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Biological Functions and Molecular Action Mechanisms of ABP1 in Plants
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Abstract: Auxin binding proteinl (ABP1) plays an essential role in embryogenesis, growth and development of
roots, hypocotyls, leaves, and tropic growth. ABP1 as a putative auxin receptor, mediates auxin early response
gene transcription and membrane protein endocytosis to regulate cell expansion, cell division and differentia-
tion through binding auxin and triggering rapid signal transduction. This review focused on ABP1’s study histo-
ry, molecular structure and subcellular localization, genetic study, cellular functions, and molecular action

mechanisms.
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A2 K FR (auxin) & A A2 KR B R S5 )
N R PR L —, ERKENEY KT R
P FEARIAE =K B AR E AT S
Wtk iz i (polar auxin transport) {5 5 # 5 (Benja-
minsfllScheres 2008; Zhao 2010). 4L K E A
MRA LRI A AL A 5 B, il A
K F da i B IS a2 A KA I AL AR A
HAKRE SR FEEREIL Y= e, S
K R A i(local synthesis) Fl A% P12 Fi /e ik
e MAESE R R ESKE . A K (tropism)
e S I 448 7 FH (Benjamins fl1Scheres 2008;
StepanovaZ$2008; Chen%5:2010; Zhao 2010), {Hix 4t
WAE B G TR i AR KRS 5 Ik AT .
Hur ey b e mEE 5% (1)
TIR1/AFB (transport inhibitor responsel/auxin sig-
naling F-Box protein)/\ 5 i #% 155 5 i& 42 (Dhar-
masirifllEstelle 2004; Dharmasiri%$2005; Kepinski
HiLeyser 2005), A5 5 AR A IE 25 (2)
ABP1 (auxin binding proteinl)4\5 [ i i {5 5 i 15

(Robert%2010; Xu%§2010), & A5 524
R A, H i U A K2 Bk . PR,
AL G ARSI AT TAE R EAT F, XFABP1
W EE Dy e K I TAERINLEEAE — PB4k

1 ABPIHYFFR A &

197 14, 48 B RE27 50N T R 32 AR i I TAA
(indole-3-acetic acid)F11-NAA (naphthalene-1-acetic
acid) A I AR K 3 BE R b 45 5 B ORI 28 i 40 i
i b, JFHED ABP 1 it e A7 1 A2 K 3R 32 A
(auxin receptor) (Herter?$1972), 19854, M L KJik
e ) B 2l | ABP 14 [ (Lobler MK 1ambt
1985). 19894F, Tk ABPI14>K-cDNA (794 bp)Fl
7 #ICDS (630 bp) i 3 4% v [ (Barbier-Brygoo %
1989; Inohara%$1989; Tillmann%:1989). 4% Kk
-+ 2, HOCABPLE AR PE i 50K
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BRI (Wo0%52002), {HABP1¥ A 4% D Ret
FUHAHXT 2218, — H 2I20104E 48 Cell LRI R R T
255 ABP1A 3 ({5 5 A2 WF i SCJE, XFABPI
W0 RS K . HLSE AT ABP )
WFFHL T TIR1/AFB, (HHAW) 2% Dy REMT 5T A iz iz
¥ J5 T TIR1/AFB, Ft3L 5 R 24 (1) 2000
SERT G, R AL 2 75 TIRV/AFB R W) %4 D)
REME T AT B R E S, W51 T KL TN DLk N
AT (2) ABP AR A4 P 2328 B i AR s ok
FAR GG B, kAT ABP1AEY) 2 DG
FEREAG .
2 ABP1EYSE#: 5 4R TE fiL

TOKABPL I HH20 14N 2 S TR 41 A%, 1T 48 7
JFABP1LL £ KABP1D3AN G SE R, W& S 5L )7
HIAAVEIL56% . 74153 W], ABP1EE [ H A3
AN 13~20N 22 5 B2 A R 1D v BEAR S 45 R 3, 4303
HARE, BHEFICHE, Horp ARER A A & LA K
AT 5 (Wo0552002), H I IHFFE W], CHE
25K #4541 B 27 S(Dahlke5$2009,
2010). A5 HIPIABP )2 HEN) i 5 7 40 WS
Jik(signal peptide), K I{E 5 Ik H384N B /K 24
FERR TR I B, HEMZAE 5 KA R T-ABPLZEA
Jii W (Hesse%51989). ABP1IRIE(C)di & —"N-
BEIEALAT RUNXT, X BRI 2 R AN AT R 2 AL R)
1P 5 W9 Y ik s B 45 5 (tetrapeptide retention sig-
nal) KDEL (Barbier-Brygoo%51989; Inohara%:1989;
Tillmann%51989), ABP1IjRELEfy s an B 1T~ o

