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Post-translational modification is an efficient process to rapidly transduce external stimulus into cel-
lular response. Ubiquitination is a typical post-translational modification which is a highly conserved
process in eukaryotes. UPS (Ubiquitin/Proteasome System) mediated by the ubiquitination is to target
diverse cellular proteins for degradation. Among E3 ubiquitin ligases that function as the key determi-
nant for substrate recognition, CRL (cullin - RING E3 ubiquitin ligase) is the largest family and forms
the complex composed of cullin, RBX1, adaptor and substrate receptor. Although CRL1, also known
as SCF complex, has been widely researched for its biological role, the functional studies of CRL4
have been relatively elusive. In Arabidopsis, there are 119 substrate receptors named DCAF (DDB1
CUL4 Associated Factor) proteins for CRL4 and a fraction of DCAF proteins have been identified for
their potential functions so far. In this paper, current understanding on structure and biological roles
of plant CRL4 complexes in a diverse of cellular events is reviewed, especially focusing on CRL4 sub-
strate receptors. Moreover, the regulatory mechanism of CRL4’s activity is also introduced. These
studies will be helpful to further understand the signal transduction pathways in which such CRL4
complexes are involved and give a clue to establish the action network of entire CRL4 complexes in

plants.
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9 Z4(transcriptional regulation)?} ©] 7|
243t 9 A - B o FolAE
¥ g (post-transcriptional / post-translational
)& 5ol AEE 5 ok o] T, MY F WY 3
o tEAQl A2 9d S AHAQ 2dd Aoqst=
Q14+3} (phosphorylation), ™ & 3}H(methylation), o} © 3} (ace-
tylation), 4= E.3}(sumoylation) 5-°] ¢loH, ¥ B & F
g A 2o Bodstes F1] 3 Bl o] A (ubiquitination)
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FAo] ZAFT AAsZe) 2d3} g WY T Wy 3

& o] Fold & Qltke HelA I
ok Q43 Ao R g EEHE 43}
Z E(pool) ZH ] #HH = FHIAH
2 H o] SojAoF 1 A7 S|

>

243 Hud o,
dold A& A
A e
FHIFAE U o] AL WA Zo| S3tHo] slom, M=z 3
B AN F < st ol 76709 ofvlx
Ao g o] Fol AT AQl 1] | (ubiquitin) ] 7]E 29|
22 A& T3 doldth58]. FHIAE o] HE 7ol £
AH e frHl AR Feol whet 2A EefulFEyolA
(monoubiquitination)# & 2] 1] 7] ] ©] A (polyubiquiti-
nation) & E 75 =0, Ex=FHlFHE A Y A vtad
Aol AE W A3 2-4(endocytosis), DNA 44174 (DNA re-
pair), 3 22& &4 (histone activity), Al W ¢ X 3}(intracel-
lular localization) & THS o|HIE] AAs& ZA0E B1
53 3ATH24, 29, 52, 58, 61]. kR, Ze A E ol Ao
T Abeol dAE e Fdd wet 1 7)ol ERrET vl F
| At 49 Aol He obrqkd 2ol Al (lysine) <l El,
FHIAD S & 709 goll& Bieta glom, 11 5 48WA)
(K48)9} 6391 A 2ho] 2l (K63)o] + A ofr|ito g Hilg
of gtth. o] T Ka8< TF e FHIFAE A2 g AA
o 8 4TE &z 9ud Eao daFol Y= i,
Ke3& 58 el fulFEvold e 25X A3 dide 2



7} 43k autophagy), =% °] & (endosomal sorting) & °l
Htp 83 9&$ st ASRE HAAT54, 59].

gl FgUold e T 9] Eell= 265 T2 o}
% (proteasome) | 2} =2 & F(barrel) ¥ At EEA U
ol A dojuh=dl o2 EFA = A E B ATP 7h+E8)
4 FAE 9 TS F7(19S regulatory particle 52 195
RPzF E2le)s &9d Ze 24 B FAFH(Q208
core particle & 205 CP2} £2])Z o] Fo4 9th[67] (Fig.
1). Aestd FulFEs @i de 19 R 54 2T A E
(subunits)oll <J3] AAHOZH 265 TZH o}F YEZ o] F
A Hewl, ol F 7HE AW eletA d7d #d 299AE
Rpnl0°]th. Rpnl02 frHIAE Abe B frrlFEstd &2
EFE YT F U Aow €A don ofyd 942
g gl o fulF e A% RE Z(ubiquitin interacting
motif , UIM)°ll &3] doidth[79]. Rpnl3 ATHIA GA] FH]
AY AH ol Befste Aoz deF e, ol A4S &
&9/ A W] N-terminally-located Pru (pleckstrin-like re-
ceptor for ubiquitin) E¥ ¢S &3l o] FoAzTh F ATA
A S0 Zojd ER AMO|A Y A% ZRHoFFOl
HIAE Aes AgstA xehed, o3 2AE Fel AT
ATAE] ZRH}EFS A KUl AL FEAEAM T
4TS ot eS¢ F AT30]. HEA ZRE}E AT
A o9l 54 frHlFAE A @ o] o] Q¥ (adaptor) E A
o qg< F AT FdA £24A < RpnlH 0 FE
st @A S dAAA o FE 4&S sk dhed, ol
i8¢l o2 UBL/UBA (Ub-like/ Ub-associated ) T 4 %
ol & <4HA UT17, 36].
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FHIFAE ol #A L 3579 &4 El (ubiquitin acti-
vating enzyme), E2 (ubiquitin conjugating enzyme), E3
(ubiquitin ligase)®] AA #F& Tl Loldth E19 A+
ATP 9128 $4¢ 531 fH793 2% ¥ o2 B2 A2
S A v, B g 5 2R 24 B

