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SUMMARY

The present study aims to elucidate the molecular mechanism underlying the biological
clock-regulated genetic network and to search for neurohormone/neurotransmitter or novel
clock gene and regulatory elements in the model of suprachiasmatic nucleus of the
hypothalamus. Furthermore, this platform technique is able to develop clock-motivated gene
therapy vector system and chronogenetherapy model system by genetic manipulation that
allows the circadian expression of target genes at a specific time of a day:

Firstly, we attempted to develop several novel techniques to monitor gene expression in a
real-time manner by examining the cytoplasmic influx of Ca™ and activation of PKA, which
were closely involved in induction of circadian clock gene (mPerl). GnRH promoter activity
was measured the activity of GnRH promoter wusing a OSEAP (secreted alkaline
phosphatase)-based technique to monitor GnRH secretion and expression simultaneously in
GnRH-producing GT1 cell line. we succeeded in application of FRET (fluorescence resonance
energy fransfer) technology to measuring target mRNA and developed several YFP analogues
such as YFPins and DEVDins for analysis of caspase3 activity. Accordingly, these tools
provided possibility for real-time analysis of physiological activity of intracellular molecules
and gene expression in a single cell level.

Secondly, to construct the reporter system for real-time measurement, we measured
transcription activity of CLOCK:BMAL1 heterodimer using M34-Luciferase reporter system,
which contains a promoter with luciferase tagged clock-controlled cis-element (E-box) and is
inserted TRE (tetracycline response element) sequence as a inducible factor to control the
expression. Moreover, we prepared the SCN, retina and GT1 cDNA library to search a novel
gene that regulates the circadian clock genes.

Thirdly, to generate in vivo and in vitro model for the measurement of the physiological
activity of circadian clock, we verified specific expression pattern of NMDA isotypes in
SCN22 cell line originated from SCN and confirmed the restriction of NAT-luc reporter
activity in pineal gland immortalized cell line, PGTB. Also the efficiency of gene delivery was
improved into neuronal cell lines such as GT1, GH3 and SCN2.2 using GFP-tagged clock
adenovirus and then imaged specific-distribution of clock proteins in the cell lines. Promotion
of exogeneous gene delivery by clock adenovirus could be applied for restoration of the
mutant model for circadian gene and for chronogenetherapy. In addition, we provide a
potential tool to screen nmew molecules that could be expected to influence the cellular
expression and distribution in the insect cell, SF21 and real-time RT-PCR was set up for
analysis of circadian rhythmicity.

Taken Together, the present study contributes not only elucidation of molecular feedback
mechanism of biological clock genes but also application of chronogenetherapy and biosensor
for study of circadian rhythms in the future.
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3 A8 g Aoz By Yuh oo ATV BFY AFS d¥e AU F
Aol Zpzhel AA|7} o€ A ﬂi’t_%] A AlAe} FAA ZFslertE fHske A
Al F235 AFEorZ dFHIL len, AT A BRtd g47<] oFEHA
TVedE AEs] AAsta At

® Grundschober®tA} 2828 $7]31H 4d-f-o}4 E(synchronized fibroblasts)el A &
FAAY mRNAZF d3F ]/‘4 S Belde AMEES 7% 89 HGrundschober et al., 2001).
ol¥l A7 L;FE}LH FRAAEL AZEE, MEEFE, AE, 54, Gprotein T4,
SEE, AEMNTAYE, 24/\}#_3_ =9 therst AESE 7)Fo oA TEHS A=
Ueldth o3 A goz AETHom kst RopdA dFUd #HEY A7
@3] olFo] d Aoz 7HT)

@ =3 oF 24 A7 AR F7]o] dF VA RTE FE FU)(ultradian)E o]sldFAl A F
e} e J_-—Aggoﬂ}ﬂ ultradian #¥ #AAE E43lH = functional genomics A7 7}
28 Fo]H(Kippert and Hunt, 2000), Wisconsint) 2] Terasawam/\} o= NIHY Catt
SRS HRE dus] APIERS HEA 44 B=EE BIHE A 47
F2E9 gonadotropin-releasing hormone(GnRH) & #3719} E214 =3 oA
ATaz o), ¥AH Ae AAAAE 2uA $E4 Aok

@ 214X YFEANA YERT &S FA4L Hole ultradian rhythmo] F2Ee] Eu|u} t}ekgk
A 3 QV‘M dF714 e "61“3’1 ABAde] d& e E Ha Fojgho} Feigh FAH AA
9= Egrk sk 2002:d 109 ‘Scinece’ Aol Kageyama1Fo] &JsjA LATA o Notche] &

% 3ol = Heslo|®t HARZAERIAF AR (serum shock)ell 234 24]7F 402 ﬂcz—‘l
ol HHL k= Ao WHACEN ¢og UFVA TG L AFAY AZ A - A5EF
9 e Al7tzA 9% HAS TS 2ol XAt (Hirata et al., 2002).

® ¥77] 28 3 ANATAFY SCN)T B2AT Aole] 47 2HIEE:
/MH 24217k 957 a-*s—% P }% Z@e N9 AetRY 2R NAFTAH (SCN)

olghe AMES LHATE A LA QAR o3 Mo K-

Bl AAAA w2 414.0}“ AE7E FAAA S i A7 Bdgle] IWH
THEE v %}E %‘74015}. # PK2 (prokineticin)ehz $s} 9] HITE 247 &

A €37 PK27F mapdgela] e & TS Holn e WA dEE PK27F 2=y
PEo] BEFHA] dF714 PYFEFS Holi= Aoz BnrEQlch (Cheng ef al., 2002).

@ A7z WA Bale] glojA Azl z}g_ &7 Decls} Dec27} U714 H A
LS YAsle AR YEPozd dF7) 2Ee Bddte K2 AR €8 2 7HA



IAHQ) 77} olofo] BaEol) T As ¥All A FEAE Akle] AAET 3
onma et al., 2002).

o Lo
T

U HA =2AS FAER B WINA 22 83 A2 AEARE
a7t @us AAsn gow, A2 YAAA 23 $8% 2F 47 (Bmall, DBP
E)7F AAFH AT £ FRET 71¢0] 917t 2d] s 124 4L 728 529 @
9o (¢, cAMP &7, Caspase 34 &% %), 3092 (GFP)2 SAAE o
& A ZH FBA(pGFP)sh 2& A|2& Bio-sensore] 7jE|w glrt

oo

@ ojF X FFe AFo] E W FVEF FAAE] xﬂ:u} iy, ZER By, AZE
g 22 okt AEEE @] ZAgo] daH des & F Utk

2. Sjast

b 19984 wl=e] A% FehEA Sciencee] A FAIAY AN D54 K24 FHo] 2
5o 98 A1 A Pl 1079 B2 U2 B AR /GEIEY GHo

WAEE, WEA] B ARATAHC] A9 gl Foln 2A4RUH aPHos
A&AoE ATE UG 9L Folr) stk T AR 12N QRIS E B2
Qz714, B FE-2 27 Bl Bl B }EH 2 Ao AL AP FEAH g2l

A72 FUsn = AHoln TABARL AW ATHE Ad gk

E
Bl
=
=,
2
e i

=
BA
t}.
Yo

P ¥ Q7Ee Ay 1567 ¥ AASSEQ GRHe| 47 28, AAR Az Bn 25 e
FA 12BN P, FEANY FBAE, BAHE 2339 AZIRAS coupling 7|3, E=8 ¥
ﬂ FAAUEA B 71297E AE QA S8 olAE TEABAA AAN
z 2o71A ol AUTHE 2).

AANA B8z | B4/ A 7% & H] L
Aol g ¥xq g [ FATLE TREEEH TE
AR QAN FFALDANY (T—%;ﬁ% 10-1155;I P
o 2
22 b4 Btk SEAP reporter 77 s2E polg §44 288
- AN ER37% A7) (min ) FA] ZF
FRET-based real-time gene expression ] A FEof A
monitoring 7] & A4 B AAT &3
GnRH, HSP A7 59| promoter NAF2E dxAo
RAAANA =4 FAR =4 genomic drive 7H AZ
g8
Circadian regulatory sequence (CRS) Ay SAA 3 =23
Yeast hybrid assay F714 =4 AA 23 Y
RANA =8 QA AN
GFP-tagged expression library g dalgd gA $Hz AA
(F 2) B 4744 ZrsAL Ad FQ AANNA FA4 &8 79 7e



p JA W AHFE Bole F£3]) A& Yo 53] Aok A 2 7}& AR~
e 4 proteomicsd] ©]=7)7}A] B %Oktﬂéi ohekstA HaH OU] A w2 A
How En|L I 7 Asy} ofF n A o] H] 3 ]Z‘WOM— 73 A =
o dEE =l Bl e A% A AR A FREL 2
A AAAA ] BAA 4L oF] F3 vEoz 1 BEHE st £ 5 3l

o}

0::‘4

F%ﬂi rﬁ,

3. gozol AY

P eprde RAAZOE B Aol el BRA AL A7 250912 g AFHE AT
Rolt, 274 A2 § Akl B RED FAAe 9 o eigd) olenk 29l Abiee)
009HE] sideln A7) Ha 15de] &880, AR Az AHAZLE 718
g pofolh AANE 44 F8E A4 AE ALe A2 ¥ ok

+
~
:U—[

Adge ol8e 7124 TEAa BYe IAAALE @ B4 284 927 dgna sloy
T3

BIA F7 B8l 93 P2 NS & AR Axe AT AY B b, A ¢

24 7% Yool YOS £ 970 A2 mHE Rusn gere FA 249 TR

2 & S0k L9 ol B8 J1ed URT 5 SIE ofdol A2 AAAAS 2
wlobaiel Auel A FARHL ke e ol 49L B WA AR 3 }_

