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ENTND, CCTRIERE TFOBZERELT, =) sz liowRE0~N5,

ETMNEAE A RS UTMIRZHEM S S5 L, BAEOHDIZL 5 ~NTIEF IR A
T Uk, IMBEEEEZBOZIEHOTIE, —5°CTH50% OHIMSEM L, Tl bER
TRY2SMOMPHBHL LT LE -1, 8, MEERDPTOBRIEE S HEORREE I 1.20~
122M Tdh 3, B> TON XS LMY T OREICE N THERORME, BESGOR
MBOBELLDLCENDP>TINE, IMERITT —5°CBHEDOIE L, KREERE S
B EBEREMSIE LR TEE L THED, BEICIMU -0 EBET 2 BMARKIYTAL
7S, HURKIREEDS —10°C T —15°C THHIAS { TN TOMM AR IR L7z,

CTOXDICMEERKRERES LTS, <) =0WEER IMB OB BETIIEAY
CkRbh, BEOBROFRHESMOFMCBERILCHE L, IMP EOEBEDE S, Bl
T O NEREBIE o EAE R 10 RIC Tbﬁo

CNTHPDEDICPEEMLOME LK EBOENE -2 VHOoHNTL 5, 2M A

10K HREEEARoTTWE  EFE(%) (2000, BRRE)

1 » e B (M)
om B 1.0 1.2 1.4 1.6 1.8 2.0
BES S oF®E - =+ + + + +
1B M % 100 100 100 50 30 10~0
24 B OM O ® 100 100 90 50 30 0

(6 HoMEY



vV =ooaEEg I 11

LETRBEAZEIOGEWICRY LORERBHOBEESLONE, Thbb v ) 2HiffilEs 2M
DREREBICAN S &, BFERICHIR O FEEOMNO h RN 0 i Dass N L S,
COMATRBREREORBBEC 5, 700y 7 2+ E—FAciE, b hiigic
BEREORWESHRIZ DY v IIRICAZTL B, 2OER, I~ Fa~Frn)iEKc
REHEV/ 4 FPBEBICHEEB LT 2088005, £0%, BEREAKZHROCIGIZRL
¥, FREEZMERESS IBNERESSEEECT, HI05%0MBOREZE VIO
Kﬂ“ﬁ%ﬁﬁf@m@CMtﬂﬁﬁﬁﬁ%%cbfw5ﬁ¢P%Limﬁ%@m%?5&K
BTERD, CoRTECD s MO WS TS 72 3 Frilic EURE ki 5 LoW & v
WRETT TIoliE B LTV A (W VIII-22, 23, 24),

= U =il fERTR I X BB, lnu%%n e LTRHOBNZT LS DTH S
C TR TR S A3 1 rdm BT X B ETRBTE 20 MNLNEZELT, 1M mz
PEICENENEIED NaCl 7203 CaCl, # S8 34213 9: 1. %4 1A #2 ik - }'uIIE%A‘Z@UlJ’E

) 2R EHOSETAHI, L LEZORBRRE L RICRT X S ITHHRD A L/)flzméﬁt
BNEOMICELZRBTCERTEUL L1,

RO L DICT FOMARKE - ) THROBKE L CHifise-MEE, ®l12ERY
BllE HEEIEOBRAMZERE L XEdvo< Y = {lE oM
—15°C, 2 B s H o s TR (%)
PR & SRAW I M EE ¥+ 1 M RE 5+ ' -
NS 1/2 M NaCl 13MCaCl, | !/2MEHE LM RE B
91 0 0
10~20 0
11 0~10 10
(8}303&7}%4)
El2gk 1M Y FoBARERKE LiciZdL o~ Y =4l o B
2 BB OETE (%)
WO E ] —5°C —10°C —15°C —20°C
PO - < k 100 50 10 0
(7 B o)
I3k 7oK OMEE L < ) =Kok
—15°C, 2 BB HEoLER (%)
b B B4 & vk 0.2 0.4 0.6 0.8 1.OM
- - 4 100 60 50 50 10

