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Exploring the dynamics of high-mobility group proteins at
UV-induced DNA lesions

Katja Apelt, Lisa Schubert, Annelotte P. Wondergem, Niels
Mailand, Martijn S. Luijsterburg



Chapter 4

L%tract

Nucleotide excision repair (NER) eliminates bulky DNA lesions from
the genome. The wrapping of genomic DNA around histones forms
an obstacle for the binding of DNA repair factors in chromatin. The full
repertoire and dynamics of protein factors that interact with UV-irradiated
chromatin and that might modulate the binding of DNA repair factors is
unknown. To systematically monitor the landscape of proteins interacting
with UV-irradiated chromatin in an unbiased manner, we employed
chromatin mass spectrometry (CHROMASS) in Xenopus egg extract.
Using CHROMASS, we identified NER factors, mismatch repair (MMR)
factors, and HMGB-type proteins among the most prominent proteins that
associate with UV-damaged chromatin. Conversely, HMGN- and HMGA-
type proteins were released from Xenopus chromatin in response to UV
irradiation. Live-cell imaging of GFP-tagged HMG-type proteins in human
cells revealed that these responses were evolutionary conserved with all
four HMGB-type proteins showing strong recruitment in response to UV-C
laser irradiation, and HMGN- and HMGA-type proteins being released
from chromatin following UV-C laser irradiation. We established an efficient
siRNA-mediated procedure to individually deplete all HMGB-type isoforms
to characterize the functional relevance of their recruitment during the
response to UV-induced DNA lesions. Our study provides insights into
the landscape of chromatin interactions in response to UV irradiation and
reveals that HMGB-type proteins are readily recruited to UV-damaged
DNA in an evolutionary conserved manner. Future studies will reveal the
functional relevance of these UV-induced chromatin interactions.
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The human genome contains the genetic information that encodes all
proteins expressed in human cells. Genome integrity is continuously
challenged by DNA damage, which can have a detrimental impact on our
cells, including cytotoxicity leading to apoptosis, genomic instability and
increased mutagenicity. Genomic DNA lesions are caused by different
DNA-damaging agents, such as sunlight, chemotherapeutical agents
and endogenous metabolism. Solar ultra-violet (UV) light introduces two
different types of genomic DNA lesions that covalently link two adjacent
pyrimidine bases together in the same DNA strand: 6-4 photoproducts
(6-4PPs) and cyclobutane pyrimidine dimers (CPDs) (Rastogi et al.,
2010). The repair of these DNA lesions is mediated by nucleotide
excision repair (NER), an evolutionary conserved DNA repair mechanism
that involves two distinct sub-pathways. Transcription-coupled repair
(TCR) eliminates DNA lesions in transcribed DNA strands, while global
genome repair (GGR) recognizes and eliminates DNA lesions throughout
the rest of the genome. The main DNA-damage sensor in GGR is the
XPC-RAD23A-CEN2 complex (Sugasawa et al., 1998), which indirectly
recognizes helix-destabilization lesions, such as 6-4PPs by binding to
the undamaged complementary single-stranded DNA opposite to a DNA
lesion (Maillard et al., 2007; Min and Pavletich, 2007). Conversely, the
XPC complex binds poorly to lesser helix-destabilization lesions, such as
CPDs, which requires the aid of the CRL4PPE2 E3 ubiquitin ligase complex
(Tang et al., 2000). Unlike XPC, DDB2 binds directly to the lesion and
flips out the damaged bases, which causes helix destabilization and
stimulates the binding of XPC (Scrima et al., 2008). Upon binding,
XPC recruits the TFIIH complex, which unwinds the DNA through its
helicase activity (Coin et al., 1998) leading to the recruitment of XPA,
RPA and the endonucleases ERCC1-XPF and XPG (Li et al., 2015).
A single-stranded stretch of 30 nucleotides containing the lesions is
excised and the resulting gap is resynthesized by a DNA polymerase.

It is becoming increasingly clear that the presence of UV-induced
DNAIlesions in chromatin not only triggers the assembly of NER complexes,
butalsoelicits a variety of other cellular responses. For instance, unrepaired
DNA lesions that are encountered by replicative DNA polymerases cause
replication stalling and trigger the recruitment of translesion synthesis
(TLS) polymerases to bypass UV-induced DNA lesions, such as DNA
pol n (Novarina et al., 2011). The advantage is that TLS polymerases
prevent the toxic consequences of replication stalling, but due to their
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lower fidelity these enzymes have a higher probability of incorporating
incorrect nucleotides opposite to DNA lesions. Proteins of the mismatch
repair (MMR) pathway recognize such TLS-mediated misincorporated
nucleotides (Tsaalbi-Shtylik et al., 2015) and excise them. These findings
show that multiple protein factors act on UV-damaged chromatin possibly
in concert or even in parallel with NER. However, the full repertoire and
dynamics of protein factors that interact with UV-irradiated chromatin is
unknown.

Previous chromatin-fractionation approaches coupled with mass
spectrometry have identified proteins that associate with or dissociate
from UV-irradiated chromatin in human cells (Chou et al., 2010; Tresini
et al., 2015). One study found that NER and MMR proteins are strongly
enriched in chromatin following global irradiation with 50 J/m2. However,
due to the high dose employed, DNA double-strand break and interstrand
crosslink repair proteins were found to be enriched as well (Chou et
al., 2010), making it difficult to link cellular responses to a specific type
of DNA lesion. Another study found that late-stage spliceosomes are
displaced from chromatin in response to UV-induced DNA lesions that
block transcription (Tresini et al., 2015). However, the number of proteins
found enriched in chromatin was rather limited and did not include many
NER proteins.

