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Up-regulation of dynamin-2 gene expression in Ras-transformed cells. Jiyun Yoo Department of
Microbiology/Research Institute of Life Science, Gyeongsang National University, finju 660-701, Korea —
Dynamin plays a key role in the scission event common to various types of endocytosis. It has been
previously reported that the SH3 domain-mediated association of Grb2 with dynamin-2 was domi-
nantly found in Ras transformed cells. However, whether this association results from the increased
expression of dynamin-2 and Grb2 in Ras transformed cells or not is still unknown. So in this study
we first analyzed the expression levels of dynamin-2 and Grb2 and found that the expression of dyna-
min-2 protein was dramatically increased in Ras-transformed NIH3T3 (NIH3T3(Ras)) cells.
Furthermore competitive PCR data revealed that the mRNA transcripts for dynamin-2 were increased
about 100-fold in NIH3T3(Ras) compared to those of NIH3T3 cells. However, the protein level and
mRNA transcript of Grb2 were not changed in these two cells. We also examined promoter activity
of dynamin-2 in NIH3T3(Ras) cells and suggest the existence of Ras-responsive sequence in promoter

region -300 to -200.
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Dynaming ¢ 100-kD9] ©¥A2 37 1,2, 3 A 714
typel 2 %A Sitt o] B A A3 AFE FE AL
433 dynamin-1e] Fgksjo] FP=o] o1,
T dynamin-29] #F AFEX I AP Fo|th
Dynamin-12& AT A7 dF RYAA 2173 A<
vesicled] ¥Ae] Bt Aoz ¢2A glen, dyna-
min2& 2E 23 Yo A 20, dynamin-3E 44 7)
T 23RN oz HdHE AoE IHA U9
[4,21,22]. Dynamin @322 =] GTPase domain, Plecstrin
Homologous (PH) domain, Coiled Coil (CC) domain,
GTPase Effector Domain (GED), Proline Rich Domain
(PRD)2. 2 FA o] TH56827). o}23 dynamine en-
docytosis] vesicle Ao Fojsln, 29 By 9o5hd
AZU ZR4 9 vesice]ME BX80ZH vesicle traf-
fickingg =9FE 988 ddu RugUrii1,13,16,17)].
Dynamin® SH3 domaing zt= PLCy, PI3K¢] p85 subunit
s 98 TR Az HY dAsY Agdve Zo| U
A Yedl1519], o] § Axs dynamine] As A 7F
% endocytosis #4 & AAste LS 9FY & LS
AASIL givk. EF dynamin29] 739 Rase] o3 ¢si®
NIH3T3(Ras) M| ZojA Ras A5 Ag wuixel Grb2g}el
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bindingo] &5 YEH[28] ©]+ dynamin-27} Ras A5 &
2 3N Fag 7S F AYS 44T F ik

Rase ti#2 Q] small GTP-ZA% T Folv] Axof HF
7 37 o] P43 AaAg BAZA, 53] ¢o] LA
I UG FHo] USS T &R AMdo]tH12,23,29]. o] A
9 B &8t Ras7t #28¥ NIHIT3 AX& 93}
£ 50][9], HaCaT M9 0]F & £ZA)Z1TH2]. Ras9] A
3 ALE A e HA Grb2 (Growth factor receptor
bound protein-2)g}= o 7] @& o] SH2 domain #-$]7} 9]
F A58 Aol 3 #4318 449 4tz golg
A7l Agetn Grb29) SH3 domain 9+ mSose T&
dol B2 F9 e Aated Grb2-mSosH{HAE FAges
¥ RasE A3 AzZicta deA th25).

