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2 ¢ Growth/differentiation factor-9 (GDF-9)< transforming growth factor 8 (TGF-g) superfamily®] member2A] W4x9} @zl
M ol o2 dH = A dadde o] YAl 4aizE H2o dBATh & A7 < RT-PCRE 3 479 4
Algx oA e] GDF-9 mRNAS 28 3o} g dx e wagdd b Juzl 2azs 452z 4A3Ac 2 ddde
ICR A% & AM4-3te] 23 (vaginal plug)o] EAE & 192 3t YA 1999 globed glojd 28 192 st A% 1Y, 10, 21
Y, 2898 A7 G4 E Ao AEEAT 72 2EEA Y YA RH O 2 RE total RNAE F&31o] GDF9 F14 2 o8 8l
e o]5g f-actind] ta] FHY FFEHE ik GDF-9 A Hd & ol A7E A A3 g2 gA 19?4Q o}
o] v, gl FEo] AAGER o]Fo| wlod ¢ AH dhdME HIFUOH, o] FATA AP T e GE &, antrum
g <l79] growing follicleso] F+& ©]F& AF 10dA 9] daoX 71 £& GDF-9 {34 gdo] &Yt oA dAe ¢
adAE A s Axe dEES 2 F A £ A7 Aok AF 9] AAGEE GDF-9 transcript7t &4 gtk A
< FAstA 93U, GDF-90] Ao 27) ¢X U] £83 48L& & Rolghe 7Hs4d L AARIT.

ABSTRACT : Growth differentiation factor-9 (GDF-9) is a member of the transforming growth factor 8 (TGF-8) superfamily. It

has been known that GDF-9 is a growth factor having a crucial role in normal folliculogenesis and its expression is oocyte-specific.

The present study was aimed to elucidate the expression of GDF-9 mRNA in the mouse primordial follicles as well as in the other

developmental stages. The semiquantitative analysis of GDF-9 mRNA expression was conducted. Total RNA was extracted from the

ICR mice ovaries at gestational day 19, postnatal day 1, day 10, day 21, and day 28, and RT-PCR was performed to measure
GDF-9 and B-actin mRNA levels. Level of GDF-9 mRNA were normalized against the level of f-actin mRNA, and compared

among different stages. GDF-9 mRNA was detected in all samples including the fetal ovaries that mainly consists of primordial

follicles. The highest level of mRNA was observed in ovaries obtained at day 10 that mainly consists of growing follicles. The present

result suggests that GDF-9 may play an important role in the early stage of folliculogenesis.
Key words : Mouse, Ovary, GDF-9, Developmental stages, RT-PCR.
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EHFY dadA dojye dxdgad (folliculogen-
esis)2 o2 71X 32E3 JAAAE] M2 285}
WA YA E (granulosa cells), 2237 F2HAE (theca
cells) 59 A4z £318 2= vl$ B54¢ R
wxe AAe d o HY A YMIE (flattened granulosa
cell) 2 E2{Me] glom Aol HAHE AeQ AAIGE

B d7e BAEAR 5208797 24 (HMP-98-M-5-0054) €]
Yoz FYEHUE.