2

T B35 FHlFE ol

o U4 714¢ ARVGE WolA A7) B FEAZA
2 g 2ABTHE7]. 714 A5 270, o 379 B,
E27} Z47F HaE o] gl ¥ B3 H 4 1400707 EA8 =
ALz HuHYEH, ol 714 Solide AAst=H SlolA
E3 847} 38 4T< 3t J5& AR5, 73] B3 £4
% 7H¢ 2 familye cullin @84 & scaffold2 EFAE o F
o] 7]%38k& cullin - RING (really interesting new gene) E3

ubiquitin ligase (CRL)©]TH[62]. CRLE cullin Bt ol uhet
CRL1-774A Eas o} sh=tl, 459 ¢ CRL1, CRL3, CRL4
7t 72 BSjo® dEA doH, o] F CRI4Y 7& 2 AA
W &2 mad A 5ofAok A8 A5 AFst
[7, 41]. |8 dAF= CRUAE FA = 11909 714 +&A
o g A& T3 FAsEHAAL e, & HEHAY
CRUA 714 #8419 54 9 tddd Ax o 34349 AaA
gAS B3l CRIAY AA W 93 g 7154 Bs +53
1A e H2 ol st o B FAAgAME 1A
CRLY F5, 7% % Fefo thafl LolrE T, o] FolA CRL4
of 24& 20| CRI4Y A 7%, F424 9 o]0 &
o3te AE AX Y g ik 5 golRaA g ol
e AA7A HduolER CRL4Y 712 84S AR,

19SRP

Fig. 1. Types of plant E3 ubiquitin ligases. They are largely divided into two groups: HECT family and RING finger family. In
the case of HECT type E3 ligases, they accept ubiquitin from E2, generating the intermediate form as a ubiquitin donor
to transfer ubiquitins into the substrates. In Arabidopsis, only 7 HECT type E3 ligases have been reported, indicating this
group exists as a small family. On the other hand, RING finger type E3 ligases mediate the process of transferring ubiquitins
from E2 to the substrates, without generating the intermediate form. Unlike HECT family, Arabidopsis possesses a large number
(~470) of RING finger E3 ligases. U-box domain is a modified form of RING finger domain and Arabidopsis genome has

64 U-box genes.
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Zt 714 A AE W A Gl dis) g staat ok
2 E

E3 ligase?| &7

E3 84 A%9H 3 248 7% we} 24 HECT
(homologous to E6-Associated carboxyl terminus) S ¢l
(domain) Bt} # RING (really interesting new gene) =2l
B} 02 Yol AT (Fig. 1). HECT EF) 9] 4%, AA vl
EA 3t A28 (cysteine) 715 3l 22 HE 9] fH1F
HE F8ote] FHEAEE Heod2uE2 3 F e (covalent
thioester intermediate)s ¥4 &, sjd FHlFES 7EE
At B RING B2 E2-frHl AR 714 & 3304
S 2 A AR & ST AHIFAE S B3R A f §lol
HE 7 dE dEgste WA AdTHes). €7 E39 A,
RING = %13 HECT =" ?1¢] hybrid tﬂEﬂi EAste A
o] RuH =, o] 4% N Toe] £ 3k= RING £l
E2-fH R Bl 5l & C goe] 45k HECT =H<
o7 fulFEs ALste WalS F3hH, o] & RBR (RING -
between RING-RING) ligase2}a FEUH[10]. RING = ¢l
BF 2 OhAl 248 4 ol et cullin 47‘;—‘1 ek cullin
& Fel= vdoh 718 A oF 46970 9] RING =
ml Bg gado] Qe AR @’ﬂ’%ﬂfﬂ, ojg hHES
cullin @A ze] AAA §lo] dFA 2 1 7|5& 79
e Aoz dEA Ju70]. ¥ RING &l 24 dad
% RBXla, RBX1b®] 4 9% cullin 9 A7) AHA 452
4% 53 CRL 28419 4R2A E2 49 recruito]l #of
gk RING =¥ st #2402 FAHE Ubox =99 E A
i =3 de] Husof gt giEe RING =M B
E}"“’éﬂ A R o] 22 cullin B Y EH FEHE 7] 55}
RING e 723 FAAE et 72 ¢

