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Abstract

The killer phenomenon is widespread among various genera and species of yeasts,
Killer yeasts secrete polypeptides, known as killer factors that kill sensitive strains of
yeasts, in their culture medium. Among these factors, HM-1 of Hansenula mrakii IFO
0895 has unique features. It has high stability against heat treatment and is stable in
wide a pH range. It also kills a variety of other yeast strains. The killing mechanism
and The cell wall receptor of IM-1 have been extensively studied. These studies suggest
that IM-1 can be used as an anti-fungal agent. While molecular mechanism of K1 killer
factor of Saccharomyces cerevisiae, killer factor of Kluyveromyces lactis and SMKT of

Pichia farinosa are also described.
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Fig. 1. Alignment of amino acid sequences of HM-1 and HYL
sites recognized by KEX2-like proteinase.

Arrowhead indicates the processed
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Fig. 2. Morphological changes in cells treated with HM-1,
S.cerevisiae cells were treated with HM-1 and
observed with a scanning electron microscope.
RNA and other components were discharged from
the budneck and budding site.
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Schematic drawing of an core-oligosaccharide of

mannoprotein. Shaded mannose residue is added by the

ALGS3 gene product.

The black mannose residue and

three glucose residues are not present on the oligo-
saccharide of mannoprotein since these residues are
removed before being transferred to protein. The MNN9
gene product adds the outer mannose chain after
coreoligosaccharide is transferred to a protein.



B % 5 —KT-HigE

PHEENE LToIGH 87

First recepter
(mannan protein?)

@ﬂQ@m§§f’

X 303

EXE e RS
SRR AAXHAS
Fotole!

Tadeled:

X3

>

‘l E
3>

2
ot
2!

K7
3

25D
2

§ 1008
%5
K&
XK
""
RS

Wild type yeast

SITOR
f“" B8,

D et Sete! e
ST ees,
8 S IRRRRIRHNLRAELEIRRS

HM-1 resistant yeast

Fig. 6. Schematic drawing of killer action by HM-1. HM-1
binds the putative recepter in the cell wall of sebsitive
cell, then is internalized into the cell wall by unknown

mechanism.

Finally,

HM-1 inhibit the glucan

synthase of the target cell.
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(Table 1) ¥£7, EREBETHEAT RV 2 OBk
LoWTH 5 — OEREMEFALER, K. lactis®S.
cerevisiae 00T EWVv o o & 5 —BRICK L €, HM-1 &
VEHTREMILE W T &b - f2 (Table2)o HM-1 %
FRIL, BT 3C&id, HM-1 0%fEo =+, B
Hic bR AFEHIKEEE T2 &MLV, 20T, B
B EAKE M-I Bz T28A L, REHM b

HM-1 24 5 C EMTENEEHEMNEN, 2T,
TR A S M LT, HM-1 2REIEES el
AR L e, BEE N BB E &Y HM-1 RS2
ARLALOT, FRABEEZITO, HM-1 ke 8 2,
chiz, BETEICE TV -V Fe Farr -4
FaE—g—FTHM-1 #ETERB S LY, 49,
THRLFRONY -t ORTREL SN, B

Tablel Isolation of wild yeasts from miso, shoyu and other
fermentated food and their sensitivity to HM-1

source Groupl Group2 Group3 Group4 GroupS Group6 Others Total
Miso 0 0 0 11 0 0 4 15
Shoyu 0 0 10 0 3 7 20
Unknown 0 0 0 g 0 0 4 13
Total 0 0 0 30 0 3 15 48
Sensitivity to
M~1 0 0 0 29 0 0 9 38
Group 1. Z rouxii 3. Candida group V
Z, bailii C. polymorpha
2. Candida group Il C. tropicalis
C. etchellsii 4. Picha-Debaryomyces
C. halonitratophila P, farinosa
C. halophila D, hansenii
C. mannitofaciens 5. Hansenula
C. noduaensis H. anomala
C. versatilis H. subpelliculosa

6. Candida group V
C. famata

Table2 Killer activity of several killer strains

killer strain K. lactis S. cerevisiae H, mrakii H. saturnus
tested strain 1267 007 0895 0117
C. etchellsii 10037 - - = =
C. versatillis 10056 A+ o + + 4 -
C. versatillis 10038 - — - -
D. hansenii 0855 - - - _
D. tamarii 0854 - - - -
H. anomala 0144 - - + o
H., anomala 0569 + + - A+ NN
Z. rouxiii 0494 - - ok -
Z. rouxit 0510 + - o -
Z. rouxii 0517 - - - —
Z. bisporus 1730 - ~ A -

Killer activity + killing-non-killing

All strains except S. cerevisiae 007 were obtained from Institute of Fermentation, Osaka.

