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Plasmid p CP1 was constructed from cloned 2#m DNA of Saccharomyces 
cerevisiae and from plasmid pJDB207. Vectorp CP 1 contains the complete B form 
of 2 #m DNA interrupted in the FLP gene, together with DNA derived from the 
Escherichia coli plasmid pA T153 and a low expression variant of the S. cerevisiae 
LEU2 gene. The new vector is lost at a low frequency from yeast cir + or cir ° strains 
under non-selective growth conditions and is stable against rearrangements in cir ° 
strains. Its usefulness for curing cir + strains from endogenous 2 #m DNA and for 
their conversion to cir ° strains was demonstrated. 

(Keywords: Cloning vectors) 

Konstruktion eines Hefe-Plasmid-Cloningvektors mit hoher Stabilitiit in 2 #m 
DNA-defizienten Saccharomyces cerevisiae-Stiirnmen 

Plasmid p CP1 wurde ausgehend von klonierter Saccharomyces cerevisiae- 
2#m DNA und Plasmid pJDB207 konstruiert. Der Vektor enth~ilt die 
vollstandige, im FLP-Gen unterbrochene B-Form der 2 #m DNA, vom Escheri- 
chia coli-Plasmid pA T153 abgeleitete DNA und eine wenig aktive Variante des S. 
cerevisiae-LEU2-Gens. Der neue Vektor weist unter nichtselektiven Wachstums- 
bedingungen in cir +- und cir°-Stfimmen eine niedrige Verlustrate auf und ist in 
cir°-Stfimmen stabil gegen Umlagerungen. Seine Verwendbarkeit fiir die 
Umwandlung von cir +-St~immen in cir°-Sfftmme durch Verdr~ingung endogener 
2 #m-DNA wurde nachgewiesen. 

** Dedicated to Professor Dr. Karl Schl6gl on the occasion of his 60th 
birthday. 
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Introduction 

Since the first description of methods for the transformation of yeast 
cells 1'2 a number of plasmid vectors have been developed which can be 
used in Saccharomyces cerevisiae or in other yeasts (see e.g. Refs. 3,4). Most 
of these vectors are hybrid plasmids, which can be produced in larger 
quantities in Escherichia coli before they are used for yeast trans- 
formation. Those vectors capable of autonomous replication in yeast 
contain replication origins derived either from the endogenous 2#m 
plasmid of S. cerevisiae or from yeast chromosomal sequences. Compared 
to 2#m D N A ,  all these artificial plasmids exhibit markedly reduced 
stability 4's. In the absence of selective pressure, they are lost from yeast 
cells with frequencies ranging from 0.1 percent to over 10 percent per 
generation. One factor, but not the only important one influencing 
stability is the number ofplasmid copies per cell. Copy numbers vary from 
over 10 2 for some plasmids derived from 2#m D N A  to 1 for plasmids 
containing a chromosomal centromer 4. Plasmid copy number can be a 
relevant factor in studies of gene regulation and is obviously important in 
the development of systems for the expression of foreign genes with high 
efficiency. Studies of expression of genes present on plasmids or their use 
in biotechnology may be hampered in those cases where the structure of 
the plasmid used is unstable. In yeast cells containing the 2 #m plasmid 
(cir + cells) this circular D N A  exists in two forms, which are quickly 
interconverted by homologous recombination 3. At least in cir + cells, 
cloning plasmids derived from 2 #m D N A  will also be altered with high 
frequency by recombination events 6. On the other hand, many 2#m 
plasmids are easily lost from cells free of endogenous plasmid (cir ° 
cells) 5,6. 

In the course of studies aiming at the characterization of nonhistone 
proteins specifically bound to yeast plasmid chromatin 7 it became 
necessary to construct a high copy number plasmid that exhibited 
reasonable stability against loss and against changes in structure caused 
by recombinational events. The present paper describes a plasmid, which 
exhibits these properties when it is present in cir ° cells. 

