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Tmmobilization of Yeast Cells with Hydrophilic Carrier

by Radiation-Induced Polymerization

Takashi FUJIMURA and Isaoc KAETSU
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JAERT -
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Radiation-induced polymerization method was applied
to the immobilization of yeast cells., The effects of
irradiation, cooling and monomer, which are necessary for
polymerization, were recovered completely by subsequent
aerobical incubation of yeast cells. The ethanol productivity
in immobilized yeast cells increased with the increase of
aerobical incubation period. ThHe growth of yeast cells in
immobilized veast cells was indicated. The maximum ethanol
productivity in immobilized yeast cell system was around

three times as much as that in free yeast cell system,

Keywords: Radiation-Induced, Polymerization, Yeast,
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1. B

E LB A AT (Y T ORERTH DL & HBE A>T R TS
BE= Ak BHCLEDME LT, BEOERLLDATE COFRHA SN TRA,
R BRI B L LD, RECLDTA ) — g7 m e AR BB B D TE,
Sk asko T A R ERTED, BE, FHOEA S % —F £ BELT 5 ETHEE
BERE L, BoW, b THBOBBERACEENL L. COETLWE LB TE
DL, BAERRTOBEELLZCEEOBRLD b, L0 BCESORIET S0 L 2R
L b AT LT

For LB EREIIC L » T e ABL, KEAREBD 72 €20 —8BELTH
bR b EREOEELICEH TE b ERLA, BRECEATES &IELTTCEET
b5, HAL2R ] ORERLEOE A, BAECERKCENT, BELLENERKC (5
T 0L R MR NAC LS ot CORHBEAEE, BOREYS, BEL
EALt B DTS Aok,

BER, CORFEBEAETEE T L LA TES BN A, CORRBEAEC LN
L BEELOBROERE, FlAE, B, BESELROESCELAL EHTES, fEo
e O RHE RS R, Bk R £ R DA CEE R R L ORI E R DT B0
FHEBOELTHRWLZLEATETS L, AFERERCL T, B0 —HBEBESETZTALT
B2 5B, R I EAC B THET 5 & BN 5,

AR AT, REREAECL AEBORELOREOE—5L LT, ERCHTD
HHBRORBEE W, KT, BELORDO—FELONCRT L,

2. ME & Kk
2.1 ®mE D

#%+3 1 Saccharomyces formosensis ®flnfk, BRFFHLWNESE, 30°CT, 1% 7 v=2—
Z, 0.1 B¥EE, 0.5%~7 v, 0.3%MBrzrA, 03BEFrFRAEFOANEREM
(pH50) T2 4BMATZEL 2,

2.2 BEELO—BHFRCELLHAMBICISEEL

BN H— 5 BEL, BHONEERCR LA, COEROMEL SN — X% HBARE
LAaAbxvRYzFwrsZla—n 25720 vr—F(M-23G)2Rd, #lxFLr 7
Yya—n PAFATZ Y e—1t (14G) tBINERHORAGW( 2/ ~—REL 0% ) CRL
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K5 kBB L EBHE LT, BEDOBRLILD TS ORFRSA SN TR,
MEREE T A L LD, BB A ) A RET m e AR BT D EHTE,
Sm kAo A b BERTE S, BE, FHEOES 5 ¥— 7 £RKL F 5 EIE(L HEE
BERE Lk, Bol, B TOROBEEBACEHEN L, C 0BT R m TR
b BWARRMRTOESLLACEBEOERLD b, L0 BCESSRET S L2 H
TS AR

R AR BRESEN R L » ThKESBL, KRS AEBD 7 2 €20 —HE LTH
o RO EELICISA TE S C L RR L, BRI T TR S RIE LT it T
B, HALEE ] OMERBLEOERS, BEtERACEHNT, BELLENEREKC (b
T2 OB R ERANAT LN b ok, CORHRESEE, BOBENC, BELHE
S+ B DICS A,

