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Studies on the Asymmetric Cell Division During Oocyte Maturation using Mouse Models
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Al719) GEE antral follicle, T=+ Graafian follicle
olg} 3tH, o]= 2] F2] granulosa cell (GC) layer
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Fl| oocyte-cumulus-complex (OCC)E°] 3o} &
Jolglz BAA YA @t wigdd dAkE Al
AEFEEE vX I 20 A ] AER AT
Z710 RARFHS Uk A} Tt FHo| HEFH
o2 o|FoXAA FA A27FEEe] EHHE
A wkEA|e] 27 A3 (maternal pronucleus)S ¥
e Rid=g

G (follicle)= ¢4 F83 7157 ©@ejoltt
G AY5L o)A o] Fo| GC thecal cellS
ey 93 xS B3}, aea 3Rk A%
A7 Yro] B 5 o dxe] 4343 A
A= s °] 5ok GCE EE Y9 A3
w2ate] o F2 YA Secondary follicle©]

AE 3o, thecal cell o] GE FH THEo]
Ith, d¥EAFETEE (follicle-stimulating  hormone,
FSH)< GC9] %4, androgen 343, 28]l A
A ZER 449 FEE T3k i FAY
4 32 (luteinizing hormone, LH)<2 thecal cell®ll
A androgen A4t AFEh WiF@ ¥ GCES
AME (lutein cel)Z £33/t e o] FA3
(luteinization)2+3L ¥t} ZA= progesterone (Ps),
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Holl A F 23|, androgens estrogen© 2 M=
aromatase” | 91 FAAAE AF A YEGo|

antral stageol| o2t wjgto] x| @t A =
3 Ao Hx] gt o] Ao = HW o7
FSH, LH, Z8]3L E, Alo]e] #&o] GE &3} ul

Toll T8-S AJAMgTE

WEB 2 QAE olelm X7 4RxIEA F
growth differentiation factor 9 (GDF9)2] S 2.3+ =}
o] AZFEo] Utk GDFI-/- ¢AY oA =

secondary follicles 2oz 4= Qi £3] thecal cell

layere] 716 BARAA S0 AR PP o]
= GDF9©] thecal cell layer BAE Z4ds= FQ

AR AE vt HEF7] 2HAREe] sl
cyclin D2%= FSHel| o8l uk-2-& vf7fsts Aoz
dHA e, cyclin D2-/- FAAME GC layer
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of 9]&A Q) kinase 4 (CDK4)$} CDK inhibitorg!
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spindle™} cleavage furrow® <13 Bl Al &4
(partitioning)©] Dolt}. Wal el A spindle®] <
Zo2o] o]FL HAH MEFES Al E+
Aol gig AukA oz AAH]|HE actin® micro-
tubule®] AEZA0] T8 &g Gt

g 2AAAH fakel oy 4 F 2 HISS
A e AL A o]l 53] aneuploidy
Y multiploidy= A7rellA 7 E3HA B F
= Ay olitoltt AAZ AR WA A
24 Adlo)| o8] A7]E aneuploidys AF A E
o} Algol A wo] BAREY A FAHHY 10~
30%7F QA 5] oj4o] Qlrhe Buv) Aok
Aneuploidy’s F-8+ 2k Ao F8 0ol Ay
7 Agre] 44 HdRlel71= 3ttt Multiploidy
= T AE ol wpA| AMAI7Y EXste A
<2 Ao, ojeidt AF UFE ®op A7
o FAFEAY ol HFo| AlErlE gt
Kaufmane B E o] &3] multiploidy”} Elo}e] &
A AR mA e JES HARAH R AL
uh glek? o] AFolME LT/Svels AF straing
o] g3 o] IRE0] Hige= ks T
o]4Fo] primary oocyte, & 4WiA|S] FAAE 712
s dxEelt), o] YAEL F4 & digynic
triploid embryo, = F AES] AAAE
wtol 3ufA7} @ wjolES HEAl €rh Digynic
triploidy, polyspermy®ll 2|3}l A87]+= diandric triploidy,
% o] 9)e] multiploidy?] 3¢ thEst dd Ao
2 93 A= th oJu st mutationol] &3l ©] strain
ol M mA&e] wgo] dojueAE oA B
7 AA ok

Uxte) g e NxFF 2 7 Axd <l
AEo Zgog AAsA 2EET ANZESL
_(mitosis)® Z5EE (meiosis)S] PR HA A Al
FAEY (cytokinesis)oll E Rho family, actin 2 non-
muscle myosin II 5-2] ExE0] #HJ&}to] contractile
ringS A3} Tt FollA| Formin 92 &
o] NFARG Bojdtin HuEATE? Formin

