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Characterization of Protoplast Fusant between Killer
Yeast and Alcohol-Fermenting Yeast

Chung, Ki Taek, Kwang Woong Bang, Jae Kuen Kim',

Hyung Ik Song’ and Yong Jin Jung
Department of Food Engineering, Cullege of Agricuiture, Kyungpook
National University, Tacqu 702-701, Korea
! Department of Food and Nurrition, Keimyung Juior College
2 Department of Food Technology, Taegu Technical Junior College, Taegu, Korea

ABSTRACT: Cell volume and DNA contents of the fusants were similar to those of parents. Genetie
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 fusants 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 & 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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§F A7 Ouchi 5(1979)& o2 HFAZFAR N A
ok9] killer A%9] 298¢ A7) 93t d-gg
AEWO)F (kar 1-1)F o) 43t A28 F322 84
31913, Gunge ¢ Sakaguchi(1981)& o]47te] 2
FEA §8% 59 A5 AR E killer w3} 31y
=9, Ouchi 5 (1983)& d9] $A32L wWsla7)
A BT AZE FFE S5 e woksle] A
TH Zel 0]8-31%tt, Yamamoto £ (1984)-& A%
TH22 K, killer plasmid € ethanol 84L& 2o
EQIAIA M2 tetraploid T2 A8k A2l
G& B¢ ethanol MEE HFHoz Sesieln,
Shimoda % (1984) = ¥82s o= ofe] ¢
4 killer A% 284S 712)= H2$ killer A
885 §4310h, =3 Bortol 5 (1986)& A)x2
FE o9 killer £RE Helsle] 5542 o]
T X o)E U¥AA FHoT WEA R TAHA
M2 WARE sS4y, WEEZ(Hara I,
1981) 3! 4= (Spencer ¢ Spencer, 1983) So%
YEAA o2 N2g killer $Y52 Harale
FT ARE AR gt B AddME Hn
(Chung 5, 1989a, b)ell o]oix] §3+3o] dulaq)
54 Asla, A FEele] Eghfol m
dsRNA & F&3le d7)9% o8 Felsimzs
T killer %9 Halajgm, o] $ys
curing#17) A#} M dsRNA 7} #AA= killer
toxin 44 % 34 M dsRNA o] =ujg wg

Table 1. The strains of Saccharomyces cerevisiae used

KOR. JOUR. MICROBJOL.

e AT Y F QUgla, FHE AWE ST
AFHT ok EL ethanol Y4H-E B ethanol
A &R BEAS g flslEA, opy Ewe
29E A" 5 gle N2 killer ARFFE $4
Eiv 1= S

HE 9wy

TF U Hix|

2 Al A8 #FF= Saccharomyces cer-
evisiage B15-1, S. cerevisiae Kyokai 7, S. cerevisiae
No.105 2} o] 548 1 ofeke7A Zoiwo),
FFAE HolT A FAA §¢ 43} Pdojal Ay
A SHAE AHsldded, 2 B4 9 £53= Table
13 Zch(Bang 5, 1987; Chung 5, 1989a, b),
M7= Chung ¥(1989a, b)o] 71&3d wle} Eolsl
AR Azl AR5l

SEUE Ho|Fe 2a|

Killer 829 %2+ ol (rho )X meth-
ionine 30 4g/m!, ethidium bromide 20 xg/m/! &
FHr3he SD wizlell A 3(FC & 24 2|7} x1ehufokg) 5
YAk, 97 saline o2 23] AH3) £, pe
Lo A3 derste] YPDG 9ol 2] (veast
extract 1%, peptone 2%, dextrose 0.19%.glycerol
3%, agar 2%)¢ll Tl 30°CeA 397t sfokstad
th, YPDG Batitel A% petite 3122 methio-

Strain phelr(li(::irpe”) 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+tR+ Met-, rho=9, [KIL-k] EtBr mutant of K 52

Kyokai 7 KR~ wild type, [KIL-0] Sensitive (Shimoda er al., 1984)
No. 1059 K-R- wild type, [KIL-o0] Recipient

