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Abstract — Several mutation procedures have been compared to obtain an ethanol-tolerant Saccha-
romyces diastaticus strain secreting glucoamylase. These procedures include spontaneous mutation,
EMS treatment, UV irradiation, and combination of EMS treatment and UV irradiation. All these
methods were followed by adaptation of the yeast cells to gradually higher ethanol concentration.
Among these procedures, the combined method of EMS treatment and UV irradiation gave the
promising result, ie. the ethanol tolerance of the yeast increased from 11.5%(v/v) to 14.0%(v/v).
Respiratory deficient petite mutants of industrial and ethanol-tolerant yeast strains have been isola-
ted and hybridized with haploid S. diastaticus strains. The resulting hybrids showed increased

ethanol tolerance and starch-fermentability.
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AR FoA oekg WAe] 1 wALET} wEcty
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A whyo] f-83HA AH-4-"r}t E<o](mutation),
232 A §3(protoplast or spheroplast fusion), hy-
bridization, 3] 2 A $Htransformation), DNA 2z %,
a5 34w oF A (continuous culture selection)

L
o
-

N



Vol. 22, No. 6

53 2 A uEe| fdgkE
As] o]8-= 3 UTKT).

Hybridization ¥ % rare-mating-& A4H4 <l hy-
bridization ¥o] A3}7]} ¢1-& 2459 ¥AE AT
T Ade 5495 govd APdF v FUT ma-
ting type 552} hybridE o3 & o o] &3]+
vl o]t H23). ©] rare-mating -2 vl <Al (polyp-
loid) FFAA o}F F& HF}EZ mating-type swi-
tch7t 4ot ¥kga] #52} mating & & e @
F7} AAVE dld] A3 gk o]& of=] v
52 AHEEE BT gl gle] vbaAl(haploid)
ARt ulA] AR o]zt o7 FAA S
AL2-3}7)7) Bo|dtr] wiell FFoRe] F o]HE
7}AI AL SleK(12).

ol Az} e wjAdlA & dfofMe ¥ A
R &3lal 9)= glucoamylaseS Hv)3dto] ARk §
o] Q)= ubpAl S diastaticus 8] A+ A5 LR
EXME ZAFELA, o] 52 osk-g WAE Eore]s}
e 5o wgje g F2AA F Qe Tl AE HE
33tk

d a5 <71

AT 3 kY

Ao
Brewing, wine, distillery yeast 5-¢ Aldo-F 20
Zot wbrAl S diastaticus T 155148 AH8-3}

o} o] F EoiHo)9} rare-matingell A83F
FE2 EA sourcex Table 1o vtepic).

X

YPD i A= 1% vyeast extract(Y), 2% peptone(P)
223, 2% dextrose(D)E TFAEI I A 8 x|
= 2% agarE ©] #H7}slgdchk YPDIS3 wlA|&= 1%
dextrose, 3% Lintner potato starch(Sigma chemical
co)E EF3H} F Al Al(synthetic dextrose, SD)+=
0.6% Difco yeast nitrogen base without amino acid,
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29, dextrose® JFAEow LG w2t EF o
ok2-2).& A 7}sledch SGE dextrose iAol 3%(v/v)
glycerol & F.33IT}.

o|tHE HY HE

YPD 1d| wiA]ell AFFsbe] 30T ol 247 8A
A7 FFE oy B5(56~11%, v/v)e ofskgo]
27} YPD A wl) =] replica plating &+ F 30C 2}
37C oA zizb 29l sljoksle] 2 AJRbRE AL
v a3} ot

Y K4

30C oA BASA) FFF A7 F240~50%,
w/v)e] dextroseZ} - YPD A wi=A|ol| replica
plating & % 30C 9} 37C oA Z+z} 29 wloF3ted
a1 AMASN-g 3, v|wskuch

at& 2} of|ChEe a3

30C oA #AFA|7] F5FE YPD dA wix|
A Fsle] 30C & %7} 24 rotary shaking incu-
batorell 4 200 rpm2. 2 247t wleksleic}. o) wi<k
oz 1mle sl dextrose FFe] 22.2%(w/v)l
YPD AalsRz] 9miol £+ EHIdHE cap tubeo]
AZ2F F 30T oA 547 HREAF ) LR AL
€}-2-¢ Bernet®} Gutmann(3)2] #PHS WIste] &
AR o g At} vSE3EG m)L 75 mM so-
dium pyrophosphate, 21 mM glycine, 75 mM semi-
carbazide-HCl, 1.35 mM B-NAD, 0.013 W #] 0.076%
(v/v) <|er& 13 0.12mge lyophilized alcohol
dehydrogenase(Sigma, NO. A7011)E A=At
o] 5 AleF5-& =5 Sigma Chemical Co.olA 4
st ow, ¥h3-EgtEe| pHye 8701 ukgd:=+
37C o}

uk-2-A17F 208 § A ¥ NADH+ spectrophoto-
meter(Hitachi, U-1100)E. 340 nmel|A] FFEE =
218l ethanol standard solution(Sigma, No. 330-20)

