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Photoreceptorsand Light Signal Transduction

YAN Hai-Fang ZHOU Bo LI Yu-Hua

(Institute of Flower Biotechnology, Northeast Forestry University, Harbin 150040)

Abstract Plants have evolved the capacity to respond to wide range of environmental signals, one
of the most important of whichislight. Plants formed a precise system of reception and transduction
of light signal in order to grow and develop optimally. Recent advancesin light receptors, elements
involved in light signal transduction were introduced in this paper.
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al., 1996) ,
1.1 EEER

R 2 R B 20 LA ERHA— KR 1959 4F, Butler F57E [ S HL 1Y
Beltsville JE[EAO 803, FHAM TR A I S 9 (b 35 ( Brassica rapa ) 511 Hi
WAL oK (Zea mays ) AR NWIRLT G FEL G —Fia R, XA R &)z
TEAET Rt . s et &8 ey b, B GO ML S ik, 2
SR Z DL SO

D1t QL o CEALAY 17 W B (1N €A W o) BITEA ]
(Pr) AENGAEASIEEME] (# 1) (Nagy and Schifer,2002 ),

RN A EAE PR R G (0 243 1 (Shimazaki and Pratt, 1985), RIGH( R
[ (phyl ) FDGHZ T (phyll ). phy I JE—Fh 5 iE KRS BT, DLRIK
AL TAMTO P . EAEMZIE (R) Fed hiG b (Pfr) JoAEae, dkFEf,
HAEG TR, HATEBES R AR R PG, FE SR OIE U 280 & e, A
T IR IR L b ) 2t (A0 b 5 ARG phy T R EAEAE Tar 2120, it (R)
FEAOIEAZS (Pfr) JaRoEfefe, HAEE FRIR ] G, phy T A RIRHYIE A
F7EAE . LT o0 R 4 P AR Bt 3 SE R 50, AEPARG ST 401 1 A BRAT TR AN ] P 2
A Z A SL A 1 3L ( Sharrock and Quail, 1989; Furuya, 1993), Zr3ln#sh PHYA
PHYB, PHYC, PHYD, PHYE, iXYESE[RY A5 rofe mwAﬁpwlﬁﬁm€é 1i&
Wi K 700 ~ 750 nm (RELEELT Y, phyB A phyll K6 2, Hli < 600 ~ 700 nm )44
419% (Hudson et al., 1999 ), {EWFHCHUE ZAFAETHH A, JE T phyA FlphyB #5E{
FYNfIRZ T (Kircher er al., 1999b ), i H: phyB fE£006 R a4, phyA 7ERLl0t T
A% 15485 (Kircher et al., 1999b ), filify 811 phyB-GFP ( phyB- green fluorescent protein )
1E phyB RARTETF M FAMAZ S, BRI A, XA ) (RN AN R EPS
( Yamaguchi et al., 1999 ), JGHE{Z e/ UE AR 5% ﬁ[ﬂ%ﬁﬁfﬁ‘m REE P
Rk, XGRS S SO AIGE, FIHBEREASEHAR, Ll phyB 1 C i XSO T
TERL ST 25 T2 helix-loop-helix 445 [H - PIF3 ( phytochrome-interacting factor 3 ) ( Ni
et al., 1998 ),
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Fig.1 An working model of phytochrome in red and far-red light
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N 2/3 phyA C 650 750
phyA
N C 5
Clack 1994 N Pr/Pfr
phyA phy B N
phyA phyB R FR N phyA
N 52 FR Wagner et al. 199%a C
N- phyA
phyB Quail et al. 1995
1.2
UV-A 320 390 nm UV-B 280 320 nm uv-C 280 nm
UV-A /UV-A
cryptochrome
(Jarillo et al. 2001)
hy4 HY4 681
CRY1 5mmol-m2.s™t  (Poppeet al. 1998)
phyA  phyB cryl (Ahmad et al. 1997)
CRY1 CRY2 CRY1 CRY2 N-
C C -
Yang et al. 2000 CRY2 C-
CRY1 CHS
CRY1 CRY2 CRY2 uv CRY1
1h CRY2 CRY2
mRNA CRY2 CRY2 mRNA
CRY2 (Jennieet al. 1995 Ahmadet al. 1998)
uv-B UVv-B
phenylalanine
ammonialyase , PAL Uv-B PAL
uv-B Singh et al.
1999 uv-B Chaturvedi et al. 1998
2
uv-B

