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ABSTRACT

We isolated heterothallic haploid strains from a homothallic diploid strain
of a yeast Saccharomyces exiguus by mutagenization with UV or ethylmethane-
sulfonate(EMS). A gene, not linked to the mating—type locus, was found
to control homothallism in the vyeast, as in Saccharomyces cerevisiae. In
heterothallic strains of S. exiguus, sexual agglutination followed by zygote
formation was observed when a—type and « —type haploid strains were mixed.
This mating process was regulated by mating pheromones secreted by both
type cells.

Neither sexual agglutination nor zygote formation occurred between S.
exiguus and S. cerevisiae or Saccharomyces kluyveri. a Pheromone of S. exiguus
acted only on a type cells of S. exiguus. On the contrary, « pheromone of
S. exiguus induced sexual agglutination of an inducible a—type cells of S.
cerevisiag . v ‘

We purifyed a pheromone of S. exiguus and determined its amino acid
sequence. a Pheromone of S. exiguus is a linear tridecapeptide whose sequence
slightly differed from those of S. cerevisiae and S. kluyveri. These « pheromones
from S. cerevisiae, S. kluyveri and S. exiguus displayed interspecific actions on
the a—type cells of all three yeast species. The intraspecific @« pheromone
—— a—type cell reaction was not necessarily more effective than the interspecific
one.

Finally, the DNA of S. exiguus was analyzed by Southern hybridization using
the cloned MATa, MAT a and HO genes of S. cerevisiae as probes. It was shown
that S. exiguus has a DNA sequence homologous with the HO gene of S.
cerevisiae. Pulsed field gel electrophoresis revealed that this DNA sequence
located on a chromosome of about 940Kb of DNA in S. exiguus. However,
no DNA sequence homologous with the MAT genes of S. cerevisiae was detected
in S. exiguus.

Key Words: Saccharomyces veasts, S. exiguus, Homothallism gene,
Mating reaction, Mating pheromone
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Fig.1. Saccharomyces exiguus Yp74L—3 strain
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S. cerevisiae & DI THEAMNC AR LD TH 5 ATHEM
R LTWAD, LIthoTy F%E %Y X LAFHEEET
CRARERPFRTILIIENLSTHRERY v I 71 S,
exiguus B ONT R XY v I KR ST B L LT
53D EBbhiz,

Sexual agglutination (A1)

¥ I 1 1 I I
- 3¢
%
n
20 §
o
£
®
o
‘3
10 =
(]
(6]
0

Time in Tween80-YHG medium (h)

Fig.2. Changes in sexual agglutination and percentage occurrence of conjugating cells (zygotes)
in a spore culture of the homothallic strain Yp74L—3 in YHG medium. Spores of
Yp74L—3 were shaken in YHG medium, containing 0.5% Tween80 at a density of 10’
spores/ml. Samples were taken at every one hour. (O, sexual agglutination expressed
by the agglutination index (AI); @, percentage occurrence of conjugating cells (zygotes).
The arrow indicates the time when budding cells were first observed. YHG is a complete
medium. Al is a ratio of absorbance of a non—agglutinating cell suspension against

an agglutinating cell suspension.
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Table 1. Tetrad segregation from the cross SEH—101
x L—31 (1).
Homo, homothallic segregants; a, a—type
segregants; «, a —type segregants. PD,
parental ditype; NPD, non—parental ditype;
TT, tetratype.
Vegetative cells of SEH—101 ( o~ haploid
a—type strain derived from SEH—1) were
crossed to spores of L—31 (asparagine—requir-
ing homothallic p* diploid strain derived

from Yp74L—3).
Tetrad types
Homo ! a: «
2:2:0 2:0:2 2:1:1
(PD) (NPD) (TT)
5 5 20
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Table 2. Tetrad segregation from the cross SEH—101 X L—31 ).

Asn”, asparagine—requiring segregants; Asn®,

prototrophic segregants.

-p~, respiratory—deficient segregants; o *, respiratory—competent segregants.

