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9 & Atk AFE S 9 7AS
oA AeE g A F UEF 1L AEF
(high-viability) ¢] ZRFAFE 7\dslax} o} ¢
A ozE 33CAA 4~547te] 3R Ha¥et
HE 7142HH 789 Zafo A8 13%(v/
v) ol& AN ¢ Qe F5E ustad s
dl, ol2jgt #3¢] AL Faze] $3E Soln
ey 2Py a2 w5n FRAIAY
AHE-E A% & e a9E Y 2. &2E
A TFo g Qo) Aad oiiz]
g 249 § A3, dee 448 w3

AR5 R S4& ANF] dase o
7 £33 Piel AMHE H, ode dY
(selection), E@Ho)(mutation), 2-2(adapta-
tion), A%8 A (hybridization), rare—mating, 9
A §¥(protoplast fusion), ¥FA%(trans-
formation) S 9] WHEo] Q.

ARAxe] B2 BE NEEHA Zol(bud)
€ 34%e2 AY= TN 58e 22
AN F4848 8 o+ Aok AR A
A ojuj Al (diploid) M ¥= 4749 B XY
ascosporeZ ¥ 33t asciE A% Ascospore
£ a9 otypes] mating—iyped zhedl 2429
mating —type2 @53 AER Zolslo A4
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Hybridization ¥4 &5 a%} 02 BEAIEE
% mating—type % ¥ mating—typed] ARE
T} mating—typed) £129 Egsd T AEI}
Agst] BAAYL a/e types] oldiA (diploid)
zygote7t A E. olgldte FHE zygotex U

T oA A $48 47k 48 FA9
yebd 7ol iAEd. B2 9 zygoteF
A oA AR BEEY e YT Ea 549
F& 7FE oA A3t (Russell and Stewart,
1985).

Rare—mating2 B42 ¢l hybridization g
o] A3/} Y& A% ¥AE AT + U= %
gL golHd #F TE FYE mating type T
FE9 hybrid(F3)& dodn & 9 o83l
whHolr}(Spencer and Spencer, 1977 : Russell
and Stewart, 1985). o] #h42 diploidi} poly-
ploido| 4] rare mating—type switching®] Z#g
mating®d 4 Y& straino] AAFH o2 TEA A
A dEd A% dth(Gunge and Naka-
tomi, 1972).

Non—mating #F& £ AXLEZ EH3%
£ 4 o] §38 JNFF hybride o} F W& H]
&2 A9 2AAE hybridsS A Adzoz
¥ 7 gl ozl Aotk 18=e, hyvridi
zationi} rare—mating ¢]¥ hybride] £8& ¢
A JUSTAH QWO F9} petite EHHO|F
% selection marker& Ad FF Y AR 53
olg} & + Ut} & AMZ t}E selection marker
& /M T dFE T HaruAwAe HE
A o] §¢E A4 hybndET 4433 &
o] ¢td BFFEL 4L A X3 =
A 2179%+ hybridgt £e18) d 71 gich

AY87A #F5 DNAY 9rIMY E= ¥9
o] Wzt g ouisie, AR T A
Y Tl #ofste 524 Aoz oY (wild

type) 9] A&l Hadh HhQgo] XFH w9
vitamins, o}7:=At, 2|1 AANAAEDET 2
& B UAES Alstojorst AAH) B8 e
AED AR 39S 53 AYgHLE RolE o
gEWE #FEL T4 039 AE(genome) S
AYa glo] wheARl dEAA &% #5Ed W)
& 2dde] gL W oz gEA Uk

Petite E9HolFE ZFAV ddE #F=2
cytochromeZ] % cytochrome Cut %42 o] A}
A A &g AL Yx YuAE B
glom o]= mitochondrial DNA7} §IAW ¥Hstd
mitochondrial DNAE AU ¢l7] gE oz vy
1 1 marker’l ¢AFE JHE AT F Ue
ZAAo] rh(Spencer et al, 1985 : Spencer et
al,, 1988). Petite EWMo|F = AHFo2E &
& £(05%)2 A7|AT 2 ¥jE&E UM
A8l o8] Aleke AR, acriflavined} et-
hidium bromide7} 329l Aoz IHA Yo
o Qe 93 etao R glycerold o83 &
g7l MeuiA oA 44 EEg £ U
(Seki et al., 1985).

