
TF_A Control of Ribosome Biogenesis is Conserved in S. castellii
Sara, Jenna Pfiffner, Dawn Thompson, Paul Muller, Jay Konieczka, Ana Lyons, and Aviv Regev

Broad Institute of MIT and Harvard, Cambridge, Massachusetts, USA

Methods
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microarrays

Comparative transcriptomics provides a new glimpse into
the evolution of gene regulation. Ascomycota fungi are
uniquely suited among eukaryotes for studies of
regulatory evolution due to: broad phylogenetic scope,
many sequenced genomes, and facility of genomic
analysis.
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Coordinated expression of modules of functionally related genes
(such as ribosomal protein (RP) genes and ribosomal biogenesis (ribi)
genes) is often conserved at great evolutionary distances. This
coordinated expression is consistent with a selective pressure to
conserve coordinated transcript levels to maintain functional cellular
models. Genes encoding RPs are tightly coexpressed in organisms
from bacteria to humans, consistent with a selective pressure to
conserve coordinated transcript levels to maintain a stoichiometric
balance in ribosome assembly.
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In the Ascomycete species we study, expression of the RP module is conserved. For example, in a glucose
depletion experiment conducted previously in our lab, the RP module was repressed in all species as glucose
depletes.

This phenotypic conservation is not necessarily due to full
conservation of the regulators. Several transcription factors
controlling ribosomal gene expression have changed several
times since the last common ancestor after Ascomycota fungi,
which span Saccharomyces cerevisiae and Schizosaccharomyces
pombe. However, all these species possess an ortholog of the
TF_A gene (see above).

Known Functions of TF_A in S. cerevisiae:
•Controls ribi genes in response to nutrients and stress
•Regulates G2/M transitions in mitosis
•Modulates cell size
•Target of TOR pathwaylog2 ra(o:
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Ribosomal biogenesis genes are regulated by the
transcription factor TF_A
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Results and Data               
Hypothesis: While S. cerevisiae only contains one TF_A gene, S. castellii has two homologs (S.casParalog_A and S.casParalog_B). In addition,
the binding site for TF_A has been found in the promoter region of RP genes in this species. Therefore, in S. castellii, we will test the function
of each paralog to ask if one or both are conserved for the purpose of regulating and activating RP gene expression and cell size.
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We will create a double knockout of Paralog_A and Paralog_B in S. castellii to
determine whether the genes work independently or together. Is a double knockout
viable?  Further, with ~11% of genes being significantly up or down regulated in the
ΔParalog_A mutant, we would like to resolve whether this gene is directly or
indirectly responsible for this result. Does TF_A sit on the promoter region of all of
these genes? Or is it due an indirect effect (e.g. decreased ribosomal gene
expression)? In S. cerivisiae, TF_A is a transcriptional activator, therefore it is
surprising that we saw significant up-regulation in the mutant.  We plan to
investigate this finding.

Phenotype and Growth Evaluation
Observations:

•Mutants ΔParalog_A and ΔParalog_B yield smaller colony sizes
•Histograms reveal mutants have similar cell size, both smaller than wild
type (WT)
•Growth curve reveals ΔParalog_A is a much slower grower than
ΔParalog_B and WT
•Mutants’ growth rate are similar to each other, neither mutant strain is
more similar to WT

Conclusion: A slower growth rate and/or smaller cell size leads to a smaller
colony size (compared to WT)

Microarray Analysis
Observations:

•Reduced ribosomal gene expression in both mutant strains
•Many more ribosomal genes are down-regulated in ΔParalog_A than in
ΔParalog_B
•Genes involved in cell cycle are down-regulated in ΔParalog_A, but up-
regulated in ΔParalog_B

Conclusions:
• TF_A and its paralog (Paralog_B) regulate ribosomal gene expression
•ΔParalog_A is a more global regulator of ribosomal gene expression
•It can be suggested this gene, TF_A Paralog_A, has conserved its
function as a ribosomal protein regulator because it is syntenic with the
S. cerevisiae gene.
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