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Abstract

Previously evidence was presented that the single-nucleotide polymorphism
rs1344706 located in an intronic region of the ZNF804A gene is associated with reduced
transcript levels in fetal brains. This genetic variation in the gene encoding the zinc-finger
protein ZNF804A is associated with schizophrenia (SZ) and bipolar disorder. Currently, the
molecular and cellular function of ZNF804A is unclear. Here, we generated a high-confidence
protein-protein interaction (PPI) network for ZNF804A using a combination of yeast two-
hybrid and bioluminescence-based PPI detection assays, directly linking 12 proteins to the
disease-associated target protein. Among the top hits was the signal transducer and activator
of transcription 2 (STAT2), an interferon-regulated transcription factor. Detailed mechanistic
studies revealed that STAT2 binds to the unstructured N-terminus of ZNF804A. This
interaction is mediated by multiple short amino acid motifs in ZNF804A but not by the
conserved C2H2 zinc-finger domain, which is also located at the N-terminus. Interestingly,
investigations in HEK293 cells demonstrated that ZNF804A and STAT2 both co-translocate
from the cytoplasm into the nucleus upon interferon (IFN) treatment. Furthermore, a
concentration-dependent effect of ZNF804A overproduction on STAT2-mediated gene
expression was observed using a luciferase reporter, which is under the control of an IFN-
stimulated response element (ISRE). Together these results indicate the formation of
ZNF804A:STAT2 protein complex and its translocation from the cytoplasm into the nucleus
upon IFN stimulation, suggesting that it may function as a signal transducer that activates IFN-

mediated gene expression programs.
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Introduction

Schizophrenia (SZ) is a common neuropsychiatric disorder with a complex etiology and
a worldwide prevalence of ~0.4% [1]. Currently, only symptomatic treatments are available
for SZ, which partially improve disease symptoms [2,3]. Thus, a better understanding of the
underlying disease mechanism is of crucial importance for the development of more precise,
disease modifying therapies.

In recent genome-wide association studies (GWAS) more than 100 chromosomal loci
with genetic variants have been identified to be associated with SZ [4]. This supports the view
that SZ is a complex neurological disease and multiple risk candidates influence onset and
progression of disease [5,6]. One of the top single-nucleotide polymorphisms (SNPs)
associated with SZ is rs1344706, which is located in intron 2 in the ZNF804A gene on
chromosome 2g31.1 [4]. The SNP rs1344706 has been associated with reduced transcript
expression of full-length or of a splice variant of ZNF804A in fetal brain [7-9]. This suggests
that perturbation of ZNF804A gene function in neurons contributes to disease development.
Importantly, genetic variants in the ZNF804A gene locus were also found to be associated
with the development other psychiatric diseases such as bipolar disorder [10], indicating that
perturbation of ZNF804A gene function may influence multiple disease phenotypes.

Experimental evidence was provided that the rs1344706 genotype has a significant
effect on ZNF804A gene expression in fetal brain [9], proposing that changes in mRNA
transcript levels during brain development might contribute to the SZ disease phenotype. In
addition, rs1344706-associated changes in ZNF804A transcript isoforms and transcript levels
were observed in independent studies [8], supporting the hypothesis that proper ZNF804A

gene expression is critical for normal brain function and development. However, the



molecular mechanism by which the intronic SNP rs1344706 influences ZNF804A mRNA levels
in neurons is currently not sufficiently understood.

The ZNF804A gene encodes a largely unstructured protein that contains two central
nuclear localization signals (NLS) and a well-conserved N-terminal C2H2 zinc-finger domain
[11]. Zinc fingers are structural motifs that often function as DNA binding and interaction
modules [12], suggesting that ZNF804A interacts with DNA and influences gene expression in
neurons. This view is also supported by experimental evidence, indicating that ZNF804A is
located in the nucleus, directly binds to DNA and influences transcription of multiple target
genes [13,14,14,15]. However, further studies also showed that ZNF804A in neurons is
present in the cytoplasm [16] as well as in synapses and regulates neurite formation [17],
indicating that it has a cellular function in extranuclear compartments that is distinct from its
role in gene expression in the nucleus. The observation that knock-down (KD) of ZNF804A in
neurons results in loss of spine density and impairment of responses to activity-dependent
stimulation [17] are consistent with clinical observations in brains of SZ patients and support
the hypothesis that impairment of synapse function plays a critical role in disease [18-20].
Whether alterations of nuclear or extranuclear ZNF804A functions in neurons are responsible
for the observed clinical manifestations in disease, however, remain unclear.

Here, genome-wide yeast two-hybrid screening and further validation using DULIP
(dual luminescence-based co-immunoprecipitation) and BRET (bioluminescence resonance
energy transfer) in mammalian cells revealed a high-confidence protein-protein interaction
(PPI) network linking 12 new and previously reported protein interactors directly to ZNF804A.
Among the top hits was the signal transducer and activator of transcription 2 (STAT2), an
interferon-regulated transcription factor. A peptide array of the N-terminus of ZNF804A

revealed multiple STAT2 binding sites downstream of ZNF804A’s zinc-finger domain. We



further demonstrated that endogenous ZNF804A together with its interaction partner STAT2
co-translocate from the cytoplasm into the nucleus upon interferon (IFN2a) treatment.
Interestingly, co-overexpression of STAT2 and ZNF804A results in the formation of distinct
perinuclear clustered foci in mammalian cells. Furthermore, using an IFN-stimulated response
element (ISRE) assay, we show that STAT2 can bind to the ISRE promoter and mediates
expression of a luciferase reporter. This STAT2-mediated gene expression was attenuated in
a dose- and interaction-dependent manner by increased ZNF804A expression. These results
suggest that ZNF804A may act as an IFN-stimulated transcription regulator through its
interaction with STAT2 in mammalian cells. The potential relevance of these findings for the
development of SZ in patients that contain SNPs such as rs1344706 in ZNF804A gene locus

are discussed.

