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Function of Arabidopsis dynamin-related protein 1E during cold acclimation
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Arabidopsis thaliana increases its freezing tolerance upon exposure to chilling temperature

(e.g., cold acclimation, CA). CA results in changes of lipid and protein compositions in the plasma

membrane. We recently found that one of the dynamin-related pfoteins (DRP1E) that are

associated with endocytosis pathway accumulated in the plasma membrane during CA. Thus, we

hypothesize that DRP1E involves in CA-induced modification of the plasma membrane. To
address this question, we characterized a T-DNA insertion mutant of DRP1E (drpIe) in the CA
process. CA increased freezing tolerance in both wild type and drpie plants but the extent was
much less in drple mutant. Furthermore, the effect of DRP1E knockout on the extent of cold

acclimation was more apparent in younger leaves than in older (and mature) leaves and

considerable differences in cold-responsive proteins were found in the plasma membrane of

younger leaves between the wild type and drple plants. These results suggest that DRP1E have

critical roles in freezing tolerance in young leaves.

i

T

% 56 EUKIRAY TSRS 20.
[Key words: Cold acclimation, Freezing tolerance,
Plasma membrane, Dynamin, Leaf order ; {&iEE

b, BOETEE, MEREE, &4 I, B

(Received Aug. 31, 2011; Accepted Sep. 10, 2011)

TP % IR DI WVREORIRICRTET D & BbmHE
PR EFT 5 (EREIHE) . EESMLEE T, i
R EECHEPNICIIT 2% - el v REE v
RIBOEBEPRZY, ZhbOBLiNEkmTE
DERIZEEL TS EEZ LN TS, BE, K
RBIEIBRE TITHRIEDIEE - ¥ v /R BOMKE

1RV M RE D EBY 2 AR Eh TR Y, KBS

—105—



(106)

{LABFR T I3V B HRETHIE O KIIE, MRED LS,
NREL B TWALDEZZONTWS. —F
T, INHDO/ERNL, MIRETIEETORIBE
B0 TIERL, — OB BEENT 5 RN
RS EMTONTWA Z AR S5, KR
BFl{edfeicis T s MRER e, fixiE, = Y
A F—T RIZBWTHIRBIRE D —E 3/ Ma & U CHERZ
PHUZED VS, 2 O/NEBIZE ENDREDRSH
BYBRIAND Z L7 8Tk » CTHEOHEEAEET S
ZEMEZLND.

i, {KEBEATR O v X XML
Wi a T — AR ED, = R A b= R
W T A X A F I KX V7 E (DRPLE) MME
BB fE > TR DR BB EET A Z &0

BABMIZ/2 Y, DRPLIE MEEBIEBERE T Z 55
RS ZEIZ B > TV B AR R S iz 9. %
TTARFETIE, vuA X XTI O B AR
¢ DRPIE XiE#%Hv, DRPIE &{KRBIE#Z D
BRETME, RO S 87 BEROE B & —
v OBEE YT L7z,

S & UH®

1. EBRMH
FEBMBL & LT Arabidopsis thaliana L. OB AT
(ecotype Columbia) & RIAREAZER L L T
T-DNA AL ko TH L7 DRPIE KK
(drple, SALK_060080) % v /-.
BFERHEE AV RS ERER, K UOWIEE
HECHI BT 2R, BT DIcERER, AT
B EAN (23°C, 24 BHIPA#, 56 pmol-m2-s)
THREISER. BEEZ 21 BOoboZEKIEREIE
(Non-acclimated ; NA) K& L TH& 4 DERIZH
VW E72, BERES 21 BRRE L7 RBIKER (NA)
# ANTR&H (2°C, BE 60%, HE 12 KRIAH,
Jt& 100 pmol-m2-s1, CU-351A: FI—HI) I
B, 7 BHIRBAELZ b0 E2KIED I (Cold-
acclimated for 7 days ; CA7) K& LTH& %4 DER
IRV E.
BEGRTE 2 AW 7o BRAS T MRER IR 9 2 i
i, AT 27« A7 — 7 (MS 55#) IZHER,
CATIREZE (23°C , 24 FFfEAHA, 56 pmol-m2-s1)

