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WA AAZAEANA QA Q"I T o] &
NOS1¢ &43 2 o|gdZFX 7| H digk |4+
B e eeee e oeeeeetteane—eeeeenna—aeesaanaaeeaeeeonenaaaeeennann i
L iv 2 2 &

= vi o) 5} 8}
R LR

Ay AR QRN A2 FAE] A¥d BHEG ¢EAES dod B o}
Uzt 8, A, A5, A9 2 A38A dBME 8T 98 S
F83ah AN e EA 1T (Angiotensin IDE 34 2Eg2y G ©9d
ey AzHg FZR2E Bsto] Agudy AR 22 Fdyg A

HZAT 9J8tH A AA Nitric Oxide 4 EA2NOS1 £2 nNOS)E A4 4
el A2 o]gS FINAEA A &7 V)5S EAFANAY. 59, A2
& 40 Higv AR 22 Fge] A% 2FHA NOS1 v¥ide] @y 2 #As F7t

I~ 2 A%

£ ehn sEds L A%AR oo dFets TP Pol NHosA A8
B ssa s ss s as s 45 3 AT AW kAR AgelA BolHoE NOSIE 2dstt 71del daAL

47 6 gk ¥ ATIAE WAY ANASTATAN AW o 9%
o, 51 NOSle] wHF BA] gF 2W L F34L BAAL 1 /WL WA @

o.

g edal 7h NOSldl HAE 48e &Ashr] sk L@ I (1 uM)
E Al7tel wet A st a(30F~6A17), FA4AA ZAEAA NOSI mRNA, @#z
2He $FSAG 3402 AT FYY TATA NOSLY mRNASH v



THol FUH S #EFE & ATk THEET ohet NOSI #43HNO A= F
7b HAT NO A dox Fad F8&AQ0 AL I A 28 84
(AT2R)9] 2% A< PDI233198 d A & %9 NOSI @94 Id 3 NO A4
o] AL & F AJTh EF AT2Re] A=HZH FAAQ CGP42112A (1 1M, 3A]
e GALEA I8t TL3sA NOS1 @A BHg F7HAT wabA AL

A 16 93 NOS1 S7kl 91elA AT2Re] 43S & 4 A AT <
ALEA I Al 18 4&A(ATIR)Q! Losartang A Az 3 Z-fodz AN
Il 23 NOS1 ©¥d 2@st NO Aol F7kstA &y ¢ALdd Ie
ATIRS 27438AA NADPH 4t3ta4 9&4 ROSE $7HAZth NADPH A3t ®

)

-

2 9 A A (Apocynin), ROS scavenger (4,5-dihydroxy-1,3-benzenedisulfonic acid,
Tiron), ¥4 (Dithiothreitol, DTT)E AF&-3l9 ROS A4S A% Afodz <A
26 1o 93 NOS1 ¢@¥ld 2y 2 NO 4o Add ez vegth o
A ATIR €432 Q¥ NADPH 4AtstgA o&4 ROS Ao Aol 19
g NOS1 =877 Fod #9 2EA=2A F{EE ¢ F AAh ATIRS
2793ks} ATZ2R Atelel #AE 939]7] gt dALAA O A= A F ATIRA
AT2R®| AEvt 2y @izdg Z47 glste] Byt AL T A Ade
Azeke] g gAe ko] ATIRel Hs| AT2Re] wi¢ wgkth aA9k =]
€A I A7 ¥ 30%l ATIRS A=xd oy HHL Z453, AT2RY Al
Zo 9¥gd 2@ FUHEE 24U F UMW FVEAE ATZRY Axw o
2 @¥L2 Losartan, Apocynin, Tiron®] A Ao <J3te A=y oA
ATIRE B% ROS Aol AT2RE AETORE o|FAZHES FUT & ANL,
ol#] g Z#E= ATIR-NADPH 43 & 4 ¢J&4 ROS #A4S 8 AT2RY A=x™
o= olF F/7F AALWA 1ol & NOS1e =4 7|Ae2A A8 F A&
< AAE T

gFo, AZAE W 4" NOS1Y &g 4R 3t Aed 1T A
2] ¥ NOSie] ROS Al mA= J3F& 4Ry & LA Uxol, A4
To] dx ey IE 0% Aty ROSH F7he AL S 4 dioh
ARk X2 F 3AZkellE ROS7F 23818 ZAsHY. =¥AE, NOSL AHF
A A SMTC (S-methyl-L-Thiocitrulline)x Z4¥® ROSE WAl ZF7HAZ T
NADPH 4t8t&2 @4 38to] mE A3 (superoxide) FAHAME 22 AAE

A9tk mekA GA QWA Ie] 93] Z7b¥ NOSIS NADPH Astas 243
A= A2 AHES & 5 ATk 43" NOS1o] 4% F359 X =
Fg #FEE7] Hste FAA ZAEY ol ATTR)S FAT 2, X
O Az FBAZH A2 oge] FIEE AT & A3, o SMTC,
Losartan, PDI123319, Apocynin, Tiron & A g <3l =F AlHTH
Phospholamban®] 143HPLN-Ser'®)&= NOS19l 43 o|g £ 7|dozA &7
A k. o4 o] QA I A2 F PLN-Ser'®l 7 Bz SMTCE
ol& AUt webA A LEAl Mol 9§ NOS1 4/d¢] PLN9| Q14t8tE B3t
of AZAEY o]gE FZANAL & F AUt Protein kinase A (PKA) A4
(PKI 14-22 amid)el <& <X 9 €Al [el 213 PLN-Ser'®s] %71= A=A &
gko 1} soluble guanylate cyclase (sGC)9 9AAQl ODQ (IH- _1,24] oxadiazolo
[4, 3-a] quinoxalin-1-one)$+ PKG 9AIA¢l KT5823& 2% PLN-Ser'®s] 712
oAl sttt

o4 AI}E T E wl, B4 FAHAIA RN dALEN = NOS19
mRNASH @33 9 NO9 &43ts F7HXNZA L, o] a3+ ATIRF ATZRO 93t
o didEd. FuFAE AR eEA M 93 AT2Re AET o]%2 ATIRH
ROS d&F o o] AT2R A4#E 5§ NOSI F7t9] F7idez «4d.
EZ F713 NOS12 NADPH 48la4E AT FAel sGC/PKGl 9§ PLN

AAsE ot A2 olgE FINAESE ¢ F U

oB. o

P

gl 1 NOS1, ¢+A1 2. €4l I, NADPH 43t & 4, ROS
s ¥ 2011 - 21951
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Fig. 1. Renin—angiotensin system

Fig. 2. Sources of NO and NO regulation of cardiac function

Fig. 3. Increase of NOS1 mRNA, protein expression and activity by
Ang 11

Fig. 4. No effect of Ang II treatment on NOS3 protein expression
in LV myocytes

Fig. 5. Ang II increased NOS1 protein expression and activity via

AT2R

Fig. 6. Ang II increased NOSI1 protein expression and activity via

ATIR

Fig. 7. Effect of NADPH oxidase-dependent ROS on Ang II
stimulation of NOS1 mRNA, protein expression & NO production

Fig. 8. Time-dependent expressions of ATIR and AT2R in

biotinylated plasma membrane fraction following Ang II treatment

Fig. 9. Effects of Losartan, Apocynin and Tiron on Ang II-induced

AT?2R translocation to plasma membrane

Fig. 10. Time-dependent increase (30 min) and decrease (3 hrs) of

intracellular ROS following Ang II treatment
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Fig. 11. Inhibition of NOSI1 increased intracellular ROS and NADPH

oxidase activity in LV myocytes

Fig. 12. NOS1 mediated Ang II facilitation of LV myocyte

relaxation

Fig. 13. Ang II increased PLN phosphorylation (PLN-Ser'®) via
NOS1

Fig. 14. DTT blocked Ang II-increase in PLN phosphorylation
(PLN-Ser®®) in LV myocytes