Table 1. Yeast strains used

Yeast strain Characteristics Source
K35 Brewing yeast (Vierka dark) Friedrich Sauer Ostfildern, Germany
K41 Brewing yeast (Superbrau) Specialty Products International, N.C, USA
K43 Brewing yeast (Old danish) Wines Inc, OH, USA
K95 a leu2 trpl ura3A STA- Laboratory collection
K114 a ade6 his2 trpl ura3A STA Laboratory collection
1177 a STA J. Mattoon, USA

aContains one or more STA genes responsible for glucoamylase production of undefined genetic locus
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w2 B AT, 3492 0.l ml 4-E& YPD A
wjx]o AbzbFelE o s gl 3 A3 HHE 3
FEAAE W] 3] Al UVE :4)8)g
o}, UV A} ¥ 30C 2 29 wjoksle] vlelyd colony
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213t 30C oA EAZRZ #FE loopE &t 7}
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2 0.5mlo] S e 100ml Azt flaskel] HE
3l 30C 2 ZA% rotary shaking incubator(200
rpm)yel] X vl F3}5i ¢}
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25 degdol M 0.1 m/ 45 #ste] YPD 2Aul 7] of
Azh fElBe R sy, 30T oA 24 i &
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Table 2. Comparaive effects of different temperatures
and ethanol concentrations on the growth of industrial
yeast strains®

30T 37C

Yeast

Ethanol Conc. Ethanol Conc.

. (%, v/v) (%, v/v)

Strain

12.5 14.0 7.5 9.0
K35 ++° + + -
K37 + + + - —
K38 + - - - —
K39 — - - -
K41 + + - + —
K42 ++ —~ + -
K43 + — + —
K44 + + — + —
K45 + + + + —
K46 + + + - R
K47 + — - —
K61 — — — —
K126 + — — —
K133 + + — —
S2 ++ ++ —~ -
S3 — - — —
55 + + — —
S6 + + - o
S7 + -+ + + - —
S8 + + + + — —

*The rate of growth was evaluated after 2 days with
each culture grown on YPD containing various concen-
trations of ethanol at 30C or 37C.
®+ +: represents good growth, +:
—: no growth

slight, *: poor,

4zt % uF

of|EhELHA B} of|EhE s H|a

oF WA} wsisle] ofelE WAe] % dFT
K35, K41, K42, K43, K459+ 7ro. Ale] T*é“:’]?\i__t_
(Table 2), glucoamylase & #H|3= S. diastaticus
vl TS BT o'hE WAdo] A3t v Ta-
ble 3).

ol5 3% AMAFFES 30C A FHE 14.0%
(v/v) ol ek-2-2] A 5lel| = A& 3ho] ot vbrA|
TFEL 125%v/v) oler&e] % A dAM =
Ao} Abeba] F-Fcl

Aol glelAlx oiekg-e] g9 7S S

Mol Al @FFEe] il om(Table4), HbrA)|
TFEL d%3lgdcHTable 5). 53], K35 A5~
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Table 3. Comparative effects of different temperatures
and ethanol concentrations on the growth of glucoamy-
lase-producing laboratory haploid yeast strains®

30C 37C

Yeast

Ethanol Conc. Ethanol Conc.

, (%o, v/v) (%, v/v)

Strain

11.5 12.5 6.5 7.5
K82 —b — + —
K83 + + - -
K84 — - + —
K92 — — + —
K94 - — - —
K95 - -~ - -
K97 — — + —
K98 - — + —
K99 + 4 — — —
K100 + — + —
K102 + + — — -
K109 - — — -
K114 — — - -
1177 + — — —
1185 -+ — — —