(7 Ho#R



12 LN #h

%13 EITR LT,
B o7z,

TEoRRhTO= ) el oBEIEE SRR REE 1.40~142M Th 5, 7 F UKD
B, FREAEORINED BIEADICEL, BRTEDELES 2MIERDT 2 BMIIA
CRAEORFEIAEDENE oI, 24MFKN TR, —HOMEAs 2 M JEsgh TR L
FERUEEED S LT,

DA, SETWHEORBOICH R 27 X DI T F o RR & EAKE ORE
EPRER ST HIE T A, WO SN E R HOFEERY S H»IC
LA RS (55 14 ),

EEIM TREBEOE B NROESDIL, KD EREE TR &3 %

Wb T, <Y
TR BRI & B Bl

BI4ER 7 rFoRiEHORERZIK S L s e oMK OB

2 BRSSO R TR (%)

ALY WO (ZMNaCl | IM 7 ¥ iSMCaCh | oo ¢ | 1Mo re
B {1 [ 9:1 101 ] 9:1 OB | B oo 2
—15°C 80 50 90 \ 60~70 50 10
—20°C 10 0 10 l 10 -0 ¢}
(8 B otk
IM 7 PO Z ks Lo d 0 ouliniZ e fig T 2 &, aifi & i gL
BEASNTHML O, MMM P ET, bEDRID LS MICH 2 BERESER AL S
oo, TNEMBETAEFIREIR, LA EETERIVL, — oM %R 5
el Ui, IMEMEAERE Lzl b RSO BB RA S Lz, 1
DB TEPIZOERIGIVRBEOEEXANTY, 2MOEOEKDIXHNITADILE

EOWHREICB L TOBRE OB X 2 HIEE MR A ST, $hkc & 2 RBESE LIk
EETHORTOHMNE BT 20T sEELTULE 2/, 7 F okt CaCl, O R4 1 TH

EdisisEs s, BROOEHOXIEIET LOHIRONE IS C &3, WOaNICRER
BHamd A SNhi,
VII. ZE7ZLI—ILOE
Glycerol, Ethylene glycol 75 &2, =¥l T bMET, HFAREEN LA & &

NTNBEDT, <
WAL DI,

< ) 2HIC DTS 6»1&;10)%111[7»: — VTN, O R

1. Glycerol
Glycerol i3, MEMEEFEL < <Y EDMEA~FE LI, Glycerol iiEric 51 2 B WE
Sk DR IE 1.44~146 M Th 5, 1M Glycerol £k LT, =) TMlisiEe DE

ETHESEEE, —15°C £ TR,
@ﬁ%’@t%—~ﬁ6@mmm,d

BEAFHELAB XD, Nk DEETL
iKhT —20°C, 24 B o ik T

B S I
SR AEEINLNT



<) e o mE 1 13

BI153% WM& Lo Glycerol 115 & Hkd o i Bk
—20°C, 2 RGBSR O RFEE (%)

i =3 B4 A vk 02M 05M 1OM 12M 14M 1.6M 1.8M 20M
25 7 # 80~90 50~60 40~50 20~30 0 0 30 50 50
(6 A o#E)

ERT TR Y TH B, IS0 Glycerol oI X - Tl i i pli ik h325 % 7
Lot (8815 %),

B 15 RORRTHRDS 5 L3 L6~2MDE BN, 2F D LAMUTFTH Glycerol
B RINT AT T 5128, WEOBIIEASIET LT 20 EThB, COEHLOIEHE
FERE, BEACZHEEOBCLEN ~11I°COHET, T TRELVWEEESHLHODL
TW5Y, Lipl, #istiBc Ui —19°C DITOIRE TORERME RO ED K & 3 i
=11°C DHHFDIE BN E O DL DAZ D, S Bl DRENE N D FREEORME B L
1tbDEEILNSD,

