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B AFNME rare-mating®} YFAA-FH] o F I
°1 WH) B e g DAeH YEgo] St

& /et stk =3 S8 O wl B 8] 2%
7]“1“:“01] A BAA Azle] o3 71 22 parental straing2] F
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HHA] 2 HfF

Fxo] AR ZE YPDEAM 1% (w/v) yeast extract, 2%
(w/v) peptone, 2% (w/v) glucose® T-A3 81 AL, 1A ol =
2% (wiv) agar® HF7Fsled 30°CollA 48413F B4k wjakale] ARg
e, 3FAqEAHe)Fe e 4= SGH) A [yeast
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Table 1. Yeast strains used and their sources

Yeast

. Characleristics Source

strain
khl ahis™, 5.2 kluveri, haploid Laborat.ory
collection

kp2 S. kluveri, polyploid Domestic distillery’s industrial strain

Isolate from a distillery’s soil

"

cp3 S. cerevisine, polyploid
cpd §. cerevisiae, polyploid

“S., Saccharomyces

nitrogen base 0.67% (w/v), glycerol 3% (v/v), agar 2% (W&
AME-8FSATE

SSZ0 EQHo|IF &5

o] B HF T hybride] Qe F1E A5 A=A 2A
acriflavine s AFE-Ste] FEAHY EYHO)F (respiratory deficient
mutany® BATH17,20). B 5FF EARCIFE YPDS}
SGHiRlel &7 FEate] 30°Cel M 293 v et v YPD M
oM AekAT sG WA el X e AR 2= colonys E52
o EFHOIFEA I, o] ZFAN EUR/CIFT} rever-
ant2 WA S #<lelr] 918 YPDe} SG vX|oA 53]
Ao she g 18kt

Rare-mating

his Q] khl T2} vipAe] A0 FAH Sk )
(rare-mating)= YPD agar plateslA] crossing plate methodoll 2
8] o] FojHth(17). W E A= SG plaecil X 30°CelA 383k
ok & FAH colonyE hybrid= A 2a]s}sict.

HEHEAN Y

2w AFYS AFY B3 849 Iyticase® A A3te] 9F
FAAE FAAFHATDO). A4F AAHAET 01 M potassium
phosphate buffer (pH 7.6)°1 1.2 M 2] KCI& #7138l AlZs}
$93, lyticase (Sigma. No. L-8318)= 5 unit/ =7 deionized
waler2 2= YHE0] millipore membrane filter (pore size, 0.2

um)2 Bl AT,

Ol

Hx2|of o/ E #32] E&Hd Sl (heat inactivation)

LEAA 7 HAHUART selection marker7} A= kp2 T5-2]
AFAA S AErgA S 1}10° cellsiml I=== FLF £ 0.1
mid F3le] Eppendorf tubes] Il 50°C water bathollA] 308
7+ Aglsle] A EE4EAT E84EE A8 gl
3l YPD 12 M KCIE 3713 Al iAo =23te] colony
H-go] HEE FAstAT

I

Ao 28
B A A83 9824 §5L Foumier S(5)9 <
7122 8t 40% PEG (MW 4000)¢t 10 mM CaCLE 2713

A9 rare-matingdt YIBAANEF 313

22 Az 9BAA A ARG S e F 4
AEElste] Aedg AASL AFIFAR AHT T 45T
A 1.5 miE 3|48t AR =2etsct. AAdejA] sGell
VER colonyE 1.2 M KCHE 71814 252 SG b wijz]e]
HA] o] A5l FAghE st gRrE B3t

WH RIS YPD25 (glucose 25%, wivye ARE-stdsd], 4]
st o5 1 WFo|EL YPD257F 10 ml YT 15 ml cap
bedl] FFste 33CAM 3L LES F e FHF, I
(residual glucose), HE5-2 781Gt

oEh-2 BHS Bernet?} Gumane] WL WHEIA
alcohol dehydrogenase® ©18- 3ttt LEAYE F oehE A4
okl o8t o] AnS U E F S (efficiency)E AAHEFETH

