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ABSTRACT

A model has been proposed where JIL-1 kinase-mediated H3S10 and H2Av
phosphorylation is required for transcriptional elongation and heat shock-induced chromatin
decondensation to occur. However, here we show that while H3S10 phosphorylation is indeed
compromised in the H2Av null mutant we find that chromatin decondensation at heat shock loci is
unaffected both in the absence of JIL-1 as well as of H2Av and that there is no discernable
decrease in the elongating form of Pol Il in either mutant. Furthermore, mRNA for the major heat
shock protein Hsp70 is transcribed at robust levels in both H2Av and JIL-1 null mutants. Using a
different chromatin remodeling paradigm that is JIL-1 dependent we provide evidence that ectopic
tethering of JIL-1 and subsequent H3S10 phosphorylation recruits PARP-1 to the remodeling site
independently of H2Av phosphorylation. Thus these data strongly suggest that H2Av or H3S10
phosphorylation by JIL-1 is not required for chromatin decondensation or transcriptional

elongation in Drosophila.
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INTRODUCTION

The JIL-1 kinase localizes specifically to euchromatic interband regions of polytene
chromosomes and is the kinase responsible for histone H3S10 phosphorylation at interphase in
Drosophila (Jin et al., 1999; Wang et al., 2001). Furthermore, JIL-1 is enriched about two-fold on
the male X chromosome and implicated in transcriptional regulation as well as dosage
compensation (Jin et al., 1999; Lerach et al., 2005, 2006). In a recent study Cai et al. (2014)
determined the genome-wide relationship of JIL-1 kinase-mediated H3S10 phosphorylation with
gene expression and the distribution of the epigenetic H3K9me2 mark. The results showed that
the H3S10ph mark in wild-type salivary gland cells is predominantly enriched at active genes
whereas the H3K9me2 mark largely is associated with inactive genes. However, mutation in JIL-1
resulted in 2-fold or greater changes of salivary gland expression in 1539 genes with
approximately half showing increased expression while the other half were down-regulated.
Notably, H3K9me2 marking also changed and was inversely correlated with expression level:
genes showing decreased expression in the mutant were found to have acquired the H3K9me2
mark while genes showing increased expression had either no or reduced levels of H3K9me2
marking as compared to wild-type. These results are consistent with a model where the H3S10ph
mark itself is not essential for gene transcription but rather that gene expression levels are
modulated by the levels of the H3K9me2 mark independently of the state of the H3S10ph mark
(Wang et al.,, 2011a: 2011b; 2012; Girton et al., 2013; Cai et al., 2014). Thus, H3S10
phosphorylation acts indirectly to maintain active transcription by counteracting H3K9
dimethylation and gene silencing. Recently, partly based on the finding that H3S10
phosphorylation is impaired in the absence of the H2Av histone variant an alternative model has
been proposed in which JIL-1 is required for gene expression by activating poly(ADP-ribose)
polymerase 1 (PARP-1) through phosphorylation of the COOH-terminus of H2Av (Thomas et al.,

2014). In the model this leads to loosening of nucleosome structure allowing for subsequent
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H3S10 phosphorylation by JIL-1 that is required for transcription by the RNA polymerase Il (Pol II)
machinery to occur (Thomas et al., 2014; Ivaldi et al., 2007). Particularly, Thomas et al. (2014)
claim that JIL-1 kinase activity is required for transcriptional elongation during the heat-shock
response as well as for PARP-1 dependent chromatin decondensation (puffing) at heat shock loci.
Since these results are incompatible with those of Cai et al. (2014) described above and the
demonstration by Cai et al. (2008) that JIL-1 is not enriched at developmental or heat shock-
induced polytene chromosome puffs, in this study we reexamined some of the key findings of
Thomas et al. (2014). While our results confirm that H3S10 phosphorylation is indeed
compromised in the H2Av null mutant we find that chromatin decondensation at heat shock loci is
unaffected both in the absence of JIL-1 as well as of H2Av and that there is no discernable
decrease in the elongating form of Pol Il in either mutant. These results along with our previous
studies (Deng et al. 2007; 2008; Cai et al., 2008; 2014; Wang et al., 2011a; 2011b; 2012) provide
further evidence that redistribution of the epigenetic H3K9me2 mark that occurs in the absence of
H3S10 phosphorylation leads to transcriptional defects and argue against the model of Thomas et
al. (2014) and lvaldi et al. (2007) that JIL-1 mediated H3S10 phaosphorylation is required for Pol Il
dependent transcription to occur. Furthermore, in a different chromatin decondensation paradigm
that is JIL-1 dependent (Deng et al., 2008; Li et al., 2013; Wang et al., 2013) we provide evidence
that ectopic tethering of JIL-1 and subsequent H3S10 phosphorylation recruits PARP-1 to the

remodeling site independently of H2Av and H2Av phosphorylation.
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RESULTS

Jll-1 kinase localizes to chromatin in H2Av null mutants at wild-type levels but euchromatic
H3S10 phosphorylation is decreased

