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Saccharomyces kluyveri is a heterothallic yeast with two allelic mating types
denoted as a-k and a-k by analogy with Saccharomyces cerevisiae and from the
work described here. S. kluyveri produces mating pheromones analogous to those
of S. cerevisiae, but which appear to have different specificity. S. kluyveri thus
differs from S. cerevisiae, Hansenula wingei, and Schizosaccharomyces pombe
in that it exhibits both strong constitutive agglutination and mating pheromones.
a-k cells produce a pheromone ("a-k-factor") which causes a-k cells to arrest in
the Gl phase of the cell cycle and to undergo a morphological change. After a
period of time dependent on the concentration of a-k-factor, cells exposed to the
factor resume cell division. a-k-factor has no effect on a-k/a-k diploids or on a-k
cells, but at high concentration does induce Gl arrest of S. cerevisiae a cells (a-
c). a-k cells produce a pheromone ("a-k-factor") which causes a-k cells to exhibit
a morphological change. In addition, a-k cells exhibit the Bar phenotype with
respect to a-k-factor. Partially purified preparations of S. cerevisiae a-factor are
more active in inducing Gl arrest of a-k cells than of a-c cells. A more purified
preparation of a-c-factor is less active against a-k cells than a-c cells, suggesting
that an additional factor (KRE, kluyveri response enhancer) may be lost during
purification. Attempts to mate S. kluyveri and S. cerevisiae cells by prototroph
selection and by cell-to-cell mating have been unsuccessful with all combinations
of mating types. Thus, S. cerevisiae and S. kluyveri are incompatible for mating
even though their pheromones exhibit some physiological cross-reaction.

The mating process of ascomycetes typically
involves interactions between physiologically
distinct types of celLs. In yeasts such as Hansen-
ula wingei, Saccharomyces cerevisiae, Schizo-
saccharomyces pombe, and Saccharomyces
kluyveri, cells of opposite mating type mate ef-
ficiently with each other but not with cells of the
same mating type. Cells of the two mating types
are morphologically identical but differ physio-
logically in a number of respects (reviewed in
reference 7). For example, cells of opposite mat-
ing type agglutinate strongly with each other (4,
22, 25).

S. cerevisiae, unlike S. pombe and H. wingei,
produces diffusible mating type-specific phero-
mones which act on cells ofopposite mating type
(2, 7, 8, 15, 16, 26). The pheromone produced by
a cells, a-factor, is an oligopeptide which exists
in two forms, one with 12 L-amino acids and the
other with 13 (24; see also reference 6). The
factor produced by a cells, a-factor, has not been
characterized as extensively, but appears to have
a polypeptide component since its activity is lost

upon treatment with trypsin (2, 26). These fac
tors cause cells of opposite mating type to arrest
as unbudded cells, in the Gl phase of the cell
cycle, just before the initiation ofDNA synthesis
(2, 3, 12, 26). a/a cells, which mate with neither
mating type, do not produce or respond to the
factors. Because pheromone production and re-
sponse is correlated with mating ability, it has
been suggested that the mating factors are in-
volved in the mating process (8). This correla-
tion is extended by the observations that some
nonmating mutants do not produce the mating
factors (17) and that mutants selected as resist-
ant to a-factor are defective in mating (19; L.
Hartwell, personal communication). Since mat-
ing occurs between unbudded cells (11) and not
when cells are arrested at other stages of the cell
cycle (21), and since a- and a-factors induce Gl
arrest, these factors may facilitate mating by
synchronizing cell cycles prior to cell and nuclear
fusion. Although the above observations ar con-
sistent with the factors being essential for mat-
ing, critical evidence-for example, existence of
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nonmating mutants whose defect is correctable
by addition of factors-is lacking (18).
To assess the generality of the existence of

mating pheromones and to learn more about the
role of mating pheromones in the mating proc-

ess, we have begun a survey of ascomycetes
other than S. cerevisiae for those which produce
mating pheromones. In this paper we report our
analysis of the heterothallic yeast, S. kluyveri,
isolated from nature by Phaff et al. (20). Mating
type specificity of this yeast is similar to that of
S. cerevisiae in that hybrids formed between
cells of complementary mating type mate with
neither haploid type and readily sporulate when
placed on acetate medium to produce four-
spored asci with two spores of each mating type
(1, 25).
Here we present evidence that S. kluyveri

produces factors analogous to those of S. cere-

visiae and that the a-factors from S. kluyveri
and S. cerevisiae act on a cells of both yeasts. In
addition, we present evidence for the existence
of another factor secreted by S. cerevisiae a cells
which may cause Gl arrest of S. kluyveri a cells
or potentiate a-factor activity specifically
against S. kluyveri a cells. Finally, we describe
our unsuccessful attempts to produce hybrids
between S. kluyveri and S. cerevisiae and dis-
cuss the use of pheromone response to assess

relatedness of different yeasts.