Miﬁﬂﬁrhm ADHEOH B L AETH->T, IMPY FOWREDERITHOES &,
WA E BT ARERBE A L, TOEMRAMLHEIICAZ 0 (MK
IX~25), 1.2 M Glycerol ¥iirh T —19°C, 30 5 D ikt T4~ TOHIEAIA T,

D& DI Clycerol Itk > THIEM RSB ARKO—213, COYEMEREICE S &
HBHEHODOTCEBELONLOT, WRTEHREREPIC< ) =azE >0 Th i (5 16
), ‘

IR & D ICHE 1.6 M L oD @i i T LI B & 2 (£33 50%
JFICIET L,

~J7, WHERPEEEEE D Glycerol MBE M XA EME T 508, MALENICT TIoE
HSHED B T 5T 5 L6~2M Db OMIILI, Sk R K 30~50% i ff T % ¢ & 5T
7 (15 #),

ERlE hW&GMﬂdﬁﬁmﬁ%ﬁ&
EEER (%) (20°C, BERIRAE)

A B B (M)
7 v I 1.0M 1.2M 1.4 M 1.6 M* 1.8 M 2.0M
1B 100 100 100 50 30 20
24 &g & 100 80 70 20 0 0

O RIEES Mo RARE (6 Bo#E
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WEHE, 7 FUBE, Glycerol 0=ZFEFHICIEBMHATH 54, §TIRONLDiIC, =) =&
HMRE NS OBEKIC P CTEBES I E2 35, TORRBEICIMPELEEND D (B
17 #),

COXHIBHRIEGPT HICAUTEOERTRIATITHSD, 825 hd 3HOY
HOMEEMIZLEDOTHAD, ZODLOHMEL 5~B & IEBE T TIOHHE &85 EH
O BEBESHLMBETEI TS, TN OYHOEEDENT, <) THIRK
OFEERRICERBATMO MR ICERT B I WHEPOEABB L >TO B EBEL
515

Blik 3HEoOBEBREOEEEL £ OUEHEE T o RUBES RS

- " T 1 AL S
= G = Gl BOA g

= (B 50% IA'F)
i bl 1.4M 16 M 1.20~1.22 M
7 ¥ v gk 1.8 M S 20M 1.40~1.42 M
Glycerol C14M ) 1.6 M 1.44~1.46 M
(6 Aok

2. Ethylene glycol RUUZOMOZ M7 ILa—JL
Ethylene glycol i&, JEMEi® Glycerol EH7D, = ) i~ TAPHICBEMNT 5, ik
Ethylene glycol o1z =Y efifjits AL s &, Mlid—HEURR4EEE B 905 M ITE
L b & ORIEICE ¥ 3, itz Ethylene glycol 73%':[“1]@[’* ~BWT BIcHEELONS
A L s LT, —f%1C Ethylene glycol i difE % 5% 3 AhoN, =) =HEO
WM R ) B O b A RNIIEE, 2~3 M R T 24 I HM @ LRI UHATH -
9,
2 M Ethylene glycol i E L2 ldd O OO MFSREAZ BB T CHE T 5 & o
& T R A O Ml FUEE oA B < 3, SRR R E T, W OSSR IR D T
DOFEEEEIZE A EZEMTO, MBS S8 L R EEED 5 7J>“C‘/Mﬁﬂl 172 M B
5L o 7o (R IX-27),
EI8® 7 v 2 — v 0 F NN
20°C, BRI, 24 BG4 1755 (%)
i B (M)

BT v 3 = DTS o 1 2 3 4 5 6 7 8 9 10
Ethylene glycol 100 100 100 100 100 50 0 0 0 0

Propylene glycol 100 100 100 0 0 0 0 0 0 0 0
Diéthylene glycol 100 100 100 0 0 0 — — — — —
Triethylene glycol 100 0 0 —_— — — — — — —
Polyethylene glycol 100 0 — — _— — — — — —