Thomas et al. (2014) reported that JIL-1 co-localizes with H2Av and that H3S10 phosphorylation
is completely absent in H2Av null mutant larvae (H2AVE/H2Av®) (Van Daal and Elgin, 1992).
To verify these claims we performed double labelings of polytene squash preparations with
antibodies to JIL-1 and H2Av. As illustrated in Fig. 1A we found that while H2Av and JIL-1 do co-
localize at many locations as indicated by yellow/orange coloring, this co-localization was not
universal as many interband locations were only positive for either JIL-1 or H2Av. This distribution
is similar to that shown in Fig. 2B of Thomas et al. (2014). However, although JIL-1 and H2Av do
not show complete co-localization, H3S10 phosphorylation was greatly diminished throughout the
chromosome arms in H2Av null polytene chromosomes (Fig. 1B). Interestingly, the H3S10
phosphorylation by JIL-1 associated with the H3S10phK9me2 composite mark on pericentric
heterochromatin and on the fourth chromosome (Wang et al., 2014) was unaffected (Fig.1B and
1C). Figure 1D shows that the H3K9me2 mark spreads to ectopic locations on the chromosome
arms in the H2Av null mutant background as predicted by the decrease in euchromatic H3S10
phosphorylation (Zhang et al., 2006). Furthermore, JIL-1 antibody labelings and immunoblotting
of salivary gland protein extracts show that JIL-1 is localized to chromatin (Figs. 1B and 1D) and
present at wild-type levels in the H2Av null mutant although H3S10ph levels are substantially
reduced (Fig. 1E). In order to quantify this reduction we determined the H3S10ph levels on
immunoblots of salivary gland protein extracts from H2Av mutant larvae as a percentage relative
to the levels in wild-type larvae. The data from six independent biological replicates indicate that
the average reduction was about 5-fold (19.8+7.2%, n=6). Moreover, the immunoblot indicates
that H3K9me2 levels are indistinguishable from wild-type levels in the H2Av null mutant as well

(Fig. 1E). This result is contrary to that of Swaminathan et al. (2005) who reported that H3K9me2
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is not present in H2Av null mutants. However, we confirm the finding of Thomas et al. (2014) that
H3S10ph levels are reduced at euchromatic sites in H2Av null mutants. Furthermore we show
that this reduction occurs despite that JIL-1 protein levels are unaffected and that JIL-1 localizes
to chromatin in the absence of H2Av.

In order to verify that changes to H3S10 phosphorylation in the H2Av®° homozygous
mutant was caused by the absence of H2Av we expressed a H2Av-RFP transgene (Deng et al.,
2005) in the mutant. As illustrated in Figs. 2A and 2B this restored H3S10ph to wild-type levels
indicating rescue of H2Av function. We also expressed a JIL-1-GFP transgene under heat shock
promoter control (Jin et al.,, 1999) in the H2Av null mutant background. Interestingly,
overexpressing JIL-1 substantially restored H3S10 phosphorylation levels as indicated by both the
immunofluorescence in polytene chromosome squash preparations (Fig. 2C) as well as by
immunoblot analysis (Fig. 2D). This suggests that H2Av is not required for JIL-1 H3S10
phosphorylation but rather facilitates JIL-1 kinase activity when both proteins are present at wild-

type levels.

H2Av phosphorylation at S137 is indistinguishable from wild-type in JIL-1 null mutants in
Vivo.

A key feature of the model of Thomas et al. (2014) is that phosphorylation of H2AvS137
(H2Avph) by JIL-1 is required for chromatin decondensation and subsequent H3S10
phosphorylation. However, this conjecture is mainly based on in vitro phosphorylation assays
(Thomas et al., 2014) and kinases are well known for promiscuity in such assays (Peck, 2006;
Mohamed and Hollfelder, 2012; Xue et al., 2012). We therefore examined H2Av and H2Avph
levels in wild type and JIL-1 null (JIL-1%%/ JIL-17%) mutant chromosome squash preparations as well
as on immunoblots of protein extracts from salivary glands (Fig. 3). For H2Avph labeling we used
a previously validated mAb raised specifically to the Drosophila phosphorylated H2AvS137

residue (Lake et al., 2013). Since chromosome morphology is grossly perturbed in the JIL-1 null
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mutant (Deng et al., 2005) we expressed a CFP-tagged JIL-1 COOH-terminal construct (JIL-1-
CTD) in the JIL-1 null mutant background that rescues chromosome morphology to near wild-type
without JIL-1 kinase activity (Bao et al., 2008). This allows for easier comparisons of mutant
squash preparations with those of wild-type (Wang et al., 2013). We found that H2Av and
H2Avph distribution in JIL-1 mutants was indistinguishable from that of wild-type polytene squash
preparations (Fig. 3A) as were the levels of H2Av (Fig. 3B) and H2Avph (Fig. 3C). As a control
H2Av and H2Avph antibody labeling was undetectable or at very low levels in the H2Av null
mutant background (Fig. 3A-C). Thus, these results indicate that JIL-1 is not a major, if at all,

kinase for H2AvS137 phosphorylation in vivo.