Tetrad types Tetrad types

Asn*: Asn” pip” :
4:0 3:1  2:2 1:3 0:4 4:0 3:1 2:2 1:3 0:4
0 0 30 0 30 0 0 0

LAOPEHEHEL b > TWHEEX LR EDOT, CORE
F-% MTI1 (Mating Type Interconversion) &4 L
fro Floy Asn' i Asn =220 Bl AR LI L
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HEF &R LBETZ anl 450, b,
o "OLREER D) o (FFRERE L) =4:0D75 8 E R L
e &y o  BHREROERK & - THMigh
TWhHZ & bRERINI(E2), DL—EHIALELA
EAFa gy y 2 hBHRORL D, O TREL
TeEREND a BIGR P a TIBREZ 5B LB L, B85
hic aBIR O a Bl %, ThXh, THELI-16CR U
THE1—16B& %S0 20 2BDORFFRKOEFK
FEOR(H: - B2 TR T, BWES. exiguus (Yp74L—
)DL FHIREEEETHA L TWA T ERHER LI,
1.5. S. cerevisiae, S. kluyveri U S. exiguus DR
HEER
~Fr&x Yy ZEETHE1—-16CKR U'THE1—16BDO#:4&

Table 3. Tetrad segregation from the cross
THE1—16C X THE1—16B.
a, a—type segregants; «, a —type

segregants.
Tetrad types
a-a«a
4:0 3:1  2:2 1:3 0:4
0 20 0 0
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Sexual agglutination (A )
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Fig.3. Changes in sexual agglutination and percentage occurrence of conjugating cells (zygotes)
in a mixed culture of THE1—16C(a) and THE1—16B(«) in YHG medium. THE1—16C(a)
cells and THE1—16B{(a) cells, grown to midlogarithmic phase in YHG, were mixed
in YHG medium and shaken, the initial cell density being A;,=0.3 for each strain.
Samples were taken at every one hour to measure degree of sexual agglutination (AI),
O and occurrence of conjugating cells (zygotes) (%), @.
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Saccharomyces BEERFORBIBELTd. HILWHES
BATDHZEMTE B,

BB, S. corevsiae & S. exiguus DENCE 5, 7 =
nE Y OHELEHC W THERR, R5IRT L&,
THE1—16Bhb5Wah5 S. exiggus Do 7 = 0 &V
X\ S. cerevisiae DYERREFHEM: D a FIRR(T555—41)
OERRREL FETHZ Lbh i, LivL, THEL—
16ChbHWEND S. exiguus Da 7 = B E Vi, S.
cerevisiae DYERYREFZEM: D o IR (T5625—161) DH:
HREZFE Lich ol 2% D, S.exiggus Da 7 =
nE vk, BOREERX TS. cerevisiae D a T
X UTRRIEREZ 280, a7z vt Y Q4G E
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Table 4. Interspecific sexual agglutination between S. exiguus and S. cerevisiae or S. kluyveri.
Each strain in the left column was mixed with each strain in the top lane in YHG,
the initial cell density of each strain being 10"/ml. After shaking for 2 hours, the
degree of sexual agglutination was measured and expressed by the agglutination index.

The agglutination indices higher than the background values are underlined.

S. exiguus S. cerevisiae
THE1-16C THE1-16B Yp74L-3 T55 T56
(a) (a) (a/a) (a) (a)
S. exiguus THE1-16C 1.25 2.00 1.27 1.21 1.22
THE1-16B 1.28 1.27 1.20 1.21
Yp74L-3 1.24 1.20. 1.21
S. cerevisiae  T55 1.21 1.77
T56 1.21
S. exiguus S. kluyveri
THE1-16C THE1-16B Yp741-3 SK3 SK2
(@) (a) (a/a) (@) (a)
S. exiguus THE1-16C  1.29 Q?_ 1.25 1.27 1.24
THE1-16B 1.27 1.26 1.28 1.25
Yp74L-3 1.26 1.29 1.23
S. kluyveri ~ SK3 1.21 1.88
SK2 1.21
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Table 5. Effects of sex pheromones of S. exiguus on S. cerevisiage. Cell—free fluids from stationary
cultures in YHG medirm were inoculated with S. cerevisige inducible strains, T55s—41(a)
and T562s—161(a) after addition of 2 % glucose and 0.2 % peptone, the initial cell
densities being A,=0.5. “None” indicates treatment in PBS containing 2 % glucose

and 0.2% peptone.

