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The research progress of membrane-bound NAC

transcription factors in plants
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(Plant Cell Engineering and Germplasm Innovation Key Lab of Ministry of Education,
Life Sciences School of Shandong University, Jinan 250100, China)

Abstract: Membrane-bound NAC transcription factors are a group of NAC transcription factors with transmem-
brane domain. They contain a highly conserved NAC domain in N-terminal ends and a membrane-bound motif in
C-terminal ends. It was reported that membrane-bound NAC transcription factors play important roles in multiple
biological functions such as development, growth, responses to stresses. This article reviewed characters of
structure, biological function, mechanism of regulation of plant membrane-bound NAC transcription factors, as well
as the recent research progress.
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oo BOAS 2D 1 NAC S0 Ji 01 72 5 IR AR &5 & 1,
NAC MTFs [¥)3% P4 52 215 RS JEOX AN 20 BR 1R 11
TE P4 5% W filp 26 FH B 58 38 b S &5 5 B T O
H 6 LR 6 R 4 R B 110 A NAC # 5%
K7 2/ 18 ANt il & NAC # 3k R, /KHg
TR IR 140 A NAC s K1 22 /b4 6 AN A2 Jii
Zh 4 NAC s ] B, i gh & NAC #k [H 7
TEEAED ARG W8 8 Y 5 55 e A o2
FIVE T o A5 SCA A NAC &5 4 5 5% TR 1
P AR R AEFNLES AR e DhRe s, JERIL
ARSI M AT T e

1 NACRRGZEHFETHRIREHER

1996 1F, £—A> NAC #5[KF NAM H Souer
2 ISV W 7 24 v o e 49 51, NAM 2845 fh ] 31
U T R R AR IS 4 A 2R &) v i O AR R
M, 1997 4, Aida 25 U9 2 ) i 3 b R BL T NAM,
CUC2 M ATAF1/2 = FpIE ], PGS E ) N oK
Ui R ALy — B RS N2 SRR P 41, A5 150 N2
FERR AL, W SN E R4 NAC,

2006 4, 5 [ Park #7021 OO ILAU R ST
NAC ¥ K7 H A7 4E MTFs (288, Jfalad 5848 4k
ntm ] UF S RpE AT 5 BRI (1) 5 s R (NAC with
transmembrane motif 1, NTM1) 2 5 #8441 1o f5 3
A, LD REOE 75 BN S A R I P BT Y B
R Bi)E, RIS NAC JE p % /b
AN HAAEEY G, HTHCHEHZ o
W2 E ()15 L > (transmembrane motifs, TMs), Kt
¥ AT RR A NAC B 45 & % s 7, i #k NTL
(NTMI-like)™"™™, NAC & (145 [7] 95 F 5 50 5 Foh —
", M NAC R AGfE A T e 1 NAC
St NAC g5 s — AN R4 160 A~z Ak
PR 5 1) T JRE AR S A s g, 152021, T X- S
LA I ANACO19 [f) NAC g5 #4918, KL NAC 45
RSl AN T A & BB TE - 5 411 - IR eI ghity, &
eyl b — B 60 AN S BE R Bk i 11 X 3k el — 45 ith (1) )
] B IFAIA N, % B FA B — i — A N Ky o 152
Betw 2, 55—l — A R e 2 U T
WOV RITRE P AR RN, NAC B A CHE W
KPR, C R o s G DU REIX o fH 2 C R g
BT R IATART PT S 0 RFP SUARABAE AL AR s
— SO R U R A I AR R, R
AR HEB. WERARIRS, H2& NAC 45
RS ¥y 1) 3 5 GCM DNA 465 S5 F 3 R 1 -1

Sz 1A AT LRGSR, GCM A7 AE T 2 4l i)
PR NI AE TN . RV I A S i
ARG KA 2200, (HR X P REL SR N 1 W] REAFAE
— LA M) DNA BUIHFAE