Decreased levels of PARP-1 activity does not affect H3S10 phosphorylation by JIL-1

In the model of Thomas et al. (2014) PARP-1 activation following H2Av phosphorylation by
JIL-1 leads to loosening of chromatin structure allowing for JIL-1 mediated H3S10 phosphorylation
to occur. A prediction of this model is that H3S10 phosphorylation would be expected to be
decreased in mutants with reduced PARP-1 activity. In order to test this we examined H3S10ph

levels and distribution in Parp®®?*® homozygous salivary glands (Fig. 4). Parp©%32*®

is a strong
hypomorphic allele with only low levels of residual poly(ADP ribosyl)ation activity (Kotova et al.,
2010). As illustrated in Fig. 4A the distribution and levels of H3S10ph are indistinguishable in wild
type and Parp®®?*® homozygous mutant polytene chromosome squash preparations. That the
levels of H3S10ph were undiminished in the Parp“®*?*® homozygous mutant compared to wild type

was confirmed by immunoblotting (Fig. 4B). Thus, these results suggest that PARP-1 activity and

poly(ADP ribosyl)ation are not required for JIL-1 mediated H3S10 phosphorylation.
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Neither JIL-1 nor H2Av is required for chromatin decondensation or transcriptional
elongation during heat shock

Thomas et al. (2014) reported that chromatin decondensation and transcriptional
elongation during the heat shock response requires JIL-1 and H2Av phosphorylation. However, in
a Su(var)3-9 mutant with reduced H3K9 HMTase activity, chromosome defects and the lethality
associated with the JIL-1 null phenotype are substantially rescued (Deng et al., 2007).
Furthermore, comparing global transcription profiles from wild type and JIL-1 null mutant salivary
glands Cai et al. (2014) found that overall levels of transcription were unchanged with about half
of changed genes upregulated and the other half downregulated. This indicates that Pol I
transcription can occur even in the complete absence of JIL-1 kinase activity and its associated
loss of interphase H3S10 phosphorylation. As well, we have previously shown that transcription
of heat shock loci still occurs in the null JIL-1 mutant background (Cai et al., 2008). In order to
reaffirm the previous observation that loss of JIL-1 reduced but did not eliminate heat-shock-
induced transcription as well as compare this effect with results observed after loss of H2Av, we
investigated the distribution of Pol 11052 and Pol 110%*" labeling and measured heat shock
transcript levels in both JIL-1 null and in H2Av null mutant backgrounds (Fig. 5). The antibody to
Pol 110%2 recognizes the elongating form of RNA polymerase II, which is phosphorylated at Ser2
in the COOH-terminal domain and which serves as a marker for active transcription, whereas
antibody to Pol 1105 recognizes the paused form (Weeks et al., 1993; Boehm et al., 2003; Ivaldi
et al., 2007). Figure 5A shows labeling of heat shock puffs by Pol 1105 and Pol 110%®" antibodies in
polytene chromosome squashes from wt, H2Av null, JIL-1 null, and a JIL-1 null expressing the
JIL-1-CTD only (in order to restore chromosome morphology) salivary glands. In all mutant
genotypes there was robust labeling of heat shock puffs indistinguishable from wild-type. To

guantify this aspect we measured the area of the 87A/C heat shock puffs labeled by Pol 110
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antibody and normalized it to the width of the adjacent un-puffed region in order to adjust for
different degrees of chromosome spreading during the squash process. As illustrated by the box
plot in Fig. 5B there was no statistical difference (P > 0.15, ANOVA test) between the normalized
puff size from the various genotypes and wild type. Measurements were obtained from more than
30 salivary gland nuclei from at least five different larvae for each genotype. In addition, we
determined the number of nuclei with clearly recognizable puffs among the total number of nuclei
examined and found a frequency close to 70% for all the genotypes (Fig. 5C). Furthermore, on
immunoblots of extracts from wt, H2Av null, JIL-1 null, and JIL-1-CTD expressing JIL-1 null
salivary glands there was no detectable difference in Pol 11052 or Pol 110%®"® levels (Fig. 5D).

These results indicate that the Pol Il complex is transcriptionally active in both JIL-1 and
H2Av null mutant backgrounds. However, in order to obtain a more direct measure of the level of
heat shock gene transcription, we performed quantitative RT-PCR assays on the six nearly
identical genes at Hsp70, the major heat shock protein in Drosophila (Gong and Golic, 2004)
before or after heat shock in the H2Av null mutant background and compared the results with
those obtained from the JIL-1 null mutant background. In the experiments gRT-PCR results from
primers that amplify transcripts from all six hsp70 genes were normalized to qRT-PCR results
from a primer pair specific to the non-heat shock sensitive Rp49 ribosomal protein as in Cai et al.
(2008). Three independent experiments with total RNA isolated from wt, H2Av null, and JIL-1 null
third instar larvae were performed; in each case qRT-PCR determination of transcript levels was
performed in duplicate. As illustrated in Fig. 5E, very low levels of hsp70 mRNA transcripts in wild
type, JIL-1 and H2Av mutant backgrounds were detected under non-heat shock conditions.
However, a robust increase in hsp70 mRNA transcript levels was detected in response to heat
shock treatment in all three genotypes relative to rp49 transcript levels (Fig. 5E). The increase in
JIL-1 and H2Av null mutant larvae was at least two orders of magnitude larger than under non-
heat shock conditions. Thus, although total transcript levels were reduced (1/3 to 2/3) compared

to wild-type, a strong heat shock response was clearly observed. The results shown in Fig. 5E for
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transcript levels in the JIL-1 null mutant background replicate and reaffirm the previous findings in
Fig. 8C of Cai et al. (2008).
PARP-1, but neither H2Av nor H2Avph is upregulated at Lacl-JIL-1 targeting sites
Previously, we showed that ectopic tethering of Lacl-JIL-1 to lacO repeats inserted into a
condensed, heterochromatic-like polytene chromosome band resulted in robust H3S10
phosphorylation and a more open euchromatic state at the targeting region (Deng et al., 2008).
Lacl tethering affords an excellent experimental system to assess whether targeting of JIL-1 could
induce H2Av phosphorylation and/or recruitment of H2Av to the targeting site. As illustrated in Fig.
6A tethering of Lacl-JIL-1 to 96C1-2 resulted in band-“opening” as previously reported (Deng et
al., 2008). However, labeling of the insertion site with H2Av and H2Avph antibody (Fig. 6A),
respectively, revealed no signal above background levels suggesting no direct involvement of
H2Av or H2Av phosphorylation in this process. For comparison, Fig. 6B shows control anti-H2Av
and anti-H2Avph antibody labelings when Lacl-GFP was tethered instead of Lacl-JIL-1. In
contrast to Lacl-JIL-1 tethering of Lacl-GFP induced no opening of the band and both H2Av and
H2Avph antibody-labeling were coinsiding with the targeting site. In order to further exclude a role
for H2Av in this chromation remodeling we tethered Lacl-JIL-1 to the targeting site in a

