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The multiple oscillator system in the suprachiasmatic nucleus;
circadian rhythm outputs and intercellular communication.
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In mammals, the circadian peacemaker is located in the suprachiasmatic
nucleus (SCN) and consists of multiple oscillating neurons, which are relatively diverse
in the circadian period and phase. The molecular mechanism of the circadian oscillation
is an auto-regulatory transcription and translation feedback loop which seems to be
stabilized by other feedback loops coupled to it. Tetrodotoxin (TTX), a Na* channel
blocker, was reported to abolish the circadian rhythms in behaviors but not to affect the
circadian oscillation in the SCN. A mathematical model predicts that changes in the
integrity of constituent circadian oscillations alter the functions of circadian pacemaker
such as the endogenous period and responsiveness to external perturbation. To examine
these possibilities, the synaptic communication in the cultured SCN was interrupted by
TTX and the responsiveness of the SCN circadian rhythms to perturbation was
measured together with the parameters of circadian rhythm.
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Experiment 1: Adult mice of C57BL/6J background were used. The coronal brain
sections of 300 pm thick were made and cultured. TTX of 200uM was applied at the
peak of Perl expression rhythms, and 12 hours later, the cultured SCN slices were
subjected to in situ hybridization at 4 hour intervals up to 32 hours. The circadian
rhythms in the gene expression were examined in 13 genes.

Experiment 2: PerI-luciferase (Perl-luc) and Bmall-luciferase (Bmall-luc) transgenic
mice of C57/6J background were used. Bioluminescence from the cultured SCN was
measured continuously with a luminometers. The TTX of 200pM was applied to the
SCN culture at various phases of either PerI-luc or Bmall-luc rhythms. Five days after
the TTX application, TTX was washed-out.
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Experiment 1: TTX treatment suppressed the electrophysiological activity of the
cultured SCN until TTX wash-out. The circadian rhythms in the expression of clock
genes, Perl&Z2, Bmall, Cryl, and of clock associated genes, Decl, 2, Rev-erb a, 8, DBP,
and AVP were not affected by TTX treatment. On the other hand, TTX completely
abolished the circadian rhythm in the BDONF mRNA level and substantially damped the
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circadian rhythm in the PKZ2.

Experiment 2: Both Perl-luc and Bmall-luc expressions in the SCN slice culture
showed circadian rhythms under the TTX treatment. The amplitude of Perf-luc was
damped on the 4tt day of TTX application, and the periods of circadian expression in
both gene types were significantly shortened. TTX application did not affect the phases
of circadian rhythms, but the TTX wash-out shifted the circadian rhythm phase
dependently.
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Experiment 1: Electrophysiological activity is not necessary for the expression of the
circadian rhythms of clock and clock associated genes, but necessary for full expression
of the circadian rhythms of BONF and PK2in the SCN. A TTX sensitive circuit is
involved in the expression of BDONF and PKZ2 circadian rhythms in the mouse SCN.

Experiment 2: The integrity of oscillating neurons in the SCN is important for the
responsiveness of circadian pacemaker to perturbation. The obtained phase-response
curve indicates that the intracellular input-pathways to the circadian oscillations in
Perl and Bmall expressions are separable, and predicts internal desynchronization
when an external perturbation hits the proper phase.
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These results suggest that the neural network is not necessary for the circadian
oscillation in the SCN but necessary for the stability of oscillation and for physiological
functions as a master clock.
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The multiple oscillator system in the suprachiasmatic nucleus;
circadian rhythm outputs and intercellular communication.
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BHLEOAEYEFIIHEEK THEEAX EBICEEL, 1K 1L FESZ EENTH
HEBRMRICIIN 24 BREAYCESH TIHMETERELESEND, AU ol
Per, Cry, Bmal, Clock D A DB+ L FDEMN LR DA~ T 4 — KXy 71—
WEDREENTWVWEEEZLNTEY, IHIZZIOAL—FIZ#EL, VXLEIED
EEMIZBETDHIEENTWIEEL—TNH Y . Dec, RevErba, RORa 72 ¥ D BIEF
BEELTWS, ZZTERINEHEE Y X A1X, &5 R F BMAL/CLOCK O#fH U X A
E#HgIN, MIERNOEEEES FOEEMLRSICHBE Y a2 EELTWAE LEZ
bhd, EHIZ, BRXEZEDOEER Y X Ak AVP, PK2, BDNF, TGF o 72 ¥ DIERES F % It
LTHASWRRLTENCY RAZRBEETWS, KFEIZ. BRXX LIBT3 A
VDXLBRSCY) ALAEZSOGRIZHAM I a=r—Ya ., I NatFr L i
LIy P P RERNDRETHREZALNCTIENT, v 7 XEHBRZX EIZ Nat
Fr X2 NVHEEBRTHDBT P R F 2 (TTX) 28 E L. in situ hybridization &EdH
DWVITESE VAR —F—EEHWTHB Y XA Lz, TOBER. NatF v R
ENLEVHF I RAERIIEHEL—TREEL - I AB Y XLA0RIRICIIES L
TWRVWH, HAREEZEZ LN TWS PK2RBINF 20 L CITEN Y XA DRBIZEE L
TR, £, AELICHTI2HEZIXEEBR ) RLAOREMMBICEELRKE 2L
ZEBBRLMNERST,

