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In the present study, an attempt has been made to produce hybrid yeast strains of different useful
and dominant characteristics. The hybrid yeast strains were produced by electrofusion and their
genetic analysis were performed by RAPD-PCR (random amplified polymorphic DNA-polymerase
chain reaction). The protoplast of Saccharomyces cerevisine KCTC 7904 and Zygosaccharomyces
rouxii KCTC 7966 were obtained above 92% when treated with lyticase at 30°C for 60~90 min
after the pretreatment of 1~2% 2-mercaptoethanol at 30°C for 15~20 min. The fusant was pro-
duced from paired protoplast stage under the electric pulse at high frequency conditions (1.5 MHz/
50 pV, 615 V/256 psec) within glass-platinum made electrofusion chamber. Changes in RAPD pat-
terns in mother cells and hybrid cells proved that the fusant contains two types of yeast gene orig-
inated from its parent. Furthermore, fermentation characters exhibits by the fusant cell confirmed
its genetic changes. These results suggest that genetically stable hybrid yeast strains of economic
importance can be produced by electrofusion technique and these electrofused yeast cells have an
enormous impact in biotechnology and biomedicine.
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A71ES WRoZ 93814 Haawl Saccharomyces
cerevisiae(S. cerevisioe)?} WAFFH3 X2 Zygosaccharomyces
rouxii(Z. rouxiiy®} 71§ AABIHA, §3E Az o6t
AL e, wigFsH e FFs o, e §HAIS s
A f214 BALFEOE RAPD-PCR W %) st 75
Tt

= o ek

2984 94 € AX Y 12-3687 B vt 2ot
AAE HIFEFTE 23 A F 1.5% 2-mercaptoethanol
solutiondll FESI] 30°ClA] 102027 AR 8] &, enzyme
solution(lyticase 200 U/m/, 0.2% 2-mercaptoethanol 2.0 m/,
KCl 59.64 g/I, KHLPO, 9.53 ¢/l 7F38ke] 1x 107 cells/m/
T2 AREAZ the 30°ColA 60~90%7F st A¥A
AE F4A7Y. dFEHEAE 1.0~1.2 M sorbito]l S0 F 4F
TS AT F 7o) I EAE 1019 HER EES &
T8 NS electrofusion chamberdl ¥ TF 32 WAYAA
paired protoplast(Fig. 1)2 BAAIZ JeollA et A8 W
EAOR 7iete] §A AL st

TEAE A L A, VNS chamberolA 412
Al Hal A WA A Ae)R] (yeast extract 4.0 g/l, peptone 5.0 g/
{, dextrose 50 g/, noble agar 20 g/l =UsY =UF |7 v

Fig. 1. A photograph of paired protoplast state (A), and fused cell
(B). Photograph was taken by CCD system.

R 9ol thA] A AP A (yeast extract 4.0 g/l, peptone 5.0 g/l,
dextrose 50 g/l, noble agar 8.0 g/YE =g 5, 30°CollA 74
7¢ vjeFste] AAYARITE 3783 FAIE THA] dextrose 200 g/
£ a3t Aol Aldiste] 3ol mE wAlE st
2 AEalty. AEE T 4CIA e B
171 e, FAAH SR single colonyE A Este] 250 ml
flaskel] 50 m/®] YMG20(yeast extract 3.0 g/, malt extract 3.0
g/l, peptone 5.0 g/l, dextrose 200 g/y WjAE I, ]3]
HE AAFEZ(15A0E 71 A3 flaskel Aol HA
28 flaskE MES (%)= ANkl §59] PgdS BRist
())\j\‘:]_m).

233 2 §HF €EEA. 2ok 80 v2ad A
g 82lst7] ¢35l glucose, fructose, galactose, maltose,

>

sucrose, lactose, soluble starch, raffinose, dextrin, mannitolZ
Z¥zb 294 43t eAado® $R3k YPD(yeast extract 10
g/l, peptone 20g/l, dextrose 20g/l: KCTC 7904), YM-DS
(veast extract 3.0 g/, malt extract 3.0g/, peptone 5.0g/,
dextrose 50 g/, sodium chloride 1.0 g/ KCTC 7966), YM
(yeast extract 3.0g/, malt extract 3.0 g/, peptone 5.0g/l,
dextrose 10 g/l: Fusanty 2|l FZF8te] 48A17F 591 30°CellA
gk g vy v W8 {TE ARECR ZARIS

233 2 §8F UWARY. ma7s FRFe A
(0~50%)=+ AN (0~18%)& Flstr] sl 2+ #55

A3kl OD. Fo= vlal 438t

|¥F RAPD-PCR £4. §95°] F2 £4& RAPD-
PCR W& Ahgste] Zpzhe] Eapasolla #<ls]= RAPD
pattern®] SFANAMZ ERIHEXE ZABIATHTable 1).