(3 Aok



v ) e i He 1 ’ 15

KICHELZ DEZMT V3 — v Z A QUK (I~10M) T, BRT<) EICERZELEHL
DEFICTL BPWEAE U S~y FHERIREROEHE Lo~ iZb M TH B

24 ISR DR 1%, Ethylene glycol TR, 5M TR UDTHEROMENSE T N D
73, Propylene glycol, Diethylene glycol {3 3M Pl Ficts % &< Y =HICEAHIA S,
Triethylene glycol, Polyethylene glycol Tk, 1 M T% 24 % EFET 2 ML ho7e,
72 UIEREL TR MR B mEAD U, #171E 1M Polyethylene glycol Hiiz AT —3°C T t{E
Liciddunicld, 22 Ed 24 MY EIRE b NG o/, 26D 5 FDO LA
Toa—vEE L, —33°C T2 S TH R L, ANOESOLNIHT LD bkE
TREEAESRE 7127,

DA BSTE D/ x 12 Ethylene glycol, Propylene glycol 235k & K &4 B4R L, T4
5123 { Diethylene glycol {Z#950% DAEFERER Ui, b ZES T TRIZEM &5
BT A H % &8, Triethylene glycol, Polyethylene glycol 1, &8 3 iz k)i
MBI L T/hE o, CHRFEIBRICRLLXSE, ZOoBRERBIORMLEO LD,
banis, '

3. TUEHBOSETILI-LECHT 2 H08HEWERE

HiEOIC E NI FUEEMNICEGE LS 28 M7 v 3 —vid, Bl LE0dol D bl
M EED B DRSS ELIICHZD, TCTY EMROLEDLT V3 — VIS T
EWIEDRNEZ L, T DIk & DO D AN 5 72 DITIKDUERETTIE > 7,
JikidEa S RO 2M 7 v 3 — VIEEICHAE 20 3 &, WikO R E S 5 C 9
AL B EAT v 3 - VIS ICER L, b & OIETWRIBICE THNT 5,

ICEAIT V2 — WIRKIC DB T B EMT 522 TORMAEN->T, <Y RIS T 5 210l 7
Va3 = OB R LT,

754> 5, Propylene glycol #3% - & & (34 £, Ethylene glycol 3¢ #1122 ¥, Diethylene

glycol b oL bBX (HIRWICEINT 22 LBDbR L, HIIROMIE, TNOOLMT

— LD T e B2 09
VA — v DI~ OB 2 5B &, Pro- 195 ')ﬂ(ﬂl@@%ﬂﬁ?/vz~—ﬂ/

ylene glycol |& Ethylene glycol @ 2 7)) &% iy Quﬁzﬁ’z'@ (%38 19°C)
GYEDS O O HE IRER RSB LD TN - - 1 R R E
TN . | BT 3 W
3 % 5 ¢ Propylene glycol o ik A3 Ethylene 2 M Ethylene glycol ] 280
glycol & byfls (18 £ Lwiccoks 2 MPropylene glyol 1
! ) . . 2 M Diethylene glycol 654
BARERERL 272 bDTHAD, TOTEID b
Bk 55730 4750 Diethylene glycol Tt (3 B o#H)

To~ B b1 3 X D35 2T,

T O YRR TR e XA DERFEHKIZ 0~10% T 5,
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VIII. & =

1. EEOTY EHEOREE

<) 2O MREKE LT s dIc DY T, —-20°CHEETD
A TR t4,9<—%@MW@fm¢Wﬁh TNENE B IR, —-30°C TOHKRBRIZE
EETZHLOMBRLNEY, COXDEEOHEERRKEREE LTEMEDOLDOTHY,
WHTHTA /Y (Bnteromorpha)®, 7=/ Y (Porphyra)? 15 ExBEOTE, COHICH
5HDRILND,

AR ECHBREEZ DN MK v A4 74 F (Cladophoraceae) o & A 74 (Cladophora
sp.) % Molisch (1897) SEAMEI TIC L LIS M X2 0@ nE 50, O dNICE
—8°C, 2 WM TRAITHL LT B,

