HOKKAIDO UNIVERSITY

Title Y EDREBICNT 2RELEFDOMRICONT
Author (s) BBA, Ei; TERUMOTO, Isao
Citation EERIEZ. £WiE, 18, 43-50
Issue Date 1960-11-04
Doc URL https://hdl. handle.net/2115/17637
Type departmental bulletin paper
File Information 18 p43-50. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Isao TERUMOTO 1960 Effect of Protective Agents against Freezing Injury in Lake Ball
Low Temperature Science, Ser. B, 18. (With English résumé p. 49)

~ ) TOHERKT 2 HEHIEFI ORI DO NTH

BOA ®
(ERBETIENT LR

(BTN 35 48 7 ASZED

L #

YA EE A B C T EENSERO -2, BEFNESOBRTRE L, MlNic
AMTEBCETH B, chEHCLBICE

1) B okohERESIIVCE

2) BBERBEIOGKOBAEMIET 52 &2

3) FREEOKICHT 2 HEBESRENCE?

4) MROBFBENGHC LD
REBBIEDN, choBFTSONTOEICMBIERICL2ENBC 5, oM dED
EEHCICR, FREEGICOKERETZINBOCEREDEENELLNS,

R, S, EY— RO, SRR IR 2 EHEES CBIC, W, 70 %)y,
TFVYT Y a~VEOERBHEEFIEME LTHAHNONELIIKEDTEL, LTINS
DBHAERFILFIBSHEZEG CHRICOVT, LG EMRMDE & bEYRERIC OV TR S
ZONTHWROOEBERTH 5, ‘

O, WhmRE 0°C o —38°CHEE TORRTHG Y, TOMBBC 38
EHx, FBE LS MRSHERE L REBTOBER»S Lo, © OREA LY
)Y, 2FVUY T a-NIEEOEDOEMET VT~ v OFEG LR E LTORREHE L
LDTH 5B,

il

IL » &

MiEte LT~ Y & Aegagropila Sauteri (Nees) Kitz. DRREEH N, <) 23, BHE
40~80 1, B SEREOHHEAE &\ 5 R &S HIRMEIE & DM T, HiIcy LTk, —20°C
T2URMOBKICb XML BT ERTEBY, <)l WHTLET, HEHS LLAE
RTHREL, =R 2000 KfFE L, <) 0o EHiE, 084~0.86 M (NaCl #5)
Tk . ,

HAEERRL, BIRAORRELETY IM PHEERICANT, REREs s, 10 5%
BT X CBERESEE2THS, MEOKMILAIICANT, BBEETF X mEz v,

* o JRHRERRIG R RO A B 504 B, WA - 1Ly 5 Ol T SR I DA AR L
ERRE YR HI18ME MM 35 &



44 t A& o]

FIREARR S U OVIRETE, WEWLAOIRO 5> LT3 A SREBEL DR,
DORBETE, FHIEHICANTD S, WRAEENT 2T OB 30 SLIRNE Lk, =F vy
TV a— VEROBSIIE, COMLEERRNE, EMBEY, T4 FFT R IcERR
B E LTHEM S, BHEHEHC O TOMKL, RERBESERTHB LT, ToMk
DETEAFIBEDEE T Lz, SEERIE LT 1M BUEERE B 7. BRI, 0°C
o —3ICHHEE TEED,

A OO BEE R, BTHRD IS Liehoreds, BEERE R EMGERE & B UREE
1o,

I & B

1. = =

B A AR & LT ER S 0B, BUEO b0 5T, JEWICEIESET L
taﬁ%ﬁ$f®ﬁ%§ﬁ%@ﬁﬁ%ﬁmL%~umwfééo%lﬁilM%%%ﬁ%m

Flk | M BEBREER: LISESONHE

(% 2 W [ T %)
WO R —~5°C —10°C —20°C —33°C
Hill ok B D 425 50254 %E FE FE

WiEAT, —5°CTH50% OMBESER L, ThiVEETREBOMEMBEHELTLED
1o ~
PR ORI &, EBHRICHT AN E ORRIE, W2 RICRHR L, AL ORE

B2E W TH 5K ORE & ukE:
(—10°C, 2 ke B BRS)