S. cerevisiae 007 is Kyokai yesat.
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Hansenula anomala & LR € 7 VR ETT » 72
LA, HM1HEEHKRE, dbtofIlk~rT
H. anomala®HH AT 5 &8 TE L (Fig. 8)
COFEEMORARCINHT 5 & T, BbRDOHR

8. cerevisiae

Alcohol
Dehydrogenase gene -
promoter %‘3

Gene encoding HM-1

KEOBEEREBER T 5 L EAHRBI A TH A I,

2, BEFS-BEBILOVT
INETIHEEL OF 5 ~BROWESENTHEY,
F 5 —[RFORRP, EHBEME TERENABIRED
B, BT, #5-FFmsish, /ERIBIECSA
FEEBPFHRENTVEF 35— W TN B,

erulenin resistant gene
(Selection marker
in 8. cerevisine)

Delta-sequence recombination

Integration of the plasmid

Chromosome of . cerevisiae

Transformant

Non transformant

Fig. 7. Transformation of S.cervisiae by the integration plasmid harboring HM-1 encoding gane. HM-1
resistant mutant S.cerevisiae was transformed with the plasmid. Integration was carried out at
the delta-ssequences on the 8.cerevisiae choromosome. High frequent transformation efficiency
was acheived since there are many delta-sequences in the host cell. Transformants were selected
on the Cerulenin plate. The transformants were tested for killer activity against HM-1 sensitive
statin. After streaking of the transformant and non-transformant, the culture of the sensitive
strain H.anomala was sprayed on the plate. Clear zone (growth inhibitory zone of the sensitive

strain) was observed around the transformant.
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Fig. 9. Synthesis and secretion of K1 killer toxin.

THE LT HIMEE R GREESERACHEE b
o) HBONBE T LGS ALY, ol i O
35 —RT @, MEAOSZERE, By -7 b OW
s —OERICKETHE I EERLTOE, +5—
RFofEiiic LT, M9, 7F=v—tvs 35—

ST 5 &M RS LS s cn L SNk
D0 2O, TOF-—-7EBETIRELHBEATY
B HERIZi - T, a¥ 7=y bO—H, Mo
F 3 — ¥ EMEMEERY C LG Eh, FFF ¥
OMHBRITH BT IoH Y vick D EOF 5 —iEMANHE
HANBI LD, *5—HTFWERTARHIORT v
FEEF UHMEELTHA T EARBENLY, Tk,
iBE = F v OARERKS F 5 ~FTeitkicis
L HRENLT, *F v ANEER O LR T 02
5 - oFRBERT L bMEIN™Y, K.
lactis® 5 —IKNTFOZARKUEF v TH B T & DX
hoodh b, BT TV L b OO D
Th—=Tho@WEEINTBY®, ThoDhbE
SIRBHISES S h s b L ibh 3, E71,
COF 5 —H/]TFE, ¥4 - SOEMILHROS B
TEBWEINTVEY,

2.3 THEMERPichia farinosaDEET B+ 5 —~K
F

BADIC DB SN SN+ 5 - BEE

(Pichia farinosa) GitEtEREE ©, REHEET TS

5 —EEAET LW 22—~ RHEE SOV, 5~
KT (SMKT) @fflah, YaL7 4 FEi&ENS
HouadBOIADY Tazy b oMRENE T &
HWESNTOVEY P, WETOI o—= v F#ERLYD,
222 7 ¥ /EE S BANIME S LTARE N, SOl
TS cerevisiae® Kexl, Kex2 iKflic 7o 57 — ¢
Kk»TTuky vy FEFYRIEMREINI, &5
2, B oBEEE T IS VT OAHEEMSIER S
Oy ¥V SRS, EEOCHE SMKT S NE
T EMhh o, HlE S ~RTFH o2 0uEHE b
A N, X5, ok pH ANET SMKT #47E
TB50E, av Ty FARELLEETRDTH
B EMRENLD , SMKT OBFE/E > W T A
BRBHTHBH, Ko, S cerevisiae DitH:ZE
BB s, BERHOP ¥4 7 ATPase
(SPF1) %Wid 3 &, SMKTIclidtkicizy, ok
EHBE D = v v A CHBSES LTV S
TEEROUREY, X5, Bk E BEE SMKT
TUBEL feiplc, RALATAFEe FTEELL,
SMKT @ B4 72 =y bcxd 2k cithd 5 &,
BelEbk T 1 SMKT vl ko2 AH LT
BT EARMELTWD, CORBREB—EFET AN, M
JaBED = v 3 v A CE ORI X » TR R
AL, Ak SMKT OZEER~OBHEBHESNT,
SMKT icfi#{b Lz o ciinh tiikans, <o
FEE, FRBE 6 S0 SMKT HEH b & 5 1]