o]xe AFoA olu] dynamin-27} Rasol 93] ¢+s}d
NIH3T3(Ras) MENA Ras A& HAg Tl A9l Grb29}9)
Aol FAHASH[28], B AdFNE o] F duide] 7
ol Zzte] gl o] Frtel A felshsx F87] 9
3te] o]59 WAS vms) Bekeh 2 A5} dynamin-2 B9
9] 7% H4Fe) NIH3T3 4 2ol w)s) NIH3T3(Ras) 4 )
A wgo] 2713 bk, Grb2 gL T AT A 29
AolE B g YAt E§ competitive RT-PCRE o] £5}9
mRNAS] % 233 A3 dynamin-2¢] mRNA7} NIH3T3
Mo u]s) NIH3T3(Ras) A| Lo 4] ¢ 1008) Z7)3t98S
#3893, promoter AL E3] start codonO ZEE
200-bps} 300-bp upstreamo] dynamin-29] promoter activ-
itys AAste FEYS FAsd
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NIH3T3¢} Ras oncogeneo] I E =2 transfectiondo]
A& NIH3T3(Ras) 4] & Dulbecco’s modified Eagle me-
dium (DMEM, 10% FBS, penicillin G, streptomycin sulfate,
amphotericin B, 2-mercaptoethanol)€ ]-&3}s] 37°C 5%
CO, ¥jd7ld A 71l

Western blot analysis

Dynamin-29} Grb2 ©#de e Hstr] s,
NIH3T3¢} NIH3T3(Ras) MZE AMg-sl¢th NIH3T3}
NIH3T3(Ras) MEE 10 cm dishe] B3] Hjgslzm
scrapperg o] §-3l9 E-& H lysis buffer (50 mM Tris-HCl,
pH 75, 015 M NaCl, 1% Triton X-100, 2 mM dithiothreitol,
1 mM phenylmethylsulfonyl fluoride, 1 pg/ml aprotinin, 1
ug/ml leupeptin) 9} 412 F 4°Co A 1A12HE< & ATt
galg AZE QA% (13,000 rpm, Eppendorf centrifuge,
20 min) g & A8 HF 4} SDS-polyacrylamide gels
o A7]|9E 3} nitrocellulose filters (Amersham)Z trans-
fers} gl tl. Membrane & 5% skim milk (PBST)Z incubation
& T, 12 A2 dynamin-2 (Upstate Biotechnology Inc.)
9} Grb2 (Upstate Biotechnology Inc.)2 o] &-38l%l3, 23} &
A Z+= HRP-conjugated antibody (Upstate Biotechnology
Inc)E AMg3te] ECL kit (Amersham)2 g 2o 2yL
EREEL

ST OINAEY

6 welld] cover slipg& 23 5x10°7) 2] NIH3T3, NIH3T3
(Ras) MEE EF3te] 24X WiFatict. widd AZE
4% paraformaldehyde (4°C, phosphate buffer, pH 7.2)¢l| 10
B 24890 239 AXE 01% Triton X-1000.2 5%
7 A & H50l A &A 9 wES A7) ko] 10%
BSA (PBS)Z 10%-7t A8t} Anti-mouse dynamin-22
a8 A 2 283 ¥ anti-mouse FITC-conjugated [gG2 2
A FAE AR 93 AI A W& 7 A cold PBS
Z FA% F Fluorescent Mounting Medium (DAKO)& A}
435t} 2o 3tttk FHlY AJEE confocal laser scanning
microscope (TCS400, LEICA, Inc)& Ag-she], 7+ Al X
dynamin-2 B A o) 9x2 8¢ B3z, SCANware 5.0
(LEICA, Inc) program$ A}g-38to] A7 4L ¥, Adobe
Photoshop software (Adobe Photosystems, Inc)Z 24314tk

RNA & 3 d&
A7 RNAE NIH3T3 AE¢l NIH3T3(Ras) HEZHH
acid guanidium thiocyanate-phenol-chloroform (AGPC) #

