rb E 40 i 25 024 246 Chinese Journal of Cell Biology 2021, 43(4): 866-872 DOI: 10.11844/cjcb.2021.04.0020

ERflERREHR

BRI B KEERT EHE
CARICERTIAE W VK 52 5 F R A o A A sl =, AR AU ARL R 22 2R A BL 22 22 B, WA RV 150040,
SRR 5 A i SRR 2B, iR 325035)

WE LA S (nuclear pore complex, NPCY: TAZE, £ 4% # 40 fe Az 5 4m el fiy 18] 1t 4 ’Tga
B R Fr mRNAF X5 F Y stz eyrp—@l, REXAY a9z 6 d 305 A 5 34 W i94
JU%& & (nucleoporins, NUPs)# &, RIECAI A G g BT oA o030, AR, . B, P
3 FG(phenylalanine-glycine)fe4z 42L& & . HILE G REN-FAZ 465, m BLEMHY % N A &
HAEPRETEMA., BXEARTHMWBILEOASEREE. wEETHaE. AKEXFH. Kk
MRS R AE R R, AHMMAZILE O AN F DR R R BORNR R RAE R,
KR ILEAY, 2RO, Kiis; B Y6

m

Advances in Plant Nucleoporins
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Abstract NPC (nuclear pore complex), embedding in the nuclear envelope, is the sole gateway channel
that controls the trafficking of macromolecules such as proteins and mRNA between nucleus and cytoplasm. In
Arabidopsis thaliana, the NPC consists of approximately 30 NUPs (nucleoporins) with multiple copies, which can
be divided into outer ring, inner ring, linker, transmembrane, central FG (phenylalanine-glycine) and nuclear basket
NUPs according to the sub-complex they formed. The NUPs not only modulate nucleocytoplasmic transport, but
also play important roles in various biological processes. This review summarized the biological functions of plant
NUPs involved in nucleocytoplasmic transport, hormone signaling, growth and development, responses to the envi-
ronmental stress, plant immunity, which would lay the foundation for systematic cognition and further study on the
biological functions of plant NUPs.

Keywords nuclear pore complex; nucleoporins; nucleocytoplasmic transport; biological function
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RS F3 A6, FE N R At i b 38 R B, #%
FLE AW A% LR E 223 76 A MO AS 7] 240 BA A A
AN FR B I BAFAE B A4S, f k] O, #Z AL
BEW Sz LE AT BA A R 1
TATE A N E. WA fLE A Ihee, HaF T
BATRNN AL E S Bz A e T
YERLAE .

& H FUMImRNASE K7 Tl 2 L B A
BEEMBY, 28 A% FLAE A0 A% AN 4 )5 2 [a)
TP A AEAN R LA A V) B AE A i A%
RN, ALEE BA ZHEAY R, Bl
HZ A% ALE A RE IR A B, HA7 75 AR K0 R 5
AR . MAIA 7 5 2%, AL R4 4y
TEREKNEOREEY, KI5 aitb iz L4
T % EFEIZ AL SV RO T I B R kAR . T84,
G L YTIE TR A 0T B 4 i B2 AR B R, HE3) 1 A A
W FE I (Arabidopsis thaliana) % FLEE A R 7 )
W HETS A A% AL B DB D BT S AR
DIRewt 7 A WHIR N, AT T g B AL E B AU

Cytoplasm

Nucleoplasm

SR, T HAERY 2 A A ar R o R R
T« AR SCMKEIIZAL B F 00 2R R LA R 0
BWRGESWN. FERAEH. HEPIENE . b
IR IR AT 2838, 9 RGUARMTR AR
RV EA LD IR S % .

| A E AN S %

At 8 G T RO O S A A
KNP EEHBRAAZIE, ORI T A% LA, T S
TEWi . (Pisum sativum L.)F 052 AL 28546 1O
MR 7 NMINEDEZAE SRR ZAEE
PR 2 g AR S VR T AR RO, AR SRR AR
WL FE AR A (Dictyostelium discoideum) P i X% W
S, M RN DU & 2 PR S WS 1
BALE SRR e B =Yad R, ARG ALRIA S
F B LAY BARGMRIESERERE
YA RS, SRR I =4 5300 BEREA
8L, B\ SRS IR WE 74584, (BRI iz A LR &4
() SR AEAS [F) AR TR 22 5 1) 1) . TAMURA

>
Linker NUPs

Plants Vertebrates
NUP88 NUP88
_ NUP93ab  NUP93a/b _

Central FG NUPs h
Plants Vertebrates
NUP35 NUP35
NUP98a/b  NUP98a/b
NUP54 NUP54
NUP58 NUP58
NUP62 NUP62 )

NE: #J; NUP: #4L&E H; CG1: HHECCCHAL KRBT A 1; SEC13: /38 13; SEHI: secl3[FIYH A FH1; ALADIN: BT R Zai—F EARDIgEA
JEMZ RYEL; GLEL: glfgBFEN 1 1; RAEL: RNA%H A7 1; HOS1: 15350 N i R IAFE A 1; ELYS: oK [ UR S 2 MIIRIG K 20T NUA: #4L4H
SEH; TPR: B ALJE )1 IX; CPRS: i FIAPREEHS; GP210: 210 kDalffi & 11; NDC1: #4322 11; POMI121: FLB A 121,

NE: nuclear envelope; NUP: nucleoporin; CG1: Zinc finger CCCH type family protein 1; SEC13: secretory 13; SEHI: sec13 homologue 1; ALADIN:
alacrima-achalasia-adrenal insufficiency neurologic disorder; GLE1: glfg lethal 1; RAE1: RNA export factor 1; HOS1: high expression of osmotically

responsive gene 1; ELYS: embryonic large molecule derived from yolk sac; NUA: nuclear pore anchor; TPR: translocated promoter region; CPRS: con-

stitutive expresser of PR genes 5; GP210: glycoprotein of 210 kDa; NDC1: nuclear division cycle 1; POM121: pore membrane protein 121.
Bl ZILEaMEHRAETENZILEBKZEK

Fig. 1 Molecular architecture of nuclear pore complex and the nucleoporin members of the sub-complex
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LE S, ¥I0 W 1A% AL B R IR L
(B 1. RIEHIEREEYILEE, 7T LCK NUPs 7
ARER. WER. IR, BB, %5 FG(phenylalanine-
glycine)tZ L8z 16251 (1) #MANUPs(outer ring NUPs)
H ALADIN(alacrima-achalasia-adrenal insufficiency
neurologic disorder). GLEI(glfg lethal 1). RAE1(RNA
export factor 1)» HOS1(high expression of osmotically
responsive gene 1)L A1 NUP43, NUP85. NUP96.
NUP107. NUP133. NUP160. SECI3(secretory 13)
A SEH1(sec13 homologue 1)ff) NUP107-1603F & 4
AH AR (2) I NUPs(inner ring NUPs)HH NUP35.
NUP155. NUP188. NUP205LA & CPR5(constitutive
expresser of PR genes 5)Z1 % ""; (3) #%42 NUPs(linker
NUPs){iz T4 NUPsHT A 3 NUPs 2 [], 245 NUPS8/
MOS7HINUP93a/b"®; (4) #5/ NUPs(transmembrane
NUPs)H & GP210(glycoprotein of 210 kDa)!"*'*/F]

NDCl(nuclear division cycle 1)?”; (5) #Z# (nuclear bas-
ket)fLFH NUP50a/b. NUP136/NUP1 /I NUA (nuclear
pore anchor)/TPR(translocated promoter region); (6) FG
NUPs .45 ffl Jii FG(cytoplasmic FG)#1H (> FG(central
FG)®E [, & NUP2142Uf1CG1(Zinc finger CCCH type
family protein 1). NUP35. NUP98a/bfINUP62W/ & &
i, Hr NUP62WE & &A1) R 6147 NUP54, NUP58A1
NUP62!1,

2 EMRAEENEYF IR
ISR 8 R AL BRI OR ST AR SR ) RE,
T e BRI FE R BN, A% AL EE AR YIRS S R
ARKKE . BN S . SRR A =
BRI (£ 1),
2.1 EYRLERSHKREE
5 e 12 S mRN AR E 1 7 S A0 K 73 T it
5 20 1 A AN 0 D Jo 2 TR R AT 1) B0 ) S B i 3, B AR

®1 EUZILEBNENF I

Table 1 The biological functions of plant nucleoporins

EAEA Jr I I Z 5 i EE PN
Nucleoporins Sub-complex Biological processes References
NUP85 Outer ring NUPs Salt stress, high temperature stress, ABA (abscisic acid) signaling, nodule [38,49,51]
symbiosis (*Lotus japonicas)
NUP96 Outer ring NUPs mRNA nuclear export, leaf growth, hypocotyl elongation, flowering time, [26,38,41,51]
high temperature stress, immune defence, auxin signaling, ABA (abscisic
acid) signaling
NUP133 Outer ring NUPs High temperature stress, nodule symbiosis (*Lotus japonicas) [41,50]
NUP160 Outer ring NUPs mRNA nuclear export, protein nuclear import, leaf growth, hypocotyl [26-27,29,38,41,52]
elongation, flowering time, cold stress, salt stress, immune defence, auxin
signaling, ABA (abscisic acid) signaling
SEH1 Outer ring NUPs mRNA nuclear export, immune defence [8,52]
HOSI1 Outer ring NUPs mRNA nuclear export, leaf growth, hypocotyl elongation, flowering time, [30,36-38,41,43,47-48]
cold stress, high temperature stress, salt stress, auxin signaling, ethylene
signaling, ABA (abscisic acid) signaling
RAE1 Outer ring NUPs mRNA nuclear export (*Nicotiana benthamiana) [32]
CPR5 Inner ring NUPs Protein nuclear import, leaf growth, immune defence, auxin signaling, [17,40,53]
ABA (abscisic acid) signaling
NUP205 Inner ring NUPs mRNA nuclear export, immune defence [31]
NUP88 Linker NUPs Protein nuclear import, immune defence [33]
NUP98a/b Central FG NUPs Flowering time [44]
NUP54 Central FG NUPs Leaf growth, flowering time [8]
NUP58 Central FG NUPs Leaf growth, flowering time, auxin signaling [8,34]
NUP62 Central FG NUPs Leaf growth, flowering time, auxin signaling [8,35,42]
NUP136/NUP1  Other NUPs mRNA nuclear export, leaf growth, flowering time [7]
NUA/TPR Other NUPs mRNA nuclear export, leaf growth, flowering time, auxin signaling [28,39]

ERRFIRSR IR B A, AR N e iU 7 o Bk 7

All the studies were performed in the model plant Arabidopsis thaliana, except of these marked with asterisk.
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