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Abstract

As an important signaling molecule, eATP (extracellular ATP) triggers a series of cellular re-

sponses by binding to plasma membrane receptors and subsequently stimulates the production of second messen-

gers such as calcium ions. DORNI is identified as the first plant eATP receptor and can mediate eATP signaling to

participate in many physiological processes in plants, including disease resistance, stomatal opening and closing,

as well as the endocytosis cycle. This review summarizes the researches on discovery, structure and functions of

DORNI, and gives some prospects for the future studies of DORNI.
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SEUR Y IE 1) a8 A% 2 1 7 0, 38 SR AN [ (0 40 e
TFFEAR AR A M I KT e ATP IR B2 RE /7, RIW T B FH
ANBEW RLe ATPAE 5 B AR . 7EIX P Al I+ R
A, ATPALPE 5 VA B2 1 i A Ca™ 38 o, =] it
EATHASE N R 1 E R R A — R
T2 o I P A R AR A SR AR I 2 PR S5 AL 1, DT L
it % Ndornl-1(does not respond to nucleotides 1-1)7/l
dornl-2. 3 EF A= BURE RN b SR AZ R R A 1) 4 2 [
HPEAT EE XS, RI T dornl 575 14 th At5g603003E A
FRAESRSL ) R R AR, 1% (K g B 1 k4R 32 2R 52 IR BBk
Fi-1.9(lectin receptor kinase, LecRK-1.9). ROMANO
SENISCHENK S I 78 A B, 31X LA R AL A
2 LR SR R 1 VO 0SB 11 B IR A R Bl AL 3R
FRAS E P o [F) P CHOTAE! it o A4 A Ml S 56 AR I,
dorn1-1fdorn1-29 22 V& FHDORN 1 & [ ) i 45 /2
FEA ARG .

VAR 7 ] AR — M E RS 5 (danger signal),
MY % B P ER G I, ATP2 4 B g 4809,
DORNI3Z A4 PR3 AT 51 62 B Y B — R A B, 7E
ATP G RIBHIHE R 1, 60% /A7 (1) 3k R 7E A=
P o b i T R IA, X H90% /e A I 2k R 3
&R AAE R R O S AR b . 7R R AR R AR A
I, XL R AEDORN I ik ik vh 32k & 2 35 7
151, T EDORNI I T-DNAJ N KA A dorn 1- 34 Pk H
ESSEN R TE 3 U L

H1 TDORNI) 53 T 45 4 35 5 B W) ATPAZ 14 (1)
SR 6 A AN ], TR A A i ) W 4 52 4k 5K iR
i 44 NP2K(KAC K ). DORNI(P2K,)f2 iX /4N 5 ik
HEE —ANBOR IR A, B AT M ARAE AR A, i)
W G R TR SR P v O I L T P2K B K
R, ER BT, DORNIJE T — N H 450 B
LI, It BT g R A A —
5% 2 A"DORNI [ [ JF & 171,

2 DORNIRIZEH

BOUWMEESTERZ5!"H{E I, DORN1(At5g60300)
2 i ¥ LecRK-1.9 1] LAAFE 4 4 i B¥ 1 240 Jfa Joit JiE 2 ]
s A, AR IS R T Ok PR D RE
DORNI & — MR ) R 2 8, BAEN-In A 55
Ik, BA 1 MAPLAY RS SR A, 1 T 2 ) 3
FA B P 22/ 95 28 R Tl 5 A 3051 1), SRR 25
Pt N R AR AR BRI R B 1 A

2.1 BESNLEVESE R

BARREZHE 72 7l Hi, DORN1 i #1485 #)
L1326 BEE, H A6 BEEFL AT, T 4T
KPEETE B 1B &, 2B & I ) P47, Jf Bl
I 14 FE {8 3 (extended loop)iEdiz . FH XS T W IE AZ
1%, DORN X MERA A% 1 1R A 5wy IR O AR 245 fl - 12k,
BB AN AR R S5 MR 5 ATPEE & B A 1R s i sE Al
71, Wi TR &5 -4 i 25 HUK d 2 45.7 nmol/L,
Tt B & 72 AR T B R AR S U,

