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CERR14%F 1 A THZAM)

H#Y L WA NO &kBER (LIT eNOS) IhET
A THROABRICECEE T, EhMEINTE
t2 B8, #OMMEMEZICE L TR ARBEREE LSV, eNOS
DHIFENEE 25 201z, FH%K eNOS kB3t
BHHE (UTGFP) 2MAsEL75 2 Vi 2EH
fERk L T COST fifEMIcBA, RE X+, GFP-eNOS
RAELE DMK & BERFHIRE £ T,

R eNOS @ C Kl GFP 2@B& s ERE
(LI'F GFPN;-eNOS) DI WERIED
Shfzoicxd LT, eNOS @ N EKikic GFP 2 Ri& &
#7:E&B8E (LT GFPC,-eNOS) 34 o sufaE I
SICTFEEE L GFPN,-eNOS O BRI D S 1Lid -
7o {&IE T SDS-PAGE Tl GFPN;-eNOS i3 " &1k
B 5>tz Dot L TGFPC-eNOS REE X
TEEEREEED Shiih o, BB/ a5 T 4 —
HE(TLC) ZMWV I NOSTEHRETR TV F = vip
5Y kvl v AOEHLD GFPN,-eNOS ©16.38+1.43
9%, GFPC,-eNOS #5 7.80%+0.66% & GFPN;-eNOS
DO7EMEIR GFPC,-eNOS & R L THEICE» - 12,

4% 1 eNOS @ C Kz GFP 2RS4 3 L%
BRI N OEFICRVWERNED Sl &
25, eNOS AR LN DORELFANS OB
PizEFVTHETHLEEL LN, —F, eNOS
O N K##ic GFP 2@A S H LIBSREE R _BEKI
A LN, IO Eits > THRBNEEIEL
ERIFLTVWB T EMWREBS NI,

#

NER NO &R%EES (eNOS) 12 T h & THE A TS HERa

OHEBRIREICES T LGN TE, Lk
LA 5 2 ORBaAEEICRE L TR ELE W,

EEERMBEOERNTOHE 2N HELLT
RestERE (GFP) 2L X—-9—-FHELTH
WAEAEBTbATEL Y, ChETIKeNOSDC
FKigic GFP 2@& &8/ 7 5 2 3 % NIH3TS #fa
IWEA, RESELHAEAERIVvIRCERL
THHETHEVHIRESBINTLES O,

—7 eNOS @ N Kigic GFP 2 & s ¥ - EQE
OHEANHPEEFNIHEIINE THRINTE
57, MEMOHEEOERE, * 7z OJRKRF MRS
nTHVIEL,

A~ i3 2 & (N RKiG, CAKdm) @ GFP-eNOS
BAEHEE COSTMiacREASE, zoMERNSY
HEMRFNIMEEREL 1,

DI
OpEGFP-eNOS 7 5 2  F OFERK
X 1127”9 & 9 i pEGFPN;, pEGFPC, (N-terminal,

pEGFPN3-eNOS

eNOS CDS
eNOS

PCR
350bp)|

GFP J

Xbol  BamHI

pEGFPC1-eNOS
eNQS CDS
eNOS

LGFP !