(primordial follicles)ol| A 4-¥] A|Z= &, dE 9| A3 o] A]
e FHAEE Y (cuboidal granulosa cells) O & B
shate], @AY A% Al&E} (Hirshfield, 1991). Y9
Z7] a4, 53 A%< A (initiation)= o} FA 24
HeA ok & gElA dA g2 W Iy 3]s
AAAE s220 dasiges AL F 44 g
(Richards, 1980; Fortune, 1994). X9} x7)ddd= JA
A5 ZEERGE dAY ARG} e 4 24
Ao} Aol FastEEte Azt AwA ol AA R oA
7] hd & YA EY FHuA o)A EulE e A
7t @A) AAE 2Ase ZA0g ¥EA e A6 ¢
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A2 RE A4 - BulEo] F99 GEMEES] 4} 23
g zAse AR @A v W R 2d
A EAT A2 AEH3 itk A2 EH BHHE A
o2 M HxZ ¥R Aol utZ growth differentiation
factor-9 (GDF-9)2.24 TGF-gAIE¢ A&Atolt}. Mec-
Pherron3} Leed] 9319, GDF-9 S-4A = A3 Y WA
Ut Eolx oz Wiy ALE I U A=
27512 224 northern analysisE £3) #2384 (Mc-
Pherron and Lee, 1993). 28y H2o| JFR1e] wf=2H
A7, 83, 283 A7) Ay 2H L2 HE GDFIY £
A e A 43, dhoMes E8 HAE FEd ¢
E o8 23 AT GDF-9 transcripts7} &) 82 northern
analysisZ 3] 13z 53] AF S HLoAME large
pachytene spermatocytes$} round spermatidsolA] E-o]2 o
2 HE¥S in situ hybridizationg 58] ZJF o2 #35
At} (Fitspatrick et al., 1998).

AFMAL B3 YA GDF9 FAA F2E A
(McGrath et al., 1995), A3 (Incerti et al, 1994), %
(Bodensteiner et al., 1999)¢] 9lo}A] B3 single intronol] £
& £ F MY exonoZ o]FolA glom A A
2.9kb9] single intron#} exonl2 397bp, exon2: 926bpo)
protein-coding region®. 2 o]Fol& i}

19963 Dong 5& GDF-90] Z¥ 3 A# 9 daE & %
o4 HPMEE 713 G X o]F 29| o] dojuA] &
of YAIE = 3 9] FYAHEE 717 primary follicles
RO o] FoA Y& FHAL olHE HEE GDF-9
AP g AT vBFHYA F2E 2L U5 B Y
(Dong et al., 1996; Carabatsos et al., 1998). =&+ Hayashi
52 rate] preantral follicled HuF se=d Aol
recombinant GDF-9& 37130 24 o %] vjsle U
ddto] A5 n} GDF-93} FSHE 3 A7131%e o ¢¥
g o $2 9% FUSS B30 (Hayashi et al,
1999). 0|23 AMd EZHE GDF-90] F4&9 dxurdsi
Ao, 53] ¢X 2 A 27149337 wgd glof v ¢ F
L8 48E dejg AZtEt. 23 GDF-99] W o] A3
He AT 3§ oAk Y AFAFE] AE A HA
23 Atk AF (McGrath et al,, 19951 83 (Hayashi et
al,, 1999) 5¢] GDF-99] localizationd] #3 dFMe ¢
AGEE AT BE iAo dE A GDF-9 mRNA
9 wude 77 BAYYTE RIHT Yo W,
Laitinen %°]4} Bodensteiner & AF 2 %3t 49 U
dEAME GDF-9 mRNAE #H&sidrir Rasty ok

DPERR

(Laitine et al., 1998; Bodensteiner et al., 1999). Y¥ 2] %]
uhe, 53] initiation®] # GDF-9¢] 4&& #9317] 4
& A A GDF-9¢) H8Q5-E A48 P ast ot o
A £ HAEL RT-PCRE AHE-3to] A7 9] dAdEq
9] GDF-9 wd % 2o Jdxoxe JdAq
GDF-9 mRNA #4335 E v #4324 2 AFE A8
S

M2 o

1. M3

2 A3 ICR AHE AHEstH o™ FA (vaginal
pluglo] EAQNH E& 1Y 3t YA 1999 ejotg} gojd
92 192 3t AF 14, 109, 21, 282 2899 A3
o) dag Age M3 Hote AL JA 199219
o] & A3 At ATE AE 3o Holg Y539,
A% 3 go}E 42 phosphate buffered saline (PBS)o]lA]
€ 3% ¢ F PBSE A F3t dAFL) F& WFA
A A A7pA 70T A2 F 7)o RAAT