TREXHT. 14 HHDO b DO EKEXREE (NA)
K& UTERICHAWE. £/, BE 14 B BDOREI
{BABHE % Bt OARIRBIME T Bl o THLER USEBRIC
FAv =,

2. BREZZERVLERSHIERER

RERIER (NA) &EEBIEX (CAT) O
WE AW CHEEMEZEE L. ZNbDOHEYEE
BRLTWA Y —LVOARREKERICEL THEKE
TV, 0%, PHOHEHEEICEY b LEERET ¥
8= (SU-641: = A~y 7)) vy —L
ZAN, 2 FA % a— b L CHRBAEZTT -
7o, BREALEM T4, v ¥ — L& ARG (23°C,
24 FEREEAHA, 56 pmol-m2-s1) {23 HEFEL,
Z DBFIE LT P EEED 350D 1ULTFD
BEEEAEFEERRL, EFEEEHELE.

3. EBRERMZEZERVEENERER

A XFRTRGIROFEE R AREICHOE
MNHIEIZ 1~10 DFZE DT, BT LIZKBILT
BAEEREEE AV BETERBR 1T o 72, &R
BIIMQ & A XRF AT OARE 1KEAN, T
IZ MQ/KTIE- T2k & AIL—2°C T2HFH A % =
N—FNLUTHK LTz, 0% 1EMHZY 2°C ¥
EEZT, —5°C (NA), F£7i3—12°C (CAT)
ICELERRT 4°C IZBL, —BT TRl 7.
0% BERIEEES (ELECTRODE, B-173 :
HORIBA) TEffEELRIE L. £20%, &V
TVEEBL, BOEBMEEZAELZ. 20 2H
DRIERREPSUTORICESWCEREELHE
L.

ERERUE (%) =
1 [E B OEIEE,/2 B H OHEME x 100

4. HRAEDEHE
IRIRBIEETE (NA & CAT) v uA X+ X4l
WIE DB AT, drple ROFHIE (6~10 F) b,
RYV=F LT Y)a—n/ TxFANTrERNZK
PETREEIC Y L AREE S ZRE L. Bhhi
IR & 2 R BE, B U BRETICERT 5 %
T-80°C THREFEL-.

5. A NY GBI
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MR 2 o N7 BIX—RCERIKBI 21T o 72 b

V7 TRV E RS VHTEEL, nano-LC-
MS/MS (LTQ Orbitrap XL, Thermo Fisher) % A
WCRTF R 7T FAERE L. 2R bDRTF
5 — % % progenesis LC-MS (Nonlinear dyna-
mics, Ver. 3.0) AW, KIRBI{LEZIC 2 £l I
B, £ 0.5 FU TR Lie_X7' T Ne®k
L7z B z~~7F FJ X Mk MASCOT MS/MS
ion search server (Matrix Science, http://fwww.
matrixscience.com) % AV T National Center for
Biotechnology Information ® A. thaliana 8%
WRIBT—FR—ANOREK L. HBoONTF
FOU R M, BTFO&BICHE> TREZITo K :
Allow up to 1 missed cleavages ; Peptide tol., +5
ppm ; MS/MS tol., 0.6 Da; Peptide charge, 2+, 3+
and 4+ ; fixed modification, Carbamidomethyl
(C) ; variable modification, Oxidation (M). &5
B ONEZ R T BT —F OHERELYRE Y %
BEHEET LICHFE LT,

L R

1. BEREEZERV RS MERER

MS 5 CRE LTS AR & dipleRE WT
IKIE BRI O BHETE 4 b L7z (Table 1). X
ERIMEE T, BEBMR L drple BROBERMHE
I EERZBIR DN 2oz, Lo LIEIES
& 7 B BOMEKTIE, —10°C THARMD MR

drple BR &V bFEFHCHE BICHFSTRMES B> T2,

ZOFERHML, DRPIE iy 1A XF X F Ok
HOWRIZBEBELTWD EEZLBND. Ll,
drple BRIZBWTHLAREETIEH 50, KRB
BRI b B RREE ER LTV |

Table 1. Regrowth test in Arabidopsis thaliana

plants non-acclimated (NA) and cold-
acclimated (CA) for 7 days.