Fig. 15. PKA inhibition did not affect PLN phosphorylation
(PLN-Ser'®) in Ang II-treated LV myocytes

Fig. 16. cGMP/PKG inhibition blocked PLN phosphorylation
(PLN-Ser'®) in Ang II-treated LV myocytes

Fig. 17. Schematic diagram of hypothesized mechanisms for the
activation of NOS1 and relaxation following Ang II stimulation in

cardiac myocytes

Table 1. Mechanisms mediating LV myocyte shortening and
relengthening after Ang II treatment (3 hrs)
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ACE

% of

. angiotensin converting enzyme

Ang 1I : angiotensin II

ATIR : angiotensin II type 1 receptor

AT?2R : angiotensin II type 2 receptor

cGMP

: c¢yclic guanosine monophosphate

DTT : dithiothreitol

L-NAME : N(G)-nitro-L-arginine methyl ester

LV

: left ventricular

NO : nitric oxide

NOS1

. nitric oxide synthase 1

NOSS3 : nitric oxide synthase 3

0oDQ
PKA
PKG
PLN

ROS

sGC :

: 1H- [1,2,4] oxadiazolo [4, 3-a] quinoxalin—1-one

: protein kinase A
: protein kinase G
: phospholamban

. reactive oxygen species

soluble guanylate cyclase

SMTC : S—methyl-L-thiocitrulline

Tiron : 4,5-dihydroxy-1,3-benzenedisulfonic acid
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1 A4AA AAe A 19 4

Ad-gdA A A" H, 42, AFY V)5S 2Heoq Fgs A5
o 2A AR AEH VTS FHEY ¥ ofyy HEAA AFLRA JoAME
FR3A 24 dthFig. 1). HAD-GA LN Az G52 Qe AHHE <
Ao e F348F, 18, A2udS, 789, 9=, Ards 22 A
#oste dld2A deA drhMarano G et al, 1997, Varagic J & Frohlich
ED, 2002). & €423 434 ZAEAAE AL 118 F7te AEUFY <
2 2AE ¥IANIZ dFHE E AE FLo #AFH, 53 AZAEANE
95 SV e Aoz QEH A M (Varagic ] & Frohlich ED, 2002; Unger
T, 2002). ol <& AN O 2% =8AZA= ATIRF AT2Rol =43
o, o]E2 dAoHA Og ZF A AikE S vEhlle] A"l 19 g

of o BEoZ A9A A W AR FYL FIFE VL H= Ao %)

=

1.1. 43433 #AAstoq A 19 ALAL II FEA(ATIR)Y 4T

A 2 €A o] Bej e sd 244 F2 AXOHA O Al 19 $4A(ATIR)
9o &9 AszEg AAA g3 dojdrr. HAR, AR HAfas
(angiotensin converting enzyme) < AAEo|yY ATIR AEAEL AdH A4 A
BE 7 BREAA F4E Adste &7 7] Wi ABAZ gol AMEH
o]X 31 gitHKjeldsen SE et al, 2002). kA€l M9 9F ATIRY AF2 ME
Wl G @ 2d& %% phospholipase C, protein kinase C, MAPK ¥ A|®uW ©
Fe NEHYE BAES G4 87t ol AXvte] EA3= NADPH AHst
HEE ASAA AE W ROS 4L 71 A7l Aoz ou] I 7lde] & &+
A sitHMehta PK & Griendling KK, 2007; Higuchi S et al, 2007). ©|2% ATIR
o oA E4std ddd AisEase ROSE EF g Azdd AZE T
3} AEAA S dodE BFos FEn.



12. A 29 AX ¥ I FEA(AT2R)E 53 A3 B3 714

AZAEANN ATIRS FAsA AT2RS A€ ol s 10° & Fxe
2FgE 3 oy, g Fgol ANE wdEe ez g A vh(Bradford C.
Berk, 2003). ATIRI}= dl2do=2 XAl I Al 28 & (AT2R)E ATIR
o] dovle 2 AFAE St AMORRE HARS Hidrh FAHL=
£ NOS/soluble guanylate cyclase/cGMP X2 A4 3lE & A3 HAE 7|dd &9l
A+l & A (protein tyrosine phosphatase, protein phosphatase 2A)dl 93] et
wd geldst Fgol AT2RE ol 7ldel 7odss ez E#A Stk
(Tsuzuki S et al, 1996; Savoia C et al, 2006; Yan C et al.,, 2003; Matsubara H,
1998; Bottari SP et al, 1992). HZd & dALHA OIE A (1-7)e2 A
A= A2 A dA AdEaA ACE2Z e g oz 7|&o LdEAd &
A LEA Al 2de] g MEL zHe] o] Fo|AR vk ACE2E AF A
2" 1-79 A2 AT2R 27 olyg MAS F&Ag AHRFozA, 7]&
AA LA M-ATIRE oA & o wtate] AAWA I7F dodle 4% 2

F AAE F Qe VIFe2 dPEHAAT Yk

2. Nitric Oxide (NO)2| 474 R A4 7|%
NO= A9 RE A AEd ESA3Y AE 4%, T4, tAAHET ot A
it ol dexteltt AEAAAAN NOE 39 NsdE &
AES A eEA B HEZ AX R AZAXY #5734 g 2dd 5
. 53 A% =FA NOE #3859 2 A2ddA Jd"5e Ao
2 2 dezon, A2dA BAEHE NOE ASZAHEE oSN ozZN AT
1 AlFe Edata F4E 378 3 Fe 988 £33 dvFig. 2). 71BFH2
Z, AX Wl NOF #Hde a424 W AXAA 714F NOS3H 7B dA AL
o2 e NOSle| EAgth 1980 =7]%8 AF7kA NOS34 A &4 5= NO
£ ¢GMP-PKG A3Ad ZA2F Fsto FAL o717 die 28 =2
F8Y s = 42 F5ES LU (Paulus W], 1994). o|F HZAZAAE
NOS3o] #aFHo T AZMEANA NOS3E XY 53 ojgg HET o
7HA 715E 2AsE SAd AX 0 AzdEdAAd BAos, AFd e A
BeziY AZE BIdte v T3 4L Idoe Aol wEit A%

fo
=
i
)
to
@
i)

A B A7 APHANED NOS3l 28 NO BAHL AZ W 25 #9& 4A
A7 cGMP/PKG A3d2 F2E 843 AA 24/ s F58e gar
AorA A ogg EXANIE AR &HA Utk olAH & ¥ NOS3
olgol = HZelE NOS1el & NO Aol AZHAE 7|5d vAe 98 =&
wol d7goiAxz .

=

3. A& A Nitric Oxide Synthase 1 (NOS1)2] <93t

10 o d A, ASAENA NOS1e] &9l HAL AFAEANA Fad &L F
T %ol WHAT. NOSIE E#F9 ARTol EAHE NOSH e ofgoz
NOS3# 7o #4358 71dE FHdch AT NOS3H NOS1e AXW 2%, Ca®
G444, A4 S5 280 QA 5 2 QTel AT gane ged g
A% EAE.

xS

3.1. NOS3# = ¢ & NOS19 HA2AX ] £X

AZHEANA NOS3E tlH-E Caveolin 39 2&ste] AX D] EAsta d& ut
W] NOS12 SRolA Ryanodine receptor (RyR), Xanthine oxidoreductase (XOR)
9} 2173 gdthFeron O et al, 1996; Williams JC et al., 2006; Kinugawa S et al,,
2005; Khan SA et al, 2004). g NOS33 NOS12 HZFH AFojv} A3 LA
Aldle MZ g AEd 7802 olFdtte AHde] dHAY. 8 EY, A2
27t £4HA HE NOS32 AETHoZRE XU di 2E Al Foz o

E

E3AT 238 NOSI2 SRelA AEZL Zoz o|Fdt: 3 g4 A
(Damy T et al, 2004; Bendall JK et al, 2004). NOS19] A% E¥% o] 59
wah, ZES 2AdE i BES WEIE o2FTE A EAF HZ E
2 AT & rlsustd 4¥%e &

Aoz oyEE AR LL o
A5y 9% FAL BAG 7Ae O we 494 FAs Bas

32. 43715 233 #4349 NOS19 9%

NOS1& A XA HE &, AstEd, Ax ) g9 Qisas/g
Ar3ta a9 ANEAE 7|4, excitation-contraction couplingg ZAdTH IHHFE<Q
Z70]4 NOSIL AZH L AEete] Y& L-type Ca’ channel A8 %4

o,



< X WA= Phospholamban (PLN)& <14t3}sled SR

9] SERCA Bx & 33 Z# AFFE FXFo=2N 479 FAr|sE A

tHFig 2). NOS12 XOR#H 2 st 2o zn 218 E] YA L o

Aste] Ax W FEFd AR zHAE dFE Ve o2 dHA U
(Kinugawa S et al., 2005; Khan SA et al., 2004).