EQdiole A& Wl dou= Aoz,
71 Bo] Kol EUW fugds AgH
(UV), EMS(ethylmethane sulfonate) o]t} 7+
vl (y —ray)o] E SdHolE & AMS-HA
e ol AT Ed¥olgo] 1 WEHA
FA2Y] W7t dojdre HdA gl it
(Hannan et al., 1976). o] WHEe |44 4
A (locus) 8] B FE& &GAA 22848
FANFIER B8P0l 44 =2HY EdWoE
o] ¥7) ot}

£ A7 Me 232 (screening) & E3 &
Hato] ¥ et AT 2 HEF $rEFE
2RE W) (rare—mating) e} g <t
Eg¥0l%Y A EE I dA S 3
349 @FAA AgEE BE #FERY 1Tk
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9 712NE F&9 Asgle] degg AT 2
A5l o 48 FFE ML e Aol

II. Mgz o gy

1. Rare —matingol| 2|3t 7|5t

1.1 Rare—mating

geag WY AEF) F2 #FE 97 9
8} rare—mating7]€& ©|43%c}. Mating¥
hybride] #<l3} £2l& 3o auxotrophic mu-
tant(Sherman et al, 1986)%} petite mutant
(Tatsuji et al., 1983) & AR89t}

7} #F
Matingd)] A48 FF& FF9 AEAARF
@E Q5o H& weARFEY Saccharomy-
ces cerevisiae 11—13%} QA7 Saccharo-
myces sp. 11857} ARSI 23dg] § WA
Al & F 4CoAA RAsy A3 11
-1g53e FYEGLENY g4 e AA &
g9 en, 118575 a, Can’, STA, his™"¢]
534 /Y &g A4Fo) vny £& dF

A gFolrt.

. uiA o ul

ARaFo AAAZE YPDE AMgsiaed
1% (w/v) yeast extract, 2% (w/v) peptone, 2%
(w/v) dextrose2 TA&%c}. SGulAE= 0.67(w
/v) Difco yeast nitrogen base(without amino
acid) 9} 3%(v/v) glycerolg FAsQct. YL
#]Z]2l YPD25+& YPDO|A dextrose’} 25%(w/
v)7t gA 2339t ZE A¥Y wdere
33CE AHg3lsla, A 4358 A8 A
A9l 73$ Aehil%go] WY wl= rotary shak-
ing incubatoro]lA] 200 rpme] &% 2 w]%3}ch
EF AR A 4817 wfF3tslth.

t}. Selection marker9) ¢

2 AYdMe acriflavine® AM-38}9] respira-
tory deficient mutantE Y} Tatsuji et al,
1983 ; Sherman et al., 1986 ; Spencer et al,
1988). Al¢-8 #F+= S. cerevisiae 11-12 30
CAA &434171 #3& YPD broth7} 5 miE
o] 9l cap test tubed] lloopE HZE3lL ac-
riflavined4-9 (14.4 pg/ml) 300 ©E 73l
GAA 30CT2 29Uzt AAMY At g
& 107~107%02 FHAMF ¥ 01 mlg FHslo
YPDG ZAMA] =g ok 30TAA 29z
W3tk Colony?t veptd 13 fef TTC
agar medium[0.05%(w/v) triphenyl tetrazoli-
um chloride, 0.05%(w/v) dextrose, 2% (w/v)
agar]& HaAE F A¥ckE colonyE9] A&
agar platefld] gl =3le] 3|7t vjg3tE &
Az £& A Jehled, o 84 colonyE
YPD¢} SG AujAjo] FAlo HEst] 30T
A 297 Ml¥E F YPDOA = A2AT SGAIA
= A}A| £ colonyE respiratory deficient
mutant(petite mutant)s 7+3#5%ch(Bacila et
al, 1978). ©] respiratory deficient mutant7}
revertant2 W3] Qk-& ) 3] 3
YPDs} SGuiAolA Hi 103] Ahuigsta] <t
A& QA