— IR D RS OB = DI RBIE 1Y, TV EDRBEHSBE S IEHIC
KOEEPHAPEONBIC A oNE SO, TRHLHBHMENGHKTH-T, chidzFofiics
STHICHGBNTH B, hO—2@FKDOEESBIRORERKOABICHEZINS b, T4
DEMBA S TH - T, SSWHESET T2 O>NARK LT ARG, ToAFETIcHE
LTWAKITE > THAZIIUREICEEET 5, ¢ O XD IEH0ITE, Hik LTV 2 ik
RENFNZOWMILO & DIMAMIC LM, HERMEFTTHHEINLBICHEZ ST B,
THRHOEMBAERICE B MBEOMAKNENSHLBEZTUTTEEVDTHEELLLIDTH
b, THCOXDBEEICIMEABROEHESRE {, —RICEHEBRMOENEENRKE
7‘& 510),15)

HRIA 13 B I C DR NOBREE B e N5 € ElE, ZOHIIOE»L3 5
B OCAEMNGEIICRRE SN G D, £ DD OO G HER O K/N DSk E R Emﬁiﬂ &7
5, §iibbEm uysw;w;s:f\ W HWDIZ RN RS DS, i B 20 H 0T H ’W{»?ﬂiﬁ’:ﬁ
BBCDRLTNDOTHEY, <) BRAKKRETR, WELRBOMKEILKEREINEOTH
P 3 FR I mé<,ﬂf&@ﬁ@%c%c&ié<%ibnmmo;k%mmva%@
DEOMIEERK ST d, FHEOWMHE LAWY TE< Y =ML, &EA EMA M
FMiDHEIR LI, COXI AP BIENHEESC Licd R, & LTzo®Em
DOEIEEM DR DR AZIET 27710 5N THE D™, Pl AR D OMaFE ke
ORWNT I 5 @ diE s, il 0>7J< TR BEMEE HOERICH B o T OBIEE S
MLEI>ELTOAT, WINKK LT =Y =l BUEEIKIZ KD B AK KT 3Rk &
TEDOLDTHREMEHMEEE > TN B EMNEUREN BB, [[EZ BT EOMEKS
FRKORAZIIET 2HENBOO IS ICELNS, B0t dE~Y = TR, HRHEHERKTZ
o TT TUBBEMGEDOHE LT UE o 2R T b 4°C/ 5 FEEE O 74y HI R B T MR P sl %
BOERBCLIRPETHA, TNE—BROMYMIETREZLAEHONTHWREVHRTH 3
P8, R CHO/AKBE BB 7 2 2 F e TR U E S SN TO 5 T EY & DWW THES L

i




Yy =ofEdd I 17

EMONTINB XD I O T, FRESTHEEICE S s o B2 &y THIE T
BBV, TROLHEKDOLXTPITING DEYOILBOMKTE, TOHATO 2Bk
WL LOBE CEE UTRERE) AN L, = O HNIEIR D805 1L A L, if:ﬁ}iﬁiﬁlﬁ'n’l}’iwﬂ’?ﬂ:é
PTG H B € D10 ¢ I8 B™, FI TR A N B T TRIEO T & - Tl

ﬁmW®MT RS A D R EME DO TIT ARIMNIB T 5, TOXH IS o i
Aok >M&Jm&MRU KMETARR, EAIC74 274 Y 7 — ¥OF/IBEDE
B TREND A, FHZT — T — b GREEE) TIEBLAIC X > THRTO 7 4+ 27 + Y
T = EOHREDSFE LWL, SISl E > T METERE EICRTI B &E2H5
INT U2 T, KRBT B0 T I BRI S I OB E M O Le, 2 Ol
PEOWBE E DO TLRVD, THRBEEIAEBCLLIIICENNSE™, CORAODLED
BSOS CEHBOANNEMCG BT AR LA ENT, MROBENERIET 2 FELLD
WIEIE TH A EICEBDTHAD, Wald Valonia Ti3 05~06MICKEIKED K 24
ATBOLY, SN LIc<Y) T TEEDOFEOBEIM (0.85M) 0B an K olfifcd &3¢
borEZ LN, FEOBEE ﬁ%@wn~tybc?%HVW%lﬁLit%mva%%m
WAL T & OBB I Ic S WA & BB T S 18hoT,