2. X3|5tN wa

7 A7)y e ey YusHoz 3R] 9
3 22384 ZH & 34t} 10% neutral-buffered form-
alin solution (NBF)ol| ZA 3 A AE GEA AR LS A
H @571 xyleneo] £33 A7l & paraffing JFA|A
Tyt 28 3 9" E7] (Microtome, Leica)E A
gt 5,m FAZ AU Xylene X4 & T3 HH
O 2HE paraffing A ALY, ¥ZE AAAL AH B2
A3 3 3 hematoxylin-eosin . 2 QA 34t}

3.RNA 22|

gzt A7) 23 & single-step RNA isolation HHd
(Chomczynski and Sacchi, 1987)& 7]%2 A &¥" TRIzol
(Gibco BRL) §4& B 783} A7l & A2elA 5871
B gt} o7le] AAEH Y 1/5¢) 33} chloroform
& B 4T 12,000 g2 1587 94 B34 RNA
g TPse 29 43de A T U $ isopro-
panolg H7BIZ A&AA 1087 WXE & 4o 12,
000 g2 10¥7+ 94 ¥l RNAS JANAT 459
< g F 75% ethanold WL 44 587 7,500 g
2 94 EF83t RNA JAHES 37] FA94 AxA2
¥ DEPC Ag|¥ SRTE &3AA AL AR —-70C A
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4. AHAL ZEEA HMEES (RT-PCR)

AAAL (reverse transcription) ¥Hgole B2 ¥ total
RNAE 2ug AHE-8le} SuperScript Preamplification System
(Gibco BRL)E ©]4-3}4] cDNAE §As ). £ s &
A& 20ulZ 3}e] SuperScript II RNase H- reverse trans-
criptase 200U, oligo(dT)io~1s primer 0.5ugS A}-g-3}od
cDNAE A3 negative controlZ+= reverse transcri-
ptase §lo] W& A& cDNA il AR&adc) FHE:
A4k (PCR)Y AH&¥ GDF-9 primers GDF-9 mouse
c¢DNA full sequence (Incerti et al, 19949 7)%=2 3}
exonl A2 forward primer 5’-GGTTCTATCTGATAGG-
CGAGG-3'9} exon2 A¢] reverse primer 5-GGGGCT-
GAAGGAGGGAGG-3'& A#ste Ay AH-3IA L o
45e AdE 446bpsth. PCRE 20mM Tris-HCI (pH 8.
4), 50mM KCI, 1.5mM MgCl2, 0.2mM dNTP, 1,Me] 2z}
9] primer, 2.5U Tag DNA polymerase (Promega)E )
504 WH3- 0.2 st ATt PCR 27L& 94CoA 5§
7t predenaturation WHE3F B 94CoA 187+ denat-
uration, 67°ColA 1¥7} annealing, 727 CollA 137} exten-
siong 303] WHE-3}9 2 postelongation ¥H3-& 72CAA 10
B7F AAE ol B8 dojZ PCR products 1.5%
agarose geldl] A719E g F ethidium bromide® 23}
¢of transilluminator® 3913} t}. PCR reactiond] 4] ¢cDNA
9 EAE FA8A FFH2) RNAZYE S RT-PCRE £3
AN A QN F& v 2E 2R} B-actin W L positive controlE
AHatE T Al A< GDF-9 84T E golyy] 9314
A79% T AAE Image Analyzer (Vilber Lourmat,
France)& o|43}o] JFEA83, f-actingd] @de] th3t
GDF-9 W&8A £ £ arbitrary unit (AU)Z &2+s1 .