NA -3°C -4°C -5°C
Survival WT 100+ 0 1000 425262
rate (%) drple 96.7+292 100£0 322+184

CA7 -8°C -10°C -12°C
Survival WT 100+ 0 78.9 £4.57 0+0

rate (%)  drple  942+54  466+9.0  0+0
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Fig. 1. Electrolyte leakage test of rosette leaves from
Arabidopsis thaliana. Older leaves, 1st to 5th
leaves; Younger leaves, 6th to 10th leaves.
Asterisk indicates a statistically significant
difference based on a Student’s #test (*, P<0.05).

2. EBRERHEFRAVEEMIERR

BFRERHEEZRAWT, HAEEKE dpletkDH
- HEOFFHEZ B L (Fig. 1). KRS
B (NA) Tid, BAERRRE drple RO B HIE
PEIZEIZR b Rd o7, LA L, IKIBEI{E# (CAT)
TRFERIZBWNT, FAETRKRDIZE S DS drpleBk &
0 HEMICERTES R Ao T, ZORENPD,
DRP1E iR B @RI I CTER ORI
M5 LTRY, &EbHIZFDOBEIEWESY FLITH
BELTWA LR ENS.

3. HRE4S RV BHEROEE
— R TERKE L EESHT (nano-LC-MS/MS)

EHEAASDETHBES 7 EDRIEERITY, &
REMLEI% (NA & CAT) TEMAREBOH>7-F
R EERER U, BARIRRCIMRER I X o
THIIN L= & w37 Bk 212 8, Wb L& v~y
EIX 118 TH o7z, —FF drpletk T, 1KIEBIL
ko TEM L& Ly B 176 {8, B Lz X
VRIEIT 258 HTH -T2 (Table2). T H DK
BB CHERT 5 ¥ vy B EEE, RN/
Bk, MBS VX0 "E, MR - MREEOR
W, U RE, TOMD 6 SDHT Y —IT
SELE (Fig. 2). &7 Y —THBLIZ /3
7EOEHICER TS L, MNRERICEETSH Y
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2R B AR CIIEIERI L OEMRE Lo
72708, drple¥kCTixHEVEM Lo 7-. —7,
MBS 5 2 R BIRE AT T & <
HLTWED, drplekKTIEHE VRO B RS
Dodo. WIT, MR - AHAREHE O ARSI BEE
L8R EE, BAERKTIESE VR Ldo
720, drple Mk TIIZE LB LTV, ZhbD
FERIL, MRS T BEOEE Y — AR
¥RE drple ROBIENRH D Z LA RLTWVD

Table 2. The number of cold-increased (max fold >2)
and decreased (max fold <0.5) plasma
membrane proteins in younger leaves of wild
type and drple.

Cold increased plasma membrane proteins (>2
fold)

WT drple

membrane transport (a) 25 25
vesicle trafficking (b) 16
cytoskeleton (c) 3 4
plasma membrane and cell wall ] 6
reconstruction (d)
signal transduction (e) 49 50
others (f) 111 84

total 212 176

Cold decreased plasma membrane proteins (<0.5
fold)

WT drple

membrane transport (a) 10 22
vesicle trafficking (b) 5 10
cytoskeleton (c) 7 4
plasma membrane and cell wall 1 17
reconstruction (d)
signal transduction (e) L5 +4
others (f) 80 161

total 118 258

% =

P ATIRR & drple BROWAEMME 2 R4 5 &, K
EHMERT CIXmE OWAEMEICZI A b o T
A, AREBIEE TIE—10°C 128\ T drple KRIZEF
ARIBR I D b ERITERWEEEZ R Lz, 2o
£2°5, DRP1E (HMEESMIBTRIC IS T 5 HORE M

i) Cold-increased plasma membrane proteins

B membrane transport (a)
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Fig. 2. Functional classification of cold-increased
(max fold >2) and decreased (max fold <0.5)
plasma membrane proteins in younger
leaves of wild type and drpIe.

