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B ORGSR TR I 2 & 3 I S VTR AT T D IR o S v EIcE Db, BT
VURENCKDHENOREEAE L TS, H PRI E oMo AL R H K
A A LIICKREDRRZ WL T D, BRI & WM o 55 57 5 AL 28 B 18 5 0 45 58 5
fLTHHZ &b, WIME D ORI WA ERBEEEM S L CTEERKREH ZH->TWVD
TEERLTWVD, KiREED THEAOLF N ERSTH Y, KRN TAM., i
BRI IS 2 B, EICEI SRR RIS BOS LT~ it s n s Y, Z okl
0 R R e P R IR S M B R LA L. BERL O 0B < K D I A M A M ia Ak~ & B
SNDZENHB AR LT TWD, H PR R R 36 1T D MR P9 RE IR FERL 0 B
OB SITAERE T A RMmMEME S 2T 22 HWVWE 2 L TN ES TWVWAIRETHE
Bl x5, Mokl (ERANFER) (TiekmG b CcERLIC — B L7230 o 2 22 i
EEAE LTHBEIN, ZOBRZ M52 TCHIAOKEZEKMSM CEEMICEKE T
D,

S& 5y WA R AR (1) % 0 L . TR R A B . H e P ROR IR R i) v T R IC BT D B
A IEHIRZ N @ Ca?*R° cAMP 22 E D v 7 Vi 27 T\ b 2 & FREIPER 1k
HEPRIEN T d 23, PR RS A I 35 0 2 kR B O B i 32 Ca?t R Fi i B 1 ik
HUZ X0 MEFRF ST 2 (cAMP 8 814 B O 5t A8 B2 13 Ca 3l & ME B D B H B EE 9 10%)
49 H il P RS RO R B D Ca IR Nk ix T B F oy = Y 0 (ACh) BRI X D
MK Ca?* iR ([Ca%*]) @ EFAIC X W iEM LS 879 Ry ¥ — v 2mxRd, 772
Hb, AChHIFIC K 2 W ARMAKHBED LR Lol Sk /MK TS5 — @Mtk omi
ERAREZRTAMMEE, 20k o <0 LD LR SRS E OB B A 25 Fife
TLEFMO ORI D 87 (Fig. 1),

CaZ*FEiPER A BIS IT Rk # R E A OEE LIS (FRyF®r 7 77743078 X
W7 a—vVay) LLTHERIENAZERMONTND D, Ry 7 XMiaNTHE
i S A 72 JEORL 23 fie AE LT IR T ED R Tk S Av, BERLIR & R E AR IR 25 @ik A 9 S ELEIT O
RICh 2R, 774 I 0 73R & R ICFEL TWD B Rt o—#HoE A
(exocytotic machinery) 2 fEA T DM, HED 7 2 — ¥ a VI PRI & BRI 5 2 @t &
ToHMBETHY, Zo0RBRAERT, ERAEDSMBENA~L K S22 (Fig. 2), Ky
XFUTBROTIAI T LT a—Va MFMILLZBEBRETHY 2L ATP & Ca?til &
DIEMEILEN D (ATPIRGFET T4 I 7, CHRGEME T 2 —Va v), ATPIRGFEH T 74
RV OEMACITT T A 2 v 7R (BR O A ATRE e JEORL) o A NS ¥ 5, — 5 T Ca?
KT 22—V a VOIEMIBIZ T 74 I 7R 2B B2 S 5, H P IR RS R i
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Ca*fiEfitEBR n i iIc B W TIX., FIBMHII Y oS4 I v 7 Ea&n-EHN —EFichbEans—
WHEOEBEEOMAMHBRIGTHY T4 I 7OREIIVHMAOEMEZS x4 7,
BRI TIAI VT, 72a—2a RNzl ClRZAIEHEEOR D KK TH

)

o

T A Y RS AT O Ca2t R EIMER O HC B D ATP KR 7 7 4 2 v 7 Ca? ik 77 1k
72— 3 YiX cAMP, ¢cGMP, a2 ¥ 7 7Y (PG), —{%EFR (NO), ClI', L
FT7Z2 L (SV2ZAREHRE), 77 F FUBREMcOWMEICLVEMISND 510, 2 b
DODYWEDTH T CCAMP X7 I A4 I 7L T7a—VarDilixT v 7 &RE L, Ca2 il &t
O ZHBL TWAEIR D, ZRUNOWEILZT T4 I T OREEMT S,

77 A X 2 7121 Synaptic Vesicle protein 2A (SV2A, ATP A D ¥ )7 ) NEEL
TEEZRZLTWD ), v F T RATIEISV2AR T 74 I 7R EZHRHEG L Tns Z &
L ShTng 1819 ZoFEENL, SV2A ER (LXF T8 L) M FH MBS IE
MR TE I A4 I v T ZEDIEDLIZEDREZ LN, EBEICLVLXFITEHX A
V3B P RORS R M e CaZt AR B MEBR D A I B W THI I o A 2 Bl E R 2 L7z,

— 5T, HM PR AR Ca IR D B D T T A I v T R RET HANEN L YE
& LT CGMP 23 d % 13, cGMP TR 2 & 5 W P RS 1M i Ca2* 3 & M B 0 B H b 1) 34
FHZ 100%# 00 S H 72 ¥, cCGMP IZ K 2 FI IO IMIZ L RXF T2 A2k vl s 5,
SHIZ, PKCGEHETLHZZ LIZEoTHL T IAMAI VTN ZBAVIELZENTE D, E
BRI PKG HEFIZ LV _NF Z & & A L RAERIC, H P BERS A I Ca*ai & B A i 12 5
WTHIEIHORBAD 25 &R Lz, LU, FRICERMBEIZIS VT Mo B 0 Ak
ZHIEEI L, ZCOBBRMICET S —BEOMOKHOEINE PKAKGEETH DL Z &
5. PKG FH2 3£ 2% phosphodiesterase 2 (cGMP-dependent PDE2) & & #l 2 cAMP 45 fif % #)
il 925725, cAMP OERBO W EMENEZ X b/, cGMP &I 2WE L L CHiluR.
MINOIREYME CTH 2D NOBRMBIL TS 202, AL E O TH ., H YT RS IR R
BWTNOMNCGMP ERiAE T L2 oI Lz, L L. BT RRRE A 2 3 0
T NO/CGMP ¥ 7 F L e fEMEAL T 2 BRI & TIE 2,

H P RS AR 2B W T, 7 7 % Rl & peroxisome proliferation activation receptor a
(PPARa) 7 = N (% Ca?*FREIMEBH O B 2 #9925 19, M N B IL & 2 v idon ) A
il Tlx PPARS {EMEALIC LW NOREA SN D Z L 282D £727 7% R Uik & V18 i) #
JAIIZEBWTNOZEEATLZZ L bHEIN TS 28, Z b oG I E P IRAS M
BWTHE7 7% N & PPARa IEMEILS NO ZPEA L TWAHAITEEMEZ R L TWVW5D,

A FE T id PPARa/NO/CGMP 2 % A L 7= Ca*F &Pk BH 1 fik tH oo (& ffi B 4% 12 o v CTHF2E
EATIR o7z, B 1 EIZHB W T cGMP 1T L 0 & A S 7= P RS A0 i Ca 3 8tk B 1 Ak
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HOT T4 I 7 RIFT SV2A IS (LRXFZ 8 X AL 2061) & PKG HEZE D 2 R
R L, & HIZ PKG EZIZ X D PDE2 Ml 25 cAMP &R IZ K 5 — @M o B A e (25§
) ZEZ+FZ2&&2RLlc, 2 ECTEE 1 EOMRKELHWT, PPARe EMHILIC L D
NO/cGMP ¥ 7 F )L EMA L & NOS1 D U e b BEME DO FEM 2 I Lc, 2 b —E DR
Fo b H P IRORS M f Ca?+ 3 8 M B 0 Akt o MEFFIZ . PPARa/NOS1/NO/CGMP #% I 73 H 8L
EEEREZL VWD EER LT,



CaZ*-regulated
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initial phase late phase
Fig. 1 A characteristic two phase in frequency of Ca?*-regulated exocytosis. ACh

increased the frequency of exocytotic events in antral mucous cells: an initial peak that declines

rapidly (initial phase) followed by a second slower decline (late phase).

Fusion Priming Docking
o
Ca? ATP 8
S

Fig. 2 The final three biochemical steps of the Ca?*-regulated exocytosis in antral mucous
cells: docking, priming, and fusion. The priming step requires ATP, and primes granules with

exocytotic machinery. The fusion step requires Ca?*, and triggers fusion of the granules to the

apical membrane.



¥l CatiEi MR 1 i @ cGMP & fifi
55 15 CGMP (2 X % Ca?*FAHi B 0 ikt o B 5812 %F 9% SV2A O & H| -
L RF T X ATEDH SV2A OHE

1. #&

T A YRS I AR CaZr R EPERR D IS B D ATPIRFME 7 7 4 2 v 7 I3k x e B I
LV EfMiEZ I T\ D 68918 FF 4 I > /2 Synaptic Vesicle protein 2A (SV2A) 2N H
BWHREEZR-LTEBY, T FRATIESVZAR T T4 I v 7K EZ#HGLTWVWD Z &
LWESN TS ), SBHICSV2ADY AU RTHHLARF T H A% Ca iR O
BHICBW T T T4 IV TR ZRDSEDH LTV T RAICEBT D MBREEYE O KH
DT B 18162931 = D k5|2 SV2A LY S T AR X RN 0 WG I B T Catti
HitEBR N 2 MEFE T D DICEHEREAE TH D, Lo L. BT BRSO A Ca?* 3 & 1
Bl O BI85 ATPIREW 7 7 4 2 v 71 RIET SV2ADOEENICHO W TS M Tk
A

AKETIELVARF T EX HI2K D SV2A OIS cGMP (2 L 0 E# S 7= H P MRS iR
fa Ca2*FHEIMEB A DT I 4 I v T I RIFTHRICHONTHE LT,

i

2. MBI LU0
2-1fE B L O Y

ik 1 OfMA%IEZ. 121 mM NaCl, 4.5 mM KCI, 25 mM NaHCO3,1 mM MgCl;. 1.5 mM CaCl,,
5 mM Na-HEPES. 5 mM H-HEPES, 5 mM Glucose T®» 9 . pH7.4 IZF#HEI L T, IRAH A (95%
02.5% CO,) CHIfn L .37°C TEBRAEZ 1T > 7=, 7 & F /L= U > (ACh, Daiichi Pharmaceuticals).
27 7 —¥ (ka5 A . 180-220 U/mg. Wako Pure Chemical Industries) . BSA (Wako Pure
Chemical Industries) . dinitrophenol (DNP, Sigma). 8-bromo-cGMP (8BrcGMP, Sigma) ¥ kL
WL RFZ &L (Sigma) 7, ACh IZEHiK T L 7=, ACh LLA D 3 ¥ 1X dimethyl
sulfoxide (DMSO) T f# L. DMSO DR &R EN 0.1% % B2\ & HIHmR L7,

2-2 ' 1 P9 R A i oD F B
EBREY T N— b LA RMEETLE Y b (8-9 ., HA SLC) ZHW7z., BT — &
OB A 74 (AH 12 KifE), 1EE (24 +1°C), 1EIE (55+10%) OfiHF =T, KHEK
BROEEERPEAEE (AARRETERASH) 2 mICEBREE, 1 @BHEUETHEES %
L7etk, ERICEE L, RTOERIIRRERRFZOBH ERHEER K> TIT o7,
Ny ML — L (70 mglkg) BEEET ., MR A LV BEZ, B L, BED
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ICH PR 2 B IS HIBE L. 0.1% = T — BRI kv EEERMREZ S, 25 5
— BB LRI A e Ay v 2 (£2300 um) CTUEE, .0 (300 rpm, 157) L7tk
4% BSA % B LR IRPICRES Hio, @m0 - WifrEd 3EMV KL%, 4% BSA # &1
FETRVE IR (4°C) THRAF L7, WEBEMGMAR I 3 Ref LA ICfE T L 7=,

2-3 B 1 i H oo Bl %%

Cell Tak (Becton Dickinson Labware) THIAH L7z /N— 2 YU » 7 b2 0B IG % £2
El, BWBEAT -V LORFERT ¥ o N —ICEAE L TBELE, #iKT ¥ N—OFKEIX
)20 pl, PR 200 pl/min Toh - 7=, ESERM S FWBEKE (BXS0WI, 4 U /8 R)
CETF ARG P 7 X MEEE (ARGUS, EIAAR F =7 R) kit LMoy TBEzET

HifR & L CRigk Lz, Bl ORI ERLIC — B LA O R E 02 EfE LT
Blesnic, ©7 FEGTOREME (3~4 ) 225\ T 30 B & BALREHE & L7720
B A MEECHY . 1MRe - O A REMEE LS Lz, ZAZF00FERIT 4~13 #
DAN=AY » FIZOWNWTITW, FEELAEERZE L L TOM O REHEE 2 KB L7, ACh
FIPABRAE L s 2 MU FRBEE & L. ACh IV BRAA 3 % 2 B MBEE & L 7,

24y = A T ay Mk

HE PR RS X OV &2 RIPA buffer THRE Y4 XL, =O008 (10,0009, 10 %y) %17
olt, TOEFEEX RN ELELTI0 g T2 H Wiz, 75%DKRY 727 VLT

R R VE ROV TCESKUKE S H . polyvinylidene difluoride (PVDF) X > 7 L U I(ZHRE X &
Too AV T VLU ZO0BBRAFLAINZ ZEZL Y CAEER TT vy o Z0E (EE, 1K
W) 24772~ 7, TO#%., 1L&kHIAKL LT SV2A Hifk (Synaptic system) % 1:1,000 |2 7 B
L7ctg, BRIV TIRERC S, 2 kH{k L L T Anti-rabbit IgG-HRP (Santa Cruz
Biotechnology) % 1:2,000 IZA R L 72#% ., EiRIZHB W T 1K XIS & 72, Chemi-Lumi One
L(FHT7AT A7) #HWTHELIE, LAS-3000 (F L7 1 /L) THEITAZIT > 7,

2-5 #L kAL 2 G a9k

AN~V CEELEBMMAMNKE T T o oall L KU EERLZ, FUAR T
hematoxylin and eosin (H&E), V= A ¥ > 7 v MNETHEH L7 SV2A Hiik% W Tt
L. BFBEME CBRE LT T2,

2-6 Ml N Ca?* i £ ([Ca?*]) o MIE
% B R G M0 K (2 fura 2 AM (2.5 uM; Dojindo) % 30 2y IR CAM Lz, M Z2 O
6



(300 rpm, 1743). ¥ L7=1t%. 4%BSA % & Te VE M IA IR P I3 ilF & 4°C THEAFE L 7=, Cell
Tak THILE L 72 N—2 U v 7 BIZBFBER R ML 2 85 S8, B omEE (AQUA
COSMOS, &M AR b =727 R) ZHfe Lo B RBMEE (TE2000, AV v R) 27—V |k
DT ¥ N — 23K L [Ca?]i O W E & AT - 7=, & e E (Ex: 340/380 nm, Em: 510 nm)
W2 L e e (F340/F380) = WIE L, [Ca*lizRdD Tz,

2-7 317 By AL B

FERAERITEYMIERERZ TR L, EERBOMNBMEEORE S 2T 5 L& &
DA EABEE, Student’s t REEZ N2, UEOREICENTP<005DLE, AEE
b EHELT,

3. HiR
3-1 HEPI BRI Ca* P EI I O BIc BT 2 L R_XF T X L OB E

T P R RS AR I S Fs T FEIRE CUEBE N A Bl S e o 72, ACh (1 pM)
BRI B AR B L 0 B O B T e i B L. ACh IR BR AR 1 2B T 5 P
FABEE 13 11.0 £ 0.4 events/cell/30s & 72~ 7=, D%, B A KHEEE TP 5002 L
ACh HI| B BAtA 3 3 #4128 D B3 AH M 1% 2.7 £ 0.2 events/cell/30s T & - 7= (opened circle
in Fig. 3),

WNT Ca* iR D Ic BT 2L R_RF T8 X A (50 yM) DR IZHOWTHE L 7=,
LARF I X LTE MM LEZEZIC ACh B ZITo72L A, LXF T & X LT Ca?t
AR B O Ak o W1 A &2 30% 084 S 72 (7.4 + 0.4 events/cell/30s. closed circle in Fig. 3) .

