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= ROP2(Rho—related GTPases from plant) A 4545 F 454 49 GE A Rho KA AR R, 25
Y AT 5542, A TR A K E R T om AL i A2 Pt an SRR SRS 0 R AR R ), M
T riu']\ROPb;ﬂ?xV(OX—ROPZ) v AR RRE B R GA(CA-rop2)Fe ot K & A R K (DN-rop2) 8 84K,
DA EEAL B JE e AR A0 4 K& 45 4-& @ ABP1(auxin binding protein 1)if35 & A 49 MEBY24 0 %
o REL AR TROP2A aafie A K AAE R TR E M a)if4x, E4KEIAAER T, ROP2
84 313 A AR AR HE R R GA AR RS R AR B 4m 0L 6 IR VRS HEE My, M ROP26Y ot 2k i A & A ) 474
L ONE SN HEE 4y, 4o R F B 55 a0 ABP1iE & A, A8 B % 3% 52 ROP2X L /6 91 HEE #6942 it
AR, T ABP1% 47 H) & A B, ROP246% 3 & A B AR MR AL & R A XTI 56 5P HE a9 Pt AF ) AR % 3
BR3P H] . TAAL 22 28 /2 minB 36 7T ASLIR B 20 AT TAAAZ 5 of B 69 B 012 #r B 2 AL, LBt 4m
foAZ @ ML A %a. MR & S0 &) 4m R I 18] 64 JBL 8 9N HESE Sy 3 38 5%, SN HEE S e 5 e A2 ) T A&
KEGREF @ EERK, ZARILN, HMHROP2A S A K& brik i 1 6915 5 45 F1842, feiTatE
TG A K IREE G 0 — SN HEE 4y,
KHEIE AR Y YIS T, ROP2

The ROP2 Involves in the Auxin Rapidly Responsive
Regulation of Vesicular Transport

Liu Aiyun, Tang Bin, Zhao Yan, Liu Ye, Huang Lihua, Huang Yu, Zhang Xuewen*
(College of Bioscience and Biotechnology, Hunan Agricultural University, Hunan 410128, China)

Abstract The ROP2 (Rho-related GTPases from plant), a member of the small G protein Rho family,
are only found in plant and involved in cell signal transduction. In order to investigate the auxin signal response to
regulating the cell vesicle transport, we cloned the cDNA of ROP2 from Arabidopsis and constructed the over ex-
pression (OX-ROP?2) and constitutively active expression (CA-rop2) and the dominant negative (DN-rop?2) vectors,
and then transformed into membrane labeled BY-2 cell lines in which the expression auxin binding protein 1 (ABP1)
is inducible. With the treatment of IAA that the over expression of ROP2 and the expression of constitutively active
CA-rop?2 the cell vesicular exocytosis were obliviously enhanced in the cells. The vesicular exocytosis became even
more active when ABP1 was induced to over expression previously. However, the expression of dominant-negative

DN-rop2 inhibited the vesicular transport even the ABP1 was induced to over expression previously. The promotion of
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vesicular transport by OX-ROP2 and CA-rop2 was suppressed in ABP1 inhibited BY2 cells. Time-lapse observation

suggested that vesicular transport induced by auxin occurred within 2 minutes only. When the cells were treated

with a grade [AA, the vesicular transport from nucleus membrane to cytoplasm systems and then to plasma mem-

ber appeared active and moved to auxin higher concentration side in CA-rop2 and ABP1 over expressed BY2 cells.

These results indicate that ROP2 is involved in the ABP1 mediated vesicular transport response in plant cell.
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T30 IR GEik R RETE e 7R, NAZIEAT 40 A )
25 TR —(F5 0. RAEHHEY G
[1)/NGH 0, R AL FFROP2 cDNAREE T
1 1K OX-ROP2(over expression of ROP2). 1l
TR 1K CA-rop2(constitutively active ROP2)FI1 g 11
I 3% M 3 I DN-rop2(dominant negative ROP2) —
RILBAR. K537 53 2 1k FIGFP-SCAMP2 i ifd b5
P40 T ABPUME i 75 3 ok AR A S Ak 1)
BY 241 L, SRAG 7S Bl 3 DRI 40 L AR o i el o —
WEABPIRIA 5 I 4 & AR K S A0 HE, WOt ILR A
NLEEAN [F) Ab BRI 40 B BV Sl 42, IEHROP2 S Y
ABP1A AR K F PR IA ) WY PR 503 i 42

