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1. Introduction

Post-translational modifications are changes affecting the chemical composition of proteins after being
synthesized within the cell. Post-translational modifications play essential roles in the cell, altering protein
activitiy, protein localization, and protein turn-over. SUMOylation, the covalent attachment of a SUMO protein
to a target protein, is now well known to play an essential regulatory role within the cell. Importantly, cellular
stress, as the one triggered by exposure to high-temperature, cold-shock, and viral infection, triggers massive
increases in overall SUMO conjugation to cellular proteins. This event, referred to as a Global Increase in
Cellular SUMOylation or GICS, is known to exert a protective effect. Our group previously demonstrated that
large increases in SUMOylation block influenza virus replication, therefore stopping the viral life cycle.

In spite its relevance, the mechanisms that regulate the rapid increases in cellular SUMOylation triggered by
stress remain mostly unknown. The main goal pursued by these studies is to achieve an initial
characterization of the molecular mechanisms regulating the cellular levels and activity of the three main
SUMO modifiers in the cell, SUMO1-3. Our hypothesis is that the levels of these modifiers and the degree to
which they are conjugated to their cellular targets are deeply affected by the alternative splicing of their primary
transcripts and post-translational feedback mediated by the SUMO proteins encoded by the alternatively
spliced variants, hereafter referred to as the SUMOalpha isoforms. To achieve our main goal, we will pursue
two specific aims: i) Characterize the contribution of alternative splicing to the regulation of SUMO
levels in the cell, and, ii) Characterize the functional properties of the SUMOalpha isoforms.

For our first year of research, we aimed to pursue the following specific aims:

A. Characterize the contribution of alternative splicing in the regulation of cellular SUMO levels

A.1. Quantify mRNA levels for all SUMO1-3 variants under normalcy and stress conditions.

A.2. Design and implement the use of siRNAs and morpholinos to decrease and increase the cellular levels of
specific SUMO variants, respectively .

B. Characterize the functional properties of the SUMOalpha isoforms.

B.1. Develop all major tools needed for this aim, including plasmid clones needed for expression of the normal
SUMOs and SUMOalpha isoforms in mammalian and bacterial vectors, and purification of the proteins
expressed in bacterial systems.

2. Keywords
SUMO, SUMOylation, alternative splicing, variants, isoforms, gqRT-PCR.

3. Accomplishments

The SARS-CoV-2 pandemic had a dramatic effect in the El Paso region and, as a consequence, access to our
research laboratories by our students and research personnel was substantially restricted starting on March
2020. This has drastically limited our ability to perform the experiments that were proposed for this first year of
the grant. Nevertheless, some accomplishments were achieved as listed and described below. To facilitate
their assessment, they are listed in relation to the specific aims initially proposed for year 1, as previously
presented above.

A. Characterize the contribution of alternative splicing in the regulation of cellular SUMO levels

A.1. Quantify mRNA levels for all SUMO1-3 variants under normalcy and stress conditions.

The experiments for quantifying the SUMO3 variants under normalcy, heat shock, and influenza infection have
already been performed. The data analysis is currently in progress as the constructs required to generate the
regression curve required to calculate the copy number of the different variants are still being developed.

A.2. Design and implement the use of siRNAs and morpholinos to decrease and increase the cellular levels of
specific SUMO variants, respectively.

All morpholinos required have been designed. However, only some of them have been tested in tissue culture.
Nevertheless, the data obtained so far indicates that our approach allows the specific and efficient alteration in
splicing events that were expected.

B. Characterize the functional properties of the SUMOalpha isoforms.

B.1. Develop all major tools needed for this aim, including plasmid clones needed for expression of the normal
SUMOs and SUMOalpha isoforms in mammalian and bacterial vectors, and purification of the proteins
expressed in bacterial systems.

All the primers required for the development of the missing plasmids have been designed and some of them
have been ordered and implemented in the development of the recombinant plasmids needed. However, there
are still a few plasmids needed, most of which are currently being developed. Nevertheless, the PCR
conditions needed for the specific amplification of the desired sequences have already been standardized.



4. Impact

This project challenges the current dogma of how global cellular SUMOylation levels are regulated and
introduces a new paradigm in which alternative splicing and the protein isoforms produced by this process, the
SUMOalpha isoforms, play key roles in the regulation of the cellular levels and activity of the SUMO proteins.
Furthermore, the experiments currently under way will provide essential data on an untapped area of SUMO
research, assess the potential use of sSiRNAs and morpholinos as tools to regulate global cellular SUMOylation
levels, and could lead to the development of innovative therapeutic and prophylactic approaches to combat
influenza viral infections and improve patient outcomes following ischemic events.

5. Changes/Problems

The main challenged we faced during our first year of grant support was the limited access to our research
areas imposed by the SARS-CoV-2 pandemic. This greatly affected our ability to perform most of the tasks
initially planned for the first year of grant support. Therefore, we will be requesting a no-cost extension to have
the time required to perform all the experiments initially proposed and accomplish our research goals.

6. Products
There are no products to report.
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