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1. EF

MEERE. B OER. SOEE. DALEEZLODOERICHL
T.2EH EHHERHL T ERASN TV ABRETHS, CNoDDIER
Tl SHRECSHEETIESLOLEAGNH, BEMSERAELER
MOBERESORHNS, MEMBESIZTECTRAVERTENE. Chod
DMERDFHO—BIEELAIEEEN RIS, SOIC. AESh-B&K
SHKBETHNIEL EHEORRBICEENDLHAFIND,

ZIT.BRVPERERSHBIBELRY)—=UF#T0 MEMEERESR
$EREAEDELT, KBEDREHRKRTFRE (FDPFs) Z R LT, FDPFs
(T, BRRREGAV N\ VBENBEREZAVTABIV I\ VENEESN-RT
FRETHY. NIRZRELE-TIE KRBT EHERZREREEISE AL
DIFMICHESE T, SBIC. AV T LB BEE A HETZ LT, FDPFs O HhH
o, EfRMEDHITI/BERIEHFEITSH4DDRTFF (PG, GPG. VGPG.,
VGPGGR)ZRIELTz. CINLDARTFRIFEEFUHEEFTHELDLELTHREICELS
HREDLEVFRRTFETHT=,

FDPFs DN oRIESNIFRARTFROT7I/BRESH IR > TERLIZRTFF
[F. ERICTAERBIIRF B E A2 REREEICHESE -, IBIT. RTF
FRICEC T EMEERLERLI--. RED VGPGG ZRBTHHHED
ZRAROES I RESh Iz, ¥z, COME L. MEFBHFOMBELILL D
LAF U RE ([Ca¥] ) DIETEEDOEM o120, FRHFIED Ca> BEZHED
ETICESEDEEZONT,

FDPFs [ AWM DFHGEMGIEMBEREZAL LV Ceh s, IERET
B9 5BEREMAND ELGYBRLEETING, Fo. AENTFRLEHRGE
AZALTHEY. FKBETHAIZI LMD, EFTRGEDEERADICHAMN T
LGN E, DMERDOSEEABRATMRCTEHAREMEFH>TL S EHFS
nad,



2. FEDER
MEMRBREF, ElEOER. SMEE. DAELGESDDMERICKL
TRASNTWSERETHY., SHH BHEHZEHLTHASh TS, Ch
SOLIERTIE., SURECIHEBEITSIEELLLALNED. BEMS
EROREERVCPESEIOPNS, MEMBESISRITRISVERTE
nE, ChoDLMERDFHD—BIELH R REEABFEIND, EoIZ, FE
SNE=RBERDAKBETHNIL IHEOREICLENSEHFINSD,
ZCT.BRMPERBSMNOIBIEKRY)—Z0 7 %47V, AT M EtE/E
AEEIHEMADELT. KBEDAEARRERTFFE (FDPFs) R LT
DTHET Do

3. HW

AAEDEMIE. CD FDPFs DI EMFEERAEERMICIRIES HEEDI,
FDPFs [ZCEENARTFREREL. TORTFEAMEMBEERANRERD
MEIHNZTIRIIL . TDIERAEFZREALEISIETHETH D,

4. Bk

41 HEE

T50F%=y (BK) IRTFRHARKM. ERRTFRD PGG FRIZLHERE
1. PGG ZMR<EDMDEHRTFRIEZEEILE. TOMD TR TOREEF
KMESYREROREDEDEEA LI, FDPFs [XBRATEELIV/\VE S
fREER (JOT7—E NTAMANOD) ZAVWTAYA BIARRMNSEE "Sntz2 D
ThHY . MREERA UM SAFL,

