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First exploration on protein function of
Arabidopsis AtTR1 in response to salt stress

LIU Qiao-Hong , YANG Liang , LIU Zhi-Bing , LI Xu-Feng, YANG Yi
(Key Laboratory of Bio-resources and Eco-environment of Ministry of Education,

College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract; In this work, the function of AtTR1 (At3g47550), the homologues of E3 ligase BnTR1 in Ar-
abidopsis was studied. In vitro self-ubiquitination assay demonstrated that the protein possess an E3 lig-
ase activity. The analysis of expression pattern revealed that AtTR1 was dominantly induced by salt
(200 mmol NaCl). The result indicated that the gene may play a certain function in response to salt
stress. In order to further study the function of the gene in plant salt resistance, the plant expression
Vector pZHO01-A¢tTR1 was constructed and introduced into mutants. Positive transgenic seedlings were
selected for their ability to grow on a medium containing hygromycin. RT-PCR analysis of hygromycin
resistant plants showed that AtTR1 gene had been integrated into the genome of artrl mutant.
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40 38 5 ) B A 3 98 8 AN (] K 5 AT U 45 A
7T 7 XoF % ol = A 0 3 T S A A L SR U T A
B R 5 A BRI S B . 2 R AR 1 o T
A BT B R A A A AR e R A ) 8 Y AR
ke T BRI XA BT 2 R IR IR
IR E 2 K26 S 2R g R & 18 (Ubiqu-
ition-26S proteasome path way) , il 1 V7 & 45 & it
(ED 3z 2455 M (E2) F1{Z 2 1% # il (E3) {2/ 7>
TIZ R GG B T R (Lys) Bk |,
IRV F A RER 3 B Rl 2 Rz Ik, & —
G I e U s s O VA N Il DR 5 IR
(IR (1R I e B B B I D R SR
DNA &5 8 [ BTz fi LA K AR W AR A= 9 38 1
et B AR A B AR 12 3 g E3
JE 5 DR I A0 1 S SR M A T AR A0 45 4 1) S ) T
PAZY R W 2K - Bk E3 I £ Wk E3. FLE Ak
E3 41 HECT. RING il U-box = Ff 4% #4 4,
FeAI,

TERZ R E3 i, By RING 45 /Y E3
TEAE Y I 25 A W AR A W i 38 b i 3G AR .
AtAIRP1 (Arobidopsis thaliana ABA insensitive
RING protein 1) IEJ#$ ABA A S 09T 5 ol
HOS1 [ fig ICE1 i i 4% #i # ¥% W
ATAIRP3(Arobidopsis thaliana ABA insensitive
RING protein 3) IE 8 #% £ F1 T 5 B 3a . RING
S5 R IR SR B R e BT B AR 454 8 (Ring finger
domain) , &> 1 45 45 14 B0 0% A A B RS 7L OF H
Xt E3 34 45 W I 15 PR 0 1 L ARYE RING 4544
s A [ 1 — 2 4l 4y o5 RING-H2 (C3H2C3) |
RING-HC ( C3HC4 ). RING-V., RING-C2 #I
RING-D %%, U-box E3 i%& 3% fiff i) &5 #4 #1 RING E3
ARARARL o (E 2 B B X6 T 3 ol 45 4 ) A g AN S
Y.

A S 56 5 R T AT ST DA S T v B R ) E3
%P Bn'TR1 & L IE 8 95 #4b 3e i 24 A
LR At3g47550 5 BnTR1 WA R e 51 A1 1L
PERE 86 0, H &R A By A B R T 5 AR S A —
ANBETR L 1 454 T BB B (RINGv) , B AR 5256 %
PriZ N fr 4 At TR, R BFSE % 5 5 0 Y 5t
WPER R M T A R BB pGEX6p-1- Ar-

TR1. IS = RIp A E BL21, liZh & ik GST-
AtTRI @& E A ANz KA IE W 2 A ES
e P R BE— A0 K A ) R 8 Uk pZHOL-
AtTRY FEALMUBAAT i EHAL05 G bk i 1 48 7
RYTITIE R B N A Y . 05 R TR AR T I
E3 N R DI RESLE T S0,

