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It is well known that an application of low temperature for a certain period induces

freezing tolerance in plants including Arabidopsis plant. Although many studies have been

conducted to elucidate molecular mechanisms of the acquisitionbof freezing tolerance, it is still

difficult in some cases to determine how Arabidopsis responds to these treatments at the

cellular level. To study such responses, we initiated characterization of kinetics of cold

acclimation process with Arabidopsis T8T7 suspension cultured cells. In this study, we describe

the changes of freezing tolerance, sugar content and gene expression during cold acclimation.

These results may provide new information about molecular mechanism of cold acclimation in

plants at the cellular level.
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Mg &>, ZOHERIMEIEFNE (Cold acclimation)
LIREh, BTV CH DI aA XF AT ERNWT
BRI TOR TV 5.

vuaA XF RS T, KIELEREE 2 B CRE
IREAETHIE OB Z V, 7 BRICIIRKEETR
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FRE DIREL, BEEE FEST 1 ) V) DEME,
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CBF/DREB (C-repeat/DRE binding factor) 737}
E I, % ORREIFEEAR DA CIHRERBER
RECHEAR L L CHRBMHESERT 2 Z LY
Lk poTWS 67, LiL, ZOWEEHRiE:
EIRBET 2 & & bICHTHESERTE 2 &, 7
ol CEBRENCEET B RARERE (eskimol) T
X, RIERBETHIREDNL U8 AR X ) s
MHERE N LR END, TRETHEFESNTER
RIBFE B LT LS O~ RERMEIREIMEE
BB TVBEZ LSRR ENTNS 6.9,

T ORRIZ, RIBEIMEIZEET 5 %< OBRSAEHNR
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7o O DR T T 0 —FRESLITIZE > TUVRu.
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5. MR RRRE, R, MRSEELT
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EREZLhERTWE Yyae A4 X F X )
(Arabidopsis thaliana) DORREE:ZEME (T87)
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1. BEMAORE

BT EME (T87) 1%, v 1A XF XJ (ecotype
Columbia) FAZNOFHFEE I, 12 HREIEEL

e iRa A JPL ESH 9 IS (2 ml/40 ml) L, E

Faft (8100 pmol m2 secl), 23:C TIEE 5
% (120rpm) L7-.

2. BiEAROMER

A% 3 ERSCBEELZAEL, REMBREIE
Bz BIEEE LCEAESE LR (1m)
7 7F—u— b LOEK (ER 70 mm, 7 KX
YTy 7)) ICEY 30 BE%RE L. (NFa—AR
Y7 V-503, EEEE) %, EEEFHIELL. K%
BB L-ay ha—VOEEBNLZOESL
ZLSWTHIEOBERL L, REMBEERD, &
EH, HECETER, EFEHIERRE L.

3. ERBMEE

FREERREE TR U MIIEE 4°C 1B L, 12
R BE (%9 150 pmol m2 sec), 120 rpm TR &
S L, KEBLAEEZITo .

4. HRFEWIEDRIE

BEETHE LB EARS O BRRE S THE
E LT, BEMEEL 50 ml F = — 712 LiEL (225
xg boHE) L, MRZIERIE. BEHERY &R
W, BREK 50 ml (- X B EEE A 8 BTV, AR
SMFE LR Y B, TR R TRIRES DK
I E Y BV, 0.3 g OFIfEE 15 ml F=
—7IWZEYVEY, 300 pl OREEKEMZERE I 7.
BRI e /757 Y —%— (PRO COOL BATH
NCB-3400, EYELA) #AWTiTol. 7 n
%-20C T 15 1 L7=tk, RIEER TTOHE
ENTEBEERAWTHEK LEZ. -22C T2RKHZ L
W LT 1%, -20C/hour OEHIEREE TRk S /7.
FIREE CHERME, 4CT1 HF@MEL, FHLWK
BRI LEXBERESIEE. 156 BROMED
BEEZHEL, 00C LEOHBREEY £7FF
100% & LT, EBHREREICR TS MRER L hEL
TBHIETEFERERDE.

5 MEEDRE

3 DR DR BEEO BRI & HRIEKES
fbL, LR U7RICERENEEZITo. gk,
Faz 5B LV ER L, 100 mg DOHifE%E 1.5
ml Ty RFa—FRZERLZ. RIZ, F*TAT
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HOEEMIRE NA, CAl, CA2, CAAAELEY
DOTHDH. TOEEMIEH S TRIZOL Reagent

(Invitrogen) Z VT total RNA 2 L, X
PN E OLERIEIZ L Y RNA OZE % FERE L7z,

AT VA T—8L, UTICRA3 2 205
HEFH R TH OISO THET 21T 7.

O &K=arT 433 ? Raw (Cyb Intensity) b
L < X Control (Cy3 Intensity) fED EHED
EH BN, CAl, CA2, CA4 LED 3 84
TTIL000 A ETHB.

® CAl, CA2, CA4 MEDORH, Fhhr—ETH
FEREN 3EUEIC2D b0, B NX 0.3 fF
UTcmflchsd 0.