42 8BX
EAMBARALZ—&Y ., LT 2ERBIR (EFT TR ZEH D IKED
91 cm TH5H 3 ecm IFEL. HONLHIREH R (95% 0, 5% CO,) @R LIK



A LT= Krebs i& (123 mM NaCl, 4.7 mM KCI, 15.5 mM NaHCO,. 1.2 mM KH,PO,.
1.2 mM MgCl,. 1.25 mM CaCl,, 11.5 mM D-glucose) CEIARAID M &% HL VAL .
MEZIHFLIF -, EINBBICOERDDOAERZRYBRUV =&, SHEZERY
BaZ. Krebs JRHIZT 4°CTRELT=,

EERUBE. HoMLOHEEHATRERLT: Krebs HHICT, MEZREARIC
PIVRE. BINZRAVTEEHER 1 mmx4 mm ZEE L, AR (RIE) (F.
mEZR#BARICUYRN-BERAT, BETAVLERNBELE—FRIEY,
BrELTz. MIEDOBREIL. BK ITK DB REDHERICEYREELT-,

43 D5 RENARME T BHRF (1mm x 4 mm) ZRALV=RADRE

5B ABIEEERICOLTIE, URTDOM®mX TRBLIZAEIC>TIToz Y. B
ERIZE. DAV —DFBICRRENEZREL-MEERZR DL, Rt
ERSURTa—Y—(FD EvI7v7 Panlab)l B E ., BB (FEEHR7T:
Panlab) &L TR k5T (2 LB R La—4 — U-603:Pantos) TIR WEHRHL
=5

MEEH(E. XTXREDRD 7ml D Krebs iBi&IZi25KISFTAFEL. Krebs &I
BISREHARTNITYDY LIz, IT XRESN L, EBREIZT 37°CITR-1zKkE
BEBESE, £ KEADRBKIZOLTH. I CTRELEAHRAEZRBEL
=3 MEALV=, 10 21&IZE (118 mM) 7317 L& (10.9 mM NaCl, 116.8 mM KCl,
155 mM NaHCO,, 1.2 mM KH,PO,, 1.2 mM MgCl,, 1.25 mM CaCl,, 11.5 mM
D-glucose) 23 LBE 77 18U HEZ 5 775 IEEEIL . T DR Krebs JRITIRML 5
SEMESE . #HIERADZREL IR, S5(25 5 Krebs BR TDRNEEHRE
FHREERYERL. §HI D LBRIMEICKSINBEOREMERESEIRZICH
LSRN ERBELLT=,

FRILER NERBILLI=E T, 40 mM A LJEHK (40 mM K';87.2 mM NaCl,
38.8 mM KCl, 15.5 mM NaHCO,, 1.2 mM KH,PO,., 1.2 mM MgCl,. 1.25 mM CaCl,.,
11.5 mM D-glucose) Z/MA . T DUUEMNE R IREITEL-R . BK ZRKEERE
1M [ZEBEIINTMATHAR DA REZHERL-. ARNEFSINTLSIES. ih



BAEISN . BRELEIGE. EIEEI LAY,

ZD#%. 40 mM AU LBERICEYIFESE | FDPFs FZEMANTFREM
Z. MEMBRIGEHEL -, EEERIL 40 mM K DIRHEZE 100%&L T, &K
shiEERERL=,

44 HESWHIZEBIRTFFORE

FDPFs MD73/BAELSIRTE (L. 22T LB E E 2t (API 2000, AB SCIEX
#HEHZERWLTRELE=,

F9. &4 FDPFs DBEEDHT (MS) ARIMLEFE. 3—TIhETHR
TFRED MS ARIMLEHEL, RE—IDE T LEEEHH (MS/MS) AR
JRIL OTVERANTA =T REY D TAITRICKYRB-SATVE YT
[Pep Novol?Hi5, FDPFs WA 5 TS/EEETD 4 DDORTFRD T/ EEERF
EFHIELIz, SBIT. RELIARTFREE—DTI/BEINELEDERRTFLE
B RL.FDPFs HERTFREEGBRTFRD MS/MS ARV MLELE T HIL
T.73/BEHZHEELT-

