2 eLife

*For correspondence:
kpatrick03@tamu.edu

Competing interest: The authors
declare that no competing
interests exist.

Funding: See page 24

Preprinted: 18 July 2022
Received: 28 July 2022
Accepted: 20 November 2022
Published: 21 November 2022

Reviewing Editor: Kristen W
Lynch, University of Pennsylvania,
United States

© Copyright Wagner et al. This
article is distributed under the
terms of the Creative Commons
Attribution License, which
permits unrestricted use and
redistribution provided that the
original author and source are
credited.

RESEARCH ARTICLE a @
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Abstract To mount a protective response to infection while preventing hyperinflammation, gene
expression in innate immune cells must be tightly regulated. Despite the importance of pre-mRNA
splicing in shaping the proteome, its role in balancing immune outcomes remains understudied.
Transcriptomic analysis of murine macrophage cell lines identified Serine/Arginine Rich Splicing
factor 6 (SRSF6) as a gatekeeper of mitochondrial homeostasis. SRSF6-dependent orchestration

of mitochondrial health is directed in large part by alternative splicing of the pro-apoptosis pore-
forming protein BAX. Loss of SRSF6 promotes accumulation of BAX-k, a variant that sensitizes
macrophages to undergo cell death and triggers upregulation of interferon stimulated genes
through cGAS sensing of cytosolic mitochondrial DNA. Upon pathogen sensing, macrophages regu-
late SRSF6 expression to control the liberation of immunogenic mtDNA and adjust the threshold for
entry into programmed cell death. This work defines BAX alternative splicing by SRSF6 as a critical
node not only in mitochondrial homeostasis but also in the macrophage’s response to pathogens.

Editor's evaluation

SR proteins are a family of RNA binding proteins that have widespread essential functions
throughout biology. SRSF6 is an understudied SR family member, best characterized for its role in
controlling alternative splicing. Through comparative RNA-Seq analysis, this study demonstrates a
role of SR protein SRSFé6 in regulating interferon-responsive gene expression in macrophages. More-
over, the data provide compelling evidence that SRSFé influences the interferon response through
controlling mitochondrial damage triggered by a spliced isoform of BAX.

Introduction

When innate immune cells like macrophages sense pathogen or damage associated molecular patterns
(PAMPs or DAMPs), they rapidly induce transcription of hundreds of genes encoding cytokines,
chemokines, and antimicrobial mediators (Hagai et al., 2018; Ramsey et al., 2008). While these tran-
scripts are being synthesized by RNA polymerase Il, they are subject to several critical co-transcrip-
tional processing steps including 5’ capping, cleavage and polyadenylation, and pre-mRNA splicing,
whereby introns are removed and exons are ligated together to generate mature RNAs (Carpenter
et al., 2014). Pre-mRNA splicing plays a key role in global regulation of the transcriptome and thus
the proteome, with 92-94% of the human genome subject to alternative splicing (Wang et al., 2008)
and >80% of alternative splicing predicted to impact protein functionality (Yura et al., 2006).
Splicing regulatory proteins play a critical role in maintaining the fidelity of splicing while permit-
ting the flexibility needed for alternative exon usage. One major family of splicing regulators is the
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Serine/arginine rich, or SR proteins. These proteins recognize and bind to exonic splicing enhancer
sequences to define exon locations, thus directing the U snRNPs to cis-splicing signals in nearby
introns. The SRs also function at other steps of the RNA life cycle including mRNA export, localization,
decay, and translation (Howard and Sanford, 2015). Many connections have been made between
SR proteins and cancer, with aberrant expression of SR proteins commonly observed in patients with
multiple myeloma and acute myeloid leukemia (Liu et al., 2022; Song et al., 2019, Wan et al., 2019).
There are emerging roles for SR proteins in regulating immune homeostasis. SRSF1, the best studied
SR protein, limits autoimmunity via a role in maintaining healthy regulatory T cells (Katsuyama and
Moulton, 2021). SRSF3 has been shown to negatively regulate IL-1B release during Escherichia coli
infection of THP-1 monocytes (Moura-Alves et al., 2011) and SRSF2 promotes herpes simplex virus
replication by binding to viral promoters and controlling splicing of viral transcripts (Wang et al.,
2016).

To better define the contributions of SRSF proteins to innate immunity, we carried out a transcrip-
tomics study of a panel of SRSF knockdown (KD) RAW 264.7 macrophage cell lines. This analysis
revealed a remarkable degree of diversity in how individual SR proteins influence innate immune
responses (Wagner et al., 2021). One particularly striking phenotype we uncovered was that of Srsfé
KD macrophages, which express high basal levels of Ifnb1 and interferon stimulated genes (ISGs).
SRSF6 is a 55 kDa protein that is essential for viability of Drosophilia melanogaster and Mus musculus
(Mason et al., 2020; Ring and Lis, 1994). Multiple studies report that SRSF6 preferentially binds
purine-rich exonic splicing enhancers, with a predicted consensus site in humans of USCGKM (where
S represents G or C; K represents U or G; M represents A or C) (Liu et al., 1998). SRSF6 activity is at
least in part controlled via phosphorylation by the dual specificity kinases CLK1 and DYRK1a (Hara
etal., 2013; Yin et al., 2012), which activates SRSF6 shuttling between the cytoplasm and the nucleus
(Sapra et al., 2009). SRSF6 abundance has been repeatedly associated with cancer, liver disease, and
diabetes (Jensen et al., 2014; Juan-Mateu et al., 2018; Li et al., 2021) and recent work has identified
several roles for SRSF6 in mitochondrial function and cell death. For example, loss of SRSFé decreases
mitochondrial respiration, leading to increased cellular apoptosis in human endoC-BH1 endothelial
cells, likely via alternative splicing of cell death factors like Bim, Bax, Diablo, and Bclaf1 (Juan-Mateu
et al., 2018). Likewise, phosphorylation of SRSFé induces alternative splicing of mitochondria related
genes (e.g. Polg2, Nudt13, Guf1, Rnasel, and Nme4) in a mouse model of fatty liver disease as well as
in human hepatitis patients (Li et al., 2021).

Here, we report that SRSFé works to limit basal type | interferon (IFN) expression and apoptosis in
murine macrophage cell lines and primary macrophages. The mechanisms underlying these pheno-
types converge on alternative splicing of the pro-apoptotic factor BAX; specifically, upregulation
of a BAX variant called BAX-kappa (Bax-k). Our findings support a model whereby Bax-k expres-
sion renders BAX mitochondrial pores permissive to mtDNA release and sensitive to triggers of
programmed cell death. These studies provide insight into how BAX alternative splicing controls
mitochondrial homeostasis and illuminate an unappreciated role for SRSF6 in balancing macrophage
innate immune responses.

Results

SRSF6 knockdown activates type | interferon gene expression in
macrophages

To appreciate the distinct contribution of individual SR proteins to macrophage gene expression, we
generated RAW 264.7 macrophage cell lines (RAW M ®) stably expressing shRNA hairpins directed
against Srsf1, 2, 6,7, and 9, as previously reported in Wagner et al., 2021. Most SR proteins are ubig-
uitously expressed across cell types, and we confirmed expression of each of these SRs in our RAW
M® (Figure 1—figure supplement 1A). Because it is well-established that several members of the
SR protein family are essential genes across multiple cell types (Feng et al., 2009; Goldberger et al.,
2021; Ortiz-Sanchez et al., 2019; Wang et al., 2001; Xu et al., 2005) and because high-quality
transcriptomics analyses have been carried out successfully for SR family members using shRNA or
siRNA gene silencing (ENCODE Project Consortium, 2004; Van Nostrand et al., 2020), we opted
to stably knockdown these factors, instead of relying on CRISPR-mediated gene editing. To identify
major transcriptomic changes due to loss of SR proteins, we isolated total RNA from each of these KD

Wagner et al. eLife 2022;11:e82244. DOI: https://doi.org/10.7554/eLife.82244 2 0of 30


https://doi.org/10.7554/eLife.82244

e Llfe Research article

Chromosomes and Gene Expression | Immunology and Inflammation

cell lines and a scramble (SCR) control that was selected alongside the SR KDs, performed RNA-seq,
and measured differential gene expression using the CLC Genomics Workbench, as in Wagner et al.,
2021. Using a simple hierarchical clustering algorithm, we visualized the gene expression profiles of
each SR KD macrophage cell line and pinpointed SRSF6 as unique amongst the SR proteins queried
(correlation between SRSFé's node and the rest of the tree = 0.138) (Figure 1A). Manual annotation
of genes in clusters that were uniquely impacted by loss of SRSFé revealed several downregulated
genes related to mitochondrial biology (Figure 1B). On the other hand, many upregulated genes
fell into the category of interferon stimulated genes (ISGs) (Figure 1C), as defined by Kim et al.,
2018; Liu et al., 2012; Thomas et al., 2006; Zahoor et al., 2014. I1SGs are a group of genes whose
transcription is activated through IFNAR receptor-mediated type | interferon signaling. Generally,
very few ISG transcripts accumulate in resting macrophages. Direct visualization of RNA-seq reads
using the Integrated Genome Viewer shows elevated reads across all coding exons for representative
ISGs Rsad2 (Figure 1D) and Mx1 (Figure 1—figure supplement 1B). Ingenuity Pathway Analysis
confirmed overrepresentation of differentially expressed genes in functional categories related to
interferon and antiviral responses (Figure 1E), indicating an overall increase in type | IFN signaling.
Furthermore, RT-gPCR confirmed basal ISG expression in two independently derived Srsfé KD cell
lines (Figure TH-J), with the degree of ISG accumulation correlating with SRSFé KD efficiency and
protein expression (Figure 1F-G). We also measured ISG accumulation upon transient siRNA KD
of SRSF6 in RAW M® cells (Figure 1—figure supplement 1C), arguing against off-target effects
resulting from stable selection of KD cell lines. Importantly, this phenotype was recapitulated by Srsfé
siRNA KD in primary cell types including bone marrow derived macrophages (BMDMs) (Figure 1K)
and mouse embryonic fibroblasts (MEFs) (Figure 1—figure supplement 1D). Differential expression
of genes involved in type | IFN responses was not observed in other resting SRSF KD RAW M® cell
lines, suggesting this phenotype is unique to loss of SRSF6 and is not a general consequence of inter-
fering with splicing (Wagner et al., 2021).

Having concluded that SRSF6 plays a role in regulating basal ISG expression, we sought to inves-
tigate the cell-intrinsic vs. cell-extrinsic nature of this phenotype. Phosphorylation of IFN regulatory
factor 3 (IRF3) is a critical step in the initial stages of PAMP and DAMP sensing that lead to production
of IFN-B. Immunoblot analysis revealed increased levels of phospho-IRF3 (S396) in resting Srsfé KD
macrophages (Figure 1L). Higher levels of IFN-B protein were also measured in the supernatants of
Srsf6 KD RAW M@ cells via ISRE reporter cells (Hoffpauir et al., 2020; Figure 1M). Consistent with
higher levels of IFN- secretion, supernatants from Srsfé6 KD macrophages were sufficient to stimulate
ISG expression in naive wild-type RAW M ® cells (24 hr incubation) (Figure 1N). Elevated basal I1SG
expression in Srsf6 KD cells was rescued by treatment with an IFN-B neutralizing antibody (Figure 10).
Together, these data suggest that IRF3-mediated expression of IFN-B drives upregulation of basal ISG
expression in Srsfé6 KD RAW M ® cells. Finally, to demonstrate the biological relevance of increased
SRSF6-dependent basal ISG expression, we infected cells with the single stranded RNA virus VSV,
which is hypersensitive to even low levels of ISG expression (Wagner et al., 2021; West et al., 2019).
We observed a dramatic restriction of VSV replication in Srsf6 KD RAW M® cells compared with SCR
controls (Figure 1P and Figure 1—figure supplement 1E), supporting a bona fide role for SRSF6 as
a negative regulator of antiviral immunity.

Cytosolic mtDNA triggers cGAS-dependent DNA sensing in Srsf6 KD
macrophages

We next sought to identify the trigger of the higher basal type | IFN expression in Srsf6 KD RAW
M® cells. Mitochondrial DNA (mtDNA) can activate cytosolic DNA sensing pathways when mito-
chondria are damaged or depolarized such that mtDNA is released from the inner matrix (West
et al., 2015). Because mitochondrial genes were downregulated in Srsf6 KD RAW M ® (Figure 1B),
we hypothesized that the mitochondrial network might be impacted by a loss of SRSFé. To begin
to establish mtDNA as a source of the increased ISG expression, we first set out to determine if
cytosolic mtDNA was increased in Srsf6 KD macrophages. To measure cytosolic mtDNA we used
differential centrifugation to separate cytosolic and cellular membrane fractions (the latter of which
include mitochondria) from SCR and Srsfé6 KD RAW M ® (Figure 2A). We detected significant enrich-
ment of several mtDNA genes (Cytb, Dloop2, and Dloop1) in the cytosol of Srsf6 KD RAW M ®
cells (Figure 2B). Additionally, we determined the necessity of mtDNA to drive the increased basal
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Figure 1. SRSF6 controls basal type | interferon expression in macrophages. (A) Heatmap of differentially expressed genes after knockdown of Srsf1,
2, 6,7, and 92in RAW 264.7 macrophage-like cell lines (RAW M ®) relative to a scramble (SCR) shRNA control. (B) Differential gene expression of

mitochondria related genes (red) in Srsf6 KD RAW M®. (C) As in B but highlighting ISGs (red). (D) Integrative Genomics Viewer (IGV) tracks of Rsad?
from Srsfé KD macrophage RNA seq. (E) Ingenuity Pathway Analysis showing canonical pathways from Srsfé KD RAW M@ RNA seq. Green indicates
pathways unique to SRSFé6. (F) RT-qPCR of Srsfé in Srst6 KD RAW M@ . (G) Immunoblot of SRSF6 in Srsf6 KD RAW M ® . (H) RT-gPCR of Rsad2 in Srsfé

Figure 1 continued on next page
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KD RAW M@ (I) RT-gPCR of Mx2 in Srsf6 KD RAW M ® . (J) Immunoblot of RSAD2 (VIPERIN) in Srsf6 KD RAW M@ . (K) RT-qPCR of Srsfé and Rsad2 in
Srst6 siRNA KD BMDMs compared with a negative control (NC) siRNA control. (L) As in G but for phosphorylated IRF3 and total IRF3. Numbers indicate
densiometric measurements of pIRF3 (LICOR). (M) Protein quantification of extracellular IFNB in Srsf6 KD RAW M ® measured by relative light units
(RLU). (N) RT-gPCR of Rsad2 in WT RAW M ® incubated with SCR or Srsf6 KD RAW M® supernatants for 24 h. (O) RT-gqPCR of Rsad2 in Srsf6 KD RAW
M® given IFNB neutralizing antibody treatment for 24 h. (P) VSV replication in Srsfé KD RAW M® at 0, 2, 4, 8 hr post infection (MOl = 1) measured by
RT-gPCR of Vsvm. All data are compared with a SCR control unless indicated. Data are expressed as a mean of three or more biological replicates with
error bars depicting SEM. Statistical significance was determined using two tailed unpaired student’s t test. *=p < 0.05, **=p < 0.01, ***=p < 0.001,

*kxk_p < 0.0001.

The online version of this article includes the following source data and figure supplement(s) for figure 1:
Source data 1. Unmodified immunoblots of SRSF6 and ACTIN in Srsfé6 KD RAW M@ .

Figure supplement 1. Loss of SRSFé upregulates interferon stimulated genes.

ISG expression in Srsf6 KD macrophages, as mtDNA depletion via treatment with the nucleoside
analog 2,3'-dideoxycytidine (ddC) (Figure 2C), returned expression of the ISG Rsad2 to that of SCR
control cells (Figure 2D). Elevated basal ISG expression was dependent on cytosolic DNA sensing,
as Srsf6 KD did not cause RsadZ transcript accumulation in the absence of the cytosolic DNA sensor,
cGAS (Figure 2E-F, Figure 2—figure supplement 1A). Together, these data argue that loss of SRSF6
causes leakage of mtDNA into the cytosol where it engages cGAS, leading to phosphorylation of IRF3
(Figure 1L), expression of IFN-B (Figure 1M), and activation of ISG expression in resting macrophages
(Figure 1A-C).

To understand how loss of SRSFé disrupts mitochondrial homeostasis to allow for mtDNA cytosolic
access, we first visualized the mitochondrial network in Srsf6 KD and control MEFs, which are well-
suited for imaging due to their extensive mitochondrial network. Immunofluorescence microscopy
(anti-TOM20) revealed increased mitochondrial fragmentation in Srsfé6 KD MEFs (Figure 2G), although
total levels of mitochondrial proteins like TOM20 and VDAC were comparable between SCR and Srsfé
KD cell lines (Figure 2—figure supplement 1B). Importantly, mitochondria in Srsf6 KD RAW M ® also
exhibited loss of membrane potential (Figure 2H), as measured by tetramethylrhodamine ethyl ester
(TMRE) signal (decreased TMRE signal = increased membrane depolarization). As another measure of
mitochondrial function, we measured metabolic output in Srsf6 KD vs. SCR RAW M ® cells normalized
to protein abundance via the Agilent Seahorse Metabolic Flex Analyzer. Srsf6 KD cells displayed defi-
ciencies in multiple readouts of oxygen consumption rate (OCR), which serves as a proxy for oxidative
phosphorylation (OXPHOS). Loss of SRSF6 reduced mitochondrial OXPHOS, indicated by lower basal
and maximal respiration. Additionally, Srsf6 KD mitochondria had lower ATP production and lower
respiratory capacity compared with SCR controls (Figure 2I top-J). Glycolysis, as measured by extra-
cellular acidification rate (ECAR) was unaffected by SRSF6 knockdown (Figure 2I, bottom), suggesting
that SRSFé specifically impacts cellular metabolism primarily at the level of mitochondrial OXPHOS.

