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Research on the role of the cullin-2 gene in the development
of Drosophila wing disc cells
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Abstract [Aim] To investigate the role of the cullin-2 (cul-2) gene in the development of sensory organ precursors (SOPs)
in Drosophila melanogaster. [Methods] Gene expression patterns in the wing imaginal disc were verified by RNA
interference, X-gal staining, immunohistochemistry, and in situ hybridization. [Results] The Drosophila cul-2 gene
suppressed SOP formation in the wing imaginal disc via a mechanism different from that used by classical SOP regulatory
genes. Knock-down of cu/-2 in the wing disc led to the formation of ectopic SOPs, which had a spatially continuous pattern
and were not restricted to endogenous, proneural cluster areas. The formation of cul/-2-associated ectopic SOPs required the
activation of the proneural gene scute. The upregulated Notch (N) signaling pathway suppressed the formation of
cul-2-associated ectopic SOPs, whereas knock-down of this pathway had no effect on cul-2 expression, indicating that the N
signaling pathway was not activated during the formation of cu/-2-associated ectopic SOPs. Moreover, the expression of Delta

(D1), the ligand of the N signaling pathway, was not upregulated after cu/-2 knock-down, which may explain why the N
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signaling pathway was not activated. [Conclusion] These results reveal a novel function of cul-2 as a suppressor of

neurogenic potential in the development of Drosophila wing disc cells.

Key words sensory organ precursors; cullin-2; scute; Notch signaling; Delta
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ASC MFRikZ 3| 3 ARG IR, 3 milxt
N A B TR AT B 3 LR B, B
Se, RS RRE T2 bR, e ASC £
iA X4 ( Ghysen and Dambly-Chaudiere, 1988;
Usui et al., 2008 ), HIK, R BB 741
B SR 28 0 R DX T i 8 5 PR R
iA ( Campuzano et al., 1985; Skaer et al., 2002;
Marcellini et al., 2005 ). 55, FEeU ML #E
it H1 Noteh( N )fF 53 %41 F:( Rebay et al., 1991;
Huppert et al., 1997; Struhl and Adachi, 1998;

Artavanis-Tsakonas et al., 1999; Schweisguth,
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¢765-GAL4 ( BDSC:26862 ), pnr'P*7-GAL4

( BDSC:3039 ) ( Heitzler et al., 1996 ), UAS-E
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A) T7E en > cul-2-RNAi 0, Jo#4 hiZ HL(E
Fth 479037 (K 3: B), WA EFWBE (1=
27.84, P<0.001 ), iX 7 H M bl i 45 30
Xk (3. C) I cul-2 FISEUGF AR &
Si SOP JERE (K 3. B), HFE 3 R

B R AR B — I, X PR SOP &
PEBEPIAS R E . B0, KRB SOP 4
W newr™ " -lacZ (W FR AR T N IEYE SOP;
Hk, SEALHY newr™ " BHE AN AR 23 () |- Sk 4k
VA

B 1 BUE cul-2 B R RREY
Fig. 1 Drosophila adult phenotypes associated with knock-down of cul-2

A-B'. JEHALN ¢765 > GFP (A-A") 1 ¢765 > cul-2-RNAi ( B-B') [ 5R 0 S il 5
CHID. #HEEI N en > GFP (C) Fl en > cul-2-RNAi (D) B5R0;
E-F'. 3LHER pnr > GFP (E) # pnr > cul-2-RNAi (F) BRI EF F43-0002 E A F A9 @5 HERT R
A B H I B OHERIE XSO PO R R BB WG o ¢765 > cul-2-RNAi U/ T ¢765 > GFP,
PRI R AE A I UGS B S RN B . C F D S 2P IX IR cul-2 S BCRIE A MRS 2522/
£ E Il F AP AGIE CEIPHE 73 BI7E BRI FopiorR, DLR/R SR ERINIE . cul-2 @RS BB 5k,
BERSIRKRNE, ROFLER/DNTE.
A-B'. Adults with genotypes ¢765 > GFP (A-A') and ¢765 > cul-2RNAi (B-B');
C-D. Wing phenotypes of flies with genotypes en > GFP (C) and en > cul-2-RNAi (D);
E-F'. Notum phenotypes of flies with genotypes pnr > GFP (E) and pnr > cul-2-RNAi (F). E’ and F’ show
magnified views of the blue box in E and F, respectively.