92 AR - M E— « SO - KEHRLE

MR REE LTV B,

2.4 EhLSoF5—-EE

S. cerevisice? 5 i K1 # 3 ~WF LA L O*
5 —HFWBROP>T05, K2+ 5 —HFRKI & &
SBlTHY, afH¥Tr=y FholikEh, #zTR
dsRNA 73 23 F Lich 3%, filage gL, 6 7 h
VISR TH B S EBHENTV AN, {ERAI
SVWTRAHTH B, KT8 # 7 — KT bERCES T
Dapf¥Tr=y bhOSHEKREN, dsRNAKZT— F&
NTVLE®?, M= v+ v BREKEEh T
2™ VM DNA Aol® s Gl iicoia
SEUE L EFIEE O TABEELOINTVLAD, ThE
Hi, Bfefkbico - Fah b KHS, KHR 5 K
THEESATOR Y, {ERABNS SREERETS
3o [t 85t 8 1 Zygosaccharomyces baili®
Hansenula anomald™ o b+ 5 ~[RFHR- M »
TWBH, BHZbhD - TV,

RS GRIRED) Ustilago maydish 5% 5 —
HFE &l 7 oy HHBEYE KPL, KP4, KP6
BROB2TWAE® , Z05 B KP4k >0 TR
[T SIS SRAS hTEB DY, g, MYy
AF v v A WERETRELERENTVRE, ThHE,
BRI B LIRS, SRIRBIICTER 3 5,

ZhA b HEL O* 5 - BROBEIHESNT
WES, *3I5-EHTORBRPERBHSHxhTHES
WHDDARET, FAPFEMBBEL TV SRV WASE
Vo I -BEOE->VTE, BRI ohHTY
B gt HOKEATOMANSEF 5 - BRI B
h—bt-YEMELTVWS (hitp : //ss. nfri. affre.
go. jp/~esuzuki/KTHP. html).

BEhUIc

* 5 ~WROPRNSIEE » T T 35 LSRR
LTwWa, BEESSZOHBIREESCHHTE
b DIRERENE V. B, L 05 —HROFEEIH
gEh, FR50V ShEEERETIBR &S s,
BEsH oMt kY, FEBRORBAOHERED LD
MIEEALILD, PEOEBIWN DRI
BYshtdgesgn, Lbl, Eficiny, RS

Tk, PEME ORI & - THEIC & 5 RYE SR
T 2—5T, HEHII & 3 ARG 2 A
HBo oz A AWH T, MR EBBBPEBAGNT
BB, Thicxl, BEESLEEGULIC BRI OBFEH
AHPNTVEY, HESEAIT, T s E v
B 2 LTV A7 OEERI S X v 2 &8 %, BiHE
HOB LA Y — 47y M, D3 O inasE
BERTH B, COHIEBVT, F7-EFOL Sk
BEASEE, HBVEEKRy—4y rCLTED, 5
EIF oM & (E BRI~ S & &, FihiE B
OPFIC>BA 2 b0 RSN B, TRV (2D
5 ~JT O ERENREE N TEY, ZOMEED
Lich o RHEBEREARLE D LT 5RAMHEE -
T3, Thid, BRHEMEEZLLCLAFS v 7Y
A4 v ELTHEZNTWS,

HIZEBRIES, cerevisiaeD ¥/ AHEELEL S| AS58 42 1 iR
BENSH, 6000 D BZMET DD B, fohoF—
I OBIEMEETE S bOREERDIND2THD,
B RBIERETS 2, ThoOBERITT 301,
S EFERIFCHT ZMBWAREST, TOEANMS
BlEFOBEIBES S & v IS (Chemical
Genetics) HMEekEdubcEEZ#ED TV R, 2HE
* 5 — KT OVER ST S BRERA S B ZF ORI
BEIRTE BTV 0,

E %0

F 5 —HBRE ORNIRTERTH S, +5 -8
$izd s —HFE LN 7 vy Bl OWBRTE3%
e HWd s, choF+Fs-R@FOUAHMT,
Hansenula mrakii®HM-113, #keEd:, pHEREMR
KBVWTEbLHTERTWE, £/, FHTIEHLE
TEPc R85 HM-1O/E N, RS MkoMiast v
W vEARBROMECH D, SRALMERECHS
ZEMRENTVE, INLOEEEER S L, HM-1
DR REEARoeF v E LTHIf S NS, T
T, FOMOERFS KT THB, S cerevisiae
OK1#% 5 —HF, K. lactis®* 5 ~FF, ko +
5 —fHEP, farinosa®SMKTIEDWT b MH%E L1,

X B
1) BEVAN, E. A, and M. MAKOWER, The physiologi-



B0+ 5 - FHTFPE SEREA L LTolbH 93

2

3)

4

5)

6)

),

8)

)

10

11

12)

cal basis of the killer character in yeast, Pro. 1lth
Int. Congr. Genet., 1: 202 (1963),

PHILLISKIRK, G. and T. W. YOUNG. The occurence
of killer character in yeast of various genera,
Antonie van Leeuwenhoek J. Microbiol. Serol., 41
147-151 (1975).

