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ABSTRACT

It has been lenown that ras signaling transduction leads to cell proliferation and migration inclading various
adaptor molecules, Dynamin protein has been implicated in the formation of nascent vesicles in both the
endocytic and secretory pathways, Dynamin wag clagsified into three izoforms: dynamin I iz only expressed in
neuronal tisme, dynamin II is expressed ubiquitously in all tissmne but that of dynarmin IIT iz confined to testis.
We have reported in previous study that Gib2, binding to ras, was asso clated with dynamin ITin NIH3T3 cells.
Therefore we have tried to identify the relative expression of dynamin IT aceording to overexpressed rag protein
in rag oncogene transfected cells (NTH3T3 (rag)). For the detection of differential expresgion of dynamin I1, we
have uzed immunofluorezcant staining and western blot methods in NIH3T3 and NIH3T3 (rag) cells. Nesxt we
have described the morphological differences between NIH3T3 and NIH3T3 (rag) cells using 3EM and TEM.
From these experiments dynamin II was highly expressed in NIH3T3 (rag) cells. NIH3T3 cells was
transformed to more gpindle shape with many cell process by transfection of ras oncogene. Moreover dynamin
II was more concentrated in endocytotic membrane of the NIH3T3 (rag) cells compared to that of NIH3T3
cellz, The present results suggested that dynamin I may involwve the intermediate meszenger in Ras signaling

transduction pathway.
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= c%“?#?ﬁ »l 2w, ?}H]EEJ dold|= Fio=t *45F
2 A ALz R UHYY (Wang & Moran, 1996;
Huff et al., 1997; Li et al,, 1997), <] ghiz ";f— ras>
As ) Az A Axe 93 2 2
4 "4 o, Grb2 (Growth factor receptor bound
protein—-2)2} = o7 chMale] SHRE S &3 Az
o Al BHHE 2449 QAR ol 2 Al
AglT SHI B9 mSosd] ZZFeo| wha e
A5t Grb2-mSosB3E| & FAFL 24 T &
A A gt oA gleh (Vojtek & Der, 1998).
Dynamin-2 ¢F 100kD2| whiizlz =54 I, 11, 11 A
A7 types A gict o @A B 4T
FZ AF 4#4 dynamin I¢] 33 AP
Lut(Artalejo etal, 1997), & Z = ER2Ho=Z dyna-
min II+f] &5 dFE] AlFHR gle HA ot
1AM 24 A7 A4 ¥4 A4 A
2 vesicle®] A sl Aoz oduid glen,
dynamin I 25 23] |4 28 =, dynamin III
=AY FE 2AdA FEEc R dYEe Fez
ab# A gleF (Cook et al, 1994; Sontag et al,, 1994;
Shupliakov et al,, 1997), Dynamin $#a 2 =7
GTPasze, Plecstrin Homologous (PH), Coiled Coil (CC),
GTPaze Effector Domain (GED), Proline Rich Domain
(PRD) 27 FA4 = gleF(Downing etal, 1994; Gibaon
et al, 1994; Warnock et al., 1995; Grabs et al,, 1997).
o] 2EF dynamind endocytosis®] wvesicle FA¢]| o]
s, &2 2o st A=W TR EH S vesicle
gz BxF oA vesicle trafficking® =95
SEhe Ty ® 7= 9 o (Ohar et al,, 1990; Herskovits
et al,, 1993; Noda et al., 1993; Keszels & Qualmann
2004).
#Hoe 2 d7gd 24 ras AzADA A HA
ZF Grb2e} dynamin II7} Bl Zo] FHE, &
AT ras A LHE] W2 dynamin 112
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1. Mmefot

NIH3T3% ras oncogene] #PEE = == transfection
whed A 2FEF NIH3TA (raz) Al £F Dulbecco’s modified
Eagle medium (DMEM, 10% FBS, penicillinG, strepto-
myein sulfate, amphotericin B, 2-mercaptoethanol )2

o]t 37°C 5% CO, Wl %74l 715t

2. Western blot

Dynamin IT s &) A=) 28-S Zelstr] H+,
NIH3T3$} NIH3T3 (ras) 425 Ab&steich NIHIT3
2} NIH3T3 (ras) M| =& 10om dishe]] 255t o<
atglct 48~ 72212k Apele] M EF scrapperE ©-&5¢
o] 22 5 lysis buffer (50 mM Tris-HCL, pH7.5, 0.15
M NaCl, 1% Triton X-100, 2 mM dithiothreitol, 1 mM
phenylmethylzulfonyl fluoride, 1 pg/mL aprotinin, 1
pg/L leupeptin)e] 2417 $41 7k 4449 Axg

