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Characterization of Protoplast Fusant between Killer
Yeast and Alcohol-Fermenting Yeast
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National University, Taegu 702-701, Korea
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ABSTRACT: Cell volume and DNA contents of the fusants were similar to those of parents. Genetic
stability of the fusants was increased when they were cultured on minimal medium (MM) rather than on
complete medium (CM), and the fusants were stabilized by subculturing 7 generations each 7 day on
MM agar. The finally selected fusants after being cultured for 6 months on CM were stable without
segregation. The fusants could also form nuclein and ascospores, and show red and pink colors by the
test of TTC colorization. Assimilability and fermentability of carbon sources of the fusants were similar
to those of parents. The tolerance of KCl, NaCl, sodium propionate and cycloheximide showed the
traits of one strain of parents. When the Susants were cultured for 72 hr and 60 hr in the medium con-
taining 20% glucose and sucrose, respectively, the yield of ethanol for FWKS 260 was reached to 9.6
v/v% and 9.8 v/ v%, respectively. The sensitive strain Kyokai 7 was found to be killed entirely after
cultivation of 48 hr by the killer toxin from the fusants. The recipient S 29 and Kyokai 7 were found to
have neither L nor M dsRNA plasmid. However, K 52 and fusants had both L and M dsRNA plasmid
of 4.7 kb and 2.5 kb, respectively. The curants treated by heat and cycloheximide did not contain M
dsRNA plasmid, but had large amounts of L dsRNA plasmid of those of killer yeasts.
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Sl of8f killer §4¢ AjIHoE ol4sE ARF

2 sl=dl, & killer toxin & #u)shs vl Ax
o =3} glycoprotein @ ¥u|7)ate 787
#1% model 24 ©]49 4= glow, Killer plasmid
+ A¥ dsRNA-e°|3x, ¥u)5l= toxine] Al%s
WAdolmg 2L vector system N2 sFsAE
AAF oo}, =3 killer ARE A njg
A4 P82 e WAZTAE A" 4 9,
olet o] 22 FAHZPe M= LPFF (killer AL
T e A2)el o3 8 ke A4 sl 9s)
transformation ¥ AZggel 243 cytoduction

=

55

Foll =4i3tele A7) A= 9} (Hastie =,
1978 Bortol &, 1986: Spencer 2} Spencer,
1983). 2} <}x4 HYE mating hybridiza-
tionell 332 9= diploid =+ polyploid ¢11,
nuclear hybridization& }x¢ #iwe g EA
= kUl Aol glemz opy AR gl
killer plasmid & %4 & £3J1)7]& whge
2 AEZgY) 93 cytoductiono] 7MY F& A
L2 Y=o

4, killer system & o]t AAA) gl
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g A1=2 Quchi 5 (1979)-2 ¥ AT 3o 4]
oo} killer A52] 238 A|A3t7] $lste] 3
HAEWOF (kar 1-1)F o] 43l 2 55 84
5902, Gunge ¢+ Sakaguchi(1981)& o]147ke] &
RSB v‘?é 53 A ARE killer 93} s
25, Quchi 5(1983)2 o] F434E W34 7
2] ol W 2g TFE SAdss whE uekste] A
FA el o] &3tdtt, Yamamoto 5 (1984)& A%
+3 22 K, killer plasmid € ethanol QAFE R
EA1A ANEE tetraploid 55 SAIste] A%l
& E3F ethanol WAE AgFHog Fafsiga,
Shimoda % (1984)% U3 AA §3hog opge] <
4 killer £2o A& M4 N2 killer $4
892 $A3dct, =3 Bortol 5 (1986)2 Al22
HE] oo killer ERE Felale 3FAE vlolF
E A3 olE U¥AA §OE WAN =3iAA
2L Wawg SAdsdx, WEZeF (Hara %,
1981) % 5= (Spencer ¢} Spencer, 1983) Follx
LYAA oz A2 killer 855 Mt
FE AFE AFT ok B AFdAE AR
(Chung &, 1989a, b)ell olojA] §¢5<f dubaal
EAQS s, A Aok Eguicl g
dsRNA & F&s3led H7]d5edl s HFlsjoy
857} killer 38918 #elsigy, o 3¢5
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v Aoz g 4 s, HEF Adldd $3=
AFeo} ohd & ethanol 4%H-E 2o ethanol
HA Aol BEAS T2 R-7] 3}Lr3 4] ok F el
298¢ wA"E 5 ?J" A28 killer A2

kst

8 4

A EREI

= 3 Hix|

B Ao Ag3 A= Saccharomyces cer-
evisiae B15-1, S. cerevisiae Kyokai 7, S. cerevisiae
No.105 ¢} o] E24E 92L& ka7 el
FEAE HolF o UAA §¥ A dofal 4R
A A E Mg Ed, 1 54 ¥ $F+E Table
13 #t}(Bang ¥, 1987 Chung 5, 1989a,b).
2] Chung %5 (1989a, b)el 7]&3at wie} gt
wAo 2 A zsle] AM-EIT