32 V7 TAI VI AT v T EMAE LIRS D VIR E L -RCEB I D Ca?tFi &1k O Ak

OUHFHIZR T DL RF T X LOHE

B WP RS L CaZ* BB MEBR D I BT 2 7 94 I VAT v FIXATPIRFME T H
5 L) F TGO ATP 2 kh e S & % 72 I dinitrophenol (DNP, 100 uM) % v 7=, DNP
THEMMAE L, & 512 ACh BT 2 1772 5 & &M B o 91 A A3 il & dv . K 48 B o> 32 % A1
B O o N E Sz (3.5 £ 0.6 events/cell/30s, ACh HIlJ%BH 44 1.5 /3% . Fig. 4A),
RNT, ATP ZHkVe S B2/l W\ T Ca2 G it N i iz + 2 L _XF T8 % L D%
RIZOWTHF L7z, DNP T5H ML L, KIZLV_XF Tk XL DNP T 5 FpHAAEL
72, ACh N 1T/ ofc & 2 A, LXF T & A% Ca i & B 1 Jik t o #8148 % 450
A XA &8 72> 72 (3.9 £ 0.5 events/cell/30s, ACh Hl#% BH 44 1.5 43 % . Fig. 4B),

1A P RS 9 A B 1 38 W T 8-Bromo-cGMP (8BreGMP ., il i 5325 it 14 > cGMP 7 = )

7



7T T4 I 7 RRESED LT Ca P HIMER N ORI Z IR S &5 2 L B
ER TV 13, 8BrcGMP (100 uM) THIM L 7= Ca*fi itk niBicB T 2 L _RF T & X
LDFHRIZOWTEF L7, BLAT O A & FAIZ . 8BreGMP (& Ca?*#i Hi M B 1 fik i o #1)
FI & B 58 & ® 72 (19.3 + 1.1 events/cell/30s, Fig.5A), L _"F T X A TEMMEL, K
IV RXRFTEH L 8BrcGMP T 3 B L7k, ACh Il iz T/ o7& 2 A, LT
7 % A1X 8BrcGMP 12 X - THISR L 7= Ca?* 3B 0 it H o w1 M 2 30%08 0 & & 7=
(13.4 + 0.8 events/cell/30s, Fig. 5B), #&iZ. 8BrcGMP T 3 4r[H MLEE#: . 8BrcGMP & L X
F 78X ATESMWE L, AChHIZATR o 7o n, VA_XF T X L0 Ca? i HitEBR O ik
H oI #IAR 2 40 L 722 7> > 7= (18.9 £ 0.5 events/cell/30s. Fig.5C), Zh b DfEHR IV, L
RNRFTEVIZLBFTIAIVIT ATy TIHE, 774 IV 7Bz SELN, T
W7 IAI 7 ENTERICITEELTEI W ERREINT,

3-3 ACh Hill P % o FL IR R E % 2 181 H 0 ACh BIPPERH 0 it O T M IC K+ 5 LT T &
NP

ACh il &2 1 43 AT\ & D % 5 7y [ o B8 WM # 12 2 Bl B o ACh #il# % 17 72 - 7= (Fig.
6A), DD 1M O ACh RITHIZEFRM 2l S EZ 3, WMo AG = Z Lz (10.2+
0.4 events/cell/30s), KIZ 5 M@ EIE B % 2 [0l B o ACh HIEUIL B B K & 1) < (2830
TRk, el S, T2bbH, 2EHO ACh BIEIZ I MIMEEZ & L B s
(2.8 £ 0.2 events/cell/30s, 2 [E H & ACh Hll#% 1 73 #% . Fig. 6A), KT 5 %) A o [E] 18 H A
HFIZLRFTEHX AL VAEL7Z%ICE S 2B O ACh #ili% % 17 72 » 7= (Fig. 6B), 2
Bl H O ACh FIl I X B O A 2 R 2 (2N S, 2 B H o ACh HIl I B 46 1 53 % @ B 11 Ak (4
FE1X 1.9 £ 0.2 events/cell/30s TH -7, VL _XF Tk X LE2EHO ACh #IIFMEB O B H %
LARF T2 L LABGFELROEICHRT8%ICHD S, &blc, 77437 &1Ei
T 27Oz, FE MM FIC 8BreGMP T 3 /pHALEL L. kT, 8BrecGMP f£7E F T 2 [HI H
® ACh #ll# % 1772 » 7= (Fig. 6C), 8BrcGMP fF£7E FIiC ¥} 5 2 W H O ACh fil#4ix. w1
FEBERMAS SR Lz, WAL 6.6 £ 0.3 events/cell/30s Td v . 2% 046 B 1%
1.7 £ 0.2 events/cell/30s ToHh -7z, FHHEIZ, BEHEHHETIC LV XF T &% LT 2 MWL L .
LARF T Z L& 8BreGMP T34 MMl # . & b2 2B H o ACh il i % 17 72 - 7= (Fig. 6D),
2 HIH® ACh FIBIZ OIS S ERMAoI &R Lie, WIMMBEEIT 3.6 £ 0.1
events/cell/30s., FEFEAHAHE L 1.8 + 0.2 events/cell/30s TH Y . L _XF 7 & % AL 8BrcGMP
IZ X o THHR S 2D ACh HII P4 B 0 it o F1 M % 55% I I & 7=,

3-4 Bl IZ BT 5 SV2A O H & J/TE
8



VT AZ T ry NMEICBT2HBMMEES O TO SV2A o N KE3RT (Fig.
7A-B), SV2A O x> KRR HHPI RS (Fig. 7A) & 6 (Fig. 7B) TH 93 kDa 2t s 7=,
WU TR T EEZ VT SV2A O RIEZ B Lz, H&E 1T X 0 kG e 13
P G 5 o0 4 R AR 20 & 49 13 v b 12 \Chif& L7z (Fig. 7C, 4 7 —KfX)., SV2A % H i
BRFE A O MR C JRFET 2 2 & R S iz (Fig. 7D, 4 7 — [t 1X) .,

3-5 ACh Il ic X 2 [Ca?* i BMLICKIET VRF T X LADOBHE

ACh (10 uM) HIPEZIZ L R_RTF T & ZLE %2 B 2 72 5 7244 (Fig. 8A) & ACh (10 uM)
FIBATIC LN TF T2 X DB E B Z > 286 (Fig. 8B) Tid, [Ca¥]i ICHEITR D b L
o Te, ZOZENLLRF T X AT ACh FIIRICBEIfR e < [Cailc B E HE X2\ 2
EMTRMBEE T,

A PH RS A i Ca?* R B MEBE A O MIIFRIZ 7 T 4 2 v Z BRI L TV D
L) A DOFER N D SV2A DR RN ) T RTHDH LRF T X AL Ca itk O
et O WA Z A X 8BreGMP IZE W 77 A4 IV I BREELTHDERETIZEBWTH
Ca* P EEB O O WM OBV IFEE Th o7, ZTOZ LIV L RFTEELANT T
AI VI EE AR ST N RSN, £, VARF T X LALBFTIC 8BrcGMP
THER L 7MiM T, VAT T A% Ca P ER O B 0PI IC R A KIE S 7
o, TORRFIVRF I LNT CRTIAI VT EaNTZERNEELZBRDIERNW &
R LT, VRFITEZLOMRDVIZ ATPIKGFEHED T T A4 I 7 2HET 2 DNP TRE
LEMBETHER DR THELIZERHESNTND Y, 2D LD, LRFTEH
LAITTAIVI AT v IR BE 5252 LR RENTE,

SV2A X ATPfEAMEAE THY 774 I VT AT vy TR T 5 17719, & 512 SV2A
ET TR T IAI VT EINTERETICOLIBERICITIRELZS ARV LR REIRLTVD
1819 RBFIEIC BV T, SV2A [T H MM R IRMIICEET 2 L 2B Lz, LXFF
4% L 1E DNP {E1E FIZ 3T ACh Il B 1 B o B 40 & i) S B 72 2 > 72, kI ACh
R 2 210047 e o T2 AR L0 (2B H O AChHIB & 1A 72 LICERME O H 5l &2 2 L7,
LU VR FTEX L% 20EHOAChRIFEATICAIE T 5 2 & TS HICEREMITH A LI,
ZOERMET T ATPIEBAENY VBE2rbfEENnTWnEEEZLNDL D, T O
RIFVARXF T X LOEHANATPEGETHLZEERBL TS, S HIC2[EHO ACh
IV ATIZ 8BreGMP TRLER L 72 MiICEB W T H L AR_XF T X AFHHHEEZ L S E2, L
RFTEHX AT SV2AZHET LI ETUT TACBWCT T4 I THERLOH E /D S
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ELHZEPHMESNATVD 2, ZoZ & Xy, BHMREERRICEWTS LT T X
LIESV2ZAOREEZ N LT 74 I 7N ZBD S &5 2 LT Ca? &M 1 A o
BIHIFE %2 B> & 22>, 8BreGMP (2 L 5 Ca2*Ff &k BR 1 i Y oo 40 51 K oo B8 58 b B0 3 5
LHER I,

5. fEish

HE P RSB VW T, LRF TS X AT SV2A O EEZ N L CT T4 I v V Pk
AWV EHELZ L TGMPIC X VW IEM S - Ca*FHEiMER 0k o WA 2 A S8 5
ZEMNIRENT,
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15—_] Levetiracetam 50 uyM

) ACh 1 uM

N~
€8 z
>Q 10 i i1 e Levetiracetam (+)
g © J .+ o Levetiracetam (-)
L o
= = i
o8
22 o
32 57
x O b
w 4

0

4 -2 0 2 4 6 8 10
Time (min)

Fig. 3 Effects of levetiracetam (Lev) on the frequency of ACh-stimulated exocytotic events.
ACh (1 uM) increased the frequency of exocytotic events in antral mucous cells: an initial phase
followed by a late phase. The addition of Lev decreased the frequency of the initial phase by

30%, but had little effect on the frequency of the late phase.
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o>

] DNP 100 uM
.
i ACh 1 uM
B o= J
c
S & 10
o= .
o8
o® .
55 52
3% 57
X @ .
w ~ .
0_
-10-8 6 4 -2 0 2 4 6
Time (min)
B
15 J[DNP 100 oM
i Levetiracetam 50 uyM
" - I
= g i ACh 1 uM
¢ o 10 ] e Levetiracetam (+)
_g g A o Levetiracetam (-)
o ® .
55 52
3% 57
X O .
w~ i
0 —
-10-8 6 4 -2 0 2 4 6

Time (min)

Fig. 4 Effects of levetiracetam (Lev) on the frequency of Ca?*-regulated exocytotic events
in the presence of DNP.  A: DNP (100 pM) abolished the initial phase of Ca?*-regulated
exocytotic events in antral mucous cells stimulated with 1 uM ACh. B: In the presence of DNP,
Lev did not induce a further decrease in the frequency of the exocytotic events in antral mucous

cells stimulated with 1 uM ACh.
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Fig. 5 Effects of levetiracetam (Lev) on the
initial phase of Ca?*-regulated exocytotic events
activated by 1 pM ACh. A: The addition of
100 uM 8BrcGMP enhanced the frequency of the
phase by 75%

stimulated with 1 uM ACh.

initial in antral mucous cells
B: Lev added prior to
the 8BrcGMP addition decreased the frequency of
the 8BrcGMP-enhanced initial phase by 30%. C:
Lev did

8BrcGMP-enhanced

not decrease the frequency of the

initial phase, when it was

added after the 8BrcGMP addition.
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Fig. 6 Effects of levetiracetam (Lev) on the frequency of Ca?*-regulated exocytotic events
activated by the second stimulation of ACh. Cells were restimulated with ACh (1 pM) after a
brief recovery (5 min) from a brief ACh stimulation (1 min). The first ACh stimulation induced
an initial phase. A: Control. After a brief recovery following the first ACh stimulation, the
second ACh stimulation induced a gradual increase in the exocytotic events frequency with no
initial phase. B: Lev added during a brief recovery following the first ACh stimulation. Upon
adding Lev during a brief recovery, the second ACh stimulation induced a gradual increase in the
exocytotic events frequency with no initial phase. The addition of Lev decreased the frequency
of the late phase by 32% during the second ACh-stimulation in antral mucous cells. C:
8BrcGMP added during a brief recovery following the first ACh stimulation. Upon adding
8BrcGMP during a brief recovery, the second ACh stimulation induced an initial phase followed
by a late phase. D: Lev and 8BrcGMP added during a brief recovery following the first ACh
stimulation. Upon adding Lev and then Lev plus 8BrcGMP during a brief recovery, the second
ACh stimulation induced a small initial phase followed by a late phase. The addition of Lev

decreased the frequency of the 8BrcGMP-enhanced initial phase by 45%.
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SV2A=—> <=100k

.~ €=380k

Fig. 7 Expression and localization of SV2A in the antral mucosae.  A&B: Western blot
analysis for SV2A. The SV2A band was detected in the antral mucosa at a molecular mass of
approximately 93 kDa. (A) Antral mucosa. (B) Brain. C. H&E staining. D:
Immunohistochemistry for SV2A. The antral mucous cells was immunopositively stained for

SV2A. Scale bars represent 50 um (C&D).
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Fig. 8 Effects of levetiracetam (Lev) on ACh-stimulated increases in intracellular Ca?*
concentration ([Ca?*]i).  A: ACh increased the [Ca?*]i, and the further addition of Lev (50 uM)
did not affect the ACh-stimulated [Ca?*]; increase. B: The addition of Lev had no effects on the
basal [Ca?*]i and did not affect the ACh-stimulated [Ca?*]; increase. The ACh concentration

used was 10 pM.
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¥l CatiEi MR 1 i @ cGMP & fifi
%2 Hi CaZ*F FiMEBE 0 i i %3 5 cGMP D %% &l -
PKG [H#EC X % PDE2 # /L 72 cAMP @ & 4

1. #8

A P RS AR IR L d5 W T cGMP i Ca i MEBE A it 0 ATPIRAFIE T F A X v 7 2[R
EIELZETHHMAEERT S 19, 5 1HICHB VTS cGMP IZ K % Ca?+#i #i M B 1 Akt
DHIMMBOMRIT T T4 IV T EEZ WD SELLRF T X LCEIVMIMEISND Z &
R Lo, WRWT Ca? i fi 1k B 1 ik oo F1 AR O B 58 (2 %f 9 %5 cGMP D & & Z PKG fHLFE
3T & %5 Rp8BrPETCGMPS % [l W\ THr it L 72 . Rp8BrPETcGMPS % 8-Bromo-cGMP (BrcGMP,
MEEEEmEO T Fu 7)) Ko THlEEZ &z Ca? FAHI B 0 it @ #1 # 48 o 1 78 %
HWREELZN, BRMEICBVWT—@BEOH D KHEMES I ZEZEZ L, T2bb,
Rp8BrPETCGMPS (T & v Ca?* i #i P BH 1 it o ) WIAR & B AR IC B W TR - 72 B 1 ik i
BEDOFE RN A SN 7=, Rp8BrPETCGMPS (T L % ) #i+H o 1% 2 1% Rp8BrPETcGMPS 7% PKG
DHEZNLTCTIA IV 7B EBPIELZ L ThlER I INT,

AH T X E P R OKS I AR L2 35V C Rp8BIPETCGMPS 12 & 5 PKG D L& 28 ¢cGMP IZ L Y
Effi Sz Ca* IR D O 774 I v I RETHRICOVTRE Lz,

2. MBI LU0
2-1 R L OV HEY

FLES IHEFRUCMEOBEKRI ZEM L, 0K TO C2HREL FF5HT
Ca?*-free In iR Z Ll L 7, Ca?*-free in ik O i B IT WK 1 72 5 CaCl, # Y Br & 1 mM EGTA
Mz Ca?* #5842 % L — k L7-, ACh (Daiichi Pharmaceuticals), = 7 77—+t (flay
M . 180-220 U/mg. Wako Pure Chemical Industries) . BSA (Wako Pure Chemical Industries) .
8-bromo-cGMP (8BrcGMP, Sigma) 3 & U' guanosine 3°, 5’-cyclic monophosphorothioate,
B-phenyl-1, N2-etheno-8-bromo-, Rp-isomer, sodium salt ( Rp8BrPETcGMPS, Sigma) .
BAY-60-7550 (Biomol) ¥ & % PKl-amide (Biomol) % M\ 7=, ACh (Z@#fiK C&EM L 7=,
ACh LISt @ ¥ 1% DMSO TIEfE L .DMSO DI IS 0.1% % B 2 72\ L 9 I IR L 7=

2-2 ' 4 P ORG 9 H HE oD d
FLIEREIGEFAUMMEETIT 72, ETOEBIZRIKER XFE3YERBEICWKE-> T

1T- 7,
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2-3 B A fkH oo Bl %2

L LE LR U HIETITZR o7z, ACh HIKBI4A 1 0% 2 AWM BEE & L. ACh HIl%
Btk 4 % 2 B AHBEE & L=, Rp8BrPETCGMPS ¥ L Y BAY-60-7550 % fifi F L 7= 326& C
IX ACh Il BR 46 3~6 73 DIE THe b M W BHEE 2 B M & L7,

2-4 v A Ty ME

B PR S X OV 2 RIPA buffer THRE Y4 XL, ®O4HE (10,0009, 10 %) %17
Rol, TOEEEXZ R IBELLTIO gDV I ERA W, T5%DKRY T 7Y AT
SRV EHAVWTERKE S, PVDF AV T L UVICIRE S, AV T L% 0.3%A X
LAINTZHEL) CAREKR Ty X 7 0H (BiR., 1M 21772, £0%. 1
WHiK & LT PDE2A #ifk (OriGene Technologies) % 1:500 ICA R L7=% . EiRicB W\ T1
B M St & 7=, 2 RHT{A & L T Anti-mouse 1gG-HRP (Santa Cruz Biotechonology) % 1:1,000
AR L72%, |IRIZHB VT LR G S &, Chemi-LumiOne L (74 7 4 7 X7 | 5HR)
ZHAWTREE S, LAS-3000 (B L7 v A, H) TN 21T o 72,

2-5 cGMP # L U' cAMP 0 il &

AT =B L T ARWFIEEE @R IE 2 RA T A (95% Oz, 5% CO2) THIFI L 72
WIR TIZ A, A AZ MY 280 37°C, 10 oA v FaxX—F Lk (2 br—A
YF¥FaR—var), cGMPORIEILIE, 2 bu—bAf rFaX—a %k, HEEH M
FiE DMSO (k= > Fr—), ACh (1 uM) Z&HEML T, 10 o RHAIE L%, D
(SRR ZE R P COlES L 72tk -80°C T 24 I AL o 24T\, T ORI E L, cAMP O
HEICIFE, a2 b= rFa—3 g %, HEET PRI DMSO, ACh (1 uM),
Rp8BrPETcGMPS (500 nM) + ACh 35 & U8 BAY-60-7550 (100 nM) + ACh Z#/mL T, 1, 5,
10 4y P fili% L 7= % (DMSO % L UY BAY-60-7550 + ACh i% 10 2y B I o Z) . B H 12K K %
AP TG Lok, -80°C T 24 FF[HBRAS e 2 1TV, T O %M & L 72, i BT cGMP EIA kit
(Amersham International, Little Chalfont) 3 & O' cAMP EIA kit (Cayman Chemical, Michigan)
ZHW, €& L7, cGMP [ pmoles/g-dry tissue weight, cAMP % pmoles/mg-dry tissue weight
TE LI,