2182} (13,000 rpm, Eppendorf centrifuge, 20 min) 3F
2 apzol g FHeleddh SDS-polyacrylamide gelas] A
7123 %5}+ nitrocellulose filters (Amersham)=. transfer
3143 cf. Membrane2 5% skim milk (PBST)E. incuba-
tion3F &, 12} gFZ dynamin IT (Hudy2, Upstate
o435t 9iat, 22} 34 2% HRP-
conjugated antibody (Upstate Biotechnology Inc )& AF
43} ECL kit (Amersham)2 bzl e) dks2 el
atadet

Biotechnology Inc. )&

3. Z=FHoo|NEHo|EEY

& wellef] cover slip= €31 5x10°7)2] NIH3T3,
NIH3T3 (ras) | 25 B5351e] 24470 o ofsieiet. o)
™ MEE DA 4% paraformaldehyde (4°C,
phosphate buffer, pH 7.2)4] 1083 oA stgo o7
% A X2 0.1% Triton X-10022 5%z Hals &
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WBela A HeE GaAso] Ase 10% BIA
(PB3)Z. 10837 =¥ 3}4deh. Anti-mouse dynamin II
Z YdxehE = A83 £ anti-mouse FITC-conju-
gated IgG = 22} S| & 14)3F wbea) ek vhe2 o}
Zl M Z32 cold PBSE. 543 £ Fluorsscent Mounting
Medium (DAKO)2 ARgste] Zof stych 363 4
2¥ confocal lager scanning microscope (TCE400,
LEICA, Inc)& AH4-8ted, 2 M=) dynamin IT w2
A #2725 e FELET, SCANware 5.0 (LEICA,
Inc.) program2 ARg8te] ARElS 92 2 Adobe
Photoshop software (Adobe Photosystemns, Inc )2 24
stk

4 E3p 30 FAHAEOIZRA

NIH3T3%h NIH3T3 (ras)e] w324 = e
Aol BYHI] sitte] wols Foasen| A
FARARN AL ol 4o HdFaeh AxE
DMEM (10%FBS)el| 4] vieFsE 2, 6 welld]] cover slip
£ o] Sx10%RY] HE2E BFE] 2447 Wi
At wfjekdl M=EzF 2.5% paraformaldehyde—glu-
taraldehyde (4°C, phosphate buffer, pH 7.2)¢] 14]2F 22
AZF &, Sorenszon’s phosphate buffer (4°C, pH 7.2)=.

24 33 &3 & 1% 0s04 (4°C, phosphate buffer,
PHT2)Z 243 238 54ick ool 39U 9548
Ag it 2E AR ARE F=4E &
o7 wladd wg ofAl £ propylene oxide
Z AFele] Bpon £ (Polyscience)sl Zojsh =,
AFAZ S E (Yamato, Japan)els] 60°CE 484z =
et oh, =olt A8 ultramicrotome (LKB Co.,
Sweden)2 2 F ZEFEHZ AzZFel 1% toluidine
blue (1% borax)2. FAst4Ict, o]oiy 2L4EHL A
Z¥5te] copper 2] 2o B ERAZ] oFE, uranyl acetate
2} lead citrate 2. o] = X5l TEM 100 CH-115 X
FAAET A o= 80kVel A syl

Dynamin 1% A x2f] 2315 g7 #3td =4t
Hi-L A=+ ¥EA]F]2 Sodium m-periodats
(33}, 10 min)Z unmasking3tgof 15} &2 W45
A AR FAE o &3E T, 25 g
Goat-anti-mouse IgG (15 nm gold, Sigma, 1:100)=
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Al uranyl acetate = G851 FEElE

7F Axe 3xkAd HefEd zbelg HEE] A5
o] 4% glutaraldshyde (0.1 M cacodylate buffer, pH 7.2)
$94 270 TAREG FU S3490 T o

AR G, FH5E B2 A, dEE 3=
w02 "It 5, Hexamethyldizilazane (HMDS,
Sigma)Z A ZA]71 2, Polaron Sputter Coater (Bio—
Rad)Z gold plasmasd =2 sigof sb4d® A8
JECL 2404 FAAxgn|zez 15kvVA 2
3 sty

