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BE ERKRRXEEWERKAELREPREEEEN, HE S SIS — B2 Y2 YU T . BT iR,
ABP1-TMK 7 T #iER 2 5 il AE K A5 52, (HABPIE AR R 2% 52 4l Ini, AR AMOR A AR 1k 141 AN 5
PRI E BIABLE A E R KRG EEAS EMIMERRE T2 SEENIIGEICR AR, ABLIABP1IHL 8 F 45 4
(KIABLAE SR T REAMEE RN, RETT S TMKAE AR BT R Ak, (RN E KRR L2 N0 S AE KR E 5 IS I bk
Lo AZHETCRAMENT 1 BN KRS SIS B U], 2 A SR 7E U Y =K T

X  AKER, AKEZK ABL1, ABL2, ABP1, TMK
FURERE, TR3EHE, TIURE (2023). MIRETEH: MAMEK 2

K EE R ORI R, EEYEK
RE SR RIERZOAER . A K F 30 1 15 40 i e
K AR EAR NS E— RINVEKEE TR,
et R 4EE A M TS, BRIt
BN EE g e J3 45 B AR ) 2 3 #E (Fendrych et al.,
2016; Serre et al., 2022; Yu et al., 2022).

AR IR T HAE SR EEHE S
BN TR AR 2R RN . AN A K
FETH WA RN AERK R ZATIRY
(TRANSPORT INHIBITOR RESPONSE 1)} [
%A FAAFBs (AUXIN SIGNALING F-BOX PRO-
TEINS) I &, {2k 3t 52 44 AUX/AA RS s 40 i) 8] -1
(R0 AR AR, DT R T 410 o) ) A K 3R i) o2 P -
ARFs (AUXIN RESPONSE FACTORS), %K
ek, N SHEKEE S WL # (Dharmasiri et al.,
2005; Kepinski and Leyser, 2005).

¥ W AE 5 38 B TIR1/AFB-Aux/IAA-ARF 75 I 1 fig
BT AERRMESZ, AN RE . SR, diin
FEAE AR R B, an 40 B RE EAR AL . BT R
B MM OR . RS SR, XL B AR
HAAERAEEEKRAHEEEH 7 H AL et al., 2021;
Cuietal., 2023). 1b4h, HFFRIAKZ LR IR
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% T 291 000 H 5T i B IR AL (Friml et al.,
2022). |l A K U AR R PR e e R AR A i %
MAE 58 B TIR1/AFB-Aux/IAA-ARF A S 1 5% i 7%
SRSEEL, AN R A K RE TIERR TS
i e g g B e 7R

ABP1 (AUXIN BINDING PROTEIN 1) &M
RIUMERKRGEEA, | IZAEE T = SRS
R H A, HHEAE N E KR Z R — B RS
W AEAHF TR B, ABPIE AT Bk AE K R A REN
(Woo et al., 2002), #ef%5 B2 A BEGFTMK (TRAN-
SMEMBRANE KINASE)%: & T2 & 1A (Xu et al.,
2014). FWIWFFRFENY], ABP1IIREE K A {Aabpl-1
(T-DNAZE N AR 44 ) 7 E 40l 79 77 (Arabidopsis  thalia-
na)RIGEIE, 1 HABPAYER MG & A I FE b R %
FHEAEH(Chen et al., 2001). N T #7~ABP1{4EY)
2 Tfe, Chen%s(2001)F|H & SURNAJLERH A A1)
TABPLUUER R &R, KBLAK R X 1%k R 40K
FFER LTl . N EABPIEMI L B
FEEM B ThAE, Braun%s(2008)f1Tromas%(2009)
FIH OB 58 I CRNAYTERH AR FERABP LI R IA
&, RIABPAIEAEY L FER A Rk B i R 1E
HENEH . FIHXEITE K R, Robert%:(2010)K& I
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ABP1% 54 K & i#EPIN1E A 1 W & il 72 (Robert
et al., 2010). N T it —BERUIABP1ITh{E, XuZs
(2010) @ il T 14 A K R 45 A A7 AR AR 59 AT
abpl-5, % FAF A SCRNATTER Pk & 35 B 2 30|
4K SHIROP (RHO OF PLANT)@ R 1L LL A2 I
Fr R A K (Xu et al., 2010). 2R, SEE Ik
5 35 1 BF 2 B 18X 2 4 [ B 7E 2015 4F 43 il i ik
CRISPRA 5 f) J [X 4 48 A T-DNAJER N3R5 1 24 8
ffjabpl % 4E A abpl-c1flabpl-TD1, {H & & I 548
PRI AR B0 A 3L e B B R A A KR B R
FM(Gao etal., 2015). [Fifabpl-5MERHE HE
%, B8 5001SNPAH. &L, Toikmfil =k & hfaR
B 5548 55 4 T %A (Gao et al., 2015). WIRIEFE
BHabpl-1 5748 7 i iR i B8 R 8 I 4k tHABP1 R & 3
2, T2 T AR UL K BSM/At4g02990 I i BR B
#(Dai et al., 2015). [FIFf, A #KkiE ERENABPLE
A G ¥ [5] #h abpl 5¢ 48 44 Ji A5 1 R iR 3546 &k A
(Grones et al., 2015). XUEH 745 F Pkl T ABP1TE
AR RESH SRR S W E