}ﬂ?ﬁtzﬁfzﬁi] Bia 4k  02M 0.5M M

ﬁdwk@%@/}a%) 100264 10024 80 ~90%5 B

B Rb 3 o &M S, C0BEE, BEERETE, BERBTOMESZD >N (IR -
1, 2, 3),
2. JUurYY

7Y vz, BHERLT ) EOMBERAEBLEY, 7)) Y TORBEAED
PRFLIERE 13 144~146M TH 2, IM 7V % ) YUK E LT, B2 OWEE THES/HEE
EEIRICHOD LI,

—15°C i TOMBICH L TR, FELALBEELELC RV, TNXDEETE, B
MAET Ui, 2O U EBIE, RBART —20°C, 24 KEHOMFETIEEAEEINILNY,



<Y & OBELHET AEEH IEFMOHR L DV . 45

F3&k IM Y ey R E LIt BAOMME

(% 2 BF RO ERE)
om R —1°C —15°C _arC —25°C
BloK D HFE 1®% 80~90244 20~30254 FE

FAR EWELTOY Y v Y OB & TR
(—20°C, 2 IR B)

AERIZ )3 Wi4 F K 02M 0.5M 1.0M

Aok % o H FE 80 ~9022 4 50~ 60955 40 ~5095 4 20~302 1

RIS, 7Y% ) vOEEICEIOT, WNCERESEZ»EL BN,

WARPODLNBHCEE, 7)) YBERPICENTIIET 2138, ZOMEEMET
LTLBCETH 5, '

LOBEOEBEERE, BEALFEEOBCL LWL —11°C DHfiisT, FHBHE SR
EHODLTEY, EBEORACLZMESRS N, KL, #EBC L —19°C, —38
CoBRRTOBEEROERBEIOXR 2 3, ~1ICoEEOBAL R HBAII T 3,
BiADRER, FBHOREEZHBC Licbo B 5N (R4 5, 6),

3. TFLYHFYA—L - o ‘

TF UV Ty a—id, EECT )Y v ERKBD, v ) THREANTADLIREET B,
fokAlE, BEzFUY Ty a—vodil, <) EMBREAND &, —EEREREDHERE
HSEE BT, BABREZFLUy s ) a—VidMIEN~EEL, EREERL b & ORI
bEB, BYHECHLT, —RIc2F vy ) o—vidERIIEES S DN, T ORKTHL
BL7BE0, FHHcHT 2T EFRS Richob Lz,

EHR HEWLLTOZF Lo sy a— vORlE & R
(—35°C, 2 Wy miss)

= e’ B4 A vk 1M oM 3M 4M 5M
UK # © 4 3E O~102t  80gsf  90%H:  90~100%4 5004 S0~40%%

ZFUY T ) I~ VOBRGHEEEESDEDICIEDH BLER, 2M~3MEET, 24
R B & A R < > (RIR 1TI-7, 8, 9),

KICBADERT V3 — VT U754 QMMM OREZ g L, £ OfHRE, 96
Bk obh L,

BTV~ v, BEICKDTHELEY, sFROMshizFv vy ia—-n, Ja



46 RN il

B6x HAOXM7 vo—rOHE

15 " SFR wmmpE SIS ro b
F Ly gy a— 62 1M + 100224
Tudrv vy a—w 76 M + 80~90254
DIF LIy a—i 106 M + 50~6025 4
}“)::7”“1/‘/&”):1—)1«' 150 M - 40~5025 4
HYyzFroy)a—i 400 05 M — 20~30254=

Xt | & k) 0~ 1024

BEVY T ) a—- R REBERERLL, ¥E0d, BT T, EREEASSCENT
BHEE LD, PIZFUYT ) 2~ vEEBEET, EEMRDEIE IR L TRk
foo, RV ZF Uy TV a—~nid, FRESMOE SEM U0 REWMEI L, Bk
04~05M O b D DM HER, FEO6RICHOHENT X 1T 20~30% DETEE R LIz,

WIS, BMEZFU Y7 Y 2= VI A< ) QNS (ERR 2cm) % —35°C, 24 1%
RAVESRLAMERS, SR TAREAKRICEE L s, W1 AA%K, N50% BERICERFL, HEE
B oNTHEERIT LB LD, H>THECHT 2LHELTz=Fr vy
YV a—-vEROTHRRBICEOEREIOCON DL BN,