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

FWKS 105 K*R+ wild type, [KIL-k] K 52xS29

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

K 52-C 4 K-R- wild type, {KIL-o0] Cycloheximide curant of B 15-1

K 52-Té6 K-R- wild type, [KIL-o0] Temperature curant of B 15-1
FC-105 K R~ wild type, [KIL-o0] Cycloheximide curant of FWKS 105
FC-260 K-R- wild type, [KIL-o] Cycloheximide curant of FWKS 260

a) K+ or K~ means ability or inability to secrete the active killer toxin. R* or R~ refers to resistance or sensitivity to the

killer toxin.

b) Killer plasmids are denoted [KIL-k]. [KIL-0] 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 er al., 1985).
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nine 30ug/mi-& FHsh= SDG H#e)z] (yeast
nitrogen base w/o amino acids 0.679%, dextrose
0.1%, glycerol 3%, agar 29 )] ©]A}5}ar 30°C |4
2947t wioFt o%, TTC 4EwiA|E 45CR Yz}
A SDG sitell $5A17150 30CelA 3417 BEg)
F oS el gehs SEFHE HolFR HE
A8 sked ol (Sherman %, 1982).

HEHAN B8 A SEtFe vy

dade] A=, Ho 2§32 Chung ¥
(1989b) 9] whHol] 9)7|stl o, §3ke] 4lde o
A ool ofefatdol TRl wo] FH 4w X
(MM)olld A% 3575 7d 7tHoR Q=g
MM el 73] AldjujeFste] §38 o2 shdsirzAc}
R EE Fgbras bl 2] (CM) ol mlfoksled . 25
BB ER] dghr] wiel 337 CM ool wiekst ¥
vpa] CM 3 MM ol] 59l M ¥5% wubsie] offo)
A odete] Gob 2o bR T MMoelld A
ol s, killer #4do] Hojvh, ethanol
A#o] 938 FWKS105 %W FWKS260 % §3+
OHE Adslelen, o g3kte) Male] cha 4
ojgbg) e B 7hrke) HA)g wnisle] 31w abdut

Killer &4 =&

Killer 42 Chung % (1989a, b) 2] uhye]] o}e}
well test ¥ Eghuljofor FAfsialc},

T oty

g dder 3 w4 MM =}
YPD-MB lawn 4ol 4 subculture k224 2a}s}
Ak, HAZ)ZE Fob BEg FFok AL Aokt
475 CMol AHEste] 30°ColA 247} wiokgr &
A saline sl 107 cells/m/! 2 &ekst o8 CM 3
MM ol GsgfjoFsle] CM 2 MM o4} -85 et
a2 mEEA H3 obdAdS HEsth(Seu %,
1986).

DNA &2tz MIZAHIE

A 9§39l DNA 2k Rodphaya %
(1983)2] Hhye] Fsled DNAE F33 oo
diphenylamine '§ (Gerhardt %, 1981)2% her-
ring testes DNA & X5 DNA R sfo #ekslg]
v}, &b Sipiczki 9t Ferenczy (1977)2) whiol] wh
g} Aol g3hpe] A A EA sl

& gl EXjdAY

&2 7hzke) WS YPD wiRlel4 30C =2 327
wlekgl % aldehyde-mordanted basic fuchsin
Bdx 5, 1980)o= ddsieic), w EAEYE &
Abakz] 9islel 7p % presporulating i
(Sherman %5, 1982)l #41dled 30°C ol A 3217} vl
¥t & vkl A% sporulating ¥ A (Sherman
L 1982)ell o)alsled  3(Cell4] 5917k wlekaled
Moller ¥ (g %, 1980)o] whe} basic carbolic

A o
42
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fuchsin 2.2 4 443}5 methylene blue & djn] < 4
sk},

Triphenyltetrazolium chloride (TTC) ZIA4A|%

kg 5 (198019 whHoll wlel et §3H7e
TTC AHAEE A8k

Ethanol &8

AT 9§79 ethanol AR yeast extr-
act 0.5%, peptone 0.5%7F @73 wixo] glucose
9} sucrose & 77} 20, 30 % 40%% A8 F 484
2k dujelgt viedal-g 3% =A YEshed 30°CellA] 4
A7 BEAA MAH ethanol & S53t] 71 e
=Askedeh, g 20%9 7148 g wlRoA] A
AlHe g ethanol & FAslRA] A7te)] ol
ethanol 4"« A zAlsldch, &8 avke
DNSH (Sumners 2} Somers. 1949) 2.2 Z21slq]
[{».

