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W A

A EMEEICEA, ADBMRMRBEOSLAEN S FHEINL AE
RENBEEINTND, CNETONAITFV O —OREIC L 5 RERE
B OEREIL. SEESLOHBRBIEECENS L EbICHBEOEFICES
LB BEEAHTEDI, SEEEBEYECEEEZFATS L%
BT L. 183K, BanaBetd s ERRET SIS 2 THEENS
M, EYEEEROTCREH I ERSBORBHR S EMOTEICE > T
HDTEETHD. OIS RBEROF T, WMEBICHE R EYEE DR
B’ BN ERICHERREHEHEOENRENREICR I OEYEELR
BRGEOHEIPRBERSTNS, FRETIH, COLSRESNS. EY
EEEROBREREFREICEEL., TORMMERE T EERICOVTRE L,

1. EHYBEEERRAEDHEHR

W, EBREZED AL EOMinistry of Agriculture, Forestry and
Fisheries (MAFF) ®DGene Bank TREIN TV AP EEEED S BT
T206,764RICB X, TDOH8EIZE 5D 51684005 I3 FRETHREZINT
W3 (Miyashita et al., 1998) . XEHOEDREFIIEREEH T TEERE O
~-20C) TB5ZLICEKD, —EHERETEHIENTELN, BEMICELY
MREFETLHIELEIRETH S, R, &R BEFECHAZVWETF. 500
KBTI DREHERDVTAIRRARBEEEEY (1 BE, B2 oRE
BLUORKOEHRREL. SCREHETHD, ZOLIBEYTIR. BESS
LU THRER (BE. M8RE) MALLN., BHE, 38,0005 05%%E
FELERNEELLTEB TREIN TV S (Miyashita et al., 1998) , L
U, BHICEEL TRET 2ICE,. EXFH, EEBREDOED. ERkt
HPNBETHD, 51T, BATITONEZZENS, BICERKEICLZEE,
BHROEIE, HERCLBERECERT 2RBOBBREEZEEL 2T
RS U\ W, 1987) o —F. RIETH. MBEEEIRIL T oE
PR TDOWTIE, HBREEZ2AALEERENTORENER L TETH
D, NEBEOEESINEZZEMNT, KB, 80, BEH VIS HESRHES



STRREDRKBETTERZNH L NS, BRIBEEZBOVRLODDEEL.
BEICISCTEEZETLT S ZENMRERE>TNS, BXEOBGEERE
Tid, RIZL780RN Z DRBRENRE THRAMR SN T3S (Miyashita et al.,
1998) » L2l ZOFHERBVWTS, EHHOKREZBVETIHENS >
T, ARSI AARTHY, ELHRBEFICELGH - FENLTRORZ 3
AREBIONEROBRNEICDD, ZEEHDEBCEEENR T RER
EHNRBEEREERILTLBEE AR,

2. RUZENBEGEREEREREEE L TOHEBERE

DX RRRT T, REEEP BT 2EEREN. §HRENEEN
RBEEHFEELTERERVNTWS, BREYOMRSE - @aTi3. BEET (&
hEFR ELOKBO-150CLU TH S RGEEEFBRED-196CET) TOELER
FEA, B (M- BE, 1983) E/-i138% (B, 1987) REDHHTEL
FERAENTVWS, COFEBREETE. BEEOSVWERRENTETH S &
EDI. FABLVBRADOKEATREREEROE/NNAETSH S, LHL,
RREGENRICE > TLRUVERORRERD S 370, FEEFETIR. &
EEEEGIETAEDOKALREANTHONTETNS,

M - T - SRR - AR & OB TIE, 1950EKR0 5 ) & 1
CERENHEMEE L THERTAI LD, BEEEIIEREEI T
Wi —F. EHMBETIE. ZURY ik, TOBRBROBEM S, EERE
SR GBEH, 1987) . BIHIIC R, BEREOWHEINEN - BIZE
BiR, Eie, BT, ML) TORENEMNEINTOVAEDIHL T,
EHTIE. £2<0BEE. FAECBLW CEYEEEEZRELT 70, ML
RNV TORBEZERLTHEY., BRAREAIRBORAS S icBLTHEYE
BOEBRERES TRAL> 2. Y TR, /)T ¥ F 2 (Salx
sachalinensis) ORI ZBRAEZZHPT THEERELZONRTD TOREHF T
B o727 (JEF, 1956) . COMEHIREE ICHB W T HARRHITE W (8
BOHBOBEE L TOFEEICHTBME) 2500 TH D, BEREIIRE
DHLEE LB TITbN, Z0O%, 1970E/RICA D, I HiiEk
EWEYHES - R ECEEREO BN CHEERET ZRANB AT DA
BRI, BITHBOR, B4 nERILENERS N, REVEDR (X



HREMBORLIHEEEZH TREBTIIR) OBV AF I ANEFFR
(DMSO) *HEEOFRICED, #HYHEE - MEOEBEEICHET 2R ITR
ERICESRL Tz,

RERESEMEIE L TOEYEEIL. FEMEBEBOABERICID. B
MEBERARETHD, BEHNEROBBRENDRL, Fin, 94 NVATY —
DrO—VEEPNREBCESNDIBREDQFEAND D, BEEEELSRELTES
AubNTWS, B—%—3 3> (Dianthus caryophyllus) o180 B#E R
BN, HEHEHYEE LU TDMSOZHWS Z LIk > TR LZ=DB (Seibert
et al., 1976) . 1970FE RN S80ERIINIT TEL DEMITBIT D XTHD Bk
REWCETOIHRNEAICR>Z, b b (Lycopersicon esculentum) @
ZETIE, 10~15%DDMSOBREN TR EZBRETFTHEZL TS Ik D E
FRFICHRIIL (Grout et al., 1978) . ¥ HA £ (Solanum tuberosum)
DEETHE,. HERTIC10%DDMSOZ %0 L 7=Murashige & Skoog (MS)
EMT3 HEBEL (FiEE) . 10%DMSOBKERBIBEZT =05, Z0
BRI EBHEFERET 2 LK DEBREICKRII L (Grout et al,, 1978) .
£/, T2 FY (Pisum sativum) DZETETIL. 5 ¥DMSOZEML /= 52 #
T2 HHEAIBER., S5%XDMSOBRBBENEEITO I &Ik D BEEREIZRD
L TWws (Karthaetal., 1979) .

3. BHREFEICBITOENGINEDRE

LU, REXNS BIAEH—F—23  EE) Icko>Tld., FiEEtE
2. DMSO&EZIIVa—X, VIVER—=)V, A7 O —ABREDEEEEHELED
TTHEMTDIEICEKD, FHEMBREOEERN, S5ICEEL I ERNGES
N (Sakai, 1985) . =D, EWEBEMTHRML ZEMIC K DR ET - /-8
GIZBNWTH, DMSOEMRME D BEWHREHEDENESNSE Z ENT XS
S H X (Asparagus officinalis) (&F5, 1992) BEUWINFF (Musa spp.)
(Paniset al., 1996) OXETHEINTV S,

e, FEHLFARCEVYEBEBIUVREBENES THD., BEEREI
BRI /N DR 5 7% B embryogenic callusDEEREFICBVWTH. 57
[EDMSO % ¥R N L 72 VA % A V3 7= RS BT S 3 21T h TV 72 28 (Withers, 1979
Kartha et al., 1982) . 0D, WEZBMTHRML 2B TORMMAEED



HBWTHONBD XD > 7 (Maddox et al., 1982/83; Blakesley et al., 1996,
1997) . #)N2 (Nicotiana tabacum) ®Dembryogenic callusTid. 6 %/
WER=NWEZEI DbV Z2SVEMT2 HENS 5 ARBIGIEEL. 20
RETEERGALEBIT D EICLD, BIBEOLEERNTOBRIBO S W E
Z 7~ L (Maddox et al., 1982/83) . %W~ 1 £ (Ipomoea batatas) @
embryogenic callusTHE, 0.IMA 7 O—X Z¥{RML /=MSEEH# T 3 HREIE%E
L., RAT04AMTE B, HWTOTMT3 HRIEEL, BENICHEEELZS
KUT, BAORKEZERVALZEZDE, TOEERBEETTRAEREKET S 2
EICKDBOXDEABNREEFET 2 &> T3 (Blakesley et al.,, 1996,
1997) .

—7h BRIER<BAWVWENTWSH I A{LER LD HE#ERERE (Steponkus et
al., 1992; Matsumoto and Sakai, 1998) IZBWTHEDOREZTHRET L E 1,
Ao AEE. ZJUteY >, TF L2 FYa—)l, DMSOBLURZ 7 O0— X/
EOREVHHEIEROSH 2B ZRBETED]R (5 ALK PioRE 828
U, INS0YEZEZHICHDAERTZH. BREZEZRICANATEAHT A
BETHDIN, ZOFERBWTHH I AMEBNDEORMMSETH 2 LD
i BB S AMLRICRE T 581ICHE (0.2~0.7M) 2SI L 2 51E
BT OIECK, BRAMBROEBERNISIE LB I N, 3 (Pyrus
pyrifolia) O%TE ($%H5,1991) . F U b (Prunus avium) OXIE (Niino
etal., 1997) . 1 & (Oryza sativa) ®embryogenic callus (Wang et al., 1998)
IMETHLNZER DTS, A AEEEEBRBEAPBICEBOTmDHF N &
WORTHRELETIFVBE-X - HSZAEIZBWTH, HI ALK TD
MEFNZEHEE (0.5~1.0M) OEBRICE2HBOREEZTS &, S04t
HFRZ2BZH5T I EMN, O—k— (Coffea canephora) DML (Hatanaka
etal.,1994) .- 3 U U Y ¥ (Armoracia rusticana) ® %R (Phunchindawan
et al.,1997) . ¥ E (Dioscorea alata) DX%TE (Malaurie et al., 1998) 73
ETHLMNIBR>TWS,

DX, BEHEE., EHHBORBERFIIBWTRERBEERT & &
BIZ, BRAIKCBIT2HEDOREIMEICHES MEEERBEBICBWTHEER
‘’ENZ R L TWDB (Levitt, 1980; Sakai and Larcher, 1987) . W% 0 ELE
Ko TRIZDMN, Z<OEMITBNWT, FIVa—X, YIVE =)L, Zr O
~X\574/~Z\Z&#?~ZKE@Q@%%§$%M®%E@T&&%



CHIBRRICZEICERL. MEENEBRT I LR LM0NAEEETH S (0
H, 1955 ; Jeremias, 1958; Parker, 1959; #&#:, 1960; Trunova, 1963; Sakai and
Yoshida, 1968; Levitt, 1980; Fowler et al., 1981) .

4. BENGPEIZL B FEZHEE

ZDXDITHEYHBOMWMEEIIIENE B> TWBA, EILRTHEE
BrEAEEOFMIC DOV TRRERALZENZ N, U Y > 2DMSOR E DU
REZEMEEHHYEOHRIT. MBERNICEBEL., BROKEAETELHEZS
TEEBHIT, KHBHEICKSMENADEBEO LREZ2METsL 0S5
DY E DFR—1 (colligative property) KEKE TR EEZZoNTW 3B
(Lovelock, 1953) . $&id. 7'Vt U > °DMSO & Rl K& I3 — 1 73 B 2= B 1
HRZEZDDIENHESIN TS (Meryman et al., 1977; Lineberger and
Steponkus, 1980) . —F. BEOBEOEWIT L > THEHHDENRL B =
EDHBHMENTBY, BEE, kRN ARBFHEHDREZ DEHEEINTV S
(Crowe, et al., 1988 ; Leborgne'et al., 1995) . N RT DL D /rIEHE—
7SR, EAKBEESICLVEETOIEEMMEE LS L TkORE
TERZEHT I LIZED (Crowe and Crowe, 1984) . $25Wid, BEEHIEE
RIZHET DI &R0, BREBHBICIVENEXRE TH I 2L LEL2AT
KO HRETSHZ EITLD (Leslie et al., 1995) . WINBEDEEIILE D -
5L, BEREZHLETEIDOEMEEINTNS, 5T, EBARTIONLS
REERNZHEZRICMA, BEMOEASAEIIE VT, A 5ENMEIC
LRZOTRBERMCCEDSHRBERTER V., 2L OEMHEICB VT,
BEEEA MLV ABHBOBETFRRAICEELZEZ (Koch, 1996) . sk
HEBEBELERABRYIONIVERREZEFETH I ENANSNTW S (Guy,
1990; Gusta, 1996; Thomashow, 1998) .

5. XPIFEDHK &AL
BN GAE 21T > 72 OB I EWINGEME 2845 U -l cid. 0% ok

ERICLLERBRENERITIES ZEFE<ASN (BH, 1961) | iR D &S iz,
TOWREFERICDONTEL DRBVREEINTND. LHL, HIERED



BICBUI2EASUBOREICDODVWTREAEZS ORBANEINTED, O
HENBICIVEEMBRZOEFRNA LT 2L OEMEBENDD, —FT
BZDOMRNVEEAEASNTBVEYEEBRD D0, ZOBBIZA», Qs
EMBIZED, BIETHBERAREOLD BRETERIAEINDIDOD, OHIANIz
EARDAENZNVGESCENTHMEENMLETE2ENHD, £/, @
WICEARDRAEND &, KOBVWHEENRLNED, ZOBBIIMHN. @
BEEAPLVAR, WEREBKRICEBE TSNV EREORBE2FET L2
ERHENTVWDN, BRMEMZAWEEBIHOEEICILD, Z0XL5RE
EMEZBZNENRBRETDVTIE., TRETHLMIZEIN TV,

AFEL, EVBCEEREREFENOER L 2EL2EBEL., =15
DHEFEZHALONAICTSIEZANEL T, TR TBERB. Ty v
A& FYy_XVERBRE. 7TANTIITAZEEBLERT AN T H X
embryogenic callus7zs EZ& R\, N EAEIT X 2 W5 K% R O R i
BIZOWTRHELEZEBDT, ROLSITHERENTNVS, F 1ETIH, BEHENL
HEANEDEBICKETTEEIDVWTRETS 2D, VX THEMAZ, +
YRYEREBRIETANSHARAZEZEEZAL, 5 0REICHT 38N S
NEBICELDEFREORIEFANE, 2B TR, ENAELEICX 28 DOBA A
BREZASNIZT I, HELAL T -EREEZAV. BEOBGAHRK %]
FRNIZEBEF L, BRI AENS 2K > TRE O EMEN B AT
ZZEEHLNITT B EEDIT, EAMBAICIRDAENA < THH M
RKTBEHRDHD I EZRL.BOBEFIZODVWTISIEVWEANLSBEL &,
RiZ, EIETHEH, Fr_XVERMBZKZRAV., ERROAETNARVWES O E
PEBKEEBIZDOWT, Cryo-SEM [Cryo-unit (HEiEZIWEE) 2EELAESE
AT T BRMSE (scanning electron microscope) 1 % B WHEEHEIT » & 8835 L
o EHIT, BAETIE, TANSHAZEEZAW, MERNICEIROAEN
52 EREDTHEENERTI2HEBICOVWT, JU—-X - TS50 Fv—- L7
DAEZRAN, BHEBEOE(LICTDWTEBE LR, BE5ETIE, HILSUTIC
K ODMEENZE L SHEKRKT 2T A5 H Aembryogenic callusz vy, #EoL
SRBIZEIOBEOI O NNIENFE NI I E2HENMI L, BBIC, B
BEICBVWTIE, ULOMERKREEE R, B/ GSUEIT K2 M55 R R
OWTHREMIZER L,



B1E HREFIHBCB T 2ENGEUNEEEEED X OTHERE
DEAL

FRICBVWTRANZESIT, EYHEBEZEBRETSHEAICIE. SEED
BEREAVWI—ERHAOREBLE (FREERAKER) - EBEDE
SUEMTOEE (BRiEE) RECL2EAENEZBT I EICLD, B
MEBROEFRVEFLLMLT S ENASENTNS (Withers and Street,
1977; Maddox et al., 1982/83; Blakesley et al., 1996, 1997) . UL, L. 45
AT, ETOEPHEBICONVT, BEMBEOEERALICEYDENS DT
TR, EYENRZNEIEASLEOHRBERZD, BEASYREDZN
AEOEET D, ZOIEN, LEREVBRIIB I 2BGEERERED D
DEYHBRERERINEEILT 2B EORERBEED—DER>TNS, £
oo TANSHAZEORBERETIE. FIEHMANELEOBAENEE2FS - &
XD, MEREODETZHB I ENASNTWS (Kumu et al., 1983) ., &
DEIIT, BYHBICE > TEANGAUBOREHHSRICERENET A,
HE5NEERFEOENSLEICL > THEEMET T 2EEIZHE S M TR,
INSDEBZHRSNCT DI &L, SHRBEVRBORBEREEZRISE S
FTBERCEETHDEEZENS,

AETH, MEREBRICHT 2EASNEDROEDEICI5ENVOEH
EHLMNIT B0, ¥ 3F (Alllum cepa L.) BB, <+ v XY (Brassica
oleracea L.) ZEWMEE. BIXUNT XA/NFH A (Asparagus officinalis L. ) &
ZHEM/NMMIEZEEO SBFBEOTREZZH N, :h%@ﬂiﬂﬁﬁiﬁﬂ@ﬁﬁﬁ%'ﬁé
BHOEMIZT2EEDI, BHSLBICLZEFEROLTEBIVENENEBEZD
it BRAE DI D W TN,

BIH FBIBCBOWTAVIHBERLITCEEN S EOHEE



AETHNHME DI B S EOREMICONTIE. BlASIr BT
FHORRBLZEET S,

1. %8 oA H

&< 3% (Allium cepa L.) @ - fLIRFEOBEMBOAZIIRDOES 1T
To7z. B (22C) KBWVWTH oIV EXTHEOREEB IV EEZ%
BREL. BEMSHEBSH (SmX2mXx0.5m (BE) ] (Fig.l) 280D,
MELE LU THRWE,

F v XYW (Brassica oleracea L.) IZDWTId, @& 77— U —R—)V%2H
W, 1997F12A FEN 51998F12 A THICILEE XK FEKBR EMERREEN
(ZBiR26°C. BET0%) TERLUZHEY (BEX15m) DEZZEREEH,
SEVE|D, EWPSREZRELZDOSE, MBH [5mX2m X0.5m (BEX) ]
(Fig.2) T LMEIE L THWE,

7 AN X (Asparagus officinalis L.) iIZDWTIL, S - AY—17
R 500WZE AW, 1995FENS51998FEFE TENTNDEDKEIC. FHES
FENPSI2FERHYETIH% (MBERZEEZHNERBICHREL TH 3)
ZH0 LT, LB EREEEREHAFTREN (BEB26C. BET0%) OF
SO —IIERBHEL, EEXZHFEIREZ, FEE. 12BTA»SBED2A
FHETICREREFIE, EIPI0OmOEEZHERL T, £O&EXEI
(Fig.3-A) ORFEF/NULOETE (W1l.5m) (Fig.3-B) ZHMHELUME &L
THWE,

2 BENGUHE

EAGNEE, RElzVIILE bV EEE (0.8M) % (pH5.7) ITFTE
RERETS I EICX0fTWn, HEABEL T, 2<48B 20k Gk
WERE) ZRAVWE, FECBT 2R, 2T, #ASLERCEE
B (0.8M) ORVIZFLFY I—-)V4A00BRETELSTITE, 3l&Ematp=
HICMNE LU ZBRZER TR ThS ANk,



Fig.1. Segments [5mm X 2mm X 0.5mm (thickness)]
excised from scaly leaf of mature onion bulbs (Allium
cepa L. cv. Sapporo Yellow) used for experiment.
Scale = 5 mm.

o I8 gy



Fig.2. Petiole segments [Smm X 2mm X 0.5mm
(thickness)] excised from true leaflet from 30-day-old
cabbage plantlets (Brassica oleracea L. cv. Early Ball)

(about 15cm in height) used for experiment. Scale =5
mm.

5 100



Fig.3. Preparation of asparagus
(Asparagus officinalis L. cv. Mary
Washington 500W) plant materials. (A)
Nondeveloped small lateral shoots
(arrowhead) covered with true leaves in
spear tips; (B) Excised small lateral
shoots used for experiment. Scales =
icm.



—7. BREEMHORBIZETICE2ABOERERHOELZRANL =D,
VIVE b—)VEiRE (0.8M) BRAEEE, BREBAKEMAS I &L, #E
TE, ZOREVAMETHERL., TOEXIRHEKE L BB T3RED
EEEHERANT,

3 A ORI

(1) EFERLZE BREAREECIZ2BBOEEHOEMIXROL DI
To7c. MMERHEOENENEE., EAEHEE - MEROHEEE (ZX/55H
AREEDOER) Z2EBEREEDICHRBREICAN. XS T4 I)VATOREHLE
DL, #ikE DE (Taivo, Rotary Shaker R-Imini) ZAWTI120rpm T 4 B
FikED Lz, IREDER, HEBNSBBFICRHLEZEREES, (F2zH

E&t (Horiba, Twin Cond conductivity meter B-173) Z2HWTHIEL /=,
AER. ABREZ100CTIOMMEE, WBL. XTI T4 NVATOZHLUT,
BE120romT 1REKRES %, 2EEOEREREEZHE LA, ROER
BB LUORGZRICEERE L8 (ABHICHBTOLMBEERE T~
A ITDWTH, LROAFERICEC TEREREEZBIEL =,

k., EHELBEREZERE -  MBEZORBOEFERIZDOVW TR, UTF
DF ik (Pearce and Willison, 1985) WEDEEH L=, RAOAERE O SR
BREE/ROLEXBOMBAZOERERIEE=X., BEEXFLEZBOER
HREE /BRAEEREEABOMAZROERERLE=Y. BN 50BE T
IS ERAE - R OEREREE BASUERR £33 - smERo
MBEOEMEREE=2LL., BIHENEBEFEITEHEE - BEZ2ORB O &
FR (%) =[1—(Z-X/Y-X)IX100Ic&> TEKD~=, _

BRI, IEREICBIIHBOAER (%) . LI RE
WBTORBOEERNSKROLEFRBMBICEDVWTIRE LZLT,, [T
D50% DAARLMNIER T 5 HiERE (C) ] TELU=,

(2) FDAR A FDAZRARE (Widholm, 1972) 12X 2Bl EHE M DF
XKD L DI oz, BEAGNEE, F3HRE - BAEZORE (7285
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HAZBRIZDWTHE, LBERBICEZ0.2~05mD K ICHE) 2104 MD
fluorescein diacetate (FDA) KBFKICIONEEREL., FOBFDAZ S F it
WRE BT TIEWEE (6 0MR) Lzos, #HESL —Y—EME [Bio-
Rad, MRC-1024 (computer, Pentium; operating system, OS/2 Warp
Connect) ] TBRELZ, BRBOFHRBUTOEBY TH 5. M - MEN
DERFAE DB Z B2 T 2 BtKHEE [PMT (photo multi pleiyer) (Bio-Rad,
S-20E) ] 1®Emission filter & L T680nm filterZ ), FDAD N % B2
9 5PMT2®Emission filter & L T540/30nm filterz Wiz, HESL —F
—HMEDI AT AT — LB BRENE BLUA) . EREK0ORES
~U. ERJ BLA) &, FDADHN., I RbLbbMENEFEL TS D
LR, HADMEITIZ488nmDArgon/KriptonL —H—%., HEAHX L LT
V=P —REIOXHUTCTHRLE, BREGEZATEEEL T, £A-ILE
BILEY 7 b 27X ZRTEGRE L THEF L. FDARE (Widholm,
1972) KE2RABOEFHEOFTMHEIL. #ERE (FDARK., £HFL TV A4
FROMBEANIAT S —EERMUBRHEBOHNERTS) Icko TEL DM
JAODERERTHDOT, MEAL XV TOFRMEICEL TS, Thbb, SRS
REENEBOTLHEN R EFREMICBEL TS DI L. FDAREEIT 4
FRZMEL X THENICREAZDICEL TNV S,

4 BE

BomEET, UToLSICHE L. BASUEZBORREZRY ITFL
7Y a—-)400D0.8MER TELS T3 E, lEHERBRTIMAELERY
IFLTYVI-NVEBEREZER TR Z05, EBFX®E (AND Co., Ltd.,
HF-200) ZHW#H200mg (AFE) 2B LA, REIC02NBEER B L O
EYEELT20mMT 7 b—ZXZEHEML, 0 COAST TEW & &6 10 BERE,
EODBEHE (Sakuma, model M-160-IV) ZBWT4C. 14,000 rpm® & &
TONMBELOBELZ, EEZMNEY 14 Fa—7 KB L. KHCO Mk %
MAOWTpHAICIHB L 2O HBERLE, J0HBREZ20.5m00 K LGKTHE
B, X1 /0F2—T7I%B L T14,000 romDEETSHEELSEL ., FiE
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10pliZ DWW THER T ZTo 7=,

REEENT. BERAEI O NS 57 40— (HPLC) ZAWTHIFL 7=, HPLC
DRBLEIUTOEBDTHD. ASLIKT I/ - 5L (JBILE, NH,P-50 4E
Shodex) ZH W, RHIFITREEHE (HIL, L-3300BRIE=-F—) ZHW
Tz BEDWEEE, 30CREDH S LA —T > (BIL, L-50208!) T, 715% 7
T hZ PUIVEEER (FRER0.7md/min) ZHAWVWTIT-> 7=, HIE2EKE L.
TOERBEEERDZ,

5. BWEBXLUBME

A OEBEIRDEL DI T o7z, RUEABIIZOEZDORET, BEHE
MEFHBEEBRECNE LU BEBRREZERTHRELEZDL, MNERREIC
Mgh2z24~58K. FLEEEZEEZHIOEAN., TOFS5320 - 7Y —H—
TWHRLZz. dehd, 2CTREYEE, FIRTHEXL. FIEREEXTAHEH
Uleo WHBREEL., T AN HZAEZEB L UF v XY ERBLE TIF0.1°C/min,
I RTHEMRBTIZ0.05C/min& L, BERZAWTAHAREEZHAEL
MORBENEZIT oMz, 2B, TNS5OBRAEEL., HEEME ML ELS %
BRITHEETHD (FYRFEEMABTIE, 0.05C/minlh T OHHEE TH
fAERAET D) . FEB TR THRBRNRRENEEICE Z 5 Z & %2Cryo-SEMZ M
WEeFRERTTORALTNS,

AEORBEIL. FTEREICELZRBRE HEBIUTERNA - TND) 234C
BAKPICRET 2 EAKFICHRENCEN SUEBRKREEATSZ GROERE
OB EEREBEKREREA) &Ik 0fFok (10C/min) . HE O EMEL,
BEMAELZHBICDOWT, £E, B 1. 3OHEEREREEBLUFDA
REFNCEUCTERZHEM UEFEREZENT 5 Z &Ik DEE L /=,

H2H EASLEROMEEOHEERE

BENGUBEIC I DMBRERRNRO NS WEBE LTI TR FHERRZ.

- 14 -



MEEBE LU TFy ANVEFRABBLIOT AN HAZEEH ., HEAED
MEREICRETHEASLEOEEICDOWTEREREDR X FDAL & 17
K DN,

LB B XU FHE

MEHE, ¥ RF (Allium cepa L.) OBZEMKER. + v XY (Brassica
oleracea L.) DEWMMBHF BLOT X85 H A D (Asparagus officinalis L.)
EHZRWE, £z, BAGUE, SFEROEH. FEBLCRMBIC OV T,
REE 1IHTRREZHFEICEL TITo 7.

2. R

(1) BEEBRLZEICLSENGNERMBOMNESEDBRE F5F
BERER, FrXNVEREBRBIUOT AN HAAEEZANWT, 2<UE%
SRVWRAEBRBOMEEZEREREBEIC K DARZHRIL. FigdicRL
2EBVTHD. TORER, WINOHBBIZERUCAFHBZEEE., -10C
ETORBTREAEOMENFER L /2. ¥R FBERL. F v N VERMH
BBROTANTHAZEEDOLT W, ThEN-2.7C, -3.3CBLUP-4.0CT
BV TANSHAZENEFEWIEMEZRL 72,

(2) FDARGREIC I SN GUNBRTH B DT HEIEDBRE FDARGHE
kD, INSRUERBOMEEZFANZHERIE, Figs.b~TIRLIZED
DTHB. FXFFHEORLEHR T, ER50~100pmD EEHI (FDA
Ko TREBIIRBINLHE) LB ichbizs TERI NN
(Fig.5-A) . -2CTHX B LAERAB T, £FEMBENEFLIRLL
(Fig.5-B) . -5C (Fig.5-C) BXU-10C (Fig.5-D) ETHHILERK L=
B TREFERREE< AN Ao T,

- 15 -
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Fig.4. Differences in survivals in nontreated onion bulb scaly
leaf tissues (O), nontreated cabbage petiole tissues (A) and
nontreated asparagus shoot tips ((J) in relation to freeze-
thawing. For freezing, cooling rate of 0.05°C/min was used for
onion and 0.1°C/min for cabbage and asparagus. All samples
were thawed at about 10°C/min to room temperature (22°C).
Survival was determined by ion leakage. Bars = SD from
three preparations.
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Fig.5. Confocal laser scanning microscope (CLSM) images
showing fluorescein diacetate (FDA) vital staining of
nontreated onion bulb scaly leaf tissues. (A) Sample before
freezing. Samples cooled at 0.05°C/min to -2°C (B), -5°C (C)
and -10°C (D). All samples were thawed at about 10°C/min to
room temperature (22°C). Greenish-yellow regions
correspond to survived cells. Scales = 100 um.
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Fr RVEREBICB N THRLAERE T, RB 28I, B&50~100um
DEFHBAHSNA (Fig.6-A) . HXEH, S EEMBOE L WEDH
H 5N (Fig.6-B) . -5CETHHLUFELEL =BT, E&E10~50pma /h
MO AMNEFEL (Fig.6-C) . ~10CE TAH UER L= RE o4& 58
Ze< ANk (Fig.6-D) ., TNBEDY T RLEEEME & % v Y
EWMMBICB T SFDARBEIC LA WMEETMoOBEIT. ERARHEEICE
Bt EEFEMOERE—F L,

T ANSAZXEE (Fig.7-A) T, BB EFEMBEN2EICE L5,
ES S RMABR EOEEDOHBEIIDOVWTIE-7T5CETRHLEELTHEL D
EEMBENA 5N (Fig.7-B) . LML, BB #-125CETEHLEREL
2HBEa (Fig.7-C) . ¥, O 5RBERAAZFD k<. ZEEK
KRERCEZEELESE LSS (Fig.7-D) 1. BREOHB LR L -,

DEDKENS, BRERHEETIE., FYITHERS. v N VERLA
&, TANTHAZEORULEAB BT 2HESENZERC TS S - &b
Mmoo, FDARBHETIE., TANTIHAZEOESSBMAGN. A4
BOPTERLEWHEEEZ DD Z ERBELMITE S =,

FRIFOBEZEE, BE. OCHhEERFETORETHEINSM, XKAT
DIRBICEBET 2 ERBEEEZEHED. ERMITIT., ACTHEBEENET 3
ZENHTSENTWDS (Palta et al., 1977) . —F. F+ XYV DE T, EHEL
BIZIo THBEHNESWRHEEZERTHZIENASNTHD, B EMESE DS
EREIZOWTOMAEMBEL T, THETESBHWSNTE = (Sakai and
Yoshida, 1968; Sasaki et al., 1996; £&4 K5, 1997) . £/=. TANTHADE
EiE, FRAFOMNREINTHEY, BEHBECI > TEVHEEEEET 2
ZEBHLENTWS (&F5,1992; #K, 1993) .