5. Subcloning % DNA &47|M& ZH (sequencing)

RT-PCRE 538} ¥o]A product’t GDF-9¢] 71449y
& #1387 93t sequencingS A A 3G th. PCR A&
gel extraction kit (Qiagen)E AM&-3te] AA s AAH
DNA ©# & pT7Blue T-vectord] ligationdt & P Z A3 A
713, ampicillin®] ¥3¥ agar Bl ]A X-gal selectiong
33t} o] ¥ white colonyE A= a}e] ampicilline] X
ghel LB v oo X 37, overnight ] 51T} o] 2A 3
4} AdoJA plasmid+ alkaline-SDS Mo 2 F&3 & g0]
F#FAZ AT DNA d714d 23L& BigDye™
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termination cycle sequencing Ready Reaction kit (Takara)
£ AR8-3ld 96T oA 10, S0TAA 5%, 60CoAA ] 42
7k ¥bg-S 253 AAjatglon o] W3-E-& 5% Long Ran-
ger™ geldl 719 % sttt

6. SAIEA

EAE o4 AZE2 one-way ANOVA I log linear
model& o]-8-3te] £ 8¢ on pgho] 0.05 B} &2 B¢
& ZAgH 2 fY3ity A KT

4

=

N

1. AiF o] WECH|off mj2 HAe| ZRISHY B

A3 die] dgAAS A Yo uwsg
A4 19944 gote] dAdNe dgEo] Yot UAE B
FIAEEC] AL e AU FFHAL (Fig
14), 24 %9 dadA e giFE YT E] YA
dxe] AFA FeQd 2o BHE FHHE (flattened
granulosa cells)o] 8l dx}7h Aedglom, F3] g4 A
dEAME ofn] HFE AR AP F 2 e 9
% (cuboidal granulosa cells)S =3 glou} g9 YA
WX S S AFEA G2 dhe slEY Je s
Z34h (Fig. 1B). AF 10949 dhoME djFEo] 4
FEA X EEA antrum FA o] GXER THH
12w (Fig. 1C), AF 2144 2] J&o] A A17)9 da
qre FHZ FFEH= YAGEZERH antrumE FA
o GEA] RE FF GEE] EA%T (Fig. 1D).

15
<l

2. GDF-9 RT-PCR producte| 27| #H

PCR 4FE-6] mouse GDF-9 §-A=}9]-L 8tol3}r] 95t
sequencingg AA AT WA X-gal selectiong 3 &2
A% H colonyE HHF 5 Ndels#t BamHI A 35 AE A
£-3lo] A3t Zol2] DNA7 4@ colonyE screeningdt
 sequencing3t 2 7}, GDF-9 PCR ©¥ 9] ¢7|A Qo] ojn|
B3 AFe GDF9 $4axe 7)A€ (Incerti et al,
1994)7 &) dAFE AL 2 AAE AFHY
GDF-9 +z 3 & A#o] A& primers] X9} 7
Fig. 2¢ YR At}

3. GDF-9 REIX}O| thaf obab
AF 9] el wadA e wE GDF-9 fAAbe] uhdor
B Lotr] st 441 19979 AF otet A 1,
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Fig. 1. Representative microphotographs of ovarian tissues at different developmental stages. A, gestational day 19; B,
postnatal day 1; C, postnatal day 10; D, postnatal day 21 mouse ovarian tissue. Magnification X400 (A,B) and %200 (C,D).

109, 21d, 222 289A9] AF=HE A E E s}
total RNAE %3 & RT-PCR o2 GDF-9 34
9] utH & zAEHTE (Fig. 3A). Positive control2 AM4-H
B-ac-
tin ¥8Fe A3 k9] total RNAE 7}X 3 RT-PCRE
FYPL o BE GGDA Y FhoA FUFHoE FUS
WS Bt GDF9 938& 23 dAGE B YAl 19
A 2] glote] YA E FAHAT 1 o] F9 oA
% 25 GDF9 #4829 4d & 34T F A0
RT-PCRY] 23 GDF-9 transcriptd] LAY L E A-actin
o AR g A o BAYG F 1 23S
=g Jehi At (Fig. 3B). 9AAL ¥8-& 53] doja
%93 ¢cDNAZ GDF-93} f-actinel] tj & PCRE 3 whi
FE T ZF wrdge] YFAE TR o B-actindl] U
GDF-9 mRNA %82 {932l ato]& Iiov AF 10Y
o A daold AUF e b Be wdE By

