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Supplementary Figure S1. Copy Number estimates (CNest) per 100 ng of RNA of all 
SUMO transcripts analyzed in this study in A549, HEK293A, and Calu-3 cells, as well as 
in PBMCs from healthy volunteers, under normalcy. All data represents the average values 
obtained from triplicate measurements in three independent experiments. Error bars indicate 
standard deviation. No statistical comparisons were made among different groups as the goal 
pursued was to simply establish what the normal levels were for all transcripts presented 
under normal conditions. This data corresponds to the same data represented in Figure 3. 
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Supplementary Figure S2. Changes in the relative abundance of the mRNA 
transcripts used as controls for the different stress conditions. A549 cells and 
HEK293A cells were exposed to three different types of stress, namely IAV 
(Influenza A virus infection using viral strain A/PR/8/34 H1N1 at  MOI=10 for 12 
hours), cold-shock (27℃ for 24 hours), and heat-shock (43℃ for 1 hour), as 
described under Materials and Methods. Untreated cell cultures plated at equal 
cell densities and maintained for equal time frames were used as controls. After 
treatment, total RNA was purified and the CNest for the specific transcript shown 
was calculated. Changes in relative abundance of each transcript were calculated 
by subtracting the CNest in the control (non-stressed sample) from the CNest 
value obtained upon stress. All data are shown in Log2 scale and represent the 
average values obtained from triplicate measurements in three independent 
experiments. The H1N1 Matrix gene was used as control for IAV infection, RBM3 
was used as control for cold-shock, and Hsp70 was used as control for heat-
shock. 
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Supplementary Figure S3. Changes in global SUMOylation levels 
triggered by cold-shock in A549 and HEK293A cells. To confirm 
the differences in the global SUMOylation levels observed upon 
cold-shock in A549 cells as compared with HEK293A cells, we 
performed three independent cold-shock experiments. In each, cells 
were grown at either 37℃ or 27℃ for 24 hours and collected and 
processed for immunoblotting analyses using anti-SUMO1 
antibodies as described under Materials and Methods. 37℃: 
Samples grown at 37℃ (normal conditions); 27℃: Samples grown 
at 27℃. In each case, lanes 1-3 represent samples from a different 
independent experiment. 
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Supplementary Figure S4. Nucleocytoplasmic distribution of U2 snRNP RNA and the 
mRNA derived from the gene coding for the ribosomal protein S14, which are the 
control RNAs used for cellular fractionation experiments. Cells grown at 37℃ for 24 
hours were collected, lysed, & separated into nuclear and cytoplasmic fractions. Total RNA 
was purified from each fraction and used to estimate nuclear and cytoplasmic CNests for 
each RNA. The sum of the nuclear and cytoplasmic fraction equals 100% of the total 
transcript present in the cell for that RNA. The data presented correspond to the average 
values from triplicate measurements obtained in three independent experiments. Statistical 
significance was established using an unpaired Student’s T-Test, applying a Bonferroni 
correction to account for the number of multiple comparisons within each treatment. 
***p<0.002; ****p<0.001.
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Supplementary Figure S5. Nucleocytoplasmic distribution of each variant under normalcy (37℃) 
and cold-shock (27℃) in A549 and HEK293A cells. Cells maintained for 24 h at either 37℃  or 27℃  
(cold-shock) were collected, lysed, & separated into nuclear and cytoplasmic fractions. Total RNA was 
purified from each fraction and used to estimate nuclear and cytoplasmic CNests for each variant. The 
data presented correspond to the average values from triplicate measurements obtained in three 
independent experiments. In each case, the sum of the nuclear and cytoplasmic fraction equals 100% 
of the total transcript present in the cell for that variant. Error bars indicate standard deviation. 
Statistical significance was established using an unpaired Student’s T-Test, applying a Bonferroni 
correction to account for the number of multiple comparisons within each treatment. *p<0.008; 
**p<0.004. ***p<0.002. This data corresponds to the same data presented in Figure 5A. 
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Supplementary Figure S6. Immunoblotting profile of His-S-YFP-SUMO fusion proteins used for 
immunofluorescence analyses. HEK293A cells were transfected with expression constructs coding 
for the indicated His-S-YFP-tagged SUMO protein. At 24 h post-transfection, the transfected cells 
were collected in boiling 4x Sample Buffer and processed for SDS-PAGE and immunoblotting analysis 
using antibodies against the S-tag, which is located between the His-tag (itself located near the N-
terminus of the protein) and the YFP tag. The localization of free (unconjugated) and conjugated SUMO 
forms are indicated. 1, Cells transfected with an empty plasmid; 2, cells over-expressing His-S-YFP-
SUMO1; 3, cells over-expressing His-S-YFP-SUMO1𝛼; 4, cells over-expressing His-S-YFP-SUMO2; 5, 
cells over-expressing His-S-YFP-SUMO2𝛼; 6, cells over-expressing His-S-YFP-SUMO3; 7, cells over-
expressing His-S-YFP-SUMO3𝛼. Notice the absence of truncated forms for all of the fusion proteins 
expressed, which indicates that the localization data provided in Figure 7 corresponds to the actual 
cellular distribution dictated by the corresponding SUMO protein. The expected molecular weights of 
the different fusion proteins are shown in the table provided. Notice also the lack of conjugated forms 
for His-S-YFP-SUMO1𝛼 and His-S-YFP-SUMO2𝛼, which supports the conclusion that the alpha 
isoforms of SUMO1 and SUMO2 are not conjugatable (see Fig. 8D). 