B, CORFBEAETEEL AT LN TES BN b, CORMBEAEC LA
G BEmOBBOEE, FlAE. B, BASEEROESCELLT EHTES, o
O HHE R, HAROEE L SO EER R DEREN LT B ROO
FHHD ELTHALLLBTETHEL, AEBEHFICL - T, RO HEBEEZXT LT
b5 O A, R Rk G EEAIC THET AL FBANG,

EKARCEATH, AFRESRCLLIBHROBEILOHROE — L LT, EBLHT L
BEBMOFEFH~, RIT, BEbordo —FHECOATHRE L2,

2. HMHRBEHE
2.1 W&

A% 1} Saccharomyces formosensis /e, BRT HFIAES, 30°CT, 1 %2 +v2—
A, 0.1 BFEE, 0.5%B 7 by, 0.3%EA+A, 0.3EF-FREeFUAEEEH
(pH50) T2 4RETREL &,

2.2 BEECO—HBHFECELLBHARICEIBEAZL

EAr H—EFrREBEL, BROWNEEFERACELAL, COBUOMELALSE /- ¥ 7 RARKRE
LEAtFoR)zFery)a-—n 2872 ) vr—F(M—-23G)2cld, FlxzFL s
I —n vAFATZ Y v— 1+ (14G) R EBHOBRED (= / ~—RBE L 0% ) CRL
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. BEHCEEEET T Cor b0 r 8% 1x10°rad /L OBERT | HEBKN L TEELL
Vi

FHEbanA®as, 0% rra—x, | %EE, 0.15%8Br+<, 0 25%NHCL
0.5 5%K,HPO, . o.ozs%Mgso;-'f'Hzo. 0.1%NaCl, 0.001%CaCl, L 00.3 %3
M% et (pH50) TRCERLA, RELABEEEEREEE AN TH 5 <
DLIEB L ADLERELT, ERLATIrI— L+ BEFEALA. ~CHEEELAR, B
ok B BT L, EELDESEROZL[BEML T, 30°CTLRHM, @50 LRER
LT, EfLAkx s/ —aB®EBE LK,

2.3 HHERESEZHAVCALETELRERE

LROBBTSUHERESMCEE F—€ER LA, COBBOMBELARL /- ¥E, M
~23G 3 A 14CLETEESHORAW (= / ~—BF10%)CRL, 0°CEAIE25°C
T5X10%rad rWERFLA, BELAKTFLREL TnE e/ ~—% L RADIT, T
SR TA (B LL, BELINAESY, RELAZSA7 25 CBL, ZEEHP TR

BLEGLAZPLFIPIFRHE T TI0°CTREL £,
2.4 SthAEE

LA s A mnh, T AT Fa st ERNTER L, HRERICH AL
EELL A VWERORIE, drop-plate method (K& » TEHEL ., HESHIm{=S D OESH
ELTHEDLLA,

3. WMRLEMW
3.1 HMEOHNKRBHDR

HHBESHRCLABEOBELOTEEEBRTLLOK, SERETOBAMICIT HH
HNETH~, 1R LA, EEShe T5 0 85H, KCTERHA T4 68, 30°C
THELL, BREOHFEEEHCHLT 7y PLEICRLEZ, BFERCE, 25°C,
0°C, —24°COZBETHN L AXSFOEROHT, REFOMBARLC T HBEOR
T H~T, Fobdhrn, L L, BEELHEFEK, BFLARBTOBILERNT 5,
O 6EEHISEST L L, BARSFORSED, MBABPOBEIHE EFL (X5,

B L ABBOROE LT XEZERETERNCEHE L L, TO—HOBAZH 2 LFRT,
RAE®HCHE, RO -BORBEAERAETLTwADY, HEEFEZETH -2 (H20)ZH8) .
B AMET30°CTEETLHL, FEABEOEHSEIRCEMLZ, 9 6 FEBRERIC
., BRLATNTOBUHOBEZE2XEEE R L (H2bER),
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oo BUBHCEESEU T T Cot b0 r BT 1X10°rad /W OBRET | BMBHE L CTEBLL
7 a

