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3 e ®EApgko]l 20-30 kD Hx=9] small

GTP-binding protein°)th(Bos. 1988:
Downward. 1990: Hall. 1990). o|&3%
small GTP-binding protein® ras-

superfamilygt 2™ (Downward. 1990).
407}FA] o]2te] whilao] {Az} FFoA uhEy
7 ek (Hall, 1990).

ras—superfamily= |71Mde] fAHdel wt
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1991). rhoAldel BUAL FAE o] 83 43
A A stress fiber ¥ focal adhesiono &%
o] W& ow(Ridley and Hall, 1992:
Ridley et al.. 1992) actin filamentel 2|
A X9 e 3Rl H g} o} A Futke
extracellular matrix(ECM)ol 93 dzdd
&) Bsle Aoz delx vk, A
embryonal carcinoma(EC) AXe 718 4%
(teratocarcimoma)ol Al @i stem AEE
A ujekzigol A kARl £3HE dedlA] 97
7ol 27] ST o shA] WgE AT
ste H oA B JdFRAZE ol&Fx Utk
(Martin and Timple, 1989). &3] &<
EC N ZFQ F9 AXFE retinoic acidg A
218t primitive endoderm¥ #A}stA &3t
7} sl (Strickland and Mahdavi. 1978},
¥ retinoic acid® dibutyryl cAMP
(dbcAMP)E #o| =AHst¥H parietal
endoderm® fAHE Fel2 F-3l71 dojun o]
73 el A laminin.
proteoglycan®} Z-& ECME& *Aste A&S
o] thek Aol HlETE Aol delA Aok
(Strickland and Mahdavi, 1978: Lee et
al.. 1990).
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Dulbecco’s modified Eagle’'s medium
(DMEM). calf serum ¥ &A&Fd2 Gibco
LaboratoriesZ %8 Fdstden, (o-32P)
GTP¥E New England Nuclear®lA. anti-
laminin. anti-tubulin ¥ FITC-2 #A¥
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o] 2184 & Behringer-Mannheimel A <3t
Ak, All trans-retinoic acid. dibutyryl
cAMP 3 = 3t9] Ak SigmaollA T3
o},

F9 celle] vt ¥ 23T

F9 cell® Japanese Cancer Research
Resources Bank(JCRB)Z &} Fofutolr
Agtrloz FIRHE HFE&7d 10% calf
serum % penicillin(100 unit/ml) @
streptomycin(100 unit/mlel E¢l Ue
DMEMH A2 wiFadek. F9 AEE NEF
2719 &7 th&, 2443 ¥ 1 uM all trans-
retinoic acid. 0.5 mM dbcAMP % 0.25
mM theophyllined X &3 vjz| 2 ujF thg,
o 2dvict wiR & w@E FAA R3S fFEst
Art.

Scanning Electron Microscopy

F9 A2ZE Agldles :®F coverglass?
AN kP g RIE f=sim A HE
848t 2% glutaraldehyde® 2413 &<t AL
Atk nA¢ HAETE A 1% osmium
tetraoxide®¥ ez AuFIF th& alcohol
gradient& o]&3le] @43t critical point
dryer& ol &sle] 2yl Zd AEE ion
sputter® Al&3ted gold coatings 3x
Hitachi 8S-450 scanning
microscopeE THA3A,

electron

Immunofluorescence Microscopy
Coverglasse] vi<ket M 2E welz: 24 &
gl (20: o2 AoM 158 FF A7)
1. 0.05% Tween 20-phosphate buffered
saline(PBS)E A%ttt 42 HMEE 0.05%
Tween 20-PBS &#dc2 M3 12 A=
377 CAM § AIZE Feb Hestn, Tween 20-
PRS&d oz £ AHIFACE. o AHEE
FITC-conjugated goat anti-rabbit IgG&<
o) 37°C @At #Helg ¥ Tween 20-PBSE
FH M A NayCO;-NaHCOg-glycerol
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buffer(pH 9.5)% & W&
nZe s #FsA.

