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Advances in molecuar regulation of insect circadian clock

CHEN Wen-Feng HE Chun-Xia AN Chun-Ju ZHAO Zhang-Wu ™
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Abstract Insects display a wide range of circadian rhythms in their behavior and physiology, such as locomotor activity,
sleep, learning and memory, mating and smell. Almost all animals have conserved circadian systems. Animal circadian
systems include input pathways, a core clock system and output pathways. Input pathways are the means by which
circadian oscillators receive information from the environment, such as light signals and temperature changes. This allows
the oscillator to remain synchronized with the environmental day-night cycle. The core clock system is an oscillator that
contains the molecular mechanism that generates self-sustained rhythmicity. Output pathways transmit signals from the
oscillator to produce observable rhythms in behavior and physiology. Early genetic studies, which focused on molecular
mechanisms of circadian oscillators and neurobiology, clarified the main molecular mechanism and neural networks
involved in circadian rhythms. More recent research focuses on how the clock receives signals from the input system and
transmits signals to the output system. In this paper, we summarize research on the insect circadian clock’ s input and
output pathways and oscillator.
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H: P AR £k, ( Cermakian and Sassone-Corsi, 2000 ),
X =A% UM, AH BAE P U 24 0 B AT
TS (A5 A ) 1 2% R 3 B 5 M (Lakin-
Thomas, 2000) ., #i A F 4t H B2 45 AL A 42
PR, R AE A IR 32 S B EAS 5 (A0 R IR
& BWAE) AL ABIR G A, AT 51 AR, A
WAHREEHF M RIE . WA REOHFE A A RIAE
)7 N = 2 A A [ I

(Lakin-Thomas, 2000) , BE&K{EHwmh —4HEMN
TP K Y e e PR R R 2 AR s A Y
BoOTolE, W A5 5, 5 R B L D S B f R
kL EHIAME S s RS, b RGO R R
Dt A I I TR 54 10 B0 e A R 4R, &
AT FI R 22 38 70 A 358 28 200 I 4, DT 908135 4 2 1Y)
A B AR AT R AR (B ) o ASSOREN B3R 3 A
J5 TR B B AR b B 9 SRR A T IR
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Fig.1 The ‘black box’ model of circadian system in Drosophila( Lakin-Thomas, 2000 )
WL FRA T EMNIES . The squiggle indicates a rhythmic signal.
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AR R BT 2 DU R e RGE s T, —
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(CRYPTOCHROME, CRY ) ( Emery et al. , 2000b;
Hall, 2000) . Y6f5E 5 & H1 #1482 (rhodopsin, Rh)
I CRY £ 519, JLREMIE CRY EHIE5E TIM
A, 1R HRE A, TS 51 AR ) i A A2 Ak
(Stanewsky et al. , 1998 ; Ceriani et al. , 1999)
(KE2), CRY ARy TIM [k 2 — ) #2172
i3 F-box K 11 JETLAG )2 5 (Koh, 2006;
Peschel et al. , 2009) . B& THE R —1DREAZ 2541,
CRY AT REZ: 55 A0 J&] I (0 2 -5, 2 #2 2 S A il

AIVEA (Collins et al. , 2006) , 31 H. A5 i 4 X i
JER L, CRY SR HME BT, TIM 4 1Y 44
PPAE— L 22 ort A8 TP AT AR A, DY s A
b A R bR O S IR sz A [R] 2B AR BIL R A A
Chen %% (2011) % # QUASIMODO ( QSM ) F ik F
CRY BAPEM BT, RERE Sl ST T CRY 7E—Lup
Zouf FICH AL 18 LD &0, Cry” (—Ff Cry
DRI (14 54 Th4ERF— i 118 3l 5 i, Ui
MEERXS CRY DI RE B2k BAT — & A2 R
(Collins et al. , 2005) . 7 W, Rhl il Rh6 £
5456555 (Hanai et al. , 2008) , Rh1, Rh5 #l
Rh6 M2 5 456 FI B (Hanai and Ishida, 2009)
Tl