Results
Yeast two-hybrid screening identifies ZNF804A putative protein interaction partners

A near genome-wide yeast two-hybrid (Y2H) screen was performed to determine the
protein-protein interactome of human ZNF804A. As an initial primary screen, 16,888 prey
proteins were tested against full-length and two ZNF804A fragments (1-609, 601-1209) as
bait proteins (Figure 1A, asterisks). In our Y2H screen, the bait proteins were tagged with a
LexA DNA-binding domain N- or C-terminally and expressed in a L40ccua MATa yeast strain,
while prey proteins are tagged with a nuclear localization signal and a Gal4 activation domain
N- or C-terminally and expressed in a MATa yeast strain (Figure 1B). Automated Y2H
screenings were repeated four times on selective media (SDIV) and nylon membranes placed
on SDIV media. A confidence scoring system was developed using experimental

reproducibility (at least 3 times repeated growth of yeast colonies on selective SDIV media



and repeated activation of the LacZ reporter) to select for Y2H interactions. Through our
systematic high-throughput mating of MATa bait and MATa prey yeast strains we identified
84 positive colonies that reconstituted the transcription factor to express the auxotrophy
genes (HIS3 and URA3) required for cell survival on selective plates. Of these positive colonies,
11 proteins were positive with N-terminal ZNF804A, 42 proteins interacted with C-terminal
ZNF804A, and 39 proteins interacted with full-length ZNF804A (Supplementary Figure 1).

Due to the immense size of the primary screen (204,000 PPIs tested), additional
control experiments were not performed. Therefore, the 80 initial hits were rescreened with
more stringent parameters to control for successful mating and false positives (Figure 1C).
We also included four additional ZNF804A N- and C-terminal bait fragments of varying sizes
to better define interaction regions (Figure 1A). Each bait-prey pairing (4 orientations) was
performed as quadruplicates for a total of 9,408 PPIs tested. Interacting bait-prey pairs were
identified through growth selection on SDIV medium and successful mating controlled by
assessing growth on SDII medium. A bait-prey interaction on SDIV plates was considered
positive when at least eleven out of the sixteen matings survived (4 orientations x 4
replicates). As a further control, false positives were determined by assessing auto-activation
of prey strains when mated with MATa strains producing only GAL4 or GAL4-mCherry.
Conversely, ZNF804A bait strains were tested against MATa strains expressing LexA or LexA-
mCherry. None of the ZNF804A bait strains displayed auto-activation. Lastly, the identity of
preys in positively mated colonies was determined by Sanger sequencing.

After these extensive control experiments, our secondary Y2H screen identified 18
high-confidence ZNF804A interactors. Overall, the C-terminus of ZNF804A was a major area
for PPIs accounting for 17 out of the 18 Y2H hits (Figure 2A and Supplementary Figure 2).

STAT2, a transcription factor involved in the signal transduction pathway of type | interferons,



was the only protein that interacted with N-terminal ZNF804A fragments harboring the zinc
finger domain (Figure 2A). Interestingly, in contrast to our primary screen, we were unable to
replicate interactions with full-length ZNF804A in the secondary Y2H screen (Supplementary
Figure 2). Manual literature curation revealed a prevalent group of proteins among the Y2H
hits representing RNA binding proteins (DAZAP2, FAM46A, QKI, RBM4, RBM4B, and RBM46),
suggesting a potential role for ZNF804A in gene expression (Figure 2B). Interestingly, a second
large functional group of proteins (DAZAP2, EYA3, RBM4, RBM4B, STAT2 and TSC1) are
described to play a role in the circadian rhythm (Figure 2B). Circadian rhythm disturbance is
a common feature in psychiatric disorders, especially in SZ [21]. A third group of proteins
represented among the Y2H hits have been associated with immune system regulation (LITAF,
DAZAP2, TCS1, STAT2) (Figure 2B).

To evaluate the association with SZ of identified ZNF804A interactors, we used the
Schizophrenia Gene Resource 2 (SZGR2) Database, which contains schizophrenia associated
genes from multiple datasets for common variants, de novo mutations, copy number variants,
differentially expressed genes and differentially methylated genes [22]. The 18 Y2H hits were
cross-referenced in the SZGR2 database to determine their association with SZ. We found
over 60% of identified ZNF804A PPI partners (DAZAP2, EYA3, KRTAP19-7, LASP1, PTS, QKI,
RBM4, RBM4B, SEMAA4G, STAT2, STAM2 and UBC9) to be associated with SZ (Figure 2B and
Supplementary Table 1). Additionally, we performed a set-based test of all 18 Y2H hits using
the dataset from the large SZ genetic study PGC2 GWAS [4]. We found most of these genes
associated with SZ through at least one SNP in the PGC2 GWAS dataset; however, only with
nominal significance (Supplementary Table 2). The protein Quaking (QKIl), involved in mRNA
processing, was the only ZNF804A interactor showing a significant enrichment of SNPs in the

PGC2 GWAS set when correcting for the set of 18 interactors instead of the whole genome



(Supplementary Table 2). Overall, we identified 18 high-confidence PPIs for ZNF804A by
whole genome Y2H screening and classify over 60% to be SZ-associated underlining the

impact of ZNF804A in SZ.

DULIP and BRET approaches validate 67 % of identified Y2H ZNF804A interactors

The 18 PPIs identified by Y2H screening were further validated using two independent
and quantitative binary PPl methods in mammalian cells. We have previously shown that
DULIP and BRET assays are valuable PPl interaction mapping methods that both quantitatively
and sensitively detect transient and stable binary interactions with high validation rates
[23,24]. The DULIP assay is based on the co-immunoprecipitation of Firefly luciferase-tagged
prey proteins by protein A Renilla luciferase-tagged bait proteins. The workflow for DULIP
requires the co-transfection of prey and bait plasmids into HEK293 cells, allowing for the
abundant production of luciferase-tagged proteins (Figure 3A). This is followed by co-
immunoprecipitation and luciferase readout of precipitated interacting proteins to obtain
normalized interaction ratios (cNIRs). This ratio can be used as an indication of binding
strength, allowing for the distinction between high and low affinity interactions [23]. In our
DULIP screen, STAT2 was screened against ZNF804A 1-400 and all other interaction
candidates were screened against ZNF804A 800-1209 fragments as bait and prey proteins, as
discovered by Y2H screening. Based on our previous benchmarking with positive and negative
reference sets, a cNIR cutoff of >3 was determined to be a suitable threshold for significance
[23]. Here, we selected a stringent cNIR score of >4 to distinguish positive PPIs from potential
false-positives. Under these conditions 14 out of 18 (77%) tested Y2H interactions were
validated with DULIP using C- and N-terminal fragments of ZNF804A as baits and preys (Figure

3B and E). RBM46 and STAT2 displayed the highest cNIR scores, suggesting them as high



affinity ZNF804A interactors (Figure 3B). FAM68 and STAM2 also exhibited high cNIR scores,
followed by KRTAP19-7, QKI, DAZAP2, KRATP19-1, TSC1, RBM4, KRTAP8-1, LITAF, RBM4B, and
PTS (Figure 3B and E).