A2 o5 ¥3d

GTP-binding protein2| 7%

GTP-binding protein® #%<& Lapetina
5(1987) 2 W& <kt HE sl AR
vl k&7 ol Aek= AIEE Hank 's balanced
buffer solution(HBBS)2.2 41, 4 mM
EDTA7} ¥3% HBBS&9oz sl43drt.
700 g2 Y4B d& AEE HBBSEY
o] thAl A7l glass homogenizer® ¥
A ok 2,000 gollA 303+ A4 Eeste &
FElxl e AT HE AA} R 12,000 gol
A 5EE AR AEAe AxdE, 3
AEL Rz ZH7 ARREt. Felg Al
FAS GRS Al H&F (Lowry et al..
1951)8td 22 %& sodium dodecyl sulfate
7} 289 10% polyacrylamide gelol] A7
%% ¥ ¥ (Laemmli. 1970) nitrocellulose
paperZ &A™ (Towbin et al., 1979).
Nitrocellulose papere 1 pCi/mlla-32P)
GTP7 A7t £9(50 mM Tris/HCl, 0.3%
Tween 20, 5 mM MgCl;., 1 mM EGTA
pH 7.5)l 2o 25°Celld 5 Al3F HHg-A17| 2
2o Aoz 3084 3 A #H3] L4 o
& X-ray filmel =%&A17] ohg 3-5¢ & @&
s ok,
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A W& small GTP-binding proteing]
wHACe BYE (a-R2P)GTPE o] &8t *
A&t et