4.5 72K BIIR I B F B A (MR ML) D[Ca>]; DRIE

JABRBARME FBHER (MEEL) IZH1T5H[Ca”] OBIE (. LIFTOH
XV TR FETREL -, BRI RS SE, LREFE25 IMOENHR
Z Fura—2 &L Krebs jB P T, 37°C. 90 HfEl A Far—kL, HARELE
FIZERLTz, ZD#. 340 nm(F340) & 380 nm (F380) DX AR HFBETIC LD
510 nm DENLBREZRTEL. TDL (F340/F380) ZHH T HFEIZLKY. [Ca*],
DAIEZEIT o=, [Ca”] [, 40 mM H) I LiBRKRIZES[Ca™], EFZE 100%&L T
BHLT -,

46 #HHETANE
HEFXFEHLEERETRELZ. 3 BULOFEZREIZIX, T —tEd
ERHANM CHANDEEZEREZTV. EEENHIEELERTE



(Tukey—-Kramer & E) Z#1To71=,

5. #&8R

51 MEHMBFEI_EHITHFDPFs DRHR
BERVOBERASERD)—=J LR, FDPFs A, RIEZERELI-T4E
KERME T EHEREZMBESEHILEZRELIZ(B1A), B 1B TR LI,

COHMBEERIE. REKFIEZRLI=(P0.01),

52 4 T LEHEBAMMHERAV-RAERERTFFORE

FDPFs T, MEMBEAEETEIRARTFRERET 51=DIC. 20T LA
HEENMEHERAVTEENTEToEIA K 2A D LD MS ARJML
2R #RIZ. FDPFs [CIEZBLDRTFRNEEN Tz, EFNZEDIFE—VIL,
BEDOADIEA—)L(E 2A D TE) TIXERBEINGEA =16 FDPFs B3k
DEDTHD LNz, COMETIE 1~4 DBESEDITERARTFRIC
EBLTEHL,

EBITMS ARIML(E 2A OTFE)T 1~4 OFSEDIFERARTFF
(FDPF1~4)[ZxLT MS/MS i & 4TL), BoNf- MS/MS ARJNLERTF
R #TYIk(Pep Novo, AILTHIL=FREFEH U TAIIRIBHE) AV THEMN
Liz&Th. TN 4 DORAXRTFREOTI/EBESI L. PG(=FDPF1). GPG
(=FDPF2) . VGPG(=FDPF3) . VGPGG (=FDPF4) L¥|ESh . ChoDRTF
FlE—EDEFELI=7I/BRENZHL T =, RIZ. ShoHIES &R TF
FOT7S/BEERINDHEIERH=DIC. TNTNDOTI/BESICHESTRITFR
ZERL. BESET MS/MS XARIKLZEBIZEL. FDPFs HEDRXAXRTF
F(FDPF1~4) D MS/MS ARJLELLELT-, ZDFER. HED MS/MS AN
DRIVIFTEEIZ—HBLI=D T, FDPFs D 1~4 DRARTFRIEL. FhEh. PG,
GPG. VGPG, VGPGG ThdLRIESNT= (K 2B~2E),



53 MEMBFIEITEIERRTFFOHR

BREARTFK (PG, GPG. VGPG U VGPGG) NERICM EtiENREH TS
MEARDIH, NIEZRELT 4B RBIRNE FEHERZAL. RHER
Z1To1z. BBITRT KIS, SNSTARTOERRTFRIET2EKENR M E
FEHICEVTRERFEICHRNGIDEmEDNRERLZ(P.01),

F. INo—BDERKTITI/BENEBLIRTFRE. ZOTI/EBEE
DEMIZEEL, BREEMT IERNEEIN(RTFFRE 581mM T
P<0.05, 11.61mM T P<0.01),

54 SMARTFF VGPGG [C& M E iR DIEFF

BERRTFRICLAMEMBEHFLRERAT S50 AERTFRTRE. XK
RIZMREHFD VGPGG AL, NIRZBREL-TAERBIIRME FBHEA
ZAWT[Ca"] LER N DEIFRFRIEZE 1T o1z, B4 IZRT £, 5.81ImM D ERAN
TFE VGPGG [&[Ca”] ZIET I I Li<IF MG E5IERILIz. CTh
(X, VGPGG M FBFHIAED Ca® BZMHIET (= Ca’" JHKRTFIEMIE) IZEYTH
AR ENARILE F BT MRS E DI LERITBLTILNS,

