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Tadashi ARAKI 1965 The Effect of Freeze-Thawing upon the Fermentation of Yeast
Cells. Low Temperature Science, B, 23. (With English Summary p. 109)
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FEREAAE O BERRIC X B HEIC DN TE, WAVAZOBENINTHOTVEY, Z0%
CHbORMAERICAR L THROARLZH/ 7 bDTH5, MIAHIET S DICR, DL
EOARPOYMEEL O AN, HOOLEZHRERERSICERLSTNEESEL, 2017k
Bz, AT T AVF-E2HEBLREINENST, 20 A VF—FHEEET TRERK
£ T, MEFERECIBBRCI> TERLTYS, 2T, TOTHrVF—-2ERTHH
ROBHBEEORFEAFL AT L L LS T, FHROBERVEBESERMBETEDLS
REBLZT 5D, TORBEREO—MBILMBIDEDEEZD,

Lynen® 3 HiASEZECOBBOIIC > T, - VBERORBENZLIETTZCER
CEPTHEM7 727 +m A-L-THEFBBEING IO EE2BELTND, I
Krebs®, Hansen and Nossal® G 3 A EMENRIKBBTCERL 0 ELHRBINT O a7 BRI D
Fo4 - TAZRCHEMBLZBIETR, E2THBRBEINDLI5EHMBENSTEND,
ERLBIC X > THIEOBBLEOMART 5 T ENREIND LBRNTIN S,

AEBRTE, WRORBRAOILTEROBRAMONLBBRICERL, RENBHIN
5 EEZORBOMBA~NOBEN: EBMICHE T 5REREOBEBEICEBNTESZ, 21
ZRORREIRC X5 EBERE L1, '
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II. #ERUAH*E

1. & A #&#
Mg 0 FEBICIINTHRO /S VER (BEIA —~2 b)) 2RV, chEfig
A VAT 3EBLEENE (6000xg, 1547) LThrs, BHEREEZFEL, R4 4 vKENZLT

500 mg/ml 2 OMBREEREZED, COMREEREZEECHRL TEBRICML -,
EMREEEE  BHNBRARES M=o F VBT I FEA AR OIMBEBEE R

(pPH5.8) 2Nz T, HER TEE 500~125mg/ml O MBESEEE/ED, # 30ml ¢ French

presser cell it ANLT, #J 500 kg/cm® DJIFE D T T4FE5 %L ml O HGEE CHBIA R L 72,
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T ORI U Fo IR R i & L (6000X g, 30 43) LT, IEFMERUR & EHAEZR &
izl (60000%g, 30 47) L CHOMUEH A 2K E, 2O LHEMMBKE LTHN,

FRMSIR L 0 EHEIRE White® o GRS T, 30°C T 17 [ 5558 L 7o
B o 7 = vE-BE B E K (pH 5.8) © 3 g o phik 6000x g, 1545) LThb, 08M
7= b AEGAR PERBEHRCEESET, BERTERE 200 mg/ml O IR K% E>
ko T ORI 9 ZICHIREERRIMRR LEEZMAT, 30°C TH 7 IHMRE L 20 1
AEETHE, 08M == b —VIEHK T 3 EE LB (3000xg, 543) LT, EHLKH
fEEABROEX, OUBHE "ot 32 e LTHVE, MREREREERI snall enzyme
(L’industrie Biologique Francaise ¢ Suc digestif d’'Helix pomatia stabilisé) % Sutton and
Lampen®” > THEHE L DA AT,

2. REWMBLE

W& 3em OREET VI HICHESml 7 DAMN, BHRERCE L TRMICHER/KSE, R
S 64) EBOTHLHEERO UL, BEBHIC30°C DRAKICTIRE LSS EEL 7,
KET2HER ELRELZROBELTITES 1,

