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IHIBLIS TUEBI L C W A 2 & % fE ICWREE S 2 BTk
WZLnwZkizksbntEbhs,

invitro\ 2B\ 5 ) VLU RS Z 1, BRL
720) YERILEER & 2O REH EH R UR2P-ATPZ Vv Ul
BHTHDHH, MR TERIZ) BILAUEA R E Ty
5 LAY 51213, M ER2PT NV R
Bip. ) Y BRICREEIEE > TEORIEREZ{T )
DBTNPDOFELPLEVODPBURTH S, ER, EBE
1385 K {-CREBD ) » BAbHIBI#4E = MHoE 4 H L
5., 32PT ~NUL#EER (Hagiwara er al., Cell: 1992)%° 1) >
LA RAROVERL (Hagiwara ef al., Mol Cel Biol: 1993)%
ToTE&L, LALEAS, 29 LAHETIE, AN
UV@%ﬁW%UYwﬁfAT‘LWQ%iW’Wé

2 EEEEAYC BETHb, WHWALRITHROK
B, Kxidmok ($ﬁ< FRET(Fluorescence Resonance

Energy Transfer)% fiV T, A& - HIlaN TAF +— £ 4°
EMAL SN ABF 2 ERMIZTHEALT L LTI L
(Nagai ef al. Nat. Biotechnol: 2000), D EHEZIGH LT,
HANR=ZZEDBTRIN =V AL TP L EAHRILT S 2
ExRRAART,
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REEE RHEMSHRTFEGREMR

TWwb,

o B % K L &

2. AXF—EEMERRELESIETHhETORL

AFF—EURARLMAEOELNFRVERY v IRILEER
D-DHOT, TRFTILLEEILMBTAF T —HiE
BEMMLL LS T8 FETRRAPR SN TE,
TsienH 25 F L72FICRhR (7 ) v #—) (K 1)1, #HE
7Ly b EU—FI LT, YTy FE T
Tl TERFMMER LR, §ESETES 72k
UBERE~YA 7040 P20 2arFThenimoTy
¥ TN 2 F T o 72(Adams S.R. et al. Nature,
191) GAELZGTHTE 7L LS b u—53
VSR B TS t ZBHD5, FREEL RIS TS

LT TA K Demission wavelZRAZ L #FIHL T 5
EELRIOHEILST, A¥F—EX 70 A 'J
CIRME L O SR TIEMEL S AL, AREE L AR T
Z M2 0NETHNICRITTAILEDE LD
(Hagiwara et al., Mol. Cell. Biol., 1993) , Kudo®5 {3~ 1 7
O >yxyarOF@ed  2oMgBERMED N
TF RERENET VL, #IENcAMPD LRI W) »
ALz DL b e LTHET A2 LICBR LT D
(Higashi H. et al., FEBS Lett. 1997),

3. AxF—tICkBCREBOEERL
CBP#Ser133D ") Y E{L S L A-CREB/ZVTIZHENG T A
EWV) T EMNS, CREBYY YERbE N5 ECBPLE A
TEALALIDIIHELRMEE2RILTCWE LMEETEL
(Chrivia, et al. Nature, 1993), M52 Wright © (CREB®D
KID(kinase inducible domain . ') > E&{tER{L CCBPHS &
&f%%%wcmmemmmﬁnﬁu)t@#“ﬁm
NMREEHT & 472, ) & FEfL & MAZKIDD Ser133 £ KIXD
Tyr6S8 DEISHA K EEEE A2 L12L Y, CREBECBP
PEEREEEEFERBETAIZLEEZHSMIL TV



(Rn)
R
G- ¢ )

+CcAMP (o)

i *

Rh: 7 FSXFLO—F 3
F1: 7% L &4 > (FITC)

1 PFICRhR(Z U v AH—) DEE

C Gy
/\/\/\/\/\7

excitation (280nm)

emission (>560nm)

excitation (280nm)

emission (515nm)

(e )@

AXF—tFROBESFFE2EAOCRS Y 722y bRV E2EDHES 1=y b (C) PSR INIABROTFE-> T
3, MY Jazy bETILA LRSS (F) CHEY 712y bEOQ—4 32 (Rh) TTNThIER TS &, FOBEST
ATIETILAL A %donor, O—4 3 > #Facceptoré T AFRETHEREINS, L2 AP 2HFNDCAMPHEREY 71
Sy MIBATAEMBY 1y FRBTAINT. JIF LS EO—F I OROEMIREFRETIIFEEI NS,
INEFIELT, 7Y v A—TFRETORDVED» SHEADCAMPDRE LR *EET 3 EHFTES,

