Kor. J. Microbiol. Biotechnol.
Vol. 36, No. 2, 158-164(2008)

HERdEadn o e
Fol - EMS - Z BEf!
o Catm M ety

Breeding of Yeast Strain with Starch Utilizing and Alcohol Fermenting Ability by Protoplast Fusion. Ju,
Min No, Sung Wook Hong, Kwan Tae Kim', Sung Kwan Yum', Gye Won Kim!, and Kun Sub Chung*.
Division of Biological Science & Technology, Yonesi University, Wonju 220-710, Korea, 'Kooksoondang
Brewery Co. Ltd., Heongsung 225-831, Korea — The fusants which contain starch utilizing ability and alco-
hol fermenting ability were developed by protoplast fusion of Saccharomyces cerevisiae KOY-1 and Saccha-
romyces diastaticus KCTC 1804. Saccharomyces cerevisiae KH-12 was obtained by haploid induction from
Saccharomyces cerevisiae KOY-1. The auxotropic mutants of yeast were obtained by using an ethylmethane
sulfonate (EMS). The frequency of protoplast formation in Saccharomyces cerevisiae KOY-1 (Met™) and
Saccharomyces diastaticus KCTC 1804 (Trp™) were 90.5% and 97.7%, respectively. The frequency of fusant
formation was 1.79 x 10 for the regenerated protoplast and the 1,000 fusants were obtained. Fusant FA 776
was selected as a potential yeast which contain an alcohol fermenting ability in the starch medium. The
genetic stability was 4.64% for 10 passages of generation. Fusant FA 776 produced 13 mg/ml of alcohol in
24% starch medium and showed 1.86-fold higher alcohol fermenting ability than Saccharomyces diastaticus

KCTC 1804.
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FRo AAAZ A3 YPD WilAE 1% (w/v) yeast
extract, 2% (w/v) peptone, 2% (w/v) dextrose& | Z 3}
o AREAS 2L A YPS i1 YPD w4
dextroseE AABKL 2% (wiv) soluble starchS- &7 [3}e] A
zZ3kgich 43 UEF AL 3 YPD24 wiAE
dextrose S 24% (wi)E HLI_H}?&U]-.

2we] oA frxol] ARS8 presporulation ¥iA]E= 10%
(w/v) dextrose, 0.3% (w/v) peptone, 0.8% (w/v) yeast
extract®. A 23191 3L, sporulation ¥]A]¥ 1% (w/v) potas-
sium acetate, 0.5% (w/v) dextrose, 0.1% (w/v) yeast extract
2 AlFsIY3].

FUYLTA WolF A HlE Asl| ARS3l SD WA=
0.67% (wlv) yeast nitrogen base w/o amino acid, 2%
(w/v) dextrose®. ©]Fo1Z FHAmA|ol] 2059 amino acidE
Z}2h 37)sle] A8l

A3AA A w2 = YPD wiAlo] AFIAHAZE 12 M
sorbitol, 3% (w/v) agars 7}sfed AMEsliTt. Al ek
30°C incubator(Vision scientific co. Ltd., Korea)ol| 4] 484]
7HEk wieket -, Aol ARl
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3_—5-'5'3 AL 918 g EFE-E 0.05 M acetate
buffer(pH 5.0) 50 mLe] 150 mL«] 0.5% (w/v) soluble
StarCh WS 50 mLE REANOZ A3, o
FL 30°Ce M 3087 ¥FSA1Z) F Somogyi and
Nelson ¥PH[171 &3 312-S SH 350