Experimental 

Strains 

E. coli K~12 strain HBI01 s was used in all bacterial cloning experiments. S. 
cerevisiae strain 13S-7A (~leu2 his3 ura3 trp 1 ctt 1 cir +) was derived from a cross 
of strains WS13~9 A (~leu2 his3 ura3 ctt 1) 9 and SHU32 (a leu2 ura3 trp 1) (kindly 
donated by G. Ammerer, Seattle). Strain 15A (a pep4 hem 1 ura3 leu2 trp 1 cir +) 
was obtained by crossing 13S-7A with strain 5B (a pep4 hem 1 ura3 leu2 trp 1 
cir+), which was obtained by a cross of strains MIC-3C (~pep4 ura3 leu2) 
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(obtained from E. Mattes, this laboratory) and RG3-13 B (a trp 1 ura3 leu2 hem 1 
cyc 1) lo. 

Media 

Untransformed yeast strains were grown on YPD medium (1% yeast extract, 
2% Bacto-Peptone, 2% glucose), which was supplemented with Tween 80 (2.6 g/l), 
ergosterol (12 mg/1) and 6-aminolevulinate (50 rag/l) in the case of hem 1 mutants. 
Transformants were usually grown on selective media as previously described 9. 

Plasmids 

E. coli plasmid pBR3221i was used for cloning yeast 2 #m DNA. The yeast-E. 
coli hybrid plasmid pJDB2073 was obtained from J. D. Beggs, London. Yeast 
2#m plasmid was isolated from strain WS13-9A as described by Zakian and 
Scott 12, using agarose gel electrophoresis instead of cesium chloride gradient 
centrifugation for the purification of the plasmid. Other plasmid DNAs were 
isolated from E. coli transformants as described previously 9. Yeast 2/~m plasmid 
content of strains was assayed by isolation of a fraction enriched in plasmid DNA 13 
followed by RNAase treatment and gel electrophoresis. 

Restriction endonuclease digestions, ligations 

Restriction enzymes and T4DNA ligase were purchased from BRL, Neu 
Isenburg, Germany. Digestion with restriction enzymes was carried out as 
recommended by the supplier. Electrophoretic separation and reisolation of 
restriction fragments was carried out as described before 9. Ligations of DNA 
fragments were carried out with T4 DNA ligase. 

Transformation procedures 

E. coli and S. cerevisiae transformation was carried out essentially as described 
previously 9. Ampicillin or tetracycline resistance was used for selection of E. coli 
transformants, yeast transformants were selected on leucine-deficient medium. 

Results and Discussion 

A yeast vector with high stability, especially in cir ° cells, should consist 
of  the following components: 1. The complete sequence of the yeast 2/~m 
plasmid; this plasmid carries genes coding for components necessary for 
the maintenance of  2 #m-derived vectors in yeast cells 14'15. These genes 
should therefore be present on the vector to ensure its stability in cells that 
do not contain any endogenous 2 #m plasmid. However, one of the gene 
products of  2 #m D N A  (FLP)  14 catalyzes the interconversion of A and B 
forms of  2 # m  sequences by homologous recombination within a 599 
basepair inverted repeat, and should therefore be inactivated so that no 
such interconversion occurs in cir ° cells. 2. An allele of  the L E U 2  gene 
with low efficiency of  expression 16; it has been demonstrated previously 
that vectors bearing this L E U 2  allele are maintained in high copy numbers 
in leu2 mutants  transformed with such a vector when grown in leucine-free 
medium. 3. For  technical reasons the vector should contain sequences 
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allowing its replication and selection in E. coli and unique restriction 
cleavage sites. To avoid unnecessary bacterial sequences, plasmid 
pA T15317, a smaller derivative ofpBR322, appears to be a good source of 
such sequences. 