(Radhakrishnan et af., Cell 1997) » 4 3%, CREB®D
V) UE LI X ARET LA KARNEEAE L HVWTE
SETCEHETAI &IIHII LTS (Usukura ef al., Gene
to Cells, 2000) o

F7:. CREBDV VEELIZ X 28R L4 R#ETES
&9 PR ER T T, CREBOSEH AL E W AT %
invivoCHEZ 5 Z &EHT & % (Hagiwara et al., Mol. Cell.
Biol., 1993. Ginty et al, Science, 1993) , ¥4 b B H/EH L
72 Y BE{LCREBREEMAZ HWT, ¥ /15 3 7 (Zebra
Finch) %[ ¢ ¥ (conspecific song) & B V272 & & 7307,
P TCREBAAEHILEN A Z EZFRVHIL TS
(Sakaguchi et al., J. Neurosci. 1999) 2D X 312, VU Y
LR T HEZ L, invivoTDY VEEILILE £ 8
—FTHIENTELLITEN, THBEYR S5 0IE
EE LT VEBERIEE A TWAZITT, £&7
MBI LR bE TS5 T A5 2 LIFEA LR
AETHDH, 2 TRICHEA X, CREBOBEE(L % GEP
(Green Fluorescent Protein) D E XL E LTS 2 5 2
EWZEY, RELHBATOAXF—YtoEHbr =
Y —FHRBTERNEERT,

4, ARTEL?

GFP!$19924F, Georgia KD CormierH D 7 — 72 &
ST 00— 7 & (Prasher D. C.etal., Gene, 1992) |
19944E IZGFPEIZ T2 A L - EHMIEA T, RER
HETFIZ, 3R L /GFPA GreenDH A T 5 2 LA
FEED 21T LLR(Chalfie M. et al., Sceince, 1994; Inouye S.
et al, FEBS Lett., 1994), fifaN€=% —R& L GiER %
EHT VDB, LWL, GFPOA RAIEICAX T —ED
BEEHERD T > L AEFY (RRPS) ZH#FA L-AERK
B L T AT, VERL L7 NEDGFPEEAKENRD D b,
THBEIZAF LT VEBL3 D5, ) VELiC &
BHOFPHALOE(LIZRD L d o/ (NI, REER
T—%) o ZDFAequorea (777 F5) GFPOKE
HERT2OL, BREEE 1 1RO BETEEN/L SV
HEIZHENTWAE I EABD L % o 72(Yang et al., Nat.
Biotechnol. 1996), F4 AMEA L7z v EL#AL TAF
— T VBHLWEEN o 72 b Did, AMEIO N ViEE T
CAETA7-O0RBRICERE LS5 2 5IEET X, AE
TEHMRBREEICMET 5 ) VB LEMIZIE, A¥F—F
WEEATELRVWLDY VEB(LE N2 o 2O TRV
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LtEbhs,

& T GFPZ 8 [H(chromophore) Dk 4 70 8 B ARAEEL &
N, FnHxAVCTHBAT VY Y ADRERILE TS
¥ —F5HEN, KEDO2 7 NV—ThoLEFNEFNEERS
LTV % (Romoser V.A. ef al. J. Biol. Chem., 1997; Miyawaki
A. et al., Nature, 1997),  F 4 {ZRomoser 5 A HEH L 7-X
7 % — %% L T, RGFP(redGFP) & BGFP(blue GFP)? 2
BOENEH DR IZCREBOKIDE AN 7-#H L VEE EH
B LIz (M2) o BGFP%donor& L CRGFP%

| rare | Barp |

T~

ART TSSEILSHRPéYRKILNDLSSDT

Kempart TSLRRAéLGTGHAVRAIGRLSST
FIP-CBsm TSSRRKWNKTGHAVRAIGRLSST

X2 : V) B LBRMGFPRIS EHART D
BIIRLAEEDIC, RERXBHT T2 0 ¥ hblue&red
DEXERT 3GFPERK(BGFPRURGFP &MEXR) £ H
WTHLL I LEEEMET FIP-CBSMEHND—F 24
Z L. BGFPERGFPOREICERERFCREBD ) B1E K
XA UKIDDT7 2/ BESIE 3— KT 3IRREFIFEAL /-