WICKNER, R.B. The killer double-strand RNA
plasmids of yeast, Plasmid, 2: 303-322 (1979),
RABLGE « B B, HEBRRFREKRLBY 2
Killer # & ¥ Neutral strain ® 4575, 69 : 629-630
(1979).

SFRE] AR « SR, BB SO killer
itk gE Rk oo L U2 W, 52 300-305 (1974).
Nomoro, H., K. Kirano, T. SHiMazaxi, K,
Kopama and S. HARA,
yeasts in genus Hansenula, Agric. Biol. Chem., 48 :
807-809 (1984).

YaMmaba, Y., M. MaTsuDpa, K. MaEepa, C,
SAKAKIBARA and K. MIKATA,
relationships of the saturn-shaped ascospore-

Distribution of killer

The phylogenetic

forming species of the genus Williopsis Zender and
related genera based on the partila sequences of 185
and 263 ribosomal RNAs (Saccharomycetaceae) :
the proposal of Komagataea Gen. Nov., Biosci.
Biotech. Biochem., 58 : 1236-1244 (1994).

AsHIDA, 8., T. Suimazaki, K. Kirano and S.
Hara., New Kkiller toxin of Hansenula mrakii,
Agric. Biol. Chem., 47 : 2958-2955 (1983).
Yamamoro, T., M. Imal, K, TACHIBANA and M.
Mayumt, Application of monoclonal antibodies to
the isolation and characterization of a killer toxin
secreted by Hansenula mrakii, FEBS Lett., 195 (1-
2) : 253-257 (1986).

KiMura, T., N. KiraMmoro, K. MATsuoka, K.
NAKAMURA, Y. IIMURA and Y. K110, Isolation and
nucleotide sequences of the genes encoding killer
toxins from Hansenula mrakii and H. saturnus,
Gene, 137 (2): 265-270 (1993),

OHra, Y., TSUKADA, Y., and SUGIMORI, T. Pro-
duction, purification and characterization of HYI,
an anti-yeast substance, produced by Hansenula
saturanus., Agric. Biol. Chem., 48 (4) : 903.908
(1984,

KIMURA, T,, N, K1TAMOTO, Y. OHTA, Y. KITO and
Y. IIMURA, Structural relationships among killer
toxins secreted from the killer strains of the genus
Williopsis, J. Ferment. Bioceng., 80 (1) . 85.87

13)

14)

15

16)

17

18)

19

20)

2D

22)

23)

(1995).

ANrucH, W., P. GUNTERT and K. WUTHRICH.
Ancestral gamma/beta-crystallin precursor struc-
ture in a yeast killer toxin., Nat. Struct. Biol., 3
(8) : 662-665 (1996).

YamaMoro, T, T. HIRaTANI, H, HIRATA, M. IMAl
and H, YAMAGUCHL,
mrakii selectively inhibits cell wall synthesis in a
sensitive yeast, FEBS Lett., 197 (1-2) : 50-54 (1986).
KASAHARA, S., B. S. INOUE, T. Mi0o, T. YAMADA, T,
NAKadJIMA, E, IcHIsHIMA, Y. FURUICHI and H.
YaMmaDa, Involvement of cell wall B-glucan in the
action of HM-1 toxin, FEBS Lett., 348 : 27-32
(1994,

KIMURA, T., N, Krramoro, Y. Kiro, Y. [IMURA, T,
SHIRAL T. KoMIYaMa, Y, FURUICHI, K. SAKKA and
K. OuMIYA. A novel yeast gene, RHK1, is involved
in the synthesis of the cell wall receptor for the
HM-1 killer toxin that inhibits 8 -1, 3-glucan
synthesis, Mol, Gen. Genet., 254 : 138.147 (1997),
KoMmivama, T., T. Oura, H, Urtakami, Y. SHITA-
TORI, T. TAKASUKA, M. SATOH, T. WATANABE and
Y. FURUICHL,
yeast Saccharomyces cerevisiae cell buds by HM-1
killer toxin., J. Biochem., 119 {4} ; 731-736 (1996).
INOUE, 8. B., N. TAKEWAKI, T. TAKASUKA, T. MIo,
M. ADpAcH], Y. Fugll, C. MIYAMOTO, M. ARISAWA,
Y. FuruicHI and T. WATANABE., Characterization
and gene cloning of 1, 4- 8-D-glucan synthase from

Killer toxin from Hansenula

Pore formation on proliferating

Saccharomyces cerevisiae, Eur. J. Biochem., 231 :
845-854 (1995).