Protein Expected 
MW (kDa)

His-S-YFP-
SUMO1 43.85

His-S-YFP-
SUMO1𝛼 41.09

His-S-YFP-
SUMO2 43.32

His-S-YFP-
SUMO2𝛼 40.83

His-S-YFP-
SUMO3 43.13

His-S-YFP-
SUMO3𝛼 47.26
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Supplementary Table S2. Predicted tryptic cleavage products for the 
prototypical SUMO proteins and their SUMO𝛼 isoforms

Peptides specific of the prototypical SUMOs (isoform 1) are shown in aqua background. 
Peptides specific of the SUMO𝛼 (isoform 2) are shown in yellow background. The 
predictions were performed using the PeptideMass tool at the ExPASy Bioinformatics 
Resource Portal (http://web.expasy.org/cgi-bin/peptide_mass/peptide-mass.pl).

http://web.expasy.org/cgi-bin/peptide_mass/peptide-mass.pl
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Supplementary Table S3. Efficiencies of the primer pairs used for RT-qPCR analyses. 

The R-Square and Slope values shown correspond to the numbers obtained in the calibration 
curves performed for every PCR product using the indicated primer pairs. 
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ADDITIONAL SUPPLEMENTARY FIGURES - 
ORIGINAL UNCROPPED IMAGES

FIGURE 2 (b)

RT-qPCR products obtained for each mRNA variant form 
using the primer pairs represented in A. All products obtained 
were sequenced to confirm their identity and the specificity of 
the reaction.
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FIGURE 4 (d)
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Immunoblot data showing changes in global SUMOylation levels triggered by 
Influenza A Virus infection, heat- shock, and cold-shock. The membranes were 
immunoblotted for GAPDH, washed, immunoblotted for SUMO1, stripped using a 
heat denaturation method, and subsequently blotted for SUMO2/3. 1, Mock infected 
cells; 2, IAV infected cells; 3, heat-shock control; 4, heat-shock sample; 5, cold-
shock control; 6, cold- shock sample. *: GAPDH. 

FIGURE 4 (d) (Continuation)
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A549 HEK293A
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FIGURE 8 (d)
Immunoblot analyses showing the patterns of conjugation associated to each SUMO isoform. HEK293A cells 
were transfected with expression constructs coding for the indicated His-S-tagged SUMO protein. At 24 h post- 
transfection, the cells were lysed and the resulting extracts analyzed by SDS-PAGE and immunoblotting. Upper 
panel: immunoblot performed with antibodies directed against the S-tag (located near the N-terminal end of the 
proteins). Lower panel: subsequent immunoblot using anti-GAPDH antibodies as loading control for the different 
samples. The localization of free- and conjugated-SUMO forms is indicated. High molecular weight signals are 
easily visible for SUMO3α, indicating its ability to become conjugated to other proteins. In contrast, no high 
molecular weight forms were observed for SUMO1α and SUMO2α. 1, Mock transfected cells; 2&3, cells over-
expressing SUMO1 and SUMO1α, respectively; 4&5, cells over-expressing SUMO2 and SUMO2α, respectively; 
6&7, cells over- expressing SUMO3 and SUMO3α, respectively. All over-expressed SUMO proteins contained 
tandem His- and S-tags at their N- terminus. 

S-tag GAPDH
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To confirm the differences in the global SUMOylation levels observed upon cold-shock in 
A549 cells as compared with HEK293A cells, we performed three independent cold-shock 
experiments. In each, cells were grown at either 37℃ or 27℃ for 24 hours and collected 
and processed for immunoblotting analyses using anti-SUMO1 antibodies as described 
under Materials and Methods. 37℃: Samples grown at 37℃ (normal conditions); 27℃: 
Samples grown at 27℃. In each case, lanes 1-3 represent samples from a different 
independent experiment. 

Supplementary Figure S3

A549 HEK293A
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Supplementary Figure S6
HEK293A cells were transfected with expression constructs coding for the indicated His-S-YFP-
tagged SUMO protein. At 24 h post-transfection, the transfected cells were collected in boiling 4x 
Sample Buffer and processed for SDS-PAGE and immunoblotting analysis. using antibodies against 
the S-tag, which is located between the His-tag (itself located near the N-terminus of the protein) and 
the YFP tag. The localization of free (unconjugated) and conjugated SUMO forms are indicated. 1, 
Cells transfected with an empty plasmid; 2, cells over-expressing His-S-YFP-SUMO1; 3, cells over-
expressing His-S-YFP-SUMO1𝛼; 4, cells over-expressing His-S-YFP-SUMO2; 5, cells over-expressing 
His-S-YFP-SUMO2𝛼; 6, cells over-expressing His-S-YFP-SUMO3; 7, cells over-expressing His-S-YFP-
SUMO3𝛼. Notice the absence of truncated forms for all of the fusion proteins expressed, which 
indicates that the localization data provided in Figure 7 corresponds to the actual cellular distribution 
dictated by the corresponding SUMO protein. The expected molecular weights of the different fusion 
proteins are shown in the table provided. Notice also the lack of conjugated forms for His-S-YFP-
SUMO1𝛼 and His-S-YFP-SUMO2𝛼, which supports the conclusion that the alpha isoforms of SUMO1 
and SUMO2 are not conjugatable (see Fig. 8D). 


