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Figure 1. Occurance of 2μm and 2μm-like plamids in Saccharomycetaceae 
budding yeast species. A phylogenetic tree shows the relationship of yeast species 
that contain or lack (-) 2μm-like nuclear plasmids or where remnants of the plasmid 
genes have been identified integrated in the genome (Integrated). An asterisk 
indicates the whole genome duplication (WGD) event in yeast. Figure adapted from 
Hedtke et al. (2006); OhEigeartaigh et al. (2011); Scannell et al. (2007); Frank and 
Wolfe (2009) and Strope et al. (2015).  
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 Plasmids are Saccharomyces 
cerevisiae Zygosaccharomyces rouxii Lachancea waltii 

Zygosaccharomyces bailii Zygosaccharomyces fermentati 
Kluyveromyces lactis Torulaspora delbrueckii pTD1. Origin 

of replications (ARS IR) as 

cis-acting stability loci (STB Z PAR and CSL) are indicated by pink boxes. 
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pSR1-REP1-F cagaattcAATATGTTTACTAGTCAGG 

pSR1-REP1-R gagtcgACACGGTCTCAATAGTC 

pSR1-ORFS-F caggatCCAGATGCAAATACAAAAC 

pSR1-ORFS-R gagtcgaCAATCCTAATCTATTAGCC 

pSB3-REP1-F cagaattcGGTATGAACTTTGATCTTGATAG 

pSB3-REP1-R gagtcgACTATACACTATGCGTCAG 

pSB3-ORFC-F caggatccaaATGCCTCCTAGACGTAC 

pSB3-ORFC-R gagtcgacAACAAAGCAGTTTGACAAC 

pSB3-STB-Bg caGATCTATCAAGATCAAAGTTC 

pSB3-STB-Bm caggatCCACGCACAAACAAGTAC 

pSB3-FlpP-Bg cagatctCATTTTAATTCGGTTATCTTG 

pSB3-FlpP-Bm caggatccCATACTTTTTATGTGTGATG 

pSR1-Z-Bm caggatccGATGATTGTTTATGGCTCC 

pSR1-Z-Bm2 caggatccATAGTCGGTACCCGTAG 

REP1-12 CGGAATTCATGAATGGCGAGAGACTG 

REP1-34  caggatcCCTCTTCAGGCGGTAG 

pSB3-REP1-254-R cttcggatCCGCTTTCATTTTCGCTTC 

pSB3-REP1-378-F gaaagcggatccGAAGCTGAAACTGCAGAAG 



pSB3REP1-R143 cagtcgACTGCCGCGGAACGCC 

pSB3REP1-F70 gagaattcTCTAATGTACGTGGCATG 

pSB3-C60-R caGTCGACtctctagtagggagatatttc 

pSB3-C61-F ctggatccgaaccggtGAGACTTTGCAGGAG

ATG 

REP2-10 CGGAATTCATGGACGACATTGAAACAG 

REP2-228F CCAGTCTTGAATCTCACTCTTTTTTTGCTG 

LW-ORFC-238F GTGAGATTCAAGACTGGCCTC 

pSHrev2 AAAGCAACCTGACCTACA 

REP2-30 CAGCGGCCGCCgacctttctcttcttttttg

gaggctcgagtTCACTCTTTTTTTGCTGTAA

AC 

LW-ORFC-X gtctcgagGACTGGCCTCAAGTAAAAG 

pKW1-C-NotI cagcggccgcTCATGTTGTTCTCAATC 

AT1-F CAAGTAAAAGAGGCCGAGCGGCTGCAAGAAG

AAGTGTTACAG 

AT-R CTCGGCCTCTTTTACTTG 

AT2-F CAAGTAAAAGAGGCCGAGGTGGCCCAAGAAG

AAGTGTTACAG 
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Figure 5. pSR1 and pSB3 proteins interact with their native partners in S. 
cerevisiae in an in vivo protein interaction assay, and pSB3 C also interacts with 2

