. WFFERE

1) SF-1 DWFZ2 M) 70 38 BT

in situ hybridization OFES. BT 1T
S 7] E3.5~5.5 (st.21~28) Z@L T,
SF-1 mRNA OFBUIABRICHMH CX 7=, A%
Wrb) Fr oFEFEAs 5. SF-1 mRNA FEBLMMAE T
E3.5 (st.21) THRIMOERIZFELTEY .,
E3.5 (st.21). E4.5 (st.24). E5.5 (st.28)
ERAEDOET & & BT, ORI FMA
FWIZIEN > TWL BT Bl8gInk
(Fig. 2.a-f), it\%%m@ﬁ®ﬁﬁﬂ .
F OFBEANLII R OELT & LI EM T W)
WCHIRR 2TV Z ENbhoT,

Dol embryonic days (stages)
Venral E4.5 st 24) ES5.5 (st.28) Eé.t’zi_gl_t;.%i]
Ed.5 (st.24) / g g LA
1 i0E Bl
i
Sal  €F 4L B i
| S~ - . LI~ e ol =

=7 b U BETMADSF-1 mANADRE S Bl ﬁf?%&lﬁ’ﬁmwh!& | $hnnd
s LSRRI SF-1 mRNA BEHENEIE T T, (frontal section ) wepithisli

2) SF-1 RBIENLIZ T D kL D 43R

% Z . SF-1 mRNA DIFEERIALZ LV 35/
\ZHEATT A 72912 DAPT % V- e Rz
X 0 AR O IR O [ K O R £Z 53 AR % 8
N, THEMMMOFTE, SF-1 mRNA [t
MR DOIFAET DEL & . IR HIRNES
AL TIEH & MM AEZ D A S B e > T
HIEDRDhoT,



embryonic days (stages)
E5.5 (5t.28)

E4.5 (st.24)

E6.5 (st.31)

Z7 b URETEAORBRMIC BT SO S S REICHESERE
% D BLEHDAPIDsignal T, MiZEHS5OF, v oventrice
@ FUEBILSF-1 MRNASHISRTE =Y, * - neuroepithelium

SF-1 mRNA 23ZEH L TR UWER AN == JE
FHOMRE LR TH Y . 2 OfaszsAm LR HI
ELLBEWEBETHELTWLDIZH LT,
SF-1 mRNA B0 b == 8 D oo 4t bRz o
SMANZAFAE L, & OHIFEEE D 5347 1% SF-1 mRNA
DIFEBL L TNl & Bl L, ASHAITC
HBENMEN-T-, 2D X5 BRARBAITE
B 7o MR K% D 4y A fH IR & in situ
hybridization O L b THLZE L L =
A BN &1T 577 E3.5~5.5 (st.21~28) T
237 T SF-1 mRNA D FEEBAL A IER LT,

3) BrdU BUAAZ X 5 Al HEF5E o 4 H

SF-1 FEHAMARII R A D B EE] (1790 3.5
) BRI OIERIE T BE L, £ D%
BRI A L LIzl kL=, £ LT,
DAPT & X DY DFEFR D S OE K
SLHEZTWAZ EnD, B2 =k FEm
MDA LTZb DO, F XM F
T2 72 D72 D)% BrdU BUAA TR,
FOFER, 1 AN BrdU #BOAEH 5 &, SF-1
FEEAIIZIX BrdU 28 S 3, ik ER
OB SN, 202 Exnb, SF-1
FEHURIE T AR R bR TR 2 7= AR S AN
BEIL T, FORIC SF-1 2RHET 5L 1
2D T LR IRIR X T,

E6.5 (st.31)

| o .
¢ B E BrdU 24h b
“ ] I:’;ﬂl
e
§ ;s
& latera g -
L] '-.w “Y_\ -

=7 b RSB MBIC I ZBrdURL YA & SRR/ (FuoSRIESF- 15
A& :SF-1 mANA in situ hybridization  B,8' ion of A (red square) ¥ : ventricke
€.C’ :DAPIstain D, :BrdU 30min treatment EE' :BrdU 24h treatment * newroepihelum

