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The plasmid pSLel is a deletion derivative of the yeast-Escherichia coli hybrid
plasmid pJDB219, obtained by HindIII digestion, ligation, and transformation
directly into Saccharomyces cerevisiae. pSLel has only yeast sequences; it
contains one of the inverted repeated sequences ofplasmid 2,uDNA and the LEU2
gene. pSLel is stably maintained in yeast cells without selective pressure. pSLel
is about half as large as 2,uDNA, but pSLel does not displace the normal 2,uDNA.

Saccharomyces cerevisiae has, per cell, 50 to
100 copies of a circular DNA plasmid called
2puDNA (3, 4, 12, 14, 16, 20, 21, 22), whose repli-
cation control (17) resembles that of nuclear
DNA (9, 10). 2,uDNA has an inverted repeat
sequence (8, 13, 16).
With the discovery of transformation in yeast

(11), hybrid plasmids containing the 2,uDNA
replicon, selectable yeast genes, and an Esche-
richia coli plasmid vector have been constructed
and introduced into yeast (1,23). These plasmids
are unstable under nonselective conditions, mak-
ing them unsuitable for certain studies. We have
isolated a stable, selectable fragment of one of
these plasmids which contains only yeast DNA
and can be used for genetic studies of 2,DNA
replication without the need for containment
procedures.
Beggs (1) constructed a hybrid plasmid

(pJDB219) consisting of the entire 2,uDNA yeast
plasmid, the E. coli ColEl-related plasmid
pMB9, and a 1.2-kilobase (kb) insert containing
the yeast LEU2 gene. Beggs showed that this
plasmid transforms yeast with high frequency,
replicates in yeast or E. coli, and may be ampli-
fied in E. coli (1). One HindIII fragment of
pJDB219 (about 3.2 kb) should contain the
LEU2 gene and one of the inverted repeat se-
quences of 2,uDNA, but no E. coli DNA, based
on the published restriction data (1). Since one
of the 2,uDNA inverted repeat sequences is suf-
ficient to allow replication in yeast (23; Hinnen,
Hicks, and Fink, cited in 23), this HindIII frag-
ment should replicate autonomously in yeast
cells.
To construct such a plasmid, either (i) HindIII

endonuclease digest of pJDB219 was self-ligated
(24) and used to transform AH22 to leu+, or (ii)
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the 3.2-kb HindIII fragment described above
was purified from 100 ,ug of digested pJDB219
by preparative electrophoresis on a 1% agarose
gel, self-ligated, and used for transformation into
yeast. The procedure for transformation of yeast
was Begg's modification (1) of the procedure of
Hinnen et al. (11), except that 0.1 mg of Zymo-
lyase 60,000 (Kirin Brewery Co.) per ml was
used instead of helicase. The experiments were
carried out in a P2 laboratory, as specified by
National Institutes of Health Guidelines for Re-
combinant DNA Research. The strains used are
listed in Table 1. Two transformants isolated by
method (i) (AT416 and AT417) and six isolated
by method (ii) (YAT277 through YAT282) were
analyzed further.
Genetic properties of leu+ transformants.

The leu+ transformants were all stable, since leu
segregants were rarely seen after growth on non-
selective medium. The stability of the leu+ trait
of AT416 was compared with that of AH22
carrying pJDB219. Both strains were grown
from small inocula on -Leu medium and plated
for single colonies on YPAD, and these colonies
were tested for leucine requirement. For strain
AT416, 5 of 1,134 colonies (0.5%) had become
leu, whereas for AH22 (pJDB219) 74 of 599
(12.5%) had become leu. In another experiment,
these two strains were grown in YPAD broth.
After 24 generations, 52% of the cells of strain
AH22 (pJDB219) had become leu, whereas after
32 generations, less than 20% of the cells of
strain AH22 (pSLel) had become leu. Each leu+
transformant was crossed with a leu2 strain
(YAT242), and 12 tetrads were analyzed in each
cross. The leu phenotype always segregated
4+:0-, whereas his4 and cyh2 showed regular
2+:2- segregation. The leu+ character could
also be transferred by cytoplasmic mixing with-
out nuclear fusion by using the karl mutant
described by Conde and Fink (7). A respiratory-
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TABLE 1. Strains

