(99)

IERAEM T #55E (Cryobiology and Cryotechnology), Vol. 52, No. 2, 175~180, 2006

YA X T ATRRISEERRIR S 7R 7 B OBSRERRAT

VAR RBEERHBEA NS G VAT AR E— 2 HFH Ry y K

B BE BK BT ER !

Functional Analysis of an Arabidopsis Cold-responsive Plasma Membrane Protein
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In many temperate plants, cold acclimation, which is achieved by exposure to non-freezing,
low temperatures, results in a significant increase in freezing tolerance as a consequence of the
physicochemical stabilization of the plasma membrane, which is the primary determinant of the
cell survival under freezing conditions. Although the causal relationship between an increase in
freezing tolerance and changes in plasma membrane lipid composition during cold acclimation
has been well established, there have been only a few studies on the role of plasma membrane
proteins in acquirement of freezing tolerance To investigate it, we have determined the effect of
cold-responsive plasma membrane proteins on the freezing tolerance of Arabidopsisplants. One
of the cold-responsive plasma membrane proteins that has domains with high similarity to
proteins in the lipocalin family (Arabidopsis lipocalin, AtLCN) was chosen. Transgenic
Arabidopsis plants that overexpress AzLCN showed enhanced freezing tolerance compared to
wild type plants. Using protein-lipid overlay assay, we found that recombinant AtLLCN protein
had a high affinity for acidic phospholipids found in the plasma membrane. Taken together,
AtLCN protein may contribute to increase in freezing tolerance by accumulating adjacent to the
plasma membrane and binding to the acid phospholipids.
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LT 2K TR, ThETIE, KEDLERE
TENES 2 T MRIEREES vV BE T aT A
—AEFICEYRELRE ¢, FhbEREEbICRE
L CEST o MREREES X BEohhG, KIG
HOMBBICHFEL, JERSH, SRBRESMNR
EEA DA ML RIZSET dlipocalin & > /37 B &
TEEMEDSE W lipocalin %4 > /37 & (LT, AtLCN
LEET) WCHEB L, TOHEBITLED TS, K
WETIE, AtLCN BRIBERPEEBR I n A X T X
T & BV TR, B KT, AtLCN & #Efa
& & OREMERAFN 2B LR RIC OV TR
7.
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1. ZERICAVW:-EYM L ZOEE, ERIUE

uA XF 2} (Arabidopsis thaliana L. Heyhn.)
EEBMBICAWE, B4R & LT Columbia
ecotype % i\ /2. AtLCN BEIRBEF Gk,
EEIZE- T u—= v 7 &Nz AALCN BEF%
HEBR I nEt—%— WV 75V —FA 704
VR BBS FmE—F—) DTFRIZET, +hz
pIG121Hm X7 ¥ — A RAATE L D %
Agrobacterium (Z& A L, Floral Dip {5 L > TV
BAXTAFICHEERR L D, Z0%, Hbhic
EFENT AV EREERTORER#VELT
"ol T8 HRO\ETE2 AV TRF IR EE
Bl & EBRIC AV,

AR FTAFOEFIE, N—IaFaTA b
N—=F4 b EzHBEL, 23°C, &t (125
pmol/m?/sec) TH 3 BRAAFT IE7. BEIIGUT
T. Hoagland /K#HEx 527, ZOREZKER
Bifk& L, KIBEBHLIZ, RERBEEEEZ ALKS
# (2°C, B 12hr : 100 pmol/m2/sec) # T 2 HH
SLE LTz

2. 70O +FITSR OEBEMIERE

7a b5 R MI, - RIERBHEDOED S Uemura
LOFED ICk > CHE S, SERRCBEIN
HBET o TR MY, BEFNERT—VREL
7o IS RIGEASEE A 7 — DICEE b, —EHE (0.25
~10°C/in) THHE L. #XIIBERIZTLI, B
BL#, -1~-3C OfFEARNTHEI L. -10°C %

THHENL72%, 1.0°C/min TEE# LH &%, 7o
N7 T A NBERICHEFETHE T 3~5CT 3 40/
BESELZ. 7o 7T R OEEHIGERITER
WEEIZHLD 11372 CCD 4T (C2400—08 : 1A
BRR=7R) IZEVEEL, 547 —7E&ESh
FEENL T b T T A N ORRERES O £ (K
RERTE 100% & LCHELR) 2R, 28, @
R — ERF RIS L 7RISR AT & RO MBEED
KEEZHRO-TWEZE (Thbb, Ym b FSFX 1
BEREER>TCND I &) ZEMROERE L Uiz,
28, FHERERNS, FRICIvBoh-4&E
RITERREIC I > THEONZEFRLIFE—T
BT EDREID LTV (T—ZITR LT,