ANA FAAE 5% FA4 B Ao 7L R dFHe] 22 AARE 202 JIEEY

Liselel, A1 W ol A4, 294 SR £ A 5ok G & Anel 2
2 389 =598 oz T AT Ao s AR

ﬁJ\ﬂrﬁ:V & e W

rﬁ.&

(2 rie W
—1J N{EO:



ul

I R R

S

1) 194 1xpdx

I I

-8

A7y 2

Al 3G ArAEsd e R

FTr AR
S I INCEE R E FAHQ Ne
e
P RNase protection assay WH-E o] &3 o
27 $AA42) B8 54 57
TS F R AT
e FA0l 27 (b o 4AAA 88 $7A9 promoter
F 293t luciferase assayE o|-&3ta] oy
o ERAEE 7] 1
AN Az} S EAds 7= AT
28 =3¢ 9
e 75 > RNasc protection assay WH-E o|&3le ¢
fa wasg T AR wEs T w28
o P AENZTHAGAR] AEY ZES S7HAFA
AMEE 3
e AZRFANE ALY F 937 &
FAzte] TEE AP EZ &
P GnRH 47A52F Zzz 2y P AZJEY A
. SEAP %‘ﬂi%_% St THEEE o-NAT F3AY ETEEEH
Z2EEH B4E 2ig A B2 24
SAA BET BE 3= reporterE P SEAP wuido] AF ¢Rz Bujrs EA
S E 2y 9 AHE ol g8ty HY MEA A8 AHY &
54 2471 A% BAEE 5%
e
8 i = ZdE
HALE A P (radioim | GnRH AlZAF =229 EH| S A3td] 22 =
munoassay) HH oz =
24
FRET 71&& H&sle] @A Ede AX
ERET e ola el >moﬂ 15 Assiel 4ARAE ]
_ SR sl= e
FRET= ol &3 HHRAERA UIE ) et wns wye T wuds 9o 92
T A E e A =73 B Euod N
BBHED T T 29
ERIEEE
‘1\-_}"5‘194 /‘E]}‘]Z_]' T} ;\.1 Ecﬂ ) C’R']Z
=x7)& M 'a‘:fjo L_qu]_] Tro“_: P ERET vector® AEUY FHG F 53 3
EL.‘E_:FOE]'%]‘F]\_ Aol uEe AN E7
FRET 7|& +=
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2) 1947 22pd %

AT 2 N

NAZ=E

3 = R BT
GECRELE FARD
H A=)
P cfose} & immediate early gene, mPerl,
mPer2, BMAL1 §3 22 4F7] et A7
i TE2E QA B4 oNAT FHAS} 22
L2Ad e v % A wAe AT B2 e A%
45714 4 71€9 &3

& ¥

p Z2E 3R g ad B "AE genetic
A 8 driver A%
A A A
A e p £AA FF(genome-wide)2] A=AH
24U SR )\]-ﬁlloﬂf\‘] Yeast ¢cDNA library 73
2o 2. RGO A U F7) P GT1 A XEF Yeast cDNA library 73
AR BEe 248 P Retina Yeast cDNA library 7%
ZAJQA 74 3 F P Yeast two hybrid 237 &g E3A FHA F
8] 238 dF7] 2WUARe] T4
FRET%
o] &3k 2. %4 &AAY] He P AZ 471 targeting ZHE f‘é‘ﬂiﬂ 7H &
HAIZE gl 2 FRET #¥ p kst 24 fAR AR e 84 2
=272 = gk} =2 FRET ¥ 7%
2
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3) 24 123pdx A7y 9 g8

AF+d T
ATHEE | (c1EH - AFH TFH A &
)
p Eamest o 93] ¥ 2 SCN 22 AlzFes dF
o] A7 RS (SCN)OM 7193 A EFo|n Rk
e SCN 2.2 M ZFe fgh wiek =3 &% (Earnest
1 AR A DAL et al., 1999).
SCN) 7191 A% 5 P BHY AABFIAGHANA V1A SCN 2.2 A ZF4
fjﬂo]:) ST A glutamates] 9§ fdaﬂ Agg & gE F2A
° NMDA &3] o}de #Hze] ¥§ =g RT-PCR
2 9l
p SCN 2.2 MEFA glutamate Hgol] ofgh AlZuf
Ca* T=o wWae #a
p ultradian E]%% b= GnRH ZEv)AZAMZEES A48}
_ 71 98te, AH e AgElReA Z)19e ABAHAEF
In vitro E_tﬂ GT] A_'Hi_r_‘_a_ UH O]:
5

p GnRH promotero] & -F==+= luciferase 2| ELH
GAAE §%3 pGnRH-dsLuc construct® A2

p 47 s=22 @AALE WEAT transfection®] HES

e ZEE7198] adenovirusy A4k, GT1 A EF0]
infections| A] A =& in viro M EF Ed F =

4. Baculovirus2}
adenovirus
I8 e
Ao $A2 =
7Vl HE

p SE21 ZEAENA CFP-baculovirus g5 FF
Qo) 3e ol gstel 27,

p Az MEFAA GFP-adenoviruse] ZIAZE %
AT RS ol &3] 54,

1. Tet on/off
TRE-Bmal &3

=7

P Tet on/off TRE-Bmall A2} @ @Hd A EFE o] &3}
o] Doxycyclinesl] ]38 28 k¢ (luciferase &) 7
» TRE-Bmalle] wale] o8 9z7] 48z Cryl
#-& Northern blote.2 23

==
=1

=
[+

e
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p Hache Aol EGFP (Enhanced green fluorescence
protein)7} 2§ H BMAL1S mr@o] M EALS
HFE8S caspase DA NI FPo|n|AY FoT

= 26]

2. AdF7HAR 237 '
A A A Bmall”]%s &4 P Glucocorticoide] #A}AH]91 Dexamethasone =] 2] ¢l
247374 o] 514 BMALl zhirde] o3 AZA} odAEe
L8| on/off AEZA} A4 12 Ba2e) wre W 242 5o
New FE g
3. Real-time RT-PCR-<
ol &3t ii:;] A A P Real-time RT-PCR& ] &3} &F 7oA mBmall,
i - -3 2k
fa e [rerl mbert, TES mEY2S 2L WS A ES
#77)% 93 =
1. {17k Perl §3= - -
- e p CLOCK/BMAL o|&A o] &g hPerl ZE®E9 &
(hPerl) Z = 2 H i
2ol cAMP AW 5lE luciferase assay2 &3
& c -response _ _
element (CRE)CI:] P ot ABHAEAEE FY hPerl ZZREY]
oet Az By Fwsl7l CRES ZAfrslEx golrr] $13 CRE7}
wOET =) ; o la o
ZEAA 9% =3 AAE hPerl g AMg3le] 4& Hu
g=7] B4 (2. Adeno viruso] 9§ (P mPer2-EGFP Adenoviruse] A1z 2 & 29l
Z7e §9 AF7)F A2 Hd P Serum shocke] g mPER2-EGFPS] o xe) wg

Wg 2o

3. Baculoviruse] 2]k
SF210] A 2] 227
faA wE

=
&4

p dFE7) FHA Clock, Bmall, Perl, Z#] 311 Per2d
) 3t CFP ¥ 3} Baculovirus A%

p U7 3= Clock, Bmall, Perl, 28|37 Per2
Aae] ZEAEY JAHse dRargos B4

..13_




9 207 2dE AR 2 g (/2871

CEE T
a7ud | cles - 2es ECT!
HEHH)
p dF7] SAAY Baculovirus A Z+
b In vioRd g BE AW F2E WEH 97 23
AANA 1 Invio 29 &y 2 | &Y % £4
AfEs 2y | A P EEAEZFAN F7 FHAY 71 &4 2 4
A% A= p AF7] A=A el 3k Baculovirus/AdenovirusE o]
7 43 4F7] FAA 2HAREH 3 £4
2 5238 §A7 =9 7P dF7] FdRe] gt Adeno virusE A &S A E
& g9 Y $3x =9ve 3E 2 3
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2 A759 A%

1) 197 1dx A7u¢ 2 A5

1. AAZH

FRAA FH AL} AR 7w Vs &

RNase protection

, SK-N-5H A]ﬁo}/ﬁ]EOHH A A A FA7 Periodl g
RRZ wdel £ 7RIS

® NIH3T3 dH-olAl

EFAR
=

assay W< wel A 28 271 G4 mPerl
o] &ated A AA o, o2kt &2 PKA, PKCS 4 T =olasl 729 o) Sl&)A
FAAe] Wy mPerl §7A1e] Wao] "L Folalgdc)

TIEZH)W:; B! o Az gy, Sdstale] 24 % AHBYER g8 mPerl S HZ)
ga]j E]_L] - %_ﬁ'—'] 7]‘0'" “‘] 3 24 ]Z_ ]E dheo] =4 @o o cfose] ALE 1
N Z% AZEF B A B71ee SIsst

AANA FHA

TERH XA 2 |e mPerl Z2EE Y TS Ho)H S o] &3t AT Tro| v]HE T
ZEHE 24 B TE B2FE 23sozy €407 2 2HEIE To olahath (:L'f"]l)

2. SEAP reporter® o] 23 §

FAA TE AAZ2EE ] FAS

GnRH A7 s 2E2]
golsh f% g
54 27

@ SEAP g|¥HZ EXEH GnRH Z22EE GT1 4124 %0 transfectlon
A7l F HEFE FYSIY serum shock o2 GT1 AZFE 573 Azl
el 228 242 radioimmunoassay (RIA)E £Astw GnRH

TJ_EUE}_J g/\‘;‘lg SEAP fé]-x% =4 iﬁé‘]—ﬁit} (:LE] 2)

® GT1 GnRH AAA%50] PKC 244 (IPA)S] He)d] o5 7=
AARSE R AMS Ygen MEHAe) N-cadhering}
f-catenine]] 2]l transactivation 7]%5< FHIHT} .