MATERIALS AND METHODS

Strains. Strains are described in Table 1. X2180-
G2c (a mating type) and X2180-lb (a mating type) are

isogenic strains obtained in separate meioses from
X2180, a diploid which arose spontaneously from a

haploid strain (2; V. MacKay, personal communica-
tion).

Media. YEPD, SD (minimal medium), and nutri-
tional supplements have been described previously

(13). Other recipes are from Sherman et al. (23): Pre-
sporulation medium: 0.8% yeast extract, 0.3% peptone,
2% agar (Difco), and 10% dextrose. Sporulation me-

dium: 1% potassium acetate, 0.1% yeast extract, 0.05%
dextrose, and 2% agar. Citrate-buffered YEPD: YEPD
medium in 0.1 M citrate buffer, pH 4.5 (10).

Isolation of S. kluyveri auxotrophs. Initial at-
tempts to isolate auxotrophic mutants from strains
287 and 288 were unsuccessful. In addition to this
failure, the observation that strains 287 and 288 were

less sensitive than haploid S. cerevisiae strains to UV
irradiation indicated that strains 287 and 288 might be
homozygous diploids. The diploid nature of these
strains was confirmed, and haploid strains were iso-
lated by two successive cycles of mating and sporula-
tion as follows: strains 287 and 288 were mated, and
the resulting strain was induced to sporulate, produc-
ing meiotic products of two types-those which mated
but did not sporulate and those which sporulated but
did not mate. Sporulation of the latter type yielded
only segregants with mating ability. One segregant
from this second sporulation (strain 2a-2) was used for
isolation of auxotrophic mutants by the following pro-
cedure: cells were grown in YEPD and UV irradiated
to a survival of 10%. Auxotrophic mutants were iden-
tified by replica plating colonies from YEPD onto
minimal medium and were obtained at a frequency of
approximately 0.4%.

S. kluyveri genetic methods. S. kluyveri diploids
(or tetraploids) were formed by cell-to-cell mating or

by prototroph selection. Sporulation was induced by
growth first on presporulation medium at 30°C for 2
days, followed by growth on sporulation medium at
30°C for 2 to 4 days. Meiotic products were obtained
after digestion with Glusulase (Endo Laboratories,
New York). Since the spores adhered very strongly to
each other in tetrads, separation of the spores was

achieved only after allowing the spores to germinate
on a YEPD agar slab for 2 h at 30°C. At this time
individual spores which had not yet mated with other
spores could be separated from other spores.

Purification of a-factor. The first step in the
purification procedure is a modification (suggested by
V. MacKay) of the first step used by Duntze et al. (9).
a-c-Factor from supernatant fluids of cultures of a-c

TABLE 1. S. cerevisiae and S. kluyveri strains
Strain Genotype Source

S. cerevisiae
X2180-G2c a-c V. MacKay
X2180-lb a-c V. MacKay
XT1172-S245c a-c ade6 his6 leul metl trp5-1 gal2 canl V. MacKay
XT1177-S247 a-c ade2-1 his2 lysl-l trp5-18 gal2 canl V. MacKay

S. kluyveri
287 a-k/a-k Strain NRRL Y-4288-3 from C. L.

Kurtzman
288 a-k/a-k Strain NRRL Y-4288-26 from C. L.