55 Mk AHE N-BEEAAL
N | I

K11 ABP1Z) eSS #7r i B
Fig.1 Functional domains of auxin binding proteinl

BHE CHE KDEL

HE c

JRE B 55 B P55 B 0 S B UE SEABP 1 2 5E ]
TN Bk (Shimomura®$1999) . X1, JR A< fe
LB A 52 6 I A /D i R ABP LIl I 9 WA 38 428 (1 2R
FEAK) & A T IE A A (Jones FllHerman 1993
Diekmann%§1995; Henderson%51997; Bauly%52000;
Chen®$2012), IXLEYLLLE K W], ABP1A] HELE N
JU R AT BT B A ) BRI A
I3 e BE BRI IR, 432 S ABP 1)
e KDELY LA R A, R M APABP S & N it

W Vit B4 {5 5 (Jones fllHerman 1993), iX 45 1F 4 jll
THALA M EE . MABP1CiiKDEL )T 51 5¢
A2 JKEQLEXKDELGLI, #lIH| ABP 1L P Jit k4 1)
WEER T 54 A HDELIS #1421k 3 7 B (Bauly 45
2000). it &1L ABPLI A8 (2 32F L 41 1) 43 wih
H(Shimomura®$1999), X LEHF57 45 B 7R ABP1
(17 P 5T D9 s B 5 AR mT e B I # ABP A1 73 3%
HIIIRE

- TABPLM A K B A R ko iy,
I, ABP1HLE# A A 2 2 K 3532 AR (Hertel 5519725
Hesse%71989; Wo00%452002), {HANFAME A K K Y
ABPII S5 GREAR, IR L W, 1-NAAY
ABP1IES SRR R, HLOURIAA, fZ 1)
2,4-D (Hertel451972). £ A[ApH{E 414 F, ABP1
HEKENLGEBEARNR 2R YpHEANS5.5
KA, BIFERRMEIRES N, A &6 8k i, 1X
5 40 1 1) B () pHAEL AR 3 #5230 MpHAR #2370,
RIZE R PERREE R, PR I 456 0 i % (Tian 56
1995), X 5 P I pHAE HE AR, . IX L6 25 B
NABP 1A 0 B 7 40 i 36 10 A #E HLAE W) D fig
(Sauerfl1Kleine-Vehn 2011), {H H1 5% 8245 L4 1,
/b5 ABP1E A T 5 IE A i #h (Jones flHerman
1993; Diekmann%51995). [X[It, ABP15Y 5a7E4H iy
AT R A5 AR W) 2 Dy e 2 A A W
We — Rl fERABPLEARFRA AT AN K AEY)
3 ABPIWIBIEZR

1 [7) 5 S ) 384 2 2 AP 9 36 DN 3 R ) e i A
(PR WG o I IE 7] 26t % 27 SR, (0400 7 77 51
LA 3 A A T B4 Kabp 1 €K )
. MTEABPI R AR 250, AR 2 Fil
oy T AL T BO B AL B ST ABPIREA, (A%
A WA RS R N B AR B SR AR BR R, DRI BELASG T
ABP1AW)Z ) REIBEIT .
3.1 T-DNAR{FRRI{R

20014F, Chen%%(2001a)iz H T-DNA{H A\ 584
() 7R B SR AU B TR ABPI S e B e 58 A8 Ak . 7
i ol SAR L R, RILABPI 5 4 b e 5k
EIREE, si G2 A6, HS Ewgahr
2 LA 13. BB R Iai-G R P 1)
IR TCVE IEH K E, 4532 (cell division) 5
(cell elongation)sZ 2|4, 15/~ ABPL{EAEY) i
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B RIEEWILE LAY 6.

S TIER T-DNA @ R 4l -G AR I 5 % & 2t
ITHFSY, {HEffendiZs(2011) %0 & L T-DNA fi 3 2% &
1K (abp1/ABPI) R4l LB 28 T ms K, T 0 349
59, fE K H B~ (16 h/8 h)fH £ kA Ae ),
FES (8 h/16 hyJE LB A= A Hs d HL
HERE A o [, 2 A B AR VR £ 1
PR T RS 1 T e P A K 52 B W, AR AR
Az KR AR T ont b5 AE K 3R U TR IX
LSRR KB ABP1 2 5 i 5K ZH KM K
Bl
3.2 EFEREETK

H T ABPIG R IAE G R IR IE A, 2 5 S5
AR I AR S0 = A AL R R A R R R T
Bk (gene silencing) U1 o U 56T Bk il #abp 153
ARARKE R, 9B IR TD, AR A0 M 5 v A i R
HIAT A D48 (ChenZ%2001a; David252007a, b).
DRI, HEW P IR ABP 1 23K 7K~ 4560 FE I i
BT R B

