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G- A AAAGEAT} 32 A AAHE AzAZATE sk DA e & =i 9o 2
% Goe ¥z g J ZA AR 2 AEEE 7)ol AHelMe oA A A dBiA A ¢k 9lH B3] Gox *17:‘*1]
o] AA13 (growth coned] A Zutel| A o] W E7| W&o Gool A3 AAFA e AAzde] F23 A4S & A
o2 oatElt
2 Q7o E AAEA ] AN Goo| d&E FEstzal GodwAe] a £ (a0)F AAZAEF A

Al

9] shtel FliM|zel )& A7l % dibutyryl CAMPZ. Al 22315 f=3151& o aort A7 E7] (neuritep] A37gel o
g} o33FS m|x=x] ZA}EIGIT).

F11A| o gk dibutyryl cAMPS] B3lf= w32 AAE7]9 7‘0133,% 8 =AM A, A EV]S] Aol
dibutyryl cAMPS] =7} 0.1mMel| o] Z wj7l=] F43] 25—7}5}1:}7]— o) & glulsl Zr}oFAk
29 Az 237} 93] dojvt AFA AR ES 5L el aort el
s AR AAE7)S] Aol 38.9+12.5um=z W29 172.3+£25.9umel] B]3] 77.4%7 A ubH A=z A
78] 4= 5.6+0.402 W22 2.5+0.20 6] wls) 2.24) Zr}ateict.

°l‘316& A ao7k AAAEL] E3pFA ] glelr FAMY] A LAl RS AAEE A FAT el &S

sohur] Fu : FLLN|E, AIZS7|, cAMP, G- iz

A

T

G-wtde a, B, yo] 3N aA=R FAIEe] sl o] 4 ek 2y FH 2o a ®R5E oheh Byell «] ﬂ/‘b- A
Z A9 A= AA7bA] 162571 45 9).om (Birnbaumer, W AlzAdgdadAe] A= 237t 3)le] (Clapham,
1992),0] 52 RF FU3 ByE3Alel A3 s=Hoh} 1996) G-t o] o] FH gl 2hgHMAlE 7R & o=
ARG EA o] G-t ds AZdd A9 Agshd, G- AAET F a5 A=Y o yxEe Y =

f

o] o A AE By=RE] "olx e} adenyl cyclase & ¥x9] 27t=r) EAEHA HW G-whlA = RE f2]F
1} phospholipase @Al 3&F& Fo] A=z 23} AsA o] & By phospholipase G adenyl cyclasg 24 3}A12
2 (secondary messengel) oF-& W3} A|71e}, = 220 ujj-o- 4~ 9J=}. Phospholipase £ phospholipidg 1,4,5-inositol
FHa Aoz delxl Gor v £7Y G-wAIA: & triphosphate} diacylglycero. 23] 3l=d o] &> Azl

o
=

e
=

2, oo} AwE 23 AsALEAC] opd WA e A A 2%} AsEA2 F43e] vjwE=eiel % Az Yol
Boled, Azl A olwe 75e 2m deAE BHsA ARHe] A BHe MEde s Fo=s protein
olt}, that Gox Gigl mhzb7bx]| 2 PTX (pertussis toxin)] © kinase C5-& #4371} w3t adenyl cyclasel 413} =
3 s ubesl= Aoz gElA 9l (Birnbaumers, o A=ZWe] cAMPE] ¥ xrl FrlEle ol AHHo=

1991).5, A7 el QlelA AL EA ] 3 842 protein kinase /& A #A|Zc}. ofA] AAA 2 ME el

Agtsld Axzete] o] 2FIA o] WA Hm o] PTXe A AT By ras?] GTP | gkel#kel sosg FA 3417
o8 JAFEz ol2d A o] Gool o3 =HE Aoz o =24 rass A FA|7] o]= A MAPK (mitogen acti-
8t gl& o]t (Moisess, 1994). vated protein kinas@ 43 A71v= wuw 9l (Lopez
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llasacas, 1997)A1 A EEA o] AlA o FArtzA =430t
+ Ho] &R WA opioid, carbacolsz 72 AZAAGEA
o] metabotrophic receptef Z3sld Gorl A3t A
Aol A7IA e d7-5 T3l BaE vt sl (Kleusss,
1991) 0] 3t A= Gorl A A FAe] e 24T Aol
= IsAS A o7 HelFE Flolth wil Gos FAlo
= AlsAgA =z oo Arsztg (cross talky] wEF
T A FAE] ARl sleir 4713 (growth coned] 3
o]

fru

P

Q3} o5& olastid Fo¥ Aoz Azu
= ATE A4 G QA Belshe 5D
= W7 9% leAgenA GowAe) o sukgll