We developed a method called chromatin mass spectrometry
(CHROMASS) to study protein recruitment dynamics in response to DNA
damage in cell-free extracts of Xenopus laevis in an unbiased manner.
CHROMASS was used to provide a global overview of the protein
dynamics in response to interstrand crosslinks (ICLs) and revealed a new
pathway in which the SLF1-SLF2/RAD18 complex recruits the SMC5/6
cohesion complex to ICLs (Raschle et al., 2015). Key advantages of
CHROMASS are that the method is highly specific for one type of DNA
lesion and that it enables us to study protein recruitment in the absence
of transcription, considering that Xenopus laevis egg extracts are devoid
of transcriptional activity. Here, we applied CHROMASS to systematically
monitor the landscape of proteins interacting with UV-irradiated chromatin
in an unbiased manner. In addition to NER and MMR proteins, our analysis
revealed HMGB-type proteins among the most prominent proteins that
associate with UV-damaged chromatin, while HMGN- and HMGA-type
proteins were released from Xenopus chromatin in response to UV
irradiation. We show that this behavior of HMG protein is evolutionary
conserved in human cells by live-cell imaging and we establish procedures
to individually deplete all human HMGB-type isoforms to characterize
the functional relevance of their recruitment during the response to UV-
induced DNA lesions in future studies.
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CHROMASS monitors the landscape of proteins that interacts with
UV-irradiated chromatin in Xenopus egg extracts

To identify proteins that either associate or dissociate with chromatin in
response to UV irradiation, we used a method that combined the Xenopus
laevis egg extract system for cell-free DNA repair with quantitative
mass spectrometry called CHROMASS (Raschle et al., 2015). To this
end, undamaged or UV-irradiated (2 kdJ/m2) Xenopus sperm chromatin
was injected into egg extracts and allowed to replicate for 45 min.
Subsequently, we isolated chromatin by sedimentation through a sucrose
cushion and analyzed chromatin-bound proteins by mass spectrometry
(Figure 1A). Our analysis revealed around 500 proteins that became
significantly enriched on UV-irradiated chromatin relative to undamaged
control chromatin (Figure 1B). Among the most highly enriched proteins
were factors involved in nucleotide excision repair (NER; such as six of
the ten TFIIH subunits, XPA, XPG, ERCC1-XPF and CUL4A/RBX1) and
mismatch repair (MMR; such as MSH6, MLH1, MSH2, MSH6, PMS2,
PSM1 and EXO1). These findings are largely in agreement with an
earlier chromatin localization screen after UV in human cells (Chou et al.,
2010). Additionally, we detected strong enrichment of all members of the
Xenopus laevis HMGB family (HMGB1-3), while HMGA-type and HMGN-
type proteins were among the most significantly displaced proteins from
UV-irradiated chromatin (Figure 1B). Our CHROMASS approach reveals
the landscape of chromatin interactions in response to UV irradiation in a
cell-free system.

Generation of human cells expressing GFP-tagged HMG proteins

Our CHROMASS screen revealed the dynamics of HMG-type proteins
on UV-damaged chromatin in a cell-free Xenopus laevis system. We next
sought to establish whether this behavior of HMG proteins is conserved in
human cells. Members of each of the HMG families contain distinct DNA-
binding domains, including HMG box domains (HMGB), AT hooks (HMGA)
or nucleosome-binding domains (NBD; HMGN) (Figure 2A). The HMGB
family shows strong evolutionary conservation. For example, human and
Xenopus leavis HMGB1 share around 90% sequence homology (Figure
S1A). There are four HMGB-type proteins (HMGB1-HMGB4) in human
cells that are encoded by different genes (Figure S1B). Additionally, each
of the four HMGB loci encodes various splice variants (Figure S2A-D).
All HMGB proteins contain two DNA-binding domains, called box A and
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Figure 1. (A) Workflow of CHROMASS showing the preparation of the sperm chromatin
for the Mass Spectrometry analysis. Sperm chromatin was UV-C irradiated (2 kJ/m?)
or mock treated and incubated for 30 min. Next the chromatin was isolated by sucrose
cushion centrifugation and analyzed by label-free mass spectrometry. (B) CHROMASS
results represented in volcano plots depicting chromatin binders and chromatin releasers
after UV-C irradiation. The dashed lines indicate an enrichment of one-fold on the x axis

(log, of 1)
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box B, and an acidic C-terminal tail. HMGB1, HMGB2 and HMGB3 have
around 77% sequence homology, while HMGB4 is more divergent (36%
homology) and lacks the acidic C-terminal tail (Figure S1B). In addition
to the full-length gene products, the HMGB1 and the HMGB2 genes
each produce a shorter isoform lacking the C-terminal tail. Three HMGB3
isoforms are produced with slightly shorter C-termini, while only a single
HMGB4 isoform is known (Figure S2A-D).

For each of the four HMGB-type proteins, as well as for HMGA1
and HMGN1, we generated C-terminal GFP-tagged fusion proteins by
inserting cDNAs encoding HMG proteins into pCDNA vectors that are
compatible with the Flp-In T-REx system for inducible protein expression.
In addition, we generated HMGA1 and HMGB1 which was tagged at their
N-termini with GFP. We subsequently generated polyclonal stable cell-
lines for all eight HMG proteins by integrating the corresponding HMG-
GFP plasmids into human osteosarcoma cells (U20S-FRT) equipped with
the Flp-In/T-REx system. Western blot analysis confirmed the expression
of all C-terminal GFP-tagged HMG proteins at the expected molecular
height following induction of protein expression by doxycycline (Figure
2B).

