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Abstract

With an improved MBM assay medium (2% glucose, 1% polypeptone, 1% malt
extract, 0.67% YNB (Difco), 0.003% methylene blue, 2% agar, and 0.1 M citrate-
phosphate buffer), 43 (42%) of 102 yeast cultures, most of which were strains used
in wine making, were found to be “killers”.

The improved medium distinctly increased the weak killer activity of wine yeast,
Saccharomyces cerevisiae W3, against Candida glabrata 1FO 0622 at pH 4.2, This
killer activity was not eliminated by cycloheximide treatment, was unstable at 40
°C for 30 min, and showed a meiotic segregation pattern different from that of the
KHR killer already recognized in the strain W3. Thus, the wine yeast W3 was
capable of KHS (pH 4.2) and KHR (pH 6.0) killer activities independently.

The highest incidence of killer yeasts was KHS killers, represented by the wine
yeast S. cerevisiae OC2, but other killer strains were found: S.cerevisine S—53,
which showed both KHS-and plasmid-encoded killer phenotypes, and S.cerevisiae
306, which killed pseudo-pellicle-forming yeast S.cerevisiae (oviformis) S—75.
Furthermore, in the genera Debariomyces and Zygosaccharomyces, killer strains
were also identified. The killer activity of RD-mutants from killer strains was
stronger than that of the parental RC-strains.
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Table 1. Effect of assay medium components on killer activity (pH4.2) of yeast strains

Strain ~ Medium?! Diameter?(mm) Guide to killer activity
No. Inhibition zone(A) Colony(B) (A-B)
1 6.5+ 0.3 5.6+ 0.2 0.9+0.2
w3 2 7.5 + 0.7 6.1+ 0.6 1.4+ 0.4
ﬂ 3 8.4 % 0.3 6.8+ 0.3 1.6 £0.1
4 7.9 £ 0.1 6.0 0.1 1.9 0.1
1 7.8 + 0.4 5.3 0.4 9.5+0.2
Sos3 2 9.0 + 0.1 6.1 % 0.1 2.9+0.1
3 9.4 +0.4 6.5+ 0.5 2.9£0.3
4 9.4 - 0.4 5.9 % 0.1 3.5+05

'No.1, Standard MBM medium (1% yeast extract, 1% polypeptone, 2% glucose, 0.003%
methylene blue containing 0.1 M citrate-phosphate buffer, 2% agar); No.2, No.1 +
0.67% YNB (Difco); No.3, No.2 + 1% malt ext. (Kyokuto kagaku); No.4, No.3 — yeast
ext.

2A heavy cell suspension (5ul) of each strain was spotted in a pentagonal array onto

the indicated medium (pH4.2) previously spread with a lawn of a sensitive strain
C.glabrata TFO 0622 and incubated at 20°C for 3 days. The results shown are means

with standard deviations of five spot-cultures.

Fig. 1. Killer activity of wine yeast strain S.cerevisiae W3 on standard (No.1, left)
and improved (No.4, right) MBM assay media (pH4.2). For assay madium
components and experimental procedures, see footnotes to Table. 1.
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Table 2. Survey of killer yeasts in laboratory cultures

No. of
Strains strains killers -
tested o) 7' gz WP W4 VS
1. Industrial strains
S. cerevisiae Wine yeast 37 6 56 0 17 0 0
Sake yeast 11 0 0 0 0 0 0
Shochu yeast 1 0 0 0 0 0 0
Beer yeast 2 0 0 0 0 0 0
Zygosacch. rouxti Miso yeast 2 0 0 0 0 0 0
A total 53 6(11%) S 0 7_1 7ﬁ 0 o
2. Isolates from grape musts and fruits
S. cerevisiae 41 30 24 0 2 18 39
Debariomyces hansenu 1 1 0 110 0 0 0
Zygosacch. bisporus 1 1 11! 0 0 0 0
A total 4_3 32(74%) 25 1 2 1 3
3. Genetic stock strains
S. cerevisiae Auxotrophs 2 2 0 0 0 212 0
RD-mutants 4 3 1 0 1 1 0
A total 6_ 5 1 0 1 3 0
The total 102 43(42%) 31 1 4 4 3

! Strain with killer activity on C. glabrata TFO 0622 at pH4.2 (Group I, KHS).

2 Strain with killer activity on C. glabrata 1FO 0622 at pH6.0 (GroupIl, KHR).

3 Strain with killer activities on C. glabrata 1FO 0622 at both pH4.2 and pH6.0 (Groupll,
KHS + KHR).

1 Strain with killer activities on both S. cerevisiae (oviformis) S—75 and C. glabrata IFO
0622 at pH4.2 (GrouplV).

5 Strain with killer activities at both pH4.2 and pH6.0 of GrouplV (GroupV).

¢ Includes strain OC2 (RIFY 7187)'® .