SRSF6-dependent alternative splicing of BAX regulates basal ISG
expression in macrophages

Our data suggest that SRSF6 limits basal type | IFN expression in macrophages through a role in main-
taining mitochondrial homeostasis. SRSF6 is best known as a regulator of alternative splicing (Filippov
et al., 2008; Juan-Mateu et al., 2018; Tran and Roesser, 2003; Tranell et al., 2010). Therefore,
we hypothesized that loss of SRSF6 could alter alternative splicing of one or more pre-mRNAs that
encode proteins involved in mitochondrial biology. To identify SRSF6-dependent alternative splicing
events, we mined a list of local splicing variations (LSVs) in Srsf6 KD M® cells quantified by the
computational algorithm MAJIQ (Modeling Alternative Junction Inclusion Quantification) Vaquero-
Garcia et al., 2016 as reported in Wagner et al., 2021. As expected for an SR protein, SRSFé6 mostly
controls exon inclusion in macrophages (1043 exon skipping LSVs), with changes in intron retention
(247 LSVs), and alternative 5’ (206 LSVs) and 3’ (233 LSVs) splice site usage also detected (Figure 3A).
Manual annotation of these >1600 LSVs identified alternative splicing events in 31 genes that also
demonstrated some change in gene expression (p<0.05) with annotated roles in mitochondrial func-
tion (Figure 3B). Semi-quantitative RT-PCR was used to validate hits and SRSF6-dependent splicing
of intron 2 in the Xaf1 pre-mRNA, which is predicted to introduce a premature stop codon and target
Xaf1 for nonsense mediated decay, was confirmed (Figure 3—figure supplement 1A).
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Figure 2. SRSF6 limits cytosolic mtDNA release by maintaining mitochondrial homeostasis. (A) Immunoblot of mitochondria (TOM20) in total,
cytoplasmic, and membrane fractions of Srsfé KD RAW M® . (B) RT-gPCR of mtDNAs CytB, Dloop1, Dloop2 relative to nuclear DNA Tert in cytosolic
fractions of Srsfé KD RAW M ®. (C) RT-qPCR of total mtDNA Dloop2 relative to nuclear DNA Tert in Srsfé KD and SCR control RAW M ® with or without
mtDNA depletion for 8 days. (D) As in C but measuring Rsad2. (E) RT-gqPCR of Srst6 in cGAS KO RAW M ®. (F) As in E but measuring Rsad2. (G)
Immunofluorescence microscopy images visualizing mitochondria in Srsfé KD MEFs immunostained with TOM20. Scale bar = 10 ym. (H) Mitochondria
membrane potential measured by TMRE staining of Srsf6 KD RAW M ®. (I) Oxygen consumption rate (OCAR) and Extracellular acidification rate (ECAR)
measured by Seahorse in Srsfé KD RAW M ®. (J) Basal respiration, maximal respiration, ATP production, and spare capacity of Srsf6 KD RAW M ®
determined by OCAR analysis. All data are compared with a SCR control unless indicated. Data are expressed as a mean of three or more biological
replicates with error bars depicting SEM. Statistical significance was determined using two tailed unpaired student’s t test. *=p < 0.05, **=p < 0.01,
***=p < 0.001, ****=p < 0.0001.

Figure 2 continued on next page
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Figure 2 continued
The online version of this article includes the following source data and figure supplement(s) for figure 2:
Source data 1. Unmodified immunoblots of ACTIN and mitochondria (TOMZ20) in total, cytoplasmic, and membrane fractions of Srsf6 KD RAW M ®.

Figure supplement 1. Mitochondrial protein levels in Srst6 KD macrophages.

Figure supplement 1—source data 1. Unmodified immunoblots of ACTIN and cGAS in WT and cGAS KO RAW M ®.
Figure supplement 1—source data 2. Unmodified immunoblots of VDAC1 and TOM20 in Srsfé KD RAW M®.

One alternative splicing event with unique protein coding capacity that piqued our interest occurred
in Bax, the mitochondrial pore-forming protein and executioner of apoptosis. Specifically, MAJIQ
analysis measured preferential retention of intron 1 in Srsfé6 KD macrophages (Figure 3C). Consider-
able Bax intron 1 retention occurred in SCR M® cells as well, but to a lesser extent (Figure 3C-E).
We validated SRSF6-dependent Bax splicing by RT-gPCR, using a forward primer in exon 1 and a
reverse primer in intron 1 (Figure 3F), as well as by semi-quantitative RT-PCR, using a forward primer
in exon 1 and a reverse primer in exon 6 (Figure 3—figure supplement 1B). Increased Bax alternative
splicing did not impact total BAX protein expression (Figure 3—figure supplement 1C). Retention
of intron 1 in Bax causes usage of a downstream ATG start site encoded in exon 2, which creates
a 20 amino acid N-terminal truncation, but otherwise leaves the Bax coding sequence completely
in-frame and intact (Figure 3G and Figure 3—figure supplement 1D). This annotated isoform of BAX,
dubbed BAX kappa (BAX-k; GenBank accession number AY095934), is upregulated in the rat hippo-
campus following cerebral ischemic injury and promotes apoptosis when overexpressed in murine
hippocampal neuronal cells (Jin et al., 2001). Because they both lack an ART (apoptosis-regulating
targeting) sequence (Cartron et al., 2005; Goping et al., 1998), Bax-k is predicted to be functionally
analogous to the human BAX-psi isoform, which has been shown to constitutively associate with mito-
chondria (Cartron et al., 2005). ESE Finder, a web-based platform to identify exonic splicing enhancer
motifs (Cartegni et al., 2003), identified three strong SRSF6 consensus sequences in Bax exons 1, 3,
and 6 (Figure 3H). UV Crosslinking-immunoprecipitation (CLIP) experiments in RAW M ® cells showed
a clear enrichment of Bax transcripts bound to 3xFLAG-SRSFé compared with a 3xFLAG-GFP control
(Figure 3I-J). Together, these data strongly suggest that SRSFé controls splicing of Bax intron 1 by
directly binding consensus exonic splicing enhancers in Bax exons.

Previous literature has demonstrated that in addition to promoting release of cytochrome ¢ during
apoptosis, BAX pores can release mtDNA capable of stimulating cGAS-dependent type | IFN responses
(Rongvaux, 2018; Rongvaux et al., 2014). We hypothesized that high basal ISGs in Srsfé6 KD macro-
phages are a consequence of Bax-k-dependent release of mtDNA. Consistent with this prediction,
even modest knockdown of Bax (all isoforms) via siRNA transfection rescued high Rsad2 and Ifit1
expression in Srsfé KD macrophages (Figure 3K). Because knockdown of Bax in wild-type RAW M ®
had no impact on Rsad2 or Isg15 expression (Figure 3L), we can conclude that links between aberrant
basal ISG expression and BAX are limited to Srsf6 KD cells in which Bax splicing is defective.

SRSF6 deficiency sensitizes macrophages to cell death

In addition to their role in cellular metabolism and energy production, mitochondria serve as gate-
keepers of multiple cell death pathways. Based on previous studies of BAX-k and human BAX-psi,
we hypothesized that accumulation of BAX-k would promote cell death in RAW M® cells. We first
tested this by measuring incorporation of the cell viability stain propidium iodide (PI) in resting SCR
and Srsf6 KD M@ cells. We observed significantly higher levels of Pl incorporation in Srsfé KD cell
lines (Figure 4A), suggesting that even in the absence of cell death inducing agents, a population of
stable Srsfé6 KD M® undergoes cell death. Because Srsf6 KD M® secretes unusually high levels of
IFN-B, we tested whether cell death was dependent on IFN- as in Apelbaum et al., 2013; Sarhan
et al., 2019. Treatment with an anti-IFN-B neutralizing antibody had no effect on Pl incorporation in
SCR or Srsfé6 KD cells, effectively ruling out a role for IFN=B in mediating SRSF6-dependent cell death
(Figure 4B). Flow cytometric analysis of Srsfé6 KD cells via Pl and annexin V staining (a protein that
preferentially binds to phosphatidylserine on cells undergoing apoptosis), confirmed higher levels of
Pl incorporation in the absence of Srsfé (Figure 4C-D). It also identified a population of pro-apoptotic
cells (annexin V-positive but Pl-negative) that is more abundant in Srsf6 KDs (6.3% in KD1 and 9.7% in
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Figure 3. SRSF6 controls alternative splicing of the mitochondrial apoptotic factor BAX. (A) Percentages of alternative splicing (AS) events in Srsf6 KD
RAW M ® (deltapsi > 0.1). (B) Categorization of alternative splicing events in mitochondria genes differentially expressed in Srsfé KD RAW M ®. Red lines
are AS events and black lines are WT events. (C) Splice graph of Bax in SCR (top) and Srsf6 KD (bottom) RAW M® generated by MAJIQ/VOILA. Intron

1 retention reads relative to exon1-2 junction reads in each genotype shown on right. (D) MAJIQ ¥ quantification of junctions as illustrated in (C) from
SCR (left) and Srsf6 KD (right) RAW M ®. Intron retention displayed in green; intron removal displayed in blue. (E) Integrative Genomics Viewer (IGV)

Figure 3 continued on next page
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tracks of Bax, highlighting exon 1 to exon 3. Zoom-in (top) uses a log scale to facilitate appreciation of the intron reads. (F) RT-qPCR of Bax203 relative
to mature Bax expression in Srsfé KD RAW M ® . Primers shown on schematic. (G) Schematics of BAX and BAX- k proteins. Alpha-helical domains shown
as red lines. ART = apoptosis regulatory targeting domain (Goping et al., 1998). (H) Diagram of predicted Srsfé binding sites in Bax pre-mRNA with
predicted binding strength scores (from ESE Finder). (I) CLIP Immunoblot of 3xFLAG-GFP and 3xFLAG-SRSF6 constructs expressed in RAW M@ for

24 h. (J) CLIP RT-qPCR of 3xFLAG-GFP and 3xFLAG-SRSF6 RT-gPCR of Bax exon 1, exon1-2 junction, exon 3, and exon é. Data shown as IP relative to
input. (K) RT-gPCR of Bax, Rsad2, and Isg15 in Srsf6 KD RAW M ® with Bax KD via siRNA transfection. (L) RT-gPCR of Bax, Rsad2, and Isg15 in transient
Bax KD RAW M ®. All data are compared with a SCR control unless indicated. Data are expressed as a mean of three or more biological replicates with
error bars depicting SEM. Statistical significance was determined using two tailed unpaired student’s t test. *=p < 0.05, **=p < 0.01, ***=p < 0.001,

*xx2p < 0,0001.

The online version of this article includes the following source data and figure supplement(s) for figure 3:
Source data 1. Unmodified immunoblot of FLAG of 3xFLAG-GFP and 3xFLAG-SRSF6 constructs expressed in RAW M ®.

Figure supplement 1. Loss of SRSF6 impacts alternative splicing of transcripts with known roles in mitochondrial biology.

Figure supplement 1—source data 1. Unmodified semi-quantitative RT-PCR gel of Xaf1 in Srsf6 KD RAW M ®.

Figure supplement 1—source data 2. Unmodified semi-quantitative RT-PCR gels of Bax and Brd2 (control) in Srsf6 KD RAW M®.
Figure supplement 1—source data 3. Unmodified immunoblot of BAX in Srsf6 KD RAW M ® .

KD2 vs. 4.2% in SCR) (Figure 4E). Consistent with Srsf6 KD RAW 264.7 cells being prone to apoptosis,
significantly more Srsfé cells stained Pl +after treatment with low levels of the apoptosis-inducing
drugs staurosporine (Figure 4F) or ABT373 (Figure 4G) and at early time-points following treatment
with the cell death agonist etoposide (Figure 4—figure supplement 1A).

We next set out to better define the nature of cell death in Srsfé RAW M ® cells. Previous reports
have implicated BAX in non-canonical proinflammatory forms of cell death and IL-1B release medi-
ated by caspase 8 (Hu et al., 2020; Vince et al., 2018). We did not suspect inflammasome-mediated
cell death could explain our findings in Srsfé6 KD RAW M® cells as RAW cells lack the inflammasome
adapter ASC (Pelegrin et al., 2008). However, given that the cell death observed was not silent,
with ISG upregulation, we sought to rule out additional proinflammatory pathways present during
Srsf6-mediated cell death. We detected no significant difference in IL-1B release between BMDMs
transfected with a non-targeting siRNA vs. Srsf6-targeting siRNA in either unprimed or poly dA:dT
primed cells (Figure 4—figure supplement 1B-C). Curiously, despite displaying an apoptotic signa-
ture (Figure 4C, E), cell death in Srsf6 KD RAW M® cells was caspase-independent, as treatment
with the pan-caspase inhibitors Q-VD-OPh (Figure 4H) and Z-VAD-FMK (Figure 4—figure supple-
ment 1D) had no impact on Pl incorporation in resting Srsfé KD cells. Consistent with lack of caspase
involvement, resting Srsf6 KD RAW M ® did not release cytochrome c (Figure 4I). These observations,
coupled with the disruption to mitochondrial membrane potential reported in (Figure 2H), suggest
a form of mitochondrial-dependent caspase-independent cell death (CICD) (as described by Xiang
et al., 1996, reviewed in Tait and Green, 2008) that occurs preferentially in Srsfé6 KD macrophages.
We hypothesize that BAX-k, which can trigger mitochondrial outer membrane permeabilization
(MOMP) and release of mtDNA without releasing cytochrome c, is a major contributor to this nonca-
nonical form of cell death, which is characterized by low-level sustained damage to mitochondria.

We next sought to more directly associate BAX and BAX-k with the altered mitochondrial homeo-
stasis observed in Srsf6 KD M®. Our data, and that from previous studies of Bax-psi (Cartron et al.,
2005), suggest that BAX-k is a constitutively active form of BAX that readily localizes to mitochon-
drial membranes in resting cells. To determine whether BAX protein accumulates on mitochondria in
resting Srsfé6 KD M®, we performed a ‘mitoFLOW' experiment as described in Weindel et al., 2022.
Briefly, mitoTRACKER green stained mitochondria were isolated by passive lysis and centrifugation,
stained with a BAX antibody, and analyzed by flow cytometry. MitoTRACKER was used to identify and
gate mitochondria and then BAX association was quantified (Figure 4J top). We observed a signifi-
cant increase of BAX protein on mitochondria isolated from resting Srsf6 KD cells compared with SCR
controls (Figure 4J bottom). Although our antibody cannot distinguish between BAX and BAX-k, this
data further connects loss of SRSF6 with increased BAX mitochondrial association, which we argue is
mainly contributed by the BAX-k isoform (full-length BAX is predominantly cytosolic in resting cells)
(Cosentino and Garcia-Saez, 2017).
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Figure 4. Loss of SRSF6 sensitizes macrophages to caspase-independent apoptotic cell death. (A) Cell death in Srsf6 KD RAW M® measured by live
cell imaging of propidium iodide (Pl) staining. (B) Cell death in Srsf6 KD RAW M® treated with IFN-B neutralizing antibody. (C) Apoptotic cell death
measured by flow cytometry using APC conjugated annexin V (annexinV-APC) and propidium iodide (Pl) dyes in Srsfé KD RAW M ®. (D) Quantification
of dead cells in Srsfé6 KD RAW M ® from C. (E) Quantification of apoptotic cells in Srsfé KD RAW M ® from C. (F) Cell death over a time course in Srsfé
KD RAW 264.7 cells treated with 1 uM staurosporine. (G) Apoptotic cell death over a time course measured by flow cytometry using annexinV-APC
and Pl in Srsf6 KD RAW M ® treated with 1 uM ABT737. Histograms display annexinV-APC single stain in Srsf6 KD. Red numbers indicate annexinV+/

Figure 4 continued on next page
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Figure 4 continued

Pl- cells in Srsfé KDs. (H) Histogram showing cell death after caspase inhibition by flow cytometry in Srsf6 KD RAW M ®. Cell death quantification
(right). (I) Immunoblot of cytochrome c in cytoplasmic and membrane fractions of Srsfé KD RAW 264.7 cells. SCR cells treated with 0.2 uM staurosporine
for 24 h used as a positive control. (J) Schematic of mitoFLOW workflow (top). Histogram showing BAX accumulation on Srsf6 KD RAW M ® isolated
mitochondria (bottom) (K) Mitochondria membrane potential measured by TMRE staining of Srsf6 KD RAW M@ (top). RT-gPCR of BAX- k relative to
mature Bax expression in total, high, and low mitochondria membrane potential cell populations. All data are compared with a SCR control unless
indicated. Data are expressed as a mean of three or more biological replicates with error bars depicting SEM. Statistical significance was determined
using two tailed unpaired student’s t test. *=p < 0.05, **=p < 0.01, ***=p < 0.001, ****=p < 0.0001.

The online version of this article includes the following source data and figure supplement(s) for figure 4:

Source data 1. Unmodified immunoblots of ATP5A1, ACTIN, and cytochrome c in cytoplasmic and membrane fractions of Srsfé KD RAW M ®.