3. WA EFEmE L

RBMK TG LRI A X AV E TR ET -
ToHEME 5~6 E{E% 50 ml 7R F v I Fa—7
WA, ZOEIC3 x 4 em ADFXFLVA TEEHE
0.4 ml DMK TR O TEEEHVE, BT o
75 57 Y —%— (PRO COOL BATH NCB-3400,
EYELA) Z B\ CfTo7z. v 7 %-2°C ¢ 15 min
BHUCIEME Uiz, 50ul O#tikds 5 ER S 2k
EEMZ CTHEKEIT- . E5IZ, -2°C T 2hr BV
7et%. 2°C/hr OREEE CHFE I 7. 4°C T
FifEte, WA LICEZEL, 2 AFREOEFESY
AT

4. Protein-lipid overlay assay

HEHE 2 AtLCN % /%7 B, BR12 6 x His Tag
&M L7z ALLCN £RE 8077 A R&H
WOTREER LT KIBE TR, TEIE-T
His-Tag L BFEOH B = TNV a T 2 AVTE
B = hoklo—RECEREES ey b
L%, 1 REIGE LT 5 ug/ml AtLCN &k &, 5l
EHCE 2IREGCTIIEEY Y BB LR EHE L
7z His-Tag Fiik & BUG &8, Bi&iicizbsEzsmes
RAVERIZ X o THH L 72 @, AtLCN (o4 2 8ifntk
L, RIEAREIME, KIEBIL 2 B O b ERELTC
IO (Uemura HDFHEPIZ k> THEEES L),
MRS D U EREE, X 5T, Fﬁﬁﬁ
DY UIEE (FRAT77F OB (PA), wRT77F
onaly (PC), ®RAT77FIoNx i ) —NT 3
v (PE), ®"AT77FUAF VEn—1 (PG), &
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AT 7FONAL )= (PL), RATZ7 57 F N
VU (PS)] (Avanti Polar Lipids, USA; Doosan

Serdary Reserach Laboratories, S. Korea) 22O\
TRANE.

BREIUER

1. ALLCNGRIF RO EFST ST

AtLCN [ HMEREILBR CERET D2 LD, &
EMEOHERKICEET 2O TRV EEZ,
AtLCNBRIFEHE % BV CHRET S 21T - /2.
IEBEMESELS AV T, EpbEBIWEZT e N TF
A F&-10°C ETHEL., 2ORDOMFERELBIE
LRI, WEEREDT o 775 A M REAR
(WD IZHARTEERM2EZ VI L 2R LY.
£z, EYEEE AW EETERER, REBL
#%TH, WEERAED-9°C TOEFRNEFAR L
BLTERICEDNP>T= (Table 1). {KEBI{L L~
WT & TEERHRDIEL BRERIAE L - R EMRER
HRZEE LZEBRICBWTY, -5 235H-9°C D&H
TIREGEREDOH L DORBEEN WT LV ES LT
72 8. o T, HOABEOFMEBEHMET AtLCN
DEMREEEREEZMZ, EFERERMEIETNBEZ
EBREBEZOBND. DFEY, ALLCN 13T DR
TR X 2HEEEEZEBE 7 IMEET A ERA R
ZERFERENS.

Table 1. Effect of A?{LCN overexpression on the survival of

Arabidosis plants.
Wild type ovel:)fpcr:isor
Temperature Survival (%)
0°C 100 100
-8°C 972+ 2.8 96.7+3.3
-9°C 450+ 147 93.9+39
-10°C 494 +£18.1 589+7.8
-11°C 206+ 94 61+£39
-12°C 20.0+16.3 2.8+2.38

Plants were cold-acclimated for 2 days at 2°C before freezing.
Survival was determined based on whole plant regrowth test
described in the text. Note that there was no decrease in
survival after freezing over the range of -2 to -7°C both in wild
type and AtLCN overexpressor.
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IKIBBIERTHE ORI B EEERRE T, B
RO RBIAKIZ &> CHIBBESHEENREBEEZZ TS
Loss of Responsiveness (LOR) & BRI B {EEMN
Rohad 2. LOR &1k, BAKOETIZEST, +4
PRERBER R o T ARER AR FEBLIC LY A
AL, MBREDYFEEN KD, MIRIXEE 2R
TERLBRDEVIHLDOTHD. Lizdd>T, AtLCN
ERBEOREEEBNT20ENRDH Y, KBS
{LABFR CHEE Z A ORI T 2 K8 E HWE->
T, -9°C FHEICHEE Z 2 T2E ORI S EFEOR
EBOESHERDH DD L2V,

2. AtLCN & #RESIE & DM

FPRT ALCN BHfEE L B EMER T 20 &%
AR B 7, ALLCN & MEEOH Mk %
protein-lipid overlay assay IZ & U 38E L7=. £ D#
B, EIRREMEAES A S OFIREE & 2ot 20E
&, KU, AtLCN O TIIERMEIMENT & 234
AL~ (Fig. 1). —7F, KRBHE#ZORE CIx,
JARE & XIE & A ERIE LS, MR b &
N2RE L OB TRIGNR OGNS Z EBRHE LM
o7,