R R, TMKK R E AE/DEK K EMAEK
RPN R R R EEMER, K2 REHRBAAIE
W E R (Cui et al., 2023). 20224F, BLHLFIRL A
BRI FEBEJifi Frimif Sl % 3, abpl fltmk 12848 {4
TEA K5 T 900 RG T PR Wl 8 AL S S AN T AX 7
TP S BB, RIS R I K R 5 ABP14E &
I A KR e NI 7 (Friml et al., 2022). X FFK
UE S ABPZE TMKAR B 4 2 K RIE R /E 5/ S P R
AR . BARIE, % Tabplip RAF AR M SE, H
PR R IRETURE N, 25K EZARE
25 4 K2 A AT & — > B oK vk 1) H 2R
2 1] i

VT, AR AR MK 22 A5 IA H A 5 4 v b T A&
PE, IS A A 2 AN AL 2 55 A0 i T BOR N B T
ABL1 (ABP1-LIKE PROTEIN 1)HIABL2J&Z 1 4h 4=
KREES W0 THUH], 57X — 5 B 2E  ((E
1) (Yu et al., 2023). fiF B %2 UiiE (R 3 73 4, Yu
4:(2023) %58 71N 5TMK14;: 53 HAE H 5ABP1[H &
germin-like ZX & 1 & H, ¥ Hdr 4 AABL1; it [F)
JEF AL R B 55— AN R EE FIABL2. B i 4544
T & BLx 24N 2 5 ABPAREALL, ¥ B A 1AME S 1)
ERKRGEGRF, BoRABLIFABL2A it A H 5

ABPARAUMI D RE . B, 8 i i A0k 3 5 H R E
FTABL1 S AE KR AL S, MAKREEET
RAEMABLI-M2 AR GHEKR. AR E,
TMK1 I A 85 M ae B e 4 & A K &R, M TMK i
AR ABP1EABL &R VR & G, HS5 4K KM
gifre ) REN R, IEHWNE NERKRNILZE. Yu
5 (2023) FI H 9 5% 't G €0 70 G 2 4 b 52 B0 I S
ABLASE AL T4 a3 — 0 5 B ORAE BR 454 Sk
G RE R IR LK, IEHA KRN85
STMKAMABLAEN IR 254, TEE AR A1k
1M TMKA [ g 4 &5 #4945 5 ABP1 5, ABL1 [ 7R & ¥ tb
ABP1E{ABL1 ANt R I B S i AR KR A A oR
71, H—BUE Sz T SRS R T AR K R 2 A T Re .

Yu%5(2023)idE i R AL 1 K 3, abll/abl2 548
i abpl B R AR B A BRI A K R ERE R AL, 1
abpl/abll/abl2 = FRAF R R AL 5 N B B B AR KR
UK . B R T RE WL ABPAFIABL 43 53 AN, {2
ANBEPE AR K R L G AL R B HIABP1-5 2 ABL1-M2 B
tho FiREERFZ, ABLAFABL2YE A 3 Z4I A
KEZIRREETEN, BA/EDRE FAME T ABP1
DIRERIA L « AL 4r TR BH, abpl/abll/tmk1—/+/tmk4
VY 2% 45 4k 1 & B B B R 2 L abpl/abll AT tmk1—/+/
tmk4 XU A AR 5 B i . A, abpl/abll/tmk1—/+/
tmk4 P9 AR AR 58 A T I T AR K R 15 S IROPEUE LA
KPR R, HaiX R T RE 4 ABP1R1ABL1
rmlE RN, PS55I, ABL1AIABP 1@ TMKK
WA R BEREK R RN, TEENZ, BRILE
F1T2H 25 40 B ROILAE K R DU F 0 B A R AL
90% LA I %3 T-ABL1/ABL2/ABP1.,