2-6 FLARAL Yk
A=V CEELEEBMMRBEEL T 7 o caBL, U EERLE, URIZ Y 2%

Y7 m oy NETHA L PDE2A HifkZ2 AV T L, BB CHE LT -,
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2-7 M@ N Ca?* i £ ([Ca?*]i) O HIE
FIEFLIE R U FETIT o2,

2-8 M RT Y AL B

FERAERITEYMLIERERZ TR L, EERBOMNBMEEORE S 2T 5 & &
DA EZMRFTI Student’s t fREE H W7o, BERMBIZH T 2 —@MEDBH O A H 8N % g4
HEEOFBEAEMRFTIE, ACh FIIJEBILA 2.5 H 2 W X 3 0k OBBEHMHE (—iRED N
B B NBA AR L RT) & ACh WM BA A 3~7 (2 L & 2 — ik o 2 58 Al 8 B2 o> 38 N iz >
WT ANOVAREZH W CHE L, ZOoMOAEZBREFIZ, LEIZ/E U T Student’s t 1R
JE . unpaired t iRE H 5 W X ANOVA R EZ Wiz, L EOREIZCBWVWTP<0.05DL XH
BEEDV EHEL,

3. MR
3-1 ACh Iz & 2 B I PI R cGMP & &=

DMSO & ACh (1 uM) T K 2 I B H B P9 R 5E$ o cGMP & & % 7~ 9~ (Fig. 9). DMSO
FPT K 2 B H e POk R 0 ¢cGMP & & 1T 6.7 + 0.1 pmol/g-dry tissue weight T& - 7=,
ACh HIIPZ X 2 I BES B PR R o cGMP & & 1% 12.2 £ 2.4 pmol/g-dry tissue weight T&H 0 |
DMSO #ilik L v b 2 AEICHEM L, 2o Z b, HEMREIZES W T ACh %
X cGMP 2 &4 5 Z LR3I,

3-2 Ca?*@ fiPEBA O M HI IR 1T 5 cGMP D &) R

B P RCRG A IR S de W T RN T A i A Bl S v o 72, ACh (1 uM)
B BB AR B P 0 B D BE RS IR I B R L, ACh I BR AR 1 R ISR T S I
FHAE FE 13 10.0 + 0.9 events/cell/30s & 7c V) . Z O% B OB X P 2001254 L, ACh
)% B BR 4 53 #2123 B I FHAE E 1T 1.7 £ 0.2 events/cell/30s © & - 7= (opened circle in Fig.
10A) .

9 Ca A MER O ICE T 5 8-Bromo-cGMP (8BrcGMP, i il 3% itd 1 @ cGMP 7
Fu s 100 uM) OFERIZOWTHEF L7z, 8BrecGMP T 3 M #I¥ L 7=% . ACh il %
1T - 7= (closed circle in Fig. 10A), 8BrcGMP (& Ca2*FHEiPEBH 0 ik o F1 AR 2 45 B (2 HE i

(18.1 + 0.7 events/cell/30s) &, ZDH D L2LNITHA (EFHRMHEE : 1.8 £ 0.1

events/cell/30s) E® 7=, W\ T, 8BrcGMP T X » THIS® L 7= Ca2*F MM 0 ikitics g

% PKG PHFEZE (Rp8BrPETCcGMPS, 500 nM) D& FIZ DWW THGF L7z, Rp8BrPETcGMPS

T 54y MALEL L. &IZ Rp8BrPETCGMPS & 8BrcGMP T 3 4y MIALEL L 7= t% . ACh #I¥ % 47
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- 7= (Fig. 10B), Rp8BrPETCGMPS 77 /£ . 8BrcGMP % Ca?* i i 14 BH 1 hi i o> 9] 1 #6 % 4
. ACh HAMIMIC K> CLEF LAEMHMEY 3512 66%ICH4A (6.6 0.3
events/cell/30s) &H7, ZORMEIX Fig. 9BV T RENEHE, T72bH ACh Hll¥# A
CGMP # £ S E 52 &b, 20 cGMP O FRE 2 Ca? Fil i M B 11 A Hi o 91 I HH 4 85 58 L
mEEz2o6N7, —J. Rp8BrPETCGMPS (XE ¥ T — Mo B 0 i 8 m (2.9 + 0.3
events/cell/30s. ACh #l ¥ BAth 4.5 51%) Z#ol & Z L7z,

3-3 Ca?* i &M B 0 e i B 1 5 Rp8BrPETCGMPS (PKG FHLEZR) d %)

Figure 11A (X ACh #I| ¥4 A1 {Z Rp8BrPETcGMPS (500 nM) T 5 4y [ ALEL L 7= B o BE 10 Ak H
K& % 779, Rp8BrPETCGMPS [ Ca?*F #i ¢k B 0 st i o W) #1480 %2 30% P& 4> (6.9 = 0.2
events/cell/30s) & W 7- 28 | BRI IZ B W T — Mo B 0 A0 (3.1 + 0.6 events/cell/30s)
ZolEf Z L7, ZZ T, Rp8BrPETCGMPS IX ACh HIlJATICALBE S 722 b b 6,
Rp8BIPETCGMPS (2 L » THl & Z &h 2 — itk o B 1 i #8940 <1k 70 < %A
CBWTHERINT, CAMP 377 A4 I v 7 72—V a et L, BRMEHMERICEW
TWDZERRENTWD MO Lpnn | —i Mo B 0 01X Rp8BrPETcGMPS @ 3 &
IR WE T 72 < T, Rp8BrPETCGMPS 2k %5 cAMP OZE I ENFERN THD EEZ D
A7z, WIZ Rp8BIPETCGMPS (2 L %5 cAMP OER N R 2 Mt 4 272912, ACh fil I B 44 4
/7% 12 Rp8BrPETCGMPS THLEE L 7= (Fig. 11B), Rp8BrPETCGMPS # iz 5 &, EH < S &
B A B 230 L. Rp8BrPETCGMPS AL B 1 75 % > I F #H D 4 £ 1% 3.2 + 0.4 events/cell/30s
Thole, bbb, —iWMEOR A AMNEMIL Rp8BrPETCGMPS 12 £ 5 cAMP @ £ fE %) R
DK TN EnREShiz,

— 5, Ca%*-free Y&k #1 ¢ ACh Hi H 3 M B 0 ik 12 3817 5 Rp8BIrPETCGMPS d % iz o
WTHR L7z, ACh BITHIZIERMZ b 723, WIHIHICB W Tho 27—t o Bl 0 Ak it
mzgl &g = L7 (3.8%0.4events/cell/30s; opened circle in Fig. 11C), Rp8BrPETcGMPS T
RIALEE 25 EBREMEZ L., WHHICBO Th I —@rkEo B 0 kb Enz ikl &8
7= (2.9 £ 0.6 events/cell/30s; closed circle in Fig. 11C), T L ORIV . BERMIIBIT S
Rp8BrPETCGMPS DO Zh R (—BME DB Ok o B m) (2IiX[Ca® i DM ETH DH Z & NIR X
i,

3-4 Ca** M MER N IR 1F % PKl-amide (PKA BREHK) o %R
Rp8BrPETCGMPS (PKG FHEHE) 723 cAMP # /L TIEH T 2 OB N a2 R T 572D,
Rp8BrPETCGMPS T/LHE L 7= Ca?*Fi &itER N At iz B 1 5 PKA [HEZK (PKl-amide, 1 pM)
D FIZ DWW THFT L 7=, ACh Il J4 /i 12 PKI-amide T 54y I ALE L % @ % Rp8BrPETcGMPS
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Mz TEHIZ 5 oM L7 (Fig. 12A), PKl-amide 13 ¥ 112 35> C Rp8BrPETcGMPS
kv glEE I EEDOR O KM ZE L (0.8 +0.2 events/cell/30s) 72, &K
VT, PKl-amide /776 F T ACh Bl B 46 4 1% 12 RpSBrPETcGMPS iz 7= (Fig. 12B),
PKl-amide /% Rp8BrPETCGMPS |2 LV 5 Ziff Z S L7 FAH T o — M o Bl 1 fik Hi #n %
H2 (1.7 £ 0.3 events/cell/30s) X®7=, Z®Z &2 5, RpS8BrPETCGMPS X cAMP % # f#
THLZEICEoT, BREMT—EEOH A KEEMZ SR T R RBRINT,

3-5 Ca**FH i EBE M i IC 3815 %5 BAY-60-7550 (PDE2 HEZK) @ #h R

% < OMALIZ I VT cGMP I L T cAMP @ £ 1% phosphodiesterases (PDEs) (& & v 7 &
INTWD 323, ZoH Tt PDE2 (cGMP-dependent PDE2) X cAMP % 73 fig 3 2 3% CTh
% 3436) % Z T, Rp8BrPETcGMPS (PKG FHE3E) 73 PDE2 IZ & 5 cAMP @ 4y fif % [R5
HNENEERT DO, Ca i ER 0 iz 7 5 PDE2 FHE 3 (BAY-60-7550,
100 nM) D Zh RIZHOW THET L7z, ACh HII B ATIC BAY-60-7550 T 5 oML L7 &L 2 A,
BAY-60-7550 [T E M IZ B W T —iaM OB A I (4.2 + 0.5 events/cell/30s) % 5| & i
Z L7z (Fig. 13A), &\ T, ACh ¥ BA 45 4 43 % |2 BAY-60-7550 % fin = 7= (Fig. 13B).,
BAY-60-7550 # iz % & . B Ok oS % #0 (3.8 £ 0.4 events/cell/30s, BAY-60-7550
PR 1.5 3 th) X7, T/ H BAY-60-7550 (2 L AP O oz R GEREF O — i@
HIM) 1% Rp8BrPETCGMPS IZ L A B Nk O R L Rk TH - 7=,

3-6 H W PIRE IR D cAMP & &

Figure 14 |3 # B B K4 PIRE B o cAMP & & O 281k % 7~ 9, ACh BRI 38 ~C 1 oH) Bl 7 140 Y
FiE R O cAMP B EIZIF LA EEL Lo, ACh JIJEAT D cAMP & &% 9.9 +
0.8 pmol/mg-dry tissue weight T& » . ACh HIPBH 44 1. 5 3 X TV 10 43 @ cAMP & & X%
NEN 11.6+1.3, 11.1+1.6 33 X 9.3 £0.3 pmol/mg-dry tissue weight T > 7=, L)L 7%
785 . Rp8BrPETCGMPS (PKG FHEH) + ACh (2 X % Hil 3% 1% I Bt H W FI RS B b © cAMP &
BARAICHEML, 15 TCEARBICHEMLAR o, 5 H0UNICEFRMICEL, 58 X
N10 5% CIEABICHEM L 72, % ETo cAMP & &% 9.7 + 1.9 pmol/mg-dry tissue weight
ThHY, HEESL L 5B8LN100% D cAMP & &IZZ N FN 12.7+09, 17.7+1.6 B &
N 17.1 + 1.5 pmol/mg-dry tissue weight Td - 7=, & 52 BAY-60-7550 (PDE2 [H & 3#£) + ACh
2 & 2% T b R EEE PR O cAMP & & % 17.3 £ 2.3 pmol/mg-dry tissue weight & T
HEIZEMUZ % 10 21%).

3-7 BHYMPI R I BT D PDE2A O R HL L F/E
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DIAZ T ay MEICET 2 HEMKEES XM To PDE2A ® N2 K& (Fig.
15A-B), PDE2A ™3> K28 HE4P kG (Fig. 15A) & i (Fig. 15B) T 105 kDa (2
Sz, W T PDE2A D JRTE % S Ml b F 512 K 0 G L7z, PDE2A 13 M P IR kG i
Ml OMBEICRIET S Z ERER I (Fig. 16C. 7 7 —KfX),

3-8 ACh #ill#% 12 X B [Ca?* i Bfbic L IF T RpSBrPETcGMPS RESIES

ACh Ji]# 1 2 Rp8BrPETCGMPS WLHl % 35 Z 72 o 7= 35 & (Fig. 16A) & ACh HI ¥ i ic
Rp8BrPETCGMPS MLHl 2 35 Z 72 » 7= 53 & (Fig. 16B) TIlX. [Ca?*]iiTh IO Lo
72o T Z L D25 Rp8BIPETCGMPS 1% ACh HIMIZ B 7 < [Ca?* i ICHE A - 2 7p v 2 & 8
RENT,

4. EE

ACh (1 uM) IZ X 2 HI1X cGMP Z &£ FfE L. S b2 PKG HEIE TH %5 Rp8BrPETcGMPS
X 8BrcGMP i X %5 Ca* il A i o WMo ez EL, 20D
Rp8BrPETCGMPS (Z L v i ¢ L 7= A1 #A4H 1% ACh BA ARl X 2 B8 0 o #1848 &k v /b &
Motz ZOMELY . ACh HIIKIZ X 5 cGMP % F5 13 H 14 P ROk M i Ca2+ 3 it BR 1
B O E MR T 2 72DICEHEREEHZRLZL VWD EEI LT,

KIZ PKG ZLE LG CaMEiEF 0 e+ 28R iconTHRET D201
PKG BHE % (Rp8BrPETcGMPS) % i\ 7=, Rp8BrPETCGMPS % Ca2* i &t BH M fic tH o» 32 %8
FHiZB W T—@mEoR O RHEmESI £ Z Lz, cGMP 27 74 I v 7 a3k %
WMMSELZLICE-oT Ca¥ MR Mo MMEHERST L D, Z0Z LI
Rp8BIPETCGMPS N7 7 A4 I vV IRz LI+ E2 R LTS, —F T,
PKA [HEHH CToH 5 PKl-amide (X Rp8BIrPETCGMPS IC Lk » THI & Z &N ERMHICBIT 2
— WO D EHE M AEMEKSEE, 20 L H WM MR K MR IR W T
Rp8BrPETCGMPS 7% cAMP # ZfE I E 22 &¢n B2 o b, HEMREEMEIZE W T
CAMP DERITI T FIA I 7L T7a—VarOMAT vy FE2RESED N2 &5 cAMP
DEBITERMICENC @O ARHEMEZSI E RS Z ENRBINT,

VI AL T my MERIOREMMLTE LD PDE2A A H H P RS M A 12 R AE T

Z L &L, PDE2 [HEH CTH 5 BAY-60-7550 |L Rp8BIrPETCGMPS & [Al 4% 12 B 3 M1 (2
BWT—mMEoMOkMEmEs i L, S 5I2 BAY-60-7550 | Rp8BrPETCGMPS &
AR ACh BT I X 2 HEA PR IZ W T cAMP O 3 iR 2 fLE 9% 2 & TcAMP O %
WMLz, 2o & kv Rk IR 2 38 v T Rp8BrPETCGMPS X PKG 2 [LE T 5 =
& T PDE2 OIEMEZ M A . cAMP 32 il 57290 cAMP &M+ 5 LML, Z O
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AMAIZB W T [FAERIC PDE2 28 cAMP OE A2 S T2 Z LN ME IR T D 39,

5. ftiag

ARFFERE R T 0 P IRRE IR (2 33 W T Rp8BrPETCGMPS (PKG BLERK) 1277 4
ST ENTEENBEERY SEL LT AEmE L7z, —7 T PKG O F X PDE2 ©
HEZ ML cAMP OE M A5l & Z Lz, 20 cAMP O /A Ca2 Ji #i LBl 1 il o 38 &
MT—@EOR D BHEMEZS R Lz, 20X 512 PKG 24l 42 2 & 1% 1R kS
AR Ca2 FH I PERE D i O I IIFE S B EAAICB W C o 0RBHN R KIEES ER T2
Exam L,
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cGMP contents
(pmoles/g-dry tissue)