2}. Rare—mating

30C oA BB ke FF Saccharomy-
ces sp. 11858} respiratory deficient mutant¢)
S. cerevistice 11—-1& loop2Z YPD agar
platedofl A M2 Efsie] 30CAAM 249 w3t
¥ SG agar plate2 &4 AAA7 th& colonyE
o] Yehd o] colonyEL t}A] SG plated] HF
3l Ak colony& hybriddFz 353k
(Miklos et al.,, 1991 ; Seki et al., 1983 ; Leg-
mann et al., 1986).
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1.2 94 hybrid# 3] A4

Hybrid¢] 4'8& $18) mating A3} doj7 150
%9 hybridd% &g o}l A% conventional
selection method$} continuous culture selection
method 9] 7 HE AHE-SHAT

7}. Conventional selection method
W 0 F9] hybrid#F&& d@-&o] & 13, 15,
17%(v/v) 59 YPDaAu)A) Pepper—
multiple inoculator2 H%% ¥ colonyE& A¥3
oz By olw AiAE parafimo
sealingg 8t oleh&e] FUE kAL 30CAA
397t 4RAA

. asuj g ey
WO AFY hybridF5& pHE ZEHE con
tinuous culture reactord] FAld FE3tact. A
Bl cello] A48H= organic acido <8 pH
7} RopA 3L dggo] EFHE wiA7} Eolrke ¥
2& #3}A gdoh(Jimenez and Benitez, 1988).

o ST A4
o] ARFFY e LasE Yolr] galo
dapgoz AEsgltt. 15 ml cap test tubed]
Durham fermentation tube® X 3}sle YPD25
10ml& ¥ 33°Col4 42A)2 Durham fermenta-
tion tube®] CO, gasP A7} 3Y ¥ o&& ¥4,
A%, viability s 24319t

g 2tads &%

#F9 Ha £52 vy Y5t 10 ml9
YPDuIx]E 2}& 15 ml cap tubed]] Durham fer-
mentation tube(WiH1, 0.932m)E Y1 HF
3] 30CAAM BAuG A7IEA EaFo] 24
&= CO, J}27} Durham fermentation tubeE
V5 9= Azk(hr for filling) & 389} 2
714 E4% (ml/hr)E [0.932+ (hr for filling) ]2
Akt Jepfi gl

o}, g FF
Bernet and Gutman(1974) ¥hid] 9Js}o] al-
cohol dehydrogenase &4 & o]&§ &g A
< 3k
Y E A& (efficiency) AAE Thol 3%l
o
Efficiency(%) =

Ethanol content equivalent(g) %100
Sugar utilized(g)

o]7]A ethanol content equivalent™ ethanol
(g)+ 0511014 (1g9) glucosed|A] o2 = 0.
511 g9] ethanolo] FA %] w&).

uf, g A%

A} (residual glucose)= DNSA|¢k(3.5-dinit-
rosalicyclic acid 10 mg/ml, 2 N NaOH 0.2 ml/
ml, sodium potassium tartarate-4H,0 3g/ml)}&
o] &3 FAFAL (Bernfeld, 1955)) <J5t4
t}.

AL AR 54

&5 methlene blue YL ©|& haem-

acytometer 2 274359k (Lee et al.,, 1981).

2. 7 —Irradiationo|| 2|8t #3714

1.1 7%

Flask scaled| s H¥¥ $4943F% convention-
al method®] hybrid clone 14(V14)$} continuous
culture selection method9] clone 2(T2)& A&
st

1.2 Edulo]

59 432 $8te] YPD plated] 23 Ad)
g 3 YPD HAuiAe] 1 loopdE3tal 30T
AN #F37F 15X 10%ell/mlo] ® wrtx) wjoyst
A}, o] HYH FF 1.5 mE 2 mlgke) d7g
plastic viald] 93 [®Co]& y —ray surce® A}
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23] o irradiation dose(0.7—8.8K Gy)d 2
ZABIYLE ¥ —RayRALE samplee 4C2 63
AA 73 %E] YPD agar plated] =23jo] 2
AF<t 30T AN ojFet F et AE5E AN
st EJAE AAsel.