DOERIZBEE LTV EHRIENG. —FT, KA
Btk THH->TH—8C TITHATI L drple kD
M CHREMMEICEEREZTIR OGN -T2, F2,
drple BRIZEBW T H BFAERIRK & R L TAREETIX
o503, RIEEIMEE ICERSITEDS S 2 FRE LR LT
We. LRETORFIEICR W T, ESmtEo I3
R DAL LIS b MR E ~ O S I E B ¥
X LEA % >R E 78 & OWRFEGEOREM & BEME
DB H 7 B OB MG LT 5 FHEMEA
TRRENTWD., Zh b OERKE%)5, DRP1E
DRI XV BREMHEOBMITMmz bbb,
DRP1E 23Bd5 L 72\ M D SRS it KR 1 3 ik s
LT = O BN s ES R L2 b o B2 b
no.
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FNZMAT, EBFEREEE AW ERFBIERE
MHERBORER S5, DRP1IE IECENEL L
ICEAETHE DI KICE B L 5 X T 2 ATREME I RIR
Shiz. A XX CIUERBIERICE NEE
PR MESEARL, ZhiZEBEVEL L E
L7 e ) OLBENEIMR L TV AAREMEN H
57 ZERFEENTVS. 4EH, ZhboEST
o U EAMZ S DRP1E 23 WIEO ERSm i K
RESFEEEZLEZ TN eAFENTZ. L
2 L7A 5, DRPIE 278 HEWWEESE FINIHEEE L
TWBDD, ZORERITEEH LTI TVRY.
TR L RTAREERE DN S, fl 21,
DRP1E ORB VLV VRIERF T L ITRR D AR,
DRP1E BE54 20 X7 — RIHERAT 55 0RTF
DEFRFHTHIAREESERH D, ZORMEICHE
LT, SRS DICHREZED DNERDHB.

—F5 T, KIRHHLEI% CENRER Dot s v
NROGEBFERRE drpleRCHEBELEZEZS, B
FBEOEE NN — NI OEVWR RN, &
7, IKIREIERRICHEIN Lo MRl & o X B 38 A&
FUIERT 212 {8, drplefRT 176 8 & BT K& 727
ERohRd o7, ARRBIMERITHD L7 fKas
227 BOMEEITEF AR T 118 18, drpletk T
258 fH & 2fELl FOERA b=, & HIKIRHIE
BICHEBO D o7 2 T B BRE T LI 5
L, NEREC ST B 4 LSy B O AT
BRTE LoD, drple R TRHEVIEMLRS
nighote., —J, MEEREZ 87 BITE AT
TR LTV, drple BRTRRBE VA Ligh
ST, W, MK - R EROFBEICEEYT S
R EIIBRERKTCIRIOE VD Loy,
drple BECIZZE LB LW, Zhvbo &R
7BEDOHTT, MIAEHKEZ 7 BIXKBEI LI
HL, ZOF T B ORI HIBHAETE DB KIS
B4 3 ERENEITHRE TRB I TS 9. &5
A BIDOFEEE T, drple BRIZEFATIBRIC TR
BB I/ N EERICBEET 5 F R BERHE
DML 2o Z &5, DRPIE OXKIBIZLY
IRIRBI R DML BB R R Y DR L% T
AIREMECHIIE B & VX BOBABEIEEZ &h
R IpoTe T LI K0 BAETEICZED R 6 7= 7 TEE
WREZ OND. — T, ITFHYHIE T dynamin
PHEEEEEICES L CWAREEM SRR X T
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5 9 b, EMITRBNTHE AT I EES
N7 MREEEICES L, DRPIE & ¥ 7-4ifa
REEICEE L WS FEELEZOND.
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AMFEER ROV v A XFXFICBIT BEEOH
ZefER A% % 5 L, DRP1E BMERIHLERRIZI
THEAEMMEERICESE LTS &) Z &+
Ezbhb. &H24E, DRPIE XERKEFANIC -
BFREMEZEARIETCNWDE ZERREENE. 20
FERIL, DRPIE [ZRFR R BRSO RICE L
T, 1) DRP1E OB L~V HREFRTLICELR DT
#EMERC 2) DRPLE 2359~ 2 BT 8 KA I
T 2B OEF O ENRERFITKFRN T 5 ArRetE
ZRLTWA. 4% DRPIE L BAEERT Mo
V7B OBREL, DRPIE OEENEFRKEFENT
HABHORIEITO Z & C, KBEEHTICBITS
Y DATFEIEO— RS 5 Z E BB R .
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