Killer plasmid 2| M|A (curing)

YPD HAulolf]  wfokgt & mjokeds wot
salinedl #ws] 8 4slo] 0.1-0.5 wg/ml 9 cyclo-
heximide 2 §Hrgt YPD sl x]of] wwubslod 30°C
of A Hete] WA w7k wiokslar, w A S v
g YPD 48 30-42°Coll A Heto] MAde w7}z
wioFg F YPD-MB lawn 4ol replica 3t 25 o)
A 2202k wioksled killer A #2F cured M2 2H4Y
slo] 95 vhepd Qi)

Double-stranded RNA plasmid 2| &

Double-stranded RNA (dsRNA) plasmid ¢
%> Fried ¢} Fink 2] W (1978)2 okzb sisd 4]
33t 3ol gaiedrh, YPD i zloli4] o 527
wW@rl7bA] wekel Al S A Alerskr 50mM Na,
EDTA(pH7.0) -89 °2 AHg vk 2.5% 2-mer-
captoethanol & &% 50mM Tris-H,S0, &
N (pH9.3)ol 3447 25°Cell 4] 158-2F xeds}g]c),
o] A gete HARFEIT 0.1% SDS 2 &8s}
i STE < (100mM NaCl, 10mM Tris-H(Cl
(pH7.5), 10mM Na, EDTA)el ajgersle] 25°C ol
x| 2087 AEbAF] F F9Fe] phenol & #ARE
%:3}3, phenol-chloroform(l: 1), chloroform-
isoamylalcohol (24 : 1) & whale A5 5 414
R-2lgh SNl —20°C ¢ 99Y% ethanol-& 28§k 7}
ste]l RNA & A7}, o] RNA & 9413)9sha
70% ethanol & 23] AAg F dx#A TE sh3o
(10mM Tris-HCHpH 7.5), 1mM Na,EDTA)
4818l DNase 1 (Sigma) & 25 ug/m! =5
&3l ethanol &2 AAAAZ] F 4wke] TE 250
L35l dsRNA 2 A&3hadc),

Agarose gel T7|H4E

dsRNA ¢ #7]9d%& 1.0% agarose gel 3}
TBE $FE:= (8¢mM Tris-borate, 89mM boric
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Table 2. Genetic stability of the finally sefected 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 x107 3.61 x 107 0.82

FWKS260 7.43x107 7.42x 107 0.13

Interval between subculture was 7 days on MM,

2-3. Genetic stability of the fusants

Colonies on
Strain % of auxotrophs
M MM
FWKS 105 1.62x107 1.62 x 107 0

FWKS260 2.13x107 2.13 x 107 0

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

acid, 2ZmM Na,EDTA (pH8.0)) ¥ tracking dye
41 0.25% bromophenol bule-40% sucrose £
= A3t 30mA oA #slgon), dsRNA 4
°l= 0.5ug/ml 9] ethidium bromide &°§-¢ Al&
sk,

Zn 9 oy

FHTE CM 3 MM ollA 22t iz 328 5
°lg9] #d A4S A A}, Table 2-1 )4
2} Zro] CM K.tl= MM o)A HEIH= Ao] ¥ ¢
A S 718 5 UUSS Ak}, w3 MM
M AR §HFE 7d 7bgom 73 Aokt
23}, FWKS 260 2] H-$oj= 0.13%2] 27¢2 1
Ehfie] vy qkgstel $959e & 4 Q)
(Table 2-2), ¥4 Table 2-3-& 67147} AL AH2
& FRF A gL AR AC R segregant
7H A Jepdx] gton g wig- qbystE g3ty
£ o 5 gl
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Table 3. DNA contents in the cells of parents and fusants

Strain Content of DNA (fg / cell)
S 29 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. Ce/ size and capacity of the parents and fusants

Strai Cell length Cell width Cell volume*
train 3
(zm) (r2m) (um?)
S29 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

~a,
2
b, i . .
(7) -Where, V is cell volume, a is length of cells and b is
width of cells. The parental auxotrophs and fusants were
cultured to stationary phase in YPD medium at 30 °C with
shaking. The cell size was measured with micrometer.