Short and Briggs, 1994
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phyA phyB
cyanobacterial

Cphl cyanobacterial phytochromel ,

Rcpl response regulator for cyanobacterial phytochromel Yeh et
al. 1997 PKS1 phytochrome kinase substrate 1

PKS1
Fankhauser et al. 1999 Auxin/indole-

3-acid Aux/1AA Colén-Carmona et al.
2000

phyA
FAR1 SPA1 FHY1 FHY3 Hoecker et al. 1998 bHLH
HFR1/REPL/RSF1 Hoecker and Quiail, 2001 MYB
LHY CCA LAF1 Schaffer et al.
1998 Ballesteros et al. 2001
FAR1 phyA
FAR1 FAR1 far-red-impaired response
4 4
FAR1 NLS Hudson et al. 1999
PhyA FHYL FHY3 FHY1
FHY3 FHY1 phyA
phyA Desnos et al. 2001 FHY3 phyA
FAR1 phyA
Wang and Deng, 2002 SPA1 phyA PHYA COP1
SPA1 Hoecker and Quail 2001
phyB phyB PEF2 PEF3 RED1 phyB
Wagner et al. 1996b POC1 photocurrent 1 phyB
POC1 PIF3 (Halliday et al. 1999)
2.2

SUBI subl
SUB1
phyA SUB1
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SUB1
HY5 Guo et al. 2001
UV-A cryl cry2 CRY1 CRY2 COP1
WD-40 (Yanget al. 2001) COP1
C
COP1 COP1 bzIP HY5

(Wang et al. 2001)
2.3

PEF1 Ahmad and Cashmore 1996 PS Genoud et al. 1998
PEF1 PSlI
COP1 constitutive photomorphogenic 1

COP1
phyA phyB cryl cry2 COP1
COP1 675
76 kD , . N-
ring finger zinc binding domain,RING (coiled-coil domain,COIL)
C- B- WD-40 WD-40 repeats WD-40 Deng
etal. 1992 COP1 40~60 kD
NLS COP1 NLS COIL  WD-40
Stacey et al. 1999 COP1
CLS RING COIL
COP1L WD-40 N- NLS CLS
Y amamoto et al.
1998 COP1 2 Torii et al. 1998
COP1 HY5 HY5
CoP1 N- 77 DNA bzIp bzIp
G-box  GT-box Harter et al. 1994 Kircher et al. 1999 G-box GT-
box cis-elements Thompson and
White 1991 COP1 COP1 HY5 X Y
CHS chalconesynthase CAB(chlorophyll
a/b binding protein) CHS CAB COP1
3 Ang et al. 1998
HY5 HY5 DNA HYH

COP1 HYH
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1
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Photomorphogenesis

B2 b COPLITTAKIY (Keiko et al., 1998)
Fig.2 An working model of COP1 under the light

\
rV copl Cytoplasm

COF]
COP1 @ LREl
\_/ Q_IL
LRE2
Dark Nucleus

.

B3 HY SH COPI F5HU/E VA e B R ik TAERA! ( LRE J6NHE ®AF Tl )
(Lay et al., 1998)
Fig.3 An working model that illustrates the antagonistic roles of COP1 and HYS in light
control of gene expression
(LREs represent light-responsive promoter elements)

HY 5 & I IAEEA B T HYHZE R E A7 AE o HYS 8 I RTHYH 8 0] A2 AR AR — 2R 44
LA, AR H SR (Holm er al., 2002 ). KIF HYS MIEPHEHE FiE
41 PEF1 f1 PSI2, ‘EAIXFFLICHULL A5 A s, YERIFLEE HATEATE 2 (Genoud er
al., 1998; Hudson et al., 1999 ),

