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TE WA A U-Box kK, i QK 2 KRG T oo KRN E3 & A, g s
RING-finger #¢ AL, U-Box B [ RAEIEHE IR B (172 S A0 A, 00 400 Ml oAy S 5 B 1 1 o g 0 4 1) 7 T A 2 45 T 2211
fER. KBEIEHRAPT 77 4 U-Box AN, KRG TMHEHTNZRIE T R TR FUHe L8 . 441X K A% U-Box & A BT
i, THEKAET U-Box B EURAEAR K E R IMRIAE D, ATt B85, BT 4 KR U-Box B AR, LR
SEKRE R U-Box Z57E N diii, C 3iifi ARM 4549, HUF SN TR Joe i, ARk R4 LE . 4k U-Box S
Tl B, SussshWiile 2 s bediik, H Western blotting £ 1 U-Box & [ B /KRG i Bl 93-11 1M bR 58, 4 210
HRAZE . Z RS RIS RE. FRAEI S R . B SN R iR 30k, IR 5 EST 46 T A4 (1) U-Box & 1T
EST AT T Lhi o d. fhsbsibeRilfa, Sh19 T aifb B A%, HI#& KPUAEe ks, B X 5 C0 72 (Western blotting)
We] W—2 B B E, L Os06g01304 Hl Os1238210 W~2& [ (1R W 4+ & L5 7Ll 43 7 LR AH T, Os01g66130 il
0508201900 PiA~ R A JFU I M43 T R T 4> T- &, 4 A U-Box & A FT7E KT AR K R B RO ) IS 359 sl s 7 Bk A L 2
iRk, HRXEEIT. X NCBI LA A 274 /N 3CHE 100 J5 46 B0 1) EST BEAT 7047, W LAE H 4 A U-Box & A
JREST M40 2 A KB 5], 5 Western blotting 45 J 8 7 (1) 41 &/ R JE P47, 1 ATPase. HSP81-3. EGF-1 alpha Al
RuBisCo %%F MIEIAHLL, U-Box JLH ) EST £ HAHXT R >, S8 TARFEHFMILHE. EERT 4 A~/KH U-Box &
FUR, W BUR GO RN, RIA T BE, 4% TR ERUE, UEH T X —ROR B AT FIRSURSKREA R R E
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(Capsicum annuum)™'—~> U-Box & )i, L4
T BB A TA 5 R TR 14 164 e,

Xk P20 e A4 JEL R 20 AT 8 s A KRS T A
77 A7 AT U-Box 45 K4 [ AL K10, 2 1 ) 7K A%
U-Box s H B RE A T/, BEmaRiT H I gE,
AICERX 4 A U-Box 8 H i, FKakalifl 7 10 i)
PURYOE R B, iles TAHR 94, H Western
blotting $Z RIKAF T /KFEAF & & 1 1] U-Box £ [
FURIE 5 .

1 MR57E

1.1 ##y

IKFE(FR 93-11), 7KH% cDNA CJF, pET-30a
Tk Bk, KA B # Pk DHSaw ER2566 45 Hi i
bR R Z A dr BL 2 Bt oy 1 LR S0 = ARAE, R
HIPEN VIS EcoR T+ Bglll« HindIIWH NEB 2
f], Ex Taq DNA Gl 1 TAKARA A #].

1.2 EREFRTMNE PCR i 1&

F BEPITOPE 5 {1 XoJ ik 14k 35 D] 4t B2 1) 25 11 JoiT
AT P R TIN,  36 H e e VAR A8
()R Bt i, A BLASTP % 7K f &5 11 o A kA7 ik —
PRI 3% Y H AR B, MRS TIGR 3k B A A7 1)
RevaleE s v Byl st 14, RSy s~