Figure supplement 1. Srsfé KD cells are sensitive to cell death agonists.

We next wanted to see if Bax-x transcript expression correlated with loss of mitochondrial
membrane polarization (Figure 2H). To this end, we sorted TMRE-treated cells into high TMRE signal
(normal mitochondrial membrane potential) or low TMRE signal (low mitochondrial membrane poten-
tial/depolarized mitochondria). RNA was isolated from these two pools of cells, alongside a total,
unsorted pool, and RT-qPCR was performed as in Figure 3F to measure Bax-x. Bax-x transcripts were
considerably higher in Srsfé KD cells with low membrane potential compared with mitochondria with
high membrane potential or total mitochondria (Figure 4K). Bax-x transcripts were most abundant in
low membrane potential mitochondria isolated from Srsfé6 KD cells, although notably, Bax-x expres-
sion correlated with mitochondrial depolarization in SCR cells as well.

BAX-k is sufficient to drive basal ISG expression and apoptosis in
macrophages
The results of our Bax KD experiment suggest that BAX is necessary to drive type | IFN expression
in Srsf6 KD cells (Figure 3K). To specifically implicate BAX-k in this phenotype, we generated C-ter-
minal 2xSTREP-tagged constructs of BAX, BAX-k, and a BAX point mutant (BAX®"7%") that is unable to
translocate to mitochondria (Kuwana et al., 2020) and introduced them via lentiviral transduction into
RAW M@ cells expressing a doxycycline-inducible transactivator (Figure 5—figure supplement 1A).
Because high levels of doxycycline can negatively impact mitochondrial function (Dijk et al., 2020),
we experimentally determined the lowest doxycycline concentration that ensured robust and uniform
expression of an inducible mCherry construct without significant toxicity (1 yg/mL) (Figure 5—figure
supplement 1A-C). All three of our BAX constructs were expressed in a doxycycline-inducible fashion,
albeit to much lower levels than that of a 2xSTREP-GFP control (Figure 5A). We found that expression
of BAX-k was sufficient to induce robust basal ISG expression in the wild-type RAW doxycycline-
inducible cell line (Figure 5B). Importantly, this ISG induction was dose-dependent and seen even at
early timepoints post-DOX treatment when BAX-k ectopic expression is still quite low (Figure 5A).
BAX-k expression was also sufficient to induce apoptosis and cell death, as measured by flow cytom-
etry of Pl and annexin V-stained cells at 15 h post-doxycycline treatment (Figure 5C) or by PI + incor-
poration over a 15 hr time-course of doxycycline induction (Figure 5D). The accumulation of Pl +
and annexin V + cells was dependent on the dose of BAX-k. Unlike the cell death we measured in
resting Srsf6 KD RAW M ® cells, BAX-k induced apoptosis and cell death at 15 hr (Figure 5C) or 24 hr
(Figure 5—figure supplement 1D) post-DOX treatment was largely caspase-dependent (Figure 5C,
bottom graphs). We suspect this contrast between Srsf6 KD cells and BAX-k overexpressing cells is
due in large part to the timing and dose of BAX-k: caspase-inhibition had only a slight impact at 5 hr
post-DOX, with a reduction of annexin V+/PI- cells from 8.42% to 6.94% (when BAX-k expression is
low), compared with a rescue of annexin V+/PI- cells from 30% to 12.1% at 24 hr (when BAX-kexpres-
sion is high) (Figure 5—figure supplement 1D). We predict that high levels of BAX-k in these overex-
pression cell lines at later time points induces a level of MOMP that is sufficient to release cytochrome
¢ and activate downstream caspases. When we directly stimulated apoptosis in these cells via low
levels of staurosporine (1 pM), BAX and BAX-k expression induced similar amounts of enhanced cell
death relative to GFP or BAX®"*-expressing cells, confirming that an activation signal is required for
full length BAX to stimulate cell death (Figure 5E).

Last, we sought to measure the amount of total BAX associated with mitochondria in each of
the overexpression cell lines. Using mitoFLOW (as in Figure 4J), we measured significantly more
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Figure 5. Expression of BAX- k promotes type | IFN expression and cell death in macrophages. (A) Immunoblot of strep tagged BAX®""", BAX, and
BAX- k inducible RAW M® expressed over a time course after addition of doxycycline (DOX). (B) Expression of Rsad2 over a time course of 8, 12, and
15 hr after DOX induction in GFP, BAX®"?" BAX, and BAX- k -expressing RAW M ® by RT-gPCR. (C) Apoptotic cell death measured by flow cytometry
using annexinV-APC and Pl in GFP, BAX®""", BAX, and BAX- « inducible macrophages expressed for 15 hr with 1 pg DOX and caspase inhibitor (10 uM
Q-VD-OPh). Apoptotic cells (AnnexinV+/PI-) quantification (right). (D) Cell death over a time course after DOX induced expression of GFP, BAX®"*,
BAX, and BAX- k . Starting and ending cell death (PI+) shown as a bar graph on right. (E) Relative cell death measured by Pl incorporation at 2 and

20 hr after DOX-induced expression of GFP, BAXS"?, BAX, and BAX + addition of 1 uM staurosporine. (F) Histogram showing BAX accumulation on

20 h DOX-induced GFP, BAX®"", BAX, and BAX isolated mitochondria. Data are expressed as a mean of three or more biological replicates with error
bars depicting SEM. Statistical significance was determined using two tailed unpaired student’s t test. *=p < 0.05, **=p < 0.01, ***=p < 0.001, ****=p <

0.0001.

The online version of this article includes the following source data and figure supplement(s) for figure 5:

Source data 1. Unmodified immunoblot of ACTIN and STREP tagged BAX®"?, BAX, and BAX- k inducible RAW M® expressed over a time course

after addition of doxycycline (DOX).

Figure supplement 1. Bax- k expression induces cell death.
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mitochondria-associated BAX in BAX-k expressing cells compared with cells expressing BAX®"% or
BAX (Figure 5F). Collectively, these data argue that expression of BAX-k is sufficient to drive ISG
expression and cell death in resting macrophages and support a major role for BAX-k in inducing the
mitochondrial phenotypes we uncovered in Srsf6 KD macrophages.

SRSF6 phosphorylation regulates Bax alternative splicing and cell
death

Our original interest in SR protein function in macrophages was borne out of a global phosphopro-
teomics analysis that reported SR proteins, including SRSF6, were differentially phosphorylated in
BMDNM s at several sites over a 24 hr time course of infection with the intracellular bacterial pathogen
Mycobacterium tuberculosis (Mtb) (Budzik et al., 2020). Having discovered a role for SRSF6 in
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Figure 6. Phosphorylation of SRSFé at S303 promotes splicing of Bax to limit Bax- k expression and prevent cell death. (A) Diagram of differentially
phosphorylated residues in SRSF6 according to Budzik et al., 2020. (B) Immunoblot of FLAG tagged SRSF6, SRSF6°%7*#, SRSF6#°P, SRSF6°2774,
SRSF6°27P, SRSF65%*4, and SRSF65*° inducible RAW M@ expressed for 24 hr after DOX induction. (C) Immunofluorescence microscopy images
visualizing 3x-FLAG tagged SRSF6, SRSF65%4, and SRSF65*P inducible RAW M ® expressed for 24 hr after DOX induction. Scale bar = 10 um. (D)
RT-gPCR of Bax203 in FLAG-tagged SRSF6, SRSF65%*4, and SRSF65*P inducible RAW M@ after DOX induction for 24 hr. (E) Semi-quantitative RT-

PCR of Bax and Brd2 (control) in FLAG-tagged SRSF6, SRSF65%**, and SRSF6%%*” inducible RAW M ® expressed for 24 hr after DOX induction with
quantification of multiple independent experiment. Representative gel shown. (F) Apoptotic cell death measured by flow cytometry using annexinV-APC
and Pl in FLAG tagged SRSF6, SRSF6%*4, and SRSF653*P inducible RAW M ® expressed for 24 hr after DOX induction. (G) % apoptotic cells and % dead
cells from D. (H) Cell death over a time course in FLAG tagged SRSF6, SRSF65%*4, and SRSF65*P inducible RAW M ® . FLAG-tagged SRSF6 inducible
RAW M@ were treated with 1 uM staurosporine as a positive control. Data are expressed as a mean of three or more biological replicates with error
bars depicting SEM. Statistical significance was determined using two tailed unpaired student’s t test. *=p < 0.05, **=p < 0.01, ***=p < 0.001, ****=p <
0.0001.

The online version of this article includes the following source data and figure supplement(s) for figure é:

Source data 1. Unmodified immunoblot of ACTIN and FLAG tagged SRSF6, SRSF65%°4, SRSF6#*P, SRSF6%274, SRSF6527P, SRSF6¥3%*4, and SRSF653°
inducible RAW M ® expressed for 24 h after DOX induction.

Figure supplement 1. Expression of SRSF6-S303D reduces Bax- k expression.
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alternative splicing of BAX and regulating programmed cell death, we set out to determine whether
phosphorylation of SRSF6 impacted its ability to carry out these activities in macrophages. Leveraging
data from Budzik et al., 2020, we prioritized three serine residues that were differentially phos-
phorylated in studies of Mtb-infected or LPS-stimulated macrophages Weintz et al., 2010: S295,
$297, and S303 (Figure 6A). To test the contribution of phosphorylation of these serines to SRSFé
function, we generated RAW M ® cell lines expressing doxycycline-inducible constructs of wild-type
SRSF6 alongside phosphodead (Ser(S)-to-Ala(A)) or phosphomimetic (Ser(S)-to-Asp(D)) mutations at
each site. Expression of each SRSF6 allele was confirmed by immunoblot at 24 hr following addi-
tion of doxycycline (Figure 6B). Because phosphorylation of SRSFé has been implicated in nuclear/
cytoplasmic shuttling (Jeong, 2017), we tested where each SRSF6 mutant accumulated in cells using
confocal immunofluorescence microscopy, using an antibody directed against the 3xFLAG tag. We
observed no major differences in SRSF6 protein localization in any of our phosphomutant/mimetic cell
lines compared with wild-type SRSFé (predominantly nuclear in all cases) (Figure 6C).

To begin to implicate specific phosphorylation events in SRSFé activity, we measured the ratio of
Bax-k relative to total Bax, as in Figure 3G, in each of the SRSFé-expressing cell lines. We observed
that expression of SRSF6%%P decreased levels of Bax-k transcripts, compared with those in wild-
type SRSFé-expressing macrophages (Figure 6—figure supplement 1A and Figure 6D). Likewise,
SRSF6>%P_expressing cell lines had higher levels of canonical Bax transcripts, relative to wild-type
SRSFé6-expressing cells, by semi-quantitative RT-PCR (Figure 6E). Consistent with altered Bax-k to Bax
ratios in SRSF653%P-expressing cell lines, expression of the SRSF6°%° phosphomimetic allele rendered
cells less prone to apoptosis (annexin V+/Pl-) and cell death (Figure 6F-H). Together, these data
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Figure 7. Modulation of SRSF6 expression contributes to innate immune control of the intracellular bacterial pathogen M. tuberculosis. (A) RT-gPCR

of Srsf6 in RAW M@ infected with M. tuberculosis (Mtb) (MOl = 5) over a time course. (B) RT-gPCR of Srsfé in Mtb-infected mouse lung samples over

a time course of in vivo infection. (C) RT-qPCR of Srsfé in RAW M ® treated with 1 pg double stranded DNA (dsDNA). over a time course. (D) As in C
but treated with recombinant IFN-B (rIFN-B). (E) RT-gPCR of Srsfé in S. enterica (Typhimurium) infected RAW M® (MOI = 5) at 0 and 4 hr. (F) Asin C

but treated with LPS. (G) RT-qPCR of Srsfé in VSV infected RAW M@ (MOI = 1) over a time course. (H) Mtb luxBCADE growth in Srsf6 KD RAW M ®
measured by relative light units (RLUs) over a time course (MOI = 1). (I) RT-gPCR of Rsad2 and Ifnb1in Srsfé KD RAW M ® infected with Mtb at (MOI =
10), 4 hr post-infection. (J) Cell death over a time course in SCR and Srsf6 KD RAW M ® infected with Mtb at (MOI = 5). All data are compared with a
SCR control unless indicated. Data are expressed as a mean of three or more biological replicates with error bars depicting SEM. Statistical significance

was determined using two tailed unpaired student's t test. *=p < 0.05, **=p < 0.01, ***=p < 0.001, ****=p < 0.0001.
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suggest that phosphorylation of SRSF6 at S303 promotes splicing of Bax, to generate the canonical
BAX protein and limit apoptosis.

Regulation of SRSF6 controls infection outcomes in macrophages
Our data support a model wherein SRSFé maintains cellular homeostasis and basal type | IFN expres-
sion by controlling the abundance of BAX isoforms. Therefore, we predicted that expression of SRSFé
itself could be subject to regulation downstream of pathogen sensing, as a way for cells to prime
apoptotic cell death and/or cytosolic DNA sensing via mtDNA release. To further appreciate how
macrophages regulate SRSF6 activity, we measured Srsfé transcript levels during infection and in
response to immune agonists. We consistently detected an approximately 2-fold decrease in Srsfé
transcript abundance at various time points following M. tuberculosis infection of macrophages, as
well as in the lung homogenates collected from Mtb-infected mice (day 21 and 77 post-infection)
(Figure 7A-B). Macrophages sense Mtb infection via several pattern recognition receptors, including
dsDNA via cGAS and autocrine sensing of IFN-B via IFNAR (Watson et al., 2015). Direct stimulation
of these pathways via transfection of dsDNA (Figure 7C) or treatment with recombinant IFN-f (rIFN-f)
(Figure 7D) also led to downregulation of Srsfé transcript abundance, as did infection with the gram-
negative bacterial pathogen Salmonella enterica serovar Typhimurium (Figure 7E), engagement of
TLR-4 via LPS (Figure 7F) and infection with the RNA virus VSV (Figure 7G). These data suggest that
downregulation of Srsf6 mRNA levels is part of the general macrophage pathogen sensing response.
Last, we set out to investigate whether SRSFé plays a more direct role in dictating the outcome
of infection with an intracellular pathogen like Mtb. To this end, we infected monolayers of SCR
and Srsf6 KD RAW M ® cells with a luciferase-expressing strain of Erdman Mtb (MOI = 1) as in Bell
et al., 2021; Hoffpauir et al., 2020 and monitored relative light units (RLU) as a measurement of Mtb
replication. Remarkably, we found that Mtb grew significantly better in Srsfé6 KD cell lines compared
with SCR controls (Figure 7H). This increase in Mtb replication was concomitant with hyperinduction
of Ifnb1 and interferon stimulated genes, consistent with high basal type | IFN potentiating type |
IFN responses (Figure 7I;, West et al., 2015). Along with harboring higher Mtb bacterial burdens,
more Srsf6 KD RAW M ® cells stained Pl + compared with SCR controls over a 40+h Mtb infection
(Figure 7J). Collectively, these results demonstrate a critical role for SRSFé in controlling inflammatory
gene expression and cell death during bacterial infection and suggest that regulation of SRSF6, both
at the post-translational and transcriptional levels, constitutes an unappreciated layer of complexity in
the macrophage innate immune response.

Discussion

While advances in bioinformatics have facilitated computational detection of alternatively spliced
transcripts, assigning function to individual protein isoforms largely remains uncharted territory. Here,
we identify the splicing factor SRSF6 as a primary regulator of Bax pre-mRNA splicing in murine
macrophages. We show that SRSFé6-dependent control of the ratio of BAX to BAX-k isoforms balances
critical aspects of innate immune homeostasis in both macrophage-like cell lines and primary macro-
phages. Specifically, we demonstrate that expression of BAX-k promotes upregulation of basal type
I IFN expression driven by cytosolic mtDNA and renders cells prone to apoptotic cell death. Unlike
BAX, which requires a signal to direct mitochondrial targeting and pore formation, BAX-k is sufficient
to trigger type | IFN expression and cell death in resting macrophages (Figure 5B-D). These findings
position BAX-k as a potential uncoupler of immunostimulatory mitochondrial DAMP release from cell
death and suggests that BAX-k plays a role in promoting the primed antiviral state that innate immune
cells, such as macrophages, must maintain. While we cannot completely rule out the potential for
other alternatively spliced genes to contribute to Srsf6-dependent innate immune and mitochondrial
phenotypes, our data support a significant role for Bax-k in these phenomena.

Connections between SRSFé and alternative splicing of the cell death protein BAX complement
multiple studies that correlate altered SRSF6 expression levels with cancer progression. Our data
show that in macrophages, loss of SRSF6 upregulates the pro-apoptotic BAX-k isoform suggesting
that under normal physiological conditions, SRSFé is a negative regulator of cell death. Consistent
with this, upregulation of SRSF6 promotes proliferation of breast cancer cells (Park et al., 2019),
colorectal cancer cells (Wan et al., 2019), and lung cancer cells (Cohen-Eliav et al., 2013). Our finding
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that loss of SRSFé expression impacts homeostatic levels of IFN-B and ISGs motivates future studies
of SRSF6-dependent immune dysregulation in cancer, particularly in cancers of myeloid cells. Perhaps
dysregulation of the immune milieu is part of why SRSFé upregulation is associated with poor cancer
outcomes. At the same time, SRSF6 can also promote expression of pro-apoptotic forms of proteins
like BIM (BIM-S) (Hara et al., 2013) and cassette exon inclusion in the apoptotic factor FAS (Choi
et al., 2022). These seemingly contradictory roles for SRSF6 in both limiting and promoting apoptotic
cell death suggest that its activity could be concentration and/or cell-type dependent.