(Gon)E F1 Zoj <cls]H oz stoluta A g e 7§% CAMP
ol o) Fi =7} A3z E3kEE gelA 21457
A,

(neuritep] 3Ad o] om3t FI& We=AE

H}
(=]

A=

pL
g

1. XM=

ATl AMEE AlEe FLIMZ2A Feilddsz
o} AARAZFQ NISTG2 HZE §8AA A2 Aot
M Zujefe| AF2%  Dulbeccds modified Eagls medium
(DMEM) 3} 0.25% trypsirEDTA-2 Gibco-BRL (Grand Island,
N.Y, USA), fetal bovine serum (FBS) HyClone (Logan, UT,
USA)ell X )8ttt ao e A48k WEj= pRC/ICMV
(Invitrogen, De Schelp, Netherland$) 0o2] cDNAS <143
710 2 (pRC/CMV-a0) #]= Mount Sinai2] o ste] lyengar
kA2 BE] A Zakeke) (Kroll 5, 1992). pEGFR- Clontech
(Palo Alto, CA, USA), FUGENES transfection ¥it Boehringer
Mannheim(Mannheim, Germany),6N2’ -o-Dibutyryladenosine
3’, 5 -cyclic monophosphate (dibutyryl cAMB) Sigma (St.
Louis, MO, USA), antiGoa =4 =+ 3}d]= NEN (Boston,
MA, USA),
avidin biotin-peroxidase complex (AB& Vector (Burlingame,
CA, USA)z B¥| F418fe] AM8-819dt

T2]3 Texas redl 3z3% anti-mouse Ig&}t

2. 17ty
1)FLIMEZO| H{2 3 23} |&

FllH| 2= 37°C, 5% CQ 27| A] 10% FBS} 100 units/ml
penicillin 2! 100ug/ml streptomycir] £33 DMEMol|A] uj
oFshgl o, 3, 42e
(HBSS)e = o]l 3 0.25% trypsirEDTA g -& A}-4-3}o]
MZZ wiFg7)e] vigeoz Ry A o Ak 8t
gt FIM =z 2 AANZZ 231177 93X E 1% FBS}
%355l DMEMo]| dibutyryl cAMPE 352 g2|sle] HH7}s)
At

34 HanKs balanced salt solution

Goo2| ZAEB0l 2fgh MAS7 |9 HEAK

2) F11M|Z0|A co2| 25

FIK| 22 42 4x10] H == 35mmujefgr|e 2+
3}l 18~24A17F Fof] F A o] S0l -2 DMEM 97ul<
FUGENESG transfection reagent®} DNAES &£3}sle] 5327
ool A AT F AL G g7l E3ste] trans-
fection& A|8)slgict. o]= aor} transfectio A =ZZ el
3171 18] aodd@#WE el 7 =x]E2Z=A green fluores-
cence protein (GFRy 433l= pEGFRE 3:19] »xv]&=
=)o) transfectiort] At th&d HBSS= Al =2 A3 3,
dibutyryl CAMPZ- x]2]3le] Az 23S =3 & 3333
m|7shel A astsie.

3 AHET| MFel 53
WA E7)9] Aole ZH57) A E GFPE BaAsE A

1=
Z2E PPn|AH oz gl v AAS Quanticell soft-
ware (Applied Imaging International, Sunderland, UK)o] £
ste] AFE] o] ¥ A7l & Designer 4.0 softwasé o]-§-5}o]
Frhe] Azl A AP ) A7E719) Aelg ZAskgeh Al
£719) o) 24E $siME FFAn A 94l anti-ao
o] &3 ABC HA gL A3t o7]elA deixl