Kurtznan
289 a-k/a-k/a-k/a-k 287 mated with 288
2a-1 a-k This work
2a-2 a-k This work
XM12-4 a-k thr- arg- This work
XM12-17 a-k thr- arg- This work
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strain X2180-lb or a-k strain 288 was bound to the
weakly acidic cation exchange resin Bio Rex 70 (Bio-
Rad Laboratories, Richmond, Calif.). The column was
washed with 1:1 ethanol-water, followed by a wash
with 0.5 M pyridine acetate buffer (pH 4.0). a-Factor
was eluted with 3.5 M pyridine acetate buffer (pH 5.5).
This eluate is preparation 1. a-c-Factor was further
purified as follows: preparation 1 was lyophilized and
redissolved in PA buffer (0.05 M pyridine acetate
buffer, pH 2.4), and put on a 1- by 30-cm column of
S.P. Sephadex C-25 (Sigma) which had previously
been equilibrated with PA buffer. The column was
sequentially washed with 100 ml of PA buffer and 100
ml of 0.28 M pyridine acetate buffer (pH 3.65). a-
Factor was eluted with 100 ml of 0.5 M pyridine
acetate buffer (pH 3.75). This material was lyophilized
and suspended in 9:1 methanol-water, and insoluble
material was removed by centrifugation. The super-
natant was filtered through a Sephadex-LH20 (Sigma)
column which had been equilibrated with 90% meth-
anol. Ninety-two percent of the total activity was
recovered. In agreement with the results of Duntze et
al. (9), two peaks of a-factor activity eluted from the
column. Only a-factor from the second peak (approx-
imately 88% of total activity) was used in these studies
and is referred to as preparation 2.
Assay of a-factor activity: (i) agar assay. A

semiquantitative determination of a-factor activity
was made using the serial dilution well assay on 4%
YEPD agar slabs as described by Duntze et al. (9).

(ii) Liquid culture assay. Cells of a mating type
were grown in citrate-buffered YEPD medium to ex-
ponential phase at 30°C. a-Factor was then added to
the exponentially growing cells, and aliquots were
removed from the cultures at various times. These
aliquots were stored in 10% formaldehyde at 4°C until
counted. Cell number was determined using a Petroff-
Hauser counter after brief sonic disruption of the
aliquots.

RESULTS
S. kluyveri mating factor analogous to S.

cereviskae a-factor. The presence ofan activity
analogous to S. cerevisiae a-factor activity was
detected in the cell-free supernatant from a cul-
ture of S. kluyveri strain 288 grown to stationary
phase. A partially purified preparation of this
activity was obtained from culture fluid by ion-
exchange chromatography on Bio Rex 70 as
described in Materials and Methods. This par-
tially purified preparation caused transient ar-
rest of exponentially growing S. kluyveri strain
287 cells as unbudded cells (Fig. 1 and Fig. 2B).
The arrested cells apparently continued to syn-
thesize protein, since they became enlarged and
elongated into the "shmoo" form characteristic
of S. cerevisiae a cells ("a-c cells") treated with
S. cerevisiae a-factor ("a-c-factor") (Fig. 2A).
The morphology of strain 287 cells in the ab-
sence of the strain 288 culture fluid preparation
is shown in Fig. 2D. (The following abbreviations
are used throughout this work: S. cerevisiae and
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S. kluyveri a and a mating types-a-c, a-c, a-k,
and a-k, respectively; S. cerevisiae and S. kluy-
veri a-factor and a-factor-a-c-factor, a-c-factor,
a-k-factor, a-k-factor, respectively.)
The length of the arrest period is proportional

to the logarithm of the concentration of S. kluy-
veri material added (Fig. 1, inset). At the end of
the arrest period, the strain 287 cells resumed
budding at the same rate as the untreated con-
trols. This response is identical to that obtained
when a-c cells are treated with a-c factor (3, 5).
The activity in the partially purified preparation
acted specifically on cells of strain 287; strain
288 and hybrids formed between strains 287 and
288 were unaffected (Fig. 3). Because of these
similarities to the a-factor of S. cerevisiae, we
propose that the activity observed in culture
fluids of strain 288 is due to production of a S.
kluyveri a-factor (a-k-factor). By analogy with
S. cerevisiae, we denote strain 288 as having a
mating type (a-k) and strain 287 as having a
mating type (a-k). Additional justification for
these assignments is provided below.
Species specificity of a-k-factor. S. cere-

