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‘Table 1. Yeast strains used for this experiment

Strain Genotypes Sources
Saccharomyces
cerevisiae BU-1  STA™ @ld'(2n) This experiment
BUIla26 ST4 " alc" thr (n) z
262a STA ™ ale thr hom (n) Jeonbook Univ.
202a  STA thr hom (n) %
Saccharomyces

diastaticus A15 S74 " ale'(2n) This experiment
AlSa6  STA' ale hom (n) “

ZAE dissectionA1%] F. test strain?l S, cerevisiae
262a(alc” thr hom )9} 262a(STA  thr  hom Y&
matingA]Ft}, o] Z1& 30°C wlF7)ol|A] wHekst =
chA] E2bs A s Aol Al wioksle] Hulgog %
A} “é fi-& Aakstgich o)wf BUIa26(n)2} Al5a6
(ny& & ]b}‘flﬁk Fagde] oot AEE thA
harvestdle] Wk =2 33) A"l o] 5 10 mM 2-
mu(,dptouhdnolol Z.3¥ zymolyasc-60.000 8-
Hepal7) F Aol 4 2087F WA i) AxERo)
QA F YPD ul =] Aol 4] }_X}E dissection#] 7]
T 30°Coll 4] wjeksielct. o) 7S H 2w =|(SD med-
ium 1 0.67% YNB without amino acid. 2% glucosc,
2% Bacto-agar)d o]8-5te] markerd #lsbe] om,
matkerE 712 BUla26(n)2 markers 712 k3
WA R Aslglnh - glucoamylase AT
diastaticus  Al15%  AM8-slo]
Wi ole] Yy &

T Saccharomyees
éLl]LIiL markerd 8] 5k=

detA aiatal on, FwEls recombinant type-»]
LlUL()dildSC«] A HEAH FAH1H ERA FUs
%-8led genetic marker® E3)3Hed ok
HHAM M

A¥ 8 9 e IF UAFTFA S cere-
visiae BUla26(n)2} glucoamylase 44 505
S. diasiaticus Al5a6 W75 250 m/&] Ab7hEela=
ol A SO m/# #lek wieksigic) wjokz=a W A Fe
fEAA Ao Taya(ll) Wdoll 2sted Al A)3}edc)
&AM gatnt il

Polyethylenglycol(PEG)el] 2]t 9824 $3
8- Taya(11)2} Gunge & Tamaru(3)2] =l
o3t Sy slgdich
Glucoamylase T4 #4 &H

FEA g 7R 6}04 0.l M qodium acetate
buffer(pH 6.0)ol] ZAA-N-S 7}3le] Z vk-$NG 0.5
m/Z &3}, 50°Col| A 1x]7F EqF H‘}-‘LK]?] 100
°Cell 4 307t boilingdle] W& AHAX2 £}
o] wkg-ol-& Somogyi-Nelson method® reducing
sugargFS A A8t vi7). Specific activity 2} 1 unite
L hourell 1 m/2] ¥kg-olu} | ug glucoses A3l
do g HAAsTk

OiEke Y o¥
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Fig. 1. Selection of Saccharomyces cerevisiae BUTa26
(alc thr™) by the genetic mating experiment.
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Table 20| 4 H.ojF3= nle} 3ko] S cerevisiae BUI
@269} S. diastaticus Al5a6+ zymolyase 2] A|7}o]
A5 AR} A3 AasReS d ¢ U
. Zejez B Ay ARERE §F 75 559
7%, zymolyase 2] A|7ko] 120~ 18080l x] 13 =
A2 FrMEAAS RedFglont Ay Qs
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Table 2. Regeneration frequency of parental strains.

Strain S. diastaticus S. cerevisiae
Reaction Al5ab BUla26
time(min) (%) (%)

30 58(42.0)* 62.5(43.0)

60 35(88.0) 40.0(86.0)

90 22(91.5) 24.0(90.0)

120 13(94.0) 14.0(94.0)

150 9(95.5) 11.0(80.0)

180 8(96.0) 10.0(66.5)
*Faqke A¥AA HAE)S FAIG Aolw, o]y

zymolyase HFLIJ—E—— S. diastaticus A15a67} 200 ug
/mi Z12]3L S cerevisiae BUla26v= 400 yg/mis e
5],05

Table 3. Fusani frequancy by PEG molecular weight
and treatment time (X10 %)

A2k (min) g 60 90 120

PEG(MW) W
1450 - - - -
3350 .1 1.3 4.5 1.6
6000 74 11.7 6.5 6.1
8000 03 6.5 6.5 45

Fusant cell number
Total cell number

*Fusant frequency =

€ 943 Ards o
Ed R she] 9047 EaE
& Alx=skelch

BEF 49 xHs

PEG &Fel @& #3579 J4EL ZH)
#)8le], zymolyaseol] 21814 A5 AlSa62} BUla
269 MEZ R oF = 1L1X10 cells/0.5 ml/g} 1:1
E3td e HEErEo) % % PEG, 10 mM CaCl, 0.8
M sorbltol«] 10 mM Tris-HCI bufferel] 4-& t}-5
30°C 2=ell A w4719, 5 el ohE e AR
Tl WS 5357 FAEAKTable 3).