< 98l ot¥(zinc)e &7 FEve HAA 2EA
L‘\313}[78] f71 el = oF 64719 Ubox Trd B
Aol Sl ASE qAEEH, ol Uzl E{3 2170
box EH|Ql B g sfpel & AolE Hdnh o]
= Ubox @AY tefd e, 4= tofdt A f A
g 3 stell At 712 A Ao, o] 50l B} 531H
TP} Yes AT
EFAE ol Fof A&sts B3 49 F FHE CRL 5
A7y 4 el A ok AEY F CRL EEA ¢ CRL1, CRL3,
CRLAE “47] 714 Z cullin T8 (Z2} cullinl, culling,
cullindE B fr)oll whet BREEE, AAZ 4 EEAE M=
o8 74 HuAZ o 2oj7 th(Fig. 24). CRL BEA =
7182 0 & scaffold ¥&S st cullin, 2 &4 recruite] &
o3l RING &2 <l RBX1, 714 Sol4& ZAAse 714
Z8-#) (substrate receptor), cullin¥} 7|4 F&AE AA =

Il‘

J:E::,‘ X\‘ O_\_, _4

[N

d

18 fob ot fo T o oxl r{r

mg(_!
mlo

f

o] €l (adaptor) & 74 H o] UTH42]. CRL 5 7H thstH
g 978 gl CRLISZA o] &2 SCF Efﬂﬂl(Skpl-
Cullin-F-box complex)2t= |25 g &¢ejx g,
CRL19| 7F o/HE =4 SKP1 (A& 4+ 454 ASK),
714 #EAZAM Fbox BHAS B A3ty ok 44 7edt
Hio} o] 714 FEAE 71 Bold S AAAE dido|n

2,4 U g 714S #8387 8 1 FR7F gad,
AAE of71 89 F-box Bl A2 6927 EAJst= AR
F4k5 3 Qi 76]. ool W] CRL4E= ©IWEZAM DDBI
(Damaged DNA Binding 1), 714 &4 2] 1197] ¢] DCAF
SRS Bfeta YET[44, 82, o5 AFAL 72 H
£4& Hol oA 71Es71 2 ok @9 CRL3= CRL1, CRLA
I tha Aoldt F2E Zhed, & CRL3Y A ¢ EEY o
HE Hfsty A ¢ow BIB/POZ ©@¥do] CUL3
(cullin3)t 23 A 2 712 849 7Iss 3T
o}, o714l 2] BTB/POZ @ AL <F 8077} EAl5t:= AL
Z HuH3 JIT20]. CRL SFA % A el s W 59
A e o] A& E3 424 APC/C (Anaphase Promoting
Complex/Cyclosome)7t €24 l=H, cullin 3 RBX13} +
2402 A%d APC2 2 APCI1E 47 B{3dta glo,
H5 o) o]dH §lo] CDC0E 714 F&AZ Zhet) £3 o]
B3 BA S FAdodle Ha 149 FA LD A7)
FHHo2 QFHE Ao2 BAY[50].

B

CRL4 7= ¥ 7M2

371 71%§ uhe} o], CRLAE scaffold® 2H8-3F= CULA
(cullind)E A= FA5 ] 9lon, CUL4S N ZH of
HEQl DDBI, C 2o RING 422l RBX10] Ags o]
At CUL4 FAAE mammal®] 7Z-F FH9 paralog
(CUL4A CUL4B)E HF3t1 & W, 7|3 E 233
g FolMe B FAA42 EAG. 4714 CUL4
AR EE dAE T ATl oAstd, CUL4E FHH
% A (photomorphogenesis), Z 34 (lateral root formation),

>

JIN- re

7] & (stomata) ¥ @& 2F W (vascular tissue develop-
ment), 121 EE9(glucose), A0l E 7] (cytokinin), YAl
2%Habscisic acid, ABA)el i 44 5 s A &8
of AW d & I (pleiotropic effect)E BUE & & S,
ol CUL} B AlZ W #4E& drfste dold 714
TEAERY MR & 2TE 58, d87HA A 5F
A AL ol F gl 7IUAse T3, 11, 44, 45].