HMGA1 and HMGN1 dissociate from UV-damaged chromatin in
human cells

Having established cell-lines stably expressing GFP-tagged HMG
proteins, we next monitored their behavior in response to UV-C irradiation,
first focusing on HMGA and HMGN. In undamaged cells, GFP-tagged
HMGA1 and HMGN1 were strictly nuclear without nucleolar accumulation
and displayed a non-uniform pattern typically observed for chromatin-
bound proteins (Figure 2C, 2E). To study the behavior of HMG proteins
in response to UV-induced DNA lesions, we employed irradiation of cells
with a pulsed 266 nm UV-C laser on a live-cell imaging set-up in which all
glass optics were replaced by quartz optics to allow full UV-C transmission
(Apelt et al., 2020; Dinant et al., 2007). Immediately after UV-C irradiation
with 30% laser power, we observed a reduction in HMGN1-GFP levels
at the site of irradiation, suggesting HMGN1 is displaced or dissociates
from UV-damaged chromatin (Figure 2C, 2D), similar to its Xenopus
counterpart (Figure 1B). Likewise, HMGA1-GFP was rapidly displaced in
response to laser-inflicted UV-C irradiation (Figure 2E, 2F). Considering
that HMGA1 fusion proteins with GFP on either side showed the same
behavior, suggests that the orientation of the GFP-tag does not account
for, nor interferes with this behavior. Strikingly, the levels of HMGA1 and
HMGN1 at damaged sites gradually recovered within 15 min, suggesting
this is a biologically relevant phenomenon that is not caused by bleaching.
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Figure 2. (A) Scheme representation of the different domains of HMGB1, HMGA1 and
HMGN1. (B) Western blot of U20S cells expressing a GFP-tagged HMG protein as
indicated. (C) Microscopic images (D) and quantification of the recruitment of HMGN1-
GFP to sites of local UV-C irradiation. (E) Microscopic images (F) and quantification of the

recruitment of HMGA1-GFP to sites of local UV-C irradiation.
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Figure 3
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Figure 3. (A) Microscopic images (B) and quantification of the recruitment HMGB1-GFP,
(C, D) HMGB2-GFP, (E, F) HMGB3-GFP and (G, H) HMGB4-GFP.

125



Chapter 4

In conclusion, the dissociation of HMGA1 and HMGN1 from UV-damaged
chromatin is evolutionary conserved between Xenopus and humans.

All four HMGB-type proteins are recruited to UV-damaged chromatin
in human cells

Having found that the behavior of HMGA1 and HMGN1 proteins is
conserved between human and frog, we next monitored how HMGB-
type proteins respond to UV irradiation. In undamaged cells, GFP-
tagged versions of HMGB1, HMGB2, and HMGB3 were localized in the
nucleoplasm, while HMGB4-GFP was additionally enriched in nucleoli,
which are sites where ribosomal RNAs are produced (Figure 3B-H)
(Melese and Xue, 1995). Following micro-irradiation with a UV-C laser,
we observed rapid and robust recruitment of all four HMGB-type proteins
to UV-damaged chromatin, which remained visible for up to 15 min
(Figure 3A-F). These findings show that, like in Xenopus egg extracts, all
HMGB-type proteins associate with UV-damaged chromatin, revealing a
remarkably conservation of the behavior of all classes of HMG proteins
between frog and humans.

A method to deplete HMGB-type proteins by RNA interference

Following the observation that all four human HMGB-type proteins are
recruited to UV-induced DNA lesions, we decided to establish a method
to deplete all HMGB proteins as a means to study whether these proteins
have a role in the cellular response to DNA damage triggered by UV
irradiation. To this end, we designed sRNAs that target each HMGB
variant including its splice variants if possible. The siRNAs targeting
HMGB1 and HMGB3 recognize all known splice variants of these genes.
The HMGB2 siRNA targets the long, but not the short splice variant, while
the HMGB4 siRNA targets the single known isoform (Figure S3-5, S6A).
We initially tested the ability of the siRNAs to knock-down ectopically
expressed HMGB-GFP proteins. To this end, U20S cells were transfected
twice with siRNAs targeting each HMGB variant. After the second siRNA
transfection, we induced the expression of the corresponding HMGB-GFP
protein by incubating with doxycycline. Western blot analysis revealed a
near-complete knock-down of GFP-tagged HMGB1, HMGB3 and HMGB4
compared to control siRNA transfection, while the levels of HMGB2-GFP
were strongly reduced, although residual expression remained (Figure
4A). The expression of HMGB-GFP variants is driven by a strong viral
promoter and we currently do not know how the expression level compares
to endogenous expression of these HMG-type proteins. To expand this
analysis, we transfected parental U20S cells not expressing HMGB-GFP
variants twice with siRNAs, targeting either HMGB1 or HMGB2. Western
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Figure 4
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Figure 4. (A) Western blot of U20S cells expressing a GPF-tagged HMGB protein
transfected with siRNAs. (B) Western blot of U20S cells transfected with siRNA against
HMGB1 or (C) HMGB2.
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To systematically monitor the landscape of proteins interacting with UV-
irradiated chromatin in an unbiased manner, we employed chromatin
mass spectrometry (CHROMASS) in Xenopus egg extract. We identified
nucleotide excision repair (NER), mismatch repair (MMR), and HMGB-
type proteins among the most prominent factors that associate with
UV-damaged chromatin, while HMGA- and HMGN-type proteins were
released from chromatin in response to UV irradiation. Live-cell imaging
of GFP-tagged HMGB, HMGA and HMGN-type proteins confirms that this
behavior is evolutionary conserved from Xenopus to human cells. Future
studies will be needed to reveal the potential functional relevance of these
UV-induced chromatin interactions.

