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Arabidopsis thaliana increases freezing tolerance upon exposure to low, non-freezing
temperatures, which is known as cold acclimation (CA). CA results in significant changes in the
lipid and protein compositions in the plasma membrane and these changes affect the freezing -
tolerance of plants. Recently, domains in the plasma membrane (called as microdomains), which
contain membrane specific proteins associated with membrane trafficking and signal
transduction, are isolated as detergent-resistant plasma membrane fractions (DRM). To
investigate the role of DRM-associated proteins in CA, we characterized cold-responsive
DRM-associated proteins in Arabidopsis seedlings during CA. Two-dimensional differential gel
electrophoresis and subsequent mass spectrometric analyses revealed that many proteins
quantitatively changed during CA, among which P-type H*-ATPase, aquaporin and
endocytosis-related proteins increased and tubulin, actin and V-type H*-ATPase subunits
decreased in DRM. Gene expression analysis indicated that the protein accumulation levels in
DRM during CA were not regulated at levels of transcription. These results suggest that (1)
Arabidopsis plasma membrane microdomains play a role as a platform for membrane transport,
membrane trafficking and cytoskeleton interaction and (2) the changes in these proteins are not
correlated with the changes in gene expression levels during CA.
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W5 29, —fRENC, BREIC & b SRR,
MRS (TRTZ A L) SEERICER S DK RITE
HTDBAANVA, BIUOBHRER NV R2E320T
3. T O, HERS L HEAP &R T 2 MR o es -
BEEFEIHROATFIELVEETHD Z LML
NTW3 9, ZoZ s, KEHLBERTEZ S
W DR DL E TR P VAT TD
MBSO - HEREHERS L ORSEMIC B SR BT
MEPED N TE T,

MABITY VIEE, AT u—IRE, A7 4vd
EENLRBIEE BB LY R E RS
TRy, MREERRSIE, MiREks I E
REDEFHLE NI BIZLVEIERFIREN, R
BH—ZRHLTVBEEXRTWS. T, IEfE
BOE%E 5D AT 4 A58, BIREDKE
EEDBZYUIEE LB L CRERE,, AT e—
NEB L BWEFEEZ b0, EVIZEA LT ne
W) BB RES. Tz b, MDD R
74 IREIRRATe—VIBEE b, UV URE
D572 5 LRI BIRY 72 ¥R S0 AR & 13 R DRIy
AL, TREMESIH SNBSS U CRilE
FIZBUN R AL VERRTDEEZ DN TS, &
D XD RRT 4 v ARG OYBREE L TRBIE YA
JETMZEY ANTEENTZON, Mg~ A 2
0 RALY OFETHD D, A7 4 df5EEX
Tu—NMEEILEL~YA 7 a FAL 0%, ZhblE
BLBFEREWES R EE L b, EAA
M R EIEMERI AR AR (DRM: detergent- resistant
plasma membrane) B4y & U CA(LERICHRBEX
5. DRM B ifg~ e/ ke, MIngH,
ATV NI T 4 vx S, EEREOHE R
BT27 0 RIEREENTNDZ LMD, [EHEE
OFLRBFE L TOYA 71 RAL L OEEMEN
BT,
IKIRBILBE T2 L2 < Of% T,
MIEDO R 7 + v IEEENMET T2 0. Tk,
ERIRISERRE OB E 2 B IR L b,
A7 4 vIARERERS E LTERENSE~A 20
R A A 2 HMEIRBICARTE T & »OFEEZ 1T TV
HILEWEZDBND. I T, HHOMBEE~A 7
1 KA A AR DMRIRGE M Z R TS 1%
NRBIE, vurA X FXFHRERSO DRM B

0

DCFET B X T ERUIRE ORI 21T
57 (Minami et al., submitted) . AHBFZETIE, &
BEMGBRICIT B 7 u FA L VRES L5
B OEE) & RRHIL L OBk SN TESRT S L
L HiZ, DRM BRI B % VX7 BOEREA
LERBE L ~ULTCOHIE & OBMRIZ W THRET 5.