® GABA-A agonist?] muscimole| 2]& A3 Z4¥H3lel GnRH
ABz2E PH)o) 4BBA FEeH, PKC alpha o] 9

GABA-A &8 214kst7h GT1 2174 £9] pulse generatorg WZE
€ A BIsET (29 9).

iy

fal

3. FRET®| o|l-§o 5 AIAHJEHD & ZTAFAA & A7
FA71= NE
® 74 ¥3A9 Cameleong C2C12 HEZo] W&8A7 T CFPS} YEP
ANZO 2 g Gdto] FRET 584¢ o|83ld AX U Z¢S 2Asiger, A
AR gREAL 27 783%‘1%"%7::_‘?1 glutamated C2C120) A3ty MEW Zgy S/ #ol
gozn Z&AEAA glutamate TEA7 718 A9 gEY (28 40).
B WuA AL e Ix3 ?4_‘1]73 of FRET 7|5 3837] 9JslA RFPS} GFP ¥3-& )43}
v A e o wade) 9% HolAe 43408 A8a9ct (28 44, O,
® MScoat @} Ak CFPst YFPE @@l FRET ¥E(CMY HH)E
. - A&sta, MS-coate] €12 RNAZ A3 eE= MSsisz o]&3td #F
ig mRNA S mRNAZ FA4g & CMY HEZ AFTfe] Taste] CMY @uds
- 395l MS-sis mRNAS Z}zF 9k2-A1A in vitrod)l4] mRNAY) k&
FRET 22 ZAsich (19 4B).
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2) 194 239 % A8 2 A5

A AA AL
#FAH mPerl
FAA HAL F7)
Al CLOCK:BMAL1
AN A Z2AUA2

715 £4

Serum shocke]] @]8]A mPerl¢] mRNAE xRy ez AMEH cfose] Afob=
gz Z7HE 3 247 Fo| o] E71Ee goletEt (28 5Bl).

Arrel A AAAQ] actinomycin D9} puromycing ZHzF H#Zdk 3 serum
shocke] 9)8] mPerl mRNAZ} 73 Ao @ Hol mPerls) E7HeE o)u] 24

she @ AS g3l AAPE S48 dnE 2218t (2" 5B2).
MAANA =" 4 =L ZE MU-LucE AZstz ClockAl97}

CLOCK:BMAL1S #Ad| 243 28-S gvhs AMES 89 (27 5C)EE e
B, Clock MAA1A 2=Helde] Al Clocki192 g ale NIH-3T3 4
222 #9351, Cockdl9 BE FAA 9 mPerl ZEXE Luc 2 THE FA
4z M7 & serum shock2 £ @34— =] Ble] Luc @49 Z71Eo)
#A 8 2o %‘% gelstet (19 5C2).

Serum shock # & A)zttle) ?47—} A Eo A S FE53Fle] electromobility
shift assay (EMSA) 4% g% Z3F, serum shock F 308 o

CLOCK:BMAL1 ©]§#)¢] Eboxo] the A%Ho| Z/late
Agshd s, (22 5D).

th¥gk E-box AAE

AANA AR
g% FA7 2
Ao} 71

Tetracyclines] 28] A& o] F7lsles ArtzAdalsl AAAA 2HAA F
39 FREolA AA 2AE FHshs BMALL $AAE  tetracycline 28 F3
ZHTRE)} A Zzg3te] NIH-3T3 A E£F0] stable transfection A]Zth
Tetracyclineo] 2JsjA Fxae] FHE on/offA1Z 4= A7t =AY $8ky
TRE-Luc® AFY FY&Fa tetracycline?] FALA¢1 doxycyclineS 2|3l
AF TRELuce) #4& F7HA7)e 54 f3ate] 2dE& on/off AE F A&
"ﬂ?-—r’:—z Zy st
AANA z22AA &4 4L g Q] MM-Luce ALV transfection
&t doxycyclineS X atHS 72-F M34Luce] &4o] Azte] of&doz F7t
STt Bashe AoZ ol ARAA 2Pl BMALLY RS SR
2 28T 4 ke ALE dFARST, AANA $AR I i vito &
A Ao AEg FEIAGT (I 6).

2. NAARAE

AN AF7] /AR WAL Ak 2894 B4 2 4

WA, retina,
GI1d|M 3 £9

c¢DNA expression
library +-%

® GT1 AANES 50 o vlele] YF=HE SCNF retinag] total RNAZ

#2511, oligo-dT HE-& AME-3te] mRNAE £z & o|E (DNAE
HEE} 1 HybriZap #E] & ©] 83} HybriZap mouse SCN, retina, GT1
cDNA phage libraryZ 7% 510}

AANA 22 B
F474 B4 2 53

pBD GAIL4 Came] NPAS2, BMALIL, Cryptochrome 5 A& A A
Wale] 2ozl g8 BaitZ2 A3l SCN, retina, GT1 1¥]1 mouse testis
cDNA libraryE ¥ 47) libraryolA] yeast two hybrid screenings <+8)3}o]
positive cloneES #R3L3, Felav|=e] A7IMES BNt AAAIZ 2H
A BE FHAZA] testls llbraryoﬂiﬂ NDAP7, Hexokinase % 177§} SCN library
o] TOLLIP, TRIM32 59} 137)¢] clone Busteith (& 1).

SR F=

_16_.




3. FRET ¥H 9] 7] & R 9844 &1

3 o] 2414 <]
1% P 2 HEA
gx

YFP2] 145%# Tyr Al YGGSGAS ofwjxil A EL 4FYdtn PCR-based
mutagenesisE ©]&3}4d, 19294 Prolines Leucine® Z H}fF YFP HE(Peridot)
S A4k, o] Peridot2 A FU] A27]F targetingo] 7}sstn dA7AA 71 7150
g8 YFPO Citrinith 108 o o] Z3lvhe AHES BEn (28 7A).

® 145 Tyr #A}2lo] GGIGEL opu]:=4t N B& U the YFP FARE 7539

tHYFPins).

Areld Zher A9 Bio-Cart for Calcium (BCOE 7jutsigdon, BCCE 27}
B W) Wil A7 HAHE AL AAE ReE 2AHoH, AT
=738 334 DEVDinsE /|@éle] A XAl A A Caspase-32] A4S Ax
SEA AN 2R 4+ g voleAME TEaU
Peridot®] 715 4A717] S8 site-directed mutagenesis® 33t 3 F9f
$AAE AL

A

AN RAR 24§
CMY FRET ®E ¢}
N5 B3

CMY FRET ¥ 2 ]?—Tg_. gEAFA17] 7] S8 MS-sis Al 29| mutagenesisZ
3o, IRE A A4S CMYe] =98t FRET §&& AT

CMY 48 AEFE *—-,—OHTL MS-coat 1A MS-sis luciferase lﬂlEi o] -3}
#2A #9g 29l

SCN fraf Al 7ol A
FRET 7129 &%

SCN2.2 AAAA AxEFe glutamate AAAEEZo] NMDA #2345 54
AEY 2E5S VAT E AMLE HEE (2 7B).
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3 280 194 A7UE 2 2

-1

AREE ABATF,

‘;‘:?_:L; . : ' “‘ '
S e o
1. In vitro 2.9 =
® RT-PCR & 53] NMDA 84 ol¥ef<l NRIL, 24, 2B, 2C, 221
DY WAe zAG Z2H, BA HZFAE olse] nE wasm g
et 1 gt ¥te SCN 2.2 #|EF A= NR1, 2C, 223 2Dgke] HEst= A
AAFIAIAEN) ZAstGTh (18A) ) - ] |
718 A3, SCN2.2 = e .
H]t; 1l 325 e Figo] gl o] dAAHS] D-glutamateS AL dje ANFEW ZEF &
717} doitr] ggkor}, L-glutamates = 2]g 4 -$ol= SCN 22 AXE
o)A A7k ME AZY LEEse Zrls 2T 4 it (o
8B).
® GT1 AxFo)A F77t && #E4d9 A £ transfectione]

ZAARL B} 95t ds-luciferase® |23 adenovirus® THE 7]

3 Al g A2 A

GT1 sjek = ® GnRH =Z=Z2H (pGrnRH)$}  ds-luciferase”} AR EiE=R)|
adenovirusE pSC-R1Lamda2R2¢} adenovirus backbone ¥ E]¢]l pAD-HTS3-GNE FH]|
infectiondt A =& ATt (ZHIA, B)
2d = ® Transcriptional inhibitor¢l cyclohexamideo] 2|3 dsLuciferase Wi37]
Az AFIHRD FL FrlY AANEH E4Y HeAHS XA
gt} (199 CD).
o 3z HrFor YIPF PCGIPAEFAN =HIZEY FEAe THS
RT-PCRE Es5] 4HE A oty last le 28ln ® ohE dfEY
a i} . FEAZ 227 RORas} p FRHA TS st (ZTE10A).
FaA 79 AEF, = = Brmmol NAT Zemeed DAL i
PGTp ok L4 :lai% é]‘?ild— Aol HEAQA T-id— ] = &= laarerase
assayE 53 4HE A dfEUS FHlEA ge AFAEVE AZ
F9l NIH-3T39} ®lid|r] o]Fd NAT ZREEHY &4 F7HHA
o} o] MEFe AF FEo] A (LHI0B).
o A TEH {Hx) CFPE 2dslE baculovirus(CFP-Bac)E A 251 of
Baculovirus £} ZEAETF SF210) ZEA7 T, FAYPU)FS o] &35l SF210A

adenovirusd| ©]-&3F
Thekat A e

A2 = (M2
Aefek Oy gl

B3 CFPE 0 + AT (Z-E11A).

32 TE FAAQ GFPE w3 slE adenovirus(GFP-Adv)E A 2l
GT1, GH3, SCN2.2 “12]m NIH3T3 £ AEae] 7zl &, vlo]s s
FE 9E3ZH GFP 2d FUtEe 3R A S T SdsiEt
(2211B).

2. AAXNA #A[5AA &3] onfoff system -5

AAANA =4
47 Bmall &%
9 Tet-On/Off
Aad 72

ol

TRE (tetracycline response element)el] 47| A1 BmallS 1
o] Tet-on Bmall HEE Z2Ysly CHOAM®E 34 =g &

o2 @dds NEE FAAA neomycined AbEBle] dEHo=
FAsAT (2 12A, B).