A

A ol g3t EatATH3]. EEF RNAE Axd
o st

A

RT-PCR

10 ug?] £z g RNAE 65°Coll o 587 w8 %, 50 unit
9] moloney murine leukemia virus reverse transcriptases
o]-g38}o] reverse transcriptiong +#39 1, dynamin-29}
Grb2&-0] 3¢l primerg o}43}o] PCRE F33t93ch Dyna-
min-2¢} th3} forward primerZ 5-CCACTGGACAACCTC
AAGAT-3, reverse primerZ 5-GGTGCTGAGAAGGAGG
ATGT-3' & AH4-3}913 (dynamin-2 fragment, 725 bp), Grb2
o th&t forward primer2 5-GAAGCCATCGCCAAATATG
A-3, reverse primerZ 5-TTAGACGTTCCGGTTCACGG-
3& AHESIA Tt (Grb2 fragment, 651 bp). PCR ¥-$-2 A&
8 MCAA 5 AEAZ F, M°C, 30%; 55°C, 30%;
72°C, 1% 30x 9] #A S 353 ¥hE319a, v g o2 72°C
oA 58zt A3k PCR 23E& 15% agarose gelol
A7) EtBr 402 gelstdrh

Generation of the competitive PCR fragments
(MIMICS)

Dynamin-25} Grb2 z+2-¢] PCR fragment Bt} 23 22
DNA competitor fragments& PCR MIMIC™ construction
kit (Clontech)-& o] &3l9 ¥HEt}. Dynamin-28) com-
petitor& =7} 93} v-erbB fragment (Clontech)E tem-
plateZ A}&-3}4 .21, forward primerZ 5'-CCACTGGACA
ACCTCAAGATCAAGTTTCGTGAGAGCTGATTG-3 reverse
primerZ 5 -GGTGCTGAGAAGGAGGATGTTTGAGTCCA
TGGGGAGCTTT-3' & A}4-31o] 476 bp9) competitorE A
A HAAtk L PP Grb2 5ol primerE 0|31
595 bp2} Grb2 competitor® At Lold DNAE gel pu-
rification ¥ 3 Z3}4] 1,000 attommole/ulZ THE0] R#3}
At

Promoter analysis

Mouse genome® ZHE dynamin-29] promoter 59
3,000bpZE cloningala] pCAT-Basic vectord] &7Z.ow
(pCAT2-3000), sequencing 3}31 PCRS o] &3} &g £&
9] deletion mutants (pCAT2-2000, pCAT2-1000, pCAT2-500,
PCAT2:400, pCAT2-300, pCAT2-200, pCAT2-100)E )23}
% th. Promoter activityS £438}7] Y8)A CAT assay S 4
3tk CAT assayE £338}719 8 cell extractsE WHE7)
93) Z+z19] deletion mutant2 transfectiondl A X E-& 150
ul9] 0.25 M Tris/HCl (pH 7.9)0 =o]at 3 9] freeze-thaw
cyce U £CAH 582 QLA F 4392 A
L35ttt CAT activityE 24371 43l 100 ulg] cell ex-



tractS acetyl-CoA, ["*C]chloramphenicol#} 432 % 37°Col
A 2A17F ¥b% Z ethyl acetate extractiond}1l vacuum
desiccator® 2t} FolE AJEF 20 uly ethyl acetateZ
ol TLCE #738le] acetylation® chloramphenicols}
acetylation 7 ¢& chloramphenicol& #2]3tAth.
Chloramphenicol 9] acetylation =+ Phospholmagerg ©]
23l AFFstgl. 2+ AP A transfection efficiencyE B
A} 7198} pCMV-Bgal vectorE F# transfections}H o
o, p-galactosidase activity & &3ty A3 Hu}. p-galac-
tosidase activityi= 10 ul9] cell extract® 2.5 mM$] chlor-
ophenol red-B-D-galactopyranoside (CPRG)$} 1.25 mM<]
MgChe} 4131 37°Co A 1417t ¥b3- 3 574 nmo X 2T
& ZAste A

