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Universality of circadian behavior under low temperature conditions
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Circadian rhythms are oscillatory phenomena with a 24 hours period. One of the pro
minent characteristics is temperature compensation of period. We focused on temperature compensation, of w
hich molecular mechanism remain unclear, in terms of bifurcation theory.
We had observed circadian rhythms of some organisms under low temperature conditions, and determined the t
ype of bifurcation for the abolishment of circadian rhythms. It had been showed that circadian rhythms of
KaiC phosphorylation, fibroblast Arabidopsis and fruits flies were nullified through Hopf bifurcation. Hop
f bifurcation under low temperature might relate with temperature compensation because the system near Hop
f bifurcation point have low sensitivity to the control parameter.

KaiC



B X C—19, F—19., Zz—19 (@)

1. BRSO &

EMBERORTE 24 BEE#H O Y X
2L THEH Y X&) EEEZRCW5b, #EH
U ZNIEERO EZ B AELTHDHD
M2 2D BRI 100 4L Eizb iz » Tl
i S AU T & 72,1980 AL LLRE D 4y il s F
FIFRATIC L DfsamiE. U XAk 1 filaoh
WZFE LEBETEOSER Yy hT—27 23
ALEEVHLTHNDE . EWVIHIHEDTH D,
1998 FLH[FEIRFHIC AT T VAW ThkEE S
HEMEH Y X AN L R 5B RHRE S
., To®k I ALt HTHFy U
— 7 ORIENHEATE, 2011 FBEMmD T
BOWRT-BHREHH D5ty hT—27 N
WEINTWD,

FORER DN L, WILEE B

HOMTERFOIEERRZ SN HDD,

e, NTTFUVT MY E R RENE
NeEERY . 2y FU—27 ORI H T
Lz dmEnaoninens 2 & T
HD, HTEWFHINEE T DR 51tk
WEIRE S V72 K1 O A8 B O fEAT 23 EFRIT 72
STW ETFREIND, ZOL D RiEiE
K2t b OENEREED A B = X L E2 5D IR
KROWBFEEBRT 572 0IGH EAHAT
b5,

—F TR XLIZCIEXRFERDOE B
BANWNZZALEFEZRIATLWELDESS
M2 LWV ORKIFIEHEBEOERTH D,
ML BN 152 & FREN DM ELO — 43 B IE 2
OFED U X LR 2 EE ) 7o F 5 2 il
THFEMPETHD, ZOnEFETHO LR
%R IR & FEIE I D Bl e A A SR R 1
THrE L35, DT, HDHVAT A
DINTGA—R BB Z Y XLk L
72358 E, FOAI=AATKH LT
SOHEBITHITOEND, EEET D, (HX
)

—OD IRy TRk EMEEND XA 7T
bbb, NTA=EOENEIZY LD
MRS/ & < 72 0 R BOIC IT IR IR S HERs T &
A LT RABHEET S, UL
MNIEEDFHETIEIRY FICl- R 8%
RUVREY FREAREIIZS 0 B LR,

B9 —DlEY KL-/ — Kok & FpiT
NHEEATTHD, NTA—XDE[LE I
B AT a2 NAEL 5, FOEMMN
FEONTUVVE | I I EERR R o & # & 7
e ZOXATIFMRBHOT = v 7 RA
YEBHUTWAERTHD, EERNTE
BANELTZBIZHDIRETHT v EN
TLEIYONY RAMEOERTH D, VU
ALDHEITDH U Az s H 508,
HEARNIZZ D o L7y,
AREFFEFHE TIE RN T A= & L TREILE
HT %, ENDMOLNTWAEHEHEL LT,

EERETCIXEIE ) XLMNELRT S0
IWMENINTND, A Y X LD5% %
Bllks L7z Pittendrigh 1333 7 ¥ a U AT
X7 v AR EOERERZEIT£S
DAEYIZIERCT & FBIHIEDILFE T Y XA
D3 1l 9~ 57 (Pittendrigh, “Molecular basis of
circadian rhythms” 1976 ) & ik <X TW 5, ff D
FIRIFZDOBR O XFTH LI Rimlnd b
(7% 7Y Kondo et al. Plant Cell Physiol.
1980, 7 & Fransis et al. Plant Cell Physiol.
1979 72 &), #OFRITF = v 7 AR A b
DEICEOMFHTIFEEL TS &N Z
LD T, R OBLEN BT Fv—
J— RgAE R LTWD Z &2k b,

s osum e @ IRIE
COuznwsrss 35S

[ ]
[ )
Ry Tl boooeoooo00d-24
[ ]
[ )

]

(e]
(XXXXXXXY XY
o

%0000004

mfE

B UXLBROZDOOYFUA

PRIV —RoI%

24

2. WMEOEM
Bex e AMFEOKIBE T TOMA Y X A% 4
W W CTHIET D Z LIk » T, il
Bige % i 5,

3. WDk

DLFoBBE Y XAZFHAL, B L EREZR
H b,

(i)KaiC U »E&fk U X &

(i) > T /x0T VT AWM Y X L
(i11) P FLIERS MR I Y X A
(iv)yawuya oAty X o

(v) vuAXFXFEWFRNY XA

t— b 7% OB L, IREARE K
THEDREEBLIER L, (K 15R)

FBwel iCH BT, EY. N\T)ZHAL.
RN ENBFEEEICS > TEHIT 2,

NIVFzRF NIVFzRF

(E3R) (BR)