M34-Luc (Clock/Bmall ©|3x7} AE3}= cis-element?l E-boxE 7t
luciferase reporter vector)9} pcDNA3.1¢] &= ¥ Clock®} Bmall
A2 CHO A Fd) transfectionsd}e] luciferase ZA4E A2 BEX3t5ch (2
212 Q).

2y
&%

k)

A
i)

A
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TRE-Bmall A|2=¥lo] QtA 3l MEFo] M34-LucE trasnfection & TRE
E BA43E7) YA tetracycline FAME A2 doxycyclineg 2]l
Bmalls #Z3HES &2do 2 Bmall2 2EA)Z 4 Y= Teton/off
N2He Fhg FEes
Doxycyclme'iﬂ] _°~]§_1- Bmall-s #&HsleE Al
S8, 477 fFHAY =4S @
el w2 W wWslE Northern blot
SRp402] AF 714 TP = HES or
ol’de] A7 ZAFE Teton A=®E /\}%a}oq o SAA ZTA A2
de Aszos 27 zha] wrke 42E 2R 9 FAA9 Gl
% e Fa4g AAMETH

ol Cryle] 7] U¥
o2 o%aqz SRp402] A

_':Z.
=
A

N e 1

Woz wwWEMSFo L

A3

—
._.":
g

,,m (1213).
71

Real-time RT-PCR-&

[« 3]

® Fluorescent Resonance Energy Transfer (FRET)&} probe hybridizationg -&

£-3}o] PCRE AAte g2 23E = )& A 2 A Real-time PCR Y-8 o] &

RS shed R 9] oINS AN A B4 $E L ST (2D1).
927 77 (Bmall, | AAAA F2 AL F 2447t GF7] 215 o] A < Bmall# Perl, Per2 28]
o T Cry28] AALE Aoz =33t Perlsd} Per2e] A7) 253 Bmall
per i % Q271 50l 435 TAAE A 494 WS e AS 5 15
it o HEABSA TRTE TUNAE BE R BANA 289 24
SHo HEA &4 2 Axzte 8 AR 24 7|%S Tt (2E15).

Q77 447

Bmalle] & 2]3

M| FEAF

Stress zEaRo=z 477 Glucocort1c01d(GC)°ﬂ o) gk 2 8H o] A
A A Az & 'Zl"ﬂ;i‘]oi A Fu Uthe 7[EL B A
ste] GCo ok dF7] FRAAY a7 UEyg dEsdude A
2 St

Hela A|FojA 937 847A%] Bmalle] 233 728 #2037 ¢35
A Hgeh el EGTP7} Z%E Bmall #E]& A &6}, Bmall-EGFP 4
BHE Hela A X transfectiondt & FRAu|AXAA] o|o|As A}
Bmallo] #¢] W@ H A ZAZ 23S Eolstgnt (ZH16A).

A ZAe]l Bmalle] FAAE X7l 2354 Bmall-EGFPE Hela A Ee
transfectiond}gd 22 12x417t, 49 Fo] caspased2] A 1S YA
caspase3¢] 7]d ¢ PARP {(poly (ADP-ribose) polymerase} #3312 44
W32 western blotg Fa &olgozn AEAZF FEHS Byt (2
H16B). o]9je]] DNA fragmentation, TUNEL (Terminal deoxynucleoﬁdyl
transferase-mediated dUTP nick end labeling) € ES 53] MEAIS &
Qstdr} (2216 C, D).

Glucocorticoid®] Fa}E2 ¢l dexamethasoneg Bmal-EGFP7t T H & +=
Hela AlZ¢] H2gt &£ FFo|u|Ad MESF ZHo| o] T8 EGEP
o] W gl Y2EH =4 Bmall-EGFPe] 43 A XA Z4ad
3 Belsgn (2Y17).

Dexamethasone 3] &|o] &) A XA} 948 =4¢] Bal-22] 2 oko] F
3l =7}5¢ Northern blot& Fate] #elstglth (218 AB). ©
Bmallell 9% MZAME GC7} Ad, AZEALE JAlsts 988 &5
Abghty.

GR (Glucocorticoid Receptor)® Bmalle] 7153 d#AL ebxlst7] 93]
4] Bmall-EGFP7} dexamethasone =]z|el| 2]§t A E 1} XIS =4}
5l A3} dexamethasone-S X ]8}A] e T2 A= Bmallo] & A
AT PAT dexametasone Hz g T1EAE & YeolA nuclear
bodyE EAFS A3tk (2718 O).

Ry T}
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3. ZAIA ] 98 Ay FAT ¥xy)e g

® hPerl TERE (GeneBank Acession No. AB030817)& RT-PCR =2
BlM ERY L BIME AL Stk o] ZREH A
CLOCK/BMAL1 o|&#)7} ZastE Bboxst A A EAsid o=
cis-element?l CRE7} £A3& 2<8%Hth o] 4 kbe] hPerl promoter
HF8-& GL3-basico]l &7 phPerl-Luciferase 2|3%E #E2 A=yt
(78 194, B).

® pcDNA31eY] 2493 Clock, Bmal 28]3 Clocks] 19817 ko] A
#l  dominant negative®e] 2l  A19Clock® phPerl-Lucg} transient
transfection® 33l luciferase FHAEES =Fsgct. A
CLOCK/BMAL1 o|3Al< )84 7dle] Luciferase @48 =E1s}9 1,
A9CLOCKe] 2)3|Ax AAHoZ AsHUT (2g 19 C).

® hPerl X2 9Ee] ZAi3}= CREJ 9ske F=xZ 29317 M
site-directed mutagenesis WH-S Alg-8ed CREY} A& Eono|wE
¢l phPerlACRE-LucE A|&As¥d 1 9 T8k luciferase 2] TE TA
AHg 3 HET}. PKA ZAA 9 forskolin, calcium A23187, PKCE
e A= TFA, 3 EGF& X gre 2 MAPK
(mitogne-activated protein kinase) NZAZAHAZ ZAFAZoE2H 4
FU Az e 23 hPerl promoter Qg2 #elstdch (¥ 20).

® PKA, Calcium Az &A=, ERK, MAPKA =7} Z+zt hPerle] wWae] CRE

g ZR¥vhE AMES stk £ CRE Z& T2PEE o8d o

sl AEATHG FEFS wx @Qeozm AF7] fARS] hPerle

E—box%_— =3 CLOCK/BMALI"] Z8 ol2ld] CRES ZAEIE thekst

AT AL 234 43 8E PR (2820 Q).
H A7 gdd AzAged o dERAEYG FQ9 E

AALz A1 A}e] CREY]
o3 97 FAA
hPerl¢] @8 g4

Wz

7 AEEES
43 FRH02 O Fe SAE dHEeA Huid AEe 49 A
Brluc o AZd 9FUEd A R fAAL pEPL
4 AT + 90w, o F %3 PKAJ} hberl Weld] 228 ¥ e 4
g Aoz Ak

2 ZHHERY dF57] FRAe hPerle] d%7] g]S0¢] E-box
0.0, 2447k YF714
o
4

o
g A FAHEFH 2 4 Ux F2H wg
k1l % prd

ol9]e] CRES] a4 =48 %
7 obd e AEH 29
S HYoEH, Yo YF/Y WEd GANS AN B
49 2842 ¥ 1 997} At Aled.

® HeLa A|3¢] mPER2-EFGP¢] wl& AdenovirusE® ZEA7]|m ©|& =
50% serum2 A &]3le] #Hoxe] mPER2e] MY B wWEE 3 A7
B FFsgvh (2 Y2).

® mPER2E oA F2 BAStE glen 9H AFo] gshH Go) /H];I_

M5z W Az9) Wat YEuA 249, 188 ATy selse] gl 3

e Ho2 FAPE JAY £ A

T o R 9P mPER2Y oMol Mak: UF7] A5 3

9 WY B UFy fAA ARl A A T EH 2

Mzte] ols)q 2AET WsEe AT

mPer22]
A 8 of| 4] 9

FAzA M dF7] (@ Clock, Bmall, Perl, Z8]2 Per2 F+HAE CFPEGdizd A o
Azre) AlE U Baculovirus 2 A &rs} 5 .

% $1# #3t  |® BaculovirusE SF21e] ZAAAXN zZHzte] dFr] HAR] gk A Euy
AXE FFAM AL o835t FsHu (2822). mPerl® mPer2:E

]

r

A pi :Io rH

oAl
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AzAd QWA 2x9oW BMALIS Eol3A4 & oA ddHgL 3ol
g & dsith EF CLOCKE MR Mx9 FHd] specklez BX
v 8-S SARAC (282)

Baculovirusg o] &ét] ZF XN UF7) FHAESY BolFal A%
W EXE FIE & Asivh wEld Baculovirus® o] &3 w@A A S
SF21 AZFo] Agshs wde PAANA FAAe] Az 2E) 4%

& FE A2 NEDS 25898 £ U T4 AAET
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1) 297 2ax A7 &

W %

1. In vitro ‘33 3_5}%,‘ = }5‘_.1.}354,0]

7‘12} E‘%‘J 7]@ 7H i

Adenovirus=  infectiondt
Ao A AdF7] FH3
2 Reporter #7A &H

24

AF 7] RS AZEY Id 2 2xE 2457 8N dF7] +-d4F
Q1 A<l Bmall, Clock, Npas2, Perl, Per2, Per3, Cryl, Cry2¢} ¥==7]
§7A79) =3 $:9sAs f7A< DBP ¥3uH4< CFPE 239

A7) @A & AdenovirusE FA A 3E-¢ o)
Aol wEe)A Az UF7) BduASY AEY BEL T4
A SCNZ.Q*‘"EC’H =N - d R e R A1 Eo|AHe g zt %1—;?'7] waA

=
S0 232 JEde #3923 29)

pny

GnRHS| 54 @724
89 2 24

GnRHY] e 9EAz 24Azte] dFrielEy #wA4 £4& #1389

rGnRH promotero] destabilization luciferases #4171 HEHE A &3
o 2x Uul Luciferased] w718 F45A2e 24 GnRH W EARTE
A8 prGnRH3.0-dsLuc ¥ H & TEAT (28 9Fx).