oligo

37bp
Hindill Sl

pEGFPN;-eNOS & pEGFPC,-eNOS DX
eNOS @ C K& U N K & & 4% © pEGFP
DPRESEAE KT 5 L 2 IR L 1,

X1

¥ —7— K 1eNOS, GFP, #iflamnfn, BER®E —BE BREH
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C-terminal Enhanced Green Fluorescent Protein
Vectors) (Clontech, PaloAlto, USA) ® 2 2D 7 7 X
3 Fiz4H3#k eNOS cDNA clone (Emory A% David.
G. Harrison #3#% & b #t5) @ coding sequence %#H
HI1AA 12, pEGFPN,;-eNOS @ fERK i eNOS @ C R
Bl D coding sequence RIS EHE A(ES L D IC
#HEF Lo %9 5-ACAGGACATCCTGAGAAC-3,
5-CAGTGGATCCGGGACCAGGGGAGTCTGGTCC
AGGTGGGT-3 %2754 <—& L T9HCI5H, 55C
20 %, 72°C40 %, 30 + 1 2 T PCR %17\ eNOS
cDNA @ 3299 FE» 5 3647 ZxHEIEL /o TD PCR
EEYI% pBluescriptl KS 7 » — ¥ 3 ¥ (Stratagene,
La Jolla, USA) K27 uo—=v I HBTI 754 <—
(5-GTAATACGACTCACTATAGGGC-3) % A w
Ty =4 vy v 7ETw (ABI3TT-PRISM), EHEE
FHCEB Y DWW 2R L7z, RV T Xhol RTF
BamHI THK kA MEE L pEGFPN,; ic#AIAA TS (LU
N pEGFPN;-PCR), PCR E# & 0 & Lifflld eNOS
coding sewuence (¥ eNOS c¢DNA clone H2k® Xhol-
Sallfr i 2 H v, % 1% pEGFPN,-PCR @ Xhol,
Sall %4 MZTHHAIAAT,

pEGFPC,-eNOS OfEpkicid £ 9 eNOSEHD 1 H
o1l FEETOT I/ BRICHYT A4 Y TX7 L
4 F ¥ (5-AGCTATGGGCAACTTGAAGAGTGTGGGCC
AGGAGCCA-3'(sense), 5-TGGCTCCTGGCCCACACTCT
TCAAGTTGC CCAT-3'(antisense)) % 6 %6FRFBE H: +
VT2 )NT I RS VTERKEL, &4D4 Y T X
JUAFFEEINLE, THoDA) ITXT7LAEF KR
AZME, BENC T AR Lk, 15% K T2 )
73 RVBRKE AR VT AR DNA 14T 3%
DNA #[EX L 7z, eNOS cDNA clone % EcoRI #
A b T pEGFPClL KIEAEICEALLLT 7RI F &
ER L, TO7 523 FO HindIl, Srfl %4 Mk
L 72 AR AR DNA 2 AAAK, BADT 52
3 FIZEA L7z eNOS coding sequence & GFP #i4y
ED frame B—HT B L3y vy IrETw
B L7,

@pEGFP-eNOS 73 2 1 KD COST fifg~DEA,
FH

COST4#fa% 10 % FBS (Trace Scientific, Australia)
&% DMEM (H/K&ZE, Ty EMihTiEEL,
70% confluent ® Bt T Effectene Transfection
Reagent (Qiagen, Valencia, USA) %\ GFPN;,
GFPN;-eNOS, GFPC,-eNOS & 4 D& EHE %
COST fiflaMic R E ¥ 1o,

(40)

®GFP-eNOS A& & E O fMAN 2 DB

Transfection # 24 FfR OB CHOLBAMEE T, &
fphke 7 1 v 7 — (EX450-490, DM505, BAS20) %
H\ GFP-eNOS RS ZEHE @ COST fEfgNic ki %
DHEBREL I,

@GFP-eNOS f&ZEHHOHEH

Tansfection %485 D ¥ 55 T0.05% trypsin, 0.02%
EDTAA b PBS%#H\, pEGFPN;-eNOS, pEGFPC,
-eNOS T transfection L 7-ff8% 10cm dish 1%
F o[BI L, trypsin ZAELRIC <L v + % 25mM
TBS pH7.4 100 u]l icFlEs i, IROVTHAET L —
k1) — % — (Bio tek instruments #1584 FLx800) @
96 7GE 7 L — MMTHIIEEER 511 & TBS 60ul %
Mz, GFP o#LEAHME LEMMEEAEEZED
Lico, ROWTHELHEEERKR (10% glycerol, 10
mM CHAPS, ImM PMSF, 2uM leupeptin, 1M
pepstatin) <& LSRR 2 H W TRELL
fzo FEROBMBEECAERLSU LEE B LHES
W T b L 22 25'ADP Sepharose (200 1) h0Z
NOS #BEF ¥, WERAALHBEK 5001 T
2 E#EH % 20mM NADPH A b al /AL B &K
100 ] THIH L 227