4 =

1. NIH3T3 M E&} NIH3T3 (ras} M=
dynamin [[2] 2% 2 W

F239 IR AE o450 B2Y dynamin I
» NIH3T3 Az A= LH o Aoz 2xs
3 oglglont, Sl A Aese] glie]
2= ¢ie} (Fig. 1a) WHA, NIH3T3 (ras) A =442 A

w2 A 24 pEsget AT Az

| A= sl&e] F25 42 (Fig. 1b), NIH3T3

J

Az alste] Ede] o] He A & F sldt
F M= A LEEHE dynamin 18] 2 2 ¥

sto=l AlEElg el v el western blot2 A]S1EE 2
s 100kD2] dynamin 117} NIHIT3 (left lane) A £
MRt rag whiAle] I E = NIH3T3 (ras) (right
Az ez wade] HAR4d (Fig
16). T3k, NIH3T3 (ras) A £ NIH3T3 A 24 2
3t dynamin 18] 715Hq A3E FUA3r] {3l
colloidal goldE wh&4|%l A=}, NIH3IT3 M=+ w1)st
o] (data not shown) NIH3T3 (ras) | £2] endocytosia7}
ot FHellA Bhe] #AHA S (Fig 1d),

lane)

2. NIH3T3 M ZE2} NIH3T3 (ras) MZ2| Hejst
= ol

NIH3T3 M= dutd ez dF3yeglen, =z

132 oF3 AT ARl

bitione] A= et (Fig. 2a). &2 FApd=tED]|

contact inhi-
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Fig 1.3, b) The immunofliorescence staining of dynamin IT in &) NIH3T3 and by MIH3T3 (raz) cells. The cells that were labeled
with monoclonal anti-dynamin? antibody to label the endogenous dynamin II and obzerved by confocal laser scanning
microscopy. Arrows indicate the localization of dynamin II. All zcale bars indicate 5 pm. ¢) The expression of dynamin II in
NIH3IT3 {ras) (right lane) was largely expressed comparad to that of NMIH3T3 (left lane) by western blot, d) Colloidal zolds
were more obzerved in MIH3T 3 (ras) cells with endocytotic invagination ofthe cell membrane. Scale bar iz 0.2 pm.

Aoz BFS A NIHIT3 A= 24 Az A
=4 278 AT 3l A2 g HFRct 7}
%szﬁii Hol= gt =3 A2y 6L o)
Mz HE Apeld] 7l HAEAEIE
3 5 ge] BTG (Fig. ) W, NIHATS (ras)
sr gidez A BARE 24 9
o] R gl e, o] A EE2 contact inhibition2-
otA] kol F2iAle] S4E H o slalot (Fig. 2¢).
NIH3IT3 (ras) A ze] zel &2 e s], So]s0A)
= A=z 2 s Adgdes, 42 g3 e

R HeiE Ad A=A 2712 28 gl
F1EFH ez Axet HZAbele A EA ] 2E] A
Z 4ZF sld et ol B 22 F2 7
T AEAE Sf#A NIHITI A2+ w]ste] & o
DAE 14 (Fig 2d). =3, Fefd AS2 A=
HA Esbgt, HEE T aEes A= =8
A @EE S W), NIH3T3 A=) H]5hed 1.50] A =2
H71% AYY gl ¥ =3 £ A2 gUFga
(Figs. 2a—d), =dm=ldv]|A22 sy NIHIT3
(rag)e] MzAd e o FxEo] AT glgle
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Fig. 2. SEM images of NIH3T3 and NIH3T3 (ras) cells. a) SEM imge of NIH3T3 at low macnification. These cells are spindle
shape and showed contact inhibition morphology. Scale bar iz 10 pm. b) High magnification of SEM image of NIH3T3.
Thesas cells were contacted each other by long cell processes, Spindle type of these cells was gimilar to fibroblast cell
morphology. Scale bar indicates 5 pm. ¢) SEM image of ras overexpressed NIH3T3 (raz) cells. Group pattern of these cells
showed that stacle forms such as cells of the fumor. The morphology of these cells was long and slender type. Scale bar is 50
pm. d) Striking change of these cells was mum erons short cell process on thelr cell swrface, Another featre of NIH3T3 (ras)
cells was no contact inhibited morphology. Howewver fibroblast-like shape was maintained almost observed cells. Scale bar
indicates 5 pm. ) TEM Images of WIH3T3 (ras) cells. NIHAT3 (ras) cells were spindle and elongated slender morphology,
although morphological changes were varions. This cell had mum erous vacuoles () in the cytoplasn and showed maumerous
cytoplasmic process (cp, arrows) in its cell surface. Population pattern of hetero— and euchromatin in miclens (N) showed
that prezenting in active state; m, mitochondria; er, endoplasmic reticuhun. Scale bar indicatas 1 pm.
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Dynamin I3 endocytosiz2} &=« 2F 234
A FEAEA LEH 2, mCSF insuline 2 A5
Akl GFA Gi2eh FgUctn deA o
{Ando et al,, 1994; Cook et al, 1994; Sontag et al,
1994; Kharbanda et al, 1995), =3, 2 4394 oA
FF4| 4 dynamin 1T NIH3T3 (ras) M| £+ Grb22f