BELINABERE, 10% 73—, 1 %¥EE, 0.1 5 %88+ 2, 0.25%NH/CL
0.5 5%K,HPO,, 0.025%MgS0,-7H,;0, 0.1%NaCl, 0.001%CaCl, £ LU0 3 %%
ME ST ReSHh (pHS5.0 ) TR KB LA, GBEBLAEEMBYERETHEET N TY 5 <
hERBLAFOGREREFELT, ERLATr+o -+ BREFTTEELA. —EHHEZRELAR, EE
Ibh RBEEEL, ETits SEBOREEHEMLA T, 30°CTIRME, - (Y LRE
LT, #@LAT 2/~ EERELK,

2.3 HHBERAZAVCLCEE/LWERE

LBOBETSUHEEERTCEE /- CER LA, COBBONBELABE I —¥E, M
—23GE A IAGLHBERMOREYW (= / ~—BE10%)CRL, 0°CE/E25°C
T5X10%rad ¢y HBEBHALAZ, AELAKPCEFLTVEE/ ~—T L bE{ADT, &
ERBTE(EELA, BELINABRT, BRELAZAY > 2 aCBL, REBHETTE
HCERBEL AV LHFRNFF FTI0CTERELA,

2.4 SWHE

i)
ERLAT A/ —ald, Tra - TFervafr-E¥rBRBNTERLAL, SHRESCHNE
B S L A WER ORI, drop-plate method T X » TETHL , MEEHImlY b OB
LLTEDbLE,

p=1t
=

. MBELER
3.7 BeRoRSERBRHEVER

HMHAHBRESECLABRORMELLOTEETERT 2O, SEBE TOBYICT LR
H}HuhBrH~, MICRLA, FISESHEP TS 06FH, RICTZLTHHTL 6KMH, 30°C
THELL, BREOHTZEEMCH LTy P LE1IECKRLAE, BEERCE, 25°C,
0°C, —24°COFEETHRALARBFOESGOHL, RBHONEABCSITLHEROHK
CLe~T, Tobdrn, LL, BSEEBEH KK, BHLARSTOBIRERNT &,
9 pEEMmET L L, BAEAPOBERE, RESPOBIHRAUIFL (2 b,

gL ABEOROEL Y XFEBRETERNCER L, TO HBOEATH 2 TRT,
BEHERCE, BRO—SDOBETEEARTEL TwAY, HAEEARTS >k (H2@)BH ).,
FBHLAZESF30°CTHETLE, FEABBOEHSEHAECHE ML, 9 6 BEHEERIT
i, BRELATNTOBEOBERECEELZ- (H2Z08R) .,
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B L ABEROREBARETACELELIL A, LL, BRABROBEOEL,
HEORBHRHABCCHNT, H1/10TH -k, BRABEROBBORTENI L LD,
L0 S RASRECETAERORHDELRIL, R ICRLA., BHAHEL 10°rad
510°rad 3 TEBHLABBOBEHRBROABAZMDOL /10U T TH %, LoL, 5X
10'rad UIFORKNBE T, BHLUAEST30CT2AREEETL L, SROKRKBHA
BCHTrBRBORERETEREE -k, —FH1 TELAEZL YK, 10°rad BREOBAI,
EHLZBEEORD, HEABCHTLIEROMBRCALICHEI 6 FHEHEL 2, 5x10°
rad B TORKBEETH, REFABLARE THETHIORRT L2RHVLMTH LT EH
b, COLICEIX1I0* rad MFORAFTEOS S, BEOBOLQEPBEETH HZ LB
Dok, LALOFHRL, REERHCLIBTOCEATLOUEEEE (DO THL,