BEREREECIDFMLE, FYXFHBELARL. T XVEFRESEB X
BF ANSHAZEEORDBHEB ORI, FE & BIFIER U (LT, T-3C
Aitg) THholz. L. ﬂﬁl/z@ﬁ’ﬁﬂ@@ﬁﬁﬁ’l‘i%FDA%@El:&D“C?)ﬁ"‘?”:
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Fig.6. CLSM images showing FDA vital staining of
nontreated cabbage petiole fissues. (A) Sample before
freezing. Samples cooled at 0.1°C/min to -2°C (B), -5°C (C)
and -10°C (D). All samples were thawed at about 10°C/min
to room temperature (22°C). Greenish-yellow and red
regions correspond to survived cells and died cells,
respectively. Scales = 100 um.



Fig.7. CLSM images showing FDA vital staining of nontreated
asparagus shoot tips. (A) Sample before freezing. Samples
cooled at 0.1°C/min to -7.5°C (B) and -12.5°C (C). (D) Sample
directly immersed into liquid nitrogen. All samples were thawed
at about 10°C/min to room temperature (22°C). Greenish-yellow
and red regions correspond to survived cells and died cells,
respectively. Scales = 100 um.



ETA, TANSHAEERETI, TOERSEMAHE. EFE EBHBALED
REOMICRD, EMERIIRICK 2WEEFMME (LT,=-4T) L 0it3
MIZEWIHEE (-5C>LT;, >-7.56C) 2b DI LALLM - 7=, T,
BREREETHE, SVWHEEZODERSRMAB LR EOBREOMBAE, o
MEREOEVWMRBEZRANET. 2AE L THFELEI LB EEZ NS,
FDAREBIEIZXD, BVHEEEZ S DI EBON 0T ANTHZEXTEORE
WO RMEHEIL., HAERFOR, EYEBEOREELRZWATH B (HK,
1993) o TDED, TANTHALZDODVWTIE, RRICHEL T, LEOESS
HEBICEEH L (ERZEDINEND D, EMERHEEFDARAREIC X
DL EORERNE, RUBEE OWEEIT, Ak - HBROEENE -1y T3
FBILEF T ARXY ORNERETIE, LT,o=-3CHIBTHO. ROAED 7 Z /%
SHAEEDOEm D HMEBE T, LT, T-H5CEDEL-7T5CEDEVWET B
HBEIEMRALNITIE Sz,

FEBRTHWET AN AZAERIDR, KRENMIBOERBTH > TEXK
UEDEERBZH>THED, TOFO—DOTHEEL TWNIEEY K EE4E
LEBZENS, BB OTEE2 HMAEOMEENHNHICE WS & &8 TE
Z5&E, MROLZVWEBREMEI TH B EEBEDLN S,

BIH HENFLEROEMBOEGFME

B2 THAWEZI I XATHEMR. Fr_AVERARBRBICET AN HZ
XEOENGUBEBRIIH T OMEZEREREEBLCFDARAKEICLD
PRz, o, IVFFBEABPIVCFy RVERAREZ AL, B 5008
WKWEDHBAETEDOELITDVWTHEANE, THIT. HRICKB3EBELLIC
X9 oMt E BEREREEBXUOFDARAKIC L DFANE,

1L.MEBIOHE
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MEHT, & ¥ 3 F (Allium cepa L.) B SR A . F v N\ (Brassica oleracea
L) EWREBHF BT ANTHA (Asparagus officinalis L.) ZTE% W
oo R, BEAGAE, WMEEOFM, BHEBLORME. BEoOmICONWTIT,
AEE1IH TR FEICEL Tiro iz,

S

(1I)ENENEHERHOEBICHS EEEDEL YIFTHBEMAZ. T
NYERBHBL AT ARG HAZEEZAVWT, YVIVEN—LEEE (0.8M)
BIRICLPEASUBEOBMOEENEERRIETEEIIOVWT., EREERE
HEIC K ORANL (Fig.8) . TOMHE. WITNORBITBWVWTD, EHELL
BEREOEBICHEVEERNMET L, BiZ, ¥ IXIBEEZTIT. s
MBEEDS 2 AR E TRABBRREFERDETAA SN, T &R
Fy ANVERBHTIE, ERHOBASLBICL2RMEEERETRRAD S
NT, LEEB7 HBEBRTH0%U LOBVWEERERLE, —F., 7
ZIN5HAZTETI, &?Z#%%ﬁﬁ&#v«V%ﬁﬁﬁ&@¢ﬁmmif

ZOEFERLE.

kL\Hm%@&K$D\vwEF—WE%FUMM)%%Kiéﬁﬂﬁ
NEOBMOEENSHABOEFERIIRETEBIZ DOV THAN (Figs.9~
11) . FYXFHEME (Fig.9-A) TiE, BASNBEEEN S BRE /SN
B, LEIBMRBICRISICETLAY, BEALOMBIREEL TV
(Fig.9-B) . LA L. ¥/ SUEBM 6 BRRICITLZ < OMBEMNER L TW
7= (Fig.9-C) .

F oy NVERME (Fig.10-A) KBWTH, EASLEIC L > TEBE S
BEANIE & 722 (Fig.10-B) | M4 S0 EBA24ARMBIB N THIEEAED
MEIEAEEL Twiz (Fig.10-0) .



Survival (%)

Olllll | N |
0 1 2 3 4 5 6 7

Time of 0.8 M sorbitol treatment (day)

Fig.8. Differences in survivals in onion bulb scaly leaf
tissues (O), cabbage petiole tissues (A\) and asparagus
shoot tips (LJ) in relation to treatment with 0.8 M sorbitol
solution. Survival was determined by ion leakage. Bars =
SD from three preparations.
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Fig.9. CLSM images showing FDA
vital staining of onion bulb scaly leaf
cells treated with 0.8 M sorbitol
solution for 1hr (B) and, for 6 hr (C).
(A) Nontreated sample without
exogeneous supplement of sorbitol.
Greenish-yellow regions correspond
to survived cells. Scales = 50 um.
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Fig.10. CLSM images showing FDA
vital staining of cabbage petiole cells
treated with 0.8 M sorbitol solution for
10min (B) and, for 24hr (C). (A)
Nontreated sample without
exogeneous supplement of sorbitol.
Greenish-yellow regions correspond
to survived cells. Scales = 50 um.
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—FH. TANTHAZEOMBE T, BASL B L2BEEESENDT
MIZEZD, UEBRABMBIIBVWTH EEAEOHMBIZEEL TR
(Fig.11-A) . LEBE% 3 ARIITFEEL L OMBEIRERH L TV (Fig.11-
B) . LU, EWMAORMEBEEOREOMETIEZ, VILE N—)LEEE (0.8M)
BRICXSENGAUEZ 4AHBETo2ZBETH (Fig.11-C) . £/, =5z
SRE (2.2M) OVIVE M —VBEEEAVWEENASUE 3 AT =84 T
% (Fig.11-D) . EWHAOHMBOIFTEAEOMIITAEFEL TV,

DUEORERNMS, BB OMENELBICHTBMMEL. TANSHAZED
EiRAHMAB TR E . BRI IXFHBEABETEELLBENI E, &
SR F P RNYVEMMBTIIZTOFHEBEETHD I ERNH NS 7=,

)N GUEIZ L S HENEMREDEL FEHNSUEITKT 2o sE
MEZERZHOSNCT DD, FIXFHEEABA BT v XY EREE AT
EHGAEZTL, MRRAOABEEEEZHPLCICEI O L, TOMRKROZE
{7z (Fig.12) . 2B, TANTHRAZETIE, ENSANE KT B
HENRBBVEROERBOIEZHE LOTERET S 2 ENERNICRE T
HD7D, FEROJIZNEHN L, FIXFHBEMAZLTIE. VIE RIS
BE (0.8M) BRUBEMBEZNSHBANOVYINE h—IVE &8 REML
BT, AREFELTCWEINI M=, FNV2A—ABLORAIZO—IANEL <
WAL (Fig.12-A) « —F. FY¥XVERAZTIE. 8RRV ILE =)L
SR, VIEF-LVERE (0.8M) BEAERB,M S 1 BERIE E Tk
MU, TORBEFIF—EOREEZERELZ (Fig.12-B) . /&, 20l
O TIREEREAD A NN,

B)FERICEEBEEZNICHEI BN GNEAE DEFERDENL NS
AEBIZHTHMEOEBMERIC DV TS LIRELIRFT 2D, yvxF
BEERBITFy RAVEREZKZHANT, VIVE M) SRE (0.8M) B
DERIIKZMATOAMETHRL, BEREZELIELHGEORBEEEA
DEEIZDODVWTERERLERICKOFANE (Fig.13) . Fv X WEMMARM T,
VIE b=V ERE (0.8M) BRAEBRICKZMATOAMETHRLZEE



Fig.11. CLSM images showing FDA vital staining of asparagus
shoot tips treated with 0.8 M or 2.2 M sorbitol. Samples treated
with 0.8 M sorbitol solution for 1 day (A), for 3 days (B) and, for 4
days (C). (D) Sample treated with 2.2 M sorbitol solution for 3
days. Greenish-yellow and red regions correspond to survived
cells and died cells, respectively. Scales = 100 um.
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5007 B Sorbitol 1A
P4 Sucrose |
| M tnosito I
400 B Glucose
[ Fructose

300 | i

200 ) .

Sugar contents ( 1 mol/gFW)

100 | _
O -
500 1 B

B sorbitol ]

L[4 Sucrose i
400 [[[] inositol
B Gucose

300 5 [:I Fructose 4

200 T ' 1

100 t i
0
NoT. 0.17 1 6 24
Time of 0.8 M sorbitol treatment (hr)

Sugar contents ( 1 mol/gFW)

Fig.12. Differences in sugar contents and compositions in
onion bulb scaly leaf tissues (A) and cabbage petiole tissues
(B) in relation to treatment with 0.8 M sorbitol solution. NoT.,
no treatment. All samples were washed with distilled water
after sorbitol treatment. Bars = SD from three preparations.
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Fig.13. Differences in survivals of onion bulb scaly leaf
tissues (A) and cabbage petiole tissues (B) in relation
to treatment with 0.8 M sorbitol solution (1) and
osmotic value variations treating with sorbitol solution
lowering its concentration from 0.8 M to 0.4 M ().
NoT., no treatment. Survival was determined by ion

leakage.
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i, BEOEFERIEMRFIEAERDE NN S, ¥ X LHERG
T, ARCKIBEEALERICEERNEEZIE T LE. Ko, 20T &
ZFDARGBIEICI VDRI LZE TS (Fig.14) . VILE b—)VEEE (0.8M)
BRAEZ 1REMT- 2F v X VERMRE (Fig.14-A) Tit, 0AMICHERT
L EIEVERBERBMARINALY (Fig.14-B) . FAREICUELE Y T %
FHEMRE (Fig.14-C) Tk, FRICK2EHEERN A L5NT, FDAEMIT
mEickbNz (Fig.14-D) . NS5 ORI, v X VEHBRICH T,
XX BEABOEERBRTORAKCEBRTHZ L EDIC. BBEELSLICH
BENITHRTHDEE2RLTNS,

(4) BHEMBEIZ L B85 73 FRELG - M ORENTL BHEN
BICHT 55 YR PREMBOTENZ L EVWEE 2 EMICHRS 2%, 5B
NELERIZHT BT R LB M QR ENZEL 2 FDARAEIC X DB~
= (Fig.15) . VJVE h—)LGigE (0.8M) BT 1 BELE Ly <5 $
BEMBOMMENIIE., SRONNIURES (E£0.5~2.0um) HERIH
(Fig.15-A) . Zh 5 ONEREER. EEICERT S E08bh o7t
(Fig.15-B) . ZOHKIE, F v N VERMABE BLOT AN H AZLET
REEI NS (REREBR) . |

3.BE

5 R FPIAMAITB T, B SUBRBE S 5 EFRN AR
BT L. BASAETOY v FRERBA T, LHEROELVET & &
BT, MK BRI O EGA 55 & OV A P IT B 7E L Tl e B 003
MRD ENEH, TNEOEIE. Fr XY ERABA TRS ST, 7S
SHARAZRIZBRTHRDSENTVWRWI ENE ($hK, 1993) | i 50m
RO, &R KRB TR X B EENRELEEERA BN, Th
FEMY L5, BALMEROS TR LHEMR TR, BAKE3ERO
NBIERRD 5Ne, T, FFFEIHMA T, BESRLEEC, 0
B EBRL TS BRERESRICABETHIRT 58, BEELLICEY
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Fig.14. CLSM images showing FDA vital staining in cabbage
petiole cells (A and B) and onion bulb scaly leaf cells (C and D).
Samples immersed in 0.8 M sorbitol solution for 1 hr (A and C)
and in diluted 0.4 M solution for 1 hr (B and D). Greenish-
yellow regions correspond to survived cells. Scales = 100 um.
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Fig.15. CLSM images showing FDA vital staining of onion bulb scaly leaf
tissues treated with 0.8 M sorbitol solution for 1 hr. (A) Three-dimensional
image. (B) Two-dimensional image. These photographs indicate a part of
cytoplasm showing vesiculation of vacuole. PP, periprotoplasmic space;
V, vacuole. Scales = 5 um.

=38 .



REOEFRIFLLET LE. INSQOTENSE, FIXXFHEMIIT, B
NEUBZLIPABLUORBENELICRICBBRTH D EEASNS,

BREERILCERT 2EEREOEREL T, BRBRAEIES ikick
SRDALEA (Singh, 1979) . SERETUBEL AR 22N L0 KERE
BRICBELFOBEBZER(IC X 5 EHE (Palta and Lee-Stadelmann, 1983,
Steponkus and Lynch, 1989) . mERHEAEITHED BAKIC L 2O FREICHE
W9 5MImEDEE (Lee-Stadelmann and Stadelmann, 1989; Sopina and
Samygin, 1993) R ENEBINTNVWDS, /-, WEEOEWHE [EEBULS
1 LF (Secale celeale) EHFED 7O NI A N] OEBEHRKEEN., RE O
FICHEDIBKIZE > TR IS OESEEBIGEDEEL (Steponkus, 1984;
Gordon-Kamm and Steponkus, 1984) &, HEBBICBIB3EREED /N
feft (endocytotic vesiculation) IS BERERZERBEOR S (CRAI#MHE
) BLUBEBBREOEKIL D TETINECERTIREREEOBKEED
MAICELODTETEZENHEENIR>TWVWS, —F, INERBEOEEN,
EERERBTHRZAELZRHICBET S I EMREEINTWS (Steponkus
and Lynch, 1989) . AWML TIL, F IR FHEMBE 2N E L T, EHEL
HpOBRKIZXZHMBOFDAEEDOE T, BLUEEEEBRLEZDOFRIC
HRTI2EEZEELIEND LS TEEZRERLEN, 2O EIERIULS T LF
EHRkO7O T IX OEBERELL TN,

ZRNIRFMUT, Fr_XAVERBEBBICTY ANI HAERSZMBH T,
ENSUBBHRICISEFROR TR DL, DUABEART TERBKE L
Hma, REKCBELEZREBEOBRE L VEBFEROETINELNIT /L B EEA
HAOENTe (BERBE) . BT, 7ANTHARAERSEEBTIE, FrNWiE
BRI L AR L 0 SR ORI B L T O ERIAR LD &b
5y YANTAAZEEIR, AR oF T, EAS0AEIC L5 BAREDNS
bEWEBTHL ZENBHENIR o, LEOERNS, EASABIZHT
SMHEDENSY T RFHBEMB TR, EASULEEENEEEZH 5T,
WEN SR LDMEEDOHEKIIWHETH 20, Fr XVERABBLIET X
NS HAATEMADHABE TS, BASUBICLZEEZZ I WI ENHS N
2720, A ENEBOREEDCEKSHEFEINS,
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A BESGAER QMR DR

BIFTHWEY IRXFHEMRS. FYRARVEFRABRBIATZANSH 2
XEZHW, BASABCL2WMEEOEILZ2EREREED L OFDAR &
BIZX AN,

1L.MEB RO FE

MEHZ, & X 2 F (Alllum cepa L.) BsZEM B A . F + XV (Brassica oleracea
L) EMEBFBEIUNT ANTHA (Asparagus officinalis 1.) (T B W
Ieo R, BAGLHE, THEREOFHM., HEBLIUVRMBIIDOVWTIE, AZE 1
H TR R HEICE O TITo 72,

2. %R

(1) EFERHEICLSHEEDTM <X PHERE, Ty N VE
WHBBEIOTANTHAEEHBZRANWTC, YIVE NI EBE (0.8M) &%
RN GUBRBICBT 5HBOMEE (LT,) Oz, EMBREE
K OFANTz (Fig.16) . XX FHEMB T, EHSUEERITHAND 5T,
B OMEEITIIEN A ENT, LT K A-3 CaigzrrLE, —F., &
ARV ERES T, B SUEBRERZD SR OMEETREICEAL,
B S EBELA 3 BRI R ARDm EME (LT,=-13C) I@EL~., LAL,
TD%., EHASABBRORBRBE EDICMEEIFIBRAICETLE. PXNTH
AZERTIE, MERER, EAELBEEZ) SHEOKRAITEAL, #5008
FAGA L2 IR ICII R R DM ME (LT;=—10C) &/ 0. FORITE N 548
REDORBE EDITHRAIWTIET L=,

(2) FDARBGKIZE S KME DM Ric, FDARGEIZED, VILE

b—V&RE (0.8M) BRICKDHENSUEE 3 KT o /=58 it it o
AL DOWTHFNL (Fig.17) . A SUEHEL %2, -5CETHAL ML L
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15 |- | -

-10

LTs0 (°C)

0 5 10 15 20 25
Time of 0.8 M sorbitol treatment (hr)

Fig.16. Differences between freezing tolerance (LT,,) of onion
bulb scaly leaf tissues (O), cabbage petiole tissues (A) and
asparagus shoot tips ([J) in relation to treatment with 0.8 M
sorbitol solution. For freezing, cooling rate of 0.05°C/min was
used for onion and 0.1°C/min for cabbage and asparagus. All
samples were thawed at about 10°C/min to room temperature
(22°C). Survival was determined by ion leakage. Bars = SD
from three preparations. |
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Fig.17. CLSM images showing FDA vital staining of onion
bulb scaly leaf tissues (A), cabbage petiole tissues (B) and
asparagus shoot tips (C) treated with 0.8 M sorbitol solution
for 3 hr and cooled slowly to —5°C. All samples were thawed at
about 10°C/min to room temperature (22°C). Greenish-yellow
and red regions correspond to survived cells and died cells,
respectively. Scales = 100 um.
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&l A, FIXFBEMBRTIE, BEAEOMMBAERE L =2 (Fig.17-A)
Fr NVEWRER (Fig.17-B) BLXUOTANTHAZXE (Fig.17-C) TiX.
Z OMBENEEZEL TWe, £k, IhH 0B 23 512-30CE AR LE
BLZEZS, FYyRVERAB TR EERMBRIA S NN S =2
(Fig.18-A) « 7ANTSHAEXBETREWmA XA E DMK - 418 0 —Ih
NEFELTW/E (Fig.18-B) .

3. EE

ENGUBEZT>EHEOF vy NVERBBBIETY 285 H 2 EEH 5
HMOBEERICB TS EFRE, UEBEFRHNAES RIS TRAITETLE,
—., WEEE. PO SUERFHMOBRREEDITHERL., BEIHSHEM
—EREZEZ 2 EBUORALTHHEANA LN, LB OENE & B I2H
WENRLZICHERT 20, BOAMBEANCEEL THRZEETZDIC—F
MALETHD2HTHD, BEFRHEOENSUBIZEDBUOHEEI BT S
D, EHAELBEBEICHTIMEORT EERNHE2HDEEZLNE, &
FERGARERBRIEEAEDHEDFHBIZBWT, BASUBICREERFRENEES
5 &EMH5 (Withers and Street, 1977; Maddox et al., 1982/83; Kumu et al.,
1983; Panis et al., 1996; Blakesley et al., 1996, 1997) ., HEL, F OERR OB
HENEN, BECHEEZHZ6L., TOBRELTMHEREZE TS5 &%
AbiNbd,

‘ Fr NVEMRBABB LT AN A AE RS HEEKTIE, B— 0NN

HZTo>TH, RROWMEEICEEZETS2ETORNBICEZENLA LN, O
HO—2E, FYNVERBRA TE2TOHREMSEIROAETNSE DIz
U TANSH ATESD M TN OEZTICH 250 00 H0 5 BEEE
WHRDAEN, ESFEERICERBRNTEES I TRBEZ2ETLZZETH
5EEBEIZOND, TANTHAXBEORBERETIE., B2HENL BEREIZ
2HHMERLAZZHZRAWSA I LXKV EFARENESNLTWS (&F 5,
1992) .

—%h. FMUOENGIAURZTo THRROMEEIIREICE > TR,
Fy RNVEREME T, BROMEEIILT,=-13CTHD2DITH L. 7 AN
A AEH A HMAZBTIE, -30CLLT (FDARERE) THolm, ZOERIT.
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Fig.18. CLSM images showing FDA vital
staining of cabbage petiole tissue (A) and
asparagus shoot tip (B) treated with 0.8 M
sorbitol solution for 3 hr and cooled slowly
to —30°C. All samples were thawed at
about 10°C/min to room temperature
(22°C). Greenish-yellow and red regions
correspond to survived cells and died cells,
respectively. Scales = 100 um.
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BOBAAREDAIZLT, MBEEDOEEDENICZL > TENEUE OB K
ERERBZZELEERLTNVNS, ZOBEAD—DIL, 7TANSHATESHEH8E D
AMHEE, Fvy NVEREZOZENICHRTIEEZNCHRNW I EIZHEEEI5NS,
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28 HNEBEAGICBILENASUE S BEOTALD LD
i 4 DAL

BIBETAEANZELIE, BAGLBEEBERICESHABIUOEBELILNE
ERIZTIITRTHEMABZEZRE, BEASAEIL, TyXRVEREBBLOY
ANTGHATEHDREABOMEEZHERKIEZ. COEES, Fvy RNV EFRES
BEET AN HAEmDREEGICH L., A—FKETTENSUEZT oI
HENNDS5ET . BRKOMESEBLIVNZOEBICEL -BBIICEZENED 5N/,

AO0—2&FRE (0.7TM) BRUEZ24H T o2 Y >3 (Malus
domestica) BL NI (Pyrus pyrifolia) ODZEETIE, BEHEREBRDS o —
MEARY, BREELZIIERERTRERD (Niino et al., 1992) , EHE (12
HfE) ORX7O0—-RBRIUEZIT 7=V <1 E (Ipomoea batatas) @Rt
HTE, BREAFRODEHBREDN, BEETFEOEWVWIEEINS Z Ebh
> TW5 (Blakesley et al., 1997)

B4 OB TUE L =F v\ (Brassica oleracea capitata) DIEFH
BT, BASAERENERE (109 T, RBEEREVWHELE S ZEE
g 57 (Sakai and Yoshida, 1968) . Jd—HhVU (Eucalyptus gunnil) DIZZEHH
fAER T O NS AT B (4B 1Thizo THIBBRICIR D A = 7))
7 b—ADREFHENRICLD., ABOMBRENERT B ENFEEIN TN S
(Leborgne et al., 1995) .

DL, BABELZIIBNGAERFOBENVIIXZ 2T, EASUEDHK
EHPRICERNELC DN, TOEBZHSNTTSEDI1I2E. £9°. &
DEWVICLDBETAADOHFE, S5, EAROAETHN-EEICRITS, 55
DEVICEDBIABHEAB L CEOBEOEREH ST B HENS 3,

KETIHH, BASLBERBIIZELLBVWHELEZEETH T AN HAXTE
DEmDP KA. PEEOHEEZEETIF v N VEREE., BIUOENLE
MBIZE > TEEAEMEENEB LV T X FHELRGZBA Y., Xicke
R —HF—BEMEICE D, lucifer yellow carbohydrazide (LYCH) % kL —
J—EUTHW, EASAERICBIT2EOEEITIDWVWTHEN,
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E1H B2ECBNTHWANESE ONEENHEOES

AETHWDIMBEBLOHRBENFEOFMIC DOV T, BICAFIZRNT
FORNBZEET B,

1. % e o8

mEHE, <% F (Allilum cepa L.) % - ALIRBOBEMRGA. T+ AN
) (Brassica oleracea L.) @f# - 7— U —FR— )V OEHABH BIOAT AN
5 A (Asparagus officinalis L.) f@f « AU —7 > k2 500WDEEFEL
MU DETEZ AWz, MEIORENT, FE1E, F1H., 1OHEICHELTHT

27,
2 BN S

ENESNEL, F1E, E1H., 205ECHCTIToE, 2T, A
BEICIE, FELTYINER=IZRWEDR, A7 00— ZHEBRER 2 BN
HER (B3H) TIRAZO—ZXAZANWE,
3. FEEHEEERULE

FE B X HZE R E L. 1mM @ p-chloromercuribenzene sulfonic acid
(PCMBS) (Sophie et al., 1990) ZHEMULEZA 7 O—AHBE (0.8M) BK
FICHRZ 1FMBETA I EIED o/, EHEEEFOEBICRKEIC A
% LUIZBEEANL. PCMBSZBRWERX 70— A HmBE (0.8M) BEHTHREZ S
SERT3EWEHE L THREL .