<) EDLSIC —20°C BEQHKICHA S M AR LObOE LTIR, WA
EAEFEDHEART, BARARICIIOMHELAE Ly LT A, uhloOMIH’M@*I T, A%

IR TRV L TREE G » TRRAGHICHA Th &ML LN TH
5” LAY TOMEOBFLEREHET S E, ftE A —20°C OHiFHRIEICH > THH
Biwﬁénéhinﬁf FORELGELASWEDLDEELE L, CORKDO—DE

< V) ENRAFREORARO G Ule—#oRRET, Ll iiﬁ(ﬂ%}nﬂ’ Yizdnc &
WHEBDTHBHN, HHr0id~= Y =DRBHA, MEsAHRc X 2 A0 U Titiikow

6%ﬁ®%%%%oamf,@mmf%of%W%@@mf;@hVWW CIRIELTN S
Ot LN, BEEICIETIC RIS BT E D, I OB IO BB NBIC K > T
) e AT B 1L BT, A ORIEICE > TV 3= ) B0 E DY IT, ik
MDA ILZ > THEUIE BN E KDY ¥ A B b e (M VI-15), FodgEgl
W T~ ) EMIEAEAICE L TR &R B &b LI LIZME s (MR V-14, VII-
22), TS OGN ,Méﬁvv%ﬁW#MﬂﬂﬁﬁmhﬁL—mw ZBHENTS, i
& HEEMBNIZE 2R LT EaKED, [ARETEM LTV 3 5EMIE & izl
LIt xEbds, moi5%M%wm*@ti TH L LR S I FEODITNIE
BN THHEH DM ﬁ%?%ﬂmeM?éﬁ%% CORIE, LHROBFHICLE BTN
AKINTHDT L TR 2 O SR IC A e (R ER S B B A, =) %fmw@/mmm& NSl ke
WAHEWNS &, IE TN OMIBOT B OO FIEE M R H T 5 TR TS
RMBBBETHLCEFHODLTOLIDTHEAD,



18 HCEN &y

2 RYEHBROREEBKIEZHWELZOERY

a) MEREKET  Calii® WL\L,@J}LtdvvtwaMHﬁﬂndAmeMNWIu@mMVE%
F R T oW &) #ET X817,

1 i D MO IS T ,Jm HR B B I OUEEIC ;5WH Vin AE AR AR AS AN
HFERIE D B BRI D LR BB E A DI DHBB 23N TRELE L -2, Mo Eh D
WWIKIICERENIOKDOF ¥R - & O LB S5 HN D T3 (KK VI-15), Dsshi-filaT
BLELEBEEEEARMERZ SN TO AN NREEESE TR, 20X ST
T AF v DX D IRERTEHE O NEY a5 ﬂ%ba&émcmé@%bibi&mi
5 (MR V-12, 14), LT 5 LD, CﬂbIMQMMimm®i*“@¢%WW®
BRI LOEBERZRL, 9= 0S TRPUBMRE MM ZEY, FIEHCEEEO
LR T ST, ¢_)7")<UJWT?SK'I’@@'('?Z)C&Z‘)ibbﬂf(ﬂ%zs)o F K (1933) I nid
TA I F¥uk KCl % NaCl I AN D &R UWEREERS ShHN, MR E CDEY
L, TOMMICE L QWM T &, BHICEHRER T 2™, &S Jdoddu0ig, <) M
O BFE IR SN IR OMEN THRBESE 2B LIK (R, ghd Ao TW
BIDICHBBRED LORMENRBINE, TORNECLAONTHBEILDZ2DTHA S,
AT 3 R4 Aok 18 T i & 4 5 & HINAL B0t 00 IS O R I %575 789 % UL H s

AT FRTUADIHEEZRBTESL L0DN TN BN, BHEEDOERTT TIRED &R
LA -THBRIEEARTRIDE IR IEREZONIL D, M- TLH L OWEEP TR
WA K s )\_ KIBBEDOMHKRTHAD