Our report that phosphorylation of SRSF6 at S303 promotes Bax splicing and limits BAX-k-de-
pendent apoptotic cell death adds to a growing literature of regulation of gene expression via
post-translational modification of splicing factors. Zn(2+)-dependent phosphorylation of SRSFé has
previously been associated with apoptosis via generation of BIM-S (Hara et al., 2013) and ubiquitin-
mediated control of SRSFé protein levels has been linked to exon skipping in T cell acute lymphoblastic
leukemia (Zhou et al., 2020). Our data support a model whereby SRSF6 is regulated at multiple levels
downstream of pathogen sensing, through decreasing transcript abundance (Figure 7) and differen-
tial phosphorylation (Budzik et al., 2020). These multiple levels of regulation argue that SRSF6 is a
bona fide player in the macrophage innate immune response acting as a common signaling molecule
to promote a state of antiviral readiness while regulating apoptotic vs. pro-inflammatory cell death.
Determining the precise signals that trigger the regulation of SRSFé in the nucleus downstream of
pattern recognition receptors in the plasma membrane and cytosol remain important outstanding
questions. Likewise, future experiments that introduce SRSF6 serine mutations directly into the
genome will provide additional insight into how post-translational modification alters SRSF6 function
in resting vs. activated macrophages.

Seminal work from White et al. and Rongveux et al. implicates apoptotic caspases in suppressing
cGAS-dependent type | IFN expression via mtDNA released by BAX/BAK pores during mitochondrial
apoptosis (Rongvaux et al., 2014; White et al., 2014). One interpretation of their findings is that cells
prevent aberrant type | IFN expression by dying; thus, one cannot capture Ifnb1 expression triggered
by BAX/BAK pore formation without inhibiting or genetically ablating caspases. However, our work
and that of others, begin to suggest that BAX/BAK release of mtDNA and apoptotic cell death can
in fact be uncoupled (Riley et al., 2018). While our RAW 264.7 macrophage cell lines are selected
for stable KD of SRSF6, only a low percentage of resting KD cells stain Pl+ (approximately 5-20%)
(Figure 4). This suggests that some threshold of BAX-k expression needs to be reached before cells
undergo cell death. Because our phenotypes are tightly correlated with the degree of Srsf6 KD, we
predict this threshold is maintained in large part by SRSF6 (Figure 1F-G). Curiously, our data also
show that cell death in Srsf6 KD macrophages is caspase-independent and is not concomitant with
cytochrome c release (Figure 4H-I). While additional experiments at the single cell level are needed
to confirm that Srsfé KD cells can continuously release mtDNA without releasing cytochrome ¢ and
triggering apoptosis, the fact that we were able to uncover the Srsf6 KD basal type | IFN phenotype in
the absence of caspase inhibition argues that some degree of uncoupling is indeed at play.

Consequently, regulation of BAX/BAK pore formation may constitute an unappreciated way for
cells to maintain homeostatic levels of IFN signaling, prime antiviral responses, and regulate cell death
programs. Indeed, there is growing appreciation that the nature of BAX/BAK pores dictates their
ability to release mtDNA and trigger cytosolic DNA sensing. Large BAX/BAK ‘macropores’ that form
at late stages of apoptosis have been shown to allow herniation and extrusion of the inner membrane,
releasing mtDNA from the matrix (McArthur et al., 2018). The availability of BAX and BAK and the
composition of BAX/BAK pores (BAX vs. BAK vs. BAX/BAK) also manages the rate at which pores
extrude mtDNA. Specifically, BAK pores are more immunogenic than BAX pores and enable faster
mtDNA release (Cosentino et al., 2022). It is tempting to speculate BAX-k promotes mtDNA release
and type | IFN expression by disrupting the balance of BAX and BAK at the mitochondria. This could
occur by BAX-k binding to and sequestering BAX away from BAK, allowing for more BAK pore forma-
tion. Alternatively, BAX-k itself could form pores with BAX and/or BAK that preferentially release
mtDNA or BAX-k could form homo-oliogomeric pores with their own unique properties. Detailed visu-
alization of BAX/BAK pores and mtDNA extrusion in cells genetically engineered to express a single
BAX isoform (BAX or BAX-k) alongside biochemical studies of BAX-k oligomerization will provide
important insights into the properties of this isoform and how it contributes to the innate immune
phenotypes we report here.
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Although we are unable to distinguish between BAX and BAX-k proteins, our flow cytometry
experiments with mitoTRACKER stained mitochondria suggest that BAX-k is constitutively targeted
to mitochondrial membranes (Figures 4J and 5F). Alternatively, it is possible that expression of BAX-k
impacts activation or targeting of normal BAX to mitochondria, perhaps by sequestering a nega-
tive regulator of BAX (e.g. BCL2). Future experiments using reagents designed to distinguish the
two protein isoforms from each other will help resolve these different models of BAX-k action in
macrophages.

Our finding that the intracellular bacterial pathogen M. tuberculosis replicates more efficiently in
Srsf6 KD macrophages suggests that maintaining the balance of BAX vs. BAX-k is needed to restrain
bacterial replication and spread. Numerous reports demonstrate that cell death modality usage is a
critical factor in determining Mtb pathogenesis. The established paradigm in the Mtb field asserts
that apoptosis controls Mtb replication and spread while necrotic cell death promotes it (Abarca-
Rojano et al., 2003; Abebe et al., 2011; Aguilo et al., 2013; Aguilé et al., 2014; Behar et al., 2010;
Behar et al., 2011). It is curious then, that we observe more Mtb replication and more cell death in
Srsf6 KD RAW M @ (Figure 7H and J). It is possible that SRSF6 contributes to Mtb restriction in BAX-
independent ways. It is also possible that basal IFN expression in Srsf6 KD RAW M ® creates an intra-
cellular milieu that is ill-adapted for destroying intracellular bacteria (but highly efficient at restricting
viral replication Figure 1P). Further studies into the precise nature of the cell death that occurs in
Mtb-infected Srsf6 KD RAW M® and its reliance on Ifnb1 may provide important insights into how
BAX isoform usage impacts cell-intrinsic control and cell-to-cell spread of pathogens like Mtb.

Collectively, this work highlights the role of pre-mRNA splicing in shaping the macrophage
proteome and demonstrates how disruption of protein isoform stoichiometry can impact mitochon-
drial homeostasis and the ability of cells to respond to infection.

Materials and methods

Mycobacterium tuberculosis

The Erdman strain was used for all M. tuberculosis (Mtb) infections as well as a luciferase expressing strain.
Low passage lab stocks were thawed for each experiment to ensure virulence was preserved. Mtb was
cultured in roller bottles at 37°C in Middlebrook 7H9 broth (BD Biosciences, GTIN00382902713104)
supplemented with 10% OADC (BD Biosciences, 212351), 0.5% glycerol (Fisher, G33-1), and 0.1%
Tween-80 (Fisher, BP338-500). All work with Mtb was performed under Biosafety level 3 containment
using procedures approved by the Texas A&M University Institutional Biosafety Committee.

Salmonella enterica (ser. Typhimirium)
Salmonella enterica serovar Typhimurium (SL1344) was obtained from Dr. Denise Monack at Stanford
University. S. T. stocks were streaked out on LB agar plates and incubated at 37 °C overnight.

Vesicular stomatitis virus
Recombinant Vesicular stomatitis virus (VSV; Indiana serotype) containing a GFP reporter cloned

downstream of the VSV G-glycoprotein (VSV-G/GFP) was originally obtained from Dr. John Rose at
Yale School of Medicine and shared with us by Dr. A. Phillip West at Texas A&M Health Science Center.

Mus musculus

Mice used in this study were C57BL/6 J (Stock #00064) initially purchased from Jackson labs and
afterward maintained with filial breeding. All mice used in experiments were compared with age- and
sex- matched controls. Randomization and blinding for in vivo infections was performed by identifying
mice based by cage number and ear punch prior to genotyping. Genotype was kept coded until after
downstream analysis. Littermates were used for experiments. Mice used to generate BMDMs were
males between 10 and 16 weeks old. For in vivo infection male and female mice were infected with
Mtb at 10-12 weeks. Embryos used to make primary MEFs were 14.5 days post-coitum. All animals
were housed, bred, and studied at Texas A&M Health Science Center under approved Institutional
Care and Use Committee guidelines. All experiments for this study were reviewed and approved by
the Texas A&M University Institutional Animal Care and Use Committee (AUP# 2019-0083). Mice were
fed 4% standard chow and were kept on a 12 hr light/dark cycle and provided food and water ad
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libitum. Mice displaying known C57BL/6 J defects were excluded prior to experimentation. Mice were
group housed (maximum 5 per cage) by sex on ventilated racks in temperature-controlled rooms.

Primary cell culture

Bone marrow derived macrophages (BMDMs) were differentiated from bone marrow (BM) cells isolated
by washing mouse femurs with 10 mL DMEM 1 mM sodium pyruvate (Thermo Fisher, 11995065).
Cells were then centrifuged for 5 minutes at 400 rcf and resuspended in BMDM media DMEM, 20%
FBS (Millipore, F0926), 1T mM sodium pyruvate (Lonza, BE13-115E), 10% MCSF conditioned media
(Watson lab). BM cells were counted and plated at 5x106 cells per 15 cm non-tissue culture treated
dishes in 30 mL complete BMDM media. Cells were fed with an additional 15 mL of BMDM media on
day 3. Cells were harvested on day 7 with 1 X PBS EDTA (Lonza, BE02-017F).

Mouse embryonic fibroblasts (MEFs) were isolated from embryos. Briefly, embryos were dissected
from yolk sacs, washed 2 times with cold 1 X PBS, decapitated, and peritoneal contents were removed.
Headless embryos were disaggregated in cold 0.05% trypsin-EDTA (Lonza, CC-5012) and incubated
on ice for 20 minutes, followed by incubation at 37°C for an additional 20 minutes. Cells were then
DNase treated with 4 mL disaggregation media (DMEM, 10% FBS, 100 ug/mL DNASE | [Worthington,
L.S002173)) for 20 minutes at 37°C. Isolated supernatants were spun down at 1000 rpm for 5 minutes.
Cells were resuspended in complete MEF media (DMEM, 10% FBS, 1 mM sodium pyruvate), and
plated in 15 cm tissue culture-treated dishes 1 dish per embryo in 25 mL of media. MEFs were allowed
to expand for 2-3 days before harvest with 0.05% trypsin-EDTA (Lonza, CC-5012).

Cell culture

RAW 264.7 macrophages (RAW M ®) (ATCC, TIB-71, originally isolated from male BALB/c mice), were
minimally passaged to maintain genomic integrity and new cell lines were generated from low passage
stocks. L929 (ATCC, CCL-1) ISRE reporter and cGAS knockout RAW M ® cell lines have already been
produced and described in Hoffpauir et al., 2020; Wagner et al., 2021, where only low passage cells
were used. Cell lines were cultured at 37°C with a humidified atmosphere of 5% CO2 in complete
media containing high glucose, DMEM (Thermo Fisher, 11965092) with 10% FBS (Millipore, F0926)
0.2% HEPES (Thermo Fisher, 15630080). All cell lines tested negative for presence of mycoplasma via
the Universal Mycoplasma Detection Kit (ATTC, 30-1012 K).

shRNA knockdowns

For RAW M® stably expressing scramble knockdown and Srsfé knockdown, lentivirus was made
by transfection with a pSICO scramble non-targeting shRNA construct and pSICO Srsfé6 shRNA
constructs targeted at exon 3 and exon 4 of Srsf6 using polyjet (SignaGen Laboratories, SL100688).
Virus was collected 24 and 48 hr post transfection. RAW M ® were transduced using lipofectamine
2000 (Thermo Fischer, 52887). After 48 hr, media was supplemented with hygromycin (Invitrogen,
10687010) to select for cells containing the shRNA plasmid.

siRNA knockdowns

Knockdown of mRNA transcripts was performed by plating 3x10° RAW M®, 3.5x10° BMDMs on
day 4 of differentiation, or 2x10° MEFs, in 12-well plates and rested overnight. The following day
complete media was replaced with 500 pL fresh complete media 30 minutes prior to transfection.
Cells were transfected using Fugene Sl reagent (SKU:SI-100) or Viromer Blue reagent (VB-01LB-0) and
10 uM of Ambion siRNA stock against either Srsf6 (4390771, IDS86053) or Bax (AM16708, ID100458).
For a negative control, Silencer Select Negative Control #1 (Ambion, 4390843) was used. Cells were
incubated for 48-72 hr in transfection media at 37°C with 5% CO2 prior to downstream experiments.

Doxycycline inducible cell line generation

For generation of doxycycline inducible RAW M®, pLenti CMV rtTA3 Blast (Addgene, w756-1)
stably expressing clonal RAW M ® were transduced with pLenti CMV Puro DEST (Addgene, w118-1)
constructs containing GFP-Strep, Bax201-Strep, Bax203-Strep, BaxG179P-Strep, GFP-FL, SRSFé6-FL,
and all SRSF6-FL phosphorylation mutants. After 48 hr, construct containing cells were selected
through addition of puromycin (Invivogen, ant-pr-1). 1 mg/mL doxycycline (Calbiochem, 324385)
treatment was used to activate construct expression.
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In vitro infections
Mtb infections

To prepare the inoculum, bacteria were grown to mid log phase (OD 0.6-0.8), spun at low speed
(500 rcf) to remove clumps, and then pelleted and washed with PBS 2 X. Resuspended bacteria were
sonicated and spun at low speed again to further remove clumps. The Mtb was then diluted in DMEM
plus 10% horse serum (Gibco, 16050-130) and added to cells at a multiplicity of infection (MOI) of 10
for RNA and protein analysis, a MOI of 5 for cell death studies, and a MOI of 1 for bacterial growth
assays. The day before the infection, BMDMs were seeded at 3x105 cells per well (12-well dish), and
RAW M ® were plated on 12-well tissue culture-treated plates at a density of 3x105 cells per well or
plated in corning 96 well black plates (CLS3603) at 2.5%10* cells/well and allowed to rest overnight.
Cells were spun with bacteria for 10 minutes at 1000 rcf to synchronize infection, washed 2 X with PBS,
and then incubated in fresh media. Where applicable, RNA was harvested from infected cells using
0.5 mL TRIzol reagent (Invitrogen, 15596026) at each time point. Protein lysates were harvested with
1 X RIPA lysis buffer and boiled for 10 minutes. For cell death studies propidium iodide (PI) (Invitrogen,
P1304MP) was added to media and Pl incorporation was measured by fluorescence over time using
Lionheart XF analyzer. For bacterial growth assays RAW M® were plated on 12-well tissue culture—
treated plates at a density of 2.5x10° cells per well. Luminescence was read for M. tuberculosis luxB-
CADE by lysing in 250 pL 0.5% Triton X-100 and dividing sample into duplicate wells of a 96-well white
bottomed plate (Costar, 3693). Luminescence was measured and normalized to background using the
luminescence feature of the INFINITE 200 PRO (Tecan) at 0, 48, 72, and 92 hr post infection.

Salmonella enterica (ser. Typhimirium) infections

For S. enterica Typhimurium infection, overnight cultures of bacteria were grown in LB broth containing
0.3 M NaCl and grown at 37°C until they reached an OD600 of approximately 0.9 RAW M® were
seeded in 12-well tissue culture-treated plates at a density of 7x10° cells per well 16 hr before infec-
tion. On the day of infection cultures were diluted 1:20. Once cultures had reached mid-log phase
(OD600 0.6-0.8) at 2-3 hr, 1 mL of bacteria were pelleted at 5000 rpm for 3 minutes and washed 2 X
with PBS. Bacteria were diluted in serum-free DMEM (DMEM Thermo Fisher, 11965092) and added
to cells at multiplicity of infection (MOI) of 5. Infected cells were spun at 1000 rpm for 5 minutes then
incubated for 10 minutes at 37°C prior to adding fresh media. At indicated times post infection, cells
were harvested with TRIzol for RNA isolation described below.

Vesicular stomatitis viral (VSV) infections

RAW M ® were seeded in 12-well tissue culture-treated plates at a density of 7x105 cells per well16
h before infection. The next day cells were infected with VSV-GFP virus at multiplicity of infection
(MOI) of 1 in serum-free DMEM (DMEM Thermo Fisher, 11965092). After 1 hr of incubation with
media containing virus, supernatant was removed, and fresh DMEM plus 10% FBS (Millipore, F0926)
was added to each well. At indicated times post infection, cells were harvested with TRIzol for RNA
isolation described below.

In vivo Mtb infections

All infections were performed using procedures approved by Texas A&M University Institutional Care
and Use Committee (AUP# 2021-0133). The Mtb inoculum was prepared as described above. Age-
and sex-matched mice were infected via inhalation exposure using a Madison chamber (Glas-Col)
calibrated to introduce 100-200 bacilli per mouse. For each infection, approximately 5 mice were
euthanized immediately, and their lungs were homogenized and plated to verify an accurate inoc-
ulum. Infected mice were housed under BSL3 containment and monitored daily by lab members
and veterinary staff. At the indicated time points, mice were euthanized, and tissue samples were
collected. For cytokine transcript analysis, lungs were homogenized in 500 pL TRIzol, and RNA was
isolated as described below.