homozygous H2Av?°

null mutant background. As illustrated in Fig. 6C this resulted in robust
H3S10 phosphorylation at the targeting site and "opening" of the band. However, to examine the
possible involvement of PARP-1, in the absence of a suitable antibody to Drosophila PARP-1, we
expressed a GFP-tagged PARP-1 construct (Parp-GFP) (Tulin et al., 2002) together with Lacl-JIL-
1. Interestingly, as shown in Fig. 6D Parp-GFP accumulates at the Lacl-JIL-1 targeting site
suggesting a possible role for PARP-1 in the chromatin remodeling process. To investigate
whether the recruitment was caused by direct interactions between JIL-1 and PARP-1 or whether
it was dependent on phosphorylation of H3S10 we expressed a Lacl-tagged "kinase dead" and

two deletion constructs (CTD and ACTD) in a JIL-1 null background as previously described

(Deng et al., 2008; Li et al., 2013). JIL-1 can be divided into four main domains including an
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amino-terminal domain (NTD), two kinase domains (KDI and KDIIl), and a carboxy-terminal
domain (CTD) (Jin et al., 1999). The CTD-domain of JIL-1 is without kinase activity but sufficient
for proper chromatin localization (Deng et al., 2005; Bao et al., 2008), whereas the ACTD JIL-1
construct without the CTD-domain has kinase activity for histone H3S10 despite that it does not
localize properly (Bao et al., 2008; Wang et al., 2011b). Figure 7 shows "smush" preparations in
which these constructs were co-expressed with Parp-GFP. The smush preparation is a modified
whole-mount staining technique where nuclei from dissected salivary glands are gently
compressed beneath a coverslip to flatten them before fixation (Wang et al., 2001; Cai et al.,
2008). As indicated by the white arrows (Fig. 7) only constructs with H3S10 phosphorylation
activity (FL and ACTD) recruit Parp-GFP to the targeting site, whereas the 'kinase dead"
construct, which only differs from wild-type JIL-1 at two alanine mutations in the two catalytic
domains, does not. Taken together these findings indicate that PARP-1 correlates with JIL-1
induced chromatin remodeling sites and H3S10 phosphorylation independently of H2Av and H2Av

phosphorylation in this paradigm.
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DISCUSSION

In this study we have revisited the roles of H2Av and the JIL-1 kinase in chromatin
decondensation associated with transcriptional activation especially during the heat shock
response. We provide evidence that heat shock induced chromatin puffs occur both in H2Av and
JIL-1 null mutant backgrounds and that the size and frequency of such puffs are indistinguishable
from wild-type. Furthermore, we show that heat shock puffs in JIL-1 and H2Av null mutant
backgrounds are strongly labeled by Pol 110%¢2 antibody indicating that Pol 1102 is actively
involved in heat shock induced transcription in the absence of H2Av as well as of JIL-1 kinase
activity. These findings were corroborated by immunoblot analysis that showed that both Pol 1105¢r2
and Pol 1105 |evels were unchanged in these mutants compared to wild type as also previously
demonstrated by Cai et al. (2008). Quantitative RT-PCR assays revealed that Hsp70 mRNA is
transcribed at robust levels in H2Av and JIL-1 null mutants, confirming the results of Cai et al.
(2008). Thus these data strongly suggest that H2Av and histone H3S10 phosphorylation by JIL-1
is not required for heat shock-induced chromatin decondensation or transcriptional elongation in
Drosophila. Moreover, we found that H2Av phosphorylation in vivo was indistinguishable from wild
type in the absence of JIL-1 and that H3S10ph levels were unaffected in mutants with greatly
reduced PARP-1 activity. These results are contrary to the model and many of the findings of
Thomas et al. (2014). We cannot explain the discrepancies apart from that they may be caused by
technical issues such as the use of whole larval extracts containing a substantial mitotic H3S10ph
component (Wang et al., 2001; Cai et al., 2008) and use of hypomorphic instead of null JIL-1
alleles. Instead, the conclusions of the present study are consistent with a number of previous
reports showing that polytene chromosome immunodetection of JIL-1 and H3S10ph shows no to
minimal overlap with either Pol 110%™ (paused) or Pol 1105 (elongating) Pol Il labeling (Cai et al.,

2008; Regnard et al., 2011; Wang et al., 2013). The present results are also consistent with
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previous studies that did not detect any JIL-1 or H3S10ph signal associated with developmental or
heat shock-induced puffs (Cai et al., 2008).