3. EBRmEREEAEE

Warburg manometer % FI\ T, 285°C, ST TRET HREV ZABEZRE L, K
ISR R 20 ml (F58) SFEEBEK LOml ([fR) L0248 30ml T, ERT A THRARH
TS T b, EHIRE CRETHEEITEV 16 R EEHBRE NS EETS ¥, #H
ELTRIwva-x, 757 b—2-1,6-Z#F FDP) 2funic, TNEETUTRUKSH
THOEREIET 5 ¥, FISRED» O —ERKEG I —ERDHEEPZERO L, ZnSO, £
ZTRIS% £, Hic Ba(OH), % MA THEE L, Somogy-Nelson®” D75 #: TEITHEZLE
EEL Ik,

4. EBRESOMERE

EOBENR U LB R ICE RO AR ENA T, —EMBRERELLTHPD, £
DIEOBEELERL, RETIBCEY2BROBEZLCBEOMRAN~NDERBT 5EA%
BHH L, WERMAOBEROREZ C, BA%DOBEROBESE C, &3 0T, HHEOMEN
ABETEHES O RRALDRDEN B ¢ & H Conway and Downey® ic > THEHXH X
N,

S = CpJCn—1

A U7 IUE 3~5% 4 X ) VIEW, 5% RBEEH, 5% v a~2+10mM =/ REHE
EEVAIE T, MIROBER, $YEEENIKAETER L, MiioEyEE 105°C TERIC
5T TG L TRD I,

5, MRHBRUERREANEX

WS ZNFNEMBBE T CHRL, Thoma MBI FMK CHIRECZH A TH
HUtc, Fho, WUDBEF THR L MIREERO—ERICEHFEREMZEN L TIAHE
FLABHHBCRDLONCERREREL, HRICHT s HEIRTEREERED L,
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L. # 2

1. ZRBBEROBREELSERE

ACALTE B OF B AT 0 BT B Y it I 2 B B AR R IR MR 30~60 SRICR AT D
KB ABETEDLTE, BIHERENDG LI, WThOoBA&TOEFTREORINCHEL-
TEHEENERL, o~ 2BRE2BmM P FTRENFN—EOBEEEL R L 2, AEH
ROBBRIEEIGBOb0iH LT, 2FHEKIEBEOLDTSH%, AL 3EHDSDTI%
ThD, BTN E 2 DERRS 50%, 10% §itk THY, BORTIBEED L TRBERE &
HREBFEALE~BT D EBRD LN, o T, BERHMBEICX> THETEROMIE S
WA ZOMBROEELEZD B LB OND, BRMREOBBERIE /v 3 — 2 BHIRPICHE
BRI ERINRIE, BEBCEETIRFRACI-> TRBIRAELZ/ —VIESBINE &
ZZONTH220, BERDEMNEEIBMERNIANERLIN DD, BRRMEEIN
7ot d, ROBMEORERZ LS00 TNIIELLND,
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Glucose concentration MxI0

FI1R EEBECHT 2 LER UK EEAR o R

B 250 mg/ml O EIIERE RS BRI W
1/25 &R U7z 08 (3mg dry wt./ml} 2.0 ml
CHEHBBEKR10ml 2MA TGS, 30~60 4
MoECRBESRESED Lk, 28.5+£0.05°C, N,

2. HEERBRMEOSEEHE
e BRI OB BN S EEMBE L TEOL BB INIMEHD DI, #E
BFEOHETARN LS, HIBEANREBRLIEVA XY v, MEEDRS T THEBETSHEZA
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ENTBIM, BN EEIN S va—~25RA0, 2O 3EOWMEOMIENS 8T
% B A A UL R O GBI DD TR T B o, 0° RO 30°C T, 10, 30, 60 47 & 49K
OFEBTHEBERNEL, ENZThomohBlE (FR) 100 & LT, 2hicddsH
AETEDLTELELRICRTED TH5, 41 2Y) ¥, ABOVTILOEATHRERKE X%
BREDLNT, BA% 05T CRREHiEL, BrERERE LT ELRALNL L, K
72, 4 2 VOBFETE, MAEKRUBEEEBEOWEDOMILE BB TEHEAZ 025 THL
WA, ABEDEE TIRAMLIEEEAT 0.34, HAERIEAIREAS 0.53 ¢, BERRIC K> THEDSE
BTELIEEBERLI, IVv3—20B4TE, WThoRETOKREELbILERTES
EEOHMNBELN, FINERE 30°C TONMED S OIZEM% 10 5% 0.30 TH S A 60
StkiTIZ 050 £ THERT B, Coffild Cirillo” 23l A S D 80% = CHEBT HEHME L TH
ZORCHANTHEI/NZDD, TNERBHLTOEWEDEEDNS, CO/NVI—-ZXDERT
EEEAELWNBICAD &, BREBEIRIC X > THRT S C &AL N, MITEOFE R DA
WL TH B,
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B2 MBI U ARG o Bk
ColCn— BETBHBRCN T 2BEOERATEIHEE