4. WFFEEk R

O RBENCER SN T /XTI T
WpEt 2 2N 7 B KaiA, B, C & ATP S1BA L.
CTA v FaX—vagrdTi52Licks
T, KaiC VU b U R AR EMHER IS, Z
Nk 2 7R ECHEGRT 5 2 & T, 20°CHHE
G, Hopf 3l L CHER U X AL T 5
TEEER L, EEEEREGNEZS L

LR L7z, (X2)
RIRIET A= IRED
08 06
Og 29.9 °C 8% 20.4 °C|
CR NN N SN N - P R
% o8 24.8°C % 92 188°G
S 205°c| o2 16.1°C
08 06
- |
0 18.6 °C 0.2 10°C

36 60 84 108 132 156

120
Incubation time (h)

48 72 96
Incubation time (h)

Cricd temp.
) 48

® Amplitude
o
gO
Be
®

O Period (h)

0
15 20 25 30
Temperature (°C)

X2 KB TDOKacl VEg{k) X I

G ¥ T /Ry T ) TG R BE L,
BEx MEETHA Y AOBERE{T-12, +
OFER. (1) OAALZERS & 1FIEFR CIRE T
b5 20CTHAY XANHEKTLHZLEER
WiZ L7z, EREIED L, BEAEDS
RN LD Hopf 43l gr L2 U R ATE R

BRThHhHZroxLd, (¥3)

4
3

2 20°C

=}

8 VN

S 3 —

X s

IS 22 °C

8 2

2 N\

1) N

£ o

£ 4

3

o 3

LN
1 \VRVRY
00 24 48 72 96

Hours in LL

M3 ERTOYT7/N\ITUFHBEY XL

GiDEEAREEZER L, 2T v RL
TAFNAINTRE % 228 T B 2 gL S 2%

MIEOBER U X AOREREER LTZ, 24C
fHETY X LAOTWIRITREAD L, AR LED S
RN END Hopf M E L= XAk
ThHhHZ LEox Lz, ARUFFEIT B
KEZINAKWFLERE & ORLFEHIETH D,
(X 4)

o 38.8 °C
2
2
@ A
c oy 31.4°C
o v
(&) -2
Ioo 2
S A~ 25.0°C
£ .
(&) 2
3
2 23.2°C
=
5 =
[e) 2
ks
0 21.3°C

-2
0 24 48 72 96 120

Time (h)
M4 : EAEEERREEE Y XA

(iv) (iii) ERUL, BEARIEE Z/ER L,
2T ¢ > IV TUWHNICER 2 7B E FI2dh
Hyvavya v N "{flEO A U X LR
EREMER LTz, 5CHITETY X ADIRIE I
WL, FEREDSRWE L35 Hopf 4
2N L7 RAHETHDLZ LEoE L
Wiz, AWFTCITREAR K F ST Z HEHAZ -
BHIENEE & OLRFETH D,

(v) v a A XF X FOEWTREIEHE R & VERK
Lz, XMy FERELT, WO DR
ETHHY X2 EL-E A 9CHhaT
DR VNNTES RARIP I /NSy )

U EDORREIZTETOEYD Hopf HikZENL
TR XLNEKLLSIBDZLERBLT
W5,

INB DR A F L2 & B B
THD,

AS%IL, WM OEMFNOFEM I BIEE, T
RUBE, =37 Eo S SITiERnAEY
FEOAEM ) X AOBIEEIT S,

5. ERRERLE
(WFgefRFE . WFZEsHE K O EERF 22 512
X THR)

MEssams) GG 3 1)
@D Kawasaki Y, Tto Hx,

Kajimura H.



(*corresponding author)

Equilibrium frequency of endosymbionts in
multiple infections based on the balance
between vertical transmission and
cytoplasmic incompatibility

PLoS ONE, 9, 94900 (2014)

@Lu Y, Nishio K, Matsuda S, Toshima Y, Ito

H, Konno T, Ishihara K, Kato S, Hashimoto

K, Nakanishi S

Regulation of the cyanobacterial

circadian clock by

electrochemically—controlled

extracellular electron transfer

Angew Chem Inter Ed 126 (8)
2240-2241 (2014)

®Goda K, Tto H, Kondo T, Oyama T.
Fluorescence correlation spectroscopy to
monitor Kai protein-based
oscillations in real time
Journal of Biological Chemistry 287,
3241-3248 (2012)

circadian

(%) Gt 6 )
(DReconsideration of low temperature limit
of circadian Rhythms
FrfR-. BHERE L, TR . AT
The 2012 Meeting of the Society for
Reserach on Biological Rhythms
2012.5.19-22 USA, Florida, Destin

@ Cyanobacaterial circadian clcoks is
nullififed under low temperature via Hopf
bifurcation

Artficial Life and Robotics 2013.1.30-2.1 ##&
EH-F5Y2rmM

OIEIE FIZBIT 288 UV X2 0EiEk
RS s
A PSS 2012..9.15-16

WEBET N VT R T U TR D5
Hige L il

L7, ks
BT 74 b RY T L

W) X ERE
CHiRTS S
JUNIL A Y X AF5ES 5 =[]

(&F) G144

E Sl

B XL FOE LT T2l
AW FISE in press

(D)
AR A DB

WFFERR 72 EIXLL F O HP TABE L TW 5,
http://www. design. kyushu—u. ac. jp/ hito/

6. HFFTHEARE

() wFgEfEH

Jig ¥ 5 (17O, Hiroshi)
FUIN KR« S54F T 22 AF e
HIEEZ S 20512627



