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BI0E A FHIL, FEORAZRET 7235 24 BEEERIR 21T
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AT, (R — CRIRLIZY T v o e 7
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FTAF VRGN ATAREFHEL, ~(/ay-z—T %
500 W 543 C 4 [alfEBhSH, HuFRMIE a1 772, ATA
NIZEIR TR 2 (T EIL 721212, Vo iR v AR PR AR
K (PBS) D AST-EET 5 2y MEE, ZMfmEOH T,
0.2% Y R=1(30502-42, FhT7A T A7) ik
mL 7 3% v > imiE 7 v7 I (A2153
SIGMA-ALDRICH) T=J{i 70 /i7" myd 7Lz, it
aSMA FiiA (ab7817, abcam, 7RI 1:200) St I
=7 VB (ab18207, abcam, FfRIEEE 1:800), L
PL PKGlo LA (135118, Cell Signaling TECHNOLOGY,
TR EE 1:200) 5T pIIF =7 U Hi{k (ab78078,
abcam, ARIEE 1:800) & NZ IR - — R PUK
TATARE 4°C—MBUGSHT-1%, PBS THEid (573 x3
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Scientific) THRHL, L — —ERRBEMSE (FV1200,
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Medium (DMEM, 11885092, Gibco™) T HEK-293T %
B8, FEREL 72 HEK-293T 7% 70%=1 7 Lt NI H~T
% %% 4 % B (2, Lipofectamine 3000 ( L3000008 ,
Invitorogen™) Z VT FLAG # 27 #@hi&L7-EhD
PKG1a"T E721% PKGLo™® %l {5 B AL, 12 IR
BRI AT A T2, PR T =7 a B H LY serum
starvation L, 24 FF##(2 100 nM @/ /L= %71 NE
(A7257, SIGMA-ALDRICH) T 30 47 f#ifili& L, Buffer
RLT Lysis Buffer (79216, QIAGEN) Thfifa 4 [aliL L 7=,
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HEK-293T 7>% RNeasy Fibrous Mini Kit (74704,
Qiagen) # H\ T total RNA Al L 7=, #EHL 72 RNA X
PrimeScript RT-PCR 2 A7 ATl G L 7=, $#75 DNA L
TRED R BB ALY 7 A~ —& SYBR Green
ZRWTHEIEL, PCR SUSH O¥EIRHEMZ VT V2 A LT
=XV T, FEHEIT 18S THIIEL, M ER
L 7=, Human c-fos Forward; 5’>-TGC CTC TCC TCA ATG
ACC CTG A -3°, Reverse; 5’-ATA GGT CCA TGT CTG
GCA CGG A-3’
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T =TT R S AR E R 2 TR R, F, R
NE e, B s+ NE & &, HEK-293T @ c-fos %
BIEIE, Two-way ANOVA (Z Tt A7 & <° RDN, NE
FIc kL PKGLo OB RO A/EM
NHDHRIEL, ZHENEANG B GA IR T %
T2z BREOY L T NAAXTENE D Figure NI
FCHEL 7=, #UEHENTIX GraphPad Prism Version 7 % vy
TATVY, A EKHE 5% CRE LT,
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(i A RV 7 1 T Al N o= S N Bl o
PR O ERREAREL E, PKGL1a® LH~, PKG1oT T
ITMEEDEC0NT72Y, TR Az 35721280 &
WILE ERBSMIEICAD, 2070, R0 PKG1aT
1%, PKGLa™® (T~ B S A TR MEA R 2 L AVRIR
Shb, 77, PKG1a"T & PKG1a™® DRI, HikHTHY
LS NT AR EICEEZRD T, 7L AN —% Hu il
JEDZEBFATIZIN T, PKGLaY TliEE & E 125D
LF/HF EL3 BN IS FR-35— 75T, PKGLa™ Tl
TALBBRENRNZ LN D> TS, 7205, PKGla
DERLILE A BAFRE R OIRTE B 2/ L TR & D%
HEICRA - TRY, B MEOEEITEE S L T
DHZENRIBEND, 2T, BRI RGN T
% PKG U Ry Al O E M3 5728, RDN Z1T
WAL PE~ D5 % PKGLaYT & PKG1a™*® T
L7e, JE-FRID AF) R iR (Figure 1) 128\ T, @R
fiil B 0> Sham FETHHILZ PKGLaYT OfE0n 7o (5B
SRR IE, RDN I2X0 PKGLo™® LEIFRE F s
(B3 . —77, PKG1a®™ dffix |3, RDN (2L ikiE%
RO T IR IBMARFERR) . LLELXD, PKGla F2{KIC
LD BRSO TUHEITIE, 23R TS B 23 5L C
WHZEHVRIBESTZ,
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NE @ spillover OF5FEL725 R NE HEfi 208 fgtii
ik NE & &% ELISA THIEL 7=, JRH NE HRtt &1,
B AICEVER (LT O PKGLaYT THEITHE ML
(Figure 2.), F7=, HML7ZIRH NE HEit&EiZ, RDN
RIS, PKG1o®® ClaEi &IclaR T NE
DOHINZEFRD D o7, kAR NE & &b [FRERORS
R<choiz (Figure 2.4), 2k, RV 7 0B