FEbd, @:42) Y, O:3HE O: rrva—-=x

3. EMBHMEEOFEHEMRCILE

B OEBERP O, HHMIRIC X > THRFEOHEBE SR L T2 H5 3, Bl
EHRETLTWS L) CERGI—DORTThHHMMICHE T s BEROBRELRAT S
CEMEILGND, TNT, MB U ABERPEMENCHEET 2HEREALLOTHS
HEHBETHE N, MENBRROBELRFAT DO —20FRELT, £, #@id
D LcHIc DT, ZOhOBMBROBRMEK X-> TF 2284 ~, 250 mg/ml
B DML M % French presser cell T 7@ LNz MMEEEINcALNE LD
W, EEERMULLS TORBARORERHENZH, 06M Fva—2E2RMT 5 & RE
H A Z AR AR LAY 500 2l/10 min TH o fo, T ORI O BEEH R FeEREBBR S IC
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FIR  EHREMEEK o BREE

SEMIPAHIHE (722 mg dry wt/ml) 2.0 ml i EBHE 7K 1.0m] 25
MU, 285x:005°C, N,, @: ZBEHK~E 05 FEERM,
O: 06M /o~ 2%wk%s | FHoEcA2THRM @: 06 M 70
a2—24+15mM =/ KEEKEL2 |Ho s cATHRN, ©: Eif
I (100°C T 5 5R&EMm) i 06 M 72— 2% 05 KEM

£BZC&iF100°C THAMERLID, ROBREEBEAL TS 16 mM = / REEE ORI
T, BN AFENTEA CHEIND CEXDBL »THD, Lebedew’s juice LR LH D EHE
oMb, COMHBBIIEAHBEZIS MRV ELTCORBAAREFHERELMZILONEB L
(B4 A), FHR—FEOTTCRISEDD /S va~2OEEERELTD, HHEMRICES
BEREEOZMEIRDONT FE4RDB), MABBHOMBKER—THo, TOXHH
HBHROBERICES T 2BARIENMBONELLRZF RN ENHELNLTHS,

4. EWRHBEROBRIHEFERBHELOREBES OLE

MR OBRFEEIAEMROMBREICH L THEECENLDTRd 5H, HEERORE
EELZRRNTEDS, EBICLBRRDORERANH oL LTHRECOBEORSR
EHRAHMRARICEREL TS ENTRENS, T1T, SEEOMIREERZE BT
French presser cell THH: L & SRR L 2BE & T, TOMBRIRETEEELE
LTHht, ZORBIBIECRTEY TH5, EE 250 mg/ml ORI & B RLE T
5&, ZOHEFERFINL% T, EEREOT THROKEL & &9 2 M D 156 X107 cells ¢
A B (110X 107 cells) %U< 10% Fith TH o7, L L, EBFERERL 2BE CRAIRR
47 10% CTREMMEOSA LFETH S A, ML 1074X107 cells THA & MULE O FIT
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5 (1080Xx 107 cells) EZED 15, FhA X TATOHBEMNEFERREL T 2oMRORES - &
BTWD, DD IS IMTRANE D 7w a — A OFREEEE 13T HLE OB 4 b BRI