4) SF-1 BHHLK 1 DR BLfEHT

SF-1 & ORFEMENRIB I N TWDH KT %
BER L, BRI 20T -, T OSSR, APt
SENFTdHD BINF 2L LD, BEEOK T
DAFEAEDOPIHN S VMH Z & T BN T < 3881
LTEY ., MO0 ETE 7 LIRS
T5 Z L NEIHALD PACAP R0, #HRR[EIEE DI
BICB 5 & &5 Slit3, KRERMTH D

LBH ORBEEITIIMENH D Z ENRBIN
770

embryonicdays 3 35 4 45 5 55 6
stage 20 21 23 24 27 28 29

cov e I
o [p———— I - -
s [ —p———
o [——— I
SF-1 BEHK 7 RT-PCR 1E1T X 2 3 EFRHT
beta—actin ; PNEIZEEHE,
RT- ; WiHlAERTOD RNA Z 882 AV 7= it
i}

W o

RT-

Fio, MRER EICHEET BB T HMO
PMEIZBE S L TW A aTREME b5 2. RO
T 24T o7 2 A, WYL Flca— R E
TV D ASW (RN TOREREITRED) 28, A
A DI THADOH FI 3.5 H) 12 H ol <
FWHL Tz, 20X )i, AR
T HRTORFNC, A5l B K 1P fd DI AT
HEL INLDEBORFOHRBELL TW\WDHZ
ERHENE o T,

5) SO RYE

=0 b U OB I A E R O MR E o B
H 0 BB (EBP 3.5 H) /5 SF-1 D%
BNH B, ZOOFRBUIRMOREAL &b
\CRBICHER &N 5, DAPT (2 K B Hllakz 04y
fi & BrdU BV AR K 2 MAREESE D 434 &
AT AER, SF-1 2 38 B3 D AL O YEIERAL
(Z1E BrdU FEPERERR A R 6D T/ 7 < 5 &0 |
Iz 7=, & 5T BrdU OHLY A
Bl A2 2 52 & T BrdU BYERIIE D 5345 D
AL A0, MR OBE 2 AR T 2
LixcExAhotz, 5% in vitro TOFEER
EE AT+ 52 FETH S, £/, SF-1
DB X X7 E L L TR L REEGE
L DA 5 7201 B%E SF-1 F R
e ) 7 a—F PR ER b BET > T
W5,

5. E7pdEFim L
(WFFEREH . WHIEn 8 e OB HERT 2 & 12
(=S

UdEssamsc) (Bt 5 1F)

MKato K, Oka Y, & Park MK. (2008)
Identification and expression analysis
of peroxisome proliferators-activated
receptors cDNA in a reptile, the leopard
gecko (Eublepharis macularius). Zool
Sci 25! 492-502.



®@ Endo, D, Kanaho, YI, & Park MK.
(2008) Expression of sex steroid
hormone-related genes in the embryo of
the leopard gecko. Gen. Comp.
Endocrinol. 155: 70-78.

® Kanaho, Y-I, Enomoto, M, Endo, D,
Maehiro, S, Park MK, & Murakami, S.
(2009) . Neurotrophic effect of GnRH on
neurite extension and neuronal
migration of embryonic GnRH neurons
in chick olfactory nerve bundle culture.
J Neurosci Res, 87: 2237-2244.

@Maehiro, S., and Park, M.K. (2010) The
localization of Ad4BP/SF-1 mRNA
expression in the chick brain during
early embryonic development

® Park, M.K., and K. Kato, K. (2010)
Molecular evolution of mitochondrial
uncoupling proteins (UCPs) in amniotes

(Fzse®R) GE174)

O ERFE—RE - FREAR - A BISHT (2008)
FABFED GnRH = 2 — 1 2T 5
GnRH @ B C53 W « P50 EH. 55 33 Al
H AN W F2s. IR (2008 4R 12
H 5-6).

ORIEIEE « EFEW - APERAR  (2008) =
7 N U YR RKIZ 51T 5 Ad4BP/SF-1 @
WREZE ) 70 28 BUARMT. 55 33 [8] H Al N
SYWEFE . JRE (2008 4F 12 A 5-6).

ONEEES - FREAR (2006) A EEED UCP
k. 533 BB WIS,
H (2008411 H 13-14 H).