DMSO ACh 1 uM

Fig. 9 c¢GMP contents in the antral mucosae. The antral mucosae were incubated in the
solution I (10 ml). Next, they were incubated with dimethyl sulfoxide (DMSO, vehicle control)
or stimulated with acetylcholine (ACh, 1 puM) for 10 min. Stimulation with ACh increased
cGMP content roughly double in the antral mucosae. *P < 0.05: Significantly different from the

vehicle control values.
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Fig. 10 Effects of cGMP on the frequency of ACh-stimulated exocytotic events. ACh
(1 uM) increased the frequency of exocytotic events in antral mucous cells: an initial phase
followed by a late phase. A: The addition of 8BrcGMP (100 uM) increased the frequency of the
initial phase by 80% in ACh-stimulated antral mucous cells. B: In the presence of
Rp8BrPETcGMPS (PKG inhibitor, 500 nM), 8BrcGMP did not enhance the initial phase. The
frequency of the initial phase decreased by 66%. The frequency of the initial phase was lower in
the presence of Rp8BrPETcGMPS than that in the absence of Rp8BrPETcGMPS. However, the
addition of Rp8BrPETcGMPS induced the delayed, but transient, increase in the late phase in the
exocytotic events stimulation by 8BrcGMP plus ACh. *P < 0.05: Significantly different from
the corresponding values. 1P < 0.05: Significantly different from the value at 3.5 min from the

start of ACh stimulation.
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Fig. 11 Effects of a PKG inhibitor
(Rp8BrPETcGMPS) on the frequency of
ACh-stimulated exocytotic events. A:
Rp8BrPETcGMPS (500 nM) decreased the frequency
of the initial phase by 30%, but induced the delayed,
but transient, increase in the late phase in the
exocytotic events stimulated by ACh alone. B: The
addition of Rp8BrPETcGMPS in the late phase
immediately increased the frequency of the
exocytotic events. C: In a Ca?*-free solution,
stimulation with ACh induced a small transient
increase in the frequency of the initial phase without
any late  phase. The  pretreatment  of
Rp8BrPETcGMPS slightly decreased the frequency of
the initial phase, but did not induce any delayed
transient increase in the frequency of the late phase.
*P < 0.05: Significantly different from the
corresponding values. P < 0.05: Significantly
different from the value at 3.5 min (Fig. 3A) or
4.5 min (Fig. 3B) from the start of ACh stimulation.
In B, Rp8BrPETcGMPS is shown as “RpcGMPS.”
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Fig. 12 Effects of a PKA inhibitor (PKl-amide) on the frequency of ACh-stimulated
exocytotic events. A: In the presence of PKl-amide (1 pM), stimulation with
Rp8BrPETcGMPS plus ACh induced a biphasic increase in the frequency of exocytotic events.
PKIl-amide had little effect on the frequency of the initial phase decreased by Rp8BrPETcGMPS,
but abolished the delayed, but transient, increase of the late phase. B: In the presence of
PKI-amide, the addition of Rp8BrPETcGMPS in the late phase did not increase the frequency of
ACh-stimulated exocytotic events. In B, Rp8BrPETcGMPS is shown as “RpcGMPS.”
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Fig. 13 Effects of a phosphodiesterase (PDE) 2 inhibitor (BAY-60-7550) on the frequency of
ACh-stimulated exocytotic events. A: In the presence of BAY-60-7550 (100 nM), ACh
increased the frequency of the initial phase, but induced the delayed, but transient, increase in the
frequency of the late phase. B: BAY-60-7550 added in the late phase increased the frequency of
exocytotic events immediately. The delayed, but transient, increase in the frequency of the late
phase induced by BAY-60-7550 is similar to that induced by Rp8BrPETcGMPS. *P < 0.05:
Significantly different from the corresponding values. fP < 0.05: Significantly different from
the value at 2.5 min (Fig. 13A) or 4 min (Fig. 13B) from the start of ACh stimulation,

respectively.
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Fig. 14 Change in cAMP content in the antral mucosae. Stimulation with ACh (1 pM)
alone induced little changes in the cAMP contents of the stripped antral mucosae. The addition
of Rp8BrPETcGMPS (500 nM) plus ACh gradually increased the cAMP contents of the stripped
antral mucosae and plateaued within 5 min. Rp8BrPETcGMPS plus ACh increased by 73% at
5 min, although it did not at 1 min. The addition of BAY-60-7550 (100 nM) plus ACh, instead of
Rp8BrPETcGMPS plus ACh, also increased the cAMP contents of the stripped antral mucosae.
The addition of dimethyl sulfoxide (DMSO, vehicle control) did not increase cCAMP contents of

the stripped antral mucosae. P < 0.05: Significantly different from the corresponding values.
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PDE2A

Fig. 15 Expression and localization of PDE2A in the antral mucosae. A&B: Western blot
analysis for PDE2A. The PDE2A band was detected in the antral mucosa at a molecular mass of
approximately 105 kDa. (A) Antral mucosa. (B) Brain. C: Immunohistochemistry for
PDE2A. The cytoplasm of antral mucous cells was immunopositively stained for PDE2A.

Scale bars represent 50 um (C).
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Fig. 16 Effects of a PKG inhibitor (Rp8BrPETcGMPS) on ACh-stimulated increases in
intracellular Ca?* concentration ([Ca?*]i). = A: ACh (1 pM) immediately increased [Ca?*]; and
then decreased to a plateau within 3 min. The further addition of Rp8BrPETcGMPS (500 nM)
did not affect ACh-stimulated increases in [Ca?*]i. The cessation of ACh stimulation
immediately decreased [Ca?*]i. B: The addition of Rp8BrPETcGMPS did not increase [Ca?*];
and then stimulation with ACh immediately increased [Ca?*]i and then decreased to a plateau
within 3 min after addition of ACh. Increases in [Ca?*]; stimulated by Rp8BrPETcGMPS plus
ACh were similar to those stimulated by ACh alone. In A and B, Rp8BrPETcGMPS is shown as
“RpcGMPS.”
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% 2 E  PPARa Z I L 7= Ca?* i EiMEBE O ik i oo B R A% NO/cGMP #& 1% o 1% M b
01 PPARa A — F 7 U R IC L 2 CaZ*FHEiMEBE 0 Sty o B9 i -
NOS1/NO/cGMP @ % F%

=5

i

1. #&

B LR TIX SV2AMEI N 7 7 4 I v VR Z A S5 2 & T cGMP E#ilC L 5 Ca?t
FHEIVEBR D A O T O R A2 I L7, 20 Z & ix cGMP A3 F P RS IR AR A Ca2t R
PR O ticB i D ATPIKGENE T I 4 I v 7 24—y oL TWh R Enh, £
72 PKG ZHE 2 Z L i3 Ca?* &I EPH 1 i H o W) HIAR O Sl & B R IC B T 5 — itk o
BN & W D Z o DR RIS 5l SR Z T 2L 2P b nIc Lk,

— 7T, ¢cGMP 2 Z T 2WE L LT NO AH LA T 5 A 2022) 1y P ik i 4 i 12
BT NO/CGMP o 7 F /L Z JEMEAL T 2 IR IEI 6 2 Tl v,

B P RS R IS B W T T 7 % R & PPARa OIS ML Ix Ca2 §R i B 0 fcH o 41
WM AZHERESELZERHLMICERTWD ¥, MEWNEMIEDH 5 VI3 05 T
PPARs 78 NO EEA A TE ML S ¥ 5 2 & 2320 £ /27 7% F o & Filiiidic s v T
NO FEAZIEMIbI DI Z b HEIN TS 28, Z b o®WmE L, IR R i
IZHBWVWTH PPARa DB NO ZFEA L TWVWHHREENR B X HNLD,

AE T, PRSI IS BV T, PPARa A — R 7 U U EEREIC L 0 CaFHEiMER O
FECH A3 R S AL D AR IS D W TR L 7z,

2. MBI LU0
2-1fE B L Oy

FHLIFEFLH R UM OBER 1 2 H L7, ACh (Daiichi Pharmaceuticals), =7 %
— ¥ (i fa 4> # A . 180-220 U/mg., Wako Pure Chemical Industries) . BSA (Wako Pure Chemical
Industries) . 7 7 % R > [ (Wako Pure Chemical Industries) . arachidonyl trifluoromethyl ketone

(AACOCF3, Wako Pure Chemical Industries) , L-7 /L% = > (Wako Pure Chemical Industries) .
N-((2S)-2-(((12)-1-Methyl-3-0x0-3-(4-(trifluoromethyl)phenyl)prop-1-enyl)amino)-3-(4-(2-(5-m
ethyl-2-phenyl-1,3-oxazol-4-yl)ethoxy)phenyl)propyl)propanamide ( GW6471, Tocris )
2-[[4-[2-[[(Cyclohexylamino)-carbonyl](4-cyclohexylbutyl)amino]ethyl]phenyl]thio]-2-methylpr
opanoic acid (GW7647, Tocris) . NG-nitro-L-arginine methyl ester hydrochloride (L-NAME,
Wako Pure Chemical Industries) . N®-[Imino(propylamino)methyl]-L-ornithine hydrochloride

(N-PLA, Tocris) . N-(3-aminomethyl)benzyl acetamidine, 2HCI (1400W, Wako Pure Chemical
Industries ) . N5-(1-iminoethyl)-L-ornithine dihydrochloride ( LN5-OD, Tocris )
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1-Hydroxy-2-oxo-3-(N-ethyl-2-aminoethyl)-3-ethyl-1-triazene  ( NOC12, Dojindo )
8-bromo-cGMP (8BrcGMP, Sigma) ¥ J O guanosine 3, 5’-cyclic monophosphorothioate,
B-phenyl-1, N2-etheno-8-bromo-, Rp-isomer, sodium salt (Rp8BrPETcGMPS, Sigma) %= H 7=,
ACh [T HiK THEM L 7=, ACh LIS D 34T DMSO THfE L. DMSO O fie f& i £ A% 0.1%
ZERRWE AR LT,

2-2 ' 9 P RS iR RE B o> B Y
EI1IEHIHS LR UMANETIT -, 2TOERIZIRKER RFEWEBRFBRICE- T
1T-7,

2-3 B 11 f H oD 48 22

BLEE LH L F U HIETIT /-7, ACh RITEBAAE 1 53 %% &2 W) AR % & L. ACh il %
BRIR 4 o5tk 2 B FASEIE & L 7=, GW6471, Rp8BrPETcGMPS, L-NAME £ X U' N-PLA % f#
U738 Tk ACh HIl B4 4~5 0 DM Tl b m WAHE 2 B R ARME & L7z,

24U T AKX Ty MNE

B 4 PRSI 2 RIPA buffer THREY -4 X L, =L BE (10,000 g, 10 497) =477 - 7=,
ZTOLEE X R BEELTI0ng OV > 7V EH Wiz, NOS Uik %2 L 7285 1% 7.5% D
NI T 27 UNT IR, PPARe UK ZHE M LK IX 10%O R Y 7 7 U7 I RT vz [
WTERUKE S, PVUDF A V7 L ICERGE S/, A7 L % Blocking One T7 1 v
o 7P (IR 3047) 24T o 72, £ D% 1 IRHLIAR L L T NOSL Lk (LifeSpan BioSciences) .
NOS2 Hif& (Millipore) . NOS3 Hi{k (Millipore) ¥ L (8 PPARa $i & (LifeSpan BioSciences)
%2 1:500, 1:1,000, 1:1,000 35 X 8 1:500 (2 7R L 721 . 4°C F T WIS S ¥ 7=,
FH 2 kLKL LT Anti-rabbit IgG-HRP (Santa Cruz Biotechnology) % 1:1,000 (NOS1) .
1:5,000 (NOS2). 1:5,000 (NOS3) ¥ &L ' 1:1,000 (PPARa) IZA IR L7=#% . HEiRIZHB W T
1 FRE RS & &, EzWest Lumi plus (ATTO) % H W CTH % &#, LAS-3000 (& L7 ¢4 /L 2)
TREMNT 24T > T2,

2-5NO ¥ X O cGMP @ il /&

AT T =B T ARWFEEE # MR 2 PR E L% IBE T A (95% 02,5% CO2)
TR L72%®R T (5mL) (I A4, EH A2 x 5a012 37°C, 10 40 A v F =2 X— k L7z,
NO DREIZIB W T, = b — LRETIX, FEET @ PR 2 DMSO (k= > b r—)
ZIRMLT, 2BEX 100 A rFaX—hL7, FIPMIEZRMU B T, FIBES WM
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F5 0512 ACh (1 uM) . GW7647 (50 nM) . GW7647 + ACh, AACOCF3 (1 uM) & % i AACOCF3
+ AChZ#mL, 288K 10 I L7z, NOMIEMICE: % LG4 E HICK ETHRE
L7, -30°C TIR&E L7z, LEHK (GW6471 15 L Y N-PLA) Z IR L 7-# CTiX, PHESRK
T10 WA > % 2~— K L7=%., DMSO, ACh (1 uM) . GW7647 (50 nM), GW7647 + ACh,
AACOCF; (1 uM) & %\ X AACOCF; + ACh Z %ML T, 10 Ml L7=%. NO M & H
ICH5 % B2 EBICK ETHRE L%, -30°C THRE L7, cGMP Ol EICB W T, 22>k
m—/LRETIR, RBEEE @ PT R IZ DMSO (k= > br—Jb) ZRML T, 10 oA %
a X — h U7o BIPREE A2 U0 U 7 BE U, B S B P RS 12 ACh(1 uM) ,GW7647 (50 nM) |
GW7647 + ACh, AACOCF; (1 uM), AACOCF3 + ACh & % I NOC12 (500 uM) #ifsin L |
10 3 IR L 7ot ., EHICIRIRE R P THAE L7tk -80°C T 24 R S 2 &2 17, &
D%FFRE L, EHK (GW6471 8 L O N-PLA) ZIRM L8 CIE, BAFZHE T 1001 >~
FaX—3 g L%, DMSO, ACh (1 uM), GW7647 (50 nM) ., GW7647 + ACh, AACOCF3

(1uM) H 2% X AACOCFs+ ACh 2RI L T, 10 A% L7=#% ., EHICIHKRERFP T
BWAE L7ot%, -80°C T 24 KRB IEAITV, T O®%MEE L, BT nitrate/nitrite
fluorometric assay kit (Cayman Chemical Company) % & U8 cGMP EIA kit (Cayman Chemical
Company) = H v, & L 7=, NO % nmoles/g-wet tissue weight, cGMP {X pmoles/g-dry tissue
weight T& L 7=,

2-6 AL Ak AL 2 G a9k

A~V CEELZEMMMELZ T 7 o oaB L, SO EFERLZ, FU I
periodic acid-Schiff (PAS) & % \ (% 4'-6-diamidino-2-phenylindole (DAPI) T¥ta L 7=, fi
DY) Jrix PPARa P& (LifeSpan BioSciences) # T 1 KEfH., NOS1 Hif&k (LifeSpan
BioSciences) ZH W T 1 B KIS & 7=, £ D%, Goat anti-Mouse 1gG (H+L) Secondary
Antibody (Alexa Fluor 488 conjugate, Invitrogen) 3 X O Goat anti-Rabbit 1gG (H+L) Secondary
Antibody (Alexa Fluor 546 conjugate, Invitrogen) % T/ S, DAPI TH& L, L
R —WF—BHMEE (Leica) THEIEZITo 72,

2-7T i N Ca? 2 £ ([Ca?*]i) D HIE
BLIEFHIH AL HFIETIT R,

2-8 #E Bt S AL B
EBRER I EYMEERER EZTC R L, FEBRBOYHMHBEEO KT S 2T 5 L X
DA FEZRGSIL Student’s t REZ Wiz, BERMICBIT 5 @m0 O HEEN %2 kg3
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HEEORBART T, ACh RITEBA 4G 3.5 otk O IR A BB (— iR o B O ik 8 0 BA

ELAT) & ACh I THBA 4R 4~6 43 212 L & 40 2 — 1@ M o 32 56 AH 45 B D 3 N2 > vy T ANOVA
MEZHWTHhRKR L, ZOMofAEEAMRFIX, LEIZS U T Student’s t fE . unpaired t
BRE® 2D WIE ANOVA R EZ Wi, U EDOREICE N TP<005DEEHFEEDY &
E L7,

3 MR
3-1 Ca2*FR i B 1 i B 17 5 PPAR HiIl I 3K 3 X U8 PPAR« Bl 38 o> %) 5

A TR KGR B S T FEIBE R TR B D B S BB S D o 7o, ACh HLMUIK
BRAGE £ L 0 B OB RO X202 B A U L1 4 THIWIA B EE 2% 11.2 + 0.4 events/cell/30s
ED . TOBMAOBEBEEZP NI L, il 4 % CEBMBEEN 1.8 £
0.3 events/cell/30s & 72 - 7= (opened circle in Fig. 17A),

Ca* 3l Hi £ B 0 At 12 3817 5 PPARa #ll 3K (GWT7647) @D %) AT > THEET L 72, GWT7647
(50 nM) T 3 [l L7z . ACh fil# % 17 - 7= (closed circle in Fig. 17A), GW7647 |
Ca*FHEIMERE 0 ikt O WA 2 A4 Z 298 (18.4 £ 0.9 events/cell/30s) &, ZTDH D H X
DAY (EFEFHBE 0 1.7 £ 0.3 events/cell/30s) S 7z, WKW T, GWT7647 |2 X % Ca? il
HiPEBA 0 i ORI %9 %5 PPARa FLEHE (GW6471, 5 uM) D ZIRIZ OV THRES L 72,
GW6471 T 3 /3 IALEE L, WIZ GW6471 & GWT7647 T 3 /3 [MALEE L 7=# . ACh fili% % 1T -
72 (Fig. 17B) , GW6471 X GW7647 |2 X % Ca?*# &itE B 0 Ak HH o #1 1 AR o> 88 50 % 314 2k S
ACh Bl 34 B ) A O 71%I(2 387> (7.9 + 0.4 events/cell/30s) & # 7=, L2>L GW6471 IX
BERMICBW T @m0 0o EEMm (2.9+0.2events/cell/30s) #5|& Lz Lz, & 1E
%2 Hi T PKG BLEFK TH 5 Rp8BrPETcGMPS 7% PDE2 (cGMP-dependent PDE2) BHZEZ X
D CAMP Z £ T 52 L TERBMICK T2 — @O A KEHEMEZs &2 & 2R
L72,% 2T GWT7647 3 LN ACh IZ X v fild S 7z B m ik iz B0 € GW6471 12 L v 7] &
B SN BREMICHT 5 @O O AN RIET PKA HEK TH S PKl-amide
(1 uM) OFEIZ SV THF L7 (Fig. 17C), PKl-amide |Z GW7647 ¥ & T8 ACh (2 L v #i
WS NTZB AW T GWE471 12 KV Bl & 2 Sz —ib Moo B 1 Ak ¥ 0 & W 2k
(1.0 £ 0.1 events/cell/30s) &/ 7=723, WIHAH (7.9 £0.4 events/cell/30s) (ZIFHEZ LI S
holo, TOZEXD, GW6E4TL IZ XV 5l & S EIEAH O — i M o B Bk
% PKl-amide I X W [LE &z, GW6471 28 cAMP 2 £+ 5 Z L BNRBe S iz,