Ay, ARAF Z2& A E NOS3el #AsE W] NOS19 @z

dE F FHEE FURske, olv NOSle| ALY A ASHNZE 3Hss ~E
=

in)

2P wusa 4P AR AIATE BIrAeeA
g gl B ope, old A$o] SRl EAYTH FelA = NOSIol Al
Z% 502 9XE o5 ZY ATANGE HE 98 ¥ 4% Jvn o9
A v AW ofF 1 BAA Jdel BANE AAF AF7 BRB AFoln,

r

Systemic Renin-Angiotensin system Local Renin-Angiotensin system

Liver — Angiotensinogen Angiotensinogen
Kidney —> Renin ' Renin '
Angiotensin I Angiotensin I
Lung —> ACE ' ACE '
ACE 2
Angiotensin I 3""""3 Angiotensin (1-7) Angiotensin I
v— -V V'"""““' ;v v— -v
ATIR AT2R MAS R ATIR AT2R
v v h 4
Brain Cardiovascular Kidney
| system |
Thirst | Salt & water
& drinking Vasoconstriction retention
Blood pressure 4\

Renin-Angiotensin system

Fig. 1. Renin—-Angiotensin system

Renin is an enzyme that converts angiotensinogen, which is released from the
liver, into Angiotensin I. Angiotensin converting enzyme (ACE) further converts
angiotensin I into angiotensin II in the lung. Angiotensin II binds to receptors in
target cells (type 1, type 2 Ang II receptors) to exert its function, including
increasing blood pressure. In addition to the systemic processes, Renin-

Angiotensin system can also operate at tissue level (Local RAS).
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L-arginine NOS3

NOS1
L-arginine
L-citrulline GTP

Vasodilation

L-citrulline

Endothelial cell Smooth muscle cell

Coronary artery

/ L-arginine

o\
NOS3 J O Ca?+
NOS1 &-\)
NO \

L-type Ca?* channel

L-citrulline

Cardiac relaxation

Qrdinmmte

Myocardium

Nitric Oxide production in heart

Fig. 2. Sources of NO and NO regulation of cardiac function

NO is generated by NO synthases (NOSs), which catalyzes the conversion of
L-arginine to L-citrulline. NOS1 and NOS3 have been found to be constitutively
expressed in myocardium and coronary artery. NO released from endothelial cells
induces vasodilation via cGMP/PKG-dependent signaling in coronary smooth
muscle cells. In cardiac myocytes, NO modulates myocyte contraction by
inhibiting L-type Ca® channel activity and facilitates cardiac relaxation by
promoting Phospholamban phosphorylation (PLN-Ser'®) and Ca” reuptake into

Sarcoplasmic reticulum (SR).

AT = E

ol WAL wEor FHAL ZAEAA AU 1o 2 NOS1 FHF
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49¥E ¥, NOSI% NADPH 4#is &4 ROSY #74% 2A%# A6 4
44 olgt 715¢ SAFoEA INedA I A4F A NOSIS EA4H =g 7)

A2 A J5e we A St



AFAR 2

1. 974 s
ARFE
B Ago M= 12539 Sprague-Dawley rat (3)& AFE3t3}

(IACUC +<¢1 ¥3 @ SNU-111102-9).

AFZAE 29

12%% 9] Sprague-Dawley rat ($:#)¢l Pentobarbital sodium (40 mg/kg)S Z7%
Fdsto] nlANZ F AZL HAESPth B2 AF HEY HOE Ca¥ free
Normal Tyrode (NT) 9% 8% < #FAY. o] & Collagenase (1 mg/ml)
¢} Protease (0.133 mg/ml)7} &F2 NT £do=2 AL 8% ¢ #RFAAL &
2 At B Bd AR A4 A A WS do, Collagenase’t ¥8¥E NT £
& A8 37 T 2xdA AXE £ & F A3 dus 94 2839 AxX
5 Ao donge] AEs g Axe A FolAM 40~80 % HH W= A
E3HE BT o]F9 AFES P FAL AxE EE F F200A4

B on, 8A7E ol ALE-SFA T

2. 2974

2.1 Real time RT-PCR

AZAEANA TRizol reagent (Invitrogen)E Al-43le] RNAS F&3 9. F&
3 RNAE SuperScript ™M III First-Strand Synthesis System (Invitrogen)S A}
8] cDNAE dAstgth #§43 ¢cDNAE SYBR green (TOPreallM gPCR 2X
PreMIX)& AM838t9 $E39 1 primere th&3 2t}

Primer Sequence

Forward 5'- CTG CAA AGC CCT AAG TCC AG - 3/
NOS1

Reverse 5" - AGT GTT CCT CTC CTC CAG CA - 37

Forward 5 - GCC AAG GCT GTG GGC AAG GT - 3’
GAPDH

Reverse 5" - GAG CAA TGC CAG CCC CAG CA - 37

<PCR primer>

2.2 Immunoblot

HAAZAE AALHA T (1 pM)E 3A7H5< A 3Heh. o] &, protease
inhibitor, phosphatase inhibitor7} E3¥¥® Lysis buffer (0.5 M EDTA, 25 mM
Tris-HCl, 150 mM NaCl, 0.5 % CHAPS (NOS1) =& 1 % Triton X-100 (NOS3,
Phospholamban, Phospholamban®™%))2 AL43le M EolA @A L ZZ319ch
%23 dWAS Bradford assay® A#stAvh 30 pgel w@ldL 4~12 %
gradient A& AF&3}] 150 VellA A719% 34l A7 %] B¢ AL 120V
A 1Azt F¢F PVDF membrane® 2 transfer 85 Tth membrane 5 % BSA,
1xTBS, 0.1 % Tween-20 22 1Azt B¢ E2F 343, 12 FAE 247 5
X3tk Agol A& 13 FAE eF 2.

Primary antibody

NOS1 Mouse polyclonal (Santa Cruz Bictechnology; 1:1000)
NOS3 Mouse monoclonal (BD Transduction Laboratories; 1:1000)
PLN Mouse monoclonal (Badrilla; 1:5000)

PLNserl6 Rabbit polyelonal (MILLIPORE; 1:1000)

<Primary antibody>



12 A X3 & 10848 A 4 AFE st 242be 23 dAE= 5 % BSASY
o 1:5000¢] Hl&Z A3t 147 308 T AFT F 99 AAH FIEA Al
Hatgdol npAg o2 ECL (Amersham Bioscience)2 5%7F WA A st ol

2 2de &< st

2.3 Nitrite 34 53

FAHZAES NO= NO assay kit (Griess Reagent System)E Al£3td]
nitrite A4S FJAFoZHA AHH R FAsAT FAAZE Krebs Henseleit
solution (NaCl 118 mM, NaHCO3 25 mM, Glucose 5.6 mM, KCI 4.7 mM, KHzPO4
1.2 mM, MgSOs 1.1 mM, CaCl; 1.8 mM)°o.2 #2383 F, A4 Sulfanilamide
(Sigma) £l Fretel "ol Q& AN 5108 T kAT
Naphthylethylenediamine dihydrochloride (Sigma) £ 593 #WHoz 5-10%
B¢ s AT 2 wellel 322 540 nmolA FF=E ST