£

Ras0f &l 2tatEl NIH3T3 MIZOIM dynamin-2 ChY
ol 9y B71 Y BI g

ZArA Q1 NIH3T3 A 3o H|&) Rasel] o}sf &3} (transfor-
mation)® Al (NIH3T3(Ras))ol A dynamin-2& Ras 41&
A Al Grb2ote] A3 &80l FrtetGTi15]. A%
dynamin-28} Grb2¢] 28 237} F743 AU, ohd o]
5 7 99Ate ZuAggte] I AQAE AATA
213wt gtk gepA B ApeM e o]F XA F
WAo] vy g WA HEet gk B33 NIH3T3 A2 ¢
Rasol] ©13] 2rel 5l NIH3T3(Ras) A LA o]S v o] ut
3-8 A33}8F3 ¢l ¥ Q] western bloto. 2 3918 A3} Grb2
o] A% Ed9 Aolg £ 4 §Iv ¥ dynamin-2v
NIH3T3(Ras) M XA 2 BdHo| A3 F7heHs FleHA
o (Fig. 1A). 324 #HolA&MZAE T3 ##EHE dyna-
min-2= NIH3T3 AlXolq HEZA Yo Autzyog B3}
I dien, 53 & ol 1 3Eo] MR HFH

i

Lol

A

Dynamin-2 | sess -l

Grb2 | e

Tubulin | .-
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o] 9lgo] A=At (Fig. 1B, left panel). ¥, NIH3T3
(Ras) A LA+ NIH3T3 A Zof vlste] Fdo] Z715 A&
S 8 dden, AEA sk 53 ARt Zo 24|
ol ZFH UeE BEY & ATt (Fig. 1B, right panel).

Ras0Oll 9Jali 2fsl=l NIH3T3 MIZGAf dynamin-2 RNA
9| wsl 53t

NIH3T3(Ras) A E oA dynamin-2 @¥ A< g Z7}7}
dynamin-2 mRNA¢S] ¥4 Zrl2 82¥ fefsteA] #3517]
$)3te] competitive RT-PCRS F#3ldth o2 93
NIH3T3 A Z 9} NIH3T3(Ras) M EZHEH F%3 05 gl
RNAZ 802 slo] DNAE %A4sHD, e &9
internal standard (A& 2 Wy #3)9 &4 PCRE 533}
otk 2 Az NIH3T3 ME M+ 0.002 attommoles] in-
ternal standard®} &7 PCRE 339 @ dynamin-2
PCR AHE (725-bp)3} internal standard PCR AH& (476-bp)
9} oko] A9 H|%8tY o), NIH3T3(Ras) A L A& 0.2 at-
tommole?] internal standard®} 317 PCR-& 43342 o
FAE ool HlxEE #AY 5 AN (Fig. 2). oA T
A3+ dynamin22] mRNA o] NIH3T3 Ao w3
NIH3T3(Ras) ME A oF 1008 F7Fetsl&S onlste 2
ot

ojo] wi&j Grb2e] A% FUS AFE F AXA 3
3 A, T A Z A EF 20 attommoled) internal stand-
ards} 7 PCRE 3514 & o Grb2 PCR 4HE (653-bp)
3} internal standard PCR AHE- (595-bp)e] &o] H| 431t}
(Fig. 3). o]= Grb2¢] 7 vhi A3l ohj2} (Fig. 1) mRNA
o FE F AEAold] WEIt S Avlde Aot

RasOl 25 zlE NIH3T3 M=OM dynamin-2

promoter activity2| Hg}
NIH3T3(Ras) A/ Z A dynamin-2 mRNAS] #W&o] =7}

NIH3T3(Ras)

Fig, 1. Protein expression of dynamin-2 and Grb2 in NIH3T3 and NIH3T3(Ras) cells. {(A) Protein extracts from NIH3T3 and
NIH3T3(Ras) cells were subjected to SDS-PAGE followed by immunoblot analyses with antibodies for dynamin-2, Grb2,
and tubulin. (B) Localization of dynamin-2 in NIH3T3 and NIH3T3(Ras) cells were observed by confocal laser scanning

microscope. Scale bar = 5 pm.
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Helstgenz oud HARIAZE dynamin-2 R 2t
w0 208 4% S Lohunat dynamin2s] pro-
moterE pCAT-Basic vectorol cloning® ¥, og) Fx{e
5-deletion mutantsZ |28l o] 58] promoter activity
(CAT activity)E NIH3T3(Ras) A|EoIA e85 (Fig.
4A). 2}7}9} deletion mutanto] t} & promoter activityZ 3

A
NIH3T3

B

2| A3} start codon (AUG)ZH¥ 300-bp upstream&
oA et e constructs (pCAT2-300, pCAT2-400,
pCAT2-500, pCAT2-1000, pCAT2-2000, pCAT2-3000)-2 =
AR B4 UEIL e 200bp2E 7R e
construct (pCAT2-200)¢] 72 1 &Ao] #A3F 4TS
% & AR (Fig. 4B). o] g AF}E start codonC 2 H-H

NIH3T3(Ras)

2 3 45 6 7 8 9

Kb 1

517 [ T
506 .