SEZL wo|Fe| 22

Killer £%9 3&4d<¢ wWelF(rho )= meth-
jonine 30 xg/m!, ethidium bromide 20 ug/m! &
-5l SD ui Aol A 30°C 2 24 A7 Aledul kst

AA A Fsla, H saline o2 23] Al Mg ¥, 2
ool Al sesled YPDG H vl A (yeast

extract 1%, peptone 2%, dextrose (.19 .glycerol

curingA1Zl A%+ MdsRNA7ZF A7Aslel killer 3%, agar 2%)ell =w3tar 30CA 3242k wiekasd
toxin A ¥ AL M dsRNA <9 & =wta o}, YPDG ZgAlell A" petite A2H& methio-
Table 1. 7he strains of Saccharomyces cerevisiae used

Strain phelr(xlcii(;rpe“' Phenotype? Remark

B 15-1 K*R* wild type, [KIL-k] Isolated killer yeast

K 52 K*+R* Met-, (KIL-k] NTG mutant of B 15-1

K 52-76 K*+R* Met-, rho 9, [KIL-k] EtBr mutant of K 52

Kyokai 7 K-R wild type, [KIL-0] Sensitive (Shimoda er al., 1984)

No. 1059 K~-R~ wild type, [KIL-0] Recipient

S29 K-R~ Lys~, [KIL-0] NTG mutant of No. 105

FWKS 105 K*R* wild type, [KIL-k] K52xS29

FWKS 260 K*R* wild type, [KIL-k] K 52xS29

K 52-C 4 K-R wild type, [KIL-0] Cycloheximide curant of B 15-1

K 52-T 6 KR wild type, [KIL-0]} Temperature curant of B 15-1

FC-105 K-R wild type, {KIL-0] Cycloheximide curant of FWKS 105

FC-260 K R wild type, [KIL- o] Cycloheximide guran( ofFWKS 260

a) K* or K- means ability or inability to secrete the active killer toxin. R *orR

killer toxin.

refers to resistance or SCHSHI\I[) 1o the

b) Killer plasmids are denoted {KIL-k]. [KIL-o] is the wild type sensitive carrying no plasmids.
¢) Rho- means respiratory deficient mutant with ethidium bromide.
d) Saccharomyces cerevisiae Technical Research Institute of National Tax Administration No. 105. (Chung et al., 1985).
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nine 30ug/m/& FHsh= SDG Hulx| (yeast
nitrogen base w/o amino acids 0.67%, dextrose
0.1%, glycerol 3%, agar 2% )l o]A3tx 30°ClA
247 vkt o2, TTC A3 E 45C2 W74
7 SDG Bl F3A1712 30CollA A7 BES
F H4E Jellle Ads 35AE HolFE HE
A3t} (Sherman 5, 1982).

AHAH B Y ST MY

LY Az, ¥= ¥ ¥ Chung ¥
(1989b) 2] wiloll jAsldon, §iFe Ade A
A FAFE] FFRFAel AT M =o] il
(MM)olA AL 3455 794 BHos N2
MMl 73] Aldjulofsle] f-A4902 A sA o},
G F3F= A (CM)ol wleksld s 35
2 EAEA ¢g7] difol 347t CMell wiokgt ¥
A CM 3 MM el 59 AZ5E Tabsle] ofZd
A A=e] 71 24 Jeps 75 F MMolA A
Fo] $Adska, killer Aol Hojuh, ethanol
A¥o] 9% FWKS105 ¥ FWKS2602 ¢35
2 AF Addslglon, o5 $359 AAe] o A
olsten g zhzte] EAE wmste] e},

Killer 4 &£X

Killer #42 Chung 5 (1989a, b)) uhyel e}
well test ¥ Eghuloko g ZA4sqr},

7 ok

HE AEY 3579 431 98NS MM
YPD-MB lawn Aol 4 subculture 8}2.24 A3}
Aok, AH7IZ Fob BEY FFe AL Aokt
FE CMell AEsted 30°ColA 297 ikt
7 salineo] 107cells/m!/ 2 &3t ¢ CM 3
MM el Htufoksled CM 3 MMollA A5 A
T4 HEEA 41 A4S HESEY (Seu X,
1986).