% u
A0S G5k FUD AHE Z2aPe ol gal] 24}

4) ao2| M FX| 55

Zglol= oA wjekEl A ZZ 0.05M phosphateouffered
saline (137 mM NacCl, 2.7 mM KCI, 4.3 mM MNdPQ,.7H,0, 1.4
mM KH.PO,, pH 7.4; PBSE A 25l31 4% paraformaldehyde
2 3A3 & 10% normal goat seruéq 3087k 2j2]sle] 3}
A2 v]Eo]H el uleS A A3t} Anti-0o0 3+AH]S 1:250
© 2 3A3le] 4°CellA] 12~ 1647k vl-e-A]7]22 PBSE 39
A8 oe o|xdkA 24 1:2500.2 3438 biotinylated
anti-mouse 19gG& A->olA 1AzF WHSAIFAE whg-o]
M ZZ PBSZ M- ot AolA 30#7F ABC 3|4 oo
2 g3}t 0.05% diaminobenzidirg 0.003% HO,Z 3~8
B2 MAAZ ool HE WAYFI L AxE YA
Az A2 F o|x}8kA| =A] Texasred7} R-z=E anti-
mouse Ig& 1:1500 2 3] A3} AL-&-3}9it

!

=

1. Dibutyryl cAMPO]| 2|8t F11M|Z2| BE3l7=

2 dFelM e FlIM =z 235 =317 913l cAMP
9] #AFEA <l dibutyryl cCAMPE- /\}%} 311 o]= cAMP
She el AEv AR golsta, AEAeA 37t F o
7] k= AAL 73 )} Dibutyryl CAMP7} A £ 3-3}o] n
A= &7} B340 233 dibutyryl CAMPS] =2
Aat7] S8 wiekAd dibutyryl CAMP] F=E W47

B
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Fig. 1.Effect of dibutyryl cAMP on neurite outgrowth of F11 cells.

A HZAA HAHE A7E7] Zolg A, v ek (Fig.
1). Dibutyryl cAMPE- ﬂﬂ%}ﬂ WS AT AAEE A
o HFAFA Akl (Fig. 2A) A17AH =712 Aol dibutyryl
CAMP?®] 5=7} 0.1 mMe]l I% Q742 FA3s] F7ketert
o) % shukahA Zrkshe pte veligleh 0.5mMel dibu-
tyryl CAMP s=o| A Al ZR3= A2 A5 doj} 3=
] AAAEe EAS ‘Jrl‘/}‘ﬂ"q‘:‘r(':'g 2B).o] Z¥4E =
2 B AgdxE 0.5mM3Ex2] dibutyryl AMPE A}&-3}o]
Fl 29 2318 =8t

2.002| w50| F1IMZ2o| 23510 O|X= H&

F1¥ oA oo 23 HE]e] transfectiom] v}z o] Fo]
HEAE Felstr] 9l ao e (pRC/ICMV-ao0)e} 7
transfection markezA] GFPE Wasl= WE (pEGFPE %
Alel transfectionr] Zit}. 2 Alg o)X= pEGFR} pRC/
CMV-0a0Z 1:39] H| &2 A4-319lE=d o= pEGFR] =
7} pRC/ICMV-oor T} H4 ke zAo]gtef GFPE 33}
T 2E Az aog HHT spsAde] EobA7] wjEelch

(A

s 30
-E 00 I
= 1
E 50 4 |
3 "%
E I LERE)
= | ;
- I
:| i _—
= [l

Z7 0 2 transfectiogt &, aool| w3t A=
HEYPFPAE A3t A7, GFP o8 A9 335
= E2 aos ¥/ 3 &S et

X
f

aos] o] Aze] EajHAelA AAE7|e] Al )
ZAE 7] 9§ pEGFPS’Jr pRC/CMV-0o07}
transfectioryl A Z= 0.5mM dibutyryl cAMP=. 2]2]3}31 4%
= HAHn|AHorw HFsct pEGFP-E transfectios}t
23 FENE A Axse AAEE S 2A A
= AR5k (Fig. 4A) pEGFR} pRC/CMV-00% %§-Alel trans-
S NS YAl T