Competitor DNA
Conc. (Attomoles)

1

2 3 4 56 7 8 9

Ll e Target DNA
e e ot L [ wg [ < (Mouse Dynamin-2)
< AR X B <— Competitor DNA

Fig. 2. Quantitative competitive RT-PCR for dynamin-2 mRNA in NIH3T3 and NIH3T3(Ras) cells. Representative quantitative
RT-PCR gels for dynamin-2 in NIH3T3 (A} and NIH3T3(Ras) (B) cells.

A B
NIH3T3 NIH3T3(Ras)
Kb1 2 3 4 5 6 7 8 9 1 2 3 45 6 7 829
S : i Target DNA
HES RN o O O I (Mouse Grb2)

Competitor DNA
Conc. (Attomoles)

il Mot S il et o L L

B <= Competitor DNA

Fig, 3. Quantitative competitive RT-PCR for Grb2 mRNA in NIH3T3 and NIH3T3(Ras) cells. Representative quantitative RT-PCR
gels for Grb2 in NIH3T3 (A) and NIH3T3(Ras) (B) cells.

A

Acetylated

Non-acetylated |§

Relative CAT activity
5 &5 8 & 8

n

Fig. 4. Dynamin-2 promoter activities in NIH3T3(Ras) cells. (A) Deletion constructs of dynamin-2 promoter were transiently
co-transfected with p-galactosidase expression plasmid, pCMV-Bgal, in NIH3T3(Ras) cells and measured CAT activities. (B)

Quantitation of CAT activities.



200-bps} 300-bp upstream Ato]o] dynamin-28] promoter
activity® 2ASHE 328 BAIAES 29 AR7E EA

g2 guise Aotk
o &

Dynamin< endocytosis 389 v}x|gh 22| A endo-
cytic vesicle membrane 0.2 HE Egldl=d 423 o
< & g Folth Dynamin 29l 3} family$l dyna-
min-2% EE ZFA 3 ¢siA EdH™, SH3 domain
2= PLCy, PIBK®] p85 subunits oj2] 28] 25 12
2l A £ 7 bindinggohe Aol 43A Yon[1519] 53
gho] whie] £43 9% 3= Rasel A5 Ag @zl
Grb2¢}9] bindingo] L AHAM[28] MEZE A5 Ag oy

HA=29 754l A7) HAlth
© Grb2& ligandel] ¢}8) 2H4)3}¥ Epidermal Growth Factor
Receptor (EGFR)¥ Ras?] activatordl SOSE AZAAAF=
Sl AZ Raso] 45t Fad 4TS st d¥ddolth
A AA7A] dynamind} Grb2e] Z ¥ o] Rase] A& A
2 R A oug 9FS e F ¢4 A g
Grb29} Az 2he- gty 483 dynamin-29] Proline Rich
Domain (PRD)& microtubules#E 4528 gt Fo]
aeiA Aeu[20] ol g Ao M E EPA ligand9
ZAgtel &) A2 849 ANEE dynaminst Grb29}e}
Aol microtubules® FAANAFE T L T F U S
gulgtt. & FHoz, 25 A #AH9A endocytosise
A5 A2 FARA F23}EE Grb2ote] AaaE-&
53 dynamin-27} Ras9] A& HAEE A8 544
9] endocytosisE F 28 F% QS Ao t}24,26].