Since some of the components of the plasmid to be constructed are 
combined already in pJDB2073, an E. col#yeast hybrid plasmid, this 
vector was used as a starting material for our construction (Scheme 1). 
Plasmid pJDB207 contains the pAT153 sequences and the LEU2 allele 
discussed above. It lacks, however, a major part of the 2 #m plasmid since 
it contains only the smaller of the two EcoRI fragments of the B form of 
the 2 #m plasmid. It was attempted therefore to isolate the larger 2 #m-B 
EcoRI fragment and to ligate it with pJDB207 to reconstitute the 
complete 2 #m DNA sequence. For technical reasons it appeared easier to 
clone the whole 2 #m sequence into an E. coli vector as a first step. 

As outlined in Scheme 1, plasmid isolated from an untransformed cir + 
yeast strain was cloned into the PstI  site of pBR322. Since all clones 
obtained happened to contain the A form of 2 #m DNA, one of the 
plasmids was converted to the B form in vitro by cutting with Xba I and 
religation. Partial Eco RI digestion of pJDB207, ligation with the large 
Eco RI fragment of 2 #m DNA isolated from pBR322-2 #mB and cloning 
of ligation products in E. coli resulted in the formation of plasmid p CP 1, 
which was characterized by restriction analysis. This new recombinant 
plasmid carries the REP1, REP2 and REP3 loci 15, which are necessary 
for stable maintenance of a 2 #m DNA-derived plasmid in cir ° cells. It 
contains an FLP gene inactivated by insertion of bacterial DNA. 
Accordingly, no rearrangement was observed inp CP 1 plasmids present in 
transformants derived from cir ° cells. The plasmid contains three unique 
cloning Sites (BamHI, SalI and PstI). 

A number of yeast strains were transformed with plasmid p CP1. As 
with other plasmids, transformation frequency varies dramatically from 
strain to strain and with the details of the transformation procedure. 
Therefore the results obtained are not documented in detail. It can be 
generalized, however, that numbers of transformants obtained with p c p  1 
were consistently higher than those observed with the parent plasmid 
pJDB207 and that they were in the range observed with the widely used 
plasmid YEp 13 is. When cir + strains are transformed with yeast plasmids 
derived from 2 #m DNA, most plasmids are present in transformants in 
copy numbers lower than that of the endogenous 2 #m DNA 16. Some 
plasmids containing the partially defective LEU2 allele present in 
pJDB207 and p CP1 have recently been reported to reach higher copy 
numbers than 2 #m DNA when transformants are grown in leucine-free 
medium 16. Under such conditions these vectors compete efficiently with 
the 2 #m plasmid and after a number of generations on selective medium, 
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Scheme 1 
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transformants are observed that have lost the endogenous plasmid. When 
these are grown on nonselective medium, some of the cells will also loose 
the hybrid vector so that completely plasmid-free cir ° cells arise. 

Therefore, pCP1 was tested for its efficiency in curing cir + strains 
from their endogenous plasmid. Strain 13S-7A was transformed with 
p CP 1 and transformants were selected on leucine-free medium. Starting 
from a single transformant colony, cells were grown on teucine-free 
medium, followed by growth on YPD and then on synthetic medium 
supplemented with leucine. Cells that had lost the LEU2 gene were 
subsequently enriched by treatment with nystatin on leucine-deficient 
medium 19. Among the leucine auxotrophs obtained one colony was tested 
for its plasmid content and was found to be plasmid-free (strain HPO1, 
leu2 his3 ura3 trp 1 ctt 1 cir°). A similar experiment was carried out with 
strain 15 A. Cells were, however, grown on YPD medium for a longer 
period of time (80 generations) in this case so that no nystatin selection 
was necessary. Among the cir ° clones obtained, one (HP03, a leu2 ura3 
trp 1 hem 1 pep4 cir °) was kept for further experiments. 

The stability of plasmid pCP1 under nonselective conditions was 
tested in a cir + and a cir ° transformant. Strains WS13-9A (cir +) and 
HPO1 (cir °) were transformed with the plasmid and grown on complete 
medium. From time to time, aliquots of cells were plated on YPD medium. 
Colonies arising were replica-plated to leucine-deficient medium and the 
percentage of colonies unable to grow in the absence of leucine was 
determined. No significant difference in stability of the plasmid in the two 
strains was observed. After an initial period of higher stability, plasmid 
loss was in the range of 0.5 percent per generation. 