13 @3 44

7k 13 A

Plate’dol]l =23t} 29 ¥ YA colonyEg
YPD25 Au]A] 10 ml7} o]+ 15 ml cap
test tubeo] Zzt FF3Uch. dulAY ZATe)A
NetE WG] B FFUFE Ago] J& A
o dAHeR Yehdy] WEd o] FolA4 2
gFR AL AFFE B #FE 5% 5
2 53k s

. 221 A4
Az} oA HNEE 1639 EQHe) ARF
ZZ YPD259 1 loop¥ &3l 33CoA 3¢
A AAMGE FEARG. 3Y F S BA
3 A, Laa$TE vlasgrh

o ety est wa
HA flaskd] Efwlest 243 efvleREge
0.1% (v/w) o|42] Y8 a—amylase(Termamy
120 L, Novo Co.) 181 54 £& $EE%
Yol Egsrt. ol EH&E inoculum(F
®) wjAole Y8 B9 Hlgo] 1:450%l3,
dEd AN 1400 EE 988 F
F=42(105C)oA 5~108 nlth Agsie 2

Azt B3t F7HAA
2947t YPD agar platec]y] 843A7 #F&
10 ml ¥j¥AF 1 loop¥ FFste] 30TA 150
rpmo 2 9 19 i3t 1—2x10%ells/ml7}
HEg 3. S 387t d e est v
o 10%(v/v)2] inoculum(1—2X10* cells/ml)
& AFslod EAZT 2E 25& 35THon

19 134 g0 5 4547 RE3}Art

m. d= 3¢ o

1. Rare —matingol] 2|3t g

ERTFF9 hybridization® A2 t}E mating
typeg 7HAE a%} @ haploid@F AboloA =
Hog Yojure #ioltt. 1y & mating
type€ 7HH & Wel 3F ol haploidst poly-
ploidAte]d] HFYFFL A o]Fo A=) Yot
°]¥7% non—mating type F 9| #FE ¥
T AEs Y ol =84 AFEF7}
AA o2 B dot. o] Wi E o845t o
g2 AA%o] ¥L non—mating typed] ¥ #F
€ o|$3l9 ﬂ% ¢ dgE B4sE e
FEa5E 9¢ 7

e LH’Q-.% Ze ARFF —2—% Aoz ¥
A A e EAsel B FARE] Al
IAFE AL 9ol LeFh(Jimenez and
Beni-tez, 1987). ¢] A A-5-2 nonisogenic strain
ElA Mg tZ7] &9 nonisogenic hybrid-
1zation & mating(genetic complemem-tation)
o o8 mFFHT} et o] ¢ ¥ hybrid
Eol 472 §7} Ak AAZ g YAe] 33
H hybridEo}] ¥A% 2 (Jimenez and Benitez,
1987), aupyo] dg-g WAlol & #5&
£ $4349d Hgez HoYrh(Ismail and Al
1971 ; Jimenez and Benitez, 1987 ; Seki et al.,
1983).

2 A7 A= haploid 118573F¢} industrial
polyploid 11—17#3%¢] rare—mating& A2A3t4
31, rare—mating®.2 0] hybrid 15038 %
7t O selection & A3l qee A4
T Y Adg #9382 hybrid
E BN 7 FE Mg €4S B FYol
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dasdly] o $rFTE aRFes s A
Hahs W9 #jlo] WA Mool & davt
At

e WS B FAAEY A fHFo
2 zA9ts g4a|A Ych(Aguilera and Benitez,
1986). WEtA AfebE WAo] & AREA™|F
S 171wl olga, Aol Eu s F
£ Fx9 deds AWM & = glovt
(Del Castillo Agudo, 1985), olgt& WAL 714
i 9n B gEE A4 Hole FFE YU
8t BEAQ o g AlgE e ek dhpul
AA ] i A&ugMe A 2
A Addbde o]43%cH(Brown and Oliver,
1982).