DNA &t MIZ X

AF 3 $¥5° DNA & Rodphaya 5
(1983)9] el F3ld DNAE 323 &
diphenylamine ¥} (Gerhardt 5, 1981)22 her-
ring testes DNAE EF DNAZ 3l Azkslyg
o}, =g Sipiczki$} Ferenczy (1977)9) whyel] o}
2} A5} g3t AZAHS 239,

& gl EX|AY

Y& Zhzte] @55 YPD wiAlolA] 30CE 347
vjeFgt ¥  aldehyde-mordanted basic fuchsin
ERK 5, 1980)°o% d4slgict, = EXHAPS =
Abakzl 9lsled Z+ #FE  presporulating ®HX
(Sherman 5, 1982)el] #Alsted 30°CelA] 3U7E uj
o F oAl @A E sporulating ¥1=] (Sherman
&, 1982)ell elAste] 3(CellA 5U7F whoksied
Moller ¥ (3% 5, 1980)) w2} basic carbolic
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fuchsin &2 44383 methylene blue & ojr] g4
algdcl,

Triphenyltetrazolium chloride(TTC) HAIAIE

xR 5 (1980)2) whyol oeb AFet 359
TTC A2 A sk,

Ethanol 233

AF % §§59] ethanol LEHL yeast extr-
act 0.5%, peptone 0.5%7} &5 wixle] glucose
9} sucrose & 77t 20,30 2 40%4 713 F 484]
Zr Au okt viokd-g 3% HA HFstd 30°CelA 4
A7t wEA|A PAE ethanol & 2Fs 1 ke
Ao, =3 20%Y 7128 43 w4 A
AlHe2 ethanol S ZAsImZA A7 o &
ethanol AAHET A 2=l 39 AL
DNSH (Sumners 2} Somers, 1949)°.8 ZA3lg
o},

Killer plasmid 2! ®* (curing)

YPD HAuizlo A wfofit F wjorde oHF
saline ol #33] 343}td 0.1-0.5ug/ml S cyclo-
heximide & 73t YPD | R]ol) 25}y 30°C
AA Alzte] MAE dj7lx] wjoksln, = FAE =
T YPD HE 30-42°CollA Feto] A" w7l
gt F YPD-MB lawn 4l replica 3t 25°Coj)
A 2947F wioksted killer A1E9} cured Al ES AHA
aled %2 YehAgiT,

Double-stranded RNA plasmid 2| F&

Double-stranded RNA (dsRNA)plasmid ¢ %
22 Fried ¢ Fink o HhY (1978)& 7t HA|A
o33t o] sk, YPD whA|eliA] g FA17]
D774 wjokdt #AE YAAFslL 50mM Na,
EDTA (pH7.0) €428 A4 oL 2.5% 2-mer-
captoethanol & 3% 50mM Tris-H,SO, 2+
A (pH 9.3)ell Aetr]A 25°CN A 1587 Aled3c),
o] 7 det-g AT 0.1% SDS & F+-3}
= STE 39 (100mM NaCl, 10mM Tris-HClI
(pH75),10mM Na,EDTA)| Aaletsted 25°C
A 2087t ABAZL & 539 phenol 2 Y4HE F
%3}, phenol-chloroform(1:1), chloroform-
iscamylalcohol (24 1) & =hiA-g AAF F 94
F213 5ol —20°CY 99% ethanol & 2vwjEF 7}
3l RNA & 3213}, o] RNA & {A3]esba
70% ethanol & 23] A|H3F ¥ HA=xA|A TE 3
(10mM Tris-HCI(pH7.5), 1mM Na,EDTA)d
43832 DNase I1(Sigma) & 25ug/mi A 2]
83 ethanol 2 A 3 4e] TE 954
£3)5le] dsRNA & 2-&-3)ech,

Agarose gel M7 |HS

dsRNA o #H7]452 1.0% agarose gel 3}
TBE =4 (89mM Tris-borate, 89mM boric
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Table 2. Genetic stability of the finally selected fusants.
2-1. After 1 month cultivation on CM and MM

Percentage of auxotrophs

Strain

on CM on MM
FWKS 105 16.21 2.63
FWKS 260 1.38 0.53

Percentage of auxotrophic cells from fusion product be-
tween K 52 and S 29 after cultivation for 1 month on CM
and MM.