Perrot-Rechenmann 51246 %8 1) H 0 12 ot 44 24 T
L ZEABP LA (mAD 12) [ 2 SR T i 15 AT 1Y
(ImRNA, 8K 5 M scFvI 2k ik, SN JH B
BY?2 (bright yellow-2)&7741 g & 71, sl T A
JEABP1 )2 135 7 (Leblanc251999; DavidZ%
2007a, b). {EUtEEAY F, Perrot-Rechenmannfll
Fleming ¥ 5 SE 46 % A X ¥ scFvI2 iy BEfABPI
R SCRNA J By A i 3 e 5 Rk 8otk b,
FHor - F AU, IR T ABP1 S f
AtSS12K (N iy B 8Y) . AeSS12S (AF3L pifk )
HILNRR R MABPI RNA X LA AtABP1ASH: 55
PRIk 2 (Braun®$2008). 45 R KL L8R5 T
J&i, ABP1G e dI il F1ABP1 RNA J SCHI i35 B
T RS, GHEH R85 RZ
B 2 i (Braun2008) .

3.3 mERTIK

FOKABPLEE F AR 45 1 Wos ARE BLAT— A
Hi7K 4% (hydrophobic pocket), H:HHy;« Hso Eg,
FH o Zn 85 & 1 SN s, Bl SR A K &
(RS A e ERUFE I, FIFHTILLING (tar-
geting induced local lesions in genomes) /5 VA i ik 2|
5 K H o M0 B K Ho, AR AL siabp 1-5 (H94Y)

(Robert52010; XuZ52010). %548 kT K i
V41 il (pavement cells) ¥ 1E 5 & & 52 21 . 3% #0(
Xu%52010), fEabpl-5HRAF [ A fa b, FhsAE K5
A BEA RO SLR M H 2 A PIN (PIN-FORMED)
[ N £ (endocytosis) A I % 2 [ (clathrin) () i i =
J% (Robert%$2010; Wang%5:2013).
34 FRIERTHR

Jones%5(1998)F H VU bK 2 5 5 ) &) T3k A ik
AL P ST ABP 1) FE P SAE A Bauly 5%
(2000)FI FH 35S A &)1 il 25 ABP 1 Jit W i F A5 5
AN [R) S [ 208 2 TRLJH SR R, RNARI B 11 7 I B
TR W &5 SR W 3K 46 B 5L DR R bk R AP R ABP I
RNAZKPE S HE FUK ARG, 2 RIA4BPIFR T
BB LR 140 M0 2B K 28 I RRUBPE AL, 2 A 5 A
MR ERMAEAWRIE. W RIEABPI™ o T
AR K YR R AR P i S B AR PINTR) 4 £ (Robet 45
2010)F1 k9 A% £ [ (14 I 5 (Wang552013), 35
AR T IREIRI 1 K 2 FHL(Robet%52010)
24, CHOE M RIAEMIFIEIIE R S RIE, X
IR AT RER A BT IE M K 3R AMIRABP 1 255 |2 fif
B, s AE DA T ABP LER KA — AN ™A%
IR ZERLR . BRSO RAN) B T R iF 4 i
AT, HIReRIFABPI = 3k 4 bk & (Jones 5§
1998; Mithilaf/iHall 2005).
4 ABP1RY4AREFTHAE

NATFH B 40 R ANE S A A 37, A4
JACY _EWFSE T ABPLIRIAEY 24 Thie, H % ABP1
Z: 520 Y Jig (cell expansion). 4 Jifd 435 Bl 4H
J W (cell cycle) L& 314545 — St 45
4.1 ABPINM SEKZRIFSHMMBY R

O N A0 5 A2 K 25 g DRl o5 3 D A A4 i K
(Kellerfl1Van Volkenburgh 1996), Fi| ] ABP1 i 41l
TR, RIABPIPUARE W& M A KR FH TN
i3 A2 AT K (Steffens®52001) . AR AE K A RE
BT FIHEABPT RNA J SCHIH 41 [ 2 1) 40 i
K (MithilafiiHall 2005). {548l 7FT-DNA ;2
afi & R, WG 40 iR B 1E B (Chen %
2001a), ABPIZA15FIALAR(ALSSI2K . A1SS12S
HMIAtABP1AS) )W 3 K 41 i 2 T AR e 35 1%
(BraunZ$2008), X YLHF57 45 KGR ABP14 ) 4H
WY . EMHE kAR T, 75 IR ST ABPLIE
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RIS T HEKRIF MR LY R, £ 5
KB VE A M R, A R IE ABP R
EdE T AEK R F A MY E(Jones551998), LA
ARG R A oy R W, ABPIA SR K S04
i fE.
4.2 ABP1iE{= ¢ B E H#A