A - B
O Cont. O Cont.
3000} ® F.T.5 L ® FT5
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= 2000} s |
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1000} 2
S 10f
without glucose © f
0 30 ‘ 60 min 0 30 . 60 min
Time Time
FAR MR O BREE C RIZ T H R o
A EMBRMEEK (329 mg dry wt/ml} 20 ml 2 06 M 7o —=x
W 1.0ml ANz T, 285+005°C, N, tRIGS ¥
B REREKOMBREUCEZHEZAKEHD
ElR ENROBRECRETYHNBARRU MRS
F ] ¥ D4 Fwva—R | 75 2F~-2
)] 2
(cells/3 ml) (cells/3 ml) l R R W =®REm
M ow oo W 1080 107 1052 X 107 ‘ 0 2940%* 5
oy P g B R A B 156 X 107 110X 107 46 605 270
w o o4 mlfE & — <50 43 294 242
(60009, 15 23) |1t # 4 — — — 304 10
RS A AR AL B 3 () 1074 X 107 102 107 55 654 955
B S I [ b — 0 5 15 10
(6000x9, 15 53} |3t w2 % — — 10 396 52

* IOFERLUAEBRETHELLEZ 0B LTRD LD
RSRBEOMKRRERE 20ml & HEHK 1.0ml T, 2h%285:005°C, N, {HFOoTTR G X &
T, 30~60 Sty 2 EHEETRBEELED L
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EOBES, MABED S DIZx LT 20% TRETH B, EHFLOLHE LD REVEERL
o TNOZEBELLTEELMBBESICHT DL, WHLEOEA TR0 L ICBERTE
Ao, HRPICIAERROREE—RTHHMERLLANKT VY, BEEMELEOEATIR
HOEFCHREERANT, HBYCLEMROEES L —BTHBEEL P HLNIL Lo
foo LinL, HASEUERL 84, ZOMRFEEROBBEEIEMROEAID RS 2450
WEZERL, BWRLBEOBALBASFRUEERTCEPD, BBICES T IMEROBER
BB H %, BBEROBESTOMBERCHMORT SRR ICERL, BLlks X
BT ONB LB EEZLND, TNT, MBI X 5MRICERET 2 BEEREH
RE7c), BEBEOPEARMYTH OB AMR TEMRNICERIN TV HEEETE
ENT7 57 b=R-1,6-" 3% (FDP) 2 E & U THREE T A OFRABEZRE L TH7:, FDP 28
WHEOBE, HEAERENIREERE O Pl A R A 13 255 £1/5 min T, AR FRALBRANRS It
RO @it b5 O REN R FAEE (270, 242 4/5 min) LFRAE—FH LI, 2D EDD,
BRI & - CTHIIEIE R MR S OBE SIS 5, LRSS 5 oD i L
THMBEROBRERIAEDITERT S C LR, MENICERET 3 CEPREINSD,

T X5 I ERRE I & 2RI b A M R IR DS, L TBL NS
MK AR OMAEESRET 5 EBHL N TH DL, T T, BICEE 125~500 mg/ml
OMIEHER THRRMBLEORMALEZ 2D, BHMESHOL ORALED L DEMA 1
DUT, SEOAEKRELS DL WRBAEED, —HHRL BB EYCH/RLTE
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ol—of 0 20 o ¢ ) 20
Number of dead cells 10%¢e/3m Number of broken cells 10%cells; .

5 B T PR AT L T 0 GG R 1 K > OB B D BRI

A BBEMMBLEEED 7 57 F—2-1,6-ZHRBREOEY
B EMEMUKROES. HIGREKOMRE, &£AFRE1FZFCHL
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RBEOMEEEMED, zheho FDP OREGEEZNE L THEO B ER A7, BR#
fROBZE, FTMREOLBOS DR CHBERENH LD IONT, BBEEOETNLL
NBH, FMIEEMBLEE & OMICEMRBRIRIT, HMRKODINE T A3 EHEHR
HBY OBFFEROETHELpo/ BEESRA), RUCHHEOBAD, HREFOLA LR
—MfERL (S5 B, 20X ) KM IBEMEKOLTNET ALY, FEMIRI
BN D OBERFERNHF L RTT 5 s LT,