Hz RA9 dbcAMPE Azl@&u] A X9
Falrt FdHoeg2 dojuym = small GTP-
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binding proteing F# & Hd} FIHAE
A7 st EIve EIE A O
A2 AEo ey W3 E #FsAC.
Fig. 1& E3ldAo w& Axnege] #ss
Batgn| Ao g FAG AAJd R3E Fd
A 2L AT DAEY Z5 wdirld P
3lA BolA BERFAstn vt ez zEA
o ogy AEZE Fen A= FAFig. 1 A)
' AEzte] AAZ F38A] g3 wjFA el
o Axstd FAHAM (pile-up) Aete ABA
9l gAFe EAE HAh. v RAS
dbcAMPE A3 AEe 3UA FE AEg
AAZE BPeR 7] AlRste] B3 iE Al e
H]£7} 2E EE AEI HH0] HWelAH
BHo g Ao mofo] T2 W8y A&t
I %jzﬂzﬂéli Fig. 1Co] £3t€ FE 2 o|g =
' B3 AEEC] #EHUAL(Fig. 1B). &3
ol ME7 rEoR WY
on M2 ¢ Ue AXE SRS 72
2 9459 e 2 #AE 4 dUG(Fig.
10). & AFHn|A oz F9 AEFe £33
S FAF Ageld EsdAe] g FeHQl
W3l7h A2 JehdE #3d 5 ddo
olglgd A E9 aﬁﬂ”‘d Wile MEW
cytoskeleton®| AwHE & Fukste Ho] UWHA
9ldl  anti-tubulin® FHNE o] &34
microtubule? ¥ & ¥3alfx el AE9
23E fx2d AEdA vlamsied Erh Fig.
20 et wlel Zo] F38 fEdA| &S A
E(Fig. 2A) #& A3 AF A HA
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YelgA . B35S o 7d A= @ AXE
(Fig. 2B)elME AEZE MM 3 dao]
Uelgdon M2 AP MEFHde 57 24
9] F2E sl A" RE FIsHA #&
F AUk BIAEE A & AXdME
A7 JAEA ghsked fds B3 €
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Fig. 1. Morphological changes of F9 cells which were
induced differentiation with retinoic acid and dbcAMP.
A, undifferentiated cells; B, F9 cells exposed to retinoic
acid and dbcAMP for 5 days; C, F9 cells exposed to
retinoic acid and dbcAMP for 7 days.
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Fig. 2. Changes of microtubules in F9 cells after
treatment of retinoic acid and dbcAMP. A,
undifferentiated F9 cells; B, fully differentiated F9 cells.
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iAol w2 e WstE
dol Al FA37] etz EaldA el Al
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(Fig. 3B9 iF3)7F Wol #EEglen 4z}
BAHA At e EHZFA e AE(Fig.
3B9} 4797 o ReEn we TF moko
2 A A& QEZE=(Fig. 3BY ui9)
o Est 2o e deE BHd Rie=
F 74l AT ARE(Fig. 30)E F3e ro
WHA M Ee & B microvillizh #Hits
Atk aelm ME7Y Esiged utel $A7F FA
Arde RE BEE 5 UAHPig. 3A9 CE
). ol2ld FAbdxtgw Ao Ante oM
H&S microtules] EE7F AE2 FA7 4
AR w Folb el ol ebd BalE A
Zol M #EAEE microvillidHy 2z Ee
microtubuleo] 93} 34dE cilia®t ©2 7=
45 Bl EG. 12lm RA9 dbcAMPel 28l
FEEE FI Axe ezl Bgo $ukslo]
Lo Fzlslo] Fw|gke] Zrigvin L
(Lee et al.. 1990) lamining TAHAFEES
anti-laminin & ol &3 WP FAu G o
= FHsch Fig. 49 #o] #3&5 fEda
2 AE(Fig. 4A)lM % lamining 2wy e
ol A& o] HAY R P o
g Xo] WReFo R e ZoR Hol 2unby
% ¥ A71#(endoplasmic reticulum
2 Golghol UAes Aoz BArk v 23
e YA AEE gy 44 F7lge
offet S A AFE AA A ZetA A
Hle AR Hol giRE EulE Aoz Hor
71e]3 olddt lamining @y BIHw 7Y
Heol MEME ez er A4 He g 7}
e 5974 Ko v Yeldo, oeld 2
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Fig. 3. Scanning Electron Micrographs of F9 cells
which were induced differentiation with retinoic acid and
dbcAMP. A, undifferentiated F9 cells; B, F9 cells
exposed to retinoic acid and dbcAMP for 5 days: C. F9
cells exposed to retinoic acid and dbcAMP for 7 days.
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Fig. 4. Changes of laminin secretion by retinoic acid
and dbcAMP. A, undifferentiated F9 cells; B, F9 cells
exposed to retinoic acid and dbcAMP for 5 days: C, F9
cells exposed to retinoic acid and dbcAMP for 7 days.

Fig. 5. Identification of small GTP-binding proteins in
F9 cells. lane A: cytosolic fraction; lane B: microsomes.

12 3456
-*‘.”..-—23@

Fig. 6. Changes of small GTP-binding proteins during
differentiation of F9 cells. lane 1, 2: undifferentiated
cells; lane 3, 4: F9 cells exposed to retinoic acid and
dbcAMP for 5 days; lane 5, 6: F9 cells exposed to
retinoic acid and dbcAMP for 7 days; lane 1, 3, 5:
microsomes;lane 2, 4, 6: cytosolic fraction.
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Qojzl viel o] Fe Al {57} ojghA ol
laminin® @#o] Ad £ FIH= 5UA
MES} H gds]l 2ad e TIdH MEE
o] &3}l small GTP-binding proteinE9 %