4 BHEB KO R

WEERERORBORBBLORAIT. H1E. B1H, 50HHKICHE
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CTfro7,

TU—=R T30 F % — - LTUNEITEDF v XNV ERHRL D B
SHREAMABEOELZERTAE/ITIE. RBOHEEZUTOAHETH->
oo TIWIERINE —DOMERIZ 3 ~AKDF v RV ERMLBR 2 AN, B
AEZVIVEr—I&EBE (0.8M) BETREEL, 7O0/S53245 - 71—
Y—2AW, B1E, F1H. SIKRULEFECELTEBEZ RN —TLH
MU, X, -3COEBMICHE % AN, BEFEE. REOKL 2R
BHCEMIEDZEIEDTFo2E. RWT, BREZ2—F0AHEETEHL.
FAEREICZELEHABIZ, MET LA (-150C) THEOMAIEEBL., &
RGEEZTo> /28, BEZERFTREL =,

HEJV - —EMEICLD =HvN‘Y%ﬁffﬂﬁwﬁﬁ‘*ﬁizﬂﬁﬂﬁﬂ:ﬁﬁﬁffEH
REBEOELEERTA2BAE. R OFEZIEREA IV R - 25— .
2= b (Linkam, LK-120BCS, L-600A, HFS91) #AWVWTXRD & 51245
o FYRNVEWEBFZAT -V LRERERE., -3CTREEHS ., FE
WAL TZRERIRICE DKL, 2%, 0.1C/ minTHHA L, EEREIC
ELEBE, 229 PFBLEZE—Y—i12X D10C/mInTHRIB LRI L
7z

5 .1t BR 1k D FE Al

BIE, BLE, 3 (1) OERERLHEZAY. IEREZ TEESH
LB LEOERMAELEHABOEFRZETEL., TOBEICEIVWTRD-4E
RN LT, (CT) ZRDz,

6 .BE0 W

SREBOFEABLOHBAEOSHTIEL, FB1E, £1H. 4D0HE
ﬁbfﬁoto

T HEALV - T-EMEBCLZ3BEORALDER
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BENASLERICBT2HBNOEBA S ORI HBILIZ DWW TIX, Thierry 5 0
15 (Thierry etal.,, 1997) 28 Z12 L TF> /=, 1mg/ml LYCHZ#H ML 7=0.8M
DVIVE b= IBERICEBZFHERMERE LZ. IS 0REZLYCHE RN
Z0.BMDVINE b—)VBHR TS HHBTIEEERE. EOMICHESL —H
—BEMETERL: (RBELSBOETEHERICRTZ®IT, Fig.20-10A,C
B L UFig.20-20E,GOREHI DN T, REHOLYCHZ e 31 B
RERLE) . HERV—VF—BEMEBIC L2883, 12, £18. 3 (2)
(R UTEFDARBE ER URERGE TIT o720, A= TIE, PMT2 [Emission
filter (540/30nm) ZAW/iz] 1%, LYCHO#X (BEBEGOBLG) /Y
LTWw3, ’

8.7U—X - 753 0Fvy— L TUhEE

TU=XT50F%— - LTUNEITL D ERE G DD N B E
ZAEDOBERIZ, B (Fuikawa, 1991) KH¥ELC CiTo7=, ZU—X - TwF >
J#iE& (JEOL, JED-7000) ZHW., FHEHEE-110C, HEZEE0.1X10%~0.2
X110 TorrDEHGET THEZEIWLZDE, AL —KR> - XL v hEHW,
SDEMATEMEICHSZEE, RWT, —RZEEXELE, B
MOBOBLZEEZ, BREBCEESTROEHFICEEL. LU bIcAE
LTWaREIZ2HBMULEDE, KELEZLV T U HZ2400A Y S o DRSS Y v
RLEICEHE, ZBREFEME [transmission electron microscope (TEM) ]
(JEOL, JEM-1200EX) ZRBWTINEEFE100kV TERL /-,

FE2H A EHERE - MEICB T B fluid-phase endocytosis
W2k B8O A A

FRIFHMEMB. FrANVERBBBIOT ANS A AZEEOERH 5
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F A D Bl g N\ Dfluid-phase endocytosisZ M U728 DEGAAIC D W THEN
7z

LB B L HE

MENE, & < % F (Allium cepa L.) B ZEM 8. & + XV (Brassica oleracea
L) EWEBRFBEIOT ANTHA (Asparagus officinalis L) 351575:}5@ A
mo Ro, BEAGLE, WEBLUBME, BOW, HESL —BEMEIT
LREDODEABDEE, TU—X - I 0F v — - LU HBEICDODWTI. ZSKE-
BLE TN FHEICEL TITo 7=,

2.7 R

(1) BN GEHMIEIZfE S fluid-phase endocytosisDBIE ¥ < 3 X
FHMBTIR, BASLBICLVERERPRBICET I E%2, E1ETRA
7z, REITIE., %< 03%55@75\?5%23‘%145!10) BN EBRE fﬁ?ﬁlblﬁj—ﬂaﬂﬁ
BETOMIC, L—TF—RBEZI0BICEDTEHEZTSZEICLD (30%L
FDOL—Y—REITHENDIE @%i&béo)f BEEFEALRZN) | ﬁﬁ?gﬁj\
BEA AL O EEATIEIC0. 1~ 1umD £ D/~ (fluid-phase endocytosis/h
fa) (Fig.19-A) MBI Nk, /2. INS5O/NEORIIEMEBEE &
WHEIMT I ENbhole (Fig.19-B) « ZOHRIZ. FTRIFBEMARZ T,
fluid-phase endocytosisiz & % # D HA 5}753‘@%'(03% ErzpRlLTW5,

UL, &R Té#ﬂvf\‘/%#ﬁfﬂﬁé‘kioézz}\?;(/\7737\%@@]3“"\%%%&%2%
T, 3%D L —¥ —RETHESIZfluid-phase endocytosis/NENE LR T
Sl ENS, FITHEMARBICB T B fluid-phase endocytosisiz J:%ﬁgi
DEGABIEF ¥y RV EREBEPR IO T AN T T AZEBOE RS ZE G
NTWEBEZNITHLETHDZ ERHEMNT - T2,
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Fig.19. CLSM images showing sugar loading
(LYCH as a tracer) into onion bulb scaly leaf
cells treated with 0.8 M sorbitol solution
containing 1mg/ml LYCH for 10 min (A), and
for 30 min (B). After the treatment, samples
were washed solution without LYCH. CLSM
image was obtained with 100% laser power.
Greenish-yellow regions correspond to
fluorescence of LYCH. Arrowheads show
intracellular vesicles incorporated by fluid-
phase endocytosis. Scales = 50 um.
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FYRYVEMRBEBICBNTD, BASUERBHOBBICES BRELEED
1T & fluid-phase endocytosisiZ K2 EDEFUAANER I N, EHELE
BRI BZEOMB TR, ERESBIIZEALERERINT (Fig.20-1,A) .
fluid-phase endocytosis/MNEldEHE X N2 h > 7= (Fig.20-1,B) . L~ L.
A SNERRIOSBROMBE T, ERES B OET (Fig.20-1,C) &. &
££0.5~3.0pm D % & D fluid-phase endocytosis/MiE (Fig.20-1,D) W&
SNz, BHELERR I BHBROMB TEEREIE I SICERTL
(Fig.20-2,E) . BE&3.0umbh kD fluid-phase endocytosis/hEht % M1
B ENEREINE (Fig.20-2,F) . 5T, WA GUERK IREZD
METE, ERESBEOE S RS2EFEANR2 2N (Fig.20-2,G) .
MWRENERIT BEM (5~10pm) NERIN/~ (Fig.20-2,H) .

TANTAAZEEOERSHEMAZICBNWTD, fluid-phase endocytosisic
LEEOEAAHMNEREEI N (Fig.21) . B SLEBBIONEZICIE, BF
FERESBEZE Z LM fluid-phase endocytosisAiEE Z > T I &A%,
ABtOMAr TEZE I Nz (Fig.21-A) . I s oMigicid,. BE£0.5~2.0um
?fluid-phase endocytosis/hMNENLEEAEL Tz (Fig.21-B) . #5440
HBR300 I, /MERNOLYCH & 135, Ml E i —#RICILE L /=LYCH
Na 5N (Fig.21-C) . iz, #AENEBMK 3 RMARICIE. LYCHZE
& O fluid-phase endocytosis/h@ DML . MEEFIT—HICEET S
LYCHOHE DTS ICELS B> TWiE (Fig.21-D) . INH5DHERIT, 7 X
NS AAZEEOERDREEZED, AP TEDZEOEEZERDAALTY
L EERBLTNS,

DlEDERIZ, WTIhoHEHZB W TS, fluid-phase endocytosis/ME A,
A SAERRAORBEEDIIEMTAIEERLTNS, £/, ¥y 1T
EHBTEDBRS EDHOBR, FrRXYERBBS IO AN A8 7
BT R ED 2 HEE, fluid-phase endocytosis/NBIZHEEKT 5 Z &
BR<HBERNICEELE (BRRBE) .

(2) BFRBIVHERFIZCBITDF - NVERME - AN Oluid-
phase endocytosis/Nig D& kiZ, fluid-phase endocytosis/INi@ At
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Fig.20-1. CLSM images showing sugar loading into cabbage petiole
cells treated with 0.8 M sorbitol solution containing 1mg/ml LYCH for
15 sec (A and B), and for 10 min (C and D). (A and C) Samples
before washing. (B and D) Samples after washing. Greenish-yellow
and red regions correspond to fluorescence of LYCH and auto-
fluorescence of chloroplasts, respectively. Cp, chloroplasts; PP,
periprotoplasmic space; V, vacuole. Arrowheads show intracellular
vesicles incorporated by fluid-phase endocytosis. Scales = 10 um.
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Fig.20-2. CLSM images showing sugar loading into cabbage petiole
cells treated with 0.8 M sorbitol solution containing 1mg/ml LYCH for
1 hr (E and F), and for 3 hr (G and H). (E and G) Samples before
washing. (F and H) Samples after washing. Greenish-yellow and red
regions correspond to fluorescence of LYCH and auto-fluorescence
of chloroplasts, respectively. Cp, chloroplasts; CW, cell walls.
Arrowheads show intracellular vesicles incorporated by fluid-phase
endocytosis. Scales = 10 um.
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Fig.21. CLSM images showing sugar loading into asparagus

shoot tip cells treated with 0.8 M sorbitol solution containing
1mg/ml LYCH for 10 min (A and B), for 30 min (C), and for 3 hr
(D), and then washed. Greenish-yellow and red regions
correspond to fluorescence of LYCH and auto-fluorescence of
chloroplasts, respectively. Arrowheads show intracellular vesicles

incorporated by fluid-phase endocytosis. Scales = 10 um.
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BICKOWBEND I EIRKD, MNEARNOENMREICIEE T 2 EEEICD
WTHNRZ. LYCHEZED Y IVE b—I)VEEE (0.8M) AT TIERIME L
F e NYEWEBOMBEMNICIE., LYCHZ & fluid-phase endocytosis/h
RS MBEELED (Fig.22-A) . CORBE-10CETARLEEL TS .
MiEANo/MREE, LYCHZEAZEE, MBOLERBIELCTBE L &
(Fig.22-B) . 51T, Bl Z-20CETCHALERHB LEZDOBAFERMME L TH.
HKRELU THBERNICEHLYCHZ SO /N ERNEHKEREL TW (Fig.22-C) .
FRORRIE. TANRSHAXEEDOEHRSEAE - MRICBLTHERE N
= (BRARBE) . |

KiZ. fluid-phase endocytosis/MaZE T U —X - 757 F»— - L TYH
RICKDBERLUL (Fig.23) . B ZHEN SRERBEE LZHAIIE. M
AR KREBRKEVEREIN, MEAMEBEOBRIINETH S0, i
ZRENAIL., DOEERERAKLEZ L TRAEREEELE, Z08EE, #E
NHHBEZRETDEFELEORESDKEIEIERINAN, VILE b= S
E (0.8M) BETIOPHMAE L7005, -15CETHHALEZELEF v Y
EMABOMRIEEFLSEREL (Fig.23-A) . #ilEAWICIX. fluid-phase
endocytosis/hg (EZE0.5~2.0pm) EREIN—HITHLEO/NENER
N7z (Fig.23-B) . INSOHRIZ. Fy RXVEREBBEAT 28NS H
ATHm 7 H AT B W T, fluid-phase endocytosisic & D ER DA F #17- 861,
RrEREIE P KX HE - BRICEL5T., TOEFEAEWNANICEREI R
BICHHIEEZRLTNVS,

3.E&%
BiE, TOooFOREINS, EREEZEHBAICBRETEY. 2038IC
1. BEEEAOfluid-phase endocytosisONMENSHETH 2 2 R4 5N T

W3, fluid-phase endocytosisid. HEFZET TEEEENRBATS Z &1
KODMEAMEZHERNICERDADENS EERNEH XS ATFATHD., ¥
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Fig.22. CLSM images showing movement of incorporated
endocytotic vesicles (arrowheads) in cabbage petiole cells.
(A) Sample treated with 0.8 M sorbitol solution containing
img/ml LYCH for 3 hr and washed. (B) Sample of (A)
cooled at 0.1°C/min to -10°C. (C) Sample of (B) thawed at
about 10°C/min to 10°C. Greenish-yellow and red regions
correspond to fluorescence of LYCH and auto-
fluorescence of chloroplasts, respectively. Scales = 10 um.
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Fig.23. Freeze-replica images showing ulirastructures in cabbage
petiole cells treated with 0.8 M sorbitol solution for 10 min and cooled at
0.1°C/min to -15°C. (A) Numerous endocytotic vesicles in frozen cell.
(B) High magnification of endocytotic vesicles. E, extracellular ice
crystals; PM, plasma membrane. Scales = 5 um.



< xF (Allium cepa) O K E#M A (Oparka et al., 1990) . 7 HhH
(Chenopodium album) DO¥ZEMAL (Wartenberg et al., 1992) ., W%
¥ (Commelia communis) ®% (Hillmeretal,. 1990) . 1 X (Glycine
max) DE (Tanchak et al., 1984; Joachim and Robinson, 1984) 7 &% < 0
EYMETETOEENRALNTVWS, ZOXD5IK. BEOEBRR CHEYEE
ZME LB E. Mgl fluid-phase endocytosis 10k > T, EQhAICER
BWERDADZ ENDbh>Tw3,

AHETE., ARBNOBEORAAZ, ML —Y—&LUTLYCHZAW, #
ERLV— Y —EMBETEELE. TOHEE., A2 ToxRBIzBVn T,
fluid-phase endocytosisiZ K 2 DOFGAANEHE I N/, F/=, fluid-phase
endocytosis/Nigid, NERERORBE EDITEML., FOB, L b
RREIOMEIE., LYCHZNAE L EEEMENKEET 32 I ENBRINE, v
RNYEREBBEIET AN AHARAEBIZBNTIR., A 2% EL&GBICRELEE
BBV TH, 2N 5 ofluid-phase endocytosis/h i THRERNICEELT
Wz (BRIAREHE) . FvRTREMEIIBNW TS, KB 2EELHFICELE
& 1T, fluid-phase endocytosis/NEMIENICEEL ., BENEBL T
HBERLBNWI ENRWESTNT WS (Oparka et al., 1990) , BFFETHWN
2 TORPTH S N/=fluid-phase endocytosisid, Oparka ® BN E L 7~
fluid-phase endocytosis®Z &) & —KL TWw3, LHL, 7 HTFEEMEH
koT7O N7 X RTHEL. @ESMHT T4 Uzfluid-phase endocytosis/h g
B, FREBETTHRITLZZENS, BREGT/HESIHBRE~SHS L., &
FEELUTHBIAINTYSIEENE LI SN TS (Wartenberg et al.,
1992) .

KBHME U751 LF (Secale celeale) DEHRFZOTONT S X Tl
HE E I EESMIT L Dexocytotic extrusion AR DIHEIC S . #AEHN
BINOMEEDORE) NAFMITEE 286, N5 WHKINEN S HE % 7
ETLO/REZRLZTN, RS A AFEHFOTOMN TS A NTO,
endocytotic vesiculation (D IHEICHES . MERNAINOHIRE DO /Na{t)
F. BARBEEOENTH DI EMRMSINTWS (Gordon-Kamm and
Steponkus, 1984) . 7. SEEHETITBT 5 KBI{L D Arabidopsis thaliana
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DERRDO T T N TS5 2 kTH SN Bexocytotic extrusiond £7z. BHAKEE
DENEINTHY (Uemura et al., 1995) . EREEO/NELN., BEER
BORATENLBEIEZRE, BEROBEKICIDVBREZFETZLEZL5NT
nWa,

AP FTH 5N /zfluid-phase endocytosisid,. WHITEELZETICBIT 3
BRREEORA YR /NI TH D, fluid-phase endocytosistg D & < 2 X
BEABHREIRZEERCICLVEEEZZ IR NS, FXIHBEMB T
2 T % fluid-phase endocytosisid . KBl 5 1 A F @ endocytotic
vesiculation E[F#IT., RAKBEEOENTH B EEZ S NS, ZhicxL. +
TARNYEWHEBOMEBEIOT AN T HAXEOERS HMGHETA SN
fluid-phase endocytosisid, N5 DMBNBRBELICH L THEZ D
ZEDL, BABEORNEEEZIIS W, LML, T 5 Dfluid-phase
endocytosis/MNERRICHBE LIZBHNA NN NG, BAKEEZDOR
HWRIREIZRIETEBMETEILRTERY, Fyr A AVERELOHBES L
TANSHAZEROEHHHBBORHEDEMRICBN T, EREHERED
ROBHRANREDLIITRIZNDITDVWTIHBHAGNTELS., SBOKRNZ2ET
5, |

FYRNYEREBOMBEPLIET AN HAEBEOER S MG cE
R I Nzfluid-phase endocytosis/hald, LT, R EDRE S TAH U EEL
BEICBNTD, ERFIEHREMBELZEBEAICRVTY, MELAaho 7,
I35 DFERWE. fluid-phase endocytosisTHR VA FEN-EA., B - B
BOENMNEADPSHBEER S NREINTWAVWI EZ2RBLTHD, fluid-
phase endocytosis/MNERN DN, MHEEDOHEKICBEES L TW 2 TEeMid{E N
EEZLEND,

BIHE FEN G - MRRICB T MR L & kI
XOEDOHIRA S & DREE
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REE2HTHRRELD I, fluid—phéise endocytosis/NEld, B - R
BOLTOBEZIZIEEFL. LYCHOBAZRFLTHO., NERNOEI M
HEDNBESNEZRHEAS5NT, MaRICEEI N ZEOMEEICRIET
FEBIDNWTHREDEIATHATH 5, TITEHEH TR, Fr NV EMHES
DHBBIOTANSHAEHOBER S EEZMIE~ O, fluid-phase
endocytosisPAAA & U T DA ENE (B@aEEICIORVAEN-E)
DIHHEICRIZTEEICIDONWT, EHEHEEHNZAVWTHANE,

LB BIOHE

MEHE. F v XY (Brassica oleracea L.) ERHBEBIOT A5 H 2
(Asparagus officinalis L.) Z(TEZH /=, £/=, B S0E, EiEEE
AILEE, REBIOMMA. MEEOTM. oW, HESAL —YF—EMEIC L
L2REDEUAHDBEEIIDNTIE., FEE 1 HTRREFEICEL TiTo .

2.4 F

(1) MEEICRIZITEGEXEEZF OFZE BRERHETEMLEZF v
NY ZEWNEROMRMEIL, ROAEFEE TIILT,,=-3.7CTHo7=n, A7 o—
AEBEE (0.8M) BHRAERL 1 FFHEZICIEILT,=-9C &k, ®BXL~E, L
MU, BERICA IO —ABREEKOHEER TH 52PCMBSEZEMT 2 &
LT5=-5.7C&7a b, WMEEEED LU (Fig.24) . £/-. ERERHEETHE
L7727 ANS AT ZAETHDTREL, RUEFHE TIILT;=-2.8CTH - 7228,
IREOA7O0—-XAERE (0.8M) BIRLEBICLD ., LT,,=6.6CEi 0,
PCMBSO#HEMIZ L D, LT,=-5C & 7257z,

(2) WEANDEORABICRIFTHBEEEHNOZE A/0—2F
BE (0.8M) BB TIRMAELZF v RAYERBEZNSZLEBOA/ O— X
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Fig.24. Differences between freezing tolerance (LT,,) of
cabbage petiole tissues ([J) and asparagus shoot tips (M) in
relation to treatment with 0.8 M sucrose solution for 1 hr in
the presence or absence of 1 mM sucrose transport inhibitor
[p-chloromercuribenzene sulfonic acid (PCMBS)]. NoT., no
treatment. All samples were cooled at 0.1°C/min and thawed
at about 10°C/min to room temperature (22°C). Survival was
determined by ion leakage. Bars = SD from three
preparations.
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PREENT=H, BRI PCMBS Z2HMNT3 2 &ICEDBEADZ Y O—
AGBIIES Lz (Fig.25) . ¥ 51T, PCMBS AUBEENICHEEL TS,
A7 O—2AERE (0.8M) BETIHEUELEF: v XVEREGD I OY
ANTHAZERD fluid-phase endocytosis NEOERIEE 2 = L%, #
ERV—Y-BEMECLOBRINE (Fig.26) » (1) OEREEIEHET.
NS ORI, BHBEHEZFICI> T, BEEAZNLAEZ 7 O—ZOHK
RBBNBH U, WHEEME T LEZEERLTEBD, BHEEKENLTRY
RENDHEN., BAELEOMBEEEAEBICIBWTEERBREEREL T
NWHZEZRLTWS,

3.&F%

BEEAKI, EBEE (Francisco et al., 1995; Marquat et al., 1997) <%
fal% (Getz and Klein, 1995; Shiratake et al., 1997) W& &EEL. 70Ok
>%)Ed (Shiratake et al., 1997) K2 & QA F > DEEZ (Brown et al.,
1997) IZ&X D, ATP (Brown etal., 1997) #HBI RN F— & L TELHE
LTNBEZEZLNTND, £z, BRFITIIEREENEEL., FIZITAY
O—ABWERPEELELTAIO—AZEHET B ENHMSNTVNS (Marquat
etal., 1997) .

ARRTIE, A7 0-ZBBEAICHNT 2 ENREREERTH 5PCMBS
EREBBICHRINLZOE, Fr XVEREBBIOT 285 H 2 X TEE K8
NENEZITo> & A, PCMBSHfluid-phase endocytosisz #14&]| L 73 0 12
BRNOLT. A/ O —ABHABOMHREEAPRIZ LM - &
MRENTZ. TNEDOFRERNS, S G OW RIEE R EIZ. fluid-phase
endocytosisZ /T U THODAENZHELI DB L A, BREEENLTERDA
ENTEBITERLTWwB EEZI 5N 5,

LA Uy PCMBS# HIN L 7 01 CULE U 7= 5O OO T B4 2V SR AL ERB) O
MRt Z EE% Z &5, fluid-phase endocytosisic & D MR ICE VA £
NEBCOREVHDRA S 20 OBTETER Y, /=, PCMBSIZL T
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Fig.25. Differences in sugar contents and compositions in cabbage petiole
tissues in relation to treatment with 0.8 M sucrose solution for 1 hr in the
presence or absence of 1 mM PCMBS. NoT., no treatment. Bars = SD from
three preparations.
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Fig.26. CLSM images showing sugar loading into a cabbage petiole cell (A)
and asparagus shoot tip cells (B) treated with 0.8 M sucrose solution in the
presence of 1 mM PCMBS. After the treatment, all samples were washed.
Greenish-yellow regions correspond to fluorescence of LYCH. V, vacuoles.
Scales = 10 um.



DAZO—ZARMBZEROBEZBEETEDITTRARVD T, PCMBSTHI%HEE
ENTICMORENEEOREHHDHRBERATERN., WTNIZLTH, #
FANICERDAENSHEICIE. fluid-phase endocytosisic & » TE DA ENIF
EAETHHREREBRICEELRWE S, BREAICXOBMOAENHEEEKICE
ETOBEENFETDEEALND. Tabb. MIBANOEEZDRLEERD
ATIRINS DRFUNTERNDT, MIERNEEMEREE OBEEEZHNSE
I, HREACEORERICEET I2LENRD 5,
= > ¥ (Daucus carota) OEEMIETIE. 1 mM PCMBSULEREFRGA 1

RELHTHANIL, MRICESIIREE LR (Thierry et al., 1997) , &5
2, Bx OEYEBERWE, PCMBSICE B A7 00— AHXEEEERTIL,
PCMBSALE L@ 2~4mM PCMBS/KER T3IEHEETHFOL TV S
(Bourquin et al., 1990; Beruter and Studer-Feusi, 1995; Shiratake et al.,
1997) o AR TIE, A7 O0—ABHEZHETLH2DIT. F v XV ERMLS
25X L C1mM PCMBS/KBEBR TP Z 1 BHEAE L TWwa 5, PCMBSE&A®D
ZEACDNWTTHERMICEF UEFHR, BRICENL 7Z1mM PCMBS®
Fr NYEWNABICHT2EMERAE, QK 3FRFRSN S S BEBICENS
ZEBRRALNIZE Tz (BRLRBE) . 92D 5. KAERTHW~Z1mMPCMBS
KBEWRLEIL I REUATHENIEL, A0 AHEEEETIHZELRE, #
MICHTH52RIT, MO TEWEREDN S,
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B3E EASHEEBICBIIEAED L OHEED L -
7 PO 75 D 2L

B2EIIBNT, EREOEAGUEBZEDOF v NYVERBEBD L7 23
SHAZROEHDREBE T, HRANOREOERAABREID, Zhicky
MEENEESLZEEZRLE. LML, BICFRXRVERFREZLTIZ. SR
ERTADICHROAENRBNWEEZ SN2 ERBOENSLEICE > TS, ilE
HOBERNBD 5N, .

Fr AVERMETIE, DINI0/BOFIN I —ZAFEE (1.0M) BRI
HEMBOWMEEZEL <HEXIE., TOWMEENRBOKEICLDEDT 2
ZEMHEETN TS (Sakai and Yoshida, 1968) . 5. ZDO=ES%Z. 4
A CEET D EOMBEMHBANREE LN, TOREOEMICD L TIZH
S5MIT LTV, .

—RIC. EYHEES. BRBRLEREDEREFGEICEILIND &, S
TREESEZECTZENI SN TS (Lee-Stadelmann and Stadelmann,
1989) . aAF (Triticum timopheevi) BEMBE TIX. A7 0— A BEKIE
FRRICEZSERE BN, BHEEKRICBTMEOERR L O EKEDE S
EZHHL, REZBEBRI Z2EEZEZA5NTH D (Sopina and Samygin,
1993) . E£7=. Px¥ A £ (Solanum tuberosum) ¥EEME TIT. MWBERIC
BELAVESTFOR)IFL /Y a—)V1000% SO EBERET TOUE
MNMHEEDOEREZD LT IE, BIXUOPy A EEEMBEESEO O N TS
AN OMWREPEEMBOMEREZ LRSI ERENS, HERICEZ 24
BOEBIZIIBBHIZANLAN, BREEOREEZMETIEEZZ LN TY
%) (Tao et al., 1983) . TDLIIK. WTNOWHEIIBNT D, BEBKN

WRE2EBEDEOREN, MEEBAIRELZ DI ENRBINTNS,

KET@\#VKV%Wﬁﬁ%%MT\Eﬁﬁ@%ﬂﬁﬂﬁkivfﬁﬂ
HMHEEBRNEROEBEZHSNMNCT 22010, &L TCryo-SEMEB L
TJV=XT530F%— - LTUAEZRAL, @BOEBICHES MaEEnT
{bZ8RLUZ, /o, INEEELT, FEEENOMBEEDESZRIET S
8, FreNXVERER - MROEFBICESBENT(LEEREHER O
TIOANDEBIES TN EZECryo-SEMEIC L D &L 7=,
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B EIBRBWTHAWD MBS L OB O EE

AETHWALIHMBBIVEEMNFEOHEMICONWTIE. BIZAGIIBNT
FORRB I EET S,

1. #MEORH

(1) #HBOHAK 4CTT3I~40ABKEBERL THo/mF v Y (Brassica
oleracea L.) fhf& - I— )V YT —DHEIRONEAI S 3RV L 4B DES:
VIDEEL., TOEREZZHJITomX2m X 0.5mm (BEE) O icHmsL 7~
OEMEIELTHWE (Fig.27) .

(2) Z7ORTSXFOH#HE TORNTISANERETEEDDF v RY
ERHEE (Fig.28) &, 1995F11AHAN51997E128 LI ILiEE k2 {E
BRZHEMBE (EE26C. BET70%) TERL. 4C/2C (B/%,16H
MHE) T30HMEBAELZF v Y (Brassica oleracea L.) & - 7 —
U= =)L DS (EXK15m) H5, BLENSETEETTOLAESR
BRLUTHWE,

TOMTSAMIUTOFIETHBELEZ, BEOEEmZEI—RY - N5 —
TZ90D, EFEK [(26mMZ )V a—X, 0.1% bovine serum albumin (BSA) .
2mM CaCl,BXU0.45MVIIVE b—)VEHRMLUZE®K (pH5.7) 1 THEEL
DB, FIT)TEROSmICHEI Lz, W2 g (£E) oMl 2BEEKR (1%
Cellulase Onozuka R-10, 0.4% Macerozyme R-10. 0.5%FF A NI U
AU DA, 26mMZ )b a— X, 0.8% BSA. 2mM 3-(n-morpholino)
ethansulfonic acid (MES) . 5mM CaCl,8 X Tr0.41MYV )L ¥ k—)1 (pH5.7) ]
10mICEE L., 30CHIERKRE 58 (80rpm) T4RMIEED Lz, KWT.
BORAY > aDFA 0O Ay a TEZREZERL., LEE. 25mMy )L a— X,
0.8%BSA. 2mM MESB L T0.53MRA 7 O — X #EML7-EK (pH5.7) Eiz
#HE, 800rpom T2 PMEELDEEL-DS, EEAEERG LICEESET O
F7S5ZAMZERLE (A7 0-2ABERAERELE) . 2OTORTIARE
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Fig.27. Mesophyll tissue segments [Smm X2mm X0.5mm
(thickness)] excised from mature head leaves of cabbage
(Brassica oleracea L. cv. Gold sour) used for experiment.
Scale =5 mm.
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Fig.28. Mesophyll tissue segments [Smm X2mm X0.5mm
(thickness)] excised from true leaflet from 30-day-old
cabbage plantlets (Brassica oleracea L. cv. Early Ball) (about
15cm in height) used for experiment. Scale = 5 mm.



HBERIEXI10E/ MO BETERBI . BEBEREZERICH W
(Figs.29-AB) . 7O F75 2 hOHBEREE & LT, 30 ARERME L 7 +
YARYELEQEOERMAHES (SGmX2mX0.5m (BEX) ] 2B Wi,

2 BN G

WA SMEE, REEHERE (ERERZXETRTICRLE) OEER
(PH5.7) HICAIERE (RFRLE) BETACEICEDFok, BB,
O 5B OB RT ICHE L EE RIS TRV S 7 (S S0 R
B RS E LB, V=R, HS52 h—X, TV h—Z, A/ O—X,
UNVER—Jb, RO h—LTHBN, ZRICE> TREBEDEOLE N
(RFIRLE) « BEIREU T, SEASNERR 2K LEDOEH VR (M
HlcRLE) . BEOKER. BEACED SAMBTIETTWE0S, ®
BETCHELEAD ZBRETROVRSZEICE Do, B SMERND
MEBHEE LT, AEELHERVEE CGRAERE #Eni,

3 .WHEB X ORME IR 5 NI T 5 1 0 FF Al

(1) BHGHLBICBUSEDOEE - BEBLULERRE & HEHEOE
EICE TR (F28) . BLUOERMENSZEDOHE - MBI
SREFDOEERNEFBEBEDEGFHDENRICH T >2EE (F48) O
ZE AR OEBEBIUCBBIIROKIDIICT o/, AB e REERER CROE
AERHIIIREKZRAL, BASLEEABICEREROEEREZR W) £&%
COMAHRE (BETHEMEEEARKBOES TR Y IV I'RNIILS—) IKAR,
-3SCTREYHZE, RRENKERKFZHEMIET (EFERESRRH
AEOBEICEEBHICER K 2B S ¥ T) XL, XKWT, -5C, -7.5C,
-10C. -12.5C, -15C, -20C. -30C. 40CORKEFBITHRE (HEER
ERBVPASTND) ZIBRZET & [FRECE 1IBEABSREEEIEL

CPE RS 1 XD mA L7z (BRERNG AL, FiIgmAHEEZ#0.04C /min)
ERETYESELZOE, MEREREMROEEHI, BONITHEIMCERO WL,
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Fig.29. Protoplasts derived from mesophyll tissues of
cabbage (Brassica oleracea L. cv. Early Ball). (A) Light
microscope image. (B) Fluorescence microscope image
after FDA staining. Scales = 100 um.