Ethanol content equivalent (g) % 100

Effici %) =
iciency (%) Sugar utilized (g)

o, o714 1 g9 elucosed A o] BAZ 0511 g9 EhE&o]
ARE7] w'el
+0.511 o]t}

HEA 9] A DNS A o83 #T AFH@)
=ASH, plucoseS standard 2 ARSI TH AE JRF L
meth-ylene blue E44Hg ]88} haemacytometer= 57833
=], E T YAE o AF AZ ol gk S S

%) 2 R RATH(LD).

ethanol content equivalenti= ethanol (g)

£XAnte EAXE|

ZAER Zt wH) e §F 27 R4S A
#8te] SASE] version 6.03 (SAS, 1988)2 o] &dte] EAHEA
(analysis of variance: AVOVAy2 A 815t} EAHE A2 wiidg
2 S8H= A4 T Arcsine2 E HESH E43%=
¥ o|REFEds WERe] ASE T EEE WP B4
49 78] 5= 571 Agelthi).

a

Zat o o
Selection marker2| =&

AF2AA g3 o3 BB FEFES AHS] M=
parental strain®l selection marker®] o] A= =ik gl

Parental strain®] XA EXZA= F¢8T EHHO|(auxoto-
phic mutation), EFHS EAH](19) 2] parental strain|
Ag)d 54 To] o2 g on 2 AYdAes € B8S
9 3EAA IS o XA THl Ee Y F AE A
|39th. dutAo s A FHHelE o 19 A=Y Ad
S-S ERY acriflavine®] 1} ethidium bromide 53+
22 intercalating agents AMTFL BN EAH|EE A F
o o|#EA BAE 7852 =@M o]ZE mitochondrial
DNA (mDNA)S] 9% == FA7} g g d7o]r] g 2
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Fig. 1. Survival curve of the cells of S. kluveri kp2 during the heat-
inactivation at 50°C.

T4 E99e] A7 A AelE AT 4 ATk,
ole wa} wage] $453te] AFH polyploid TF| 4=
A FAE TY87] 8] aciiflavined #2)dle] EFA S
He|FE EEEdn). 12 A8 552 SUH|FES SG
agar plate®} YPD agar platel|A 53] Atei Sl revertant2
HSHA] @8-S Felstgrt

o B2t sl

4 BEAE W2 T polyploid B2 7FE FFAZ W &
EA4AEHHo] o]2)e] TS selection markerS E=Y7] o5
7%l ALgEe dhelti@). dykdos e fHAE I 4
ol 717 wlA o 3¢ GYaT EHO] makerE £Y
7] m9- o7 7] W Fol], ke T SOl marker® EYAF =
tald), @ B34 A 93884 §82 A171nA stk o
EEAEE MEe dduixleal A4E 5 g% 2 Axe
32 7Fes17] tjEolthd).

AFEAE AR F ARG A el et s50°ce A 8
AT & AESS FAE dH 5, 15, 255 Fof AEge) &
7 33, 11, 0%2 WElTHFg 1), meby d¥dAE 28435
A1717] 9181 3087 A2 3 g3l ARg-slHTh

Rare-mating0l 2| 8t #3571 &

B A= HU%eT maker (his)E 71 haploid TF¢]
kh1$} polyploid9) kp2, cp3, cpd TFEQ TEFEY EAHIF
E WiAIA L Zze] HFF 107YE TR J=Ee
ek A, A, AEFTE SHS 23E Table 241 W
ATt

Rarc-mating® 213+ 32¥) 23} khl X cpt T o)) #EF
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Table 2. The ethanol fermentation by various rare-mated hybnd
clones”