(ART) , 2> rO—= & LTV o BIEERRIDSer & Alail
B L -ART-SA. EEEDAX T~ tEREXTFF
Kemptide % #i#3A A /FKempart, EfE L 7, Thb %
PQEN T % — IZ#AiA#H . E.coli THEK & Hrecombinant
EBERAPL =,

acceptor& § A HNLETHFRET)VSEHE SN A, ) VB
1biz & Y KIDAHEE2E{L % #2 2 ¥ IFRGFP & BGFPO 2 f#
Oy UET + THEEENEDYFRETVELT A L%
HFL-DLITTHE, pQENT ¥ — % EAL-KBHED
LR /- % A5 EMA, CREBE M2 12 A-kinase 2
ETY UM bR I NS E Fin vio CETHEID, &5
WU B L MO B A D A L7-CREBD Y Y
b CRETWA I LS, Fi L7 »B{LCREBYF
R ETRAVCHETE (H3) o V) v B{bomiiT
DOBERFBAFERLARY PO A—F —THRTHELT

FIP-CBsm

e ween ... CBB stain

44

Biot:
anti-pCREB

anti-GFP

anti-pCREB - :

anti-CREB :

X3 : ARTO Y L EE
(MAFXF—H D)) EEILERL £33 DART & Kempart i3 A%
F—ETYEEE 30, FIP-CBsmiz ) »B{La i
W, recombinantE A IR TEEDNXRILIZRLA-LHICES
AuvTuv3, Kempart FARTLWRC U VBEEh TV S
D13, Kempart (Z$8 A2 A 7ZKemptide I3AX - — £ D IRAR
ML BRE~TF N TCREBL Y KmiE A& € {Hagiwara ef
al., Mol. Cell. Biol., 1993) . A%+ —H(Cd& - TV @ik a
hBW-HTHB, (B)ZD EEERfLILIEA L 7-CREB
DKIDTHBZ &3, ) BRI 217V ~B{LCREB
EMEKIDDOSer13nEN I h—F) Tl e hal &
POEIH SN,
HAbHE, 380nmOREIEEXE L T/H-H A&, RGFPOEY,
(510nmfHE) A% VEMbic & D i®Es L. #IZBGFPD
WSO ) Y) CEREIC L DI L T (X 4
Nagai et al., Nat. Biotechnol., 2000), ATP R UA ¥+ —+
Y 722y P OWTRAIEW &R LRSS
ng, U > ELERALO 8V RGFP,/BGFPRI & B E O %
QEIL TRV, ThonZ ks, ) UEBbIC L
) RGFP & BGFP]OFRETEN WA L7 L £2 5N 5b,
CREBD V) Y BALBN OO N ICBEEDAF F—FD
IHE ~TF FTdH %Kemptide (Kemp, J. Biol. Chem. 1980)
THALZS OKempart & BTy TId ) YB{ELTH
HROEAENZ EH S, ARTTIZIFEA L 22KIDD Y
R 2 #E 25 iz £ b . RGFP & BGFPO R &
BOMEEE» R FE— 2 > PO EEEIZLT S
EIZE D, FRETEDPBA LA 0L EbiLs,

ART(+ATP)
140 —r T T T

N
o

<
o

Fluorescence intensity
o0
o

60

440 460 480 S00 520
Wavelength (nm)



ART (-ATP)
140 LA S RS

Fluorescence intensity

S WPRIPRES VU S E VTSRS SR

440 460 480 500 52¢
Wavelength (nm)

X4 : 1) o BEIC & BARTOENT(L

(A CBRAERUCERTFEICARTO BN T L A EE % 5 £ 57
Nico AR+ —HMIEY 7212 b EATPRET CART %
12Fa~N— LTV BEHE. 380nmOBIEXELH TS
& . RGFPOEME (S10nmfHE) »°1) BMEIC & V) iRET. W
[ZBGFPOE(450nmiFim) i3 ) BMEIC L WE L Tw
fzo (BYZ D LEWMATILIIATPHEREETCRRD S5 h i
Vo ) CBESRED L WFIP-CBSMTHEHAT(LIZEHEX
huw,

5. HIBRATOY CEMERIS
B5i2x L7 & 912, ARTIZ380nmDFHEE % %4 T,
510nm & 450nm® 2 JFETEEEFRETIE, AF S —

A FRET
380nm f\\ 510nm
380nm 450nm
o > No
L e
KID Phosphp KID
—o—+ATP
—e— TR
B 085 . v /
08 ]
5 //
&
g
a
L oars -]
g
& ]
07
L T4
065 i i
0 20 4 60 80

