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Abstract (300 word limit)
Environmental changes induce many acute and long-term adaptive cellular responses. Mammals have diverse adaptive mechanisms for stress resistance, such as immune responses to pathogens or hormone-mediated homeostatic processes. At the cellular level, acute changes in the local microenvironment, such as changes of pH or temperature, oxidative stress, or nutrient limitation, may induce programmed cell death or trigger adaptive changes that include gene mutation, aneuploidy, changes in gene expression or epigenetic alterations. The small ubiquitin-like modifier (SUMO) protein is a conserved post-translational modifier that regulates a host of proteins in eukaryotic cells and maintains cell homeostasis when the cell encounters endogenous or environmental stress, such as osmotic stress, hypoxia, heat shock, genotoxic stress, and nutrient stress. In response to acute loss of the Ulp2 SUMO-specific protease, yeast become disomic for chromosome I (ChrI) and ChrXII. Here we report that ChrI disomy, which creates an adaptive advantage in part by increasing the dosage of the Ccr4 deadenylase, was eliminated by extended passaging. Loss of aneuploidy is often accompanied by mutations in essential SUMO-ligating enzymes, which reduced polySUMO-conjugate accumulation. The mRNA levels for almost all ribosomal proteins increase transiently upon initial loss of Ulp2, but elevated Ccr4 levels limit excess ribosome formation. Notably, extended passaging leads to increased levels of many small nucleolar RNAs (snoRNAs) involved in ribosome biogenesis, and higher dosage of three linked ChrXII snoRNA genes suppressed ChrXII disomy in ulp2Δ cells. Our data reveal that aneuploidy allows rapid adaptation to Ulp2 loss, but long-term adaptation restores euploidy. Cellular evolution restores homeostasis through countervailing mutations in SUMO-modification pathways and regulatory shifts in ribosome biogenesis.
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Figure 1. Short-term and long-term adaptive mechanisms caused by loss of Ulp2. Proposed model showing
that yeast have short-term and long-term adaptive mechanisms that allow survival of a dysregulated SUMO
system caused by loss of Ulp2. Loss of Ulp2 leads to accumulation of polySUMO-conjugated substrates,
enhanced expression of genes encoding ribosomal proteins and reduced cell fitness (irregular cell outline).
Duplication of Chrl and ChrXil provides a transient adaptive solution to amplify three protein-coding
genes, CCR4, CLN3, and CCW12, and several snoRNA genes, SNR67, SNR55, and SNR57. Following
evolution over many cell generations, disomies of both Chrl and Xil are eliminated, concomitant with
mutations in UBC9, UBA2, or AOST. These SUMO-ligating enzyme mutations reduce SUMO conjugation and
suppress the growth defects of Lip2A cells. Upregulation of numerous snoRNA genes appears to promote
ribosome biogenesis, which is normally tightly requlated by the SUMO system