GT1-14) £ plGnRI 13.0-dsLucE Lipofectamine Transfectionel] <]3fA]

= g9lg ﬁiq- %]a]-/s-] o] Luc1ferase1it4— HP7L71 7} §23%]
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iz
r<
-
=3
§:2 D.
Eo . {,pe0s;e)
52 4
" 3=4 g.‘?
22 g
25 T
32 oE 3
£2
g0
53 2
02
o 05 1 2 3 4 (m 2
e —— -y 582 4
o w s = |cydophillin
B o
. 10
Ix 8 *
g
Eg
%8 © =
g&F -
O
B2 a4
n2
D
88 E.
sl el
k. £l
0 3 7
0 005 Q1 05 10 15 AZIST(M %E
e Dl e et ”_| mPer! ‘C§
= - o ]
T CYclophilin g3
52 4
22
C. =) A i
L= 52 7
=€ T
e
EL 61 1
3 5 o
%5 0 R I 1.3
cw * 4+ 4+ sugmAaD
ge @ (o s | miert
2% apye
58 7 [ sl | Cyclophilin
1-
0_

- s mPert

T80 S oo e i Ao W Cyclophilli

a3 1 AXEU ZE F7b0 9§ mPerl F-AA 2@ x4

A. 24 ionophore A23187 g & AJZte] uw}E mPerl {f-H =} ¢H.
Z+4 ionophore A23187¢] Fx & mPerl FAX =H.
. QA3 &2 A, C 2 ERK inhibitor 2o w2 mPerl A2 &3.
. WY GAA Puromycin ] Zlo] w2 mPerl f-AA &3,
AL DA A Actinomycin D & o] @& mPerl §-d2 FE.

monNw
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A. GnRH cmv
r

—~ zeo’

GT1-1 cells
stably expressing
GnRH promoter-driven 4

SEAP vectors Medium

infusion /

Collect flow-through
media as 5-min fractions

+ SEAP assay for determination of GnRH gene transcription
+ GnRH radioimmunoassay for measurement of GnRH release

B. | | N
200 (SRR Input - .
' ! \’ = 3 20
= | | | = 2
E 150 \ — - GaRH Fs & S
o — Alk.Phos. 2 z 1.5 4
= z e
= =) 2. [}
L 100 z g 2
= L [
a o <
@ ]
50 1 2 n
L 2
o re < 0.9
‘ 100
200 « GnRH Qutput PR
o : -
Alk.Phos. ! = E an
= H E=1] i
— i [+ [=% |
E a — 1
4 K 8 60
2 = K
= & o
5 £ E 40
« = x
£ E
" @ 20
=
<
o
[ 30 &0 80 120
Tima (min) Time (min}

718 2. SEAP FEEHE 0|83 GnRH T2 9 AT 322 Bule FAEZH

A. SEAP 2| ZEZ 0|83 GnRH Z 2w @47 528 2ulg A28 nix
B. 3.2¢ Euje} TERE FA FAS5AH ] Sykes-Moore chambers| E2E3 SEAPY

£ stable

988 =
Fol 2& BER FYHES A29¢ 3] (9%) GnRH Zz2H
2y Eulg $A

transfection$t GTIME A GnRH == 3282 #4353 GnRH 47
=R AT (225,
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3
E
o
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E
i
0
*

Relatewre Light Unlts (% OTL)

i
1 3 7] a
184 treatment hr)

LTI
Al

=] R il
f T BB

19 3. PKC &4 7} B-cateninol] 9|3 GT1 AZAMEQ £3}
A. PKC B40] 98 GI1 AAAZT 239 Zax
B. PKC 4% AE=Z § GT1 AAMEE 7154 23 GABA-A =832 agonist?]
muscimols] M elo] s} AFW ZHe) WaE B8 WFY GTL AN FHFA
C. GT1 A ¥ GFPE 2dslg we Axe e Hrt gl oy (1) GFP-taggingd
AEHHAR} pcatening LA GTL A£9 287t FEET (2. PKC Z4&
B-catenin®] HAIGAGS S7HAHT (3, 9.
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rrRk )¢
Hed 1 Cisslamat )

]
B
3
v
by
|
.
1
S b
transfectice AR
& exprassicn ; %\j%
)
T
[ T I N
CCamP = 14 2M can m;-mn&, a
5 @ . . 2 %
i AP e e o - =
= m g
CMY CFP  RFP E @ m 5
a a = 1A sec
oS 2l G2+ IopIpate,
8 o4z
Zopm] —
Enx
o 0 1 14w
o 13 11 oo
Bt | eep mier Ha 121 Lt
Image R
Ew 11
2 1o
FRET fter{ RFP filter
o 0 T 1 g

% 4. FRET 71&% o] 48 §3A 23 £33 324 dv|RdA AAFHER
Zg9 54
A. FRETS o| &8 E4 fz7xxe &8 232 H4.
B. 4AA wd A& FRET 44151 CMY MS-coat @#2 3} MS-sis mRNAZ ©]4-g in
vitro 27 A AR vy 22,
C. RFPs} CFPE ¢ &3 323 @uAdA T 2T & 3le FRET AX9% ZF
ionophore® Z719 AEU Z#< FRET gz =4,
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A. B. Time {hn)

ot segu slar 1 . l:[‘ 1 {% E ;,:‘ ] >} 34

mBert | .. ‘3‘\ i ‘%

R gakive CRaater

Serum shock L
chiek getetn) e
v
v
rhyers
metabalizm sl
belwauine 2‘

2. g s

Serumshock : N T - +

I - ) :
1. mPert ‘ﬁ S
£z e
o Xt
iy
s
R0
:| L3
E
it D. e uz 2 % o
L e B4
&7 TLEEE® $ 2
1 ESER &3 £ 5
Closk - fog - - SO0 g 100 100 1
BlasdA . - 303 . 530 100 100 40 1R 2
Cleghts - - - " - - 180400 300
CTE A%
Wy v = -+ 3.
= At i
=
EJ\
1 S
¥ .
£ R B
E g i ¥
X . I
oo [we] F
s | :
g o
& B
# < I TR
es| § AN '
; LR =
Frormaisi iefad
fapm ko = + = 4 - - - %
[R2r ] - - o 4+ - - & ¥

2@ 5. AAAA ALAe AAY mPerl FAAS] FA F71 A] CLOCK:BMALL
AAANA 22979 75 4
A BAANA FHz 22 EHZL] ZAE
B. Serum shocke®] 9j3] mPerl §AzR= 24 Azt F oAl 718 W c-fose F715HA]
oroyom] (1) o) wilA ga A A Puromycin Aol o] FFS A @A (2).
C. AAAA B4 248 2TH M3stLlucs] FAle] CLOCKS] dominantnegative 2 7}¢]
ClockA197} ¥ % 9EH ez dAH 7152 39 (1) EF, mPerl ZERE Y=
ClockA19¢] @ e = AFH AT} (2).
D. Serum shockel] ©]8]4 mPerl Z2ZEd) bindingshs @A o] 308 Zr}slgon
(1), °1& mPerl ZERE ) EAjshs 2 E-box (2)o] 2H<IA7 binding@& A5t
).
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AZ3187 (Tugiml) —m

M 0 hr
BMAL1-EGFP
- +
98 .| ey | —
3 hr
65 .|
50 | et
B hr
24 hr

# Temporal induction of Bmali mRNA

oot OMALT e

Tet-on exressing NIH3T3 cells (G418 selection)

N=6

# Temporal induction of Bmali mRNA

AT 21
s BMALT e 20

l_’ 15

Bmal1

"
5 -

Tet-on exressing NIH3T3 cells (G418 selection) o

Ohr 12hr  1Bhr  32hr

Tuwne afier Dox treatment

I8 6. AAAA AR FA e cell-based assay A|2¥l3} MAAA ZHA}
BMAL12] on/off A]2%¥l
A. AAAA 2ZAQAA BMALLe] GFP ¥ 33 E stable expression A £Fol4 Z4 ionophore
A23187 Aglol] ME ShF 719 A SF.
B. A A A 24 AA BMAL1S] WE-2 tetracycline® 2 on/off & F A& in vitro L3}
tetracycline®] #A}A ¢l doxycycline A 2le] w}& 2] ¥ {3zt &4 54,
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Accession No.

F 3 %

7l &

Mus musculus neuronal

GABAergic neuronsef| 4] LHHAD 7|5

AF361435 development-associated protein 7 (Ndap?) M) 7] ke
mRNA,
. - AEAEAE, FE, 72 2 4 {FA9
NM014939 Homo sapiens KIAA1012 protein qge 2yHo E ]351= mRNA
_ e Buee E995 5 A9A
Y13832 GT12 t
provem oM 2 «—37}01] g
AB066557 kinensin E%M f dsote e 4
BC019443 MCGC:30540 IMAGE:5041121 #3347 lg-o] ge
NMO13580 lactate dehydrogenasz‘e _3, C chain, sperm ALaL S
specific
BCO07152 eukaryot.lc translation Weto) el 71sed
elongation factor 2
NMO33561 Williams-Beuren syndrc:)lme chromosome region NABROE A 2 ARy 2B
NMO010438 hexokinase 1 v Alel] Bedsle QlAtFE a A
NMO19875 ATP-binding cassette, sub-family B HAZL o7} dojue 2AEA
GLYCERQL-3-PHOSPHATE
8 JAEN

XMOB6996 ACYLTRANSFERASE A
INMO09093 ribosomal protein 529 KREV1¢] tumor suppressor activityE 73}
BC018321 ribosomal protein L12 nuclear import pathway

195498 AF1q mRNA HEA AR L
AK016011 adult male testis cDNA, RIKEN full-length | 218 =] x| ¢35
NM019930 RAN binding protein 9 A A e
AF006465 B cell antigen receptor Ig beta associated yhal 2] <] ore

protein 1

F* 1. 93} Yeast two hybrid 2=1¢]d o] 4] 2] positive clones
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Peridot Fine Peridot

145
Peridot KLEYNYGGRGAS NSHNVYIMA

Fins KLEYNFGGSGAS NSHNVYIMA
Ins9Y KLEYN GGSGASY NSHNVYIMA
InsSGY KLEYN GGESGASGYNSHNVYIMA
INsSGY Peridot InsSY Peridot
192

YCitrIns YRQONTP IGDGPVLLPDNHYLSY

Peridot YOONTE IGDGLVLLPDNHYLSYD

B.
1mM NMDA, AMPA, KA
10 3 1mM HMDA
MM E
o7 ol | el
& EE 2 ««««««
T w
4 =
1
1 M’J
10 3 50 7o 90 10 30 50

Time({sec) Time(sec)

a3 7. e 2AdA PFg HolE Peridot®h 1 AR 2 ARAA A EFAAN
AEEREE AFe A
A, A8 B3 Peridot®t 2 §AA @714 29 mutagenesis 9] B AZu] EH
green fluorescence® F &7 Hu|Z A o|uA st &A.
B. A A A AEZ=Q SCN2.2 M EA fluo-3 ZH 3 FA 9 FRET 443 <]§ g NMDA
84 A Zee 3.