2 NACRRZEEH#FZEFRIMERAHLS

NAC 455 He sk N 1 LA — R S5 5 1K Befr
TR ASRIE, SR 5 ML RO 2 A7 21 40 i
FERZ A IO — RN 00 1 N, BTS2 2
i ERETBOX A 25 BRI R Y o o) A R DA RRLRR AT i B 5%
AR TR, NAC 45 & ek 1 15 & i A
155 ) 202 B DA OC R R 22 ) U A 2 W,
AR N7 (MTF) (105245 8 K A5 2 PRAIE
s Bl REXT SR I IR AR A A R T S 1 (4 2

S PR R, HAE FALA S A A i
g gk A

2.1 NACERZSHRETFHIHE

FEIERZAY . WERE K shirp, — SR gl & ok
Ky CED)ae LA R, 24 ik, OO B I
Gt O Tl SR DR 1 0 ok 52 4 (172 3R /268 B 1
Mt 2 (RUP) 832 #5119 i Y 85 (1 K g VE L (RIP)
¥ 5 SRR P, E RIP o, A3 36 1k (0 e 5 DX 1 /i
Rk IR 45 45 2R ARG S, 91 W SREBP %% 5% M1
JE LN R 5 5 T (AP AE, el RIP B0 R
IKRERLRE T S Y — M 5 A ) 2 R R B
11 (thoboids), A7 xi -1 Z 1 (S1P), 43 fi# SREBP
(1) luminal & ; 55 —F &5 (18§ S2P( —FP 4 8 & 1
2Ty Bt K RS (TM) SR8k, R VS 11
SREBP #% X 7, gl 4y b 47 1R £ MTF J& it it
RIP ML ). Notch. APP LA bz ErbB4 25 fi5 4f;
B s R 2 B 44 MY 22 3% (presenilin) (1K A2 9t
R ABEGE 1 P, ATF6 B4 & #e s N 12 il S2P
O FE T X P i A L i i BV PRI, Rhoboids
(2% B E MG ) A1 SPP( {5 5 KK ) ZE 2 M5 %
R VRENp = G R s X (Y E N

£ RUP 1, B 747z 2 fk, AR DL Ff
75 3\ 268 B (B AARREAR, AN IR I A G P I
KPP 1 RUP S0E 3 S IR 7 1) — AN 1 2 e B
H1(F) SPT23/MGA2 #4535 T s B, [ Rk SPT32/
MGA2 55 751 T OLE1 HE PR ) 4% s B0 b 7 22
YEH] (OLEL SN Zufs—Fh, 2 5AMMFEIR Y
A4 i B, SPT32/MGA2 # 53% K 1 LL—Flt iy S
Wi & A AR A e 240 0 75 AN iR T
BRI, A S Itk A 5 M 3l i sz 42 2%/ B I



76 1t

R 244

AR IS4 (RUP) B B+,

RIP & 12 fI RUP i 2 #8 Wl e 2 5 T Wigh &
NAC H K F RIS . X NTM1 JE R 5T R B
NTMI ()3 P 52 BP0 AL P45 o B ERE
WA LL KR AR E R T 45 R A R )
ALLN BE4I ] NTML (1) 00 1T, 3K B NTM1 & 45
B AR R . HAE, ALLN %545 2 1 i
RIS FrLh, Al aedb iy s alg, w
SIP. S2P. presenilins 25t 2 5 7 NTMI [ L,
NTMI (¥ Zy fie 3 ik 25 e e ok 1) 44 i 52 1) 33—
ST FH MG132, —Fh 26S 8 (B A 1 4F 57
FAHIF, oAb BE 35S:myc-NTM1 %% JE [K 4 #E I,
NTMI & (KPR T e X 3R] NTM1 472
210, ZFEL NTMI 4 26S & I EEARRE AR . BT5T
KL, NTMI o] 76 40 f 7 24 2 A A N B 50E .
FTLL, 40524 2 n il it B 1 NTMI (132 2540k
] 26S B A BT MR T NTMIL RS E k. 40
Moy B A5 5@ A 26S & A REA R O A5 2 14
W] B, RPN12a, LLREFF 268 & (1RG40 — 4415,
TE 20 0 43 24 2 A5 5 & 42 v ke 21 1 3 B PE
JTLL, NTMI F)ESE M v e 52 E3 V2 G Hg 52
WY, KRR SRR R e 2 F
Wi, RING-H2 &5 fsle — KRR RN M EER, &
HILAE 2 R 2 3 E3 2 =G FEm Y, 4l SCF &
EBY). EAGERIIRE ANAC M HVER] (ANAC & —
Fft 8 5k NAC 45 b 3500] 13 v B2 A i 7 () NAC) V2,
MG 132 Fl45 a5 (H BE0 7] ALLN #5AN 2 5209 NTL6
FINTLS M E R, R eAIMR stz %
A6 5 A4S 2R A K R Y. W) NTLe A
NTLS B 5 34 it 4 i £ 1 I 400 ) 770 20 — A% 3,
RIEAT134 38 1 4 2 1 B ) /K AN Rl IX 3k
B NTLs M R 5510 AL i A7 1 ik DR S 1k 1,
XL AERE T M4 NTLs & A& AN T3
ENEEZS SE % € 37 I A 1= e i N P
ARG, HEI A5 /A7 150 PS4 16 8 A g P
2 o J65 55 1 ARG 110 5 DR S L 52 380 46 oA [ 119 AR
EEC7)7)SIENI0R A2 T I = e P 07 N 1) 7 STER 2 o A