ACTEERM (10.3C/min) LEDB, H1E, B1. 3 (1) OEE
BIRHBCEC TEERZEDL, MEEZFEML 2. —FH. FIEREICEL
-ETHEHRBRESEAOHBI. EBICRRETI LAY (-150C) KEBLTHE
HEES, RAESERICEELE. BENAH 2T ~ETEMEESEERE
OHBHREELT, BERMSKET LA KEZEEL CAEERBEE LR
BlE B Wiz,

(2) MG - -HHEOERBICHES EEFHEDOEEBILUOBELZHICBIT 52
BEMBEOFEESOHMEHEIZETSME- 70N TS NEBRRIC
S EREF (FH5H) 0BG : 7o b 7oA NEBBOMERER X OHEKEIC
HEOSBELLICET IHRERTIE. ABOREBBLIUORMBIIRDL DI
o, MBELRTOMNSAMZ2HEBER (FONTSX NEEK EFA
FROBIK) &bl 5 MARRE (BEFEBBEEZRAABOHE ST IV
BARNY—) KAN, 3CTREFEHX . RBRENKEICKA 2 x 8
T (BETHEMBEEZARBOBACIRABICEREKA 288 T) #XL
o KNWT, 7aF5325 - JU—F—2AWTAHAHALE (0.1C/min) .
—F. MEREICELEMEERERAOHLL., PN 7Y —F—ITH
DHL., 4CTREMBRL-DE, B1E, 1. 3 (1) DEREREE
WYL THEREOTMZIT> /2. IERECELZETFERESELSAREIZ
BETVFDCEPHICRBELRERBEELZOL, BEZEZHRITREL
2o Elz. BREGBRZTDLETHEBESREARBOMRBRABEL T, =R
MEWET LAV ICEEEE L CAREEEE LR 2R W,

a‘.

4 BEDHT

BONMABRBORBEBICHEBAEONIIL, B1E, B18. 405
CHEU T o, BHHIE. RAERE, 1058070 — 2 BRILES D
ik, 109MOT I a—ABEERABEBICKELZHAE., SHEOZ V-2
BRAEZORE., 3RMAOI IV I —ABBLEBRZICKELZRBICDWTT
o7, AT 2KEEL. TOEBHEERDZ.
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5.Cryvo-SEM#%

FIEEEICB T MR - MRBEDEICE T 5Cryo-SEMEIC & 5 8%
W, ®E (B 5, 1988) IT¥L TiTo 7. Cryo-SEM (JEOL, JSM-840A)
WO Cryo-unitZz Fvy, HEHEE-105C, EZEE10TorrO&EFiIzB W TR
Btz 14 7 TEIEL, BREEZHN-BCETHREBELTIONBE T YF V2
2kDB, BH&A—ARY - Ry hEAWL, EFEICEZEREE L. KW\WT,
B Z-160CICRFLZSEMOREBBRICHE L., MEEESKVTRETFEE
BERLUT,

6. 7U—X-T7530Fv— - LTUhEK

RBEOTU—X - TS5 0F v — - LTUHDERABIVERIL, E2E,
B1E., SOARBIKEL T, EREEBELZCLOHBEEL. EFEY
EEHETNSERICEELZI0OEPEERXE (1KEZ 1umelLE) I
HERELUZBERLOBEREZHAIL, KERXTHRLEEICE>TELE,

B2oH BHEES - MENOBENSIBE(GEEBRKEREDE)
CBTDHEOEE - REBIOCNERM & WRER L
& OB

FoRVERNAGE RN, EROTELECRIETEASLE (§REEE
WERE) ORBICOVT, WOME - WEBICLBHEMICED L, SR
W I & DTz,
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1. MBI B L OH®

#MEHI. F+ XY (Brassica oleraceal.) % « T—)V RY U —DiEEREE
DERMBHFERAWE., £z, MEORAK, BEHAESLE, BEBIURME. Wi
HBEDOFHMIZDONTIL, AEZE 1 HTRRZFEREL T,

2 FER

(1 )5 SMBIZB T2 HBOEEE MBI L& DBE v N WiERE
DERAMEBZHNT, B4 OBEOHEE (1.0M) BRICX3100B0EsN 5
NEBRDOMEEDEITDNT, BEEREFICIDANE (Fig.30) . F4i
HEBOLTld-4.5CTHo7=0, FIVa—X, HS5V b —2X, Ar0—2X,
RIWVEP—AEEEVIVE N —ILD1.OMBRICX 2 NEBLOMEMEITSE Zini
RERUE (-16CZLTs=2-17.5C) . LA L., 1.OMY > = h— )L AL
BOABIOLT W E-8CTHY, MELEZEAITI2BE 1L, LRoEIZHRT,
EENITNEMolz, ZORRNS, T2 b—ILZ2BRVEENOEIZDNT
W, ERFEOEASLBICE > T, EBERAUMEEERDEZRT I ENES
MITTE o 77,

RIZ, EYHBORBERFOBRICEZICAWS NS Z)L O — 2 O it 5%
RIARICDWTHMICRFLZEZA, LTOEDRBREBSZVHASNITR S /=,

()N GUIEIZBITSERBESMFEER L EDOEE WEREZ1045E
ELT, JINVa—ABEOEEMEEDOELEDEEIZDODVWTHANEEZ S
(Fig.31) . B omMEEE, FNVa—2ABENELERETZEEBICE AL, H
WERBEOP THRODEWVWIOMBR TUE L ZEEIXRARER > (LTy,=-
17.5C) &

(B)EN GBI BT 2 NEFHE EMFEER LEOHE Fa— Gk
E (1.0M) BEZHAWTLERMOE(LEMEREDEME OBEBEIZ D W TH
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Fig.30. Differences between freezing tolerance (LT,,) of cabbage
(cv. Gold Sour) mesophyll tissues in relation to treatment with 1.0
M solutions of various sugars for 10 min. NoT., no treatment; Glu.,
glucose; Gal., galactose; Suc., sucrose; Mal., maltose; Sor.,
sorbitol; Man., mannitol. All samples were cooled at 0.04°C/min
and thawed at about 0.3°C/min to 4°C. Survival was determined by
ion leakage.
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Fig.31. Changes of freezing tolerance (LT,,) in cabbage (cv.
Gold Sour) mesophyll tissues in relation to treatment with
glucose solutions for 10 min at different concentrations. All
samples were cooled at 0.04°C/min and thawed at about
0.3°C/min to 4°C. Survival was determined by ion leakage.
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Nz T 5 (Fig.32) . REOMEMIT. B4 SMEMBBERICEL < 8K L.
A GNEREA 3 HEEE THWEERELE. UL, 3EBEEEL DL,
MRESBEPICE 2, ZORBENS, FYRXRVERAGOBROMERE (-
17.5CZLT=-18C) . V) a—ABBE (1.0M) HEAEEBI05E
M5 IBEEETREIN TS &05bho 7k,

(4)BENGREIZB T 2 NEERFH B L KB EE & 1A L & o B

I IA—AERBE (1.0M) BRLEBEBI0H%. SEEE%, 6 BB OR
Bem», ABEBEREKEBROMEEE LB LEZECS (Fig.33) . ROEHR
BOMREI KR L > TR EAEELLED 07208, Z)I) 0 — A BRI
BIODBROEB TR, BAENEBEICX > TENEZBWHEMEL, Kikic kD
FUSETULZ. LU, Jha— ARk 3 BREEZEORETIT. 85
NZBOHERE G KERICBVTHIFEALER L LA, /-, FLa—
AEWILER 4 6 ER OB T3, BARRLEZOMBEENKIEICLDEL
<EFLE

3.EE

EYMEBOREREOBRICHVWSNAEAENEIL, MENICEZIDA
ER DD ERET S BEIL W (Withers and Street, 1977; Maddox et al.,
1982/83; Blakesley et al., 1996, 1997) . vy U, REMIChE> TEZH#E
NICEDAEREZHEICIE. BOBRBECL O HEEEASRICENENS - &
MAIS5NTHD (Sakai and Yoshida, 1968). Z D3Eld. {H & D& D &Iz
BERTLER—MRDIOEEZILENS., ZTHICHL, EXMBEARNICESLTW
BONHEITE., FER—BBRELSFOBE LITHEFRELS, BEKRO S DOR—H
BREEA PV ADAI L 2WMHEHEERMENBENI D DDEEZ NS, Thb
5. ARBRTIE, F+RXRVEREEZ. B4OBEO1L.OMBRE TIOLEME L
REZDH, RPNV ERVWEMOE T, ASOMEEBRIENRD 5N
I ZRE, EREEASLUEOTEEE AR, EBERODOBKE L
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Fig.32. Changes of freezing tolerance (LT,,) in cabbage (cv.
Gold Sour) mesophyll tissues in relation to treatment with 1.0
M glucose solution at different times. All samples were
cooled at 0.04°C/min and thawed at about 0.3°C/min to 4°C.
Survival was determined by ion leakage.
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Fig.33. Differences between freezing tolerance (LTsy) in
cabbage (cv. Gold Sour) mesophyll tissues in relation to
treatment with 1.0 M glucose solution before (CJ) and after
(M) washing with distilled water. NoT., no treatment. All
samples were cooled at 0.04°C/min and thawed at about
0.3°C/min to 4°C. Survival was determined by ion leakage.
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TOR—MIMBEIL LS EERLTNS, BRSNS LE 7 S AE D
BT, 1LOMY D b=V EROMWEMEE R EDBNEN Z &8 S N iT A
SN, TOERE., EKEBEE (-3C) OBBRFTHETZII>R—LO
HE (BERBR) CBARLTWS EEBbNS, Tbb, Y= h— LK
T, EABICHEEBREIN2BETESIITE L, BBM—EEel L F
BT, BHRRODDOR—HNERBBEMNENNFH EN-EDTHDEEZ LN
%,

10O a—2EEE (1.0M) BRLEZF>7-881c. V) a—2
BEOLBICHEWRHEENBALEZZ SI13. SHEEBEASLEOIEN, BE
BROBERELILICERT DI EZEMITTNS, E5IT, 109D &) a—
A=mEE (1.0M) BRABICES>WEREERDENRBOABKICE D BEL
el & EREEASLAEOYREN, MEAKRVAThTOUANWEZ S0,
MR ORE. MEMFERS CICHEREEMBEEDORICERET S, WHhid 5
PN DT HRTEHEEEZRLTVNS, IRODIENDS, Fv N VERE
%T&Bhtﬁ%%%ﬂ%%ﬁwmﬁﬁ%k@%m\m@mtﬂbﬁimrm
BNWAEDESTOBERI > THELANIH—NBESEYRICE 2 & H#
"AN3,

WOH WRMAL - MR TAENASNE (EEEEER
BiEE) OBBEBERALE S QNS

FyrR_XVERNMBBZRAY, SBNOEORALBIIRFTENSLE (&
REBEBRERRERE) OBITDWVWTHANE,

1. MEtB KOG &%

#MEHE. F+ XY (Brassica oleracea L.) #% - I — )V RY T —DERE
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BHRERWE, iz, MHORAE, BEASNLE, BEHMFICONTIE. A= 1
B CTHRREFERELTIT o7z, FEOESTITBWTIL, ENASUEBIZ K
GZTOHRVABOESEZIT, ME&N (BN g, wEx o
WNEREZ7RT) s (RREE. MREBLUOHEORE. 725 NC
RETFEZTRY) ] CEEIIUBREOBEOESEREL., £/, EHNSNEEGZ
K LA ORAEEESEE. MERNCEETSUEAEESE2 AR L
TWaHDELE, TRbLE, KEZEOHABOBESEIL, #E - MlaNOEE
DFEEHAR - HREANRBELENESE L 2ADEESEEZELTVEBDEL
7o

2 .FER

TJWVaA—ZA@mEE (1.0M) BRICX2UERBIONE T -1T 3B[B O
Bz, KEMBOFEERSEOE(LEHA N (Fig.34) . RELEED
26, OB DELWEER I NI—XATHolz, VIV a—2XEEBZ. Fim
LB T 50pmol/gFW T H o 72y, A 5N EBEHBI0H % 0 R B T
200pmol/gFWE TN L., KIEHIZIZ80umol/gFWIZIA L=, £7-. ol
G EEBGA 3 BRI OB TIX, ) a— X&' H370umol/gFWE T L.
KFEBIZTBWTH160pmol/gFWAREBE L T,

3.E%

107 BEORESNFLBERITAKELLEBO IV a— 282, ROAERE O
TR THITNREN > /EDHTHB I ENG, 100 OEN SNET
. NV I—ADHBANDODBENRD DRV EEZ NS, £/x, 100 B
SAEEBZKETHIEICED, MERENELEOLE-EE D, HBERNIC
BPNEEAERDRAENTWIRWI EZEBMTTVS, NS5 T EF, F+ R
VENMEBTH SN ERREN SNEIC K 5T EEE AR, AN
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Fig.34. Differences in sugar contents and compositions in cabbage
(cv. Gold Sour) mesophyll tissues in relation to treatment with 1.0

M glucose solution for 10 min (10), and for 3 hr (3). Samples

washed after glucose treatment for 10 min (10W), and for 3 hr (3W).
NoT., no treatment. Bars = SD from three preparations.
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DAENTNRVELESHRTHH I EERELT NS,

¥ 41 % (Solanum tuberosum) DILEEMITIT, MIZEEITEET 2
DHEACREEAERBLRVWESFORYIFLZY a—)L1000%5
ORBREFEBRTUET 5 & HEROMBEENHEKRTE I EXMETN TV S (Tao
etal., 1983) . ZOEBERIE. RUIZFL>FUI—N10000EEERE (0.6~
0.8 Osm) TAETHI LI TRIBDEFE DB, AR I 51 Hi
RIEICEZ BB ML XZ2HRL. HMEEORBEEEZ28RE T2 L0k
HIsEEXANTNWD, OLF (Triticum timopheevi) DEEEM TIL.
A7 0—Z2@EBE (1.OM) BRALABICLZ2EBEDEN, BEEBKEICB T
PHBOERBLIOEFRBEOBEL L ZHHL T, BREEESEENTSLE2
5N TWw3% (Sopina and Samygin, 1993) . £/z, E2 BBV TRARE &
DI, ENEOENEABIC X DMERENEALZF v RN ERELIL. B
HAER, MOBR<BEREDBEEZEITIEAEREINTVS, 2hbsnz &
NS, FIARVERBRBTAHASNCERBEEN SUEOMEEERSIRES, =
DEBESBEOHRICED2DD EHBEEINS,

EAG SRBEALSLE (BREBRKEEE) 2085 -
MO BRI B DB S BRI B B
EEMERLEE OEE

Fr RNYEREABICH T 2ERMOBENSLEZT > =8-S O Bk
HREZFHONITT B0, 10BN I —ASEE (1.0M) BEiKENE%
D AN B PR O B I S MBS D2 b B & ORI B RS O
B DODWT, BEEHLUEZRBBLUOERBENGEH - TEEEE T -RE %
RAWT, Cryo-SEMEBLURTY—X - 75 0Fv— - LU RHEICLDFEN
7o

- 78 -



LB B X H &

#EHE,. F v XY (Brassica oleracea L.) &% - T— ) R U —DERKE
MmarERAWE, £, MBI ORAR., BASOE, EEBIOERE, WHEEDR
i (FHEBERLLTELRE) . Cryo-SEMiE, JU—X - IS5 Fy»— - L
TURBERDVTI, FEE 1 HTRARZFHEICEL THro 7=,

Lz, HiE - MEROHEBOHEERIIDOWVWTIE, UFDH#E (Pearce and
Willison, 1985) ICETJEREH L., RUBERBOEBHREREE RUEF L
OMBEDOEFEREE=X, RUERFEAHOERERHEE, REEEHE
et OMBROERERLUE=Y., B BEABOSHEEREE B
AEAROMABROERERHE=2E L. BERARLE X 3HEERAENER
DHRBODEHBEER (%) =CZ—-X/Y-X)X100lc k> TFRDd=,

2 .FER

(1)BEREAE OMAEEB L OEEEBHMMELEDEEE BS540
BZ2HTORVWRLERBOHBEATOARLSIRERKBRTEHED 5N
(Fig.35-A) . TORABEICHEENEVWB ER > THEET 5 Z &E2Cryo-SEM
FICEX RN~ (Fig.35-B) o« 7U—X - T750F v — - LTYUhEKEI
FORDNEARBOHMBOEREREREFEEZEHE L5, BY NNV ERTF
(IMPs ; intramembrane particles) ¥ —IC#HET I ENE R I N~
(Fig.35-C) .

IRl ZIIVa—AFBE (1.0M) BERTIONENEL 3L Tl
MR E BEZR L TH D (Fig.36-A) . MRELFEEEE S OM
(periprotoplasmic space) IZid, BB LN I —XBEHE N H 5N 70
(Fig.36-B) . REESEMBROREREEBEREEICIIEENTIEA S NR
Molz, Txbb, IMPSIIRUEHABOFREREEBEBREE &R U H—Ic#E
L Twiz (Fig.36-C)
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Fig.35. Ultrastructure of mesophyll cells in nontreated cabbage (cv.
Gold Sour). Samples were cryofixed rapidly from room temperature.
(A) Cryo-SEM image showing a cross-fractured view of one cell. (B)
Highly magnified Cryo-SEM image in a part of (A). (C) Freeze-replica
image of protoplasmic fracture face (PF) in the plasma membrane. CY,
cytoplasm; CW, cell wall; PM, plasma membrane; T, tonoplast; V,
vacuoles. Scales = 1 pm.



Fig.36. Ultrastructure of cabbage (cv. Gold Sour) mesophyll cells
treated with 1.0 M glucose solution for 10 min. Samples were cryofixed |
rapidly from room temperature. (A} Cryo-SEM image of a cross-
fractured view of one cell, showing plasmolysis. (B) Highly magnified
Cryo-SEM image in a part of (A), showing glucose solution in
periprotoplasmic spaces between plasma membrane and cell wall. (C)
Freeze-replica image of PF in the plasma membrane. CY, cytoplasm; G,
glucose solutions; PM, plasma membrane; T, tonoplast; V, vacuoles.
Scales =1 um.



(2)BBEHBHE L NTEHRR IS HEEEDTEOBEE BENEH
PLOTHEEMEIHED ZN 5 OMBHEE DL % Cryo-SEMEB L T U —
XTI Fv— - LTUBBIL DB, EHENEE TR ER
BE-10°CETRAHNLERT 2 &, MEEEL<ER. WHEL (Fig.37-A) .

MEEFRTHEE L TWEHRANH5NE (Fig.37-B) . -10CIL. FAE
BCEREEENECBRETH 5, CHICHL. VN a—XEEE (L.OM)

BB Z-10CE TARLEHEHE LTS, TOMMIE. ROUERE T
HAONZEEOBEOERIILTHET (BRRBHE) . 25i2, -20C%T
BAUEEERE LTS, HRERTAEETSEEICELER LTS
Siamn o7z (Figs.38-A,B) . 235 O#ME D periprotoplasmic spacel ik,

WA (Fig.38-A) 72138 4Mc (Fig.38-B) BIEL =2 )L 0— 2 A
MEEL TV, IN5ORRIT. ENEEASABIC IV ERESBER.
LM T3, B AB & CEER QMO SR SENE NS 2 2R LTS,

(B)REHGHBEL N FEHFBICHES DR EEE MM EELTED
BHE BRENGABIVCEEERBICEI2INSHBEOERBEBHMBEBELED
ZRIZDWT, V=X - T750Fv— - LTUNKICKDANE, ROAER
BZ-10CETHHLEERE T L., EREREICIE. 2EERtTOREER
MEREEZSENTVWLIHEEREL., §2bb., IMPSORMEBALA TH 5
aparticulate domains (ADs) . 3B & ONADsH T B % 7 1 25 B B2 B 12 28 40 B9 1
B 17 LU Iz B4 D fracture—jump lesions (FILs) D FEENEZ S N> (Fig.39-A) .
TAUCH L. 103 M OSSN EOBE 2-10C E THRHL FEHRE L 745
BT, EREEREEFEICIE, INs0EBEOEIREFEAERLNENS
7z (Fig.39-B) . U2 L. 100 MOBENASLEBEEORBZKEL. -10CET
WHRIUPERE LB, BEREERKEIC., BUOADsSEZNICfE S FlLs
NEEFEEL (Fig.39-C) . 3B, BEREEOBMMABELE/ILIZMA.

ROEHABORBEEFEICIE., - 10CETOLRABLIVEEHELEICLD .,

hexagonal I phase (HI#8) (Fig.40-A) ®HIMICELLE=TUCRIZD A
o JIREEDHEIEMR (Fig.40-B) NFENICERI N,

.82 .



Fig.37. Ultrastructural changes by freezing in nontreated cabbage (cv.
Gold Sour) mesophyll cells. Samples were cooled at 0.04’C/min to -
10°C. (A) Cryo-SEM image. (B) Freeze-replica image showing a
distinct cellular deformation of cells. CY, cytoplasms; CW, cell walls; E,}
extracellular ice crystals. Regions between asterisks show extremely
closed part of cell wall. Scales =1 um.
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Fig.38. Freeze-replica images showing ultrastructural changes by
freezing in cabbage (cv. Gold Sour) mesophyll cells treated with 1.0 M
glucose solution for 10 min. Samples were cooled at 0.04°C/min to -
20°C. (A and B) A part of deformed cells. (C) A part of cytoplasm
showing numerous small vesicles (arrowheads). CY, cytoplasms; CW,
cell walls; G, glucose solutions; PM, plasma membrane. Scales = 1

um.
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Fig.39. Freeze-replica images of PFs in plasma membrane showing
ultrastructural changes by freezing in cabbage (cv. Gold Sour)
mesophyll cells. Samples were cooled at 0.04°C/min to -10°C. (A)
Nontreated samples without exogeneous supplement of glucose. (B)
Samples treated with 1.0 M glucose solution for 10 min. (C) Samples
treated with 1.0 M glucose solution for 10 min and then washed.
Arrowheads show aparticulate domains (ADs). Asterisks show
fracture-jump lesions (FJLs). Scales = 200 nm.



Fig.40. Freeze-replica images showing ultrastructures of tonoplasts in nontreated
cabbage (cv. Gold Sour) mesophyll cells cooled at 0.04°C/min to -10°C. Freeze-
replicas showing hexagonal Il phases (A) and structures resembling to hexagonal
Il phases (B). Arrowheads show ADs. Scales = 200 nm.



(4)BHERRAB L N FH RIS FHE BB ELN & F G
EREDBF RUEHE, 100HOBAELERBORBBLUTI0S MO
NSUBRITKELEABIZONWT, EENGRABIOEERFICES BRE
EEMMEEOE(LOHRARE, EMERBIED SRDLBEGER L OBERK
=727k Liz (Fig4l) . 2 TORBIZENW T, RBEEBMMEEDE
{EOHBEREEFEGEEREOMICIE, BREETHRERNRD N, BRER
BHHBEEORLY, BREELERECBRL TV I EMNDM>k, THIT,
FKUEHE B L OKERABICBW TR, RREEBHHEBEESLOHBIR LR
HEERN, -5°CR5-10°COEBHBVWERETRBICEALTWSDITH L,
EASUNEEBIZBWTE, ACERETHINS DRIFES, T5IT, EWE
EBEBENWTH, EREEBMABEOELBIUHEBEERNNE INE Z
EMEALNITIE o Tz,

3.FR

FYARAVERMABORLEAB 2EENICHAULEERE LGS, M
AKBOEEIZED, #MiBEEFELLERLRFECZD, MEERLNEEL T
Wiz, ZOMBEOH TIIERERLZEOERKENEEICEAL TWAEEEX
bd, ZNCHL,. ERNEOEN SRR ORE ZRERMICHH, FEHELE
L7288 12i3, MRIEEE L TWzM, periprotoplasmic spacelZ IR KRN
BEL, MBERLIESE L ERIEEACHEREI NN S 2,

TJYU—RX T30 Fv— - LTURNERCLDZ—EOWIIL. MBI EERK
BT DEEGEN, EEHEAKICERT24AKBERTORERISERICEE
LTWnWasZ&EZRLTWS (Steponkus and Lynch, 1989; Fujikawa and
Steponkus, 1990) . ZORFMOF T, HEERALZME T, EEGENRK
DEORBEEZRTRET DI EHEINTNS, Thabb, OREEALEE
HWETE, B NI BEEREBEREDOKMEEDOZEVWVN S KENEL, H
SORIBORFBHNEES LHESN, FONVERT. Wb 5
intramembrane paticles (IMPs) O8ETH 5ADsiZ,. ZOHEHNEITNTW

- 87 -



X
< 100 f
g
5 o
> 5
Q
s & 80r
S ©
g 5
s ®
EE.
o 60F
3
ST
= O
£ a S
> 9 40
c
.ﬁc).
o5
L =
= 0
BT ® 20 r
o 5
Oy 4=
g8
: 5
[&)
= ! ) 1 L ]
a s 0

0 -5 -10 -15 -20 -25 -30

Temperature (°C)

Fig.41. Relationship between freezing injury by freezing (@,l,A)
and frequency of ultrastructural changes in a form of ADs
accompanied with FdLs in plasma membranes (O,J,A) of
cabbage (cv. Gold Sour) mesophyll cells. Samples were cooled at
0.04°C/min. Frequency of ultrastructural changes was obtained
from freeze-replica images. O, @, nontreated samples without
exogeneous supplement of glucose; [1,M, samples treated with
1.0 M glucose solution for 10 min; A, A, samples treated with 1.0
M glucose solution for 10 min and then washed. Freezing injury
was determined by ion leakage.
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5., @5, BEMET LBRSHAMED &, BEFRECIE, £ 3inverted
micellar intermediate (IMI) 2R EN5 (Siegel, 1986) . @IMIE. IEE
OB ELEEICELD, HIMHD 5 Widinter lamellar attachment (ILA) % &
TEMeZE YT (Fuikawa, 1995) . ZOLSRHIMHAERBLUOEORS
CEoT, BRAERKICO TWIEFBHEE L TOBENEDNS EEZ SN
5, JV=RXTI530F%— - VTVABRCIVERERBENE2EET S &,
ROMEE 2, BEBEEHEORBEAMN., FlsE L TEHREINSDZ &0D
Mo TWd,

HAEBEIZ BT S RAEFLHBE T, EREEBEKEIC, ADs&FRicfk
DFILsH, EABWREBEFEICIEHI AL, EBNEVWEZRBETRELTW
L5 ENEREINTZ, ZNTH L, I00HMOBENSNEBICEE L =RE T
W TN OEKRBELRCOREN, B3N IKEVWEERICBWTHME X
NDZEDHRSENTE Tz,

IN6OZENS, ERNHEENSUBICESHEEERDEORBIL. FEiE
TOEKERLTOREBAZEN T2 EERL TS E#RING, &5
2. Cryo-SEMZHW/ABRIZKD, HETORLUEREMR THEKED Z%
BERRBRO N ENS, 100 OENSUBIC L ZHEEEEORHIT,
FEREDBECK > T, MBEIEVEREOEZMNS Z2BERBIN I EIC
FE<BEBLTWR EZEZENS,

BOH MM - MBOEKITHES EFEOEHB LI UEE
L MREDEEE DHERBEICET 2 M5
TUONTSANERRITE DR

FEOE2HNOEAHETOERGERN S, ERRERES 5 LIS

MORBEDEEETHRIEEADR EOBEIRRI Nz, AH TR, ZOBER

ERELT 5720, Fy RXVERBBERO 7O N TS 2 N &SRR O T
PEDZEEB X CHEEITHEI BENELITDWTHN, BEEE DML
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BElzonWTHRE L,

1. ¥BEBLTHE

MEHI, F v XY (Brassica oleracea L.) B - 77—V —FR— )L OERNE
BMrBLOTOERMEBEROTO N T IA MRV, /2, M OFE,
ORI N ORE, HiEB IR, WD, Cryo-SEMIEIZD W
T, AEBLH TRANEFECEL T2,

2 R

(1) HBBLXTON TSI NOHBEEDOHE FvNVEREZKOE
FRI, -IbCETORABLIVCEBICIVABICETL, -30CTid%/s—
TORETETFLE. ZHIZHL, 7O TS X MNOEERET, BEOEKTIZ
HEVWRLCESBE2EZDBDOD, -A0CTHSTXDEEREHEREL TV
(Fig.42) . COHERIE, YOS A N OWERENMEBOTMEME S L@ 2 &
EERLTWS,

(2) HREIZHEDHMBBLILTON TSI NOBEZTILIZONTOHE
RIZ, M- MBRETON TS A NOEREIES BETLIZDOWT, Cryo-
SEMEEIC L DB L& T 5, Bk (Fig.43-A) Tid, -30°CETORHB
LOFEBICEID2MBEAKBDOREICHEWVEEICZ L (Fig.43-B) . Hiaes
DELVWERETNIKESEREERALTOREBEEZRRBLTOEDIIHL
(Fig.44-A) . 7B M7 52 b (Fig.43-C) Tit. -30°CETOBAB LN
W TELLSERLED (Fig43-D) . BEREERLEIEREEEL &I
WRE NI o (Fig.44-B)
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Fig.42. Differences in survivals between intact cells (O) and
protoplasts (@) from cabbage (cv. Early Ball) mesophyll
tissues in relation to freezing. Both intact celis and
protoplasts were obtained from potted plantlets cold-treated
at 4°C/2°C (day/night) for 30 days. Samples were cooled at
0.1°C/min and thawed at about 0.3°C/min to 4°C. Survival
was determined by ion leakage. Bars = SD from three
preparations.
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Fig.43. Cryo-SEM images showing ultrastructural changes in the frozen
intact cells (A and B) and protoplasts (C and D) from cabbage (cv. Early
Ball) mesophyll tissues. Both intact cells and protoplasts were obtained
from potted plantlets cold-treated at 4°C/2°C (day/night) for 30 days. (A and

C) Samples cryofixed rapidly from room temperature as control. (B and D)
Samples cooled at 0.1°C/min to -30°C. Scales = 10 um.



Fig.44. Cryo-SEM images showing ultrastructural
changes in the frozen intact cells (A) and
protoplasts (B) from cabbage (cv. Early Ball)
mesophyll tissues. Both intact cells and protoplasts
were obtained from potted plantlets cold-treated at
4°C/2°C (day/night) for 30 days. Region between
asterisks shows extremely closed part of cell wall.
Arrows show extracellular sugar solution diluted.
Samples cooled at 0.1°C/min to -30°C. CY,
cytoplasm; CW, cell wall; E, extracellular ice
crystals; PM, plasma membranes; S, sugar solution.
Scales = 10 um.
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3.EE

‘A 37 F ¥ (Pyrus communis) . Seashore saltgrass (Distichlis spicata).
Prairie cordgrass (Spartina pectinata) D¥EEMBBEZO 7O h 75 2 Mg,
MEEOD 2 HEMRIVEBEELZZTCTVIENRETNTED

(Bartolo et al., 1987) . MMEEDOHEREIT, UL A EEEEREICT LKA
BB < AIREEAVRB I N TV S,

Lo L., v AT (Solanum tuberosum) Tid, R 52 M1 O W5
AT O T SAPMDOHMBERELOENZENS, ERICKDMMmEE FREE
E DM, BEBEOHFERTHLEEZXLNTVS (Tao et al., 1983) .
5T, FUAME (Hel1anthus tuberosus) OWEMBHSEBEL/=T O b
TIRADHETIE. MREE - FREEM OB A b L AR KR5S
7 5 %%Eéﬁ TR VHIIE OB LR E THROBEEMET T
5EEZEZL5NTVWS (Murai and Yoshida, 1998) .