Cell stimulation for immune activation and cell death

For immune activation RAW M ® were plated on 12-well tissue-culture treated plates at a density of
7.5x10° and allowed to rest overnight. Cells were then treated with lipopolysaccharide (LPS) from E.
coli (Invivogen, tlrl-pb5lps) at 100 ng/mL, or ISD (IDT, annealed in house) at 1 pg/mL, or IFN-B (PBL
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Assay Science, 12405-1) at 200 I/U per mL for the respective time points. Cells were collected for RNA
isolation using TRIzol reagent. For IFNB neutralization assays RAW M® Srsfé KD and SCR cells were
treated for 24 hr with IFN-B neutralizing antibody (BD Biolegend, 581302 [1:250]) prior to harvest with
TRIzol. For cell death assays RAW M@ were plated on corning black 96-well half bottom plates at a
density of 2.5x10* cells per well and allowed to rest overnight. Complete media was exchanged for
complete media containing 5 pg/mL Pl and 1 uM staurosporine (Tocaris Bioscience, 1285) or IFN-f3
neutralizing antibody (BD Biolegend, 581302 [1:250]). Total cell numbers were determined using
NucBlue (Thermo Fisher, R37605, [2 drops per mL]) in PBS with a subset of the plated cells. Nuclear
incorporation of Pl was measured by fluorescence at 4 X magnification using a LionheartXF plate
reader (BioTek) every 40 minutes for 24 hr with 5% CO2 at 37°C. For image analysis Gen 3.5 software
(BioTek) was used.

mtDNA depletion
For 2',3"-dideoxycytidine (ddC) (Abcam, Ab142240) depletion of mitochondrial DNA, RAW M® were
treated with 10 pM ddC and RNA was harvested after 8 days of culture with TRIzol.

Seahorse metabolic assays

Seahorse XF mito stress test kits and cartridges were prepared per Agilent’s protocols and analyzed
on an Agilent Seahorse XF 96-well analyzer. The day before the assay Srsfé knockdown RAW M @
were seeded at 5x10* cells per well and rested overnight. Cells were processed per manufacturer's
directions and analyzed using the Agilent Seahorse Mito Stress Test kit (Agilent, 103015-100). Normal-
ization was performed based on absorbance (Abs 562) of total protein concentration measured using
a bicinchoninic acid assay (BCA) (Thermo Fisher Scientific, 23225). WAVE software was used for post-
acquisition analysis.

RNA sequencing and analysis

RNA-seq analysis was performed on RAW M® containing shRNA knockdowns of Srsfé, Srsf2, Srsf1,
Srsf7, and Srsf9 compared with SCR control with biological triplicates of each cell line as described in
Wagner et al., 2021 using Qiagen CLC Genomics software for analysis.

Alternative splicing analysis

Alternative splicing events were analyzed using Modeling Alternative Junction Inclusion Quantifica-
tion (MAJIQ) and VOILA (a visualization package) with the default parameters described by Vaquero-
Garcia et al., 2016. Uniquely mapped, junction-spanning reads were used by MAJIQ to construct
splice graphs for transcripts by using the RefSeq annotation supplemented with de-novo detected
junctions (de-novo refers to junctions that were not in the RefSeq transcriptome database but had
sufficient evidence in the RNA-Seq data). The resulting gene splice graphs were analyzed for all iden-
tified local splice variations (LSVs). For every junction in each LSV, MAJIQ quantified expected percent
spliced in (PSI) value in control and knockdown samples and expected change in PSI (APSI) between
control and knockdown samples. Results from VOILA were then filtered for high confidence changing
LSVs (whereby one or more junctions had at least a 95% probability of expected APSI of at least
an absolute value of 10 PSI units between control and knockdown) and candidate changing LSVs
(95% probability, 10% APSI). For these high confidence results (APSI 10%), the events were further
categorized as single exon cassette, multi-exon cassette, alternative 5' and/or 3’ splice site, or intron-
retention (Wagner et al., 2021).

ELISA

siRNA knockdown RAW M@ were plated in 12-well tissue culture-treated plates at 7.5x10° cells per
well and rested overnight. The next day, plates were treated with 10 ng/mL LPS for 3 hr (Invivogen,
tlrl-pb5lps) followed by 1 pg/mL poly dA:dT (Invivogen, tirl-patn-1) or only the 10 ng/mL LPS for 4 hr,
and supernatants and RNA was collected using TRIzol. Cytokine levels of IL-1B, were determined
using DuoSet ELISA Development Systems (R&D Systems, DY401-05) per manufacturer’s protocol
using the undiluted cell culture supernatants.
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Flow cytometry

For cell death and apoptosis assays, RAW M ® were plated in 12-well tissue culture-treated plates at
7.5x10° cells per well and rested overnight. The next day cells were stimulated with 10 uM etoposide
(TCI, E0675), or 1 uM ABT737 (Santa Cruz Biotechnology, 207242), or the pan-caspase inhibitor 10 pM
Q-VD-OPh (Cayman Chemical, 15260) for the indicated time points prior to being lifted off culture
plates with 1 X PBS EDTA (Lonza, BEO2-017F). Single cell suspensions were made in 1 X annexin
binding buffer. Cells were stained for 5 minutes at RT in 5 pg/mL Pl (Invitrogen, P1304MP), and
25 nM annexin-V (APC) (Biolegend, 640912) and were then immediately analyzed on an LSR Fortessa
X20 (BD Biosciences). Pl fluorescence was measured under PE (585/15). For TMRE assays to assess
mitochondrial membrane potential, cells were lifted from culture plates with 1 X PBS EDTA (Lonza,
BE02-017F). Single cell suspensions were made in PBS 4% FBS (Millipore, F0926). Cells were stained
for 20 minutes at 37°C in 25 nM TMRE (Invitrogen, 11560796), washed 1 X in PBS 4% FBS (Millipore,
F0926) and analyzed on an LSR Fortessa X20 (BD Biosciences). Flow-Jo v10software was used for
post-acquisition analysis (BD biosciences).

MitoFLOW

For submicron analysis of mitochondria by flow cytometry, cells were lifted off tissue culture treated
plates using 1 X PBS EDTA and added to a 96-well V bottom plate. Cells were pelleted by centrifuga-
tion at 400 rcf for 3 minutes. Cells were resuspended in 1 X PBS 2% FBS 200 nM mitoTRACKER green
(Invitrogen) and allowed to stain for 15 minutes at 37°C. Cells were then washed once with PBS 2%
FBS and were resuspend in ice cold mitoFLOW buffer containing 300 mM sucrose, 10 mM Tris (pH
7.4), 0.5 mM EDTA, and 1 X Halt Protease Inhibitor Cocktail. Lysis was performed by vortexing cells for
3 minutes followed by removal of debris by centrifugation at 400 rcf for 5 minutes at 4°C. For antibody
labeling samples were centrifuged at 12,000 rcf for 10 minutes at 4°C and resuspend in 50 pL blocking
buffer (5% BSA in mitoFLOW buffer) and incubated on ice for 15 minutes. Blocking was followed by an
additional 20 minutes incubation on ice with antibodies of interest (BAX Cell Signaling 2772 S 1:200,
Alexa Fluor-647 1:2000 Invitrogen). Mitochondria were washed 2 times in mitoFLOW buffer and were
analyzed on an LSR Fortessa X20 (BD Biosciences). Flow-Jo software was used for post-acquisition
analysis mitoTRACKER green was used to gate on mitochondria.

Cytoplasmic DNA enrichment

7x10® RAW M® were plated in 15 cm tissue culture-treated dishes and incubated at 37°C with
5%CO,. The next day cells were lifted with 1 X PBS EDTA (Lonza, BE02-017F) and resuspended in
5 mL PBS. Total DNA was isolated from 2% of resuspended cells, treated with 25 mM NaOH, boiled
for 30 minutes, and then neutralized with 50 mM TRIS pH 8.0. The remainder of the cell suspen-
sion was pelleted at 3000 rcf for 5 minutes. Cell pellets were resuspended in 500 plL cytosolic lysis
buffer (50 mM HEPES pH 7.4, 150 mM NaCl, 50 ug/mL digitonin, 10 mM EDTA) and incubated on
ice for 15 minutes. Cells were spun down at 1000 rcf to pellet intact cells and nuclei that were then
used for obtaining the membrane fraction. The supernatant was transferred to a fresh tube and spun
down at 15000 rcf to remove additional organelle fragments and transferred to a fresh tube again.
Cytosolic protein was obtained by transferring 10% of supernatant to a fresh tube with 6 X sample
buffer +DTT and boiled for 5 minutes. Cytosolic DNA was isolated from the remaining supernatant
by mixing an equal volume of 25:24:1 phenol: chloroform: isoamyl alcohol, with vigorous shaking
followed by centrifugation for 10 minutes at ~21,130 rcf (max speed). The aqueous phase was trans-
ferred to a fresh tube and DNA was precipitated by mixing with 300 mM sodium acetate, 10 mM
MgCl,, 1 pL glycogen, and 3 volumes of 100% ethanol, and then incubated overnight at -80°C. The
precipitated DNA was pelleted by centrifugation at max speed for 20 minutes at 4°C. The pellet was
washed with 1 mL of cold 70% ethanol and centrifuged for 5 minutes at max speed, and then the
pellet was air dried for 15 minutes at RT. The DNA was resuspended with 200 puL DNase free water. For
the mitochondrial membrane fraction, the pellet of intact cells, previously collected, was resuspended
in 500 pL membrane lysis buffer (50 mM HEPES pH 7.4, 150 mM NaCl, 1% NP-40), vortexed, and
then centrifuged for 3 minutes at 7000 rcf. 50 pL of the cleared lysate was transferred to a fresh tube
6 X sample buffer + DTT was added. Samples were boiled 5 minutes. Immunoblotting was used to
check for contaminating mitochondrial proteins in the cytosolic fraction compared with the membrane
fraction by probing for mitochondrial ATP5A1. RT-qgPCR was performed using total DNA diluted 1:100
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and cytosolic DNA diluted 1:2. Tert (nuclear DNA), CytB and Dloop (mtDNA) were measured. Total
and cytosolic fractions were normalized to Tert to control for variation in cell numbers.

Extracellular IFN-p assay

Macrophage-secreted type | IFN-f levels were determined using a L929 cells stably expressing a lucif-
erase reporter gene under the regulation of type | IFN signaling pathway (L929 ISRE cells). 5x10* L929
ISRE cells were seeded in a clear 96-well flat-bottomed plate and incubated at 37 °C with 5% CO,
the previous day. Macrophage cell culture media was collected, diluted 1:5 in complete media and
transferred to the L929 ISRE cells and incubated for 6 hr. Cells were washed with PBS, lysed in 30 pL
cell culture lysis buffer, and transferred to a white 96-well flat-bottomed plate (Costar, 3693). 30 pL
of Luciferase Assay System substrate solution (Promega, E1501) was added to the plate and lumines-
cence read immediately using a Cytation5 plate reader (Biotek).

UV crosslinking immunoprecipitation

9x10° RAW M® were seeded in 15 cm tissue culture-treated plates and rested overnight. The
next day treated with 1 mg/mL doxycycline for 24 hr. Cells were washed with PBS and UV treated
at 2000pJoules x100 with a UVstratalinker1800. Cell pellets were lysed in NP-40 lysis buffer with
Pierce EDTA free protease inhibitor (Thermo Scientific, A32965) for 15 minutes and sonicated 3 X for
10 minutes 30 seconds on/off (Biorupter). Lysates were treated with 200 ng/mL RNaseA (Invitrogen,
AM2271) and 1 U/mL RQ1 Dnase (Promega, M6101) and then incubated on 3XFLAG beads (Sigma
Aldrich, F2426) for 3 hr rotating at 4°C. Bound FLAG was eluted 3 X using 20 pyL 5XFLAG peptide
(Sigma Aldrich, F4799) by vortexing continuously for 15 minutes. Protein samples were collected and
separated as described below and RNA was isolated using ethanol precipitation. Briefly, samples
were treated with 0.1%SDS and 0.5 mg/mL proteinase K (Invitrogen, 25530049). Samples were spun
down at 10,000 rcf for 5 minutes at 4°C, and the pellet was vortexed with equal parts RNase free
water and TRIzol, spun down at 10,000 rcf for 20 minutes at 4°C, and then pellets were stored in
100% ethanol +3 M sodium acetate +1 pL glycogen at -80°C overnight. Samples were spun down
at 10,000 rcf for 10 minutes at 4°C and then the pellets were washed with 70% ethanol, spun down
again, and then pellets were air dried for 15 minutes and RNA was resuspended in RNase free water.
gPCR downstream analysis was performed as described below. No RT control cDNA samples were
used to check for DNA contamination.

Immunofluorescence microscopy

Cells were plated on glass coverslips in 24-well plates. At the designated time points, cells were
washed with PBS and then fixed in 4% paraformaldehyde for 10 minutes at 37°C. Cells were washed
with PBS 3 X and then permeabilized with 0.2% Triton-X100 (Thermo Fisher, A16046.AP). Coverslips
were incubated in primary antibody diluted in PBS +5% non-fat milk +0.2% Triton X-100 (PBS-MT) for
2 hr at RT. Primary antibodies used in this study were TOM20 clone 2F8.1(Millipore Sigma, MABT 166,
1:100); ANTI-FLAG M2 (Sigma Aldrich, F3165; RRID:AB 259529, 1:500); B-ACTIN (Abcam, 6276,
RRID:AB_2223210, 1:500) and DAPI (Invitrogen, D1306, 1:10,000). Coverslips were then washed 3 X
in PBS and incubated in secondary antibody (Invitrogen, A-11034, A21235) diluted in PBS-MT for 1 hr
in the dark. Coverslips were then washed twice in PBS and then twice in deionized water. Following
washes coverslips were mounted onto glass slides using ProLong Diamond antifade mountant (Invi-
trogen, P36961). Images were acquired on an Olympus Fluoview FV3000 Confocal Laser Scanning
Microscope.

Protein quantification by immunoblot

Cells were washed with PBS and lysed in 1 X RIPA buffer with protease and Pierce EDTA free phos-
phatase inhibitors (Thermo Scientific, A32957), with the addition of 1 U/mL Benzonase nuclease
(Millipore, 101697) to degrade genomic DNA. Proteins were separated by SDS-PAGE on AnykD mini
-PROTEAN TGX precast gel (Biorad) and transferred to 0.45 pm nitrocellulose membranes (Cytiva,
10600041). Membranes were blocked for 1 hr at RT in LICOR Odyssey blocking buffer (927-60001).
Blots were incubated overnight at 4°C with the following primary antibodies: B-ACTIN (Abcam, 6276;
RRID:AB_ 2223210, 1:5000), B-TUBULIN (Abcam, 179513, 1:5000) p-IRF3(S396) (Cell Signaling, 49475,
1:1000); IRF3 (Bethyl, A303-384A-M, 1:1000); ANTI-FLAG M2 (Sigma Aldrich, F3165; RRID:AB_259529,
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1:5000); NWSHPQFEK (Genscript, A00626-40,1:5000); CGAS (Cell Signaling, 316595, 1:1000); SRP55
(Bethyl, A303-669A-M, 1:1000); VIPERIN (RSAD2) (EMD Millipore, MABF106, 1:1000); ATP5A1 (Bethyl,
A304-940A-T, 1:1000); CYTOCHROME-C (Abcam, 133504, 1:1000). Membranes were washed 3 X for
5 minutes in PBS-Tween20 and incubated with appropriate secondary antibodies (LI-COR, 925-32210,
926-68071) for 1 hr at RT prior to imaging on a LICOR Odyssey Fc Dual-Mode Imaging System.

RNA isolation and qRT-PCR analysis

For transcript analysis, cells and tissue were harvested in TRIzol and RNA was isolated using Direct-zol
RNA Miniprep kits (Zymo Research, R2052) with 1 hr DNase treatment. cDNA was synthesized with
iScript cDNA Synthesis Kit (Bio-Rad, 1708891). CDNA was diluted to 1:20 for each sample. A pool
of cDNA from each treated or infected sample was used to make a 1:10 standard curve with each
standard sample diluted 1:5 to produce a linear curve. RT-gPCR was performed using Power-Up SYBR
Green Master Mix (Thermo Fisher, A25742) using a Quant Studio Flexé (Applied Biosystems). Samples
were run in triplicate wells in a 384-well plate. Averages of the raw values were normalized to average
values for the same sample with the control gene, Actb. To analyze fold induction, the average of the
treated sample was divided by the untreated control sample, which was set at 1.

Semiquantitative PCR analysis

cDNA was synthesized by iScript cDNA Synthesis Kit (Bio-Rad, 1708891) using an extended 3 hr
amplification. Q5 high fidelity 2 X Master mix (New England Biolabs, M0492S) was used for PCR
amplification using targeted primers. Loading dye was added to PCR products and samples were run
on 2% agarose gel containing ethidium bromide (Sigma Aldrich, E1510) at 100 volts for 1 hr. Gels were
imaged on LiICOR Odyssey Fc Dual-Mode Imaging System and bands were quantified.