2-2. Effect of 7 successive subculture on genetic stability
of the fusants

Colonies on
Strain % of auxotrophs
CM MM
FWKS 105 3.64 x 107 3.61 x 107 0.82

FWKS260 7.43 x 107 7.42 x 107 0.13

Interval between subculture was 7 days on MM.

2-3. Genetic stability of the fusants

Colonies on

CM MM

Strain % of auxotrophs

1.62 x 107 0
2.13 x 107 0

FWKS 105 1.62 x 107
FWKS260 2.13 x 107

The genetic stability of the finally selected fusants was
determinated after 6 months cultivation on CM.

acid, 2mM Na,EDTA (pH8.0)) ¥ tracking dye
24 0.25% bromophenol bule-409% sucrose £
= AHE8te] 30mA dlA #slglen], dsRNA 4
ol 0.5ug/m/ 2 ethidium bromide £ A4

e ZAR 734 Table 2 IOUH
M EF MMOi]/H HES= 7] Hoh o

T oldlEE dgleh, =g MM
% 74 AR 73] Aokt
el 0.13%] 2948 4
Ehfe] Hhﬂ—‘, ?éﬁr&l THTEE o 5 sl
(Table 2-2). ¥ Table 2-32 6704zt 71]* AH8
g 5T A A 2] o2 segregant
bS] dehda) ggrom wis- gsie gl
< & 7 K
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Table 3. DNA contents in the cells of parents and fusants

Strain Content of DNA (fg/ cell)
S29 61.0
K 52 64.3
FWKS 105 69.9
FWKS 260 81.2

The parental auxotrophs and fusants were cultured to sta-
tionary phase in YPD medium at 30°C with shaking, and
the DNA contents were expressed as fg/cell.

Table 4. Cell size and capacity of the parents and fusants

. Celllength  Cell width  Cell volume*
Strain 3
(em) (pm) (pm?)
S$29 6.03 5.58 98.31
K 52 6.58 5.23 94.24
FWKS 105 7.48 5.98 140.06
FWKS 260 7.76 6.42 167.47

*Cell volume was calculated with the equation V =%rr"§'

('S—)z. Where, V is cell volume, a is length of cells and b is
width of cells. The parental auxotrophs and fusants were
cuitured to stationary phase in YPD medium at 30°C with
shaking. The cell size was measured with micrometer.

DNA &2} MIZ Y

¥§59] heterokaryon A4S ZAlslr] 9)s}ed
DNA #3& 543 A3}, Table 3149} 3to] of
Aol vlgle]l DNA §eko] o] £& Ao® Jepyto
o, AEANAE §35F FWKS 2609 pr 167.47
pm*e 2 AFH o} o 7dE=d (Table 4), o)== 435
2] HxA|e] FFH} vwy 2 ’U’»% o] Fo

3] T AEA™ DNAZE $850 o] wo)
%Hrﬂ Axe} AR,

T3 FAEE Fig 13 7o) bzt 2159} &4}
g 4ake Bodedl, FWKS260-2 killer 852 K
52}, FWKS105+ 483 S2998} v)2=sleic),

ek o g gFE AFHc) §57)7F o] 7 Adow
e gli=dl (Kue 2F Yamamoto, 1979), FWKS
1053 F=717F 17417k AFng tv 79jon}

FWKS260-& 252} falstgion), 445t 23]
o 17ud ga & Holg,

& ol Zx}

gl 37 98 st 44 43, Fig.
29 o] RF Ao gy he e wEe
T et =3 Fig3 s} #Zo] A9l S29+= 2-3,

K52 & 3-4709) apd2as gAdsigded, 35
B 3-4He AFEALE FASAAR AT 3FA
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Cell growth (OD, 660nm)

Cultural time (hrs)

Fig. 1. Growth curves of the parents and fusants.
The strain S 29 (@-@ ), K 52 (0-C), FWKS 105
(m-m), and FWKS 260 ( -7 ) were cultured in
YPD medium at 30°C for the indicated times with
shaking. The cell growth was expressed as OD at
660 nm.
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ig. 2. Microscopic photographs of the nuclei of parents
and fusants stained by the aldehyde-mordanted
basic fuchsin method.
(A); S 29