TAKASUKA, T., T. KoMIYAMA, Y. FURUICHI and T.
WATANABE, Cell wall synthesis specific cytocidal
effect toxin-HM-1 on
Saccharomyces cerevisiae, Cell. Mol. Biol. Res., 41
(6) : 575-681 (1995,

Qapora, H.,, C.P. PYTHON, S.B. INOUE, M.,
ARISAWA, Y, ANRAKU, T, ZHENG, D. E. LEVIN and
Y. Onya, Identification of yeast Rholp GTP-ase
as a regulatory subunit of 1, 8- 8 -D-glucan
synthase, Science, 272 : 279-281 (1996),

Bussey, H., Rho returns : its targets in focal
adhesions, Science, 273 (5272) : 203 (1996,

Bussey, H. Cell shape determination : a pivotal
role for Rho, Science, 272 (5259) : 224-225 (1996),
Lew, D. J. and S. I. REED. A cell cycle checkpoint
monitors cell morphogenesis in budding yeast, J.

of Hansenula mrakii



94

AR » X E— « SRR « REFBHE

24

26

27)

28)

29)

30

30

- DIDOMENICO.

Cell Biol., 120 : 739-749 (1995).

Hong, Z.,, P. M. NarHanign, H. Brown, L. E.
TraN, K.J. SHaw, R.S. Hare and B.
Cloning and characterization of
KNR4, a yeast gene involved in (1, 3) -8 -glucan
synthesis, Mol. Cell. Biol., 14: 1017-1025 (1994).
MamiN,  H., A, DacxissaMansgala, G,
SAaTCHANSKA, N. DALLIES and J. FRANCOIS,
KNR4, a suppressor of Saccharomyces cerevisiae
cwh mutants, is involved in the transcriptional
contirol of chitin synthase genes, Microbiol.,, 145 :
248-258 (1999).

KASAHARA, S., H, YaMADA, T, M10, Y. SHIROTORI,
C. Mivamoro, T. YaBg, T. NaKAJIMA, E.
IcHisHIMA and Y. FuruicHl. Cloning of the
Saccharomyces cerevisiae gene whose overexpres-
sion overcomes the effects of HM-1 killer toxin,
which inhibits B -glucan synthesis, J. Bacteriol.,
176 : 1488-1499 (1994,

YaBg, T., T. YAMADA-OKABE, S. KASAHARA, Y.
FuruicH:, T. NaxaJima, E. ICHISHIMA, M.
ARISAWA and H. YAMADA-OKABE, HKRI encodes
a cell surface protein that regulates both cell wall
B -glucan synthesis and budding pattern in the
yeast Saccharomyces cerevisiae, J, Bacteriol., 178 ;
477-483 (1996).

KmmMura, T., T. KomivaMmMa, Y. Furuvwchr, Y.
IIMURA, S, Karirs, K. Sakxa and K. OHMIYA.
N-glycosylation is involved in the sensitivity of
Saccharomyces cerevisicze to HM-1 killer toxin
secreted from Hansenula mrakii 1FO 0885, Appl.
Microbiol, Biotech., 51 (2) : 176-184 (1999),
Yamamoro, T., K. UcHipa, T. HiraTani, T.
Mivazaky, J, YAGIU and H, YAMAGUCHIL, [n vitro
activity of the killer toxin from yeast Hansenula
mrakii against yeasts and molds, J. Antibiotics, 41
(3) - 898-403 (1988).

ILARIEER « SIS « MR B — - B
RO TG « IBBA « PrEEET « BEAHET « I3
{tt, R Hansenula mrahii® i+ 5% 5~ v & v v
M wicCandida albicans & Candida glabrata® ¥
EFOE]EB XU, ZhoBBAREE~OIER,
Jpn. J. Med. Mycol., 28 : 257-264 (1988).

KIMURA, T., N, Krramoro, Y. IIMURA and Y.
Krro.  Production of HM-1
Saccharomyces cerevisice transformed with the

killer toxin in

PDR4 gene and & -sequence-mediated multi-

32)

3R

34

36)

3n

38)

39

40

41)

42)

integration system, J. Ferment. Biceng, 80 (5) : 423
-428 (1995).