S 5 ACh BAA B MERE O it IC B0 D GW6E471 DB Rz > W THiEr L 7= (Fig. 17D).,
GW6471 1L ACh HIEPEBE 1 i H O W1 46 % 76% 122> (8.5 + 0.1 events/cell/30s) L. &%
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FRIZH W T — @M OB O 8 (3.0 £ 0.1 events/cell/30s) #5| &# Z L7, Fig. 17B ®
FER b A T ACh BEALMIIEF T % PPARa ZTEMEL T 2 Z &R & iz,

3-2GW7647 (PPARa HIIJ#E) (2 X % Ca? @ &Ei B 1 i H o #3812 %4 %5 Rp8BrPETcGMPS
(PKG FLEZ) o R

%1 B 2 fi T 8-Bromo-cGMP (8BrcGMP, MiflafE it o 7 F = 277) ¥ X O ACh #ili%
IKF 12 3V T Rp8BrPETCGMPS [ 41 HIAH D 4 3R A2 Y4 2k &, BIE A T — Mk o B 1 i 58
ERIEEZT AR L, £2C, GWT7647 I &L 5 Ca?*Fi#itER 0 ik o #5® 2 x4 5
PKG BH#E 3£ (Rp8BrPETcGMPS, 500 nM) D FIZ > W THiEf L7, Rp8BrPETcGMPS T 3
Sy HJALER U WK IZ Rp8BrPETCGMPS & GW7647 C 3 4y [ ALEE L 7= % . ACh #I 3% % 17 - 7= (Fig.
18A)., Rp8BrPETCGMPS X GW7647 |2 & %5 Ca?* SR B 1 fc i o #181F0 o #8580 % W4 % (8.3
+ 0.3 events/cell/30s) &+, BEXRFM CT—@MEDOB O KHEBM (2.9 £ 0.2 events/cell/30s) %
gl Lz,

RNT, GW6471 (PPARa PHLESK) fF7E T2 1T 5 Ca?*Ji fi M B D it 2 38\ T GW7647

(Fig. 17B) @ v |2 8BrcGMP D% B > W THE L 7= (Fig. 18B), GW6471 fF/E F I
B TH 8BrcGMP (100 pM) % Ca2*FH#EiMEB D ik o W) 1A/ & o (17.7 + 0.9
events/cell/30s) =¥, ERMIIBWTH R Z SN —EMEDOR AN A HEL (1.6 £
0.2 events/cell/30s) SH7=, 2N D DOFER LY PPARa 4 L7z v 7 F VR EE X cGMP % &
BIsLtB3x6nd,

3-3GW7647 (PPARo HIl{ ) (2 K % Ca i &k B 1 ik i O ¥ 58 (2 %F 95 NOS BHFE H o %)
P

%< OMM, M#ICB VT PPARs IEMEALIE NO &k Z #il i L 2330 NO |% cGMP % E ff
G5 202030 2 7 T GWT647 K % Cat il i tE B A i H o #5812 %k 3 5 NOS FH. 5 #E (L-NAME,
100 pM) DO REIZ >V THF L=, L-NAME T 3 4B AE L, &I L-NAME & GW7647
T3 MAEE L=, ACh il % 4T - 7= (Fig. 19A), L-NAME % GW7647 (2 X % Ca?*F#ifii
PEBE O it o 91 o HE5R & T 2% (7.6 £ 0.4 events/cell/30s) &, BERMICH W T ik
OB A I (3.0 £ 0.3 events/cell/30s) %5 X = L 7=,

WANT, H PRSI O NO D FEAEICE 5T D5 NOS T A Y 74— L5 WRET DD
IZ 3R NOSL PHEI TH 5 N-PLA (1 uM) | 2R NOS2 [HEIK TH 5 1400W (50 nM) |
BRA NOS3 FHEH TH 5 LN5-OD (2 uM) DO RIZ DWW THFI L 72, N-PLA X GW7647
2K D Ca?*FRHEIMER Ok o FIHAE o 58 A Y 2% (7.7 £ 0.3 events/cell/30s) =&, EHHH
B W T — Mo B O 0 (3.2 £ 0.2 events/cell/30s) % 5| % # = L 7= (Fig. 19B), 1400W
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(Fig. 19C) ¥ X O LN5-OD (Fig. 19D) X GW7647 |2 X % Ca2*FH&iME Bl 0 ik H oo 1 3 1 %
BhRIZZTenol,

3-4N-PLA (IR NOSL FHHEFK) 17/ F T Ca? MR 0 i ic B 5 NO, L-7T L ¥ =
B L cGMP O3 R

N-PLA f77E F 123 T GW7647 (PPARa HIIZE) & ACh T X D filE L 7ZBd NO K F —
(NOC12,500 uM) ® % F 12 >\ THiFH L 72, N-PLA T 4 2y [BALEE L %K IZ N-PLA & GW7647
T3 L%, & 512 NOCL2 Zh1 % T 3 47 [# Ml ¥ L . ACh il 3 % 1T - 7= (Fig. 20A),
N-PLA f£7E FIZH W T NOC12 |X GW7647 & ACh HIIKIZ 3T 2 B 10 i H o 918 k0 % 4 5@
(19.2 + 0.4 events/cell/30s) =, ERMICBW T & I/ —@ME0B O 8m
Z {425 (0.4 £ 0.2 events/cell/30s) & & 7=, IR\ T, NOC12 Db Y IZ L-T /L F =2 (5mM)
& 5 i 8BreGMP (100 uM) % i f§ L 7=, N-PLA f£7E FIZHB W T L-7 /L ¥ = > (Fig. 20B)
& %\ 1% 8BreGMP (Fig. 20C) 1% NOC12 & [Al£%IC GW7647 & ACh HIlB I & % BF 0 ik i
DMPMHEEZHER ST ERBHEIZBW T SEZI SN —®HEOR O KHEMEHRLE I E,
The X, HE#MIREEMEICE T PPARa 2 L2 Y 7T LKL NOSL 2/ L T
NO ZREAT HZ LN "B INT-,

3-57 7% NUEEIC K2 Ca?ifitEBA 1 it o #3812 %f 9% PPARa PHEIE (GW6471) O
RIS
7 7% KU (1 uM) X PPARo D KK D YU H2 K THY 28 H H T PRRS iR M A 12 3 v
T CaZ*FH B 0 i o F1 M & #4958 (opened circle in Fig. 21A) &+, GW7647 (PPARa
FIPERHE) I X2 M OB TR & [A CREE OB O S E 2o~ Lz (Fig. 17A), #) FH 8 B
BLOBERMEEEIZIZN TN 18.4£0.5 35 XV 1.2 £0.4 events/cell/30s TH > 7=, I\ T,
T T7% RUBICE D Car I Ei R P A ORI X9 5 PPARo FHEZE (GW6471, 5 uM)
DT HOWTHE L 7= (closed circle in Fig. 21A), GW6471 %7 7 % KU IC X 5 Ca?*
FEERME B O i o W A o B8R & 4 2% (8.1 + 0.6 events/cell/30s) S, BREMICHBW T —
WrEOBR O B (2.8 +0.2 events/cell/30s) #Rl X Z L7z, SHIICTI7F KRB
MO T T % N (AACOCFs) M LTH7 7% FUBRICE DB Do
RN FH S iz (Fig. 21B).,

3-6 H I PIRE I & > NO friti & & L O cGMP & &
DMSO fll#IC X 2 2 B XN 10 0 ISR 1T 5 FIBET MW R 22 5 D NO it &%, £ £
#10.02 £0.27 33 £ 1V 0.31 £ 0.16 nmol/g-tissue T & - 7= (closed column at DMSO in Fig. 22A),
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Flo, INO ORI KD HBEF MK 5 O 10 SfEICH 1T 2 NO it &1L GW6471
(PPARa FHEHK) & 2 W\ X N-PLAGEIR ) NOS1 FLESK) 12 L » Th 2 Ic#E 4 L 7= (opened
column at DMSO in Fig. 22A) , ¥4 3K 2 FN L 7= BE 12 3B\ T ACh, GW7647 (PPAR« ] % %K)
B LT GWT7647 + ACh HITEIC K 2 FIBEH W PR EE 2~ & 0 NO i & lT £ €4 2.2+ 0.3 (2
7fE) & 3.8 £0.6 nmol/g-tissue (10 57fi). 3.8 +0.8 (2 43 fE) & 4.9 +0.4 nmol/g-tissue (10
E) BXO 45202 (2551H) <‘:56+04nmo|/gt|ssue (10 3fE) ThHho7=, ZhbHO
FIPHAZ & 2 FIBEHE PR 2~ 5 0 10 2 fEICR T % NO i & O INiE GW6471 & % Wit
N-PLAIZE > THEIZH D L7z, & 5I2 AACOCF; 5 L U8 AACOCF; + ACh 12 X 2 il &
FIEEE PRI 5 0 NO I EZFEICHEMLE (2B X010 45fE). 26 oRlEic

XD FHBEEHE PR 2ND O 10 S fEICEB T D NO & DO MNIT GW6471 H 5 WX N-PLA
Lo THECHD LT,
RUNT DMSO HIlP I B W T . FIBES @R O cGMP & &1X. 25.6 + 2.3 pmol/g-tissue

T® - 7= (closed column at DMSO in Fig. 22B), 7. Z L5 O RIPKIC X 2 I B H P RS 5
® cGMP & &% GW6471 & 5 W\ E N-PLA 1T K » TZE AL 23 72 > - 7= (opened column at DMSO
in Fig. 22B), #I#EE 2 s L 72 BE 2B T ACh, GW7647 35 L Y GW7647 + ACh i i (2
LFBEHBMERK O cGMP F BT ZN 4 408 £ 6.8, 348 £+ 1.3 B XV 505 +
7.7 pmol/g-tissue TH o7z, T O ORIPLIZ L 25 FIEEEHAPT KB D cGMP & & o BN i
GW6471 & 2 WX N-PLAIZ K> THEIICHA Lz, &51Z, AACOCF; ¥ L U AACOCFs +
ACh il & HIHEH @ PIREE D cGMP B B Z A EICHINS ¥, 2 b ORPHIC K 5 #EEHE
B4 PR RS O cGMP & B OB NIE GW6471 H 5 W ik N-PLA Tk~ THEIZEA LI, Zh
BOfER LY PPARa HIl I3 TH 5 GWT647 35 L 8 AACOCF;3 iZ NO % PEAEH L UF cGMP %
ST NI,

E BT, FIEEH PRI VDT NOBEE DB cGMP ODERICEZ D2z Ho>NT
BEtL72.NO K —Tdh 5 NOCL2 & M\ C B S M PRI NOZ N4 25 Z Lt kv,
HIBE S B PI RS O cGMP & &I A B2 L7z (Table 1),

3-7 H PR I 517 D5 NOSL 35 & O PPARa D 3 H & J& 1
VAKX T ay MEIZEBIT S HMMKEK TO NOSL 3 X PPARa O /N RERT
(Figs. 23A 3 X 10 23B), NOS1 ® /3> K234 160 kDa, PPARa @ /N> K734 52 kDa IZ
H &7z, RV T NOSL ¥ & O PPARa @ Jmj 1£ & S MLk AL 1A 12 KW Mift L7z, PAS B fa
D KR N X E PRSI O B R 549 113 v B 12 IZA/FTE L T (Fig. 23C),
NOS1 /% H 4 P AR kG T A I o i (2 £/ L (Fig. 23D) . PPARa I3 'H 14 [ i kG & 4 i oo i
f & & BZIZAF(E L T Wiz (Fig. 23E), DAPI Y |2 X0 B2 13 4 P Rk i R e o> 55 JEC s ]
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IZAfF7E L Tz (Fig. 23F), Figures 23D-F % & {4 bt 7= Figure 23G I NOS1 & PPARa
25 H P IR A O MR I fE D Z & A2 R L7z (Fig. 23C-G. 7 7 — M),

SHIZ, vz RZ T uy MEBXIOREMBTE L H VYT NOS2 B L Y NOS3 @ %
B L JRIELZME L=, NOS3 13 135 kDa (/3> RV &4, % N R IC JB7E L T
Wiz, NOS2 (3 1y P9 RS M I R Y S e 2 o T

3-8 ACh Il I T & % [Ca?*]i ZAkiC K IX T GWT647 O #h R

ACh Jil I # |2 PPARa Il JH3E (GWT7647) WA 3 Z 7 - /o4& (Fig. 24A) & ACh il %
AIIC GWT7647 MLEE 2 35 Z 72 - 7235 A (Fig. 24B) T, [Ca¥*]i ICFEIIFB D b2 o T2,
ZDOZEND GWT647 1L ACh FIBICEAfR R < [Car il BAE B X W2 LR I LT,

4. E 52

B P ORE 1 35 W C PPAR HIl I 3E T H D5 GWT647 35 L O AACOCF; (FEREHHED 7 7 %
RUBE) X cGMP OF A AREICHM LT, 51T Ca?*MEMER 0 A it BT PPARa
LERCTH D GW6E47L 1 GWT647, 7 7 F R U Bk L OV AACOCFs 2 X % Ca? 3 &itE P I
e O ¥R AR E L (R oD L BRMBICK T 2 —@EOR D AEEN ., S50
BT 2 — @O A B EE N PKAREK TH % PKl-amide IZ XV HK L, 20
GWE471 I XV B o BiTHE 1 EF 2 HiTHLENICLE PKG IHEETH 2
Rp8BIrPETCGMPS IZ XL 25 R & AR Toh o 7o, £72 GW6471 1T L 5 FHFE R 1T 8BreGMP (2
FOEELE D Lo mm e BRMICHE T2 @O B ENoWEE), =
AU D X0 H RS R L2 35 W T PPAR B3R 1L cGMP 2 £/ 425 Z L R I LT,

% < O, A% T NO 1L cGMP % Ff5 9 5 202137 H il P I k5 M i 12 35 W T % cGMP
DEBIEINOEZNLTWVDZ ENRINT, &5HIZ NOSL & PPARa @ F:7E 2 H 1 P ik iR
AMILIZ B W THERE T& 72, £72 NOSL BEIRAYPHLFIHK TH % N-PLA IE PPARa FIHFIZ & 5
NO D PEAMINIF LT cGMP O ER O I % A B2l L. PPARe Bl FEIZ L 5 Ca i i
PR O oS R 2HE L, 20 Z &2 5 PPARe fIl# 3K X NOS1 # 4 L C NO % jE
EFTDHZENRENT, ZTADLOMENS . FH P BRI VT PPARa &ML
NOS1 #4r L T NO #E4A L cGMP & L. Z D cGMP O &2 Ca? i &tk B 1 ikt o
MIMMEEBSED Z ERRBINTZ,

— T, T T7% RUMIZPPARe DA 2T =2 K Th 2578384 PGs, v A =2 [V
TUBLIRIRFIUE TIXRRNUBIATIT—FORRELLIEETCLHD, N T T
FRUBNOEEISNTZMEICE D Ca? it N i OB R TH 2 ATREERE X5
nan, ERB#EDOT 7 x KB (AACOCF;) X, Liaidds L7k 5 PPARa &4 L
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7o Ca?*FHEIMER N O WM Z ¥R S, NO A & cGMP /2L, 2o &
KV, PCSEDTIXRVBI AT — RORMEDOBEG IR TE DL LEEZZ N, U
Xy, ABEHEHETIZBWT, 77F RVBAIATS—RTERLSTTI7FFUrBEOL
DA PPARa Z I+ 5 2 L R S LTz,

ACh @ BRIl 1% PPARa Z iEME(L L. GW6471 1T ACh BB il ¥4 BR 0 fie i o> 41 1 4 %
AL, BEMICENT—@EOR A REEMEZ5 &2 L, £72 ACh o B
NOS1 # 4t LT NO # ¥ A L, ¢cGMP # &M L 7=, Zh b X v ACh H ¥ I
PPARa/NOS1/NO/cGMP #F— 7 U U HME 2 Jr L C Ca? i MEp 0 2 #EF5 9 5 DI &
EakElErR-L T EBEZOND,