2 LBHMBEFE

2.1 EHHH

B A B B 97+ Columbia (Col-0) , #) Fg IF 28 4%
K Pl F arerl Csalk  090823¢) , JE 4% 3 3k 2% (&
pGEX6p-1 AHH Rk BAK pZHO1 JM109 B bk &
FFE EHAL05 H i A 250 = f 7. E1 #l E2 19 [
Boston Biochem A &),z % Ub I H Sigma 2\ &].
PR N VI i BamH T M1 EcI136 11 . Sal T .T4
DNA ligase I [ TaKaRa 2y 5], RNA £ HGAF &
W HRARAE AR A BRA A 5 e a0 & W A
TaKaRa 22 F] , SYBGreen W [ Bio-rad A Hl, 514
B S DN AR R A W R A R A A L.
2.2 EW®WHE
2.2.1 MBI FhT LM 20000 F K K
P& 15 min, ZJ5 K ddH, O 353 5 W 5) 8L
ATE 1/2 MS 5553 (& 0. 8% Bihg) . 4°CH AL 2 K
JRH R R 22°CH SR R 5~ Td AL B+ B
I &AM A 22 ~ 24°C, 14h S B8/10h HFEALTA
J¥ 50%.
2.2.2 3l4pi%k+t M NCBIChttp://www. ncbi.
nim. nih. goc/) &K At TR1 B 5751 FAR 4 58
s K 5 M http://signal. salk. edu/tdnaprim-
ers. 2. html 2 ] 48 I 9 {5 &. . f] Primer premier
5. 0 & it514).
2.2.3 EAMPpiBLLERRKEE PCR 1/2
MS B 37 b A= 1 P A4 4 i o3 0] 38°C FAukb 3 1
h.3 h.5 h,200 mmol/L NaCl # 1/2 MS F1 43 0
h.6 h,12 h.24 h. WA E GRS RNA.
2.2.4 FaEFhRE ALK FHELFRLY
PEATY G O AeTR1 853 BamH 1F1 Sal 13442 5 )5
¥ 3% ik R pGEX6p-1. # £ 4F 19 F 41 2 1k
pGEX6p-1- ArTR1 #4439 K BT i BL21,37°C
B ODyo {15 0. 4~0. 6. A IPTG Z &Ky
0.2 mmol/L.16°CHEF% T 16 h. 7 P w40 1 »
FHZEFZNT 744 GST-AtTRI @4 8 .
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Tab.1 Primer sequence used in assay

i

AtTR1(At3g47550)

Tubin2/Actin

KA Y

e 5E i PCR 514

8 PCR 214

PCR ¥ 14514

IR IR Y

=

CEE L

LP.5-GTCTGCTTCCAAGAAATGACG-3'
RP.5-GGTTCCAGATTTCGAAAAAGC-3’
LBIL. 3:5-ATTTTGCCGATTTCGGAAC-3'

F:5-ATGGCTGATCATTTGAGTTTATGTA-3’
R:5'-TCGCCTTTCTCATTACACCAAC-3'
F.5'-TCCGCCTCCTCCTCCTGATGAA-3' F:
R:5-GGATGAGAGCAGCAGAGCGACAA-3' R:
F:5-ATGGCTGATCATTTGAGTTTAT-3’

R:5- TCAAACTGGTGTTGGGAC-3'

F:5'-GCGGATCCATGGCTGTCATTTGAGTTTAT-3’
R:5- GCGTCGACTCAAACTGGTGTTGGGAC-3'

F:5'-CGCGGATCCATGGCTGATCATTTGAGTTT-3'
R:5'- GAGCTCAACTGGTGTTGGGACATTGGA-3'