3.2 BROBAUBR

BT ASEHONE S, BHEO30CKRITAERCLAERER]I CRT, HZE
HEMAROBEEE 0CIC1BMASAIL, RIT30CTEELA, | SRESZEERICAANLAES
DL, HBOKBETHLAHLANEROBRONESF T -, 2ARMERET Lo, HAE
LABBOROIRH L AVEROREMERABELR -k, CALOKERE, 0°CRAL BT
DEEHT L AHEED, 30°CEBLL - CAEBT LI LRl Tk,

3.3 BBILMIDIE/ ~—0uR

B FRARESICL - THETABCAVARL RN E/ v —EAnHTAOE, B
Cxdddbe/ <~ OHETHN, BRETRNCH L, AEEFHPOBFERCE/ ~—FZMA
iR, BEHFI0°CT24BMERELL, 24FEEELARICHE, M—23GEREd2 —
u#v%ﬂva—%(HEMA)%mzkﬁH$@§ﬂ®ﬁm,ﬁ%@%/vw%m&&m
EEFPOBERFORLIZERLTS - &,

34 HHEABCLBIRIV-—OESRHETE

HMEBRCLABBOREGE, Tl HFCHRMBET L LLL - TEHRTETHLH,
BRBEHAPACELIZEE LN LA IOBELLBLorTHL, TOD, BRETD
BEBEARIGORGORBETH~k, BHRERNICTT, 5X10° rad AT THEBROK
HEBRDEN DR ACERI LD LD -2 tt, 5X10° rad THRHABESEATER/EL %2
N, ESBERA TV, AFROCHBES, BAEOBEETENT, BEFL L, TOREER
FEOBREOACERE LA ELE, TOLEDPLAT v =TI HAEREL>TWVnEDT, EEW
HEd T, HETWLPHAREBTHI FL BN A - THBETHL, BE 2/ ~—HdR
ERMTERTAZLTCLYBETE S,
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3.5 RENLEAZELLSHORE

fMEiE TOBEOADOERHOBR ST AT, BELBEFRMETEHELT 22HO
BLRBCEELEETFRAMT AL, B8%, 2NF TCEL TN TE L HELCELZK
HRCLABATHETEBEBOBEELET A (RRFAEOFMIL 2. 28K ) . BHEBEFL T
EEL L, BEIEgErEZaedns HCRELAZAZA7 22 7X0BL, BOTD - (D &
FRELAVLIVOCCTHELA, HEABLL T, BEtCAWABESLAHOBED, BT
{LEERLECHETEELA, 24REEBED TR SV ERBLAVOERZRLAROERTE
VieRT, COHETECLLABRBICLAT, 2AREOEERCERIN ALz E2 ., —1 O
B OROBCELAVWBRBICL - TEKS N A2/ — 2 OCEOH¥ZJHU ETE -/, ZOH
&, EHRATEFEERAL (LT, BEUCEEMINABRBOIY 2 / - v ODERICHE
LTwaoabELbLbNL, CORDBEGILHTELNAT S/ — v BEIESCL ZNBESITC
HENTENEE( AW, COJATHET LADIC, RCES{LEBEELET®REL 2,

3.6 HERESZEHROCLETE(LRERS

PEOBERTEENLABELHET, FaNEHFTHL(EREBL AP L, HRICHEAE
BEOFEUCREEHP, 30°CTRELA, 2AREILEEZE2ERRENELZ,

FROEIOHFIHEEHM(A) 0%, BEBSC-8B%Z, HORELA=AY 7 22T
ML, T2EMTR(EELL, CNEHANFE TESEL ARCERMWICER L2 7T v 3 —
AR OBRE, t4, BEtYRECHEL TWIBERERETLADT, TEEHT SHA
27T, BEBEESTR(ERLAL, BBLABESMYHO 72—+ EEBENZHEART 22DK,
BELs FRBOSSEHEFIT, 30°CTIERM, D0 EEBLA, 1EH® D
ERE LA, ERLA T - @BE (B EFERELA, | REOSETERL LT LT — o
OEE(B) LBMLIERTLIHEIANRE T TORERHE (A) EOBREHEA~NLZ, FRZH I
N