B Ei

CA: cold acclimation or cold acclimated (IR BI1L)

CHC: clathrin heavy chain (7 7 2V EE)

DRM: detergent-resistant plasma membrane (JE
A AR TE MR AR AT )

DRP: dynamin-related protein (¥ A 7 I 4k%
VRTE)

LC-MS/MS: liquid chromatography-mass
spectrometry/mass spectrometry (&2 =
< NITT 4= BT DERHT)

MALDI-TOF/MS: matrix-assisted laser
desorptionfionization time-of-flight mass
spectrometry (<= hU v 7 AXTEL—F—iL
Bl A L ALTRAT RERE BV B0 HT)

P-ATPase: P-type H+-ATPase (M@ 2 kAR
7)

PIP: plasma membrane intrinsic protein (FZME

By 7 TRY V)

TUA: a-tubulin (avF-=2—7 Y V)

TUB: B-tubulin (B-F=—7V )

2D-DIGE: two-dimensional difference gel

electrophoresis (B XEBT + 7 7 VI ATV

ZRTERIKE))
V-ATPase: V-type H-ATPase (RIEE 1 AR Y
7)
HHEBEIUAHE

1. £FAERVERICOESEH

vua A X XF (Arabidopsis thaliana (L.)
Heynh ecotype Columbia) HE#p&iL, fEF% LiC
B, 23°C EEEYE (50-100 pmol/m2/s) T T 3~
4 BREFS RSOV, £, KEHMEL
HIX AN TR S8 (2°C, 12 B A&, 100 pmol/m?/s ;
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CU-351A; FI—KTI) TITo7z.
2. HREIER U DRM E7 0
IKIBEIMEAVERRTE O Vv A X X Rk 5T
NOKMEZBAEEC X HIRER S ZFRE L 9.
BN MEEE S 2 AV, 2mg OF 37 Gkt
LT 3ml D 1% (wiv) Triton X-100 % & AR EK
120K BT 30 OB 1T o 7= P, Triton X-100
mf_ﬂa L7 M EE 451, 656% (wiw) A7 & —27*
REBE TR 0 —ADKBEN 2% (wiw) |
éii%ﬂb,%wru3a3a5%(wm.xa
0 —AWKEZEB L. A7 u—XEE AR
(141,000 g, 20h, 4°C) %, 35-45% (wiw) A7
O — RBEMSTICEE L 2 K0 A8 L= RER L
BEED, BEODBEHCLIYVLy P2 LTEIRL,
A A R EEERIN S (DRM) B4 &
L7z.

3. AN EREM
Y RE 7wy MEFIIZEESIK 0, 2, 4 H

B OEME» OB L-%E8D DRM & VRV B%
SDS-PAGE iz & » TREB%, PVDF KIZEE L, —
KPR HT clathrin heavy chain $i/& (CHC
antibody [4A8]; Abcam), FUHEIRIEELTY 7 7R Y v

(PIP) 9, ¥i P-type H+ATPase #ifs (P-ATPase)
9, Hia- & UB-tubulin Hiix (TUA, TUB; DM1A,
Tub2.1; Sigma-Aldrich), #i band-7 protein Hiik

(Minami et al., submitted), 72 5O HRP R
TR EUSERTITo 2.

(87)

DRM # v "7 BOKRELBRIZRBIT S & )
VEERBOEROMITCL, HAERT 177 L
VATV Z R EXRKE (2D-DIGE: two-
dimensional difference gel electrophoresis) %% F
V2. GE Healthcare #0712 b 23— /L % JTITHOE
E#LZ 7Bz EEl pH A7/ (pH
3-11NL, 18 cm; GE Healthcare) Lo THER
BERUKEN L7721, SDS-PAGE i kot BERK
B % 1To 7. k&%, Molecular Imager FX

(BiorRad) Z#ZHAWTH VA A —T B EHE,
PDQuest V 8.0 (BioRad) Y7 b =TIzl #
YRIEOEMFE R EEMIMNT L. DRM # v
7 EDORIEICE, MALDI-TOF/MS (Voyager-DE
STR , Applied Biosystems) , & 8 Q-TOF
LC-MS/MS (Waters) &%z,