FYRVERMARZEZRAVWEAEZROBE, A& - HROWEEN SO N
JAbOMEELVES, HREOEENFEEGEEORRELS Z ENH LM
/o7, ZOHE, EREICXDMBEIREICEARELELL TR, B
BRI, MREECHKENRERELLCWE, ZRHLT, YOS5 AT
W, WELTH, BANBRCIEREERERATOREEERA S NEN T,
CORIBEVOEBO—DELT, MBEORBEENEZI NS, Thabb,
TORTISAMTE, EREENRKTH 5720, FAEOKEOEBIZIERL
TR L. SABOKBEN S OHEEBMLZOICH L., A% - METIE, En
MEBEDVK B OEEZEENIIRY, BELERLELTERN 2 ZEEZS
N5, FYrARAVERBEBKZOMBETIE, TOXIIT, HEBOHBEEDOLTE,
EHREEZREL, BEGEZBETIHOEEZ LGNS,

UEDHERNS, FYrRXVERMBRBROMBETAS N/ZERMOEN S ALE
DOHEEHEZEN, HIEARCEBEL TWAIAVEICERL, BBKEODDOESE
REREOR—WEHET I > TR I DREFEDBED, BRI BT 2 M e:
DEBICL2YBEMEEN S FREBELZEOESRBEZELETIREBEZRELT
Ws5EEZLN5,
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AT BREEOBEIC LD EENEAGLE (5 %)
-

EEKRR, BEEBLUOMREEOES s RicHERN

MEREBLIVRBPEESMMEE DR

TANSHAZWEBUDETH2LZ< OEDOEBOFEREEICB W TIL,
BETREBZITORNIC, BHRIMSHICX 258E (UUF., BaiE®) 2175 &,
REFERNBEEFTH D Z ENFREINTWS (Kartha et al., 1980; Kumu
et al., 1983) . YANTHAZEHOFEHREFICRILIZFHEZESICL->TE
AcwmET N (Kumuetal, 1983) . 4%DMSOBLUR3I% N I — 2 2S5 HE
REMZHAWCEBEEELI OB WEARFREZSETWS, LML, 20,
DMSOEMEBEMEBEBRIC L 2N B OREHEAYREINSL, FVa—xEBE

(0.5M) BRAENHEL TWB I ENREIN (£F5,1992) . HETIL. 0.5M
TN —ZABMBEMBREMICEL S 2 HEOHEBSIIEEN, 7ANSTHAXE
DEERE BREFHEFELEEICL?) TEDET2EEMNLBELTHAVWSN
ThWa, CORMBRTIC, ZHERARMORAENLZT )V a-AnR#ETNTY
5Z2ENSE, MBEPICEMRDIAENTVEIENRBINTVS (K,
1993) . 2—A4Y (Eucalyptus gunni) OEEMBEERO O NS X RT
W, T bho - NIVAERE-> T, ABMICER. RNV h—2®
274/ —AEMODAERTDZ L, WMEENBRITHIENWETNTWLD

(Leborgne et al., 1995) . B2 ETHRREZLDIT,. AFEICBWTH, F
ﬁ?NV%%%‘H%&%J:ZXTZ/\7777%%]?@]5%63‘%%&%‘2'&1 H R I B8 AV ER
DIAEN., BVTHERENEBR/INS ZERbho7z, TNS5OHERIINVTN D,
BN SABIC L 2REHEDRD, MENOECHEZIERL TWs Z & %R
LTn3, |

Z<OHEYORKBIEERBICBWTIE., MEEOEEZE EDITENHNEDR
CELSHEMTSZENG5N TS (Hirsh et al., 1985; Sauter and Kloth,
1987; Koster and Lynch, 1992; Sauter et al., 1996) . L2 L. WifEtEOEER
DX BEONERNEMOATERT B0, F/2id, fl§E (Steponkus, 1984)
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5>V E (Le Saint, 1969; Guy, 1990) . HIEIPIAAIHEE (Pomeroy and
Siminovitch, 1971) 72 EDZE{LITEET 20T S N> TWARN,

MENOEIZZ2REFHNROBRICONWTHSD E, BOR—W2EE
ELTHE, KEBRREZEDIESEABLY, HEEBEDO L2153 2E
Rz ENHT5NTHD (Lovelock, 1953; Meryman et al., 1977; Lineberger
and Steponkus, 1980) . &7z, FR—WEEOBZ L TIE. BrEEES
TBH5IERE>THNSKOREBIEA (Crowe and Crowe, 1986) 3k (g
EHTHI AT B EICKDEREIER (Franks et al. 1991) 2 Ea#E 2z 5h
TWBHN, BIRTHEENEEAOHEMIC DOV TIRERARENSZ N,

RETIH. MRNICEROAENZEICLIHEEHEAERAOREEEZH 5
MIZT 27280, BRBEEZTI CER LD EBEENTREERDZ T NS H X
EEZAREL T, BRECKSHAS0UE BEaiER) | BRAEZTV,
BB, AJEHEER. T UERBERANRD LEDI, EELT. JY—X -
7o50Fv— - VTUAEZAY, BEBECRBTIEREERMMESDLE
fLZfANIz, 5T, BHIBEDOAZToRBICB I 2EBSEOE L. Wi
NHHEBEEL, RO VCKEBBERBCB I EREEBHMERBEOSILE. &
BUBEOHZT>EEHBOENEERLBTE LI, KEILEBREOME
ORI LEITHTEEOBRENC DN TR L &,

BIH BAECBWTAVIHMBBLOEENHEOME

EETHVWAIMBBLUOEBHAEDOHMICIONWTIE, BIZETGIcB W T
FOWBRNRBZ EET 3,

1.4 o3 8
BN, 7 AT A (Asparagus officinalis L.) HfE - AU —7 2> K

COOOWDOHEZEEH/NUKDOEREZ AWz, MEBORRBIUHEL, £1 =,
FL1E, 1OHKRICEL T o7z,
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2. FENELER L ERRALE

(1) EHEME ERNERERNZEREFREICIZENSNE (BEkks)
. &7 5 (1992) 0FE (EEOEEREZBENETS) 281 LT,
RDEDTIT o/ BEZT0B LY ) — )V HIZ20VRBBEL =D B, Tween20
(FEEEAD 22~ 3WBHRMLUZKREEZERT N Y LABK BEE1%)
HTLSAEW > OB UABNSEFREETV., TOB. BEAKEHNVWT,
MEtE SEIE Lz, RiZ, HEXEFHLSEI 1S mEBEO/NIKZEERHEH
U. BEARINESHIZEIR U7z, 853, Murashige &Skoog® il (Murashige
and Skoog, 1962)D 55 DEHRFEEZ _HD— & Li-iEH# ((BEMSEH#) %4
AEL, ZNROEMO T )N a—AZHEMUT, pHS.7TICHE LD L, 7g/L
BRZHRMUIEDDOERA W, B#lZ, 26C. 16BMHEE (0uE/m/s. B
BEIELT) ORGT2 B T o7z (BN GLE) . B S0 R O3t R E
ELT, HHBCE2LEZHEIBVWER GRUERE) &, Bx4<EML

BRONEMT2 HEBEZE LR 2R W,

(2) (EENE (KBLEI, BES (1984) OHFEZBEICL T, £% 5

~20cm) WEHL TV (F525—CHHE) Z20COERETRE (168
MHBE) KB L., 16MHE (0puE/m/s. ABMEET) OLET20A /KB
LZEICXDTFo7=,

3 .HHB XU E MR

(1) WHEREREAEE (B28H) 086 BREER FEEEZFoRE
BICIZEOBMBRNSBREBRWREEZ, TOMOEEICIZIREKE
FNFE) T L 1 mog 2 PO—BRBRECERZSBEITOHALZ. RIT,
SBCTREFEHIE, A PO -—DEREZREZEZPCEDHBET S Z &1
KOVHEKLEZDL, -5C, -7.5C, -10C. -12.5C, -15C, -20C D (LB
I IBRB LBV SBRENIC [FRECIEIINERZEETE Y- (EEE
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%)]ﬁﬂbt(&%%ﬁﬂ&\$ﬂ%ﬂﬁ§ﬁ%&%@mmno§ﬁﬁﬁ
ETHESELE (FHEEHE) Abo— (ZEEBEVASTVDS) I3EDMICT
U—T—SABOH L, 34CRAFTREMA (10C/min) Lk,

(2) EFEMEERARE (B4H) O5E BEOEEICHES HEE
BOEETV =X T50Fv— - LTUABERLVERT 881013, 7
VIR Y —OMBICETE 1 D% A s. LEOEE 2 EEER TE~ L.
AR OB R A > THRAI L, BKIE. RE%-3CTRELS S ¢
DB, KA ERBICHEMI TS Itk 0ok, EFCEE CERETS
V7 (PHEE) FY— (EBERBA>TWD) BEET L+ (-150C)
P EY DI BE LARESEE LD, BEEERICEELE,

4 BEBRBERCIOMEL I IHBEEETRORTE

(1) WHEHEORE (E28) 046 HPOWEMEL, BEgEEr (5
EEICLD, BHEOEE - BEERZRET DI HE) WKXOFMELE, BEiE - pie
BORBZEZECHDICELEEH(ZERZELZ SO — KB U EEMSE#HIC,
30g/LAZo—A, 0.1mg/L 1-naphthaleneacetic acid (NAA) . 0.1mg/L 7
AFXFUERML, pHS.TICHB L=, 7g/L BRXERMLUEEZH]ICE
RU. 26°C. 168EIEE (60uE/md/s. HEHAT) OKGETEELE, &
NEETO BB OEEMRIT, BB 1MABOEERICEVEMLE. REO
MBI, LTy, (&R 1MHORBOEFRN50% & 73 - /- BEEERE (C) ]
TRz, MBEXY-0DDOEEKIZI0~50@E L,

(2) BREGERORE (F£4H) 0BE HHEORBESEERIT, HELE
BELCI O THLZENSER L. Tab5. BEEER (%) 1. 100%»
5. (1) OMEREDRETRODIZEEFR (%) ZELIIWEHEELTELE,

5. 8XKEDHIE
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HEOEKBIEIUTOES ICUTHELE, RBEEICHE L BE RS
% TRV, ©100mg (AE) KHELERE (WIS0EOEEIz4N)
E0COERETIAMERLAOEERFHEL, BELABELORD S
ZKBEENLE, RBOSKRIL., COSKBEABEORD SELLE,
AEZ3REEL, TOTHEERDE,

6 AIENEESERLYT VT EEBDOHIE

AREOAEMESEBLVOT T VE 8. AnthroniBic X DHEIE L /=,
#100mg (£&E) ORBHT10% trichloroacetic acid (TCA) ZiMz (Fitz%%
TozdE T, HEMIHBRAIME L ZEHZER TR > =D 5I1TCA
ZIATZ) . OCOAS%KP TERE. BLoBE (Sakuma, model M-160-
V) ZHn3,000romTISHEELAB Lz (RECBTSUTORLDEER
CFHEBETITORE) o RIT, BSOS LY J—IVEMATELDET 2 8E
Z2ERVBLEZDE, IS DTCABKRBLUILY ) — VO LEEEDET
EFEMEEELZ, £, BHEHBOREBEIRIINLF NI —FTINEMNMZTELDL
SEEL. TORBERELZDOE2%BEREZHRMLCELDBEL. LiE
T UMERELE, CNSOEERHEEBLIATF O UOMBIKRIC
Anthron #&#® (0.2%Anthron, 90%H,SO,) #MMX%. 100°C Tl04 R0z L
= DB X&' SN E G (Shimadzu, UV-Visible Recording
Spectrophotometer UV-160) Ik 0., HIEKEC2nmDOEH THRAEEL
o FETBISESTEHBIIODWTIE, HBREICHE L2 ERKICE
DIV LIZDAT, REKICE D —EREOEREIIT> TRV, TR,
BRHELUZEIE, RNOBICNA THEACEET SHEDETSENS,

7. BEYFOFRBIUTETHERBREAR

A B ORI NG, BEYDFEICIDBERE L, MERORABIZLLTD
EBOTHL.ZEEZ4CORMBEAERK2.5%T NI —NVTINTE RBLUS.7%
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RN U EED0IMY VEEEER 0H7.2) | L EMEREL THESE
L7zob, 0.1MU UEREEHERKR (pH7.2) R TI2RE%kSRL., ZEE®K [1%
0sO,Zza0.1M ) VU BEERE®K (pH7.2) ] TREEZ 2EET-~. Kz,
0.1MVU VEEEBEK (pH7.2) A T—E®HEL. T¥ /=)L > 1) —Z (50%.
70%. 80%. 90%. 95%BXU100%) TIRMETOPALEZDL, a5, 7
OEL>FFYA1 RTI0AMITD3EICHTTHRALZ., BRABOZEEEZ50%
TOEL>FFEYA REED50%Spurrf5iA#E (Spurr, 1969) 2 3 HREIEE
L7zDB, 100% Spurrif R I L. 30 CDIEE S FIZ24E/E], X 51T, 60C
DERBBFICT2EEBVWTCHIEZRAES S B,

BlEaE U880, DIV h S -2 70 b—A (Reichert, Ultracut OmU4)
ZRWTUTOFIEICHKE> TYWHEILEZ, Y7717 - 717 (Sakura, ¥ 7
7 b—ASS45) ERAWTHBZ NI I LEZDOE, ¥4 VYEVE - F 47
(Diatomo Ltd., Diatome; H1§2.1m) ZHWT, EX0.1~0.3umD Y (8
EY)F) 298I L7z, BEYRIEZ, 1508 v 2 2 OFHE S U w K (Nissin EM Co.,
Ltd. a2 VEEM Ay 2 a) KEHE., 2 %BEEY S 2 KBKT 1R,
0.04% 27 T VB KB TO HHAEL, —ERE%To/-, BEYFOER
&, TEM (JEOL, JEM-1200EX) % fW\, IEZEE100kV TF 5 7=,

HMIEANEERZHEITZ2HEO0HBMOBEEIE. BERZ2XIVHABICERT
& SHeplerOEE % (Hepler, 1981) K& o Tfio7z., Thabb, XEAHE
FRI2K%TNEI—=INT7ITE RBLURIOMM CaCl,#&$0.05M cacodylate
buffer (pH7.4)] T2EEEEELE=DB, 0.05M cacodylate buffer (pH7.4)
TEHE L, BEE® (2 %0s0,. 0.8% potassium ferricyanide. 10mM
CaCly) T2BHEEELZ. Kiz, BBZ2KEL. 2 %EBE Y S > KIEBKIC
RREEREL CAiRAZTo k. REOEK, B0, @Jﬁ'JiaJ:U\@JH“@ﬁm
BRTRDGHEIHE L T o 7z, MIRANEERIL. ETEMSEEGTH SR
WEELEZIVEOHMBEOMBEAN/NEERZFEIL., ToEEMBEETHRL.
MDD EYEE LU TER L=,

8.7U—=X - T50Fv— - LTYUNE
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TU—X TS50 Fo— - LTUHER. B2E, B1H. SOFECED
THok. BREEBMESBEOTLONEEEL STEMEEETH O E
BICRELZISOEMEERE (1 unis IKEELE) KHE L EED
LOREFAL., ZOKzELKEL TR U E 2 EREEEMHES 0T o
IR & LT,

B2H BEERKIDENHEENSOE (Eriks) BoHX
MICBU KR, BEEB X UMW EME DL

TANSHAEEZR Y, BB (2AM) OBIIEEL2F->7~881S
T2EKE, BEEBLUMEEOEIIZDVTHENE,

1. BB IV HHE

MEHNE, 7 AT H X (Asparagus officinalis L.) GfE - A1) —73 >k
CO00WDEXEERIM/NMIKOZEZ AWz, £/, MEOFEL, #5058 (g
£E) . EERLE, SKEOHIE. BEEBXUTF I USBOHE. WHEkt
REMBBOEBEB LA, BEERECIIMEEOBREICDVWTIE., £
B LB TRNZFBECELTITo k.

o gk B
(1) BKRKEDOEN FREENBIIBISIRBOSKRBROT(EF NIt
Z A (Fig.45) . RUEHRBOEKRIIIB THo-. 2z L. FIiLa

—AREE (0.5M) RMBHMICES 2 HEOMBEEZEDORBOESKRIZTT%
72D, BEEAMBEM T2 AEMZEEL T, BB OEKRIFNERE 02
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NoT. = NoS. Glu. Co.T.
Treatments

Fig.45. Differences between water contents in asparagus
shoot tips in relation to sugar supplement and cold-
treatment. NoT., no treatment; NoS., samples incubated in
solution without sugar for 2 days; Glu., samples incubated
in solid media containing 0.5 M glucose for 2 days; Co.T.,
samples obtained from cold-treated plantlets. Cold-
treatment was made on potted plantlets at 0°C for 20 days.
Bars = SD from three preparations.
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NEEDERMSZ (89%) o £/, 0C. 20 HOERLESEOHE T,
SARIETET L (85%) ,

(2) AIEMESROEL BiEEmBIIRI2RBoRtESER L
BT T EEDOEMITDVWTHANE (Fig.46) . ROBERBOESEIT
38umol/gFW THo7=W, FNVId—AEEE (0.5M) HEEE#iz L 3 2 HHE
DHIZER ORI OESENTOH 6 £ D222umol/gFW Ic 8L 7= D izt
L. BERNBEHICI2 2B OMEBEEZ0RBTIZ. BESEN
14.6umol/gFW I Uz, F7=. 20RO REBNED B %175 =2 Ti.
S E13156umol/gFW 28l T/,

TUTVERBIEDVWTR., BEROAEZERABOERNTH =, T
HE, BAGLEZT > TORWRAERBOTFT > 7 UE81E. 2 HE O]
BEEZE20HEOEBAZEICLIOEML 2N, BERMNEHIZCL 2 2 A/
DHEIZEZT > EHBEITIEIEAS L,

(3) WMEREDOE/ HEIIEEABICBTIHABOMELEOTLE. Bk

BHRICKDHANRTE (Fig.47) . RUBERBDLTE-5.7CTH > =»8. )
—AEEBE (0.5M) HRmE#ick? 2 AMORIEEZORE TIX. WEED
ZL0WERNRBO SN (LT,=-21.3C) . LML, EERNEH T2 A&
BEELUZEAB TR, WMHEREOEXIIENTH 7= (LT,,=-6.6C) . 7. 20
HEDEBRLEBDOAZTo7zH B T, BAEEOAZT>HB S IFIERLU
MR EEETEIENHELNIC R (LT=-21.1C) . —F. {EERMNEE
W2 HEOBRIEEZTo AR, HiiEEOR, THRREEBLUED S 2T
STEBOMEEZ EEAMEEERL 7 (LT,=-29C) . UL, L. {£ELL
BRORBIZEERNER T2 HMOMBEELZESICE. RBOLT, 13-6C
2R L. TEENRD L.

3. B
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Fig.46. Differences in sugar (LJ) and starch (H) contents in
asparagus shoot tips in relation to sugar supplement and cold-
treatment. NoT., no treatment; NoS., samples incubated in
solution without sugar for 2 days; Glu., samples incubated in
solid media containing 0.5 M glucose for 2 days; Co.T.,
samples obtained from cold-treated plantlets. Cold-treatment
was made on potted plantlets at 0°C for 20 days. Bars = SD
from three preparations.
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Fig.47. Differences between freezing tolerance (LT,,) of
asparagus shoot tips in the presence (M) or absence ([J) of
cold-treatment. Cold-treatment was made on potted plantlets
at 0°C for 20 days. NoT., no treatment; NoS., samples
incubated in solution without sugar for 2 days; Glu., samples
incubated in solid media containing 0.5 M glucose for 2 days.
All samples were cooled at 0.02°C/min and thawed at about
10°C/min to room temperature (22°C). Survival of tissues after
freeze-thawing were evaluated by observation of regrowth
ratio of shoot tips after one month incubation.
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WEBOELCDOVNTAS L, FAEDEAH TRIES N HBNES B,
MBACFET DEBIVREBREICAEZFL TWEEZEDEREEZRLTY
B 0T, ZOEER. MEMAOEDEA. HENOESEZFHEIIETHO
TRZBWY, ZOEOR/NL, HIBENOBESEOTLEZ AN STREL T
5HbDEZEALND, TRDE, FJNVIA—XAFEE (0.5M) BNE#ic: 2
2HEDRIBEZIT DT ANSHZAEBIBITZESEOE L WM., =
FEHBOMEFTABRIRDAEN I EITLB EEZ 5N S,

RIiZ, BKRBOEICDNWTHD &, JIVI—ABEE (0.5M) HEiNEH
L2 2HHEORBEEROEBITIE, ELLEKROETARD 5N, Tz,
20HEDRKIBRLEOHZT o EH BTV TS, ERigERBICEIRETAN
B, BETFERBPMETLTWE, CNSOFELFESBOLH 2T TEL
2L, FERHBERABBIOEKELEABOMBNTIE, BEEENZE L LEL
TWa I N5, —RIC, KREMLEY TIX. B - Mlamich a8
DERICHVWETKENMET T ENAENTED (Levitt, 1980) . EED
ERPBLUVIKEOETICLIZ2MBEAOEBEMO LI, KBIE/LEY OfE
HEEO—EREEZ SN TS (Hirshetal, 1985) .

AETE, A OMEEIBESRETHMLEZYN, BEEERETIE. &
# - AR OMEBAOEERRADE TH > TH, EEMBANSEELEYES
FICETENE, TOHBIIE. ZFL2CEFELTVWEHDELTHEMT 22 &0
TE2, FIZE, FERTHWETANSHAOEZE RIS ZEOES,
ZIVA—ZA@mBE (0.5M) HRNE#IC X0 2 ARaTEE L =RE o,
EAEBRETHMET 5 E-21.3C (LTy) THBH, BMEREETIET S
E-8CITERN (BHXRIBEH) . COL>RZER1T. BEiERcLoTE
ULSMEREZ @SOS EMBDO BN, B - BBBICESEBD, H5 - 1
Ll EWRE>THELUED DD EBDNS, BEEZEEICES THEMLEIN
5 DM R, W - MBEOMREAETEREZEENICHEMET 5FDARGEIC
LDMEREICENDDTH 2. EROFEBRETH. EEXNICEYEOBEER
NEB LRSS, BERFICETIMARSOIFEALER., ZOFEEREER
R DHERERL TS (FE 5, 1991; Hatanaka et al., 1994; Niino et al., 1997;
Phunchindawan et al., 1997; Wang et al., 1998; Thinh et al., 1998; Malaurie et
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al., 1998) .

TANSARZERR, FIVa—AHRE (0.5M) HRmME#HIck237EE%
SHEfT-ZHEITHE, BEEHEF (-196C) THEBELTOHLEELTED,
BEIEEZTORVWESIKIEIERIET S (£F5, 1992) T &&, £EERIZBW
T, FMU 2 BROEATERICK D LT, W15CHE< 20 (ROEFHBLT,,=~5.7C.
RS EABILT,=-21.3C) MEENMELEZEEZHETEZSZE, 0
WEWIZ K> TEURZISTOLT, DEDN., TOBRDBEERFERBOEFEMEIC
REBEEERIEILTNEHDELEEDNS, BEDEEICHAVWSNS0.09M 2
O —AHRMEMTEELEZD Y A€ (Solanum tuberosum) DIEEME S
2a— FOEETIE, TIACENERETESIEEOWMELEZEBET S Z 04
5N TWN5SA (Schnabel-Preikstas et al., 1992) , 7ANSHAZEICDOWT
W BRICTNVIA—-AZHEMETICAEET S &, MHEEEIBEALZNL, oh
5D &R, TANSHAZTHOWMBREDR LTI, $EHp OB N EE 15 E
ERELTWBIEERLTVS,

0 MEIBAUE LD SMIE TWAEZOHEI/NILETEO M BT,
I A—AEBE (0.5M) HRMEHICED 2 AMEAEEL =R THENEZD
ERIBEICMLELEZEDN, TOROEERMBBTORKEEICL OO LE, &
DERIE, KBRLBICXDKEILLZHE T, EE (26C) K2 BHES
KT EREDEEMEE N, EEIETHESNZHEEERDIENBELEZ &
WERERTZEEZ NS, REBIMELEFY AV OERAMAZLETIE. BREL%K
E%tmﬁ@%ﬁ@ﬁ%t%??%:&ﬁbﬁof%b(%whﬁd&%m\
—7., AERTHOM R &S, BELEZORE 2RE (26C) T
BREELZHEITE. BIMLICX3MEEOETNASN BN/, 2D
i, B oER, EEIMCOMEEBRIERO—HEREL T 5 alagik
ZRBLTWBDEEDNS,
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3 H WMEEC LD ENEEASLE EiIEE) Bo5e
SR - MBI B VB R PN O M AL

BICLXORFHEDRE, KEICEDICB T MR ESEE S OEE
DWT, R MREBEOER(COEN 5 LERTFT 5720, ERTEENKD
TANRSAAZRZ B HMEANEEOREE L2 BEIAEICIDEEL,
KRLEHBHI BT 22L& & Uz,

1L.AMEIB RO H &

MBI, 7 ANNSHAX (Asparagus officinalis L.) B - XU —173 > Kk
C500WOEZEHEI/NIZOEEEZA W, £/2, MR OFE, EA50E (2
EE) . RELE, BEUVYFOEHBLIUVETFEMBICL B8R IIOWTIL.
FEFELIHTRRNEZHFEREL T o7z, BBUYRECL2ETFERESERS
TOHGERIE. FE1ETRREIII., TANTHADERS MBI SR -
MEROAEFENE S, ZERORERECPVWTRICEERRMNTHS Z &h
5, ERISHEMBEZERENKE L,

2 &R

RAEFB O EH D HEBIIT, WENNS<SHBECE AL /N ORI
(Fig.48-A) M&<BFEL. TOMBEMNITIE. 0sO, KL D IEHITEL Ba
INBHER [(FA XU LER (osmiophilic droplet) . JEEEE 2 50 5]
EFOERME (1.5~2.0pm) BNRD SN~ (Fig.48-B) . —HF. FI)a—2
FEE (0.5M) WRMNEMICED 2 BEATEE LARE O ES S REGHE
(Fig.49-A) Tk, RELL7ZERHKMAE (2.0~5.0um) RNITBT BT S8
KDL (Fig.49-B) . ME/RAOHE (Fig.d9-C) &, MM/ EE
DELWEEZLRASNEN, Zhs oM BEEL TS OREME (=
WESBOEEEZL. MEENEELTVWS) bERIN~ (Fig.49-D) .
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Fig.48. Ultra-thin sections showing
ultrastructures of asparagus shoot tip cells
without sugar supplement. (A) Whole view of
one cell. (B) Osmiophilic droplets (arrowheads)
scattered in chloroplasts. Cp, chloroplasts; M,
mitochondrion; N, nucleus; V, vacuoles. Scales
=2 um.
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Fig.49. Ulfra-thin sections showing ultrastructures of asparagus shoot tip cells
incubated in solid media containing 0.5 M glucose for 2 days. (A) Whole view of
one cell. (B) Starch grains and osmiophilic droplets (arrowheads) scattered in a
chloroplast. (C) A part of one cell showing endoplasmic reticulums. (D)
Aggregation of died cells adjacent to survived shoot meristem cells. Cp,
chloroplasts; ER, endoplasmic reticulums; M, mitochondrion; N, nucleus; S,
starch grains; V, vacuoles. Scales = 2 um.
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Ee, 20 AMEELERBOEH O MMM TIZ, BinERpEs 0z
LWBERLERD 5Naho 7z (Fig.50-A) . KELL 7=EHE (2.0~
3.0pm) IIEHHFAAI T LB, ROERBOBELIVETEZIBD LN
(Fig.50-B) . |
BETHMECIID INCOBREREZ D LICHIRN/NEE (ERE, 3 -
J2RUY., BIEBXICHEE/NMIER) OBERANZEZ A (Fig.51) . #ERKN
MNEEOEMAEIE, 2 HFEERTEERE S20 HRKBANERE & TREM L
TWwiz, 97205, REOKICDODWTIE., 2 HMEREERBNBLU2080
KIBAERB OER. RUERBOTNEFZEAEEDSRMN =M, I b O
SRUT7BICHE/NNIKOEICDOWTIE, 2 HEEREEREB L0208
FERLAERSOHEICIE, RUERBOHE LN TEL ENT 2 EAN
BOLNTE. IBI, EREOKIZDODVTS, 2 HREIERTEERE B L 1020
HEEBLEREBICBWT, HET0#EMNRD 51z,

TN aA—A@mBE (0.5M) HRNEHICK S 2 HEIORTREEICHE S Mgk
DEAELTHRDEETH 7201, ERENICBI LTS EROERET
Holz, TNL, BERIBENTONAN S FEEEHBLTEL B L., FIL O
—AVHRANBRELEHREEZ NS, bbb, MERNICEBOAETNE
JNaA—22, 2 AEOEMBENM DT S oAcBbEn, BEFY T
CELUTERBEAICERINZDDEEZEZ SN, E5I0, 2 ABOEREE
KESBEECORBO—DE LT, REMEOEENDITENS, ZN5D
SEBMAEIE. EE LU THEMSEMBBRUNOIMICEEENE, COEEZ. B
W R, BENELICHTHMEEZHDENIE I ZOKELEMTT
N3,