*Cell volume was calculated with the equation V = %‘7{

DNA &} MZHH

852 heterokaryon A& ZAlslr] 9shed
DNA #2& 223 43}, Table 3o)lxj9} 7o of
Aol W)sled DNA o] o] 8 Ao2 vehto
H, AZAAE §§F FWKS 2602 4 167.47
p#mMPEE RAF R} o] 714 (Table 4), °le $%5
) MEAAe] }AFRL} wmd Z o o)
T FAF) MEA DNAZ $85o o wo)
sl Axet Algsg,

e

T FA%E Fig. 13 o] 247 2129} s
T AS ¥olEdl, FWKS 2602 killer %82 K
529, FWKS105% 48349 S29 ¢} w)s=sledct,
dubdeg g3k A5 $ES7h o 7 Aow
de9x gled (Kue 9 Yamamoto, 1979), FWKS
105+ =717} 1747008 A5 R g AL KRB
FWKS260-& 279} $absiglon, 244 94
2 AFET} ot B2 Hogin},

9l Zx}

Ao} 959 92 JAstd H4A A, Fig.
22} o] BE Moz QN o] @ By
T o, =g Fig.3 = o) 313l S29%= 2.3,
K52% 3-4709) 2hdzaE fxeider, gaas
B 3009 A EAS YAt 5] 554
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Cell growth (OD, 660nm)

Cultural time (hrs)

Fig. 1. Growth curves of the parents and fusants.
The strain S29 (@-@ ), K52 (0O-0C), FWKS 105
(m-m), and FWKS 260 ( -1 1) were cultured in
YPD medium at 30°C for the indicated times with
shaking. The cell growth was expressed as OD at
660 nm.

TR h“’" g )
;0
@;
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Fig. 2. Microscopic photographs of the nuclei of parems
and fusants stained by the aldehyde-mordanted
basic fuchsin method.
(A); 529
(C); FWKS 105

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

& olal K 52-7T6 8 #EAks
cdokal el A2 etglodot,
Triphenyltetrazolium chloride ZAHA|H

TTC 7} dehydrogenase 2] 2H&-2% YAl 4

Hei A4 g
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Fig. 3. Microscopic photographs of the spores of parents
and fusanis stained by the Mdller’s method.
(A); S 29 (B); K52
(C); FWEKS 105 (D); FWKS 260

Table S. 77C coiorization-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) lover agar medium (1% glucose, 0.2% pep-
tone, 0.15% yeas: extract, 0.1% KH,PO,, 0.04% MgSO,-
7H,0, 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, 0.95% TTC, and 1.3% agar).

of  olafo]  shel e ga ‘J‘”°l g HEA
TTC 4Arel Ay Tablebst el S294=
reddish pink, F 52 %= pink 9% L}L‘P Ao, g3

FWKS 105 4= reddish pink, FWKS260 & %]
“1“ vrehfd e, 3R el gl 53 FWKS
260 0] "yl mLi’;ﬂ A]Llhlpg & L}E}LHO—{ dehy.
drogenase &% o] F-Firt gt 2R vjelytor
SRR g ml"dnol ‘:”EL“ chh s Aew Mg
¥lok, ghH K50-76-2 gebe] M) op-gl wahrt ¢
of i '1‘1 A olgl et

EtaRiol Xizls ¥ HeEN

FETel whg defl ek abes 2R S-abshgl
2t K527} rnaltose ¥ ”]016}7ﬂ 2} aha)s b
P T FWKS 2602 maltose #F3bgo] 34 &9}
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t}(Table 6), 34, 7% 714& 2% 45 w=q)
Durham & 93 2427} vkt & A9 CO,
22 WEFE TR As}, Table 73 2] FW-
KS 260 ©] sucrose, maltose, raffinose o4 $-<4=
g onadEg Jehdigdcl,

LA o 2fxlui A

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

Strain Glucose Maltose Melezitose Xylose Raffinose
S 29 + + + - +
K 52 + d + - +
FWKS 105 + + + - +
FWKS260 + ++ + - +

The strains were cultured on the minimal medium (0.2%
(NH):804, 0.1% KH,PO,, 0.05% MgSO,7H,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 .
cose rose tose ctose. nose biose
$29 + + + ++ + + -
K 52 + + + + ++ + -
FWKS105 ++ ++ + + + + -
FWKS260 ++ ++ +4+ ++ + + -

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. NaCl and KC/ toferance of the parents and fusants

KOR. JOUR. MICROBIOL.