4. EITRBEN

EIRFIM 0, 0.5, 1, 2, 4, 7 B EOHEHEDE
b4 RNA Z#H L, v b (ReverTra Ace-as;
TOYOBO) %F\C ¢cDNA &A1, Z Dk,
L EREEHEL LT A poly A*RNA-A (TaKaRa) %70
Z 7. Real-time PCR /X Table 1 @ primer ¥ b
% 56iZ SYBR Green I (SYBR Premix Ex Taq™II;
TaKaRa) # AW TiToz. BENEGFORBET

VTl rRayhuo— b LCEIEIF L A

poly A* RNA-A OAIRHEOILEEE % b & IOHE Ligks
EEEIC LY RD.
DNA <A 7 a7 VA @Mk, NASCArrays
(http://affymetrix.arabidopsis.info/) 7> H AR FEER

Table 1. List of real-time PCR primers

Target AGI Code No. Nucleotide Sequence (5' to 8"
o . for acactccattttcgacegetaca
Dynamin-related protein 1A (DRP1A)  At5g42080 rev tteaatagegacgagagect
. . for gettetecttegtetgeaac
Dynamin-related protein 1E (DRP1E) At3g60190 rev ctetettgctgatetaagag
. . for tcacacacatgtgttggeag
Dynamin-related protein 2A (DRP2A)  At1g10290 rev tttacccanacagtoagattca
Dynamin-related protein 2B (DRP2B) At1g59610 for ~gtttggtttecaggatigtat
rev acacacgcaagtacatcatca
. . . , for cttetteggetgagagacaa
Remorin family protein At2g45820 rev tatgctectogatgastttt
Clathrin heavy chain-1 (CHC1) At3g08530 for - atagagteggeccaatttec
rev cgaatggaatgaaatgetga
Clathrin heavy chain-2 (CHC2) At3g11130 for - ttectttggaggagaggaga

External standard (A poly A* RNA-A)

rev tcgaagcaagaacaagagga
Real Time Primer for X polyA (TaKaRa)
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G 2 HEIEL LT BRI LT AR DD & D & 4R35 LT

BETRBATICHER L7z NASCARRAYS-404 13,
vaA XF XK 24,000 BI5TFOBREEFINE S
NTW3 Affymetrix ATH1 Arabidopsis Genome
Array, ROWERE% 3B B OMEWE%E 4°C T 9KF
FARDEREMBTTO, 1, 6, 12KHET 1, 2,
4 HFQE LS E» bR Sz RNA ZHn
TiTo72 10, E£7, KREVEAEBRICE T 28
FREEORFEMIE, T—F_X—RRRIZLY
BONEERGFRAT 07 7 A VinbE 4 DBIEF
O signal value DEEfEZE ML L, 0%, KIEH
1LALER O B B OEBMEICHH T fE%EE U THEE L
7.

BRREER

1. 04 XF SRR DRM 2 /30 &
KRB LA % DT v A X F X F M RaEE 55 0>

bARAT7 4 v AFE L AT e —NVIRBEICBTdEA 4

PR ETE RS MR (DRM) Ei5y 2 HEE L 7=
(Minami et al., submitted). DRM # X7 & X

TR Z o /7 B D) b~10%DEIE TRIN S T-.

(kba) PM DRM

Fig. 1. SDS-PAGE analysis of the plasma membrane
and DRM proteins from Arabidopsis. Plasma
membrane and DRM proteins (3 pg each)
were analyzed by electrophoresis on a 10%
SDS-polyacrylamide gel. Protein patterns were
visualized with the silver-staining method.

F7-, MIBEES & DRM B4 D Z 37 B OTKE)
RE—URRRDZ LD, FEAMIEES %
2785 DRM BB W TEB I TV Z & 238
bk irotz (Fig. 1). &5z, RBEBHLER T,
MRS 7 EHhT-0 O DRM Z > 37 BN &
DIETRABIL, 7 BHEOKESLAEIZ & 9 EIIR
T 9.5%1 D 5. 7%~ & RAHEDEHE D 60%FE T
TTAZERHALNERSTE.