L5l R 8 4 3% 45 A 45 A T, DORNITH )
JRI AN AR k£ 2% S5 AL S b 1R ST IR A B - R 2
TEEB TR, X TR I 52 1k 5 U ) 45 B Ak Ok
5k BOUWMEESTERZ5721 | GOUGETZ52 % 1,
DORNI [ fa #h & M3 A b ok ¥ Thie, HoE
WLTEZN A5 b, I M AN EE 25 S R s 2 A K
RR-—H AR - KL EIRRGD)S: &0 A 5B K
AERHEAE R, AT A 5 400 R AR B 11 6 285
2.1.1 fesheEMIRAEA. DORNI AN GE £ & 45
PSR ELFESAS IR 45 74, 43 ) £ Loop A. By C. DAl
SEARIR (B TRTE2) . 5 AL AL AR 22 45 44 U T,
DORN LI 6 BR 55 #4) [ 28 ik iR 5% Jik 41 4 SR 90 HE o
(R AR e, [F] I S5 R TN R B, 5 245 KA &P
K2 R AR S L, DORN1 5 ATP /& A5 41 H.AE H K 5%
Frp A R ARSI . DORN AL 35 45 1) 15 114
¥ (Loop A By C. D)FTIE i1 i 5 ATPA 1R 5%
(SR A0 77, F HATPRE 8 o S8 A g KA 5443
R AL R AR AR HoAE U, DORNIFIATPS: 4 i
TESE R B 5 A LAY AR R MoK LG W 46 6
AR = AR ALEDY, DORNI T &5 X 5 HAB LAY
AR A IR S R AR, FoA o AT BRI 6 5% %
REIBHT BBl P4+ P9 P10, BIIAIPI3)AL TV FE
Pz, 4G 25 726 Bk 9T 2 ( B2+ B3+ BS.
B6~ B7. PSFAPI2)AL T~ Hfd [ [ fir B8, Horp
(179 2% BBE H (B8 MIBOYAT 13N R ZE 4N, TERL T —
A GEARIA(E2). ZEAHIAEL A ASYY T, B AZ&RGD
4k & 18, fEDORNI(LecRK-1.9)/ 5 Jifi JiE 1 2 g B¥
Fasip RyEE BBEWERYTA, #2200 R R,
Loop BHLoop CXDORN1 5 ATPH 45 & -+ 73 ¢ 2,
T AR PR 25 Fy A2 5 DORN 1 FATPH 45 &1,
2,12 JRINEMIRATPL A4k NGUYENZE!
) 2 F %091 1 77 ¥(knowledge-based method)#ll
Hl B %} #% 77 #(free docking method) il T DORNI
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[El1 DORNIKIZEMIHARIES E TER 1812250
Fig.1 Domain structure of DORN1 (modified from reference [18])

[E2 DORNIEMRB(IRIESE LAk 181220
Fig.2 DORNI1 superimposed models (modified from reference [18])

HAETE I T BEIRIATPSS & AL s, PR VAR B T —
ANHH [E ATPES & i, HooE Ar 5 FARLAY dE 4 2 b
SR (R A B S A AL L. BR T XA
TR FIAL 4, free docking method & H T 5 4h—/N5E
A fELoop AFIIE (I BR o (1 &5 & A7 s P A 7 i TR
IR BT 84 B S ATP B AR (5% 3, 73 7 /& Gly98.
His99. Thrl17. Argll8. Ile143. Gly245. Thr246
FIAla247. DORNIFERRIEH AR 5 FAh (LAY %E 4R
FAAY A, AT LA A LAY 4 2% 20 43 AR b T oK,
([INERIFA: 0 2 g vl ol AN I N 1 7 = i e 28
flfic /A&, DORN1XTATPH] e B A B S 45 G ok /T
2,13 RO 45 M IR A AR F AT A Xf UL g ¥
DORNI /] i 41 45 ¥4 8 (AtDORN1-ECD) LA 2 H 75 W
JRRTT Hp [ Y0 % B 2 28 52 1R i i 1 1 PR A 8 A
HEAT el S XS 2R AT 5 0 A, it — P FE f#DORN1
I FHATPE 5 R 546 44t 7 Bk, EgTr
DORN il &1 45 ¥ 38 5 20 2 1 1) 43 1 & 4235 kDa, Eb