(C); FWKS 105

(B); K 52
(D); FWKS 260

& WolFel K 52-76-2 ExE M3 gAsix] o
dFH X )2 Folglgit),

Triphenyltetrazolium chloride ZIA4A|E

TTC7} dehydrogenase 9] 202 AJME $£4
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L L &

Fig. 3. Microscopic photographs of the spores of parents
and fusants stained by the Moller's method.
(A); S29 (B); K 52
(C); FWKS 105 (D); FWKS 260

Table 5. 77C colorization-test for the parents and fusants

Strain Color
S29 reddish pink
K 52 pink-white
FWKS 105 reddish pink
FWKS 260 red

Kyokai 7 reddish pink
K 52-C4 pink-white
K 52-76 white

The strains cultured on the TTC (2,3,5-triphenyltetrazo-
lium chloride) lower agar medium (1% glucose, 0.2% pep-
tone, 0.15% yeast extract, 0.1% KH,POy,, 0.04% MgSO,-
7H0, and 2% agar) for 2 days at 30 °C were incubated for
3 hours at 30°C after pouring the TTC upper agar medium
(0.5% glucose, 0.05% TTC, and 1.3% agar).

o o3l g ez Y Ao ML W IE
TTC A AMAg H3} Table59t #eo] S29&
reddish pink, K52 & pink 4<% vehligen, 3
<l FWKS105+ reddish pink, FWKS260-& =
A& vepligled, AFdc 38571, £ FWKS
2600] HxR wi2A HAu-es vehfo] dehy-
drogenase ¥4do] FFHc} 745 7o vehyton
°]& v]Fe] ethanol WEHE thh £S 7AoE Alw
"ok, &9 K52-76-2 Ao Ho| opf-ad wzls) ¢l
o] WAlol A 2 rdolglict,

Aol Xjzks 9 WREN

T2 "ol A A5 AF9} fAbeted
2}, K527} maltose & vleFsiA| 2hsbsls wbd &
%+ F FWKS260-2 maltose AHsbso] 94 ¥t
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t}(Table 6), g, 25 71AE 2% FH3F vl
Durham 32 ¥ 24417 ekt 3 449 CO%
° g ZAKE A}, Table 73 o] FW-
KS 260 ¢| sucrose, maltose, raffinose $llA %5
T UEHS Jeplglch,

LHEA o obxhLlA

Table 6. Assimilability of carbon sources by the parents
and fusants

Strain Glucose Maltose Melezitose Xylose Raffinose
S29 + + - +
K 52 + d + - +
FWKS 105 + + + - +
FWKS260 + + + + - +

The strains were cultured on the minimal medium (0.2%
(NH),SO0y4, 0.1% KH,PO,, 0.05% MgSO47H,0, 0.05%
KCl, and 2% agar) containing 2% carbon sources such as
glucose, maltose, melezitose, raffinose, and xylose by
streaking for 4 days at 30°C.

+ +; well growth, +; growth, d; poor growth, -; no
growth.

Table 7. Fermentability of carbon sources by the parents
and fusants

. Glu- Suc- Mal- Gala- Raffi- Meli-
Strain .
€ose rose tose ctose nose biose
S 29 + + + + + + + -
K 52 ++ + + + + +

FWKS 105 ++ ++ + + + + -

FWKS260 ++ ++ ++ ++ ++ -

The strains were cultured in test tubes containing the
medium (0.5% yeast extract, 0.5% peptone, 2% carbon
sources such as glucose, maltose, sucrose, galactose, raffi-
nose, and melibiose) and Durham tubes for 24 hours at
30°C. The fermentability was expressed as the amounts of
COy( + +; large, +; small, and —; not) formed in Dur-
ham tubes.

Table 8. NaC/ and KC/ toferance of the parents and fusants

KOR. JOUR. MICROBIOL.

Table 8o A &} 7ol NaClel 4 &= S29 ¥
FWKS1057F 129 ©lstell A, K52 ¥ FWKS260
& 8% olatelld MKo] 7heslgiod, KCleolAM=
olHr} Fol §29 W FWKS1057F 20%, K52 %
FWKS2600] 159% olsfellA{ut A&o) 7}1sstgdct,
w3k sodium propionate A& S29 % FWKS
10571 49, K52 2 FWKS260°] 2% o]3llA],
cycloheximide o4& S29 2 FWKS1057} 1 ug/
m/, K52 3% FWKS260°] 0.8ug/mi o|slofjut
Ago] 7hssle] WA FAE A Jepigdo
(Table 9).