Quantitation and statistical analysis

Statistical analysis of data was performed using GraphPad Prism software. Two-tailed unpaired
Student’s t tests were used for statistical analyses based on the assumption that samples were inde-
pendent and drawn from normal distributions. Unless otherwise noted, all results are representative
of at least three biological samples (mean +/- SEM [n=3 per group]). Biological samples refer to
independent cell populations. Agarose gel images for semi-quantitative RT-PCR and immunoblots are
representative of n>3. For in vivo data, we have standardized our sample sizes (number of animals)
based on the estimate that detecting a significant effect requires two samples to differ in CFUs by
0.7e”710. Using a standard deviation of 0.35e~10 for each population, we calculated that a minimum
size of 5 age- and sex-matched mice per group per time point is necessary to detect a statistically
significant difference by a t-test with alpha (2-sided) set at 0.05 and a power of 80%. Therefore, we
used a minimum of 5 mice per genotype per time point to assess infection-related readouts. For
statistical comparison, each experimental group was tested for normal distribution. Data were tested
using a Mann-Whitney test. Graphs were generated using Graphpad Prism software.

Materials availability
The datasets referenced in this study can be found online at National Center for Biotechnology Infor-
mation (NCBI) Gene Expression Omnibus (GEO), https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE171418.

Please contact the corresponding author at kpatrick03@tamu.edu for resource sharing and
availability.

Acknowledgements

We would like to thank Dr. A Phillip West and members of the West lab for providing us with VSV
stocks and sharing viral infection protocols. We thank Drs. Jefferey Cox, Bennett Penn, and Jonathan
Budzik for generously sharing their Mtb phosphoproteomics datasets with us. We thank Dr. Malea
Murphy (TAMU COM Integrated Microscopy and Imaging Laboratory) and Robbie Moore (School
of Medicine Analytical Cytometry Core [SMAC]) for their technical assistance and advice. Finally, we
would like to thank the members of the Patrick and Watson laboratories for their support and reviews
of the manuscript. This work was funded through NIH/NIGMS R35GM 133720 (to KLP) and NIH/NIAID
RO1AI155621 (to ROW).

Wagner et al. eLife 2022;11:e82244. DOI: https://doi.org/10.7554/eLife.82244 23 0of 30


https://doi.org/10.7554/eLife.82244
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE171418
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE171418
https://medicine.tamu.edu/faculty/patrick.html

e Llfe Research article

Chromosomes and Gene Expression | Immunology and Inflammation

Additional information

Funding

Funder Grant reference number Author

National Institutes of F31GM143893 Haley M Scott

Health

NIH/NIAID ROTAI155621 Robert O Watson
Kristin L Patrick

NIH/NIGMS R35GM133720 Kristin L Patrick

The funders had no role in study design, data collection and interpretation, or the
decision to submit the work for publication.

Author contributions

Allison R Wagner, Conceptualization, Formal analysis, Investigation, Visualization, Methodology,
Writing - original draft, Writing - review and editing; Chi G Weindel, Conceptualization, Supervision,
Investigation, Visualization, Methodology, Writing - review and editing; Kelsi O West, Haley M Scott,
Conceptualization, Investigation; Robert O Watson, Conceptualization, Supervision, Funding acqui-
sition, Visualization, Methodology, Writing - review and editing; Kristin L Patrick, Conceptualization,
Supervision, Funding acquisition, Visualization, Writing - original draft, Writing - review and editing

Author ORCIDs

Allison R Wagner @ http://orcid.org/0000-0002-6592-3741
Chi G Weindel @ http://orcid.org/0000-0002-8063-7794
Robert O Watson @ http://orcid.org/0000-0003-4976-0759
Kristin L Patrick @ http://orcid.org/0000-0003-2442-4679

Ethics
All experiments for this study were reviewed and approved by the Texas A&M University Institutional
Animal Care and Use Committee (AUP# 2019-0083).

Decision letter and Author response
Decision letter https://doi.org/10.7554/elife.82244 sa
Author response https://doi.org/10.7554/elife. 82244 sa2

Additional files

Supplementary files
* MDAR checklist

Data availability
Sequencing data have been deposited in GEO under accession code GSE171418. All other data
generated or analyzed during this study are included in the manuscript and supporting files.

The following previously published dataset was used:

Author(s) Year Dataset title Dataset URL Database and Identifier
Wagner AR, Scott 2021 Global transcriptomics https://www.ncbi. NCBI Gene Expression
HM, West KO, Vail reveals specialized roles for nlm.nih.gov/geo/ Omnibus, GSE171418
KJ, Fitzsimons TC, splicing regulatory proteins query/acc.cgi?acc=

Coleman AK, Carter in the macrophage innate  GSE171418

KE, Watson RO, immune response

Patrick KL

References

Abarca-Rojano E, Rosas-Medina P, Zamudio-Cortéz P, Mondragdn-Flores R, Sanchez-Garcia FJ. 2003.
Mycobacterium tuberculosis virulence correlates with mitochondrial cytochrome c release in infected

Wagner et al. eLife 2022;11:e82244. DOI: https://doi.org/10.7554/eLife.82244 24 of 30


https://doi.org/10.7554/eLife.82244
http://orcid.org/0000-0002-6592-3741
http://orcid.org/0000-0002-8063-7794
http://orcid.org/0000-0003-4976-0759
http://orcid.org/0000-0003-2442-4679
https://doi.org/10.7554/eLife.82244.sa1
https://doi.org/10.7554/eLife.82244.sa2
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE171418
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE171418
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE171418
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE171418

e Llfe Research article

Chromosomes and Gene Expression | Immunology and Inflammation

macrophages. Scandinavian Journal of Inmunology 58:419-427. DOI: https://doi.org/10.1046/j.1365-3083.
2003.01318.x, PMID: 14507307

Abebe M, Kim L, Rook G, Aseffa A, Wassie L, Zewdie M, Zumla A, Engers H, Andersen P, Doherty TM. 2011.
Modulation of cell death by M. tuberculosis as a strategy for pathogen survival. Clinical & Developmental
Immunology 2011:678570. DOI: https://doi.org/10.1155/2011/678570, PMID: 21253484

Aguilo JI, Alonso H, Uranga S, Marinova D, Arbués A, de Martino A, Anel A, Monzon M, Badiola J, Pardo J,
Brosch R, Martin C. 2013. ESX-1-induced apoptosis is involved in cell-to-cell spread of mycobacterium
tuberculosis. Cellular Microbiology 15:1994-2005. DOI: https://doi.org/10.1111/cmi. 12169, PMID: 23848406

Aguilé N, Uranga S, Marinova D, Martin C, Pardo J. 2014. Bim is a crucial regulator of apoptosis induced by
mycobacterium tuberculosis. Cell Death & Disease 5:e1343. DOI: https://doi.org/10.1038/cddis.2014.313,
PMID: 25032866

Apelbaum A, Yarden G, Warszawski S, Harari D, Schreiber G. 2013. Type | interferons induce apoptosis by
balancing cflip and caspase-8 independent of death ligands. Molecular and Cellular Biology 33:800-814. DOI:
https://doi.org/10.1128/MCB.01430-12, PMID: 23230268

Behar SM, Divangahi M, Remold HG. 2010. Evasion of innate immunity by Mycobacterium tuberculosis: is death
an exit strategy? Nature Reviews. Microbiology 8:668-674. DOI: https://doi.org/10.1038/nrmicro2387, PMID:
20676146

Behar SM, Martin CJ, Booty MG, Nishimura T, Zhao X, Gan H-X, Divangahi M, Remold HG. 2011. Apoptosis is an
innate defense function of macrophages against Mycobacterium tuberculosis. Mucosal Immunology 4:279-287.
DOI: https://doi.org/10.1038/mi.2011.3, PMID: 21307848

Bell SL, Lopez KL, Cox JS, Patrick KL, Watson RO. 2021. Galectin-8 senses phagosomal damage and recruits
selective autophagy adapter TAX1BP1 to control Mycobacterium tuberculosis infection in macrophages. MBio
12:e0187120. DOI: https://doi.org/10.1128/mBio.01871-20, PMID: 34225486

Budzik JM, Swaney DL, Jimenez-Morales D, Johnson JR, Garelis NE, Repasy T, Roberts AW, Popov LM, Parry TJ,
Pratt D, Ideker T, Krogan NJ, Cox JS. 2020. Dynamic post-translational modification profiling of Mycobacterium
tuberculosis-infected primary macrophages. elLife 9:e51461. DOI: https://doi.org/10.7554/elLife.51461, PMID:
31951200

Carpenter S, Ricci EP, Mercier BC, Moore MJ, Fitzgerald KA. 2014. Post-Transcriptional regulation of gene
expression in innate immunity. Nature Reviews. Immunology 14:361-376. DOI: https://doi.org/10.1038/
nri3682, PMID: 24854588

Cartegni L, Wang J, Zhu Z, Zhang MQ, Krainer AR. 2003. ESEfinder: a web resource to identify exonic splicing
enhancers. Nucleic Acids Research 31:3568-3571. DOI: https://doi.org/10.1093/nar/gkg616, PMID: 12824367

Cartron PF, Arokium H, Oliver L, Meflah K, Manon S, Vallette FM. 2005. Distinct domains control the addressing
and the insertion of Bax into mitochondria. The Journal of Biological Chemistry 280:10587-105%8. DOI:
https://doi.org/10.1074/jbc.M409714200, PMID: 15590655

Choi N, Jang HN, Oh J, Ha J, Park H, Zheng X, Lee S, Shen H. 2022. SRSFé regulates the alternative splicing of
the apoptotic Fas gene by targeting a novel RNA sequence. Cancers 14:1990. DOI: https://doi.org/10.3390/
cancers14081990, PMID: 35454897

Cohen-Eliav M, Golan-Gerstl R, Siegfried Z, Andersen CL, Thorsen K, @rntoft TF, Mu D, Karni R. 2013. The
splicing factor SRSFé6 is amplified and is an oncoprotein in lung and colon cancers. The Journal of Pathology
229:630-639. DOI: https://doi.org/10.1002/path.4129, PMID: 23132731

Cosentino K, Garcia-Sdez AJ. 2017. Bax and Bak pores: are we closing the circle? Trends in Cell Biology
27:266-275. DOI: https://doi.org/10.1016/j.tcb.2016.11.004, PMID: 27932064

Cosentino K, Hertlein V, Jenner A, Dellmann T, Gojkovic M, Pefa-Blanco A, Dadsena S, Wajngarten N,
Danial JSH, Thevathasan JV, Mund M, Ries J, Garcia-Saez AJ. 2022. The interplay between Bax and Bak tunes
apoptotic pore growth to control mitochondrial-DNA-mediated inflammation. Molecular Cell 82:933-949..
DOI: https://doi.org/10.1016/j.molcel.2022.01.008, PMID: 35120587

Dijk SN, Protasoni M, Elpidorou M, Kroon AM, Taanman JW. 2020. Mitochondria as target to inhibit proliferation
and induce apoptosis of cancer cells: the effects of doxycycline and gemcitabine. Scientific Reports 10:4363.
DOI: https://doi.org/10.1038/s41598-020-61381-9, PMID: 32152409

ENCODE Project Consortium. 2004. The encode (encyclopedia of DNA elements) project. Science 306:636—
640. DOI: https://doi.org/10.1126/science.1105136, PMID: 15499007

Feng Y, Valley MT, Lazar J, Yang AL, Bronson RT, Firestein S, Coetzee WA, Manley JL. 2009. Srp38 regulates
alternative splicing and is required for Ca (2+) handling in the embryonic heart. Developmental Cell 16:528-
538. DOI: https://doi.org/10.1016/j.devcel.2009.02.009, PMID: 19386262

Filippov V, Schmidt EL, Filippova M, Duerksen-Hughes PJ. 2008. Splicing and splice factor SRp55 participate in
the response to DNA damage by changing isoform ratios of target genes. Gene 420:34-41. DOI: https://doi.
org/10.1016/j.gene.2008.05.008, PMID: 18571879

Goldberger O, Livny J, Bhattacharyya R, Amster-Choder O. 2021. Wisdom of the crowds: A suggested polygenic
plan for small-RNA-mediated regulation in bacteria. IScience 24:103096. DOI: https://doi.org/10.1016/j.isci.
2021.103096, PMID: 34622151

Goping IS, Gross A, Lavoie JN, Nguyen M, Jemmerson R, Roth K, Korsmeyer SJ, Shore GC. 1998. Regulated
targeting of BAX to mitochondria. The Journal of Cell Biology 143:207-215. DOI: https://doi.org/10.1083/jcb.
143.1.207, PMID: 9763432

Hagai T, Chen X, Miragaia RJ, Rostom R, Gomes T, Kunowska N, Henriksson J, Park J-E, Proserpio V, Donati G,
Bossini-Castillo L, Vieira Braga FA, Naamati G, Fletcher J, Stephenson E, Vegh P, Trynka G, Kondova |,

Wagner et al. eLife 2022;11:e82244. DOI: https://doi.org/10.7554/eLife.82244 25 of 30


https://doi.org/10.7554/eLife.82244
https://doi.org/10.1046/j.1365-3083.2003.01318.x
https://doi.org/10.1046/j.1365-3083.2003.01318.x
http://www.ncbi.nlm.nih.gov/pubmed/14507307
https://doi.org/10.1155/2011/678570
http://www.ncbi.nlm.nih.gov/pubmed/21253484
https://doi.org/10.1111/cmi.12169
http://www.ncbi.nlm.nih.gov/pubmed/23848406
https://doi.org/10.1038/cddis.2014.313
http://www.ncbi.nlm.nih.gov/pubmed/25032866
https://doi.org/10.1128/MCB.01430-12
http://www.ncbi.nlm.nih.gov/pubmed/23230268
https://doi.org/10.1038/nrmicro2387
http://www.ncbi.nlm.nih.gov/pubmed/20676146
https://doi.org/10.1038/mi.2011.3
http://www.ncbi.nlm.nih.gov/pubmed/21307848
https://doi.org/10.1128/mBio.01871-20
http://www.ncbi.nlm.nih.gov/pubmed/34225486
https://doi.org/10.7554/eLife.51461
http://www.ncbi.nlm.nih.gov/pubmed/31951200
https://doi.org/10.1038/nri3682
https://doi.org/10.1038/nri3682
http://www.ncbi.nlm.nih.gov/pubmed/24854588
https://doi.org/10.1093/nar/gkg616
http://www.ncbi.nlm.nih.gov/pubmed/12824367
https://doi.org/10.1074/jbc.M409714200
http://www.ncbi.nlm.nih.gov/pubmed/15590655
https://doi.org/10.3390/cancers14081990
https://doi.org/10.3390/cancers14081990
http://www.ncbi.nlm.nih.gov/pubmed/35454897
https://doi.org/10.1002/path.4129
http://www.ncbi.nlm.nih.gov/pubmed/23132731
https://doi.org/10.1016/j.tcb.2016.11.004
http://www.ncbi.nlm.nih.gov/pubmed/27932064
https://doi.org/10.1016/j.molcel.2022.01.008
http://www.ncbi.nlm.nih.gov/pubmed/35120587
https://doi.org/10.1038/s41598-020-61381-9
http://www.ncbi.nlm.nih.gov/pubmed/32152409
https://doi.org/10.1126/science.1105136
http://www.ncbi.nlm.nih.gov/pubmed/15499007
https://doi.org/10.1016/j.devcel.2009.02.009
http://www.ncbi.nlm.nih.gov/pubmed/19386262
https://doi.org/10.1016/j.gene.2008.05.008
https://doi.org/10.1016/j.gene.2008.05.008
http://www.ncbi.nlm.nih.gov/pubmed/18571879
https://doi.org/10.1016/j.isci.2021.103096
https://doi.org/10.1016/j.isci.2021.103096
http://www.ncbi.nlm.nih.gov/pubmed/34622151
https://doi.org/10.1083/jcb.143.1.207
https://doi.org/10.1083/jcb.143.1.207
http://www.ncbi.nlm.nih.gov/pubmed/9763432

e Llfe Research article

Chromosomes and Gene Expression | Immunology and Inflammation

Dennis M, Haniffa M, et al. 2018. Gene expression variability across cells and species shapes innate immunity.
Nature 563:197-202. DOI: https://doi.org/10.1038/s41586-018-0657-2, PMID: 30356220

Hara H, Takeda T, Yamamoto N, Furuya K, Hirose K, Kamiya T, Adachi T. 2013. Zinc-induced modulation of SRSFé
activity alters bim splicing to promote generation of the most potent apoptotic isoform bims. The FEBS Journal
280:3313-3327. DOI: https://doi.org/10.1111/febs.12318, PMID: 23648111

Hoffpauir CT, Bell SL, West KO, Jing T, Wagner AR, Torres-Odio S, Cox JS, West AP, Li P, Patrick KL, Watson RO.
2020. TRIM14 is a key regulator of the type | IFN response during mycobacterium tuberculosis infection.
Journal of Immunology205:153-167. DOI: https://doi.org/10.4049/jimmunol. 1901511, PMID: 32404352

Howard JM, Sanford JR. 2015. The rnaissance family: SR proteins as multifaceted regulators of gene expression.
Wiley Interdisciplinary Reviews. RNA 6:93-110. DOI: https://doi.org/10.1002/wrna.1260, PMID: 25155147

Hu L, Chen M, Chen X, Zhao C, Fang Z, Wang H, Dai H. 2020. Chemotherapy-induced pyroptosis is mediated by
BAK/BAX-caspase-3-GSDME pathway and inhibited by 2-bromopalmitate. Cell Death & Disease 11:281. DOI:
https://doi.org/10.1038/s41419-020-2476-2, PMID: 32332857