GEWMEH T TOREREX 0B, 1REZETENS L2/ - vBE (B E, &5
TE»r -7, (H3CEFOREER)L2L, E300b0bLo, GRMERHTTOR
FEER (A) BT A &, | BRMOBRTAENT L/ -2+ BE (B)EASECHENLRZ, 72
RSB ECARCHE, 1REBETHBOALz 2/ -+ BEE, H1IZICELL, O
WA, |RFEBEOL 2/ — v EARPC, BELMORAPLOBLNWERB I A OEBEDVBRES
i,

HREES LT, BT ALABLHBALEOBUHIBEROBETZ, BAlL A=AV >x=
CHL, BETHETRAANT, BELHEFULGTETHFIMNEE T THREL, 2 4BMI &
ERETLBL, HROCBRLI(BRELAZYS, 245 —EHE(AMBELAAR, BT IR
EEMFHOBRALAZA7 5 A2 0EBL, AEBOFLWEE2EH XTI RBEHY - (0 &
EELAE, =5/ -2 BEBITEELA, FEWCHL (EE LAUM A CEELLZ
NWEBERIC L » THER LA/ v BE(B) LOERETHEILRE LA, CORELLANER
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DBEE, FRNEBERECLIBEROELIANKLLRLZ,

RM3wmrsT Lo, BRILLAVWEBRCE T I BEEERO 2/ — v BET., 7 2K
DFGHEE L WESEERC, BREVIZCELA, COBELLAZNBROBE, HX
WEBHBEHMOEMECHL Tz 4/ - v BEE, 3 08 LAV, —HAEELLLAZNBHEOE
, MARRLALOIC, T 2BBOFRNERE, Z2FHIndN 0 1.5 X10° 7 £ 9 8
Lo RBRAEERT, M3IWRLALYT, BEtBESETRAWT I REER T4/ — 2T 4
EILELBOF / ~BEVEONA, COBRREELLAWBEROME, 035083
BETH b,

S ORE L EMEEES, B BEOEET AT 4/ — LBED 1 00
WEOT 2/ — 2 REETLCEFRELL, BLOBBMEEABSCENTHE, #8010°
pMH DT E s AOLEFELES ( mg aleochol /10° cells,/h )ik, BElbL AVWERORE
HEREFRALTH A, BEOOKERD, AFPOEBOLEERNIFZEELHWONTVWD L
EEFLTVE, TRLLETLBEALS TI(HLLI 9K, HETHEINTWERZDIK, B
BEORIGBELHTONT, BEBEOEEENSETFT L L2 RN,

BesDHEODHBLLFr~TH, BEbLLABBLCETL, 2/ — v BEH, HELLTVE
BRI TABEDHNSE Ch o, T4/ — v EERENE, BR10° 75D OLdERE
LERBOREOCBRICHAT S, EEblLABIOREEENE, Bl AnBHOETLD
@l AL EAR N, BRHELCENT, BEbL AR TH, Z2EcOXILD, BEITCL T
e nT, hEEENSBELLANERORENLIPANCESETVEL, - T, &8
FEOBC/BHCERT 2 —EHREROBERORE, BELLANRLCET LR GKENOBRO
BO3IBLELAD, T, TNHULTHLLEELLILLBESRTHL, TN LOMRIL,
AFRCEHEATH, BEOP TERHFESLLAVWERLI I SBFCHEBL WL EERLT