2.4 Surface biotinylation

FAH HAEZ ZHel Bioting €49F7] $3+9 Sulfo-NHE-SS-Biotin (0.25
mg/mL)& PBS (Phosphate buffered saline)oll =<1 ¥ A Xol F7lsta 4 CTollA
A7 B¢ REHA S5 &t AXE d4EY 9 4E394& HY F 50 mM
Tris-Cl (pH 7.4)& AXo] thAl A7lste Ax=st Z¥sA &L F32 Bioting
A A, o] Fo Lysis buffer (500 mM EDTA, 25 mM Tris-Cl pH 74, 150
mM NaCl, 1 % Triton X-100)& AH&3te] A2 & 43t 24 Axs dH4E
3 5, 4592 NeutrAvidin Agarose Resins (Pierce)2 2 1X7F ¢ A2 A
avidin® Z#AIZth. Avidinel Z%#3e w@ATE Elution buffer (625 mM
Tris-Cl pH 6.8, 1 % SDS, 10 % glycerol, 50 mM DTT)Z £zA1%l Fo SDS
10 % ZFotzdolutol= AL AHEE HAV|YE Tt o]Fd EZHE 9
FAE AHgete] DAk AT

Primary antibody

AT1R Rabbit polyclonal (Santa Cruz Biotechnology; 1:1000)
AT2R Goat polyclonal (Santa Cruz Biotechnology; 1:1000)

<Primary antibody>

_10_

25 FJAA(ROS)E = 74135HE (superoxide) 53

NADPH 2slg4=28E HAE ROSt= FAH ZAXd 9 FiAgde 2 7-
Dichlorodihydrofluorescein diacetate (H2DCF-DA, 10 uM, Molecular Probes)Z ©]
&35t A5t A 25200 M) AF &4 HAL ZAEE H2DCF-DA
(5-10 LMDZE 158 &< At o] Fol Axe] FA/4L 488 nme excitation
F&3 530 nme emission IFo|A laser scanning confocal microscope
(Olympus, FluoView 1000)& ©]€3t9 #A=Z39tt. dvA S B3 F3449 =34
< ZZ4e AETANA F A oy wEHooH, PFF B EE Image ] analysis
software (http://rsb.info.nih.gov/ij/)Z & F3}sl A ch.

%3485 2 Lucigenin-enhanced chemiluminecence %<& o] 83t =434
}H(Lucigenin, 5 uM). Victor 3 1420 Multi-label Plate Reader (Perkin Elme
luminometer)7] 8l €58 37 'C & gF & o] gz A=A I 2FNA
Ztzre] A EES A48t NADPH A3a4 ZFAIE A8 Qste o
ZTH AT AZoA FEF @Wde NADPH (Nicotinamide Adenine
Dinucleotide Phosphate)& s =¥ & H7Igt & x74tslE 4& 27 vlas g

o)
B

26 AL AXY ANA 59 7=

FAA ZAEo 2 Hze AYH AFE FWA  video-sarcomere detection
system (IonOptix Corp)o.& TdZAo] WE FAHINAH. old7s 57 &2
Zo] Atoldl RolE MmdtF ew, uf HPFuirh 10¥ o) FFHo] UHFI =&
AF Fol &4 € 715 QATh BE AEELS 36 + 1 °Co =4 PsATh
A9 Age HEA gAY =2 oz IAPHAT

L &
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3. 4989

31 AFSAE 249 2 23 AEd £

@ Ca®-free £9(in mM ; NaCl 135, KCl 54, MgCl 35, Glucose 5, HEPES 5,
Na:HPO4 0.4, Taurine 20, pH 7.4)

@ Storage € (in mM ; NaCl 120, KCl 5.4, MgSQ, 5, CaClz 0.2, Na-pyruvate 5,
Glucose 5.5, Taurine 20, HEPES 10, Mannitol 29, pH 7.4)

32 AZTAXE FAH A AET 84
Normal Tyrode €<9%(Gn mM ; NaCl 141.4, KCl 4, NaH:POs 033, MgCl> 1,
HEPES 10, Glucose 5.5, CaClz 1.8, Mannitol 14.5, pH 7.4)

4. A5 A 2 #A

Z} data® origin 7.02.2 EAsYt 2E A85E FF(mean) + FELXHSERE
FEAFATH
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A3 1. Up-regulation of NOS1 by Ang 1I

1-1. Ang II increases mRNA/protein expressions and activity of NOS1
in LV myocytes.

FAATAEANA AN LHA II (1 utM)E 3AZE M F Fol NOS1S] 2ES &
s £ ZF NOSIS mRNAS @#zd w@o] F7hE ATHP=0.0002, n=10 for
mRNA and P=0.01, n=9 for protein, Fig. 3A, 3B). 57} NOS19| #A3 oR &
B7] 93t9 Nitrite 38E% ¢ 13U NO A4 FS 9% 27, dxdN
Itel &3 NO 4] 3718 ASE & F UANTHP<0.0001, n=8, Fig. 3C). o]&l&
LA LHEA 1ol 93] F7Fe NOE NOS19 A&7 JAAd SMTC (100 nM)E
A Ag & 3 JAFHAHP=04, SMTC vs. SMTC+Ang II, n=8, Fig. 3C). u}z}
Al qALEA II7F HFAH ZAHE] NOSL 28 H EA43ts T/HAE AN
.

1-2. NOS3 protein expression is not affected by Ang II.

A% R A WEE oY FAA AW IS AT F 5 NOS39 &
dL FUhete Aoz dEA du 23y & AP lAE NOS39 ©iid Ty ol
SR T A Ald F7eHA FkeS &A= UATHP=096, n=7, Fig. 4).
ol NO9 #4&& F NOSIwe] AFTAEANA A2 dAl Mo ofs] zA= o]
Ae @ gS AAgT NOS3 diid 232 W] yAT 34 PN
9 2RAFAA NOSITe) QAatsl dojikn NO AAE HFeold NOS JAIA
! L-NAVIEY 9JsiME A Zide @4 2gth webx X edal 17t
NOS3¢9 Az : 4FS WE Aoz o=} AT NOSe 5ol JAA
SMTCs ¥ 5o[4 dAA QA L-NAME EF7 44 AX &5 22 9%
F ZAE A FojRel NOS3el AZAE FFo "I JFS AT F gidh &
Ay AA A= NOS3H NOS1e] @A tisfisle obd #3|A Hshdrh

(

o
)

)

.I
—1
"
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A3l 2. Upstream mechanisms of Ang II stimulation of

NOS1

2-1. Both type 1 and type 2 Ang II receptors are involved in Ang II
stimulation of NOS1 protein expression.

A LA ol &3 NOS1 F7}el] #Jdte AN I +EAF &dstazt
3ttt AT2Re] Eo]& Z 34| (antagonist)q] PD123319 (1 uM)E A4 ZAEd
A A AE A$ol AXNLHA N2 3 NOSL g@¥de &3 77t velhdx
F5S A 5 JATHP<0.001, Ang II vs. PD123319+Ang II, Fig. 5A). W Z,
AT2R®] & ¥ Al(agonist)ql CGP42112A (1 uM)+ NOS1 Tl g o] Bdg F7HAIA
H(P=0.04, n=4, Fig. 5C). PD123319% NO<| AA F=g A8 A HP=0.001, Ang
II vs. PD123319-Ang II, Fig. 5B). o|glg ZAAE Tt AL ZAZAA <A
L2HA I AT2RS AstE B3te] NOS1E F7HZIveE AHEE 903 5+ 3l
Atk AFTAHZEANM AT2R#AE= th2A ATIRS 429 578 #AAQdE: ¢
Ao I 3] AZAZH2E BN o2 &4 ok AT 443
£ 28 ATIR Z A2 Losartan (1 1M)& AEe] A HFHFAE F A= 4A
26 Te 93 NOS1¢] @¥A F77t Ve @sheh(P=0.005, Ang I vs.
Losartan+Ang II, n=5, Fig. 6A). o133 A& PD123319¢ #A18tAl Losartan 9
Al AR I & NOS1 ©#d 2y Frtg 2Adde vedn, =3
Losartan AXg Al ¢ALEA Mol €3 NO ARE F7HIA & %oHP<0.001,
Ang II vs. Losartan+Ang II, n=12, Fig. 6B). W&l <A ®lA I+ ATIRI
AT2R T #&A EFE S3te NOS1 &z 2d 4 4318 F/HASS ¢
Ak

2-2. NADPH oxidase and intracellular ROS mediates Ang II stimulation
of NOS1 mRNA/protein expression and activity.