d A 9 BEE FAHsYct WA ddAARE
FA 7)o A F9 M EF ZAst= small
GTP-binding proteing =Aletd = (Fig.
5) F9 Alxedl= ZH(lane A)Z Al £& (lane B)
of Ao 53t ake] 25 23 ¢ 21 kD AEH
9] small GTP-binding protein°cl Z4 sl
t}. o] AlZ&HF2 small GTP-binding protein
o B P BIE RASH dbcAMP #a2l3 5d
2 o7d Aot Axe gy AFEHAM FHE
A7t Fig. 691d, AAHQ small GTP-
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binding protein® & #3p7h zlag] uwpal
A AZAZ(ane 2. 4. 6)3 AE"(lane 1. 3,
5YdlA F7kele 43S Bk = AEddEe
2345 He AlE(lane 1)ellA Hol B3hie
594 (lane 3)elA <zt F7sjvpst 7 A
(lane 5) & A @A 9% T o|ike] I
£ g Ut MEANME EIdifmde AX
(lane 2) B} 2345 595 Al E(lane 4)l
A &3 25 kD ¥ 21 kD & zo] &4 =
71e oo Hafx: 74A AlE(lane 6)°l
AMe Al ey Reot ZrhEE o 5 USdh
ol%e] A= FI9 MEE 3F7/2 small GTP-
binding protein® 7FAz 2™ RA¢}
dbcAMP #2le| 2lalA parietal endoderm

Hefo] Mxz Fatgd wet small GTP-
binding protein®| @do| F7tE& Hol T,

o]2{ g small GTP-binding proteine] ¥t}
Aol oW d3tE 3 U & AAE

[

a

F9 embryonal carcinoma(EC) MEE
acid®y dbcAMPE o] £3}o
parietal endoderm®} A M EZ 23} A
1R A EalFHA Ete] FeHgl wse) g
small GTP-binding protein® A4 %1} o] 9]
HTEXE FAd

F9 A& retinoic acid®} dbcAMPE # ¢l
A E3E Fxstn 59 = FHsd
laminin® &7} 74 Fol dojubwia A Lo
BAZE FRaAHFig. 1A). 2y olu of
F2e Axe viFget File] e (e
o) E Bom 7Y ol Anye uf A
H AE7L T2 FEHE v A (Fig. 10).
gl &3} ol AEZ(EI}FE HEA)E
Z7)EaA aelm 7Y o3 HMEE RakE
Ay (e FdE7h2 2RI small-GTP
binding protein®] ¥ & FHsdct A ZH
(25. 23 9 21 kD)4l smal! GTP-binding
proteine] F9 Az A2} shgd Bola wagdde

retinoic

J\m "
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tl(Fig. 5). 37 Addd uapr] 25 4%
A7 A FrtEe S BRI A EA
Me E3txr)d 53] 25 2 23 kD7F S7HEA
ot EgE AFEAME 21 kDY 77 vE
wrh o] A%e ol2g gl o] whdo] E3hvt
Aol whebr debdl & Vel v el e &
gt whar AA AR FridE Ho|A v vhi
FHe FEL ofeigled AEA v &Eieel
o Aztdcoh g BE29 small GTP-binding
proteing B £l fatty acylationXle] 1z
(Lapetina & Reep. 1987). *ﬂze ekl 2

o] fapko] Tc’r"}é}ﬂ “Hﬂ”“’ﬂ *11 i Wl

[e]
°‘21‘?l, 74 Ao T
T oH . 131‘/} AA s w e
small GTP-binding protein® %] A& A
FTAQ Aew 7 Ao AgA R 2ol E
T & dAh wep xR Ao 2sieA
ol W& small GTP-binding protein® Z7}
T ool odd e Aow Az} olgg Z
7= small GTP-binding proteino] Al E#3}

