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Effects of Pretreatments on Cryopreservation in Asparagus Shoot Apices
Yutaka JITSUYAMA, Takashi SUZUKI, Takashi HARADA and Seizo FUJIKAWA*
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* Institute of Low Temperature Scz’ence, Hokkaido University, Sapporo 060

Shoot apices of asparagus (Asparagus officinalis L.) can be successfully cryopreserved (by
freezing at a rate of 0.5°C/min in the presence of 8% DMSO and 0.2 M sorbitol) after pretreat-
ments either by preculture in media containing 0.5 M glucose for 2 days or by cold acclimation
at 0°C for 20 days. In the present study, we examined the effects of pretreatments for subsequent
successful cryopreservation of the shoot apices. Freezing tolerance, as revealed by LT, under
equilibrium-freezing, was —20C in both specimens with pretreatment by 0.5 M glucose and by
cold acclimation, while LTs, was —7°C in control specimens. Both pretreatments produced
distinct cellular ultrastructural changes as observed with ultra-thin section electron microscopy.
Number of plastids rich in starch granules increased in precultured specimens, whereas those
poor in the starch granules increased in cold acclimated specimens. Occurrence of freezing injury
by equilibrium-freezing, as observed with a freeze-fracture replica technique, was associated
with formation of aparticulate domains with accompanying fracture-jump lesions in the plasma
membranes, not only in precultured specimens with 0.5 M glucose and in cold acclimated
épecimens, but also in control specimens.
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BNT 28T 2 LG L 2 ETEIE, B e L
T, 0°C, 20HEKEMEDF 721F, 0.5M 73—
ZESINEEHT 2 HEEEE Y 21T - 7244, 8 % DMSO

2 UEHRER I 2 BHREL 288 £0.5C/min

T—40C F CHHBREL 28B4, WO THEAKSERT T
DFFERTDWEE L b, BAINDT X237 7 ZZETHD
HHRERTFIZ, 19814EICE L IC L » THE S N A, 7
DR, 4% DMSO BEU3SHARTZu—REE A
HTHREELIT-> T 5. 20, HiEERFD
DMSO DO#hREA/NE W2 &, b NS RiSEESE Hirh OdE
OFEFH L BEIX 7L a—20.5M B LTWwb I LT
EEFEE N2, BUEDHFRER & - /2. MKEE
EBAREHEE CTH 2T NI —NEFAIHE
HWTORMEEIZ, TA ST RZEEUMY, Ban
HEDFERERIFIC B TENTHEZ L {Abn
TV BH, ZORMPIIRIZITHEHAI N TN,
KGRI, TR T AEBOFRERFIZBIT S
0.5 M 7V a—ZEMBEM THORMEENRE| DR
*EE LT, Mok emeibicER L, KE
MR L D REERAZDIDTH B,

MERRUFE

1. EEOWEMEOHE

1994128 TANC, LB RE BB RS I E
RELTH BT 27 H R (Asparagus officinalis L.)
AN—T 2 P US00WOEN S EHDREEY
FCREWIZAN, 19954 3 AT F TIERREA S
7EEH,LEE (BEX&1.5mm) *EEICHEL <
FRLE U7z, BERTSERAEIY, BREY ZH0—iE
IE L 72 Murashige-Skoog ?#z#s ({EIEMS £2#1) I
Zna—20.5M #@mL, pHS.7ICFR%ER, %R7
g/l #HmMLZL D%, 26T, 168 HE (604E/
mt/s, BEEIELT) OFKET T2 BRET- 72 (BERTES
), T, HHBECAEIHI L WEHEEL SR E L
TH 2 (), [RIBAEE, BEENTHFS R
¥E 0 COEEREICH L, 200BEL 2 &ic & DFTw,
FOFEEPLRHEHE L EEHE BV (KELE), Zh
LOEEE — 3CTH 5 —20C I THOEIBE CPHHE
I (PO, EMEETER CKBAEETRICE
B %, PEREEEZETHIC |3 PSSR & FIHERR DR
B & A, wHEEIT£0.02°C/min, — 3°C THE
K), 38CIR/KH TR, MY A AR (IBIEMS
B 2 7 v —230g/1, NAA 0.1mg/], kinetin
0.1mg/1 &ML, pHS.7 2%, £X7g/l 2k
L7z m)i2EEREE, 26°C, 168 H R (60uE/m/s,

HEEGET) DEATTREL, 5558 GERRICAER
BRE % AL L TEFRE RO, WEREZEFR
50% 7 & 2 DIRE (LTs) %LITERRL .