Comparison with earlier chromatin localization screens

Our CHROMASS analysis revealed that NER and MMR proteins became
strongly enriched in Xenopus chromatin within 45 min after UV irradiation.
This is in agreement with an earlier chromatin localization screen from
the Elledge lab in human cells irradiated with 50 J/m? and analyzed at
90 min (Chou et al., 2010). The association of HMGB-type proteins was
not detected in this screen, which could be due to the analysis at a later
time-point. We detected the recruitment of all four HMGB isoforms up
to 15 min after UV-C micro-irradiation. A second chromatin localization
screen from the Marteijn lab was analyzed at 1 hour after UV irradiation
(20 J/m?) in non-dividing human cells (Tresini et al., 2015). This screen
revealed that spliceosome proteins are released from chromatin after
UV irradiation, but the number of proteins found to be enriched after UV
was rather limited and did not include the known NER proteins. Several
HMG proteins were detected in this screen (HMGN1, HMGN2, HMGN3,
HMGA1, HMGA2, HMGB1, HMGB2), but none were specifically enriched
or depleted compared to unirradiated control cells. This is either due to a
difference in sensitivity of the different screens, or it could be explained
by the fact that our Xenopus extracts are fully proficient in replication but
devoid of transcriptional activity, while the screen from the Marteijn lab
used transcriptionally active cells that do not replicate (Tresini et al., 2015).
Regardless, our validation experiments in human cells show that HMGB-
type proteins accumulate, while HMGA1 and HMGN1 are released from
chromatin after UV irradiation in human cells.
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Release of HMGA1 and HMGN1 from chromatin after UV irradiation
Our experiments show that HMGA1 and HMGN1 are temporarily
released from chromatin within the first 15 min after UV irradiation. This
release coincides with the rapid accumulation of HMGB-type proteins
to chromatin. One intriguing possibility is that the HMGB-type proteins
displace HMGA1/HMGN1 from chromatin. This could easily be tested by
monitoring the behavior of GFP-tagged HMGA1/HMGN1 in cells depleted
for HMGB-type proteins. Earlier experiments revealed that linked histone
H1 as well as core histones H2A and H4 are released from sites of local
UV-induced DNA damage (Luijsterburg et al., 2012). The release of core
histones H4 (Luijsterburg et al., 2012) and H3 (Adam et al., 2016) was
found to be dependent on the NER factor DDB2. It is possible that the
release of HMGA1/N1 is caused by the DDB2-dependent destabilization
and unfolding of chromatin. It will therefore be interesting to test whether
the release of HMGA1/HMGN1 is dependent on DDB2 as well. Earlier
work revealed that linker H1 and HMGN may have overlapping binding
sites on chromatin (Catez et al., 2002), potentially explaining why both
chromosomal proteins show the same behavior and are released from
chromatin after UV. However, HMGA and HMGB proteins were similarly
found to compete with H1 in a synergistic fashion, suggesting that the
three classes of HMG proteins function cooperatively to weaken the
binding of H1 to chromatin (Catez et al., 2002). Despite this cooperation
among HMG proteins, we find that HMGB-type proteins are recruited to
UV-damaged chromatin at times when HMGA1, HMGN1 and linker H1
histones are released. The heterochromatin protein 1 (HP13) was found
to be released from chromatin in response to DNA double-strand breaks
in a manner that involved the phosphorylation of a residue essential for its
chromatin localization (Ayoub et al., 2008). It is possible that the release of
HMGA1/HMGN1 may be a regulated event that similarly requires a post-
translational modification of the HMG proteins themselves. The precise
physiological relevance of the release of HMGA1 and HMGN1 remains to
be established.

The recruitment of HMGB-type proteins to chromatin after UV
irradiation

Our CHROMASS screen and validation experiments in human cells reveal
that all HMGB-type proteins associate with UV-damaged chromatin. This
behaviour could reflect the direct binding of HMGB proteins to UV-induced
photolesions, or could be due to the recruitment of HMGB proteins by, for
instance, NER or MMR proteins. Earlier biochemical experiments have
shown that HMGB1 binds to single-stranded DNA (Bidney and Reeck,
1978) and supercoiled DNA (Hamada and Bustin, 1985), but also to various
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types of DNA lesions, including UV-induced photolesions (Pasheva et al.,
1998), cisplatin-induced adducts (Lanuszewska and Widlak, 2000) and
psoralen-induced DNA lesions (Reddy et al., 2005). This biochemical
property of HMGB1 may very well explain our observations that Xenopus
laevis HMGB1 associates with UV-damaged chromatin in cell extracts
and that human HMGB1 accumulates at UV-induced lesions in vivo.
Our findings also extend this behavior to human HMGB2, HMGB3 and
HMGB4. Although likely, it would be important to confirm the binding of
these HMGB-type proteins to UV-induced photolesions in vitro using
recombinant proteins.

HMGB1 contains two DNA-binding domains, box A and box B, in
which three a-helices are arranged in an L-shaped configuration (Figure
S6B) (Reeves and Adair, 2005). Both DNA-binding domains are highly
conserved (>90%) throughout evolution (Figure S1A). Two specific
residues in each of the DNA-binding domain are inserted into the DNA
minor groove (box A: A17 and F38, box B: F103 and 1122 (Thomas and
Travers, 2001). Interestingly, the DNA-binding domains of HMGB2 and
HMGB3 share a high degree of sequence homology with HMGB1 (75%;
Figure S1B), while HMGB4 is more divergent and only shares 35%
similarity with HMGB1 (Figure S6C). Of the four residues important for
binding to DNA, only the F103 residue is shared between HMGB4 and
HMGBH1. It would be interesting to mutate this residue and monitor its
impact on the recruitment of all HMGB-type proteins to UV-induced DNA
lesions.

Another distinctive feature of HMGB4 is the absence of the acidic
C-terminal tail, which is present in the other three HMGB proteins (Figure
S1B). The acidic tail functions as a negative intramolecular regulator of
HMGB1-DNA interactions by binding to the DNA-binding surface of both
basic HMG boxes A and B (Stott et al., 2010). It has been suggested
that the known post-translational modification of the K2 residue by
acetylation may disrupt the intramolecular association of the acidic tail
and stimulates the binding of HMGB1 to DNA (Stott et al., 2010). Whether
such a modification of HMGB-type proteins regulates their recruitment to
UV-induced DNA lesions remains to be determined.