5. fE7E

AW RS L0 . B PR R L2 35 T PPARo D iEME{L L. NOSL #4 L T NO %
PEAE . EBHICcGMP 2 ZfE L7-, RKMIZ cGMP 2% Ca2*FH i ME B O i i o w1 1 48 % £ 9 4
HITENRBENT,
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Fig. 17 Effects of peroxisome proliferation activation receptor a (PPARa) agonist
(GW7647) and antagonist (GW6471) on the frequency of ACh-stimulated exocytotic events.
ACh (1 pM) increased the frequency of exocytotic events in antral mucous cells: an initial phase
followed by a late phase. A: GW7647 (50 nM) enhanced the ACh-stimulated initial phase by
64% in antral mucous cells. B: GW6471 (5 uM) abolished the enhancement of initial phase of
exocytotic events and decreased the frequency to 43% of that enhanced by GW7647 plus ACh;
rather, the frequency was reduced to 71% of that increased by ACh alone. However, the addition
of GW6471 produced the delayed, but transient, increase in the late phase in the exocytotic
events stimulated by GW7647 plus ACh. C: PKl-amide (1 pM) abolished the GW6471-induced
delayed, but transient, increase in the exocytotic events stimulated by GW7647 plus ACh. D:
GW6471 decreased the frequency of the ACh-stimulated initial phase to 76% of that increased by
ACh alone and produced the delayed, but transient, increase in the late phase in the exocytotic
events stimulated by ACh alone. *P < 0.05: Significantly different from the corresponding
values. 1P < 0.05: Significantly different from the value at 3.5 min from the start of ACh

stimulation.
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Fig. 18 Effects of a PKG inhibitor (Rp8BrPETcGMPS) on the frequency of ACh-stimulated
exocytotic events enhanced by GW7647. A: Rp8BrPETcGMPS (500 nM) abolished the
enhancement of initial phase of exocytotic events (the frequency to 45% of that enhanced by
GW7647 plus ACh) and produced the delayed, but transient, increase in the late phase in the
exocytotic events stimulated by GW7647 plus ACh. B: 8BrcGMP (100 uM) enhanced the initial
phase and abolished the delayed, but transient, increase in the late phase in the ACh-stimulated
exocytotic events of GWG6471-treated cells. *P < 0.05: Significantly different from the
corresponding values. IP < 0.05: Significantly different from the values at 3.5 min from the

start of ACh stimulation.
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Fig. 19 Effects of nitric oxide synthase (NOS) inhibitors on the frequency of
ACh-stimulated exocytotic events enhanced by GW7647. A: L-NAME (100 uM) abolished
the enhancement of initial phase and produced the delayed, but transient, increase in the late
phase in the exocytotic events stimulated by GW7647 plus ACh. B: N-PLA (a selective inhibitor
of NOS1, 1 uM) abolished the enhancement of initial phase and produced the delayed, but
transient, increase in the late phase in the exocytotic events stimulated by GW7647 plus ACh.
C: 1400W (a selective inhibitor of NOS2, 50 nM) did not affect the exocytotic events stimulated
by GW7647 plus ACh. D: LN5-OD (a selective inhibitor of NOS3, 2 uM) did not affect the
exocytotic events stimulated by GW7647 plus ACh. *P < 0.05: Significantly different from the
corresponding values. 1P < 0.05: Significantly different from the value at 3.5 min from the start
of ACh stimulation.
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Fig. 20 Effects of NO and cGMP in the
presence of a NOS1 inhibitor, N-PLA, on the
ACh-stimulated exocytotic events enhanced by
GW7647. N-PLA abolished the enhancement of
initial phase and produced the delayed, but
transient, increase in the late phase in the
exocytotic events stimulated by GW7647 plus ACh.
In the presence of N-PLA, NOC12, L-arginine
(L-Arg), and 8BrcGMP enhanced the initial phase
and abolished the delayed, but transient, increase
in the late phase in the exocytotic events
stimulated by GW7647 plus ACh. A: NOC12 (an
NO donor, 500 uM). B: L-Arg (5 mM). C:
8BrcGMP. *P < 0.05: Significantly different

from the corresponding values.
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Fig. 21 Effects of arachidonic acid (AA) and arachidonyl trifluoromethyl ketone
(AACOCF3) on the ACh-stimulated exocytotic events. A: AA (1 puM) enhanced the
ACh-stimulated initial phase, similarly to GW7647. GW6471 abolished the enhancement of
initial phase and produced the delayed, but transient, increase in the late phase in the exocytotic
events stimulated by AA plus ACh. B: AACOCF3 (1 uM) enhanced the ACh-stimulated initial
phase, similarly to GW7647 and AA. GW6471 abolished the enhancement of initial phase and
produced the delayed, but transient, increase in the late phase in the exocytotic events stimulated
by AACOCF3 plus ACh. *P < 0.05: Significantly different from the corresponding values. P
< 0.05: Significantly different from the value at 3.5 min from the start of ACh stimulation.
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Fig. 22 Amounts of NO released from and cGMP content of the antral mucosae. A: The
amounts of NO released from the antral mucosa. In both samples (2 and 10 min), ACh (1 uM),
GW7647 (50 nM), and GW7647 plus ACh increased the amounts of NO released from stripped
antral mucosa. GW6471 (5 uM) or N-PLA (1 uM) inhibited these increases in the amounts of
NO released during 10-min incubation with ACh, GW7647, and GW7647 plus ACh. AACOCF;
(I uM) or AACOCFs3 plus ACh increased the amounts of NO released from stripped antral mucosa
in both samples (2 and 10 min). GW&6471 or N-PLA inhibited these increases in the amounts of
NO released during 10-min incubation with AACOCF3; or AACOCF3 plus ACh. B: The cGMP
contents of the antral mucosa. The antral mucosae were incubated with ACh (1 uM), GW7647
(50 nM), and GW7647 plus ACh for 10 min. ACh increased the cGMP contents of stripped
antral mucosa. GW7647 or GW7647 plus ACh also increased the cGMP contents of stripped
antral mucosa. These increases were inhibited by GW6471 (5 uM) or N-PLA (1 uM).
AACOCF; (1 uM) or AACOCF; plus ACh increased the cGMP contents of stripped antral mucosa.
These increases were inhibited by GW6471 or N-PLA. *P < 0.05: Significantly different from
the corresponding values.
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Fig. 23 Expression and localization of NOS1 or PPARa in antral mucous cells. A&B:
Western blot analysis for NOS1 (A) and PPARa (B). The NOSI1 band (160 kDa) and PPARa
band (52 kDa) were detected in the antral mucosa. C: PAS staining. D: Immunofluorescence
for NOS1. The cytoplasm of the antral mucous cell was positively stained for NOS1. E:
Immunofluorescence for PPARa. The cytoplasm and the nucleus of the antral mucous cell were
positively stained for PPARa. F: DAPI staining. G: Merged Figs. 23D-F. NOS1 and PPARa
were colocalized in the cytoplasm of the antral mucous cell.  Scale bars represent 50 uM (C) and

75 uM (D-G).
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Fig. 24 Effects of GW7647 on ACh-stimulated increases in intracellular Ca?* concentration
([Ca?*li). A:ACh (1 uM) immediately increased [Ca?*]i and then decreased to a plateau within
3 min. The further addition of GW7647 (50 nM) did not affect ACh-stimulated increases in
[Ca2*]i. The cessation of ACh stimulation immediately decreased [Ca?*]i. B: The addition of
GW?7647 did not increase [Ca?*]i and then stimulation with ACh immediately increased [Ca?*];
and then decreased to a plateau within 3 min after addition of ACh. Increases in [Ca?*];

stimulated by GW7647 plus ACh were similar to those stimulated by ACh alone.
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Table 1. The NO concentration and the cGMP content

cGMP contents,
Experiment Final [NO], kM (A[NO]), uM n
pmol/g tissue

DMSO 3.17 + 0.66 (0.17 £ 0.15) 27.27 + 3.86 3
NOC12 500 pM 44.74 +1.07* (40.86+2.49*) 76.27 £ 9.23* 3

An increase in [NO] of the incubation solution by NOC12 cause cGMP to accumulate
in the antral mucosa. Values are expressed as means £ SE; n, no. of experiments.

*P < 0.05 vs. DMSO.
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% 23  PPARa ZJr L 7= Ca2*if i PEBH 1 il o B s A4 4% © NO/cGMP &% % O 1% M1k
W2 PPARa (Z & 5 NOS1 @& M1k

=i

)

1. #&
2B LM T, H P IR M IR IC B\ T PPARa A8 NOS1 & /1 L T NO/cGMP % %
L. Ca*FifitE Bl N ik 293 2 2 & 2k L7z, L L PPARa IZ & % NOS1 ®iF 1k
B II B O 2y T2 v, GO il g 36 & OVl 45 PN R A i 12 38 W T PPARYy 7% phosphatidylinositol
3-kinase (P13K)/serine-threonine kinase (Akt)> 7 F /L% L T NO & & Hli-+ 2 = & 29,
%72 PPARa 7 2= A k" PI3K/AKt 2/ L T NOS3 © U v it Z i+ 5 Z & BNHE S
TN D 43-45) P IR KSR i l2 B8 T PPARa O 7 3 = A k2% PI3K/AKtL & 7 F v % 4
L T NOSL ZiEMALT D ATEEIENZ X B D,

AT % F P RS AR 33 T PPARa IZ K 5 NOSL iE L #ERE Ic > W\ THET L 7=,

3

2. MEtEB XLOHIE
2-1 fE iR b KX OV )

FLEE LE &M CMBEOWIK T #4648 L7, ACh (Daiichi Pharmaceuticals), == 7 %
— ¥ (Mg 43 # A . 180-220 U/mg. Wako Pure Chemical Industries) . BSA (Wako Pure Chemical
Industries) . arachidonyl trifluoromethyl ketone (AACOCF3;, Wako Pure Chemical Industries) .
N-((2S)-2-(((12)-1-Methyl-3-0x0-3-(4-(trifluoromethyl)phenyl)prop-1-enyl)amino)-3-(4-(2-(5-m
ethyl-2-phenyl-1,3-oxazol-4-yl)ethoxy)phenyl)propyl)propanamide ( GW6471, Tocris ) .
2-[[4-[2-[[(Cyclohexylamino)-carbonyl](4-cyclohexylbutyl)amino]ethyl]phenyl]thio]-2-methylpr
opanoic acid (GW7647, Tocris) . wortmannin (Wako Pure Chemical Industries) ¥ & O AKT 1/2
Kinase Inhibitor (AKT-inh, Wako Pure Chemical Industries) % fl\ 7=, ACh |3/ #li/k TI& fif
L72, ACh LISt D 3EW) 1T DMSO TH#Efig L. DMSO D&M 0.1%% 2 78\ X 5 124
L7,

2-2 B 4 TR M e o i B
BLIEF LIHERUNETITo, 2 TOERITERAFLER KT L ORKER K

FEV) FEBRBRRICHE > TIT o T2,

2-3 B O S o # 5%
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WLIEPFLIHEECHETIT /o7, ACh BRI 1 0% 2 0B MBEE L L, ACh §I1 3
BHIE 4 5% 2 BISHMEE & L7-. Wortmannin 3 X Y AKT-inh Zf# f L 7= 5 TiX ACh #i
WBM A~5 3 O Tl b |\ WHHEZERMAHEE & LTz,

2-4 vz 2 7y b KO NO HIE D2 8 o BEH E PR o W08

aAZ 7 F—BRE L TR WHBEE MR A FFE L 72% . BA T X (95% 02,.5% CO»)
T L7z T (5 mL) I A, FEAEZIRMT HA0IC 37°C, 10 53 A »F 2X— K L
Too Y b\ — L BEC I H B WP RS I DMSO (k= > ha—v) ZIRMML T, 10 4y
A FaX—F L7, FMEMELZRMU R CIIHBEE WM B Z ACh (1 uM), GWT7647

(50 nM), GW7647 + ACh, AACOCF; (1 uM) 3 L " AACOCFsz + ACh iR/ L T, 10 %
MRS L 7%, NO MIEMICH® L2 HE ISk ETHRE LK, MEEREP CHER.
-30°C TIRE L7 HEFE(GWE47L( 7 = 2 % 7 1 v h® &), wortmannin 3 L 8 AKT-inh)
EWMUZEETIE, IMEERZEBEML 1058 A > F2X— K L7%Z%,. DMSO, ACh (1 uM),
GW7647 (50nM), GW7647 + ACh, AACOCF; (1 uM) ¥ L U8 AACOCF3; + ACh (1uM) %
WML, 10 MR L%, NOMEMIZH & LIEZ2EH K ETRE LKk, KIEER
TS L -30°C THRE L 7=, 3B nitrate/nitrite fluorometric assay kit (Cayman Chemical
Company) % fv, E& L7, NO X nmols/g-wet tissue weight TF L 7=, EBRE THOH
BEE PRIy = 22 Ty M L7,

25 v RZ Ty ME

H 4 P9 ORE B 2 RIPA buffer THRE Y4 XL, &m0 (10,000 g, 10 43) #1772 o 7=,
ZTOLEFEEX NN 7EELT 200DV TV EH W, 4-12%DKRY T 7 VLT I KT L
EHWTEXUKE &, PYVDF A7 L IC#EGE W72, A7 L % Blocking One-P T
Tuay X A (IR, 300) 2To7, £0% . LIRPUEE LTY gk PISK (Tyr467)
ik (Gene Tex). VU 2k Akt (Serd473) #Hifk (Cell Signaling Technology) & X'V 2
{fb. NOS1 (Ser1417) #ifk (Enzo Life Sciences) # 4% 4L 1:1,000, 1:1,000 3 L O 1:500
AR L7z, 4°C P Tt S 72, # A, 2%k$ifk & L T Anti-rabbit IgG-HRP (Santa
Cruz Biotechnology) % % 4L 41 1:1,000 (2 A R L 72 %\ =|IR 2 35 W\ T 1 RF [ )G & EzWest
Lumi plus (ATTO) Z AW TR SH, LAS-3000 (§E+7 4 /vLh) THNT&EiToT-, &%
DY EL Y R EE BIINEIENE CTH D B-actin THIIE L PISK(Tyr467) . Akt(Ser473)
o 25X NOSL (Ser1417) oV Vb L~ L LTHR LT,

2-6 kAL F Y1
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BB P RS R B GEBERRE ) & N — T T A RICHEEE L, PIBK HLik (Cell Signaling
Technology) ¥ X Y PPARa $i{& (LifeSpan BioSciences) & % \ (% Akt 1K (Cell Signaling
Technology) ¥ X Y PPARa $i{& (LifeSpan BioSciences) % AT 4°C, — Wit S H 7=,
% H | Goat anti-Rabbit 1gG (H+L) Secondary Antibody (Alexa Fluor 488 conjugate, Invitrogen)
¥ L O Goat anti-Mouse 1gG (H+L) Secondary Antibody (Alexa Fluor 546 conjugate, Invitrogen)
ZERT2RRKIS S, BRaH (DAP) @AD AT A FEAHZ RN THEHALRL, 3
AL — Y —BMEL (Carl Zeiss) THBIEZ 1T o 7=,

2-7 ME N Ca?* i ([Ca']i) D HIE
BLIESE LHEFCHIETITR -7,

2-8 HRF YL B

FEBRFRERITVYEFEERZE TR L, SERBOMHHHEEORE I LK T D L &
DA EZMRFHX Student’s t FREZ W7o, BRMBICHE T 2 —EMEO B O ik 8N % g4
DL EDOHBEAERTTIZ. ACh FIVLBRE 46 3 /3 8 o J2 56 A0 AH B (— % o B O B H 559 00 BR 46

ELHT) & ACh BB 4G 3.5~7 %I W b v 25 — 4 o B 38 A B O Iz > v T ANOVA
BMEZMHWTHKR L, ZofofEEBRFIZ., LEIZS U T Student’s t fE . unpaired t
BE® LWL ANOVA R EZ HWic, LM EDOMEICENTP<005DEETHFEEDD &
E L7,

3. Ak
3-1 GW7647 (PPARa HIJ{#E) 1 & % Ca? i fith B 1 i i 0 ¥ 7R IZ 53 25 PIBK/AKt FH 7 3

DEIIES

P R AR B L ds U T FERITMIRE TUIBH BB AL S e o 7o, ACh BLHUAI
BRAAE 7% L 0 BH O RO X2 B R U1 4y THIIAAE EE 2% 11.3 + 1.1 events/cell/30s
Y ZTOHRMABHBEIZD LA L, R 4 5tk TERMBEELN 2.2 £ 05
events/cell/30s & 72 - 7= (opened circle in Fig. 25A),

PPARs O{EMALIZ L - T, PIBK/AKt 4 LT NO BEASNDHZ ERMESNTVD
43-45), PPARo HI 3K (GWT7647) (2K 5 Ca? i fithBl 1 ikt o ¥ Iz %t 9% PI3K PH & 3
(wortmannin, 50 nM) I X O" Akt fL#E#K (AKT-inh, 100 nM) OB FEIZH>WTHF L 7=,
o2 EH 1ML FERIC GWT7647 13 Ca?*FREIMEBA 1 it o F1WIAH 2 R = 72 (18.9 =
0.9 events/cell/30s; closed circle in Fig. 25A), Wortmannin T 3 4y [EJ4LEE L | %2 wortmannin
& GW7647 T 3 /pMIALH L 7% . ACh il #1772 - 7= (Fig. 256B) ., Wortmannin (X GW7647
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2 k% Ca?F i B b A o R HIAR o 50 A {2k (8.2 £ 0.4 events/cell/30s) . I AA
ZBW TR O (4.5 +0.3events/cell/30s) Z 5| & Z L7,

KT, wortmannin @ X v {2 AKT-inh & 1\ T GW7647 (2 K %5 Ca i it B 1 ikt
HIZ R T 2RI o> THEN L7z (Fig. 25C), AKT-inh X wortmannin @ %h 5% & [A £
GW7647 |2 X % Ca2*#i &M B 1 Akt oo 9 148 o # 58 % ¥ 2% (8.0 £ 0.3 events/cell/30s) & &,
FERMICBW T\ 0k E#EMm (4.4 £ 0.3events/cell/30s) #5|& Lz, b
GW7647 12 L » THl & # 2 S 47z Ca?* G &iM:BA 1 A i 1T %17 % wortmannin & AKT-inh @ %)
FOXE 2 = 1 & T L7z GW6471 (PPARo PHE3K) . Rp8BrPETcGMPS (PKG FHE#E) ¥
FJOVN-PLA (R NOSL PR EFH) ICX 2O MO R LFAKRTH > 72,

3-2 HE PRI 12 35 17 D PPARa iE AL IC & 5 PIBK, Akt 3 L TN NOS1 @ VU v 21k

P-NOS1 (Ser1417), P-PI3K (Tyr467)35 X U P-Akt (Serd73)d /N> RIZ BT B & #l# # (ACh,
GW7647 (PPARo #IJi#%3£), GW7647 + ACh, AACOCF; ¥ £ 18 AACOCF; + ACh) O zh R IC
DOWTHGF L7, & #% 3 1T NOSL @ Ser1417 U v g (k2 DMSO HIlJHF & Ll L CTH E I
AL 7= (Fig. 26A), PI3K @ Tyrd67 U ki L O Akt @ Serd73 U »EE{b & 4 Hil I 3K 12
XV AHEEICHML -, Figures26C-E (M) (X PI3K @ Tyrd67 VU > fi{k. Akt ® Ser473 U v
iz {3 & OV NOS1 @ Ser1417 V v gk % B-actin IC L VM EL7ZKTH D, KW T GW6471

