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Delineation and Analysis of the SUMO-Modified Proteome During Meiosis
Meiosis produces haploid gametes through an interdependent sequence of chromosomal events, including pairing, 
synapsis, and recombination. Defects in these processes are a leading cause of infertility, pregnancy loss and congenital 
disease in humans. Recent studies indicate central roles for the SUMO-conjugation and ubiquitin-proteasome systems 
in orchestrating the events of meiotic prophase. In particular, SUMO promotes the crossover outcome of homologous 
recombination, which is required for accurate chromosome segregation at the first division of meiosis. A major hurdle to 
understanding how SUMO regulates meiosis is identifying target proteins and mapping the sites of SUMO conjugation. 
The long-term objectives of this proposal are to delineate the SUMO-modified proteome during meiosis and understand 
how SUMO regulates meiotic recombination. To this end, we have developed an efficient regimen to map SUMO-con-
jugation sites by mass spectrometry during meiosis in budding yeast. The resulting datasets provides unprecedented 
insights into the landscape and dynamics of SUMO modification during meiosis.
This project will extend these breakthroughs to achieve two broad aims. Aim 1 will define meiotic specific substrates of 
the four known SUMO E3 ligases in budding yeast, Zip3, Siz1, Siz2 and Mms21. Of special interest are targets of Zip3, a 
meiosis-specific E3 ligase. Both Zip3 and its human ortholog, RNF212, accumulate at designated crossover sites where 
they act to promote crossing over. Notably, common alleles of human Rnf212 are responsible for heritable variation in 
crossover rate. Aim 2 we will exploit our unique proteomics dataset to understand how SUMO orchestrates meiosis, with 
a special focus on the regulation of recombination. An efficient pipeline has been developed to simultaneously mutate 
the multiple SUMO-conjugation sites found in a typical target protein. The resulting SUMO-defective mutants will be 
analyzed using the comprehensive battery of molecular, genetic, biochemical and cytological assays uniquely available in 
budding yeast to monitor the events of meiotic prophase. The findings of this proposal will be germane to understanding 
pathologies associated with human meiosis, and are expected to define paradigms that are broadly relevant for under-
standing the biology of SUMO.

RNF212B - a Novel SUMO E3-Ligase With Roles in Meiosis  
Meiosis is the specialized cell division that produces gametes (sperm and eggs) containing a single copy of each chro-
mosome. Errors in meiosis are the leading cause of miscarriage and congenital diseases, including Down, Klinefelter, 
Edwards, Patau and Triple X syndromes. These diseases result when a fetus inherits the wrong number of chromosomes, 
termed aneuploidy. Fetal aneuploidy most often derives from a defective egg that was unable to correctly segregate its 
chromosomes. Successful chromosome segregation requires that pairs of matching chromosomes become connected 
through a process called crossing over. For unknown reasons, crossing over is inefficient in human females leading to 
defective segregation. Thus, to understand and ameliorate human aneuploidy, we need to elucidate the processes that 
regulate crossing over. This project will study the function of RNF212B, a newly identified factor that facilitates crossing 
over. RNF212B belongs to a class of regulatory proteins that modify the activities of other proteins. Specifically, RN-
F212B catalyzes protein modification by the ubiquitin-family protein, SUMO. The function of RNF212B will be elucidated 
using cytological and genetic approaches in mouse models, and biochemical approaches using the human SUMO and 
recombination mchinery. The goals are to characterize how RNF212 promotes crossing over, identify its target proteins 
and understand how their activities are regulated, and relate these findings to the inefficient crossing over that occurs in 
human females. 

Effects of Atrazine on the Developing Ovary 
Effects of Atrazine on the Developing Ovary breaks. A few breaks are assigned a crossover rate in such a way that each 
pair of chromosomes obtains at least one crossover, as required for accurate segregation. We have obtained evidence 
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that this crossover control process involves the differential stabilization of key recombination factors, which in turn sta-
bilize DNA recombination intermediates. A role for ubiquitin-dependent protein turnover is invoked by these data. This 
project will address the role of the proteasome in the turnover of specific recombination factors. We will also take an 
unbiased approach to identify meiotic proteins that undergo ubiquitin-dependent turnover during meiotic prophase. The 
project will utilize genetic, cytological, biochemical, and mass spectrometry approaches.