Table 8o 44 2} #Zo] NaClol d: S29 9
FWKS1057} 129% olslelld, K52 2 FWKS 260
£ 8% °lslllA Ago] shsstgdon, KCloAe
ol¥r} Fol S29 ¥ FWKS1057}F 20%, K52 %
FWKS2600] 15% olslellAwt Wgo] 715sbaict,
=% sodium propionate o4 S29 2 FWKS
1057} 4%, K52 ¥ FWKS260¢] 2% o)stelAl,
cycloheximide 141 S29 % FWKS1057F 1 ug/
m/, K52 ¥ FWKS260°] 0.8ug/ml o]slol) =t
A5l 7hesled WdAds} Ak ek Jehigint
(Table 9).

Glucoseﬂ} sucrose Ol CHEH WE 3

2] ethanol W& H-& Table 10 |49} o]
glucose 2 sucrose B5 20% H7HA] 713 $<ated
L, AFES VAN E ti FEEen, ouky
22 357t A5E o B ethanol & AAsR=
Agoldedl, FWKS2609 #$ 20% glucose
AN 9.6v/ve%, 209 sucroseolHE 9.8v/vye)
ethanol & A4d8ld2m, glucose Br} sucrose o
A o ¥ ethanol $82 ¥ol sucrose 7}
FAal ﬁ—fructofuranomdase«l o] ol A
He 2@Eel ¥ dEQ Aozy Az
(Arnold, 1974), =d& 982 3H= ethanol W&
T ol 8ol Y HES} 7=},

=g, 20%°) 7148 g3 wiol A wrEA)F]E
A AAA 28 ethanol WAHE 23 A,
glucose & 7|A =2 A& A% FWKS 260 724
Zb w22 ethanol Ao] FHuje| D)o 9 (Fig.
4), sucrose® 7% 60X17F wlFoz 93v/veel
ethanol -2 *H"*ﬁ}‘ﬁ =4 (Fig.5), Awyoz gly.
cose Xr} sucrose & 7] 42 AME-319S w wEA|7H
o] WE= Agkolglct,

Killer toxin AME

T2 killer AR A o5 2 §3157]) Hu)s)
= klller toxin 9| ZtpA AR gk Y% AL
7&1&3}71 fsked g5 A 589 Kyokai 7
YPD wj=lell zbz} g2 (1x10°cells/ml) =&

fjo

Strain NaCl(%) KCl(%)

2 5 8 10 12 14 5 10 15 20
S29 + + + + + + d - ++ + + + d
K52 + + + d - - - + + + d -
FWKS 105 + + ++ + d d - + + ++ + d
FWKS 260 + + + d - - - ++ + 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

1.0 20 30 40 05 08 1.0 1.2
S29 + + d d + + d -
K 52 + d - - + d - -
FWKS 105 + + d d + + d -
FWKS260 + d -+ d - -
K 5276 ¥ - - - -

The strains were cultured on YPD agar plate containing
sodium propionate (1- 4%) and cycloheximide (0.5 - 1.2
©g/ mi) 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 parenis and fusants

Substrate Concentration Ethanol (v/v %)

(%) S29 K52 FWKS 105 FWKS260

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 5.3 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.

dad - E 9x 107 cells/m/l 5A) v Wol AEs}o
25°CollA] 72417k ok EqulekaiiAl 2t o] Ay
M JAlHoR 2abgh As Fig 639 #vh, 3
F 5 124137 B a)gesbA] FAlsiobr) 244030
o FN-Eli Al A HRF ARESEY) AR
o, FWKS 105 Hrlk= FWKS 260°] killer toxin
AAdel dfgk )7l o) #®erew, A E ok
HEa ol alol A5 vk 484]17F o] TN Fh A
TE Al wHE b e T AgHoR
killer 348 R8kod killer toxin & A of
T ek, dubd g killer 57} Fulsk= killer
toxin TA7} SAlEbr] AjRRshE Al E7e
A7) Al Fbste] ] F716 FHuoh flga )
3=t (Bruenn, 1981 ; Palfree ¢} Bussey, 1979,
Wickner, 1976, 1979), &3k 72-5-olx 3=l
killer 8.5.2| killer toxin ¥-¥] &2} F-Apslaic),

Protoplast Fusant of Yeast 61

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

Cultural time (hr)

Fig. 4. Ethanot fermentation from glucose as a substrate.
The fermentation conditions for ethanol produc-
tion of S29( O-0), K 52 (11-11), FWKS 105
(m-m; and FWKS 260 (@- @ ) were the same as
those described in the Table 10.