A= e

fectionr] 7] B3}l2 §=3& AL
SHA] kst (Fig. 4B). =3k F1W 9] #3te] w2 A7 E7]
FHE ABC S o 4T WMz etd dae B B
st A3}, aoE transfectios}®] 2 dlx2] M ZoAME
AE 2~34 2] WAE7)7F AA F4= 9 ort (Fig. 5A), a0
£ transfectiot M ZoA= AAE77F w]$ ozl ubd
79 5 271 e Jepigieh(Fig. 58). ol=ld 3}
)% AP oz A% A} a0t HHE x| NAE7)
Z o] 38.9+12.5um= rﬂi% A Z2] 172.3+25.9umel] H)
s 77.4%) 4% Bgow, A4E7)) SE aorh waAH
Az 7%= 5.6+04M= % A Zze] 2.5+£0.270 9] #]
3 2.4 F7lstsict (Fig. 6).
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Fig. 6. Measurement of neurite length (A) and neurite number per cell (B) in overexpressing F11 cells.
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Zo] g% M=F=, bradykinin, prostaglandif=§-|
(Francels, 1987a), B3} N3 #ste]&A Z<A)d (Boland
¢} Dingledine, 1990%! u, 63 opioid =44 52 zt3 Qo
(Crucianis, 1993; Francek, 1987b; Fars, 1992). F1H =&
opioidz x2]slH Gool 248 S8 N3 ZgAdel s
o] JAF 1 o] A2 PTX(pertussis toxin)] M7ttt o
212 3t} (Nah, 1995) ]_ FIW 271 A AM 2] B4
& AUL Qe HelFE Aoz Gorl AAEAL A
DA Qe AT S B 979 B AT A
22 ke gio

2 Ao F1 29 £3}= cAMP §-A122 9l dibutyryl
CAMPs|| ©J3)] Fxo|ER oz Ydojyron dibutyryl CAMPE]
=7} 0.5mMel] ol2A =W HelH o= A kg 4174
Az EAL vpehlgieh

F11MZ2& 9Ad o= transfection] 7= oulA
20% A =2 A|xZulo] transfectioF =2 o] 5%
9l uh o)

©o= 10~
AEg 4
278 o] 2 g8 B dAFelAE aog} GFP
(green fluorescence protein) DNA %-A] ¢l transfectiont] 7]+
Wyt aool B BAE o 43 WAzA RIS WA A
gatgch Az sehye MEg nYstne F& AxY

& AT 5 el glont A Felw A3 BAT 5
Qb A4S Zech Wl GFRE o] §3h A3 ol
o} 174E7E Jxﬂd B clel g slort Akl

o 94
= AT prﬂﬂmm 0 %
1

He /\}%s}a] co-transfectiorg- A|3§ 3t 2}, GFP7} 3=
A e A5 M EAA ao7} HHEHUA T GFRS: W=
RE A=x W—L— ao7} Wa o] B o cotransfectiors}
He sty obrd #AE 9ee Hsleh ol o}
o 2 ATA Axe] B3 472 ] M E GFP
£ co

o-transfectiort] 7]= ¥bd, 18|31 AAE7 42 =37
37] Slaae mozasete Ay e

o] g-atiet. & °3‘7‘7é
ol et a0 I A7 FLM ) AAE7)e) 2
ol Zolxl whd A= AR AAE7Y £+ 78k
=2 1—* CAMPo|| 2JaiA] AAES7]7F §AE 4 ol AA4E
= %—7%‘4%1“} AAE7 S el AA- aoel 23 A7)

o’o

PRSI

=93 2+
< 3= 7}4\ o=z oA g)c}(Strittmatters, 1991). Ge= A
d 3] Alxe iAo of S Axze W o] EAst
™ (Strittmatters, 1990), Geh4j A3} A3}st= GDP7} GTP
2 X3HE S5 GAP-43¢] ojsx Z7}3h} (Strittmatter

, 1990, 1994)]21 oavww—z— Gort %—@lﬁg@wgﬂw
AA%e) 950 F25 B

2 9ot

A7 oo} FRe] HRESe] G-AuAY AR »
S5 AFara ARG Se] Aol e
Aoz BIFe] Qluh 5-HTE A4 579 AAE=s 4
A]7]™ (Haydon %, 1984), dopaming w}2te] 434 Zof| A]
diacylglycerokl PKCe| #-8-& B3 A7A =719 A4S o
A 8} (Lankford 5, 1988; Rodrigueg Dowling, 1990) throm-
bing G-gtAs} 7245 84 283} neuroblastoma
Az AAE7) AAE A3} (Suidans, 1992). =3 1t
AF B M FE} A FFUAAL Fxua 5
< Go, G¥| &4& Z7M71& mastoparad 2t7 &l H
w2 AMEEH AAAF7E £2AFH = (Higa-
shijima, 1990)¢] 7% wjekd| =2 PTX= AA=shd o
23 &= kA= (Igarashis, 1993).