(PPARa FLEHE) (F1E FIZH 1T 2 KRB KD RIZ >V THF L7z (Fig. 26B: GW6471 %
BRiE), GW6471 f#1E T . DMSO #l#41Z L v PI3K @ Tyr467 U > f&{k. Akt O Serd73 U g
b3 X TV NOSL @ Serl417 U U b3t S 7223, SR EKIZ LY PIBK @ Tyrd67 U v
e fb . Akt @ Serd73 U »figfb 3 L OV NOS1 @ Ser1417 U > kN > RIiX#N L 72 7> - 7= (Fig.
26B) ., Figures 26C-E ([J) 1% PI3K @ Tyr467 U > E&1{t. Akt @ Serd73 U v EE{b 33 L U8 NOS1
D Serldl17 U it % B-actin ICE VW MIE L2 TH 5, GWBATL (THIFL I IZ L % PI3K,
Akt (Ser473)B L O'NOSL DV U b O EZHET 5 2 & BRI I LT,

X 52, GW6471 O > YV |2 wortmannin (PISK BHLE3E) % ] L 7= (Fig. 27A: Wortmannin
FEREE) ., Wortmannin f£7E FIZHB W T, Akt @ Serd73 U v fg{k 3 L O NOS1 @ Serl417 VU
Y2k 1% DMSO HI P IRF I B Y S Av 72 25 L & IR K 0 880 U 72 > - 72 (Fig. 27A) . Figures
27B-C 1% Akt @ Serd73 U » E2{b 3 L OV NOS1 @ Ser1417 U > Fefk % B-actin (2 K 0 i 1E L 7=
X< 5, Wortmannin [ZHIEH 2 L % Akt (Serd73)3 L UV NOS1 @ U > g fk o 88 % BHL &=
THTENRBINT,

B % 2. wortmannin ®ft Y (2 AKT-inh (Akt fREH) % L7~ (Fig. 27D: AKT-inh
FEREE) . AKT-inh fF7E FICHB W T, SR EE T PISK @ Tyr467 U > & {b % DMSO H#il I Ff
SR L TAHBEICE M L 722, NOSL @ Serldl7 U v EE{LIZHI I L 222> - 7= (Fig. 27D),
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Figures 27E-F X PI3K @ Tyrd67 U » f2{k 3 X OF NOS1 @ Serl417 U > 21k % B-actin (2 LV
MIELZMTH D, AKT-inh f£7E FIZH W T, PPARa HIIIHIK X PISK @V (LA #M L
72, NOSL DU I fbidnl & Z S eno Tz,

B LD, GWT7647 X PIBK @ U »fefb, ey T Akt (Serd73)d U b 2l L, &
HIZNOSL DY bz sl & T2 ENRm®ENT, ACh BlE 3 L Y AACOCFs il i
WXV EBEONTEMELRETH -2,

3-3 HHM K2 5 0 NO ki &
DMSO Al 12 38U T, HI B A PR 2> 5 0 NO fik i & 1% 0.31 £ 0.04 nmol/g-tissue T

& - 7= (closed column at DMSO in Fig. 28), M FEZ M L 722\ T, ACh, GW7647

(PPARa HilJ#£) . GW7647 + ACh, AACOCFs3 ¥ L U8 AACOCFs + ACh (T X % 4% il i3 1 B
B PR 2> 5 0 NO i B %2 £ £ 4 4.88 £ 0.17, 5.45 £ 0.86, 9.33 +£2.71, 8.10 + 0.83
¥ L U 11.68 + 2.34 nmol/g-tissue (2N L 72 (Fig. 28), 7. ZTh b ORIFIZ K 2 FHEEH
M P KL BB 2> & 0 NO Ji H & 84 01X wortmannin (PI3K FLZE3K) 38 KX O AKT-inh (Akt fEL2E 3K)
R ERICHRALTZ, 2N D ORI RITH 2 FH 1 T/n L7 NO JHEIZH T 5 GW6471

(PPARa PHEHE) 45 L OV N-PLA (G IR A9 NOS1 fHE ) o 2R & wortmannin 3 X Y AKT-inh
DHERFEETHDZ L 2RB LTI,

3-4 H P9 BRI IR 12 d5 17 D PI3K, Akt 35 X O PPARa @ J& 1
T 4 PR RG M IE Z 81F D PIBK/PPARe (Figs. 29B-E) 35 X O Akt/PPARa (Figs. 29F-1)

D JAE & fiFt Uiz, Figure 29A 1% H M PR KS i A0 B O 35y T W BMBE 18 % 7% 97, RS IR DKL
DSHERE I AFTE L T W7z, PI3K (Fig. 29B) 35 L OY Akt (Fig. 29F) (3 'H 1y P9 i h ik Al o>
MR 12 A7 /E L C W72, PPARa (Figs. 29C 35 X OF 29G) & H M4 P9 AR A5 0 M i oD it i L L2 A7
fELTCTW/=, DAPI &2 L W DO FTE %= MEFE L 7= (Figs. 29D ¥ X U 29H), Figures 29B-D
Z B A D7 Figure 29E X PI3K & PPARo 28 H M4 P IR ¥EHE A I O Ml E I HE3+ 5 2 &
s L7z, & BIC Figures 29F-H % E & bt 7= Figure 291 13 Akt & PPARa 73 M4 P9 i kG
WA ORI EICET 52 & &R Lz (Fig. 29B-1, 7 7 — ),

4, 5%

PIBK fHE K T & % wortmannin 35 X U8 Akt B 3K T & %5 AKT-inh |% PPARa fIl P 3E1Z L v
JEPE{L S/ NO OFEA L NOSL @ U gk oz Ml L7z, & 51T PPARa #l ¥ 3 1%
PIBK @ U »2fk & Akt (Serd73)d U Uit 2 mML ., 26 OHINiE GW6471 (PPARa fH.
EI) |2k o THE S L=, Wortmannin (X Akt (Serd73)D U ek O #8h0 & BHLE L 72 28,
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AKT-inh 1 PI3K @ U UL OB EZLE L oiz, T 02 & X0 HH P RRKS M g o
PPARa fRIEIZ B W T Akt (X PIBK O Fit > 7 F LV THDH I ENRB I N, Rl e
EIZ KD PPAR (3 A P B RS 2 40 el o> il il B 1 PIBK 6 KUY Akt & JEfE L Tk Y | PPARa
& NOSL IZH WM IRl O M EICRET 22 L2 F2EFE LHITBVWTRLE, ML
HEWNEMILIZ BT PPARa DU 7 R3El$ % & PIBK/IAKt © U Uk 2 LS 5 2 &
DESINTWD 449, b X0 FHEPT BBV TEH PPARa D iE ML I
PIBK/IAKt ® U Btz LT NOSL % U U ft L NO ZEA L TWnDH Z & NRl I,

AFEFR LV | PPARa IEMEALIC L 0 BEA S 47z NO 23 5 i P B RS W5 HE e Ca2* 3 & BA 0 ik
HOMFFICEERERZRZ LTI RPN IR, B 2 BH LHICHB W T NO
2L D Ca*FHEIEBI O ikt OB MIL cGMP O ZfEEZ N L TCWVWDH Z &R L, B 1ESE 2 H
(236 W T H P IR AR I L2 1 cAMP & 3 fi£ 3 5 PDE2 (cGMP-dependent PDE2) 287 7E L
TWHZ&ZmRLll, SHIC, NOGKEMET S L T cGMP OFR 4 Ml L. PDE2 [
FICEY CAMP 2 &R L, TOMREL LT Ca MM 0 icB W THEEN AR oD x
i (I oGl BRMEO —\EOBR D AT O 2ol T bR LT,
Wortmannin (2 £ % PI3K OLE ., AKT-inh 12 & %5 Akt O FLE S Ca*FH &R 0 it ic B »
TRBEO OB RIS Z8 &I Lis, 202 &1 H MR KM iR\ T
PPARa DIEPE(LA NOSL # L7 NO 2 AT HDICHERKNFTHDH I LA REL T
ZaXN

AKETHEA L7 AACOCR 137 7% FUBOIERMMMEDOT T v 7 TH Y | PLA, O FHFHK
TbHbdH D, AACOCFR3 IZIINIRMED T Z % FUmEAZHAET L L XD, PGs, hr Y ARF
B a M= DR TIXFRCBAAT— FOEAWR NO OEALICE S
LW ENRBEZ B D,AACOCFs 1 B P i ks i i 1 35 v T PIBK/AKt Z 41 L T NOS1
ZU U L NO ZFEA L7, PPARa IEPE(LIC £ 2 NO & k28 0l 43033 I OVPN B2 il i 44.45)
IZB W THE S 4L, PPARy DIEML S NEMILICIHE W T NO GRIZEELTWDS 29, Zh
B, 7R R UCBITEMMREIEMEICB VT NO ZEATHOICEERFELRLRH
TThH EHETRBLT,

5. #hGE

B P R kG R A 12 B 0 T PPARa T 1% PIBK/AKE 2/ LT NOS1 # U v igfb L., &
HICNO ZPEA L cGMP 2 EfE L 7=, H M4 P9 RS W A 2 12 35 v T PPARa/PI3K/AKL/NOS1 v
TFIVEREEIC L D NO FEAN Ca* it 0 MR ICEE TH L Z E N "B I N,
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Fig. 25 Effects of PPARe on the
Ca?*-regulated exocytotic events stimulated
by ACh.  ACh (1 uM) increased the frequency
of exocytotic events in antral mucous cells: an
initial phase followed by a late phase. A:
GW7647 (50 nM) enhanced the ACh-stimulated
initial phase. GW6471 (5 puM) abolished the
enhancement of initial phase and produced the
delayed, but transient, increase in the late phase
stimulated by GW7647 plus ACh. B:
Wortmannin (50 nM) abolished the enhancement
of initial phase and produced the delayed, but
transient, increase in the late phase stimulated
by GW7647 plus ACh. C: AKT-inh (100 nM)
abolished the enhancement of initial phase and
produced the delayed, but transient, increase in
the late phase stimulated by GW7647 plus ACh.
*Significantly different from the corresponding
values and Isignificantly different from the
value at 3 min (Fig. 25A), 3.5 min (Fig. 25B) or
3 min (Fig. 25C) from the start of ACh

stimulation, respectively (P < 0.05).
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A Control experiments B GW6471 experiments

Agonists Agonists - o
S 55 56
2 g 29 8¢ 2 - £ &5 8 85
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Fig. 26 P-PI3K, P-Akt (Ser473), and P-NOS1 of antral mucosa stimulated by agonists.
Agonists used were ACh (1 uM), GW7647 (50 nM), GW7647 plus ACh, AACOCF3 (1 uM), and
AACOCF3 plus ACh. We used DMSO as the vehicle control. Panels A & B shows representative
Western blotting for P-PI3K, P-Akt (Ser473), P-NOSI1, and B-actin in antral mucosae. A:
Control experiments. The addition of each agonist enhanced the bands of P-PI3K, P-Akt
(Ser473), and P-NOS1. B: GW6471 (5 uM) experiments. The agonists did not enhance three
bands in the presence of GW6471. C, D, E: The relative changes in the band densities of P-PI3K
(C) (n = 5; Control experiment, n = 3; GW6471 experiment), P-Akt (Ser473) (D) (n = 4; Control
experiment, n = 3; GW6471 experiment), and P-NOS1 (E) (n = 4; Control experiment, n = 3;
GW6471 experiment) normalized by the corresponding B-actin bands. The stimulation with
agonists significantly enhanced the band densities of P-PI3K, P-Akt (Ser473), and P-NOS1
(marked as HM). The enhancement was abolished by the prior treatment of GW6471 (marked as

[1). *Significantly different from the corresponding values (P < 0.05).
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A Wortmannin experiments B P-Akt (Ser473) C P-NOSt
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Fig. 27 Effects of wortmannin and AKT-inh on P-PI3K, P-Akt (Ser473), and P-NOS1. A,
B, C: Wortmannin (50 nM) experiments. (A) Representative Western blotting for P-Akt
(Ser473) and P-NOS1. The stimulation with agonists did not enhance the band of P-Akt
(Serd73) and P-NOS1. (B) The relative changes in the band densities of Akt (Ser473) (n = 3)
normalized by the corresponding B-actin bands. (C) The relative changes in the band densities
of NOS1 (n = 3) normalized by the corresponding B-actin bands. The agonists induced no
significant changes in the band densities of P-Akt (Ser473) and P-NOSL1 in the presence of
wortmannin. D, E, F: AKT-inh (100 nM) experiments. (D) Representative Western blotting for
P-PI3K and P-NOS1. The stimulation with agonists enhanced the band of P-PI3K, but not those
of P-NOS1. (E) The relative changes in the band densities of P-PI3K (n = 3) normalized by the
corresponding B-actin bands. The agonists significantly increased the band densities of P-PI3K.
(F) The relative changes in the band densities of P-NOS1 (n = 3) normalized by the corresponding
B-actin bands. The agonists did not change the band densities of P-NOS1. Thus, AKT-inh
inhibited the increases in the P-NOS1 density, but did not those in P-PI3K. *Significantly

different from the corresponding values (P < 0.05).

58
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Fig. 28 The amounts of NO released from the antral mucosae. Stimulation with the

agonists (ACh (1 uM), GW7647 (50 nM), GW7647 plus ACh, AACOCF3 (1 uM), and AACOCF3
plus ACh) increased the amounts of NO released in the stripped antral mucosa. Wortmannin
(50 nM) and AKT-inh (100 nM) inhibited these increases in the amounts of NO released

stimulated with the agonists. *Significantly different from the corresponding values (P < 0.05).
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DIC microcopic image of PI3K PPARa DAPI erge

living antral tubular gland
!
Akt PPARa DAPI merge

Fig. 29 Immunofluorescence examinations of PI3K, Akt, and PPARa in antral mucous cells.
A: The differential interference contrast light-microscopic images of living antral tubular gland.
B: Immunofluorescence image for PI3K. The cytoplasm of the antral mucous cell was positively
stained for PI3K. C: Immunofluorescence image for PPARa. The cytoplasm of the antral
mucous cell was positively stained for PPARa. D: DAPI staining. E: Merged Figs. 29B-D.
PI3K and PPARa were co-localized in the cytoplasm of the antral mucous cell. F:
Immunofluorescence image for Akt. The cytoplasm of the antral mucous cell was positively
stained for Akt. G: Immunofluorescence image for PPARa. The cytoplasm of the antral
mucous cell was positively stained for PPARa. H: DAPI staining. 1: Merged Figs. 29F-H.
Akt and PPARa were co-localized in the cytoplasm of the antral mucous cell. Scale bars

represent 20 pm.
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ABF R U, H T BRSO IS B 1T D Cat R B B 0 ik H o PPARa IZ & B 5 il i 1 %
S Lz, P BKMIEIC T 5 Ca? I MERT N i I3k« 2B IC X v Efi &
ZFTWD 18, PPARe 2D —D>Th D08, MEREMME L NO/CGMP TH S Z &
AR TH SN Uiz, £7o, Ca2*FHirE 0 iicd i) 5 ¢cGMP ® % — 74 v i ATP
WEETTAI T THY, ATPIKGFEE T 74 IV 7 OREHRITT TICHLNZIRT
W5 B, B 1EE LHTIE, cGMP O ATPIKFEME T 74 I v 7 OREZ D 5 HEY T,
TIAI VI ERBERED SV2AILHEAT D2 LT T F Ao Ca?Fl ik B 0 ik
CH T2 BICOVWTHRELE, VRFIHX LI T IA IV VEEBRDSELZ LT
CaZ*FH & vEBE O Jik i oo W) WA 2 4mil L. 2>>. 8-Bromo-cGMP (8BrcGMP. il Jiid 553 it 1
CGMP 7 1 7 )12k % CaFivER N ik th O W1 FE O B 98 & # L 7=, Z O fE R 1T cGMP
P 1 PR VRO AR Cat R ME B D kN IC B 1T D ATPIKTEIE 7 74 R v T2 % — 47 v MIC
LTWBZLEERLTWVWD, 5 1EE 2/ TIEPKG ZIAETSH 2 L T Ca* itk 0k
HIZH T 22 RICHO W THRE L7, PKG ZBHE ¥ % 72 12 Rp8BrPETcGMPS(PKG [H & 3&)
M7z, PKG BHE H3 Ca? 3 i M B 1 ik tH o0 ) 1 #8 2 30%F2 EE i) = & . 2>> . 8BrcGMP
2k D Ca?* it n A o WM O A WA S 72, L LEKRIZ PKG PLF 3L E
FEZEWNT—@BMEOR Ao nssl I L, ZOBRMO—&MEOR A KHO
¥ ni% PDE2 (cGMP-dependent PDE2) [HEIC L 5 cAMP o ZEfick vilaEz&anTns?
ZEEBMOLENC L, ZOMBITEZET, BUHMARMEMRIZEHE N T, cGMP O EMH % i
v o Rlix, Ca IR O B BV TR o B & AR o — i M o B
A OB E WS Zo0RMM R RKIEZ I T2 AR LTS (Fig. 30), Z Dff
REMNWT, PPAROICE DV 7T AR EZE 2 TH L NIT LT,

TP RCRS M R 38 B Cat R M B O i OB AR Bk 0 — 21T, PPARa & AT L 72 #%
DD MW, Z oKL Cat I EI MR D oM ICEZERET ERLLL TS, B2 E
55 1H0 T PPAROIC K 5 F 1 P RORS I A0 I Ca2t i MEBE O S o RS RE 2 A S T L 7=,
PPARa /& PE(LIL NOS1 Z# 4 L C NO Z A L. & 512 NO IX cGMP EfE 4 L. Ca?* i i
PEBH A A O I 2 58 L T W7o, Ly PPARa JEMEALIC X 5 B 4 P9 kL #E M Ca??
A8 £ M B B oo 1B AE 00 3 B X ACh BLAREIEIRFIC bR 2 o TV D Z & B | B RS
BHIICEBWT, A= 27U UL LT Ca it D i 2R L TWDS Z ERNHL
Mmelpolc, EHIT, PPARe DAEBR T A=A N ThHDH7 7F N8 H NOSI/NO/cGMP
40 L CH P IR R R B Ca2 R B VEBE D I O WM A RS 5, o2&, T T X
RUBMNEBRMNEHETIZEBNT, 2O4F— M7 U UBBEZEELL THWDE 2 EE2RLTH
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LW, BEDEZSH, BEHMBEEEMEICE T AChICE ST 7% N 8oL aEm b
KTWwig\h, BUE, ZOHESEMPAT2EREZED TWD, &2 EE 2 H TlE NOSL OIF
PEALBERE I DWW THiET L7=, PPARe 7 =2 FZ NOS1 @V v k%8l & 242 LT
NO FEAEZIEME{E L TW7z, & HIZ PPARa IZ LK% NOS1 @V »Ee{kiX PIBK @ U 1k,
Akt OV gl A L Tz, PIBK, Akt O il 1% PPARa IZ & % NO PEA Z #fil L, Ca?*
A EPE B A IC B T D KB e Z o O RS (IR o J] & B FEAR o — @M o B B R
OEEI) #Bl &L Lz, DX 51T, PPARa/PISK/IAKINOSL @ > 7 F L HIZ L %5 NO
FEAEDS Ca?*FEMERR DM OMFFICEE TH 5 Z s (Fig. 31),

Al DO —@EOWFZE T, PPARa I K % Ca G fiMEB A i OB Mt 2 i+ 2 Z & 3 T
X7, L, L., PPARa ZiEME(LT 27200y 7 vhpELE LT, TI7F FUBEEEZ T
LM, REHLNZEATHRY, SHROMERETHY . BIERVMAL TS,
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30 Schematic diagram of the inhibition of ¢cGMP signal in antral mucous cells.