Remaining sugar (%)
Ethano! concentration (v/v %)

Cultural time (hr)

Fig. 5. Ethanos fermentation from sucrose as a substrate.
The fermentation conditions for ethanol produc-
tion of S 29 (0O-0 ), K 52 (' .-1.] ), FWKS 105
(w-w j, and FWKS 260 ( @ - @ ) were the same as
those described in the Table 0.

dsRNA plasmid 2| Z44

23 9 $-3-52] killer plasmid & 5%38}e] 47]
dEgt Ax, Fig. 73 3ol #A4Ad #5<2l Kyokai
7(lane B) % 8¢l S 29(lane O)v= dsRNA
plasmid 7} #3 viepp] o2 kA, killer £X4l
K52(ane D) =7tz 47kb % 2.5kbel LdsRNA
2 M dsRNA plasmid band & #1& 4 qlslar,
430l FWKS 105(ane E) 2 FWKS 260(lane

N
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1, x107)

Cell concentration (cells/m,

0.1

Cultural time (hr)

Fig. 6. Effect of killer toxin from fusants on the sensitive
strain Kyokar 7.
The fusant FWKS 105 ( ®-m ) and FWKS 260
( ®~@ ) were cocultured with the sensitive strain
Kyokai 7 ( O~3 ; cocultured with FWKS 105,
O-0 ; cocultured with FWKS 260) in YPD me-
dium (pH 4.7) by standing-cuiture 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
Cone. Curing Temp. Curing
(2g/mli) (%) (°C) (%)
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 ug/md at
30°Cfora week, and on YPD medilm at 30°C to 42 °C for
a week,

F)= L 2 MdsRNA plasmid band & B o)5
877 killer 2992 ek, =3k killer
toxin ®] ¥ € Auishes Ho® oelal M dsRNA
plasmid band 7} AF¥ e} §459] 4 o Ag A
28 ufo] killer $4¢] AR} 1) et Aoz
At gl L dsRNA plasmid= =7)7F 4.7kb =
4.5-4.7kb(2.5-3.4x10° dalton)2) 7 (Bevan =,
1973 Sweeney %, 1976; Wickner & Leib-
owitz, 1976 ; Herring % Bevan, 1977 ; Bruenn 3%
Kane, 1978 ; Holm %, 1978)3% Akl o, M
dsRNA plasmid ®] 7% ¥% 1819kb(1.1-1.7X
10° dalton)®) K; killer, 1.7kb(1.0 10 dalton)<l
K: killer ¥ 1.5kb(0.87X 10° dalton)s! K; killer
& T8kl (Nesterova £, 1976 ; Bevan &
1973 Sweeney %, 1976 Wickner ¢+ Leib-
owitz, 1976 ; Adler %, 1976; Fried %} Fink,
1979), ¥ A= 25kb 2 o] EHE tael
ol HAwdl ol #5Y # FujYe] ajo) mjio
2 AR},

Killer plasmid 2| X|*

Killer 332 dsRNA plasmidel] 2 =]ufs)
= Zle2 o494 gled, o] dsRNA plasmid =
dA2] (Wickner, 1974), cycloheximide (Fink 2}
Style, 1972 ; Sweeney %, 1976) ¥ 5-fluorour-
acil(Mitchell 5, 1976)%0) <)} A A= 7hp
A "AE e, ole B 151 ¥ gy
cycloheximide '¥ dA 2]ty curing A1%] A 0.5
pg/ml 9| cycloheximide 322 B51-1-2 96%7}
curing H %l vkl §355 olvt) Axrdi 4
Al dsRNA plasmid 7} A A=z, 40°CollA sjor
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F G H

A B C D E
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 I1I), Number; DNA length (kb), L;
High molecular weight species, M; Low molecular
weight species.

A4 32 Sabod killer 22 RS /&

Z2] ethanol A E Tl ¥38l3
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40°CollA 909 olAte] curing Elo) killer toxin &
A8 Z-sked o (Table 11).
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