AN AR A ZR PR TAU 5 A R A TR AT 1 [
AL HE T 405> %L ABP1AuE i kB 40
I PR A0 PR AR B R FEBY 21K 40 i 43 2, AR
A K F R BE IR AN X — i /F F (Fellner%$1996;
David452007a), I 7RABP1/ S K- 2515 S 1L41 i
9354 UFI T abp 1 T e ik 5EAR A AR A4 (1)
9 fitd 43 %457 BH (Chen®52001a), % ABP 1241 Jitd 43
P . BB R Y], ABPLIIRERIG
| L 41 B 73 245 2 B pl T A0 A R I G 1/ S B AR 1]
FG2/MHEAR B 461 it 5 |2 (David 562007, b), it
KISPLFGITABPI 5| N1 2 1) 4 i b T~ G2 (Chen
£52001b). IXLERFGT LG LR ABP1 2 5 i 5 40 i
JE 1
5 ABP1RYS FAERHIE

ABP1IJREG S5 NG EE, ABPIEERPTER
ek Rk ARG H LR bR . BIH AL, A
KABPLI D RERF L - 2ok A a7 i Rk RIA
2 20 5 R O BRORT A s R 5 5 A i DL DR R
Fh. HSRARIREE . CANABPIZERIMIIANG R 5 K
R FEMES. HRT . ULEmEAEK
R EEEEER . ABPIE MK ZE% 4k, Ht
Vg ohRe R ELE I S AR K R, R AL R
KR A5, PR A 25 7 S0 e 3 5 R] (10 2 S 0
HANE, WM EE RS AR, 4K
Z A S St 4 A5 45 (Chen%$:2010; Tro-
mas®$2010; EffendifliScherer 2011; ShifllYang
2011).
5.1 ABP19r S 4 KR M0 5y 2 F Ay 5% R iBIE

H iy a4 A A KSR E 5 iR
TIRI/AFBS S5 T i A2 FMABP 1/ 3 1 i Jit
E5ik%. OAHMPFSIRM, TIRI/AFB#E > %
1K B BHAS 8 I TAA/AUXHI26S & [ 4 1) % fif
YEFH, TR TBAZ AR 5 3@ AR 28 I 1R T i B PR 3R 0k,
I S 3 41 o A R 41 g 23 4 (Dharmasiri f1Es-
telle 2004; Dharmasiri%$2005; KepinskifllLeyser

2005; Chapman%$2012). i 5EK W, ABPI
AL A R N L, fEabpl/ABPIKRE
BUABP1E 3 RIGRHIRSS 12K, — S H E 4K
B S w1 5 R BL A 0 TA A/A UXR AR AR G 3R
(1) W) )3 5 1 2 TR AH LE B R % (Effendi®$2011a),
B 7RABP1Z 5\ G AR K AL R e i 4. ik
— DRI TR, ABP1S 3 2505 o, 40 i J) 0 o
WATEEN CYCD3.1. CYCD6. 1M CYCBI. 1[4k
N, A B, 4o B A3 A0 1 B A5 B I RBR
(RETINOBLASTOMA-RELATED)I¥) 22 1% i, Wi
ABP 1R W] fig il i CY CD/R BRI 45 i 2 41 it J 301
(Braun?%2008; Tromas“$2009). LA F#F574E %
A, KR T gl ABP 1 T 1A 5 i R 1UE
YRR DR e sie, AT PRl i g Joie I 28 - U . 4
LA™ JE R A0 23 S A
52 ABPINSHFREEENE

AR ER A I I 2 AR T LA 2R PIN
(4 o B AR 1PE 52 £37 (Wisniewska®5:2006; Grieneisen%s:
2007), T M 4% E EH A5 N A2CME (clatrhin-medi-
ated endocytosis)fEPIN I A P s 47 g 37 ik F v
A T L3544 ] (Dhonukshe52007, 2008; Chen
£52011; Kitakura®$2011; Mravec5:2011), A,
CMEX AE K R PR Ia i B A 3 2 1) 4 5 S