CRL4Y o|HHZ &&3H= DDBlS Wl A9 1572 &
At W, o 714 ol = 2% 7 (DDBla, DDB1b)2 &4 &
t}. DDBla% DDBlbe ¢1%te] DDB13# ofr| =it 7]E o=
47k 527, 51.7% o A4 E HAdta glon, Az tis
91%9) =& AEAL HGsln Ytk F gl dol J—%;ﬂoi
%A (embryo development)o]l 8¢ H&-& o &

1

:1

Nr}
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Fig. 2. Types of plant cullin - RING E3 ubiquitin ligases (CRLs) (A) and DWD domain region of CRL4 substrate receptor (B). (A)
Structures of various CRL complexes in plants. All CRLs commonly possess cullins (or a cullin-like protein such as APC2)
as a scaffolding subunit and the RING-finger protein RBX1 or APCI11 to recruit an E2 enzyme. CRL1 and CRL4 have the
similar architecture. They utilize ASK and DDBI as adaptor proteins, respectively. And also, F-box protein and DCAF (also
known as DWD or WDxR proteins) are used as substrate receptors for CRL1 and CRL4, respectively. Unlike CRL1 and
CRL4, CRL3 and APC/C utilize BTB domain-containing protein and CDC20 as substrate receptors, respectively, without
the adaptor protein. Additional (at least 11) subunits required for the formation of APC/C complex are not shown here.
(B) Conserved amino acid sequences of DWD domain. Arginine or lysine residue at 16th position is crucial for binding
with DDB1 adaptor. ‘Hy” and ‘Sm’ represent hydrophobic amino acid and small amino acid, respectively.

31, o5& T 2] AR 4E AL Ut A
o2 ®Qth &, DDBlad] 7 7MstA7] 24 g ©dx33s)
ol e o BAYHANA By FrAQd 4&E gt Aow
Hyyyw }\/\E]'[41. dabla® FEZH 7]54aH EdWoll

1%

ddb1p-27+2] o EdRA F ddbla ddb1b-2/+3} ddblb-2
ddbla/+ QA 9 A5 UV (ultraviolet) o tha A &4
ﬂ 722 Boln, ddblazt ddbla ddblb-2/+ Ao A 2] 7
salt 2 mannitold] O3] F7HE A4S Holed, ol
FAAY 750l BEF H]*c‘!%ti}@(ablohc) Z2EF 2 A
S AY B AFHA d5s FAET19]. DDB1S T
Ao dt Fadgd 23 9 Q% 3t EE Z(motif) 2
%LE‘%Z] WDA40 repeatsE 17 copy &3t gloH, g F9
YF= Bsheets T 725 Foll WA Y (radical form)
9B propeller '?1% Ao 1 A3, AA 3 72
7He EANE FAHE 357 B-propellerst C T 14'/51
Tuolog ?*“H»«Eﬂ, $7] 3% 9] B-propellers 7t7t BPA,
BPB, BPC2} H-2}[2]. o] % BPBO| 7% CULASHS] 24 H <l
B5AEE fe a7He FAE dEA de ¥HH, BPAG
BPC 2/ 2ok A FZ(clam-shaped pocket)E 3 3}
m 71d F &A% Adete FAE AFsts AoE B
2006 ©|F, DDB1¢| 32+l 7% 51 CULA-DDBIZtS] 2%
T2 Sol TAH WA DDBI% AFstE CRI4 714 F8A of
ek Havk 74435 A2, 46]. DDBLE o] §& W3}

4n4

O

O

A 20} E 23 9] (immunoaffinity chromatography) 52 %
o, °1i'49] ATHEL DDB1Y| Sold oz Agtste did
S5 w3 Waler o 59 dosrt BEd JEHo 54

0

ZE ML Slee ¥ wam[z, 25, 27, 35]. DDB13%}
A2 did A oA E2 WD repeatsE B st

o] 213 repeat W9 F 1670 o] =ite] s QE= &
Tt 28 2o EEHS AL e € 7 dd
(Fig. 2B). 47] %-$l+= DWD (DDB1 Binding WD40) X-E] Z&}
A, 71} woll sl RE|ZE st 9SS
o] 717} 85, 78% A5, YA o] S| DDBIF HH A &
2 AFE F 9o Elﬂ‘}i‘jr[ ]. DWD EE X % DDB1

=3

o}
g

%0, o
r{r rN' m o

o2

T}o] A 23 29 e 1316 Ao HFHE W(Y)
DEXRK) #1431 2 P—E dHA g 39, A4 DWD ZE

= glo] A7) 131694 A 9(WDXR EE 22t §H)gk B3}
I 9ol CUL4-DDB1 2% 4 gl 54 @A S0

HuEgled, olg)dh 2 3o gA ﬂEﬂ g3 A2
w of 71Tt W 247 11970 9F 11070 ¢ 2412 ¢l CUL4-
DDBl 2% @il dS 7k 3 le 2108 Rt 47| i
E& DCAFetE o] 502 Wiso] glon, Hrp & He9
A CRI4 718 FEAEE BFE 4 AoH83]. ¢+
AT EZ 53] DWD/WDXR ©] ol DDB1#] Z o] 3ol
e @d g 54 =] EZ BIuHY 13719 a
Uil o g o]Fo]x H-box:= DDB1 W BPA-BPCS) 43 2



368 BBULRIX| 2016, Vol. 26. No. 3

&ol 7hed A2 ¢EA o 459 DCAF 932 Yo
A BAs7 = shed], 259 32k 720 9 AT w DCAF
A3} DDBIZES| A 5A8& A= 7o ste A
22 HIY(7, 47]. 4=14 9 H-boxol th3t A7+ oF4 ]
& eolt.