Ay 2 vebE 2w (Yoon st al, 1997), NIH3T3
(rag) M =4 dynamin II(Fig. lc)2} o&e Grb2
(data not shown)2] & o] Z715S st ok Grb2
ookt Azl g 23 9EE sk Y
Az odwA] ¢loh (Wang & Moran 1996; Yoon et al,
1997). =3 Grb2¥ RTK (the epidermal growth factor
receptor tyrosing kinase) & fA#HF= 92 Fo =
A ras eP A S BA1E) ,q;q ras?] B AEAY L
=4l kinase, ERK1,2 52 4527 ALz e
A ¢l (Lowenstein et al,, 1992), Ras w9872 mono-
meric GTPase2] FF= superfamilysl| &3le F 7]
4 o= subfamily9l thodf racs 5 i Rho
s rac A EE Axawe] fedzEE A5E
actin M| LZFH o7 ADFLIT, rab familye MEf <
T vesicles2] 344 Y FHFA 4
{(Lowenstein et al., 1992; Li et al, 1997; Vojtek & Der
1998),

AE| A AR FHECGE) S A= 28] Grb22}b Sosl &
A AE 2oz FUEHEA ras AFHD] o
ofib A =ExAW dynamin Sl A o] FAFe 74

endocytosis7} A EFEH (Vidal et al., 1998), ras
oncognee] ZPEHF NIH3T3 M| £ contact inhibition
o] AAEY HefAq WEF Yot (Crespo st al,
1995; Khosravi-Far et al., 1996). whehs] o3t A=}
Z u]Fe] mul, B ool AT NIHITS (ras) A £
T orag wPill o] dplEg oz ras AEST AldHo
2 8= contactinhibitione] &A= on, d4=
=2 MM 257 EF endocytosisE XTI A=
W vesicleZe] AR Aoz Y=o (Fig 2a—e). &=
2t dynamin IL7F NIH3T3 (ras) Al =4 A=<= endo-
cytosis7| deofrbs ¥2dl4 FEH gl Fdez
oH(Figs. 1b, d), ras T ] EA5 o] 2] dynamin 1T
7F up-regulation® 7 &7 Albg Fc}

S EEL ANHA Axdrnd Axzgale] 7
sl Hefjsb oz Az 27, efd=Ew Feo] F
=2AA e, B FEH 2R Alxee At
22 endocytosiart AAH el Az ¥ Fed BAFA
o] defuvfa Az244 PAES F71E b
ofw B s gloh whbA, o] B Et =t Fale
2 mlFe] A E A = wlE 9] FelHd A
= o158 Z1F7 gEE 4 sl o9 domaing
Zel dynamin ©¥Ae 7|55 dFet7] HEte] w2
mutantsE o|43 AFEo] FAHYEH, F=2
GTPase domain¥-2-2 mutationt] 7} K44E, S45N=F
e B ATk A4 7)ol el GV F

o] &l (Jeong et al, 2001). ] mutantES E3F
HFE2 endocytotic vesicle®] F4J¢] dynamin]
GTPY Zi2ee 2zt |82 SR«
Zesty e, 24 22" mutant (K694A 4
R725A)ES W3k AY s o|elst £7] o] 24
2128 A 7152 glef (Herskovits etal., 1993; Okamoto
stal., 1997; Song et al,, 2004), |3« = filopodias]] A
actine] BEFE X dynamine] Tre] BFEFiH
(Gold et al, 1999; Schafer 2004), tranz—Golgl network
A4 vesicle® <Feted AT RIE o
(Maier et al, 1996; Jones et al., 1998), whekH], endocy-
tosizd]] dynamine] et AL AZE FHo7l2 gl
A, W shitke] T s SRt
el ob Rk Akl HI gl AA e ¢
Hit 45 ZAEE P 2Y dynamin 117}
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