2, BEYRE

BIALERIC L % MBS DB L2 BB T 5720
I2, Hepler 50l SHIC LU TOFEIC L
e, BEGE 2ERLZ. KRB EIEER (2%
glutaraldehyde, 0.05 M cacodylate buffer (pH7.4) ,
10mM CaCl,) i2&E&EL, 2RHBEICHEL CEE
#4T-72. Fi20.05 M cacodylate buffer (pH7.4)
THeHR, REEH (2% O0s0, 0.8% potassium
ferrocyanide, 10 mM CaCl,) icEK¥ 2 BEEL, 48
i S
BB L TEE24T-> 72, K¥EHEIZ 2% uranyl
acetate KEMIC 2 FERIERIE L 72, £ 0%, ethanol B
& UF propylene oxide T L, Spurr #flgic @381%,
70CT3 BHR, B2 ES S Kig, 4~ -
JEZay F OmU4 2RHWCEEYE (BEX0.3
um) ZYEER L, “EHf (2 % uranyl acetate, 0.5%
lead citrate) %47\, JEM-1200EX i%:8%E T 5%
# (IERBEEL00KV) TEEL /2. A A 2 T HOFHH
i3, BEBYUFOETFEBSREEEY SEFICHB L 2M
FEaNEE (10KLIE) lcoWTiT-72. F72, BiEE
A & ERBEY R (E30.5 um) 21EELL, 3t
# (0.5% toluidine blue, 0.1% Na,CO;) THMAELE,
FeE SRS TR L /2.

3. Freeze-fracturé replica 3%

TR L 225k &, ITENIREEICEL BT,
BARER TWHIL 220K 7 L A > (—150C) IcRE
L, DURAMEELZ. SRe LT OB, K
IR AR SR B OSRE RS2SR £ B iR & BB Bl E
L7z, Zib i@ 6 JED-70007 ) — X2y F >
TERBEBERATV 7 4 21K LY, JED-1200EX:E
BIET M (EEE100kV) THEEL 7.

4, 2ERUT VT VOER

BEADEER T > 7Y E8DBEIL Anthron
HEEHWTT- 72, BF#100mgiz10% TCA (trichlo-
ro acetic acid) ML, 0 CILekH THEERE, 3,000
rpm CT155 B8 L 72, B2 809% ethanol %
Iz = OEE L, FBUT80% ethanol %N 2 TIHBRICE
oL 7248, ethyl ether 2002 R OEEL, JAE
#1252% EERBE 2 M L TR #E21T- 72, TCA
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Fig.l. Light (a and b) and electron (c)

micrographs of asparagus shoot apex.

(a) Freshly isolated shoot apex without pretreatments. (b) Shoot apex precultur-
ed on medium with 0.5 M glucose. Arrows indicate dead cells. (c) An ultra-thin
section showing a part of shoot apex cells precultured on medium with 0.5 M
glucose. Both survived (left side) and dead (right side) cells were observed. Bar

represents 2 gm.

KU ethanol @ b1 % &¥EHL A, ERERD LiE
ETY 7 MmER e L, £.E120.2% Anthron
-90% H,S0, #inz, 100°C TLO5HIM#ETE, ODesT
heEsl 7.

BWRRUEE

1. ETERBICBT 2 EINEEORE

T R8T 7 R EEDOBIRYI % e SR TR L
To ke, SRALEZETEH K OMEIEALEEZETH Cld Mo 4k
FLTwi (Figl-a). ZHicxtl, HERIEEEETIR
B L EOMBATER S 5 Z L BRI N
(Fig.1-b). AEFHFEIALIZ F— 2R F 2213 ER I
Lotz iz, FRRMBRERVESHELRI LTS
N, MEAREEEEL AL Twiz (Figl-o).
PERERIC L D ETEMRO—BIcErEET LI L
#an L 72h, VEREEINEE M CRIRRIC RIS AL 21T -
EHTHIREMES BRI N TE N, HMIBOILR
Lz ERAHEC L 2BBEA PV AT TRREWZ &
AL TWa, SEROKRRE LT, EEHHBEKD
WEPEZ LND,