Do HMGB-type proteins affect the response to UV-induced DNA
damage?

The precise impact and potential physiological relevance of the observed
recruitment of all four human HMGB proteins to UV-induced photolesions
remains to be determined. It can be envisioned that the recruitment of these
proteins, if they bind directly to UV-induced photolesions, might actually
inhibit the binding of DNA damage-recognition proteins that initiate NER,
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such as XPC-RAD23 or DDB2. In vitro experiments using a reconstituted
NER system in the absence or presence of recombinant HMGB1 might
indeed support such a scenario (Malina et al.,, 2002; Mitkova et al.,
2005). Such an inhibitory impact of HMGB proteins may be a protective
mechanism to inhibit DNA repair and drive cells into apoptosis when the
DNA damage load is too high.

On the other hand, HMGB proteins may stimulate DNA repair
by NER through an unknown mechanism. It is known that HMGB1 can
bind to nucleosomes (Catez et al., 2002) and is able to bend DNA (Stros
and Muselikova, 2000). This characteristic of HMGB1 may contribute
to somehow increase the local accessibility of chromatin for DNA repair
proteins, potentially stimulating histone acetylation or aiding chromatin
remodeling complexes. Consistent with this scenario, mouse cells lacking
HMGB1 are sensitive to UV-C irradiation (Lange et al., 2008). Moreover,
HMGB1 was reported to interact with NER proteins, including XPC-
RAD23, XPA and RPA (Lange et al., 2009), which could support a role
in NER. Although intriguing, these results will need to be confirmed in
human cells, considering that we recently reported that a role of murine
HMGN1 in transcription-coupled DNA repair is not conserved in human
cells (Apelt et al., 2020). To confirm a potential role of human HMGB1
in NER and to address whether the other HMGB-type proteins have a
similar role, we developed an siRNA-based procedure to deplete all HMG
proteins individually or in combination. It will be interesting to determine
whether depletion of HMGB-type proteins renders cells sensitive to UV-C
irradiation or results in a defect in unscheduled DNA synthesis following
UV irradiation. Since the four HMGB proteins may act in a functionally
redundant manner, it will be of interest to attempt to knock-down all four
HMGB proteins simultaneously.

Earlier work has shown that murine HMGB has a role in various
DNA repair pathways, including DNA double-strand break repair and
mismatch repair (Stros et al., 2000; Yuan et al., 2004). Considering that
MMR proteins were highly enriched in UV-damaged chromatin in our
CHROMASS screen, it cannot be fully excluded that the recruitment
following UV irradiation is linked to this pathway. MMR proteins were
indeed found to excise misincorporated nucleotides opposite to UV-
induced photolesions by TLS polymerases during replication (Tsaalbi-
Shtylik et al., 2015). However, if this were the case, HMGB-type proteins
would be expected to accumulate only in those cells that are undergoing
DNA replication, which is not what we observed. To fully exclude this
possibility, the recruitment of HMGB-type proteins should be monitored in
non-dividing cells. Finally, it would be interesting to map the interactome
of HMGB-type proteins following UV irradiation to identify potential
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interactors that could provide clues to their function during the response to
UV-induced DNA lesions. The future studies outlined here will reveal the
functional relevance of the UV-induced chromatin interaction of HMGB-