VODKIN, M., F. KATTERMAN and G. R. FINK.
Yeast killer mutants with altered double-strand
ribonucleic acid, J. Bacteriol.,, 117 (2) : 681-686
(1974),

HoppPER, J. E., K. A. BostaN, L. B, RowE and
D.J.TippER, Translation of the L-species dsRNA
genome of the killer-associated virus-like particles
of Succharomyces cerevisice, J. Biol. Chem., 252
(24) : 9010-9017 (1977,

SKIPPER, N., D.Y. THoMAS and P.C. K. Lau.
Cloning and sequencing of the preprotoxin-coding
region of the yeast M1 double-strand RNA, EMBO
d., 3(1): 107-111 (1984,

BostIAN, K. A., Q. EuLiorr, H. Bussey, V. BURN
and A, SMITH. Sequence of the preprotoxin dsRNA
gene of type 1 killer yeast : multiple processing
events produce a two-component toxin, Cell, 36 (3) :
741-751 (1984).

Zuu, H., H. Bussey, D. Y. THOMAS, J. GAGNON and
A.W. BELL,
mini of the @ and B subunits of yeast Kl killer

Determination of the carboxyl ter-

toxin. Requirement of a carboxypeptidase B-like
activity for maturation, J. Biol. Chem., 262 (22) :
10728-10732 (1987,

ZHu, Y. 8., X\ Y. Zuang, C, P, CARTWRIGHT and
D. d. TippER. Kex2-dependent processing of yeast
K1 killer preprotoxin includes cleavage at ProArg-
44, Mol. Microbiol., 6 (4) : 511-520 (1992).

ZHU, Y. S., J. Kang, X, Y. ZHANG, M. ZHANG and
D. d. TIPPER.
preprotoxin in expression of the yeast K1 killer
phenotype, Yeast, 9 (3): 251-266 (1993).
MARTINAC, B., H. Zuu, A. Kusatsxi, X. L. ZHOU
and M. CULBERTSON.
ion channels in sensitive yeast spheroplasts and in

Role of the gamma component of

Yeast K1 killer toxin forms

artificial liposomes, Proe. Natl. Acad. Sci. USA,
87 (16) : 6228-6232 (1990),

Bussgy, H. K1 killer toxin, a pore-forming protein
from yeast, Mol. Microbiol.,, 5 {0} : 2339-2343
(1991).

Boong, C., H. Bussty, D.Y. THOMAS and T.
VERNET.
tions implicate the precursor protien as the immu-
nity component, Cell, 46 (1) : 105-113 (1986).
STURLEY, S. L., Q, ELLIOT, J. LEVITRE, D, J. TIPPER

Yeast killer toxin : site-directed muta-



Rt + 5 — KPS LERER & LTl 95

43)

44)

46)

47

48)

49

50

51)

and K. A. BOSTIAN,
mains within the Saccharomyces cerevisiae type 1,
EMBO Journal, 5 (12) : 3381-3389 (1986).

Zuu, H. and H. BUSSEY. Mutational analysis of
the functional domains of yeast K1 killer toxin,
Mol. Cell. Biol., 11 {1): 175-181 (1991),
AL-AIDROCS, K., and H. BUSSEY,
mutants of Saccharomyces cerevisiae affecting the

Mapping of functional do-

Chromosomal

cell wall binding site for killer factor, Can. J.
Microbiol., 24 (3) : 228-237 (1978).

LUSSIER, M., A. M. WHITE, J. SHERATON, T. D¢
Paoro, J. TreEaDwWELL, S.B. SourHarp, C.L
HORENSTEIN, J. CHEN-WEINER, A, F. RaM, J,C.
KapPreyn, T, W. RoeMER, D. H. Vo, D. C. BoNDpoc,
J. HaLL, W. W, ZHONG, A. M. Spicu, J. Daviss, F.
M. Kuis, P. W. RossiNs and H. Bussgy.
scale identification of genes involved in cell surface

Large

biosynthesis and architecture in Saccharomyces
cerevisiae, Genetics, 147 (2) : 435-450 (1997),

STARK, M. J. and A. BoyD. The killer toxin of
Kluyveromyces lactis : characterization of the
toxin subunits and identification of the genes
which encode them, EMBO Journal, 5 (8) : 1995-2002
(1986).

STARK, M. J., A. Boyp, A. J. MILEHAM and M, A.
Romanos., The plasmid-encoded killer system of
Kiuyveromyces lactis : a review, Yeast, 6 (1} : 1-29
(19902,

TOKUNAGA, M., A. KAWAMURA and F. HisHi
NUMA, Expression of pGKL killer 28K subunit’ in
Saccharomyces cerevisiae : identification of 28K
subunit as a killer protein, Nuc, Acids Res., 17{9):
3436-3446 (1989).