Inhibition of PKG evoked two characteristic responses in the Ca?*-regulated exocytotic events of

antral mucous cells; abolishing the enhancement of initial phase and producing the delayed, but

transient, increase in the late phase.

The delayed, but transient, increase in the late phase was

evoked by cAMP accumulation, which was induced by the inhibition of cGMP-dependent PDE2.
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Fig. 31 The enhancement of Ca?*regulated
exocytosis mediated via PI3K/AKt/NOS1
signal stimulataed by PPARa in antral
mucoue cells. AACOCF3; and GW7647
stimulate PPAR« leading to NOSI1
phosphorylation via PI3K/Akt phosphorylation.
The phosphorylated NOS1 produces NO, which
accumulates cGMP. cGMP enhances the
Ca?*-regulated exocytosis in antral mucous

cells.

63



MR Gk (07—

Fig. 23 C-G
PAS NOS1 PPARQ merge
_
ere |

Akt PPARC( DAPI merge

64



1)

2)

3)

4)

A SC H &%

Harada S, Tanaka S, Takahashi Y, Matsumura H, Shimamoto C, Nakano T, Kuwabara H,
Sawabe Y, Nakahari T. Inhibition of Ca2*-regulated exocytosis by levetiracetam, a ligand
for SV2A, in antral mucous cells of guinea pigs.

Eur J Pharmacol. 721: 185-192 (2013).

Tanaka S, Tanaka R, Harada S, Kohda Y, Matsumura H, Shimamoto C, Sawabe Y, Marunaka Y,
Kuwabara H, Takahashi Y, Ito S, Nakahari T. A PKG inhibitor increases Ca?*-regulated
exocytosis in guinea pig antral mucous cells: cCAMP accumulation via PDE2A inhibition.

Am J Physiol Gastrointest Liver Physiol. 304: G773-G780 (2013).

Tanaka S, Sugiyama N, Takahashi Y, Mantoku D, Sawabe Y, Kuwabara H, Nakano T,
Shimamoto C, Matsumura H, Marunaka Y, Nakahari T. PPARa autocrine regulation of
Ca?* -regulated exocytosis in guinea pig antral mucous cells: NO and cGMP accumulation.

Am J Physiol Gastrointest Liver Physiol. 307: G1169-G1179 (2014).

Tanaka S, Hosogi S, Sawabe Y, Shimamoto C, Matsumura H, Inui T, Marunaka Y, Nakahari T.
PPARa induced NOS1 phosphorylation via PI3K/Akt in guinea pig antral mucous cells:
NO-enhancement in Ca?*-regulated exocytosis

Biomedical Research, Vol. 37, No. 3, June 2016, in press.

65



A

KM ZBEITT DL BIARMELTLDDITHIY, KBBU AR5 HIEEEHEERELZ BV
L. B NE #H (RKEMRT EDREPNAEER) CRERIHFE LHEZ
#zLET,

AR OZFATICEE L, EHEEEEZBY £ L, Tk FE& R EARR (UED L ER
RZPRFFH MRAHETZ)BIOEAR LR HHRERKKER KT EDHEFZTIHEE)
SRS BB L 9,

ERLANEZED LD > T HAxOBNHRABLICARRIEZHBL £ L,
=t HEEER (RIRCEER RS EWREZPRE), PR HE MEHER (RIKEFR
RFZ LT ERSFZRHE)EE ZF #MH(RRER KT WEFPHE) ML 5K
Z bl ORI SLER R R MRERS) oK VEHOoEZRLET,

BT, RMPRICZ KRR 28 D E2THBELE L, RKIRER KXY EMBREFTAEEER
BLOEDBERFANNEES O FRICE S EHHBHL 7,

B KO ERIZ H Iz > T, KIER KPP FEIRBIE S (PR 25 FE MR X
D —EPERETEE E Le, BT, ESHEHALHE L BT ET,

66



1)

2)

3)

4)

5)

6)

7)

8)

9)

CIRE AN

Forstner JF, Forstner GG : Gastrointestinal mucous. In: Physiology of the Gastrointestinal
Tract, vol. 2 (3 ed.), edited by Johnson LR, Alpers DH, Christensen J, Jacobson ED, and
Walsh JH, Raven Press, New York, pp. 1255-1283 (1994).

Sudhof T.C. The synaptic vesicle cycle :a cascade of protein—protein interactions. Nature
375:645-653 (1995).

Nakahari T, Yoshida H, Imai Y, Fujiwara S, Ohnishi A, Shimamoto C, Katsu Ki. Inhibition of
Ca?* entry caused by depolarization in acetylcholine-stimulated antral mucous cells of guinea
pig: G protein regulation of Ca?* permeable channels. Jpn J Physiol. 49:545-50 (1999).
Nakahari T, Fujiwara S, Shimamoto C. [Na*]i, [K*]i and [CI']; regulation of exocytosis in
guinea-pig antral mucous cells. J Korean Med Sci. 15 Suppl:S36-S37 (2000).

Segawa A, Terakawa S, Yamashina S, Hopkins CR. Exocytosis in living salivary glands:
direct visualization by video-enhanced microscopy and confocal laser microscopy. Eur J Cell
Biol. 54:322-330 (1991).

Fujiwara S, Shimamoto C, Katsu K, Imai Y and Nakahari T Isosmotic modulation of
Ca?*-regulated exocytosis in guinea-pig antral mucous cells: role of cell volume. J Physiol.
516:85-100 (1999).

Nakahari T, Fujiwara S, Shimamoto C, Kojima K, Katsu K and Imai Y. cCAMP modulation of
Ca2+-regulated exocytosis in ACh-stimulated antral mucous cells of guinea pig. Am J Physiol
Gastrointest Liver Physiol. 282:G844-G856 (2002).

Ohnishi A, Shimamoto C, Katsu K, Ito S, Imai Y and Nakahari T. EP1 and EP4 receptors
mediate exocytosis evoked by prostaglandin E2 in guinea-pig antral mucous cells. Exp
Physiol. 86:451-460 (2001).

Shimamoto C, Fujiwara S, Kato M, Ito S, Katsu K, Mori H and Nakahari T. Inhibition of
ACh-stimulated exocytosis by NSAIDs in guinea pig antral mucous cells: autocrine regulation

of mucin secretion by PGE2. Am J Physiol Gastrointest Liver Physiol. 288:G39-G47 (2005).

10) Shimamoto C, Nakanishi Y, Katsu K, Nakano T, Kubota T, Mori H and Nakahari T.

Prostaglandin E2 release in gastric antral mucosa of guinea-pigs: basal PGE2 release by
cyclo-oxygenase 2 and ACh-stimulated PGE2 release by cyclo-oxygenase 1. Exp Physiol.
91:1015-1024 (2006).

11) Shimamoto C, Umegaki E, Katsu K, Kato M, Fujiwara S, Kubota T and Nakahari T. [Cl-]i

modulation of Ca?*-regulated exocytosis in ACh-stimulated antral mucous cells of guinea pig.
67



Am J Physiol Gastrointest Liver Physiol. 293:G824-G837 (2007).

12) Fujiwara S, Shimamoto C, Nakanishi Y, Katsu K, Kato M and Nakahari T. Enhancement of
Ca?*-regulated exocytosis by indomethacin in guinea-pig antral mucous cells: arachidonic
acid accumulation. Exp Physiol. 91:249-259 (2006).

13) Saad AH, Shimamoto C, Nakahari T, Fujiwara S, Katsu K and Marunaka Y. cGMP modulation
of ACh-stimulated exocytosis in guinea pig antral mucous cells. Am J Physiol Gastrointest
Liver Physiol. 290:G1138-G1148 (2006).

14) Sawabe Y, Shimamoto C, Sakai A, Kuwabara H, Saad AH, Nakano T, Takitani K, Tamai H,
Mori H, Marunaka Y and Nakahari T. Peroxisome proliferation activation receptor alpha
modulation of Ca?*-regulated exocytosis via arachidonic acid in guinea-pig antral mucous
cells. Exp Physiol. 95:858-868 (2010).

15) Lynch B.A., Lambeng N, Nocka K, Kensel-Hammes P, Bajjalieh S.M. Matagne A, Fuks B. The
synaptic vesicle protein SV2A is the binding site for the antiepileptic drug levetiracetam.
Proceedings of the National Academy of Sciences of the United States of America.
101:9861-9866 (2004).

16) Xu T, Bajjalieh S.M. SV2 modulates the size of the readily releasable pool of secretory
vesicles. Nature Cell Biology. 3:691-698 (2001).

17) Yao J, Bajjalieh SM. Synaptic vesicle protein 2 binds adenine nucleotides. J Biol Chem.
283:20628-20634 (2008).

18) Chang WP, Sudhof TC. SV2 renders primed synaptic vesicles competent for Ca?*-induced
exocytosis. J Neurosci. 29:883-897 (2009).

19) Custer KL, Austin NS, Sullivan JM, Bajjalieh SM. Synaptic vesicle protein 2 enhances release
probability at quiescent synapses. J Neurosci. 26:1303-1313 (2006).

20) Bredt DS. Nitric oxide signaling in brain: potentiating the gain with YC-1. Mol Pharmacol.
63:1206-1208 (2003).

21)Li B, Fu Y, Jiang D, Xie J, Cheng J, Li G, Hamid MI, Yi X. Cyclic GMP as a second
messenger in the nitric oxide-mediated conidiation of the mycoparasite Coniothyrium
minitans. Appl Environ Microbiol. 76:2830-2836 (2010).

22)Yu D, Eldred WD. Gycine and GABA interact to regulate the nitric oxide/cGMP signaling
pathway in the turtle retina. Vis Neurosci. 22:825-838 (2005).

23) LaPointe MC, Sitkins JR. Phospholipase A2 metabolites regulate inducible nitric oxide
synthase in myocytes. Hypertension. 31:218-224 (1998).

24) Polikandriotis JA, Mazzella LJ, Rupnow HL, Hart CM. Peroxisome proliferator-activated

68



receptor gamma ligands stimulate endothelial nitric oxide production through distinct
peroxisome proliferator-activated receptor gamma-dependent mechanisms. Arterioscler
Thromb Vasc Biol. 25:1810-1816 (2005).

25) Snider RM, McKinney M, Forray C, Richelson E. Neurotransmitter receptors mediate cyclic
GMP formation by involvement of arachidonic acid and lipoxygenase. Proc Natl Acad Sci U S
A. 81:3905-3909 (1984).

26) Watson EL, Jacobson KL, Singh JC, DiJulio DH. Arachidonic acid regulates two Ca?* entry
pathways via nitric oxide. Cell Signal. 16:157-165 (2004).

27) Wicher D, Messutat S, Lavialle C, Lapied B. A new regulation of non-capacitative calcium
entry in insect pacemaker neurosecretory neurons. Involvement of arachidonic acid,
no-guanylyl cyclase/cGMP, and cAMP. J Biol Chem. 279:50410-50419 (2004).

28) Moraes LA, Piqueras L, Bishop-Bailey D. Peroxisome proliferator-activated receptors and
inflammation. Pharmacol Ther. 110:371-85 (2006).

29) Meehan AL, Yang X, McAdams BD, Yuan L, Rothman SM. A new mechanism for antiepileptic
drug action: vesicular entry may mediate the effects of levetiracetam. J Neurophysiol.
106:1227-1239 (2011)

30) Nowack A, Malarkey E.B, Yao J, Bleckert A, Hill J, Bajjalieh S.M. Levetiracetam reverses
synaptic deficits produced by over expression of SV2A. Plos One 6 (12), 29560,
http://dx.doi.org/10.1371/journal.pone.0029560. (2011).

31) Nowack A, Yao J, Custer KL, Bajjalieh SM. SV2 regulates neurotransmitter release via
multiple mechanisms. Am J Physiol Cell Physiol. 299:C960-C967 (2010).

32) Lugnier C. Cyclic nucleotide phosphodiesterase (PDE) superfamily: a new target for the
development of specific therapeutic agents. Pharmacol Ther. 109:366-398 (2006).

33) Bender AT, Beavo JA. Cyclic nucleotide phosphodiesterases: molecular regulation to clinical
use. Pharmacol Rev. 58:488-520 (2006).

34) Komine N, Shimomura H. Characterization of cGMP-related phosphodiesterase isoenzymes in
rat salivary glands. Odontology. 90:7-12 (2002).

35)Imai A, Nashida T, Shimomura H. Characterization of cyclic AMP phosphodiesterase
isozymes in rat parotid gland. Arch Oral Biol 40:165-168 (1995).

36) Eckly AE, Lugnier C. Role of phosphodiesterases Il and IV in the modulation of vascular
cyclic AMP content by the NO/cyclic GMP pathway. Br J Pharmacol. 113:445-50 (1994).

37) Moneer Z, Dyer JL, Taylor CW. Nitric oxide co-ordinates the activities of the capacitative and
non-capacitative Ca?*-entry pathways regulated by vasopressin. Biochem J. 370:439-448

69



(2003).

38) Forman BM, Chen J, Evans RM. Hypolipidemic drugs, polyunsaturated fatty acids, and
eicosanoids are ligands for peroxisome proliferator-activated receptors alpha and delta. Proc
Natl Acad Sci U S A. 94:4312-4317 (1997).

39) Keller H, Dreyer C, Medin J, Mahfoudi A, Ozato K, Wahli W. Fatty acids and retinoids
control lipid metabolism through activation of peroxisome proliferator-activated
receptor-retinoid X receptor heterodimers. Proc Natl Acad Sci U S A. 90:2160-2164 (1993).

40) Kliewer SA, Sundseth SS, Jones SA, Brown PJ, Wisely GB, Koble CS, Devchand P, Wahli W,
Willson TM, Lenhard JM, Lehmann JM. Fatty acids and eicosanoids regulate gene expression
through direct interactions with peroxisome proliferator-activated receptors alpha and gamma.
Proc Natl Acad Sci U S A. 94:4318-4323 (1997).

41) Pégorier JP, Le May C, Girard J. Control of gene expression by fatty acids. J Nutr.
134:2444S-2449S (2004).

42) Peraza MA, Burdick AD, Marin HE, Gonzalez FJ, Peters JM. The toxicology of ligands for
peroxisome proliferator-activated receptors (PPAR). Toxicol Sci. 90:269-295 (2006).

43) Bulhak AA, Jung C, Ostenson CG, Lundberg JO, Sjoquist PO and Pernow J PPAR-alpha
activation protects the type 2 diabetic myocardium against ischemia-reperfusion injury:
involvement of the PI3-Kinase/Akt and NO pathway. Am J Physiol Heart Circ Physiol
296:H719-H727 (2009).

44) Okayasu T, Tomizawa A, Suzuki K, Manaka K and Hattori Y PPARa activators upregulate
eNOS activity and inhibit cytokine-induced NF-kB activation through AMP-activated protein
kinase activation. Life Sci 82:884-891 (2008).

45)Wang Y, Yang Q, Yan JT, Zhao C, Cianflone K and Wang DW Effects of bezafibrate on the
expression of endothelial nitric oxide synthase gene and its mechanisms in cultured bovine

endothelial cells. Atherosclerosis 187:265-273 (2006).

70



