(95)

KB AM T %25 (Cryobiology and Cryotechnology), Vol. 57, No. 1, 95~99, 2011

ATARALKETA LTHMBE~ A 7 1 KA A 2 OREK & BRI & OB %

I BEFERERZHMBEANA T 70T A THEE S & —,
A FERREEEN, AP RFEREDN
ERERE, HFO»Y Y, BEEE, KBRS’ ILTFERRC, b

Relationship of Plasma Membrane Microdomain Composition and Freezing Tolerance
in Oat and Rye

Daisuke TAKAHASHI', Akari FURUTO", Anzu MINAMI', Masaharu KAMO?,
Tetsuro YAMASHITA® and Matsuo UEMURA

! Cryobiofrontier Research Center, Faculty of Agriculture, Iwate University, Morioka 020-8550, Japan
Department of Biochemistry, Iwate Medical University School of Dentistry, Morioka 020-0023, Japan
*Department of Biochemistry and Food Sciences, Faculty of Agriculture, Iwate University,
Morvioka 020-8550, Japan

Cold acclimation (CA) results in alterations of plasma membrane (PM) lipid and protein compositions
in plants, which is critical to increase their freezing tolerance. Recent studies indicate that PM is
considered not homogeneous and contains sterol/sphingolipid-enriched microdomains. In plant cells,
however, the function of plasma membrane microdomains is not yet fully understood. The present study
aims to investigate lipid and protein compositions of microdomains isolated from non-acclimated (NA)
and cold-acclimated (CA) leaves of oat and rye that differ considerably in freezing tolerance. We found
that there are -considerable differences in lipid and protein compositions in total PM and DRM
(detergent-resistant plasma membrane) between the two species as well as before and after CA. From
these results, we will discuss potential roles of plasma membrane microdomains in CA and freezing
tolerance in plants.
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MENEYFA 7 ETNLTREIND LI, [BERY
NRIBRHEIZRIVE->TNB E ENTE RN,
FEETIXZORERFICME THRERO X7 2 —1<
A7 4 ARER EDIBESCRHREDZ VR BICE
TN BRI — AR~ A 2 1 KA A2 (PM-
MD) —OFEIRBREINTNS 2. £ T, K3
TSI TH Y 20 DERBMERTHVG T A LF &
NI A LAXEZANTI, w4270 RALVDIEE
& & Ry BB E AT L, (KIBBI{bs X O
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1. EBHE

EEBRMELE LTH T ALK (4vena sativa L. cv.
New almighty) & 74 A% (Secale cereale L. cv.
Maskateer) % AV 7z, fEF % HITHEFEE, 23°C EH
Y (50-100 pmol/m*s) T T 10~12 REEE &L
MW %2 ZEBRICHAWZ, RIRBILAAER I A TRSREE

(2°C, 12 F¥R A &, 100 pmol/m%/s ; CU-351A; X —
BL) T4EBTo~.

2. MIREBLIO~A I RAL U OERE

IEEBEAAEEIE DN T A LEFRB LT A AXHE
Yk B D, KM ZESENEIC & Y AR S
R LY. BN MRERS (PMES) &
VW, 2mgDF AN EIZHLT3ml D 1% (wh)
Triton X-100 % & {efEENRIC TK BT 30 7D
PRE4T 572 9. Triton X-100 ZLEE L 7= F0 T 451,
65% (wiw) A7 —RPRLBEE TR -
REMN 52% (wiw) 25 K 5FAML, 2oLl
48, 85, 30, 5% (wiw) A7 i — AR EER LT-. &8
0 (141,000 g; 20 h, 4°C) 1%, 35-45% (wiw) R
Ju—AREMTICEE LR 2 K08 LI F~FEH
REEED, BEMI L TREEORLVy hEL
TEIN LS 02 FEA A R EmESIRE A
fE (DRM: detergent-resistant plasma memb-
rane) EZy& L7z,

3. NEEERRENT

BEEL 7= PM E 43 L OV DRM &4y & U Bligh and
Dyer & Y% AW CIEERMH 21T o7, VISV
B2 v~ NV Z 7 4 TCRBLESR

( chloroform-methanol-water = 65:25:4, v/iviv)
Primulin CHEEZAHRLL, TNENDOIBED AR
v e L= IO L. AT a—VZRAT 1
—VER, JatlL 7y R (GleCer) 1XFE, UV
BEIRY VBEZEETLIZ LICLY, MEREEY
HL7 Y.