An unexpected result from our secondary Y2H screen was the lack of positive
interactions with full-length ZNF804A. To gain insights into whether the 18 Y2H hits interact
with full-length ZNF804A in mammalian cells, we utilized the in-cell BRET assay reported
previously to be a critical component of the LuTHy (bioluminescence-based two-hybrid)
method (Figure 3C) [24]. We have previously shown that our in-cell BRET method using
nanoluciferase (NanolLuc) and mCitrine as donor and acceptor pairs can quantitatively detect
transient and stable PPIs using full-length proteins [24]. In contrast to DULIP, BRET assays
measure PPls in intact cells using the brighter NanoLuc (compared to Firefly luciferase). In our
assays, we screened full-length ZNF804A fused to NanolLuc against all 18 with Y2H identified
PPI partners fused to mCitrine-PA in triplicates and in 4 independent repetitions (Figure 3C).
Similar to DULIP, normalized BRET efficiency (cBRET) values were determined for all tested
interactions. Based on our previous benchmarking with positive and negative reference sets,
a cBRET cutoff of >0.01 was determined to be a suitable threshold for significance [24]. Here,
we selected an even more stringent cBRET score of >0.02 to distinguish positive PPIs from
potential false-positives. Based on this cutoff, a total of 8 out of 18 interactions (44%) were
successfully validated with in-cell BRET measurements (Figure 3D). Taken together, 15 out of
18 interactions were successfully validated with DULIP and/or BRET assays, representing a
validation rate of 83% (Figure 3E). Seven proteins (FAM46A, KRTAP19-1, KRTAP8-1, PTS,
RBM4, RBM4B, STAT2) were validated with both binary approaches, suggesting that these

proteins are highly-relevant ZNF804A interactors (Figure 3E).



STAT2 interacts with several N-terminal ZNF804A regions

Of particular interest from our PPl data is the interaction between ZNF804A and
STAT2. Not only was it the only interactor found positive with the N-terminal region
containing the zinc-finger domain of ZNF804A, but it also exhibited a high DULIP cNIR score
with ZNF804A fragments and was found to interact with the full-length protein. STAT2 is a
transcription factor critical for signal transduction of type | interferons [25]. It resides
primarily in the cytoplasm and upon IFNa/B treatment of cells, it homo or hetero dimerizes
with STAT1, binds to IRF9, and finally translocates into the nucleus where it initiates the
expression of viral response genes [26]. Considering that STAT2 is associated with SZ and that
the immune system may play a central role in SZ [22,27], we proceeded to characterize the
ZNF804A-STAT2 interaction in more depth.

To elucidate potential critical amino acids in the N-terminal binding domain of
ZNF804A that interacts with STAT2 an INVATIS Celluspot peptide array composed of various
peptide lengths from the first 400 amino acids was utilized. This protein region was divided
into 40 sections with each section containing 15 residue peptides, of which 5 residues
overlapped to the adjacent section (Supplementary Table 3). As a STAT2 positive control, the
interferon regulatory factor 9 (IRF9), a known STAT2 binding partner, was also peptide
arrayed (amino acids 205-393, 19 sections) in a similar fashion as ZNF804A (Supplementary
Table 3). Recombinant human STAT2 was then applied to the arrays and binding to peptides
detected by immunoblotting. The specificity of the STAT2 antibody (Santa Cruz, sc-476) was
tested against all seven members of the STAT family in HEK293 cells transiently expressing N-
terminal GFP fusion proteins. For all samples, endogenous STAT2 was detected at 113 kDa
and only GFP-STAT2 transfected cell samples exhibited an additional band at the expected

size for GFP-STAT2 (Figure 4A). Furthermore, we confirmed that our STAT2 antibody can



detect recombinant STAT2 protein (Figure 4B). To rule out peptides that may exhibit
promiscuous protein binding, both ZNF804A and IRF9 arrays were tested against recombinant
mCherry. No specific binding interaction was observed between mCherry and arrayed
peptides from the proteins ZNF804 or IRF9 (Supplementary Figure 3). However, when STAT2
was applied to the ZNF804A array, three distinct peptides (#21, 25, and 31) downstream of
the zinc-finger domain displayed pronounced STAT2 binding (Figure 4C and E). Several other
ZNF804A peptides (#1-3, 6-9, 12, 14, and 34) also showed mild STAT2 reactivity (Figure 4C).
Additionally, STAT2 showed an expected strong binding reactivity to several IRF9 peptides
(#42, 47, 48, 52, and 53) spanning multiple peptide spots indictive of an interaction motive
(Figure 4C). Interestingly, the peptide array suggests that the zinc-finger domain in ZNF804A
does not contribute to the binding between ZNF804A and STAT2. To investigate this further
we performed a BRET assay with a ZNF804A 1-400 fragment containing or lacking the zinc-
finger domain as the donor protein and STAT2 as the acceptor. We found that the lack of the
zinc-finger domain does not affect STAT2 binding (Figure 4D). These data demonstrate that
STAT2 has multiple interaction interfaces with ZNF804A, which is in agreement with the high

binding affinity (cNIR score) observed in DULIP experiments.

STAT2 binds primarily to unstructured domains of ZNFS804A

Currently there is no available crystal structure of ZNF804A to map the STAT2 binding areas
detected in our peptide array. To circumvent this, we first assessed the biochemical
properties of ZNF804A peptides. Using the GenScript peptide property calculator tool, two
ZNF804A peptides (#21, #25) with strong binding reactivity to STAT2 were found to be highly
ionic and having isoelectric points of 9.69 and 12.53 respectively (Figure 4F). This would

suggest that the interaction between STAT2 and ZNF804A may be dependent on ionic



strength. In order to gain structural insights of ZNF804A, we performed a predictive structural
analysis using PredictProtein [28]. Through this approach, we found the N-terminal domain
in ZNF804 is largely unstructured, except for the zinc-finger domain (Figure 4G). In regard to
the peptides with strong STAT2 binding reactivity, two (#25 and #31) were found located
within a predicted unstructured region, while one peptide (#21) partially overlapped with a

potential strand region (Figure 4G).