5% DMSO Hhimsi o> FYOXEBREREEL

RREBRTE, BRSO F— 2RI TR L Ty
%, SRIREGIC A L BB 5 R L7z K — AFF
frir RT3 2 EASRENTW B, ZORE
TiE, MIEDFER L 72 KR RIS X 20,
WEZDPIEWELPIZEN T\, HERFRIC
I — 2GR R E % Z U T BB 2 OREY T A
LALTH 0 191920 | — QKRB TREIC N LT, Hic
BWIENIHEZEZ T bIT TR L WZ &85 2dt 2
5.

2. EEOTRMEICRITTHELIEOTE

MESLPHEETE, KIRALFRZE T R OBERSEE L TH O
HErREL L 25, BMOHETRICBIT 5 LTt
— T CThHoTeh, WERIFEEZIT) &, LTsd—20T
R, IREAEETEIC B aEEERAOER D
PERTHERZE RS S L1313 —3K L, LTl —20C %25R
L7 (Fig.2).

BRAERTALE I L ) {%fy?ﬁ RN RAFED b 1L
7ZHE TR, ZDROFHRERFICH W5 DMSO ® 7
Wa— 2 EOREFEF ORI THEIC % B2 EDF
TRBENTWBH2, 202 & i, RISALEE K OWERTHE
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Fig.2. Effects of equilibrium-freezing tempera-
tures on survival of shoot apices. O, Control speci-
men ; [, cold acclimated specimen ; @, specimen
precultured on medium with 0.5 M glucose. Sur-
vival was investigated after 4 weeks of culture.

“Blank” means a normal culture without freezing.
Vertical bars represent SE.

BET- LT AT AEHOFRBRE (ERER
LT 8% DMSO #MH) o8Bl sEHFENALE—
Y15,

T AT A AZERTIE, WERIEEERIC IV a -2
FEMIRARENANEE T 5 & v ) |EOD D 545, —F, E
L NDFHERICB VT, ROV a— X THRH]
KR FRRBBROEFELM LISV E v ) BER
LIRFLNTW 5 (RER). SHFAEL 2EHEZEND
EHESENRIER, ENEETEIC L EIEEXET
1349 6 ML 72 (7— 7 RI\E) . b oFEFRIL,
HIBHAD 7N a— 2 DBE), Fiii, BHOEEE
FEIC RS L CHERB I PAERY I TR & L7822 5 i 3R
HHEKICFS LTI EE2REL T35, KiEBIL
B OMENIZ BT 2 TIEMEFEEO BRI TEA O T
FERRINTHE N, BHOER L TREESG L OE
BLBRERELCw5, MBBNTOEDOREME V)
BT, KIREME & BERTREEAE OB RIT—KT 5.

3. MERRIEEIC RITTRENAEOKE
(1) #RAnEEElt .

RN I BT T RSO E L /R T 5 12
Oz, BEURICLBBELT 72, TATIRE
EHO F—2aRM#Ic 3P oMl BRICHA TS
N, MEERICRERL MR L ) ICKkE % central
vacuole i34 6 Nikch > 7z,

EAEETROMME - MR T, FEICELMBE T

Fig.3. Ultra-thin section electron micrographs
showing a part of shoot apex cells. a, Control
specimen ; b, cold acclimated specimen ; c, speci-
men precultured on medium with- 0.5 M glucose.
Plastids (P), starch granules (S), rough endoplas-
mic reticulum (rER), mitochondria (M), nucleus
(N), cell wall (CW). Bars represent 1 xzm.