*The rate of growth was evaluated after 2 days with
each culture grown on YPD containing various concen-
trations of ethanol at 30C or 37C.
b+ +: represents good growth, -+:
—: no growth

slight, % : poor,

2 A5 e 50%(v/v)) glucose &Y
el = 1 AAkge] dATA wEE HoATHrh
ol 15%(v/v) oer-g F%2} 50%(w/v) sucrose %
TA 52 AAS #asielctr ¥ 3§ Benitez
=(2)2] At} v|=sbgct e, o'l YA, o
YA 5 A 7557 glucoamylase] &4fo] "H*r‘
% ‘:‘}*r"‘ﬂ 1177 #5798 ojeh-& TS FAgE
7 3= Table 6] Hledligl=dll, K35, K41, K42, K88,
28l MN777FE°] 10%v/v)d] 7178 oleks A
Aes e AR 55 FdAM 7% 5=
B2elqo}t. 53, e 1177 55 olghe WAl s
i Ad o] “"‘Zﬂf’ﬁiﬁ- AA Pl e B3t ¥ o
gh8- A TS vellledl, ol oskE AT
| EF-& 2 3) 3-}54 AARP=o0 g #de] gk ¥ vl
Benitez £(2)2] At x U ste, E3] D'amorest
Stewart(7)= ol ®h& AT ogtE A F X
dy e FHAHLE SH ezl 7HHE WE
st

o gr-22] HsEI A ETfd A FHA A
Asddoie= B3l e, 1 73 SAATHe 2o



588

Table 4. Comparative effects of different temperatures
and glucose concentrations on the growth of industrial
yeast sfrains®

Kor. J. Appl. Microbiol. Biotechnol.

Table 5. Comparative effects of different temperatures
and glucose concentrations on the growth of glucoamy-
lase-producing laboratory haploid yeast strains®

30C 37C
Yeast
Glucose Conc. (rlucose Conc.
. (%o, v/V) (%o, v/v)
Strain
45 50 40 45
K35 +4+4+° F++ A+ +
K37 ++ ++ + + +
K38 + + + + — —
K39 ++ ++ + =
K41 +++ A+t A+ 4+
K42 +4++ 4+ ++ A+ A+
K43 +++ +++ A+ 4+
K44 +++ +++ +++ A+
K45 +++ +++ A+ 44
K46 + + + + — -
K47 + + + + + + + +
K61 — — — —
K126 + + + + + —

- K133 +++ ++  +++ ++
S2 +++  +++  +++ 4+
S3 — — — ~
S5 ++ + ++ +++ 4+
S6 + 4+ ++ o+ ++ 4+
S7 +++ +++  +++ A+ +
S8 + -+ ++  +++ 4+

30C 37C
Yeast
Glucose Conc. Glucose Conc.
* (%0, v/V) (%, v/v)
Strain
45 50 40 45

K82 +b + + +
K83 + + + -+
K84 — — — —
K92 -+ + + +
K94 — — — —
K95 + + — —_
K97 — — — —
K98 — — — —
K99 + + + + +
K100 + + + +
K102 + + — —
K109 + + + +
K114 + + + +
1177 + + + +
1185 + + | +

"The rate of growth was evaluated after 2 days with
each culture grown on YPD containing various concen-
trations of glucose at 30C or 37C.

P+ + +: represents excellent growth, + +: good, +:
slight, +: poor, —: no growth

&4 £ gAY At =4S WA AT
e FEAS WEAIE Ao BT, 1D, o]
A A w3 TE RALATHE Hulo] li),
2o BFE 3 EAstelq Azt g FE

ZItK13).

=002t HSE ST olEE N 7

o] el AMe|el F2 59 oekEd
3t HEo B okl FrE #Idy, A3A
Y= Table 7ol el cE o 7]oll A Hime] Foidd
o| & AEBIAVE AFEEER] bAYE BAIRle] 11.5%
(v/v)ell A 125%v/v)E oetg Aol FHrlslgdc)
£8| S|l E d50 8 Xegt 7S Hol EMS#}

S HAst] Mg whfelA] FEE olgkE
e 7 B o] e w& FEY
ElZo] H7lxl wiRle] ofe] A H-E-A|7]|& vhyut

*The rate of growth was evaluated after 2 days with
each culture grown on YPD containing various concen-
trations of glucose at 30C or 37C.

b+ +: represents good growth, +: slight, £ : poor,
—: no growth

Table 6. Ethancl production by various strains of yeast*

Yeast strains Ethanol (%, v/v) produced

K35 9.57
K38 6.59
K41 9.95
K42 9.63
K43 8.11
K44 8.30
K45 9.25
K46 9.19
K47 8.99
K68 7.92
K88 10.11
K92 7.67
K125 7.22
1177 10.18

*The initial glucose concentration in the fermentation
broth was 20% (w/v) and the fermentation was carried
for 5 days at 30C.