ZNF804A and STAT2 co-migrate into the nucleus after IFN2a treatment

To analyze the interaction between ZNF804A and STAT2 in a cellular context, we performed
immunocytochemistry on fixed human neuroblastoma SHEP cells followed by confocal
microscopy. Immunostaining for the endogenous proteins showed that both are localized
mainly in the cytosol (Figure 5A). Furthermore, line scan analysis revealed substantial
fluorescent overlap in the cytosol between the two proteins (Figure 5B). It is well-established
that, upon interferon a or B induction, STAT2 translocates to the nucleus and acts as a
transcription factor [25]. Based on our PPl data, we hypothesized that ZNF804A would
translocate with STAT2 upon IFN2a treatment. To evaluate this, we treated SHEP cells for 6
hours with 100 U/ml IFN2a and analyzed their localization. Indeed, we observed the
translocation of both STAT2 and ZNF804A into the nucleus after IFN2a treatment (Figure 5A).
Further line scan analysis revealed a high degree of fluorescent overlap in the nucleus
between the two proteins (Figure 5B). This finding not only supports the interaction data
between ZNF804A with STAT2 but also gives a strong indication that both proteins are

functionally linked.

Overexpression of ZNF804A and STAT2 lead to the formation of perinuclear speckles



To better understand the interplay of STAT2 and ZNF804A we co-transfected constructs
encoding mCherry-ZNF804A and GFP-STAT2 into SHEP cells. Confocal microscopy on fixed
samples revealed that co-expression of GFP-STAT2 and mCherry-ZNF804A led to an
accumulation of perinuclear speckles that displayed a high degree of co-localization between
the two overexpressed proteins (Figure 5C and D). However, transfection of mCherry-
ZNF804A or GFP-STAT2 alone did not result in the appearance of perinuclear accumulations
(Figure 5C). This suggests that perinuclear aggregates are the result of a STAT2:ZNF804A
interaction due to protein overexpression. To substantiate this finding, we performed filter
retardation experiments with cells transfected with GFP-STAT2 and different concentrations
of mCherry-ZNF804A or mCherry. Immunoblotting with STAT2 antibody revealed a
concentration ZNF804A-dependent increase of STAT2 in aggregates (Figure 5E and F). In
contrast, we did not detect a concentration mCherry-dependent increase of STAT2 (Figure 5E
and F), indicating that perinuclear accumulation is specific for the interaction between STAT2

and ZNF804A.

ZNF804A overexpression modulates STAT2 activity in IFN2a -stimulated HEK293 cells

Our studies indicate that ZNF804A overproduction leads to abnormal STAT2 aggregation in
perinuclear structures (Figure 5C-F), suggesting that overexpression of ZNF804A might also
have a dominant negative effect on STAT2 function, which plays a role in gene expression
regulation [25]. To evaluate the potential impact of ZNF804A overproduction on STAT2
function and IFN2a signaling [25], we studied STAT2 activity in HEK293 cells using an IFN-
stimulated response element (ISRE) reporter assay (Figure 6A). The ISRE reporter assay
utilizes two luciferases, Firefly luciferase under the control of the ISRE promoter and Renilla

luciferase which is constitutively active. Upon IFN2a treatment, STAT2 should translocate



from the cytoplasm into the nucleus and bind to the ISRE element, leading to expression of
Firefly luciferase (Figure 6A). This two-readout strategy allows the evaluation of changes in
ISRE activation while eliminating the effects of different transfection efficiencies and cell
numbers. We first evaluated the response to 24-hour IFN2a treatment with increasing
concentrations of IFN2a and determined an effective concentration of 50 U/ml for half-
maximal reporter gene activation (Figure 6B). We applied this concentration of IFN2a in all
further experiments in order to identify potential changes in reporter response. Next,
plasmids encoding mCherry-tagged full-length ZNF804A or N-and C-terminally truncated
fragments (1-400 and 800-1209) were transfected together with the reporter constructs. Cells
were then incubated for 48 hours and 50 U/ml of IFN2a was applied. Finally, after additional
incubation for 24 hours Firefly and Renilla luciferase activities were quantified. For all
ZNF804A constructs transfected, we did not observe a significant change in ISRE reporter
activity (Figure 6C), indicating that overproduction of different ZNF804A proteins alone does
not significantly change reporter activity in IFN2a treated cells. In strong contrast, when a
construct encoding GFP-STAT2 was co-transfected together with the reporter plasmid, we
found a ~4-fold increase in ISRE reporter activity after IFN2a treatment (Figure 6C), indicating
that STAT2 overproduction, as expected [25], robustly induces reporter gene expression
under these experimental conditions. Strikingly, we observed that GFP-STAT2-mediated
activation of reporter gene expression was significantly reduced when full-length ZNF804A or
a N-terminal fragment (1-400) were co-expressed in HEK293 cells (Figure 6C), indicating that
ZNF804A-mediated GFP-STAT2 aggregation in the cytoplasm (Figure 5C-F) decreases IFNa-
stimulated reporter gene activation. However, no such effect on reporter gene expression
was observed, when an N-terminally truncated ZNF804A fragment (800-1209) lacking the

STAT2 interaction domain was applied, demonstrating that a direct interaction between



ZNF804A and STAT2 is critical for modulation of reporter activity. These results were also
confirmed in independent experiments, when increasing concentrations of mCherry-tagged

ZNF804A were co-expressed together with GFP-STAT2 in ISRE reporter cells (Figure 6D).

Discussion

Multiple genome-wide association studies indicate that ZNF804A is a risk gene for SZ
[10,29]. The cellular function of the SZ-associated zinc-finger protein ZNF804A and its specific
role in disease, however, are still unclear. Here, utilizing quantitative PPl mapping
technologies, we discovered multiple high-confidence interaction partners that directly bind
to ZNF804A in mammalian cells (Figure 2). Among these binding proteins, we found that the
protein STAT2 directly interacts with the N-terminus of ZNF804A but does not bind to the
conserved N-terminal zinc-finger domain. STAT2 functions as a signal transducer that
activates gene transcription in cells, when treated with interferons (IFNs) such as IFNa or IFNy
[30]. In untreated cells, STAT2 is predominantly located in the cytoplasm; however, upon IFN
treatment an active signaling complex consisting of the proteins STAT1, STAT2 and IRF9 is
rapidly formed, which translocates into the nucleus, binds to promoters, and activates the
transcription of over 300 target genes [25]. This ‘canonical’ IFN-stimulated signaling pathway
is known for more than 20 years and is commonly activated in response to bacterial and viral
infections of cells [31]. Thus, the process of IFN-mediated JAK-STAT signaling is a critical
defense mechanism required for the survival of mammalian cells [32].

Our data indicate that upon IFN2a stimulation of SHEP cells, STAT2 directly interacts
with ZNF804A in the cytoplasm and then translocates as a protein complex into the nucleus
and activates gene expression (Figure 5 and 6). This suggests that ZNF804A together with

STAT2 plays a functional role in a ‘non-canonical’ IFN-mediated JAK-STAT signaling pathway.