CRL4 &4 x&

CRL49| &4 242 CRLL, CRL3 53 ntt7k4 2, RUB
(Related to Ubiquitin, 4/ & 9 74-) &2 NEDDS8 (Neural
precursor cell-Expressed, =2 4-%)% cullin?te] 2%/%
ol ofs =A==, oldd #A < rubylation/der-
ubylation £ neddylation/deneddylation®] 2} 47 =t}. 3l
3 34 & Ellike E4 (4 &l A RUB-activating EA21%
£9) 9 E2like (4 £ 4 RUB-conjugating 4815 &
d) E4E B3l o] FoAths Aol A FulAE ol frAH
sttt & 4 ok o] 8@ rubylation/neddylatione cullin?
oAH-712 F&ATY assemblys e FLskH, ofd
CRLY AAA 71%5S H3 &+HT7, 28 57]. A& &
A2 CRL1Y oal 419 A5 AE whgol A dojy=
AUX/IAA ¥3] 3742 RUB-activating 249 TFAA £
AXR1e] ™ol &) A o], 1 A3} SA N WS
A & 3 t}[13]. RUB/NEDDS< cullin® Z %8 HojU & der-
ubylation/deneddylation 74 -& 265 ZZ g o}E 2] 195 RP
Fo o} A F2E ZE CSN (COP9 signalosome)ll 9 3]
dojdtt. 53] 37 74 24 F CSN57F o] # @ EA o +
& 982 ste AR Buga e, AA o718
CSN5 Ao} EdwolA el Z$ RUBZF A% theel CUL47}
A AL & 5 o, ofyd =dwolrt FHHIA
34, FRe 27] 2, 9¢x4 % Axg g 5o 9%
< AAE ¢ T4, 23]. CANDI (Cullin Associated and
Neddylation Dissociated 1)& CRL®] disassembly %%& &
d g EdAY &4S dActe eUdE HuEdt
CAND1 rubylation/neddylation¥ A %2 cullin®l 2 %3}
= AL2 BAAH HAAZ cullin® N 2o A ojdE e} 4
FAEE ¥ AAsh Xet11, 82]. o717t CAND1 =
dAwlolA IA £ 73k(late flowering), 73} 7] ¥ (floral or-
gan) A3, AT $-4 (apical dominance)?] 2}, T2 & Hh&
4 W3, 4 5 9 (fertilization) T4, A 74 (dwarfism) &
Ay Ao AgS obrlstion, REA Y

54 59 d= olstglEH, ol= CSN5, CANDI
NP = 99 CRL 24 40| A &9 g
FAo T8 4T ST & s HAEFH18]

a3

¢

(o3
ofr ot O
S ox

>

e o S L

et

A2 CRL4 receptor?] £7 ¥ &
471 71 nkel 2ol A& CRL4 714 &4 g
AFe A71AUY HE FAHOE o]FoA Sttt I FlA

= 7 CRU4 71d FEA 9 A Wl AF 715 dg o2
o He W7IBHE Tl ol FojFlorng, B FHAAE
W BNE FAOE 72t CRI4 712 F8A49 £7 2 93
i3l dolr Al 3t Lee 5 (2008) 454l 2|4 DWD
=l EAd A F 8% A< DWD &
S 71 B A A § o] & phylogenetic treeE &3 571
o £2OFC0% BRI 4 2057 tE 9 HE §,
o] 53 DDBIZtel 232 Ato] 7hedS WA oEM 4
£ DWD @ do] AAZ CRIA 714 FE4AZ 28 &
AeS &3S tH44]. PRL1 (Pleiotropic Regulatory Locus
1) A2 A Eo A CRIA 714 FEAE G498 Hzo &
Moty 4 PRLIS E=T3 thefd 280 93 A&
o HheS xdstes g AR B uE o] $r}[53]. PRL1S A
A el X DDB1 8 CULASH 2g5 o] 9loH, PRL13} CULA
o] 715 aA EAMl A (loss of function mutant)= TH49
A 84S BAed, 5 F 29¥olA 27 4 A (adult)
o 5213 4% & (stunted form) , fH (seedling)ll A1 9] ¢HE
Alobd (anthocyanin) %3, &, WA 244, Aol E7d o] tf &