The finding that heat shock protein transcription levels were attenuated somewhat in JIL-1
and H2Av mutant backgrounds, although two orders of magnitudes larger than under non-heat
shock conditions, is directly compatible with the model of Cai et al. (2014) that such decreases are
caused by the redistribution of the H3K9me2 silencing mark modulating gene transcription that
occurs in the absence of H3S10 phosphorylation (Wang et al., 2012b; 2013). This hypothesis is
further supported by our demonstration in the present paper that H3K9me2 spreads to the
chromosome arms and that H3K9me?2 levels are indistinguishable from wild type in the H2Av null
mutant.

However, our data do confirm the finding of Thomas et al. (2014) that euchromatic
H3S10ph levels are severely reduced in the absence of H2Av although pericentric and 4th
chromosome H3S10 phosphorylation is unaffected. Furthermore we show that JIL-1 is present at
wild-type levels in the H2Av null mutant and that it binds to chromatin. Thus, the reduced levels of
H3S10ph on the euchromatic chromosome arms is not a consequence of JIL-1 degradation, as is
the case in the absence of Mof acetyltransferase activity in males (Li et al., 2012), or of a failure of
JIL-1 to localize to chromatin, possibilities not addressed by Thomas et al. (2014). Rather, these
findings suggest a model where JIL-1 H3S10 phosphorylation is facilitated by a direct interaction
of JIL-1 with H2Av in a complex providing an optimal conformation for JIL-1 enzymatic activity. In
this scenario without H2Av JIL-1 mediated H3S10 phosphorylation is less efficient leading to
reduced levels. Alternatively, H2Av dependent changes to nucleosome structure and histone tail
alignment could serve the same function. That H2Av is not required for H3S10 phosphorylation
by JIL-1 is further supported by the finding that overexpressing JIL-1 in the H2Av null mutant
substantially restores H3S10ph levels.

In this study we also examined the roles of H2Av, H2Avph, and PARP-1 in a different

chromatin decondensation paradigm from that of heat shock induced chromosome puffs that is

+—
Q
=
O
wn
>
C
©
S
©
(0]
)
Q
(0]
O
O
<
L]
FE)
[
()
£
Q
ko)
(]
>
(0]
o




JIL-1 dependent. In this paradigm ectopic targeting of JIL-1 using a Lacl-tethering system
induces robust histone H3S10 phosphorylation and a change in higher order chromatin structure
from a condensed heterochromatic-like state to a more open euchromatic state (Deng et al.,
2008). However, as was the case for heat shock-induced chromatin decondensation we found no
evidence for a direct involvement of H2Av or H2Avph in this process. Rather, the results
suggested that PARP-1 was recruited to the chromatin remodeling site by H3S10 phosphorylation
itself, independently of any structural contributions from the JIL-1 protein. Thus, these data
suggest a possible role for PARP-1 in chromatin remodeling downstream, not upstream (Thomas
et al., 2014), of JIL-1-mediated H3S10 phosphorylation. It will be of interest in future studies to
further define PARP-1's role and the mechanisms of chromatin decondensation caused by H3S10

phosphorylation.

)
Q
=
O
0
S
C
©
S
©
()
-+
Q
(0]
(O]
O
<
L]
-
C
()
£
Q
9
()
>
()
)




MATERIALS AND METHODS

Drosophila melanogaster stocks

Drosophila lines were grown at 25°C according to standard methods (Roberts, 1998);
Canton S was used for wild type preparations. The JIL-17? null allele is from Wang et al. (2001)
and Zhang et al. (2003); the H2Av® null allele is described in Van Daal and Elgin (1992), and the
Parp©®*2*® hypomorphic allele in Ji and Tulin (2009). Lacl-tagged JIL-1 constructs were generated
and described in Deng et al. (2008) and Li et al. (2013). These lines include: Lacl-JIL-1-FL, Lacl-
JIL-1-CTD, Lacl-JIL-1-ACTD, and Lacl-JIL-1-"kinase-dead". GAL4-expression was driven by
generating recombinant lines with Sgs3-GAL4 and da-GAL4 drivers obtained from the
Bloomington Stock Center.  Recombinant JIL-1?2, da-GAL4 and H2AV®®, Sgs3-GAL4
chromosomes were generated as described by Ji et al. (2005). Deng et al. (2008) and Li et al.
(2013) describe the Lac operator insertion line P11.3. Bao et al. (2008) generated the CFP-
tagged JIL-1-CTD construct. S. Heidmann provided the H2AvDmRFP1 transgenic line which has
been previously described (Deng et al., 2005). Jin et al. (1999) described the hsp83 promoter-
driven full-length JIL-1-GFP transgenic line GF29.1. The Parp-GFP transgenic fly line was the gift
of Dr. A. Tulin and is described in Tulin et al. (2002). Balancer chromosomes and markers are
described in Lindsley and Zimm (2012). Heat shock experiments followed the protocols of Nowak
et al. (2003) and Cai et al. (2008) with wandering third instar larvae subjected to 25 min of heat

shock treatment at 37°C.