 (A) Two proteins were 
expressed in a cir0 two-hybrid S. cerevisiae reporter strain, one fused to the LexA 
DNA-binding domain (BD), the other to the Gal4 transcriptional activation domain 
(AD). (B) Co-transformants were grown in patches on a nitrocellulose filter and 
activation of the lacZ reporter gene integrated in the yeast genome downstream of 
LexA recognition sites (lexA(op8)) indicates interaction of the fusion proteins, detected 
by a filter assay for the lacZ gene product, ß-galactosidase, which cleaves X-Gal 
substrate to produce a blue precipitate.
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Figure 7. One-hybrid assay for partitioning protein association with plasmid 
partitioning loci in S. cerevisiae. (A) S. cerevisiae yeast lacking native 2μm plasmid 
[cir0] and containing the indicated partitioning sequence or no target sequence (-) 
integrated in the genome upstream of a lacZ reporter gene were transformed with a 
plasmid expressing AD or the indicated 2μm (B), pKW1 (C), pSR1 (D) and pSB3 (E) 
partitioning protein fused to AD or co-transformed with two plasmids, one expressing 
the indicated 2μm and 2μm-like plasmid Rep1 partitioning proteins fused to BD, the 
other expressing AD or the indicated plasmid partitioning protein fused to AD. 
Activation of lacZ indicates association of the AD fusion proteins with the plasmid 
partitioning sequence and was assessed by a filter assay for the lacZ gene product, 
ß-galactosidase, which cleaves X-Gal substrate to produce a blue precipitate. (Note, the 
pKW1 RB sequence activates expression of the lacZ reporter even in the absence of 
AD expression)
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Figure 8. Protein secondary structure prediction. 
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Figure 9. 2μm-like pSB3 Rep1 and C proteins interact through their amino 
termini. (A) The pSB3 Rep1 and C proteins or the indicated truncations of these were 
expressed in a cir0 two-hybrid S. cerevisiae reporter strain, with Rep1 fused to the 
DNA-binding domain of LexA (BD), and C fused to the transcriptional activation 
domain of Gal4 (AD). (B) Co-transformants were grown in patches on a nitrocellulose 
filter and activation of the lacZ reporter gene integrated in the yeast genome 
downstream of lexA(op8) indicates interaction of the fusion proteins, detected by a filter 
assay for the lacZ gene product, ß-galactosidase, which cleaves X-Gal substrate to 
produce a blue precipitate.
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Figure 10. The pSB3 Rep1 and C partitioning proteins associate with the pSB3 
PAR and plasmid gene promoters in S. cerevisiae. (A) S. cerevisiae one hybrid strains 
with pSB3 PAR full-length, or the REP1-proximal portion (par528) or the FLP gene 
promoter (FLPp) integrated in the genome upstream of a lacZ reporter gene were 
co-transformed with plasmids, one expressing full-length pSB3 Rep1 or the indicated 
Rep1 protein truncations, the other expressing AD or AD fused to full-length pSB3 C or 
the indicated C truncation. (B) Co-transformants were grown in patches on a nitrocellu-
lose filter and activation of lacZ indicates association of the AD fusion protein with the 
plasmid partitioning sequence and was assessed by a filter assay for the lacZ gene 
product, ß-galactosidase, which cleaves X-Gal substrate to produce a blue precipitate.
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Figure 12. Role of the Rep2 C-terminus in Rep1-independent partitioning can 
be supplied by the C-terminal AT-hook domain from the pKW1 C protein 
with AAA and GGP AT-hook mutations in C not impairing this partitioning. A 
cir0 S. cerevisiae strain was co-transformed with two plasmids, a TRP1-tagged, 
ARS-containing plasmid that either lacked (pCD1) or contained (pCD1-lexA(op8)) 8 
copies of the lexA operator sequence, and a HIS3-tagged CEN/ARS plasmid that 
constituatively expressed either LexABD, or LexABD

indicates the efficiency of inheritance of the pCD1 or pCD1-lexA(op8) plasmids and 
was determined by counting the ratio of tryptophan prototrophic colonies formed 
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Figure 13. The C-terminal  domain of pKW1 protein C can functionally 
substitute for the corresponding C-terminal part of 2μm Rep2 with AAA and 
GGP AT-hook mutations having no significant effect on partitioning. A cir0 S. 
cerevisiae strain was transformed with an ADE2-tagged 2μm-based plasmid 
(pAS27-based) that contained either wild type 2μm REP2 or an ORF encoding the 
indicated chimeric version of Rep2 in the place of the native REP2 ORF. 
Transformants were cultured overnight in selective medium (SC-ade). The fraction of 
adenine-prototrophic yeast cells indicates the efficiency of plasmid inheritance and 
was determined by counting the ratio of adenine prototrophic colonies formed after 
plating on selective versus non-selective solid medium. Results represent the average 
(± standard deviation) from assaying six independent transformants for each plasmid. 
An asterisk indicates a significant difference determined by a two-tailed Student’s 
t-test (*p<0.05).
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