@®Park, MK, Endo, D, Kanaho, Y-I, Kurakata,
E, (2008) Expression of steroid hormone
related genes in the brain and gonad
before and after the sex—determining
period of the lizard and
chicken. (Symposium: Roles of steroid
hormones in sex determination and
differentiation of vertebrates. The
78th Annual Meeting of the Zoological
Society of Japan, Fukuoka, September
5-7, 2008)

® Kanaho, Y-1, Park, MK (2008)
Identification of genes regulated by

GnRH using RAP-PCR method. Zool. Sci.
25: (The 78th Annual Meeting of the
Zoological Society of Japan, Fukuoka,
September 5-7, 2008)

O@RIE—ED « FREAR - T R HETF (2008)
GnRHIZ X % GnRH = = — 1 > D ZE e E
K OBEOHIE. 55 35 A B AMRRN 75U
T - 5 23 | B AR T BRI IS A R
£, HAT(2008 4 8 H 28-30 H). #hiH
PIE P.62 AR TEENIIERRETIE

KE.

@IEES - FRRAR (2009) FHEBEICE

Fo5I bar FUTHRIEERZ ORI E

(UCP) Doy F-HEAL. %5 34 [a] H AL 53
WEEs « HARME B L8 31 [BIR
AATRIARZ (CompBiol2009). FHZ A 7
YA A Z— (2009 4E 10 A 22-24
A).

@FPEAR (2009) GnRH {2 & 2 il i B 5 & il
BEIOHIE & 20T ER. AARTNE
BHFERE 24 BIFIFRE S ART T L

(S R bR AR 8 2 T
22 RN/ 9 GnRH OFERERFZE . & 4R IR
=R (200948 A 27 -29 H)
ORTETER ., =R, FEAR  (2009) =D
~ U IR O RMIZ 31T 5 Ad4BP/SF-1 JE 8L
BN ORRRFIBIZE. B ARENMY) T2 80 [
Rax. # (2009 429 A 17-20 H). 2
E4E ppl109.

(OMaehiro, S., and Park, M.K. (2010) The
localization of Ad4BP/SF-1 mRNA
expression in the chick brain during
early embryonic development (The
Sixth Intercongress Symposium of the
Asia  and Oceania  Society for
Comparative Endocrinology,
Palmerston North, New Zealand:
January 19-22, 2010)

@ Park., M.K., and K. Kato, K. (2010)
Molecular evolution of mitochondrial
uncoupling proteins (UCPs) in amniotes
(The Sixth Intercongress Symposium of
the Asia and Oceania Society for
Comparative Endocrinology,
Palmerston North, New Zealand:
January 19-22, 2010)

ORFRELE, TR, FRRAR(2010) A R
HORBECTRERFICLVEBRELEHT D
AR Tex27 OFE. H AR 81
[FIR4s. B (2010 42 9 7 23 H-25 H).

@ EAR(2010) k47 O O H A A
. HAEWRE 81 RIRSEYFO
AIXTRTHR L D fiho TH K 5 —24k 728
Mot HR (2001049 H 25 H).

ORERELE, FEREE, FRRAR(2010) A
FHIZBIT 5 Tex27 mRNA variant D EE
EHRECO%E]. 25 35 [B] H A LLERIN 43k
P KL, FRiE T (2010 45 11 A 18 H-20
A).

®/F, HHEE, FHEAR(2010) YEY O
BEgO LT L N TV =D
cDNA [FlE & 7V 2 2 OBAR {4k 1E D
fiEtdr. %5 35 [Bl H RN F K.
Fr T (2010411 H 18 H-20 H).

@RFREHE, R, FHRAR(2010) FFHES)
WD Tex2T O RAFPERIR O [FE & AT
Y RBRCG RS, B (2011 4 3




H 12 H).

(M=) GF 1)
O AERE, FRERAR (2010) MEOWRE, (I
RiZ « NNETF « FaKEESE « (U —K - &
JE — & M & ARV v OFTENE — 4T E
e T ULFE~ DI FAATE ) | pp26-36.

(PEZEIY PERE)
ORI (G o )

LFR
HE
HEFIZ -
FHYE

H5
HEEFEH B -
ER DR -

OBk (G0 )

SR
I
HEFIZ -
T -

E5
BASHEH A
E N DR -

(Z Dfth)
AR B D

6. HWFITHLAR

(D) W RERE
o RAR (PARK, MIN KYUN)
HWRUOKS: « REBTEL R IeR) - HEZdZ
WEFH 00228694

Q) Mgt rHE
L ( )

WorEE S

(3) HHEMF I
( )



