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Ultraviolet irradiation gave rise to frequent curing of killer plasmids pGKI1 and
pGKI2 of Kluyveromyces lactis. Almost all of the nonkillers obtained lost both
plasmids, but one of them lost only pGKIl1. The disappearance of pGKI1 was
accompanied by the simultaneous loss of the killer activity and of the resistance
to the killer factor. A new plasmid, pGKI1S, was obtained, which arose from a
deletion in the central region of pGKI1. Genetic analysis suggested that pGKI1S
has the killer gene lost by the deletion and the resistance gene intact and that
pGKI1S shares the same replication control with pGKI11.

Kluyveromyces lactis strain IFO 1267 contains
linear DNA plasmids, accompanied by the killer
phenotype, which show non-Mendelian segre-
gation. The strain contains no RNA plasmids
such as are found in the killer Saccharomyces
strain (3). The Kkiller activity of K. lactis is
distinguishable from that of the Saccharomyces
strain by its pH optimum and by the range of
sensitive strains. Thus, it appears that the killer
of K. lactis consists of a new class of killer factor
(1). To ensure that the linear DNA plasmids are
responsible for the killer activity, we attempted
to cure the plasmids. We used a killer strain,
2105-1D, which was obtained from a cross be-
tween IFO 1267 and W600B (described by Gunge
et al. [1]), for the curing experiment. An over-
night culture of the cells was irradiated with UV
light (254 nm) for 2 min at a dose of 1,100 ergs
8! cm™. Appropriate dilutions of the culture
were plated on rich agar plates immediately or
after incubation in a rich medium for several
hours. About 70% of the cells survived the irra-
diation. Approximately 10% of the surviving col-
onies lost the killer activity, irrespective of the
postirradiation incubation, whereas spontaneous
nonkillers appeared at a frequency of less than
1% (2 of 300) without irradiation. It should be
noted that the frequency of UV curing varied
among experiments. In one experiment, for ex-
ample, about 90% of the surviving colonies were
nonkillers, although we did not check the sur-
vival ratio. We do not know the reason for this
fluctuation. We analyzed DNA of each of the
nonkillers by agarose gel electrophoresis accord-
ing to Struhl et al. (2). The parent strain 2105-
1D contained two kinds of plasmids, pGKI1 and
pGKI2 (Fig. 1a). Of 127 nonkillers tested, 126
lost both plasmids; a representative strain of this
class of nonkiller, NK1, is shown in Fig. 1d. One

nonkiller strain, NK40, however, apparently lost
only the shorter plasmid pGKIl but retained
pGKI2 (Fig. 1b). All of the nonkillers, including
NK40, were sensitive to the killer factor. There-
fore, we concluded that pGKl1 was involved in
both the killer activity and the resistance to the
killer. The effect of UV in curing the killer
plasmids was not because of a selective killing of
the killer cells, since the irradiation condition
gave only a 30% loss of colony-forming units. In
fact, NK1 had the same sensitivity to UV as did
the parent strain (data not shown). We do not
know why almost all of the nonkillers simulta-
neously lost both plasmids. Since there occurred
one strain with pGKI2 alone, it is unlikely that
each of the plasmids has a complementary func-
tion which is required for the maintenance of
the plasmids. Simultaneous loss of the plasmids
might be explained if pGKI2 is necessary for the
maintenance of pGKI1 and much more suscep-
tible to the effect of UV. In this context, it may
be worth noting that NK40, the strain with
pGKI2 alone, had about the same stability as
did the parent strain 2105-1D; that is, 32 of 32
colonies without UV irradiation retained pGKI2,
and 10 of 32 colonies from irradiated culture lost
the plasmid. The simultaneous loss was not spe-
cifically obtained by UV irradiation. More than
50 spontaneously obtained nonkillers lost both
plasmids (data not shown).