Jensen MA, Wilkinson JE, Krainer AR. 2014. Splicing factor SRSFé promotes hyperplasia of sensitized skin.
Nature Structural & Molecular Biology 21:189-197. DOI: https://doi.org/10.1038/nsmb.2756, PMID: 24440982

Jeong S. 2017. Sr proteins: binders, regulators, and connectors of RNA. Molecules and Cells 40:1-9. DOI:
https://doi.org/10.14348/molcells.2017.2319, PMID: 28152302

Jin KL, Graham SH, Mao XO, He X, Nagayama T, Simon RP, Greenberg DA. 2001. Bax kappa, a novel Bax splice
variant from ischemic rat brain lacking an art domain, promotes neuronal cell death. Journal of Neurochemistry
77:1508-1519. DOI: https://doi.org/10.1046/j.1471-4159.2001.00361.x, PMID: 11413234

Juan-Mateu J, Alvelos MI, Turatsinze J-V, Villate O, Lizarraga-Mollinedo E, Grieco FA, Marroqui L, Bugliani M,
Marchetti P, Eizirik DL. 2018. Srp55 regulates a splicing network that controls human pancreatic B-cell function
and survival. Diabetes 67:423-436. DOI: https://doi.org/10.2337/db17-0736, PMID: 29246973

Katsuyama T, Moulton VR. 2021. Splicing factor SRSF1 is indispensable for regulatory T cell homeostasis and
function. Cell Reports 36:109339. DOI: https://doi.org/10.1016/j.celrep.2021.109339, PMID: 34233194

Kim H, de Jesus AA, Brooks SR, Liu Y, Huang Y, VanTries R, Montealegre Sanchez GA, Rotman Y, Gadina M,
Goldbach-Mansky R. 2018. Development of a validated interferon score using nanostring technology. Journal
of Interferon & Cytokine Research 38:171-185. DOI: https://doi.org/10.1089/jir.2017.0127, PMID: 29638206

Kuwana T, King LE, Cosentino K, Suess J, Garcia-Saez AJ, Gilmore AP, Newmeyer DD. 2020. Mitochondrial
residence of the apoptosis inducer Bax is more important than Bax oligomerization in promoting membrane
permeabilization. The Journal of Biological Chemistry 295:1623-1636. DOI: https://doi.org/10.1074/jbc.
RA119.011635, PMID: 31901077

LiY, Xu J, LuY, Bian H, Yang L, Wu H, Zhang X, Zhang B, Xiong M, Chang Y, Tang J, Yang F, Zhao L, Li J, Gao X,
Xia M, Tan M, Li J. 2021. Drak2 aggravates nonalcoholic fatty liver disease progression through SRSFé6-
associated RNA alternative splicing. Cell Metabolism 33:2004-2020.. DOI: https://doi.org/10.1016/j.cmet.
2021.09.008, PMID: 34614409

Liu HX, Zhang M, Krainer AR. 1998. Identification of functional exonic splicing enhancer motifs recognized by
individual SR proteins. Genes & Development 12:1998-2012. DOI: https://doi.org/10.1101/gad.12.13.1998,
PMID: 9649504

Liu SY, Sanchez DJ, Aliyari R, Lu S, Cheng G. 2012. Systematic identification of type | and type Il interferon-
induced antiviral factors. PNAS 109:4239-4244. DOI: https://doi.org/10.1073/pnas. 1114981109, PMID:
22371602

Liu J, Wang Y, Yin J, Yang Y, Geng R, Zhong Z, Ni S, Liu W, Du M, Yu H, Bai J. 2022. Pan-Cancer analysis revealed
SRSF9 as a new biomarker for prognosis and immunotherapy. Journal of Oncology 2022:3477148. DOI:
https://doi.org/10.1155/2022/3477148, PMID: 35069733

Mason MA, Gomez-Paredes C, Sathasivam K, Neueder A, Papadopoulou AS, Bates GP. 2020. Silencing srsf6
does not modulate incomplete splicing of the huntingtin gene in Huntington's disease models. Scientific
Reports 10:14057. DOI: https://doi.org/10.1038/s41598-020-71111-w, PMID: 32820193

McArthur K, Whitehead LW, Heddleston JM, Li L, Padman BS, Oorschot V, Geoghegan ND, Chappaz S,
Davidson S, San Chin H, Lane RM, Dramicanin M, Saunders TL, Sugiana C, Lessene R, Osellame LD, Chew T-L,
Dewson G, Lazarou M, Ramm G, et al. 2018. BAK/BAX macropores facilitate mitochondrial herniation and
mtDNA efflux during apoptosis. Science 359:eaao06047. DOI: https://doi.org/10.1126/science.aaob6047, PMID:
29472455

Moura-Alves P, Neves-Costa A, Raquel H, Pacheco TR, D’Almeida B, Rodrigues R, Cadima-Couto |, Chora A,
Oliveira M, Gama-Carvalho M, Hacohen N, Moita LF. 2011. An shrna-based screen of splicing regulators
identifies SFRS3 as a negative regulator of IL-1B secretion. PLOS ONE 6:19829. DOI: https://doi.org/10.1371/
journal.pone.0019829, PMID: 21611201

Ortiz-Sanchez P, Villalba-Orero M, Lépez-Olaneta MM, Larrasa-Alonso J, Sdnchez-Cabo F, Marti-Gémez C,
Camafeita E, Gémez-Salinero JM, Ramos-Hernandez L, Nielsen PJ, Vazquez J, Miller-McNicoll M,
Garcia-Pavia P, Lara-Pezzi E. 2019. Loss of SRSF3 in cardiomyocytes leads to decapping of contraction-related
mRNAs and severe systolic dysfunction. Circulation Research 125:170-183. DOI: https://doi.org/10.1161/
CIRCRESAHA.118.314515, PMID: 31145021

Park S, Brugiolo M, Akerman M, Das S, Urbanski L, Geier A, Kesarwani AK, Fan M, Leclair N, Lin K-T, Hu L, Hua |,
George J, Muthuswamy SK, Krainer AR, Anczukéw O. 2019. Differential functions of splicing factors in
mammary transformation and breast cancer metastasis. Cell Reports 29:2672-2688.. DOI: https://doi.org/10.
1016/j.celrep.2019.10.110, PMID: 31775037

Wagner et al. eLife 2022;11:e82244. DOI: https://doi.org/10.7554/eLife.82244 26 of 30


https://doi.org/10.7554/eLife.82244
https://doi.org/10.1038/s41586-018-0657-2
http://www.ncbi.nlm.nih.gov/pubmed/30356220
https://doi.org/10.1111/febs.12318
http://www.ncbi.nlm.nih.gov/pubmed/23648111
https://doi.org/10.4049/jimmunol.1901511
http://www.ncbi.nlm.nih.gov/pubmed/32404352
https://doi.org/10.1002/wrna.1260
http://www.ncbi.nlm.nih.gov/pubmed/25155147
https://doi.org/10.1038/s41419-020-2476-2
http://www.ncbi.nlm.nih.gov/pubmed/32332857
https://doi.org/10.1038/nsmb.2756
http://www.ncbi.nlm.nih.gov/pubmed/24440982
https://doi.org/10.14348/molcells.2017.2319
http://www.ncbi.nlm.nih.gov/pubmed/28152302
https://doi.org/10.1046/j.1471-4159.2001.00361.x
http://www.ncbi.nlm.nih.gov/pubmed/11413234
https://doi.org/10.2337/db17-0736
http://www.ncbi.nlm.nih.gov/pubmed/29246973
https://doi.org/10.1016/j.celrep.2021.109339
http://www.ncbi.nlm.nih.gov/pubmed/34233194
https://doi.org/10.1089/jir.2017.0127
http://www.ncbi.nlm.nih.gov/pubmed/29638206
https://doi.org/10.1074/jbc.RA119.011635
https://doi.org/10.1074/jbc.RA119.011635
http://www.ncbi.nlm.nih.gov/pubmed/31901077
https://doi.org/10.1016/j.cmet.2021.09.008
https://doi.org/10.1016/j.cmet.2021.09.008
http://www.ncbi.nlm.nih.gov/pubmed/34614409
https://doi.org/10.1101/gad.12.13.1998
http://www.ncbi.nlm.nih.gov/pubmed/9649504
https://doi.org/10.1073/pnas.1114981109
http://www.ncbi.nlm.nih.gov/pubmed/22371602
https://doi.org/10.1155/2022/3477148
http://www.ncbi.nlm.nih.gov/pubmed/35069733
https://doi.org/10.1038/s41598-020-71111-w
http://www.ncbi.nlm.nih.gov/pubmed/32820193
https://doi.org/10.1126/science.aao6047
http://www.ncbi.nlm.nih.gov/pubmed/29472455
https://doi.org/10.1371/journal.pone.0019829
https://doi.org/10.1371/journal.pone.0019829
http://www.ncbi.nlm.nih.gov/pubmed/21611201
https://doi.org/10.1161/CIRCRESAHA.118.314515
https://doi.org/10.1161/CIRCRESAHA.118.314515
http://www.ncbi.nlm.nih.gov/pubmed/31145021
https://doi.org/10.1016/j.celrep.2019.10.110
https://doi.org/10.1016/j.celrep.2019.10.110
http://www.ncbi.nlm.nih.gov/pubmed/31775037

e Llfe Research article

Chromosomes and Gene Expression | Immunology and Inflammation

Pelegrin P, Barroso-Gutierrez C, Surprenant A. 2008. P2X7 receptor differentially couples to distinct release
pathways for IL-1beta in mouse macrophage. Journal of Immunology 180:7147-7157. DOI: https://doi.org/10.
4049/jimmunol.180.11.7147, PMID: 18490713

Ramsey SA, Klemm SL, Zak DE, Kennedy KA, Thorsson V, Li B, Gilchrist M, Gold ES, Johnson CD, Litvak V,
Navarro G, Roach JC, Rosenberger CM, Rust AG, Yudkovsky N, Aderem A, Shmulevich |. 2008. Uncovering a
macrophage transcriptional program by integrating evidence from motif scanning and expression dynamics.
PLOS Computational Biology 4:e1000021. DOI: https://doi.org/10.1371/journal.pcbi. 1000021, PMID:
18369420

Riley JS, Quarato G, Cloix C, Lopez J, O'Prey J, Pearson M, Chapman J, Sesaki H, Carlin LM, Passos JF,
Wheeler AP, Oberst A, Ryan KM, Tait SW. 2018. Mitochondrial inner membrane permeabilisation enables
mtdna release during apoptosis. The EMBO Journal 37:17. DOI: https://doi.org/10.15252/embj.201899238,
PMID: 30049712

Ring HZ, Lis JT. 1994. The SR protein B52/SRp55 is essential for Drosophila development. Molecular and Cellular
Biology 14:7499-7506. DOI: https://doi.org/10.1128/mcb.14.11.7499-7506.1994, PMID: 7935465

Rongvaux A, Jackson R, Harman CCD, Li T, West AP, de Zoete MR, Wu Y, Yordy B, Lakhani SA, Kuan CY,
Taniguchi T, Shadel GS, Chen ZJ, lwasaki A, Flavell RA. 2014. Apoptotic caspases prevent the induction of type
| interferons by mitochondrial DNA. Cell 159:1563-1577. DOI: https://doi.org/10.1016/j.cell.2014.11.037,
PMID: 25525875

Rongvaux A. 2018. Innate immunity and tolerance toward mitochondria. Mitochondrion 41:14-20. DOI: https://
doi.org/10.1016/j.mit0.2017.10.007, PMID: 29054471

Sapra AK, Anké M-L, Grishina |, Lorenz M, Pabis M, Poser |, Rollins J, Weiland E-M, Neugebauer KM. 2009. Sr
protein family members display diverse activities in the formation of nascent and mature mRNPs in vivo.
Molecular Cell 34:179-190. DOI: https://doi.org/10.1016/j.molcel.2009.02.031, PMID: 19394295

Sarhan J, Liu BC, Muendlein HI, Weindel CG, Smirnova |, Tang AY, llyukha V, Sorokin M, Buzdin A, Fitzgerald KA,
Poltorak A. 2019. Constitutive interferon signaling maintains critical threshold of MLKL expression to license
necroptosis. Cell Death and Differentiation 26:332-347. DOI: https://doi.org/10.1038/s41418-018-0122-7,
PMID: 29786074

Song X, Wan X, Huang T, Zeng C, Sastry N, Wu B, James CD, Horbinski C, Nakano |, Zhang W, Hu B, Cheng S-Y.
2019. SRSF3-regulated RNA alternative splicing promotes glioblastoma tumorigenicity by affecting multiple
cellular processes. Cancer Research 79:5288-5301. DOI: https://doi.org/10.1158/0008-5472.CAN-19-1504,
PMID: 31462429

Tait SWG, Green DR. 2008. Caspase-independent cell death: leaving the set without the final cut. Oncogene
27:6452-6461. DOI: https://doi.org/10.1038/0nc.2008.311, PMID: 18955972

Thomas KE, Galligan CL, Newman RD, Fish EN, Vogel SN. 2006. Contribution of interferon-beta to the murine
macrophage response to the Toll-like receptor 4 agonist, lipopolysaccharide. The Journal of Biological
Chemistry 281:31119-31130. DOI: https://doi.org/10.1074/jbc.M604958200, PMID: 16912041

Tran Q, Roesser JR. 2003. Srp55 is a regulator of calcitonin/CGRP alternative RNA splicing. Biochemistry
42:951-957. DOI: https://doi.org/10.1021/bi026753a, PMID: 12549914

Tranell A, Fenyd EM, Schwartz S. 2010. Serine- and arginine-rich proteins 55 and 75 (SRp55 and SRp75) induce
production of HIV-1 Vpr mRNA by inhibiting the 5'-splice site of exon 3. The Journal of Biological Chemistry
285:31537-31547. DOI: https://doi.org/10.1074/jbc.M109.077453, PMID: 20685659

Van Nostrand EL, Freese P, Pratt GA, Wang X, Wei X, Xiao R, Blue SM, Chen J-Y, Cody NAL, Dominguez D,
Olson S, Sundararaman B, Zhan L, Bazile C, Bouvrette LPB, Bergalet J, Duff MO, Garcia KE,

Gelboin-Burkhart C, Hochman M, et al. 2020. A large-scale binding and functional map of human RNA-binding
proteins. Nature 583:711-719. DOI: https://doi.org/10.1038/s41586-020-2077-3, PMID: 32728246

Vaquero-Garcia J, Barrera A, Gazzara MR, Gonzalez-Vallinas J, Lahens NF, Hogenesch JB, Lynch KW, Barash Y.
2016. A new view of transcriptome complexity and regulation through the lens of local splicing variations. eLife
5:11752. DOI: https://doi.org/10.7554/eLife.11752, PMID: 26829591

Vince JE, De Nardo D, Gao W, Vince AJ, Hall C, McArthur K, Simpson D, Vijayaraj S, Lindqgvist LM, Bouillet P,
Rizzacasa MA, Man SM, Silke J, Masters SL, Lessene G, Huang DCS, Gray DHD, Kile BT, Shao F, Lawlor KE.
2018. The mitochondrial apoptotic effectors Bax/Bak activate caspase-3 and -7 to trigger NLRP3
inflammasome and caspase-8 driven IL-1p activation. Cell Reports 25:2339-2353.. DOI: https://doi.org/10.
1016/j.celrep.2018.10.103, PMID: 30485804

Wagner AR, Scott HM, West KO, Vail KJ, Fitzsimons TC, Coleman AK, Carter KE, Watson RO, Patrick KL. 2021.
Global transcriptomics uncovers distinct contributions from splicing regulatory proteins to the macrophage
innate immune response. Frontiers in Immunology 12:656885. DOI: https://doi.org/10.3389/fimmu.2021.
656885, PMID: 34305890

Wan L, Yu W, Shen E, Sun W, Liu Y, Kong J, Wu Y, Han F, Zhang L, Yu T, Zhou Y, Xie S, Xu E, Zhang H, Lai M. 2019.
SRSF6-regulated alternative splicing that promotes tumour progression offers a therapy target for colorectal
cancer. Gut 68:118-129. DOI: https://doi.org/10.1136/gutjnl-2017-314983, PMID: 29114070

Wang HY, Xu X, Ding JH, Bermingham JR, Fu XD. 2001. Sc35 plays a role in T cell development and alternative
splicing of CD45. Molecular Cell 7:331-342. DOI: https://doi.org/10.1016/s1097-2765(01)00181-2, PMID:
11239462

Wang ET, Sandberg R, Luo S, Khrebtukova |, Zhang L, Mayr C, Kingsmore SF, Schroth GP, Burge CB. 2008.
Alternative isoform regulation in human tissue transcriptomes. Nature 456:470-476. DOI: https://doi.org/10.
1038/nature07509, PMID: 18978772