3= Wik S £ vk seed culture®} main culture
Z o] AAEIIT}. Seed cultures HA H23 3RS W
Fol2 Hslel 122047 < 30°ClA AAISATE Main
culture™ seed culture S+ G 2%vME YMG20 BEA]
(yeast extract 3.0 g/, malt extract 3.0 g/, peptone 5.0g/,
glucose 200 g/)ell &3] AAIIHT). g A9 vludTR
M S cerevisiae KCTC 7904, 1202, 1205, 1215 & 47} #
FE ALEER, 50 1 HEx wgolA HFA & (specific
growth rate: (yE AASIATH
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Talbe 1. List of random primers used for RAPD-PCR Table 4. Assimilation of various carbon sources by the parents and
5 the fusant
Primer Primer sequence
- S. cerevisiae Z. rouxii
Primer # 515 GGG GGCCTC A Carbon sources KCTC 7904 KCTC 7966 Fusant
Primer # 516 AGC GCCGACG n
Primer # 517 GGT CGC AGC T Glucose * *
Fructose + + +
+ - +
Table 2. Effect of time and concentration of 2-mercaptoethanol on Galactose 4
protoplast formation in S. cerevisiae and Z. rowuxii Maltose - )
Saccharose + - +
Reactiontime  2-mercaptoethanol concentration (%) Lactose R . .
(min) 1 12 15 Solublestarch - - -
10 73 79 85 Raffinose + - +
S. cerevisiae 15 80 33 89 Dextri.n - + +
20 84 88 91 Mannitol - - -
10 7 76 30 Growth of each yeast strain was measured using spectrophotometer at
. —_ . - t d 5
7 rouxii 15 75 79 %3 §60 nm. +: Growth, —: No growth; Each experiment was repeate
times.
20 78 84 89

The values are given in percentage. Data represents the mean of five
observations.

Table 3. Effect of time and concentration of lyticase on protoplast
formation in S. cerevisiae and Z. rouxii

Reaction time Lyticase concentration (U/m/)

(min) 100 150 200

30 67 72 87

g B 40 69 75 89
. cerevisiae 50 70 80 90
60 70.5 84 92

60 60 67 81

I 70 62 70 85
rowsn 80 64 72 87
90 67 77 90

The values are given in percentage. Data represents the mean of five
observations.

o o o

LA A & SN AR S cerevisiaes 9F 12~16
AlZE wioFet A zoll M AFEA FAAuE01%)P] 7P B,
Z rouxif= 26~30717F Bl MlZolA LFEA) F498)18(90%
oldhel 7+ Fdth. 2-mercaptoethanolo] AE A FAjol| n)
A& EIH(Table 2y 1.5%014 2087 Xgjske o] 713 &
< AIAE Jepith Ao AR Iyticased] FAFFE=E
lyticase 200 UmPIR1aL, ¥ AJ7H2 Park®e] 43S Eri=z
Z}z} 60~90% F< AYAES w7t FAH5E(Table 3] 718
S I F AU

& 2 AA. 1.5MHZ50pVe] 253 £ Hkgld)
7181592 W paired protoplast’} 71 o) A= o o] A
BollA] 615 V/256 psec®] LAY 718 AR oF 25%2] §3HA)
E AL 5 AUtk A9 AR AHYo] Fe A §3to] A
o] dojur] 9ty &8 9= protoplastZ} S8 Foll EIAH
£ 757 2SIt AE7EA A7188e1ME pearl chain