During the course of the study, we obtained
an interesting nonkiller derivative from the orig-
inal killer strain IFO 1267. Strain IFO 1267K™-1
contained pGKI2 but lost pGKI1; instead it had
a new plasmid which migrated faster than
pGKI1 in the gel. We designed the plasmid as
pGKI1S. Restriction analysis revealed that
pGKI1S arose from a deletion in pGKIl. The
size of pGKI1S was 3.8 X 10° daltons, which was

988



VoL. 148, 1981

F1G6. 1. Gel electrophoresis in 0.7% agarose. The
arrows indicate the positions of pGKI2, pGKl1, and
PGKIIS from top to bottom, respectively. (@) DNA of
2105-1D, (b) NK40, (c) 2142-1C (this strain was made
from cross IFO 1267K -1 X L3a [1]), and (d) NK1.

about 70% of pGKIll in length. The deletion
eliminated both EcoRI and BamHI restriction
sites which resided in the central region of
pGKIl1, whereas all of the Pstl and HindIII sites
remained intact (Fig. 2). IFO 1267K™-1 was ir-
radiated by UV at the same dose as described
above, and surviving colonies were tested for
their sensitivity to the killer factor. Of 45 colo-
nies, 23 were sensitive to the Kkiller factor,
whereas all of the 45 colonies from unirradiated
culture remained resistant. DNA content was
analyzed. All of the sensitive derivatives of IFO
1267K -1 (23 colonies) lost both of the plasmids,
and the resistant colonies from the irradiated
culture retained the plasmids (6 colonies were
tested). As a control, when killer strain IFO 1267
was irradiated by UV, 67% of surviving colonies
were nonkillers. These nonkillers were sensitive
to the killer factor and contained no plasmids
(three colonies were tested). Those results indi-
cate that the resistance phenotype of IFO
1267K"-1 is associated with the presence of
pGKIl plasmids. Because pGKll is responsible
for both the killer and the resistance, we suggest
that pGKI1S has the killer gene lost by the
deletion and the resistance gene intact. It has
been shown that some nonkiller K. lactis strains
are resistant to the killer, under the control of a
chromosomal locus (or loci) (1). Thus, it appears
that the resistance may be controlled both cy-
toplasmically and chromosomally.

We crossed IFO 1267K™-1 and 2105-1D, and
the resultant tetrads were analyzed. All of the
tetrads tested (14 of 14) had killer activity. How-
ever, the killer phenotype was not maintained
stably; when colonies of siblings of each spore
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were tested for the killer, some of them no longer
had killer activity. Twelve colonies from each
spore were tested. No killer colonies were found
among the siblings of 4 of 56 spores, whereas
among the other 52 spores, 1 to 11 killers were
found for each spore. No killer was recovered
upon further subcloning of the nonkiller segre-
gants, indicating that the nonkiller phenotype
was stable. On the other hand, some killer segre-
gants became stable for their killer phenotype,
but others remained unstable (27% of all killers).
When we analyzed DNA of the colonies from
the original spores and from their siblings, we
found that the original spores contained three
kinds of plasmids (pGKI1, pGKI1S, and pGKI2).
For the colonies of siblings, some contained
pGKIl1 and pGKI2, some contained pGKI11S and
pGKI2, and others contained all three plasmids,
corresponding to the phenotypes stable killer,
nonkiller, and unstable killer, respectively. Rep-
resentative results are shown in Fig. 3. We noted
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F1G. 2. Physical structures of pGKl1 and pGKI1S.
Numerals under the lines represent sizes of the frag-
ments in megadaltons. Numerals at the right side
represent daltons.

Fi1G. 3. DNA analysis of siblings of 2144-8A, a
spore obtained from a cross between IFO 1267K -1
and 2105-1D. (a) 2105-1D, (b) IFO 1267K"-1, (c to n)
siblings of 2144-8A, and (o) DNA of the colony from
the original 2144-8A spore. (c, d, f, g, I, m, and n)
DNA from stable killer colonies, (e and h) DNA from
stable nonkillers, and (i, j, and k) DNA from unstable
killer segregants. See the text for details.
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that the relative amount of pGKI1 and pGKI1S
varied among the colonies of the original spores
and that the smaller the relative amount of
pGKll the more frequently nonkillers segre-
gated out (data not shown). Therefore, it is
conceivable that pGKI1S shares the same repli-
cation control with pGKI1, and during cell pro-
liferation, either plasmid could be diluted out,
presumably because neither plasmid has exclu-
sive advantage in both replication and transfer
to the progeny cell.
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