Wagner et al. eLife 2022;11:e82244. DOI: https://doi.org/10.7554/eLife.82244 27 of 30


https://doi.org/10.7554/eLife.82244
https://doi.org/10.4049/jimmunol.180.11.7147
https://doi.org/10.4049/jimmunol.180.11.7147
http://www.ncbi.nlm.nih.gov/pubmed/18490713
https://doi.org/10.1371/journal.pcbi.1000021
http://www.ncbi.nlm.nih.gov/pubmed/18369420
https://doi.org/10.15252/embj.201899238
http://www.ncbi.nlm.nih.gov/pubmed/30049712
https://doi.org/10.1128/mcb.14.11.7499-7506.1994
http://www.ncbi.nlm.nih.gov/pubmed/7935465
https://doi.org/10.1016/j.cell.2014.11.037
http://www.ncbi.nlm.nih.gov/pubmed/25525875
https://doi.org/10.1016/j.mito.2017.10.007
https://doi.org/10.1016/j.mito.2017.10.007
http://www.ncbi.nlm.nih.gov/pubmed/29054471
https://doi.org/10.1016/j.molcel.2009.02.031
http://www.ncbi.nlm.nih.gov/pubmed/19394295
https://doi.org/10.1038/s41418-018-0122-7
http://www.ncbi.nlm.nih.gov/pubmed/29786074
https://doi.org/10.1158/0008-5472.CAN-19-1504
http://www.ncbi.nlm.nih.gov/pubmed/31462429
https://doi.org/10.1038/onc.2008.311
http://www.ncbi.nlm.nih.gov/pubmed/18955972
https://doi.org/10.1074/jbc.M604958200
http://www.ncbi.nlm.nih.gov/pubmed/16912041
https://doi.org/10.1021/bi026753a
http://www.ncbi.nlm.nih.gov/pubmed/12549914
https://doi.org/10.1074/jbc.M109.077453
http://www.ncbi.nlm.nih.gov/pubmed/20685659
https://doi.org/10.1038/s41586-020-2077-3
http://www.ncbi.nlm.nih.gov/pubmed/32728246
https://doi.org/10.7554/eLife.11752
http://www.ncbi.nlm.nih.gov/pubmed/26829591
https://doi.org/10.1016/j.celrep.2018.10.103
https://doi.org/10.1016/j.celrep.2018.10.103
http://www.ncbi.nlm.nih.gov/pubmed/30485804
https://doi.org/10.3389/fimmu.2021.656885
https://doi.org/10.3389/fimmu.2021.656885
http://www.ncbi.nlm.nih.gov/pubmed/34305890
https://doi.org/10.1136/gutjnl-2017-314983
http://www.ncbi.nlm.nih.gov/pubmed/29114070
https://doi.org/10.1016/s1097-2765(01)00181-2
http://www.ncbi.nlm.nih.gov/pubmed/11239462
https://doi.org/10.1038/nature07509
https://doi.org/10.1038/nature07509
http://www.ncbi.nlm.nih.gov/pubmed/18978772

e Llfe Research article

Chromosomes and Gene Expression | Immunology and Inflammation

Wang Z, Liu Q, Lu J, Fan P, Xie W, Qiu W, Wang F, Hu G, Zhang Y. 2016. Serine/Arginine-Rich splicing factor 2
modulates herpes simplex virus type 1 replication via regulating viral gene transcriptional activity and pre-
mRNA splicing. The Journal of Biological Chemistry 291:26377-26387. DOI: https://doi.org/10.1074/jbc.M116.
753046, PMID: 27784784

Watson RO, Bell SL, MacDuff DA, Kimmey JM, Diner EJ, Olivas J, Vance RE, Stallings CL, Virgin HW, Cox JS.
2015. The cytosolic sensor cgas detects Mycobacterium tuberculosis DNA to induce type | interferons and
activate autophagy. Cell Host & Microbe 17:811-819. DOI: https://doi.org/10.1016/j.chom.2015.05.004, PMID:
26048136

Weindel CG, Martinez EL, Zhao X, Mabry CJ, Bell SL, Vail KJ, Coleman AK, VanPortfliet JJ, Zhao B, Wagner AR,
Azam S, Scott HM, Li P, West AP, Karpac J, Patrick KL, Watson RO. 2022. Mitochondrial ROS promotes
susceptibility to infection via gasdermin D-mediated necroptosis. Cell 185:3214-3231.. DOI: https://doi.org/
10.1016/j.cell.2022.06.038, PMID: 35907404

Weintz G, Olsen JV, Frihauf K, Niedzielska M, Amit |, Jantsch J, Mages J, Frech C, Délken L, Mann M, Lang R.
2010. The phosphoproteome of Toll-like receptor-activated macrophages. Molecular Systems Biology 6:371.
DOI: https://doi.org/10.1038/msb.2010.29, PMID: 20531401

West AP, Khoury-Hanold W, Staron M, Tal MC, Pineda CM, Lang SM, Bestwick M, Duguay BA, Raimundo N,
MacDuff DA, Kaech SM, Smiley JR, Means RE, Iwasaki A, Shadel GS. 2015. Mitochondrial DNA stress primes
the antiviral innate immune response. Nature 520:553-557. DOI: https://doi.org/10.1038/nature 14156, PMID:
25642965

West KO, Scott HM, Torres-Odio S, West AP, Patrick KL, Watson RO. 2019. The splicing factor hnrnp M is a
critical regulator of innate immune gene expression in macrophages. Cell Reports 29:1594-1609. DOI: https://
doi.org/10.1016/j.celrep.2019.09.078, PMID: 31693898

White MJ, McArthur K, Metcalf D, Lane RM, Cambier JC, Herold MJ, van Delft MF, Bedoui S, Lessene G,

Ritchie ME, Huang DCS, Kile BT. 2014. Apoptotic caspases suppress mtdna-induced STING-mediated type |
IFN production. Cell 159:1549-1562. DOI: https://doi.org/10.1016/j.cell.2014.11.036, PMID: 25525874

Xiang J, Chao DT, Korsmeyer SJ. 1996. BAX-induced cell death may not require interleukin 1 beta-converting
enzyme-like proteases. PNAS 93:14559-14563. DOI: https://doi.org/10.1073/pnas.93.25.14559, PMID:
8962091

Xu X, Yang D, Ding J-H, Wang W, Chu P-H, Dalton ND, Wang H-Y, Bermingham JR, Ye Z, Liu F, Rosenfeld MG,
Manley JL, Ross J, Chen J, Xiao R-P, Cheng H, Fu X-D. 2005. ASF/SF2-regulated camkiidelta alternative splicing
temporally reprograms excitation-contraction coupling in cardiac muscle. Cell 120:59-72. DOI: https://doi.org/
10.1016/j.cell.2004.11.036, PMID: 15652482

Yin X, Jin N, Gu J, Shi J, Zhou J, Gong C-X, Igbal K, Grundke-Igbal I, Liu F. 2012. Dual-specificity tyrosine
phosphorylation-regulated kinase 1A (dyrk1a) modulates serine/arginine-rich protein 55 (srp55)-promoted tau
exon 10 inclusion. The Journal of Biological Chemistry 287:30497-30506. DOI: https://doi.org/10.1074/jbc.
M112.355412, PMID: 22767602

Yura K, Shionyu M, Hagino K, Hijikata A, Hirashima Y, Nakahara T, Eguchi T, Shinoda K, Yamaguchi A,

Takahashi K-I, Itoh T, Imanishi T, Gojobori T, Go M. 2006. Alternative splicing in human transcriptome:
functional and structural influence on proteins. Gene 380:63-71. DOI: https://doi.org/10.1016/j.gene.2006.05.
015, PMID: 16872759

Zahoor MA, Xue G, Sato H, Murakami T, Takeshima S, Aida Y. 2014. Hiv-1 Vpr induces interferon-stimulated
genes in human monocyte-derived macrophages. PLOS ONE 9:106418. DOI: https://doi.org/10.1371/journal.
pone.0106418, PMID: 25170834

Zhou Y, Han C, Wang E, Lorch AH, Serafin V, Cho B-K, Gutierrez Diaz BT, Calvo J, Fang C,

Khodadadi-Jamayran A, Tabaglio T, Marier C, Kuchmiy A, Sun L, Yacu G, Filip SK, Jin Q, Takahashi Y-H,
Amici DR, Rendleman EJ, et al. 2020. Posttranslational regulation of the exon skipping machinery controls
aberrant splicing in leukemia. Cancer Discovery 10:1388-1409. DOI: https://doi.org/10.1158/2159-8290.
CD-19-1436, PMID: 32444465

Wagner et al. eLife 2022;11:e82244. DOI: https://doi.org/10.7554/eLife.82244 28 of 30


https://doi.org/10.7554/eLife.82244
https://doi.org/10.1074/jbc.M116.753046
https://doi.org/10.1074/jbc.M116.753046
http://www.ncbi.nlm.nih.gov/pubmed/27784784
https://doi.org/10.1016/j.chom.2015.05.004
http://www.ncbi.nlm.nih.gov/pubmed/26048136
https://doi.org/10.1016/j.cell.2022.06.038
https://doi.org/10.1016/j.cell.2022.06.038
http://www.ncbi.nlm.nih.gov/pubmed/35907404
https://doi.org/10.1038/msb.2010.29
http://www.ncbi.nlm.nih.gov/pubmed/20531401
https://doi.org/10.1038/nature14156
http://www.ncbi.nlm.nih.gov/pubmed/25642965
https://doi.org/10.1016/j.celrep.2019.09.078
https://doi.org/10.1016/j.celrep.2019.09.078
http://www.ncbi.nlm.nih.gov/pubmed/31693898
https://doi.org/10.1016/j.cell.2014.11.036
http://www.ncbi.nlm.nih.gov/pubmed/25525874
https://doi.org/10.1073/pnas.93.25.14559
http://www.ncbi.nlm.nih.gov/pubmed/8962091
https://doi.org/10.1016/j.cell.2004.11.036
https://doi.org/10.1016/j.cell.2004.11.036
http://www.ncbi.nlm.nih.gov/pubmed/15652482
https://doi.org/10.1074/jbc.M112.355412
https://doi.org/10.1074/jbc.M112.355412
http://www.ncbi.nlm.nih.gov/pubmed/22767602
https://doi.org/10.1016/j.gene.2006.05.015
https://doi.org/10.1016/j.gene.2006.05.015
http://www.ncbi.nlm.nih.gov/pubmed/16872759
https://doi.org/10.1371/journal.pone.0106418
https://doi.org/10.1371/journal.pone.0106418
http://www.ncbi.nlm.nih.gov/pubmed/25170834
https://doi.org/10.1158/2159-8290.CD-19-1436
https://doi.org/10.1158/2159-8290.CD-19-1436
http://www.ncbi.nlm.nih.gov/pubmed/32444465

e Llfe Research article

Appendix 1

Chromosomes and Gene Expression | Immunology and Inflammation

Appendix 1—key resources table

Reagent type (species)

or resource Designation Source or reference Identifiers Additional information
Strain, strain background contains a GFP reporter cloned
(Vesicular stomatitis virus, Dr. John Rose, Yale School downstream of the VSV G-
Indiana serotype) VSV of Medicine glycoprotein (VSV-G/GFP)
Strain, strain background
(S. enterica (ser. Dr. Denise Monack,
Typhimirium)) Salmonella typhimurium, Sal Stanford Cat#SL1344
Strain, strain background
(Mycobacterium
tuberculosis (Erdman)) M. tuberculosis, Mtb ATCC Cat#35801
Cell line (M. musculus) RAW 264.7 macrophages ATCC Cat#TIB-71
contains a reverse tetracycline
This paper, controlled transactivator and

Cell line (M. musculus)

Tetracycline Inducible RAW
264.7

Dr. Robert Watson, Texas
A&M School of Medicine

an upstream tetracycline
inducible promotor containing plasmid

Cell line (Homo sapien)

L929 ISRE reporter cells

Wagner et al., 2021
Hoffpauir et al., 2020

Dr. Robert Watson, Texas
A&M School of Medicine

Cell line (M. musculus)

cGAS KO RAW 264.7

Wagner et al., 2021

Dr. Robert Watson, Texas
A&M School of Medicine

Transfected construct (M.
musculus)

Srsfé shRNA

This paper,
Dr. Kristin Patrick, Texas
A&M School of Medicine

KD1 (exon 3)
KD2 (exon 4)

lentiviral plasmid with
hygromycin resistance

Transfected construct (M.

Ambion silencer select

musculus) Negative control (NC) siRNA siRNA Cat#4390843

Transfected construct (M. Ambion silencer Cat#AM16708

musculus) Bax siRNA pre-designed siRNA 1D100458

Transfected construct (M. Ambion silencer Cat#4390771

musculus) Srsf6 siRNA select pre-designed siRNA  IDS86053

Antibody BAX Rabbit polyclonal Cell Signaling Cat#2772 S (1:1000) (1:200)

Antibody VIPERIN mouse monoclonal EMD Millipore Cat#MABF106 (1:1000)

Antibody SRp55 Rabbit polyclonal Bethyl Cat#A303-669A-M (1:1000)
p-IRF3(S396) Rabbit

Antibody monoclonal Cell Signaling Cat#49475 (1:1000)

Antibody IRF3 Rabbit polyclonal Bethyl Cat#A303-384A-M (1:1000)

Antibody cGAS Rabbit monoclonal Cell Signaling Cat#316595 (1:1000)
Tom20/Tomm20 mouse

Antibody monoclonal clone 2F8.1 EMD Millipore Cat#MABT166 (1:1000)
VDACT Mouse monoclonal

Antibody clone N152B/23 Biolegend Cat#820702 (1:1000)
Cytochrome C monoclonal

Antibody Rabbit Abcam Cat#133504 (1:1000)
(Strep)NWSHPQFEK Rabbit

Antibody polyclonal GenScript Cat#A00626-40 (1:5000)
FLAG M2 Mouse Cat#F3165;

Antibody Monoclonal Sigma-Aldrich RRID:AB_259529 (1:5000)

Peptide, recombinant Recombinant mouse IFN-B1

protein (carrier free) Biolegend Cat#581302

Peptide, recombinant

protein Recombinant IFNB PBL Assay Science Cat#12405-1

Peptide, recombinant E. coli Lipopolysaccharide

protein (LPS) InvivoGen Cat# tlrl-pb5lps

Peptide, recombinant Interferon stimulatory DNA

protein (ISD) IDT

This paper,
Dr. Kristin Patrick, Texas GACATCCAGCGC
Sequence-based reagent Srsf6_F A&M School of Medicine qRT-PCR primer T CAG
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Appendix 1 Continued

Reagent type (species)

or resource Designation

Chromosomes and Gene Expression | Immunology and Inflammation

Source or reference

Identifiers

Additional information

This paper, Dr. Kristin

Patrick, Texas A&M School TTGAGGTCGAT
Sequence-based reagent Srsf6_R of Medicine qRT-PCR primer CTCGAGGAG

This paper, Dr. Kristin

Patrick, Texas A&M School ATAGTGAGCAAT
Sequence-based reagent Rsad2_F of Medicine qRT-PCR primer GGCAGCCT

This paper, Dr. Kristin

Patrick, Texas A&M School AACCTGCTCAT
Sequence-based reagent Rsad2_R of Medicine qRT-PCR primer CGAAGCTGT

This paper, Dr. Kristin

Patrick, Texas A&M School
Sequence-based reagent Bax-k_F of Medicine qRT-PCR primer AGAGGCAGCGGCAGTGAT

This paper, Dr. Kristin

Patrick, Texas A&M School
Sequence-based reagent Bax-k_R of Medicine qRT-PCR primer GGGGTCCTAGGGTTCTTGG

This paper, Dr. Kristin

Patrick, Texas A&M School CCGGCGAATTGG
Sequence-based reagent Bax_F of Medicine qRT-PCR primer AGATGAACTG

This paper, Dr. Kristin

Patrick, Texas A&M School AGCTGCCACCCGG
Sequence-based reagent Bax_R of Medicine qRT-PCR primer AAGAAGACCT

This paper, Dr. Kristin

Patrick, Texas A&M School
Sequence-based reagent Bax_F of Medicine PCR primer AGAGGCAGCGGCAGTGAT

This paper, Dr. Kristin

Patrick, Texas A&M School
Sequence-based reagent Bax_R of Medicine PCR primer CTCAGCCCATCTTCTTCCAG
Commercial assay or kit Luciferase Assay System Promega Cat#E1501
Commercial assay or kit~ Direct-zol RNA miniprep Kit  Zymo Research Cat#R2052

Commercial assay or kit~ Viromer Blue

Lipocalyx

Cat#VB-01LB-0

Seahorse XF Cell Mito Stress

Commercial assay or kit~ Test Kit Agilent Cat#103015-100
Chemical compound,

drug Alexa Fluor 647 AnnexinV  Biolegend Cat#640912
Chemical compound, Tetramethylrhodamine, ethyl

drug ester (TMRE) Invitrogen Cat#11560796
Chemical compound,

drug Propidium lodide (Pl) Invitrogen Cat#P1304MP
Chemical compound,

drug Mitotracker Green FM Invitrogen Cat#M7514
Chemical compound,

drug 2',3"dideoxycytidine (DDC)  Abcam Cat# Ab142240
Chemical compound,

drug Q-VD-OPh Cayman chemical Cat#15260
Chemical compound,

drug Staurosporine Tocaris Bioscience Cat#1285
Chemical compound,

drug TRIzol Invitrogen Cat#15596026

CLC Genomics Workbench
Software, algorithm 8.0.1

QIAGEN bioinformatics

https://www.qiagen

bioinformatics.

com/products/clc-
genomics-workbench/

Software, algorithm MAJIC & VIOLA

Vaquero-Garcia et al.,
2016

https://majig.biociphers.

org/

Software, algorithm Integrated genomics viewer

Broad Institute

Software, algorithm FlowJo v10

BD biosciences

Software, algorithm Prism v7

Graph Pad
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