Immunohistochemistry

Wang et al., (2001) described the salivary gland nuclei smush preparations and standard
polytene chromosome squash preparations followed the methods of Cai et al. (2010). Antibody
labeling protocols were as in Johansen and Johansen (2003) and Johansen et al. (2009). Primary

antibodies used in this study include rabbit anti-H3S10ph (Epitomics, 1173-1, RRID:AB_732930
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and Cell Signaling, #9701, RRID:AB 331535), mouse anti-H3K9me2 (Abcam, 1220,
RRID:AB_449854), rabbit anti-JIL-1 (Jin et al., 1999), chicken anti-JIL-1 (Jin et al., 2000), mouse
anti-Pol 11052 (BioLegend, 920204 RRID:AB_2616695), mouse anti-Pol 1105 (Covance, MMS-
134R, RRID:AB_10119940), mouse anti-tubulin (Sigma-Aldrich, T9026, RRID:AB_477593),
mouse anti-H2Av was provided by Dr. R. Glaser and has been previously characterized (Madigan
et al., 2012), mouse anti-H2Avph (RRID:AB_2618077) (Lake et al., 2013) obtained from the
Developmental Studies Hybridoma Bank, mouse anti-Lamin Dmo mAb HL1203 was provided by
Drs. M. Paddy and H. Saumweber and has been previously characterized (Gruenbaum et al.,
1988), chicken anti-GFP (Aves Labs, GFP-1020, RRID:AB_10000240), Mouse anti-Lacl
(Millipore, 05-503, RRID:AB_11211192), mouse anti-H3S10phK9me2 (Millipore, 05-1354,
RRID:AB_11212491), and rabbit anti-H3 (Cell Signaling, 9715, RRID:AB_331563). DNA was
visualized by staining with Hoechst 33258 (Molecular Probes) in PBS. The appropriate species-
and isotype- specific Texas Red-, TRITC-, and FITC-conjugated secondary antibodies
(Cappel/ICN, Southern Biotech) were used (1:200 dilution) to visualize primary antibody labeling.
Mounting of the preparations were in 90% glycerol including 0.5% n-propyl gallate.
Epifluorescence optics were used to examine the preparations on a Zeiss Axioskop microscope.
Images were obtained and digitized using a Spot CCD camera. A Leica confocal TCS SP5 tandem
scanning microscope system equipped with separate Argon-UV, Argon, and Krypton lasers and
the appropriate filter sets for Hoechst, FITC, Texas Red and TRITC imaging was used. A Plan-
Apochromat 63x/1.4 oil objective was used to obtain a separate series of confocal images for
each fluorophor of double-labeled preparations. Images were obtained simultaneously with z-
intervals of approximately 0.5 um. Photoshop (Adobe) was used to pseudocolor, image process,
and merge images. Non-linear adjustments were performed for some images of Hoechst labeling

for the best chromosomal visualization.
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Immunoblot analysis

Protein extractions from third instar larval salivary glands (homogenization buffer: 20 mM
Tris-HCI pH 8.0, 150 mM NaCl, 10 mM EDTA, 1 mM EGTA, 0.2% Triton X-100, 0.2% NP-40, 2
mM NasVOs4, 1 mM PMSF, 1.5 pg/ml aprotinin) were separated by SDS-PAGE and immunoblotted
(Sambrook and Russell, 2001) using the Bio-Rad Mini PROTEAN III system and 0.2 pm
nitrocellulose. Anti-mouse, anti-chicken or anti-rabbit HRP-conjugated secondary antibody (Bio-
Rad) (1:3000) was used to detect primary antibody using a ChemiDoc-It®TS2 Imager (UVP, LCC).
Digital images were analyzed using the NIH-ImageJ software to quantify the immunolabeling as
previously described (Wang et al., 2001). ImageJ's gel analysis feature was used to determine the
average pixel value after the grayscale exposure of the images was adjusted so only a few pixels
in the wild type lanes were saturated. Levels in H2Av mutant larvae were determined as a
percentage relative to the level determined for wild type control larvae after normalization to the

tubulin loading control lanes.

Analysis of gene expression by gRT-PCR

The MicroPoly(A)Purist Small-Scale mRNA Purification Kit (Ambion) was used to extract
total RNA from 10 pooled whole third instar larvae of each genotype [wild type, JIL-17%/JIL-
172, H2AVBY/H2AV®Y and JIL-1-CTD; JIL-1%2, da-GAL4/JIL-1-174] after heat shock; the same was
done for non-heat shock controls. SuperScript Ill Reverse Transcriptase (Invitrogen) was used to
make cDNA from this RNA that was then used as template for quantitative real-time (QRT) PCR
using a Stratagene Mx4000 real-time cycler. PCR reactions included Brilliant 1l SYBR Green
QPCR Master Mix (Stratagene) and the corresponding  primers: rp49, 5'-
AACGTTTACAAATGTGTATTCCGACC-3' and 5-ATGACCATCCGCCCAGCATACAGG-3';
Hsp70, 5-GTCATCACAGTTCCAGCCTACTTCAAC-3' and 5'-
CTGGGTTGATGGATAGGTTGAGGTTC-3". A 10 min 95°C denaturation step was followed by 40

cycles of 30 s at 95°C, 60 s at 59°C, and 40 s at 72°C. The Stratagene algorithm was used to plot
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fluorescence intensities against the number of cycles and a calibration curve based on dilution of

concentrated cDNA was used to quantify mRNA levels; rp49 results were used for normalization.