Wh,

MHABEFEC L > TEHO—BE, BETRT LD, TOROTFRMNFBELCL > TEEL Y
Lo bbb ofe, RHGESETH W TBESEZELTE, TOBIMNBEERCENT, &
EALAVWBAEOIBERELTh U EOBETHBETLCEVHLIE AR, £, BICH
FEL e BlEfo g, BEEhLA BRSO THI/O 2/ — v EEMTRL K,
COL Y ARETFHBESECHETAREL, THLORECHE ZFHEOv O T 5,

HeDHECKAIILERET HC LB TELTSHY, ALEALE, RERESGECL
N, EROEETMOHFECLALIS, JVEBHEELLL eBTELLLTHH, KE
LAHFETOMRARBRTILNHERTTCLEATELLEEDNR D,

FECHBEERTEANLETLY, 702 —REEETHAARBERIECL I 2/ —2
FHEETLH7 et AT HEMILTE, TATEA/ v EERITHEOLAILFTESL, TRET
OHEBUGE I BEOBEBENICTTON T &5, ik, EEHOA LCLD, =2/ —n
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DESE, FRNERECLLIBRBOELIANK 4 TF LK,

M3cmt Lo, L AVWEBRCER T IREERERO 2/ -2 vBEQ, 7T 2KH
DEFINEE L WEBEERC, BANEV3ISLELL, COEELLAVWEBEOSRS, HA
MR EHEMOBLCHLTzF/ -+ BER, 3 0FLLAw, —FEELL ZEFOEK
i, H4CRLALOC, 7T 2RHOBFSHBER, TLEHBIafE b 1.5X10° 7 £nH 6
birhmKEETRT, H3CRLeL oK, BELBERBERAT IRBRHER T2/ - T &
EIRLEELIBDL L/ — A BELBLAA, COBEBXEELLAVWBROE, 0.3%083
BTh b,

S S O BE MBS, BRI ANEBOLET ST A — A lEO 1 0ED
BEQOT 2/ — 2 REETLCEERELAL. BOOESMEAERCENTE, BEO 10°
SE b Dx g - AQHAETESE S ( mg alcohel /10° cells h }id, BELLANWEROLE
HERERLTE -k, BLOERD, BRI OBHOLEERNIZELHASNTNL L
EERLTWE, TEZLLEEBEAL TI (AL 9K, HETHINTWAEAZDIT, &
BEORIGBRELHT oA T, BEBEOLEEENHFET T LT L% N,

KeDHEEODHABLCEATH, Bt @Bt br 2 /-1 BER, BELLTHE
NERCERTABEOHIE Ch -k, T2/ — vEERIE, B#810° 7% ) OLEERER
LERORECRICHST A, EEblrBROLEEENG, BEELANEZOBEITLY
S HLBLET AV, BHRECENT, BELABE CE, FEcOXIGD, HETCL 5T
WFon T, LWAEERETVEBHLLAVERORBENLILZATELEERFOIEL, - T, B4
ROEECBECHT LI —ERBERNOBEOHE, BEBLLAZAWRCHTLMAEBNOBERO
HOIBERELnD, 3, TNHULTEHELEEZLCEBELTH L, TN LOBRL,
BEFRCEPATE, BHROPTHEEIFETH L ANWERL D STFCHEBL (WLl EERLT

N5,

HHBEFICL - THE0C—8E, BEEXTLP, TOROCHIANEEC L - TEEL 2
L LB ot, BEHGESETHANTEBESVEEILTE, FOERVBERCENT, E
FLANBBROIBEAEITN LU LOBETHEETLCEFBLIL LR -k, Tk, BICH
FEL 2 EELEEELRd, BEL A BEBLLNTHIFO= 2/ — v EEREERLA,
COL O AERCHEEREHCETARSE, THLOCHRECHKE ZFEORDOTH L,

K« OHEOKRLIILIERBT HLLABTELTELH, AEAELE, BHABESECL
i, BROHEETMHMOFECLAL DG, JVEBREL LA EHTE2LDNL TS H, HE
LA FTETORMBREALNHRT T COLATELLEBDRS,

HELBEER WL LT LY, 702 -2 B THAARBRRCLYZ 2/ —n
PEETASI e e AFTRBRILTE, A2/ L EEEATBOLEFTEL, LT T
OERBRILE I BEOBREIETITONTE AL, Eflk, FERHORMELCLD, =2/ -0
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Table I. Effect of irradiation on veast cells at lower dosage.