PEG 14500) A& k827 o] 7As}gbel i Bpa}ar

357} @A 5= eskot, PEG 335000 41 908
ZF abEAIZE W, 45X10 f2 gie] a7t b
wro] vhelytrl 3+ PEG 60002t PEG 8000¢] A&
6087 vk )AL w) zhz; 11.7X10 4 65X 10 *2
7B e 834 a ges o ¢ s S
P =7} QFZ} F& PEG 60002} PEG 80000] A ¥
607l 2 FHFe] AHES Bk

R 7}—61 AHAA Foll W F3F 572 M
€< Table 4e epsdr} o] Aoz PEG
8000% 90%-7F gt A$-7} 403X107 08 73
FS 7S Adskd o) Ao dwtd] Fore
PEG 60005 #]3te] o1& A}l 325X10 & &
Ayl Ag-stsit

sisler. ol %
Aelabe] 23

‘_O«
=

yi =
Fae §

11111 >
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Table d. Fusant frequency 1o the regenerated proto-
plast number of S. diastaticus and ' S. cerevi-

siae
Fusant number/
PEG(MW y** Regenerated *Fusant frequency
| protoplast number

PEG 1450 0/3.0x10° 0

PEG 3350 99 XI16°6.9X 100 143x10 *
PEG 6000 | 143X 10°/4.4x 10° 325x10 ¢
PEG 8000 1 145X 10%/3.6 X IL 403X10 ¢

N X _ Fusant all number
Fusant frequency = ~————- 22 -
Regenerated protoplast number
Table 5. Ethano! production in fermentation medium
containing 32% glucose or 5% starch

Ethanol concentration (%. v/v)

Strain

Glucose mcdiuml Starch medium
|

Al5a6 ’ 25 0

Bula26 9.28 0

F 4 i 4.5 0.17
F o6 203 0.3
F 7 I1.04 1.19
F 8 52 0.32
F9 6.23 0.45
F 10 15.0 1.65
F 15 7.5 1 0.5

*Ethanol fermentation was carried out for 2 days
incubation at 30 in a rotary shaker (180 rpm)

T 5o My

12} A2 SD 2 2wl A Aol 4] revertants 2
Adstlom o] o duE Axzirel gzl
alc' homjale thr' 2n)o.5 o Al=lgic) 23} dwe
clear zone 4775 Aldsldo) wala o) 5 4
] Hx2gFe) FH4Ee STA thr hom' /STA'
thr'  hom °2 ZAsv 33 AwWe alcohol-
tolerant. 752 Awshsict 12}, 23k H8e Ea)4
A 33709 Fghael oube UM S AHg A
27 A Egie). olebA, §55 F6, F7. FIO.
FISEe] §4x8-e STA  thr hom' ale'/STA'
thr' hom alc(2n)2.8 AbgEth 42 Adwapge
glucoamylase 44372 xS AHon o=
WA gl a1 ok® Mg o) $5e gEme gars
F4, 6. 7, 8 9. 10, 158lo] gl el Table 5). o] A3}
Bl 32% glucose B Aol 4] Al5a6e 4] whe o
B2 A eke wola BUla26-2 A2l 10%el] 7}7F-&
Alshg Atteks wlch 7709 $35 $ 370 BUI
R6HTtE T]g Ee oeke AlAlEES vehyglr).
53] Fo. F102 719 15%2] olgbe WY EL 2o
TE 5% starchul 2o = Al5a6. BUIa262 of]
EF2-S A5} A T3 F7F102 1.19%. 1.65%2
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Table 6. Cel/ size and celi volume of parental and
fusant strains

Strains Cell size(um) | Cell volume(um’)
AlSab6 S8X6 205.0
BUIla26 4.7X7.1 80.6

F 7 10.5X11.7 607.9
F 10 8.1X10.9 3R0.6

Table 7. Temperature effect on glucoamylase  pro-
duction by parental or fusants on YPS med-

wum
Temperature

Strains — T
30°C J 50°C 70°C
BUla26 1.56 270 0.08
AlSa6 0.44 0.3] 0.16
7 3.68 4.20 4.02
F 10 6.14 ‘ 8.47 3.34

Table 8. 7he tme-course of ethano! fermentation by
parenta! or fusant strains 5+ viv, %)