(FRIZ 2SN INIBEDIN £): Os01g66130F, GGAA-

TTCCCTGTTAAACTCTTGAGTTTG; Os01g66130R,
CCCAAGCTTTGCATTGATGTCACTTGATGCT;
0s06g01304F, GGAATTCGCGCTCCCGGAGCCG-
CGTGG; 0s06g01304R, CCCAAGCTTCAGCTTGT-
GAGAGATCCTGGTGAG; 0s08201900F, GGAATTC-
ATGGAAAATTTCTCCCCGAGA; 0s08g01900R,
CCCAAGCTTTCAATAAAGGTCAGCTTCCGG;
0s12¢38210F, GAAGATCTGATGAAAAAGTTTC-
AGGGAGTAAT; 0s12g38210R, CCCAAGCTTTC-
ATACAACCATAGGGTATTGAG. PCR [f] J W £
M50 ul, G cDNA SCJF ks FE K 4] DNA
27 10 ng, 10xEx Taq ZZ#¥ 5 wl, dANTPs 0.25 mmol/L,
514 0.1 pmol/L, Ex Taq i 1 U. ¥ 41T 4
94°C Az 5 min; 94°C 25 1 min, E /K 1 min,
72°C 4EAH 1 min, 30 MEFF; 72°C ZEAH 10 min. B
PCR =4 2wl K60
1.3 EERERERRFKIAEL

¥ PCR =¥ 584k pET-30a 43 il HEA T XU L),
RIS D) =) R A K T DHS s JB0RE

Pl D) 598 F 5 2% b AR FE U S0 b O B AT I 5
UE. DU IR IR A SOk % Ak K58 B ER2566,
¥ T BAE 37°C 8] B 5 5% 16 h, P 1R % 3
LB +Kan50(Kan 75 & 4 50 mg/L) ¥ & 1% 77 3,
37C ey FE, R H T 10 100 [ EL 0K i 0 1 5%
A LB+Kan50+ 1% 2 B AR Fe sk, 37C ¥
IR A Agw 7 0.7, A 0.1 mol/L IPTG T 37C
TR 2 h, USSR R RS DL, AR5
HEAT Rl 2 1 R R IA S 4lifk.
1.4 ZmEREHE

Yo db il & B R AL KR FURIE R
A PR R g2 B VG 22K A, g U 2%
RO IR B SR G BN, 35O AR 22 Ll i
1.5 KIBEBRAIIZEUE Western blotting 17

PV RN BB et K RGN L R AR, 40 5 7
ABEOET, B 300 Wl A 800 wl & 1%
fi# W (62.5 mmol/L pH7.4 Tris*HCl, 10% Hl, 2%
SDS, 20 mmol/L NaF, 2 mmol/L EDTA, 1 mmol/L
PMSF, 5% B- $ikk 4BF), MR IFE Tk L,
VKAKIBE YT E 10 min, HIAEHIRA 4~5 K,
4°C, 12000 r/min 2.0 15 min, B3, #8300
1) 1.5 ml B0, ~70C RAE. KU KIGE
15tk 1T SDS-PAGE J& HL#%# %I PVDF i |, H
5% B AR @K f 1 PVDF i, FH i 2% 1 Do Ad == JL o
# 3 h, TTBS(2 mmol/L Tris*HCI pH7.6, 13.6 mmol/L
NaCl, 0.1% Tween-20)%E/E 3 X, &K 5 min, Z
JEMAEPUR P E 1 h, TTBS YLK 3 X,
K 5 min, I ECL Plus A BRI, 1% 55 B
5 min.  FEF OB R B BUAR SE ORI S L N
HSP82 MLy fEfiAA, 5 AP R = PusilifE o 4%
IR ARE.
1.6 7k#& 4 4 U-Box EREH EST NFER S

5 NCBI (http://www.ncbi.nlm.nih.gov/) EST
(expressed sequence tags) B # FEBEAT LEXS, 34T T
4 A U-Box Jk R J b L RIS O, 3 e H b
EST #uEn F®: a. EST VLIS K8 KT EST K&
] 80%; b. EST 5¢4=VCEL b 1K AN FIER K
FE 97%; . ULECHANRESTIESE 3 /) gaps.
1.7 Western blotting B8} E = 747