5. £MROEMESERBMEROBREELOLE

IR OREBNR A S, BRI X2 I SRR E AREEOMREEIREL T
HTEEWLPTEDLD, LEMEOMEERICEL TERICBEOBREELI RS, 20
T, MBICHST 2BALROMBEOTH O & SICAFWIINEZ D ES DEFD D,
125~500 mg/ml 2 B o KD 2 e R B U CAB o Sl ORI AR L C, BRI E o Bl
WEED, 7va—2 2 AL LT £ DMK ORRIEE & AW OMBE T LR L Thl,
T ORI 6 RICRTED TH B, PWHAMHBRFORBECLPBERIMYRE L, Hie—E

1
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/
1000} j//
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d ¥
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" o-0%" - . .
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S 6B A e O AR i o R T D BRI
O: EMED 7V 2 — 2 OREEHE
@ EMIERMHEE O v 0 — 2 o RESSE
RIGREOMB R RKERE 1 BT
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OMFFUEEFETIHMHMEIRB S NI VD, EHshiciuc L cezo bFicatsn
TR DREET AR MEE L THB E, FDP BEAEDOBES I TR A RAFERE IR
WS, IR & BERTE M & O EMRBERR A SN ho e, Lnd, FDP BER OGS
ERIL IS, BRHIRESRDEVECAIEE, HRHRSD OMBEUNZLETTSC
EBDHENI, LAL, AMROSBAICIT AL & BEHE & OMICEMRBEBRRAL N
AL D OBIER—ETh s, COLIITEMROBEE SR AL, SMRsz
NENHIIC—EOBBNEETICLRBAMONLEETHD, >T, MEEWHLT
BlHETE, SHROBELTR S CORERRIUBBRESOBEROEE &
OO L EZHRABR TCHDLN, ZOLDRERFEHOBTHEZ EELONS, T,
MRBEO—POBRSEHMEB O & SRERAIND DD LN,

6. JOMSRAIMOERRBROYE

PLEOEBRERE P, S, BREREIC X-> CTHRERCHRBEOHENP RS b HS T, M
FRBEM S B 1 OB BB OB RMBHTOND E NS CEIRBINLDT, FIREDTN T a b
TR TCREFEMRCI-S T, ARDPEERBCHES T BERPBEHRINDG THE A H & #
Z, TOHEEMWEHD THI, snail enzyme CU|ML TELNZ TR+ IR TOBEHBH D
2, BHEEPSERAD LOBR TIMBOREL R TV e s, BHETBER(F= —VESEL
WEEER) TR lysis LTLESHIEAE o P TIX PEARRLTHATAD &, &M
LT 50~90% iz 4, WEHNCL>THhRBODERLELNL, ChED 7 a 75 R MRl
BEBNME TS &, BENCHBEEIED N2 b 0 0 I ERARLEZCED SIS M
FEERUTHBLE, BRMBICE>TTo b 79 R PRINTHEINZC &L, C
O H RPN Oz B (6000X g, 156 43) [Id KB A RAERNAL LN B0, FDP igiNT
Fa— ZMEEOBEORBEN AREREREL Ko7z (B2EK), LrL, OB

g2k ot oBRBCREZIHEHBEORS

B B 3@ B (4l CO/hr)

h b Fra—=z |75 bp—2R

EEREM | T T o | Zgmmm
MMF 7w b 75 2 FEEEK (310X 107 cells/ml, 90%)** 20 17400%* 340
WO OB R OWN W R 230 360 1220
EFRER I & 5 BE0NE 180 960 1140
WER o r 75 R b ERER (382X 107 cells/ml, 52%)** 15 21400%* 75
HHBBLE 70 b 75 2 BER 320 — 1020
G  T  w | 110 230 600
W7 w + 75 2 b IRER (518X 107 cells/ml, 70%)** 20 29100% | —
B OBk M LW EH 145 580 1800