6. B

6.1 FDPFs XIIXERARTFRICKSMmEhESHR

FDPFs IZ& 5 M &R R L. 0.4mg/ml~8mg/ml DEEEFHT(K 1B). &
AT FRTIE 0.58mM~11.61 mM DREEHET (K 3) . g RICREXEN
NEEIN, SE—BOBRETCOMBENRLAEFE T CHEDNRDE
HMNRBETHAEEALND,

FE—EDERARTFF (VGPGG, VGPG, GPG B U PG) D E—EE 0 M &t
BOMRIE. TS/BOBMNENTHIZONT, TODMBENEINIEML -1 (F
). INEDRTFRIZH T HHLVHBIESEANFET SN ERS
ns.



6.2 AT FF VGPGGIZ& DM E IR DHFF

[Ca®] LR ANDEIFAEDFE RN, VGPGGIZ LS M EEE (L. [Ca®] DK
TIZ&BBD TG ALD ) LFERFEDMEMBELREL T,

EBHIBONILS I LEZELETIEIMERADO LAV R AV D r—
ELTIE, cAMP & cGMP B EILNTLNSD T, VGPGG X7 TIILEEL V5—H
DT TN IT—EEFHILTHAREMENEZONS, COBRIKXILF
FREBROBEICOVTIE. SEOBHNBETHS, LL. KRR THRSH
EHFRRTFEPNHBRESBERENTIOTHAIE. 7T I5—FE%
EMIET S G EREREZBR. V7B IS—EEEHLZRRLE
NEEIHAREENEZLOND,

6.3 AT LBERESIEICKLS FDPFs DRTFFDREE

ARARTE, 2o T LREENEICLSD . MS ARTMLEMS/MS ARTNL
ZFLTFDPFs IZEE NS4 DDRARTFR%E VGPGG. VGPG, GPG R U PG
ERIETHIENTE(E 2A~2E) , CNLDRTFRIE, CNETHEFE S
BFIHLELBEDHRE L. £<FHLLRTFRTH 1=,

7. ¥R

FDPFs [&. hYA DBIRERMSEEINTEY ., MEROKETRESN., KB
HTHD, HhD/NEILRIRENED 2 RTFRRL 3 RTIFREFATNDS 7,
AARTH. MEMBIERAEETEIRTFRELT. 2RTFRDO PG LIRTFF
D GPGHAEESNT=, ChZEZHHESHE, FDOPFs (F. MERZFHTSHE
ELHRBRAITHYBIAREENEZOND ., ZTORREEERATHICE. &
%. EICFDPFs B LI-ZDFRRTFROMPBELZFARNIDELH D,

F-. BESMEHIKVEESINFARTFEL (VGPGG. VGPG. GPG R U PG) I,
FDPFs ERIFRISE DA DFRMUTNERBNREL>TEY. HhDOKBHETH
BIEND GEFBLRECTEIENTENLOERO AT ARICERMKT S

10



AIREMZ O TL\BEEFE A LND,

8. HiEf

AFEERZBITHT-Y. CHRETISNEL-BEHIHERFHE - £ higEEH
FHIEESBONAHEIS, BEFAZIS. AR TFITEN (BHEREX
SRR RN, BHRE—AELIHEE BRS(77/00—Sy
IRUtt) DERIC, BCEBHBLETES, ZLT WO KIEBEVV-RARED
KEREERREASAICEEILBEL ETFES,