T 43 F 8K 76 kDa, 15 H 73 70 T
WAB I ) o RIS AAB I T ARG I 2036 B 1 R
EVE, TR BT bl B R AR, RIRT A R T A A
P& L EASIARRLE AR, SR NLAGEER
SERIBAE L, DORNI [t AR 25 25 A6 del A7 72 B e A2
FIN-SREHEAL 22, DORN LBEEE 245 Mk T i 13 K
KRR L, 1584 % 75 {EDORN it 45 2 45 M I A 7Y
(2 H(Asn37. Asn56. Asnl24. Asnl28. Asnl81.
Asn204. Asn225F1Asn232), 1] LAME AREREAL (67 55,
TSN TR IE T REAL T N (Asn128. Asnl45.
Asnl154. Asnl61F1Asn185), A2 K A= Wi A AB T
SR VR P B AT A, e T AT R 1) R A% Tt fi 4y
Tl AL R AR, 45 F R I, Asn181 1) B HE A )
DORNI R [ (197 & M Fa e 28 9% 8 22, (HRESE AL Xt T
DORNI1 5 ATP4 & %A I SR U,
2.2 BRI

7 B 3EATDORNI ) S8 R I8, 45 SRR W
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DORNZE o7 - 2 i Joig 61721, A Sz 56; =35 78 40 /e 7
& € R IADORNI1-GFP, [F] ¥ ff £ DORN1 4 4H Hd Ji3
JEEE. A RHRER I, 28505 a5 80k 4
TR R A5 (A306)I, ATP 5 1045 &8 1 3 iz %2 ) 5%
M), I AT i 2 5 DORN 1 [ %5 S 5 R 38R0 R Ui A5 5 11
FESHT KM, STDORNI 5 JE 25 A4 35k 1 B7F 90 1R AH X6
/b, PR t, DORN IS 15 45 44 330 1) Ty fi 3 75 22 50 g I
NIRRT
2.3 RAHERLEHE

DORNIH N A — A 22/ & BRIl 45 ¥ 45k, JL
H & B mRAX TIEE 5 it T2 CHEE, CHEN
SEDARIE T BEIR LA 25 AR 1) SRR R AR, #1391,
44045147 s 1) BB TR 5748 TR 2 R (s 1R A ¥ 1
2R B H R L RIR(FFEL IR AL), KR FLIX L4 A1
(1) 1% B2 AL AEDORN LR #E Th g ik B b AR A . Sk
K, S391A. S440A. S451AZK T 1Y ik W2 Ak £7 /5
RAZAS[E WK S dorn1-39 7% VR AE 1R AS W BLATP (1)
Al ARTMIS391D. S440D. S451DHF 45 i W2 1k 58 A8
[FIDORN1, FE 51K 5 dorn 1-3 575 A4 Ak 5F ATP [ T
N7, 5] R S B R R ST, X B, S391,
S440. S4511¥ % B2 1t 4T T DORN 1Ll &5 #y 3 A &
ATPIE 52 T3 R . A RIER B, DORNI1 A G
i S ATPAS 5, BEER AL T i H #5 & ARBOHD M i /-
FEA{EF 0,

3 DORNIAYINEE
LHEMARSZ B AR EYI AR, 2 5K
2 Ji AR TLATP, e ATPAE 9 — M5 5 70 1 51 EC 41
(11— R F B, i DORNE A A H R I 2 — A
ATP3AK, FE M R R 35 R R, & AMUAERE
Vg 77 1R $5 A D RE, il /e ATP(E 5
Z 52 AR,
3.1 DORNITEIEHIR T AL
FEREY A KR B AL b, HA R B 1 i 3
T T~ 76 Th R 1 48 A BE R4 B T RO 2k 4t — 1k
(cell wall-plasma membrane continuum, CW-PM con-
tinuum). £, IF o, DORNIFE [K] 4 5 () LecRK-
L9 /i 3 41 Jio B¥ 1240 Jf 53 i &% 45 1 o A 4t
BOUWMEESTER ST 5t & I, BUW % %5 B w] A
BIRCW-PM S 48— TR G A, MifE E A
Y] LU I s CW-PM I b 45 BH LE 9 SRR R .
A 4 5256 R B, LecRK-LO(DORN1) ] LA K 1] £

% FERXLR-dEER S N 23 IPI-OHH [(IRGDZH ity b & 2
J¥, Wi AR AR A B4, BURE R EE
IPI-O5 LecRK-L.9% &, 52 MHCW-PM%S 25 (1) o A4
LecRK-1.91¥1 T B8, i3 — D W SRCW-PMIZ 4 41 — 1k,
MR GetE FAEY . £ T ERME (P brassicae)z
Jespitoh P infestansIPIO ] R 77 e 318 4 7Y
P0FG I A5 B ok M Ak, 5 B A R AR T AR R A
Et, lecrk-1.95 A5 AR AE MK FN35S-ipiO 13k 2 125 1 ik T Xt
P. brassicaeR Bl 5y Bk, FF HIUEOR R AL, [F 8
PR rh 9 AR 5T AR sk 2, T35S -LecRK-1.97d R Ik 1
RO 1 B B 5RT, fEIE R A KA, Y
[ LecRK-1.97] LIME N —FRGDEE & & H, 54K
MAMECAR S &, LA N 53N S5 5, Bus e
PO S P, IR IR KR N,

TRIPATHIZ Pk 81, DORN1H] PL il Jlle ATP/5
5, B RS L E M Ca® . ROS. NO%: H #:
1 7% #] BR (jasmonic acid, JA)(E 5 @ B, A7 £ A K
SR TR B A % 5| AR A 1 B A e R[] B 4
B IRk AG T Ui 22 RS A SR E BB (mitogen-
activated protein kinase, MAPK )i % i1 305 & B # A1
FeREPK B, B S BB A HE—25IESE T DORNI
FEIALE 5 I8 2% B AE L, S 52 3 A0 a1,
eATPH] LIMEN— M a5 5 5 DORNISZ K45 &, B
Ja B 2 A5 Ca>. ROSKNO, JHGRIALE 5 18 i
AR 5 5 1 JAZ(jasmonate ZIM-domain proteins)-5
JAZZ{KCOI1(coronatine-insensitive 1) AH FAEH, ¥
TEIALE 5 10 B AT 10 B AR S A 5C JE R I 3Rk, A
T S8 T R A2 0T 9 5 T ) B 4
3.2 DORNIZEESFLAFIIZFAIINEE

R AL H K RS MCOZE SRR, 52
R A A Z& NG A A R PESE . R,
AL AR 5 B R 2 AL A . DORNIAZ 4R
MeATP(S 5 J5 = AROS, # FHM AL KM, H 3
H BB R SRR N N R A, AT
TEADHCAR 7L T4 B (0 N AR, I AE R PP o R A5
B,

CHENZEB2 2 FI| FIDORN 1 R A4 A7 £ 58 4
W, RIIEH: 2 ATP(S 5 JEDORN 12 & A= H i R 1L,
HH1S391. S440F1S451 11 H B ER 1k X T ATPH R it
SR RKEE, B DL AR SRR L S
S, $RF 7 DORNIEE IR 46 ¥ H A5 28 FINADPHA
L EFRBOHD, M 1fi#E 7~ T DORNI1A) FeATP(E 5 5l
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S AFL RPN . 4P B W E R, N ATP
IR 4k, DORN1 5eATP4: & 5 & A4 1 i1k,
i i % B2 /L RBOHD ) S22%% &, ¥4 RBOHD 1%
P, SIEROSHI™ A2, Bl =ik B2 IROS 51 2 ALY
KA.
3.3 DORNIZEMERIAFHIER

TE A AR A3 U5 XA 9 [ 52 R 158 38 A0 I A5 B 38,
T 52 B ) 3B 38 B 23 A K & I ATP M1 X 380RE
J43T0 DORNITER R X R IE R B #E 5T
Ho Al 347140, NAKAYAMAZEWIRE 5 % B, 5 JIE 7
Bt PR 5 %) A 5 T A R A v, 4 MR i 3R
BEAFRNBS5REESHSER. HBES
ST EE Sy e, R R S H BRI AL S,
dornl-157% PR R AR AR 92 3k 8 IX 41 g H B T B 5 1
45 45, B AR RO RE 4 AN R, TIDORNIE %
IR HE PR B B 7R 52 H R I 5 | AT 1) 0T B 43 S, 4 PR 4
ERTE . JRE 7 B (1 45 Rt B, AN [H [FIDORN 1 &
A ik R AN F] B E 15 1, DORN1Z: 5 4 35 Jii i
() SR I, AT 38 i 52 ) 240 it B G B SR R o i
TEIR, 24 0 P 45 Fg 1),

W 7L B, DORNLIEL /1 F:eATP(E 5 A HEY)
Y1 B M A5 BV AR A I . ER A KT R, R
4] DAz 3 00 ) A K, KAGENISHIMOF 72k
W, — IR FE e ATPREGSHIHIFR 1) bt . e ATPAL
HLAN BE H0 il dorn 1-1 5878 PR AR 1) 1] Mo 1%, T DORNI
ok A AR AR A 1R ML 52 B T e ATPA B2 25 40
I 7 B Y A0 A St AR ) e i 8 S R ), A
JE M & A(brefeldin A, BFA) W] DL BH 5 4 48 i
(1) 73 Wh i A% LA K B I e ia i A2, W T i
I A CS2e R . F I BFAFIe TP #L 5E 7+ 40 1 14
A7, &5 B R, e ATPI) AL R B 38/ T MR 941
Jiti HH BFA/IMA(BFA bodies) 1R ~f Ko [A]R ZEBFA
Vet S48 i, e ATPIY 58 T BFAS 5 IBFA/INMA (1) 1R
2, BFA/NMATK S [ e T F ks R (g, IRk,
eATP kb B3 5 1 fg kB0, 43¢ F FTik, eATPYE i
0 R v o R R R PR A AR e R R )
. Wsmpt, P AR IR AR AR AT RE S T
PPINTE AN T A K E RIS . F B A= Y
DA S DORN I BRI AR i — 3D F ) I, YfEDORNI
b 3R I M Ak R e ATP AL # 5 /N T HR 2R 4l U BFA/I &
(R SF RN, T 2E dorn -1 98 28 44 W Mk FHBFA/IMA 1
K/NEeATPAL HE WA B B 122 1k, I Hdornl-1

FE R BFA/NMA RST B R T B AR R R . BaRsE
BAESE T DORNIE R A e ATPAE = i #2470 41
o FEIRAE A S . 1 — P T K B, DORN1/Y
FeATP(E T B R AIE A 5 T Ca> BB AH K,
eATP5DORNIZE &, Hihn 1 ML N B IICa* . T
f{]Ca" il i AtRBOHD]Ca? 45 £ 3% /5 (EF hand) ¥k
AtRBOHD, [ii J5 £ iltROS. ROSHT ¥ Jifi fi I [¥1Ca*"
IE, FHENCa™ WL — BT . HInECa>
il 7 B R, S5 T R R

SRR, 125 SR8 R, dornl-358 R R
T R SRR O SR, AAEPSIUE YO RE
AR (Fv/Fm) o2 K R A(qP) B A S Bm 1
77 B (DPSIFH HE T B A B AD g T 450 4k 25 PR, R,
dornl-35ZZ PRFNFE T Fr B N N ATP 9 2 251K T B
AT R . e SR B 2 N e T ) L AR ATP
KF, B IDORNIA 3 & #h il ™ B J SR ATPAE 5,
TEI6 R B LA K N ATPX ey 6 e v 7 3st 72
FEE AR ™. WANGEEM i o ) 5 A A 40U R I
R 2 J7 1) S5 i R B0, e ATP T LK FICa? (1175 1%
S, Mdornl-1Fdornl-398 KA BE N N e ATPF= A=
L3, HEIIIDORNIZE AR A FiHs T BB 4T T o i |
AT R B0 A B0 45 125 -1 1 8 (hyperpolarization activated
calcium channel, HAAC), W i} #75Ca® N [\ 15 3% H
T, MAE AL LR, DORN 1 B AT R £
FH 25 -1~ i& (nonselective cation channels, NSCCs),
BB K A 2B B S . WANGEEIBE 5 7 F A
JFAAS B S 56t A T B e ATP AR B JEHAACHI Ca® HEL 5
MINSCCHIK HL T, [R] IF i A 21 1 [ B8 v 18 1 1)
CI4h A% HL 5. DORNI AT 8 £ R fh X 4 25 1
HIE, b E SRR (L HAAC. NIZAMAEM I
BRI R B, 5 0 AR B R ST AR L, dorn1-398 7%
rh s kA 2 W R E T, #E— 2 UiW] T DORNI
TEM PR T RE .

4 ZHEFRE

eATPIEAE 550 T, 25 T Y2 Fia 3
AR, ER A K R B RO PR 85 38 B 3o AR R R E
HEEMEM. X THEYeATP3Z ADORNI 1 5T
AN REHS BhIRATTE i MU iR e ATPAS 5B %, A Bh
FBATLEAE Y 1t — 25 J B Ath ) 2 ATP 174 7] 90 2
Ho YENHEY)F KI5 — 1~eATP3Z 44, DORNI
MBI SR A IR 2 Hh o7 A5 R N K 38, %1 it DORN1
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5 S 5 A S () BAK Th e A1 G 18 T e 1R RIS I R
[, DORN I N ATPAE 5 J& (1) - 1 & 07 1 AN 375 2
DORNIEN RATP{E 5 )5 2 5 i 4% & 78 18 75 7
1) S AL A B AR (R AR A AT A A T 3k — P R AT
DORNI1{EeATP{E i 42 1 1 Nl it 1 e H 2
5194 W2 L B2, DORN1T At 5§ e ATPAE 5 38 i
W AR ZE 5y, LA Bl A A R A A S T I 1 S [
LEE BT . AL, b R SR H
AR SZ 0, B4 F D Re B 7R 2 — DR & .
FE AT 1 Ak, % X DORN1SZ AR (IR AT 5T, Hl
YIeATP{5 5B K e it — 2D 56 3

SE Wk (References)

[11  TANG W, BRADY S, SUNYY, et al. Extracellular ATP inhibits root
gravitropism at concentrations that inhibit polar auxin transport [J].
Plant Physiol, 2003, 131(1): 147-54.

2] CLARK G, FRALEY D, STEINEBRUNNER I, et al. Extracellular
nucleotides and apyrases regulate stomatal aperture in Arabidopsis
[J]. Plant Physiol, 2011, 156(4): 1740-53.

[3] WUSIJLIUYS, WUIY. The signaling role of extracellular ATP
and its dependence on Ca’* flux in elicitation of Salvia miltiorrhiza
hairy root cultures [J]. Plant Cell Physiol, 2008, 49(4): 617-24.

[4] DARK A, DEMIDCHIK V, RICHARDS S N L, et al. Release of
extracellular purines from plant roots and effect on ion fluxes [J].
Plant Signal Behav, 2011, 6(11): 1855-7.

[5] KIM S Y, SIVAGURU M, STACEY G. Extracellular ATP in
plants. Visualization, localization, and analysis of physiologi-
cal significance in growth and signaling [J]. Plant Physiol, 2006,
142(3): 984-92.

[6] CAOQY, TANAKA K, NGUYEN C T, et al. Extracellular ATP is a
central signaling molecule in plant stress responses [J]. Curr Opin
Plant Biol, 2014, 20: 82-7.

[77  CHOIJ, TANAKAK, LIANGY, et al. Extracellular ATP, a danger
signal, is recognized by DORN1 in Arabidopsis [J]. Biochem J,
2014, 463(3): 429-37.

[8]  WEBB T E, SIMON J, KRISHEK B J, et al. Cloning and func-
tional expression of a brain G-protein-coupled ATP receptor [J].
FEBS Lett, 1993, 324(2): 219-25.

[91 LUSTIG K D, SHIAU A K, BRAKE A J, et al. Expression cloning
of an ATP receptor from mouse neuroblastoma cells [J]. Proc Natl
Acad Sci USA, 1993, 90(11): 5113-7.

[10] TANAKA K, GILROY S, JONES A M, et al. Extracellular ATP
signaling in plants [J]. Trends Cell Biol, 2010, 20(10): 601-8.

[11] CHOIJ, TANAKAK, CAOYY, et al. Identification of a plant recep-
tor for extracellular ATP [J]. Science, 2014, 343(6168): 290-4.

[12] ROMANO P R, GARCIA-BARRIO M T, ZHANG X, et al. Au-
tophosphorylation in the activation loop is required for full kinase
activity in vivo of human and yeast eukaryotic initiation factor 2o
kinases PKR and GCN2 [J]. Mol Cell Biol, 1998, 18(4): 2282-97.

[13] SCHENK P W, SNAAR-JAGALSKA B E. Signal perception and
transduction: the role of protein kinases [J]. BBA-Mol Cell Res,
1999, 1449(1): 1-24.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

WEERASINGHE R R, SWANSON S J, OKADA S F, et al. Touch
induces ATP release in Arabidopsis roots that is modulated by the
heterotrimeric G-protein complex [J]. FEBS Lett, 2009, 583(15):
2521-6.

LEHTU-SHIU M D, ZOU C, HARTADA K, et al. Evolutionary
history and stress regulation of plant receptor-like kinase/pelle
genes [J]. Plant Physiol, 2009, 150(1): 12-26.

BOUWMEESTER K, GOVERS F. Arabidopsis L-type lectin re-
ceptor kinases: phylogeny, classification, and expression profiles
[J]. T Exp Bot, 2009, 60(15): 4383-96.

BOUWMEESTER K, SAIN M D, WEIDE R, et al. The lectin
receptor kinase LecRK-1.9 is a novel phytophthora resistance com-
ponent and a potential host target for a RXLR effector [J]. PLoS
Pathog, 2011, 7(3): €1001327.

NGUYEN C H, KIWAMU T, CAOYY, et al. Computational analy-
sis of the ligand binding site of the extracellular ATP receptor,
DORNI [J]. PLoS One, 2016, 11(9): €0161894.

BARRE A, HERVA C, LESCURE B, et al. Lectin receptor kinases
in plants [J]. CRC Crit Rev Plant Sci, 2002, 21(4): 379-99.
HERVE C, SERRES J, DABOS P, et al. Characterization of the
Arabidopsis lecRK-a genes: members of a superfamily encoding
putative receptors with an extracellular domain homologous to
legume lectins [J]. Plant Mol Biol, 1999, 39(4): 671-82.
BOUWMEESTER K, HAN M, BLANCO-PORTALES R, et al.
The Arabidopsis lectin receptor kinase LecRK-1.9 enhances resis-
tance to Phytophthora infestans in Solanaceous plants [J]. Plant
Biotechnol J, 2014, 12(1): 10-6.

GOUGET A, SENCHOU V, GOVERS F, et al. Lectin receptor ki-
nases participate in protein-protein interactions to mediate plasma
membrane-cell wall adhesions in Arabidopsis [J]. Plant Physiol,
2006, 140(1): 81-90.

LORIS R, HAMELRYCK T, BOUCKAERT J, et al. Legume lec-
tin structure [J]. Biochim Biophys Acta, 1998, 1383(1): 9-36.
IMPERIALI B, O'CONNOR S E. Effect of N-linked glycosylation
on glycopeptide and glycoprotein structure [J]. Curr Opin Chem
Biol, 1999, 3(6): 643-9.

WORMALD M R, DWEK R A. Glycoproteins: glycan presenta-
tion and protein-fold stability [J]. Structure, 1999, 7(7): R155-60.
RUDD P M, WOODS R J, WOMALD M R, et al. The effects of
variable glycosylation on the functional activities of ribonuclease,
plasminogen and tissue plasminogen activator [J]. Biochim Bio-
phys Acta, 1995, 1248(1): 1-10.

MITRA N, SINHA S, RAMYA T N C, et al. N-linked oligosac-
charides as outfitters for glycoprotein folding, form and function [J].
Trends Biochem Sci, 2006, 31(5): 156-63.

BRAAKMAN I, BULLEID N J. Protein folding and modification
in the mammalian endoplasmic reticulum [J]. Annu Rev Biochem,
2011, 80(1): 71-99.

OLSON T S, LANE M D. A common mechanism for posttrans-
lational activation of plasma membrane receptors [J]? FASEB J,
1989, 3(5): 1618-24.

CHAMOREY A L, MAGNE N, PIVOT X, et al. Impact of glyco-
sylation on the effect of cytokines. A special focus on oncology [J].
Eur Cytokine Netw, 2002, 13(2): 154-60.

LI Z, CHAKRABORTY S, XU G. X-ray crystallographic studies
of the extracellular domain of the first plant ATP receptor, DORNI,
and the orthologous protein from Camelina sativa [J]. Acta Crys-



902

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

tallogr, 2016, 72(10): 782-7.

CHEN D, CAO Y, HONG L, et al. Extracellular ATP elicits
DORN1-mediated RBOHD phosphorylation to regulate stomatal
aperture [J]. Nat Commun, 2017, 8(1): 2265.

TRIPATHI D, ZHANG T, KOO A J, et al. Extracellular ATP acts
on jasmonate signaling to reinforce plant defense [J]. Plant Physiol,
2018, 176(1): 511-23.

TRIPATHI D, TANAKA K. A crosstalk between extracellular ATP
and jasmonate signaling pathways for plant defense [J]. Plant Sig-
nal Behav, 2018, 13(5): e1432229.

KADOTA'Y, SHIRASU K, ZIPFEL C. Regulation of the NADPH
oxidase RBOHD during plant immunity [J]. Plant Cell Physiol,
2015, 56(8): 1472.

BAXTER A, MITTLER R, SUZUKI N. ROS as key players in
plant stress signalling [J]. ] Exp Bot, 2014, 65(5): 1229-40.

JETER C R, TANG W, HENAFF E, et al. Evidence of a novel cell
signaling role for extracellular adenosine triphosphates and diphos-
phates in Arabidopsis [J]. Plant Cell, 2004, 16(10): 2652-64.

KIM S H, YANG S H, KIM T J, et al. Hypertonic stress increased
extracellular ATP levels and the expression of stress-responsive
genes in Arabidopsis thaliana seedlings [J]. Biosci Biotechnol
Biochem, 2009, 73(6): 1252-6.

BALUSKA F, MANCUSO S, VOLKMANN D, et al., Root apex
transition zone: a signalling-response nexus in the root [J]. Trends
Plant Sci, 2010, 15(7): 402-8.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

KAGENISHI T. Extracellular ATP signaling is linked to endocytic
vesicle recycling in root apex [D]. Bonn: Rheinischen Friedrich-
Wilhelms-Universitit Bonn, 2016.

NAKAYAMA N, SMITH R, MANDEL T, et al. Mechanical
regulation of auxin-mediated growth [J]. Curr Biol, 2012, 22(16):
1468-76.

ABAS L, BENJAMINS R, MALENICA N, et al. Intracellular traf-
ficking and proteolysis of the Arabidopsis auxin-efflux facilitator
PIN2 are involved in root gravitropism [J]. Nat Cell Biol, 20006,
8(3): 249-56.

HOU Q Z, SUN K, ZHANG H, et al. The responses of photosys-
tem II and intracellular ATP production of Arabidopsis leaves to
salt stress are affected by extracellular ATP [J]. J Plant Res, 2017,
131(2): 1-9.

WANG L, WILKINS K A, DAVIES J M. Arabidopsis DORN1
extracellular ATP receptor; activation of plasma membrane K™-and
Ca”"-permeable conductances [J]. New Phyto, 2018, 218(4): 1301-
4.

WANG L, STACEY G, LEBLANC-FOURNIER N, et al. Early
extracellular ATP signaling in Arabidopsis root epidermis: a multi-
conductance process [J]. Front Plant Sci, 2019, 10(10): 1064.
NIZAM S, QIANG X, WAWRA S, et al. Serendipita indica ES’NT
modulates extracellular nucleotide levels in the plant apoplast and
affects fungal colonization [J]. EMBO Rep, 2019, 20: ¢47430.