Our data are in agreement with previously reported observations, indicating that ZNF804A in
neurons is present both in the cytoplasm and the nucleus [17] as well as that it contains two
putative nuclear localization signals. However, to this day it has not been shown that ZNF804A
can translocate from the cytoplasm into nucleus in cells upon IFN2a treatment.

Based on our studies, we propose that ZNF804A and STAT2 form an IFN-induced
transcription factor complex in neurons. However, additional studies are needed to better
define this complex and to elucidate its specific role in IFN-induced transcription. For
example, it needs to be assessed whether STAT2 phosphorylation or homo- or
heterooligomerization are critical for ZNF804A binding. In the ‘canonical’ pathway IFN-
mediated phosphorylation of STAT1 at Thy701 and of STAT2 at Tyr690 were shown to induce
heterodimerization, which subsequently stimulates the interaction with IRF9 [33]. A similar
mechanism may also be critical for ZNF804A binding to STAT2 and transcription activation.
Also, it will be key to map the ZNF804A binding domain in STAT2. Previous investigation
indicates that a coiled-coil domain in STAT2 mediates the interaction with IRF9 [25]. We
hypothesize that this domain is also important for the association with ZNF804A. However,
more detailed investigations of the STAT2:ZNF804A protein complex and its specific cellular
functions are necessary using biochemical, structural and cell biological methods.

Our findings show that ZNF804A binds to STAT2 and influences IFN2a-induced
transcription in cells. A connection between ZNF804A and IFN signaling has been observed
before. For example, it was shown that knockdown (KD) of ZNF804A gene expression in
neuronal progenitor cells (NPCs) leads to the down-regulation of a large number of transcripts
encoding many proteins involved in IFN signaling [13]. In this study it was demonstrated that
KD of ZNF804A reduces the expression of the genes IFITM2 and IFITM3, which encode for IFN-

induced transmembrane proteins that are well-known viral restriction factors [34]. They were



shown in independent studies to play a key role in protecting cells against the entry and
replication of viruses [35]. In the context of the SZ the SNP rs1344706, it may influence the
susceptibility to detrimental virus infections via the IFN-stimulated defense response by a yet
undetermined regulatory process. This mechanism potentially is of high relevance because
previous studies have provided evidence that maternal exposure to influenza and other
viruses increases SZ risk in the offspring [36—38]. Thus, our results from PPl mapping studies
and cell-based assays are supportive of reported experimental evidence indicating that
prenatal virus infections increase the risk for developing SZ [37].

Finally, it is important to note that our results are also supported by a recently
published very comprehensive analysis of RNAseq data of SZ patients and controls, indicating
that the IFN response is significantly perturbed in SZ brains [39]. This analysis revealed a well-
defined co-expression module (gene M32) that contains critical components of the IFN-
stimulated gene factor 3 (ISGF3) complex that activates the transcription of downstream IFN-
stimulated genes [39,40], supporting our hypothesis that molecular pathways that protect
cells against viral infections are perturbed in SZ.

Based on our and previously reported studies, we suggest that treatment strategies
that increase IFN signaling and thereby improve cellular virus defense mechanisms may
improve cortical abnormalities in SZ brains. Interestingly, experimental evidence in rat cells
treated with the chemical compound olanzapine increases the activity of the JAK-STAT
signaling cascade [41], suggesting that this compound besides its other activities can activate
cellular defense mechanisms against virus infections. Olanzapine is an atypical antipsychotic

drug commonly used for the treatment of SZ and bipolar disorder [42].



Material and Methods

Yeast two-hybrid assay

The Y2H interaction mating assays were performed as previously published [43]. Briefly, bait
constructs were transformed into yeast strains L40ccua (MATa) and for prey constructs a
library of ~17,000 pre-transformed yeast L40cca (MATa) strains was used. For interaction
mating, MATa colonies grown on L-HAUT g-trays were robot spotted (KBiosystems) and
mixed into 100 pl cultures of MATa yeast strains in 96-well microtiter plates. Yeast mixtures
were then robot spotted onto YPD agar plates. After 48 hours of mating at 30°C, yeast
colonies were transferred into 100 pl selective SDII (-Leu-Trp liquid medium) in 96-well
microtiter plates using a spotting robot. For selection of PPls, diploid yeasts were spotted
onto SDIV (-Leu-Trp-Ura-His), as well as SDII (-Leu-Trp) selective agar plates. After incubation

for 6 days at 30°C, agar plates were imaged, and yeast colony growth assessed.

Cell lines

Human embryonic kidney cell line 293 (HEK293) and a human neuroblastoma cell line (SHEP)
were maintained in DMEM (Thermofisher, #41965) supplemented with 10% heat-inactivated
fetal bovine serum (Thermofisher, #10500) and 1% penicillin/streptomycin (Thermofisher,

#15140122) at 37°C and 5% CO,. Cells were passaged every 3 to 4 days.

DULIP assay

HEK293 cells were reverse transfected with linear polyethyleneimine (25 kDa, Polysciences)
in 96-well microtiter plates at a density of 3.5 x10% cells per well. 48 h after transfection cells
were lysed in 100 pl HEPES lysis buffer (50 mM HEPES, 150 mM NaCl, 10% glycerol, 1% NP-

40, 0.5% deoxycholate, 20 mM NaF, 1.5 mM MgCl,, 1 mM EDTA, 1 U Benzonase) for 30



minutes at 4°C. The amount of produced PA-Renilla and Firefly-tagged fusion proteins was
monitored by measuring the respective luciferase activities in crude cell lysates in 384-well
microtiter plates. To this end, 10 pul of cell lysate, 20 ul PBS, and 10 pl of Dual-Glo® luciferase
reagent (Promega) was added to individual wells. After 10 minutes at 37°C the Firefly activity
was measured using an Infinite® M1000 (Tecan) plate reader. In order to stop the Firefly
luciferase activity and measure the Renilla luciferase activity, 10 ul of the Dual-Glo® Stop &
Glow® reagent (Promega) were added, incubated for 15 minutes at 37°C and the activity was
measured. Additionally, 50 ul of the cell lysate were incubated for 3 hours at 4°C in IgG pre-
coated 384-well microtiter plates. Plates were pre-coated with sheep gamma globulin
(Dianoca), blocked with 1% BSA in carbonate buffer (70 mM NaHCOs, 30 mM Na;COs, pH 9.6)
for 1 h and then incubated with rabbit anti-sheep IgGs (Dianova) overnight at 4°C. After cell
lysate incubation in antibody coated plates, all wells were washed three times with HEPES
lysis buffer. Lastly, 10 ul of HEPES lysis buffer and 20 pl of PBS were added to each well and
luminescence measurements for Firefly and Renilla were performed as described above.