S (P &5 5 3R TR T RERT — 52 1 NAC g 5
SR TR EAEN (& 1.

Kim 25 B S 7 30 50F NTMI (1) 5 5% 3005 05 1,
¥ NTMI (1) A [5) 35 43 55 19 B 36 1k 28048 pGBKT7 Hr
ff) GAL4 DNA 45 & 45t & . GAL4-AC il i
FIEAE M IE R LacZ MTEREAR R P RIE, KLl
o PFURE TR TG M. Rk AC IR REAH Mo 28 Hh
KU LacZ i1k 5346, AC [ C K bty X 45 1] 53
TS LacZ #4536 M, {H NAC 45 #3851 AS fE
MO AR A L D . NTLS 26 3 H () AE 00 B s ok,
AC X J& AC (1) C R i X 3B fie bE 4> K NTL8 5 3%
FUHEG LacZ #7535 K, (H NAC S5s3I AN g 5
PR A L . NTL6 (1) AC 1 C A Sifg [X 455 38 i
(1) LacZ R 35 LD 1) I8 KV S ey 10 B 22 BR e 4
H X ATM X ASGEGE 1) LacZ A 3EH . 25 F
B, MR BRESBEIL Y J5, NTMI1. NTL6 I NTLS8
A HA G, WOE AL B E 7 5 NAC 451
a2 ) 7
2.2 NACLMIEHITE RS

X NAC 5 153 7 D fie (1) [ R 4 -1 6 AN 7T
PUS AL AE RIS AE 5 75 35S I Bh 1 ( TRERER )
) NAC A IRIE . Az G, ATRIE
FFH R = A NAC 25 A1 H Al (%) JLAS Brassica napus
HAW Y CaMV 35S JHB FAH4i & AMTRIA =
A~ ANAC & [ o] L& & % 5 3 7 ERDL v B b
ok & e o B 45 CATGTG Al CACG J¥ 41) 4
ANAC & 78 3 81 4 U5 IR 1% 0 DNA 51 ¥,
NAC [ e 454 DNA #3233 T NAC 45 f ik, {H
J& NAC S5 3 IR B pLEN s 2 R a . B
A, 6 NAC g5 M5t ie A5, NAC &Y
DNA [ &5 & HLHIE AR Har, & kI
NAC ¥ 3t K7 g e v #04% 1, FIA Predict NLS™
A1 PSORT™ # X A4 K i NAC 2R [ [H1 731 43
T, AT ) NAC ¥ s PR 48 B A7 NLS( A% 5E fr
JP51), H NLS FHI A Z k. fE R I+ NAC
gERIR & — A NES, % NES & & 57 i /K &
FEfg M, 4 ANACO19 () NAC &5 #)38, h 43~51 fir