FHNRmXOBFET, TEOTMEE. BIEOAMEEE., SXkEE, BEOHE., FIL
BEEOLSALY., LAREEL L THEREBRETITOREZ, TEMLENND -
Tetk, BEEZERIASA FERAVWTHIOOMICHIEY, ZNHIXONETERE L, *
D%, EE, BIELHFFFICLI2EREENLH 0 SBICHL>TiThh iz, EO#E
NHE, TIXREZELRXIXEEEREES ) AR LIEbMEIEN-8Bh, TIXHE
XD BOINFRIEFRBAPIMGI SN HF, BB ELBEE 2 28F. XX &
ZBITA2HB Y XARBRICBITAV T T RAERLORE 2 FICoWTERN -7, H
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EEIT. TIXREZCLERFEIMHLIFHRLEZFEERE LT, TIXREBRFRETHo -
AREME L TIX OBMIT L 2B R MBEROEMETORREN 2 H . BINFREFRBIM
XN EEFEICE L TiX, non-NMDA S EKEKEZ AW - EfTHELS B L. CREBD
U LVELEN LT BEFRENEE L TWAAEEZH T, /o, BRETHEIFIHK
LERBBEICOWTIHAATHAN, SEh3 7 va—2RnEELTWAHRIESE %
L., Ebio, AN EEYF I RAEKOBRENIE L TIE, 1THH ) XL0XEBRICEE

ThHhHrZ LxEIE L, BIIABBENLIL, TCFaBRBEFEHM L ANVIZBITAHMAY X
LOEE, BRX EZEUNMCEITE BINFEREFHEBR) XLOFE, $TERY I RAD
MEELR VI HOWTERBR S o=, BEEIL., ICFaBGEFEHLANVIZBITAHEB Y X
LAOFBZEALTTIEBOERZERICIEBEB Liehotz, £, BRX EEUAICE
7% BONFERFRBE) XA LIZMVE-HHENTHEIRWERIE L. BONFEEFT 0
EFE—FEDERYy 7RIS EOERERNOBEL TWARWVWARESEEYTIE L, BX
HENHIL., BEFREHMOERITOWVWT, PK2 B L UBINF BEFEITH Y XLhd
DERIZOWTER R HoTe, HEEIX, BEEFRETMERICHZ>»T, BETH
AR - T EERTREHREFTOPEE L =ZF{LENERFTOBRBELNLRE EN
EboEHAV, ERFUEIWIINFEICTERL, BMERIIERAAEZESHF TR
RoTWBIZE, ¥, PR2BIUBINFIZRRAEXR EELLHWEIN T, TEIRREE
N XLEEERELTVAAESERS D LB, SEHER» O, BEF Y XA
DKL BONFBEIEFHEBR) XLDEE L OEBRIZEELTCaf A DL O TEEM,
FRTIXEA L NaFr 2 NVOEREICETI2ERMI S o7, BEEIR. RITHEOH
ZEZETT, TXEREIEIEDH Y XL 2MEIT 50 BBMEND Ca 1 F ) X LETHE
T aZ b, CaAFViTEELTVWARWAEMZELE L, LA EER/EHRE
AWERRXY EBRFESTVANLHBEZLO T, KRICHBLBREX EEDO T 7R
EEBPREATHD RO TWD ERART, F/-, BEEMNLFNBEFERID
EREORYVRLUAARBRREIIFANERIN., ZASTELZFEABHFERIOER %Y
KON,

AFEIL, vV ARRXEZHB Y XLEHOREIREEGRIZCRBITDI T RAEKZORE
FHAOMNMILEZETECEMEN., 4%, £ DY X LAEERCHEREE R CHBREHE
REETAERBOREAEOHEACIHBFREORIL ICE S BB L LTHFEENS,
FEEBE—RIZ. ThOOREEZE<CFHML., KRERBREICB T AHECRERENMN 2 &b 6
HHEENEL (BEF) OFUEZSTAIDIESREREBET IO LEHELE,
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