AZRE2 ROSE AARJIAE xAste] A9 NOS w@djd 2@ g43s
ZA3ga Zd8A YHCai H et al, 2002; Sartoretto JL et al., 2011). whahA]
AALEA Mo &3] 5718 NADPH 4tstas ¢&24 ROS Aol NOS1S 24
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2 F7MAIIEA Flstaat stk #44 2429 NADPH Astas =28 24
A2l Apocynin (100 uM)® ROS #2171 ¥Z A (scavenger)$! Tiron (1 mMVD)E A
e 27 A LA o] 9]¢ NOS19 mRNAE F71etA Zkth(P=0.04, Ang
II vs. Apocynin-Ang II, n=4; P=0.009, Ang II vs. Tiron+Ang II, n=4, Fig. 7A).
mRNA 23t dAFAE, 4L ZHAENA ROSE JAFAS %4 $-o NOS1 &
WAL =7}ex] &skth(Apocynin, P=0.03, n=5; Tiron, P=0.01, n=5, Fig. 7B). %
He dAdAZA €W DTT (1 mM) $A NOS1e| g¥a @S F7HA71A &
A THP=0.008, Ang II vs. DTT-Ang II, n=5, Fig. 7C). ¢]&]& ROS¢ A=
NO9 A= F7FA71A] £ A tHApocynin, P=0.001, n=6; Tiron, P<0.0001, n=6,
Fig. 7D).

olg| g AAEL AFTAZAA A L&A II/ATIR FH§o=2 A% NADPH 4
stE4 o]&A ROS Aol NOS1 v 2do Fad A9 71:ds vebdh

2-3. ATIR and NADPH oxidase determine AT2R translocation to
plasma membrane.

AZZAZYG HF 2 AXAA AL ol o)A ATIRS ®E WA
87F dojuvtal AT2RS AEHoz olFdtts oxde Byg d7ddse UA
tHde Godoy MA & Rattan S, 2006). 23 E=2 UGN AFAFNE ulg oz dto
ATIR A3} ol%d Ax=tozeo] AT2R olF°] NOS1 ©¥d L@ & F7HA7]
€ H 793RS Lot vt FAH ZAXAA kA L€ I (1 uM)
E AIZFEZE A, 5, 10, 20, 30%)3 H, surface biotinylation WH-S FT3to] A
Eoo| 4 ATIRF AT2RE 2@ ARl AALEN IE 302 Aste
¢ AE AAL ATIRFH AT2RS] @ AFLE WA @gtov} Alx=e] EA 5t
= 784 @949 &2 A7 0& v e HolE Bt ATIR Ax= o
HAFL A LEN T A2 & 583 10% Atold] whE ZAE HATs b F
7VetA L, e F 30EAE Al AET FHFe] FiSE RAE FAT F
THat 30 min, P=0.03, n=5, Fig 8A, 8B). ¥tHo| ATZ2RS UA w4 I A
Az g d ool AR FUE] AF3A L, 308 FdAE U e FEY T
£ BATHP<0.005 n=5, Fig. 8A, 8C). th&22, ATIRY 437} AT2RS AX
g o]Fol #FARAEANE E7] 89 ATIR ZFA Q] Losartang A e Fof

X2

2

o

-

)

.I
—1
"
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AL Mol &8 AT2Re] Ax% ©dld ¢g Qs FrEAE, AL
glAl I 93 AT2RO) AX 9 ©]Fo| Losartans A A& 3H& FS¢ douA
BeS FAY 5 AUtk £, AE ) NADPH A ase] B4 E JdAGAY
ROSE AA}IE A= IAQHA Ol o AT2RS] AET o]F2 Pt
A g UTHP=0.01, with Losartan, P=0.02 with Apocynin, P=0.04, with Tiron, n=6,
Fig. 9). o]&% A#EL ATIR-NADPH 43t &4-ROSE &% AT2Re A==
2d FUE A QEA 7 WiREE NOS1 28 F7bel F83 A9 Asdd

=
BEAE AL

A3 3. Effect of nNOS on Ang II-stimulation of NADPH

oxidase activity in LV myocytes

3-1. Ang II increased intracellular ROS at 30 min but reduced it at 3
hrs.

A 2 €Al I+ NADPH Agtas4E A3t AE Ul ROSE AAste EZ=
A olm Z& @A Uk wElN FAAZTAELAA AR A [E Az w} A
g F¢ AX e ROS A ¥s7l sleAlE st ¢ALHEN e
AYF FAQAZAZTAA FF@v| Aoz AXfRe ROSY ¥ =4 23 10
E5FE AIE UF9 ROSE F7Hsl7] AFAS AL 30E8ole FF e =2aart
0%l F7tg AE Ul ROSE dizTd vt ¢ 28jA= o7t Hele A&
EAGo 2 Fog 4 JATH1934 % of control, P<0.0001, n=14 with Ang II vs.
controls, n=16, Fig. 10A, 10B). ©]# 3 Z7}= Apocynins A2 d 3¢ Za3d0
(P=04, n=10, Fig. 10A, 10B). kN d4l IE A st 3084 Bgw ROS W
shotE 24 3A A" FAE AXE R ROS/E tlEzT# HlEsto F71stA
&3} (P=0.1, n=33 with Ang II vs. controls n=35, Fig. 10A, 10B). H2DCF-DA=
dA=o] PFFEuAF L T3 FFY 4 AW AX YH2 ROSE superoxide,
H:02, peroxynitrite, hydroxyl radical® A#ztZe FHE 712 o8 277 &
A=A YRTh 2 SN = NADPH 2354 E432 QA3 superoxide®] A4
TS FASY Byt #AgH AT AW IE AR AHFH @ H,

_16_
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NADPH ¥%& 77} 24 FUL W EF superoxide B4 FATE &2l
4= QY HP=0.01 in basal, and P=0.003, P=0.09 and P<0.0001 with NADPH at 2,
10 and 50 pM, n=8 each group, Fig. 10C).

3-2. NOSI1 inhibited NADPH oxidase activity and reduced intracellular
ROS and superoxide production.

G AieH BEFo] HAAZAEY A LHA NIE 347 AT BF$
NOS1 2@ F7kell wek NO Aol F7hstds ¥ ofdz ROSH A4S #4s
Stk mEA ROSS AAE Asste 7]1de2 NOS19 7MsAde HAES AT
NOS19 A& AAAA SMTCS NOSe| H| 503 AAAZ 4HZ L-NAMES
247 A Az § Ad dAedN I8 % ROSY F7b7 tAl EHYPT
(P<0.0001, for SMTC-Ang II vs. SMTC only, n=22 & n=27, and P<0.0001 for
L-NAME+Ang II vs. L-NAME only, n=29 & n=22, Fig. 11A, 11B). 3 Z7l€
ROSE Apocynin A8 Al oAl #Z4AEHAE 359 thFig. 114, 11B). NOS1o]
NADPH 28t s #4432 dAFoZA AE Ui ROSE Z2A7EAE B
71 $13t«d NADPH itstas &4ste o3 A" z3d3sEs 23S 23,
SMTCE Ad¥ A¢ 2HFAsEd] Fol #ALdA GF5& BFATHEP>005
SMTC vs. SMTC+Ang II in both basal and NADPH-stimulated superoxide, Fig.
110). & Z# = NOSlo] ¢tAl e’ 14l o3 NADPH 4tstE s ©|&3F ROS A

e GANTIEH FoF 4% BuE Ae ¢ & A

ol

AF 4. Ang II facilitation of LV myocyte relaxation is
mediated by NOS1, AT1R, AT2R and NADPH oxidase.