F:5'-AGCATGGTGTTGTTAGCAACTGGG-3'
R:5-CCCGCTCTGCTGTTGTGGTGAA-3'
5'-ACATCCCACCTACTGGTCTGAAG-3'
5-GCATCTTGGTATTGCTGGTACTCT-3'
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2.2.5 MYEXREMERRFANTIFIZE
EEAe s DL ) CDNA AR, LA
RS rEnI P ir PCR §714, PCR =¥ &3 e b
YK J5 F Biomed 23 A 9 PCR 4l 4k 3 #1 £ 4l 4k 7] i
P38 R B R T R B A ) 3 3K ik pZHO1 43
M2 BamH 1 Al EcI136 [1 XUEEY) . B0k B % F B
M pZHOL1, ] T4 DNA Ligase #4714 4 B %
WAL B KT B A2 2 TM109 A LB+ Amp
(5 TR AL TPkt TR T 4R B E Amp WK LB
PR FE L T 78 PCR 6 I 4% 4k 7. 3k 3% BH 7
T HRU R 2 R, 38 b U D) A B 2H R A i 4
b K A R V& PCR R FOBURE D) A I 5 BN & A
AR B BUORL Ay 44 R pZHO1-Ae TR, WUFH % B
PRI A8 R DR A BR 2 )

$EH pZHOL-Ar TR Jiki, [ &2 VRl ik 5 A
KA W EHAL05 b, 3k 15 % 4k 2% & EHA105/
pZHO1-A:TR1, 3 H Wi ¥& PCR ¥ %7€ i B VEF6 Ak
T R R AL T 238 o R AT A 5% pZHO1-Ar-
TR1 B4 340055 T 5 A, B4R L A8 5 19 A8 ) 15
T EESE 16~24h J5 fERE P AL T 1E & 0 2R K S5
T A B RS WS A ST TS 2L Y O
5.
2.2.6 HEIKPEZREHRPRLRELLELST
Semi-quantitative PCR: M\ Az K T J&] (1) By A= 7 | 58
A RN ] 5 58 A48 &) A BB RNA Jhg 852 Al i 47 5%
s CDNA, #1417 PCR ¥4, Z 41 4 : 95°C Fi A8 ¥
5 min; 95°C 25 10 s,60°C iR k 10 s, 72°C FEf 20
.45 ME. HE RN SN Actin.

Real-time PCR: i ¥ & RNA K& ¥ 5t & CD-

NA. Fffi F} ¢-PCRmix-SYBR Green X W& & W
10pL SYBR Green [ ,2.5uL+2. 5uL Primer(F+
R) (2pmM) ,4pL cDNA #i#z. 1L ddH, O. 5
i it Real-time-PCR 5 I 5 F () #2344 , - PCR 5E
R R 95°C FAE M 5min; 95°C A8 10 5,60°C
Bk 10 s,72°CHEMR 20 5,45 MEH. EBNSH
Tublin?2.

3 GRaW

3.1 A(TRI HEMERFSH

AtTRY B TR I 3 Sk B, 4
K 2083 bp, 4355 7 AT IF B AE K 699
bp. %% 232 A HER - 3 1 K2 25 kDa. 7 Smart
Domain [ #iil] AzTR1 &4 — 4 RINGv 45 kg3,
AN A HA 5 R 3k, RING &5 4 385 52 3L R I3 57 0 i
B8 AtTRL J& F C4HC3 (] 1A, % AtTRI1
HEAT [P L% e BR AP R 57 Ab 7831 3 (Brassica
napus) 7o 75 (Brassica rapa) 55 H {th ¥y Fh g % 3
S LR 7 5 AH AR A v 1 TR 95 51 (&L 1B, O,
3.2 FEYETHRIEZESH

R BT AcTRY X R AR A= 9y 1 38 1% we) 3
AR SO A A T T ) B A AU AU R ST 4 300 NaCl
AR 4 P ARG DN O R Gk B AR AL an Bl 2 PR, AE
200 mmol/L NaCl 43 6 h W}, 5 X+ B A 1L, At-
TR1 WyRB RIS 1 2 A, Bl G b B3 (8] Y 38
AtTR1 Rk g B W L AE 24 h BFIKH] 4.5 4555
it 38°CHALFE Th 3h Sh G ArTR1 #y 3Rk
Xf HEOAR LE TC B i A2 k. S5 R R W], AcTR1 B i 32
NaCl Y #5-F , A 32 P38 355