The cultures were shaken at 28°C for 2 hours. The degree of sexual agglutination
ability of the treated strains was expressed by the agglutination index (AI), after mixing
with the opposite mating—type tester strain of S. cerevisiae having high sexual
agglutination ability, T55(a) or T56(«). The cells were boiled before the AI
measurement. The induced sexual agglutination ability showing pheromone activity

is underlined.

Culture fluids

S. cerevisiae

S. exiguus None
THE1-16C THE1-16B Yp74L-3 T55 T56
(a) (a) (a/a) (@) (a)
Treated cells ’(1‘5)55-41 1.14 1.99 1.15 1.16 2.56 1.13
a
’%‘56)25—161 1.07 1.09 1.09 1.50 1.06 1.08
a

2. Saccharomyces exiguus D a7 = AELVOEE « ¥
RIR UV —Ri& &R & Saccharomyces BREEE 3 B[]
TD a7z AT OREREHY
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CZOETR, TOBBOIE - MR &G DFTIC
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2o0FREVWT a7 =z nEVHSHEE N, BEREN
fThbhTwh, 120X, Saccharomyces cerevisiae Do 7 =
oEvEea D, &5 12 Saccharomyces kluyveri
Da7zaEy"VChHh, COETE, Thd 3D
Saccharomyces BERDOERK a7 2 v EVEZHWT, %
BN IETRTO a W EBEEEEZ I BBLOMN
Ed hEFERL, £LT, ThbEBHToRRIE® LR
W, RS RP B L, i, 7z v Vii#
ORI ERORE >\WT.\ Saccharomyces BEEFE
DD FRAFEED R h bih Lo '

2.2. S.exigusDa7x AEVDEIERELEES O
TN TT7 4 —CEDMERT

S.exiguus Da 7 x v E Y DEFHIERIT, K4 erT
I3 BFIETT oMo 27 7F v 2 ALH-20C L 5%
WA THE Licd v TV OENRIR LGN % — v

48 h culture of THEL-16B in MMT medium

Removal -of cells by centrifugation

Application of cell-free culture fluld to o Amberlite €6-50 column
“Elution with 0,01 N HCI In 80 % ethano!

Adjustment of pH to 5.5 with ommonla

Evaporation and freeze~dryin§

Dissolution In methanol
(nsoluble materials were removed)

Concentration by evaporation and dissolution
in (Met:H.D:Ace=8:2:1)

Application to a Sephadex LH-20 column

Elution with (Met:H.0:Ace=8:2:1)

Collection and evaporation of active froctions
Dissolution in (Met:H.0:Ace=8:2:1)

Aoplication to T.L.C.

Fig.4. Procedure for partial isolation of S. exiguus
a pheromone.

EREERLIce 22Ty a7 x 0E Y DAEBEROR
B S. cerevisiae DYLHREFEMED a TR (T555—41)
DHRREFEERZIBE LTT ol K5 RS
LH—20" V5B CHEMD H % 25%FH H28%F ¥ TOES
BEU L, BRELLE, £ &2/ —V K E#$=8:2:1D
BB L, Ric, BROBUEORELHFNRT,

ZDS. exigius Da 7 = aE VER% S. cerevisiae DEE
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(—-—0—-——) Pheromone activity (A.1.}

(—-—-—0-——) Absorbance at 280 nm
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Fig.5. Chromatography of @ pheromone on Sephadex LH—20. The biological activity of «
pheromone was determined by the induction of sexual agglutination ability of S. cereuisiae
inducible a—type strain (T55s—41).