H—~ COP 1 (i Fii#fEHIH ¥ CIP7 (COPI interaction protein 7 ) CL#/ 55, W& —1
HHMEARAMSEARK, — N ESBARKX, WAOREZSEREREER, WA NLC HPA
COIL, COPI ] COIL X flj— /o355 CIP7 #1454, H CIP7 8 % AT 15 DNA 4557
BIREE TR XL 387~1 058 M Z IRy, A RIEHESOMBEAR T, 7T REw A i 15 DORAT:
T CIP7 SRR FRZ AT, ek, M5 HAHF—&EHTER CHS . CAB &
BRI M. 1 COP1 X} CIPT H I, fEMKE T, COP1#EEYS CIPT G, HHA
W, WES CIPT M A S . MU RS ( Yamamoto ef al., 1998 ), [HifiAA
CIP4 R CIP1 WFEEEp: vile, ©Ai15 CIPT MFER—AF, PG 25 ( Yamamoto
et al., 2001 ),

BOlt, 5 COPL A FAMEFREF or88 # &, ‘EfEHT COP1 R, 5 HYS FEHINL
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2004
CAB CHS Cao et al. 2000
COP1b WD-40 60
copl COPl1lb COP1
Zhou et al. 1998
2.4
hy long hypocotyl
hyl hy2 hy6 PHYA hy8 PHYB
hy3 CRY hy4

hy5 Koornneef et al. 1995

signaling early flowering Ahmad and Cashmore 1996

pefl pef2 pef3 phytochrome-
fhyl

fhy3 elongated hypo-

cotyls in far-red light Whitelam et al. 1993 Johnson et al. 1985 redl red
elongatedl Wagner et al. 1996b
phyA  phyB
det
deetiolated cop fus fusca Chory et al. 1996 Torii et al. 1998 Walters
et al. 1999 detl det2 det3 copl cop2 cop3
cop4 cop8 cop9 coplO0 copll fus4 fuss fus6
Quail et al.
1995 Staub et al. 1996
Kwok et al. 1998
hp high pigment
HP
HP-2 DET1 HP-2
DET1 DET1 Mustilli
et al. 1999
Det2 cop2 cop3 cop4 COP2 COP3 COP4
Hou et al. 1993 DET1 COPl1 COP9
Mayer et al. 1996 COP9 COP1l1
cop8 copll COP9 COP8 COP9 COP11

COP8 FUS6

COP8 DNA
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Ca2+
Calmodulin
G-proteins N
cGMP
N
? .
) ‘4? Plastid development
Phytochromes —p FARL SPAL g, COP1,DET1 !
FHY1, FHY3 . Hypocotyl growth
COP8,COPY
LIGHT . Cryptochromes COP10,COP11 phy"::ormo"e - Gene Expression
(blue-light receptors) EEEE— FUS12,FUSI3 ? patiways — ~ Activation of
FUS13.FUS14 —> A ghoot meristem
UV-B receptors _— HYH,HY5,CIP7 /'
Other Cotyledon/Leave
Signals Development

Signal Early Central Downstream
perception Signaling Switch Effectors

B4 JeE24S . 815782 % (Hardtke and Deng, 2000; Schifer and Bowler, 2002)
Fig.4 A scheme of transduction and regulation of light signal

W (S 1) 4% (Mundt er al., 1999)., {EfLEIFH COP9 J&—4> 8- WAL 54, S
fith COP9 (1 4 /I 3Esi 1 H 5 COP9 . FUS6/COP11, FUSS FlJABL A EAEM, JGTiss 4 -
1 COP9 {3 ( Serino e al., 1999 ), [lif, BSAF(EY JAB1 ZIEER TSI [A] P Rk 62% |
63% 119 AJHI Tl AJH2 SEIH, WPt ) 2 S COPY 3k, BT AR S sy
I, PR T AT T BRI COP1 Il DET1 947A7E (Kwok er al., 1996 ),
3 NG

G S S 4 T2 i T B 2 SRS A AT AR IS TR BT R
WEVEEIE , 00 Gt el B R | BB EMEIDEZREZIMOLE S, @
PP %A (early-signaling components ) Il FHY I Il FHY3 4§ (FHERDEHE R A M)
255 central switch WG ASEERLHEHE AT COP/DET/FUS MTHYS, $45 HLo i AL HEA
e N RON T R AR, VEFRT H RN, SRR R (B4 ). fE—LESi ]
T BE R IR AR R K (5 | R R 26 R ST S AR 1 R B R AN 2
(A, HCEp B B g Ca2*, $5HZ, G H M cGMP 1EiX —id Fe i iAo
€ (Bowler and Chua, 1994),

Yofs it PR L RG . FEREEERTHSYE, ARRRLRFEEN. Haex
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