Timejmin)

E5(A) A¥ F—HIC & Y U S BML & h 3 Kempart T b 83 %1k
BBHOSNAL LI EDLS . HIZY S BEN RGFP¥PBGFP

DRECHEEBESATVWAIOTREL, ZORUSRLAL IS,

) UBMEIZ & » TER S W BKIDOEETE (K 3 8R) »&E
AR OESH P FE— A > FOEFHIBEITILT E 2 &I
&V, FRETEFBILTWA BN EEREDN B, (B) 380nmD
Fhie % LT T, 450nm & S10nmOERFEEEREL 20K
#70v bTBE. ) CBERICHEVCEREBMICEET S, BY
FTLT 3 EOFENAE(L%450nm,/510nmT7 Oy LTWVWBD
T. FRETIZU U BRIEICEEMI L TEE L TV 3 2 &EWER,

FIoEns) VBLE S VFTAV =T hErEbTIC
EEMIZHETES, #2T. 20X X 7EHART %
pCEPAZ M AIAA TEHEIN T & — & COS-THIRL 7 & DI
FLEEEMAICEAL . £E-HBENTAFF—EDiE
Mk EE= % —TEA0HL TA, COS-THIETIZ

Emission ratio

X6 : ARTIC L A% +— EiEMHOMBAE= 2 —
(A) pPCEP4~ 7 & —IZ##45A A 7 ART #COS7 #B2IC B A
Lie2 3, MIBLHcREL Tue, 24— 130um,
(B)440+20nm & 520+20nm@ /X > KIXX 7 1 b 2~ T
BLAHAEEDOLERUS S -TRRLTWS, VT F
JLCAMP (dbAMP : 5 uM)IR5 R % #2/(0s) 22080 & % (2
HAEILEBEL T3,
ARTEFIGHMBLEEICERL Tz (M6) o Kkic, #
B R % A c AMPFFE R D db-c AMP# B5 3R L |
AR OEET2HREASEE L TAaABE, M6IWRLAL
I BEALEBETE, MBEBADEEDS HTHIEL:
HNRENEEBALT L ERTOL IR YD, db-cAMPR
Mm% 3IEETAFF —FIZLHARTD ) VEMLIZ Y —
ZICET B, D) YBALOFEEIZ, 32PN
FERTHBESN/ZCREBD ) YBLD ¥ £ 23— (30
GCE— 7 2# Y 5 ; Hagiwara et al.,, Cell, 1992) £ D %
e hEv, Thid, CREBEABHEBAILKBEL TS
D, AZ > —EmiEdr 7=y FAHIRRE D SN
TLAOL)) VB bE 2T A D123t L, ARTIZHIB 254
WKEBRLTHA2OT, #HIRETY YBLZNTWBE7ZDT
HH9. KB, SEOEBRERIILENICT) v —THl
FLZAFF—FERLOBEEHE R —KL T3
(Hagiwara et al., Mol. Cell. Biol., 1993) . & 52, £&5H
HEIE L 72 A ¥ — Y IHEHH-89 (Chijiwa er al., I. Biol.
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O db-cAMP
B db-cAMP + H-83

o 1 111 l

1.08 -

112 4

1.06

1.04

Fold induction

1.02 H

1.00

il

280 320 360

0.98 —
120 160 200 240

Time (s)

0 40 80

H7: A%+ — tREERIH-89IC & » TARTORNEE(LBEZTE L S
ART%#COS7 Ml ICdbAMPI 5 % . BMEADEEDL T
FRIC 317 5B440320nm & 520+20nmMD /N> KIS T ¢ )b
4 —TEHELHLEELRE 7Oy bLEBBTS ),
H7E R4, FRETORBF EENCEHREIA DY AXS
— tREEHIH-89 (10 u MEFT T2, 5 LABEXELI
BHohbthr-E(EBBITIFT),

Chem.,1989) fEE T Tid. Z O®BEILED SN,
AFF—BERIUKELZLDTH L I ENBEFITON
726

6. HMBEATKRF—RATTFHILORRIE

Kz, U B LD caspase i A FRETO L& Jll -

FTHNE TR =T AT FLEITRILT S LN TE
BOTRGVEE LT (H8) » A TDcaspaseiftt
1bx 8%:5 5 BHI T, poly(ADP-ribose) polymerase (PARP)