FAAZAZAA AL IE ATIR, ROS, AT2RE #4341 A NOS19 &
NA AdF Z435 SR ol 2¥EAE vFeE NOSLo| dA= 4
2 o|gel ojHF FFE MAEAE st EYth AR e AL 2
A2 o] AJZFE HR3] DFAR LT, NOSI AHAA HAAA SMTCE ol
& ojgE FHE AYAAHTRs @ P<0001, Ctr vs. Ang I, n=57 & 59;

)

.I
—1
"

_17_



P=0.1, SMTC vs. SMTC+Ang II, n=56 & 74, Fig. 12A, 12C). Losartan¥
PDI23319% &% A€ I 84 X A% A2 o &1 a#rt AEA
tH(TRs : P=0.5, Losartan vs. Losartan+Ang II, n=16 & 46; P=0.6, PD123319 &
PD123319+Ang II, n=24 & 358, Table 1). =3 Apocynin® Tiron®Z NADPH At
x4 o&F ROSE AASHE ATz XA Iel &% o]gxFst Atet
AL &9 & & AAHTRx : P=0.8, Apocynin vs. Apocynin-Ang I, n=35 &
52; P=04, Tiron & Tiron+Ang II, n=53 & 96, Table 1).

A3 5. Downstream mechanisms of NOS1-mediated

faster myocyte relaxation by Ang II

FAA ZHATAA ¢ £F &AE o7& NOS1Y a4 7|de AHEIA
s th AZAMEA Phospholamban (PLN)2 &% 1&(Sarcoplasmic Reticulum,
SR)dl 91X & 2F2E ZFHEZ(SERCA)Y B4 #Astd Axd W 25 5
EE 24t 3 SR EAlstE PLNY Ql4tstE SERCA Hx #A4stE §3t
o AEXd W ZF TEE F2A7L ol FXA0H. wEkA NOSIel PLN <)
Atgte] oju @ FFE StEXE dolr iz st

5-1. Ang II increased phospholamban phosphorylation (PLN-Ser'®) via
NOS1.

A QHA Mol &g PLN AA gz e dgsigod ddseE Sttt
(PLN-Ser®®, P=0.003, n=18, Fig. 13). NOS1¢] E0]4 j#|A|2l SMTC (100 nM)E
A A7 9L AolE PLN-Ser'®d Z2717F dojubA] @9tH(P=0.04, Ang II vs.
SMTC-Ang II, n=6, Fig. 13). @t#}A <X ewld I A= Al NOSlel %
PLN-Ser'c] 713t AJ4S #0% 4= JATh

5-2. DTT reduced NOS1 protein expression and prevented Ang II

increase of phospholamban phosphorylation (PLN-Ser'®).
DTTE #¥3 FUAZA ROSY AAHES Adste 98s dvh. g dioA
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ROS A4S JAHAE Aol AXHA o &3 NOSL ©¥8d Aol A
Qg Fead v itk 28z FHA4H AXEA DTT A2 A% ROS #47t
PLN 33s8te] vX& 9F& 2z sdvh 438 24, FALIAEAAN DTT
1 mM)E A AF 49e A$ole ANedA o 93 PLN-Ser'®e F718H4
2 9ttH(P=0.038, Ang II vs. DTT+Ang II, Fig. 14).

5-3. PKA inhibition did not attenuate Ang II increase of phospholamban
phosphorylation (PLN-Ser'®).

NOS12 A3AEd A PKASEA phospholamban 143t 714 & F3le Ao
&4& FAAZY. @A PKAZE NOS1el ©]3td F7sk PLN 14tste] fdlo2
A ZFgate QsEL JAE FRIE] 93d PKA SAAI PKI 14-22 amid
(PKI, 100 nMDE A A st A3 & 99d ¢g FUAsAT PKIE AR
Bl 0 9)ste] F7H% PLN-Ser'®s 9Alstx] £H:TH(P=0.02, PKI vs. PKI-Ang
I, n=11, Fig. 15). ¥ oy} PKIt AX Q€A IV} dodle o &3 a#4E
AA A Eetgth(data not shown). WEtA PKAE AL EA o €% NOS19
A ot £ add FE W€ VAo 2ZAN LA EUT

5-4. Inhibition of GMP/PKG signaling with ODQ and KT5823 prevented

NOS1-dependent phospholamban phosphorylation (PLN-Ser'®).
cGMP/PKGE NO9| Asde 7[doz2A & 4EA Utk AAZ FAAZAE
A AL OE A & F cGMPE & 27 A=E u JA cGMPY %
o] F7tet AL FASATHP=0.001, n=7, Fig. 16A). AA cGMPY F7l= AA L
d4 IOl 93 NOSL SJ&3 A NO Aol cGMP 42§ &43 Aloe AHds
AALEEZ] HEedl, AAZ NOSlel ¢std cGMP/PKG ¢&4 PLN9 <d4tst
(PLN-Ser'®)7k dojyexg st ngry HAAAZAEN PKG JAAKT
5823, 1 1M) EBE ¢cGMPE AAdste &4 sGCY ZA& 9AAQl ODQ (1 iM)E
A A A9 AW I 2% PLN 437k AA = AthP=0.88, KT 5823
vs. Ang II+KT 5823, n=8; P=0.8, ODQ vs. ODQ-Ang II, n=8, Fig. 16B). 3"
ODQst KT 58232 <AAL®lA Td 9% HZolghEz AFHE A% tHdata
not shown). ZEE <AL I7F wizslstE NOS19] PLN¢ Qitste
7|
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cGMP/PKG #7315 F3dto] dojd s &8 F+ I

Ctr Ang Il

1.21 | —
1.04
0.8+ h
0.6
0.4+
0.2+
0.0

.
o

AH AFZAFHE HEeE F4A ZAEAA X L€ I ATIR - ROS -
AT2R AZE F38t9 NOSIE /MR eH, 5718 NOS12 NADPH A8&4 ¢
4 ROS A4S AT Al A2 olds FZINASE & F Utk

J m

NOS1 ! GAPDH
mMRNA expression {2-44¢t)
> 5

<o
o

Ctr Ang Il

2.5

ﬂﬁﬂ

Ctr Angll SMTC SMTC SNP10uM
+Ang Il

0
Relative protein expression
(NOS1! GAPDH)

Ctr Ang Il

- - X
o o o
5

Relative change
(samples | control)

2
o

2
o

Fig. 3. Increase of NOS1 mRNA, protein expression and activity by Ang
1

A. Mean ratios of NOSI mRNA relative to GAPDH in control and Ang
II-treated LV myocyte homogenates. NOS1 mRNA was significantly increased
after Ang II-treatment for 3 hrs (P=0.0002, n=10). B. Similarly, NOS1 protein
level was significantly greater by Ang II (3 hrs, P=0.01, n=9). C. NO production
relative to control in LV myocytes. Ang II (3 hrs) significantly increased NO
production (P<0.001, n=8). SMTC reduced both basal and Ang II-stimulated NO
production (P=0.004, n=8, with SMTC only compare to control and P=04, n=8
with SMTC+Ang II compare to Ang II).
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Ctr Ang Il

NOS3 N el

{(NOS3{ GAPDH)
00000 =2 =
O NBEAPDIODONBEBD

Relative protein expression

Ctr Ang ll

Fig. 4. No effect of Ang II treatment on NOS3 protein expression in LV
myocytes

NOS3 protein expression was not affected after Ang II treatment (3 hrs)
(P=0.96, n=7).
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Ctr  Angll PD123319 +Angll
2.0 If
NOST [P i il =
“E’,g 1.6
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[ R e —— o212
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S I I
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P Ctr Angll PD123319  Angll
a5 12 +PD123319
o
g 1.0
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22 08 —=
8= c ctr CGP42112A
26 06
22
E 0.4 NOS1 i o—
i [1Em
0.0
Ctr  Angll PD123319 Angll GapDH | S
+PD123319

0.6
0.5
04

0.2
0.1
0.0

Ctr CGP42112A

(NOS1 | GAPDH)

Relative protein expression

Fig. 5. Ang II increased NOS1 protein expression and activity via AT2R
A. NOSI1 protein level was significantly increased after Ang II-treatment (3 hrs)
in LV myocyte homogenates (P=0.02, n=7). Pre-treatment of LV myocytes with
PD1213319 blocked Ang II-stimulation of NOS1 protein expression (P<0.001
between Ang II and PDI1213319+Ang II, n=5). B. PD213319 pre-treatment
prevented Ang Il-induced increase in NO production (P=0.001 between
PD213319+Ang I and Ang II, n=12). C. AT2R activation with CGP42112A
increased NOS1 protein expression (P=0.04, n=4).