4. BT BN

DRM % ™7 BliL, —IRITTESKE 21T o 7 1%,
SRYETHHRL L2 0. 2Dk, NV RAF—T
B 59, 7% 5mm M@ CE 20 EOBESIZE Y
HL, NV TcE o RIEE AN L,
nano-LC-MS/MS (ADVANCE UHPLC, AMR/ LTQ
Orbitrap, Thermo Scientific) ZFRAWTF /X7 &
ZREE LR .
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1. #HRfE~A 7 v RAAL L DOIEEHR
KBEHERIZ DL T ALXBLOT A AXMLHE
Bt 72 DRM BT, fREEE (nmol/100 pg
protein) #EEL, £REEIZEDIZBEOFE
(mol%) Z#HEHM L THE L~ (Fig. 1) . FEOH
BREWLRT B &, TNENDOIRE CEIGRERY,
KRR COEE N F — U b B2 - TV, FRCiE
AT —) (FS) , 7Y NAF YNNI ay R
(ASG) , RFUAZT L2 R (SG) EWokRF
o —VIRERB LY VIEECTHEE Ch o, WED
AT — VBRI BW T, SR ENRH D
(Fig. 2) , # T ALFIZBNWTIE, ATFr—L0DOH
TH ASG DEIENRE 2MHE HEDTWER, —
FTTALETIEFS DEIGRHEbRE Mo, &
bz, KEBME#BIZIE, 7T XA AX T ASG DEI&
BEMLU TR L, 74 AFTEEDS LT
. 2V VEE (PL) 2R THDE, BTRALF
DRM TiHMEIRBIfbz X v #mERTOIIHL, 7
A LXTREEN o7 (Fig. 8) . &b, 74
AXTRY VIEEOEI AN T TR DR R TY
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Fig. 1 Lipid compositions of PM and DRM in oat

and rye leaves before (NA) and after (CA)
cold acclimation.
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Fig. 2 Sterol compositions of DRM in oat and rye
leaves before (NA) and after (CA) cold
acclimation.
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Fig. 3 Proportions of phospholipid in oat and rye
DRM before (NA) and after (CA) cold
acclimation.

(97)

2. MIRE~A 7 v RAL L DH R EHA
BEMNT & 1T LT, BRIKE) (SDS-PAGE) &
BHE5S5H (nano-LC- MS/MS) #FIF L CTH X7
BRI LTz, & R BOKEINZ— b
(Fig. 4) , DRM TiX PM IZHERTEBEENZ WY
VRTERDIRNE NN ERFET LI ENHL
Mol Fl2, WTALF LT A LFLEBIT,
IKIEEIERTE T PM & DRM Wi LIZ BT HUkE)
PRE =R L TR, KIBBbIc L B E
BEMT 200D T D60, Flichondb
DRRALNRL Db DR Y, Ba REHSREZT
b, FITIE, KIBHHERTR TDZ 7 B D
WG = W TALFETALXTRRDIBDD
Roiiz. T, DRM ¥ /37 '8E % SDS-PAGE
SEELTZ, MUY UiEEEITV), nanoLC-
MS/MS % A\ CHEFERI 72 & 2 X 7 B DRIE & i
2. TORER, BT ALXETA LETI00 1D
400 {EFEE D DRM ¥ X7 ERRIETE /2. 2FED
M358 L C, P-type ATPase X° Aquaporin 72 &
D & O RIEEEES, T/ Fo0Fa—T ) oRE
ORI BIEZ V0B, VTP NMMBECEST Y
VELEER A A T IR TAY o T /NaE
EkICBET X LRI B Y, < OREES
NIBREEINT. ThoDELiFve A XF R
F=Aa RAAL U THREINTND O,