Heat shock puff size and frequency

Heat shock puffs as well as adjacent areas of chromosomes in digital images from third
instar polytene squash preparations labeled with RNA Pol 110%¢2 or Pol 110 antibody were
outlined using ImageJ and with the outlined area determined in square pixels. Subsequently heat
shock puff areas were normalized as the ratio of the area of the puff to the width of the adjacent
chromosome bands. The frequency of puff appearances was determined as the number of nuclei
with clearly recognizable puffs divided by the total number of nuclei examined. Box plot and

stacking plots were made using R (v3.0.1).
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Figures
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Figure 1. Immunocytochemical and immunoblot characterization of JIL-1, H3S10ph,
and H3K9me2 in wild type and H2Av null mutant backgrounds. (A) Confocal image of a
polytene squash preparation double labeled with antibodies to JIL-1 (in green) and H2Av (in red).
While largely co-localized as indicated by the yellow/orange coloring, many interband locations

were only positive for either JIL-1 (arrows) or H2Av. (B) Polytene squash preparations from

810

wildtype and homozygous H2Av**" null larvae double labeled with antibodies to JIL-1 (in green)

and H3S10ph (in red). The asterisk indicates H3S10ph labeling at the chromocenter in the

H2AV® null mutant background. DNA labeling by Hoechst is shown in grey. (C) Chromocenters

810

from polytene squash preparations from wildtype and homozygous H2Av®* null larvae labeled

with antibody to the H3S10phK9me2 double mark (in red). DNA labeling by Hoechst is shown in

810

blue. (D) Polytene squash preparations from wild-type and homozygous H2Av®™ null mutant

=
o)
e
(O]
(%]
>
C
[(]
S
©
Q
o
Q
Q
[S]
(8]
<
L]
e
[
Q
£
Q
o
()
>
[}
o




larvae double labeled with antibodies to H3K9me2 (in green) and JIL-1 (in red). DNA labeling by
Hoechst is shown in grey. (E) Immunoblots of protein extracts from salivary glands from wild-type
and homozygous H2AVv® null larvae labeled with antibodies to JIL-1, H3S10ph, and H3K9me2.

Labeling with histone H3 and tubulin antibody was used as loading controls.
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Figure 2. Immunocytochemical and immunoblot analysis of H2Av-RFP and JIL-1-

GFP transgene expression in the H2Av null mutant background. (A) Polytene squash

810

preparation from a homozygous H2Av"™ null larvae expressing the H2Av-RFP transgene double

labeled with antibodies to H3S10ph (in red) and H2Avph (in green). DNA labeling by Hoechst is

shown in grey. (B) Immunoblots of protein extracts from salivary glands from a wild type and a

810

homozygous H2Av*™ null larvae expressing the H2Av-RFP transgene labeled with antibody to

H3S10ph. Labeling with histone H3 antibody was used as a loading control. (C) Polytene squash

810

preparation from a homozygous H2Av"™ null larvae expressing the JIL-1-GFP transgene double

labeled with antibodies to H3S10ph (in red) and GFP (in green). DNA labeling by Hoechst is

shown in grey. (D) Immunoblots of protein extracts from salivary glands from a wild type, a

810 810

homozygous H2Av*™ null, and a homozygous H2Av**" null larvae expressing the JIL-1-GFP
transgene labeled with antibody to H3S10ph. Labeling with tubulin antibody was used as a

loading control.
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Figure 3. Immunocytochemical and immunoblot analysis of H2Av and H2Avph in
the JIL-1 null mutant background. (A) Polytene squash preparation from wild-type (wt),
homozygous JIL-1% null (z2), homozygous JIL-1? null expressing the CFP-tagged JIL-1-CTD

810

transgene (JIL-1-CTD; z2), and homozygous H2Av®™ null larvae labeled with antibodies to

H2Avph (in green) and H2Av (in red), respectively. (B) Immunoblots of protein extracts from

salivary glands from wild-type (wt), homozygous H2Av®

null, homozygous JIL-1% null (z2), and
homozygous JIL-1% null larvae expressing the CFP-tagged JIL-1-CTD transgene (JIL-1-CTD; z2)
labeled with antibody to H2Av. Labeling with histone H3 antibody was used as a loading control.

(C) Immunoblots of protein extracts from salivary glands from wild-type (wt), homozygous H2Av®°

null, homozygous JIL-1% null (z2), and homozygous JIL-1% null larvae expressing the CFP-tagged
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JIL-1-CTD transgene (JIL-1-CTD; z2) labeled with antibody to H2Avph. Labeling with histone H3

antibody was used as a loading control.

)
Q
=
O
0
S
C
(]
S
©
()
-+
Q
(0]
(O]
(O]
<
.
-
C
()
£
Q
o
()
>
()
o




H3S10ph

o
Q’bqf)
J

&

- e H3S10ph

ParpC03256

Figure 4. Decreased levels of PARP-1 activity do not affect H3S10 phosphorylation
by JIL-1. (A) Polytene squash preparations from wild-type (wt) and hypomorphic homozygous
Parp©®?%® mutant larvae labeled with antibody to H3S10ph (in red) and with Hoechst (DNA in
blue/grey). Immunoblots of protein extracts from salivary glands from wild-type (wt), and
hypomorphic homozygous Parp©®?*® mutant larvae labeled with antibody to H3S10ph. Labeling

with histone H3 antibody was used as a loading control.
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Figure 5. Neither JIL-1 nor H2Av is required for chromatin decondensation or
transcriptional elongation during heat shock. (A) 87 A/C heat shock puffs from polytene

squash preparations labeled with Pol 110*? and Pol 110%¢® antibody from wild-type (wt),

810

homozygous H2Av® null, homozygous JIL-1% null (z2), and homozygous JIL-1% null larvae
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expressing the CFP-tagged JIL-1-CTD transgene (JIL-1-CTD; z2). (B) Box plot of normalized 87