o2 F oehg WWAE E7AH 7 Yol [smail 2}
Al(9, 10)e] Azlel= we] a2 YA 11.5%(v/v)
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Fig. 1. Survival curve with EMS treatments.

ol A 14.0%(v/VE o5& WA= S7H1H o Ut

D'amores} Stewart(7)= o2 WAl o2 §-3
o] HogFicl stedsr, Brownd Oliver(s, 6)+
o et2- WAl F7lel| o] EelHelr) HQAF Fele)
I g AR v|Fe], B dFFH Tl YElR] R
EMSt} UVe] b= 2] diecke F Fde]|
ube] o wlafalo] 2| §lo] of|eh-E WA S7)el)
o] ZelHoe]E dovled Azt s slos 4}
535t

duRTY FAHOIFT S

o|ete UAle] & glucoamylase ¥vl+F 1177
o] Zodwole} 252 T3 ofedg WHAe] A
rare-mating$ $]% genetic marker® £ T2 &
zjo g EMSe} UVel 23 1177 #59Y AEF4A(su-
rvival curve) & AR 3, 2 A3-E Fig. 13 Fig. 2
off 7}zt eplidet. &S Aol L7ste] 95%2] Ab
8-S el 7b ool fEbIe] Ay 2P
EMS(3%, v/v)&) 73§ 35%°]¢lar, UVe 745+ 44
uW/mm2s 4% 24 oF = 1055 erg/mm*o| gl &
o, EMS¢} UVE #ag -9 A4 2553 30=
olgjr}, o|}re 95% AlHEE el EMSE}
UVel 7bxof 4 A&E3JF 2 5472 colonies Foll 4 &t
markerE 7}% 3259] dekg 4 WHe|FE &<els)
di=d], olE5& Lys™, Arg, Met , His elgleom,
3] Lys™ mutant’} %> +F AAIskdch

wal ojokg F-A wWolF 3052 glucoamylase #
AL 2Hstoded], Z5 YPD1S3 vl 2] Alell 4| haloZE

>89

100

80
)
2 60
>
3
=
a
o 40
o

20

0 = [ § 2
0 23 30 75 100 125

UV dose (ergs/mm?)

Fig. 2. Survival curve with UV irradiation.

Table 7. The growth of haploid S. diasraticus 1177 trea-
ted with different mutagenic agents on YPD medium
containing various concentrations of ethanol®

Ethanol concentration

Mutagenic Yeast (%o, VIV)
agent strain 100 115 125 140
None unadapted + + - -
control
None adapted + -+ + + -
uv d ++ ++ o+ -
EMS " + + + + —
EMS+UV " + + + + +

»After each mutagenic treatment, the cells were strea-
ked onto the ethanol gradient (0 to 15%, v/v) plates
with six times of repeated transfer (adaptation pro-
cess). The resulting cells were tested for the growth
on YPD agar plates containing various concentrations
of ethanol.

vehllo] Sodolo ofd] 1 AL #A WSS
o 4 slsich

Lindegren 5-(18)-2 3%(v/v) EMSE AM&-8}lod 90%
71 AlEEE 708 A2 Eodde] gl A
Eokrhi dtod o, Edol 9 <ok VA X ade-
nine¥} methionine®] wWi-Folxcia X w3t
rE E3] odgEAg {7 EARe)FU &l
A}7l= 718 gAA AQudel]l 2% position effect
m} Bo)e} 3teirh. Miller(Q1)¥ UVel 2% E-dnio]
F5 A o 99~99.9%7F AlEEE 202 WS
FAl3lodol EoHolFo] Fofkal 152w, Resnick
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Table 8. The number of hybrid obtained after rare-ma-
ting of industrial yeast with S. diastaticus haploid yea-
sts

No. of hybrid on SG medium

Mating Pair

Mating procedure I° I1°
K35xX K85 17 18
K41 X K85 ) 117
K43 X K95 1 1
K35x K114 0 0
K41 X K114 240 202
K43 X K114 0 4,

*The cells of each strain of the mating pair were mixed
in fresh YPD broth and incubated in still culture for
b~6 days.

"The cells of each strain of the each mating pair were
mixed in fresh YPD broth and centrifuged, so that the
cells are held in close contact for up to 2~3 hours
and incubated for 3 days.

(22)8] datave o< w2l UVel digh wlzt =7} 22
ZALZ 7L 150~1,500 ergs/mm? o & t}okghs- H o
FAdel.