SR BV NE spillover 1213, PKGLa b &5 &< A2
AP REIRTE L DB 5- 0 RIBS U7,



Pressure-Natriuresis Relationship
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Figure 1. RDN recovered the decreased slope of pressure natriuresis relationship in PKGo"" to the same as PKG10“*%®

Urinary NE Excretion
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Figure 2. High salt diet significantly increased urinary NE excretion only in PKG1a™"", which was suppressed by RDN

operation. Similar responses were observed in renal NE content excised from PKG1o""
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PKGla LA RIS ORIB AR 9570, B
JERARFR DR A L1-3 LU TR D14 AR SRR iR
28175 PKGla DJfEL, i@ LK REMBESILOE K
BOMRE, AP REIC LA R Mk LY C
AL LTz, RARARREET OMIFE X, HT PKGLla HUIE Gk
) TYeED, Mk ~—h—Thorht BT =7 UV HiiR
(IRth) L3 JRTE () ZHeRd & 7= (Figure 3. EB%), %
7z, PKGloa (X% BE 0PN E IZH/IEL THY (not
shown) , B BECRERIRICHH AV T 28T aSMA Hiik (FRE)

Bt A 129~ C, HLRIMTF =7 VAR (kfa) TYe
DR DGR AEITL CD I LG RS CT& 7= (Figure 3.
TER) . B A AR R LR R0 D IR IZ /34 975 PKGla
i, A ~OEHERVER T T, M/ LIRHT
M ORI B R T L QWD EAVRIBS LT,

3. 4 PKG1a #E ALTz HEK-293T (25T 5RAEAE
EFDOHRBLAILIE, NE FlEHICKYBEMLIAY,
MEEFREETEZRDEIN o2

PR DTEMEAL T, DNA O — AR L0 B4
c-fos X Egr-1 72 & D iA1=+ immediate early genes
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Figure 3. The upper confocal micrographic images showed colocalization of blll tubulin and PKG1a in dorsal root ganglia,

DAPI

suggesting PKG1a can be involved in afferent sympathetic nervous system. The lower images showed renal nerves

innervated arterioles to and from glomerulus, proposing potential regulation of vascular tone in renal resistant vessels.

(BLF, IEGS) #5845, chEToft fRaiEx,
[FfRTE S Y PKGlo EOFEEL7: CA2 FRfbiZiticio
THIEISNDZET, B A SRR R DIRTEb & B
PEDTLHEIZZF 5L TS | LW B AT C, AT
BARRMED T T T AFIED D SN DM IRAZEY B Th
% NE ZHWWT, ZRAPRREITR A S Bl S 00 Bl
AE LTz HEK-293T ZHIEL, IEGs DR BIAfER LT,
NE #lli%% D IEGs DFBLE, PKGLa Lo BIfR% bk
T 572012, HEK-293T |2 PKGla % AL, NE T4
DREL, FIBLARNWEE TR L7z, PKGLa"T 2 A LT
HEK-293T Tl c-fos DFEELMHETRL, NE FITHIZLDSH
(ZHABRL7- (Figure 4) , PKG1o%%S %34 A 7= HEK-293T
THikFILFEEETH-7-28, NE THISRL - c-fos DFEL
B G T CEERD -T2, Ll EDD, PKG D
FEBLRTEMEL ~UL O INE, NE filiI2L5 IEGs DFEH
HERICH G555 T, PKGla FRLIZLD A8 AR IR
IEB OB ITIES T T A% = 2 — 1 TO RSP T
B G- LARNWZEAVRIBE -,
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Figure 4. NE stimulation similarly upregulated c-fos
expression in HEK-293T cells transfected with either
PKG1a"" or PKG1a“*®
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PHALEITE, FiioeFr el CRiES: C42 OmR1b
EffiZ 3L Ry 7 AR IS B L, £0RBUVLE
Wra#ED TS, ZOH T, C42 DFRLIZED VAV T 4R
PKGla AR BHHREARICH B THDHZ LA WD T
R L THY, PKGla EOFFRA72T I /NI LIhD
P TR MENEESNAERESETOND, T2, £
DO A AR L&A TP S OB RE A~ 2%
JRREL LT BRHURSZ M OFF I VRIBS I, CA2 ZIRIRIE
L LT DR RS RS LD,