Zi I, Yu%(2023)#E7~ T ABL1FIABL2 5 TMKIY)
BHEPMER R, M7 ABL1/ABL2-TMKZ) T &
Z AN K FAE S I OHLHI(E1), XREKRE
5 S AT L AT R SR T AT R . 1%
WA B T germin-like X iR A E K BB S
Moo EEER, WH VR RABP g
WAL T EEE, R IR 7T A E KRGS
ZE AR R . SR TMTABL1/ABL2-TMK A&
4 KR AT T AL IRAT VF 2 R AR DL ). 45 2,
AR EEGIAEABLI/ABL2 £ X? ABL1/ABL2#
BN GAEKRFE I TMKBEER 1L L& TMKE] Y] (Cao
et al., 2019)? ABL-TMK5ABP1-TMK# 5t ]
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ERR ABP1

AFB1 ;

E1 ABLS/ABPIRITMKsIE NIAME KR ILZ RN FAE K F S5 IR AP & v Y
ENLT FAMAABLSRIABP1IER A% S A K R 2R, STMKIERSEZIAE &4k, S e TMKEEERL, B MTMKE SR — &
FITHEA, HIEEWEK KR E . ABUABP1-TMKA SR MAME KR5S SR 4@ B L 3F 18 [111AA32/34 5TIR1/AFBs /&

RN AE KRG S FREMIIEN, YR E A E TR

Figure 1 A model of ABLs/ABP1 and TMKSs acting as co-receptors of apoplastic auxin to mediate auxin driven rapid response

After binding to auxin, the apoplast-localized ABLs/ABP1 form a co-receptor complex with TMK, which further promotes the
phosphorylation of TMK, and the activated TMK kinase domain directly phosphorylates a series of effectors that regulate many
developmental processes. The ABL/ABP1-TMK-mediated extracellular auxin signal interacts with TIR1/AFBs mediated intracel-
lular auxin signal transduction pathway to regulate specific developmental processes by phosphorylating non-canonical

1AA32/34.

RBAEES EAE? &GS ERELewMh S
PRAF? IR LG o) A R 10— 2D AT
KRR/ T AP AT LLE B E 3 2k F1
MG S IE BRI T AE KR E, NAETERSHET)
PrEHLE] . SRR BRI 78 BeJifi Friml [ BAAISE
FEL 0 M K 25 2 1 . 5F 43 12 () Mark: Estelle [41 BA ] 1iE
A K FR AR AFBAS 540 3 kST T S i 1 AR
KZ s RS, IR LML, fapiCa® e, R4k
B DA S AR e pReid A K il ik 72 (Chen et al., 2023;
Dubey et al., 2023). ttoh, FOBfE RN, AKEZ
WTIRY/AFBEA R H B LBV, L7742 ffIcAMP

PEREDE B S 5EKRNPE R M (QI et al.,
2022). HATIR1/AFBA: T A P A A 2 PR i 3 A5
S SR MABL1/ABL2-TMKA S il 4Mz 5 5 5
AT EEH? cAMPYERNEE (SR E S 5
AMERK R IR ? 0 28 ) 8 ) Al 28 A Bh T IR
fENTAE KRB TS0 PO, MR AK
RIAEEDEKKE 5AEK RN,
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There Is a Way Out-new Breakthroughs in
Extracellular Auxin Sensing

Xiangpei Kong, Mengyue Zhang, Zhaojun Ding*
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Education, College of Life Sciences, Shandong University, Qingdao 266237, China

Abstract Auxin plays an important role in plant growth and development and its signal transduction has always been the
focus of attention in the field of plant biology. AUXIN BINDING PROTEIN 1 (ABP1)-TRANSMEMBRANE KINASE (TMK)
molecular module is involved in the extracellular auxin perception. In recent years, ABP1 has been controversial as an
auxin receptor. Recently, Tongda Xu’'s team and Zhenbiao Yang’'s team from Fujian Agriculture and Forestry University
identified ABP1-LIKE PROTEIN (ABL) as the auxin binding proteins involved in the extracellular auxin perception. Dif-
ferent from traditional functional redundancy, ABL and ABP1 achieve functional compensation effect through protein
structure similarity, and then form complex with TMK at the plasma membrane, acting as co-receptors of apoplastic auxin
to mediate auxin driven rapid response. This study deeply dissects the mechanism of extracellular auxin sensing, which is
a breakthrough in the field of auxin signaling transduction.
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