DULIP data were analyzed as described in the original publication [23].

BRET assay

HEK293 cells were reverse transfected with linear polyethyleneimine (25 kDa, Polysciences)
in white 96-well microtiter plates at a density of 3.5 x10% cells per well. BRET assay was
performed as previous described [24]. For low expressing ZNF804A donor constructs, DNA
ratios of donor and acceptor were used at a 1:3 ratio, with 50 ng donor and 150 ng of
acceptor. In other cases, a ratio of 1:10 was used, with 10 ng donor and 100 ng of acceptor.
48 h after transfection, mCitrine fluorescence was measured in intact cells with a Tecan

Infinite® M1000Pro microtiter plate reader and at Ex/Em: 500 nm/530 nm. Afterwards, 5 uM



coelenterazine-h (NanoLight Technology, #301) was added and cells incubated for 10 min.
NanoLuc emission was measured with the BLUE1 filter (370-480 nm), mCitrine emission due
to BRET was measured using the GREEN1 filter (520-570 nm), and total luminescence without
using a filter was also recorded using a Tecan Infinite® M1000Pro microtiter plate reader. The
integration time for measurements was 100-1000 ms. BRET data were analyzed as previously

described [24].

Immunocytochemistry

Coverslips were incubated with 10 pg/ml fibronectin (Sigma, F1141) and 10 ug/ml poly-L-
lysine (Sigma, P8920) for 4 h at 37°C for coating. Coverslips were placed in a 24-well plate,
SHEP cells were seeded (7x10* cells/well), and incubated overnight in DMEM (Thermofisher,
#41965) supplemented with 10% heat-inactivated fetal bovine serum (Thermofisher, #10500)
and 1% penicillin/streptomycin (Thermofisher, #15140122) at 37°C and 5% CO,. The next day
the cells transfected with 600 ng of plasmid for mCherry-ZNF804A, or GFP-STAT2, or co-
transfected for 48 hours using Genelet reagent according to manufacturer’s instructions. For
certain experiments, cells were treated with 100 U/ml of IFN2a (Sigma-Aldrich, 14276) for 6
hours at 37°C and 5% CO; prior to fixation. Cell were fixed with 2% PFA for 15 min at room
temperature and treated with Hoechst 33342 (1:5000, Sigma) for 15 min. Coverslips were
washed twice with 0.1% Triton-X in PBS (PBS-T). Cells were permeabilized for 10 min with
PBS-T containing 1% BSA. Sample were blocked with PBS-T containing 1% BSA for 30 min. For
experiments centered on imaging endogenous proteins, samples were incubated with rabbit
anti-STAT2 (1:1000, Santa Cruz) and mouse anti-ZNF804A (1:1000, Synaptic Systems) for 1 h
in the blocking solution. The coverslips were then washed three times with PBS-T and anti-

mouse Alexa Fluor® 488 1gG (1:500, Ex49s/Ems1o, Invitrogen) and anti-rabbit Alexa Fluor® 568



IgG (1:500, Exs7s/Emeos, Invitrogen) secondary antibodies diluted in the blocking solution were
applied for 45 min at room temperature. Coverslips were washed three times with PBS-T and
after a final wash with PBS, the coverslips were mounted with Dako fluorescence mounting

medium (Dako) and dried overnight.

Imaging

Confocal microscopy. Fluorescence images were acquired using a laser-scanning Lecia
TSC SP8 confocal microscope equipped with a diode, argon, and DPSS lasers. Images were
acquired using sequential scanning and with z-stacks.

Image analysis. Colocalization analysis was performed using Imagel software. A line
scan analysis was performed on stacked confocal images acquired and analyzed using Imagel.
Using merged images, a line segment was drawn, the RGB profiler plugin applied, and spectra

plots analyzed.

Western blotting

To analyze specificity of anti-STAT2 antibody for STAT2, HEK293 cells were transfected with
PEGFP-C1 (Clontech) plasmids containing open reading frames for human STAT1, STAT2,
STAT3, STAT4. STAT5a, STAT5b, or STAT6 using Lipofectamine 2000 according to
manufacturer instructions. After 48 hours, cell pellets were lysed with HEPES buffer (50 mM
HEPES, 150 mM NaCl, 10% glycerol, 1% NP-40, 0.5% deoxycholate, 20 mM NaF, 1.5 mM MgCl,,
1 mM EDTA, 1 mM DTT, 1 U Benzonase, 1 mM PMSF, 25 mM glycerol-2-phosphate, 1 mM
sodium orthovanadate) and protein concentration was measured using the BCA method
(Thermofisher, #23228). A mixture of 25 ug of protein, 1x SDS-PAGE LDS Sample Buffer

(ThermoFisher, #2165462) and 50 mM DTT was boiled at 95°C for 5 min and loaded on an



Invitrogen SDS-PAGE Bis-Tris 4-12% gels along with SeeBlue® Plus2 (Thermo-Fisher) as a size
marker. Electrophoresis was performed at 185 V for 35 min with 1x MES SDS running buffer.
Next, proteins were transferred onto a nitrocellulose membrane using wet blotting system
with 1x Transfer buffer (25 mM Tris, 192 mM glycine, 10% methanol) at 100 V for 120 min.
The membrane was blocked in 3 % milk with PBS containing 0.05% Tween 20 for 1 h at room
temperature followed by overnight incubation at 4°C with primary antibody rabbit anti-STAT2
(1:20,000, Santa Cruz sc-476) in 3 % milk PBS-Tween. Membranes were washed three times
with PBS-Tween and incubated with POD conjugated secondary anti-rabbit antibody (Sigma,
A0545) at 1:2000 for 1 h at room temperature. Membranes were washed twice with PBS-
Tween and once with PBS, and incubated with WesternBright Quantum (Advansta, K-12042)

reagent. Chemiluminescence was acquired with a FujiFilm LAS-3000.

Dot blot assay

Dot blots were performed as previously described [44]. In brief, a nitrocellulose membrane
with a pore size of 0.1 um (Amersham Protran 0.1 um NC, GE Healthcare Life Sciences,
Munich, Germany) was washed once with PBS (13.7 mM NacCl, 0.27 mM KCl, 1 mM Na;HPOQa,
0.2 mM KH2POa, pH 7.4). Protein samples (25 ug, diluted in PBS) were spotted to membrane
using a 96-well vacuum apparatus and membranes washed twice with PBS. Membrane was
blocked for 30 min with 3% milk prepared with PBS containing 0.05% Tween 20. Membrane
was incubated overnight at 4°C with rabbit anti-STAT2 antibody (1:1000, Santa Cruz sc-476)
diluted in 3% milk PBS-Tween. Membrane was washed 3x with PBS-Tween and incubated with
POD conjugated secondary anti-rabbit antibody at 1:2000 for 1 h at room temperature,

followed by PBS-Tween washes, and incubation with ChemiGlow (Biozym, Hess. Oldendorf,



Germany). Chemiluminescence was acquired with a FujiFilm LAS-3000 and images quantified

using the Aida image analysis software (Raytest, Straubenhardt, Germany).