H AR R T M2 R ET T 28R, SEDRIE
RKREARDICDDIEZ RN T DL, [EZ RIS
ICRORREREI S NG, F-, MENR LRI 5L, e
RO E MR A/ U CHERE D DIl L HAR 2SI S,
AR DTGB DK T B L Ok EMR DT B L2 X
DIOHE )0 IRl S s L, D &R
DR, MEIE TICEECAY, UL, AR M i
JEIZRW TR R A AR IE B S L 2> TR0, JE5%
Ken A LA M ERFNEES L, B Ui E 240
I TERNIENIHNTND, A BT B Y,
W A R DR OB RITAED D r IS Ve 7 B F L=
Uy (Ach) DEiRRRMED = F AT B F Lol 25K
(CREA T DL, BithfRHED T 7 ARHER DD /LT 3
7V (NE) A&, NE IZRES0 DI, A8 (1
L, EHIA7e M EFRE B> T, AFZEZIRDIKD
&, PKGLa" T IZBW T O At & CHINA R LR 0
RIS 1 > NE B 7238, RDNIZEVEI il Shie, £
7=, RAFICT N 22 el 5 72012, PKG1a™® LH,
PKG1o"T TIYL B2 5 1M _EF 1T RDN (ZX0iES
Nz, YL EOFERIL, TV AN —% W T2 DF S Eh i T
TURNIE TV, LR PKG MEIEARTIZBITD%E
SRR REEVIZE 5 L QW AT EEEA T BLDOTHY,
RIEAFRIEBIOTEN 51D PKGlo L Ry 7 AD H EME
T THER TE T, AR, Akt P i@l ks
RFHZIBN T, HRARMRREI72 8 OB R AR R R KL
PKGlo DJREEMER LT, iz, k= —nar 3R
B ORERKITH AT 2l A H B RICE TRy RY
— 7 H BRI TWAZEL AR LT, B A
BEORDEETZT TSGR L IZE PKGLa L Ry 7 ARG
B 5-LCWAZEDRIBSLTZ,

PERIEE AN 25 &, FH11C DNA O A kS,
c-fos D EAHER T (IEGS) BfESND, ZDEH72
FHBFFHEIZLY, REEOMER, T T ADRASK
ENEIY, O F T AOBEM AT ARTES NS
EDRFNBIN TS, HEEAIRICIITD c-fos DIFELICIL,
BALKAENEI L2 DT X RV BT LTV T LD
AMNEE A EZ R LD, F7-, MR35
(7% NO %, cGMP/PKG #%#8% /L C c-fos ZFHEL, F
FHLRBICHB W CEE 2T T AR O B #7224
fEIZBE 5L T0BR, 5o o Rk =1 C BRI 25]
PRI TFRERG-3 5L, SBELETE OUELb 26T
@z LHHBN TS, ZOEHIT, NO 0T R AF R
T FREZIT cGMPIPKG R 1%, HFHXmfRIZIITS
B2 I REENC B 5 L CVOA A, B AR R DTS S
IZBITHERITIAHTHD, R REBIEEIZ &3 NE
Doy DTS, PKG1aT & PKG1a®? DR TN
HEUDAI = A LERD T8, MR L D7 A
BIERICHT- DB EE TR EL, HEK-293T HifidiZ PKGla
ZH AU TR LT, Bs 78 AL HEK-293T % NE T
FRF 58, #iRIGEh A £ T c-fos DFBUTIHTRL 7273,
BN 21, PKGLa"YT & PKG1a™® D4R
IRhote, ZORERIE, — B HE iz NE 126455085
PEITIZ S T 2GR (BB TEPRNWIEEZ/RLTE
v, PKGla fi#{tA /14 NE spillover D¥EFAHED 21T, &
FFAF =2 —aTO NE AR OB AT EL
TR DLELLE 2 BT, T MRl 8 AR sk o
PR HIIL T D PC-12 M, Ak E IR T2 EH S
DL, BRI LT B2 E BN B, 57
AR/ L 72 PC12 i, Ach THIEE 2
&, NE O FRDHND TP, BAZ R DL S
A =2—arOETELTHRALE 2D, SHRDfR
WraETEL D,