The results obtained show that the vector pCP1 can be used in a 
number of ways: 1. Strains containing the 2 #m plasmid can be cured from 
this endogenous plasmid. 

2. Vector pCP1 and plasmids derived from it by insertion of DNA 
fragments (not documented) are present in transformants in high copy 
number and can therefore be used in experiments where a high gene 
dosage is desirable. 

3. Since, in cir ° strains, pCPl- type  plasmids are stable against the 
interconversion of A and B forms of 2 #m DNA and fairly stable against 
plasmid loss during nonselective growth they can be used in experiments 
where a high copy number as well as integrity and stability of the plasmid 
are important, e.g. in the characterization of plasmid chromatin (Bach- 
mair A., Mattes E., unpublished results) or in some experiment.s on gene 
regulation. 

4. Because of its high copy number and its relative stability under 
nonselective conditions, p CP1 is potentially useful in the industrial 
production of foreign proteins in yeast cells. 



Yeast Plasmid Cloning Vector 1235 

Acknowledgements 

This work was supported by a grant from the Fonds zur F6rderung der 
wissenschaftlichen Forschung, Wien. The authors thank Dr. Andreas Hartig for 
critically reading the manuscript. 

References 

i Hinnen A., Hicks J. B., Fink G. R., Proc. Natl. Acad. Sci. U.S.A. 75, 1929 
(1978). 

2 Beggs J. D., Nature 275, 104 (1978). 
3 Beggs J. D., in: Genetic Engineering (WlTliamson R., ed.), Vol. 2, p. 175. 

London-New York-Toronto-Sydney-San Francisco: Academic Press. 1981. 
4 Botstein D., Davis R. W., in: The Molecular Biology of the Yeast Saccha- 

romyces (Strathern J. N., Jones E. W., Broach J. R., eds.), Vol. 2, p. 607. Cold 
Spring Harbor Laboratory. 1982. 

5 Futcher A. B., Cox B. S., J. Bacteriol. 157, 283 (1984). 
6 Hollenberg C. P., Current Topics in Microbiology and Immunology 96, 119 

(1982). 
7 Livingston D. M., Hahne S., Proc. Natl. Acad. Sci. U.S.A. 76, 3727 (1979). 
8 Bolivar F., Backman K., Meth. Enzymol. 68, 245 (1979). 
9 Spevak W., Fessl F., Rytka J., Traczyk A., Skoneczny M., Ruis H., Mol. Cell. 

Biol. 3, 1545 (1983). 
lo Gudenus R., Spence A., Hartig A., Smith M., Ruis H., Current Genetics 8, 45 

(1984). 
11 Bolivar F., Rodriguez R. L., Greene P. J., Betlach M. C., Heynecker H. L., Boyer 

H. W., Crosa J. M., FalLow S., Gene 2, 93 (1979). 
12 Zakian V. A., Scott J. F., Mol. Cell. Biol. 2, 221 (1982). 
13 Nasmyth K. A., Reed S. L, Proc. Natl. Acad. Sci. U.S.A. 77, 2119 (1980). 
14 Broach J. R., in: The Molecular Biology of the Yeast Saccharomyces (Strathern 

J. N., Jones E. W., Broach J. R., eds.), Vol. 1, p. 445. Cold Spring Harbor 
Laboratory. 1981. 

L5 Jayaram M., Li Y.-Y., Broach J. R., Cell 34, 95 (1983). 
16 Erhart E., Hollenberg C. P., J. Bacteriol. 156, 625 (1983). 
17 Twigg A. J., Sherratt D., Nature 283, 216 (1980). 
18 Broach J. R., Strathern J. N., Hicks J. B., Gene 8, 121 (1979). 
19 "Snow R., Nature 211, 206 (1966). 

8 t*  