!

4
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(A) o 9] m
g _ 5888 g _ 58 88
8 © © £ «© ° T o© o & & o
=z 2 =2 Z2 = = =z =z = =Z =
400 bp [ 400 bp . .
200 bp 200 bp
Whole brain SCN2.2
(B) L-glutamate treatment D-glutamate treatment

30s

5 1mM L-Glu 5 1mM D-Glu
4
04 &o
L3 w3
L ) 9
1 1
10 30 50 70 10 30 50 70
Time(sec) Time(sec)

17 8. SCN2.2 A X F 4| A ¢] NMDA =84 93 3} glutamateol] 9] gt A 321
ZEx Wl
A.RT-PCRL %3 313 o 7 5 ¢} SCN2.2 4 5] 4 2] NMDA 44 ol F el #7424

29l
B. Fluo3-AM 3% 222 0|8 8 glutamate®) 2] o o]3 A 7tel] wh2 AT ZHEE We 32
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=
pShuttle-Cvv lamda stuffer
ath2

oy
"

pAD-HTS3-GN

35288 bp

C. D.

Half-life of dsLuc Effect of Clock:Bmal1 on pGnRH3.0-dsLuc

e _ pGnRH3.0-dsLUC
. 1.0 —8— GnRH3 0-dsLUC 1.2 . T
ij o pRLTK [ eGnRH3.0-LUC
. 08 1.0 -
2
3
S 081 0.8 -
&
g 0.6 -
% .
-% 0.2
T 04 -
004
0.2 °
0 1 2 3 4 g
Time after CHX (100 uM) treatment (hr) 0.0 @
3
,-520 Q
0\/ Qg‘{b‘
0’0

9. B2k 3} A 71 luciferase (ds-luciferase) & ©]-8-3F adenovirus A &}
A.GnRH = 2 2 B (pGnRH) ¢} ds-luciferase 7} 929 9 g, pSC-R1Lamda2R2
B. Adenovirus backbone ¥ € ¢] pAD-HTS3-GN
C. Cyclohexamide *2] & ds-luciferase2] ykzt7] 3¢l
D. pGnRH3.0-dsLucs] CLOCK:BMALL o] gH#]o] ol3t aja 24
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(A)

© [1s] 0

pa Y A G? &
[2} [} o O Q
= = = o -

(B)

NIH-3T3 PGT-p
. -
w
©
5 > =
3 1
2> <
T .= i
— = ;:‘?i%’(‘i
2 & L
3] 2 L4 g
5 8§ % s § %
0 - ©Q 0 l;:' e
o) <L o~ [ar] L]
2 3 © D 2 0
2R 10. PGTP Al 250l A9 B EY 487 9] H3AF} NAT Z2 e 9 34

54
A.PGTB M| ZF0) 4 $& ¢ mRNAE ©] 48 RT-PCRS 55 WetEW 583 ot el o]

A2 el
B. Luciferase assay & o] & &} <] NIH3T3 A ¥ 3¢} PGTp Al 3o Al NAT Z2 R o] &4 &<
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DAPI CFP

SF21
B.
1000 MOI 100 MQI 1000 MOI 100 MO
GT1-1
SCN2.2

17 11 A Lu 52 x| Baculovirus$} adenovirusS o] 23 -G} B
A. BaculovirusE ©]&3%F SF210]4 2] CFP &3ehial ukd

= il

B. AdenovirusE o|-8-¢ e MIFel|AM ] GFP FBdud gy
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(

Temporal expression of bmall mRNA

—

NT On off

Doxycycline
(10 mg/ml)

TRE I_‘

Bmal 1

Luciferase activity by Bralt/Clock in the CHO
- Bmal
Bmal
2500 ~
o Tet-only
b=
= I Tet-Bmal1
G oo o
<[,
)
[72]
9 1500
@ 1= T
Z 4000 =
= 1 5
g a
2 3000 ‘g 1000
& T
R 0] :
-
2 fe 0
T 1009 ¥
o1 N
i T =
1 T i i — . ] L
. 'ﬁ : i Oh 4] 1 10 10
&L 8 ébb‘ % r Ong ng ng ng
o & o Doxycycline =T
G LN &
N
)

a3
A,

B.

C.

12. CLOCK/BMAL19] ©]3} Luciferase 4% 2 TRE-Bmall 9d 2 A%
TRE-Bmall W8 Az 2 A¥wd, VectorS trasnfection 3t% ¥ thzF (NT)¥ TRE-Bmall
& trasnfectiong Doxycycline 10pg/mb& 23 A (On)F ¢ R(Off)o] @2 Bmalle] L3
3

Clock/Bmalle] ]38t M34e| thdt luciferase reporter assay. M34¢} Luciferase tz=T #HBE
Clock, Bmall9} &7 transfection st CHO A|FEo] 4 9] Luciferase &4 =4

TRE-Bmall S ¢HAAo zm A& sE A ZoM Doxycycline X1 luciferase B85 =4

S
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Doxycycline treatment (10 pgimi)
Q 1 2 4 8 12 620 24_28hr

B Doxycycline treatment (10 pgfmi)
01 2 4 8 12 16 20 24 28hr
285~ . | o
-4 SRp40
C Doxycycline treatment {10 pgiml)
0 1 2 4 8 12 20 24 28 h
285 = S
185 -4 SRpd0

19 13. TRE-Bmall A ¥ o)A mCry18} 13- 44 SRpd0e] 93714 B4
A. TRE-Bmall A4 457] F21A42 mCryle] 24x7F A37)4 el
B. TRE®} 4E tjzdol N UF7] fHAe 284 B SRpa0e] HHPL
28A7E Bt 23
C. TRE-Bmall Aol A SRpd0e] AF713 L8 &=

o
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Flouragenic 5' Nuclease Chemistry 1 FRET
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A. Hel a cells transfected B. Activation of caspase
with EGFP or Bmal1-EGFP

0.5 day 4 day

Q Q

EGFP . n g
AOQ = QA
w MO0 4o
EfEFE&ES

Bmal1- SRR e b . PARP
EGFP
D. TUNEL
pEGFP-C1 Bmal1-EGFP

1% 16. Hela A4 X4 Bmall-EGFPo] 2§k M| APH(Apoptosis)

A. Bmall-EGFP transfection & 49 & A% 3z

B. Bmall-EGFP transfection & 12471, 4Yo] A th& AE FEHEE HE PARPY E3zIHE
Western blot2 g-ol

C. HeLla A %o mPerl-EGFP, Bmall-EGFP, Bmall-His, EGFPE Z}Z trasnfection %] 1% agarose
A A719F 79

D. EGFP, Bmall-EGFP transfection} X3 4% paraformaldehydeZ 74§ TUNEL £4
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EGFP Bmal1-EGFP
600 80
@ Veh 70 - £3
500 4
® Dex 60
Ao -
vsé“ 90
= %
2 300 A O 40 +
2 i)
T o
4] SR
200
20
100
10 )
R , : : : . 0 : : . . . .
0 1 2 3 4 5 6 7 a 1 2 3 4 5 [ 7
Days after transfection Days after transfection

Dex (1pM)

EGFP

Representative images of Hel.a cells transfected
with EGFP or Bmal1-EGFP (4-day after transfection)

1% 17. Bmall-EGFP9)| 2]3t A AP o)A Dexametasone?] A3 57}
A, B. EGFP$} Bmall-EGFPY} transfectiond Hela Al ¥ dexamethasone (1uM) ] & trypan
blue G40 F Molgls HEFS 27
C. Transfection 4¢ o) FFPn|ZH o2 A FTAPE 3l
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Veh
EGFP Bmal1-EGFP
Dex _ + _ + Bcl-2
(1uM)
iy 288
B | 18 8
i DEX

é Bcl-2

288
188

EGFP

Bmal1-
EGFP

59 18, Bmalls} GR] $4] @40 93 MTAE A3 $42< Ba2el 28
A. EGFP%} Bmall-EGFPE transfection &% Bel-29] HA}FFol| 4 2] 4H-S Northern blot ¥4
B. Dexamethasone #&lo] 2% Bmall-, Clock-EGFP, mCryl-EGFP, Z12]lx mPerl-EGFPE Z4z}

transfection ¥ & Bcl-29) vt 31
C. Bmall-EGFP7} 28 % Hela M Zo| dexamethasone Z) e 2|3+ nuclear body ¥4
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Luciferase hPert-promotor

Assay 5

7138 19. Human Perl promoter?] Luciferase ] ¥ ¥ #lg A&} CLOCK/BMALL]
o5 4% =4 @ CLOCKAY Sdwo]d] oa AAR A3
A. hPerl-Luc reporter ¥lE1E A=} 72
B AY man

C. CLOCK (£ CLOCKAL9)/BMAL1o) 9]3F luciferase #4427
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50% SS
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32min