HJ ImageMaster 2D Platinum % ff K £E Western
blotting Bl 555, KM HMEKWHFETHRES
HSP82 {5 S B LA, Hd RME R 100, AR
3 B SLARAE S ARG B AE .
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0s08g01900 F1 Os12g38210, ‘&A1 1) HL [\] 45 # i o5i
2 &5 R Jy U-Box 45 #7E N 3, Cifiti ARM 4. %75
Y4 s — Y = A i y % A i TN oy 22 3
2.1 K¥8 U-Box 2R FFIRIRBMMERER FUTHURDEE RRHIEE QIR 1 BT, de 2 i v e
T (1) Be e CDS AL B AKX A . Os01g66130,
75 TIGR /KBS |- 7% 2% U-Box 4 fy (Pfam 9017 1 350 bp, 0s06g01304, 30~ 480 bp, Os08¢01900,
Acc: PFO4S64)I7E 105, KL T 4 A~ U-Box &g 17 1050bp. Os12¢38210, 100~ 430 bp.
Jit, LOCUS 54351 4: 0s01g66130. Os06g01304.
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Fig. 1 The epitope prediction and fragment selection of U-Box proteins

Fragments being selected were indicated by boxed region.
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Fig. 2 The purification and Western blotting verification of rice U-Box proteins fragments
(a) Purification of Os08g01900 protein fragment. /: Lysate; 2: Effluent; 3: Eluted with 15 mmol/L imidazole; 4: Eluted with 60 mmol/L imidazole;
5~ 7: Eluted with 300 mmol/L imidazole. (b) Purifications of U-Box protein fragment. /: Os01g66130; 2: Os06g01304; 3: Os12g38210. (c) Western
blotting verification of U-Box protein-specific antibodies. 7: Os01g66130; 2: Os06g01304; 3: Os08g01900; 4: Os12g38210.
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T AP Western blotting 45 5 7E A 25 & N FE 1)
M F5.

F1 0s01g66130 HAARK M K FEAS [F] 4123 1) 2 1
JiiZ2i5(1% 3a), Western blotting A] W, —4c £ M5 1
JFUEEZ) 70 ku ¥ 4547, PN Os01g66130 4t £
F14> 7o A 87 ku. %8R (IR 43 BE S R AR =5
Rk R, TE T R BRI RIS R,
Gb, TR, B0 T IRERIKNE
M, AIHESE Os01g66130 LK [ —AN 43 1 i 5/
(O

F 0s06g01304 Ht AARK I K FEAS [F] 4123 1) 2 1
JiiZ2ik( 3b), Western blotting 7] W, —4% %) 1 i &
29 65 ku (134, 5 WM 0 & A 1 REY)
A, TEHIH BE. 2 BEE . AR BRI AR
MR RIE R LR, hE e S b ik
R, (AR T R I 41 5 5 0.

F1 0s08201900 Ht A M ZK G A [F] 41 2R 1) 2 1
JiiZ2i5(18 3¢), Western blotting 1] W, —4%%) 1 Jii &

(@)  Seedling Tilling Heading Flowering Filling
RT ST RT Stem FL YP FL P FL Seed

2978 50 ku [4cal, AN B E 5y R
89 ku, HbrHEAMES K& MR #A £k HAk
HOREE, MR S R s S

HI Os12¢38210 Hi Akl K F AN Rl 423 ) 1
JiiZ2ik (& 3d), Western blotting 7] W, —4%4) 1 Jfi &
2978 60 ku 1554, SO H 8 H 5 1 R Y)
G ZEAFERTP RIS ER S, e
RIBERAC, H PRI 2] — 55 7 BB = 11 59
e, AT RE IR TR P ) i A A A

M_ L& Western blotting 45 5K &, Friil 41 4
NP KREE AR R R e, SRS ME S
FEAR EARE — SR LERE MY 3. A 4 /> U-Box
EATNREKE, EAHKBERKEE AR
EGE A A R SRS, HR A S AR
1. Western blotting il i1 UL 431 5 2 5 Tl 4>
TR T e LR RS, G Rh e ) 25 e R
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Fig. 3 The Western blotting detection of U-Box proteins at different developmental stages
(a)0s01g66130, (b)Os06g01304, (c)Os08g01900, (d)Os12g38210. RT: Root; ST: Shoot; FL: Flag leaf; YP: Young panicle; P: Panicle. Upper panel:
Western blot detection by U-Box protein specific antibodies. Middle panel: Western blot detection by HSP-82 specific antibody. Lower panel: Quantity

analysis based on upper panel.
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24 5 U-Box EE EST MF4RAIELEL