The yellow framed rectangular regions in A’ and B’ are magnified to show the sensory bristles at the anterior wing margin.
The wings of ¢765 > cul-2-RNAi flies are smaller than those of ¢765 > GFP flies, and clustered bristles are observed
at the anterior wing margin in some flies. In C and D, knock-down of cu/-2 in the posterior compartment results
in twisted wings and a smaller posterior compartment. The blue framed rectangular regions in E and F are magnified in

E’ and F', respectively, to show the sensory bristles on the nota. Knock-down of cul-2 leads to loss of bristles.
p y ry
Black asterisks indicate macrochaetes, and black arrows indicate microchaetes.
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B2 cul-2 ERWEKAEFRHRIZE

Fig. 2 cul-2 expression pattern in the Drosophila wing disc

A, B. BPATRUSRE 3 Al RO N R cul-2 JRAZRAS o JRAEZRAS W cul-2 RNA FEEFAETY 3 e 4] (A )
3 (B) SR HSE AR . cul-2 BYZRIRTE 3 I 100 A0 1 kA T ol A A
TIAE 3 W BRI S B A, A GG I B o 19 R T K-

A, B. In situ hybridization of cu/-2 in 3rd instar larval wing discs of wild type flies.
Expression of cu/-2 RNA in wild type early 3rd instar (A) and late 3rd instar (B) larval wing discs as shown
by in situ hybridization. High levels of cul/-2 expression are prevalent throughout the younger 3rd instar disc,
while in the older 3rd instar wing disc, cul-2 expression is more enriched at the wing margin.

en-GAL4; neur’-lacZ en > cul-2-RNAi; neur'"-lacZ en>lacZ
B3 BUE cul-2 FSRBERKHREZ R SOP B

Fig. 3 Knock-down of cul-2 results in ectopic SOP formation in the Drosophila wing disc

A T B. BEEH en-GAL4; newr'"-lacZ (A) Fl en > cul-2-RNAi; new''"'-lacZ (B) W B AL
C. FHFN en > lacZ [FIBALHREL X-gal Yeh,,
A F1 B 1 SOP H newr"”-lacZ biic. cul-2 WG, TERASIS A S KRR 15 SOP (F1EHTk ).
C IR en-GAL4 W) X IAER S A5 10, DUBAS RS IR FRoi o
A and B: X-gal staining of wing discs of flies with genotypes en-GAL4; neurA101-lacZ (A) and en > cul-2-RNAi;
neur”“lacZ (B); C: X-gal staining of a wing disc with genotype en > lacZ.
In A and B, SOPs are labeled by neur"'"'-lacZ. Knock-down of cul-2 induces numerous ectopic SOPs in the posterior

wing pouch (white arrows). In C, en-GAL4 is expressed in the posterior half of the wing imaginal disc,
with the strongest expression in the wing pouch.
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23 cul-2 RREREERA SOP Kk# TRE#
ZEFMFE
B2 FE R =4 ASC J2&: SOP Feik FE Ak fir
W . N T 8AIE cul-2-RNAi 55547 SOP JE
BT T B ASC, AR HT T en > cul-2-
RNAi; sc-RNAi %11 newr” -lacZ WKk H M,
FIEHE H en > cul-2-RNAi; DsRed %} BAE % 1R
(Bl 4:A,B ) ST /R : 7E en > cul-2-RNAi

A

-

i
e w e

¥ g .