CA IR FT R B, AR AR K 3R A o 44U
FAITRRSRR J 4l U PINER (W N 7, it B &
AR M % S (Paciorek 252005; Pan%$2009). T 1)
R R, fEabp -5 5 N AN KR ARBEA L
FHIAR 2 2 B2 40 Ba PIN 4 75 (Robert%5£2010; Wang2s
2013). XEEHFFTEE R A KRB ABPLA 7
(A5 T AL S PIN A £, fH R AR RS ) A
4. Robert?5(2010)IHFIT & W], SR A K00
PO 5 Pk B EAECHC AR BECLC T =+
FE T B, AT A% 1 3 IPINA £ 1 3K
ISR B, AMEAE K 3 22 57 2 CLCHICHC
B E L . ik AL A uE i R W], /ECLC2
FICLC3Zh gl K kit R IBABPI 5 50, NI
AR ARBEA R 12 CHCEY/ I CLCT i i
F= 5 (Wang®52013), FEUA K F AR GEA R0
PINN Fr o Bl (BT 7R, ABP LI 0 SPK 1
(SPIKE1)FIROPG/RIC] (Rho-like GTPase6/ROP-
interactive CRIB motif-containing proteinl)H] 1)) g
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SR YR 48 b 11 1) 56 5 A FIPINTH) P4 75 (Chen s
2012; Lin%52012). Kk, DL EFoT4E KW, K
FE(E 5K IGE T ABPL. SPK1/ROP6/RICI. CLC/
CHC 1A% 3, d5e % 3038 T8 A7 PIN R (1, AT
PHEARISPIN Y 7 8 3 5 R pl v far b o KT, H A
SPK1/ROP6/RICT 55 ¥ 5 2 [ 2 ] (1) 1k R AT ik =
AL 2R

LR 71 2 57 1 41 B 2 1] 38 5 58 (lobes)
FIUT R (indentation) (1A HLAS OB pF EEAR . X
ol 7 40 L S 5 TR R T RS AR K FR A . iR
PEIZFAHLHIF R (XusE2010). XuF(2010)FHIHFFT
R, MAME K S ABP 1 GH 8 41 i 586 X
ROP2/RICA VEFI LR T 41 i 111 %5 B [U 3 [X ROP6/
RIC I P [F 0, S8 )5, HHROP2/RICAH 5k
JTIEE A7 FRIPIN P 2, AT 1E S S A 1) AR K 35 %
RN S ) A R, TR B0 M P R ST T P X
ROP6/RIC1iE 1 1iTROP6/RIC 13 i 1 15 14 1 4
[Fi) 1 1) 107 B DX i) 0 97 Ji R0 B P B O 5 DX
ROP2/RICA{E M (FuZ%2005), B, K Zimid
ABP1A 3N AH B PS5 1% 72 (ROP2/
RIC4FIROP6/RICT) ¥4 Jii ~F- 41 o i S [X L5 1T e
X ITE . SR, fEM3 J2 4h e, ROP2/RIC4 &
7 38 Tk U 47 19 kgt B T R AR PIN P 7 415 8K ik = 3t
A 2 R 0 2 UE 5 o

25 LTk, ABPLE A S A FE 5 @ 42 3%
NG T A= S 2
6 RE

AR, RIS REL . AR AE BT B,
AATATABP LA % Dy RE 7T S KL 2 e,
JEHEABPIN FINME S S@ACa T — M EA
(RIFE R . (BB A T ITABP LI A7 Thfg, A4
AR T VF 22 0] @8 (1) fider ARE BR K1 B IE 9
ABPLJZEY) 2N RE? (2) ABP1SUSE & AE 40 JU &I
ITAE DI RE, e A AR 2 38 & W& i A
2.7 WIRIMABPIA 2L Dhiie, &5 R AaEfL s
ARKFEGET? (3) RS B 40 i A e ~F- 4 il
1, ABP14r S JROP6/RIC 15 5 iR 42 A PIN A £ )
A I B AR S 2 (4) AEARAN R &8 B AP
A K BB RN ), AP AR K SR AR DR
HR 2 20 F R AP K AE A 30 R IR 4 R (o feh e o
i frh, ABPIRITIR I/AFBA S ()15 5 1% 2k

MO PRI REBUOUE AR S, BEARR A X 2 ]
RO T AT ST AT TSR W R AR 2E A R . R
A TfENTABPAEY) 22 D R R LA S i AR A IR K
(18 % o

WRZABPIN FIME 542 L H AW % D Re
WA MR K R R AR RET S
B0 N P AL A N ik, fEZFRAEY
Y B I T T ABPIIEN, 9] 40 7K 5 (30 35 46
2008). FEAE(INEPEZE2007). 5 FRGE 47 252008)
&, N RAED = IR IR AR o ) A P R A B
IR SRR B

B3 30k

VT, K, FG IR, TR SC(2008). PR ACR S5 R ABP IR A
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Ei, W 115(2012). w35 S R4 RS B A IR A . WL R