of
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& UEF 542 YPD24 iAol A 297} i oFst i
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FRO) oA FrEE presporulation ¥lRJA] 30°C, 12
ZF vlekst ¥, sporulation ¥jR|elA] 30°C, 547} wieFsiaict.
FAAE A YA EEs FAE 34T H, 67 mM
Tris-HCl buffer(pH 7.8) 3 mLell &3t %, 200 U/mL
lyticase(L-4025, Sigma, USAYE X 2lste] 147t ukxlaly]
o} 223 M E 94 7)(Sonosmasher, Ulsso Hitech Co.,
Korea)g- ©]-8-3lod ZA}Z E&|3}3L 8 mg/mL streptomycin
(8-9137, Sigma, USAYS 0.5 mL 7}ste] 14]7HE<) HH
s5et. A& #3) YPD platee] =43 ¥ sporulation
Wi zle)) wieFsle] T} FAFTE sl
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9.7 M ethylmethane sulfonate(220507, Sigma, USA) 0.3
mL 0.2 M phosphate buffer(pH 8.0) 9.2 mL 12|31 40%
(W) glucose solution 0.5 mLZ A 28}o] A}&3}9] 3,
mutagenesis solution 0.2 mLell 6% (w/v) sodium thio-
sulfate solution 9.8 mLg #7}8le] ¥he-& FX|slsich. 3
A" Ho|F2] 3k T4 marker BH-& amino acid pool
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R 2E 0.05 M Tris-HCI(pH 7.5)2 A &3 &, 0.05
M Tris-HCl buffer(pH 7.5)$} 1.2 M sorbitol(T-1378, Sigma,
USA)E T4 = protoplast buffero] destedd. 1M 2-
mercaptoethanol(M-3148, Sigma, USA) 0.2 mLE % 7}3}
o] 30°Cel|lA 15882t Mgt F 200 U/mL lyticaseE &
Ased 30°CelA 121705 Aelsich 99AA WAL
< Yamamura®] HPH[19]8 AM831ed oF2- Aol 2)a) AAL
aHict.
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532 Wilson 9] HPH[18]E 7|22 3l¢ig. &
E&ge] A48 polyethylene glycol solution(PEG)-&
polyethylene glycol 4,000(Yakuri, Japan)€ 0.01 M CaCl,
2} 1.2 M sorbitole] -5 e] ¢J= 0.05 M Tris-HCI buffer
(pH 7.5)l &-3)A1A 40% (w/v) PEG solution®-& #) %35}
of AMEEIAS. 7 RO HHAAE AAE=](1,000x g, 3
min)3te] 53 YAAE protoplast bufferol] 3 x 10
cellml. IES ALt AT AL 1112 B 5
PAEL (1,000 g, 3 minj3led AFEAL AAF H, AAE
o] PEG solution& 1.5 mL X7}sle 30°C, 3057 ub=)3}
et Mg A=l S YAEE(1,000 x g, 3 minjsle] A5
A& AAHBLL protoplast buffer® A2 &t F 3|4 s1e] U3
ZA| ARzl =5t F colony A F5-E Feldlan
8 5= 929 total DNA k24 H]_n_g— E3] Fol
Eisigs ﬂﬁbﬂ £ YPD wiA|ol|A] wjekat ¥ 0.5 N perchloric
acid(244252, Sigma, USA) 10 mLel] el = 70°C, 208
7+ 23] A2J3sled DNAE F%3F 5 1% (w/v) diphenylamine
(33149, Sigma, USA)Z} 2.75% (v/v) sulfuric acid?} -
¥]o] )+ diphenylamine solutionl] 2}3F F4E ZHS o4
sle] o5 Aol 2l At
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S: slope of standard curve
D: dilution rate

seiFe MY oYY

I A RS 2AKEP) 18 YPD AEA]
of] A%&3}ed 30°C, shaking incubatorsll 4] 150 rpm-2 %l
g} wioksiaet. 2253t wickst S M E Bl o] A
< 1A B2t uREslgint. 1049wkl S AFsled 4
33k wlg2 3As &, YPD A9} SD TAA]] =
U3t 5, 77k iAol veRd colonyTe] BIEE 3
Fo 13 AR E AR
_SD A iAo Vil colony 4

YPD ZAiRjel) veRd colony 4

Zn % 18

oA 22

Sporulation WAl A wiFst F A E FEFF A
malachite green®-Z. FA311L o, TA= dl2P 42 v)
el HA o2 WAHGTHFig. 1). FTE TEFe| 5
& Saccharomyces cerevisiae KOY-12] 73-5-, o]ui A Atel
2 fAFHgn AE Ralso] 438 Saccharomyces
diastaticus KCTC 18049 7%, &pA| Al A2 3
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cerevisiae KOY-10|A2t AAJslde}, oA -2 5, 3 13
79 colonyZ Atsled T E9] total DNA e n| sk
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Table 1. Contents of total DNA from inducing haploid yeasts.