£ o §82 AT Urano 9% Zimmermann2220)

o T,

f.
g
R

Ruslgon), B Aol AFe A4 pearl chain AE] oA
= o] HF o|FRA P, o e LFHAIE o]
Foi%l pearl chain Btl= 7 7B4 AZE paired protoplast
BEl7E e B FXEE I F UAyTh §F v
&S electrofusion chamberZFE A|Eol 4ol 7kx] &A|
micropipette Q.2 ZA2HA F]Fdte], o]AS njE] WE] ¥
& 27 FAL 2% noble agarZt FHE A0 miyell
0.1 mie 12+ EF381 vLE 0.8% noble agarr} 8 FU3H
WA (10m)HE FFA fol EFatEA d3AA7E 27 HA
S5 ZASHA EFBAL wiAE AT ©o]AE 30°C)
A 747 WSl colonyE F9AAH SEAE AT ol
G Aol YA 2§ o] Erbesie
2 colonyE AR B3 U2 APEEE g ERIE
AATt.
- Ay ¥EFY. 5o 850 @add o ¥EF
< Table 43 Zo] Agl AH&d A BE
cerevisige?] AL zh= EEAS JeERICH
|59 glucose W B NaCl WA, &350 WA
AR A3 ghad Asledd g WaREY 951 Z rouxii
o] JBFO = glucose FEEA 50%7HA] Lol 7FsskTh
(Table 5). oA &5 Z rowxii®l F+H484do] =Y}
© A& AR sk AE =IO, 55% o
e Aol 3] vlelsbAY AA AT et 8T W
HAL glucosedl] e WA} vEIRR Z rouxiie] AgE o]
veRtoH, 8ix] W NaCl 58 23 23 15% NaCl &
EoME o] 7Hsd AL S TH(Table 6). 3 &7
2] NaCloll theh WAL S diastaticus?t C. tropicalis®] &3¢
F71 8% WS HAAthes Seo™e] Aol ujslf of 2d A
E =& Yoz YFEEAEe] 87EE Ropolre] 8ol
At & ARk A gl ARgleEe gEEd
TR S cerevisiae®| /38E 7HARA 3RS B E
Zhe NEFRE 955 o83l LaAH F
okl 87Fs/d0] 2 ZoE Amdrt
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Table 5. Glucose tolerance in parents and fusant. Growth of each
yeast strain was measured using spectrophotometer at 660 nm

Geose(®9)  kCTCrons  KeTomoes T
0 + + +
1 + + +
2 + + +
5 + + +
10 + + +

20 + + +
30 + + +
40 - + +
50 - + +
55 - - -

+: Growth, —: No growth; Each experiment was repeated 5 times.

Table 6. Sodium chloride tolerance in parents and fusant

S. cerevisiae Z. rouxii

NaCl (%) KCTC 7904 KCTC 7966 Fusant
0 + + +
3 + + +
6 + + +
9 + + +
12 - + +
15 - + +
18 - . .

Growth of each yeast strain was measured using spectrophotometer at

660 nm. +: Growth, — No growth; Each experiment was repeated 5
times.

ol AFE BAEE 497 gorE HAWA(YM aganel
Al 1RF R TR 971 Aldeoks Bele] fRdes
HASIAIACE St R fA S HES] fls
53] Ad] wgE 8 ALolA SIETE BEd o AL
g A3 IEEe] 71E IR WigAIE Ve R Hud
o oF 28% A=} MFE EAHACE ST A
Hele Bz 59 xjolol uet wWEZe] Ad 4 3ot
Lee'?, Seo™™, Lin® 59 Ao} vluwd of £ A4
AL T BlwA] Pge Bog ERlIskinh

RAPD patterns. PCR A& AL HINSAHES 7%
3lo] Zhzhe] FoeollA ThREE band patten® AAth. &9
AR B3-S 245 918 WA ofH primer’t S cerevisiae
&} Z rowxii T FFY] o5 EFONA 2zt Boldgow whesl
o] bandE FAAZ ¢ JeA ER1E7] f18 o2l primer
7t 7} et whgsle] W EE A gRIsiirt. 849 primer
7t S. cerevisiaeSt Z. rouxiiolX] So13A W3-8t bandE I
A, F aFoA BoldS B primerE §8A &
slo] & ZollA] A¥e 43, §385 = Bt 7K1 band
and pattern 544-& =5 7}
ATk v 7F B
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Fig. 2. A photograph of fusant yeast. Photograph was taken by
SEM.

A. Primer No. 515 B, Primer No. 516 C. Primer No. 517

Fig. 3. RAPD pattern of parent strains and fusant. Lane 1, S

cerevisiae; Lane 2, Z. rouxii; Lane 3, Fusant. <| indicates Z. rouxii; 4
indicates S. cerevisiae.