Irradiation comndition Living cells
dosage (rad) temperature (°C) (No x 10-7/ml]
control{without irradiation) 125

10° _24 5
0 2.5
105 -24 10
0 12.5
25 10
5 x th 0 50
25 100
th 0 65
25 150
_— 3 -
5 x 10 0 87.5
25 60

One ml of precultured yeast cells were irradiated and incubated

with 10 ml of preculture medium at 30°C for 24 h,
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Table II, Effect of cooling on yeast cells.

Cooling Number of yeast cells (No = 10—7/ml)
temperature
original incubation time
number
i8 h 24 n
control 150 150
(30°C)
0°cC 75 140
12
-24°C 150 150
~78°C 30 150

One ml of precultured yeast cells were cooled down to
various temperatures for 1 h and warmed up to 30°C

rapidly and incubated at 30°C with 10 ml of complete medium,

Table ITII. Effect of monomer on yeast cells.

Monomer Living cell .
(No x 107/ /m1)

control 80
(without monomer)

HEMA 62

HEA 30

M=23G 78

Ten ml of precultured yeast cells were incubated

with 0.1 ml of various monomers at 30°C for 24 h.
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Table 1V, Degree of polymerization progress by irradiation

up to various dosages.

Monomer Polymerization Degree of polymerization
(concentration) condition progress

temperature dosage

(°c) (rad)
M=23G 0 5 x 103 less than half
O 1)
(l A) 1 x lO4 less than half
5 x 10h half
7T x 104 complete
25 5 x lO3 less than half
1 x 104 less than half
5 x ZI_OAt half
1l x lO5 complete
14G 0 1 x 104 less than half
2]
(10 %) 5 x th half
1 x lO5 complete
I
25 1 x 10 less than half
x 101‘l half
T x 10“ complete
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LIVING CELLS (No.x 107ml)

0 50 100
INCUBATION TIME(h)

Fig. 1 Effect of irradiation at various temperatures on

veast cells, The precultured yeast cells was irradiated up to

1 Mrad at various temperatures, Irradiated yeast cells were
incubated at 30°C in preculture medium for 50 h and then in
complete medium for 46 h, (o) control, (m) -24°C irradiation

(e) 0°C irradiation, (&) 25°C irradiation.
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(a)

(b)

[ S———

50um

Fig., 2 (a) Precultured yeast cells were irradiated at 0°C
up to 1 Mrad, Irradiated yeast cells were incubated at 30°C
in preculture medium for 24 h, (b) The sample treated as (a)
was incubated at 30°C in preculture medium for 26 h and then

in complete medium for 46 h,

e
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Fig. 3 The change of ethanol concentration for 1 h batch

production of ethancl in immobilized growing yeast cells

system., Carrier matrix trapped a small number of yeast cells was

incubated aerobically at 30°C for various periods(A}.
Tmmobilized veast cells were washed well with complete medium,
One hour batch ethanol production was carried out by using
these immobllized wveast cells, and ethanol concentration(B)
was measured, The relation between A and B is shown in this
figure. As a control, free cells were incubated aerobically
for various periods{A’). Alcohol concentration(B’) after 1l-h
ethanol production was measured under the same conditions as
immobilized veast cells asldescribed in text precisely.
Irradiation conditions and monomer concentration;

(o) 5 x 104rad, 25°C, 10% M-23G; (e) 5 x qurad, 25°C, 10% 1iuG

(o) free yeast cells,
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FPig. & The change in number of free yeast cells. The number

of free cells incubated aerobically shown in Fig. 3 was plotted

against incubation time.
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