T, oSO J‘ﬁxii‘-ﬂﬁi/’t] WFUEEH O 2 2 NE ERA X0 L f}”} &
ifx—z'ﬁl@luum{f('ll < ill mﬁé &{m '703//!1575&035«/] j‘ 135(/\7)3:_, 53‘5573) leé

M%Eﬁ1M@m®i%w&&@£<%6<@o1w@mtwu,mum«thWﬁ}%Eg
BHERDOHYRMBEDNISDTHA S, 2MOLTHHEICHT 5E LB OIIEDDH
H5CEE, coXOREBHICHT AERNIChaBBEDENHILEEDEE, oD

R g S MUEO D0 CaCl, @& 0T, MR S & R U 28 I o UREL 53

WA oI, = ) ERIRAE TR TRV EEIERICAN S & SN & B B O BURH 43 i

oL (FMKIH-5), cizadmEThsd, MoT CaCly, thih Tl & 7213 H OIS BB

FERMORHME LM LRGN S D EEA SN D, fo& ZHHHTE U TIEIEE S%E 3

LThZORMMARNEWS MM AR T XS0 H 0 (MgCly, Caly) Ik, ZOMWMHMES KD

MiETH-t, =V BEERMGEIRD YV 7 TTHE, %ﬂ@lmm‘({fi@ﬁﬁofnx RTIIEE
SiksE 5L, Na, KOKIRELES KL, Mglidohiomks, Calfiidiz &/u&:‘iHEFET

HBCEMLLENTNE™, L7 2 D THHEDOK &5 6 DI BaCl, 2835 2 48 (83 #), Ba

A OEBREETRAMEABFERIBCHRLOT, 2OoEHL OB T TMBRAHBT L sHEEL
- Zhn NG -t A
Lr’x\'ﬂlﬂé&% £} ?y)o.g\
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Hld 2 ORI ) B A HS AR IC S b 597 (8 2 BRI, I & 0 L THY
MIC K2 B A D EHKARAD, Ballifilick auio ks g, =) 2 DAILL 7~
T~ b GREE, 2= xFETLORATLBY,

TR IS O H O OB O BRI HRIT & 785 MNP 4 o KA O I 1T &
SNTHWAY, LALEDOHIBICHIE03MIICET 2 K A4 vaSGATONA < ) Mllus, ©
NEMAPTH ST —15°C THE KR TR volg, 03M o KCLEEhcliswh
W UBEEIC B WO TR 70% OO Hist LT U S idsid,  HUEAEIRE OB it
BATS B MR Ts SHIBAE 2 o DENC & & 3 FUBH &0 Hic a2 lE T
HBELEBhHED,

b) bi FECMBNTIN D &5 ITAT 2 O30 - R N TR S 4
Wl Tl (A0 LT S LB L, Lﬂﬁﬂdmmwrw\®1M¢%5&wbm
“Cc\é”’o FHINOORMTRZOHMO WA ZHATSE 5 & SME & LTHIREA S &

I O HE 2338 U { Wi g 529208

LT AN BT, B E UTORR (IR T T ¥ o b)) @Ml o 4k o sk
FIDRWERD D, PE - THLLCEAET XS B 12, 13 #), SBEEOMEE 1.6 M
PDETHHRTO =) =licid LeEiEaR Uk, &6 &M EyminicE s Eod
ROMEDOOEDEINTHBY, TAHMITRERESHRE LTHEMEIN TN R ETH S0
O, COEIRRWTLOHERBFLTAIKMETE2EDOTHA S, T OMNEO LS <
JERLZPPLNY Y7 ®THE, BEFBESENE LTENTAE, k&b &AL
SNTVAE™, $£127 5 2 OO S 2 A2 A R ORIE O ek Iz 21 T
FRPUTKARK EE 5 &, MIBHAK I B4, $70b 5 Eiliiiiic s 20 TR,
FIEEP LD 4 4 vOWRMMSBEL Y, ChBHICES R CEPRGESNTNE®, <) =
KX 2GR OHEEMNSL, B0 3bAHOA 4 v OFEIEE LD O, Hilizkc
TOTHAHD, BBT B LWL EED= Y ’Eﬂﬂk'i@d\” T BERMBERL, ¢
DHEA N EZHTEREHOOE>ELEDNG U%f”ﬁ T 1M AP D RE DR T
WoETH, MRS L85 B (fw)(ﬂ‘iﬂul X3 IJMI BaAONWMT &, T, U
Wi o BRI TR E Sk L'f:>l}i,f£5”&ﬂi5{:3€“‘ﬁf %IU EEMz O ERMIT LY
W, 1ioMEEE o E R LTEY, 5 L EIEH Ok, Wbk, sk
FOM PR NI EREOEMTEC20THA S,
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Résumé