% NCBI LA [R2K H 274 ASSCIFE ) 100 J5 4
PL ) EST AT 0 #T (3R 1), FTLLEH, BRK A
M AR R 1) S AT Rt U-Box i A
0s01g66130. 0s08g01900 X i (] EST 4b, fEHAth
XEE AT /DR BCH 16 EST, EST IR/ i KEL

¥)5), 5 Western blotting 45 545 7 (1) 41 ¢ 1 Kk
MH#F A, 5 ATPase. HSP81-3. EGF-1 alpha il
RuBisCo 5% HEEEIAR EE,  3X JLAS U-Box 2 A1
EST £ HAR />, BEHA e AT H#0 8 T% 3= B e s 1 2k
, {H H HI*) Western blotting 45 5 ik i DLX 1% )L
A~ U-Box & TR /KRG H (1) 208 3= B b AT 4.

Table 1 EST sequencing results of U-box genes

Loc numbers of target genes Loc numbers of control genes

Number  Number

Tissue 0s01g66130 Os06g01304 Os08g01900 Os12g38210  O0s04g56160 0Os09g30412 Os08g08010 Os12g17660 of ESTs  of libraries
Ubox Ubox Ubox Ubox ATPase HSP81-3  EF-l-alpha  RuBisCo

Whole plant 1 1 0 1 11 52 103 16 62906 17
Leaf 5 6 6 5 140 298 260 1443 197 264 82
Root 0 2 0 3 156 183 72 3 79909 40
Stem 2 4 9 6 166 72 80 394 146 414 17
Panicle 0 4 1 1 156 245 452 7 148 213 39
Callus 11 3 10 4 200 582 297 32 188217 41
Flower 2 1 1 1 198 84 72 10 143 661 25
Seed 2 1 0 2 112 32 14 8 37958 13
Total 23 22 27 23 1139 1548 1350 1913 1004 542 274

T2 1B — A U-Box &5 Ktk 14N S286iE

3 W it W), 4997 ZEREETE, IO S IR

— kit il T U KEAR.
B A Ek A 2 IR S i S, A KR 1 T e A
WK, ERASEARELRE, S548KE&EA M
b, ARscie ik B Bt AT SRR, kT
PAFAMLIE A . SER R, SREX B2 LA
FL A 2% S MR A 2 B 1 v 4 2 1 1 S T3
. A M IR 2 B TSR IE LU . ARSES:
H, AT 4 A4 U-Box & A H K, 8T PR
SESRTN, Fak BRI, B TR UE, R
T IX — Bk AT AT I

U-Box 5 I/ —H E3 B, | 2AFET
BEBERI N K EEAZ Y PO fEfdh,
U-Box 4475 ARM(armadillo repeat) 2 & il X 1 ik
U-Box/ARM %44, vy s 38 ] 5 HoAth 8 7 ik A=
HEAEN, Z25F54&F R RN . MHE P
ACRE276 5% F 7+ PUBI7 [R5, 4t B3 72 %1%
Fellg, oA stT 5Ptk Thaek b, U-Box 45t
TR ikt s S EE Y, B U-Box
ARM Hli & &5 H 1) E3 2 25 EFE AT T PUm A0 4h i
T HA R ER. B IF I AiCHIP 3R G