Ras= X4 small GTP A% @i do|rf Axe 47
3 Bty 94H AsAD BEREA, &3] ¢ w4
I AHE F¥o] S I gl A AR o|tH12,2329]. o] A
o] Biro] st Rasyt #2@€ NIHIT3 MZ& 437t
£35H[9], HaCaT A X 9] o]5& £AANAG2]. YHTE
& BAAJ NERT A 840 st gy gtHog A
A E7), 3283 H 5ol FEAA vYehiy, nAER
Hozr HXHE A|Fo 8 endocytosis7t HAZEQ AE
o Hlgte] dAsIA Fol dojdthn RIHogich ol
AZZQ] EJ0F 2ol o FNEE FAAEA ]
al Hl5olHA HE olFe 7/} LS ¢ 5 Utk
Dynaming ©]5 %< A 3E9 filopodia®-$] oA actini}
A EE3517[7,18], trans-Golgi networkdl) A vesicleS ©]5
ged #gdds Bu9AoH10,14]. Endocytosis T} of
dynamino] Felae 3¢ o) FE3} 5o} AT, dyna-
mino] ©3] endocytosis 7)%THE e WA}

deiMe obd =39 digo] Ha e Aol ol

o
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A7 AHSL 243 19 dynamin27} NTH3T3(Ras) A%

X © ¥ 93 A3+ dynamin-27} endocytosis
Bk op e}l ME ] o2 B4 (M Xl vesicle o] F F)dl
T B9 AYE o34

o9 @7 oln) dynamin-27} Rasel o3} el
NIH3T3(Ras) AlEo]A Ras 413 A @2 Grb29}9)
Aol FAHA=[28], £ AFAMT o] F THATY
Aol zke] WA obol ZAAN fasEA FA5)
25l o] g9 wrEl g vwa] Btk 2 A3} dynamin-2¢]
739 mRNA7} NIH3T3 A 2ol H]3] NIH3T3(Ras) A Ll A
ok 1008) FUHet RS gQletgln g By £ 5Uhs)
4SS ¥ F ddet, Gb2e F A XA mRNAS} ol
A de AJolE B 4= It T & NIH3T3(Ras) M Eoj A
dynamin-2¢] promoter ¥4-& F85} o, 1 A7} start
codon® 288 200-bpF-E 300-bp upstreami-$]7} dyna-
min-2¢] promoter 48 ZAFs= FEAS A
A= oud HAAIIA7} dynamin-29] promoter 44
243 HeA AAE dFstn doh ol s ARE F3
sto] ¥ w] NIH3T3 4 Zo] |3} NIH3T3(Ras) A Lol A dy-
namin-29] Fdo] A3 FrIHUSE £ F AU, o F
7} dynamin-2+= Grb29} 2322 Ras A3 A€ #3
o FoAdAY GH LY o]F FL endocytosis?] FIHE F
wE QAo Z 4 ¢+ gtk

2 o

Dynaming o8 79 endocytosis 404 HEHo
2 endocytic vesicle$- membrane &2 5-F #gldl=d F4
@ 48g S vyl ojde uad &J3hd dyna-
min-2= Rasoll 98] 43ld M XA Ras signal?] A3 A
2 gl Grb2¢] SH3 domainst ZAgsicty 4HA 9
t}. AT A Ql M E (NIH3T3)o) H]3] Rasol &3] 9a}
9 AZ (NHST3Ras)ol A 015 w2l walo] Topale
Ao e obzl el vzt itk B dfeMe uA
NIH3T3 Al X9} NIH3T3(Ras) 1L oA dynamin-29} Grb2
o gid WS Bt dynamin-29] 79 NIH3T3 )]
ol H)§ NIH3T3(Ras) AZoA 2 wao] 83| 2743
S E 5 ARAT Grb29] H- F ATo)A 2H| Aol
#2384 ¢tk Competitive PCRE ©] 83} mRNA9)
BEAYEE A H S o, 9 By P9} vpislz g
dynamin-29] 7% NIH3T3(Ras) M Eo]A o 1008)¢] Z7}
2 BAHYA Gib2e] A3 AI 2 4 §I3Ach. Dynamin2
9] promoter ¥4-& NIH3T3(Ras) A EA B2 Az
start codon® 22 300 bpell A} 200 bp upstreams]] dyna-
min-29] promoter 4§ 23 Tt EAES FUT

% 99w,
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