50 pm

en > cul-2-RNAi; DsRed/neur'!"!-lacZ

i, JE#4E SOP fF'o B ET R, RikaI(E
H4.02+0.18 (&l 4: A); 1114 sc-RNAi Fl cul-2-
RNAi SL[RI AR, % LLEREE 0.81+0.07 (K] 4:
B). MHZEFWEE (1=743, P<0.001), %
B cul-2-RNAi 7551 newr!"" S5 BB sc 1Bk
SR ZUME . I, cul-2-RNAi 555 SOP
TR B R 2 S R (R 63k o HmIiE UL, cul-2-
RNAi FS 77410 newr™"" FHYEYN LA S22 SOP
211}

B

-’

50 pm

en > cul-2-RNAi; sc-RNAi/neur’”-lacZ

B4 BUE sc MElS cul-2-RNAi HEHBAL SOP TRk

Fig. 4

sc knock-down suppresses ectopic SOP formation associated with cul-2-RNAi

A. REFTLH en > cul-2-RNAi; DsRed/newr " -lacZ B F 0833 H % X-gal YL ff;
B. A en > cul-2-RNAi; sc-RNAi/newr " -lacZ ) F 0858 i, Bt 4% X-gal e ff,
en-GAL4 I FGR KN @R EAEFTR , LR SOP i newr"'”-lacZ ric. A ', DsRed 3Lk
NEEMH cul-2 MR BUN K 507 SOP AEa; B, 7F se MRM1ERTR,
M1 cul-2-RNAi 51 K [{ 547 SOP Frit b /b ( F1eawik ).
A. X-gal staining of a Drosophila wing disc with the genotype en > cul-2-RNAi; DsRed/neur'" -lacZ;
B. X-gal staining of a Drosophila wing disc with the genotype en > cul-2-RNAi; sc-RNAi/newr"'" -lacZ.
The en-GAL4 expression region is indicated by the white dashed box, and the SOPs in wing discs are labeled with
the SOP marker newr'"-lacZ. In A, knockdown of cul-2 in the posterior half of the wing imaginal disc results
in the generation of numerous ectopic SOPs, while co-expression of DsRed does not affect the formation of

ectopic SOPs induced by cul-2-RNAi. In B, upon sc knock-down, the number of ectopic SOPs induced
by knock-down of cul-2-RNAi is significantly reduced (white arrows).

2.4 cul-2 BHRFESHIRA SOP 5 ASC i FRiE
BFEHNRA SOP REARME

¥ cul-2-RNAi 5510 SOP W] o @i
sc AH, FW cul-2 % SOP ¥ AE AR AT

REVR T XF ASC FE Al . LAl BTl ASC
TRk TI KA SOP BERMIFEIN S cul-2-
RNAi RHRAARL, R, AR T en > cul-
2-RNAi fl en > sc K A1 %% SOP Fric ¥ newr'!”
FkfEM (K 5. A, B), 1E40 Lai (2003) 4R
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E—HFE, sc L RIKPEFAL SOP AL (5.
B, B'), 105 cul-2-RNAi 'S5/ SOP #i
RAEEHEZS (K5 A, B ), 5HEE SOP
KL, en > sc FbgE Y S0 SOP B newr!”!
B0 o b, RIS BN E S L Z T,
cul-2-RNAi %55 SOP #RiCH newr!” BARTEF
KK LA S B 547 SOP 7E25 [A] b
LM (ES: A, A, NERIEX— 4, AT
VET IR GEH 20 #r . 78 cul-2-RNAi 415 UAS-sc
P BEFLIER 50 4~ SOP, & Xt A4~ 1E 2 1)

en > cul-2-RNAi; neur''®-lacZ

SOP, 7EE 4|5 Z 4RI SOP, Jf- I &
TR BRI TS AR R,
5N s cul-2-RNAi #1725 4B I B 85k
(4.6+0.4 ) pm, I A 5 B IR AL 10 23 (W] i 2 Pk
A (B S: A, A7); i UAS-se 211973 fe4h
HEES N (20.1£0.8) um (& 5. B, B'), %
IRy B ) 25 (AN R S AT o A A ) 2 S A
W (r=1302, P < 0.001), XEWTE cul-2
BRJE T TRR B9 SOP iz () i 410 i 3 5
B AR -

en > sc; neuri’”-lacZ

5 cul-2 RS sc EIASIRBIFAL SOP = EEKARE
Fig. 5 Ectopic SOPs induced by cul-2 knock-down or sc up-regulation show different spatial patterns