®IEET SDS-PAGE

GFP-eNOS @A ZELBRICERED 2 XSDS-PAGE
HgE® (0.1M Tris-HC1 pH6.8, 4% SDS, 8%
B -mercaptoethanol, 10% glycerol, 2mg/ml BPB)
EMAKERY v 7V ERB LI, v T VIRERIC
fiRopESEOELcESWTEREZRIA, 5 9
B LUy A EIEIIBOY v v ERERL, K
BT (4°C) SDS-PAGE (separation gel 5%,
stacking gel 3%) %17 -7 JkEk nitrocellu-
lose membrane (Optitran BA-S 83, Schleicher &
Schuell, Keene, USA) IZ semi-dry blotting L, %
JBRETE & B BIc—kPiE & LTy 4 & polyclonal Hifk
(Clontech, PaloAlto, USA) # 7z idmouse mono- clonal
1eNOS #ii& (BD Transduction Laboratories, Lexington,
USA) 2RV, kLB O KISICVECTASTAIN Elite
ABC* v b (7423v, HE), ¥ DABEZ+ v
M (7Fay, BR) 2ZnF0HV, eNOS kU GFP
OB ZIT- 12, RO HET 25°ADP Sepharose
(Amersham Pharmacia Biotech, Buckinghamshire,
UK) X ofli L zikicxt LT & SDS-PAGE % fE
fTL, NOSEBMEIRENTWS T &&2ER L1,



®GFP-eNOS RiaEHHE ORF RGN

GFP-eNOS BAEAE OBERIEN % arginine 7 5
citrulline ~NOZEHHTRIE L 72, NOS SUGHREER
(50mM Tris-HCl pHT7.4, 2.0mM NADPH, 1.0mM
CaCl., 2g/ml BH,, 50mM valine, 1.5mM ornithine,
10mM CHAPS, 1u1"C arginine (300 mCi/mmol 2L
L, 50 Ci/ml, Amersham Pharmacia Biotech,
Buckinghamshire, UK)) 20 #1122'5'ADP Sepharose
Wb Ucil%E bulnA 37TCTEBRRIE%E 20
STV, T0ul @ 100% * & /7 —vEshic & b Kb %
Eiksdr, ¥ RCHEE®KIC 1 mM L-NAME &
%03 10mM EGTA 7R L 72 &l TcoOBERRIG b
T- 1o RIGKET D arginine, citrulline ® 5 Bk O
CEBRERE /o374 —ik (LITTLC) %
AV, RG#EY v 7 V% TLC sheet (Merck,
Darmstadt, Germany) i< 5ul ¢ D#fE L & 1814,
BHBEELTCTVvE=TIK Joafkivs, 2§/ —
W, BEKAE2 05:45: 1 TRAELLBEXHO
TEMLKL, BEET V- b 2% X4, BAS-MS
imaging plate (EL 7 4 )V &) C—Hakfih = 27 1%
2 BAS-1500 (Ek7 4+ V&) TaAED, MacBAS
(ver2.52) ZHWTEY v 7D citrulline #53 @ RI
BLeEo RIBENEL, ctrulline ~OEHE%
R L,

Qs parin

GFP-eNOS & & H'E O B FE7E M O {7 1< i3 3hsr
L 7z transfection # 3 [EfTV, £ ZNDY v 7
3 HETHIEL oo MEI SN (ANOBA) @
post hoc test 2\, ERHE S WAEEEH L L 7o,

#m R

® 2 FEFH D GFP-eNOS Bt &ZEHE @ COST fifaN <
D5 DFHE

21RT £ 51T, eNOS @ C K GFP 2 @&
¥ 7:EHEE (GFPN,-eNOS) D fFIchWE
BOBED SN0 LT, eNOS @ N Eiic GFP
AEA S EAE (GFPC,-eNOS) /A ofmia
B L GFPN;-eNOS M0 R D S ish
GFP HMclfila ks xR b,
GFP-eNOS B&EHED VTN & RIS - eHEE
iR LT

Of:o

@ 2 HEH O GFP-eNOS @& EHH O —BHAEROH
b
3ICRT kI, GFPN;-eNOS i3 SDS itk

(41)
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2 transfection24 BefH% @ GFP-eNOS @& & M
B COST ffamic 17 5 B4,