BuLTER, A.R., M. PORTER and M.J. STARK.
Intracellular expression of Kluyveromyces lactis
toxin gamma subunit mimics treatment with
exogenous toxin and distinguishes two classed of
toxin-resistant mutant.,, Yeast, 7 (8} : 617-625
(199D,

Sucisakl, Y., N. GunGe, K. SagacucHi, M.
YAMASAKI and G. TaAMURA, Kluyveromyces lactis
killer toxin inhibits adenylate cyclase of sensitive
yeast cells, Nature, 304 (5925) ; 464-466 (1983).
WHrte,  J.H, B AR. S.M.J.R.
Kluyveromyces lactis toxin does not inhibit yeast
adenylate cyclase, Nature, 345 (19 ; 666-668 (1989).
BUTLER, A. R., R. W. O'DoNNELL, V. J, MARTIN,

and

53)

54)

55)

56)

57

58)

59

60

6D

62)

G. W. GoonAaY and M. J. StrarK. Kluyveromyces
lactis toxin has an essential chitinase activity, Eur.
J. Biochem., 199 (2] : 483-488 (1991).

Taxita, M.A. and B. CaASTILHO-VALAVICIUS,
Absence of cell wall chitin In Saccharomyces
cerevisiae leads to resistance to Kluyveromyces
lactis, Yeast, 9 (6 : 589-598 (1998).

KawaMoro, S., M, NoMuRaA and T. OuNoO. Cloning
and characterizaiton of SKT5, a Succharomyces
cerevisiae gene that affects protoplasts regenration
and resistance to killer toxin of Kluyveromyces
lactis, J. Ferment. Bioeng., 74 {4) : 199-208 (1992).

TRILLA, J. A., T. Cos, A. DURAN and C. RONCERO,
Characterization of CHS4 (CALD),
Saccharomyces cerevisiae involved in chitin biosyn-
thesis and allelic to SKT5 and CSD4, Yeast, 13(9):
795-807 (1997).

BuTLeEr, A.R., J. H, Wuite, Y. FOLAWIYO, A,
EpLIN, D. GARDINER and M. J. R, STARK,
Saccharomyces cerevisiae genes which control

a gene of

Two

sensitivity to Gl arrest induced by Kluyvermyces
lactis toxin, Mol. Cell. Biol., 14 (9) : 6306-6316
(1994,

Kisuipa, M., M. ToguNaGa, Y. Karayose, H.
Yadima and A. KAWAMURA-WATABE.
and genetic characterization of pGKL killer-

Isolation

insensitive mutants (ki) from Saccharomyces
cerevisiae, Biosci. Biotech, Biochem., 60 (5) : 798-
801 (1996).

Yadima, H.,, M. TOKUNAGA, A, NAKAYAMA-
MURAYAMA and F. HisSHINUMA. Characterization
of 1KI1 and IKI3 genes conferring pGKL killer
sensitivity on Saccharomyces cerevisiae, Biosci.
Biotech. Biochem., 61 (4) : 704-709 (1897).
Krramoro, H. K., S, OuMOoMO and T. NAKAHARA,
Selection of killer yeasts (Kluyveromyces lactis)
to prevent aerobic deterioration in silage making,
J. Dairy Sci., 76 (3) : 803-811 (1993).

Suzuktl, C., K. YaMapa, N, OKapa and S.
NIKKUNL.  Isolation and
halotolerant killer yeasts from fermented foods,
Agri. Biol. Chem., 53 : 2593-2597 (1989).

Suzuki, C. and S. NIKKUNIL
properties of the killer toxin produced by a

characterization of

Purification and

halotolerant yeast, Pichia farinosa, Agric. Biol
Chem., 53 : 2599-2604 (1989).

Suzuxl, C. and S. NIKKUNL. The primary and



96

ARHTS, + A — « SEERIS - KEHRiE

63)

64)

65)

66)

87)

68)

69

70

3,

72)

73

subunit structure of a novel type killer toxin
produced by a halotolerant yeast, Pichia farinosa.,
J. Biol. Chem., 269 (4) : 3041-3046 (1994),

Suzukl, C. Secretion of a protoxin postiran-
slationally controlled by NaCl in a halotolerant
yeast, Pichia farinosa, Yeast, 15 (2) : 123-131
(1999,

KasHiwaci, T., N. KunisuiMa, C. Suzuki, F.
TSUCHIYA, S. NIKKUNI, Y. ARATA and K.
MORIKAWA. The novel acidophilic structure of the
killer toxin from halotolerant yeast demonstrates
remarkable folding similarity with a fungal killer
toxin., Structure, 5 (1) : 81-94 (1997),

Suzuki, C., T. KasHiwagi, F. TsucHiva, N,
KuNisHIMA, K. MORIKAWA, S. NIKKUNI and Y.
ARATA.
interaction between the a and b subunits in a killer

Circulara dichroism analysis of the

toxin produced by a halotolerant yeats, Pichia
farinosa, Protein, Eng., 10 (2): 99-101 (1997).
Suzukl, C. and Y. SHIMMA, P-type ATPase spfl
mutants show a novel resistant mechanism for the
killer toxin SMKT, Mol. Microbiol., 32 (4) : 813-824
(1999).