505nm

7

caspases

385nm
PARP
N ]

SR

HABEROEILICL VEFRT
TRV RAEEZR—TZES,

450nm

M8 :FPETIL LA 7K b= XEZ 2 —DOHEH
EEDGFPRSEBIZCFPYFPEA W,

D caspase Bk S LI T ARATINF 207 A )V AR

B[Ry -2l L, MABZEBERE L. Z0H
LVWGFPREA &S, invitrolZ BV T, 3318 Y Caspase3
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TaWransz (K9) o &5IiTCaspase3il & 55
Lh. ZOGFPRAEH OFRETABIMIZELTE 2 &
ZEAL 7 (F10) ZoRfteEsbd s 2L
caspase DIFHEILEFRE CE B DL EbNE, Lo o
TZOH LVERANY & —F e Ayl FEMRAT
caspase DIEMHE L B HET, TR P -V AIZEL MM
MEREEL RN ICE= s —FT2 2805 CE L LR
T&5,

0 5 15 30 60 120 180 240 300 min

) m ey et B

- cxpiroa e
et b g i (P

X9 : 7R b= XEZ2—GFPRARE B Dcaspasell & 3 R

A 478nm 528nm 478nm,/528nm
15min D | 72.2691 | 125.2170 0.5772
30min @ | 74.3009 | 118.3060 0.6280
60min® | 78.6709 | 107.9580 0.7287

120min @ | 87.3818 94.6489 0.9232
180min ® | 92.7517 85.9533 1.0791
240min® | 96.0510 79.9043 1.2021
300min @ | 98.0488 72.6664 1.3493

B10: 7H b= 2 EZ 2 —GFPREEADcaspasel &£ 3 EXEL



7. ¥¢&8
L) VEREEZ Y —#HABEHARTEHWA Z L

I, TAV =T EEUCEEC) YRS R in

vitroR Finvivo CE =Y —FT L2 8N TE, THOFZ
¥ —ROFEIE, BN ¥ —ITHARAT, MlANT

Lb ) 7SI A LTY VBERIEY E=y —T&5 2
ETH b, ARTEFEMT 2 BIETUEEN & ER T 1L,
AT A4 ZARMEEL XN (FHRRayTPaonn) T
2 EEALRUIG % SR BRMEE T CIE S T & B TR
5o F7:. HAE I ORMAEEH% ART (cAMP responsive
tracer D F) & ZAFF 7295, ) CERILERAL & —3ELE TR
I, £EO) U BIBENT s —RELTHHETES
WD H B, 72, KOWRLAZE D2 Y ELIRE
A TARTHEEZELIFI SN B 2 LM SEBHICHETE
DI, ARTEMSEZIE, VUL A — FE AT 5
FLOERDOAZ ) —= 0 FEMBL AL TIT) 2 &8
T&5b,

ER, KA PARTH s L TRk, #4 REBRRIL
RAL7ZWEDMWELEPRIILENTWS (FELT
WD B TEMND S ORXBIIEMIEE A LEY) , #
9 Lz EbEodZid, FRET# MW 7-ARTOJE#
PEEZTHYUEELLDLH D, $FIZARTIE 2 ER
FOHEFREADEE,L ) VER bR RO L -0, il
MIZRBR L7 EARTGT-OHT- %) VB bksh b L9
BEUHPVETH S, LI2F->T, fiBNO#ME OB
DY CEALEEE I o720 0 ) Y EBLEER O BT
EHALSNBINY FFILOEZY —|ZIIRAEETH S,
41%13, 1) #kDdonor & acceptork CFPE YFPIZ T 5
Z & TFRETHFES Eif5, 2) CaMkinaseZs &l 1) >
BALBEZOE =y —HFTELPHET S, 3) HPI b
a2 R TR EFEDHNNORIELS 7TV E RS,
4) TANARY ¥ — 2% o TOCE R X 5 4
AESIIRHATEA LN TAZ LR EERE LT
5o

B 512, 4 dcaspaseiffd DFRETD AL & HlllE Y
BT EWNTE, ZORIZE DA E7-HIZIN Tapoptosis
WELY T VHAY —F,2E YT HIEDHRFESD
bOEBDLND, TOMIC VBV AELRFONERED
Ho, HAGEBARTHEIL L) ICERZEDTITCF
ELRDT, PR T A FT7hFoBEADT 242 O
FERIIBMEND L 2 HFEL T D,
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