PM DRM
Oat Rye
NA CA ~ NA CA NA CA

kDa kDa
200 200
150_ 150 —
120 —
IDO_ 100 —
85 85
70 o 740 -
60 — 60 —
50
40 _
3
P —
20 — 2 —

Fig. 4 Protein compositions of PM and DRM in oat and
rye during CA. In DRM, compared with PM,
some proteins were less detected (@) but others
were enriched in DRM (@). Furthermore, some
DRM proteins changed after cold acclimation in
both species (<.
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—F5T, BTRLX LI LXCTREENTZF
RIBEDOHRTYH, —HFOATREINTZHDbH-
2. BlziE, #TALETIL, AT a—VEETH
% ASG R SG DAAFIZ B4 5 UDP-glucose:sterol
glucosyltransferase 2S[EIE X4, T4 AX TidHiE
FRIE1H B 59 5 Synaptotagmin X° Syntaxin, %
DMEFED ) VBB LEER bRE SN,

% =®

EEHIBIT ORERND, VT AL,/
AL UIEASG ZEEXTFu—/L ¢ LT, KEFIHL
#I2iX ASG DEIEBHEMT 5 —FT, 742X
ASG DEIER D IREREMLZIITED T 5 L
BN -7, ASG ITBREEZ2EEXOTWE
BTHAHZEPRBRINTEY Y, v/ RAA
VD ASG DEIGHEH T ALFE T A LX THIEM
HEDOEFELHT R THE I ENTRINS. F
72, UV VIREIMRREOREE 2R D, BEEES
EMTLZ BN, FAAFTA I NAL
YOUUEREEEBATALAFIVZ N LWV 4S[E
DFERL—FLTWD. ZRIIMZT, <471 K
AL NIRRT RIEPEFEL TNB I L%,
KIREMEER TRELEFT L LRSI, &6
WWEEGHND, A4 71 RAA 132 < OEENE
BRI BEENTVAREOEELFOEETH
5 ATHEMEIRIR S Nz :

ZFDF R GHRIT 2EOEH TRRY, T4
LTI OrOHIBREEREEY R ERXE
SERY VBILBEEEZEA T, Zhbpx vy
7 BT MREEERRES Y VST EERKEN LT
T A X OEEMEICEF S L TSR EBERSH 5.
SR, BT ALF<A 71 RAAL L TiX ASG
X SG DAEERLIZE D 5 UDP-glucose:sterol
glucosyl- transferase BEE S, Z DRI F
ALFDRAT O — 1R E—BLTWED00b LiL
2, Lo T, ZOX U7 EREERICD T
R D D HBHIT W ARSI B> TN 5 Dhh
Liigwv, LhL, TheZ R BEOBEESITT
ITRIRBLER COEMNEH 2T TV RN,
SBIXF T BOYERMBHEITY, v~ /1 K
AL BRI BOEENE — 2 & 2RBOMEB D

FEHEDTE & OBREIEIC SV TR 2 0D 5 = &
BUETHS.

F & B

HHRMHENREL B2 2BOMY (1T ALF
LA LX) ZAVT, MRRET IS B8/MEE (=
A7u KAL) OIRERIOF 7 G
ITolz. ZTNHOFRERND, ZOMERIZ 2 EoM
PWTRELERY, A ITKEIELBARTHREL
EENTH5ZERHALNICR-T. RIESHWERER
XOF R BRGORER SO Z ZER T 5 &,
ZNoDEIGRBLOEBNY -V RUTALFL T
A LAXOFRFEMHEOENMNAT S nDEFEEE LTS
AIREME DS RIR S Tz,
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