9] &}l mDia3yE Cded28}= small GTPase®]
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effector® A EES 5 kinetochoreol] & H]A|
A% (microtubule) QFA 3t TojF}H* NEZA
o] FAEQ actin® oJ2] AT o5 Wt
(nucleation)& A @A (monomer)7t 7] A
(filamentyS BAEHA HEd olols thekst &
AEo] B3l o|F Rhott CDC42 T4 small
GTPase 5L actin® microtubule®] /% (activity)

2 243%E 932 ok
Formin EMHEID} Cellular Polarity

Formin-2 (Fmn2)& FsH o= 2z HEH For-
min family®] 3+ WHE, 0|52 Formin subfamily<}
Diaphanous (Dia) subfamily2 ZA Uroj Wtk o]
E WAL veast, C. elegans, Drosophila, chicken,
mouse, 12]3L 17HS E33F U] FollA] LA
=™ formin homology domain (FH)S 33T}
Formin family protein®] that 7= FA7LE 1
A% &t} Hx=2 937 Formin protein?] Fmnl
& 943 713 FaEAE=, 19859 58 FH
_]

Q

3 A3 (transgenic mouse) lineS THEE Aol A]
o]d insertional mutagenesis®ll 2}l & locus] 7]

o] gt o] 3t A lineEA AR &

o] A&7} =& TAY (limb deformity phenotype)
o] FeEh T o] locusE limb deformity®} HE ]
o] Z25-H #z9| fomin?] Formin-10] €24 ¥
o} (59l transgenic mice® A WERE limb defect
= Fonld F833to] 818)7 o|F2 olg] Fd
A} homologyZE %+ proteinE©°] B8 &t 19973,
S. cerevisiaeZ7} 7YX U 2719 Dia subfamily
W2 (Bnil¥ Bnrl)o] EF ¢l mutant yeast’}
buddingg 3Hx| £3| ttale] ANTHAZ (mul-
tinucleated large round cell)?] BES Z-=the AT
A7F G E2} o] familye] thEd] oigh &4
o] EolHth® ©]F Formin family memberE°] %
£ g A G 7)Ao E HEEZZ (cytoskeleton)
3 Aol e A ol9ddl o] FuMlAEY AE
W g 3 AR AFPrh @Ads A
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Zt yeast Bnil# AJF Dialo]l =38 ATES
Formin @ FE 9] G&o] actin filament2] &
frede 54 Add =23th” Dia
< 53| small
GTPase-binding protein] Rho, Cdc42, Rac 53 in-
teractiond}™ C-terminal £ 2 2 actin nucleationS 4°
33} Diae Yo EUoZ FEEA actin nuclea-
tion center’} 7} X W&t HE (inactive form)
2 FEAETHT Rho 7] A48 (interaction) S
%3] intramolecular autoinhibition®] 3§ %] actin
nucleation activity”} YFEFAh? 28]Y 7070 Formin
gl s FMTE 2H-3= 7|FS Aold A
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Fmn22} R} M=

Fnn2E 200039 Z29o] ®, 2L Formin
family9] stutolty. S22 Al FE F-H}
A AN E Fn27b S50 4 A A
Hog ¥ 92S HAFAY? o]F Azt
d Fon2 +AAEE AALLL sEstyod ¥
HHoz FFAFAY o]ds YehA &t}
o] AARHA Eo|Ho g el TIEYPL ¢
e AAEE A=, glde] wujE AXE A
o] AAE ABAFSHA] @AY A2 o] AxE A
AR ol FAP L AL zAS 2

JA F77HAE wildtype Fmn2—/- U3 o]

23 wjote] 7 fAFs, Fmn2-/-
2] wjol= o] g AslE o] gl RbF W
oA Bt wjobrt dr EAH AT Fon2-/- &
e wu) T FHF Ul 2-HE7] vjolE ZA
B PeH oz Haoln] 1 £ wildtype @
7 v|&3heh 23942]9) Formingl Cappuccino®] &
2 W 7lss 283 B W Fmn2® FAMSE 24
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frefe] 33F (matemal effect)2 7HR| 2 dAHS
7FeA ek AAZ in situ hybridizations S8 o
2 vl Fran2 mRNAE ThFe @2 ghAlof] 9l
WA W FREA Bold oz W AT) Wildtype
3 Fmn2-/- 479 dhoA njAL dAes F
23] AYAS (in vitro maturation) S 3
By o] A A F zpo]7t EAF AT 129Sv/]
strain®l| 4] wildtype ¢FR 9] FR}= 20~22413F B3
T 90% o4 dRF ANPFEE L AA A=
AE W& 28y Fin2-/- 439 dREe
5% TRk WAERE SAE BESy UsxEe A
71 AAEHA ek = Fmn27} §)