1 MR 57A%
11w

B N AR S AR RL: K T 181 (Escherichia
coli)DHS50. A& AT FHLBA4404 1R Fk K 14 3¢ ik 3 44
pWMI10135) i A 8256 35 {475 b % 4 /A pMD18-T)
H TaKaRa A w); SR I+ (Arabidopsis thaliana). GFP-
SCAMP2 i i #5 ic (¥ #ff — i % 7 OX-ABP1 Mlanti-
ABPUHHEBY 2540 411 58 HH A S 06 =8 5 TR R AT

WX 7 S AX %5 Trizoll H Invitrogen’ wl; Revert-
Aid™ First Strand Synsthesis Kit/x % 58 57 &1 H
TaKaRaZs w5 & AP ERGIVERZ IR N VTG . T4IE $2 i )
H Fermentas 2y f]; DNA%) T & by #ETrans2K™ Plus
DNA Marker. dNTPs. Taqfif 3 4 4 TransGen Bio-
techA w5 8 FH FORL /D 423K R S8 5 B AR}
BT IR 2w DNARE [R5 £ % H Bioteke 24 7 ;
ME B RN W3- 2, R W H Sigma A 7 . B A AT
QN2 K7/ T SNy = MR I = vy

MS1E;FR LML )7 : 4.43 g/L MS#: +100 mg/L
JUL BE+200 mg/Lis iR — & ¥+1 mg/Lh 1R il 1% %=



512

BRI -

(VB1)+0.2 mg/L 2,4-D+2 mg/L H % & +30 g/LJiE
B, pHS.8; MS2E5FE L 7 : 4.43 g/L MSEE+100 mg/L
JLEE+200 mg/Li% R — &0 #1+1 mg/Lh IR i ik 3%
(VB1)+2 mg/L HZ 5 +30 g/LEERE, pHS.8.

1.2 A%

12.1 #HIFAROP2ERA ¢ %% M GenBank
ANATBIPLF TFROP2EE N 7 41 (56 3% 5 838598), Wit
¥ HAROP2HE X ) 51 ) AtROP2 UP. AtROP2 DN
LT 51 W46 1)e Trizolidk 1 U A= 71 50l g I
BRNA, 2 #5 5% licDNA, LLeDNA K £ i PCRY™ 14
RAFAROP2 . PCR™ )ik #5:pMD18-T# A&, FABIE
N K RIDHS o, B 74 PCR A gD G i 43 52 BH
P A TR I8 B T P A0 (L) A7 B 22 W) U

122 CA-rop2. DN-rop2 A B4 %1% LGNS
f1G15V CA-rop2F1D121A DN-rop2E [N ¢ %1) % I
519, FHPCRIV) T i1 AFAtROP2EL R AT ;A . LA
pMD18-T-AtROP2 iU ki Ay A5t , CA-rop2 UP. At-
ROP2 DNl 4y b 514, 3714 CA-rop2 3£ A5 LA
pMD18-T-AtROP2 i #i Ay #5145, 73 %1l LLAtROP2 UP/
DN-rop2 DN DN-rop2 UP/AtROP2 DNy | Tt
14, AT 5 — 4 PCRY 3, 3K4FDN-rop2 3L K 4>
F B, T LE B PCRAE — 0 4 HRAR WA BEA
Bitk, LLAROP2 UP/AtROP2 DN A 514, it it /&
PCRJj %, 9415 B|DN-rop2 H ) v Bt. tvp, C4-
rop2{EAtROP2FE I [F)CDs X 254147 5| N — Mg Fk 58
A5 FT# #:G, DN-rop2 ¥ 1| 1 AtROP23E [X] [)CDs
X 535907 5I AN — MR AR, HCE A CA-rop2
B DN-rop2 5845 2 [ i 7K A ME Hh 45 & GTPE{GDP, M
M ST ROP2U 1 A7 5 Ak T FF B2 0% B8R IH IR A