Strains Optical density  Viable cell Contentof DNA
(600nm) (CFU/ml) (fg/cell)
IKOY-1 0.031 3.19 x 108 48.59
YKH-1 0.021 475% 108 22.11
YKH-2 0.021 420%10% 25.24
"KH-3 0.014 2.30 x 108 31.09
"KH-4 0.021 2.70% 108 37.96
"KH-5 0.021 2.90 x 10® 35.86
"KH-6 0.019 2.40x 10% 39.58
bKH-7 0.020 2.65 % 10% 36.79
"KH-8 0.026 3.35%x 108 38.51
PKH-9 0.024 3.30x 108 36.21
"KH-10 0.024 375 % 10% 32.53
PKH-11 0.021 5.00x 103 21.3
"KH-12 0.019 470 10% 19.68
"KH-13 0.013 2.65 x 108 24.15

 Saccharomyces cerevisine KOY-1 was obtained from Kooksoon-
dang Brewery Co.

® Haploid yeasts were induced from Saccharomyces cerevisiae
KOY-1 strain.

parental strainel] genetic marker®] =Y ¢] A= i} g,
AEEH 5] 538 Saccharomyces diastaticus KCTC
1804 T Trpe] FFLTA marker} 55 IS
7L W50 38 Saccharomyces cerevisiae KOY-1
T A2 Hald KH-12 95 3% 874 marker
Z B {3 ¢o} KH-12 T3l ethylemethane sulfonate
(EMS)Z AM-3le] genetic markers H-fr3F J 874 ¥
|55 Ax3lAct. EMS Al 90% o] AEeS v
Rl 77 12087 Mgt 1 A 7] ks

TA Mo FE 53, o] Trp 9 Met & FRIFHA
o}. Saccharomyces diastaticus KCTC 1804 @& Trp 3
¥R 74 marker7} §17] W&ol Saccharomyces cerevisiae
KH-12 #55 Met 3% 874 markerr} Sl WolFE Al
435

Fig. 1. Malachite green staining of selected yeasts on microscopy (x1,000). A. Saccharomyces cerevisiae KOY-1, B. Saccharomyces

diastaticus KCTC 1804.



Table 2. Ratio of protoplast formation of selected yeasts.
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Strains Before lyticase treatment After lyticase treatment Ratio of protoplast
(As70) (Asm0) (%)
2Saccharomyces diastaticus KCTC 1804 0.136 0.003 97.7
bSaccharomyces cerevisiae KH-12 0.200 0.019 90.5

2 Obtained from Korean collection for type culture
® Protoplast from Saccharomyces cerevisiae KOY-1 strain

Yeasts were suspended in a protoplast buffer. 1M 2-mercaptoethanol was added, followed by incubation 30°C for 15 min. Then, 200 U/mL
Iyticase was added and incubated 30°C for 1h. Protoplasts were determined by UV spectrophotometer (Aszo).
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3k 8TA markers B3 ADEATS UHAUA Y&
LS ZF 2L ARSte] ui$- e SlujellMe A3AA
7} 4390 AMoll 2% Yamamura®] W [1918 AM-
Blod AAFS} T}, Kim[8}2 Saccharomyces cerevisiae T
o] A3AA P LS 95%2 Rusiged £ AddrMe
Saccharomyces diastaicus KCTC 1804 2] 434 3
AL 977%2 LA FAEo] UL Saccharomyces
cerevisiaze KH-12 752 ¥4 A& 90.5%2 2l
HATH(Table 2). Calleja[4]= EE=} FPAA] P4 &0
o2 o] YdubH R ¢fx TR AHELL glucan 40%,
mannan 40%, protein 12%, lipid 6% Z1B] chitin?}
phosphate® FA 5 o] Sled E=rlet A2 AR
o] <7+ Helx]7] wl-Folely B sl

Heay s

L3AA 32 AFRAAIZ T3 SDulR|oAM A
A colony 5 AFFRIAAIZ} TEH YPD wiA|ellA A
2 colony 5919 5142 ALNGT, 7 A% 9L ¢
&L 1.79x 1042 FFE K (Table 3). ©] 23 Kim
[181o] B8 6x10°He} of ¥ 994H §¢&&
ehfsict.

1344 3 S B9 £ 1,00072] £HAE 53}
AT, BE3 g3 AR HehsS EAF Saccharomyces
diastaticus KCTC 1804 759} vl 3}e] HE-Ra)50] B
TF9) BlSsAY 2 ol &5 1075 13 Alsiol
t}(data not shown). 13} ALE §3A] 107 43 LR
=8 747}e] TFF9 Saccharomyces diastaticus KCTC
1804 TS, Saccharomyces cerevisiae KOY-1 T2} ¥]iL
dlo] HFA 02 HEuA| M AL A Fo] T F

Table 3. Fusion frequency.