Petite EQHO|F &S

o k-2~ Aol & Ak K35, K41, K430l
genetic marker= =%438}7] 18l ethidium bromide
2 A= 3 44 4052 A ¥ colony Foll 4] K359
74 53 K419 25, K439 749 4532 petite =
Aol E Helsdch

Rare-mating®li 2%t of|E+= LHA &I}

Glucoamylase #H] F3(K95, K114)2} of| &t-&-
A ST TFFEKS5, K41, K43)9] petite Eodo]F
2}2] mating 235 Table 83} Table 99 r}ehig]c}.
K95 o3~ K35, K4l 779 petite S o]52}2]
o A 22 hybrid7} A zded, K114 #3+= K41
T38| petite A o) F212] wulo A7t 22 hyb-
ridg ¥<ic} K35, K41, K43-2 Table 9o A bt
vle} zlo] SGellA A3 e}z ke opAE
o2 EBEARA] A2 o4 5 Ak ¢]E rare-ma-
ting 23} AAE hybrid52 A 53 22 o&k2
WA S, duastaticus 8t 722 glucoamylase & AJo]

S& el =d(Table 9), &4 2 # rare-ma-
tingol] ¢]&t wull ] Wk o R S digstaticus®] ol

HWAAS 31417 & 98 RodFT 9r)

M2 Y ws
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Table 9. The characteristics of petite industrial yeast,
glucoamylase-producing haploid yeast, and their hybri-
ds*

Yeast Growth Growth on Glucoamylase
stratn on SG YPD+11% activity
(v/v) ethanol
K95, K114 — — +
K35, K41, - + —
K43 (petite)
Hybrids + + +

“The growth temperature was 30T .

Table 10. Ethanol fermentation from starch by different
yeast strains and their hybrids®

Yeast Clone Ethanol Conc.
strain number (%, wW/v)°
1177 1.11
K35 0.04
Hybrid
1 1.42
8 1.32
9 1.39

*Haploid 1177 strain was rare-mated with diploid K35
petite mutant strain.
"Three loopfuls of active cells of each yeast strain were
inoculated into 10 m/ of YPS4 broth and fermented
at 30C for 3 days.

1177 lys™ 52} K35 petite =odw]o]3=9}9] rare-
mating 23 312l hybrid 59 A& o7 2E] ot
< AAHTE Al o E3E Table 100 e}
Wdek of7jell A ¥ 1177 #F+= glucoamylase
wHl 5ol Sle] 4%(w/v)e] AE2ZHE] 1.11%(w/v)
9] ofghg-& AArslalort K355 HRHa5o) glo]
eHEE A AAHA] Esigich T} o)E F
=2 hybrid 52 AT 24 E] ogb2-2 1177 #
Fo] A9-Bo} W 1.32~142%w/v)E AArsiadc).
o] hybrid 52 1177 #3F¢ glucoamylase A1%
¥ oolvzl K35 #39] st A 5 oA ss
Av|g Aoe® Helrh Wi bo] e F haploid T
TE AR e g WG] 2 FE EF
T ddclke= ®31(20)0] wv)s}ed, haploid #3-9F Ak
HT24e] rare-mating®] ZAZ el A 2 =
o2 HE CErE AT FAHUESS HoF
RAeE & A9 £ Ayela & 4 glch

of Bh= LHHo rHd
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EMSe} UVel Hzgixz]s dolxl 1177 EH 0]
Z ol K35X K95 K41xXK952] wufjel x| dojxl 22t
o] hybrid52] ot yAle GHAALE AdREEE £
&2 2 YPD slant uﬂzloﬂ 104 Alfufdgd F
ZA%gel 1177 BAHo|F= 4% (v/v)ellA 13%
(v/v)Z Aol <zt ?#Jﬁ}%if?—‘—]r rare-matinge]] ¢
gt hybrid & WAle| WHalx] @1 A3

2 ¢

Glucoamylase S FH|sle] AE F-&He] Ql= S
diastaticus T52 &g YA SR SFHoR
E-oi o]} rare-matingoll W AFE S o)
Eode] fukle EMSe} UVE AlS-3hslem, ot
= A dois gt Aaprl o Fof olBkE WS
11.5%(v/v)ell 4] 14.0%(v/v)E F7}A1ZFtd Rare-ma-
ting Wl 28] A2 hybrid®] selection marker=
o) £-38}7] 93ty S. diastaticus FF AUTA
= o) 59} Saccharomycesoll 3= WA A
ERTFEY EFH petite EAR|TE "”‘i’iﬂ}.
o] E % #32) rare-mating 2% YA H hybl‘ld =
BAFEE} olgkEiAlat AHE-CFHE ‘ﬂl‘ﬁ*ﬁ"”'ﬂ
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