PCR;™“ )% H2pMD18-T#H A 4 Ak KW # F DHS .,
T PCR M B VIR J5 05 o

123 REBKRGME  WRIEAROP2ILFFICDs
DX P, 6L R 5 | NEEYIA £ BamH TRISal 1,
¥t 51 #ROP2 UP(BamH I)FIROP2 DN(Sal 1), 4%
S LA % 3K 43 (pMD18-T-AtROP2 i . pMD18-
T-CA-rop2 )it ¥ N pMD18-T-DN-rop2 Jit ¥ 2, 44 g 45
WRAEATPCRY 44, =4t J5 F BamH TRISal AL
DI, P55 R RE U D) A 2 (1) 3R 1K B Akp WM 0 1E 2,
AL KT . BV PCR KB VIR 3R A pWM101-
OX-ROP2id £ ik 34K, pWM101-CA-rop24H % ! i
T AR FIpWM101-DN-rop?2 & P 2 4

1.2.4 BY-22m8 644540 CERT TP L L P A N
I3 W NACKHT HLBA4404, DL AR 2k A 55 323701
GFP-SCAMP2/J il b it I ABP 11 3 Ik % 18 4101 1l
FIL MM FEBY 25 A4 i 3 0 it 52 A, L8584y
WHALOX-ROP2. CA-rop2 MIDN-rop23L K, W%
30 mg/L)AT LG AR G, #5
FOHMIMS IR IR b Rk . R E4~5> Ik T
6 Je A KB () 41 i A1, CTABYE 2 B 41 i S DNA
HEATPCRELIN, 73 B /S FIEAL M) 40 H 2R

12,5 3#AABY 240 A R ML
NP R LT A — A IAEMS L A 85 7%
SRR IR IR, BUR3 R4 F73~4 dIf IR 4l
L OGS B 40 ), 800 r/minfiKis 250010 min, Y 8241
HO YT TE, MS28: 3% 4l iU i€, 26 °C. 150 r/minlt 55
7712 WA, 50 H 40 it i g, WA I8V, 800 r/min g
L35 min, 41 IYTTE A T4 mL MS25: 7738, InA
40 nmol/LIFJ M " F¥i% S 12 Wik, FINANLWKIE N

*1 ERAREMASIY

Table 1 Primers used in genes cloning

GIL/EZ S 517415 —~3")

Primer name Primer sequence (5" —3")

AtROP2 UP CTC CTA TAG GCT CCT CTC AAA GTC AT

AtROP2 DN GAAATG TCT CCC TTCACG TCG A

CA-rop2 UP ATG GCG TCAAGG TTT ATA AAG TGT GTG ACC GTC GGA GAT GTIT GCC GTC G
DN-rop2 UP ACA AAA CTC GCT CTT CGA GA

DN-rop2 DN TCT CGAAGA GCG AGTTTT GT

ROP2 UP (BamH 1)
ROP2 DN (Sal 1)

CGG GAT CCATGG CGT CAA GGT TTATAAAG
GCG TCGACT TAGAGG TTTTTC TTATCA CAA G

RN RGN R I R

The underlined are mutation site or restriction enzyme cutting site.
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ME EES AL, VR AR TGN L AABPLS S R4
FI 4N B AE A7 SRS A R

2 %R
2.1 EFEBIEESEN

B 7% PCR M B A I 2459 30 H R/ 73 4%
7, v FEIRTS R AtROP2HE IR 7 I 4] ) GenBank £
P2 P IR TFROP2IE R cDNAJT A1) 58 4 8. AT
AR IR A ) CA-rop2 F1DN-rop 2355 Kl cDN A %3 1 1) il
0 5 LigE IR 4 T+ CA-rop 21 DN-rop 255 5] Jy
F 56 43, ARV SR HEAT T IE A ) RS
2.2 FRIKEHKRMESHEDN

B 7 PCR % il 1) fsr il 45 SR B, e Dk g 7
pWM101-OX-ROP2id £ ik Hif& . pWM101-CA-rop2
A %O B 3844 FlpWM101-DN-rop2 &t 14 310 11l %%
NS
2.3 BY-2ZHBRRIEE 1L

RATBZ A2 ARBY 240 i, BAR BT IE I 1263 JE 7
A, 0RO B 40 M 245 JEOR RS, T AP AR
K T LR S )T 0 A B A e
SEHA HA 1 40 M B 20 R R 9 2 b IR IE, 10 d
Ji $8 43 ) AT P 2B IR, )20 5 O A A
Mo AT LA i s AR K, R AR K BET . X
W14 M8 I 41 R B DNAZS 1K, B e 452 7
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T NP L R
2.4 HEEBY- 240k R A IEFN I E
241 JBAALEAEASANK BUEH BT