LA

GDF-9& TGF-8 family2] memberojm wzjol A AA] &
H 2= AAAAEA AAAA dxIE] Qo] eHojnt
(Dong et al., 1996; Matzuk et al., 1998). T2 AAAA=3}
E gy dAelA BEoA dXAE B FPA R deEw
A&e zATYY dBlA Uth (McGrath et al, 1995
Gosden, 1996). TGF-8 superfamily®] 442252 serine/
threonine &9 2F3te] T8-S £319 AFA FS
Z1 o]E Z inhibin, activin, Mullerian inhibitory sub-
stance (MIS) 5-& AJ2j LA o] AR £3& 2H3te 7
23 98¢ 3} J2E TGF- superfamily®] memberz
413]71 GDF-9& GDF-9 347t dojd 43 A7 49
gxdg 918 5o FAAHY G 24U A
AoAz FHEAT (Dong et al., 1996; Carabatsos et al.,
1998). o]t dX gAY mA T2 EHE& JFS A
wate] A dF e A7|REo] BYQIY HARAHA &
ARG BFEgon HAHY (cortical granule)S
AEA gtk g AP Eo} dApzre] F2E XA EHol
A 9 Z2A Ho]7 (confocal microscope)S £l ZA3}+S]

& o B AFd SloiMe dAEHEFS FEY ugR



Dev. Reprod. Vol. 3, No. 1 (1999)

A. Structure of the mouse GDF-9 gene

ATG TAG
Intron
5 Exon 1 Exon 2 3
2.9kb
5.end — <« 3'-end _
GGTTCTATCTGATAGGCGAGG GGGGCTGAAGGAGGGAGG

B. Sequence of PCR product

58 GGTTCTATCTGATAGGCGAGGTGAGACCCCTAAGCTGCAGCCTGACTCCAGA

GCACTCTACTACATGAAAAAGCTCTATAAGACGTATGCTACCAAAGAGGGGGTTC

CCAAACCCAGCAGAAGTCACCTCTACAATACCGTCCGGCTCTTCAGTCCCTGTGC
CCAGCAAGAGCAGGCACCCAGCAACCAGGTGACAGGACCGCTGCCGATGGTGG

ACCTGCTGTTTAACCTGGACCGGGTGACTGCCATGGAACACTTGCTCAAATCGGT
CTTGCTATACACTCTGAACAACTCTGCCTCTTCCTCCTCCACTGTGACCTGTATGT
GTGACCTTGTGGTAAAGGAGGCCATGTCTTCTGGCAGGGCACCCCCAAGAGCAC
CGTACTCATTCACCCTGAAGAAACACAGATGGATTGAGATTGATGTGACCTCCCT

CCTTCAGCCCC-¥

Fig. 2. A representative diagram to illustrate the posi-
tion of designed mouse GDF-9 primer binding sites and a
nucleotide sequence of PCR product. (A) The primers were
designed to cross the exon and intron regions. Open regions
denote protein-coding portions and the hatched regions de-
note the untranslated portions. (B) The DNA sequence of
PCR product matched exactly with the mouse GDF-9 se-
quence that has been reported previously (Incerti et al.,
1994).

Aol actino] @o] EX3F= actin-rich zoned o]F ulg
GDF-90| Z¥¥ AF M= actin EX7F 2 B} IR F
Q3L transzonal projectiond] YAME WE7F glgo] B
HATh olA ¥ GDF-9 2¥ 22 A3 AEZF (cell-cell) 2] H]
BRH 7o HEE FIA A dEEE FH A,
E3] %719 preantral follicles®] A&} whge] glo]A
GDF-90] 593 9&& slgaty 2259t} (Carabatsos
et al., 1998).