810

A/C puff size from wild-type (wt), homozygous H2AV° null, homozygous JIL-1% null (z2), and
homozygous JIL-1? null larvae expressing the CFP-tagged JIL-1-CTD transgene (JIL-1-CTD; z2).
Measurements were obtained from more than 30 salivary gland nuclei from at least five different
larvae for each genotype. The box plot representation defines 25th to 75th percentiles (boxes),
50th percentile (lines in boxes), and ranges (whiskers, 1.5 times the interquartile range extended
from both ends of the box or the maximal/minimal value). There was no statistically significant
difference in puff size between the four genotypes (P>0.15; ANOVA test). (C) Stack bar charts
showing the distribution of salivary gland nuclei with clearly recognizable puffs among the total
number of nuclei examined from wildtype (wt), homozygous H2Av®° null, homozygous JIL-1% null
(z2), and homozygous JIL-1?? null larvae expressing the CFP-tagged JIL-1-CTD transgene (JIL-1-
CTD; z2). The total number of nuclei examined is indicated for each genotype. (D) Immunoblots
of protein extracts labeled with Pol 110%¢2 and Pol 110%™ antibody from wild-type (wt), homozygous
H2AV® null, homozygous JIL-1% null (z2), and homozygous JIL-1% null larvae expressing the
CFP-tagged JIL-1-CTD transgene (JIL-1-CTD; z2). Labeling with lamin antibody was used as a
loading control. (E) Transcript levels of hsp70 mRNA in wild-type (wt) and homozygous H2Av®°
and JIL-1%? null mutant backgrounds in response to heat shock treatment. hsp70 transcript levels
were determined by gRT-PCR and normalized to the mRNA levels of the control non-heat shock
protein Rp49 (ribosomal protein 49) both without and after heat shock treatment. The data shown
are the average from three independent experiments where each determination of transcript

levels was performed in duplicate. The error bars indicate the SDM.

)
Q
=
O
wn
>
C
©
S
©
[0}
-+
Q
(0]
(O]
O
<
L]
-
[
()
£
Q
o
()
>
[}
o




comp

H2Av

H2AV I. H2Avph Il H3810

I. Il n H2AV10

Lacl-JIL-1

4 “
~
comp comp

)
o)
e
(O]
(%]
>
C
[(]
S
©
Q
e
Q
Q
[S]
(8]
<
L]
)
[
Q
£
Q
o
()
>
[}
o




Figure 6. Tethering of Lacl-tagged JIL-1 constructs to a polytene chromosome band
LacO insertion site. The panels show antibody/Hoechst labelings of polytene squash
preparations from third instar larvae homozygous for the lacO repeat line P11.3 which is inserted
into the middle of a polytene band in region 96C1-2. (A) Tethering of full-length Lacl-JIL-1. The
white boxes indicate the location of the polytene band with the lacO repeat insertion site. The
white arrows indicate the "split" in the polytene bands reflecting decondensation of the chromatin
when Lacl-JIL-1 is tethered to the band. The Lacl-tagged constructs were detected with anti-Lacl
antibody, H2Av with anti-H2Av antibody, and H2Avph with anti-H2Avph antibody. DNA was
labeled with Hoechst (in blue/grey). (B) Tethering of Lacl-GFP. The white boxes indicate the
location of the polytene band with the lacO repeat insertion site. In contrast to when Lacl-JIL-1 is
tethered there is no opening of the band. The Lacl-tagged constructs were detected with anti-Lacl
antibody, H2Av with anti-H2Av antibody, and H2Avph with anti-H2Avph antibody. DNA was
labeled with Hoechst (in blue/grey). (C) Tethering of full-length Lacl-JIL-1 in a homozygous
H2AV null mutant background. The white box indicates the location of the polytene band with
the lacO repeat insertion site. The white arrow indicates the "split" in the polytene bands reflecting
decondensation of the chromatin when Lacl-JIL-1 is tethered to the band. The Lacl-JIL-1 was
detected with anti-Lacl antibody and H3S10ph with anti-H3S10ph antibody. DNA was labeled with
Hoechst (in blue/grey). (D) Tethering of full-length Lacl-JIL-1 from a preparation co-expressing
GFP-tagged PARP-1 (Parp-GFP). The white box indicates the location of the polytene band with
the lacO repeat insertion site. The white arrow indicates the "split" in the polytene bands reflecting
decondensation of the chromatin when Lacl-JIL-1 is tethered to the band. The Lacl-JIL-1 was
detected with anti-Lacl antibody and Parp-GFP with anti-GFP antibody. DNA was labeled with

Hoechst (in blue/grey).
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Figure 7. Tethering of Lacl-tagged JIL-1 constructs to a polytene chromosome band
LacO insertion site. The panels show antibody labelings of smush preparations from third instar
larvae homozygous for the lacO repeat line P11.3 which is inserted into the middle of a polytene
band in region 96C1-2. The figure shows mush preparations in which full-length Lacl-JIL-1 (FL),
Lacl-JI-1- ACTD (ACTD), Lacl-JIL-1-"kinase dead" ("kinase dead"), and Lacl-JIL-1-CTD (CTD)

were tethered to the lacO repeats, respectively, in nuclei co-expressing Parp-GFP. Lacl-tagged
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constructs were detected with anti-Lacl antibody and Parp-GFP with anti-GFP antibody. Asterisks
indicate the lacO repeat insertion sites. Arrows point to enhanced recruitment of Parp-GFP to the
insertion sites when Lacl-JIL-1 constructs with intact H3S10 phosphorylation activity are tethered

(e.g. FL and ACTD).
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