2. EEBELBEICHEITS 04 XF X DRM 4
U BDEMEE

MS f##TIZ L Y DRM o ~DFBENTE N Z
R BOIRBISEEE Y T A T a Y MEFTIC
Lo TR L 25, CHC, PIP iHMERBILAEE 2
B2, P-ATPase i3 4 H#IZ DRM BB\ T
#inL, TUA, TUB 3BT 5Z E8bho
7z (Fig. 2) . %7, band-7 # /37 BEiXIEREIL
NE 2 BB TOTMHTIEHE2NEREOHEMB AL

DRM . DRM
NA CA2 CA4

NA CA2 CA4

PIP

TUB

TUA

P-ATPase | il auia @l | 527

Fig. 2. Western blot analysis of DRM proteins. DRM
proteins (1.5 pg each) were analyzed by
SDS-PAGE. NA, non-acclimated; CA2 and CA4;
cold-acclimated for 2 and 4 days, respectively.

niz.

S b, EELAEIERIZIIT S DRM # /8
7 BB E M 5728, 2D-DIGE
EERWTE R EOERREE BT LT,
T DFER, FETRFTRETH - 72 160 fH4 Y © DRM
BRI BAR Y S OK 0% BMKIREHGER TE
BEBHLTWAZERHLNE o7 (Minami et
al., submitted) . {KIRBI{LALE %I DRM By T
BEOEMBALNTZZ /N7 E L LT, dynamin
¥e& 0 ERE (DRPI1A, 1E, 2A, 2B) < remorin
BRI ERRIESNT (Table 2). %7z, BT
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B & NI EIZiE, V-type H+-ATPase (V-ATPase)
Y7 =v FEER actin, tubulin ¥ VX7 BB EE
Tz, SKU5, Hsc70 R band-7 #2732 EB7%
EIHRIEELAAIEF % 1 U ¢ DRM B4~ D&
RE =T REREEBIR OGN D o7,

- U EOREH,S, CHC X dynamin £% > /7 &
RE, =V A b= RTE B RN/
B NI EREE LTHEIND S OITKIERE
.3t DRM B ~DOEBHEOHEMB A1,

tubulin X° actin 72 E O EE RS 7 HHE, &
O V-ATPase ¥ 7 == v MEIXEKIRCAERE
DRM BB ~DEBENELLBOTIZEHHAL
MERolz. ZhiX, Rl—DMREsERMEE L CEH
SN 78N, DRM E4N CRIROKIR:
BMERTILEEZERLTWS. X7 0 IEEI
Lo THERINMBERE LD~ 70 RAAL IZiE
HERERUICERE LD O ¥ o T BRENRER L, K& 7
TARAE—ZERLTNEEEZXLNDZ b, &
o &Ny EROBNREFH MR ERICAH S

NAEKEEICEELZRIFLTHBE I ENEZ N,

3. DRM 4 »/30 BOBEFENOERGEN
KIZ, DRM E&ICBIT HKIRDIEAAIRIZE S ¥
VRV BDOEREE L BEFREAZLOBZIZ O
T~ 9, EEEHLERE T DRM BH~0E
BRRONF RO Eea— NT5 T O0OBEBF
DIKEFMLBERIZ BT A2 FBLE/L % real-time PCR
Bz X v L= (Fig. 3). DRPIEEEFIXIKE
B ALEE R CEEER L)L TOBEAA I H 3L T2 28,
DRPIA, 24, KO 2BBEETORBEEIIIZEAEE
¥, £z, remorin=e CHCI, 2#EHETFIIEHA
FOIRBEIMEAAEIC L > TREEREA T HEFA %2
ALz

EHlZABEIh T3 uaA X+ XD DNA =
A 7a7 LA DF—4% (NASCARRAYS-404) % 7l
FiL, DRM %>} BOEEENOERREES
A7z (Table 2). KEBMLAFR O, 1, 6, 12 KR
BRU 1, 2, 4 A BIZBT 2&IETORREER
Rzl A, KRELAR TEE#HTEF I ED
DRM EH~DOEBE L BETRHALILOEENT
ERREARAREBME A A SNV b OREL EEIT
W3 ERbhoT.