0 FHRUABRTHELLZLOL DK H
® MR OKER T2 TR P BEROBERCZOLEMBEDOS BT o T T AD— kv b
=HEb{
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R 75D FDP OBBGEE ZEHBRIC I > THE L LED s va -2 KU FDP OB
B E S LVEAERL, TMMRMNECEA LKA LABEOE®ERL L (5K
Ry cOEHiT, 7o b7 72 POBBCEST 2 BRATEKMBEC X-C, ARSI
BHTHCEBHOATHS, LibL, BRELBLEFOIS va— 20BBGEENEL KT
L swva—z2po FDP % cOBMBHBIEOBRREMERLIIC K-> TREELS B e &
LELNDM, BOELOBRE, hBERAKGHINDG LD, hFCBEHINTN
WEEZOLND, '

Iv. %= =

BRI LS THRIEER L A NVF ~EEONITRO—DTh 5 BERNARBFIC X
S THEEXN, BEEOBTHAONICLEIBAMONLEETHS, T T, BERHERD
HREEEEOBBELMAT e LT, COBBRSEREMBICI-TEDI I THT THRE
INDhEREL I,

FEEE R OBRBE R MBI ERAL, SRRSZNENHLC—EORBNEE TS, £
DEE R I3 FEBRE 05~10% DIEVFIFIChz> T, BERBBERTHI LV IBEND,
BORBEERMRAREDOANDNBORBEICI> THRED, HIENNOZEBIZICIKS
NBEEZLNTEY, MRMSREREIEZFEL TR LEELIOND, T OMBESHRKERM
BIC XD TEHEBIND T EE, MEAKRSOERBFEL LD CE REBRKBRB LSO
HDREEINBOPEBIRBIND I IEHCEMEVD Rigstc, ZO& D ICHEHBERRBIC
Lo THREDE BESEAT S C &R, MRNICEBLEWEEZ SN T 2 AENRFL
HZE>CHEBTHIORELCE (E2H) »obXHEIND, BHLAMMBELERR TR
ABESBEIND XS RBE D ETHIE, RELI > TRBERICEEZLELHIET THB, &
Bricid, 0% 30°C THH—DBE BT IEAERT LMD, TOTEREFEIND, TN
IBEROELATT, /Vva—20BERTHEAORBAEILEA TS, HEFBLEREONSE
BTHEEPFLAREVC LS SHREOE BYDARBHAL M TH D,