visiae a strain X2180-G2c was unaffected by a
concentration of a-k-factor which was capable of
arresting S. kluyveri a cells (Fig. 4). At higher
concentrations of a-k factor (25 times greater
than required for response by a-k cells), X2180-
G2c cells became arrested as unbudded cells
and, after 90 min, elongated into the shmoo form
characteristic of response to a-c-factor. S. cere-
visiae a cells and a/a diploids did not respond
(data not shown). The differential response of a-
k and a-c cells to a-k-factor could also be seen
by placing less than 25 units of a-k-factor in a
well surrounded by a-k and a-c cells, in which
case only the a-k cells responded (Fig. 4, inset).
In summary, a-k-factor affected a strains of both
species but was more effective against a-k strain
287 than a-c strain X2180-G2c.
Species specificity of a-c-factor: (i) assay

on agar. S. kluyveri a cells were arrested and
exhibited morphological changes in response to
a-c-factor when assayed on agar (Fig. 2C). To
evoke a response from a-k cells, the a-c-factor
had to be concentrated fourfold over the most
dilute preparation eliciting a response from
X2180-G2c. Thus, both a-k and a-c cells re-
sponded to a-c-factor, but, by this assay, a-k
strain 287 cells were fourfold less sensitive than
cells of a-c strain X2180-G2c.

(ii) Assay in liquid. Figure 5A shows the
effect of partially purified a-c-factor (prepara-
tion 1, see Materials and Methods) on exponen-
tially growing cultures of a-c cells (X2180-G2c)
and a-k cells (strain 287). The cells of both
strains were arrested as unbudded cells for a
period of time and then resumed dividing. Thus,
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FIG. 1. Response of S. kluyveri a cells to a-k-factor: To a-k strain 287 cells growing exponentially in YEPD
medium, partially purified a-k-factor (preparation 1 concentrated 500-fold by lyophilization) from a culture of
strain 288 (a-k) was added at t = 0. The cultures were incubated aerobically at 30°C, and the cell number was
monitored as described in Materials and Methods. 0, 0.6, 1.2, 2.5, and 5.0 indicate relative a-k-factor
concentrations, in microliters of filtrate per milliliter of culture. The inset shows the length of the inhibition
period as a function of the relative a-k-factor concentration.

both strains responded to a-c-factor in a quali-
tatively similar fashion. Surprisingly, it was ob-
served that more than eight times as much a-c-
factor was required to arrest a-c cells for 2 h as
was required to arrest a-k cells for the same
length of time (see legend to Fig. 5). S. kluyveri
a cells thus appear to be more sensitive to a-c-

factor than S. cerevisiae a cells when assayed by
this method. These results contrast with the
results obtained using the well assay in which a-
k cells appeared less sensitive to a-c-factor than
a-c cells.
Detection of S. cerevisiae factor which

affects S. kluyveri. One explanation for the
disagreement between the two assay methods is
that the partially purified a-c-factor preparation
(preparation 1) contains an additional factor.
This factor may act specifically on a-k cells
either by itself or in concert with a-c-factor to
cause Gl arrest. Alternatively, this factor may
act specifically on a-c cells and be an inhibitor
of response to a-c-factor. Such a factor would
have to be too large to diffuse through 4% agar
to account for failure to observe its activity in

the well assay. This hypothesis was tested by
further purifying a-c-factor (see Materials and
Methods) and determining the relative effective-
ness of this preparation (preparation 2) against
a-k and a-c cells in liquid culture. The results
shown in Fig. 5 support the hypothesis of an
additional factor. Although a-k cells are about
sixfold more sensitive than a-c cells to prepara-
tion 1 (Fig. 5A), a-k and a-c cells are equally
sensitive to the more purified a-c-factor prepa-
ration 2 (Fig. 5B). Thus, the additional purifi-
cation has removed something which either in-
creases response by a-k cells or inhibits response
of a-c cells to a-c-factor.
To distinguish between these possibilities, the

following experiment was performed. The two
preparations of a-c-factor were diluted to the
same activity as determined by well assays
against a-c cells. These preparations had a sim-
ilar effect on a-c cells when assayed by the liquid
method (Fig. 50). In contrast, preparation 1 had
much greater activity than the more purified
preparation 2 when assayed against S. kluyveri
a cells (Fig. 5D). These observations indicate
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FIG. 2. Response of S. kluyveri and S. cerevisiae a cells to a-k-factor and a-c-factor: S. kluyveri or S.
cerevisiae a mating type cells were spread on an agar slab containing a well to which was added 5 ,l of
partially purified (preparation 1) a-c-factor or a-k-factor concentrated 100-fold from a culture fluids. The
photographs were taken 4 h later. (A) a-c strain X2180-G2c treated with a-c-factor. (B) a-k strain 287 treated
with a-k-factor. (C) a-k strain 287 treated with a-c-factor. (D) a-k strain 287 untreated.
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FIG. 3. Mating type specificity of response to a-k-
factor. Partially purified a-k-factor (as in Fig. 1) was
added at t = 0 to cultures growing exponentially at
30°C in YEPD at a concentration of5 ,l/ml. Symbols:
0, 288 (a-k); A, 289 (a-k/a-k); 0, 287 (a-k).