(5, It 2R 0K S Y A )R /v ek 1 K
P, U0 DS 7 B 00 53 (i 52 2 g T 4 e
FIN. ARCL Z7E 25 B @ eSS h R IE 1 —4
U-Box HHit, B HREWS 'S T iF ) SRK(S-receptor
kinase) 45 ¥, ARC1 H A5 E3 72 % & # W i 1,
SRK A Bk ARCI B H, WK ARCL 5 iU
JREUERZ TR YILE A, S IRYIN ARCL B E
LAY B2 B 4h A, IR B ARz F AR
fift, NI T BB 1) B A8 A SR K FE I
SPL11 /& U-Box/ARM % 1, %EHRYSH
VRGO T SO A R LR T R O, 7
IKFE - R B A TR R N, IR RIS 5
FIEM, SPLIT(RI G AHEFE ) Os12g38210) i 4
(RERAT R T RIS Y I i v i 1 R IA 1 AR 4 B
TR, DA, JKFE Y XB3(XA21-binding
protein 3) Wiy — N2 FEBEMG, W UE WILE A
WP Xa21 A5 B0 SN R HE A 0,
TEARAF LR IIERE b, ARSEIRDKFEA R K E
I AL I PERIA AT THIEEWI, 3R T 8 AR
TEARIR BB BURZRIA S B, A TR ik
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Expression Analysis of Rice U-Box Proteins at
Different Developmental Stages™

CHEN Hao", LI Li-Yun, BAI Hui*¥, CAO Ying-Hao", WANG Xian-Yun”, LIU Guo-Zhen'>"
(" College of Life Sciences, Agricultural University of Hebei, Baoding 071001, China;
2 Beijing Institute of Genomics, The Chinese Academy of Sciences, Beijing 100029, China;
 Graduate School of The Chinese Academy of Sciences, Beijing 100039, China)

Abstract The U-Box domain proteins, with similar configuration to RING finger proteins, are highly conserved
among eukaryotic organisms and most of them belong to the ubiquitin/proteasome system as E3 ubiquitin protein
ligases, U-Box containing proteins play a key role in the recognition and selection of abnormal proteins targeted for
ubiquitination and subsequent degradation, a process for the maintenances and quality control of proteins exist in
living cells. There are 77 U-Box genes in rice genome and the systematic investigation of their expression will
provide basic information for the functional analysis. The specific antibodies against rice U-Box proteins was
prepared to investigate the expression profile of U-Box proteins at different developmental stages and accumulate
basic information for functional studies. Four rice U-Box genes were chosen as their U-Box domains are located at
the N-terminal and posses ARM repeats at C-terminal. Epitopes prediction were carried out by computer software
and the target protein fragments were expressed and purified in E. coli. system. Polyclonal antibodies were
generated by rabbit immunization. Western blotting analysis were carried out for rice material collected at different
developmental stages including shoot and root at seedling stage, root and stem at tilling stage, flag leaf and young
panicle at heading stage, flag leaf and panicle at flowering stage, flag leaf and seed at filling stage. Comparison
analysis was carried out with EST sequencing data. Specific antibodies were obtained by rabbit immunization of
recombinant proteins expressed in E. coli. One major band were observed for Western blotting detection of rice
U-Box proteins, the apparent molecular mass of two U-Box proteins (Os06g01304 and Os12g38210) were
consistent with predicted size, while the other two proteins (Os01g66130 and Os08g01900) with apparent
molecular mass smaller than that of predicted. Western blotting results indicated that the U-Box proteins were
constitutively expressed with close abundance in tested tissues. EST analysis based on 1 million ESTs derived from
274 libraries from NCBI EST database revealed closed numbers of U-Box gene transcription, which is parallel
with the results of constitutively expression of proteins. However, compared with the expression of ATPase,
HSP81-3, EGF-1 alpha and RuBisCo, the number of ESTs for U-Box proteins were much lower, suggest the low
abundance transcription of U-Box genes. Four rice U-Box proteins were chosen for the generation of specific
antibodies via the expression of predicted epitope fragments, demonstrated the feasibility of the process. Western
blotting analysis indicated that four U-Box proteins were constitutively expressed among tested rice tissues at
different developmental stages, which is parallel with EST sequencing data. The antibodies will provide resources

for functional studies, such as co-immunoprecipitation, ChIP-on-chip, Pull-down and stress response etc.

Key words Rice, U-Box, protein expression, Western blotting
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