(0 B 6L 5% e b i IR B FEB Y 240 iy, 0 3 2R
FE DB LS 1), 704 Bk e B, 4 Mo RN ) A=
0 B AT WA R ' a0 A, A BT N AT RCR A
WAR ZE 6 53 A1, 5 40 I P B R S8 I o0 A FE AR — B
TH b9 e M E R LA b sz e H 40 i Py v 32 A 1)
TR

242 ROP2it & ik (OX-ROP2). 4R Ak iE R & ik
(CA-rop2) B vk 37 ) B! & 3K (DN-rop2) 44 J& 76,35 #y
EO0T 50 AR A B 1) e A A B e N AN 5 E K 2R (auxin
free) M S245% F5 5 th LIk 3% 77224 hL 2 5 260 A
AR FEIIE R TP ALK NS mg/LK
TAALLHE 5 AT 96 BB L 82 (K12) . 5% I 41 il
Lt 45, TAALL 3 )5, OX-ROP2 }; CA-rop2/f)BY 241 il
JEE Y2 i AR A AR G R, To e S A0 A R T . 4
RIS, IS AR A0 M RE, AT A B R R S o AT, i
AL DN-rop2()BY 241 I, JiEifd 4 MHEZ i 52 21 B B4
i, IR R G20 LF %, 4 o i S 4 i A B
I 1) AR A BT IR SS, A AR 4 B AR 5 (1) 5%
o ARUEATTAALL B IR T R Ak 40 i 2 ' 3 A1 45
B WA AR IX ), 2 I B S B AR KR S
S, G T I AN HE . ROP2IFIR 26 34 RN 4 e ity
RRIL R E U 2 5K R N IR (E 5 4%
T, 5 MBS HES R .

GFPYG O EE S oy T WA POt AR AL 8 1 SCAMP2-GFPAENH FBY 240 i H 73415 45 SR, 52 BT 40 M0 Ay T 5 57 2 00 B0 ey i 5

JeFRICBY 240, RN R AT B RAFHIFRIC . FRR=10 pm.

Localization of the membrane labeled fusion protein SCAMP2-GFP in BY2 cells by GFP fluorescence and DIC observation. The log phase cells were

used for observation. Scale bar=10 pum.

Bl HtHRE R HENESCAMP2-GFPERAFRICAIBY 24050
Fig.1 The BY2 membrane labeled with SCAMP2-GFP observed under laser scanning confocal microscope
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1: % FRZ0HY; 2: OX-ROP2 BY 241 Jd; 3: CA-rop2 BY 241 Ji; 4: DN-rop2 BY 2413, JT 47 40 A= K 1L ik (auxin free) 53524 him IN ALK % 45 mg/L
ITAARES, WOGILER AL MBI 5. $N=20 pm.
1: control BY2 cells; 2: OX-ROP2 BY2 cells; 3: CA-rop2 BY2 cells; 4: DN-rop2 BY2 cells. All cells were observed by CLSM with IAA treatment at a
final concentration of 5 mg/L after cultured in auxin free media for 24 h. Scale bar=20 pum.

[E2 ROP2A[REIAIZHEE L BY-240BRAR I L I H R E RMREN R

Fig.2 Observation of the vesicular transport in ROP2 regulated transgenic BY-2 cells under laser scanning confocal microscopy

1: OX-ABP141iiy; 2~4: OX-ABP14ilfitt %% OX-ROP2. CA-rop2. DN-rop2 BY24iJl; 5: anti-ABP14 fi; 6~8: anti-ABP14 Jfl 2% OX-ROP2. CA-
rop2. DN-rop2 BY 241} 41 ffu 25 4E K 2 )ik (auxin free) 353712 hJg Ml B7 AL 212 hifh FOX-ABP15anti-ABP1 [F172 1%, 15 UL X5 mg/LIf)
TAALLBE ST HWOCHIR AR WA B S, 11 B 15 Sk R IR S Hin e s B B Ak o bt )L=20 pm

1: OX-ABPI cell lines; 2-4: retransformed BY2 cells of OX-ROP2, CA-rop2, DN-rop2 in OX-ABP1 cell lines; 5: anti-ABP1 cell lines; 6-8: retrans-
formed BY2 cells of OX-ROP2, CA-rop2, DN-rop2 in anti-ABP1 cell lines; All cells were treated with estradiol for 12 h to induce OX-ABP1 or anti-
ABPI expression after cultured in auxin free media for 12 h and observed by CLSM with IAA treatment at a final concentration of 5 mg/L. White
arrows indicate vesicular transport enhancement. Scale bar=20 pm.