54 min

19 21. Adenovirus A]X¥-2 AL&3ka] A E mPer2-EGFP @il @] Hela A X
) AHWUZ A
Hela 4 %¢] mPer2-EGFP adenovirusg £GA17) the 2447t Fo) 50% serum A & & Az
el Mo SHHEE 1X7E B¢ ¥ dvhes #dsqn. g482 FAE HJF $ 18 2EE 9

el w9 o] gashe AL Rt
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Z& Clock, Bmall, mPerl, 123 mPer2¢] XX 1
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Generated viral DNA

LR  EGFP AET AE3  RMR
CLF-_-D-Tr:racmwm o AdanAD-TD
— Poly A+
Swal CMY promoter Swal

BMAL1-EGFF CLOCK-EGFP MPER1-EGEP MPERZEGFP  mPERS-EGEP

mRY-BEGFP mCRY2-EGFP MNPASZ-EGFP LBP-EGFP EGFP

19 23, ohel e vhol B 22 AZE AF7] A4S FA @ AT 5 29,
oldlx wholg2Z A|Z%E EGFP, mPerl-EGFP, mPer2 - EGFP, mPer3 - EGFP, Bmall - EGFP,
Clock - EGFP, mCryl-EGFP, mCry2 - EGFP, NPAS2 - EGFP, DBP-EGFPE SCN2.2 A|F o) Fd
ARl F slideo)] Y& Fo] GFPEZo|n|AE T3 MEuWe £XE FRlsHh
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L 197 23 24
A A7 g |
o - oA = 6T
A =% Ju& %)
(1) RNase protection assay ¥'3-S o|-&3}le] MAA|A -F7A} Period1] W&
S NIH3T3 4o, SK-NSH A7oka o4 24
- AFEY g 27t e mPerl §HA wdo] &7 T
- o2kl &4 PKA, PKCo] 84 o wolakg 549 oald] ols)A
o A7} mPerl f#Ae] WHe] 2 7.
= 1l
FEA wE . .
zyo oa |@ ATH 2F Austasd 84 B AZAZAAC 97 437 FAA4S |
=1 E=1 hil HJ_&‘ O]; 22_1 /,
A &2 719k e
7]& ;LQ - mPerle ALY B9 2o 9 24 A7} Fr)2 Lgo] 2H wow
=T cfos9] ASE 17 & &L A7 2713 Bl
(3) A A A £72} mPerle] ZE9H .fi_}_—iéﬂ;]_ g Zzwvy x4 Ho)
- mPerl ZZRHY Y3 HolA B o]R3q ATY ZAFo] PlXE Z2
28 79 3.
(1) SEAP 2|ZEE ©]-§38 GnRH AT 2R Eulo} A ZFd ZA
24
1 - SEAP HEHZ HAH GnRH TS GTL ARALA transfection
o A7 & NEFE Y
A | oSEAP - Serum shock©.2 GTL AZFE 5713} A0 494 528 B)g
reporter 2 radioimmuno assay (RIA)Z 24381 GnRH Z2 R e 42 SEAP
1 |o]gst = FHhoF =4,
d | @z - o
| waa (2) AHEHED £48 9% GoRH pulse generator®] @5zl AAAEe] | 110%
A];ﬂ;je% =8 % 24 2d 7&
o] 5y | - CTL GRH AZATFo) PKC B44) (TPA)S] Ao 8 7154
24 7|2 AR E8E fF=dThE AL gElen AEHAAAR] N-cadhering}
e p-catenin®)] 2|3t transactivation 7)5-& 9.
- ¥, GABA-A agonistq] muscimole]] 2§+ X Z4-#3l 9l GnRH
A AZEE v AdEEA .
- PKC alpha o}¥of 9|3k GABA-A 4&49] ¢14ks}7} GT1 AZM=E]
pulse generators MZITH= AHAE 4.
ofrpre. |V AAEOE AX W) 4B DS S )M FRET /1% &
oas gy | - 28 B34 Cameleon~E— c2c12 AZF0) WA F CEPSE YFP
ARgREA| " "‘75';‘4‘3‘”3“0 glutamate—- C2C1201] At A qu B2 zos
o Torozqz]_ ggozn T8AEANA glutamate €471 7154 9L 9.
ur o) e
AN 7 23 (2) 24 "n|AelA FRET 7]%& o8 4 e L+ 44 A
Ae A | - FRA WEZ FRET 71ed A8}y 84 RFPSE GFP 9%
= s e o] g dolEAg AFAes AHE
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(3) FRET 7]&< 0|83 T4 mRNA =¥ g
- MS-coat ®9l A oFzo| CFPS} YFPS uhd3}: FRET 4E(CMY
HE)) S A3, MScoatd] 1A RNAE H#H3E MSsisE ©]&3)]
#24 mRNAZ 43 F CMY WEE ALl ddste] CMY
gl A S §Astel MSsis mRNAE 7t BhEA1A in vitroo) A1
mRNAS] & FRET 342 2%,
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1) BAAA A8 #EE mPerl F72te] AL} 271 A CLOCK:BMALIL
ARNA 22949 715 24

- Serum shockel] &84 mPerle] mRNAY dZFo= AL8-3H cfose]
ASete B F7HE & UM T ] Fotbghe 291 (2 5Bl).

- A kel HA AAA Q] actinomycin D2} puromycing Zrzh &gk &
serum shockel] 2]8] mPerl mRNAZ} 7l Ao 2 Ho} mPerl €]
Z7he ojv] EAgte wWAd g AMEste MAE " daele AMEe
=)

- AFA A 2EAA4 24 S48 2 EE M34Lucs A=}eta ClockAl97}
CLOCKBMALLS] 246 47 #§& Bofe A€ 4.

- Clock AFA1A 22802l EAHAQ] ClockA195 HLH 3+
NIH-3T3 422 stalsly, ClockA19 28 SA%e} mPerl T2 TH
Luc B ZEE FAd Fd=Y A7l £ serum shocks & 27
2z B3] Luc 49 F71Ee] #A3 Z4dS 89l

- Serum shock ¥ ZH& Alztdjell zbzh AXor #AG FE&50
electromobility shift assay (EMSA) 4¥-& 5230§ A3}, serum shock
Z 308 ojulo] CLOCK:BMAL1 o|g el E-boxe] thsh Agteloe]
F7HEE theket Ebox HHE A3t &9l

@2) AAAMA FHA g FHA 2 Ao Tz 200%
- Tetracyclines]] 2J3} AALZo] Frlete AAlzd ARt} A A A o)A}
2HA% & A9 FEIM WA 2AE DU BMALL 2RE | 0
tetracycline 24 FAZHTRE)} A2 sl NIH-3T3 A EF9| stable

transfection A]Z.

- Tetracycline®]] 2|3j4 FAA2] LHE on/offA)d 4
AE7t 2AFEEH] A8t TRE-LucE MlEY FU3s2 tetracycline?)
AR 2! doxycycline§ X8l S 4-¢ TRE-Luce] 845 S7HA7]=
BA fAA 2] 4 E on/off NZ g = AEFE B8

- AANA 2EJA B4 AL TEE HE Q] M34-Lucs AxEu
transfection &)1 doxycyclineg &3} S 7% M34-Luce] &4o]
AZH elEHo R FUbetTT) Hadhe AR Hol AAANA 23
Ael BMALLY) #4& gFFoz 23T 4 ow AMS
HEgon, AAAA FAAe] g in vitro #-7A} W8 Ao
RESCEAEE X

B) AAANA A AN FE FA Ve
- Luciferase®} GFP, SEAP ¥ E]E ©]83} cfos, mPerl, hPerl, DBP
T B 4F7) GAAe} dyEYd A4 49 oNAT Fze
Z2E T FAAY FaE Az EE s 7S 9.
- mPerl-Luc, hPerl-Luc, pDBP-GFP, ¢-NAP-Luc, a-NAT-SEAP,
pGnRH-Luc, pGnRH-SEAP 5-9] 732 Z2RE 248 5ZH9),
mPerl-GFP, DBP-GFP, BMAL1-GFP, CLOCK-GFP,
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Cryptochrome2-GFP 5 5%9] AAAA 24Ate] #7145 2AE 5

Qe Hlo| S AINE Fjuslil DBP-GFP 3 BMALL-GFP @8 AZFE
Tt gADY 2AAA) 84E 23

3 %9 f¥¥ AT 750 TRAeH, 7Fe] AR HAA ¢
534 @AxeE AR AAAA FAA EF AAN2R S TF

(=H24)

(1) 2P, retina, GT1eA] 3 Z¢] cDNA expression library %
- GT1 A 7AMEs} 50 o vheje] MFHZ2E SCNT retina] total RNAS
#2313, oligo-dT ZHE Ag-3te] mRNAS 288 T o] (DNAZ
H3E)a HybriZap ¥EE ©]%8k] HybriZap mouse SCN, retina, GT1

o A4l7 cDNA phage librarys 2.
A
A7) | AANA ZEAA BE fA% B4 2 5
HA A - pBD GAL4 Camel] NPAS2, BMAL1, Cryptochrome 52} A A] 7]
TS FAAE FEYS 2202 F48 Bait2 AHE-sle] SCN, retina, GT1 150%
A= 2]3 mouse testis cDNA librarys 3 47) libraryo 4] yeast two
Z494 hybrid screeningS ==8ld}e] positive clone®-2- g slx, SafAn|=e]
=24 8 53 HANMES B4
(%9 - AAANA ZH2ANA BH FALGEA testis libraryol] 4] NDAP?,
library =) Hexokinase & 177}¢} SCN libraryef 4| TOLLIP, TRIM32 2] 137]¢]
cloneg #d.
2%9] library FFo] EZX YO, yeast two hybrid sceening &
expression library 338 F%
(1) B2 sloleAAe] A5 &7 % B84 8w
- YFPS] 14597 Tyr Azl YGGSGAS olmzk MEE Ausia
PCR-based mutagenesisZ ©o]€38}, 19294 Prolined Leucine® 2 #}E
YFP ¥ (Peridot)S A4} o] Peridot2 A|¥] 47| targetings] 7}53¢
3 AR 7 71ee]l S4E YFPD Citrindol 108 ©f o] 75t
o AMLS L
- =3, 145 Tyr &A2]ol GGIGEL opu|=4F gL 44E th& YFP
FAME 25 (YEPins).
- A8 Zhg P34 Q) Bio-Cart for Calcium (BCOE 7Awshsd o,
BCCE F7k €39 w7k A7)t fAHE 448 7Ae ReE FAL
o FRET - AZAL 5748 ¥FA DEVDinsg 7Ndate MxEAl Ao A Caspase-3<]
WE e 7% BAe AEFEANN AT FAHE ¢ Y& vlo]4AME 7=
g4 g - Peridot?] 7]5-2 8F4FA]7]7] 918 site-directed mutagenesisE 3§ 5}
HeA gH 3 &9 FAHIE AL 200%
2%

ko] 414
)