(o]
=

© de SAEHolgte vuAY AEEES
A3 29 spindle 0] FF o]ojXE= AHEF
TEE Tyt X3

o] A7t Fmn27t WA A< = chromo-
somal migration¥} cytokinesis®ll 23t S-S

YIS AAETEY o] F FAE ATIME live
videomicroscopyE ©]-8-3 Fmn2-/- dx}o] EHH
< o AZstA 21 Ed, Fone @A
congression®]t} segregationol] Foidtx] Al first
meiotic spindle migrationol| ¥t o gltl= FAHE A
A13HATE! 3 spindle 2FA1Q) FAJolu dAte]
cortical differentiation> ¢4 o|L} FAYES ¢
& cytokinesist= YoiUA| £33l & Fmn2-/- &
ko] T8 3L cytochalasin D, = actin depolymeri-
zation agent® A2|§ FAre} o9 FAleo =
gk cytokinesisE 93| cleavage furrowo] A=+
actinomycin contractile ring®] component$! phospho-
myosin II7} A2 A 8}A] Zghc) ol A}
= Fmn27} 32F oA actin filamente] AL =
A8}, actin filament7t R3S F 7FA] HAH<l
spindle ©]53 AXZAEF] AZE o] Fo|x| =1
HBAEgES HFE

AellA 5% v} Formin T o actin
filament H4J 9] nucleation®] 1 |23t 75L& Uz}
W Fmn2ell oM = FALSHA FelE o=
. & s 92t AsiAS AFEEA
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Figure 1. Formins: establishing cellular polarity. The
figure shows asymmetric cell division in yeast vis-a-vis
meiotic maturation of a mouse oocyte. Yeast Bnilp
nucleates actin cables required for establishing cellular
polarity during budding via highly conserved FH domains.
They interact with Rho family of GTPase as well as
profilin via different domains. Fmn2 is also involved in
chromosome migration during meiosis. Biochemical acti-
vity of Fmn2 in actin nucleation is yet to be inve-
stigated.

metaphase plate®] B =] §l+= chromosome-spindle
complex® FAFe] A (oocyte cortex)E 0|5
Fmn29l 93} actin filament®] Zdo] 8 7H+= A
o=z welth of FAHL microtubule?| 7157 T3
&, Formin 2|&21 I} 0|t} Spindle ©] &3 M E
ARG Aol E Fmn2-/- IAE £ F
5ne] HjolE WHEAY, £A A AEZEEES
ot 3n9] Hjo}lE FASHA Bt o]Hx AF
oA #EE Fmn29] 715, S HIIAA A2
Al spindle ©]5S FEdh= R yeast®] Formin?!
BNI1Z} BNR1Y 7|5#% ¢ fAMstth (Figure
1). 23]9] Formin?! Cappuccino?] EAHO|E
T AEEFe] AL GRS 54 (polarity)
o] g} o2 <lsf uljote] LA = FAH7HA|
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Formin proteins: Establishing Cellular Polarity

Yeast

Bnit Drosophila Mouse Human
np i Fmn2 FMN2
Btp  Coppuedno R i
Budding b

Formins

Figure 2. Formin proteins are important for establishing
cellular polarity across evolution. They seem to serve
conserved function as nucleators for actin filaments. A
recent microarray analysis showed that FMN2 is expressed
in human oocytes and that this gene is overexpressed in
oocytes from PCOS patients. Further investigation is
required to address the association of FMN2 in PCOS
or infertility.

J8 22 Formin ©§HAE2]
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2). CDC42E Aol A
£ small GTPase®] S} E, Formin 59 o
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27 spindle ©]%Fol ot}
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A E Eoldt IR ohz} Ank Mo A Fim2
2 UdA7H MEEE AT HoE AL
N AEANA Fmn27t FA A I o] actin fila-
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kinesis Sl ZR3 ANIEZF 2H FAAA4

2 AAR Zo,

oz
X
1)
T
S

M ok
_m o

jus)
g e
B off
4w o
o fIr

2
i o
(6]
¥
)
=
E

o o= of kol oo
rl
i

FMN22} oM &2

Fmn2-/- wh$-2 23& Fa 587 Fmn29

= S AT HEH
o] 91& 7FeAdE AKX Eoh AF Fmn2¢} Q1%
FMN2E 71449 A £ AL 20 A}
& AR Ao B R oA 7R FMN2$}
A}at pseudogene®] EAZ <13 RT-PCRE ZHZo0]

-71-



CEEREL Y

Figure 3. Cellular morphology of Fmn2-expressing 293T cells. Expression of Fmn2 is observed in 293T cells
transfected with full-length Fmn2 by immunofluorescence staining. DNA was stained with TO-PRO-3 (blue), actin
with Phalloidin-Alexa 546 (red), and Fmn2 with anti-Fmn2 polyclonal antibody followed by anti-rabbit Alexa 488
(green). Yellow color is observed whenever actin and Fmn2 are co-localized. In this figure, there is no cell with Fmn2
expression alone. Notably, Fmn2 is co-localized with actin filaments in paired cells undergoing or finishing cytokinesis.
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