A 2.65 4,20 5.20 ‘
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Rf of o/ pheromone
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0.35 0.28

Fig.6. Thin—layer chromatography of a pheromones of S. exiguus and S. cerevisige. A, Samples
were applied to a plate of silica gel and developed in butanol-—acetic acid——water
(4:1:5, v/v/v) upper phase, at chamber saturation for 5.5 hours. €, UV—absorbed
spots; @, biologically active spots. B, Rf values of biologically active spots.
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2.4. Saccharomyces BEERF 3 BICHKTD a7 ATEY
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S. Eluyeri B S. exiguus D~F 1 R Y v JERITHER
N\ FHERER B LT\ 5 k., S. cereuisiae D T555—

Culture filtrate of 5. exiguus (a cells)

“Amberlite CG-50 adsorption
eluted with EtOH-0.05M HC1 (4:1)

Sephadex LH-20 chromatography.
with MeOH-AcOH (98:2)

Biorex 70 adsorption

eluted with n-PrOH-0.05M pyridine
formate buffer (3:7)

Sephadex G-25 chromatography,
with 10% AcOH-n-BuOH (10:1)

HPLC on Hypersil 0DS-10 (20 x 250 mm)
with acetonitrile-0.1% TFA (33:67)

HPLC on Nucleosil 5C18 (20 x 250 mm)
with acetonitrile-0.1% TFA (29:71)

se
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Fig.7. Isolation procedure of S. exiguus «
pheromone.

0~ S€ pheromone £ H—Trp—His —Trp—Leu

ANNNNNAANAAKN

-G1n—

- Arg—tLeuttSer

Fleut+—LysH

S pheromonep H—Trp—His—Trp—Leu

ananinhaaiia

5K pheromone

x
!
3
|
=
7
|
-
3
I
Y
[
o

RN

E\\
ZANNNNN

- Ser —Phe

-Ser

Fig.8. Similarities in primary structures of « pheromones of three Saccharomyces yeasts.
a®® pheromone of S. exiguus, a > pheromone of S. cerevisiae, ™ pheromone of S.

kluyveri .
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Fig.9. Accumulation of Gl—arrested cells in S.
cerevisiaze a—type cells relative to the
different a pheromone concentrations. S.
cerevisiae a—type cells (T55), grown to
midlogarithmic phase in YHG, were treated
with various concentrations of the three
a pheromones in YHG medium for 3
hours, the initial cell density being 2%10’
cells/ml. The samples were then fixed with
formaldehyde (1.85 %) and briefly sonicated
and microscopically observed to measure
unbudded cells (%). O, a* pheromone;
A, a% pheromone; @, a% pheromone;
M, no pheromone (control).
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Fig.10.Accumulation of Gl—arrested cells in S.
Kluyeri a—type cells relative to the defferent
a pheromone concentrations. The treated
strain was S. kluyveri a—type strain (SK3).
See Fig.9 for symbols.
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Fig.11.Accumulation of Gl—arrested cells in S.
exiguus a—type cells relative to the different
a pheromone concentrations. The legends
are similar to those in Fig.9, with excep-
tion that the treated strain was S. exiguus
a—type strain (THE1—16C) and the
treatment time was 5 hours.



BRIT. S. exignus DER a 7 = v & v B Saccharomyces
BERSED a WMl W LTy 2 2 —HREFET
BRED7 » 0 VEBERHAN, Yas—LIiX, 7=
2E VI L - TRHRENCDNAGR L HE X n-G1HiE
LMD & v R 278, RNARHIRREEAR In & D3¢
BLE LT, AL EA LBIBET 2 24%E5
WO EORENREKE6TH D, Thy ThHDY 2 A—
DR K121C7R Lizo

DX >, 3D Saccharomyces BERD a 7 = 1
2V (a®,a™, a®7x0EV)iE, ThbIEOD Sac
charomyces BEEFRF D3 _TD a Bl LT, Bt
HECTREREZ SO EBHLIR T oy B
BO7 2 nEVORRELOFHRBB VLT E XLV EW
SEEREB I, ‘

Table 6.Shomoo—inducing activity of S. exiguus «
pheromone on three Saccharomyces yeasts.

Minimum concentrations to induce shomoo

formation in the a—type cells of three
Saccharomyces yeasts are indicated.