1995 McGrath 52 A% 9 d¥iwd 34 F GDF-9
FARE DAGEE A& primary follicle o] 2] g7
e FAdA T mRNA transcript7} HHEL in situ
hybridization WM& £33t zZzFo8 FAPYFT (Mc-
Grath et al., 1995), rat®] Fao|X % Hayashi So] @43
2 EA & B39 GDF-9 33 & #23 A3 AGEE A
3 o] %9 FE ©A 9 WAleA GDF-9 o] Wiy
D239} (Hayashi et al., 1999), Zaj1} B A7e) Az}
< UFEo] dAGER o] F0[F neonatal AF 9] Wi
EE olBtt g o] gA &, YAGE o2 vy
& BAHA F= d4A 1999 gole dadgME

o o ot

ruﬂ:t,mlnm

rlo
[
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Fig. 3. GDF-9 mRNA expression at various develop-
mental stages of mouse ovaries. (A) RT-PCR products
were electrophoresed on 1.5% agarose gel. M, DNA marker;
1, gestational day 19: 2, postnatal day 1; 3, postnatal day
10; 4, postnatal day 21: 5, postnatal day 28 mouse ovarian
tissue, (B) Relative amount of GDF-9 mRNA was
normalized with the level of g-actin mRNA. The RT-PCR
product was scanned and analyzed by image analyzer, Data
were expressed in arbitrary unit, and represented mean+
SEM from 3 repeated experiments. GD19, gestational day
19; PNI, postnatal day 1; PN10, postnatal day 10; PN21,
postnatal day 21; PN28, postnatal day 28 mouse ovarian tis-
sue.

GDF-9 transcript® RT-PCR oz 4l on oju
9] PCR productZ} o]u] B3 ¥ AF <9 GDF-9 g7)x 43t
g3 A% AT o]A& GDF-9¢] IAGE
MEE Y gxitde 488 & 754 S AAbgT

Hoo AFEYY MEW YFHY dxwd FHA
GDF-93} co-expression H& WA} 0] A2 A7}
ALE B o olE GDF-9BT HH &Yt (Lait-
inen et al, 1998). o]&9 Aol 93 Hlo? F9| new-
born A9l YA GDF-93} GDF-9BS] mRNA w3-&
£ A3} GDF-9BY 7%= A dE] walo] glojA back-
ground ©]’3¢] FAS & 4 ¢l ¥+3, GDF-99] B¢+
GDF-9BRT= St Sddty R yslgic} T3 =
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o] ovine} bovinedl] YA E GDF-9 mRNA7} YA HE 9]
YAt A HEAEE Ao in situ hybridization WEE E3)
zAH oz #FE AT} (Bodensteiner et al., 1999). o]&
29 dFHIE0] McGrath 59 dArAse} Autd o] f
= olnlx Wd¥EE BEFSE criteriaZl @AY in situ
hybridization ¥H €] sensitivityo] x}ol7t AUAY Ee F
Eo)d HEd = A& Relth

2 d3773, GDF-9 mRNAE YA GE dA o)X e &
A E3] F& primary =+ secondary ©A4 ¢ GEE o]
ol A% 109 A dao] 7 Bo| EAe JoE
njfo] o] Al7]¢] Gxude F8¢ L FAo2 5
& 4 Qlth ol& AAE GDF-9 2% 479 dadAE &
2" A3}, & GDF-9 glol& secondary Y ©A] o] 49
drdo] A 02 o] XA gtie AMFAE dX Tk
3 & 4 A (Dong et al., 1996).

B a7e 439 YA = GDF-9 mRNAVH EA %
e A A dae] deuA ¢ g2 43 GDFI &
A7} w#& RT-PCRE ol 44 vlnd Hx9) nyolth 2
AU mRNASY EATNOZE 7]5F oo &  gloEg
GDF-9 @il d dA| o) xje] A7t Fubsjolol & 202 A}
Ed.

=
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