TR W — > E W 7, U H
JEAERMEAEREE R, il A S ) sl A A AT DA
5 A= Wy i A AR RO Lt o7 B 5 1 1) ] 40
(Zimmerman et al. , 1968; lkeda and Tomioka,
1993) . fH 2, i85 [0 AR W B [m] 25 Ak 43 7 Pl
FURTE AN AE o 75 R v & 30, il J3E e 3 78 Al 52
Me B PR A 7 SR K IR T IR AR
I b clk PR R, TR R e U AR
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GARASRME T TLF-IH R X R clk He A AT RE A2 i
JES g1 1 R A Y B2 A ( Yoshii et al.
2007) ., HAHN, WH5E K B nocte Fl PLC 1] fgth 2 5
RS 5] 1) A ¥y B0 5 4 (Glaser and Stanewsky,,
2005) . PLC Z 5B/ T/ per 87 ] ( Majercak
et al. , 2004) , 7EARIR S0 , per JE[H 3'UTR — 4~
W& TR BT U) 1S 0%, 5 20 PER 5 1 A9 PR SR 4
(Majercak et al. , 1999)

L2 EBHRTEEMHME

WL tim  per SERR LD mRNA B8 (9K
I, H RS A R 1l e i A K2y 150 A b
2270 (R K294 250 000 PMHZETT) (Zerr et al.
1990; Ewer et al. ,1992; Kaneko et al. ,1997) , %
R B K E ) 8 41 ( Chang, 2006; Helfrich-
Forster, 2006) :4 204 F #LIH (optic lobe ) Flfixi
BB [a] B ) 8 28 € (lateral neurons, LNs) , A5 i
M4 28 7T ( ventral lateral neurons, LNvs) | 35 ] # £5
JG(drosal lateral neurons, LNds) . H.rfr, I8 il #41 28
JCA A K BY E A 28 5C (large ventral lateral
neurons, I-LNv) /N[ I8 ZM I # 28 IC ( small ventral
lateral neurons, s-LNv ) Fl fft & & % 3K 5 N T+
( pigmented dispersing factor, PDF) FATERIEE 5 /NE
HMIFRZTT (Sth s-LNv) o —Z147 T ik th 5 Js i i
20, #R NG A4 2590 (lateral posterior neurons,
LPNs) . HAx 3 P& Iohi TR &, 7O i
JG (drosal neurons,DNs) , fJ4F DN1 . DN2 DN3 3 21
M6 (Hall, 2000)

e £ 50 LNs S M — 3235 PDF [ 1t 42 50
(Renn et al. , 1999) . &THpH £ oI IR,
3/~ Cry FHYER) LNds #1258 5040 1 4> PDF BE Y
Sth sLNv i 28 o2 i 4 R W e 0 75 31, i 72 LD 2%
fFF,4 A~ PDF FHMERY s-LNv #5615 FLigis 3), I
HXF4 2 (DD) 24 /3% 2 75 A 2R 2
JEAFEVEFH (Stoleru et al. ,2004 ; Picot et al. ,2007)
DNs P& Texf iz 8 W ge e 5 — e AR HT, B
LNs #Z8Juii R 1Y SR MIA REZE R LR ) IR % 12 3
5 (Murad et al. ,2007) ., DN1 45 H 8K 5h 4
JERELL 2500 F (B % % 17 4 (Murad et al. |
2007 ; Stoleru et al. ,2007) , LPN #2550 4% &
P HF K TIM 1 A #F 5 PER ( Kaneko and Hall,
2000) , AP B2 T, KI5 DN2 #
2ot 3 W) 78 U B2 [ 25 A vh e R o 1Y 9 5 1R

(Yoshii et al. ,2005; Miyasako et al. ,2007) ,

b U R e R A B
HOE , AL 5 g R R IS 45 (Lupien et al. ,2003 5
Wen and Lee, 2008 ; Shiga and Numata, 2009 ) , &
MEFNERER |- PER Pzt TR, 2000 Sl -
LNvs #1250, I H. A3 Az 30 45 S 50 th 30 THEH 6 1 21
T 4 £ L HE (Colwell and Page, 1990;
Tomioka and Chiba, 1992) . ZX{U R |- DNs 145
TC TR R T LN ) e 2 00k 4 i i 3l
% B ZAE ] (Tomioka and Matsumoto, 2010) .
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FLI003 3 AR 2 RN A AL A E B S A T A Y
Ik g TEYM R ILE . B BT, R
g b M 22 I A R AT sk s A R ) R
FEIR )2 LA RS 187 53 - TP S A5 A A
B W B 1 A% O 4> 7 BL ) ( Hardin, 2006
Kyriacou et al. ,2008) . #%.U> B4 35 K40 45 period
(per) timless (tim) . clock (clk) . cycle (cye) F clock
work orange(cwo) . M per BRI 1 MLEE
o3 Ok 19 A W) 4 FE A (Konopka and Benzer,
1971) , IE & XT per By F k58 T BURT PPk 5 26 1
DT K B, per KIZHLUG, 5 per B
(A [R)RE BB 1Y) time b 6 IR 9% &% P ( Sehgal et al.
1994) , 4 SELUIR , clk cyc  dbt 55 5 I AH G A Ak
K %% &3 ( Allada et al. ,1998; Price et al. ,1998;
Rutila et al. ,1998) , 33, vrille (vri) ( Blau and
Young, 1999 ) Fl shaggy (sgg) ( Martinek et al. ,
2001 ) P BE A & B e il 2 BRRY cwo J5 PRI A1
LYy AL Y B 22 2H B (Matsumoto et al.
2007) . Frfax s BL R ROHE H S 5 Ak
{14 T [v) 2 ] 2 45 B 66, DA T 7 A 240 L 1N 535
K- AR E R R . FRAT B I 253 L
il 8 5 B SR A | i U R R B R S 4 3
MK,