—fZIZ. BRSGHT TEESE L =% (Sauter and Kloth, 1987; Pollock
and Lloyd, 1987) Tid. AROF > 7 NAAREICHMEIND Z & 049 5
NTHWEN, FEBRTHWETY AN HAEETIE, AnthronEick->TF >
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Fig.50. Ultra-thin sections showing
ultrastructures of shoot tip cells obtained from
potted asparagus plantlets that were cold-
treated at 0°C for 20 days. (A) Whole view of one
cell. B, Osmiophilic droplets (arrowheads)
scattered in chloroplasts. Cp, chloroplasts; M,
mitochondrion; N, nuclei; V, vacuole. Scales = 2
um.
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Fig.51. Differences in number of organelles in asparagus shoot tip
cells. NoT., no treatment; Glu., samples incubated in solid media
containing 0.5 M glucose for 2 days; Co.T., samples obtained from
potted plantlets that were cold-treated at 0°C for 20 days. Data
were obtained from ultra-thin sections.
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TrEBRETS L, REBAEHBRNOT Y SOEBIEWEERL. £<OE
MOBGEEHEDERPRDOLNL. LML, TANRNSHIAZEEERL LS 12,
Arabidopsis thaliana® ZE#HBERME TIZ. 4 CTIOHBKEBENEGT 2 Z &2
KOFUTUNERTHIENIHEDH D (Ristic and Ashworth, 1993) .
BRAB LT ANT HRAEETIX. I DArabidopsis thaliana & [l — 0 & &
TT T OEBPET LTS EHEINS,

REBRTIE., JIVI—IAFEE (0.5M) RiNE#ic k3 2 HE OIS,
TANSHAZERIZ, BEOBMNEEbICMEEOMLEEZ S50, 0C. 20
AREOEEBELELREEOEMEMEEORLZ S5 LR, —&ic, EEE
L, ZEUWHMBRABMEBEELZED 2 &M 5NTWS (Pomeroy and
Siminovitch, 1971; Levitt, 1980; Sakai and Larcher, 1987; Sauter and
Kloth, 1987; Sauter et al., 1996) . TN S5 DEELEILDO WL DONITTHEMED
EBRICEEBES L TS HEREENRBINTEY (Sauter et al., 1996) . {&
AL L 7z OMEEEIL. DMSOBL R IN O— A EDEEHHYE T
MEBULUEEDOHMEBEEHET S ENEHENTWS (Finkle et al.,
1985) o AR THWET ANTHAEEOER S E B OB ELS({IC
BWTH, MIEANEEDOEMEND RIZBWT, KBAUERE & EaTEER
FtEEEBL Tz, ZOHERNS, RBAEGE OMEEE DL B E
MEDEBENHBIEIND & LD, BERLBEAKEMEEE O ICEREREE
NHDHDEEZ NS,

HAH HBERCLLO2ERMEENELE (EiiEs) BoHX
AR - MR OEERBICH T 2 FE B RS WSS
DEAL ERBEOAFEM L& B

AEF2HTRNEELDIC, JIIVa—-XAFHBE (0.5M) RNE#IcLS 2
HEDORIFEET, 7;(/\"573“2@%%%%&%%??«@%%@%%%%)7‘:'5bfco
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COMBEAOENR S OEEHEEEEHSNCT B0, 2 0 R ER
B OBREBREICB T 5 B E B EEDOELE T —X - TSI F o — -
LU AL DR, BT & ERE U,

1. B LN FHE

MeHE., 7 AT H A (Asparagus officinalis 1.) S&fE - AY—T73 >k
YE500WDEXEI/NAZOZEEEZ A Wiz, MEOFE, BAENE (BEE) |
HIRALE, REGEERREARBOREBLIUVRAE. BEEER L 2HES
BERORE. ETEMEERARBOEE, 7U—-X-757Fv— - L 71
AERXDNWTIE, FEELIH TRREHHREICELC TITo 7=,

2 FER

BENBHPBLIUOEBEZT O ERBOBERIIATY > T, EEMSAFHEE
B LZEBZ28R8LZEIA, ROBHB OE S EEZMEOE RS ER
Wmmicid, ERES~10nmDIMPsNE —~CHETIHEENERIN-
(Fig.52-A) « ZORNEHBZ-5CTETHHRLER TS &, B EEE N
EIZHE, IMPSIIRAM U 7=EALTH DADsE, THITHEDFILsOFEENER X
N7z (Fig.52-B) . 51T, RABERBZ-12.5CETAHALERKT S &, 1F
EAHEETOMBORFBEEBREIC, CNSOBELENBD 5N~
(Fig.53-A) . ZOXIRERBEEBHMESEDOLEIL. BERNEMH T2
Eﬁ%%%btﬁﬂ®E%EE&%EK£MT%\ﬁﬁ@*ﬂﬁﬁﬂ®ﬁ%%
R E & RIS, BWEREBEREICBWTEER I N (Fig.53-B) ., Lo L.
TV aA—AERE (0.5M) Hmg#icky 2 AMaigEL =R 0 BERE
BETE T, -125CETHRALEELEZRBICIBVWTD, Z0LD LRBHMAE
EOLEIIIEE A EA NN > (Fig.53-C) . T/, 20 A BEEMER
BHZBWTD, 2 HEEGRERE SIFIEREIC, -125CETOAEAB LN

- 1156 -



Fig.52. Freeze-replica images of PFs in plasma membranes
showing ultrastructural changes by freezing in asparagus shoot
tip cells without sugar supplement. (A) Samples cryofixed rapidly
from room temperature as control. (B) Samples cooled at
0.02°C/min to -5°C. Arrowheads show ADs. Asterisks show FJLs.
Scales = 200 nm.



Fig.53. Freeze-replica images of PFs and exoplasmic fracture faces (EFs) in
plasma membranes showing ultrastructural changes by freezing in asparagus
shoot tip cells. (A) PF of nontreated samples without exogeneous supplement
of glucose. (B) EF of samples incubated in solution without sugar for 2 days. (C)
PF of samples incubated in solid media containing 0.5 M glucose for 2 days. (D)
EF of samples obtained from potted plantlets that were cold-treated at 0°C for
20 days. All samples were cooled at 0.02°C/min to —12.5°C. Arrowheads show
ADs. Asterisks show FJLs. Scales = 200 nm.
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BEIEEL TS, BEREREEEEIC B 2 BMEET LT & A SRS EH
-7- (Fig.53-D) .,

ROEHE, BEARMBMH T2 OHEiEEL XK. BiigEs 2 HEGT
STERBEBLU200 BHEBALERBICONWT., EREESHMAESEDT{D
HHERE, ERERLEIPORDEEFEGEERLEOBEBRIIDODVWTHANE
(Fig.54) . RUHEFEBIB I OEERMBH CTRIBEL 2RI DWW TIE, &
HEZERLEREEEMMEBEEZMLOHBERIX. WFNb-5CTABICESR
L7ze TRICHLUT, EEEEREICRV T, BEEEEEREEBMMmE
BEELOHBRE, E5NTEVWERESETHFI SN ZENHESENT/R- 7=,
KIBAEREBITOWT S, EargERbE SRR, BITHIIELLT 2EBEE
RBLUOBHMMHBELRLOHERIT, BVEBEBICBLWTHHIH EINDZ &N
B 5 NTiR o T2,

3. &

ROEFRBORGEBBRICB T 5 ERISXMBHBOE R EBEBEREIL. &£
BERTORERERIICERNT 2LEXS5N5ADs & £ NI # 5 FILs
(Steponkus and Lynch, 1989; Fujikawa and Steponkus, 1990) DA,
EHEWERBRETRD Nz, ZHITHL,. 2 HEERIEZEEBOFEES
BB ER)HREGHROREREERKE T, IN50BELLLORE
A, EAEANITEWEEHIZBWTHMF ENTNWEZ, INs50Z N5, M
NITERZELTZED, BREKICESERERLTORERREZHFL VDS L&
ZAbNd, ZOZEWE., 20BEEDOEBALAEZT > ZHBITBNTH A5 1.
NERICEMNMLUZENEVEEBHHEBEOEZHIF T2 D EEL NS,

MR OWEN, EOXIITUTEKBEDOBEEEEME L TVERIZDW
Tld. BBRBERNEREB TH AL TEZR#ET 588 (Franksetal, 1991) .
RO NTHEOKBENEFENICRICEE L TKOREZ T 2HEE (Crowe and
Crowe, 1986) IR EMBALNTWVS, INHOFHIE, Winbd, HENERED
AR=—Y =& L THEHELE, BOREBBEZMIETSREEZRBL TV S,
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Fig.54. Relationship between freezing injury by freezing (@, I, ¢, A)
and frequency of ultrastructural changes in a form of ADs
accompanied with FJLs in plasma membranes (O,,$,A) of
asparagus shoot tip cells. O, @, nontreated sample without
exogeneous supplement of glucose; [1,M, samples incubated in
solution without sugar for 2 days; <,®, samples incubated in solid
media containing 0.5 M glucose for 2 days; A, A, samples obtained
from potted plantiets that were cold-treated at 0°C for 20 days. All
samples were cooled at 0.02°C/min. Freezing injury was evaluated by
regrowth. Frequency of ultrastructural changes was obtained from
freeze-replica images.
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F7-, MERCRDAEN - SEEOENEER AL D BESNAEE @
FBABYOMHENSED., RIS WVWEETH I AL (FE, 1994) . #Hia
@%%%Wﬂ?é:ttib\E%E@iﬁ&ﬁ®%%%¢@<bfh%ﬂ%_
HHEZOSND, KB LZRTS (Populus balsamifera) T, GO
MMEEEROFEREL T, MERNICZEICERBLUZEEY., 5WLWEEEEIC
BUIBHIACZEZFELTWDHIENHTENTWS (Hirsh et al., 1985) .
LML, TANTHAZEOS S, REBALESER TIE., EiiEER el
TESENDBWVWERIIEHZICHMH 5T, AEOMEEZRLEZE.
5NTREBHE EERIEEOHEMRNA LGN & ENS, EiigERR
THLNMENOEDOEZLUADOERD., KEJLBRICBIT2MEEOM
FICBEAGE L TWAHEENDEDT, CORKDVWTIESEBRITALEND
5EBbi5,
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B5E  REMMEICHT SN G E 7 ER AT &
HEEB IO S BER DS

RHIBEETIRNRNTERLZLDIC, BAENEIL, FvANVERALGB L=
W, ROV T AN HAEEOEHSBEBROTHELEZZ L < SH7-,
UL, IS 0MlBTIE, REZERBE THEERET A-DICHERE WK
FHEE, BHASAEZTOOATIEESNT, I512, DMSOR E D BEERH
YMETUETDEEDHIC, GABIUVREEREREORGZABRTILEND
%,

LU, &L BN SNED A 21T o EEECHED AR B R Dembryogenic
callusTH, TORDIUE (REFHHYBEULESLEERGHLRE) 2552 &k
SHEREFICHRD U ZBARHEINT WS (Panis et al., 1996; Blakesley et
al., 1997) . TNHSOEBREFICHKET 2813, BAELUERN D OEH
BICERRIETHB., NFF (Musa spp.) DEETIE. 0.AMA Y/ O— X %
SOMSEMTIEFEMEREZITS>ZDE, REEZTAEEETI I LIcL
D, BARRICT2%DENEBERNESN TS (Panisetal., 1996) ., 7=,
BJYW< A1 E (Ipomoea batatas) ®embryogenic callus (GEEZFH: 865M)
T, 0.IMRAJ7 O0—XZ3OMSEMTI AMEEELEZDE, 0.4AMZX 7 O
— ARINEHTE HAE, 5lEHE. 0.7TMA YV O— ARMEB# T3 ARIDAE12
HEIICESHEEZIT > THSREBERPICEBERB TSI EICLD, 83%D
EYMEBERNBF SN TS (Blakesley et al., 1997) . 2Dk S nENE
WBEFTOENTFBROTYIAEDOELWHEEDOE AN, 2TEOH=
DHICEETENEDNISAHTH 3,

BREOEZRMLZEMZAVWCMBEECI2BEEHREADEOREIZD
WTIHRDEDITEADIENTES, BERBROCEBRIREDEERADE
ARG RN 72 & DIER M S DFBNENE R L2 0, EHEE - MR
3. REMZAGTL2BEORENVYE (RBEMALZYE, osmolyte) TH 2
proline (Van Rensburg et al., 1993; Reinhoud et al 1996) % glycine betaine

(Lilius et al., 1996) IR EMBERET A2 Z XM S5NTH D (Hare et al., 1998) .
IN&EBIT, KECTBEREDATRBICTE D, cold responsive (COR)
BT (Guyetal, 1985) ®late-embryogenesis abundant (LEA) @7 Xu
et al., 1996) R EDHEREICES TIREOBRFIFEIN, TIN5 DEETFH
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REORBIC LD, #H - BN CHESICEAEOB NS DRV BERERE NS Z a0
H5NTWS (Thomashow, 1998) . TN H DA RN 5., EHAEMNEIC X 5
REBRPRCIE. ERESEOHRCEOEZELZEDEIARICL S EREW
IRENRITMA . BASAUEROBRBEA NV AIKED, BENIZINSOHE
MNERK ., EEZFA LSBT EEDHBEEDN S,

AETHE., RHEOEAGUEBICLIDENHELEZEE T ST ZINTHR
(Asparagus officinalis L.) &% - AU —7 > Kk 2500WdDembryogenic
callusz AW, BERICLSE/NGUE (BRiEE) TESY NI BHRBEOE
CEOBEEEMREEEDEEIIDVWTERFNTLEEDIZ, —HOY NI EICD
WTZDHEZRNT,

F1IH BOSBEIZBWTHWLIHEBIUCXBHFEOBE

AETHWAMBBIOHBENAEOHMIIDNWTIE, BlzASIcBWT
FOBRRDZEET B,

T JOr LT

eI, 7 ZX/NT H A [Asparagus officinalis L. & - AY—173 > K
> 500W (MW500W) ] OBZFTONEMED S o — NEHRYF28%ET 3
Z &I LD FEL /- embryogenic callus (Fig.55-A) . 7 ZA/)85 H X
embryogenic callus (8% % + Y6 clone) (LFEBEINEERNL ¥ — 14y
THEWERTRINECERN 5 08) . BL YY1 £ [Ipomoea batatas (L)
Lam. &% - 8&105] Dembryogenic callus (BERBENAFF7 /Oy
—HETHRZRERRETERER2S2E) O3BEZHAVE, WTFho
embryogenic callus®. 26°C. EFEBHOEHET (Y1 B DN TILE
BREET) TREBEZITO THEL TR, MREBEBI1IMAATEEL. #
REERB L EAMENS 2BMBETODOEERICHNW,

7 AT HAMWS500WDembryogenic callusid, 1%, E1&. 10
FETHERBLULEZRHBDARERP SHRENTZ 2 — bOHHY %,
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Fig.55. Embryogenic calli of asparagus [Asparagus
officinalis L. cv. Mary Washington 500W (MW500W)].
(A) Suspension cultures incubated for 1 to 2 weeks
and used for experiment. (B) Immature embryos
originated from the suspension cultures incubated in
growth regulator-free liquid medium for 2 weeks.
Scales = 1 cm.
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embryogenic callusfkfisi (AL i{ﬂ) [0.09M A7 O— X, 2mg/L 2.4~
D. 0.5mg/L ZEE., 0.05mg/L EFF U ZHML. pHE.7ICFHE L HEIEMS
g (BREFEZ-00—&LE) ] TRESEL, BE1LPABICHEICER
TNZDHDDEHMRBEBEBICI D THFLAEXRS, ZERICAWVE, BB, 20
embryogenic callusid, ERFHYEERMOEBEXREH (0.09M X o— 2
EWRIMUCBEMSEH) TERT 2L, BECAERERZRERTIDHDT
» 5 (Fig.55-B) .

2 BENENE P KRR E

(1) EHSGNE BEHNSAEDT, BREERR 1EMED S 2 BRE%IC
embryogenic callusz#Eri&EEH# [embryogenic callusfifSizstzid
A7 o0—ZABE (0.09M) %, 0.8MH L <IZ0.4AMICE X /- IKZH] ~B L,
BEOEELEHFT2HRMBETA I EICEDT>7- (Eaig®) . Eajesst
BOM B & U T, i OMAREEREH (REEH) T1LEB»S 2 BERE
#% L /zembryogenic callus& 7=,

(2) EBLE KEBELAEIIMWS500WDembryogenic callusiz DWW T D &
KRDEDITT o7z, Bk Dembryogenic callusfkfCiEH# (KA H) TEEE
L TWBMW500WDembryogenic callusz., 4°C (12Bf) /2C (12B#F'EEJ) .

ERBBAOLETT2HEMEERL .

3.HEBIURMBE S NITHEMEDKRE

SRR OBEBEIIRDE ST 5. RBEEICHE LT3k % B
THRWE- 7205, M100ng (£E) ORE% 5 MARREIZAN. TO05 5
T —FHAW, 3SCTEREL&HIV-DE, KEE2EMIETS

ik DKL, 0.5C/minT-40CETHR L. FEBEIEL~-RE
EEOMIC T —F SR LB, BEBRETIC 1m0 B I i A 1
AL, EBIC34CTHEAT TREME (10C/min) L. BAEZOREIZ DN
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T, 1%, B18. 3 (1) OBREREEICEL CHELEOBRE 25 -
770

4 BEST I

EONMABOREBIVHEABRNEO DI, B1E, B1H. 4 DHER
U TT o7z, 2L, HEREESR T, REHEEMIC. B2EEn0nEE
B TEL<ITE. RBEZFICMHEB LB Z2EETROWE>THS AW,

5 HESLV VYV -EUBICI2BEBORAADER

embryogenic callus® MR~ ®, fluid-phase endocytosisic & 2 E D
BOAHDBEIL, HERLV -V —EMEZHWT, £2E, E1H. 705
LTI 7=,

6 . BHEIFOREBIVETERERR

embryogenic callusODBEUIFEER I OETHEMBERIT, E4=, &
18, 7 DHEITEL TITo I,

T HE NI EORHE

SONVBEOMEBEBIUOSE EMEES. EKES. BAEES) 132
TOFIRIZES>T, 4CTiro7z, ABEXRAIMABL TV A EMZER T
KHEWE-7Z05, #200mg (£E) OoEEtZ. 1moMt/Ny 77— [75mM
2-(n—-monopholino) sulfonic acid (MOPS)-KOH (pH7.6). 0.2M A~ O— Z,
10mM ethyleneglycol bis(2-aminoethylether)-tetraacetic acid (EGTA), 5mM
ethylenediamine tetraacetic acid (EDTA) . 5% polyvinylpolypyrolidone

(PVPP) ] . MNBIZN—F)V 3 E DB, #{LBH1EAl (4 mM Na,S,0,) .
7057 —YEZEH [ 1 mM phenylmethylsulfonyl fluoride (PMSF) . 1mg/L
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Leupeptin., 100mg/L Pepstatin, 1 mM Benzamidine XWX 5mM ¢ -
caproic acid]l & & BICAGKPTER L. BRYZIIMNAEYI /O - Fa
— 7B L, 15,000rpmTI0ON MR LB Lz, LBEZENLAEDE, BE
Z0.5mDMENY 77 —THREL, BERCLHFETTELLOEL TCLE2E
WUz, TOLEBEOFNS51InZE LD, ENEEMEES (total extract) &
Lz, MfhHE S 282 028 # (Hitachi, himac CP70G) & AW T,
55,000rpm T30 HELDBEL7ZDB, HF5 N/ LBEZFHEMEES (soluble
fraction) &L 7. BOLOBEBROWLEIE, o5 - REDFATF—Z2HANT,
ImOHENY 77y —HiIcEBREL., INEHEES (microsome fraction)
EL7z, SHIIZ, HEEESO—EZ2100CTI00 HELE L, 15,000rpmT
0 MELDBEL THESNE LEZBLREM (boiling-stable) TEMEES &
L7z,

8S.INIBOESR

LB DY NI EDERIL, Bradford®aFEHAE (Bradford, 1976) 2
EOKHABEEEICLVTo> k. ®EZ OMEEZE 10060 5 300fFICHR L,
TOERO.8mH Iz, FEAEHK (Bio—Rad, protein assay dye reagent) 0.2ml%
EALZOBEBDERED U, HESILESZRHY, HEEELSNmDE
HTHBEELE., |

9.SDSTHZUNTIRFINEGKNEL LY O NIVEORE

SDSY Z U7 2 RT I EK I &% [ sodium dodecyl sulfate-
polyacrylamide‘ gel electrophoresis (SDS-PAGE) | BT O FHEICHE L TIT
o7z, HEESMBIEIC. AED2XSDSY > 7 - Ny 77— [20mM Tris—HCl
(pH6.8) . 4 %SDS. 10% B-mercaptoethanol, 20% 27 Ut o—)b, 0.01%
bromophenol blue (BPB) 1 ZiEMU 7 (F 2 TIINEK) IKDWT, 13%D
SEETIVERWY, EiE (Laemmli, 1970) 298> TSDS-PAGE#fT -5 7z, ¥k
Bjte, BB/ (Switzer et al., 1979) kDI hoy NI E%



BIEL7z, EXTFROSTRIL. ¥ TIVBKREABICKS L DTFE<—
H— (E—{LER, (5— ) EOh&NBREL-.

10.58EF NIV E O

BERINNJEOREIE., 1470y bk (U&7 0w M) 1@
K0T o7z. SDS-PAGEZfTo 7B D7 WV EEHEREIK [48mMTris base.
39mM Z7U 2, 0.037% (w/v) SDS. 20% (v/v) A& J)—)] TBEL.
BREIZY MMZXD, TFIVRDORTF RE A>T 5> (Millipore., Immnobilon
PVDF) CEBKMZEFE L. FONIVEVRGEBEINEZACT S0, BB
70y F > JH# [phosphate buffered saline (PBS) . 0.2% (w/v) Tween20.
3% BSA] TAEL7ZDE, —RAKBRTINMAEB L, RISKTEZO R
TSV, TOyFUUBERTHRELEOL, TRFIEBE T 1AL L
oo IHKR. ZORBIETUEAST S 28 [PBS. 0.2% (w/v)
Tween20] T#e# L, AP (100mM Tris—-HCL, 100mM NaCl, 5mM MgCl,)
TONHAUELEZDL, APBABRPICAPEGAEZE [50mg/md nitro blue
tetrazolium (NBT) X U'50mg/ml 5-bromo-4-chloro-3 indolyl phosphate
p—toluidine salt (BCIP) ] Z&HMUL T, BEY NIV BONY REFREI ¥
o BB, BRI NIEELUTOLEAY NV B 7 )Vy— 72 (Dehydrin ¥
SNVE) BEXUEITN—T 3O NN EERETAEDIZ. 1 R & LT,
Dehydrin % > N7 B OCK % > — 7 I > A (Biotechnologies co.,
Stressgen) BEL XA LF (Triticum aestivum L. cv. Brevor) HIsROLEA
NI ETIN—T 3% )88 (United States Department of Agriculture,
Agriculture Research Service, Washington State University @ Dr.Walkar-
Simmons/ 5 DAHE) KT HTHF - Y2 O—FUHikE AV,

% 2 #i embryogenic callusiZB W 5 &EME DO L4l &
B S F /IR & OB



T ANTHABLRH YT A EDembryogenic callusZ VY, 4S5
(BERIIEE) ETHEEDOZELEDBEEIZ DWW TR L=,

1. MBI BITHE

M, 7 AT H R [Asparagus officinalis L.] & - AUY—T2 2k
>500W (MW500W) DREESNEY DL o — MR/ 2EETEZIEICLD
% L /- embryogenic callusB X O E R - Y6 clone (Y6C) HR D
embryogenic callus, 725 NZY Y Y1 £ [Ipomoea batatas (L.) Lam.]
S - BR10% (T10) #H¥EDembryogenic callus® AW/, E£/z, MEO
FAE, EASAE, KEBEAE, BEBICRE. MEEOEMICI OV T, &
BE 1 TRNEZHRCELTITo /2,

2 fE R

T AT HADMWE0OWEEBEBHKB LI UNY6CHELR S RITHY AT ED
T10H 3k O 3 fE%H Dembryogenic calluszZAWT, A7 O—A&HEML 25
HMICEZ2HEMEEZROABOMEEOE{LEZERERHEIEIC I DFANSE

(Fig.56) . .

7 ZINT H X OMWS00W 5% 2 4 3 D embryogenic callusiZ DWW TH %
&, 0.09M A7 O—AZRMUBEEH EEOREM) THEELELEOD
WP (LTy=—7.5T) 3. A7/ O—XGMWE (0.8M) HIMEHTO 2 AR
HREEICIDEFLIHERLUE (LT,,=25TC) (Fig.56-A) . Z D& Wi
W, HEREERB S BERETHRINAY, TORIEIEMEENRORE & &
HIZRBIZEA Uz, AEROEmIZ, A7 0—X (0.4M) EShnEg#h THiEEE
LERBHIBWTHALNZ, BB, EEEROREICBVWTESN-EXR
DM EMEIT, AARTERALZRBF TROE LD,



LTso (°C)

LTso (°C)

LTso0 (°C)

L

0O 2.4 6 8 10 12
Time of sucrose incubation (day)

Fig.56. Differences between freezing tolerance (LT,,) in various
embryogenic calli of asparagus and sweet potato in relation to
incubation in liquid media containing 0.4 M (J) or 0.8 M (A)
sucrose. (A) Asparagus (MW500W). (B) Asparagus (Y6 clone). (C)
Sweet potato (Tainung 10). O, samples incubated with media
containing 0.09 M sucrose. All samples were cooled at 0.5°C/min
and thawed at about 10°C/min to room temperature (22°C). Survival
was determined by ion leakage. Bars = SD from three preparations.



KRIT. 7;(/%‘5’ﬁX®Y6CEE§E0)emEryogenic callusiZ OWTH B &,
0.09M R 7 O—AFRIMFEHMTEE LGS OMWEE (LT,=-5C) ¥, Ar 0O
—AEBE (0.8M) HRINEMTO4L4HEORBEREICXD, RAOWEME
(LTg=-22C) Zx L7z, BiEEHKLOOBBUBITCHRLAICHADL =
(Fig.56-B) . FAHOEMIZ. A7 O0—ABEE (0.4M) FHIMEZHIC X D #l
gmELZRBICBW T R LN,

—%., BV EDTIOH K Dembryogenic callusTiE, 0.8M3B & R0.4M
A7 A—=ZADOWTNEEMICHEMLU THITEL TH, MEEOHERIBITIEAL
R LNEMo Tz (Fig.56-C) .

ZDOXDIT, TANTHADembryogenic callus, & 0 HIFMWS500W D
embryogenic callusTid, HEHIFEBICLDIMEEOHEARNE LW ENHS
Mo 7=DT, A70—-AEBE (0.8M) HMEM THiEEZfT> =T X
)NS5 H AMWS500W @ embryogenic callusZ AV, KEBABEOFHRICONVWTE
HIZKET L E T A, 4°C (12K[) /2°C (12KKf) DRBAEZ 2B £
TS &, REAEBRAPICHEEIRZIZIEAERL LM > (LT,;=-5TC
BIfE) . BHICEBE (0.8M) ORI O—AZHRMLU TEREBALELZHEI
3. BB 7T HRICEROMWHME (LT,=-21C) &xrU7%k (Fig.57) .

3.FBE

A7 O—AEEE (0.8M) HMBEHICLZRBEET 2B, TANT
J A Dembryogenic callusDii EEEEL <BRU7Z., WMEEIL, Eiigs
FIIAEZN S ABICHE AL, BERKB 2 HRICERDOIMEEICEL, ZORE
E—BEMUELHRFLZOBHEAD L. ZOXDIT, WAL LE AT HE O R
HENETTHEMIE, ZMETHOZEF Y RXYVERBERIOT AT HRE
XEHNMIEOETE (BLETRBRNE) . BEUFLRXRYVEREH E3ET
WARZ) CBWTHRED 5N, 7 A/NT H Xembryogenic callus ® §i i 1%
FICHESTEEOLEHICIE, MEBEETICRARZO EFABEIC, MEESR~RDA
FNEOBEFICLAINREEASAEZ 2T /M - HEEAROBEEOET
OEEFNEEL TR HDEEDNS,
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LTso (°C)

O 2 ! L |

0 5 10 15
Time of cold-treatment (day)

Fig.57. Differences between freezing tolerance (LT,,) in cold-
treated embryogenic calli of asparagus (MW500W) in relation
to incubation in liquid media containing 0.09 M sucrose (O)
and 0.8 M sucrose (@). Cold-treatment was made on
embryogenic calli at 4°C(12hr) / 2°C(12hr). All samples were
cooled at 0.5°C/min and thawed at about 10°C/min to room
temperature (22°C). Survival was determined by ion ieakage.
Bars = SD from three preparations.
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LinL, BERIEEBROT AN ﬁXMWSOOW@embryogenic callus 23 7R
Liem KO E (LT5=-24C) &, BN EGEUBBOT AN HABZEEE
NI DZETERCF v X YVERMARN R UERRXKOMEEZBE SN EE S Tw
7z. embryogenic callusid, EBHERERRE L TEREHEZIZAVWSA TNV S
7% (Blakesley et al., 1996, 1997; Wang et al., 1998) . = O® B & LT, & -
RBROENRBEBIOREBBEOASG IITMA, BASLBIZL>TEL
<BWHEENFEEN D W Sembryogenic callusBEDEENE 2 51
%5, LinL, KETHWEY Y1 Fembryogenic callus® & i121d, BE#
EEOMEEBADRBIZBENT, 512, 7 A5 H X Dembryogenic callus
IDOWTH, MWS0OWIS BAREREYGCHED S O & TIRBELET 2MEMEDN
Bi52%, BRMEEICEZEENECEDBDEREDNS, INE5DZ M5,
embryogenic callusDEENTHEEDEZRICE > TEVDIEETH B EE
ZAbNb,

7 ANT H AMWS00W @ embryogenic callusTlid., HEaiEEICL D HE
HENELLLE LoD, REAERBBLAEBZRE THEEOERIIRD 50z
Moz, LML, BEHBEOEKEIEICE > THEENE/Zo7=6& LT,
R 7S5 (Populus euramericana cv. gelrica) ®J1)V A %0°C T20 H RE1{K{E L
BI5I LIV AREERTORBRENARBICR LI EREKREZA LN
TW3 (Bannier and Steponkus, 1976; Seibert and Wetherbee, 1977) .
INLOIENE, FETHWEY AT H AMWS00W @ embryogenic
callusTid, KEBMLIEMICA SN SMEREEEHED, 4B OKEBUET
IR T D ICESRMN o T & £/2id.. embryogenic callus® & M 5E 3
FIZAE L, MEREESEENRBLEIENBZIONBZD, WTFHITLTH,
EELERABIABBRETORAB LB EERPBI4BRETORB ZHKT 3
ZEE BMOEEBHHEELEZ S LTEETHDIEZEZH5NS,

¥ 3fi embryogenic callusicB U sEEE20E( &

NS U EIEIRERLE & OB E
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7 285 H A ®embryogenic callus’éﬁﬁ VW, HENENE (BERIEE) &
fluid—phase endocytosisiZ X 2 DEA A & DBERICOWVWTHRSE L=,

1. MBI HE

MEHNE, 7 AT H R (Asparagus officinalis L.) 5 - MW500W D B2 3%
HEYH DL a— FEHHUF2REEET S EICLDFEEL ~embryogenic
callusZ Wiz, £/, MEIOFE, BHLGAE, KEBELE, BEOHF., HES
L= —BEMBECLBEOWMAHDEHRIZIOW T, £EE 1§ TR/ Hik
WL TiTo 7z,

2 FER

(1) BN GUEBEBLOBEHEABIZHESESEDE{E 0.09M A7 0—2X
ZHMUZEEOREEZE#MTERE LY A/NT H AMWS500W @ embryogenic
callusOFE= Eid. 67;imol/gFW“6%')7L: (Fig.58) . L»L, X7 O0—A5
BRE (0.8M) IMEMICKBHIBEZTO &, BEE2HBAL ML 1 HEK
13#360umol/gFWDEWE S, Z0H%d I ORENHE XN (Fig.58-A) .
A7 O—A, BHRRXITNVIA—ZABIETINT b—ZADEMARRD 5N/,

—%, BELERBOESEIR. LEAMFREEACEHET, KEL
HELA 2 BB ORFHIIBW TS, 170pumol/gFWRE TH - /= (Fig.58-B) .