FDPFs # CIRMIEZELEMBEEMASH OE T RBSARVERE DS
HRICECRBBLES,

Fhe. TABRBIRY LTIV EREEEEL -, A AMNTIBE L F—D%
BICODORBBLET,

9. FIRHERDETR
MREXMRASUIVRZFTNEEZRZTTVET,
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X 1

A
20 min
=100
=
k5
e
g g 4 mg/ml FDPFs
1M8mMMK* 1M BK
40 mMK* 40 mM K-
Time

B

50
— 40
<
S
&£ 30 e
- |
§ 20 |
©
aQr
o //f

10 /

0 - - - : -

8] 2 4 5] 8 10

Concentrations of FDPFs {mg/ml)

1 REZEREL-T2ERBIARME FBHRFD 40 mM K 1Z&HURHEICx
3% FDPFs DH#BESHR., (A) 4 BT o1=REDORRMALRNAE L —RER
9, 40mM K [CKDUIRMED EEIKREITEL =%, FDPFs ZiHmNL. MEMIED
REHBEL, NEEDREILX.BK [CXHtERICDEXICIYFHERLT=, (B)
FDPFs [C&DREKRFHEOMEMBER, T—RITH £ FEREN=3 ~ 4)
[CTHRRL . BEKRFEICEALT. —TRENBATIERE P01 &4,
ZTDHRDESERTELRIL. BE 04mg/ml & 8 mg/ml DRET P0.05 &igoT=,
MABEEIL, 40 mM K™ IZEDUINHEE 100%&EL TRAMBREZEH LT,
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X 2

FDPFs

E

=
2 » 3902
£ 3T A 4571
= 4149
M’v M@JL R Y )
0 50C
m/z, Da
> Control (solvent only)
‘@
oo
5]
=
199.0 2149 .219.3
il dodnd ﬂﬂ‘l.. At [ AV S NN
100 120 140 160 180 200 220 240 260 280 340 360 380 400 440 450 480 500
m/z, Da
B
7565 FDPF 4 (386.2) 2303
= 6.0eS
% 40651 700 1852
T 20 1272 173.1 %73 03,
] 1970 2123 ma2
00 .85;8 . 11'2‘?. JL,K?Z.Q i n‘ 1344 L 22 2399 2545 28?9 ‘l B il 3.51'2\ 36?.2-.1 .
80 100 120 140 160 180 200 220 240 230 280 300 320 340 360 380
m/z, Da
- Synthesized peptide VGPGG (386.5) 2302
T SBe
=
2 407
= 4 1852
20e7 127.2 270 sas
ok | w22 ez M4 | aseses | ang %3, Y
&0 100 120 140 160 180 200 220 240 280 280 300 320 340 360 380
m/z, Da

2 FDPFs B&UEBBRTFFED MS ARIKIL(A) & MS/MS ARIKL(B
~E), (A)FDPFs D MS ARYIMIL(LER) ZBEDHDIAVFO—)LD MS AN
DRIL(TE) B LTz, EHOE—Y (LER) (. 3> bA—)L (TE) TIXEH
SN Y FDPFs D& (ZHEHH &=, FDPFs Bk E$IMESN-E—YTH 5B, D
METIE. 1~4 OBFOMWVERARTFROE—VIEREF L TTEFL,
(B) RANRTFK FDPF 4 @ MS/MS ARIML( LB DEEMTIZKY. VGPGG &
SNz, FTERITEBARTFE VGPGG D MS/MS ARIK)L,
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2(#E)