methods> YPDE[ethanol 11, 13, 15%(v/v)]
agar plated] 15094%9] avg+& 242 HEY
¥ 13%9 nR3E AEE FrAA A&k 75
g A3 g AU dsugd o
Jete WRTFAE S ax7t Adls f714b
o AstEe Mg HH w& FE9 d
£ AR Bol7t W H99 dgs Fxd
M 9HFog Aopds ARAFE Ao w2
FF2 74338to] (Jimenez and Benitez, 1988) z
7 mAfgon 17774 AadT. o 75
£ % conventional selection method+= V&, pH
—regulated continuous culture selection method
€ T2 Yehhgich

A o] hybridEo] HEAFE AL ol

o7} Arg® HPEZ conventional selection

[Table 1] The ethanol fermentation by various hybrid clones selected by conventional method:

. Ethanol Residual
P:z; ear};al Hybr;(}ioclone production glucose Viability (%)
) (%, w/v) (%, w/v)
1185 7.38 7.07 57.1
11-1 7.55 6.68 62.7
V1 7.63 6.64. 45.8
V2 7.04 7.20 44.7
V3 7.85 5.39 52.0
V4 7.28 6.77 61.9
V5 7.02 7.84 774
Vé 8.21 5.52 58.8
V7 6.20 8.28 58.1
V8 6.96 7.20 54.8
V9 N.D.» 4.27 74.2
V10 6.83 8.02 60.5
Vil 7.24 5.86 60.0
Vi2 5.57 9.56 69.0
V13 5.84 9.96 83.3
V14 8.22 4.96 65.9
V15 6.40 8.97 58.7
V16 7.29 7.41 61.5
V17 7.36 6.72 52.9

2 One loopful of each activated cells was inoculated into a 15 ml—cap tube containing 10 ml YPD—25
and the fermentation was conducted at 33°C for 3 days.

* N.D., not determined



50

[Table 2] The ethanol fermentation by various hybrid clones selected by continuous culture

method®
. Ethanol Residual
Parental Hybrid clone . L
strain No. production glucose Viability (% )
(%, w/v) (%, w/v)
1185 7.38 7.07 57.1
11-1 7.55 6.68 62.7
T1 6.23 8.71 52.8
T2 9.65 1.77 55.6
T3 6.81 7.67 735
T4 8.36 5.22 64.3 -
TS 9.49 2.89 65.6
T6 7.22 7.03 58.3
T7 8.20 6.16 65.2
T8 9.38 2.50 65.4
T9 7.45 9.69 62.2
T10 8.52 4.14 70.9
T11 7.70 797 69.7
T12 8.02 5.99 65.8
T13 6.64 6.90 56.7
T14 6.68 414 63.3
T15 9.05 5.52 66.0
T16 8.81 2.84 68.8
T17 7.58 66.7

* One loopful of each activated cells was inoculated into 15 ml cap tube containing 10 ml YPD—25

and the fermentation carried out at 33°C for 3 days.

9] dgte A, AP, AEEE %o 1 2 =2 JqeEr2AAEFL B hybrid cloned 113
32 Table 13 29 Jehj2r}t. Conventional g Qo £3 T2¢ T8 cloneSo] 742 9.65, 9.38
WA AEE #FE F EEFE HY 12 9 %(w/v)ol AREARE Ho mFFR) 9%

B &L 1< hybrid cloned 5% $on 3 we sy

turetfel o3 A¥E #FE F EIFEHDL  AHEE Bo Fu Yo

A [o]
T8 ¥

nojon o ¥ #F+&
V147} 822%(w/v)E AY & &g A AFE BAFET JA Jelgton] T84+ A
P A AFE k. WEFE BRFFE EEE &
B} g Fo} 6592 yelgch. Continuous cul- Qo] dmrAo gz Ago]

F3p0 e ol 2BEdN & 4

e
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[Table 3] The initial fermentation rates of various yeast hybrids and their parents®

Conventional selection method Continuous culture selection method
"""" Paremal Hybrid Iniiiél”. Paren{él | Hybrid I'nit"ial‘.