AR IRBHERR), 35 (4): 453~458

SCAR(2008). K FFABP cDNATEFE, %05 L RNAYLER By
BELAAL IR S B DU AR

Barbier-Brygoo H, Ephritikhine G, Kldmbt D, Ghislain M, Guern J
(1989). Functional evidence for an auxin receptor at the plas-
malemma of tobacco mesophyll protoplasts. Proc Natl Acad Sci
USA, 86 (3): 891~895

Bauly JM, Sealy IM, Macdonald H, Brearley J, Droge S, Hillmer S,
Robinson DG, Venis MA, Blatt MR, Lazarus CM (2000). Over-
expression of auxin-binding protein enhances the sensitivity of
guard cells to auxin. Plant Physiol, 124 (3): 1229~1238

Benjamins R, Scheres B (2008). Auxin: the looping star in plant de-
velopment. Annu Rev Plant Biol, 59: 443~465

Braun N, Wyrzykowska J, Muller P, David K, Couch D, Perrot-
Rechenmann C, Fleming AJ (2008). Conditional repression of
AUXIN BINDING PROTEINI reveals that it coordinates cell
division and cell expansion during postembryonic shoot develop-
ment in Arabidopsis and tobacco. Plant Cell, 20 (10): 2746~2762

Chapman EJ, Greenham K, Castillejo C, Sartor R, Bialy A, Sun TP,
Estelle M (2012). Hypocotyl transcriptome reveals auxin regu-
lation of growth-promoting genes through GA-dependent and
-independent pathways. PLoS ONE, 7 (5): 36210

Chen D, Deng Y, Zhao J (2012). Distribution and change patterns of
free IAA, ABP1 and PM H'-ATPase during ovary and ovule
development of Nicotiana tabacum L. J Plant Physiol, 169 (2):
127~136

Chen D, Ren Y, Deng Y, Zhao J (2010). Auxin polar transport is es-
sential for the development of zygote and embryo in Nicotiana
tabacum L. and correlated with ABP1 and PM H*-ATPase activi-
ties. J Exp Bot, 61 (6): 1853~1867

Chen JG, Ullah H, Young JC, Sussman MR, Jones AM (2001a). ABP1

is required for organized cell elongation and division in Arabi-




PN R ABPL A2 T g K 34y T4 FIRLER 415

dopsis embryogenesis. Genes Dev, 15 (7): 902~911

Chen JG, Shimomura S, Sitbon F, Sandberg G, Jones AM (2001b).
The role of auxin-binding protein 1 in the expansion of tobacco
leaf cells. Plant J, 28 (6): 607~617

Chen X, Irani NG, Friml J (2011). Clathrin-mediated endocytosis: the
gateway into plant cells. Curr Opin Plant Biol, 14 (6): 674~682

Chen X, Naramoto S, Robert S, Tejos R, Lotke C, Lin D, Yang Z,
Friml J (2012). ABP1 and ROP6 GTPase signaling regulate
clathrin-mediated endocytosis in Arabidopsis roots. Curr Biol,
22 (14): 1326~1332

Dahlke RI, Liithen H, Steffens B (2009). The auxin-binding pocket of
auxin-binding protein 1 comprises the highly conserved boxes a
and c. Planta, 230 (5): 917~924

Dahlke RI, Luethen H, Steffens B (2010). ABP1: an auxin receptor
for fast responses at the plasma membrane. Plant Signal Behav,
5(1):1~3

David KM, Couch D, Braun N, Brown S, Grosclaude J, Perrot-Rech-
enmann C (2007a). The auxin-binding proteinl is essential for
the control of cell cycle. Plant J, 50 (2): 197~206

David K, Couch D, Perrot-Rechenmann C (2007b). Does auxin bind-
ing protein 1 control both cell division and cell expansion? Plant
Signal Behav, 2 (5): 376~377

Dharmasiri N, Dharmasiri S, Estelle M (2005). The F-box protein
TIR1 is an auxin receptor. Nature, 435 (7041): 441~445

Dharmasiri N, Estelle M (2004). Auxin signaling and regulated pro-
tein degradation. Trends Plant Sci, 9 (6): 302~308

Dhonukshe P, Aniento F, Hwang I, Robinson DG, Mravec J, Stierhof
YD, Friml J (2007). Clathrin-mediated constitutive endocytosis
of PIN auxin efflux carriers in Arabidopsis. Curr Biol, 17 (6):
520~527

Dhonukshe P, Tanaka H, Goh T, Ebine K, Mdhonen AP, Prasad K,
Blilou I, Geldner N, Xu J, Uemura T (2008). Generation of cell
polarity in plants links endocytosis, auxin distribution and cell
fate decisions. Nature, 456 (7224): 962~966