C
70.1
5.5e6 FDPF 1 (172.9)
2 40e6
@
{
©
E 2.0eb
o.oM 5:'3..1 /59-21[ 830 sB.2 101.2 111.2 173.2
"3 40 S50 B0 70 S0 20 100 110 120 130 140 450 460 170 180
70.1 m/z, Da
2 9.0eS 1
w
o Synthesized Peptide PG (172.9)
E 2.0e8 4
173.1
0.0 : T . = . . . : . . : : T ——
30 40 50 [=1n} 70 80 a0 100 110 120 130 140 150 160 170 180
m/z, Da
D
TO
Z 2064 FDPF 2 (230.1)
2
[}
E 1.0e6 4
127.2 i
00— i <. — 1 sga W5 g ...
40 60 80 100 120 140 180 180 200 220 240
m/z, Da
S0 70.1 _ _
Synthesized Peptide GPG (230.2)
‘B 6.0e7 o
c
D gq0e7 -
E 127 .1
2.0e7 1733
| 15952 i 2132 2303
0.0 . - - 2 2 s - 2 - . .
a0 &0 20 100 120 140 160 180 200 220 2430
m/z, Da
E
0.2e5 173.0
= FDPF 3 (329.2)
o
5 50es 70.1 2302
z 127.1 155.4
i L 3288
aik L;L.a\gg.u\ 112.2 1{9.2 ﬂl“ 181.0 197.4 213.0 37.0 2549 2841 3058 )
T a0 60 20 100 120 140 160 180 200 220 240 260 280 300 320 240
m/z, Da
2068 Synthesized Peptide VGPG (329.4) It
=
w
T 1.0e8 70.1
p= i 127 .1 1553 =303
99.1
00 a 2132 | 2843 329.4
: a0 &0 80 100 120 140 180 180 200 220 240 260 280 300 320 340
m/z, Da

(C)FDPF 1 EBHARTFK PG D MS/MS RR4KJL, (D)FDPF 2 L& HERTF
K GPG ) MS/MS AR5 k)L, (E)FDPF 3 L& T FK VGPG D MS/MS R
SR (B) ~(E)hDAVINDEFIEINFEEXZERT,



X 3

100

[es]
]

[a)])
s}

/A
i

0.1 1 10

I
o

]
L}

Relaxation Ratio{%)

Concentrations of identified peptides (mM)

3 NRZFRELLT2ERENARME T BHRFD 40 mM K 12K HURFEI< %
THIAERTFROMBHRDOREXKEE. (A) MS/MS 73 4T(ZKY FDPFs M5
BESNIZRTFEDOTI/BEINI K> TERLIZRTFRICKIHRKiEE:
VGPGG (= FDPF 4, @). VGPG (= FDPF 3. A). GPG (= FDPF 2, O) BRU
PG (= FDPF 1, A), Sth#EHE(X, 40 mM K* [Z&DINHEZE 100%& L TRAGMIEERE
BHLfz. T—RIETFHEN=3 ~ OTRRLIZ BEE 91% [F.EFT
RAILDOSLDTEHBELT=,

RIFREORERFHEE. —TEEBE DRI ICHLTT T P01 &>
e TNDHREEREZF{T o=, VGPGG (X 0.58-5.81mM, 0.58-11.6mM. 1.16
-11.61mM T, VGPG (& 0.58-5.81mM, 0.58-11.6mM, 1.16-5.81mM . 1.16-11.61
mM T. GPG % 0.58-11.6 mM, 1.16-11.61 mM T, PG [% 0.58-11.6mM T P<0.05
Eiiot=,

R—REICETERTFFEOEEZE. —TEREFHBITICELT,
5.81mM T P<0.05, 11.61mM T P<0.01 &>t TDERZEREZE T o1z, N7
FREE 581mM T VGPGG & PG, 11.61mM T VGPGG & PG B U GPG & PG
T P<0.05 &HoT=,
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X 4

=100~
%
=)
0 W

—_ Smin
R 100
=
o
o
2 0

40 m K 40 mhd bt

1 UM BK

581 mM VGRGG

B4 EFARTFE VGPGG IZ&5 72K BRI & F 8 Fh i D[Ca?]; L3R S
DRERIFFREMN —R, 3 BIToEEBRORRHAZRT  RTFRHMBEFIZERHS
Nn3[Ca?] D—BMEDERBOEEILEEXEIZLE2EDTHS,
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