Denaturing Filter Retardation Assay

To enable size-dependent retardation of insoluble proteins, samples were incubated with 2%
SDS and 50 mM DTT for 5 min at 95°C and then filtered through a 0.2 um cellulose acetate
membrane preequilibrated in 0.1% SDS. The membrane was then washed with 0.1% SDS and

immunoblotting performed as described for the dot blot assays.

ISRE assay

Cells were reverse transfected with linear polyethyleneimine (25 kDa, Polysciences) in 96 well
plates with either 100 ng of each reporter construct (ISRE-Firefly, CMV-Renilla) and 100 ng of
fusion protein constructs (GFP-STAT2, mCherry ZNF804A, mCherry ZNF804A 1-400, mCherry
ZNF804A 800-1209). In the case where a single protein construct was transfected, 100 ng of
pcDNA 3.1 was used to reached to total of 400 ng. 72 hours after transfection, cells were lysed
using 20 pl HEPES lysis buffer (50 mM HEPES, 150 mM NaCl, 10% glycerol, 1% NP-40, 0.5%
deoxycholate, 20 mM NaF, 1.5 mM MgCl;, 1 mM EDTA, 1 mM DTT, 1 U Benzonase, 1 mM
PMSF, 25 mM glycerol-2-phosphate, 1 mM sodium orthovanadate) for 30 minutes at 4°C.
Firefly luminescence were measured by incubating lysates with 100 ul of Dual-Glo® luciferase
reagent (Promega) After 10 minutes at 37°C Firefly activity was measured using an Infinite®
M1000 (Tecan) plate reader. In order to stop the Firefly luciferase activity and measure the
Renilla luciferase activity, 100 ul of the Dual-Glo® Stop & Glow® reagent (Promega) were
added, incubated for 15 min at 37°C and the activity was measured. To assess relative Firefly

expression, ratios of Firefly to Renilla were calculated for every well. As a negative control, a



Firefly luciferase plasmid lacking the ISRE promotor (tandem TRE) was co-transferred with the
constitutively active Renilla luciferase. As a positive controls, the following pcDNA 3.1
constructs were co-transfected; GFP, Firefly, and Renilla. Lastly, the average value of technical
replicates was calculated with standard deviations and normalized to the negative control.
For certain experiments, cells were treated with 100 U/ml of IFN2a (Sigma-Aldrich, 14276) or
increasing amounts of IFN2a for 6 hours at 37°C and 5% CO, before ISRE readouts were

performed.

Peptide array

Ordered peptide arrays for human ZNF804A (Intavis) were blocked for 1 hour at room
temperature with 3% milk prepared in PBS containing 0.05% Tween 20. Blocked peptide
arrays were incubated with either 20 pul HIS-STAT2, HIS-mCherry or no additional protein,
each in 3% milk PBS-Tween for overnight at 4°C. Afterwards, arrays were washed 3x with PBS-
Tween for 10 min. Arrays were then immunoblotted with either rabbit anti-STAT2 (1:1000,
Santa Cruz sc-476) or mouse anti-mCherry antibody (1:500, Clonetech 632543) in 3% milk
PBS-Tween for 2 hours at room temperature. After washing 3x with PBS-Tween for 10 min,
3% milk with HRP fused secondary antibodies at 1:5000 was applied to arrays for 1 hour at
room temperature. Arrays were then washed 2x with PBS-Tween and once with PBS, and
WesternBright Quantum (Advansta, K-12042) was applied. Chemiluminescence was acquired

with a FujiFilm LAS-3000.
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Figure 1: Yeast two-hybrid screening of ZNF804A protein-protein interactors. (A) Overview

of ZNF804A bait constructs used in Y2H screens. Asterisks represent bait constructs used in
the primary Y2H screen. Orange, LexA tag; blue, ZF, zinc-finger domain; red, NLS, nuclear
localization sequence; green, NES, nuclear export sequence. (B) Schematic representation
primary Y2H screen. Asterisk represents bait constructs used in the primary Y2H screen shown
in (A). (C) Schematic representation secondary Y2H screen. All seven baits shown in (A) were
used in this screen against 84 primary prey hits. Secondary screen included additional mating

and autoactivation tests, followed by prey sequencing.
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Figure 2: Yeast two-hybrid screening identifies 18 ZNF804A interactors. (A) Mapping of the
18 interactors to the respective ZNF804A fragment for which it was found positive in the
secondary Y2H screen. (B) Manual annotation of ZNF804A interaction network. Three major
groups of proteins were identified with related functional annotations. Beige: RNA binding

function. Purple: functional role in circadian clock/rhythm. Light blue: Associated with SZ.
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Figure 3: DULIP and BRET assays validate 12 ZNF804A interactors. (A) Workflow of DULIP
validation of ZNF804A PPI interactions. HEK293 cells were transfected with bait and prey
constructs; cells were lysed after 48 hours and lysates subjected to immunoprecipitation of
PA-tagged proteins. Sequential luminescence readouts (first Firefly, followed by Renilla) were
performed and corrected normalized interaction ratios (cNIRs) calculated. (B) DULIP cNIR
values for ZNF804A fragments ZNF804A 1-400 and ZNF804A 800-1209 screened against Y2H
positive hits. Values are displayed as a bar diagram (means * SEM of three biological

replicates). PPIs surpassing the cNIR threshold of 4 (dotted line) are considered positive. (C)



Schematic of BRET screening. HEK293 cells were co-transfected with plasmids for full-length
ZNF804A-NanoLuC or PA-mCitrine fused to PPl candidates. After a 48 hr incubation, mCitrine
fluorescence was measured followed by total luminescence and BRET readouts in living cells.
Measurements were used to determine the corrected BRET ratio (cBRET). (C) cBRET values
for ZNF804A interactions. Values are displayed as a bar diagram (means + SEM of three
biological replicates). PPIs surpassing the cBRET threshold of 0.02 (dotted line) were
considered positive. (E) Summary of DULIP and BRET screening as a heatmap. The DULIP row
represents the maximum cNIR value derived from the prey and bait screening from (B). The
Union category represents the relative higher interaction score from DULIP and BRET
experiments. Coloring indicates interaction strength, specified by cNIR and cBRET values
(yellow to green). Grey coloring indicates interactions below the significant threshold as
stated in (B) and (D). Numbers on the right-hand side of heatmap represent percentage of

validated proteins.
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Figure 4: STAT2 exhibits multiple interaction sites to ZNF804A. (A) Western blot validation
of anti-STAT2 (sc-476) specificity for STAT2 in cell lysates transfected with plasmids encoding
GFP fused STAT family proteins. Endogenous and STAT2-GFP are observed in the blot. (B)