A. BRI en > cul-2-RNAi; neur™"-lacZ ({503 i R X-gal Qe (0, A/ A H TS HE KUK
B. JERBN en > sc; newr™"-lacZ W) T8 N R 5 X-gal Jei; B’ B HAYHEHE X UK
HHUAEL Y SOP H newr™”'-lacZ #Ri2, A-A'SsRH cul-2 BEARE R IS0 SOP 525 ] % S
B-B'lL R H sc i FIBTI R IS0 SOP 523 ] 73 gk
A. X-gal staining of a Drosophila wing disc with the genotype en > cul-2-RNAi; newr'" -lacZ;

A’. Magnification of the blue-boxed area in A;

B. X-gal staining of a Drosophila wing disc with the genotype en > sc; newr'"-lacZ;

B’. Magnification of the blue-boxed area in B.

SOPs in wing discs are labeled with the marker newr"'"'-lacZ. A-A’ show that the ectopic SOPs induced
by cul-2 knockdown exhibit a spatially continuous pattern. B-B’ show that the ectopic SOPs
induced by sc overexpression exhibit a spatially segregated pattern.
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2.5 cul-2 BRS N EESRIEFSFHRA SOP
ERHEARR

HTIRSE N AGSMEETE cul-2-RNAi FEHY
S SOP KAV WL i E T A5 LE T en >
N-RNAi 5 en > cul-2-RNAi # i 31 % SOP #ric

newr" WyFik (K 6: A, B)., KL N
FEaES R0 SOP HARZS RIES /M h, [H™
R T IR 2N, R Em (K 6: B), i
cul-2-RNAi 55153407 SOP HIAEA T i 22
TR BIRALS 5 2K R X AL, m IR cul-2
SEOE)Z KA A7 SOP FERL (K 6: A),
PR cul-2 ATREHE NG Sl i B S 54k
AR o

2.6 cul-2 RMIRFESHRAL SOP AI# N 5518
BERE (spl) "M LANMEH, BRAZ N ES
9 s A

N {5530 [ A0 0 T DA A0 il el 20 R )
A, R EES T E (spl) REERERESS
HFEMAFEN SOP RSB . Ik, A5
LRI cul-2-RNAI 5T 19 7037 SOP X i 3Rk E
(spl)™ 1 B K W EE N AS S BRI cul-2 22 ]
FIRIE AR, B R /R : 7 en > cul-2-RNAi
i, JEIAS (D 57 SOP Fr7E IX 38 5 Rij i 4% (R
IEE SOP FIFTE X)) new " Feik it LA N
3.13+0.091 (¥ 6: D), MMi2Y4 E (spl) " Ik
i, Z I FFEZE 0.23£0.022 (K 6: E). Fidl
EREWMBE (= 7232, P <0.001), £WH5
cul-2-RNAi #1507 SOP Bk E (spl) ™
k], BI N {5 5384805 cul-2 V¥ SOP fivia i 4
bR B RLON o

B —J7 1 , cul-2-RNAi 1755 1 57 SOP 7E23
) RS A, KX RA SOP JE it 2
k= N 5558 B R . AR
cul-2-RNAi S N A5 S RS , Wik—
K N ES5 KRR TTREASINAE cul-2-RNAi
WRARNAL SOP L. R THIEX — s, AW
FEAE en > cul-2-RNAi #8 p¥ R 45 rham o 33 ik
N-RNAi AWK N 155 (B 6: C), 455H N-RNAi

FI cul-2-RNAi FL3R3KJ5 B 52007 SOP FE st £ /%
N Y 5 o N-RNAD ki HTE] (K 6: B),
MAE A MY A 5 Bl cul-2-RNAi 3
SEAHE B 6: A)o B N-RNAi FlHH
cul-2-RNAi U 507 SOP M B Z MRy, .
AT