Iv. # =

AN O VRS RN o 1 7@6%£@,%ﬂﬂ&bf&é@®% B M IN LT 5
L, BB A EMBE PO TEI, & ITHEE, 7Y 2)y, 2F vy sy a—
W, TNSOEMITHNONT &%,

FlAE, WIBWHEMS TR, 27 vy 7 ) a-upr ) 2 ) YRROEERIERE LT
LBNTL S, CoBig, =F V> 7 ) a—vTk30% (A8M), 7 ) <) ¥ Tk 30~80%
(#932M~8.7M) BEGFIRBD D, MRS ZRETEHRBEpORLNDI, X, FIR
HARIC Y ) € ) YEMA TP L, ~T9°C § TRENTY 50T HBRICFREE R C L
TEO, MHROBAICLZ ) € ) vid, AL XS ICRBERE DY, X, TR, 7Y %Y
S OMD BT v 3 — v I A E ISR, RRIC £ o TEB AL DN B, ©
NOORBEMALN DB E, HEEHCCENTEZLSICNED, REFTPLONT &kl
EHILFICOVTORDIEE A LR, BIREICEDTHIbNT &7,

HEPSEE > T o ERE, & A XOBERKME L, ¥y, 23/ V50—
‘O, 770 FFVOBED EEOTHEDLNLY, INODOHDTERT ) ) ¥Px
?VVTDj~”%ﬁﬁ@@%%%?¢&ﬁ%&énf%toﬁ%ﬁﬂ&ﬁ%m%&@,%ﬁ
totEED DI, HEFEHNOERBELRA—B O LRIESRL, COERRTHE, HEH
IRKIE LTI, V2 )y, ZF vy T ) a~vRE6HOEMT VI~ vE fLHEIL/to



<Y = OHEFLCHT S HEH LA ORI DV T 47

1 ROREE IO RN A BRI LcBAE, B A OB —20°C, 24 BRI o Bk
T, BEALHEEEBC EENY 0T, EFITHHERKPN, —5°C, 2 KO H#ET 50%
HREEBC Ui, BHPOEEILENEMNT 2L, ToBRELEIIENES, T1bB,
COEBT, BEEEFICEUTHILERER LI WD, MW 0 <4 FEEER LR
2, BEARTHEEELLEOL LA, FBESH L RETHEESEIT LT, o
EHEFECRBOFEBETREY, <) TOBAICR; BEEOERE LTORERR 9m<&
BERLEDB S, PADTENEVESOFNERESEDONEE WV B, i 8
LD TAXEPRF AL~ 1Y OHIRICEBY AEMOMERECEH I —HICHE L
W,

AT Y £ Y v Tid, —10°C, 2 B OB T I 100% 0 aERERT S, —20°C TR 20
~30% DHEFFE LML, < ) BRI LTHE, BOEEFEHEEIZLONE N, A%
DR THAEEEZS SO LR, EHEIRAUKT I v ) Y EBEELZBE LTV
¥V, BEEECTERESEARIELLDT, < VTR, EEUTOZ Y 2 ) v HBEHKPIC
HOTh, FITMEREHEIT, PRETIEEILNR B,

I, FAFBEREFREzACT, BEERPICOLLT=F vy T ) a—
VEFIRRICERIE TP S &, MEENES T, MRENEEEHCCEERE LD, =F
vy Ty a-ng, S ) YERUSMI - ATHEH, BREMEMEED BEAER
%<, SMTRET 3 &, —35°C, 2IMOAREICIIBHICIHA 32 € G2, BRL, HE0
BRETCRPENSE, X, ALEMFVI~NVTHEZT o VYT Y a~N, JZFUY
7Yys=w, bV EFUYTYa-, KY2FUY T T vERDCHEEE R 5 &,
BOATFRONSHEFT VYT Y a—-WBRSHRDBH Y, Tuvy 7 ) a—wisRICEHR
WD, KICHRNNEZICEBT 2 LBTE S,

RELXT, 7)) v EOREHFLADHROBBICOVTE, +HCHEMINTE
ERVAI, WEFIEFICONTE, B S Luyet 18 &IC X DTHFZE ST & 07797920,
& iz Luyet & Gehenio®™ 3, MICHFEET I RID T Y 2 ) v EFEALT, BEICLD>TT
EBROBEANSTHESRH B E S, TbbE, O ILER RS OB &R
LTWa &5, Lovelock™ itk 2 &, REFMBEOHEGLFE LTS Y € ) v OIERIE
HAE OB OBMERE ORI X >TRIN 2 EYMa~0BEICH LT, 7Y 2 ) viER