/B L 2B R O/ NS TR 0 7T A F F SRR
Dotz 77 AF FiE LKA 272 ) F2 oERR
Do, TrY7URIZIIEAEEINA T o
(Fig.3-a). ’
(IR ZE THOMKE - MR I KB TR N 7T X
F oL <Y, 1RO E2Y6. TN 77 X
FEHRLN, EMBEEHLERC, BEAENTT
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ZFFRICRT Y7 RREFN T hro72, Zh
LEdiz, T hav Py To¥ms AL N2b tER,
W OBITIRA L T 7z (Fig.3-b), {EisBIfLic & )
FHEDZE L AT 5 AR OMIE Tld—iRkic, &
BEMbIc s & /L, HiREE o folding,
vesicle JRiEE DRI ¥ HBES N T35, Eig, .
(I8 BIML U 72 Populus euramericana cv Gelrica N4
SO, - MITTIR 7T 2 F K ORMERET 552
BB L NLT B, T 28T 7 2 & Fl L EAREH O
Avrabidopsis thalianaL. (Heyn) Tl%, 4°TC, 2 HM
DARIBAER & ) ML —5.7CH»h 5 —9.4C e %,
ETHAT 2, WREDBEWAFEDIROLNS &
9 e B IR E LIz Z 5§, paramur-
al body, ER, TNV URAHEDHR/INAOEIN D A s Ei 5%
ENTW 27,

VERPLRETEOMM, - MIETYL 77 2 F Fokghns:
BH LN, 1R L0 FRL. BN 7 7 A F s
Runi (Figs-c). 79 2F FRICIZT > 7> RdrHE
EL, BEEMNICL T 7 ERBORIEERN L MG
M52 EHREN(T—IRGE)., T2, 77X
FRUNDANGTETIZOWTY, T a7,

J@W rER, /AELL 2B IOE L WimA RO 6

7z (Fig.3-c). BNTHBE T % Populus X canadensis
Moench DAREFMIEHNICBIT 5T > 7> DEREIIR
HIRKRICEL 2%, 1B eiY), Zok
BicA7a—2, 974 /—R, RAIXF—RALGED
LSRN BT 270, T2 7 b A OERIT
BT I TR % 15T 5 72 WERTT R %
ST TH D, —F, TANTHTATIE, — KD
BIRE ZBEOFERIREL Y, KERICEEL 254,
W I (E3E) DERWE DO RIS BIHEICHTER~
ERLTHBRIN, EERWHIEL TGUTEDA»BEL
5. UL, REBOHEMUEEH COEHEDBIREE
DEHiz, WTEHZEHLT, FLEECEBL Wi

Bli2iR, AE5NEERT YTV IcERT ARBRO AL
BE, TIRFFACT > 7o BRI L
EINS., /2, U & ekeyic R @E
LY, MBROBEEMEZERIELILNDEEZ LN
%, Bk rER o7 & oMl NmiiEE Ly, =
NEEHRICEEL GEBZ ABEEILD 1 DTH B LEZ
Y (-

(2) FRREEOBEEL
Avrabidopsis thaliana L. (Heyn) Ti%, 1KEBI{LH
O BRBEBER U LT AT E R RED R

(11)

(membraglobuli) # R EN 5 = & HEEIN T
5N, T X377 A CIHMEIRALEEE T MRS, VERIREIEZE
EMifRE blcZnd ) wEEIIHERINLr 72, &
7 membraglobuli DEEIZDOWTIX  Arabidopsis
thaliana L. (Heyn) THOAREINTE Y, FEYHE
—RIC BT E BBR EIFF 212,

WA I & 2 BT, (RIBR ORERTREC L 2
T A2%7 7 A E MM BRI OBEZEIEE
o o7, LaL, freeze-fracture replica #
BE T, MpE%c, REEEEF moOERNS ~
SR KFOBRMEMEL ) DEEVRST 5 Z &
BARIT 7 - 72 (SEMEEETHN0.6~0.8fF I HiD) . R
NEAGIE, EEBEL 2% 74 DA N RORL a2 L
XNBEMEPOFRERETLED LN TS, L L,
VERISEENT E 0 & ) I L ) EEBEO#EZEL

CRLLLTHIEATHETH B,

4. FHRAEIC & D EFRBMBENEIL

BB DENIT & - TRHEERERE o) 2 RS
BALICER DL 55 & ) 2 FEDP D B 728, freeze-
fracture replica #: % AV#2 L /2 (Figs4, 5). EML
HETEMIE T, ZEHROEFERMET LS5 —-5T
TPHEHRET A Z L2 E YV RIBEBER A VTR T
ICBWTERNY v 7RFNWEE & fracture-jump
lesions »MEE I 7> (Figd)., ZNbnZhidEElc
% BIE L MBS C Ko, T OBREZ I &
HBERLEORFHEEFGERTH L EHEI LT
530,