M2, N A SIS RES I H] cul-2-RNAi
BN SOP WIEM, TR N {55 KFxt
cul-2-RNAi 75 S ) 5457 SOP S2mE:i, X160 .
XA cul-2-RNAi 1551 52067 SOP R Xt N {55
BRSOV, (HAEX BB SOP B it 2 H,
N {5518 BT A B -

2.7 BE cul-2 RETE N Bk DI IFRIE

HISCEER, cul-2 BARKATNE NfE5. 5
ZAFRSE, M sc i RIBEE, FEREMEHEIN K
TR 57 SOP (18 5. B, BY), £
N {5553 1% 5| & B0 e 100 i B8 0G o hy JEEL VS A
cul-2 WA R AR N A5 538 B A0S B AL
AR HEET cul-2-RNAi 55T N BIEA DI Y
ik (K 7: A-C). S5 EI/R, TEXTIRL (en-
GAL4/+ ) " DI 7EJ5 @43 M X R ik &0
0.38+£0.015( & 7: A" ); £ sc i Fik 4l 2.15+
0.07( & 7: B"), 55X} R4 25 F i 3 (¢ = 60.56,
P <0.001); Mi7E cul-2-RNAi 41 D1 16 J5 #4811
FHXF Rk 0.39+0.017 (18 7. C'), SxtIa4H
T EEER (1=0.36, P>0.05), £ cul-2
AR BE_LIE DI RkAKFo XFh cul-2 @il
D1 FikK LR E, 0% —ERE ik
T cul-2-RNAi 3 B EE T N {5538 B AR BRH
IR AL

3 #Hw5iTfit

ARG T cul-2 VERPRZTEPERFRERY 4

Jr P 490 ) AT 7 S 3 i e 9% 4 v A1 o

ZAmis R YIBE . N RELE LR SCHR h If R 4 ik
( DeRenzo et al., 2003; Liu et al., 2004;
Sonneville and Gonczy, 2004; Vasudevan et al.,

2007; Mehta et al., 2009 ; Ayyub, 2011 ; Neumiiller
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etal., 2011), NILAMTY R TX] cul-2 2 5% T Foh 22 PRV A i o B P O AR AR S N
BB, AN, RSEET T cul-2 1 EREBT A I0E I

A

B C

»
50 um 50 pm 50 um

ern> DsRed, en > N-RNAi; en > N-RNAi;

cul-2-RNAi/neur®-lacZ neur®-lacZ cul-2-RNAi/neur’-lacZ

=6
Fig. 6

D

50 pm 50 pm

en > DsRed, en > E(sply)™’;
cul-2-RNAi/neur!"'-lacZ cul-2-RNAi/neurt®-lacZ
cul-2 IR FESHRAL SOP B AE N ESaRasm, E% NES LRNAE
Ectopic SOP formation induced by cul-2 knock-down is not affected by knock-down
of N signaling, but suppressed by up-regulated N signaling

A-C. AN en > DsRed; cul-2-RNAilnewr*-lacZ ( A). en > N-RNAi; neur"-lacZ (B)

Fl en > N-RNAi; cul-2-RNAi/newr " -lacZ (C) FLiM i B #4109 X-gal Yea,;

D 1 E. 3% en > DsRed; cul-2-RNAilneur'"-lacZ (D) M en > E (spl) ";

cul-2-RNAilmeur'" -lacZ (E ) FLM3 5 gt £ 6) X-gal YL,

A-C 7R cul-2-RNAi 30 57 SOP HBAEIF #2554 (§73k ), 17 N-RNAi S 547 SOP AL IR T
TR R 2N (FEETk ), cul-2 A1 N FE R R I E R R B3 s pi e 1

D Al E W BoR E(spl)™ #9id 235 B WH T H cul-2 HA%E S S0 SOP,

A-C. X-gal staining of Drosophila wing imaginal discs of the following genotypes: en > DsRed;
cul-2-RNAi/newr" -lacZ (A), en > N-RNAi; new'"'-lacZ (B), and en > N-RNAi; cul-2-RNAi/neur" -lacZ (C);
D and E. X-gal staining of Drosophila wing imaginal discs of genotypes en > DsRed;

cul-2-RNAi/neur"'" -lacZ (D) and en > E(spl)™; cul-2-RNAi/neur"'"'-lacZ (E).