. clone fermentation . clone fermentation
strain No. rate(ml/hr)® strain No. rate(ml/hr)

1185 0.233 1185 0.233

11-1 0.186 11-1 0.186

Vi 0.133 T1 0.233

V2 0.155 T2 0.311

V3 0.155 T3 0.155

Vi 0.133 T4 0.186

V5 0.117 T5 0.233

V6 0.133 T6 0.233

V7 0.155 T7 0.233

V8 0.133 T8 0.311

V9 0.133 T9 0.233

V10 0.117 T10 0.233

Vil 0.155 Til 0.186

V12 0.133 T12 0.233

V13 0.155 T13 0.186

Vi4 0.233 T14 0.186

V15 0.133 T15 0.311

V16 0.117 T16 0.186

V17 0.133 T17 0.186

 One loopful of each activated yeast culture was inoculated into 15 ml cap tube containing 10 ml

YPD20 broth and Durham fermentation tube.

b Initial fermention rate is equal to the volume(0.932ml) of the Durham fermentation tube devided by
the time(hr) required for filling up the Durham fermention tube by Co, gas formed during fermen-

tation.

og hybidg9 2/1¢E4EE AW 2H9E
Table 39 Uepigled d7ldAz st
223} hybrid#37} continuous culture 39
79 T2, T8, T159 3 cloneo] 1kt

B YoM V14, T29 2 cloneE & $473F
2 AAsd A& 2¥8sigich

oj59 Jdeg Y& E@F 11859 11-1
7 flask scalez tA] Hlm A ¥E = (Table
4) e T27} 34 HaF V149 Hjsio 1.5

%(w/v) O =& 11.36%(w/v)9] oe&& A4t
AL SUAE 9.887 10.54% (w/v) 2 W58t
o A7) T2 A ofgr& o] 5AR 728
THl 2 olf& dede] FEHAAY Ax o
AR go A ER G o2 F2H) £ Ay
AE&YA T27} 3Y, 59 0.642} 0.04% (w/v),
91.29} 82.6% (w/v)E Ho Jde 31 WAYF
o] 2 thA] FIH AL}



52

[Table 4] Flask —scale ethanol fermentation by various yeasts and hybid clones.

Ethanol Residual Efficiency(%)
Yeast strain (%, w/v) glucose
(%, w/v)
3 days 5 days 3 days 5 days 3 days 5 days
1185 6.34 8.70 8.56 3.40 75.5 78.8
11-1 9.68 10.32 3.12 0.44 86.6 82.2
Hybrid V14 8.84 9.88 4.16 1.56 83.0 82.5
Hybrid T2 11.36 10.54 0.64 0.04 91.2 82.6

* An Erlenmyler flask with a capacity of 250 ml containing 100 ml of YPD25 broth was inoculated
with activated yeast cells to be a cell concentration of 1.5X%10%ell/ml and was incubated

anaerobically at 33°C for 3 days or 5 days.

2. y —Irradiationol] 2J3t #FEAW

2Eg g914 £ y —raydl 93 o
@& A%l $8 ARETE AL 4
hybrid V14& A}8-3l Sd¥olE HE HA W
AHIZE ghstad dglen, gl o WA
AFE A8ste T22F9] ded 34 5
£ Nd3tan 9.

2.1 3 AR 24

V14 hybrid#39] y —ray &A}d & AEE
& A 1 A2 AEFHE Figls 2
o] a9}, o]F A7dA BH 0.7K Gy ¥
AAFINE A3 BEE) FAdte] 7.65%<
AEEE Jellon 6.7K Gy o3l BAHIZ
Ne AEE] 0% 8 JepldTh. £8 A &
Agdre] HEdFE F 1751858 F4944
o2 HYdly e FAAEE ML ¢4 o
§E ANEFE V19T A4S 98 Age
274385 (data not shown) BEFFET} ¢4
#§ #3E= A% 0.7K Gy A 103, 2.7K Gydl 4
2%, 49K GydlA 2%, 6.7K GyollA 23E 2%
16371 2dagch. o|F 1639 g& FY5¢&

100
90
80
70
60 +
se t
([ 3

Percent survival

30
20
" L\‘\
0 .