Diekmann W, Venis MA, Robinson DG (1995). Auxins induce cluster-
ing of the auxin-binding protein at the surface of maize coleop-
tile protoplasts. Proc Natl Acad Sci USA, 92 (8): 3425~3429

Effendi Y, Rietz S, Fischer U, Scherer GF (2011a). The heterozygous
abp1/ABP]I insertional mutant has defects in functions requiring
polar auxin transport and in regulation of early auxin-regulated
genes. Plant J, 65 (2): 282~294

Effendi Y, Scherer GF (2011b). Auxin binding-proteinl (ABP1), a
receptor to regulate auxin transport and early auxin genes in an
interlocking system with PIN proteins and the receptor TIR1.
Plant Signal Behav, 6 (8): 1101~1103

Fellner M, Ephritikhine G, Barbier-Brygoo H, Guern J (1996). An
antibody raised to a maize auxin-binding protein has inhibitory
effects on cell division of tobacco mesophyll protoplasts. Plant
Physiol Biochem, 34: 133~138

FuY, GuY, Zheng Z, Wasteneys G, Yang Z (2005). Arabidopsis inter-
digitating cell growth requires two antagonistic pathways with
opposing action on cell morphogenesis. Cell, 120 (5): 687~700

Grieneisen VA, Xu J, Marée AF, Hogeweg P, Scheres B (2007). Auxin

transport is sufficient to generate a maximum and gradient guid-

ing root growth. Nature, 449 (7165): 1008~1013

Henderson J, Bauly JM, Ashford DA, Oliver SC, Hawes CR, Lazarus
CM, Venis MA, Napier RM (1997). Retention of maize auxin-
binding protein in the endoplasmic reticulum: quantifying escape
and the role of auxin. Planta, 202 (3): 313~323

Hertel R, Thomson KS, Russo V (1972). In-vitro auxin binding to
particulate cell fractions from corn coleoptiles. Planta, 107:
325~340

Hesse T, Feldwisch J, Balshiisemann D, Bauw G, Puype M, Vande-
kerckhove J, Lobler M, Klambt D, Schell J, Palme K (1989).
Molecular cloning and structural analysis of a gene from Zea
mays (L.) coding for a putative receptor for the plant hormone
auxin. EMBO J, 8 (9): 2453~2461

Inohara N, Shimomura S, Fukui T, Futai M (1989). Auxin-binding
protein located in the endoplasmic reticulum of maize shoots:
molecular cloning and complete primary structure. Proc Natl
Acad Sci USA, 86 (10): 3564~3568

Jones AM, Herman EM (1993). KDEL-containing auxin-binding
protein is secreted to the plasma membrane and cell wall. Plant
Physiol, 101 (2): 595~606

Jones AM, Im KH, Savka MA, Wu MJ, DeWitt NG, Shillito R,
Binns AN (1998). Auxin-dependent cell expansion mediated by
overexpressed auxin-binding protein 1. Science, 282 (5391):
1114~1117

Keller CP, Van Volkenburgh E (1996). Osmoregulation by oat co-
leoptile protoplasts (effect of auxin). Plant Physiol, 110 (3):
1007~1016

Kepinski S, Leyser O (2005). The Arabidopsis F-box protein TIR1 is
an auxin receptor. Nature, 435 (7041): 446~451

Kitakura S, Vanneste S, Robert S, Lofke C, Teichmann T, Tanaka H,
Friml J (2011). Clathrin mediates endocytosis and polar distribu-
tion of PIN auxin transporters in Arabidopsis. Plant Cell, 23 (5):
1920~1931

Lobler M, Klambt D (1985). Auxin-binding protein from coleoptile
membranes of corn (Zea mays L.). 11. purification by immuno-
logical methods and characterization. J Biol Chem, 260 (17):
9848~9853

Leblanc N, David K, Grosclaude J, Pradier JM, Barbier-Brygoo H,
Labiau S, Perrot-Rechenmann C (1999). A novel immunological
approach establishes that the auxin-binding protein, Nt-abpl, is
an element involved in auxin signaling at the plasma membrane.
J Biol Chem, 274 (40): 28314~28320

Lin D, Nagawa S, Chen J, Cao L, Chen X, Xu T, Li H, Dhonukshe P,
Yamamuro C, Friml J, Scheres B, Fu Y, Yang Z (2012). A ROP
GTPase-dependent auxin signaling pathway regulates the subcel-
lular distribution of PIN2 in Arabidopsis roots. Curr Biol, 22 (14):
1319~1325

Mithila J, Hall J (2005). Comparison of ABP1 over-expressing Arabi-
dopsis and under-expressing tobacco with an auxinic herbicide-
resistant wild mustard (Brassica kaber) biotype. Plant Sci, 169
(1): 21~28