B> T, BUERRIC X 2MBEOBRTRKOBBHOMBEID S, L ABBICESET S
BRROMECERNT 20 TCRBVDPEZEAON, ZT T, COMDBHEETES iR
BN R BRI Ko TRAAHMBEOBMAIEERMOEEBEL ERZTI TN L (F4
K), HHETRBEBTERL VDB INTENT F 7 b—2-1,6- 288, FrERmaRc
MBI L5k siikic, MBREABEOREEZRTCE BOHM), KETa 772
FERKRET S L, ENBHEINT LACHRERSEHR SN I ILBZCE (B2H) 3
EOBREDD, RHEMBLEILL> TEERMROMAEBENRERLIN T NEEZ LN
%5, LL, COMMBBRPNT, 757 b~ 2-1,6-"3BOBBEES IS VI — 2DBEAK
HUTEL, BREESSVEBFLVENLONS (5K B), ¢hid#s < Harden break'™
ERURERIZL? EEBEHLNE, 4 DFEED Embden-Meyerhof-Parnas scheme 2> T4 &
SN, fliic ATPase MEE LBV ETIIE, 752 b—~2-1,6-" s 1 =i 4 ATP 2558
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FicERE N, ADP RUMBBOREEZRATCEIRED, > THRRESEHEEEL
CARETZRTTHS, COERBRRAT CRIERBESTIREELTL SO T ADP ORR
KNI EELONS, COXIE, EHMBEEOBOBASNDCEDD, BRI L@
BRPHENICEET IBBEREA—RECL D TH 2 LT OMMBICIL S, BREkE R
HAFERG v a2 — 2ADELTHE LT, Ao Ek i MlikoBashiLTahadEH
Wi ORI I IR (B 6 X), PEMRHEOLITVE C AMBIHRTROEEDEN &
LARBE, BAEEROFELNVETHALNKL, cOC EnD, HHEORBREEESEMBOR
Bl LTENC &, SHRNOBBETE OB TCOMBICEE T 2BERNCHERS
DOEEFRROBRESHRBEEORBIC L > T, MREAETCHEDOND 2D TH S &) AEEHEH
EZoND, SEMROAEEARNSETHS 500 mg/ml §2E O MR EROBE&Z Bl
EDTHBE, TOEBHERIFERLTEIC LS T, 90% OMBESHEEINE N5, KOS
ROBEIAEMENOBERDOBE DK 47% (45/45+50=0.474) 750, FiciEk 2mlic &
BRI L ml A2 2 0 TR EE I AMROBERADEE DR 32% (0.474X2/3%0.316) & 173
5, BB, B6HIZALND XS, T OhMIEOREBEHEE I AREITE D 18X 10° cells ¢
HB>5, 1150 pl/smin THh- 7z, COFRIRICREEPOBRFESNIMBICIZbDTHS
M5, FIUCHENMT B EMREEIE 18X 10° cells T, # DB EEERE 13 4770 41/5 min (26521/5 min/
10°cellx18) &7 5% TH 5, < OAEMIEOMRBAESIKEMLIIC K> T, EMROBEEDN
24% (1150/4770=0.242) ITET L7cC & IK1E Y, BFRROBEZEH LI 32% WH~NTHP
BOREET, #OKREBRIAELEBL, COXHR, BEATEOIETHI»MRANOBERDORE
A%, MEEEOBERIC > T, MRAE CHED OND DT, k¥R OB TE M A HiE O
FEEEIC L L TIRO DO Th-> T, BWHMEBECIsBEEHEORFERIRS Lok LA
Vo BT, EEBEOMREER COBMMBIC L ABEREOE T B 1) BBEE{TED
BehsMRENOBERPIRAKICL> THDONE LD EEZ OND, Lrb, Lynen”,
Meyerhof ™ M &E LTV B €~ vl &E> T, OV EBER TRERRMEIC X> THR
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Summary

In order to investigate the effect of freeze-thawing upon the physiological functions
of yeast cells, the permeability of cell membrane and the fermentation of cells were
examined.

1) With freeze-thawing, cells became permeable to lactose -and fructose-diphosphate,
which cannot penetrate cell membranes in untreated normal cells ; but they did not become
permeable to inulin. This proves some increase in permeability of cell membrane on freeze-
thawing.

2) Normal yeast cells fermented glucose. The extent of fermentation in cell suspen-
sions was parallel to the number of viable cells contained. As a result of freeze-thawing,
cell suspension in high concentrations showed higher fermenting activity than that corre-
sponding to the number of intact cells, but the supernatant showed no activity. This
suggests that cells injured by freeze-thawing still retain some fermenting activity.

3) As a result of freeze-thawing, cells changed to be able to ferment fructose-diphos-
phate. Such fermenting activity fairly decreased in low concentrations of cell suspensions,
when compared to high concentrations.

4) Protoplasts of yeast cells, yielded by a treatment with snail enzyme, were damaged
by freeze-thawing. Some enzymes, which were not released from normal protoplasts, were
released from freeze-thawed protoplasts into surrounding media.

5) Cellfree supernatant, extracted by mechanical destruction, maintained activity
fermenting glucose and fructose-diphosphate. This fermenting activity was not affected by
freeze-thawing, but showed relatively less value in the lower concentration of the extract.

As results obtained from these experiments, it was assumed that a decrease in fer-
menting activity of freeze-thawed cells might be caused by the dilution of some enzymes
and/or co-factors in intracellular enzymatic systems with surrounding media, resulting

from damage in the cell membrane due to freeze-thawing.