1.4 x 10! CFU/ml
7.8 x 10* CFU/ml
1.79 x 104

Number of colony on ®SD plate
Number of colony on ® YPD plate
Fusion frequency

2 8D: yeast nitrogen base w/o amino acid-dextrose-20 amino acid
medium
b YPD: yeast extract-peptone-dextrose medium.

3 FA U FA 7765 ASISiT(Fig. 2).

SEEEHe] REY HEM H BY

R $3AE YPD wiAelA 297t wiF A 14
2 3lod 10M) F<F ¥HE3E F, YPD AR} SD I
wjz)e]] Z+z; =akale] vebd colony 429 BIEEH §3H
o A S 2ARE A, Ak 384 FA 7762
10495 Ad) wiokA] 4.64%2) B]-E-E revertantZ. £ 3}
vl my A Al FAIEE ALE ALBE ] SH(Table
4.

F%9 total DNA F¢ vIRE F3) 7 A2 ¢% +
22 sl AR colonyE #3le] total DNA
kS w3t A3}, Saccharomyces cerevisiae 25
2] gl B8 KH-12%= 26.56 fg/cell, Saccharomyces
diastaticus KCTC 1804 = 2540 fg/cell®] DNA &
& Jepisich o5& AMEiA deizl §3AIel FA 7769
DNA R 4267 fo/cell2 YePF OO0 o] & F3le] A
g9 F-7-5 HEIIHTable 5).
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ArgA 9] d3-E A E52 dextrose 7| AR A 23
YPD24 ¥ A (Fig. 3), soluble starch 7] A2 A X3 YPS24
oA (Fig. 4] 247t EALBIeE. e el S
X439 Saccharomyces cerevisiae KOY-1 75+ YPD24
B R|o A 60|17 WEA] UF-E AT 17 mg/mLeliA
Tk, YPS24 iAol M= ¢Z-E Aol A dofubA] ok
o}, w2, AL 712 AMSEE wilA] el M Saccharomyces
cerevisiae KOY-1 #5-5 o|838t 472 Ui Erl53lt
= AAS s AREE 5] % R Tl
Saccharomyces diastaticus KCTC 1804 T3 YPD24 Y
Ao A 6017t EA] 42L& AAFLE 11 mg/mLelH A,
YPS24 iAol 2} 42 AL 7 mg/mLelsiet. o] &
= Saccharomyces diastaticus KCTC 1804 T+F7}
dextroseZ 7| A E ALE-3F Wl Ao M 8] UFE YA FL
Saccharomyces cerevisiae KOY-1 150l H]&] Ho] x| A]qt,
AEE 71A = AR} wiR|A\ M= Saccharomyces cerevisiae
KOY-1 #5¢h= w2 43 Wi} 7Fsslohis ARS
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Fig. 2. Characteristics comparison of selected fusants. The supernatants of fusant cultures were used as a test solution for assay of starch
utilization and alcohol content. A. Free glucose contents of selected fusants in the YPD medium, B. Alcohol contents of selected fusants in
the YPD24 medium, C. Alcohol contents of selected fusants in the YPS24 medium.

Table 4. Genetic stability of fusant.

Colony
2YPD medium °SD medium
FA 776 646 616 4,64

*YPD: yeast extract-peptone-dextrose medium
® SD: yeast nitrogen base w/o amino acid-dextrose-20 amino acid
medium.

Strain

Revertant (%)

Table 5. Contents of total DNA from selected fusant and mother
strains.