2.1 HFREE
MR A o TR AL O o AR
PE R T BE , 1 £ I K 0] L4y Sk 7 SR U0
F AN F PR . % 5630 A 4E Clk Cyc,
PDPle, % s 4 il ¥ £0 45 Per, Tim, Vri F1 Cwo
(Hardin, 2005) , Clk/Cyc 7 BT A 1E40 %
255 25 3 F & E-box ST (Gl /& CACGTG
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JF¥31) 1 pdpl & \vri .cwo per FI tim ¥ 5% 04 |, 1F
a8 B8 5% (Allada et al. , 1998 ; Rutila
et al. ,1998) . Vri B] 455 5 clk 1 V/P box i
clk B 55, i PDPLe WM el #) V/P 1A
Vri, 1T 25 BH. & J3 3l clk B3R 35 (Glossop et al. ,
2003) X ELPELAH AR, BT B B 5t
PP IR, IE R X e A B Y B B R
T LA A B P IR 231 A W i, T A o AR Y
— RHNAE R A AN S, B, SR A
Wih o> TR AL 3 N SRR IR B, . 25 1 IR

&, Per/Tim £ 1 7E 41 M 5T Hh B il — SR A, 71
RS B ANMAZ , M CLK/CYC [ %5 S0 M, 45
VT E L 4 2 A FRET, Pdple J2 ol
5 SOV, Vi 5 Pdple 35 P/V-box 464 iz
SR clk B%% 55 (Cyran et al. ,2003) , %5 3 N3
P, Cwo il i 47 5 45 & CLK/CYC (3845 E-
box JTAF MM CLK/CYC ATt (4 5 s 6 14, AT
A0k 1 5 A pdpl e vri tim  per 45 {1 % 5 ( Kadener
et al. ,2007; Lim et al. ,2007; Matsumoto et al. ,
2007) (K 2),

®
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Fig.2 The molecular genetics of the clock in Drosophila (Koh, 2006; Allada and Chung, 2010)
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microRNA Xt ¥ % J5 W # & & — & £ H.
microRNA 255 5L A= ) b el 45 0 (R Bl I T4
KIS BRI R S A AP % D it . A
FEINNEG SR A W 1 AN R IR 4 2, A
FHMEE X e AE Y P e O L L
o, B E IR AR 2 BB OC R M1 32 B IR IR 1k
AR o A T TR AR B SR AL R A% . B b )
B/E H, Kadener %5 (2009) 43 #7 T HE 34 38 CLK-
CYC T IR{IRH SR TE e 11 CYC-VP16 fl & & M
TERTRP#R 28 J0 rh Ik X % SRR . B8
CYC-VP16 ik , 5 R i S5 i M R 4 15 (4 s
3~6 %), 1M CLK HEIEAYHE mRNA % 5% 42 5 A X

BAR(L 5 %), iX R H Al BEAEAEFE % 5 PR
it — 2R % LA e 7T BE S5 AR W B IR 45 1)
microRNA | & i 5 88 microRNA bantam §g 35 51| 4
£ clk mRNA | ZE-C R i e B e R (181 2) o A
MUEA] microRNA 2 5 B TR, /DAY
W & L Z A~ microRNA 225 1 A Yy 1
# (Cheng et al. ,2007)