Medium Glucose medium | Starch meidium
Culturetime 1 2 3 4 5[] 2 3 4 S
(day)
Strain
AlSab 0.1 25 35 53 590 0 0 0 0
BUla26 15 93 1131301400 0 0 0 0
F 7 32 90 97133145[06 1.2 1216 20
F 10 41 92 10513715008 1.7 17 1.7 1.8

o T Bok M 2o ouke gAEs wodrt
FTHF F62 32% glucose wixel= ohEA 5%
starch ¥ R el 4}z e oflehe A HS 1)o7 A
F7, F10°] 7} 94351 §955 HEHeR A
ER=Eei=y
T4 B8EHFY MEEN

I T cell size?} cell volumes B
E3b71 AlSa6, BUIR269} ¢85 @59 &) st
A AelHE oty Ysfa] 9o 4r)x] Fae
micrometer eyepieceS 7}4l #38} #u] 4L spa 3
cell size} cell volumes =#3te] 2 A3} Table
69F ct 219 HAE FEa A 2. cell sizeo cell
volume ol 4] 1752 Al5a6. BUla26 ¥t} -§&5
w7, 100] Y FE 4 5 gl B3] Frwle
SEabrEh 2700 AL 2ulel) sl ke eh
il R Al 3w, 4uje] xo)7lx] Redgir)
(Table 6).

el o] 39 glucoamylase?] &AL =3
st ¥ A= Table 7o) 2] RojFi= nlo} 7). o)

ko
ES
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Aol w29, g5 Frolvt FI0L pH 604 A
15a68 e}t &oghde]l =:3hes o & Ak o

o
276 e F7-2 30°Celld Hrl: 70°Cel 4 t]L
Fo AL 48 HoiFg
HithE WFo| X|N3}

ol &h-& Ao gk pHo| o ko] ofakg v, 250
m/ 2t E2k~3 100 ml2) o} 2 pHE) WAl =]<(1%
yeast extract, 0.5% peptone, 0.3% KH,.PO,. 03%
(NH.,),S0., 0.0025% MgSO,-7H-0, 32% glucosc or
5% starchyel] 2709 mFel 5 F9F 24
HF3led 30°C shaking culture® aeration fer-
mentationA]# 7HaA pH 6 wiA]of] e ofel2 A
Abedg Bl wslgitiTable 8). o] 72 who 2 27) ]
2ok 2700 FHTE wigA e dejabe ot
S AAdE wiws] Makeh 32% glucose Hl R] ol A
ERE ofekg A e 23T YA FF BU
1a26°] 5 wiok F 14.0%2) o gh-2- A2k vpehd
Aol Wkl F7, F102 7+2F 14.5%9} 15.0%¢9] s}
she olgbg AAERS Hodoh 5% starch Wi ol A,
2709 RapFol A ollvbgo] WA A edghow, &
ol afnto] oflebgo] A=) whkal 5o ¥
HA FEE F10-& 18%, F7& 2.0%9] oeres A

e o 5 Ak
AL AL

£ dTE 249345 911C201-346FPI 2] o o
ojste] o]Fejgon] B A genetic manipu-
lation-& #3}e] ©3-& FA B eGw YB3t
I AFE LFA Ho) A=)

g2 o g #
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ABSTRACT: Construction of Starch-assimilating and Ethanol-fermenting Yeast by Protoplast
Fusion
Lee, Hae-Jung, Ji-Na Lee, Kyung-Sook Chun, So-Yung Park, Eun-Ae Ma, and
Kyung-Hee Min (Department of Biology, Sookmyung Women's University.
Seoul 140-742, and Research Center for Molecular Microbiology. Seoul
National University, Seoul 151-742)

Ethanol-tolerant strain, S. cerevisiae BU1a26 (alc” thr™) and glucoamylase-producing strain,
S. diastaticus Al5a6 (STA™ hom™) were prepared by means of genetic manipulation.
Protoplast fusion was carried out to introduce STA gene from A1526 strain to BU1a26 strain.
Protoplast formation was shown at 0.8 M sorbitol and 200 ug/m/ to 400 gg/ml zymolyase
treatment for 2 hours incubation. Fusion frequency was 3.25X107* to the regenerated
protoplast number using PEG 6000 for 90 min incubation. The excellent fusants with
genotype of STA™ alc® thr™ hom™/STA* ale* thr* hom™ (2n). F7 and F10, were selected by
ethanol-tolerant, ethanol fermentation, and glucoamylase production tests. Glucoamylase
production of Al5a6 showed 2.7 units, but 42 or 84 units for F7 or FI10 fusant at 50°C.
Ethanol fermentation from 32% glucose by BU1a26 was 14.0%{v/v) in fermentaion medium
for 5 days incubation, but 14.5% or 150% for F7 or F10 strain. respectively. Ethanol
fermentation from 5% starch was 2.0% by F7, or 1.8% by F10 strain in fermentation medium
for 5 days fermentation.