F1 HETHINMNACIRGESERE THRIEFThEE

JB 4 & e s N 1 WOS e N AT WG5S AUBEER Ditie S R
NTM1 (Atd4g01540) 453 (4 ig? Type 11 (ER/NM) hra? KRPs 9 i 45 44 [7,41]
NTL6 (At3g49530) &)t HIG? Type I (PM) A/ABA PRs EIN (8]

NTLS (At2g27300) &)@ & AHl Type 11 (PM) ENS FT FHE. Mk [8-9,38]
NTLO (At4g45580) PNl Type 11 (PM) BIE e SAGs R [8,37]
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B IR IR 5 C AN NES g5/ 9EH —2
3 NACEES#RXEFRIThEE

NAC i 45 45 1 56 PR 7 1) ) g AR DG E L 45 /b,
H HAE RS EY R I . H AT S A1 NAC
RGN 725 TRWAEKKE . WERER
IRBE a2 A A B
3.1 EMEMMERKLZE

NAC & G 31725 T 2 MKk
H By U i, BRI NTML 2R 2
5 M5, ek 55 KRPs(CDK i JE ] )
0] 4 i o3 246 A R 5 FH . NTMI 7240 i 73 245
R e A R G 5 1E . NTMI
TRITEA Mo R AEAE IS P AR R e, el
755 KRP 3L K] 19 2 35 e ok 4l B 23 24 77 28 G i 5 4
o NTM1 A3 140 i 53 3R 3505 5 18 42 v RSP 4l
CYCD3 i 5 1141 Ji 73 24 F2 A5 5 IR 4000 41 i 73 24 1)
TRHEAER], IS L MR 5 4l 73 2, X 5340
J 43 4R B e c-MYC T X EAEH — ke U,
NTMI M FoK RS, 2Rk LB S R 1 NTM1 2
IS 20l iz, HEmife it CDK (40 & 1 2
FIRCH ) AEIE N 2Rk, TR HMHI41 R (1 He
o s

NTL6 fEM) A K R B it g HEAEH . 2Bk
JIE 25 5 DX TR NTL6 1) % B DR IR R 2 R A2 T Wl 35 1)
OO, BRI AEIR . REARER /N I R IR AR
X 2 Y P AR TR TE GHATE G4 71 1 6 2 Dok DR R AR 11 Jik 2%
PR P AR . N /N oK

NTLS TSR T FFAE I [R], 3ok 308 25 B b
G55 X ) NTLS K5 TR, 55 DR RE R HE I I AR I %2,
55 W A6 I G A RE I ) A R T O A TR ) 3 R FT
(flowering locus T) J F. R ¥if 3& X FUL (fruitful)
CAL (cauliflower) [1) % 53 7K 7 75 1 5 IR RS0 b 1 2
$7E I T

ANACO089 JrZ 55 15 LB I+ T AR 0], 754U
FTFIRFFAES Tt B bl ol A E . K H AT
T, 35S::ANACO089 A C i 5 [RUR PR PR Y 5% /. i
RNk Sk, B W P TP AR EIR . 5 R A AH
N, FEELDIAE KR CO. SOC1. FT fil LFY (%A
IKP232 3] T AN FE B A, T FLC (R IA KT
Plam B, Ak, Li 2 U R I NAC 45 4 e 5%
K- ANACO89(FSQO6) J& M5 = Il 1, sk
5 5 5E 7 1K) ANACOS89 5878 4 of SRUME (10 S50 ol 41
o WEIE RN ANACOS8Y S — A A S i B 1k

RO, FSO6 AHK I RS T IR AL T HXK]
M—4&pigr, @R s ABAGS@ERS
e R B e Ok SR

NTL9 Z 5 32 2 (Wl i, —2e 38 240 5C
f13E A (senescence-associated genes, SAGs) 7Eif %
152 TM [¥) NTL9 FEDR W e BE KA ) vh 20k B,
i 2E R R S AE A nel9 ik i B,