2.3 BERFEE

BRI X A W 8 43 - B35 L 1 G it
BERERZEM. BHE, & BB 8 A 0 R 5
EEAEFE TIM M PER b BB ALV I 76 Hoh
A EEMEH, L PER A TIM X EAIME &
A ) A A% R e B ], B R Ak Sz 2R Ak iB I
£ PER il TIM Z& 1 /) 5 , PER 1 TIM 7 [ 32 %
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1z ¥ fi# DOUBLTIME ( DBT ), CASEIN KINASE2
(CK2), SHAGGY ( SGG ) #1 # Iz i PROTEIN
PHOSPHATASE 2A ( PP2A ), PROTEIN
PHOSPHATASEL ( PP1) 4§ g 1& iffi ( Fang et al. ,
2007; Kim et al. ,2007; Kivimae et al. , 2008 ;
Meissner et al. ,2008) , #ifiRfk ) PER F1 TIM H]
5 E3 7 % 1k 1% # iff SUPERNUMERARY LIMBS
(SLIMB) %5 &, 51 & 1 19 B f# ( Chiu et al. |
2008) (1&#12)

3 HmHERS

FETATR M i 5876 AN [ #1228 L7 AN [l 9
it I AT B [ RS X 86 28 0 22 [A]2 An fif 15
BT AR RO HE A 7 INTE RN 2250 2 TH] B YA
M, B YRR R AR (Y > 7 R R AR Y
A PR B WA AN [R] i 22 50 2 18] B9 KA 5 25 TP b

s Ml 4373 4 (Nitabach et al. , 2002) , 7£ LNvs
PRI IR B0 B 38 8 23U BR AT O T A, W)
IF Y B 3 26 41 g 19 73 - 19 3 (Nitabach et al. |
2002) ,

SRS )b 0 i S ek 2 BN
Ry P BT 5T, 4% 2 R A1 22 b it 42 JIK ( PDF
NPF .sNPF  ITP  IPN-amide ( NPLP1 ) ) 7] 8 Ji% b 5
g A e 0 B S T (81 3) o SR
DN1s F1 DN3s 4 ih 28 50 S B 98 0 B8 4% S 1R 5 75
fifg, 1M sLNv & A AR B 2R 22 AR, T R 32 4K
HREIG I LD 547 SR 7% g s X% 2k A2 4k,
DD Ze T FISE K o 3524827 fifp i) 2 R 24 B 2 55
SRR | e S/ N1 AT BB S 5 AR W P
IR S il AL 3 55 . AN CMENBGR ZH I L TR
BERN v — 2 2T R (Wegener, 2003; Yuan et al. ,
2005 ; Hamasaka and Nissel, 2006)

@ Cha
@ Unknown
@ IPN-amide

B3 $h#ZEITRIEZBXHENLZYRAEARELR (Peschel and Helfrich-Forster, 2011)

Fig.3 A basic overview of clock-gene-expressing neurons and their neurochemical

characterization (Peschel and Helfrich-Forster, 2011)

PRZER PDF J& f 81 L, R 9015 LU AT 28
) SR A R 1 R K F- . PDF &Y PER 3t
SEE T s-LNv Al 1-LNv, BLU7E WA Ry & 2 Fl B Ry
A Y b BB #R 48 3 Bt (Helfrich-Forster,
1995) , PDF M\ LNvs 125 S0 BT o 7 fig i 4 )
PRI Z2 98 2200, T8 15 A5 5 1% i

25 H B M 22 6 ( Shafer et al. ,2008) , PDF H:[H 3
KRR I HAE 1T PDF QA sLNv B850 b 1R
R HANE (Park er al. ,2000) , 753X LEPh 22 T
T~ PDF J5 23 4E 5 PDF 2878 (A — L JC 15 11
475 (Shafer and Taghert, 2009) , 54, PDF 34 n]
DA S7 5 R O e HG B sk 28 0T 9 R
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( Choi et al. ,2009; Yoshii et al. ,2009) , PDF sZ{£&
SENL R IHAL TAR Z 80l 280, X Lk — 2P R 52
PDF 6 2 4 28 72 ) T 22 4 1 ( Hlyun et . |
2005; Mertens et al. ,2005; Lear et al. ,2009)
PDF {55034 — > 1 5 1 [ 20 3 i, d5c il i AF
SE RIS 5 Bl BRI 50 T ' A B IR B 28 5T
PR AE Y JE 9% ( Parisky et al. ,2008 ; Shang et al. |
2008 ; Sheeba et al. , 2008; Cusumano et al. ,
2009) o 2 fBLIR d B AF 5, RS b B B S A SR
PDF Xof 5 4 19 9 4% H A7 5 24 ] (Petri and
Stengl, 1997 ; Lee et al. ,2009) ,