Glucose 2} sucrose 0| CHEH && 2

32l ethanol & ¥H-& Table 10 o4 e} o]
glucose % sucrose B 20% A7 7P A
I, 2Ewe) JAdqqe Uri 3o, dubd
022 g¢77F A58 o & ethanol & A3k
Asrolgi=d], FWKS2602 7% 20% glucose
A 96v/vY%, 20% sucroseolAE 9.8v/v%el
ethanol & A *éﬁ}%iif’i, glucose Bt} sucrose ©l|
A ™ ¥& ethanol 8% ¥ sucrose 7Fr-3l
Faql ﬁ—fructofuranosidase—ﬂ o] Fol AA
He Gl x7] didd HAegx AzEY
(Arnold, 1974), 2'dS HEE 61—— ethanol &
Fede] ol & Wizt HEs} ZEt

gl 20%9 713E 3 Al wEAFE
4 AAHLZ ethanol AAHE SAHFE A,
glucose & 7|1A 2 A3 A5 FWKS 2602 72 4]
7b wjoF2 2 ethanol AAde] o] d3lev (Fig.
4), sucrose® 7% 60A17F wiekoZ 93v/v%9
ethanol & AAdstd=dl (Fig.5), Aue® glu-
cose Bt} sucrose & 71AR AM8-slelE o HAEA|ZL
o] &= 7ekolqdch,

Killer toxin A4&&

+¢F9 killer ARG o3 2 357} w8t
£ killer toxin ¢ 74 A 5ol it A& dAHE
e et §gFe e Axa Kyokai 7
& YPD wixloll 7zt Eek(1x10%cells/m/) ¥+

2

Strain NaCl(%) KCI(%)

2 S 8 10 12 14 S 10 15 20
S 29 + + + + + + d - + + + + + d
K 52 ++ + d - - + + + d -
FWKS 105 + + + + + d d + 4 o+ + d
FWKS 260 + + + d - — + 4+ + d —
K 52-76 + - - - _ + d -

The strains were cultured on YPD agar plate containing NaCl (2~ 14%) and KCI (5 ~ 20%) by streaking for 4 days at 30°C.
+ +; well growth, +; growth, d; poor growth, —; no growth.
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Table 9. Sodium propionate and cycloheximide tolerance
of the parents and fusants

Sodium propionate(%) Cycloheximide(ug/m/)

Strain

10 20 30 40 05 08 1.0 1.2
S29 + + d d + + 4 -
K 52 + d - - + d - -
FWKS105 + + d d + + d -
FWKS260 + d - - + d - -
K 52-76 I

The strains were cultured on YPD agar plate containing
sodium propionate (1- 4%) and cycloheximide (0.5 1.2
1g/ ml) by streaking for 5 days at 30°C.

+ +; well growth, +; growth, d; poor growth, —; no
growth.

Table 10. £thanol fermentation on glucose and sucrose by
the parents and fusants

Substrate COncentration Ethanol (v/v %)

(%) S29 K52 FWKS 105 FWKS 260

20 83 7.9 9.3 9.6
Glucose 30 6.8 5.9 6.5 7.6

40 42 54 4.8 5.7

20 9.0 8.8 9.7 9.8
Sucrose 30 7.7 53 5.7 7.1

40 6.9 43 4.8 6.8

Fermentation was performed by standing culture in a
medium containing 20%, 30% and 40% glucose or sucrose,
0.5% yeast extract and 0.5% peptone. Each strain seed
cultured in the same medium for 48 hrs at 30 °C was inocu-
lated to 3v/v %. Ethanol produced was measured after fer-
mentation for 91 hrs at 30°C.