898 W K FROERAFF IR

53 %

Eutrema salsugineum IC' I CQI.IT T.Nl

e et

E——

B:BczchBs: x-HIIC'.'
sz Bl CQIII Tl Bilc:chBs By =ellc
BrasszcarapaICl:CQIII-TNNL.TIC.—.CNES’.lY.—. IIC
atsgsucoliclzcQBERS "IN BsBcEcsBs By alllc
capsetia ruvetia BCl 1 cQOEBBT TNt BBz chBE Byl
B:Hc:cuBs:By=elllc:

lwcullﬁl rcl
olicnENER::ch
olicnENER::cB
olucvENERTTCE
olicnElER:TcE
oliichENER:TcH

sg_l_— AT3G47550
26 Capsella rubella (XP_006291602.1)

100

i 14 .
{06 Brassica rapa (>7¥_009149902.1)
I:Brassica napus (ADAG7984.1)

Eutrema salsugineumn (P _006404365.1)
Brassica rapa (XP_009151367.1)

Eutrema salsugineurn (}P_006394393.1)

98 =
53 ATEG 62460
37 Capsella rubella (>P_006280868.1)

AT2G02960

AT1G14260

B 1 il B Rk st
AR AT BRI XS5 C. R U5 R R A

Fig. 1

Structure prediction and homologous blast

A. Structure prediction; B. Homologous blast; C. Phylogenetic analysis of the eleven AtTR1 homologs

3.3 AtTR1 EHR E3 ZEHEEFELN

Wt IPTG % 5. GST 2 f14lifk , SDS-PAGE
ALK KN ZE 50 KD 2 47 A B — 1 45l 1A oAt
Zes CBEL A iT DL e T Ui Y S 0 oK. FRATT A 4l
i ) GST-AtTR1 Fh & 2 H. 5 human E1l
(UBA1), human E2 (UBCH5B) #1 human His-
AT AN A ) 4 & e BTz 28 R AR &, i
1T Western Blot Flyz R Hu e, & 8, LA fla
1 GST-AtTRI fil Ub,E1,E2 #7778 01 5 T
T B 0 46 R B G2 S 12 3 2 N e TR A I
7 L T4 BB Ub E1L.E2 il GST-AtTRI (% 4 {4
T ¥ L Nz R 4. X Ui E1LE2 fil
GST-AtTRI 2B Mz R4 L2 E A, W 6l
WEW] GST-AtTR1 B A E3 & M5 PE.
3.4 TDNABARTURAGEHRALTE

e W) 19 5 R D B8 40 T T 4 AR A
LR I 5 58 5 R AT 00 B A 1 3 TR Bl 2K 3
(14 )y B8 Bkt [ Sk 32 R 3y i A3 T 42 9 E B . T DA A
TArHr AtTR1 JEH Dy fig . 3817 DA ABLRE IF 58 A28 A ol
TP ABRC 3K T AH G 52K (SALK _090823¢,
HAR AL S WLIE AA) . 3R AR K Y A s B |5

ubiquitin 1

FEWCE DNA. 764l A {7 8 5 Bt 51 9. LP #l
RP, [f i} 3+ 7 T-DNA J3 51 b i — 438 H 51 )
LBb1. 3, 9 AL 41 DNA S #iH 1T PCR 3%,

Relative expression amount

Q 6 12 24 1 5 5

NaCl Heat
times (h)
B2 FAHMiETTALT
ArTRI1 4355 NaCl 38 (95 T 323550 0. 2 JE 4 48 200
mmol/L NaCl 4b# 0,6h.12h Fil 24h, =& (38°C)HAL# 1h,3h.5h.
B E RS RR 2R B3 (x P<0.05 and * x P<0.01)
Fig. 2 Relative expression quantity under abiotic stress.
Expression of AtTR1 in response to salt and heat stress. 2-week-
old plants were incubated with 200 mmol/L. NaCl for 0, 6h ,12h
, 24h and heat stress for 1h,3h,5h. Asterisks indicate statisti-
cally significant differences between the Oh and other time, deter-
mined by Student’s 7 tests, * P<C0.05 and * % P<<0.01.
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Fig. 3 In vitro self-ubiquitination assay