AL BRI, NTLS $: RIS 5855 7%
FEAEIT [B] PR 425
3.2 S5INEMBNE

NAC 455 sk 7 [ — DN EE R DI REE S
IR a N, RSN ORGP A s A A )
PRIE NI B TR T R S A sk R T
(R A0 B 5 A PR IBU e s N, BRI R A L B
B MA . Kim 25 © 595 K Col-0 REFE 4 3l %
B34 CHAFRRFE 24 h, 3] 37 CHiFE 1 h,
Gy ME Ve a5 JERRR AR FREE BN K,
B4R BE 30 min, 1 h {E G FHpE . KRR A IR
NEMR #3045 45 100 mmol/L Nacl 17 /4K 7 5L
AR ™, K2 HUK NTLs (55K & 2E
BFEAA (£ 2). BIEIFNTLL fl NTL11 5L
R R A0 5 S %0k, NTL4 I NTL7 %24 il
S &ik, NTL3 FINTL6 7. st &
is i, NTL2. NTL3 4. T5MEh s 5%
iko J34b, NTLs X 2 i m sy (4 3), #iln,
NTL2. NTL4 il NTL6 52}t 74 1 (abscisic acid, ABA)
P RIE T, IR eegh JUE R T EAR I M s 8
NTLs [a] 0] §& B A o 25

Kim %5 B¥ 3% iF RT-Southern 2% &% £ A /¢ #7
NTL6 {EJpE T RGBT Ol A8 PT A7 X LE P8 4k 3
P45, NTL6mRNA [f 7K1 Tt i 1R 25 5 B A% D
F|. F 100 pmol/L ABA 4b¥1 2 h Ji5, NTL6 (1% 3%
VIS D TSP A N TR O =R s e o 5 (P (S DE|
ABA AbFRIRIRE S AT EAH R IR A 52 A0 BE A b vt 2
BRIk, NTL6 B 5K P (3 in vl B 2 k4 1k
W ABA HERLEE . 548, fEA 1 mmol/L SA 4k
1 h 5, NTL6 # /K FIT s &Hes 6 hs 44
M, H 1 mmol/L JA &b ¥ J5, NTL6 (1% /K F A
5, PRI AT AtWhyl mRNA {7k F-7F NTL6 AC
Rk kM kg R BT Rk, NTL6 25 SA
30 5 7 AL AL 52 7 5% R 7 Whirly
PR, Shah, R EEEEE NTLe #&IA, JifetH
K HE A pathogenesis(PR1-5) ££ 4% 55 PR A vt
5. Kk, NTL6 nfG&Z 5 A4 Wpa AR A4 10
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Kim 25 P B, NTL8 k32 GA & piedmihi
PAC Fil 5 885 1M 52 GA ], mi#h T, NTLS fig
% 30 L H ] GA AR A B DR S TSR 9l > GA 1)
YGRS, ATEIR I K. GA M S EES
BARIE S NTLS Skdlfil A7 ik, L mtad
Pont i BRI A S N . GA AT iR
T REWGE NTL8 KA R &, 1@k A+
B R RAL PP 1 FE L b AT . Tl GA IAEMA &
I PAC & B, NTL8 [fRiAH GA irdil. A
PRERMAE, S EAROCRE R B3] GA3 4 LEF 1
BRI, KR T —AMEUE 2w
GA AW G BERAMEIR T8 & o & 26 P 3 301
XF NTL8 155 54 H LA R 6T GA3ox 1 [F 40 il £ H
RAAE ABA SRR RRAZ R b AN, #E A A
T-DNA (1) ntl8 575 1k (1) Tl 1) i % 1= #5 F PAC
HAPUE. A8, EA LY, NTLS
W RFVES S, R AR R R R
Wb, 4D RGL2, NTL8 [ 3% PE 1 52 i 45 & 1)

NTL8 [ 45 P 8 (0 23 i RE T3 45 . PAC AT iy
EhATVE AL NTL8 M R . BRI, ZE R Rl
(% 2 B, NTLS A7 GA A~ S0 45 5 %%
TR XU LR AN M ISR, AR
A FIX—IEN AT HERFI TR . A TG 5
P, R AT I A0 GA AR B R IR I ke ek
b GA AW 4 e GA X it K AW NTLS, 7
AT, NTLS i@ i i1 GA 15 5 842k misb
Rl K, AR AE K& GA 558 En
PR PR . 1 RIE L BRI LS & X ) NTLS,
SEDAE AR IR AE IS, FT 1% 5K1 A0 376 55 1
B B b, FT 2 8l sh RS, IRk,
AT NTLS (130G el FT K LTIt R
FEIR AT AR A P