that the factor acts specifically on a-k cells,
perhaps as a positive effector of a-c-factor or as
an independent Gl arrest factor.

Although, as shown above, further purifica-
tion of the a-c-factor preparation leads to some
loss of activity against a-k cells relative to a-c
cells, preparation 2 is at least as active on a-k
cells as on a-c cells. This result contrasts with
the agar assay, in which a-k cells are less sensi-
tive than a-c cells to a-c-factor. One explanation
for this disparity is that the factor which en-
hances a-k response to a-c-factor (whose action
is not seen in the agar assay) has not been
completely removed from preparation 2.

S. kluyveri a cells have mating-specific
functions analogous to S. cerevisiae a-fac-
tor and Bar: (i) a-factor. An activity (a-k-
factor) analogous to S. cerevisiae a-factor was
detected using a confrontation assay. A dense
streak of S. kluyveri a strain 287 was placed on
an agar slab and incubated at 300C for 24 h. a-k
Cells (strain 288), placed close to the streak of
a-k cells by micromanipulation, became arrested
as unbudded cells and elongated to the form
characteristic of a-c cells exposed to a-c factor
(Fig. 6).

J. BACTERIOL.
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T~-~w~ T FI - ^ X2180-G2c) did not inhibit the response of a-k
cells to a-k-factor in a confrontation test, and
thus are Bar- with respect to a-k-factor. In a
confrontation test between a-c and a-c cells,

/c-c :e ' / interposed a-k cells (strain 287) at least partially
/ / inhibited the action of a-c-factor (data not
c / shown).

S. cerevisiae and S. kluyveri are noninter-
/ Cg., < cv;V breeding species. We have utilized two meth-
/ ods, cell-to-cell mating and prototroph selection,/7 in attempting to form hybrids between S. cere-

visiae and S. kluyveri.
S. cerevisiae and S. kluyveri cells were placed

together on an agar slab by micromanipulation
and examined periodically for formation of zy-

ki w gotes. Of 35 cell pairs for each case, efficient
C zygote formation was observed between a-k and

a-k cells (28/35) and between a-c and a-c cells
(31/35), but not between a-c and a-k or a-k cells
or between a-c and a-k or a-k cells.
To utilize the prototroph selection method,

l haploid S. kluyveri strains with two auxotrophic
f)) 4 5 mutations were constructed (see Materials and

addition of iK -factor (hr) Methods): strains XM12-4 and XM12-17 have
a-k and a-k mating types, respectively, and carry

ecificity of a-k-factor. Cultures the same thr and arg mutations. Cells (107) of
,Iin YEPD were treated at 30iC each S. kluyveri strain were mixed with 107 cells

87prkii a-kX2180-G2c(a-pm The of multiply-auxotrophic S. cerevisiae a and a
slab with cells of a-k strain 287 strains (XT1172-S245c and XT1177-S247) and
strain X2180-G2c (labeled c) allowed to grow on rich medium (YEPD) for 2

e11 containing 5 ytL of partially days at 300C. Approximately 1010 cells were then
ncentrated fivefold. transferred to minimal medium agar (SD), and

the plates were incubated for several days at
md a-k-factor are species spe- 300C. In none of the mnixtures, a-k with a-c, a-k
a cells were unaffected when with a-c, a-k with a-c, or a-k with a-c, were
S. kluyveri a cell streak, and prototrophic diploids observed. To test the pos-
were unaffected when placed sibility that mating did not occur only because
visiae a cell streak (data not of differences between these yeasts' mating
ross-reactions similar to those pheromones, all four strains were allowed to
factors are observed at higher grow on the same rich plate or in the same rich
the a-factors has not been liquid culture before selection on minimal me-