Ethanol Residual

Parental Hybrid clone :
production glucose

Viability Efficiency

strain No. . wiv) (%, WiY) (%) (%)
khl 7.38 9.08 51.87 90.7
kp2 8.50 6.27 53.71 88.8
1 8.13 6.80 51.35 87.4
2 9.06 5.52 37.23 91.0
3 9.04 5.90 55.88 92.6
4 8.81 6.10 42.11 91.1
5 5.51 13.08 56.00 90.4
6 9.53 425 34.69 80.9
7 8.00 7.73 56.52 91.6
8 6.21 10.57 65.71 84.2
9 9.97 3.05 40.37 88.9
10 8.98 5.44 35.38 89.8
kh1 7.38 9.08 51.87 90.7
cp3 7.55 8.40 67.25 89.0
1 7.08 9.41 64.52 88.9
2 7.54 8.44 66.18 89.1
3 10.11 3.53 62.65 922
4 927 4.37 60.44 87.9
5 7.70 7.58 71.43 86.5
6 8.80 5.81 67.86 89.7
7 8.27 6.80 74.38 88.9
8 7.09 941 71.11 88.9
9 7.90 8.19 82.35 91.9
10 8.23 6.71 59.38 88.0
khl 7.38 9.08 51.87 90.7
cpd 9.50 4,15 53.14 89.1
1 8.89 6.18 48.44 924
2 7.13 9.30 56.52 88.9
3 9.60 4.24 60.00 90.5
4 5.15 4.84 36.59 88.8
5 9.37 5.01 52.33 91.7
6 7.40 6.23 40.00 772
7 7.01 9.56 36.36 88.8
8 10,13 3.45 47.02 92.0
9 Q.27 4.90 4545 90.3
10 7.23 9.18 59.00 8394

“One loopful of each activated cells was inoculated into a 15 m/
captube comntaining 10 m/ YPD25 glucose and fermented at 33°C for
3 days.

% clone No. 87} 387 25% (wi)Y glocose2 58 10.13%
w)e] EtE & 12.84%(viv)e] oehe-E AJ4d381o] parent khl
9] 7.38% (w/iv), parent cp4 9.50% (wiv)EE} =32 vERAR]
o} Zeh} AE5dXE o] clone No. 8 47.00%ZA] parental
strains B0} 233 wlth

Aol A9 [khiXcp31d] IHFET2| cloneZe] g
e AEFE 2 0|2 FAEFF clone No. 97} 82.35%¢]
AEFOZA parent khl TFY 51.87%%}; parent cp3F2
67.25% HEt} E4 52 AL 2Ah 28y o] clone No.
9= olghe o] 7.00% (wiv)EA ITHA] =2 L ofgke
AEEE BT
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Table 3. Ethanol fermentation by various fusant clones?

Parental Fusant Ethanc_)l Residual Viability Efficiency
Strain clone production glucose %) %)
No. (%0, wiv) (%, WIv)
kp2 8.50 6.27 5371 88.8
cp3 7.55 8.40 67.25 89.0
1 9.03 5.26 4328 89.5
2 9.01 5.33 4375 39.6
3 8.53 6.40 61.29 29.3
4 10.00 3.27 5745 90.0
5 108 3.06 33.98 90.8
6 7.17 942 62.90 90.0
kp2 8.50 6.27 5371 38.8
cpd 9.50 4.15 53.14 89.1
1 844 6.50 50.00 89.3
2 9.57 4.79 43.90 92.6
3 9.85 4.24 36.71 92.8
4 7.88 8.00 53.25 90.7
5 10.83 2.19 43.33 929
6 7.95 6.54 42.86 84.3

“One loopful of each activated cells was inoculated into a 15 ml cap-
lube containing 10 m! YPD25 and fermented at 33°C for 3 days.

HEEX ggtofl 2Et FFMNE

cp3, cpd TFFE BEAN B HolFE TEL kp2 AFE
E B84 A 994A §§o) 28-St ©1F [kp2Xcp3]
o} [kp2Xcpdls] 9EEAA &5 B 6x10° (m)] §HER
7}zk 652 8 Q3Urh

FHFES 159 parentF
o ek A, A, AET, dEFSS
o YEhf Stk

A7) M= el 59} 2] 22 parente] A v §HEHF
YA E o Eg Man ASF T4 AolE BAU T
fusion-pair= A E5F parental strain® T} ogh-2- AJAJHo] B
& gzl FEo] elgtisrl, 831 10% (whiv) o] ellgE 44