A-C show that ectopic SOPs induced by cul-2-RNAi appear outside the proneural cluster (arrows), whereas those
induced by N-RNAi are confined within the endogenous proneural cluster (white arrows). Simultaneous knockdown

of cul-2 and N does not alter these two phenotypes. D and E show that overexpression of E(sp/)

m7

significantly suppresses the ectopic SOPs induced by cul-2 knockdown.



+ 576 - R B 244k Chinese Journal of Applied Entomology 63 4

en-GAL4/+;
neurt¥-lacZ

en > sc;
neurt’”-lacZ

en > cul-2-RNAi
neur'!-lacZ

B 7 scB A cul-2 BRI DI RixHIENE

Fig. 7 Ectopic DI expression is induced by upregulation of sc, but not by knock-down of cul-2

A-C". FEHTY en-GAL4/+; newr%-lacZ ( A-A"). en > sc; neur”-lacZ ( B-B" ) Fl en > cul-2-RNAi;
newr"-lacZ (C-C") FMEM AL AT B-gal (L€ ) FIHL DI (L0608 ) W,

A-A" 7R en-GAL4/+ZAUEF A= Y SOP 73 Aii Ml DI ik 3 B-B" 7R se i RibJm-Kl (4 ) A 7rFan) AL SOP 431,
[FF DI YEERIK BT C-CM IR cul-2 BRJGHA (47) AELZER AL SOP 4341, {H DI ik BA7 W A2 k.
A-C". Immunofluorescence double staining for $-gal (green) and DI (red) in Drosophila wing imaginal discs of the following
genotypes: en-GAL4/+; new%-lacZ (A-A"), en > sc; neur'!’1-lacZ (B-B"), and en > cul-2-RNAi; neur"'"-lacZ (c-c".
A-A"" show a wild-type-like SOP pattern and DI expression in the control (en-GAL4/+); B-B” show segregated
ectopic SOPs and increased DI expression in the posterior compartment (right) upon overexpression of sc;

C-C” show that after cul-2 knockdown, the posterior part (right) exhibits continuous
ectopic SOP distribution, but there is no significant change in DI expression.

3.1 cul-2 RIDFIBR BB B0 55 X 40 A
WMEZERSEDN

AWFFRFH, cul-2 PR K A EH SOP
YR T b w1, B S FEAEEA RS SOP 41
MR N A5 5-38 BEALTRIAN ] o SRl pl i %
I N AF ST 2 Y U5 9 0E ( Culi
and Modolell, 1998 ), Kt N {55 19T 8 H 0
JRph A Y SOP JE . il A
RNA T3 ( RNA interference, RNAi ) % & ( Fire
et al., 1998; Perrimon et al., 2010) F{k cul-2
25 T S50 G H 2 1 3 A T R X A
[B]JELE A3 A0 I RFIR 7 SOP R, HX b A

SOP v B A Jey BR T J e [X 3, 1 25 R A I i
INAERK T fred ( Chandra et al., 2003 ) FE[Ef)
gL R], HAE cul-2 HEAET fred-RNAi
SR TR R R RE RSN R T, R cul-2 A
fred WIRES 5 T [Al—2EXF SOP (iR i i (A5
TR, 7637 A T A R 1 J A — K R
XIRPT, IFTC IR IR A 25 5 A1, ABATS SR A i
T RIEFA 07 SOP, FW cul-2-RNAi 15 1 5+
fii SOP JE AT ZIRM A HAAAE, XIEnKE
B0 B A2 M LA e IR TR e . AR
fred FAREIES TR X 385707 SOP T, 1hif
cul-2 WARMITC AN o Hi T fred FE3 A £
W3 Z63% (Chandra et al., 2003 ), T cul-2 ik
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D) B A v A X, RS () 6k 22 57 T RE
T SOP MRS X Ik 25 I A 2k o