Treated a—type strain

S. cerevisiae S. kluyveri
5pg/ml  lug/ml

S. exiguus
501.g,/ml

«*° pheromone

S

Fig.12. Shomoo induction of three Saccharomyces
veasts by synthetic @ pheromone of S.
exiguus. A, B, S. exiguus a—type strain
(THE1—16C); C, D, S. cerevisiae a—type
strain (T55); E, F, S. kKluyeri a—type strain
(SK3). A, C and E were treated with
synthetic @ pheromone of S. exiguus. Others
were controls with no pheromone.
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S. cerevisiae D MAT a( a BRBEET) MAT o (a
HRBRETI RV HOBEF (R4 ) X2 8 EF) %
Tur—7L LUTHWS. exiguus DDNAKX L TH ¥ v
N TYVHEALE—Y a VE{ToI,

S. exiguus DFE XY v ZBR(YPTAL—3)R ' S. cere-
uisiage DFREZ Y v JEEMTI3) 58 L4/ 2DNA
HindIICEL LTcth, 7Hr—X « Y VESXE T
SBELTo S. cerevisiae D MAT a Of MAT o DEETF
%y ThZh, SEECETpBR32Z2OFEE T 7 X 3 FpDX
KU p2.5% 708 —7 BT, ThHDDNAKX LT

Fig.13. Southern hybridization of HindIII—digested
DNAs from S. exiguus and S. cerevisiae
probed with the MATa and MAT a¢ genes
of S. cerevisiae. DNAs (2 pg/lane) from
S. cerevisine homothallic strain (MT13)
(lanes 1 and 3) and S. exiguus homothallic
strain (Yp74L—3) (lanes 2 and 4) was

- digested with HindIlI. The DNA fragments
were then separated by electrophoresis in
0.8 % agarose gels, and Southern blots were
probed with the radioactive plasmids pDX
(MATa) (Janes 1 and 2) and p2.5 (MAT «)
(lanes 3 and 4). The sizes of the hybridi-
zation bands are given in kolobase pairs
(Kbp).
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cereusiae & E. coli DYy b« X &2—7T, S. cereu-
sige DLEUZRETF, 24 77 A 3 K OHELR SR UpBR
IWHLERINRDTSSAIFTH D, FOERINIL

Fig.14. Southern hybridization of HindIII—digested
DNAs from S. exiguus and S. cerevisiae
probed with the YEp13—HO and YEpl3
plasmids. DNAs from S. cerevisiae MT13
(lanes 1 and 3) and S. exiguus Yp74L—3
(lanes 2 and 4) were probed with YEpl3
(lanes 1 and 2) and YEpl13—HO (lanes 3
and 4).
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Fig.15. Physical map of S. cerevisiae HO gene and
2.5 Kb HindIIl—fragment subcloned into
pUCI18. Large arrow indicates HO tran-
script.
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Fig.16. Southern hybridization of HindIII—digested
DNAs from S. exiguus and S. cerevisiae
probed with the HO gene of S. cerevisiae.
DNAs from S. cerevisiae MT13 (lane 1) and
S. exiguus Yp74L.—3 (lane 2) were probed
with pUC18—HO plasmid.
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Fig.17. Pulsed field gel electrophoresis of DNAs
from S. exiguus and S. cerevisiae. 1, S.
cerevisiae YNN295 strain; 2, S. cerevisiae
MT13 strain; 3, S. exiguus Yp74L—3 strain.
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Fig.18. Southern hybridization of chromosome-sized
DNAs from S. exiguus and S. cerevisiae
probed with the HO gene of S. cerevisiae.
The chromosome—sized DNAs were
separated by pulsed field gel electrophoresis,
and a Southern bolt was probed with the
radioactive plasmid pUC18—HO. Stars
indicate hybridized chromosomes. Lane 1,
S. cerevisiae homothallic diploid strain, D10;
Lane 2, S. cereuisiae a—type haploid strain,
T55; Lane 3, S. exiguus a—type haploid
strain, THE1—16C; Lane 4, S. exiguus
« —type haploid strain, THE1—16B; Lane
5, S. exiguus homothallic diploid strain,
Yp74L—3; Lane 6, S. cerevisiae a —type
haploid strain, T56. The sizes of the
hybridization bands are given in Kbp.
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