dium. In neither case were prototrophic diploids
es with K ierplAiin haw7a obtained.%JLp AJ * W. L.1L&A1U VVtV 1 ". bC U*t C ll>V

shown that when a dense streak of a cells is
placed between an a cell streak and a indicator
cells in a confrontation assay, the a indicator
cells do not exhibit a response to a-factor (14).
The ability of interposed cells to block a-factor
activity, the Bar' phenotype, is controlled by
the mating type locus-a/a cells are Bar-, a
cells are Bar'. Bar' behavior may be due to
binding of a-factor by a cells and/or secretion of
a diffusible inhibitor of a-factor by the a cells
(5, 14). In a confrontation assay with a-k cells
providing a-factor and a-k cells as indicator cells,
interposed a-k cells but not a-k/a-k cells blocked
a-factor response. S. kluyveri a cells thus are
Bar'. Interposed S. cerevisiae a cells (strain

DISCUSSION
Genetic control of mating in S. kluyveri is

similar to that in S. cerevisiae as follows. (i)
Mating type is determined by a pair of alleles at
a single locus. (ii) Cells of opposite mating type
agglutinate with each other. (iii) Diploids or
tetraploids formed between cells of opposite
mating type are capable of sporulation but not
mating. Our results show that similarities extend
also to the mating pheromone systems.

(i) Cells of each mating type secrete diffusible
agents which act specifically on cells of the op-
posite mating type. Diploids and tetraploids
formed between cells of opposite mating type
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FIG. 5. Species specificity of a-c-factor. Cells growing exponentially in YEPD (A) or citrate-buffered YEPD
(B, C, and D) were treated with a-c-factor preparation 1 or 2 as in Fig. 1. Open symbols: cultures treated with
a-c-factor preparation 1; closed symbols: cultures treated with a-c-factor preparation 2. Symbols: A, 288 (a-k);
El, I X2180-G2c (a-c); 0, 0, 287 (a-k). (A) Cultures of 288 (a-k) and X2180-G2c (a-c) contained 10 ,il of a-c-

factor (100-fold-concentrated preparation 1) per ml of culture. The 287 (a-k) culture contained 1.25 ,ul of the
same a-c-factor preparation per ml of culture. (B, C, and D) Cultures contained 7.5 ,ul of a-c-factor (200-fold-
concentrated preparation 1 or preparation 2) per ml of culture.

neither produce nor respond to these phero-
mones.

(ii) The pheromones cause sensitive cells to
arrest as unbudded cells in the Gl phase of the
cell cycle and to undergo a characteristic mor-

phological change.
(iii) Arrest by a-k-factor is reversible. After a

period of arrest dependent on the concentration
of a-k-factor added, a-k cells resume growth at
the same rate as in the absence of a-k-factor. It
is not yet known whether a-k-factor activity is
absent from the medium of these cultures, as is
the case for cultures of a-c cells which have
recovered from arrest by a-c-factor (5).

(iv) The response by cells of one mating type
to the pheromone produced by cells of the op-

posite mating type is not symmetrical; in con-
frontation assays, a cells exhibit a greater re-

sponse (a higher fraction of cells which remain
arrested for a longer period of time) to a cells

than a cells exhibit when confronted with a

dense streak of a cells. Whether this difference
is due to differences in the pheromones per se

(e.g., in the diffusibility, specific activity, stabil-
ity, or amount of the pheromone) or in response
to the pheromones is not known.

(v) a-Factor is produced constitutively by a-

k and a-c cells: pure cultures of a cells contain
a-factor activity.

(vi) a-k Cells but not a-k/a-k cells have the
Bar' phenotype, i.e., they act as a barrier to a-

k-factor in confrontation tests.
The a-factors of S. kluyveri and S. cerevisiae

elicit a response in the a cells of both species.
The response to a-factor appears to be species
specific, however, since higher concentrations of
a-k-factor are required to observe a response by
a-c cells than by a-k cells. Similarly, higher
concentrations of a-c-factor are required for re-

sponse by a-k cells than by a-c cells. The obser-

A B
0e.-k cells a-c cells_

0

a-kcells/ +a-k cell

z a - k~~~a- cells cc cells

preparation I preparation 2

C D

a-c cells
Ia-k cells

4 5 6
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FIG. 6. Response of a-k cells to a-k-factor. (A) A
dense streak of a-k strain 287 cells was placed on a