DIGNARD, D., M. WHITEWAY, D. GERMAIN, D.
TESSIER and D. Y. THOMaS, Expression in yeast of
a ¢cDNA copy of the K2 killer toxin gene, Mol. Gen.
Genet., 227 ; 127-136 (1991).

HurcHing, K. and H. Bussey. Cell wall receptor of
yeast killer toxin : involvement of 1, 6-5-D-glucan,
J. Bacteriol., 154 : 161-169 (1983).

ScuMrrr, M. J. and D.J. TippER. K28, a unique
double-stranded =~ RNA
Saccharomyces cerevisiae, Mol, Cell. Biol,, 10 (8):
4807-4815 (1990).

Scumrrt, M. J. and D. J. TIPPER, Genetic analysis
of maintenance and expression of L and M double-
stranded RNAs from yeast killer virus K28, Yeast,
8 (5) ; 373-384 (1992), ’

ScumiTr, M. J. cloning and expression of a ¢cDNA
copy of the viral K28 killer toxin gene in yeast,
Mol. Gen. Genet., 246 ; 236-246 (1995).

ScHMITT, M., J. and D. J. TIPPER. Sequence of the
M28 dsRNA : preprotoxin is processed to an alpha

killer virus of

/beta heterodimeric protein toxin, Virology, 213

(2) : 341-351 (1995),

ScumITr, M, and F. RADLER. Mannoprotein of the
yeast cell wall asprimary receptor for the killer

74)

78

76)

™

78

9

80)

81

82)

83)

84)

85)

toxin of Saccharomyces cerevisiae strain 28., J.
Gen. Microbiol., 133 : 3347-3354 (1987).

ScumMITr, M. and F. RADLER. Molecular structure
of the cell wall receptor for killer toxin KT28 in
Saccharomyces cerevisiae, J. Bacteriol,, 170 : 2192-
2196 (1988).

ScuMrrr, M., M. BRENDEL, R. SCHWARZ and F,
RADLER, Inhibition of DNA
Saccharomyces cerevisice by yeast killer toxin
KTE8., J. Gen. Microbiol., 135 : 1529-1535 (1989).
RADLER, F., 8. HERZBERGER, S. INGE and P.
SCHWARZ,
Zygosaccharomyces bailii, J, Gen. Microbiol., 138 :
495.500 (1993).

PLARE « PIER - PR « ORI, Wk 5 -
FARE IS B 75E, $80F, 15 (2): 50-54 (1989)

Ta0, J., GINSBERG, 1., BANERJEE, N., HELD, W.,
KouriN, Y., and BRUENN, and J. A. Ustilago
maydis KP6 killer toxin : structure, expression in

synthesis in

Investigation of a killer strain of

Saccharomyces cerevisiae, and relationship to
other cellular toxins., Mol. Cell. Biol., 10 (4): 1373-
1381 (1990).

PARK, C. M., J. A, BRUENN, C. GANESA, W.TF.
FLURKEY and R. F. BozaRrTH.
heterologous expression of the Ustilago maydis
viral toxin, Mol. Microbiol., 11 (1) : 155-164 (1994).
PaRK, C. M., N, BANERJEE, Y. KoLTIN and J. A,
BRrRUENN, TheUstilago maydis virally encoded KP1
killer toxin. Mol. Microbiol., 20 (5) : 957-963 (1996).
PARK, C. M., N, BANERJEE, Y. KOLTIN and J. A,
BruenN, The Ustilago maydis virally encoded
KP1 killer toxin, Mol. Microbiol., 20 (5) : 957-963
(1996).

Gu, F., A. KHIMANI, S, G. RaNE, W. H. FLURKEY,
R. F. BozarTH and T. J. SMITH.
function of a virally encoded fungal toxin from

Structure and

Structure and

Ustilago maydis : a fungal and mannamilan Ca®
channel inhibitor, Structure, 3 : 805-814 (1995).
KHBLE, B0+ > -ET S WM, ke TE, 39
190 (198D

BE 8 +5-B8Lds—rerv, (L84,
23 ; 151 (1985)

KAELEE « (ARG RE, BERko + 5 — 3R, #ekw, 21
27-41 (1986)