—_

(2) AANZE AR 244 CMY FRET #H ] 7% 34t
- (MY FRET H¥H9 Y& FA717] A MSsis AR
mutagenesisE 8st1.0.H, IRE A|lE2Z CMYd] E§8ke] FRET
F€5 FAR.
- CMY B3 HEFZ FE3}I MScoat €17 MSsis luciferase HES
o]-83le FHA HEE 4.
(3) SCN 3 A E5oA FRET 7]&¢) &8
- SCN22 AAAA AEZFo] glutamate AAHEEZo] NMDA $£AE
B34 AT 2EE FANNGE LS B

4% oFe] nreje X et O FAAE MEsid 53 £9 (34)
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24 75

(1) N AAZAF3(SCN) 7)€ A EZ, SCN2.2 H] %
- SCN 22 AHx=dA NMDA &3 olgslel NR1, 2A, 2B, 2C,
g5 2D & NR1, 2C, 2853 2Dvle] 8 3l= AL &9l

(2) GT1 ¥j%¥ 2 adenovirusE infecction®dt NEF =Zd T35
- GT1 AEFAA F7171 &L HE4e] HA}E ZHT transfection
Y EAAE ZES57F 95l ds-luciferaseE ©] &3 adenovirusE
wE7] HE HEE A2

(®) $34 719 AMEF, PCTH ¥
- 87 $AANN 70 PGP EFAN BeED 287 5
o}gel lash le €51 RORast b §7 F@sh} dedl
T4 o BEHe NATLuc TERES B4R AZFFEo
A%,

(4) Baculovirus$} adenoviruse] o]-&% t}4¥gt A X H32 =Y
- B3 EE FA44¢ CFPE @g3te baculovirus(CFP-Bac) &
Az D CEP 3E #ql.
- BB FE F-2129 GFPE W)= adenovirus(GFP-Adv)E
A2 oheFst AEF FEELS FRIgozA AFAELEL
FHA =Yy .

A7 A5 FAA dd AdenovirusE EFHA NAAME L in
vivo FEREZO] A4 EHHS 75 G

110%

o A AA
23§34
e
on/off
Azd 7%

(1) BAANA Fd FAZ} Bmall 232 Tet-On/Off AlA2¥ F=
- TRE (tetracycline response element)e] ¥dF7] FHA ¢l Bmalls
Agrste] Tet-on Bmall #E 9] A& @ Tet-on/off A|A%] 3.

(@ A} 4R wolold AFAH 48 2d By
- AR FAAES AAY 34 A ol TEARN 47
g2/ ey 24 27 wok 2R BAYE AL

(3) Real-time RT-PCR-2 o] &5} AF 7] H-22} o] 24A]7F vbg] 27
- Fluorescent Resonance Energy Transfer (FRET)$} probe
hybridization& 883} PCRE& 2A|71 2.2 ZHE + ¥ A &Y
Real-time PCR g o] &8} of w231 3 g3 QI BA A1 A #-22
UNTLEEFIE TF.

@) €F7] #AA Bmalle] 2@ 43 AEA}
- Hela M ZF9 A Bmal-EGFP7F 3o gt HMFTAF 27}
Stress 2202 24#F Glucocorticoid(GC)e] F= )]
Dexamethasoned]| 28] F43%] #4888 3o],

AF7) FARe zIMopRAAA e AAA KAL) AN
W Z4) 7] <2 ¢l Real-time RT-PCR &

150%
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(1) AAZEAAQ] CRES o3 d77] fAA hPerld] ¥ #A4T

(2) mPer2e] AT WAFEs) Wa} B A

@) ZFAZAAM dF7] KRS AZ e

Wz
- 9F7) FRAzLe] wEo| vhekdt AE A 294 oA A3
£ dan 2H weg Bodogy AFIAH Wz thkd o

A FEA4L A4

- mPER2¢] &AM e] Wale dF7] 2F 9
g AF7] §A2 AEre] wHde g4 g
o] ol AT ¥ PE AAL

- Clock, Bmall, Perl, 22] 3. Per?2 #3AA5 CFP3
A%+ 8] @] Baculovirus #j &}

AANA FAAD AFY Lol JFL FE A2 ABAL
2399% 5 YE 7A5A Ak

120%

e

RN S

o In vilro
2 g g

. A
24

(1) AdenovirusE infecctiondt AEXFoNA LF7] HFAAF E Reporter F-AA}

2d 4
- A5 4] Bmall, Clock, Npas2, Perl, Per2, Per3, Cryl, Cry2, DBPo|
FHENEQ GFPE Z2%® 437 }3A Adenovirus A2
- SCN22A| 2ol Zh 57 @M EdEe] £¥ F<
() GrRHS] 54 4779 3 3 24
- GnRH| &2 HF i 2431 dF7]El 59
A= prGnRH3.0-dsLuc W B A 2oz 3

zH7e &4

100%

o &4
FAR =9

Ve 23

(1) Adenoviruso] 813 #47F =99 B84
- SCN2.2 , GH3, GT1-1, NIH3T39} 72

E9H Ago Sdis)

100 %
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A5G ArAEane] 2843

"ol 2 AN 72

12 d A AY ZRe A HEo] GFP vlo] QAXME
F3 AAEL a0 wA HPEo] 2 A}% AL 7IHEH, 53
d8 AFASe] A&EFoew 75 Aoz o AREH AME sty

A zZ2720 37TAAM S W AYE PFA(YFP mutant)ys £ A7 A
A3 Peridoto] f-dsich mebr, Aejz oA cell-based assayE 3}7] H3+ wf
O] QAXNE sWelEd PeridotS AMR-StE L F5Holg & & ok w3, B
A& Peridotol] 719k Thekst 7% 9] Blol LAMME AT Fo Ao

Bio-Cart for Calcium (BCC) FA|= AEW Zge HIXNE A7t Bisles
AEE 7FA7] W&ol i okE A §old S Zu e, AEW Zg
hAtel] #EE ofE Ade] AMGE ASER Asdvh EY, AZAM Fad
caspase-3 T d Eelaite A4S SAHY 4 AE DEVDinsﬂ]——‘C— AUy BT
HAS ALEATH o= B AFAEA 3%7-”1]‘3”7‘1 192 fgo] ddAA o
olZl A#AZA BA7A NEE caspase3 B4 FH & /‘ﬂ]‘i o Hs 2 Ago] &
ol3l31 &g H|Zo] AAHE AHRE AR & FE2IAUF FAA A9 A
42 Aeog ®elth

2. FRET] 7|vtgt A A 52 2@ {44 34 54 7&
A B oA FAA FHe SHE & e 34 76 83 AR 834 B
AT LT MY} FLstth B ATLE QNS JI5E HE FAAA
A AE D AGEE FAAE sdgozy A oA FAA EHE 0}
22} %h:} o uelsh B9 fAHAe gEE B Ad 2AA 21, o8 /37
g 77 g AAME BilM STz TE FAAY AT EES vluy F

O

£ 448 BEx Yok

A in vitro 27X @R A duldel 5 ALS SHSe WHY TAE =
Hola AE sFEdda valda gl FeagS AFEstr] $fs) FRET 7|4
e FFAE olgste WS Estm Utk FRETE o[ &3 32 28 5
A 7)e2 cell-based assay 7|3 HEEZ A% 54 AR dd7 #HYE ud
FE 2AHUE s s AR 7561U§ 2 7led] ¥EdE FEe
At =83 FA ojm o] AEH HPOIC’*"W—] 715E HAEste A=7)
%H‘% Ao = 7)gjArnt.

G AFEH Mol 23 2 E‘% é% ol-gate] Axe Eal @ FEo #HHE
FRAAE 2aAstn I FHE Mz HHEd Wy #AHs =Apeal Uth
o]E sl Differential dlsplay-PCR I3 DNA microarray 5-& ©]&3F5th

AES B Pooh o W BAY FAAE AL HAFORH B HEG ¥
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3) Yeast 2= ¥ & ¢DNA expression library 335

AARNAS BEE 2HX AZE cDNA expression library= A4 SlEU S &
3 A %’“7}]1"4‘:’1 A, TS A AEgAF A AR HIL Ut o] & %Eﬂ/ﬂ o
A 2 AAAA 7‘@1_2}?_3 AANA F2d2 HEHIZE FA4ste a3

1:-]]01‘517} Rne=E g dEnh

Al B NRL 4384 WA (F)FEAdzdr 4aAA 1 Z2 049 L’d@} o
FS FE Ais EAE Alw FEolM 2a™-3T ded, YAXNA FAAE
Adenovirus HE|Z A2t HF FEO FAA =dY F = HEH Al="HE T
st vk =G, Baculoviruss o] &3t AAAA 2dAe] d¥ldEg IFE
Z ZAstm Stk ol MRS =7E o] EoldM FUT AosA gog &
222 w2 Aoz sy

4. Real-time RT-PCRo|| 2|8 FAA e AFH SAH 3yl

O

FRET#} probe hybridizationg 883k Reat-time RT-PCR W& d7] /314
]"ﬂ aA Oq:rl@#'zc’ﬂ ofetH AlZAL, AZRG, A/ HA 851 e B
2 FRAAEO 4XE FIE D] By E]ra}/‘i doz rhkek AES
wofoll Al dAlFQd H 41} o] NEdTAA AAHR ZIFATIF HFE Ao,
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3. Delayed Sleep Phase Syndrome (DSPS)
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