T ol A A7ATE wel wase] g
Pheochromocytomal] 3l PC12] 79, A7AE79 A
X173 o3 ekl z} (neurotrophic factodf.t} NCAM (neural cell
adhesion moleculg} N-cadherirl] 23] o W] ==
o] A2 PTXel 2JsiAr A€t} (Doherty-5, 1991). =3
Goz ZA o=z F2o] JAS 2 oz &
A 9t GAP-43% I Ui A S W, AAE7 = A7A3A
AAAe] 23t Ard o 2 A= gl on (Yankners, 1990),
NB2a/d1 neuroblastoma] =5 3} GAP-433} A= 2] shd
A7 E719] AAo] A ¥} (Sheas, 1991).01x3 Gor} Al
A& AR Fedsta dohe AMLS HWEAE A S
Aol HFAS A = FEAI7IEAC I e AFA
wel M2 Aot AFE Holx gith o] ofwlm 1Ee]
ALggt AR ] B3 7] 2, Az el 3ol
T3t AlsAGH] 2ot 2r] WEelegta AA4

B AFelA alAA =z R3e f=3l7] 98 AR
CAMP:= A 2ol A PKAS ZA43A71cka kel sl 2
o] A AAM ZE 8-bromo-cAMP == dibutyryl cCAMPZ %]
glatd A7AE7)e] AAe] F7HsFEA FAlel MAP (micro-
tubule association proteingR a-tubuline] mRNAZ} Z7}5}43
o} o] 3t FAFE PKAS] AAAe] 2Jste] ZHAdhed o=
CAMPo|| eJste] &A3tEl PKAZE 217 E7]12] AAatAel
AL P H o2 BelF= 7ot} (Simeones, 1994).

2[4 ZEe] B35 F=3E EH2ZE cAMPHe] NGF,
retinoic acids-o] ¢lth. NGR= X174 z2o] 23}aAex] 4=
£ tyrosine kinas& %3] Ras, MAPK (mitogen activated
protein kinase® 7 §3l= Als3AIARE AXE= uibd,
CAMPX= cAMP-2]&A] protein kinaseZ PKAZS HA 413
7} AdEg s A Qe kX7 cAMPrE 417 &4t
ARE FEdhe 7132 HAE] W AA] @A o)A o

‘lN oX oft

o

olN nl{ﬂ

12}01
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2ds, HHE, 0|g=, Mol

fo

A MAPKE 53 AsAYA2E AR of she] $xje
o] z+& GTPZA3 sz ¢l Raplzt serine/threonin kinasg
B-Raf7} #4d Aoz 2=Zx3 9 v} (Vosslers, 1997).
CAMP= A17M 2ol 9leir MAPK®] &4dE& Z7HAI71AI R
A AA 2o ME w2 2 FA4& 7HAA] 7)== (Burgering
%, 1993; Yaos, 1998) o83 A3l= cAMP2} MAPK<2]
cross talk} A v A Aol wel Fepd 5 gl 9
ulgeh. =3 MAPKE Aske]EA ZAaddSs 5 o
= ol osted FAFEI = s o] IA-L Srel
o8 FMEE ez HiFe] ¢ltd (Rosen 5, 1994,
Rusanescts, 1995). 4= o= A3zA2425 7 43}
5l MAPK: Zabadde Al NCAME <lAbsiA|A 417 A3 9
7}4A (synaptic plasticity®- =87, 32 Azdloz o
23}e] CREB (CAMP response elements binding prot&iny]
231 o8] ZA}elA} (transcription factofES QlALZIA|Z o =2
A FAAPLE S WA A A7 FAe] el 2 HE o