_23_



Angll - -
Cir Angll Losartan +Losartan ‘ I
2.0 4
NOS1 .“*‘ ¥ —— 1
e = 1.6 4
58
=]
GAFDH | llNS IR NS 258812
=R 9 -
=9
z £z 038 ]
sE ]
ro
0.4 4
16 - b 0.0
5 R Ctr Angll Losartan Ang Il
g 14 ‘ I +Losartan
S =
a5 12
s
£ 10
3
§5 08 T
o
o
22
k]
]
©

06
04
02 I_T_l
0.0

Ctr Angll Losartan Angll
+Losartan

Fig. 6. Ang II increased NOS1 protein expression and activity via ATIR
A. Pre-treatment of LV myocytes with Losartan blocked Ang II-stimulation of
NOS1 protein expression (P=0.005 between Ang II and Losartan+Ang II, n=5).
B. NO production (nitrite assay) was greater in LV myocyte homogenates
following Ang II treatment (3 hrs) (P<0.001, n=12). Losartan and PD213319
pre-treatment prevented Ang II-induced increase in NO production (P=0.004
between Losartan+Ang II & Ang II, n=12).
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Fig. 7. Effect of NADPH oxidase-dependent ROS on Ang II stimulation of
NOS1 mRNA, protein expression & NO production

A. Mean ratios of NOS1 mRNA relative to control (GAPDH) in control and
Ang II-treated LV myocyte homogenates. NOS1 mRNA was significantly
increased in Ang II-treated group (P=0.04, n=4). Apocynin or Tiron
pre-treatment blocked Ang II-stimulation of NOS1 mRNA (P=0.04, n=4 for
Apocynin and P=0.009, n=4 for Tiron). B. Apocynin or Tiron pre-treatment
prevented Ang II-stimulation of NOS1 protein expression (P=0.03 between
Apocynin-Ang II and Ang II, n=5; P=0.01 between Tiron-Ang II and Ang II,
n=3). C. DTT pre-treatment prevented Ang II-stimulation of NOS1 protein
expression (P=0.008 between DTT-Ang II and Ang II, n=5). D. Similarly, NO
production (nitrite assay) was significantly increased following Ang II treatment
(3 hrs, P<0.001, n=12). The effect of NO was blocked by Apocynin or Tiron
pre-treatment (Apocynin, P=0.001, n=6; Tiron, P<0.0001, n=6).
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Fig. 8. Time-dependent expressions of ATIR and ATZ2ZR in biotinylated
plasma membrane fraction following Ang II treatment

A. ATIR expression was decreased at 5~10 min and at 30 min, respectively.
AT2R expression was significantly increased and maintained at this level to 30
min. Total protein expressions of ATIR and AT2R were not affected during the
time period studied. B. Mean ratios of plasma membrane and total ATIR
(P=0.03, n=5, at 30 min). C. Mean ratios of plasma membrane and total AT2R
(P<0.003, n=5, at 30 min).
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Fig. 9. Effects of Losartan, Apocynin and Tiron on Ang II-induced AT2R
translocation to plasma membrane

AT2R expression in biotinylated plasma membrane fraction in Losartan,
Apocynin and Tiron pre-treated LV myocytes. A. ATZ2R expression in the
plasma membrane was increased by Ang II at 30 min. Losartan, Apocynin and
Tiron all blocked AT2R expression without changing total AT2R level in the
LV myocyte homogenates. B. Mean ratios of plasma membrane and total AT2R
at 30 min (P=0.01, with Losartan, P=0.02 with Apocynin, P=0.04 with Tiron,
n=6).
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Fig. 10. Time-dependent increase (30 min) and decrease (3 hrs) of
intracellular ROS following Ang II treatment

A. Upper image: Fluorescent images of intracellular ROS from LV myocytes of
control (left), Ang II treatment for 30 min (middle) and Apocynin+Ang II (30
min, right). Lower image : Fluorescent images of ROS from LV myocytes of
control (left), Ang II treatment for 3 hrs (middle) and Apocynint+Ang II (3 hrs,
right). B. Mean values of ROS (intensity relative to controls) with Ang II and
Ang I[I+Apocynin at 30 min and at 3 hrs. Ang II significantly increased ROS at
30 min (1934 % of control, P<0.0001, n=14 with Ang II vs. controls, n=16). At
3 hrs, ROS was not different from that in control (P=0.1, n=33 with Ang II vs.
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controls n=33). Apocynin pre-treatment prevented ROS increase by Ang II at 30
min (P=04, n=10). C. Mean values of basal and NADPH-stimulated superoxide
(measured by Lucigenin—enhanced chemiluminescence) in control and in Ang II

(3 hrs)-treated LV myocardial homogenates.
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Fig. 11. Inhibition of NOSI1 increased intracellular ROS and NADPH
oxidase activity in LV myocytes

A. Upper image: Fluorescent images of ROS in LV myocytes with SMTC (left),
SMTC-Ang II (3 hrs, middle) and Apocynin-SMTC+Ang I (right). Lower
image : Images of ROS from LV myocytes with L-NAME, L-NAME+Ang II (3
hrs, middle) and ApocynintL-NAME-Ang II (right). B. Mean values of ROS
after NOS1 inhibition. SMTC or L-NAME tended to increase ROS. However,
ROS was significantly increased after Ang II (3 hrs) in the presence of SMTC
or L-NAME (P<0.0001, for SMTC-Ang II vs. SMTC only, n=22 & n=27, and
P<0.0001 for L-NAME+Ang II vs. L-NAME only, n=29 & n=22). Apocynin
pre-treatment prevented ROS increase. C. Mean values of basal and NADPH -
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stimulated superoxide (measured by Lucigenin-enhanced chemiluminescence) in A

control and in Ang II (3 hrs)-treated LV myocardial homogenates. NOS1

inhibition with SMTC significantly increased superoxide level in both basal and e smTe

Ang II-treated hearts.
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Fig. 12. NOS1 mediated Ang II facilitation of LV myocyte relaxation

A. Representative raw traces of LV myocyte shortening and relengthening in
control vs. Ang II (3 hrs) before and after pre-treatment of LV myocytes with
SMTC. B. Mean values of the amplitudes of sarcomere shortening. C. Mean
values of TRs. Ang II significantly shorten TRz (P<0.001, n=57). However,
Ang II no longer facilitate LV myocyte relaxation (SMTC, P=0.09, n=74)
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Control Ang II (3 hrs)

Peak height TRso Peak height TRso

(Apm) (ms) (Apm) (ms)
SMTC 0.12+0.004 0.04+0.001 0.11+0.003 0.04+0.001
Losartan 0.10+0.007 0.04+0.003 0.11+0.005 0.04+0.001
PD123319 0.11+0.003 0.04+0.002 0.11+0.004 0.04+0.001
Apocynin 0.12+0.004 0.04+0.001 0.10+0.005 0.04+0.002
Tiron 0.10+0.004 0.04+0.002 0.10+0.003 0.04+0.001