& polymorphisme & FFME UeEEEE e F35
Me Uehz] v 5Y F80l Ax AP #elrt &
& Q7] wieletal F5Erh

| ARG FET e ERIsk] ffE AReE
Nw ARFEFEY FJRudE 501 fermenters ©)-8-31
HjoRA 7 W A TEo] WstE Ax #AHe s gels)
At Seed culture= YMGI10 8= (yeast extract 3.0 g/, malt
extract 3.0 g/l, peptone 5.0 g/l, glucose 100 g/l) 50 mpll Z}zk
FFE2 & WMoy HEsle] 30°C, ANKEEE 150 rpm, 16A]4F
=ot w¥atd vt Main culture= 3.0/ working volume 2=
YMG20 iAo seed culture BRFY 50 miS HE3t] 434

- ZHEeh wiFsiach. o Ak, M AERIA 15A3] Ay

A g5 o ) HlE] 953 AEES BT
3, AZTA| ZH(Fusant 11.9 g/, KCTC7904 9.3 g/l, KCTC1202
83 g/, KCTCI1205 7.6 g/l, KCTCI1215 7.8 g/h= ThE 5]
Ha HlE oF 1.5(156.5%M) Ax IHE FAE Jepd
ol o= QIATHFig. 4). 34, §FFE RATEF A 2
zA0% IEH|SE AN A BladPe iR R
Al7bo] AN RggE] viE] wheE S EE VeRiS)
, Az FAFE V1EeE HUEE 9 Fusant 11.0¢/1, S
cerevisiae 8.0¢/l, Z rouxii 6.0 g/} 7ol HE 157.1%(H A&
138.1%, Hth 176.1%)F ¢ A5 4& + USITHFig. ).
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= Mt AT S BT S S5l $T A9 oy
10 4
g 293sly] Y3 £729 2AuPHE2l RAPD-PCR HE AME
< 84 3le] AFe At 7}z ﬁ‘zﬁ | agarose gel ArollA H<Ql
B band®] {Ho] FHFAME BF BHAZES st
a
4 X KCTC 7904 :0.22 wh . i
A KCTC 1202031 Wh Key words: Yeast, Protoplast, Electrofusion, Fusant, Random
i < KCTC 1205:0.23 wh i i A- hai i
2 g Kerei2os:0.23 ﬁ//h amplified polymorphic DNA-polymerase chain reaction
3 F :030 wh
0 . T T . T . . T
0 5 10 15 20 25 30 35 40 45 7=I-Al-—°'l %
Time (hr)
Fig. 4. Growth curve of fusant and other yeast strains. Specific o] -2 2000d% FAiEw ke fHo AUE ol
growth rate was calculated using Sigma-plot software. Data represents Ee R KX
the mean of five observations. p, specific growth rate. w
8 S cerevisiae KTCT 7904 :0.39 wh .
4 Zorowrii  KTCT7966:0.20 wh 1.Randez-Gil F, Sanz P. and Prieto J. A. (1999) Engineering

®  Fusant :0.30 wh

DCW (gl

0% 7 T T
20 30
Time(hr)

40

Fig. 5. Growth curve of fusant and other yeast strains. Specific
growth rate was calculated using Sigma-plot software. Data represents
the mean of five observations. p, specific growth rate.

z =

2 d7e A7 NEFEPER] electrofusionS ©]-8-3}4
LFFFe] AL EF oi S cerevisicze KCTC79042} Z.
rouxii KCTC7966 7}e) A71§8S AAN(Z, 859 U3
A WAAE ERlsidon, 850 Aae A7t
EE FEF9 H4978/83F RAPD-PCR £42 53 §89]
ol AHA FAE IRASIA AFSATE. S cerevisiae
KCTC7904%} Z rouxii KCTC 79662 747} 12~36X7F wioks}
o] £ AE3 T 1.5% 2-mercaptoethanol2 2087+ A ]
Ysle] Iyticase(200 UmDE 30°CoNA HEH o2 60-90E7¢
AAE ®, 91% o3 dFFAE FE 5 ANUTh Loz
AAIAE 1.0~12M sorbitol €Hoz AF T 9L 74z
1:19 ¥lg=2 &3l 1.5MHZ/50 pvel ZF9E 71elge
w] paired protoplastZt FAAEN S, 615 V7256 pusee®] LAY
S 7R A oF 25% Fre] FHAE 4g & USdT. A
H 8 WA H Wdde 449 E&?—Q} ulwated 4l
A 50%2] glucose} 15%—4 NaCl = HHXM]H
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