] H 4 6 ] 10
v -lrradiation dose (K Gy)

[Figure 1] The survival curve with y —irradi
ation.

333t 1 A3E Table 59 Yepi3itt. o714
control it} ] B2 dgkE WAL Bl #F=
0.7K Gyolld 2%, 49K GydlAH 1538 9w 1
9] Agdxe A8 dAE £8iut. Table 6+
ol AYAFAEL FHT AUH orldA HHE
BaFEn 958 @39 $8=st 07K Gy
735 588% 2 71 w1 APl BE +F 29
W7t wolA 6.7K Gy9 7A$-E 5.6% & el
Aok EF M 2L AR AIFA 9.6%(w/
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v)E B9 #FF9Y 2¥8E 0.7K Gy<] WA

A g5sens Ao FFANLE AY v

—ray9| 3 WAL ZS 0.7K Gyz 2R3

[Table 5] The ethanol fermentation® by various mutant strains of hybrid clone V14 obtained

by y —irradiation.

Radiation dose . Ethanol Production Residual glucose .
Strain Efficiency(% )
used(K Gy) (%, w/v) (%, w/v)

0 Control 8.26 2.67 72.37

0.7 101 5.25 9.76 67.40

103 7.10 6.55 75.30

104 7.07 5.84 72.20

105 8.36 2.54 72.83

106 6.92 7.09 75.60

107 9.60 2.23 82.49

108 6.37 8.02 73.40

109 7.99 4.10 74.80

110 6.79 5.79 69.16

116 6.59 7.75 74.75

2.7 203 6.27 8.78 75.64

205 6.22 8.87 75.45

49 304 6.01 9.27 74.76

306 9.37 2.45 81.04

6.7 403 7.21 6.42 75.93

405 7.27 6.15 75.46

* One loopful of each activated mutant cells was inoculated into 15 ml cap tube containing 10 ml
YPD25 and fermentation was carried out and aerobically at 33°C for 3 days.

[Table 6] Frequency of obtaining strains with improved ethanol —production rate by y —irradi-

ation mutation.

y —Radiation dose (KGy) Frequency*( %) ngheét ethanol
production(%. w/v)
0.0 - 8.26
0.7 58.8 9.60
2.7 235 6.27
49 11.1 9.37
6.7 5.6 1.27

* The ethanol—production rate to calculate the frequency(%) was estimated by residual glu-

cose content in fermentation broth.
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[Table 7] The ethanol fermentation?® by various mutant strains of hybrid clone T2 obtained by

y —irradiation.
Parental Ethanol Production Residual glucose
] Mutant
strain (%, w/v) (%, w/v)
Control 9.65 4,01
7.75 3.80
6.95 7.78
7 8.82 3.66
13 10.71 0.45
14 9.25 2.40
15 10.14 0.72
20 9.04 2.71
23 9.54 448
26 10.53 0.99
34 10.36 0.45
35 9.74 0.76
48 10.68 0.54
55 10.78 0.90
62 10.36 0.32
64 10.71 0.27
75 12.20 0.41
78 10.51 0.32
79 10.38 0.27

s One loopful of each activated mutant cells was inoculated into 15ml cap tube containing 10 m]

YPD25 and fermentation was carried out an aerobically at 33°C for 5 days.
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y —irradiation(0.7K Gy)$-9] &3t colonys
£ %o} continuous culture selection®d& ALS-
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[Table 8] The ethanol fermentation of tapioca by industrial distillery strain KL and mutant

strains of hybrid clone T2 obtained by y —irradiation

Strain Ethanol( %)
Control Mutant w/v v/v
KL 9.7 12.3
T2—-48 9.6 12.2
T2—-62 10.3 13.1
T2-75 105 13.3

* 20 ml(10® cell/sml) of each activated cells was inoculated into 500 ml Erlenmyer flask containing

200 ml tapioca slurry medium and the fermentation was carried out at 30°C for 4 days.
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