type proteins.
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Figure S1
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Figure S1. (A) Sequence alignment of human, mouse, rat and Xenopus laevis HMIGB1
proteins. (B) Sequence alignment of human HMGB1, HMGB2, HMGB3 and HMGB4
protein. The four amino acids that are inserted into the minor groove of the DNA are
highlighted in red.
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Figure S2
A
human HMGB1
Splice variant_1 MGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNFSEFSKKCSERWKTMSAKEKGKE 60
Splice variant_2 MGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNFSEFSKKCSERWKTMSAKEKGKE 60
D T L Tt
Splice variant_1 EDMAKADKARYEREMKTYIPPKGETKKKFKDPNAPKRPPSAFFLFCSEYRPKIKGEHPGL 120
Splice variant_2 EDMAKADKARYEREMKTYIPPKGETKKKFKDPNAPKRPPSAFFLFCSEYRPKIKGEHPGL 120
ko ok kK Rk KKk kR KRk KKKk kKK kKKK ok kR kR KKk Rk kR KKk kK K K
Splice variant_1 SIGDVAKKL! TAADDKQPYEKKAAKLKEKYEKDIAAYRAKGKPDAAKKGVVKAEK 180
Splice variant_2 SIGDVAKKLGEMWNNTAADDKQPYEKKAAKLKEKYEKF--—-——————————————————— 158
- ok ko ko ook ko ko ok k ko kR ko k ok kK
Splice variant_1 KKKKEEEEDEEDEEDEEEEEDEEDEDEEEDDDDE 215
Splice variant_2 158
B
human HMGB2
Splice variant_1 MGKGDPNKPRGKMSSYAFFVQTCREEHKKKHPDSSVNFAEFSKKCSERWKTMSAKEKSKFE 60
Splice variant_2 MGKGDPNKPRGKMSSYAFFVQTCREEHKKKHPDSSVNFAEFSKKCSERWKTMSAKEKSKFE 60
Sk ko kA ok ok ok ok ok ko ok ok kK ko ok ok ok ok kA k kA ok ok ok ok ok Kk k ok Ak
Splice variant_1 EDMAKSDKARYDREMKNYVPPKGDKKGKKKDPNAPKRPPSAFFLFCSEHRPKIKSEHPGL 120
Splice variant 2 EDMAKSDKARYDREMKNYVPPKGDKKGKKKDPNAPKRPPSAFFLFCSEHRPKIKSEHPGL 120
- T
Splice variant_1 SIGDTAKKLGEMWSEQSAKDKQPYEQKAAKLKEKYEKDIAAYRAKGKSEAGKKGPGRPTG 180
Splice variant 2 SIGDTAKKLGEMW: 134
- Aok ok kK ok kA Ak
Splice variant_1 SKKKNEPEDEEEEEEEEDEDEEEEDEDEE 209
Splice variant_2 134
human HMGB3
Splice variant_1 MAKGDPKKPKGKMSAYAFFVQTCREEHKKKNPEVPVNFAEFSKKC SERWKTMSGKEKSKE 60
Splice variant_2 MAKGDPKKPKGKMSAYAFFVQTCREEHKKKNPEVPVNFAEFSKKCSERWKTMSGKEKSKE 60
Splice variant 3 MAKGDPKKPKGKMSAYAFFVQTCREEHKKKNPEVPVNFAEF SKKCSERWKTMSGKEKSKF 60
- Kk k kA Rk ARk kA ok ok Kk ok kA Ak ok k kK k kA ARk kA Rk k ok ok kA Ak k kA kK
Splice variant_1 DEMAKADKVRYDREMKDYGPAKGGKKKKDPNAPKRPPSGFFLFCSEFRPKIKSTNPGISI 120
Splice variant_2 DEMAKADKVRYDREMKDYGPAKGGKKKKDPNAPKRPPSGFFLFCSEFRPKIKSTNPGISI 120
Splice variant_3 DEMAKADKVRYDREMKDYGPAKGGKKKKDPNAPKRPPSGFFLFCSEFRPKIKSTNPGISI 120
ok kA k kA Ak ok kA k ok ko k kA Ak k ok kK k kA Ak ok kA Ak k k ok ok kA Ak ok kA K
Splice variant_1 GDVAKKLGEMWNNLNDSEKQPYITKAAKLKEKYEKDVADYKSKGKFDGAKGPAKVARKKV 180
Splice variant_2 GDVAKKLGEMWNNLNDSEKQPYITKAARKLKEKYEKDVADYKSKGKFDGAKGPAKVARKKV 180
Splice variant_3 GDVAKKLGEMWNNLNDSEKQPYITKAAKLKEKYEKDVADYKSKGKFDGAKGPAKVARKKV 180
ko ok koK ok koo k ko ok ok ok ok ok ok kK ok ok ko ok kK ook ok ko kR ok ok ok kK
Splice variant_1 EEEDEEEEEEEEEEEEEEDE 200
Splice variant_2 EEEDEEEEEEEEE------— 193
Splice variant_3 EEEDEEEE-------—---— 188
Kok ok kKK
D
human HMGB4
Splice variant_l MGKEIQLKPKANVSSYVHFLLNYRNKFKEQQPNTYVGFKEFSRKCSEKWRS ISKHEKAKY 60

EALAKLDKARYQEEMMNYVGKRKKRRKRDPQEPRRPPSSFLLFCQDHYAQLKRENPNWSV 120
VQVAKATGKMWSTATDLEKHPYEQRVALLRAKYFEELELYRKQCNARKKYRMSARNRCRG 180
KRVRQS-——————--— 186
Figure S2. (A) Alignment of the splice variants of human HMGB1, (B) HMGB2, (C) HMGB3
and (D) HMGB4 protein. The four amino acids that are inserted into the minor groove of

the DNA are highlighted in red.
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Figure S3
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Figure S3. Alignment of cDNA of the splice variants of human HMGB1 and in yellow the
sequence of the siRNA is indicated.
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Figure S4

human HMGB2
Splice variant_1 ATGGGTAAAGGAGACCCCAACAAGCCGCGGGGCARAATGTCCTCGTACGCCTTCTTCGTG 60

Splice variant_2 ATGGGTAAAGGAGACCCCAACAAGCCGCGGGGCAAAATGTCCTCGTACGCCTTCTTCGTG 60
ek ko ek ko ok k ok ok ko ok ko ok ok ko ok Rk ok Kok ok ko ok Rk ok k ok ok ko K Kk kK Rk kK Ak

Splice variant_1 CAGACCTGCCGGGAAGAGCACAAGAAG. CACCCGGACTCTTCCGTCAATTTCGCGGAA 120
Splice variant 2 CAGACCTGCCGGGAAGAGCACAAGAAGAAACACCCGGACTCTTCCGTCAATTTCGCGGAA 120
- ek k Kk k ok K Kok Rk ok Rk ok ok ok Rk ok Rk ok ok R ok Rk ok Rk ok Rk ok Rk ok R R ok R ko
Splice variant_l TTCTCCAAGAAGTGTTCGG. TGGAAGACCATGTCTGC, AAGTCGAAGTTT 180
Splice variant 2 TTCTCCAAGAAGTGTTCG GATGGAAGACCATGTCTGCAAAGGAGAAGTCGAAGTTT 180
- ko Kk ok ok Kok Rk ok Rk ok ok ok Rk ok Rk ok ok R ok Rk ok R ok Rk ok Rk ok R R ok R ko
Splice variant_1 GAAGATATGGC. ARGTGAC. GCTCGCTATGACAGGGAGATGAAAAATTACGTTCCT 240
Splice variant_2 GAAGATATGGC. ARGTGAC. GCTCGCTATGACAGGGAGATGAAAAATTACGTTCCT 240

sk ok ok ko ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok ok sk ok ok ok sk ok ok ok ok ok sk ok ok ok sk ok ok ok ko sk ko