2 Ay7& 4 9l (Kornhause#} Greenberg 1997; Bités,

obA] AZAM zeME BHFA] ARAT ZHHE] LY
Agre]EA ZEAE-S PKAC] o8 ZAsteEHA A2
7} =o}xt} (Rohrkastens., 1988).0]12] 3 Aol
A 2ol cAMPE A4 H o2t PKAS E3te], Mo
2ot MAPKE 73ke Adsde7=e Fobo
249 Y4 F2T FAE Aok metd aodl %
579 ARl a7k CAMPL Fed s o2 AlaA
= % d¥s wWeFoss o ez 474Hw,
AR aod] o3 SlelA AFT AsADAA S| oD
Weksh=AE sk He] FaF Aol
Go-whA o] aox GPyel heterotrimeg& 3 Adste). 22
A7l ol Gy 23 AleAgEA= 2gste] PLOY
adenylyl cyclas& #A3}A17]= Aoz d=x 9l=d (Birn-
baumer, 1992) PLg <¢]s] A== 1,4,5inositol triphos-
phatez} diacylglycerole- MZzdW Z4g5EE o PKCEH
< BAFA . =7 obA] A 2= FAHA] A
7k, Gy ras?] GTP A|gkelz}el sosg 3l rasg &4 34|
713 2 A3 MAPKE 432 4 gloks 2l vt gl
o} (van Biesens, 1995).m2hA] £ AgeA 2 A=
EdE aort GPyst H3AE FATFo=zH CBye| 7l
AA|ste] vebd & stk A& AA g & Ao, o5
galstr] fsiAME CRyst At wHE AT Edw el
00 = GRye| el me HAAd7ke] Wbt AAHez
ZAFE o] oF & 7ot}
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Legends for Figures

Fig. 2. Differentiation of F11 cells by dibutyryl cAMP. (A) F11 cells untreated with dibutyryl cAMP; (B) F11 cells treated with O.Emufyrg
cAMP. Neurites are elongated in differentiated F11 cells. Barpunb0

Fig. 3.Co-localization of GFP ando. (A) expression of GFP; (B) expressionoaf. Arrows indicate the cells showing coexpression of GFP and
0o0. Bar = 5Qum

Fig. 4.Inhibition of neurite outgrowth by Go. (A) pEGFP transfected F11 cells; (B) pEGFP and pRCt@M6-transfected F11 cells. A
prominent inhibition of neurite growth is shown in o overexpressed F11 cells. Bar=50

Fig. 5.Immunocytochemistry of differentiated F11 cells using amti antibody. (A) Untransfected F11 cells (control); (B) pRC/ChN@
transfected F11 cells. Short and numerous neurites are natedirerexpressing F11 cells. Bar350
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— Abstract —

Inhibition of Neurite Outgrowth by Overexpression of Goa

Sung-Ho Ghil, Bum-Jun Kim, Young-Don Lee, Hae-Young Suh

Department of Anatomy, Ajou University, School of Medicine, Suwon-449, Korea

G proteins mediate signal transductions generated by neurotransmitters and hormones. Among G proteins, Go is
found in a large quantity in brain, but its precise role in the nervous tissue is not fully understood. In addition, Go is one
of the major proteins in growth cone membranes, which implies an important role of Go in the regulation of axon
outgrowth.

In this study, we attempted to determine the role of Go in axon outgrowth. We overexpressadlthait of Go
(ao) in F11 neuroblatoma cells and examined the effeabadn the neurite outgrowth. In F11 cells, dibutyryl cAMP
increased neurite outgrowth remarkably upto 0.1 mM in a concentration dependent manner, but in a less degree at
higher concentration. In the presence of 0.5 mM dibutyryl cAMP, the differentiation of F11 cells was almost saturated
and the cells exhibited a typical neuronal morphology. Overexpressima ©dused a reduction of neurite outgrowth
by 77.4% in length while increasing the number of neurites by 2.2 fold. The average neurite length a2 .38
in theao-overexpressing F11 cells but 17235.9um in the untransfected cells The total number of nurites per cell
was 5.6+ 0.4 in theao-overexpressing cells but 2.5 0.2 in the untransfected cells.

This result suggests that Go may play an important role in growth cone collapse during neuronal cell differentiation.

Key words: F11 cells, Neurite, CAMP, G proteins