Fiz, BoNET —F OfFENTIL, Micro Array
Expression Datasearch (http://rarge.gsc.riken.go.jp/
microarray/microarray_expgene.pl) &} Genevesti-
gator (https://www.genevestigator.ethz ch/~w3pb/
geneve stigator/index.php?page=home) %\ THT

7.
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Fig. 1 Growth curve of Arabidopsis T87 suspension
cultured cells.
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1. BRehig

T87 RERT BN, ML 10 FEETOAEE
BN/ Ed-7 (Fig 1). 11 BE»H 14 HE
T CTAEERAMICERMIICEM L. L,
ZFOREEABKEZEL LT, EEEOEMTT L
AMERLNIRD T, LD Lhh, ERERE
0~10 BSFEEH, 11~14 B E THMEHETEL,
15 BUREREEH THD LIRE L.

2. FHEmEDE

MR LB A EEMELTHONTT 57
W, FHEH (% 8 BB), SHEUEFEH (RkR%
12 BE), EFH (% 16 BR) BT 55
R OEKIEE LA GREIE : NA, KRB 2, 4,
7 B : CA2, CA4, CAT) Tk B HKEMENCEE %
AT LTz (Fig. 2). NARXTIE, & TOBEMIEIC
BWT-6C £T 50%LA EOEFRERLEZ. Lo
U, EFEIT-7C LT3 & 10%UT £ TEE
WA L. %0, NA RO ETFRIEERIE
EiZ-6CTHDHZLBohoTz (Fig 2a). &KESI
{t. 2 B OMRIZBW T, SHEEEY, EEHTI
NA #ifia & RO RIZR S e h o 1.
L L, SBEHOSEEMIIIN-100C F CHFEE
DR L. 22 ¢, RBIHLER 2 E X L 4 B,
7 BRREAE A ITo72 & 2 5, BSTEIZ-6°C &
720, NA K& RBEOMEICRE>TLE D Z &M
Moz,

ZORERL Y, BRI GER) 1REDE
BEFOZEIRREINE. LML, YaafXFX
TSR CA2 F CTORICAEICHFHM 2R
EH CA7 TIIBRARFERMHENE LN B 2012 L,
BEEMB TIIHEICR-> T CA2 £ TORICAR
ICERETEA RT3, REIFEOEESIL TR
FEMHERBADT 5 VI BOBHALNI o, T
i, HEME TR T EEREE N RIT T
WHTDELTZBRAETHHDONE LRV,

3. EEEOEL

FRR LV~ B 1T 5 BRAETIHE D B & K i B
BEBORE L OBBEALNIT D), FHhRE
FEORERMEIZE T 2 EEBLER TORESED
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Changes in freezing tolerance of Arabidopsis T87 suspension cultured cells at different growth stages

during cold acclimation. NA means nonacclimated and CA2, CA4 anbd CA7 means cold-acclimated for

2, 4 and 7 days, respectively.
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Fig. 3. Changes in sugar contents in Arabidopsis T87 suspension cultured cells at different growth stages

during cold acclimation.

EE &t L7z (Fig. 8). NA Rz 5 MiaR O
EFESEIY, FEH (5.55mglg FW), xiEEmis
(2.13 mg/g FW) , E## (0.53 mg/g FW) TH Y,

FEHOMIIIMOREERMOMIE X » EEICHE
PHIBEPRIICEB L TV Z &R’y ho7- (Fig. 3a).
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O TILRIEEINE 6 B5R (CAGh) TR
JAPICERE L, £ BEOEEBEIL CitRE 2L
BRLNRD- T, —F, MEMEEHOMETIX
CA4 URICEERFEOSEMN RO, EFEHOMAE
TIHATOERLBECH > = EBT RS2
o To. RIZ, FEDOFELE (sucrose, glucose, fructose)
OEENE R5 &, HEHOMIRIZIIT D sucrose &
glucose ZERIIEFEEETAONER LELIL T
BV, CA6h TAEICEE L%, BEOK/NIH
5HDD CA2 £ TRAEMEZTL, CA2 225 CAT
WNTEOEE L. LaL, fructose DEERIT,
EEBLBRE CIZIEEDL O RVWMEMZ R L. 5t
BIEEIC R 5SS BOLEEINIL T CAL DB
B ERDhotn. T, EEHOMIECRE
TOFECHEEREEIR N2 -7 (Fig. 3b-d).
FEHOMER THD 2 DR EBEOMAL & LT
FEHENEE L COE 00, MBEMNICES—
EEBHFELTVWAZ L MREBL#EEL BET5
THOIEBERERTHA A LR, 5%I1T, M
JAAESE L BEBHEOBRRERLNNCT 20
W2, MEBUEEHCEER & Vol NAKRECHES
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e T T DLERD S.

4. =407 LA @i
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WAHH STz, bl U7eARICAREER DB
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N5ELT, @CAL LIRE, BEOMBBIERMEIND
BEF (—EB2EEH), @CAl OHFBLHH X
NDBEF. ik, FRTHELER, S0V EmeEl
SHLRMKEEDNL L OFEEDIC L > THIEZ
RITTWEBETHD. OQDEEFEZ T RETFIT
104 & (glycosyltransferase, MYB-related transcription
Jactor 728), @iX 62 {8 (2-oxoglutarate-dependent
deoxygenase 72 &), @i 53 8 (GATA zinc finger
protein, auxin-regulated protein 72 E), @i 10 &
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(WRKY family transcription factor, glucosyltransferase
BE) FETDI LRG0l BIRRNZ LT,
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