E3 ABP1ESRiZFHEARMMYAMARERHIENR
Fig.3 Observation of transgenic BY-2 cells after inducing ABP1 expression by CLSM

2.4.3 ABPIXTROP2A T & K ok B 69 I /835 #r69 % 5 RS a1 (K2 A0 Eb g, ABPLIS S id % ik A,

v 140 nmol/L#fE ¥ 4L FEOX-ABP1. anti-ABP1 k%5 DN-rop 2/IBY 241 il 5% ' G BH 2 A8 Ak b, oAb 41
NG A A0, 35 512 hm 3547 9¢ 6 BAOW 22(3) . M0 ZR W58 SC A BT s o, 7E 40 . A7) A 41 il BE
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(B)

A: TAAL PR AR A0 M AT B, At ik rm A K32 1807 1), A5 R=20 pm; B TR0 40 A2 1 32 A0 BRO~S min#é6 A1 UK B, 5 =10 pm;
YA 2 YLk (auxin free)R5 3712 WG IIAME AR 12 hiff FABP LRI, i WS A— I INTAA, 54 O ok R . M5 )41
J A2 mrin s 5t B Sl i ) AR A S s R B ) PRV BR IR IS e 1B R S HR s BB ELIE R 10 1) 2 A o

A: fluorescence distribution of BY2 cells began to treat with IAA; The red arrows represent the auxin diffusion direction; Scale bar=20 um. B: the bot-
tom cell’s interval fluorescence distribution treated with IAA in 0-5 min; Scale bar=10 um. Cells were treated with estradiol for 12 h to induce ABP1
over expression after cultured the cells in auxin free medium for 12 h, and IAA was added from one direction to form a degradation pattern. The vesicu-
lar transports are observed activation in short 2 min by IAA treatment. They are transported toward the direction of IAA higher concentration as white
arrows indicated.

E4 ERKRFREBELEROX-ABPIA I F 42 CA-rop2 BY2 L 40 B 7E AR SEL X 52
Fig.4 Time-lapse observation of single OX-ABP1 and CA-rop2 BY2 cell in degrade IAA treatment

LA ok B SO S B o W] B, Rt T o, 2 min MBI R AR SR BRI

Ko TEHCA-rop2FIBY 240 i, 41 i k% & 1] 5 40
JTUNGE S A) A 240 P B 2 T 1 S0 3 i Al o 1 R,
SRV B i, BE T A2 3k A i ) A AR K. TTABP
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Bl M.
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SABPIFRR /TR IE I:IR%HKMrmﬁWﬂHW%Uqﬁ
%wkﬂﬁWWwﬁwda#%%ﬁkﬁﬁﬁ
0. 1. 2. 3. 4. 5 min(H “HM@M%MM@
MMM@)ﬁmM—%@XJ HEAT IS [A)8 BE 2¢
WM (K4). A0~5 min, Bl I ] (145,
1 I PN 15 R 45 ¢ G IR HE R, 1 min B IR 6 B A2 6
AR PR N, 41 A% S 3G i B 52, 1) JE L

I, AT S 52 40 R DA AR 5 e 1) A7) A 4 P R

iy, AT AL AN . RIWITAALLPE 52 minf,

20 6 P 2R 06 1) LI i T R, A A 1) Py

BRSPS R 4 1) 0 5 JBE 2 T ) Bt A N A

BTG, Ho ) A K R IR T s e UE T

FRYELIZ S AE2 min 0 AR K B Bl T,
O SEUTINA Uy

3 1Tt
HEMARWAEKRGE 9@ DAL, —
SR A K 2l i 5 F-box £ I 5% () TIR 1 (trans-

port inhibitor response protein 1)524A45 A, {2 HETIR1
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Wom iz 2 A SRR AR R, AT B 5 B D
B s, AR B DR R IA RS, HE TS A AR K
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() AR A 5 A 8 A R N 5 | D A i 8 75
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ik M <. ROP2EIRICAS| S HL8h & A
22 [P SR AEANHIPIN N 45, ROP6IIE i F4 3 RIC 140171
ROP2 13 1t 2 115 52 W 41 B JE 38 (1 i . AWF IR
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