HEBEEOCHAREMRONIMIBNTEIZT, GELHPITEENBTEELLTHY, #
DT, 7YY YHBPRRICHERET S &, MRNICBET LT EIChrb b, MEldoimH
MWAEBDBLCEMNTEBEM LK ENS, X, Smith®™® &, HiGREEREO MMENEED S,
7Y 2y VYEERCBER SN ERE, SEKORICTE 2 X5 MRS BRECETHOKE
KON EHEICIESNEDONSTHROBETH I EZBELTV S, 2D, BRESD

OFFILFIE, EWHROEBHOMICKENTE T, TOEEEBCBSA, HRANDHEA
HEEIC T A EMT XA ELL TN



48 JLER N Ei

BEOALEHRICHDVWTOERR, =, Z0AYWHRRIKITE I OTS, 73 To4EYiE
JaD M EN kA ICBBHT 5 LI ELNEY, COEBOBEEROMEOEREL L EE L
HEFEAORRE, KOLIKHFZ NG, KR, FEBRIMESCT LS SHEREE
BRRIC LB A o MEESS O, ERAROEEE, BESH TR IFBERETOKRE
BLIET BRI EEEE SO EbN ., BOBEOHEOMIRTIE, HHEOK, MBS R
HEmon e BARBIET 20, BEZ ) v ) vEETR, HHBLERDOL LT, 8
BPAS B, FEESHEEZTE5 L0, CORKDBENRE (AL, MKOEDL D
EDRBICROBANBBECADRTHEGTEEELBCTHREELN S, LLid <) iR
2MoZ Yy ey vicodonss, BEOFEBESHELTH-2ROMIEd, 3~4KMT, 2
EAEDHRMBATLED CEMNBDL LN, VXL, FAFOHROEREROLE
OEEERT V) v OB ERBEEIRTILIENVAE, 2F vy 7Y a—vig, EH, 7Y
Y VIBEELRLY, BRHICHBRNICERT 2, —15°C R O#ESHE TR, MRMIOKES
TEY, RSO OBADHEE TRV, EICRENETT 5 LED THEICHAK, #Hd 0k
3, TUHDLE, zF vy T ) 2~ vOBRESILKE LTOREE, Luyet  Keane™*” 3
EMBNTO B KA, BFMEAN~BEREE LT, FBERECAD CATKERET S
BIELDEIICEY, TORMPFBICIIMARCMA 2CERNTEBLILNDEEHL LN
2

o

% E

< ) EMRAFER LT, BHE V2 )y, mF vy ) g~ Vi EEHET VI~V 6 R
KOWTHEHRERE LToRRE Lok, BEOHRBRERE, HEARDONT, A
DTRERE TR SBICET AEIEER Kok, 7Y v ) Y OBIERE DS, WRBIc 5T
& AEBFIRER (, HECBLRARSECY, MRREBE LR LU, BEBESE
T d&, BAOBERAS LD, BICRTH m&&@%ﬁﬁVﬂ%L?io s, =
vy sV ae-n, Tulry s ) o~ vt ERESICHIENAEEBL, BERESAEGRET 2
BHELDESICED, 50 OERTOBREIC L D THD CTHYEO RSB E bh
57, —3°CT2RMOHEMICHEMTEE LKL S,

MO, RESCZEBMT & D PlhmgdR, LTIKERMBHIC OO THER T D8
FHOLE BRI MY B, T

X Fik
1) Modlibowska, I. & Rogers, W. S. 1955 Freezing of plant tissues under the’microscope. J. Exp.
Bot., 6, 384.
2) Asahina, E. 1956 The freezing process of plant cell. Cont. Inst. Low Temp. Sci., 10, 83.
3) A #1959 B MAECBE T S RRPoBREHoM R oV T REBEE, EWE,
17, 9.



Do w

10)

12)
13)
14)
15)

16)
17)

20)

21)

22)

23)

7Y T ORECH T IHEN LA OHR DT 49

Levitt, J. & Scarth, G. W. 1936 Frost-hardening studies with living cells. II. Permeability in
relation to frost resistance and the seasonal cycle. Can. Jour. Res., C, I4, 285.