B AR 2 T R AR LT, B A
BRO BN TOD®), AKBFSE I TR AR R
IZB1F5 PKGla LRy AfEIREE OLE| A8 7 O ff
ZHED DIZ DN, RS M E 3810 5 B A At
IHEIOBEEMLEH OO THFRF CETZ, PKGla 1%, &
TR TEAHRR R BRSO3 D IR 1T 3T DA RIE BN T B, 4
BL78 CA2 TRIKIERRIZLY, A RIS 2 /L C
P E O Re A R E L RS R E R T80



Do TET-, BHIRSZYE &S T DA R8I ER LT,
PKGlo LR A KRS &35 7= 72 RS O R NT. 23
rEnd,

5. S DRE

B VEY, SRR OBESOL = - T DT
T NRAT R ROIRIEETL, EIILERZ T T2
O I A 99 OB A S o o6 Ji 7 & D AR P ik o o 2 L 5
(B TV D), PKGLa oD B 72 CA2BE{ L N D
T2 AR R OUBTH BN S, RPN OB RE R 2%
R L LT A RS MR U ICTRS B> TV D T E MG
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Role of cGMP-Dependent Protein Kinase on Salt Sensitive Hypertension and the
Significance of Vasodysfunction in Resistance Vessels via Activation in
Sympathetic Nervous System.

Taishi Nakamura
Medical Informatics Science and Administration Planning, Kumamoto University Hospital

Summary
Background PKGla can be stimulated by oxidation at cysteine42 (C42), by which an intermolecular disulfide
linking is formed to enhance vasorelaxation in resistance vessels. However, the definition of C42 redox sensor in
salt sensitivity is unknown.
Objective/Method We compared blood pressure (BP) with telemetry between wild-type (WT) PKGla and the
C42S mutant mice, and examined sodium balance in metabolic cages.
Results Non-reducing SDS-PAGE showed disulfide dimer of PKGla only in WT kidney subjected to high salt
diet. Interestingly, C42 oxidation required a greater increase in BP for sodium excretion than C42S without no
differences in fluid retention between two genotypes. Importantly, Low/High Frequency ratio in BP variability,
an indicator for sympathetic nervous (SN) activity, showed a significant elevation by salt loading in WT especially
during dark period, while it was prevented in C42S. Activation of SN system in WT compared to C42S was
recapitulated in either urinary norepinephrine (NE) excretion or renal NE content. We confirmed in
immunohistochemistry that PKG substantially localized in nervous system such as dorsal root ganglia and also that
neuron in renal cortex followed arterioles to and from glomerulus. We performed renal denervation (RDN)
operation to assess if renal SN activity contributed to exacerbate salt sensitivity. RDN turned a decreased slope
of pressure-natriuresis relationship in WT into about the same as C42S, whereas no further improvement in the
slope from C42S. Increased NE spillover in WT was significantly suppressed by RDN, corroborating PKGla
oxidation ascribes salt sensitivity to NE biogenesis. To assess the mechanism of PKG1a oxidation in neuronal
activity, we next transfected either PKGla"'" or PKG1a“? into HEK-293T and compared NE-induced gene
expression of c-fos, an early marker for neuronal activity. NE increased c-fos expression levels, but there were
no differences between genotypes, suggesting PKG1o oxidation may not attribute to an efferent renal SN once SN
system was equally activated.
Conclusion We demonstrated both SN activity and salt sensitivity can be ameliorated by preventing PKGla
oxidation. We propose C42 redox modification can be a novel therapeutic target for salt sensitive hypertension

through regulation of SN system.