(2) EHNGMEIZ S fluid-phase endocytosisic & 3 M F ~ D 8
DEA %L PERIEZEICK Dembryogenic callus® LA~ O OEUA & % 3k
Rl ——SBEMETHE L~ (Fig.59) . 0.09M A7 O0—XZE{EML 78
WOBREET LI HEBEELZEBSOMBEAIE, LYCHOHN EFT 5 /MM
RIEEAERD SN 20X L (Fig.59-A) . A7 O—AEHEE (0.8M)
BMBHICKZAEEZ 1 BT 28 oM. LYCHO®N RT3
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Fig.58. Changes of sugar contents and compositions in
asparagus (MW500W) embryogenic calli. (A) Samples
were incubated in liquid media containing 0.8 M sucrose at
26°C. (B) Samples were incubated in liquid media
containing 0.09 M sucrose at 4°C(12hr) / 2°C(12hr). NoT.,
no treatment. Bars = SD from two preparations.
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Fig.59. CLSM images showing sugar loading
(LYCH as a fracer) into cells of asparagus
(MW500W) embryogenic calli incubated in liquid
media containing 0.09 M sucrose (A) and 0.8 M
sucrose (B) for one day. Both media contained 1
mg/ml LYCH. After the incubation, all samples
were washed with media without LYCH.
Greenish-yellow  regions  correspond to
fluorescence of LYCH. Arrowheads show
intracellular vesicles incorporated by fluid-phase
endocytosis. Scales = 10 um.



INERSHBRINE (Fig.59-B) . fldid—phase endocytosisiz & % $ D E
RAAHEMHREDHEREDOEHEIFEF TH DI ETE2BITBVWTRLEN, &
HO#ERIT, BATEEEPITE Z 5 fluid-phase endocytosis A L T,
embryogenic callusOMEWNIZ, KEOENRVAENE I EERFLTWS,

3.BE

A7 O—ASERE (0.8M) HmMBHE A WAEiERIC X > THEEN#E K
57 AT HAMWS500W Dembryogenic callusTid, B EMNFEERL
EHIKELSHENL, M 1IEBBETHEVWEZHEREL TW DI L, Wt
DRI B S NZD - LAGRABRRE T BEEOBMIIRD ST,
IOZ&iF, M- HIRNOBEEEEMEEOBREMES<EboTnEZ &
ZRLTWEH, E2ETHRREZLIIC, HEBRNICHOATN-BEOL TH,
HBOMEREBRKICEAEL TWEDTRABEVWERDNS, A 70— AHEE

(0.8M) #HWINFBHIC XD FTEEEICL D, MW500W Dembryogenic callus ® i
fEizid, fluid-phase endocytosisZ M L TEZEDEINWOAETNTNED &
R, EEEAAZN LU THRRNICRDAENS EEX 5NN, INERE
THREEREEENZAVWTRETOILENDH 5,

—7 . MW500W @embryogenic callusERIZEEIC L > TEEA L5 W
MEREL, BERANOEEEOATREWATERV., Thabb, 3EROMES
GABIZED, LT=17.5COMREZEE L LF v XNV ERMABOKEE

(450pmol/gFW) (B3 ETIRNZ) i3, 2 HE OBERIEEICX DLT,=24C
O EEZEEL =Y X/)XF H AMW5S00W @ embryogenic callus® 4 &

(334pmol/gFW) (XEiTIRR/z) % LED, HEANESED S B O
HEZEFELLZHECE, FrXVERBRBRIC—-BEVWHREERISEINTH L
WZEWED, INHDTEMNS. T AT HAMWS00W @ embryogenic
callusiZH T S EABEDOHEHERRICIL, BWITL2BEBENDROIEINT,
HEAEEICER T MBI ROEERFRIZINS,

-136 -



WA WHAELBEBE biﬁiﬁ&&f?éf‘ﬁd)embryogenic
callusic 5V 5 §1 H PO B 6 6 O 251k |

7 AINT H A Dembryogenic callusZ HVy, HEHGUE (BERTEZE) &M
FARNBEESOT{LEDBEEIIOWVWTHRE L=,

LMEBITEE

MEHE, 7T RANNTH R [Asparagus officinalis L.] & - MW500W D £23%

NEH O 22— bEHUFZERET S EITEKDFEEL -embryogenic
callusZ AWz, £/, MEBOFE, /GO, KEUE, BEDHE OEL

BRUBTHHHEBRRIIONW TR, FEE1H TR FRTEL TiITo 72,

2 R

0.0M A7 O0—XAZHEML ZEE OWEER TEE L /zembryogenic
callusid, HEBIA R E S OME (EE10~15um) THERIN TV
(Fig.60-A) » ZO#HEEHI, A7 0 —XAFEBE (0.8M) HEE#ic ks 2 A
MOEEICLD, TLLWEREHEZES LIEREOBIL. EiTEg 7 B
BIOIBRORBTHERINE (BRRBH) 1. 3510, MBRENICE

AR EEB TV (Fig.60-B) .
— 7. 10 B RHEE LR U 7= 0B O ML A B 813, B O HE M T L

FRBIDENITHEAR, BEAERLLTWih o (Fig.60-C) .

w
i
P
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Fig.60. Ultra-thin sections showing ultrastructural
changes in cells of asparagus (MW500W)
embryogenic calli. (A) Samples incubated in liquid
media containing 0.09 M sucrose for one week. (B)
Samples incubated with 0.8 M sucrose solution for 2
days showing plasmolysis. (C) Cold-treated
samples incubation in liquid media containing 0.09
M sucrose at 4'C(12hr) / 2°C(12hr) for 10 days. N,
nuclei; PP, periprotoplasmic space; V, vacuoles.
Arrowheads show small vesicles. Scales = 1 um.
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7 2% 5 H ZAMW500W D embryogenic callus DML Tid. 0.8MXZ 2 O —
AWMBHIC L DREREICLD, ELLWERBEPEN N REZ D, MBRENICIE.
INBIROBENEREINz. CO/NMNBKRBEORAREL T, BRBLO/NE
&, B L < i&fluid-phase endocytosis®/NER ENEZE Z 5N 5. 2Lz D
WTIRBBATEL, SBILKRNTINENS S EBbNS,

RELERE TR, MREMHBENEEOEMTEEL TWA3EBDEN
EEEAEEDLT., BEEOR LB DN o7l EnE, FEDE2HB L
CESHORBEHBETEALAD L, MEEIESEE OROBEESHEE X H
BEEHIT, HEEEHBEEBEEORIICIIEEZBERERD I DD EEZI NS,

ELHi EASMEEZEFZEIEEALAEEZ ODembryogenic
callusic®BiF 35 >NV B DOEAL

7 AT H A Dembryogenic callusz W, #EA SN (ERTEE) &8
BRY NI EDELEDBEEIZDWTHREL =,

1. e B LN EE

MENE, 7 R/NS AR (Asparagus officinalis L.) & - MW500W 0 5538
MEH D 2 — FEIEU A OEZEICXIDFEE L membryvogenic callus% F
oo £, MEIOFRE, BEASLAHE, KELE, yONIVEOMEBLOEE.

SDSY 7 U7 I BT NVEKIKEE, RS NIV EORHEZEITDVWTI,
AEE LIS TEREFTETEC TITo 7%, |

2 KR

-139 -



(1) ENGMBEEL CERMBIZHES S >N BEROEL 0.09M 2

JO—ABEHRINLZEE OB THEE L Zembryogenic callusiZDWTH 3
., HHMEELSOY NI EEEII28ug/mgFWTH - 720, A7 00— A58
B (0.8M) HiNKEHh T24RFRIRTESEE U2 B 61013, 48/ mgFWic & iz #hn
L7ze LML, ZOHEMEBESOY O/ ESBIIENRENBORBEED
WCREWCEAD LU (Fig.61-A) . £/, AIBHERES2OF NI EEET. |
HMHEMNCBIHEREMUZERNZRL, BEOBMTEELEZRBIEBNT
1320pg/mgFWT®H > 7248, 24 OBERTIEE 217> 725k Tid38ug/mgFWiZ
iU, EiMEEPIRORBE EBICRBICE A L (Fig.61-B) ., HIEH
ST, BAIBRECXZIONIVESTREORLELREEAEASNN S

(Fig.61-C) .

—k. 4C (12KR) /2T (12I#) TERBHOLAETIZIBWVWTKIE
WLER % 1T - 7membryogenic callusiZDWTH B &, HHHEELOY >INV E
81T, KEBELERKBLABRETRLACEBOLEZDS, K¥19ug/mgFW TTE
Keg Lz (Fig.61-A) . RIBAHEELOF NIV ES, KREBAOHEEKI4EH
(4pg/mgFW) £ THRAICEALTHEMAA 5N (Fig.61-B) . £/=. &
B DO XNV E T, BiEERABORERS, O ORI E ERBIC, K
?ﬁ%@lii5%4&1&&&53}5&7&75597: (Fig.61-C)

(2) BHGUBEBLNERPBIZHES S N BHBROENS A7 0O—
AEBE (0.8M) HRMEHTORTEEX., embryogenic callus® ¥ > /)87 &
FRICELWELLZ S5 Lk (Fig.62) . $abb, HEIEES> D42, 35,
30, 26.5, 24.5, 19.5, 18.5, 16.5, 12.5kDOIED ¥ y/\‘b%fz‘ﬁ\ T
EHBERNOSEE2RVWLILIHBETELLENLEZDS, il L=,
LWL, 12kDOF UV EICDWTIE, HIEEHEBRESY & EirE
DFBEEDITHRLAITCEDT HHAMNEBD 5N/,

o, AV O—ABWE (0.8M) FMKHTONIEEE. THELEESO S
NN BEMRICORERELET DS L (Fig.63) . /bbb, mlEEES
D42, 35, 30, 26.5, 24.5, 18.5, 16.5kDD 7D Y /)N E M, HFiiE
HIBEEBENSIRWLAHRBRETHENLEZDS, BRAIWCEAPS L=, UL, 12kD
DENTBIZDNWTIE, BiEERBERMSHA LUET. —F. 15.5kD
Dy NXNTZEIZDWTH, %%ﬁﬁi%ﬁﬁﬁﬁé}ﬁ?‘ﬁ&:?ﬁ%b‘ BRESHRBICEUHBE
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Fig.61. Differences in protein contents of asparagus
(MW500W) embryogenic calli in relation to incubation
in liquid media containing 0.8 M sucrose at 26°C (O)
and 0.09 M sucrose at 4°C(12hr) / 2°C(12hr) ((J). (A)
Total extracts. (B) Soluble fractions. (C) Microsome
fractions. Two hundreds mgFW of calli were used for
one preparation. Bars = SD from three preparations.

- 141 -



Time of 0.8 M sucrose incubation (day)
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kD

80— - =2 EE s
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Fig.62. Silver-stained SDS-PAGE profiles of proteins from total extracts of
asparagus (MW500W) embryogenic calli incubated in liquid media
containing 0.8 M sucrose. Arrowheads show proteins predominantly
increased (solid arrowheads) and decreased (open arrowheads) during the
incubation. Each lane contains the amount of proteins corresponding to 0.7
mgFW of the calli. Molecular weight marker (DAIICHLIIl) was used.
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Fig.63. Silver-stained SDS-PAGE profiles of proteins from soluble fractions
of asparagus (MW500W) embryogenic calli incubated in liquid media
containing 0.8 M sucrose. Arrowheads show proteins predominantly
increased (solid arrowheads) and decreased (open arrowheads) during the
incubation. Each lane contains the amount of proteins corresponding to 0.7
mgFW of the calli. Molecular weight marker (DAIICHL.IIl) was used.
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TEHEBMMNRD 5N, UEICBRRZEN, SROMESY VNI BN, HERiE
EBREEZENS3IRVWLAARETHEML, Z0RBALTHEANRBD 5Nz,

X512, A7 0—AFRE (0.8M) HMBHTORMEERZ, AEES O
UNVERBRIIBWTHDRKRERSEZ DS LK (Fig.64) . Tabb, HE
B4 D30, 24.5, 19.5. 16.5, 12.5kDD 5D Y > /X7 BH. HERiEEEEE
EHENSITWLARBRETENMLEZDL, BRAIKBADSLE, £/2, Ths0
ZONTEUNDEZEOWYESY /NI EN, BiiEERAERM 5320 L4
AHICA T TR, 2 0®%EAST 3 ERNS 5 hk,

iz, A70—-Z@mBE (0.8M) RINFZHTORBEEIRL, TEEEL, O
ST BOIBRREEROI NI BEOMBITORERE/LLED S LE
(Fig.65) . §72bb, REEHIEEE S D42, 26.5, 24.5, 18.5kD®D 4
BOYONVER, BiiEERHBERNG3, AHBRETEMNLEZDE, %k
A Lz, E6IT, 12kDOF NIV BIZDWTIL, HErIEEEBEEN S
B UEY, 15.5kDOY N7 EBIZDWTIE, BREEEBERICHEEL.
EESHRBICEBOHRT 2 EHAMNRD 5Nk,

—%, 4°C (12FKf) /2C (12K TEGHRBOLETICIBIT 5 EKE
LI Hembryogenic callus® ¥ NN EHRICELLEZ DS LN, Wi
DAL (47.5BXU335kDD2EBDY NV E) bERIEERBOZNIT L
NTHM/NTH o7z (Fig.66) . RIVEHEE S D33.5kDDF /)N 7 BIT DWW T,
(RRLEBEA 4 BRETEMLAEOE, {REAEL 4 BRITIIWAS L, £z,
HIEHE 2 D47.5kDD Y 2NV BIZDOWTHE, KIEBELEBEBERNSHEMNL,
BN EAEMBETEMLEZ, TOMODY O NNITEOHRKRIZTDONVTIE, KR
PWBIAABETHEEAELED SR ST,

(3) ENGYPEIZHEDSILEAY > /N7 B DHFBE embryogenic callus® 7]
BHESOY NI BEFORRERS PRI BEITDWT, LEAY 2 /N7 BT
THERHEEROT, 14/ 70y bk (Do A>T 0y ME) KL BHEES
ONTBOBREEToRELA, FIRERXTHEY I NIEMN, A 70— 5
BE (0.8M) RN TOHEAIEEZTOREE. BT ENHALMNI
73072 (Fig.67) s LEAY XV BED T N—T 2B T %% > )NV & (dehydrin
FONVE) OB ERXTEINIEBEIIDNWTIE, HEaiEERBRERNS
373\ LARRICA T THMUL DB H L ITHA Li42, 26.5, 24.5, 18.5kD
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Time of 0.8 M sucrose incubation (day)
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Fig.64. Silver-stained SDS-PAGE profiles of proteins from microsome
fractions of asparagus (MW500W) embryogenic calli incubated in liquid media
containing 0.8 M sucrose. Arrowheads show proteins predominantly increased
during the incubation. Each lane contains the amount of proteins
corresponding to 0.7 mgFW of the calli. Molecular weight marker (DAIICHLII)
was used.



Time of 0.8 M sucrose incubation (day)
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Fig.65. Silver-stained SDS-PAGE profiles of boiling-stable proteins from
soluble fractions of asparagus (MW500W) embryogenic calli incubated in
liguid media containing 0.8 M sucrose. Arrowheads show proteins
predominantly increased (solid arrowheads) and decreased (open
arrowheads) during the incubation. Each lane contains the amount of

proteins corresponding to 0.7 mgFW of the calli. Molecular weight marker
(DAICHL.III) was used.
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Total fractions Soluble fractions Microsome fractions

Tim‘e of 0.8 M sucrose Time of 0.8 M sucrose Time of 0.8 M sucrose
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Fig.66. Silver-stained SDS-PAGE profiles of proteins from total extracts,
soluble fractions and microsome fractions of cold-treated asparagus
(MW500W) embryogenic calli that were incubated in liquid media containing
0.09 M sucrose at 4°C(12hr) / 2°C(12hr). Arrowheads show proteins
predominantly increased during cold-treatment. Each lane contains the
amount of proteins corresponding to 0.7 mgFW of the calli. Molecular weight
marker (DAIICHLIII) was used.
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Time of 0.8 M sucrose incubation (day)
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Fig.67. Immunoblot analysis of boiling-stable pfoteins from soluble fractions
of asparagus (MW500W) embryogenic calli incubated in liquid media
containing 0.8 M sucrose. Proteins in gels after SDS-PAGE were
electrofransferred onto nitrocellulose membranes. Subsequent immunoblot
analysis using antiserum against anti-LEA group 2 proteins (dehydrin) (A)
and antiserum against anti-LEA group 3 proteins (B) was performed as
described in the text. Arrowheads show proteins predominantly increased
(solid arrowheads) and decreased (open arrowheads) during the incubation.
Each lane contains the amount of proteins corresponding to 0.7 mgFW of
the calli. Molecular weight marker (DAIICHLIII) was used.
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DYINIBE. BTEN KL TWE (Fig.67-A) . £/, AEEELSO
BREMEY NI EDOSDSERIKE TIIERTE /M- 728, dehydring >
N7 B OPIBICERMIZZR T 530kDN 524.5kDOMEY /N7 BI2DWT
H, FWRIEEFITHENT DI ENHEN IR, 62, LEAY U SZ7ED
TNV—T3RKBTD2Y NI EOHERERR LY NI BITDWTIE. HEil
EEMBRERICHEELEL, SABRICEUHBELZ15.5kDO Y > /)87 E DO EEL
E—z L TWwk (Fig.67-B) .

3. BE

% < DEMTBNWT, EENBIEE LR > THEINLEERFBEBBETOEEN
MeEnTWS (Guy, 1990; Monica and Dunn, 1996; Thomashow, 1998) . i
5 DBIETEY THDHCORY VISUE, LEAY )NV &, Cryoprotectin (Hincha et
al., 1990) 72 EDF 27 Eid, (KREEH ORI TEML ., BHANS & 28
VEERETHE, EYOEEEARICEZICES L TW B AIREENTFEER I NT
W, INL0OF NIER, MBROBRCHRKZEIZIBDKIA N AL TS
BT 22 E8MMENTNS Xuetal., 1996) .

AZO0—ABEBEE (0.8M) HRmFEHMIT KB ETEEIIT. MWS00W D
embryogenic callus® ¥ >NV BIZELWELZH=5 L, ZOZEkIT.
FELUTHENEERBERICEBNT 2ZLBEORBEY NI EICHETS D
DTHoTz, Fiz, 42, 35, 30. 26.5, 24.5, 18.5, 16.5kDD 7 DO A] A
& NV EE, THEEOEARHIZEML Tz, LML, INS5OREEY
PINUEE, TEEOHEREIZDWTHBRED EZAFRATHZ DT, = 5ITHET
TOMERD D,

MBS DNIVEDD B, KT, RZREEORBES NI EITDNWTIHE,
WMHEMEOEACEEBELTVWE I ENE OB THASN T S
(Thomashow, 1998) . B4R EME DALY NI BT, BUKEY 3 JBEEE
BEAEDLT, KPIZBWTEHROMFBEICR> TN EEZSNTVS (T
DEELORENS, INSOF NIV EIFI00CTIOSMUEL THILEE Y
ALTEETH D) . EELZHBRICBWT, L EEonlEsitsy > /87 &1,
E DBIKMEN S KD FOHEER (Dure, 1993) . AR OZEE/L (Hincha et al., 1990) .
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5 >y B DZELL (Krishna etal., 1995) | 4 B _FS4EF (Roberts et
al., 1993) BEDHBHEEHSTNBEEZILNTVNS, ABEICBWT, 72 /8
7 3 AMW500W @embryogenic callusTit, 42, 26.5. 24.5. 18.5kD® 4
BORLZEMRTIEESY DN B ERTIEEPICE L BINT 5 EANERE N
ZEDE, INSY NI ENTHEEDERICES L TW DR 2,

BLEMERBESY NV BED—DE LT, LEAY SINTEDNH SN T WS
(Dure et al., 1989) . LEA¥ > X7 Eid, 7% (Gossypium spp.) BF O
RAZICRERNICEBR T 2mRNAICHR T 2R REROTEEY N7 8
ELTRIEEN, BE, —REERLCRCHETYI /BEEZ O T Ov I 0
FENPS, BETETN—TERR8 N —TOXES N — Tz T o hTn
5 (S, 1996) . TDLEA% SNTBDTN—T 28T Bdehydrin® >
INOEW, A4 LF (Hordeum vulgare) . b7 EDTAY (Zea mays) . o
LF (Triticum aestivum) BE A X (Oryza sativa) 73 & QMY OB
REHATOERECLKTE < EEINS (Mundy and Chua, 1988; Close et al..,
1989) .

REBRTHW/zdehydrinfifkid, dehydrin®dCH#ikAHRIZBIT S, Y
KBEARETI ) BBREORUVBRLBECRRNCERTZHDT. #4n
dehydrin7 ¥y SU—F NI B ERRTHIENAMSN TV S (Mundy and
Chua, 1988) . dehydring > /X7 &, Y OHLBEELE*MNETIH =% B
DEBZLNTWEA (Hare et al., 1998) . £ZDEE (Prunus persica)
O Bz (Arora and Wisniewski, 1994) R {ERNE L 7= 7 ) — 1 — (Vaccinium
spp.) DIEZF (Muthalif and Rowland, 1994) 72 EIB W T HEINT 2 = & 28
Mo, MEREEOBEEERBINTVWS, 51, dehydring > /X7 & D
BRIZOWTIR, BMEMBECRETS IS, A RLATIRBWT, BEELS
TINVEED HBBOKY >NV BIHA L, REHLER3HE2boTNE &%
ZH6NTNBEN (Goday et al., 1994) , ZDF >NV EMNMEEEAIZEDL S iz
BSLTRBRIDNTIE, BHEOE 5B 5N TR,

APZE TR, 7 X/)8F H ZAMW500W D embryogenic callus @ #4722 1 7]
BIESY NI B, dehydrindifk 38X T 542, 26.5. 24.5. 18.5KkD® 4
MO NIEMN, A7 O —AERE (0.8M) HEMEIHIIC X 2 ATk sk o iz
MTBERNDMo M, MEENMEALZVEELEREICBN TS,
dehydrin &KX G %26.5kDDY )N BEHFEINL - (BEKBH) . “0
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EMB, BERIEEPITHEMLZ265kDD Y > X T BIZDWTIE, THEMEDHE
RKEDBEEENNZINWEZZ ENS,

LEAZ >IN0 EITN—T3DF )NV B, MIBEROTT 2L T
1FREOLEFZHFTEIEICLD, BAKEENSHREZRETS £
51TWw5 (Robertset al, 1993) . ZREBRTHWAEZT X85 H ZAMW500W D
embryvogenic callusTid,. LEAY >NV ED TNV —T3ICBTBYINVE
W9 B Fi4E (Reid et al., 1992; Reid and Walker-Simmons, 1993) & H 9§ 5
XY B15.5kDDORZERFIBES SNV ENERISERBERICHEEL,
FERSERB S HRICBUHBALEDN, ZOXSLEDOLEMIEICE ST 2
FONTEN, BeREFRICIIIUEBEBEIBNT, —BHEELZ0BHFN
HETHEBICOWTRAEHTH D, SHRATILENH S EEBPNS,

% /)N3 (Nicotiana tabacum L. cv. White Burley) O REZEM TIX. 0.33M
N b IVIRINEH T24ARRIEE T2 S KX DV EERENTREICR S,
CDOIZNIBEMBATIE, BIRERBERNS, LEAY NIV EBED V) —
TEDFINIE, BIXUOHSBZEZHE TS5 > /N7 E (Zinc-fingered
protein) ZEH T O2BEFIARENICTEINDI ZENbhoTWaE A

(Reinhoud et al., 1996) . TS5 D /S E DT EEE KOS D 7]
BREIMNREBINTVDICBET, EOLDRBEEZBELTHELTVWAENIZD
WTHEHBALGNZTETNT VAN,

LI EDHERM S, YX/\’iﬁXMWSOOWODerﬁbryogenic callus TH 6 7= 5t
AIBBICRKD2FLVWHEEOERIE., FEUTHRERNICEDAEN-BEICER
THHBDEEZLGNDS., LAL, MEENELRL ZVWEIELEembryogenic
callusTRALENBD 27V DNDY NI BEDEN, A7 0 — A SHEE
(0.8M) #HINEHIZ K D R1EEF Dembryogenic callus TR ETNWS Z &,
LI, TNOEDI NTEDOEAD DI ED W DN, HEY O 5 RS
BICBEE L TWB ZEBNRRENTVNDEY NI EOHEEBRIICZR L
ZEND, TREDF NI EN, BOREHEHEOBBN A REE R L,
A - MO MBEERICEG L TWARERIRIEETERYL., Tihabb,
RIS OWEFEDRE L TR, INETICRRZFHEHEDROESL, A
BOBBEA NV ACKIOBINLEZY >N E2EE L CHRN S MW HEE
BN RDOBEENREZSNDEDT, INEDHICDVTIESHEISITHRHNT S

HENH B,
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H6HE BEER

e

HEYECERNBEICKRDNDDH 59T, E%Eiﬁﬁi?%}ﬁﬁ LTB0EGTE
EREN DD HEMEDO—H (BE. HEBIUMELRE) 2BERT CHEBEREST S
FHEE, RURENCEYECERORGEFELLTRADTHS. LinLl, EY
A - MR OB U U IEBIEORBRE D 728, ZIUTH T 2 H R 7RBhEEORE
SN ETH B, fiam TNz X DI, BN GUERIT, BETHiRkEE (Kartha et al.,
1980; Kumu et al., 1983) BXUH 7 Z{k#E (Niino et al., 1997; Wang et al.,
1998) KK BEYMHBOBTRERFICBNT, BRHEEERLEDHILICEEREE 4+ 2
2L TBY, EHNENED D THEERENIERIZRSREIE 25N TWS (Panis et
al., 1996; Blakesley et al., 1996, 1997) . L L. RERHE O 7= OREN ST,
F & UTRBHARICEDWTITON TS, EYREDENSHEWSEDOREEC
Ko TRV EZDEE, 25N, HEIDBEWIC X 2O HEHEEN R
HMMEMIE EDEFHZMERIIDWTIERHTH o /2. AWFETIL, YRR -
EDOEERMBEOEFREZMEITBIEEENEL T, BEHFZOHS - fifap L
K7 TIZARERN, INSDOHRITDON TR L,

9. BEAELEI K DTHEEOE RS 5N WEPHEICDOWT, Z0HEHE
ZHOMITT B I LR, INETHRERENRUTETH - YR E OGEREEEZ
BETSHLETEENDD EERDONLDT, BEASLEICRERT MEEDBEANIFEE
A EBLNIRNY I XF OBZEMB. 725 NTHEAS0EIC X D EENE L < #BX
T H5F v NVERRBBIOT ANS HAEZER/MIBOZEEZBWT, BS540
BERERICLSHBOEFEROLZ LR Uiz, TORER, ¥y FHEAGT. 555
DEBBRANDOBRICHEDIBKICEDEZELWEEZZITS 2 &, 725 NTIMNRESBED
ERICEDSEEZEEZICE o THELWEEEZITS Z LN RS-, &
WALIRIZ & > THE U YR OEE @J?Iilc‘: LT BRAKIZHES IREEORLE(L

(Singh, 1979; Gordon-Kamm and Steponkus, 1984) . WD /Na (Lee-
Stadelmann and Stadelmann, 1989) . [REEDOARETHRIZ/NEIL &FRUTED
EKROREFEREOBEZE (Singh and Johnson-Flanagan, 1987) 2ENEZ 5N T
W5, FIXFEEABOMBTIE, BASNEICAWZEEROEE (0.8M) 1
TIUFE® <X, BKIZE DAL L., EKEICRBERN BT 578
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2, BENRBKEEORHIERI N, TR0 END, FYRIBERGT
&, AN K o TIHEENZEAEERUARNWERE LTI, FRUEESEL R
WBEOREBRKREBEICE > THhIHKEENELZ=DEEZIENS, ZOL D it
DEHEBERFIIIBIEIARETH O, DUAMBICEBICHDAEN, S LTk
A N LRI DI < WIEREFEYE I X D HERTILENKRETH D EEZ 5N 5,