Alste, & SR ALY A U A 5o Ao gAT o,
T old BE CRA E@A S F5HA 74 AROE A8
3t & Yehdth =3 PRL1E SnRK1 159 @922l
AKIN10 (Arabidopsis SNF1 Kinase Homolog 10), AKIN11%}
AR A o7 Agst=d, PRL1F CULAS 7544 90|
Ao A9 AKINs A £3) &27h oA F o] Hla) AAH =
A& & o, PRL1S 7]d $E&A 2 A83te CRI4 S3A 7}
AKIN &394 53 A4 Zallstl les &+ A5, 4]

g9, CRI4 714 #8419 b7t v B2 ~Eg 2 4]
T A2 #ojgo]l HuEdt AA R, CRL4 EFA = 7
N oolde & 71d #E4AE 53 359 712 S EATL
ZH, GA 23 ol wifE s e Ao Eddte] ¥
& 5045, 64]. DCAF %, DWD =W9& H{3la Qe
DWA1 (DWD Hypersensitive to ABA 1)%} DWA2 T 2 9
s 24 EdWolAlY B, FFHoE oA, ThE A
4 57 Y A2 AT AFA S HolH PA 24 v
N ol el = FAA QAR ABISS] A A Al o #
oAt ad YA 24 vEE-S 913 DWAL/29] $4 284
ZAY 9o FFolFA (homodimer) B o] ¥ o] FA|
(heterodimer) F4o] STFH= AOZ AZE o AT}45].
ABI5SHS] A A A T3 ol & #fdte AoE 47
¥ O E ¢ d e ABD1 (ABA-Hypersensitive DCAF 1)°| t}.
ABD1¢] 7%, DWA1/2¢ 2¢] DWD = ¢l B4l WDXR
BHZR &f31 otk o] Jead sduoAE
dwal/29F W A AR A, 7HE AZE FA F)
< Hola 9lom, ABD1 ¥ A DWA1/29} k374 2 ABI5



& B3 A2 AT E SAHH R 2E T e4]. CRIA
A7 59 712E Zallsty] sl of Zold 71 £EA
Hfatal JeAe obA AAe deiA A Atk JA 2~
Nz ® e $4 2HAEA ABGE Eajss AoR

3 RING E3 ligase 3 €} ¢] KEG (Keep on Going)®] 7%,
| 224k A Z A 27} -8 9 B Y] o] A (self-ubiquitination)

oo p@ e o g Mo

[

A AfrEA Sk uE, DWAL/2& oA 43S 43
& ABISY| &40l H o]} 27HA ¥& W, T dELe
Aol A Hefsts AT o ANTHAS, 49, 71]. ©1 23 FEH
ol ABIS 238 S A W AF 75 Zold AT
o, CRLA™'9 CRUA™AY? 5o QA 24 B8 985 274,
DA A B2 F7HHQ 1A 8 oF Sl wet 232
A& Aolet AZd ZAT Z& 7)1 %] AR E &
ouh, EAWolA A9 CUL4-DDB1#9| 4548 5
A o, DWA3 A A 24 e A o] &4 =4
A2 A 7]%5 3Tt DWAL/2¢ 98] DWA3E ABS @il <t
Ao AR dBHAE % Zotrh43]

CRU4 71" F&AE 7t 2EH 2 A% ¥ 99 &
g 2Ef 2 A5 A9 AAdE #ojdts Aow
ARG BA A WA A E W HEES} fARSHA|, UV-B 2E
g2 A5 dd 4 9A g RU 712 w84 9 A1
°of gl Ao HAth F §9 DCAF &3l CSAatlA
(Arabidopsis Cockayne Syndrome A-like Protein 1A)%}
CSAatlBE o] BolFA BHZ CRL4 534S F4dsi,
UV-Bel 9J3l] e = A A7 DNA 5774 (transcription-
coupled DNA repair process)oll Al 1 9&-& s}, o]t
UV-B A% A7 #Ad & = & DCAF @ d<l DDB2
(Damaged DNA Binding 2) ¢4 #ol¥ = 202 <24 9
THo, 80]. RUP1 (Repressor of UV-B Photomorphogenesis1)#
RUP2= UV-B 215 A2 #A oA UV-B 4421 UVRS (UV
Resistance Locus 8)¢] 7]%5 < % A|sl= DCAF @A = H1
At 2wl d7E Fa RUP1/2= UV-Bell 9 uj7)
He 3%Y 4 9 2Ed2 A8 Y 44 244
8ol A=, 53 olAF 544 242 UV-BAZ
e #A4< 98 275 UVRSH COP1te] 2F< 3
dtal 1 A 28438 Y UVREY o] F3h A YA (redi-
merization) S FEFO 2N o] FolZT} 21, 26, 32]. 7]E 9
CRL4 71d F8A7 9 d oo #ojsts Aoz &gl
A= 2y, RUPL/2E @A 9 A 2] (sequestration) ]l o]
e Holld i F5st H2 50 UVvB AE A 34
o Erpe 54 2HAE &3t DCAF @929l DHUI
(DWD Hypersensitive to UV-B 1)0] B 115 1 th[37]. dhul&
A5 UV-B A UV-Bol| og t 2] wh&Ql e
%) (photomorphogenesis)& 57HA1719, 4714t W o
UV-B #8 A4S #t % (hyper-induction)E ©| .