Organ- Strain Genotype Source

S. cerevi- AH22 a leu2-3, 112 his4-519 Hinnen et
siae canl al. (11)

YAT242 a leu2 cyh2phoC This work
phoS

YAT227 a leu2 cyh2 karl p0 This work
YAT233 a leu2 lyslO his4 cyh2 This work

karl po
YAT234 a leu2 his4(pSLel) This work
AT416 AH22(pSLel) This work

E. coli JA221 recAl leuB6 AtlpE5 J. D. Beggs
hsdR hsdM+ (1)
lacY(pJDB219)

competent leu+ cycloheximide-sensitive segre-
gant, YAT234, from the cross AT416 x YAT242,
was used as the donor of cytoplasm. The a karl
cyh2 leu2 rhoo strains, YAT227 and YAT233,
were used as recipients. After overnight mating,
cycloheximide-resistant, respiratory-competent
cells were selected and tested for leu. Since cyh2
is a recessive marker, respiratory-competent, cy-
cloheximide-resistant colonies (cytoductants)
received a nucleus from the recipient and mito-
chondria from the donor of cytoplasm. Forty-
eight cytoductants were selected from each
cross. Each isolate had a mating type, and all
isolates from the YAT234 x YAT233 cross re-
quired lysine, confirming that these isolates are
true cytoductants. A total of 16 clones out of 48
cytoductants from cross YAT234 x YAT227
were leu+, and 22 out of 48 cytoductants from
the YAT234 x YAT233 cross were leu+. These
results show that the leu2 gene is located on a
plasmid. A similar partial transfer in cytoduction
was first described by Livingston and Klein for
the intact 2,u plasmid (16).
Plasmids in leu+ transformants. Plasmid

DNA from AT416, AT417, and YAT277-
YAT282 was prepared and analyzed on agarose
gels. AT416 and YAT277 through YAT282 had
a small DNA band not present in AH22, as well
as a band migrating like 2,IDNA (Fig. 1). The
small band is called pSLel. AT417 had a DNA
band the same size as pJDB219.
Seven of seven leu mitotic segregants of

AT416 had lost the pSLel band, but retained
the band migrating with 2,uDNA, indicating that
the smaller plasmid, pSLel, is responsible for
the leu+ phenotype of AT416 and that the
2pDNA-size band is not a dimer of pSLel, but is
the original 2,uDNA. Thus, the smaller pSLel
does not displace the normal 2,uDNA. Although
the two plasmids share the 2,DNA replicon,
they are compatible.
Characterization of pSLel DNA. Plasmid

DNA was extracted from a 2-liter culture of
AT416 in YPAD as described previously (2, 23),

a b c
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FIG. 1. Agarose gel electrophoresis of DNA from
AH22 and the leu+ transfornnant, AT416. (a)
pJDB219; (b) DNA preparation from AH22; (c) DNA
preparation from AT416. Bacterial plasmids were
isolated as described (5, 6). The yeast plasmids,
2,uDNA and its derivatives, were isolated by pub-
lished methods (2, 23, 27). DNA was analyzed on 1%
agarosegels, stained, andphotographed as described
(25). The minor bands seen in lanes b and c at about
theposition ofpJDB219 are the dimers ofthe 2gDNA
plasmid (22).

with a minor modification: insoluble material
was removed after the addition of5M potassium
acetate by centrifugation at 20,000 rpm in a 35
Beckman rotor for 1 h at 40C, and two cycles of
standard phenol extraction and one cycle of acid
phenol extraction (27) were added. The pSLel
DNA was purified by preparative agarose gel
electrophoresis and analyzed by HindIll and
EcoRI digestion (Fig. 2). The gel pattem of the
HindIII digest showed one band with the same
electrophoretic mobility as the 3.2-kb fragment
of pJDB219. Three DNA bands can be seen
after incomplete digestion by EcoRI; one is the
same size as that of the linear DNA of pSLel,
the second barely separates from the 2.5-kb frag-
ment in the EcoRI digest of pJDB219, and the
third is the 0.8-kb fragment of the EcoRI digest
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FIG. 2. Structure ofpSLel by restriction endonu-
clease analysis. (a) HindIII digest of pJDB219; (b)
EcoRI digest ofpJDB219; (c) undigested control of
pSLel, (d) HindIII digest ofpSLel; (e) partial EcoRI
digest of pSEel. Samples were analyzed on a 1%
agarose slab gel and stained with ethidium bromide.
The structure of pSLel is shown diagramatically.
The location of the LEU2 gene is inferred from the
results ofBeggs (1).

ofpJDB219. All these results are consistent with
the structure of pSLel shown in Fig. 2. DNA
was isolated from another leu+ transformant,
YAT282, and DNA showing the same size as
pSLel was purified. HindIII digestion of this
DNA gave the same digestion pattern shown in
Fig. 2. Thus, the plasmid in YAT282 also has
the same structure as the pSLel plasmid.
The 3.2-kb plasmid, pSLel, is stably main-

tained in yeast cells even under nonselective
conditions and is inherited like the 2,uDNA from
which its replicon was derived. Whether pSLel
can be integrated into a chromosome remains to
be tested. pSLel and 2,uDNA are compatible
although pSLel is about half the size of 2,uDNA,
unlike most deletion mutants of other yeast
plasmids and animal viruses which generally are

preferentially replicated when in competition
with the wild-type genome.
The pSLel plasmid can be used as a vector to

clone yeast DNA into yeast cells because it can
replicate stably in yeast, has an easily selectable
marker, and has at least one cloning site,
HindIII. Because pSLel contains only yeast
DNA, it falls outside the National Institutes of
Health Guidelines for Recombinant DNA. Be-
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cause of its stability, pSLel is also useful for
genetic studies on the maintenance of 2,uDNA.

We are grateful to J. Beggp for sending us pJDB219 and to
A. Hinnen, J. Hicks, and G. R. Fink for communicating
information on yeast transformation prior to publication.
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