35

30+
25|
20
157
10+

Intensity ratio to blank

057}

0.0

NA PM CAPM CA lipid

. AtLCN affinity to plasma membrane or plasma
membrane phospholipids. Assays were performed in
the presence (grey bars) or absence (hatched bars) of
Ca ion (1 mM). All samples were adjusted to 0.26 ug
phospholipid. Plasma membranes and total lipid
extracts were prepared with seedlings before (NA PM
and NA lipid, respectively) or after (CA PM and CA
lipid, respectively). AtLCN affinity was expressed as
the ratio of signal intensity of each sample to that of
blank area where no lipids were blotted on the
membrane.
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BEP—BMIIC ERTHZ L W, 51K, in vitro
T Cazt DEREREE TH D PS LIERHTHZ & 05#H
EINTNWE 1. 22T, 1mM Ca2 FEEGT
(2B NT protein-lipid overlay assay % &7z (Fig.
1). ZOREER, AtLCN IHEERIHLOMIZE, &
SO, HilaE2lEE, KBS vE OMARE, BXO,
MBRESEEORETERMEELZRLE. 2T,
AtLCN KRB @ T Ca2t £ L CHIRRERE
CHREERT D Z ERHRIS NS,
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25}
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1.5 1
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Fig. 2. AtLCN affinity to phospholipids. Assays were
performed in the presence (grey bars) or absence
(hatched bars) of Ca ion (I mM). All samples were
adjusted to 0.26 pg phospholipid. AtLCN affinity was
expressed as the ratio of signal intensity of each
sample to that of blank area where no lipids were
blotted on the membrane.

3. AtLCN &1 U isE & DEME
DL EDFENT S, AtLCN 2SHIREEIEE & &V Bl
%u'ré%ﬁo ZEMELLNDTY, RICEMEE R
BB S TREOBEEIToTn. yaA XX fla
H%HEE@{-’J# XY VIBRETHED RTINS ), —
iz, EEEWEBREICBO THRIEEY VIBEEEEN
EINT2Z 8B TNA I L 3139, AtLCN
MEBBMLZO Y oA X T X HEEEE & &S
itz R LIeZ & &) VAREEMMAHEE L TV Rl
RERH D EEZ HF4 7 ) VEEEE AV Tprotein-
lipid overlay assay #1T> 7 (Fig. 2). Ca2t 3E7F{E
T T, ALLCN ¢V VIBEROMEERIL. FX
Ty FUMEY S (PS) EBRWTIZEAEEBEIN
72dofo. —7, 1 mM Ca? FETFTIE, PS Of
WHHRRAT 7 F VB (PA), RAT 7 FUNTY
tr— PG), BLY, RRAT7F AT b
— (PI) THY 7 FABRRLN, ALLCN LHE

ERTAZ PRSI, L L, MlREOEE
Y VBETHHFRT7yFUNaY »r (PC) LK
AT FFUNTE ) —AT I (PE) LTI,
WTNOEETIZBWTHE Y T e A CEE
ENT (N7 750 NIZh_THY T VEE
PEWEENEY), ALLCN & OFFERNMENZ &
MR LTz

AtLCN & OEWBLFESHER SN PA, PG,
PI, BXW, PSid, EXMICERMELTT (DFD,
AFE pH TIXABWERFD) T &40 (Table 2),
AtLCN iR TR E T DBt ) VIRE L HHEE
AdaLExbN5. B, MIRBCHFEET S EE
72V VEBE PC & PE L, Y VEEETHY, £
B pH THRHEREZHFOTHRW.

Table 2. Polar head group structure of phospholipids in plant
plasma membrane.

Phospholipids Polar group
PA -PO,-H acidic
PS -PO,~-CHCOONH,; acidic
PG -PO,-CH,CH(OH)CH,0H acidic
PI -PO,-C4(OH); acidic
PC -PO,- N(CH;), neutral
PE -PO,-NH; neutral

AtLCN L RRIIRIE CTHRESND hYER Y 1
1) oot AF 18 Fong R Y & o7 BT A
BFEL, invitro TiX, FNHOTNA RYZ 2
R BiFa~Y v 7 AEEERY , PA TER I
JEE —EB L EA TN HRE S TVE 17,
DT EDD, BELIX, TAA RV VEURIE
X, BEEEED, ho, ~FH I FA0MEEER
LRLTWPAILRERT S Z L CEOREICEH D

TRAVDLEHR LB 17, SEEONRERED,
AtLCN MEIRBILER CRREBTEICERE L, Ca2r
EALTERMY VIRELHBET 5 Z LIk v el
EEERL, BN, EERHEOHERICERL
wa:k%%bT%6®#%bh&wéﬂE%ﬁ
IR B2 2 NTREE/IME () BV — ) OB
RIEERARIZ BT A EEMEICHT5 AtLON 28525
HELI|EEEFEL TS,
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