& A o, 55] F9 Alzxe] FsletA ol
upeba Bk vl A& AlAbl F1u o9l
72 4FF9 small GTP-binding

proteine] ¥ A ﬁlgtﬁ(Downward 1990)
ZZo A A FH dNHY slFo] iy
s ded rab 2 arfﬁl‘ﬁ/l “*—‘“’f:l% *ﬂ
Fe A4 A7|H Alele] E3F o]Fol #oiFh
21z Sdth(Balch. 1990: Serafini et al..
1991: Kahn et al.. 1991). ®3fFx 547
of laminin® w47} 78t (Fig. 4). ©
F9 Az #3#%Fe| entactin
proteoglycan® #& o& 712 ECM A4
el Bu7t Zvhetdn delAd Uk (Lee et
al.. 1990). o] Avbe} AT/AIA Bl 2 A
Poll 1] ALE-8 (0-32P) GTPE o] &3 wile
= 2 small GTP-binding protein°] o=
Fo vl A¥E £ glA Y laminin
of @ulet A Fohele 23 KD9
small GTP-binding protein& A ¥ &3

olFel yteidle rabAgel TMAdd oz F

25 9
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¥t

olge] 2o &4 rhott racAlde small
GTP-binding protein® focal adhesion &
A 2 actin filament o] FToitcln ¥
Hed(Ridley et al.. 1992: Ridley and
Hall: 1992). ¢ #Fol laminin,
fibronectin® #& ECM o3& &3 4%
7} A E2e] integring %3t HEE el focal
adhesion kinase(FAK)E @X43A7Nz
(Schaller et al.., 1992: Guan et al.,
1992) A 29 Feizl WaE fFEictn &9
Ak, 2 ddo 239 laminin #¥17F 7}
A Bol dojrtes 59 ARE AXe el
W37l dolua] 7Y o] Fell 2hHd] E3lE Pl
2 858 43 & § g} aeln o] A FE
ol A=Zudles & microvillizh JEbktem
(Fig. 3). microtubuled Aujdo] =%l
H(Fig. 2). Retinoic acid®l] 23 Al2e &
B ¥ae defrix] FHzte 4¥E 23
t B3 & A dolvt{ e 53] laminin¥
Ze ECMEAe ¥4 37171 83 8<1¢] #
th(Lee et al.. 1992). ol F9 A X
retinoic acid® A &ldt#] eotx laminin®l
oejr ATl FepHslzl dojdore HAAT
Azt gyl FEn Uk (Lee et al.. 1992).
aHeg B3a3rd F715 = small GTP-
binding proteine @A dF3F wie} 2ol
°]2)g laminin® #& ECMEZ o3 Ax
o dejyslel] BASE rho AEY dHAY
7bEAdol woth
B AHE Esl F9 A X9 23 @A w
small GTP-binding protein&¢] 2& izl
TEslH s, o wulAFe] 3By £
1< 7K a A& 2% § AT o=
Aol ol g wuiae] FoAdls e GO
A

ol & A2
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Changes of the Small GTP-binding Proteins During Differentiation in the F9
Teratocarcinoma Stem Cells

Hye-Sung Park, June Seung Lee, Kyu-Won Kim* and Kyu Chung Hur (Department of Biology,

Ewha Womans University, Seoul 120-750, *Department of Molecular Biology, Pusan National
University, Pusan 609-735 and the Cancer Research Center, Seoul 110-799)

To address possible roles of the small GTP-binding proteins in differentiation of F9

teratocarcinoma stem cells, the distribution and amount of these proteins together with

morphological changes of the cells were studied during the differentiation of F9 cells induced by
retinoic acid and dibutyryl cyclic AMP (dbcAMP). When monolayer cultures of F9 cells were
induced to differentiate with retinoic acid and dbcAMP, the cells started to show distinctive cell

boundaries in about 5 days (early differentiation stage) and reached fully differentiated shapes in

about 7 days (late differentiaition stage). During this differentiation process, membranes of the

cells developed a large number of microville and lamellopodia. In addition, expression of laminin

increased maximally in early stage, then microtubule rearrangement followed in late differentiation
stage. Three classes of small GTP-binding proteins with sizes of 25, 23 and 21 kD were found in

both microsomes and cytosols of F9 cells. These proteins increased along with progress of the

differentiation. These results suggest that these small GTP-binding proteins likely have specific

roles in the differentiation of F9 cells.