—7F. EREEREEICK SN GANBITES BAKICH L TRMEE S DF v Y
TR 7 AN T T AEZERE /MU ZETE O TER A BB OMBE TIE, ZILa—2
BIEE (1.0M) BRIC K SN ENERELEN 5 ERE (104/H) O3 BICERE S
BENEE Tz, COEREOBENAGUEIZED, HBomEEIZEALL =N, RHElok
HIZK D ZTOWMEEIZHER L= E0 G, EREOFEN SR L AT EEOE R,
M SRR, MltoXm. MEMFREZEOMBEMNCEETET 25810/
Re2EEZEND, EREENSNEEOF ¥+ NV EREBZEET 2 &, RUNE
AR THLND I D7, fMIOKEN S ZITYENEEIC X 2MEOEL WEF -
IR E N, FHEGEOERR EEZ SN EERBMHIEBESOTIEARFE N
Tz, ZORFEEBMMESE DL, MBI L 2HBEOER - [WEIC X
LHEFEERERTOREZHINEREZEZSNTHY, 51, ZOERBEORER
i, MREIAKEOREICHESHREOERICLDREEND ZENbh>TnD
(Fujikawa and Miura, 1986 ; Fujlkawaetal., 1999) ., TNE5D I ENS, EiF
ﬁ@%ﬂ%ﬂﬁti%ﬁ%%ﬁ@%m\%%E%%@%EK&DH%%&%%E%&
DO DOHEDHFIBIMRIEININD & EBHIT, HIlROER « IUERRRB I, JUs
Wy, BEREEROREFERLICISGEEMIRI SN EICERT S EEZ 515, #
fEE S FREBOBED, MROBEEESICESL TWAZ &, FHETR WY
/XTI AL MU ZEO ERA BRI B THBENBIEN, Dy 1T
(Solanum tuberosum) D¥EEMAE (Tao et al., 1983) R+ 1 € (Helianthus
WMMBW)®ﬁ§(MmﬂmﬂY®M®@w%)KﬁMT%ﬁBﬂTBD\m%
BOEW - NS5 TRBEROREFEERZNET 5 2 EMEEDOREEENT
B ETDRNBDHDEHRINDS,

F v NV ERBEBPB IO T AN HAEZBRNIEXEOEHR S ZERT. &
e (3EFFEILAL) OEASUEZREITZHSICE. S5 EVWHEEESEET S
EMEERICKVASNITR o720, ZOMEEOE IR OKEZ b IHEE T,
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ARAOESRS S SN TS Z &M 5, MIEHICHR DA SN & 5%)
REEZALND, 43K, #EiL, DMSOR /U O—)VEEIEZERD, HFENKE
WD ETITITR DA ENRZNEEZEZ 5N TW/ED (Shlafer, 1981) . ZD%
DOFFICEL D, BOFREOEBRE EBDITTWOAEND Z E08HMD (Oparka et al.,
1990 ; Marquat et al., 1997) . BEOEGAHA & & HITHE - MIEOTHEME AT
5T EMBASMNIIE> TS (Leborgne et al., 1995) . BEAMIBERICERDAE
NHTEEL T, MEARICESHEZE (Marquat et al,, 1997) & fluid-phase
endocytosisiZ &L 28k (Oparka et al., 1990) NN TNW53, EREOENS
ANENT X ST BRI ICB W THENED X S R % THIBRAAR VAT, HiE
NOEZZAMTLNEITATH o7z, AT, HESL —F—EMEs BV
BIRICEKD, FrXVENBBR LT 285 H A BEEER/MA B O TEE /) 2440
MTIE, SN ENEZ ERETD 2 &2k D, fluid-phase endocytosisic & 0 A
HREFICRDAENS Z EMbhr o/, LAL, fluid-phase endocytosisiz & -
THEU/ME., ENEEEL TREEMER LB TOHREST, =&, 5 - B
REBETHHERLBWI EERINEZZ 05, fluid-phase endocytosisiz & 0
BOIAENTZFEOREHEMERIIEIL TS Z ENTERN >/, —F, E#EAick
> TR RAFNZREOMREBEANOEEITDNT, EEEEES (PCMBS) %A
WTHARZE 25, BEARLEIC X DEFNOEOERASNEEEINS & & biT,
MEREERENELSMFISNE ZEVHSNIC R, TNEDIENS,
fluid~phase endocytosisiZdk > THRDAENZHE TITR <, EEHAAICKDERDA
RNERN, EELUTHERERECHEKICEEL TWE EEZHND,

WERIIETO 2 REOASRIC K VEEMRE P ICR AR T R85 HAE
FHEAMIBZETRZHEL . BEns# 8RO FFEEBMHEBE s8R L=ET
5, EREFLOREERLICK S EAEEMMEE OB OREDN, FUIEBEBHT I,
NEUSERL TWEZ ENS, EEREICIORDAENEOERENFHHED—
DiE, BREFEROZR—Y— L LTI~ 5E (Franks et al., 1991; Crowe and
Crowe, 1986) . RRILOREHEOKZREL I, EREEOEEEZHIH TS
CEITERELTWS EEZ 5N 5,

ZDEIT, FrARVEREMP LT AT H A EZLER/ ML ETEOTESE S

KM T, AN ENEL, BEERICED FRESEORE, RO NICRDIAE
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NTHED A R—T—HIHRER & O & S IREZRIC L DB Eo - e 22 50
575, BAELENRIRANC, MEOIEE X3S DNV EBHREZSLEE, b
DEALPTHEREEDOEBICEE T A D BETELR N, Z < DEYHBEICB W T,
BERARIC L DUEN, MEOBETHRECRBCEERE5 L. MEMEE A
BEITLEBEDINIEZHE, ERITHIENHAS>NTWEDT (Guy,
1990; Gusta, 1996, Thomashow, 1998) . ABIZFE T, A SMIRIC & 0 B
INE L SHEKT BT AT X Dembryogenic callusZEH L. B/ EHE T L -
TH N BHEBRICEEPRE I BNENTDODNWTRF L, TOER, 0.8MZA 7O
— AN E AW THENNEAE L= 7 X /8T 1 Xembryogenic callus T, T
HOBAIED, By VNI BSENELIENL, Z0¥ NI ESEOEMIL.

F& L T42, 35, 30, 26.5. 24.5, 18.5, 16.5kDD 7 D AHEHES >NV B
DELWEMICHART DD TH DI EMHEENTAD, BT, “h5DaEHEY
SINVBDOIEDHRBICHKEDENW4ABOBRELENSY /SN E (42, 26.5, 24.5.
18.5kD) IZDWTIX, WY OWESE EIIMERICEBEETSEEZLNT
WBLEA% > /87 E (Thomashow, 1998) T 2P E&EBEWICKET 5
TENERTER., £, BEASNERITRENIOIIEE A ST L o
SOV UNTEIBOTS, £ELT30, 24.5, 19.5. 16.5. 12.5kDD 5 @D
& N BN, BN SR B Z MBS T, TS DIEEN S,

BN 724 2 /87 BB B S L T WA AR S 2 L2 2 5hah, &0
LB L > THE L TV ANNMERTHTH D, SHBOBERNEED—D
TH5,

CDEDIT, FEORERNS ., BEHENE X5 HEHEMEE LT, O
W DBBCRE T 5 BB ST & DM S MBI O E RO &M L. M
FADZE - I L D EELET 2205, OMBINICE D A E N2 R —t—
HIZREI R R L, MOBREEEEERSE TEEFERT 50E,. 550, O
EMBOERECZY NV BHBOBLIC L DMRERE, EHSNEI L 38ED
REFHEIREZRRT D ENTE,

B, BRNGEEREFERECBVTRDBBLEINTVDDIL,. BEEEEL
TOBFHEXEEEEY B LI UOHETEEETOBBRETH S, ZNSOWEDTR
2. BREOHREHHYE (V1)) > BLUDMSORE) DRARER VWSS
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BHD, LInL. ZOXIBYWER. 2LEMOTHENCEEZ 5T &0
5THBY (Steponkus et al., 1992) . F/o, BEMNERZFHT S WUREMEAEIR
ENTNVD, JNUTHL., B BRADKEILEYPICEZEETEIEnS,
ZDXEIBERIEEDBZNEEZEZSNDDT, TFE. BEHHYE S L TEEO A%
AW HEEREFENEEH SN TR  EOREFHDRICEOEENEE > TN S,
RBFT L o TH S NI RSN GAERIT X 2 B HEZIRICRE T 2 B pe i A R
. EMECERRGEREEMOSBOERIIKRESERTEIDDEEZI NS,
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W =

AL, EYEBGEE. B, BXECEEOEHBEZENEL T,
FRAE  MROBEERERMOBEERBRER 2> T2 BERENS
MEOHRICOVTRHELEDDT, ZORNFIE., | ZEBFIZHELGIC S T3
BAGNECAFEBIOMEEOLEL, 2 REFZAZ BT oA 50
HEMBANOEOIABB L OMWEEDLE(. 3 BASHZMEBICBIT S
ESEBLUOMEEOLEH - MEEEOEL. 4 HEEEOEEINEN S0
B O(EEE) CHKER - BEEBLUOWMEEOLER S IR/ EEB &
CEREEBMAEEOLL. 5. BEMBICHT 28N 50E - 1HEEL
HEMEME, BERBLUYONAIEOL. KABEIH, KOLS KELH
ns,

l BEBREABRICBIOENSUBEEAEFEB I CWMEE DL L

(1) BN SHIERT DD FEIERE

VIVE h—)VEEE (0.8M) BEANDEBICLZ2HENSNEZTS5mMD S
X3 F (Alllum cepa L.) BEZEMM. F v NV (Brassica oleracea L.) ZEff
P XY AT H X (Asparagus officinalis L.) &ZEEIR/NEIRZE
EOMS - AEOWEM 2, ERERLECLVFMLEE S, 5T
EHE FrRXRYVEFREBPR LT AT T A EEEER /MUK 2 TE OB
BERETHDZENbMho7z (LT,,=-3CHig) . LML, AT HAE
Z R /NAEL 22 TH O it 5 4 % fluorescein diacetate (FDA) &k TIE{H L
FBATIE. FEREROENEBECEBRERS BRI, -5C2LT,,=
~-75COBWIEEZER L=,

(2) BHGUEEREDOHBD LT
FRFFHEMB. Fr NVERBABBIOT XS H X EZHEIB /N AR
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XZEZAWL. VIIEM I EBE (0.8M) BERAOEBEUEZT- =184

EBFEROEMIDVWTHEANE, FXXFHELBICONTLL L, BEHENE
BB S, MORBL D RMICEFERMET LA &R S, BAKER
WO TES BASLEIC L s TEEEZTBHAD—DOTHE T ERbno -,
5. VIVE b= )VEBE (0.8M) BEEELEORIC, TOBKE0.AM
CERL, BEMEETIRB I LRI THERRRET LA ENS, &
TRFHEMS - M. WEEBMOET (EA) KERT2EBER ML
A BBEICEN T ENFHLMICE o2, THICHL T, Fv R VERBLSD
U, EVDTT AN HAEZERNMIKZEOESHEEGTIT. Hae
EBRERLEICL 2N SNBICERT 2 HABLOEKICE 2 EHFRDE
TIRENTHo. TNEDTENS, BABIOBEKEBMOETICL 24
@ WIEANOEKICEBETZEBBER ML ARKHT WL, &< 22
HBTRBES. FrAVEREBRTEPRET. 7285 7 A EZmEB/I
BEEBEOERAZEB CTHELEVWI EREEMITES -,

(3) SN G IR O HL O i 5 1

YRR FBEMAS, Fr RVERESB LT X85 H XA EZEE /K
HEZAN. VILE F—LEEE (0.8M) BE~OBENEEF- 71840
T OZE DN THEN, ¥ T3 FBEMGOTMBEEL. B S0EER
ERD 5 24BRBE TRETH o DI L. v N ZERIE O T I
WA SABEAESRS SABMICEAL, 3SEMBICIEEA (LTy=—13C) &
IR, MEERORBE EHITRLAITET LR, —F., TANSHAES
S/ TE O TES S G OT BRI, I 5B AE S 5 B4 17
AU, 12BREBICEBA (LTy=-30C) &/xo7n, MEEROEEE &b
BATIET Uiz, Fv XYEREGBENT 2N HASZRB/MIEZED
ESSREBOTREN, BAER>EOBEASNBEEORESE & bic(E
FLEDE, LEBESEEICE<ZD. 8 MBEOBEMETLEC &1
r5EEXLNG,
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O MEH RGBT DB S &N~ O8O HGA B
B L OTHEE O Z{L

(1) ESN G/ - M Dfluid-phase endocytosisic & 3 D BA &
FyRXRYVEREBB IO T AN A ZAEZEBER/NMIEZEEZRA W, VILE
F—IVEBE (0.8M) BRANDERBICLH5HENGUBZT oS5G5 OMEY
HFADEDEGA A IZDWT, lucifer yellow carbohydrazide (LYCH) # b
L= — &L THER V-V —BMBCIVERLZEI S, B ENERELR
BEOoBROMRETEIERESENREE. ZNIKXL > THEN S Iluid-phase
endocytosisiC X > THIEFANBERNRODIAEND Z ENHLEMNTR 7=,
fluid-phase endocytosisic K D £ U7z/Nald, MilBERICEELTRD, #
MEEERFFICRLIZBIIBVWTOHMRERNCED, EREEANERITS &
B, EHIIT, HBEEE MEBLEBD DBERLED >, 20 EM5,
fluid-phase endocytosisiC KV DIAENHEOREHHERE~~OEE
ZhanEFEINS,

(2) HEHGHEE - HEICBITSIHEMER L EBREERIZE Z2EAA

& o B |
BaEEZN LU CTHEERICERDAENZEOREHFEDRIC DO WTHAN
57D, VIVEb—I)IEBE (0.8M) BREBICX2HENGUEZIT D Lt
BEDHEAT BF v NV ERABB X OT AT AEZBEMIKEEDOTE
WMAOHBEEENBRELT, WMEERIUVESEICRE IHESH BHEEHp-

chloromercuribenzene sulfonic acid (PCMBS) L DELEIC D W THNE,
RUWEBOF v RYVEREBB LT AN H A BEZXZEH R NMUISETEOM E
H [LTs=-3.7C (F+XY) BLUK-2.8C (FANFTHRX) 11k, VIVE L
—J)IEEE (0.8M) BREBICLO2HENGEUEZ IRHATOI I EICXIDEL
SHERUED [LT;0=-9C (F+ RXY) BELU-6.6C (FA/NXFHRA)].PCMBS
ZHRMUEZVIVE S —IVEEBE (0.8M) BRICE 2 1 REOE/NS0E =T
D&, MEREDEBRAIMFEND Z & [LT;=-5.7C (F+¥XY) BLU-5C
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(FRAINTHR) 1 BASDITIES T2,

IHI, FYRYEMMEBOESEIL., PCMBSZHRMLAZYVILE N =I5
BE (0.8M) BRICXSENGNEZ 1 BET - Z2HES (180umol/gFW)
i, VIVE R —I)IVEEBRE (0.8M) BREBEICLZ2ENSENEZ 1 KRBT
=%E (240pmol/gFW) X DEAT B Z ERHENCR >z, L L, $H4E
R —Y—BEMEBERICX S &, fluid-phase endocytosisic & 28 DEA &
MYVILE b= VBEBRNDOPCMBSORMICL DB ENaho/=l &ns, =
ELUTHBOMEEBRICHFEL TWSEDIE, EHEAZN LU CHE D ICE
DIAENDETHD I ENHLENT o7,

S HENAGBEXABIEBIOESTEBIUVOWHREDES &Mk E

D21

(1) BFEHME - ME~OENENTE (BBEEERBEE) 125115
BOEE, BEBLONIEEREEHEEREEOBEE
FORVERNMEKEA, FEOE (FNVI—ZA,HS50 h—2, A7 10—
Z,RI =2,V VE b=, XY= k=)L) %1.0MDEE THRML /= gD
TOENSNEE 10D BT 2 BAOMEROBLIZONWT., ERER S
CEDFEAREED D, IR VEAOEEICDNTIE. FERZORENE
WA ENRD 5N, BATMEMEL, ~16C2LT,=-17.5C &5 72,
AR RICH L TRADHEEZRLELOMI VO — A BEREB W TE v
NYERBBICENSLEEZTS &, LEBERIONELNS SEBEBICEAD
THME (-17.5CZLT;=-18C) BEBSNEA, 1058 ICE SN/ BKTHiE
Hid, ZOBOBEBOKEICE DL LU TLT,=-5CERo7=DIcH L. 3B
MBICBONERAMEMEIZ. KEBETHEEACETFT LA > (LTy=-
16.3C) Z&hs, ERMEASLEI &> TR 2RETEEOERIT.
FOERE. MEEFRERS N ICHEE S SEEORICEET S, WhiO 358
NoBEOBEICL2dbDEHAIZNS,
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(2) PR - MBI T BN GUE (BREEBFKRERE) O
FFEIEERALEE DEE

Fr RNVERMBBICH L TL.OMZ N I— A BRREBBEIC L 2ENENE AT
STEDEREEFTI EITED, BRECKETENASNERZOKEDZEIC
DWNTHAREZEZA, KEMBIEBWTI/NI—-AEGENELLE(LT B &
MESNTE>Te. BRIV I—IAEFEE., HUH50pmol/gFWTdH - 7=
2, BEASLEIONRIZITEL <HBEBML (200pmol/gFW) |, 3ERIBICIZX
S5IC#EMLUZ (370umol/gFW) . LA L. THid. EAENEBEBLI0SED
AEZEAKELEZSGESICEELEHAL (80pmol/gFW) | B4l S AL 3 B
BORBZAKELEZBGCE., BALEZBODODKREBTEEL T
(160pmol/gFW) Z &M5E., 100 EVNDIENEROEN SENE T, Fv
NYVERMEBOMBERIZINI—ANZEAERDRA TN TN T &A%
SN0 Tz. TROLE, FYAVEREB THAONZERMENELEIC X
S EREEBRIRDN, MREPICERDAENTOWRRWHRADOE GEEARTE
RH KR S B DRIICHFEET 28) KXDFBETHDZ ENELNIC
2o 7,

(3) HFEENGUE (BEREBEREZEE) BOMB - D
RiGIBEIC B SBERLILEHBREICBIIDEFMER EE DBE
Fr RYVERMABEA W, MBS ICRIETEEOZEICD N TCryo-SEM
[Cryo—unitZ%E U~ EEE FHEME (scanning electron microscope) ] IZ
LOARZEZA, EHASUBZT O TWRWERNERAR 2-10CF T L
EHBETE. ELULER., JUe LN EgdIn, #Middod 3 & T,
BE LT B MBEE TRBEBEATAEEL TV SETIRR S N0kt
L. 102BO1.OMZ )V 32— A BRLEBEEIC-20CETHEBLEF Y RVER
AT, MfEEE - EREE DR (periprotoplasmic space) ICHEAKRMNELE
THMEAL < AHLN, BREICKSMBEOLER - EIIERBIN TR, BEF
BEATHEELTVREFHRS SR ok, TU—X - TS50 Fv—- L
TURBRIVEREEGHEZ2BRLzE2A, £6ERTOREETNE
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[ & 73 % aparticulate domains (ADs) B & INZ 12 £ S fracture—jump lesions
FILS) 72 EDBEED, ROEFE S NITEN SABEIC/KEL -RE X
DH, AIBO XD ICENGABEZTo AR BNW TR AN IIDRN =T &
M5, EREEASLAEOHEEBRIRZIT, HROELWEE - NEZ2ER
ENBICEDERL. HERICBIT2EAERTORERLZER SIS T, &
HEEOREZBEMTLIHDEEZLENS,

(4) B - - HMHOERZICHES EFHOEGB L OEEELLE &
HEEDFEEDHEEEICET M&E-70 75X K
EBRFICI BRI

FrRAVEREBBICEREBHRXTON A NOMELE 2 EBHER

HiECEDEBELEEZA, ORI ZNOWMEENEBOFTNE LX< &

E@5ZENHENIRZIENS, MBEOEENEEBEEEOREZHEL

TWBHDEHBIEINS, 30CTHEELAZEBBLO ORI %

Cryo-SEMIZEDER L LA, ERERK T, MEAKEDOEEIC I D

FEBENEZELEFRL. EREBEERLTNEFEERLL TWENR, JORTSXMT

. BEROBEEEMEN., EREERTOEENES W ENES MR

D, BEGEORRE., WEROMBEAKEOREICI2HEEODER TH B

T B RNR DFERNETE S Nz,

A BHREEOHEIC X HHENEASNE (BIEE) &8kE,
BEERIUMEECEH RS RICHBENNEEB L RRBEE
BiEMEE R

(1) BEEICLDRFEENGUE (BRiEE) BOFRMBIC

BUHEEKE BEEZBEBLUNHWEREDEL
TANGAADELZBRNIRZERZH Y, KR, BEEEBIUWHEEICK
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I£90.5M2)) O — ARSI TO 2 BROEIIE%E EEEE (EETEREE)
DEOEENLEE LTANSLND] OBEITOWTHNE, X5ic. EEIIHE
KL TREIDEOHEMOBRIIDWTEET S DIC. 2 ABOEdiEE:
75 738 £0C T20 BRI ERME 517 o 7 BB O SRR, Ha 8 i %
el 7=,

BN SMEEFbRVALEREOGKE (89%) 1. BMiTEEr L&
TL (77%) » 20 BEOEBMAE (0°C) 2o BB T b &K% E T
BN (85%) .

BB MR R T R OB E BB I UF Y TSR OB
WOWTHNZEZA, 2 E. RAEEE O38umol/gFW 5., #Hh]
BEICLD222umol/gFW £T#EmML. —7F. ﬁ?ﬁﬂﬁl:i@156umol/gFVV
FTHMUE, FO7 aRIEOVTS, EHHBEREES & R E LESE 0
M I BT, BT 3 EEARD 5 hik,

FERTIE % B L OMEEAEIC X 2 BB OISR OB 2 BALEEIC X D H~
& T A, FAMBERETILT,—5.7CTho =D L. HaEiEats cit
LTs=-21.3C LML, MREDE L WEANBD 5N, £/r. EELESR
BOMBEBEA L (LT,=—21.1TC) . ChEDEENS, SAROETH
FOEEBOEN (BEEOLE) SR CIEEICEEL TS &S
nas,

(2) BEFIZL5ERBBENSNE BRgk) #05EHE -
LI B 15 M P N BB O f s 2 E
TANTAAOELEH MG LZEOBRARMGENSEL T, Vla—
ZFEHEE (0.5M) HIESHITO 2 BRIDRHEED K U020 B HOERME %7 - 7= 5
BRBT MR/ BT OBEEIC DD TBEY R B L D E~-, e
EHH TR, EREOKEL, FO 7 VEROER, HE/INELEDRER .
MANNEEDE L WEBZARD 5N, -, ERABREICBNTD,
EREORE I &, AT ERE MBS R BERI N, Bio. Mo
., T FICRUTREOMBA/NEEORNEEICDWTIE, (EEMLERE
CHERBERE EEBLULTVWE, NS0T ENS, EEMAERN TR LN
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BEBELE AN BOBE & ORICEENRS 5 b0 L EhN 5,

(3) BEFICLSREMEN GNEFEDFZME - MO FEZBE
B EREEEBHMMEEDEN EHEEOEFHERLED
BE &

FANTHAGEZBR/NMIBEZEEICH LTIV a—-IEEE (0.5M) EinkE
TO 2 HEORBEEEZII20 HFDEKIRAE Z1T o 205, TH O S &M % Xt
KELT, JU—XT7530Fv— - LTUABIKD, BEEBRICBITLEE
EEEMMBEDELIIDODVNTHANEZEZ A, INS5ORBTIE, £AERL
DEEBENEREREEINDADSEZTNICHEDFILsIR EDOBEL/LMN, T30
EWEREESHICBWTHHIFI SN TWE, 2O ENS, BAEAE G IZHE
BRICERODAENE, ZEEEBLEPICHERICHEML =82, £RER
DAR—P—ELTHEHELZ, BHEIFCRBII2EREERLTOREE R % EE
SH, EREEOEZEGEEZEZNHTLIHDEEZ 5N 5,

5. HEMBICNTI2BASUER ZRIEELE EMENE, BEEE

BROF NI EOEL

(1) embryogenic callusiZ B} i HE M DEAL & I 5 YL FE
E 7 IER A & o B ) |
TANSHA B - AU—T2 2> 500W MWS500W)B L UEESR -
Y6z u—2 (YO BLUOTY A E (fE - 5E105) HkDembryogenic
callusiZf U TAZ7 O—ASRE (0.8M) RN TOREIC L 2/ 50 %17
W, THEEOZEI DOV THANREEZ S, TA/NTHAMWS00WHE D
embryogenic callusZ’, ¥/ SR 2 BRICHRKOmEME (LT,=-25C) %
BETHZENHLN o/ (FANTHAYGCHEERERZD D D TIELT =
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MW500W B 3£ ® embryogenic callus @ﬂﬁ\}?ﬁ'ﬁ X, BAENEICL->TELLS#E
RKUED, ERBAEIC LS TIRIFEAEERLENS -,

(2) embryogenic callusiC B} 2 S 8 DL &5 L5 YL B
FE KB E DR E

T R85 F AMWS00W Hi 3k D embryogenic callusz vy, ESEICRIFT
BN SAEB I NMRBRAEBEOEEII DOWTHANE, BAENERE T, 270
—ZABERE (0.8M) FMEMERAWTEET S &, BEAENEBEKG L BENS
B ENEIL (fluid-phase endocytosisic K 2BOEA B NE R I N, =
BMERICLOIMAADESTNBEEDNS) | 2BMEETEHWEZESL
7, ARIRAE [4°C (12Kff) /2°C (12B5R0) . 2BR] 2HF - 380
BEBBITIEAEEBFLAN T, ZOTEBEY (1) ThRREZEMS,
AEINESENTMEEICEE L TR EEZ N5,

(3) BN GIEEFE = I3 IR L FE# D embryogenic callusiz B 173
HHHE A R 28 D 2B
7 AN JTAMWS00W 3k @ embryogenic callus® VY, A7 O— X &S BE
(0.8M) WINFEHIC L2 BETHEASAUEB I OKEBMNE [4°C (12) /
2°C (12FF) . 2BM] 21727288 OHMBENBHEEEOEICOWTERE
VRIRIC X DN, B SOEAE OME TIIERBESENR D, it A B
I REESBRRI N, BRAERN TR, 00X RN ST
LHMRBENE BB I N> 22 & 5. THEME & MENMEEELSL
EDRNTIIERELTEEND B EEX 5N D,

(4) BESGYLIEFE = 13K I8 L # D embryogenic calluslz B3
NI BEDEAE
7 ANZ I AMWS00W H 3k Dembryogenic callusz vy, A7 00— X & &
(0.8M) WIMBH TOHBICLZEHNENEZT> 8BS, /I3 EEBAE
[4C (12FRD) /2°C (12B)) . 28] 277288108355 /87
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BEREMEIRDoNBN oz, —F., BY NV EIDWTIE, EHNENE
BB L ERAERBOTEIC BN T, BHELIZIEIEACRD SNEH -
7=

KT, B Y N VEBOHMBRELICDNWT A S &, B SOESR I,
E& L T42. 35, 30, 26.5, 24.5, 18.5, 16.5kDD 7T EOEEMESY >NV &
DEEN B RICEINL, 205 %042, 26.5, 24.5. 18.5kDD 4 D%
EWT NIBIZTDNTIE, LEAY U8 (EYOTWEED L OIS B
BIEAGSLTNWEEEZLNTVS) O—DTH SdehyvdrinDHiE ETT L
Tl eSS T AT H AMWS00W H 3k ®embryogenic callus T 5 7= &
NEGNBEOMBEMEBRIRICE., MBREFICROAENZEOSRICMA T,
NENE DRBERBICE > THEEINZY NV EOBBIN RN IND >
TWs EHHENS, | -

CDOEXDIT, EYHE - HRICH L CTEBREERRICL 2BENSNE 21T
S EHEFHBENEN., TOPREL T, EREBZSN TG R
RORAENTBICL2EENRBRDREDOENT., MEOESEBMICL> THEREX
NZEREHBICEDNE. ROV EBEABICE > CHEINEY >N
BIZX 2B RRENDD, ChoRNEEHICRBOMEEEZEDTVS
I EINEHSE NI T,

EHRRCBONTHLSN RS EBEERBIVOELN-HRIE. BEELEEE
ZRLDET 2B EEREOFERERNZRILERBI 220 0ER
LT, BEERBEZREIT D DDODEEZ OGNS,
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AHLOERICL T D RBBERSHEREEDLEE L CHER O &
Bho LB ERERERALHEDLBER BELE S O AR s
TERBELICN LERERIBHOBEELET, £, AWEORTIcUE
DIIRIRY) L BB EEB DB EBIT, BRXOERICE - D S A7 5HH
REMBEBOY 2 BHb o AL A RBR R TETI E IS S S e
L. D SESHLEL EIFET,

LBEARLLEYBETABEELICR. HEEFO Y2 £< OBER
RO CICHEREBDD EEDI, RXERICL &L ORBRERHD £
Uize ZCREBLTELHELEL ET3RETT,

£, AREERTTBCHEL. ERFECDVWTHEERNAERE &b
2, BRBHNEEB D> EIBEREREREEFANDESA S+,
LB REERBEHEFRYFEREAE LR S O B ALHERL SRS
EEHREBRLICEATREBOEBELZELET., I5IC, INETEZDERR
HEIE2BH B EE b, BB NV LS k22 A b S 75 )
BEFEE #HEL. LEEREERERETHEMEAGELICLLSE
<HALEL EFET,

£/, BBETBEERtE Y — EM T EMEFREMNIE 2 BES L OB
BENATT Y ) OP—WEFFE BEIHICE, EEEMME %< 124
LTWaREEELi, CCREATRIOEEEL £7,

BB, FREORTICYE0., ROFLDSBHH EHMERHE VL EE
UZzo A8 R%EBEEMEH BRE. AATHTERS. B25MELREm
HEANEE. 135 NCEE R HEER ST R EEEE RS L O EE A
PREGBEFRNEZESFAEEAER, 2B LT, SMICHLOD
SEHLEL BT BRETT.
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