Increasing amounts of recombinant His tagged STAT2 isolated from bacteria was subjected to



western blotting. Recombinant protein was detected with anti-STAT2 antibody (sc-476). (C)
Representative peptide array of the first 400 amino acids of ZNF804A and IRF9 (amino acids
205-393) were incubated with recombinant His-STAT2 (20 uM) and binding of STAT2 detected
with STAT2 antibody. Sequence of spotted peptides are displayed in Supplementary Table 3.
Dash lines represents no peptide spotting. (D) cBRET values for full-length (FL) and ZNF804A
fragment 1-400 screened against STAT2 fused with mCitrine. ZNF804A constructs lacking the
zinc-finger domain (AZF) were also tested. PPls surpassing the cBRET threshold of 0.02 (dotted
line) are considered positive. Data represent means + SEM of three biological replicates. One-
way ANOVA, Tukey’s multiple comparison test; n.s not significant. (E) Quantification of spot
intensities from four independent experiments (background-corrected mean intensities *
STD). One-way ANOVA, Tukey’s multiple comparison test; ***, P < 0.001. (F) Analysis of the
first 400 amino acids of ZNF804A using GenScript peptide property calculator tool. Indicated
are the zinc-finger domain, as well as the three strong STAT2 peptide spotting regions from
(E). Colors indicate polarity of amino acids; blue: basic residues (R, K and H); green:
hydrophobic uncharged residues (F, I, L, M, V, W, A and P); red: acidic residues (D and E); grey:
other residues (G, S, T, C, N, Q and P). Value next to highlighted peptides represents the iso-
electric point in pH. (G) Evaluation of structured regions using PredictProtein.org analysis
tools. Helix, Strands, and disordered regions are shown. Zinc-finger domain and the three

strong STAT2 peptide spotting regions from (E) are also represented.
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Figure 5: STAT2 and ZNF804A translocate into the nucleus upon IFN2a stimulation. (A)
Representative confocal images of SHEP cells stained with Hoechst (blue) for nuclear staining,
anti-STAT2 (green) and anti-ZNF804A (red). Yellow lines indicate the selected region for line
scan analysis. (B) Line scan analysis based on intensity profiles of STAT2 and ZNF804A of non-
treated and IFN2a-treated shown in (A). Highest measured intensity was set to 1. Cyto,

cytoplasmic and Nuc, Nuclear. (C) Representative confocal images of SHEP cells transfected



with GFP-STAT2, mCherry-ZNF804A plasmids or both co-transfected. Yellow line indicates the
selected region for line scan analysis. (D) Line scan analysis based on intensity profiles of GFP-
STAT2 and mCherry-ZNF804A shown in (C). Highest measured intensity was set to 1. (E)
Representative denaturing filter retardation membrane of HEK293 cells transfected with
1000 pg STAT2 and 1000 pg empty vector (top) or STAT2 co-transfected with increasing
amounts of either mCherryZNF804A (middle) or mCherry alone (bottom). Each spot
represents an independent sample. (F) Quantification of filter retardation membrane, n = 3

independent biological samples. Error bars represent STD.
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Figure 6: Overexpression of ZNF804A attenuates STAT2-mediated ISRE response. (A)
Scheme of ISRE reporter response assay. HEK293 cells were co-transfected with
constructively expressed CMV Renilla luciferase and ISRE-dependent expression of Firefly
luciferase. Upon IFN2a stimulation, IFN2a activation leads to activation of STAT2 which binds
to the ISRE promoter allowing for Firefly expression. The ratio of Firefly/Renilla was calculated
and used to assess ISRE binding and activation. Cyto, cytoplasm; Nuc, nucleus. (B) ISRE
reporter response performed with increasing IFN2a concentrations. Values are displayed as
ratios of Firefly luciferase (reporter) to Renilla luciferase (control). n = 3 biological replicates.

(C) ISRE reporter response measurements in HEK293 cells transfected with 100 ng of empty



mCherry vector, mCherry-ZNF804A 1-400, mCherry-ZNF804A 800-1209, or full-length
ZNF804A. HEK293 cells were also transfected with 100 ng of GFP-STAT2 alone or GFP-STAT2
co-transfected with, mCherry-ZNF804A 800-1209, mCherry-ZNF804A 1-400, or full-length
ZNF804A. Cells were treated with 50 U/ml of IFN2a for 24 hours before ISRE measurements.
n = 3-8 biological replicates. (D) ISRE reporter response measurements in HEK293 cells
transfected with 100 ng of GFP-STAT2 or co-transfected with increasing amounts of full-
length ZNF804A or empty mCherry vector. Cells were treated with 50 U/ml of IFN2a for 24
hours before ISRE measurements. n = 2-9 biological replicates. For all, error bars represent
STD. One-way ANOVA, Dunnett’s multiple comparison test; *, P < 0.05; **, P < 0.01; ***, P <

0.001, n.s. non-significant.
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Supplementary figure 1: Interaction mapping of hits from the primary Y2H screen. The 80
Y2H hits from the primary Y2H screen with a positive confidence score were mapped to the
respective ZNF804A bait. 11 proteins were positive with N-terminal ZNF804A, 34 proteins

interacted with C-terminal ZNF804A, and 35 proteins interacted with full-length ZNF804A.
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Supplementary figure 2: Y2H colony growth on SDIV plates. Representative images of
guadruplicate colonies of the 18 Y2H hits from the secondary Y2H screen. The respective
ZNF804A bait (full-length or fragment) in which the PPl was detected is shown. A PPl was

considered positive if three out of the four colonies showed growth.
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Supplementary figure 3: Peptide Arrays with mCherry. (A) Increasing amounts of
recombinant His tagged mCherry isolated from bacteria was subjected to western blotting.
Recombinant mCherry protein was detected with anti-mCherry antibody (Clonetech 632543).
(B) Representative images of ZNF804A and IRF9 peptide arrays incubated with recombinant

His-mCherry. X denotes spots with no peptide.
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