Splice variant_1 CCCAAAGGTGATAAG. GAAAAAGGACCCCAATGCTCCTAAAAGGCCACCATCT 300
Splice variant_2 CCCAAAGGTGATAAG. GAAAAAGGACCCCAATGCTCCTAAAAGGCCACCATCT 300
ek ko ek ko ok k ok ok ko ok ko ok ok ko ok Rk ok Kok ok ko ok Rk ok k ok ok ko K Kk kK Rk kK Ak

Splice variant_l GCCTTCTTCCTGTTTTGCTCTGAACATCGCCCAAAGATCAAAAGTGAACACCCTGGCCTA 360
Splice variant 2 GCCTTCTTCCTGTTTTGCTCTGAACATCGCCCAAAGATCAAAAGTGAACACCCTGGCCTA 360
- ek Kk ok ok Kok Rk ok Rk ok ok ok Rk ok Rk ok ok ok ok Rk ok Rk ok ok R ok Rk ok kR R ok R R ok
Splice variant_l TCCATTGGGGATACTGCAAAGAAATTGGGTGAAATGTGGTCTGAGCAGTCAGCCAAAGAT 420
Splice variant_2 TCCATTGGGGATACTGCAAAGAARATTGGGTGAAATGTGGTCTG-————————————=——= 403

sk ok ok ek ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ko sk k kok ko

Splice variant_1 AAACAACCATATGAACAGAAAGCAGCTAAGCTAAAGGAGAAATATGAARAGGATATTGCT 480
Splice variant_2 403
Splice variant_l GCATATCGTGCCAAGGGC. GTGAAGCAGG. GAAGGGCCCTGGCAGGCCAACAGGC 540
Splice variant_2 403
Splice variant_1 TCAAAG GAACGAACCAGAAGAT AAGARGATGAAGAT 600
Splice variant_2 403
siRNA
Splice variant_1 GAGGAGGAAGAGGATGAAGATGAAGAATAA 630
Splice variant_2 403

Figure S4. Alignment of cDNA of the splice variants of human HMGB2 and in yellow the
sequence of the siRNA is indicated.
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Figure S5

human HMGB3

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

Splice
Splice
Splice

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

variant_1
variant_2
variant_3

ATGGCTAAAGGTGACCCCAAGAAACCAAAGGGCAAGATGTCCGCTTATGCCTTCTTTGTG
ATGGCTAAAGGTGACCCCAAGAAACCAAAGGGCAAGATGTCCGCTTATGCCTTCTTTGTG
ATGGCTAAAGGTGACCCCAAGAAACCAAAGGGCAAGATGTCCGCTTATGCCTTCTTTGTG

Sk ko ok ok ok ok ok ok ok Sk k ko ok ok ok ok ok ok ok ok ko ok ok ok Sk ok ok ok ok ko ok ok ok ok ok ok Kk ko ok kR ok ko

CAGACATGCAGAGAAGAACATAAGAAGAAAAACCCAGAGGTCCCTGTCAATTTTGCGGAA
CAGACATGCAGAGAAGAACATAAGAAGAAAAACCCAGAGGTCCCTGTCAATTTTGCGGAA
CAGACATGCAGAGAAGAACATAAGAAGAAAAACCCAGAGGTCCCTGTCAATTTTGCGGAA
Sk ok ok ok ok ok ok ok ok ok Sk ok ok ok ok ok ok ok ok ok ok Sk ok ok ok ok ok ok ok ok ok ok ko ko ok ok ok Sk ok ok ok ok ko ok kR Sk k ko

TTTTCCAAGAAGTGCTCTGAGAGGTGGAAGACGATGTCCGGGAAAGAGAAATCTARATTT
TTTTCCAAGAAGTGCTCTGAGAGGTGGAAGACGATGTCCGGGAAAGAGAAATCTAAATTT
TTTTCCAAGAAGTGCTCTGAGAGGTGGAAGACGATGTCCGGGAAAGAGAAATCTAAATTT

Sk ok o ok ok ok ok ok ok S ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok ko

GATGAAATGGCAAAGGCAGATAAAGTGCGCTATGATCGGGAAATGAAGGATTATGGACCA
GATGAAATGGCAAAGGCAGATAAAGTGCGCTATGATCGGGAAATGAAGGATTATGGACCA
GATGAAATGGCAAAGGCAGATAAAGTGCGCTATGATCGGGAAATGAAGGATTATGGACCA
sk ok ok s ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok ko

GCTA CAAGAAGAAGAAGGATCCTAATGCTCCCAAAAGGCCACCGTCTGGATTC
GCTA CAAGAAGAAGAAGGATCCTAATGCTCCCAAAAGGCCACCGTCTGGATTC
GCTA CAAGAAGAAGAAGGATCCTAATGCTCCCAAAAGGCCACCGTCTGGATTC

Sk ko ok ok ok ok ok ok ok Sk k ko ok ok ok ok ok ok ok ok ko ok ok ok Sk ok ok ok ok ko ok ok ok ok ok ok Kk ko ok kR ok ko

TTCCTGTTCTGTTCAGAATTCCGCCCCAAGATCARATCCACAAACCCCGGCATCTCTATT
TTCCTGTTCTGTTCAGAATTCCGCCCCAAGATCAARATCCACAAACCCCGGCATCTCTATT
TTCCTGTTCTGTTCAGAATTCCGCCCCAAGATCAAATCCACAAACCCCGGCATCTCTATT

Sk ko ok ok ok ok ok ok ok Sk k ko ok ok ok ok ok ok ok ok ko ok ok ok Sk ok ok ok ok ko ok ok ok ok ok ok Kk ko ok kR ok ko