DTT 0.12+0.005 0.04+0.001 0.11+0.004 0.04+9.06E-4

Table 1. Mechanisms mediating LV myocyte shortening and
relengthening after Ang II treatment (3 hrs)

Ang 1T no longer facilitates LV myocyte relaxation (TRs : P=0.53, Losartan vs.
Losartan+Ang II, n=16 & 46; P=0.59, PD123319 vs. PD123319-Ang II, n=24 &
58; P=0.8, Apocynin vs. Apocynin-Ang II, n=55 & 52; P=0.4, Tiron vs.
Tiron+Ang II, n=53 & 96)
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Fig. 13. Ang II increased PLN phosphorylation (PLN-Ser'®) via NOS1
Representative immunoblotting of PLN phosphorylation at Ser®® and total PLN in
control and Ang II (3 hrs)-treated LV myocyte homogenates. PLN
phosphorylation was increased and total PLN remained unchanged by Ang II
(P=0.003, control vs. Ang II, n=18). SMTC pre-treatment abolished Ang
I-increase of PLN-Ser’® (P=0.04, Ang II vs. SMTC+Ang II, n=6).
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Fig. 14. DTT blocked Ang II-increase in PLN phosphorylation
(PLN-Ser'®) in LV myocytes

Representative immunoblotting of PLN phosphorylation at Ser'® and total PLN in
control and Ang II (3 hrs)-treated LV myocyte homogenates. Mean values of
PLN-Ser'®PLN ratios. DTT pre-treatment abolished Ang II-increase of
PLN-Ser'® (P=0.038, Ang II vs. DTT+Ang II, n=6).
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Fig. 15. PKA inhibition did not affect PLN phosphorylation (PLN-Ser'®) in
Ang Il-treated LV myocytes

Representative immunoblotting of PLN phosphorylation at Ser®® and total PLN in
control and Ang II (3 hrs)-treated LV myocyte homogenates. Inhibition of PKA
with PKI (100 nM) did not reduce PLN-Ser'® (P=0.02 between PKI only vs.
PKI+Ang I, n=11).
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Fig. 16. cGMP/PKG inhibition blocked PLN phosphorylation (PLN-Ser'®)
in Ang II-treated LV myocytes

A. Total cGMP was increased by Ang II (P=0.001, n=7). B. Representative
immunoblotting of PLN phosphorylation at Ser'® and total PLN of LV myocytes
in control and Ang II (3 hrs) with and without c¢GMP/PKG inhibitors.
PLN-Ser’® was increased and total PLN was remained unchanged by Ang II
(P=0.03, control vs. Ang II, n=9). Inhibition of PKG and c¢cGMP with KT 5823
(1 uM) and with ODQ (10 uM) reduced PLN-Ser'® (P-0.88, KT 5823 vs. Ang
II+KT 5823, n=8; P=0.8, ODQ vs. ODQ-Ang II, n=8).
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AAA EE ATIR AADE AFd FAES A% kA 8wy 5 U=z
Al 2ol gtk ATIR EE AA A AFaLE AAFoZA 028 7|d F
stute 2294 IR O 2FE 4 U= AT2RY 2=8 F7HAA NOS3
2435 dolu At 2EH2E F2AZ F doe Felth £ dAFdA
ATIR¥} ATZR Z3A] E5F AX o &4l o 23 NOSI 2d 2 &A43s A&st
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HE ATIR®} ROSE %3 AT2Re AEZ o|Fe] A HUATL ol
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Abstract

Molecular Insights into Angiotensin II
Up-regulation of Nitric Oxide Synthase 1 and

Faster Ventricular Myocyte Relaxation in Rats

Jang, Jihyun
Department of Biomedical Sciences
The Graduate School

Seoul National University

Renin—-angiotensin system plays crucial roles in the regulation of myocardial
contractile function and in the progression towards diseases including
hypertension, hypertrophy and heart failure. Angiotensin II (Ang II) exerts these
effects by increasing NADPH oxidase-dependent oxidative stress and by
activating G protein—dependent signaling cascades in the myocardium. Recently,
Nitric oxide synthase 1 (NOS1) is known to be responsible for NO regulation of
Ca fluxes, intracellular signaling pathways and contraction in cardiac myocytes.
Under physiological conditions, NOS1-derived NO facilitates cardiac relaxation
by promoting ca® reuptake back into sarcoplasmic reticulum. Importantly,
cardiac NOS1 is up-regulated and plays an important compensatory mechanism

to prevent or delay the progression of cardiac diseases (by reducing sources of
7]
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oxidative stress). So far, the upstream/downstream mechanisms mediating NOS1
up-regulation in the left ventricular (LV) myocardium under stress and NOS1
regulation of myocyte relaxation remain unidentified. Therefore, we investigated
whether Ang II regulates NOS1 protein expression and activity in rat LV
myocytes and the mechanisms mediating NOS1 regulation of myocardial
contractile function.

Our results showed that Ang II (1 uM, 3 hrs) significantly increased the
mRNA/protein expressions and the activity of NOS1 in LV myocyte
homogenates. NOS3 protein expression was not affected by Ang II. Both type 1
and type 2 Ang II receptor (ATIR, AT2R) antagonists, Losartan and PD123319
blocked Ang II stimulation of NOSI1, whereas ATZ2R agonist, CGP42112A
increased NOSI, suggesting that both receptor subtypes are involved in Ang II
up-regulation of NOS1. Stimulation of ATIR by Ang I can increase NADPH
oxidase activity to produce reactive oxygen species (ROS). Inhibition of NADPH
oxidase (Apocynin) or reducing intracellular ROS (4,5 - dihydroxy - 1,3 -
benzenedisulfonic acid, Tiron) prevented Ang II - stimulation of NOS1 mRNA
/protein expressions and activity, indicating that ATIR - NADPH oxidase - ROS
axis is the upstream regulator of NOSI. Interestingly, Ang II induced the
translocation of AT2R to the plasma membrane (surface membrane biotinylation)
within 30 min. Such an effect was abolished by Losartan, Apocynin or Tiron
pre-treatment, suggesting that ATIR - NADPH oxidase - ROS controls ATZ2R
translocation to plasma membrane, which in turn, regulates NOS1 protein
expression in cardiac myocytes.

Functionally, Ang II-induced an increase in ROS (30 min) but such an
increase was no longer observed after 3 hrs treatment with Ang IL
N(G)-nitro-L-arginine methyl ester (L-NAME) or a selective NOS1 inhibitor,
S-methyl-L-thiocitrulline (SMTC) increased NADPH oxidase production of
superoxide/ROS at 3 hrs, suggesting that NOS1 inhibited NADPH oxidase and
reduced ROS under these conditions. Furthermore, LV myocytes relaxation was

facilitated after Ang II-treatment (3 hrs), an effect that was blocked by SMTC
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and L-NAME. Myocyte contraction was not affected by Ang II. All the factors
that prevented NOSI1 protein expression and activity (e.g. Losartan, PD123319,
Apocynin or Tiron) abolished NOS1-mediated faster relaxation by Ang II. In
addition, Ang II increased phospholamban phosphorylation at serine 16
(PLN-Ser'®) and SMTC prevented such an increase. Surprisingly, inhibition of
PKA did not affect Ang II-induced increase of PLN-Ser'® and faster relaxation,
these effects were abolished by ¢cGMP/PKG inhibitors.

These results reveal that Ang Il stimulates the mRNA/protein expressions and
the activity of NOS1 via ATIR - NADPH oxidase - AT2R - dependent mechanism
in murine left ventricular myocytes. NOS1, in turn, suppresses the activity of
NADPH oxidase, reduces intracellular ROS and facilitates myocyte relaxation via
¢GMP/PKG - dependent PLN-Ser™®.

Key words : NOS1, Angiotensin II, NADPH oxidase, ROS
Student number : 2011 - 21931
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