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ZRT1 Regulates Minisatellite Stability

Conclusions and Future Directions

In addition to the UV-based Δzrt1 suppressor screen, Peter Jauert has also conducted a transposon-based suppressor screen.  Thus far, the 
Δzrt1 suppressor screens have yielded at least 40 complementation groups.  Of these, 10 contain mutations which have not yet been identified.  
Many of these have mutations in genes that are involved in mitochondrial maintenance and vesicular transport/endocytosis.  These biological 
processes have been shown to be critical for stationary phase survival (Martinez et al, 2004).  Two complementation groups have mutations in 
genes that have been previously been shown to affect stationary phase entry and survival: KGD1 and RAS2. 

The ade2-min3 allele consists of three identical 20 base sequences inserted into an XbaI site in ADE2, duplicating the 
XbaI 4 base overhang and disrupting the reading frame of ADE2.  When introduced into haploid cells, the ade2-min3 cells 
form a red colony.  Changes in the number of repeat units will restore the correct reading frame, leading to a white colony 
or region in a colony.  PCR across the ade2-min3 insertion demonstrated that these white patches were due to a loss in 
one 20 base-pair repeat unit.  The parental ade2-min3 strain was mutagenized by UV-irradiation to 10% survival.  505,000 
mutagenized colonies were screened visually for those exhibiting an elevated frequency of white patches.  One of the five 
genes found to have an effect on minisatellite stability was the zinc homeostasis gene ZRT1.  The novel color segregating 
phenotype of Δzrt1 is referred to as ‘blebbing’ , and is indicative of minisatellite instability.

Genes Required For Bleb Formation
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Secondary Screen for Suppressors of Blebbing

A yeast genomic library transformation was performed to identify genes that suppressed the ZRT1-null blebbing phenotype.  The shuttle vector 
pLEJ009  served as the backbone for the plasmids that constitute the genomic library.  The vector contains both the TRP1 and KANMX4 G418 
resistance markers to select for transformants on rich media. Each plasmid has a randomly inserted genomic DNA fragment, with a calculated  95% 
probability that the library pool contains any specific yeast gene.  Suppressor mutant strains were transformed with the yeast genomic library and 
transformants that blebbed, or reverted back to the ZRT1-null phenotype, were selected as candidates.  The plasmids were rescued from the 
candidates, amplified in bacteria, and sent for sequencing.

The plasmid 2b1a demonstrated suppression of the ZRT1-null blebbing phenotype.  Sequencing results show that the genomic fragment consists of 
nucleotides 177960 – 180376 on chromosome XI.  This region contains the MRP8 and SDH3 genes.  The function of the Mrp8 protein is unknown, 
but it is thought to be a mitochondrial ribosome protein.  A knockout of the MRP8 gene was performed in a ZRT1-null strain.  The knockout gave 
blebbing colonies to rule-out its possible role in suppression of the blebbing phenotype. Sdh3 is a succinate dehydrogenase mitochondrial protein 
which couples the oxidation of succinate with the transfer of electrons to ubiquitin.  The SDH3 gene is essential to cell viability, and therefore must be 
sequenced.  Further work is needed to determine if SDH3 is involved in the suppression of the ZRT1-null blebbing phenotype.
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After identifying suppressor genes from the genomic library transformations, the genes were amplified and sequenced to determine the 
mutations that induced suppression of blebbing.  The PET112 and IFM1 genes were cloned using PCR and sent to a sequencing facility.  The 
illustration shows an IFM1 nucleotide sequence alignment that compares a mutant strain with a reference sequence from the Saccharomyces 
Genome Database  The red circle shows a nonsense mutation at nucleotide 707 in the reading frame, substituting a thymine for adenine base 
pair that results in a leucine to stop codon substitution.
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Shown here are the Pet112p and Ifm1p proteins that are altered in the ZRT1-null suppressor mutant strains that were identified in the secondary 
screen.  Using PCR we amplified the PET112 and IFM1 genes, respectively, from multiple mutant strains in each complementation group.  The 
information above each protein specifies the location of the nucleotide base substitution, the composition of the substitution, and the resulting amino 
acid change.  The vertical arrows target a specific location on the protein, with the number designating the position of the amino acid in the sequence 
(NOT drawn to scale).  The red regions on the proteins specify functional domains.  A BLASTp search using the NCBI database was used to 
determine the location of the functional domains.  The GatB N-terminal and central domains of Pet112p function to furnish the formation of correctly 
charged Gln-tRNA during translation, with the Yqey domain thought to be involved in tRNA metabolism.  The IF2/eIF5B domains of Ifm1p are known 
to  play a role in ribosomal subunit joining and function as GTPases, with the IF2/mtIF2 domain being a GTP binding region.   

A secondary screen was performed to elucidate the role of ZRT1 in the minisatellite instability pathway.   A knock-out of the 
ZRT1 gene gave rise to blebbing colonies that were allowed to grow on rich media containing adenine.   The ZRT1-null 
colonies were then subjected to UV-irradiation to 10% survival. Colonies were screened visually for those exhibiting 
suppression of the blebbing phenotype.  The suppressors were crossed to one another and placed into a total of 22 
complementation groups.  Two of the genes later indentified by genomic library transformations were PET112 and IFM1.   

Abstract
Rare alleles of minisatellites, repetitive DNA tracts whose repeat units range from 15 to 
100 base pairs in length, have been correlated with human diseases including breast, colon, 
and urinary cancer.  Little is known about the regulation of minisatellite stability.  The 
Kirkpatrick lab conducted a color-based screen that identified factors involved in 
minisatellite stability during stationary phase using the yeast Saccharomyces cerevisiae.  
Factors were identified by screening for mutants that destabilized a minisatellite repeat 
construct in the coding region of the ADE2 gene (Kelly et. al, 2007).  One of the factors 
identified in this screen was the zinc transporter gene ZRT1.  I followed up these findings 
by identifying and sequencing mutations that suppressed the minisatellite instability 
phenotype in the ZRT1-null strains.  To identify a suppressor gene, I transformed a yeast 
genomic plasmid library into a suppressor mutant strain, selected transformants that 
reverted to the parental phenotype, then rescued the candidate plasmids and sequenced 
them. I also identified specific mutations in the suppressor genes PET112 and IFM1 by 
amplification and sequencing. Both of these genes are involved in mitochondrial function. 
This suppressor screen has shown that many processes are involved in minisatellite 
stability during stationary phase.  Further investigation is needed to identify other genes 
involved in the ZRT1 pathway, and to determine how these genes affect minisatellite 
stability.  Understanding the regulation of minisatellite stability in yeast could lead to 
effective treatment and prevention for many human diseases.  
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Mutations in PET112 and IFM1 Suppress Blebbing 

IF2/eIF5B

•SDH3 may play a role in the suppression of the ZRT1-null blebbing
phenotype 

•Mutations have been indentified in IFM1 and PET112 , and may be responsible
for the suppression of blebbing

•In future work we plan to characterize the roles of these suppressor mutants in
minisatellite instability