GFPN;-eNOS @ OEEICHVWERBZED S0
te DT LT, GFPC,-eNOSWE A OMlaE < ELE
L GFPN;-eNOS OB IIBED O b -1, G

FPEMT R 28t 2 > BH05ED b1

. o __GFP-eNOS
? " dimer
.. - GFP-eNOS
0 e monomer
i e — eNOS
o monomer

* e heating

rat MW GFPN3GFPC1

aorta maxr!w'raFPM3 -eNOS -eNOS

3 {K/E T SDS-PAGE iz & % GFP-eNOS Bl & &
HE O BRI O O,

GFPN;-eNOS 13 ZEAEERMBED S fcoic
%t LT, GFPC,-eNOS 3Z5E R BRIk 132
Dot EREBRIOERICE > T
ERIBE S nNHEBR G - 1,
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DZEBERERMBED >hcDicxt LT, GFPC,
-eNOS TREEL_EARER IR D Shilh -k,
KERIOEBICE > TZBERRREOABC -1, &
72 GFPN;-eNOS, GFPC,-eNOS ® Wd' h D Rt& &
HE & 25'ADP Sepharose flithEHic38% > h, #i
FE~DRE, ERICERIZD SN -1,

@ 2 XD GFP-eNOS S EHE ORRIE®OMHE

4a, 4b ;"9 & 5T, arginine 2> & citrulline
NODEBEH GFPN-eNOS ©¢16.381+1.43%, GFPC;-
eNOS #% 7.80 = 0.66% & GFPN; -eNOS O E # &
GFPCl-eNOS ¢ B L CEHERBIKEP » o £ 172
L-NAME, EGTA %I & - T GFPN;-eNOS D ZF
MBI TN TN 4.6610.60%, 4.52+0.33% &{ETL,
NOS 7&#: 1 & v ie,

citrulline >

*

GFPC1-eNOS -

L-NAME

EGTA SR

da HEEI o< b7 574 —ITL B citrulline,
arginine D 434H

20

~—
w
1

10 4

conversion rate (%)
T

0 Y
GFPN3 4
GFPN3-eNOS -
GFPC1-eNOS -
L-NAME
EGTA
4b arginine » 5 citrulline ~DZ R,
GFPN;-eNOS i GFPC,-eNOS ¢ H#& L TH
BT NOS iE#E»E <, L-NAME, EGTA &5
W& - TEM IR S 172, (xp<0.01 ANOVA
post hoc test)

(42)

£ K

eNOS i3 fth> BEE & [ ICHHE/NMEE T mRNA
DIEMEFRLCAKa NS, L LERLELTORE
EREEEZE IR, acylation @Y s BIR
REMGLEE STV BB, Hiz eNOS DIES,
AEHEHT TRIREECELET 3 LEbhTH
D, TOMREAERE & BRRERE & OBIRMSRE S h
TWBYD ) Liu®, Robinson® 513, eNOS D&,
N XL 0 2 FHOD glycine ® myristoylation & N K
kb 15 FEHKRU 26 FH O cysteine D palmitoyla-
tion B BEY L MBEA A HICAAIRTH S EERLT
W3,

% 72 GFPN;-eNOS, GFPC,-eNOS O W3t D gh
&&EE b 25°ADP Sepharose ~ORE, [EINRIC
ZRADONLI L5 EL S E D eNOS D
NADPH domain 35 FBE&MP RN TEBD, GFP
EORIAEHEERICE 3 NOS EHOBEELIIA
E<BVWEEZ SN B,

SO A2 DEER T3 GFPN;-eNOS B DI
BMOWERBEAD ShzDIH LT, GFPC,-eNOS i
A OMIAE i EAE L GFPN;-eNOS B0 ER 138
SN o, F 12 GFPN,-eNOS & SDS iEHiit @
ZERERPED S icoicx LT, GFPC,-eNOS
TIEER ZEERERIZED Shish -, eNOS i3
TEBERER-THIDTEERE L TEREE LI
hETBESNLTL BN, —EBEEROBFEN
eNOS OfifaN S MicEEL5Z 2 hEh I NET
RENZV, ZBERZARVWI LTIV IGEL
OHBEAEHIICELSEL, FOEREMAS ML
LI-FIREM DB 208, COBFOLBMIH T ROE
BTh 3,