-+~DRP1A
~m~DRP1E
e DRP2A
~»~DRP2B
~¥remorin
~a~CHC1

e CHC2

Relative intensity

o 1 =2 3 4 5 6 7
Cold acclimation (day)

Fig. 3. Relative expression profiles of genes encoding
cold-increased DRM proteins. mRNA levels
were measured using real-time PCR analysis
at 0, 0.5, 1, 2, 4 and 7 days during CA.

wZ, VTAZ Ty MEFIZ L > CRRBIME
WRERTHEBARONZZ VBT 7 ) —DEk
FRBEEF-. VoA XFXF0F ) AR
i% PIP, P-ATPase, TUA, TUB, actin # /37 %
ra— NT28EFHZENRER 18, 11, 6, 9, 10
BFEETSD. T0O5h, v~ 7uT AT —F~_—
ATRENFARR TChoTeThEN 9, 11, 4, 7, 8
BEOBBEFITOWTRIEENLAAE 4 ARICRIT 2%
Bt R~ (Fig. 4). ZORKE, EEILERE
T DRM B4 TOF R BOEREBEOEMNH 5
N PIP 7 7 2V —OBETRE L —1EMIZ
LRI -HMOBETFERE, FOZIIIDER
#RL7. %72, DRM BB WTH X7 &L
L TOEFBEBOEMNNR A B P-ATPase O
L7z tubulin % =2 — F§ 3B EFO—EIL, BEL
SUUZRBWTEMB R LN OB FE LS, £
DELWFREREBZRE M o72. —F, actin
BETFHEEL VL TOREZRERIZR O
Zboo, KEBHLAE 1 B B RO 2 B B CHERY
HEEPBWDTIHADOH L BETFVRELFELE.

F L OO

ORI & o 27 B1%, mRNA OF#H % b L IZ/ME
ETHRRESN, IVVER, Mg/ ERERCEE
BELHICHREE CEENS. —F, REGEICR
o T BRI AL, /MR A L CHIRRIRE D &
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PIP Aquaporin family

21 ~+— PIP1a At3g61430
PIP1b At2g45960
PIP1c At1g01620
PiP1e Atdg00430
PIP1d Atdg23400
PIP2a At3g53420
PIP2f At5g60660
PIP2d At3g54820
PIPge At2g39010

Relative intensity

0 1 2 3 4
Cold acclimation (day)

P-ATPase family

31 — AHAT At2g18960
—8— AHA2 At4g30190
~—*— AHA3 At5g57350
-2~ AHA4 At3g47950
- AHAS At2g24520
-8~ AHA6 Al2g07560
—— AHA7 At3g60330
N —— AHAB At3g42640
~x— AHA9 At1g80660
—— AHA10 At1g17260
y T '~ AHA1T At5g62670
0 1 2 - 3 4
Cold acclimation (day)

Relative intensity

(9D

Tubulin (TUA and TUB family)

—*—TUAT AT1G64740
& TUA2 AT1G50010
&~ TUA4 AT1G04820
~~%~ TUA6 AT4G14960
-~ TUBT AT1G75780
-~~~ TUB4 AT5G44340
—%— TUB5 AT1G20010
- TUB6 AT5G12250
—*—TUB7 AT2G29550
~—~TUB8 AT5G23860
8- TUB9 AT4G20890

Relative intensity )

0 1 2 3 4

2 —~+~ACT2 AT3G18780
—~8-~ACT3 AT5G09810
4 ACT4 AT5G59370
~=%~ ACT5 AT2G42100
~#- ACT7 AT5G09810
-8~ ACT8 AT1G49240
=~ ACT9 AT2G42090
~==~ACT11 AT3G12110
== ACT12 AT3G46520

0 1 2 3 4
Cold acclimation (day)

Fig. 4. Relative expression profiles of genes encoding DRM proteins. Changes in mRNA levels during cold

acclimation were estimated using Arabidopsis microarray database

BESNTODEEZLRTVS. AP TE, &
BEHLERICBIT A~ 70 FAL U EERT S
DRM % X7 BOHEL RN, AT FEE L~ )T
DOEBW L IT—HETICEHELZERLSETNDH L
LM L. 0 Lk, BETRER LUV
DHEREIC L » TERIBEIERIC BT 2 apE<
A7 RAL U ~DERTBEOBRBRENTRD N
TWBRIZEERLTWS. T udt— A CIX
FERL P/ REERE R O P T b FRIC AR E _E oSt
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