—%, (BN OHERIREETEO BB RIZ IS,
EHAFTRIE —12.5C & TOFHHEE CIIEEL
Lz S odz, L, EFEIMETLIHD S
—15CH 6 —20C & THOHKEIC LD, BERL 237k
FNUEE & fracture-jump lesions *HEL 72, i
HORERIT, ENTE, RENER OHERPEEETHE D
io, BAREHEORENTRVEBENOMBIEZE( L BEH S
LI EERET S, e kb, WEREERMEE
WIEETEY, F—OBEHRET, FRERICHE—DE
BELERT Z EIZHEKRE, Z0—RMERIBAIEIC
& D BERTEEE & MRRE O MIBNIC B S LR
THoH», B, EEEicLDBIERENLZFD
D EBEEL & DA LRI L 2 DHicDnT
IS BRETT 5 LENDH B,

FNAARTEIZBT BERS > 7R T ORRE &
fracture-jump lesions (%, R EBEOHEEZES bk
EBE LD 008 PAHREE CHET 2 EmE R
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CONTROL

—=5°C BLANK

—12.5°C

—20°C
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Fig.4. Freeze-fracture electron micrographs showing structural changes in plasma membranes of shoot apex
cells by equilibrium-freezing. “CONTROL” means fresh specimen, “HARDEN.” means cold acclimated
specimen and “PRE-CUL.” means specimen precultured on medium with 0.5 M glucose. “Blank” means
structure without freezing. Arrows point out aparticulate domains. Asterisks show fracture-jump lesions.

Bars represent 200 nm.

» iz (Figsd,s). $£72, BEOREL 2 NLTF
TETE, FRERTRRLN L > ERNS ey
BFORKEIL (Fig6) »EEI N,

NIRRT EDOEEENCDFEIREIRZEHED LR
ot E 2BELIZIZ KT LI EIRENTE
N3 ZnZ Eh b, AT R TEDEEEICIT MR
KRN CHEERICAT & 2 DB E RITL T B D &
Bbnad, Voo - FooKFEHEIZ, BERMESLD
EFEEPBWIZL b 5T, vty M REEENOE
BERIHERW2, Z N, ETRMSIBEORELZITC

FYHREE 4TI DI o h i k) Z itk b &
HER S LTV 529,

* & &

AFRTIE, TASTHFRAERIZBIT50.5M 7'
O — ZGNEEH T OREEERIC & A EENAOEES
B LS T B 726D, MERIREE F 2 IR FE B HETE
2 BT 2EENES) & BEEREL E DBEEICDWT
WETL 7.

I DT, RIBAEREETE R OFERT SR T
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CONTROL HARDEN. PRE-CUL.

—5°C BLANK

—12.5°C

—20°C

Fig. 5. Freeze fracture electron micrographs showing structural changes in organelle membranes of shoot
-apex cells by equilibrium-freezing. Simbols are the same as in Fig.4. Bars represent 200 nm.

IZBWT, FRRIC LT —20CLITF &% -7 72, 5 DRI, ZOBEORELZIHT LRI D 5
T HEAE IR EIC NG T 5 ERBENREZELIc oW T borBbns, ZOMHBEEIC DWW TIEICFHMZL

b, MEOHMICENIBDOLN L2, LarL, REPBETH S,
R 2RI, PERTEEREZETH L (RIEALEE TR

B E X B
ETIRELY, MERSELEZAT- 2 Be, Ty
KEFSIT7TTAF FOEME OBV BREI N 1) Levitt, J. : Responces of Plants to Environmen-
7. tal Stress, vol 1., Academic Press, New York, p.
SRR b, (RAE L R R - 2o 497 (1980)

-~ 2) Koster, K. L. and D. V. Lynch : Plant Physiol.,
BETHERENDHKICES L TWwb LN LRI N 98, 108 (1992)
5. Fio, WEREOHEKZ, EEE FCRERZEED 3) Guy, C. L.: Ann. Rev. Plant Physiol. Plant Mol.
BEHEE ECEENH B = EASREI 2D, 2 Biol., 41, 187 (1990)
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Fig. 6. Freeze-fracture electron micrographs showing a part of orgaelle membranes in shoot apex cells,
precultured with 0.5 M glucose and frozen to -12.5C. Arrows point out crystallization of IMPs (intramem-

brane particles) on tonoplasts. Bars represent 200 nm.
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