MZEIK NPF BYZ5 R 20l T A s 28 ik Y
FG AR T TR v i 53 6 4 i R0 v A R 22
RY5, TERMER B ZTT b, NPF g {37 A& BT A
TR LN #1125 95 ( Lee et al. ,2006) , sNPF %
PRI T 4 4> sLNvs $HZEI0H 2 4> ery FHPER) LN
#1255 (Johard et al. ,2009) , {H 2 H X AR Py 4
W EAEERBEARTERE . XPIFEMZITLL PDF AR
FEAYPIZEE T, I H sNPF 3K LNd #2858 [
AF i 2 IR RE ( Cha) #1128 5T , I I, sNPF A GEAE
A 188 Tt 22 386 O 7 I 4 B 8 v A A FH ( Niissel and
Wegener, 2011) , BT K (ITP) £ ik T 5th s-
LNv F1 NPF  Cry B4 LNd #2555 (Johard et al. |
2009) . NPLP1 J& 53 #r 5 i 4y de i 28 22 48 1 A O
BRI % PR ( Baggerman et al. ,2002) ,NPLP1 J&—
AT, 38 2ok P E 220 i H 2 S K TPNamide
A1 MTYamide, JH H, IPNamide 3 ik T #5473 DN1
h 2250 ( Shafer et al. ,2006)

4 EHIEEMM

W R I IR G e AP AE T B L 2 A ]
HAD et KT 0RO, 1R B W 0 W A 2
M EIE o 19 15 4] ( Giebultowicz, 1999 ) , per K
BN 2R Tl A o LA SR S s per PRI TE SR | fink
13 BRAETRALAR R B T A AL (Plautz et al.
1997) o AHARLAY &35 SR AE A g 48 A Fn ) 178 41 41
WAFAE , 3X 86 2 82 PN 43 0 F0 HE ik 1) = 2220 2
( Emery et al., 1997; Giebultowicz and Hege,
1997) o ARAMEFERYIX LD per BN [A] 4t 3R
TR L RO R I AR e B ARRN X Sk SR
15 QA4S per FERIIR T RIS AR A AR A1 , X 3R
B e X A W B O A A S A0 A AR W B e =
( Giebultowicz et al. ,2000) , MRy H A= # 4,

2N ( Tanoue et al. ,2008)

SR B ME A 56 42 5 vh e o TR G o
MRl ery S7E (ARG ery” (1) sSLNv #1550 PER Al
TIM KB 5 TR , (2 X Fh k% 76 5 [RE b
1H 2% (Ivanchenko et al. ,2001) , 5% W X REL B8 o1 1%
LA BT BBIAE ry” S PR AR [ B 2
(Krishnan et al. ,2001) . XEELERL KB ory B T
TEH XA v A Ry RS2 4 oh TSN A A= W el
HHEBEE/EH (Emery et al. ,2000a) , F-MIR 5
P Ve TS S0 A A= 0 b A e S A B 5 D FRATT
TRVTAM AR 5 % el 78 23 1 AP AR AT S i i 42
HETT 22 AR

5 HFiESRE

BT B B AR B TR SR T
FRAT T A W 1 A B0 RE A 240 i R 1 AL £ LA
Ir IR IS C 2 s B AR M A 4R Y
HE AL o AERIR G I 71 S BR824
TR 5 56 ER IR TR WT 5835 . TRl M2
Yoo T gt 22t 22 B R 2 TR R T A Y
PR SR ATk, 2 BB R A
FOFEIN B 2 B o , 1 L8 [N nl BE A% 188 15 5 4% 1
ANMLAE - e o (U, de A X SE S N U A
BRI X g3 A A 1A

FATNS A=Wy Bh T RE T fifp e A B JE AR V2 Ao A ]
PR R o 23 B A ey K RS K
TTANML A th L AR BRANAT D9 SR AR W B R R
2ERAEHI? bR Tz sh 5 AN, He 1 g 4i i
Mo FHERE A7 R EAAERZ RS
LA 1B NN s B RN VAN TN S e 8
FUAT, BF7E e 2 i LB 28 /9 2 PDY A iz 3
T AR R T A ORI A
i HR AR S o 4 A B, RRAE AT LAY ik 3 4 9
A BRAAT TR RPN AL 2T AR ERUEY)
BT E R R S, B SR AR W B A I SR D FATTBE
figp LR T ) LR BRI 2 B DL
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