32 BUR cul-2 HEMRAL SOP 1, NEBi&
BHBE

IR cul-2-RNAi Y55 5731 SOP 5 2 sc T 1,
e UAS-sc F 53Rk SOP A, i 7S
f) SOP fE75 (B S IELL /AT, T & WA 3 25

(EWE NAGS T LB M pses ). NAF
SRS 2T N ECA (i D) JE 3 ( Giniger
etal., 1993; Culi and Modolell, 1998; Le Borgne
and Schweisguth, 2003 ), 1 FEMZLILE sc ]
B ) ol PR e 138 i T RS DI AR H R
ik (Haenlin ef al., 1994; Gomez-Skarmeta et al.,
2003), Kk, 78 sc i FRIKXBAT RIS, N fF
SR A, AR AR, 5 cul-2-
RNAi KA AL SOP JE I 9 se BYZRE R
il , PRI cul-2 WORARER I B0 T et 2 s
SR, 76 cul-2 @R X 301 A W2 E) DI & [k
I, HAEIZIXSARUER S N (55 M
SR T ] o X | —AN R Syt AR
% cul-2 355 se A RIBEOT, DIEHP
FIRIFBA LIRS N AT RER A
Ho—, cul-2 WARHEFH sc FiILAF-ATHEA 2 DA
PG dl st o X — I 5 FRATARY WS — 2
TE cul-2-RNAi 53500 SOP 1, UMY
SOP #ric¥) new"" Feih K- A% T I
SOP. T neur i /ZJFp&EEH IR Z —,
AR se BBOE TR AT RgAl T —1> W
H” AKF, BELAShAMaariz BT (A
1 neur ), HIARELIE di 3235 s i e 1A
M Z T, FIHISMNEIG 373Kl UAS-sc i34k,
AR E AR KPR, DT BT ol
BWBE . H ., cul-2 BIRAKTTRERIAS E T
dl LD SRl R 7, BUREMA T dI mRNA 1)
FE M. cul-2 /F8 E3 Z R EHBR A 53, HIE
YInl REAL & e ilbl al Fkm T, Y
cul-2 BRGNS, X SE G 4 K7 ] AR P A 52 BHL
MR, MIHGE T sc XF dl WS EH . X
FHLHIF A BAHR , Aokiid & & PCR Al

cul-2-RNAi 55 F sc 5 dl WEEFKF, DUk
TP A0 48 cul-2 FIERY di Fik83 N1,
B BT X — ),

3.3 cul-2 0 cul-3 @R H A SOP AR HH
BAEfAG

fEA Cullin-RING E3 77 % #0040
53, Cullin BRI M) E3 12 2 % L
RING-finger W.AE45 4G, WMfE# KWz R Ak
JLAE Cullin 2 FIGEAESE AL 1 ARSF HSL 0L )4 5
JERIEYE, (AR SHE225, AF Cullin 8
FERA AR I D HE o 7E SR8 1Y 6 4 Cullin 2K 1 H,
ELH CUL-3 BA1E% SOP 4Ly Ihfie ( Mistry
etal., 2004; Zhuetal., 2005), cul-3 S5
R R IR SOP LR 1 B ) B 184 4
( Mistry et al., 2004 ), 22l cul-3 A] HEHN ] SOP
LK, FEX— 5 15 cul-2 HERAL, SR,
THMIHENRAEARTTZE R o cul-3 TR
WA A, (BS54 SOP I H M ESE R
DN SR A 2S00 cul-3-/-3alrh, A BAE
T B JE A 2 ) X 3R, (Mistry et al., 2004 ), #H
L2 @i cul-2 35300 5500 SOP i B MIANZ
SRR s 2SR B S R . L, 5 cul-3
BRI S SOP B ] REEC IR 24 1 R f
RO AT XK, S cul-2 FRAH S A7
SOP AR ST T IR PE SR 2875 o AR AT e
XA Cullin 8 IR HEIEY , HA B TIRA
AR EAT4E SOP 8% i A RV

B AR TN S KA Harald
Vaessin Al Kirsten Bremer & /4 7 $2 4L 1) S b
il 7 A1 Jared Kuzar $24E 15 5t @, 7EIL—IF
Xl
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