T [kp2 X cp31e] STl A 25 8] 3 [kp2Kcepd)d] &7

-;17"—01]/‘1 15 e}, 28y AZEEET parents BT U ¥
< /ﬁ%%s g vehd §85= glolth e dEEe] /1 F
£ TF= [kp2XeptETE §559) clone No. 5241 10.83%
(wiv)e] ] BE F 137% (v dleEg ALt doga b
=L dgkg g 71 He 23S YeRRJT 28y ©]
clone No. 55 AE% oAM= 433324 28] parent?]
kp2t} epdE T} B2 BEFE UERATE

=2 YPDusAlA] 347 WA =
Z% AHE Table 3

S mating- & fusion-paire| MH

g, AF, BE, AEF F BN i 7 ol =
< 8% pairZ7TH ztel7t ks ATTHLE 7148 4 9o
Al B2 B paired AP o] G ofRE, 7Y, 582
zol7t Gris FEL AU 28 AEFY] Y Peestol] 9
3R (a=0.01) Z47ZF 2Tk Zo)7} EHHE HE ol F [khlX
cp3]e) THE pair 23T} HlwE uw](0.467-0.542) 713 o)zt 9

E29| rare-mating™t ZFAST 315

AL A 470€] pair Tl = Ze)7) ST

AA 2 e A4 A, &, AEFIN FF %

= [kh] Xcp3lpairR 3ol dojzl BF= clove No. 37} <)
B2 A% 10.11% (whv), T 3.53% (wiv), BEF 62.65%.
S 022%%A 7P dEsd e 5e 71'11—1 T

itk HZo Kang 2N 12059 oghg A4 FEFFE £
oA 71 gk HMASe] =% TF S cerevisiae 20-1& A
AalGed. o] TFz 25% (wiv)S glucoseZHE 33°CollA] 3
Y B 954% (wive] dREES AdRHoY, AEsE 25
2547%0 AA @2 FHo= Hol B A7A 5§ [khi
X cp3]pair 23] ’Q‘o—r— clone No. 32 ogre AASdqM}
AEFA EA =351 g5t & 4 ok

ofghg e e &8 IFES FAdes BA% FH
Ae2EAe A B FHAFo] ME 4 7‘1511?5]'4— A
ol ¢ARHE). o] FHAEL nonisogenic hybridization 22
mating (genetic complementation)l] 2J8] TFFRT} ofghd- )
o] o &2 hybrdse] A2 47} gloer, AA= oeg WA
o] FX= hybridEe] LA ATHE,16).

ole] BAEA oot dekg AAdFelME Fl Aol
7 glglevt BEss H$E khlXcp3]® mating-pair?}

genetic complementation®l] €18} 7} 9-& hybridsZ ¥ 4
A} ST
Hpss
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ABSTRACT: Rare-Mating and Protoplast Fusion for the Improvement of Ethanol Producibility and

Cell-Viability of Yeast

Tae-Young Kang and Keun Kim* (Department of Genetic Engineering, The University of
Suwon, PO. Box 77, Suwon 445-743, Korea)

To improve the ethanol fermentability, four Saccharomyces yeast strains with efficient ethanol fermentability
were subjected to rare-mating and protoplast fusion. Using these 4 strains, 5 different combinations of mating-
pair or fusion-pair were constructed and their hybrids or fusants were obtained. From the statistical analysis of
the results of the ethanol fermentation by the hybrids of the different mating-pair or fusion-pair, no difference
was found in ethanol production, but [, kluveri kh1xS. cerevisiae cp3] pair was shown to be the best com-
bination which can produce high cell-viability. In fact, the clone No. 3 of the [S. kluveri kh1xS. cerevisiae cp3]
pair was selected as the best strain which produced ethanol of 10.11% (w/v) or 12.81% (v/v) from 25% (w/v)
glucose at 33°C for 3 days with the residual sugar of 3.53% (w/v), viability of 62.65%, fermentation efficiency

of 92.2%.