1o X0 Ay
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DDB1] %71 40| UV-Bell 93] =5+ DNA &4l of
g FAdRgAAY 4 S Fal e HelA,
UV-B A58} 7154 02 dAE CRU4 E3A 0] v 24
He AL o3 7hed Adeoln12, 51].

CRUAE TAHsh= 71d #8415 Aol & T/ 1&
2E# 2 (heat stress) A1 & A2 3o #oj¥ o] 3tk DWD
T 3le EF3 HTD1 (Heat Stress Tolerant DWD 1)9] 7
, ALY Ade 12 2EG 2 UE ATA FUF
& 2EY 2 & FAAY AAF F7HE ob7lst=H), ©f
T HID1 @3 do] 1 2Ef 2 AP E A 715
B8t 90eg 9n|dth HIDIO] 1 H&dA4o] T8 9T
< 3t AF# & (chaperone) &4 Z 31t2l HSPY0-1 (Heat
Shock Protein 90-1)3% YA Wl Al AHH 02 A¢S ol
E73kL, HSP90-19] el S5 & HTD19| £ of 59
FFEe A LTt olAF A= HIDIO o HSPY0-1°]
FAA AAZE S Zaf7h obd B4 A £ 1L 2E
# FA z2EAYG HSPO-1%EY AF A T 84
(RUP1/29] A$-oA HEo))E B3 dojd & des &
gT}[38].

HIAESHA 2Ed 2~ A5 A9 3 # ofyet A&
2R e 49 CRI4 712 FE&AS0l daEo Ut
WDXR EHZE Hi3 DCAF1 (DDBI1-CUL4 Associated
Factor 1)¢] 7% A W CRLASH A Ho] =, s 74
2o Bd A = v 2 (embryonic development)A] T3
7 (globular stage)oll A 8] & FAE o] £t E3 A7 4
o] da o] ad sdHolAdAE b BE Ry 4
g BARFRE AR A, 71940 B A% 34, H
A EA A, A AR A F)ol BEH =, ol= DCAFL
of 4% A4 b T AAAA 1 4EE &t 9
B o] Z}[83]. MSI1 (Multicopy Suppressor of IRAT)&
< (reproductive development)d] B2 FHAE
HATH22, 39]. MSI12 =5 AA4A A HAo T3 48
< 3l PRC2 (Polycomb Repressive Complex 2) 58] 9|
T4 EEE HuFon, & DCAF @923 np3irtA|
2 CUL4-DDBI#E 5A & o] £t CRLA™"| 4 243}
oA e He2 PRCQ2 5§ o thA-rH Al MEA (MEDEA)
o §-5 Z}Ql(parental imprinting) A of] #fgFo 2 M o] F
AE Aoz AZE W16, 39]. MSIIE 7HE ~EH 29
A 24 9 A7) 2AdE AFHA e AoRE B
°l=Hl, o= DCAF19] 79 vp7hA 2 Msll< 223
CRL4 EdA 7 A& E2s 233 & oJHE FoqT
T UFS YEHITHL 69]. A& Fef 2o #ofstes =OE

R o
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DCAF= WDR55 (WD Repeat Domain 55)°] t. WDR559}
DDBIAZFS] A W} A H1& T3 g F e CRLA
71 FEAZAY 7150l FUHNoH, EA™A ATE
53 WDR557} ¥l -$-21 3 /3 #4 (gametogenesis) & A LY (5
5w T DA A ] AT AFshol 7ol LTI
T3 WDR55+ G %A 4 (vegetative development) T ol A
o AZAQ ezt 4%, A4 5)= AdHE 7%
< 3 s ¢ 5 T8
Lee 5[44]9 A7l 7]dtste], 7|20l 7]50] 1R €€
of @ d=o] DDB1#e| A Wl A& F3l DCAFEZA %
&2 F & M4l WFHUAY. VIP3 (Vernalization
Independence e MNeHA 2HAZ 7)5ste gHdd,
A2 7% 244 AA7] o= Bk dERy oA 9
A& Bt o3 g A FE-E culdes (CULA cosup-
pression line)oll Al Hol= FA3 FAR FeE o=, o=
CULASH VIP3THS] 7152 A S ohA B4, 81], FY:
FCA (Flowering Time Control Protein A)%F 37 FLC
(Flowering Locus Q)& A} 2ZHA A5} A7|E 24t
g AR dHA gon, AT JA2S AedE B gl
H 53 9Jth(34, 66]. TRIP-1 (TGF-beta Receptor-interacting
Protein 1) H.g}A] k2 H 0] E (brassinosteroid) ¥H-& 7
Ago B S 2dete 9dlARA, T B 75 &4
g e wadAgo Ash(HAdA, dFE ol
T, ANy da %‘)3 zYste Aoz Bay
- DDB1#e] AA Y =2
DDB13%2] 71552 A4l
24 o]t}
=3 713t DCAFY A4 & T/ tfa B
= 71E9 culhn H o EH Fej(BY DA O E B3 ligase
A& ZEeE)e] dEAQ E3 ligase® 28 ¢HASH
COP1 (Constitutive Photomorphogenic 1) & ®2] o o
g Ee WY s T Eo] AA AL fulFAE Yol
A EA4E& 7HA 3 9loH, HY5 (Elongated Hypocotyl 5),
LAF1 (Long after Far-red Light 1) 59 HAAZHAAES
A4 Ao/ SR 2N AP A=
AAE 7152 5 &0 e E E7eta, A Hol
A COP1& 700 kDa ©]/3e] 7th BtA|e] Ao 2M A3}
297w, o2 gk EFA Y i e & BAAR
FEolSITH[55, 60, 63]. ©lol COP1#] AA W 2% < &
3l COP19 7]5< 73A171& SPA (Suppressor of PHYA)
94 15 (SPAI-SPA4)0] SAH %I SPA G A S
15 TEEE AL Yoy W B2 EO]X“’]
Hol7| = sh=dl, Al WA F71e CoP13} 71 9]
S0l ME BE 2%< Tl o2 AFAE
Ao Holths4]. o] #§ COP17 SPA
A= 25 DWD =¥Ql& B3 DCAF &