7 Strain W3 (RIFY 7492)19 .

8 Strain 30629,

9 Includes strain S—53'7 .

10 Strain 36822, Very weak.

11 Strain 0—192" .

12 Strain DK—13D(H) (from Oshima, Osaka Univ.) and its progeny B2—-1-3A2? (a his!
trpl leu2). These strains exhibit very weak killer activity on C. glabrata at pH6.0 in
some cases.



BREKRICB T 5+ 5 —BBORE

33

(pH4.2&£pH6.0) IZB i 2+ 5 —IEHEDE R A F~
oo $ERIETable 20T7R LTz, 1B, HERAKIIHER
BRSO, BEFRREKCST. 20 F5 %
3. IEH A RTESEIE & EHipH E DA S DL
XD ROE TN —FICHEE L TR LT,

T IN—T1: Cglabrataioxf LpH4.2 TG
(KHSZ 4 ), ZN—T71: C glabrata (pH6.0)
(RHRZ A7), 7 N—"T1: Cglabrata (pH4.2
L pH6.0) (KHS+KHR), 7 )V —FIV: C glabrata
&S.cerevisiae (pH4.2), 7)L—7V: C glabrata
&S.cerevisiae (pH4.2&pH6.0).

D £ A&

74 CEERR3TEE. BEEEE LMK, BEEEER 1

B, B —LEEEE 2 BBk ( DILS cerevisiae). K

OBRIEBE R Zygosaccharomyces rouxii 2 ¥k D

BEO3EKED S B, F T —EHARLADIZ 68

B (11%) T WIhb 71 VB TH 7 o

nNooF5 -, Cglabrataict L TDH

TEHAEIRT I —T 1 DOC2I® 15 & 5 FfkE.

TN—TUMDW3, 1EKRTH -1, D DIEB

BRS SATHMRIC I, F 5 —TEHIED S

MNote

2) T RIRELABED LD

HER AR I32HE (T4%) NF 5 —BERTH »
t2o FD D BIEMS. cerevisiae TH Y. 7 I —
71 Q4R PERLEL. 2DEMNMNT LT
(28k). 7 )— IV (ERE306D 18R & 70—
V(S —5373 & 3EHE) OF 5 —BEIMREIN
T2o 1z .Saccharomyces LS Tl D. hansenii
368 7L — T U (55, Z bisporus 0—190% 7
=TT ELTREI N,
3) BITFEAEE

SaccharomycesDHE 6 Bkt 5 #Ric+ 5 —i&
BB, KRBERM (hisl trpl leu2) T, S
cerevisiae® o BI—fEAREEERR (BRAKIGHF & D
58 THAHDK-13D(H) &, FDOFAERB2-1
—3A22 D 2KRIEF. WTRL SN —TIVICHBEX
Nn7H, pHE.0TC glabratailXf LIEFEIZFHL
F5—ERERTHEEG LD oo T/, PRI
B ARBBROIEE R E LB UF T —HER
Lo

BEMRSAR T, 42% (43.7102) DOEkRICF
Z—iEENED SN, BT, 7 —TF 1 (KHS)
DOF 5 —HHHEHE GIEK) RExhis,

Table 3. Characteristics of representative killer strains from killer groups | ~V

% elimination of?2 Temperature Assumed
Group! Strain pH killer activity killer
cyh 40°C - stability phenotype
(0.5ppm) (40°C, 30min)
[8) S cerevisiae 0C2 4.2 0 0 - KHS
Z. bisporus  0-19 4.2 21 + plasmid
I(1)  D. hansenii 368 6.0 0 0 ND- ND
mM4) S cerevisiae W3 4.2 0 0 - KHS
6.0 0 0 + KHR
V(4) S cerevisiae 306 4.2 0 0 - KHS
” DK-13D(H) 4.2 100 100 - plasmid
” B2-1-3A 4.2 100 100 - plasmid
V(@3) S cerevistae S-53 4.2 0 0o - KHS -
6.0 100 100 + plasmid
Control S. cerevisiae KL—88 4.2 100 100 - plasmid

!See Table 2. Number of killer strains detected is shown in parenthesis.
?Determined as described by Young & Yagiu!® . cyh: Cycloheximide.

*ND: Not determined.
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Table4. Random spore analysis for killer activity of representative killer strains in
Saccharomyces
Frequency No. of asci Noﬁspore clones o
Strain of ascus dissected Killer activity! -
formation Total pH4.2 pH6.0
(group) (%) N _ ¥ _
0C2 (I) 66(23)* 20 80 80 0 NT NT
w3 (1D 5C D 40 64 17 47 54 10
306 (IV) 68(32) 26 24 24 0 NT NT
S—-53(V) 19¢ 5) 13 34 34 0 34 0

'Against C. glabrata.
*Ratio (%) of 4-spored asci.
NT: Not tested.
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Fig.2. Comparison of killer activities among RD mutants (right) and RC strains
(left) in S.cerevisiae 306. Nine loops of precultures were separately inoculated
onto the improved MBM medium (pH4.2). Other conditions: see footnotes to

Table 1.
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