GFPC,-NOS o ZE&@HER sl s ncEH & L
T GFP #8eNOS © N KifiicR 3 C &ick » CEHE
TEREREMEIL 2o, Thl bEYEEREE
S HE X R, ZBAER TSI ok
METE MMtk Venema 513 eNOS O _BH&FE
ARICHAEET D13 heme domain FEOERFTH - T,
eNOS D2 B EHICABERYREMEATH
calmodulin ® BH,, #% 7z myristoylation (34 &
BWEFRLTWE®, SEIOFE A OFERIE GFP
eNOS @ N K#gick 3 & &Iz & » T heme domain
OEEMEEI NI E2REL 12,

eNOS-GFP @& &E 083 NIH3TS fifaRTca v Y
&< — 5 —Tdb % mannosidasell & [@—BA1iz 537
Lick w5 HENEF VD, 4D GFPN3-eNOS @
COST #HIlANTOR DEFEDOMVER I TV VKIcE



BEEZ LN, EEMIIKRETIE e NOS E TV Y
{& T acylation %, #HFIME L@ caveolae iZ/Nidik
SN, ZITBRLLTHSEEDOA TV EZHY,
% 72 caveolae IKHiE SN B fediciEIN VKT
caveolin-1 & eNOS BT EMBMNETH S EH
LX TV B9 SEOEACOST #ilEH TGFPN;
-eNOS #BE|FE S /- 7¥, GFPN;-eNOS iZxtd
% caveolin-1 FDORT XA ARE L caveolae IZ
Bis T X 75 - 72 GFPN;-eNOS 28 IV Y{RICERE L
te D, HEAFHETRONAZOEFEOBRVERT
bBHERBI NI,

GFPN;-eNOS i3 GFPC,-eNOS & L THEK
NOSEHNEL B -1, T OBEEMH I L-NAME,
EGTAIRX > THEERERN LI LITLD eNOS i
LBbDEEZ SN, %72 GFPN,;-eNOS B i3BE%
RIS LEL#BRCEEAMMT 52 Lickpiun
BERIGHED SNzl Eh s, EEEILTVE I
IEOTTRBIERABE T 2RETHLLEL SN,

AalF 4 13 2 FEEH D GFP-eNOS @& EHE ok
WA KR UOBRFHIEEOHEELZRER L 2, eNOS D
CAHIBIC GFP 2RSS ¥ 3 L BREH IFEI N
DEFETHEVWVERSED SN/ LD 5 eNOS O
B SHENORELBET20ICBYBES LTS
5EEZ 5N, —FH eNOS ® N Kigic GFP % &l
BIHIBAERILELR _BEAERPED S NT, D
etk - THIBNBECEMAEREILTVWE I EMN
N g

#HOOF
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The endotherial nitric oxide synthase (eNOS) plays important roles in various physiological
responses. It is suggested that enzymatic activity of eNOS is closely related to its
localization and post-translational modifications such as acylation.

To investigate intracellular eNOS distribution between compartments in vivo, bovine eNOS
gene was cloned into pEGFP (Enhanced Green Fluorescent Protein Vector) plasmids and
transfected to COS7 cells. When GFP was located at the N-terminus of eNOS (GFPC,-eNOS),
the fluorescence showed diffuse cytosolic distribution. On the other hand, when GFP was
fused to C-terminus (GFPN;-eNOS), the fluorescence showed its accumulation at perinuclear
region. This perinucleus distribution pattern was compatible with a previous report that the
eNOS was located on the Golgi complex in non stimulated cells. Low temperature
SDS-PAGE showed that the GFPN;-eNOS formed dimer in vivo, but we didn't detect the
dimer formation in GFPC,-eNOS transfected cells. Thin layer chromatography (TLC) showed
that NOS activity of the GFPN;-eNOS was significantly higher than that of the GFPC,
-eNOS.

GFPN;-eNOS is an suitable model for investigating physiological intracellular distribution
of the eNOS because of high NOS value. Intracellular eNOS distribution of GFPC-eNOS is
different from that of GFPN;-eNOS perhaps because the interaction between protein and

membrane has changed due to suppression of dimer formation in GFPC,-eNOS
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