A: Expression and purification of GST-AtTR1 fusion pro-

tein. B: GST-AtTR1 was assayed for E3 activity in the pres-

ence of E1,E2 and His tag ubiquitin. Samples were resolved

by 12% SDS-PAGE. The corresponding protein bands with

ubiquitin were detected by anti-Ub immunoblot analysis.
£ DNA ZKF- b X AR A7 4l S 8. W&l 4 fr
N YRR R A AR RN S8 LP A RP
#E47 PCR B & A7 %74 . i i LBb1. 3 #1 RP B 4
Zntt o WA TUAE S X R BEAh R T i — 20 B IR K A
T-DNA #fi A2l G 58 A5 1K, iy 5 3 B 1 56 R 3R A %2
BH. F A1 2 2 B RT-PCR Xf H RNA ik /K Tt
7 7 Hz M. RT-PCR 945 R s, €A At TR1
FEPR Y e 3k i B 2 BRI, UEBH T-DNA 4 A 2 47
Wr 7 ArTRI (%% 5% 58 AR MR RT ] T J5 2253 17
3.5 HEFEEWH Real-time PCR ¥ E

T 5T AcTRY B HE R D) RE L F AT o e ity

THIY F K H AR pZHO1-At TR, 8 RAT W # AL . 46
iR e JE A9 3 T AR5 5 A 1, JF 2 0 4 R AR 0
PSR BN SE A (8 5A). 153 TR A 755 . 4%
T, A B AE RIS AR L T AU 43 25 75 31 1 2465
W& Al Btk R R R 4 4RO - RNA
K 2 e PR bk B b ArTR1 By 355 8 314 Horh 35k
St A e FAE R B8 AR R T /R e i 5. n i
5B 7R . At TR 363K 5 75 5% B bk & 40 5 A A
M A B P2 m, FRATIEH T RBEHRE WK R
COM3-2,COM4-8 Hl COM7-2, H: b, ¥k &2 COM4-
8 1 COM7-2 fy Rk AP A MR w5 T 2 {5 A s
PR COM3-2 B A= R & 1 1. 7 f5 A2 4. L4

RULBARASE b &4 AcTRY JE 9 5 BEL R A1135 4%
T Il 5 S AR A R A A — 28 i R B O3 A

A salk 090823¢

ATG TGA
B C
T ==
1813 e [ — <" [ ——
attri-1 Col Col attrl-1
B4 dd Ik ArTR1 44 R% AR (SALK_090823c) %9

A. T-DNA i A arerl (salk_090823¢) 4 4y [&]. Mt 45
JE AR St X8, SR AR R N & 7 48] = M JE /R T-DNA i
ALBAHC R IR 4] PCR K %% 5t PCR X T A A I 58 28
PR3 4T DNA K F2 RNA 7K % 5. Col. Columbia
EARI-0, Actin NN 2.
Fig. 4 Identification of atzrrl T-DNA insertion mu-
tant plants
A: Schematic representation of theaztrl (salk _090823¢) allele
with T-DNA insertion. Gray bars indicate coding regions, and
solid lines represent introns of the AtTR1 gene. T-DNA inser-
tions are indicated by triangles. B and C: Genotyping PCR and
RT-PCR analysis of wild-type and attrl plants at DNA and RNA
level, respectively. Col, Columbia-0. Constitutively expressed
Actin mRNA was used as a loading control.
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Relative expression amount

0.5

a2y

0.0+
Col attrl-1 C3-2 C4-8 C7-2
B 5 WHARE ArTR1/attrl #4476 ik
AL PH A T T 0% BE KT IR EE A9 A2 KR BL 5 B. Real-time PCR %5
M At TR1 AE W5 AR A (R A8 (R R Il &2 e A8 v i Rk it AR B
RS ERREREE(x P<0.05 and * * x P<0.001)
Fig. 5 Screening of homozygous AtTR1/attrl com-
plementary lines
A;Positive transgenic seedling growing on the selective medium.
B: Real-time PCR analysis of AzTR1 in wild-type, mutant, and
complementary plants. Asterisks indicate statistically significant
differences between the wild-type and other plants, determined
by Student’s ¢ tests, * P<<0.05 and % % % P<C0.001.
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