NTLY R 32 2B @M a5 T, dRE
TG il 2K 55 T L 1y 1) NTLO 4% RURE#E (35S::9AC)
O 3R, — SR M I N (SAGS) 1
35S:9AC ik B, MITEREBR IR nel9 thik
N, IXFRWNTLY fEm g 2l B A 3 Ti31E

R2 BONTLRIEEEZIEEYEF N

NTL No Gene Loci H,0, genotoxic agent (MMS) Heat Cold Drought Salinity 22 ik

1 At1g32870 N J [7]

2 At1g33060 N N, N, v [8]

3 Atlg34180 N V V J [8]

4 At3¢10500 J J J 8]

5 At3g44290 J J 8]

6 At3g49530 v N, N [8,37]

7 At1g34190 J 8]

8 A12¢27300 J [38]

9 At4g35580 J J [48]

10 Atlg01010 8]

1 At5g04410 J J J [8]
3 WMANTLREERZHETW

NTL No Gene Loci ABA ACC BA BL SA IAA GA NPA PAC EE U N

1 A11g32870 J [7]

2 At1g33060 J 8]

3 Atlg34180 J 8]

4 At3g10500 J 8]

5 At3g44290 J 8]

6 At3g49530 J J [8,37]

7 At1g34190 8]

8 A12g27300 J J [38]

9 At4g35580 [48]

10 Atlg01010 J (8]

Ju—
—

At5g04410

(8]
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PP fE-, NTLO [M3E al Rkt i /E2iE e
FBCI) A R A AL 5 ke T,

ARSI 3 N R S NTLS 1 0F 5T & B, NTLS
75 ABA Ml i 32 2115 RiRIE,

4 LEiE

ik 45 £ NAC # 5 R 7 i NAC # 5 Rl 7 Kk
ORI — 28, HETOC TR 4SS NAC 5% K1 1)
OR3P AR Y P e X
NAC # 15 DNA 45 SN A B, L)Re
A RN DR 9T & UF SR 45 & NAC
SRR A=K DA B0 B8 W 25 v 47 o L
BRI, WG R A IL e 0SSR I A B AR A
R P s N, BRI, S A EAE Y AR TR T T
(17 EL R Y. FH ¥ AR AN

(& % xx W]

[1] Seki M, Narusaka M, Abe H, et al. Monitoring the
expression pattern of 1300 Arabidopsis genes under
drought and cold stresses by using a full-length cDNA
microarray. Plant Cell, 2001, 13(1): 61-72

[2] Hoppe T, Rape M, Jentsch S. Membrane-bound transcrip-
tion factors: regulated release by RIP or RUP. Curr Opin,
Cell Biol, 2001, 13(3): 344-8

[3] Poon LK, Jans DA. Regulation of nuclear transport:
central role in development and transformation? Traffic,
2005, 6(3): 173-86

[4] Liu JX, Srivastava R, Che P, et al. An endoplasmic
reticulum stress responses in Arabidopsis is mediated by
proteolytic processing and nuclear relocation of a membrane-
associated transcription factor, bZIP28. Plant Cell, 2007,
19(12): 4111-9

[5] LiuJX, Srivastava R, Che P, et al. Salt stress responses in
Arabidopsis utilize a signal transduction pathway related
to endoplasmic reticulum stress signaling. Plant J, 2007,
51(5): 897-909

[6] TIwata Y, Koizumi N. An Arabidopsis transcription factor,
AtbZIP60, regulates the endoplasmic reticulum stress
response in a manner unique to plants. Proc Natl Acad Sci
USA , 2005, 102(14):5280-5

[71 Kim YS, Kim SG, Park JE, et al. A membrane-bound
NAC transcription factor regulates cell division in
Arabidopsis. Plant Cell, 2006, 18: 3132-44

[8] Kim SY, Kim SG, Kim YS, et al. Exploring membrane-
associated NAC transcription factors in Arabidopsis:
implications for membrane biology in genome regulation.
Nucleic Acids Res, 2007, 35(1):203-13