A FE 9x107cells/m/ EAl o] Ro| HEsto
25°Coll A 72217k Fot Exhuloksla A 7 do AdS
H3hs AAHeR AR A= Fig.6 3 2o, A
F F 122PWA = 25 vl A7) 24407
o]FRE = A dFrt A AbEEr] ARtk
o], FWKS 105 2clk= FWKS 260°] killer toxin
Aol Ak f=717F o #@sted, AATE o
HE3 Foll oAM= vloF 4827 o] £ el = A
FE Ao WHE St gld §¢FE AR
killer ¥4-& ®H-3}e killer toxin & BAFS &
Ak, dukyge g killer £97) ¥ulsk= killer
toxine TR FAsH) Albsle digrl 2706
7] A)abste Al F70e Adizh a3
914l (Bruenn, 1981 ; Palfree ¢} Bussey, 1979 ;
Wickner, 1976, 1979), §¢59 #H$olx Ayzq
killer £%.9] killer toxin ¥v] 3} §-A}slic),
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Remaining sugar (%)
Ethanol concentration (v/v %)

Cultural time (hr)

Fig. 4. Ethanol fermentation from glucose as a substrate.
The fermentation conditions for ethanol produc-
tionof S29( 0O-0), K 52 (o-0), FWKS 105
(@ -m), and FWKS 260 (@-@ ) were the same as
those described in the Table 10.

Remaining sugar (%)
Ethanol concentration (v/v %)

Cultural time (hr)

Fig. 5. £thanol fermentation from sucrose as a substrate.
The fermentation conditions for ethanol produc-
tion of S 29 (0-0 ), K52 (0-0 ), FWKS 105
(m-m), and FWKS 260 ( @~ @ ) were the same as
those described in the Table 10.

dsRNA plasmid 2] 2444

A& 9 5359 killer plasmid & #2383t 7]
Axg A3, Fig. 73 %] #54 ¥F Kyokai
7(lane B) % 852l S 29(lane C)~ dskRNA
plasmid 7} A& ezl ok wbd, killer A%<
K52(ane D)= zt2 4.7kb ¥ 2.5kb3l LdsRNA
2 M dsRNA plasmid band & #31& 4 9z,
4%F329l FWKS 105(lane E) ¥ FWKS 260(lane
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, %X 107)
=

Cell concentration (cells / m/

Cultural time (hr)

Fig. 6. Effect of killer toxin from fusants on the sensitive
strain Kyokai 7.
The fusant FWKS 105 ( m-m ) and FWKS 260
( @-@ ) were cocultured with the sensitive strain
Kyokai 7 ( (7-r1 ; cocultured with FWKS 105,
O-0 ; cocultured with FWKS 260) in YPD me-
dium (pH 4.7) by standing-culture for the indicated
times at 25°C. The fusants and Kyokai 7 were
cocultued with the same concentration (106 cells/
m/, -+) and different concentration (fusants: 106
cells/m/, and Kyokai 7: 9 x 107 cells/ m/ (—)).

A B C D E F G

Fig. 7. Agarose gel electrophoresis of dsRNA from yeast
Strains.
A; Lambda DNA (EcoRI), B; Kyokai 7, C; S 29,
D; K 52, E; FWKS 105, F; FWKS 260, G; Lambda
DNA (Hind III), Number; DNA length (kb), L;
High molecular weight species, M; Low molecular
weight species.
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Table 11. Curing of the wild killer strain and fusants

Methods of curing

Strain Cycloheximide Elevated temperature
Conc. Curing Temp Curing
(ug/ml) (%) (°0) (%)
B 15-1 0.5 96.2 40 0
42 8.5
FWKS 105 0.3 98.1 38 35.2
40 92.3
FWKS 260 0.4 95.7 38 28.0
40 90.4

The curing of killer dsRNA plasmids was conducted by cul-
tivation the wild killer yeast B 15-1 and fusants on YPD
medium containing cycloheximide (0.1 -0.5 pg/m/) at
30°C for a week, and on YPD mediim at 30°C to 42 °C for
a week.

F)= L ¥ MdsRNA plasmid band & ¥ o]

§7F killer %898 alstsdch, =38 killer
toxin ®] FH]E Auishe Ho2 ezl M dsRNA
plasmid band 7} 58t} g3t A$ of 28 A
25 uFe] killer &A4o] AFRT of e e
AtElcl, L dsRNA plasmidE =77} 4.7kb 2
4.5-4.7kb(2.5-3.4x 10° dalton)a] 7 (Bevan %,
1973 . Sweeney %, 1976. Wickner ¢ Leib-
owitz, 1976 ; Herring % Bevan, 1977 ; Bruenn 3}
Kane, 1978 ; Holm %, 1978)3} fAlelior}t, M
dsRNA plasmid ¢} 7% B% 18-1.9kb(1.1-1.7X
10% dalton)al K, killer, 1.7kb(1.0x 10¢ dalton)<!
K, killer 2 1.5kb(0.87X10° dalton)al K, killer
2 72319l (Nesterova %, 1976 ; Bevan 5,
1973 ) Sweeney 5, 1976. Wickner & Leib-
owitz, 1976 , Adler &, 1976 Fried®t Fink,