GGAGACGTGGCAAAAAAGCTGGGTGAGATGTGGAATAATTTAAATGACAGTGAARAAGCAG
GGAGACGTGGCAAAAAAGCTGGGTGAGATGTGGAATAATTTAAATGACAGTGAARAAGCAG
GGAGACGTGGCAAAAAAGCTGGGTGAGATGTGGAATAATTTAAATGACAGTGAARAGCAG
Sk ko ok ok ok ok ok ok ok Sk ko ok ok ok ok ok ok Kk ok ok ok ok ok ok ok ok ko ok ok ok ko ko ok kR ok kR ok ko
siRNA

CCTTACATCACTAAGGCGGCAAAGCTGAAGGAGAAGTATGAGAAGGATGTTGCTGACTAT
CCTTACATCACTAAGGCGGCAAAGCTGAAGGAGAAGTATGAGAAGGATGTTGCTGACTAT
CCTTACATCACTAAGGCGGCAAAGCTGAAGG. AGTATG

ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok ko ok ko

AAGTCGAAAGGAAAGTTTGATGGTGCAAAGGGTCCTGCTAAAGTTGCCCGGAAAAAGGTG
AAGTCGAAAGGAAAGTTTGATGGTGCAAAGGGTCCTGCTAAAGTTGCCCGGAAAAAGGTG

Gi GATGAAGA A AGAAGAGGA AGGA TGRA
GA AGATGAAG A GAGGAGGA=-———————————m—m
TAA 603
---581
--- 460

60
60
60

120
120
120

180
180
180

240
240
240

300
300
300

360
360
360

420
420
420

480
480
460

540
540
460

600
581
460

Figure S5. Alignment of cDNA of the splice variants of human HMGB3 and in yellow the
sequence of the siRNA is indicated.
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Figure S6
A human HMGB4 siRNA
Splice variant_1 ATGGGAAAAGAAATCCAGCTAAAGCCTAAGGCAAATGTCTCTTCTTACGTTCACTTTTTG
Splice Variantil CTGAATTACAGAAACAAATTCAAGGAGCAGCAGC! TACCTATGTTGGCTTTAAAGAG
Splice variant_1 TTCTCTAGAAAGTGTTCGGAAAAATGGAGATCCATCTCAAAGCATGAAAAGGCCAAATAT
Splice variant_l GAAGCCCTGGCCAAACTCGAC. GCCCGATACCAGGAAG, TGATGAATTATGTTGGC
Splice variant_1 AAGAGGAAGAAACGGAGAAAGCGGGATCCCCAGGAACCCAGACGGCCTCCATCATCCTTC
Splice Variantil CTACTCTTCTGCCAAGACCACTATGCTCAGCTGAAGAGGGAGAACCCGAACTGGTCGGTG
Splice variantil GTGCAGGTGGCCAAGGCCACAGGGAAGATGTGGT! CAGCGACAGACCTGGAGAAGCAC
Splice Variant_l CCTTATGAGCAAAGAGTGGCTCTCCTGAGAGCTAAGTACTTCGAGGAACTTGAACTCTAC
Splice variant_1 CGT. CAATGTAATGCCAGGAAGAAGTACCGAATGTCAGCTAGARAACCGGTGCAGAGGG
Splice variant_l AAAAGAGTCAGGCAGAGCTGA 561
B
F108
A17
F38 n
N\ 1122
\
I
Box A Box B
C
human
Box A
HMGB1 MGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNF SEFSKKCSERWKTMSAKEKGKF 60
HMGB4 MGKEIQLKPKANVSSYVHFLLNYRNKFKEQQPNTYVGFKEFSRKCSEKWRSISKHEKAKY 60
e Skssskkk, k: | ks kreik:: Nk kkkikAkkrkarik kK ks
N Box B
HMGB1 EDMAKADKARYEREMKTY IPPKGETKKKFKDPNAPKRPPSAFFLFCSEYRPKIKGEHPGL 120
HMGB4 EALAKLDKARYQEEM.MNYVGKRK* fKRRKRDPQEPRRPPS SFLLFCQDHYAQLKRENPNW 118
K ik kkkkk: kK L k: s L iAok KrkAAkakshkk.s: 11k K1k,
HMGB1 SIGDVAKKLGEMWNNTAADDKQPYEKKAAKLKEKYEKDIAAYRAKGKPDAAKKGVVKAEK 180
HMGB4 SVVQVAKATGKMWSTATDLEKHPYEQRVALLRAKYFEELELYRKQCNARKKYRMSARN R 177
ki oikkk  kikk | p:  shikkkag ok ki Kk si: Kk . :
Acidic tail
HMGB1 SKKKKEEEEDEEDEEDEEEEEDEEDEDEEEDDDDE 215
HMGB4 CRGKRVRQ 186
s o%s s

Figure S6. (A) Alignment of cDNA of the splice variants of human HMGB3 and in yellow
the sequence of the siRNA is indicated. (B) Representation of the structure of the box
A and box B of HMGB1 (Thomas and Travers, 2001). The two amino acids of each box
which are inserted into the minor groove of the DNA are indicated in green. (C) Sequence
alignment of human HMGB1 and HMGB4 protein. The four amino acids that are inserted

into the mino!
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CY
L%:erial and methods

Cell lines. All cell lines were cultured at 37°C in an atmosphere of 5%
CO, in DMEM (Thermo Fisher Scientific) supplemented with penicillin/
streptomycin (Sigma) and 10% fetal bovine serum (FBS; Bodinco BV).

Generation of knockout cell lines. To generate an HMGN1 knockout,
U20S(FRT) cells were co-transfected with pLV-U6g-PPB encoding a guide
RNA from the LUMC / Sigma-Aldrich sgRNA library targeting a specific
gene together with an expression vector encoding Cas9-2A-GFP (pX458;
Addgene #48138) using lipofectamine 2000 (Invitrogen). Transfected
U20S(FRT) cells were selected on puromycin (1 ug/ml) for three days,
plated at low density after which individual clones were isolated. