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Molecular mechanism of salt stress response of the trans-Golgi network (TGN) in
plants. (Fostering Joint International Research)
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In this study, we analyzed the subcellular localization of Nat+/H+-
anti-transporters (NHX5 and NHX6) during salt stress response. The results suggest that NHX5
localizes mainly to MVEs, and functions in the vacuolar transport pathway. Interestin?Iy, salt
stress treatment decreased the percentage of NHX5-GFP dot-like structures that colocalized with the
TGN. Conversely, salt stress treatment significantly increased the percentage of NHX5 dot-like
structures that co-localized with MVEs. These results suggest that Na+ storage in the membrane
structures such as TGNs, MVEs, and novel vesicles, is important in the salt stress response.



R F—19—-2

1. WHEBRRE SO 5

L, Bx RINTBREDOZEIZ L, “BlNWTZOENHEKNDL” LD FEDME
RPN, ANBEREED [%245) ORISR T 5 IR &Ml - flfkL -~ LT
B9 Z LT, MWEERDPINBERRICK L THEECH D Z L AR L TWD, b7
VATV (TGN) X, FTERO b T v A OIMINAFAET D8 B IR O &R
T, M Z /87 B0 EIT S, RA NANVEZ @D LN H 2D AN TR T T
b5, Wrlx, MO TGN (£721% TGN & Huls & U7 IREASERES) DOFERENS, BRET
AN VARIZHT DINEICMATHLZEEZ R LTS, —FH, @A ML R LR
BEGR EDBREA M L AREIZBIT T, RA M AN PEAZ@ENED X HIZHEEG LT
WD NZOWTIE D T LUV TR RN Z RSN TW 2, Bl xR, Frx 2 HiEE
L7 TGN $§RER b - B BIK (syp4 ZEIR) 1TEEA B UAMEME T LI2Z&
BARTH DM, TGN BEEDREIZ L > TREFE R b VAMERMET T2 D23 12
DOWTIIAATH D, Flo, FxlTmEA N AREIZEBWTHIRNO A VTR Z O
BN RKELS BT HZLEZTTICARWE LTV AN, [FNVHXT DB - pH 21k
NESDES L THEBICEEREMEZH5 L TS0 1220 THH LN > T
720N,

2. WHFEDHK
AL FEINFZEE O Eduardo Blumwald f# 1 (University of California, Davis) @

Mg 7 —1%, fNA AR A S AL ADWIE R B 70 ) EBRR AR L,
Na+/H+7 > FHR—%—Th 5 NHX5 13 L X NHX6 28 TGN I[ZRET 5 Z &
nhxb6nhx6 " FHEFBRTIEEEA PV RAISEDRBRFITRAHZ E2HKA LTS, F

7oy ZOZEERKTIIRA NINTANANTRT O pH NEHAERL 5E_XTEL 25T
B, BELICEERADDLZELRWELTWS, £ Z CEEERREMZE TR, (1) &
A b LRAIREIZE T D TGN Eeit{k & NHX5/NHX6 st O gt (2)
nhxonhx6 22 BRI D2 AN TR TEREDOMNT, OWIEE1T S Z & T, WIZH T
% TGN 29 @A M L ASEEZH O T 5 2 L 2 BT,

3. WDk

(1) BHEAR P LVRISEICEIT 5 NHX5 8L NHX6 D& A F 3 7 R & JFTEMRHT

NHX5/NHX6 7 1 & — & —fil{ ¢ NHX5/NHX6-XFP(GFP,YFP, mRFP) % 3¢ 59
LGRS L MRANRTECHE A N U RSB DN 21T 5, F1=, Bx mBEIC
ML L CW DRk A R ANV H R T~ —H—TF A b O b Ei=iA 2 EH L, &
WA RN VARE FCBIZRT 22 LICL 0 @A R L AIZ X > T NHX5/NHX6 O JFED
ED X DTENT DN EBILET D, WSNERIEE O 7 — 7 D3B3 LIzt pH 7’1
—7HWTEEA N RIRETO TGN ZH.LE LAV T2 7 WEED pH 2 ]IET 5
T T, ANH R T O E NHX5/6 OAEFEFEICSWTHHA S NICT 5,

Fio, Fox SHEEL 7o RASEE A RE, syp4 A S (TGN IZRET 5 SNARE 47
- DI RR TR IR SR IRICRT) & vam3 BRK (RREIZRHET S
SNARE 73 D28 BAK TR DARR B (T FH) 13, BRIRW Z LTS A b L AT L
TWORIMEZRT (FEA FLRICK LT, sypd BRBITEEISE ZRTOICH L
T, vam3 72 BARITIEZ 74, % 2 ¢, NHX5/NHX6-XFP (NHX5/NHX6 7' 1 & —
& —TOHI) % syp4 ZRRE LN vam3 & AR TENEINREBL S C NHX5/NHX6



OMENBERL L OEEA NV ARBIC LD XA F I 7 A% BET D, £z, LnsEil
iz L v NHX5/NHX6 L HHAAEHT 2K F 2@ HEEL ., Z2omhomER ML
ABRGE TR BEER T 2R F 2 FET 2,

(2) nhx6nhx6ERMEITIT DNV 2T ENRBOMREYT
nhxénhx6 " EERARIKR 2 AN TR T~ — T —ZRBLEE, A MV ARETT
Zo@EhRe L pH OB L2823 %5, F7-. Sodium Green T Na+% a[fifb 35 Z & T,
Na+ B3 &R T 2 AN TR TIZHONWT HBAM & B RIK TR 2, x D7 —713 2
NETITHIMBE T A TA A= TIZEDANT R TEHREOBILE 2D T X 1=, BIFR
DITATAA=V U TRARRRBIEFMEMET 52 LT mEA N A% 5 2 T2/
6O NHX5/NHX6 OEhRE A #IZ T 5,

4. WFIERCSE
(1) BHEAR P LVRISEICEIT 5 NHX5 8L NHX6 D& A F 3 7 R & JFTEMRHT
NHXS5/NHX6 7 v £ — & —ifillf#ll F T NHX5/NHX6-XFP(GFP,YFP, mRFP)% 3 Hl. 4 5 F
BHRAR AR L, WEA L — BN TRIE L 2 A, Ry MRoAALT
CTIRELTWD Z EEER LT, 2D Ry MROA VT T OEREZHSMNZT
D728 ’%\@2‘/1/77‘%'7'\7—77~&0)J:t$§%}5’ el %@ﬁ‘f% NHXS5/NHX6 1%
TGN ICEIFET S EME STV, TGN LV & MVE IZEICRHET D Z & A
Y/ 2:7‘;0710 F7-. NHXS &ihaigt~—o— &@i&)%’f@il IFEEEICE <,
NHXS |Z MVE-{Z Il it CHERE L T D 2 L AVRIR S v7-, ERELRIFTEIC L 0 B
HER LA PV RAINEDBERY AT A HWT, A b L RAINEICE T S NHXS
%JJ BB LI I olc, TORKE, IEFICHIRRNZ L1, WA ML 2RIz LD,
TGN ~— 71— & L FFET D NHX5-GFP OE G380 | :\ MVE ~ — & —<Cig M 16
~—H—0 Ky M ERFET D NHXS Ry hOFERN [ZHIM L7, 2 H OfER
735, NHX5/NHX6 134 2 b L A SIS Lf%@fﬁiﬁ@ﬂﬂ%f%ﬂtéﬁ Rl PES b8
BAEMALT 5 Z L THA P LRIZGE L TWD Z ERIB I L,

(2) nhx6nhx6ERMEITIT DNV 2T ENRBOMREYT
nhx5/nhx6 —EERIRIZ TGN ~— B — 2 RBT D T A > & iHEE uio AL —Y—
DAPRERE CBLEE LT R nhxS/nhx6 B8 BARTIX TGN OFERBIZIZ R T 7200 2 & A3
LTI o Tz, & T TR ERIBIEE & #im L. SNARE ﬁiﬁs 7‘5%;« kL RIZ
K9 DS MEDZEAAS, NHXS OMBNEIREIZER T 5 6 DN E I naifi b Z &zl
72 £, SNARE ZER{K syp42syp43. syp22 T. NHX5-GFP D JS{E &AMzl Uiz, + DO
B, A N L AOF BB, BFAER L SNARE £ 4K T NHXS5-GFP O K v MR
JAEIZEZIT R b7 h o 7=, F Z T, Wortmannin ZLERIZ 0 JR ARG 125 DO —5F & 1E D TEL
£2%4T->7-, SNARE ZRIKTOHE A 272 9 AN, NHXS (ZxH9 5 Wortmannin D%}
WAEMEND D T2 NHXS & ANH R T ~—h— % 8RR U= B AR CRlE &
FZ 72\, NHX5-GFP |+ Wortmannin #LEZ X - T T MVE HED VU » ZIRICHTET D
A0 BlgZ&h7=, MVE ~— 7 —1% Wortmannin 2L X > TY U 7RO FENR S
. 2DV 7RO T NHXS-GFP EHFEL T2 Enn, 20U 7Rtk
EIXIMVE HR72 2 B2 57, IRIZ, SNARE ZRIKTHIEZEZ1T) & HA ML ZADE
WZRAMRET, syp42syp43 TIXEFAERL & [FERIC NHXS-GFP @ U > ZHRICITET Dk



WL ST D, syp22 TIENHXS O U & ZIRIBEITBIE S e o Tz, 2D OFERD
5, syp22 TIEMVE R FE N E TVWDH EF X b,

TGN (ZJF7E9 D SNARE % > /R0 /E D " BHERIK sypd2syp43. B RIEDT 5
SNARE # v /27 B DM RIE syp22, T D 2O0%AM L THIZICEH L ZHER
1K syp42syp43syp22 DRI E A - U AN TRIEE UTo, syp42syp43, syp42syp43syp22 1%
B AN R T, WA ML ASDEZEREmLS RoTe, £O—F5 T, syp22 (ZBAERC
AT, A R VR EZ R UTe, —BERK sypd2syp43syp22 13 syp22 TlE7e<,
syp42syp43 L RIERDOEEA B U AN N R i 2 &0 RIBEERITED SYP22 O
KIBCTHE U e mEmtEA 50 A 1 =X 50 BT, TGN JFTED SYP4 Nt 6H< &
ZBH, A NV RIGERICEIT D TON BEEE D EE I RIE ST,

WA N L AREZ b3 572912, CoroNa-Green it |2 L5 NatDEEROHEIEL
AT BEWEEE LTz, nhxd/nhx6 B TR, SNARE Z 5K, AT Nat & OBIE %
BTz, syp42syp43 IXEPARNZ LR TEIENHI < | IE~D Na+FREERE 123K T L
TWD EBZ LI, syp22 IXEAR & [RFREEE O HE Th - 7223, KOz S
72 Na+ZEFE X DS HERR S 7272 RIS 2 C 2 O/ S W EREE I & 3Bl
A FYIVINED Natz R L TV D EEX b,

RO T A4 74 A= TR AIRERBIESM (o T VaisEls, L—Y — iR,
A%y HES) ZEEMICRE L, B LN O EZ BT 5 LT, BlEA R LA
52 725 00 NHXS/NHX6 OBNREZ BT 22 AT AOBEL I 27257208,
YU T IVDIRHOREN R UeT=, BIE bk CTH 5,

Bl = v A )L A O HREG 2R YRR X 0 B C o MR ZE I AN IR EE & 72 -
i, A TA U EERLTT 4 Ay ary LN LR ZHEE LT,

i

1. Ito, E. and *Uemura, T. (2022) RAB GTPases and SNARE:s at the trans-Golgi network
in plants. J Plant Res, 135:389-403
DOI: 10.1007/s10265-022-01403-x

2. Shimizu, Y. and *Uemura, T. (2022) The sorting of cargo proteins in the plant trans-
Golgi network. Frontiers in Plant Science, 13:957995.
DOI: 10.3389/fpls.2022.957995

3. *Ito, Y. and Uemura, T. (2022) Super resolution live imaging: The key for unveiling
the true dynamics of membrane traffic around the Golgi apparatus in plant cells.
Frontiers in Plant Science, 13:1100757.
DOI: 10.3389/fpls.2022.1100757

#a

1 AR, 5 FORFN B Ko T SREMIHIIL N O L OREIERERE « 13 L1 (2022)
Plant Morphology, 34-1-3. DOI: 10.5685/plmorphol.34.1

20 KRB, ENEE T XTI T D REMERIER A AT L (2022)

b2 &AW, 60 25 5 75 215-217. DOI:10.1271/kagakutoseibutsu.60.215

oull
K

FRIER



. RER TS (FRARER)” FEY TGN I2B 1T 2 & v X7 BilgdE s — o o " &
WBEANTRTT—r a3y 7 Q0143 H 13 A4 T4 U BfE)

bR, IEAKECREE, OHEREOE, EFEAZZ, REATENTE “TGN-JR AR o sk H3 il
THEA ML ARG 62 Bl H AW AR FEASHES (2021 4E3 H 14-16 H, A
74 BE)

R MRS, TEKEEREA, OHEREOE, TPEFEAEE, REATENTE “TGN-JR AR o sk H3 il 4
T HHA NV AIGE “HAMWFEE 85 MIkE (2021 429 A 16-20 H. AV T4~
Bl1E)

RERT TS R @I 2 WL S A F X 7 A7 5 64 8] H AW &
BAAES (202343 H 10-17 H. HAEKRZFHINF ¥ /3 R)

R EMRRC, TEAKEEREA. OHEEBGE, TEFBAES. REATEIIE “TGN-IR AR o frs o3 filfE
THEA N L RIGE” JANPER & MifdE e aaFRE (2022 48 A 29-31 H.
AR KL v 2 /8 R)

CFREMRRC, TEAREEREA. OHEEEGE, PEFBIE. A “NHXS5/6 1 MVE I EIZ)H
ET 257 HAMWYFEEE 86 HIKE (2022 4F 9 A. AUERN LK)

AR, TEAKEEOREA, OREEEGE. PRI, FEATEIE R R L RREIZBIT D
NHXS5/6 O JSTEMNT 565 64 [0] B AREW ARS8 (2023453 A 10-17 H. #HAL
KFJNNF v > 73R)



6 6 0 3

Shimada Takashi L Betsuyaku Shigeyuki Inada Noriko Ebine Kazuo Fujimoto Masaru Uemura 60

Tomohiro Takano Yoshitaka Fukuda Hiroo Nakano Akihiko Ueda Takashi

Enrichment of Phosphatidylinositol 4,5-Bisphosphate in the Extra-Invasive Hyphal Membrane 2019

Promotes Colletotrichum Infection of Arabidopsis thaliana

Plant and Cell Physiology 1514 1524
DOl

10.1093/pcp/pcz058

Ito Emi  Uemura Tomohiro 135

Correction to: RAB GTPases and SNAREs at the trans-Golgi network in plants 2022

Journal of Plant Research 703 703
DOl

10.1007/s10265-022-01403-x

Shimizu Yutaro Uemura Tomohiro 13

The sorting of cargo proteins in the plant trans-Golgi network 2022

Frontiers in Plant Science 957995
DOl

10.3389/fpls.2022.957995

Ito Yoko Uemura Tomohiro 13

Super resolution live imaging: The key for unveiling the true dynamics of membrane traffic 2022

around the Golgi apparatus in plant cells

Frontiers in Plant Science 957995

DOl
10.3389/fpls.2022.1100757




Uemura Tomohiro Yoshida Yamato

34

2022
PLANT MORPHOLOGY 1 3
DOI
10.5685/plImorphol .34.1
SHIMIZU Yutaro UEMURA Tomohiro 60
2022
KAGAKU TO SEIBUTSU 215 217

DOl
10.1271/kagakutoseibutsu.60.215

TGN-

85

2021

TGN

23

2021




TGN-

62

2021

Boutt Yohann

ATL31 SNARE

SYP61

C/N

61

2020

TGN-

85

2021

64

2023




TGN-

JANPER &

2022

NHX5/6 MVE

86

2023

NHX5/6

64

2023




(Eduardo Blumwald)

Plant Sciences

Professor Department of

(Elias Bassil)

Sciences Assistant Professor

Institute of Food and Agricultural

University of California,
Davis

University of Florida