. Optical density Content of DNA
Strains (600 nm) Cell/mi (fecell)
FA 776 0.032 3.75 x 10% 42.67
KCTC 1804 0.016 3.15x 108 25.40
KH-12 0.017 3.20x 108 26.56
KOY-1 0.029 3.01x10% 48.17

The fusant and mother strains were cultured in the YPD medium at
30°C for 48 h. Optical density was determined by UV spectropho-
tometer (Aggp)-
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Fig. 3. Contents of alcohol of fusant and mother strains in
dextrose medium. Yeasts were cultured in YPD24 medium at
30°C for 60 h. Alcohol contents were measured at 340 nm by
ethanol kit. I, Saccharomyces cerevisiae KOY-1, A; Saccharo-
myces diastaticus KCTC 1804, ; Fusant FA 776.
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Fig. 4. Contents of alcohol of fusant and mother strains in
soluble starch medium. Yeasts were cultured in YPS24 medium
at 30°C for 60 h. Alcohol contents were measured at 340 nm by

ethanol kit. W; Saccharomyces cerevisiae KOY-1, A; Saccharo-
myces diastaticus KCTC 1804, ; Fusant FA 776.

gold 4= sisle

7484 FA 7768 A-$ dextroseE 7| AR ARE-3F
YPD24 ujAel|A] 6047 WESIHS W] G2 AR
13 mg/mL, soluble starchE 7] 22 A3t YPS24 ulj A<l
9] 3.2 AAES 13 mgmLE, dextroseS 7]1AE A}
43} wiRlo M} AFZ-g MAIEFo] Saccharomyces cerevisiae
KOY-1 #5¢} Al z, A8-E& 7142 A3t wi=]elA
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Table 6. Contents of alcohol of fusant and mother strains in dif-
ferent medium.

Alcohol content (mg/mL)
Strains “YPD24  ®YPS24
medium medium
Saccharomyces cerevisiae KOY-1 17
Saccharomyces diastaticus KCTC 1804 11 7
Fusant FA 776 13 13

Yeasts were cultured in the YPD24 and YPS24 medium at 30°C for
60h, respectively. Alcohol contents were measured at 340nm by
ethanol kit

2YPD24: yeast extract-peptone-24% dextrose medium

P YPS24: yeast extract-peptone-24% soluble starch medium.

o] &3 AATL Saccharomyces diastaticus KCTC
1804 T5-9 vl wald-S o 1.86M A UTE UESS
BHale 222 FelFck(Table 6). ki HE-rs &
e 71 4IE FRQ FA 7762 FF A5T LR
FANA FEA) &3} 9 AFe] WA B4 el v
+ 2 ol4d 4 9lg AoE Helh

(=] ok
4 =

Saccharomyces diastaticus KCTC 1804 w58} Saccharo-
myces cerevisiae KOY-1 55 o]-4-38lo] A H-Hal| 2] 3}
UFE WEFS T /e EEFHAE s
Saccharomyces cerevisiae KOY-1 T2} &4 5% %
3led Saccharomyces cerevisiae KH-12 455 85319t}
EMSE A48t Edwlo] 48 F3bed Saccharomyces
cerevisiae KH-12 TF9] Met %4274 Wol5E F53}
At} Lyticase 2] Saccharomyces cerevisiae KOY-1
(Met), Saccharomyces diastaticus KCTC 1804(Trp”) &5
o] d8dAA PAES 27} 90.5%, 97.7%% HEE A 4
3AA §3-2 polyethylene glycol 40008 ©]-&3fo] A4
sl T, oluf YAA FFEE 1.79x 10722 #AHY
o} 9¥AA S B & L0007 §AE IS5
9T, 53 §PAY AL Rel s 4Z&LEFE v
el HEH R AduA YPS24eA AT Fol 7}
A 43t FRgEAQl FA 7768 FF Adsisdd 35 A
el F2-83H FA 7762 10419 AlHuleF 39 revertent
EAEo| 4.64%2 FAA IS Flslglod, AR g
Aol total DNA &g w3t A, Saccharomyces
cerevisiae TF25-8 28 A % KH-12% 26.56
fe/cll, Saccharomyces diastaticus KCTC 1804 T
25.40 fglcelle]s] T, o] 52 AMlIA] doiz] 544 FA 776
2] DNA 3RS 4267 fglcello]2e}. A3 YPS24 wi]
o|A] 60A)17F W& 31915 Saccharomyces cerevisiae KOY-
1 #5%= 432E YA Zaka AT ERg3A FA 776
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2 13 mg/mLe] &FE-& AT o) HEo| 4 £
5.8l Saccharomyces diastaticus KCTC 1804 5o »] 3}
186Nt e dZ-E HRSS VieERd

ZHAtel 2

£ A7 AR @A IeA Y] A9 ¥l
2JoFA A1 (RIS-06P-062)2] Q7] 2| ¢el] 25le] $3)=]g)
2n, ofol| ZHA=FH
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