~The present paper deals with a series of experiments on the mechanism of frost

resistance in algae cells. A fresh water Cladophoraceae, Aegagropila Sauteri (Nees) Kiitz.,

well-known “lake balls” in Lake Akan in Hokkaido, was used as experimental material.

(1) Owing to a large potassium content the cell of this alga has a remarkably high

osmotic concentration estimated as 0.85 M (NaCl equivalent) throughout the year. On the

other hand, the concentration of sugars in cell sap is found to be very small (Table 1).

{2) When they were subjected to freezing at a cooling rate of about 5°C per minute

or less, all cells underwent extracellular-freezing. In such a case not only the protoplasmic,
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membrane but also the very thick cell wall of this alga was found to act as a barrier to
the penetration of ice crystal into the cell interior.

(3) Lake balls show an extraordinarily high frostresistance for a fresh water alga.
At —20°C a lake ball can tolerate freezing for at least 24 hours without death. Even for
a longer freezing period cells are never killed at temperatures higher than —10°C. Such
a high frost-resistance seems to be a character of the fundamental structure in the proto-
plasm of this alga, being not based on any increase in any protective substance like sugars
in the cell.

(4) Cells of this alga were subjected to freezing with mediums made of various kinds
of solutions. In this case, too, they underwent extracellular freezing only.

The use of monovalent inorganic salts in solution resulted in a fatal frostinjury to
the cells, while bivalent ones caused less injury. Upon freezing, cells always severely con-
tracted in solutions of the former and a fatal coagulation in cell protoplasm followed. On
the other hand, in the bivalent inorganic salt solutions, the cells, as a rule, underwent
plasmolysis with or without frost injury. Of the inorganic salts used, calcium ones were
found to ke least injurious. In spite of large amount of accumulation of potassium ion in
the cell, no cells were killed by a freezing in fresh water at —15°C, whereas use of a
KCl solution of concentration higher than 0.4M resulted in a fatal frost-injury to the
cells at the same freezing temperature.

Sugars in solution, too, were injurious for cells; the effects of sugars in freezing cells
were almost the same as those of monovalent inorganic salts. It was interesting to note
"that some salts were found to have an influence antagonistic to sugar-injury, at least to
the frostinjury in glucose solution.

Polyhydric alcohols other than glycerol showed, as a rule, some effect in protecting
cells against frost-injury. Among them ethylene glycol and propylene glycol were most
effective as protective agents. They both are hygroscopic neutral compounds and are able
to penetrate easily into the cells of this alga; besides they are least toxic to the cells even
in a solution of a high concentration. Cells frozen in glycerol solution could not survive
freezing at temperatures lower than —20°C.

(5) From the results briefly described above frost-injury in cells of this alga seems to
be a mechanical one which becomes fatal when the contraction in the freezing cell has
reached a certain degree.

Every agent which exerts some bad effect upon cell surface with or without apparent
injury, kills cells upon freezing at a high temperature at which no normal cells are injured
at all. On the other hand, some harmless polyhydric alcohols can protect cells against
frost-injury, because by permeating into them they lessen the degree of contraction in a
freezing cell at a given temperature.
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