wnn
=
>
e Mo
=
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e
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%‘
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=
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(e}
\_.

il
= 29 A3= DCAFEA Y COP1-SPAs
Z8lF 2 th85]. COPLo] 9 574 F4&
Zte e 9 CRI49 U8 g2 o A3ty 7|53

EAE ok BEsA Wt

A2 LFEer, DDB1# A3 A< Aol 7hs
tl o] COP1-SPAs E3 A7} CRL4 B34 &A A
AE FAst] AA HelM 4L & 5 Jee 2o
AA 2 CULA-COPI-SPAs 23417} Hloj )3 f=5
3} |9 PIF1 (Phytochrome Interacting Factor 1)9]
BATS BAF

o qgg A

FINE

é [ _ oo rfr

" o

HIA&3lE CUL4-DDB1 Zg ChHE

471 &4 B3, CRL4 714 842 #&3tE DCAF
g d s 724 544 ¥std DWD/WDXR RE 29 &
A)ell thaf For ke, 1P = B8k, CUL4-DDB1% 2
fﬁﬂh GO AT L o] F2H E4A Blojy
QEd, BEHQ o 2 COP10-DET1 (De-etiolated 1)-DDB1Z
48 CDD 53471 olell i th. COP102 & M o] Al
278t = FEHFA FAS Bole ap AEY EY

2 I X

o}
HolAdl g & stuzA sAHNeH, oldfd Fdo AT
BT A AAARAN 42 & ke Aom LA 3
[74]. +ZZ 22 COP10& E29} fAE FEE HolA
B2 24 & B8t A= °LEH72] DET1 ¢ F e g4
o AAZA Lol oo fEHE G $AATY BHL
&H;ﬂ = 7\@_—5—}1: 3l E}—Hﬂ?éi/ﬂ E_T’_Qoqﬂ-[%] DDBl‘E‘
o] &g d#9 s AHA Y (affinity purification)S T3l
COP107} DET1¢] DDB1#} &7 E@JAE FA4ste= o] B
as9len, o CDD H34= 54 E29 4% S7H
71E #4< 53 COP1Y HY5 &afd #ofde] ezt
[77]. COP107} DET1°] DDB1# Aol = &3} 1, DET1
3} COP10 el 7] @21z DDB1 23 R =7} 2254
@7l Mo, 471 2%E SA8) 2aF 7F2E GHe AT
7 FF 87 H AL 9l et DDB1o| $HA 71&d
B9} o] CRLAS] ofHH 2 #ger] mjzol, #d 7=
DDBl% FA 02 dhs CRL4SH CDD S A7 A4S
dele Ao s 1Yol skt AAE Chen (2006) 5&
A, B3 198 0|85 CDD A CRLE 43
At A ANEZAS AT =N FFHFA ol BoAT
< 9y 9leH, Shi (2015) 52 CDD-CRL4 347} HFR1
(Long Hypocotyl in Far-red 1) £31& 53 A ote] do} 24
of #oitS Hustgled, olddd A7 AHE2 F HFA
7h A W RS fal 715 AR AA ] 8T+ US
< B ZT(11, 65]. ¢, DET1S Y5714 AlA (circadian
clock) 25 #st= CCA1 (Circadian Clock Associated
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A7F Fefsths FAA FRY A 4L Uk s
ol #AF oAl &4 CDD-CRLA H5FA 7} #Hesh=A &=
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{250 CDD H4A 9] YFEA EAste F7F did=
DDA1 (DET1-, DDBl-associated 1)°] ¥ 1% %{th[31]. DDA1
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Fig. 3. Currently studied DCAF proteins and their involvement in various physiological events during plant life cycle.
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