YEPD agar slab incubated at 30°C for 18 h. a-k
strain 288 cells were then placed close to the streak
by micromanipulation. The agar slab was incubated
at 300C for another 4 h at which time thephotograph
was taken. (B) a-k strain 288 cells in the absence of
a-k cells.

vation that a-k-factor is less soluble in methanol
than a-c-factor (unpublished observations) in-
dicates that the two factors differ from each
other. The species specificity of a-factor re-

sponse thus may be due at least in part to a

difference in a-factor itself.
No cross-reactivity of a-factor activities has

been observed, but higher concentrations of a-
factor have not yet been tested. The observation
that a-k cells act as a partial barrier to a-c-factor
provides a further indication that a-c-factor can
act on a-k cells. The inability of a-c cells to act
as a barrier to a-k-factor may be another reflec-
tion of the relatively greater response by a-k
cells to a-c-factor than by a-c cells to a-k-factor.
The response of S. kluyveri a cells to a-c-

factor depends on the method used to assay

response and the source of a-c-factor. Using a

partially purified preparation of a-c-factor, a-k
cells were fourfold less sensitive than a-c cells
when assayed on agar, but at least eightfold
more sensitive than a-c cells when assayed in
liquid. Further purification resulted in an a-c-
factor preparation to which a-k cells were less
sensitive than a-c cells by both methods of assay.

We propose that the differences in assay meth-
ods and a-c-factor preparations are due to a
factor present in crude a-c-factor preparations
which diffuses poorly in 4% agar. This factor,
which we call KRE ("kluyveri response enhan-
cer"), is mating type and species specific; that is,
it acts only on S. kluyveri a cells, and not on S.
kluyveri a or a/a cells or on S. cerevisiae a or
a cells. The observation that KRE action is
mating type specific is evidence that it is not a
growth inhibitor acting specifically on S. kluy-
veri cells. KRE does not appear to be an inhib-
itor of a-c-factor activity against a-c cells be-
cause removal of KRE from a-c-factor prepara-
tions reduces a-factor activity specifically
against a-k cells and not a-c cells. The action
and specificity of KRE may be explained by the
following hypotheses. (i) KRE may act on both
S. kluyveri and S. cerevisiae cells but is rapidly
degraded by S. cerevisiae cells. (ii) KRE may be
an altered form of a-c-factor, for example, a
precursor, to which only S. kluyveri cells are
sensitive. (iii) KRE may itself cause Gl arrest of
a-k cells or may potentiate a-c-factor activity
against a-k cells. These possibilities are under
investigation.
We have been unable to isolate hybrids be-

tween S. kluyveri and S. cerevisiae, even though
selective methods were used which should have
detected hybridization at a frequency of 10-1o.
This result indicates that the level of response
between the pheromone systems is not sufficient
for mating. Whether failure to observe mating is
due to differences in the pheromone systems or,
for example, in the cell surfaces (as indicated by
the failure to observe agglutination) is not
known. The observations of Barker and Miller
(1) on hybridization between isolates of an S.
kluyveri-like species from the Pacific Coast and
S. cerevisiae or S. kluyveri are interesting in
light of our results. The Pacific Coast isolates,
which differ from S. kluyveri in carrying a dom-
inant gene for cellobiose utilization, agglutinate
and mate readily with S. kluyveri to produce
diploids capable of sporulation. The Pacific
Coast isolates also mate with S. cerevisiae
strains, although agglutination was not evident
in any combination of mating types of the two
yeasts. These hybrids sporulate inefficiently,
giving rise to "a few unhealthy appearing asci
and spores". The fact that the Pacific Coast S.
kluyveri-like isolates mate with both S. cerevi-
siae and S. kluyveri, but that S. cerevisiae and
S. kluyveri do not mate, indicates that the Pa-
cific Coast isolate is more closely related to S.
cerevisiae than is the S. kluyveri strain used in
our work. It shall be interesting to determine
the reactions ofthese three yeasts to each other's
pheromones.
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In conclusion, we have observed that S. kluy-
veri has a pheromone system analogous to that
of S. cerevisiae. Although the a-factors of both
yeasts act on a cells of both types of yeast,
hybridization does not occur. We suggest that
assaying response of one yeast to the phero-
mones of another may be generally useful in
determining the relatedness of yeasts which do
not hybridize.
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