Mravec J, Petrasek J, Li N, Boeren S, Karlova R, Kitakura S,
Patezova M, Naramoto S, Nodzynski T, Dhonukshe P (2011).
Cell plate restricted association of DRP1A and PIN proteins




416 Fa A PR

is required for cell polarity establishment in Arabidopsis. Curr
Biol, 21 (12): 1055~1060

Paciorek T, Zazimalova E, Ruthardt N, Petrasek J, Stierhof YD,
Kleine-Vehn J, Morris DA, Emans N, Jirgens G, Geldner N
(2005). Auxin inhibits endocytosis and promotes its own efflux
from cells. Nature, 435 (7046): 1251~1256

Pan J, Fujioka S, Peng J, Chen J, Li G, Chen R (2009). The E3 ubig-

TIRI/AFB

uitin ligase SCF and membrane sterols play key roles in
auxin regulation of endocytosis, recycling, and plasma mem-
brane accumulation of the auxin efflux transporter PIN2 in Ara-
bidopsis thaliana. Plant Cell, 21 (2): 568~580

Robert S, Kleine-Vehn J, Barbez E, Sauer M, Paciorek T, Baster P,
Vanneste S, Zhang J, Simon S, Covanova M (2010). ABP1
mediates auxin inhibition of clathrin-dependent endocytosis in
Arabidopsis. Cell, 143 (1): 111~121

Sauer M, Kleine-Vehn J (2011). AUXIN BINDING PROTEINI: the
outsider. Plant Cell, 23 (6): 2033~2043

Shi JH, Yang ZB (2011). Is ABP1 an auxin receptor yet? Mol Plant, 4
(4): 635~640

Shimomura S, Watanabe S, Ichikawa H (1999). Characterization of
auxin-binding protein 1 from tobacco: content, localization and
auxin-binding activity. Planta, 209 (1): 118~125

Steffens B, Feckler C, Palme K, Christian M, Bottger M, Liithen H
(2001). The auxin signal for protoplast swelling is perceived by
extracellular ABP1. Plant J, 27 (6): 591~599

Stepanova AN, Robertson-Hoyt J, Yun J, Benavente LM, Xie DY,
Dolezal K, Schlereth A, Jirgens G, Alonso JM (2008). 74AA41-
mediated auxin biosynthesis is essential for hormone crosstalk
and plant development. Cell, 133 (1): 177~191

Tian H, Kldmbt D, Jones AM (1995). Auxin-binding protein 1 does
not bind auxin within the endoplasmic reticulum despite this be-

ing the predominant subcellular location for this hormone recep-
tor. J Biol Chem, 270 (45): 26962~26969

Tillmann U, Viola G, Kayser B, Siemeister G, Hesse T, Palme K,
Lobler M, Klambt D (1989). cDNA clones of the auxin-binding
protein from corn coleoptiles (Zea mays L.): isolation and
haracterization by immunological methods. EMBO J, 8 (9):
2463~2467

Tromas A, Braun N, Muller P, Khodus T, Paponov IA, Palme K, Ljung
K, Lee JY, Benfey P, Murray JA (2009). The AUXIN BINDING
PROTEIN 1 is required for differential auxin responses mediat-
ing root growth. PLoS ONE, 4 (9): ¢6648

Tromas A, Paponov I, Perrot-Rechenmann C (2010). AUXIN BIND-
ING PROTEIN 1: functional and evolutionary aspects. Trends
Plant Sci, 15 (8): 436~446

Wang C, Yan X, Chen Q, Jiang N, Fu W, Ma B, Liu J, Li C, Bednarek
SY, Pan J (2013). Clathrin light chains regulate clathrin-mediated
trafficking, auxin signaling, and development in Arabidopsis.
Plant Cell, 25 (2): 499~516

Wisniewska J, Xu J, Seifertova D, Brewer PB, Ruzicka K, Blilou I,
Rouquié¢ D, Benkova E, Scheres B, Friml J (2006). Polar PIN
localization directs auxin flow in plants. Science, 312 (5775):
883

Woo EJ, Marshall J, Bauly J, Chen JG, Venis M, Napier RM, Pickers-
gill RW (2002). Crystal structure of auxin-binding protein 1 in
complex with auxin. EMBO J, 21 (12): 2877~2885

Xu T, Wen M, Nagawa S, Fu Y, Chen JG, Wu MJ, Perrot-Rechenmann
C, Friml J, Jones AM, Yang Z (2010). Cell surface-and rho
GTPase-based auxin signaling controls cellular interdigitation in
Arabidopsis. Cell, 143 (1): 99~110

Zhao Y (2010). Auxin biosynthesis and its role in plant development.
Annu Rev Plant Biol, 61: 49~64