1979), & Afolr= 25kb 2 olEa= hae] i}
o]& Holudl ol wFy o FelYel o] wEo
2 AbEH)

Killer plasmid 2| |74

Killer 342 dsRNA plasmidel 2s =ujs]

= Aoz deja g, o] dsRNA plasmid &
%ﬂal(chkner, 1974), cycloheximide (Fink <}
Style, 1972 ; Sweeney %, 1976) 2 5-fluorour-
acil(Mitchell 5, 1976) 5] o|3led AAs ] 24
A4 AL Jepdt, oldl B 151 ¥ 855
cycloheximide ' dx2}sled curing A17] A=} 0.5
ug/ml ] cycloheximide H2l& B51-1& 96%7}
curing 3l 4ol §3H= olx) Aywed 4
Al dsRNA plasmid 7} AA=E 5, 40°CellA] whok
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A B C D E F G H

Fig. 8. Agarose gel electrophoresis of dsRNA from yeast
strains.
A; K 52-T 6, B; K 52-C 4, C; FC-105, D; FC-260, E;
K 52, F; FWKS 105, G; FWKS 260, H; Lambda
DNA (Hind III), Number; DNA length (kb), L;
High molecular weight species, M; Low molecular
weight species.
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g B15-1& A3 curing HA) 98 vhde) 42°C el A
= 85%7} curing HdEd, © olAtel Lxo=
57 A&EA Eakdd, w3 g5 Ass
40°ColA 90% ol4te]l curing Sl killer toxin &
A5 Zslsdch(Table 11).
| ol9} o] Kkiller ¥AE walsx] 23

curant 9]} dsRNA plasmid & #%3}q #79%
g Z3, Fig.8elxel o] AFel $3F vF
curing ¥l #AIgle] M dsRNA plasmid 7} A7)
H¢9len], L dsRNA plasmid 2te] Fo} glglEdl,
curing 7] ¥} L dsRNA plasmid band 7} &
A Agste F33stgEd (Vodkin 5, 1974), o=
ulFo] L dsRNA 9 MdsRNA & A5 didAde]
e Ao AtuE,

L
L

L

2

VYA 53 53l killer 20 #A3AL 7122] ethanol LEAL] T3]3lm24 ope| killer A2 M3H43< 71x]
A, LPERE A 4 9lon, ethanol ESE FA8he A2E AL FFE /Mdsidct, W94 $859] Aeidd 542 7
E3 v}, 35 AT viskd MEAAe] I3, DNA #3o] ¥3ken), FATE 059} $A Ao, = $35E 3
auf oA BESHe Zo] RS ol wholdlm, 74 A2 73] Aldedslees AL Z QAR $YFE 1Y
7t A4 AH8R A5} segregant 7} AWH ehbx] gtew @ o ksl 23 5 ¥ ¥ EAE §AYS A 5 AN
3, TTC AHuke<lA A 9 pink 4& =Hon, 49U A3k 2 W% AF9 fAlsidEdl, KCl, NaCl, sodium
propionate ¥ cycloheximide 5<i Widt WA X FAF] &S wgtc}, 22)3, $95F 20% glucose 2} sucrose iA] 724)
ZH g 60417 wioFsl-g o, FWKS 2602 2% 27 9.6v/v% 2 9.8v/v%2 ethanol & AAsKdE, FA5e) Eguorst 2
3 FWKS260 2 7+ 48417 olFoll& A5 AL g & dden, A5 9 952 dsRNA plasmid & 323k 17]
45 A7}, 745 S29 % FAFA Kyokai 7o14E dsRNA & A8 £ 4 s uhd, K52 9§85 212 4.7kb ¥
2.5kb9] L 2 M dsRNA plasmid & &1& 4 2o} §¢57} killer £9< ¥lstedn, de] @ cycloheximide Hel2
curing® curant £ M dsRNA plasmid band & % 47} $13122, L dsRNA plasmid band & £3]2] t] AsAl Jepgts=d],
°]& v]Fo| L3} M dsRNA plasmid & A& A4l Qlev], killer toxin #¥] 3 H&4e Jehlle §A0AE 2ujshs 2

< M dsRNA plasmid §-& g18 5 qlde},

Ab A

€ =1 dfs Bt A sk
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