B4 B 1958 M OTEY: & BREE. KRR, £9H, 16, 7.

A @ 1959 <) = oOMiELGRE. LR, EWHE, 17, L

WA B 1958 o mREEGC OV T EERE, 208, 16, L

Smith, A U. 1954 Effect of low temperatures on living cells and tissues, in Biological Apphca
tions of Freezing and Drying. Edited by R.I.C. Harris. NY. 1-62.

Tayler, A. C. & Gerstner, R. 1955 Tissue survival after exposure to low temperature and the
effectiveness of protective pretreatments. I. Evaluation by growth in tissue culture. J.
Cellular Comp. Physiol., 46, 477.

Parker, A, S. 1955 Radiation sensitivity of ovarian tissue at —79°C. Nature, 176, 1216,

Bunge, R. G. & Sherman, J. K. 1953 . Fertilizing capacity of frozen human spermatozoa. Nature,
172, 767. :

WA By 1957 2w 3 FOMBEECoOWC. ERBEE, £UE, 15, 39.

Levitt, J. 1957 The role of cell sap concentration in frost hardiness. Plant Physiol., 32, 237.

W O 1958 RAFOMWMHMEMAOMEE 1T BN L EHEA O KEEEDE L OBEE (2). 1
B, LW, 16, 23.

Sakai, A. 1960 Relation of sugar content to frost-hardiness in plants. Nature, 185, 698.

BT 1950 MREMEMORAR &5 HEHEOLM (REMEER). ik, 63, 245

Luyet, B. J. & Gehenio, P. M. 1952 Effect of glycerol in limiting ice formation in tissue
subjected to low temperatures. Biodyn., 7, 107.

Luyet, B. J. & Keane, J. F. 1952 Comparative efficiency of ethyleneglycol, glucose and sodium
chloride in protecting tissue against freezing injury. Biodyn., 7, 119,

Luyet, B. J. & Keane, J. F. 1953 On the role of osmotic dehydration in the protective action
of glycerol against freezing injury. Biodyn., 7, 141.

Keane, J. F. Jr. 1953 Comparative efficiency of some compounds containing the amido group
in protecting tissues against freezing injury. Biodyn., 7, 157.

Luyet, B. J. & Gehenio, P. M. 1952 On the mode of action of glycerol in preventing injury by
freezing in embryonic tissues of chick. Science, II, 526.

Lovelock, J. E. 1953 The mechanism of the protective action of glycerol against haemolysxs by
freezing and thawing. Bioch. et Biophys. Acta., I1, 28.

Smith, A. U., Polge, C. & Smiles, J. 1951 Microscopic observation of living cells during freezing
and thawing. J. Roy. Micr. Soc., 71, 186.

Résumé

The protective action of certain protective agents against frost injury in lake balls,

Aegagropilla Sauleri (Ness) Kiitz.,, were examined. The solutes tested were sucrose,
glycerol, ethylene glycol, propylene glycol, diethylene glycol, triethylene glycol and poly-
ethylene glycol.

Among the solutes examined sucrose was the least effective protective agent. When

hypotonic solution was used, the higher the concentration of sucrose the greater the
injury which occured in the cells. Even if the cells were frozen at —5°C for 2 hours,

the percentage of survival was one half of the total number. Glycerol in hypotonic
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solution showed less effect in protecting cells against damage during freezing; the sur-
vival was less than that in the control. Ethylene glycol and propylene glycol are able
to permeate the cells, and such cells could tolerate freezing at —35°C for 2 hours. For
example in the cells treated with 2 M ethylene glycol no intracellular ice crystals were
found at —15°C at least within 2 hours (Plate III-7). In this case the pattern fixed
with a cold fixative suggested that the size of the cells was almost normal. It may,
therefore, be reasonable to assume that ethylene glycol permeated into the cells indicates
water-binding power. Diethylene glycol, triethylene glycol and polyethylene glycol were
relatively poor protective agents as compared with ethylene glycol and propylene glycol.

In the cells of this green algae, it is concluded that protection occurs only when
solute is able to permeate the individual cells. The most effective substance is ethylene
glycol. Such solutes as sucrose or glycerol which can not permeate into the cells, have

no protective effect.
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