[91 Kim SG, Kim SY, Park CM. A membrane-associated NAC
transcription factor regulates salt-responsive flowering via
FLOWERING LOCUS T in Arabidopsis. Planta, 2007,
226(3):647-54

[10] Duval M, Hsieh TF, Kim SY, et al. Molecular characteriza-

[15]

[19]

(23]

[24]

tion of AtNAM: a member of the Arabidopsis NAC
domain superfamily. Plant Mol Biol, 2002, 50(2): 237-48
Ooka H, Satoh K, Doi K, et al. Comprehensive analysis of
NAC family genes in Oryza sativa and Arabidopsis thaliana.
DNA Res, 2003, 10(6): 239-47

Hao YJ, Wei W, Song QX, et al. Soybean NAC transcrip-
tion factors promote abiotic stress tolerance and lateral
root formation in transgenic plants. Plant J, 2011, 68: 302-
13

Riechmann JL, Heard J, Martin G, et al. Arabidopsis
transcription factors: genome-wide comparative analysis
among eukaryotes. Science, 2000, 290(5499): 2105-10
Fang Y, You J, Xie K, et al. Systematic sequence analysis
and identification of tissue-specific or stress-responsive
genes of NAC transcription factor family in rice. Mol
Genet Genomics, 2008, 280(6):535-46

Souer E, van Houwelingen A, Kloos D, et al. The no
apical meristem gene of Petunia is required for pattern
formation in embryos and flowers and is expressed at
meristem and primordia boundaries. Cell, 1996, 85(2):
159-70

Aida M, Ishida T, Fukaki H, et al. Genes involved in organ
separation in Arabidopsis: an analysis of cup-shaped
cotyledon mutant. Plant Cell, 1997, 9(6): 841-57

Olsen AN, Ernst HA, Leggio LL, et al. NAC transcription
factors: structurally distinct, functionally diverse. Trends
Plant Sci, 2005, 10(2): 79-87

Kim SG, Lee S, Seo PJ, et al. Genome-scale screening and
molecular characterization of membrane-bound
transcription factors in Arabidopsis and rice. Genomics,
2010, 95(1): 56-65

Ernst HA, Olsen AN, Skriver K,et al. Structure of the
conserved domain of ANAC, a member of the NAC
family of transcription factors. EMBO Rep, 2004, 5(3):
297-303

Takada S, Hibara K, Ishida T, et al. The CUP-SHAPED
COTYLEDONI gene of Arabidopsis regulates shoot
apical meristem formation. Development, 2001, 128(7):
1127-35

Hibara K, Takada S, Tasaka M. CUCI1 gene activates the
expression of SAM related genes to induce adventitious
shoot formation. Plant J, 2003, 36 (5): 687-96

Xie Q, Frugis G, Colgan D, et al. Arabidopsis NAC1
transduces auxin signal downstream of TIR1 to promote
lateral root development. Genes Dev, 2000, 14(23): 3024-
36

Vik A, Rine J. Membrane biology: membrane-regulated
transcription. Curr Biol, 2000, 10(23): R869-71
Bengoechea-Alonso MT, Ericsson J. SREBP in signal
transduction: cholesterol metabolism and beyond. Curr
Opin Cell Biol, 2007, 19(2): 215-22

Eberle’D, Hegarty B, Bossard P, et al. SREBP transcrip-
tion factors: master regulators of lipid homeostasis.
Biochimie, 2004, 86(11): 839-48

Sakai J, Duncan EA, Rawson RB, et al. Sterol-regulated
release of SREBP-2 from cell membranes requires two
sequential cleavages, one within a transmembrane



80

24

[27]

(28]

[29]

(30]

(31]

segment. Cell, 1996, 85(7): 1037-46

Rawson RB. Control of lipid metabolism by regulated
intramembrane proteolysis of sterol regulatory element
binding proteins (SREBPs). Biochem Soc, 2003, (70):
221-31

Dobrosotskaya 1Y, Goldstein JL, Brown MS, et al.
Reconstitution of sterol-regulated endoplasmic reticulum-
to-Golgi transport of SREBP-2 in insect cells by co-
expression of mammalian SCAP and Insigs. J Biol Chem,
2003, 278(37): 35837-43

Weihofen A, Martoglio B. Intramembrane-cleaving
proteases: controlled liberation of proteins and bioactive
peptides. Trends Cell Biol, 2003, 13(2): 71-8

Urban S, Freeman M. Intramembrane proteolysis controls
diverse signaling pathways throughout evolution. Curr
Opin Genet Dev, 2002, 12: 512-8

Shen J, Chen X, Hendershot L, et al. ER stress regulation
of ATF6 localization by dissociation of BiP/GRP78
binding and unmasking of Golgi localization signals. Dev
Cell, 2002, 3(1): 99-111

Wolfe MS, Kopan R. Intramembrane proteolysis: theme
and variations. Science, 2004, 305(5687): 1119-23

Hoppe T, Matuschewski K, Rape M, et al. Activation of a
membrane-bound transcription factor by regulated
ubiquitin/proteasome-dependent processing. Cell, 2000,
102(5): 577-86

Auld KL, Silver PA. Transcriptional regulation by the
proteasome as a mechanism for cellular protein homeos-
tasis. Cell Cycle, 2006, 5(14): 1503-05

Shcherbik N, Haines DS. Cdc48p(Npl4p/Ufd1p) binds
and segregates membrane-anchored/tethered complexes
via polyubiquitin signal present on the anchors. Mol Cell,
2007, 25(3): 385-97

Smalle J, Kurepa J, Yang P, et al. Cytokinin growth
responses in Arabidopsis involve the 26S proteasome
subunit RPN12. Plant Cell, 2002, 14(1): 17-32

Seo PJ, Kim MJ, Park JY, et al. Cold activation of a
plasma membrane-tethered NAC transcription factor

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

induces a pathogen resistance response in Arabidopsis.
Plant J, 2010, 61(4): 661-71

Kim SG, Lee AK, Yoon HK, et al. A membrane-bound
NAC transcription factor NTLS8 regulates gibberellic acid-
mediated salt signaling in Arabidopsis seed germination.
Plant J, 2008, 55(1): 77-88

Upchurch RG. Fatty acid unsaturation, mobilization, and
regulation in the response of plants to stress. Biotechnol.
Lett., 2008, 30(6): 967-77

Zimmermann P, Hirsch-Hoffmann M, Hennig L, et al.
Arabidopsis microarray database and analysis toolbox.
Plant Physiol, 2004, 136(1): 2621-32

Kim YS, Park CM. Membrane regulation of cytokinin-
mediated cell division in Arabidopsis. Plant Signal Behav,
2008, 2(1): 15-6

Tran L, Nakashima K, SakumaY, et al. Isolation and
functional analysis of Arabidopsis stress-inducible NAC
transcription factors that bind to a drought responsive Cis-
element in the early responsive to dehydration stress
promoter. Plant Cell, 2004, 16 (9): 2481-98

Cokol M, Nair R, Rost B. Finding nuclear localization
signals. EMBO Reports, 2000, 1(5): 411-5

Nakai K, Kanehisa M. A knowledge base for predicting
protein localization sites in eukaryotic cells. Genomics,
1992, 14 (4): 897-911

la Cour T, Kiemer L, Molgaard A, et al. Analysis and
prediction of leucine-rich nuclear export signals. Protein
Eng Des Sel, 2004, 17 (6): 527-36

Li P, Wind JJ, Shi XL, et al. Fructose sensitivity is
suppressed in Arabidopsis by the transcription factor
ANACO089 lacking the membrane-bound domain. Proc
Natl Acad Sci USA, 2011, 108(8): 3436-41

PR ORI, Tk, A5 AR R I T ANACOS97E
PRI S R SO E ] s ERE. R
Rk, 2010, 40(5): 408-17

Yoon HK, Kim SG, Kim SY, et al. Regulation of leaf
senescence by NTL9-mediated osmotic stress signaling in
Arabidopsis. Mol Cell, 2008, 25(3): 438-45



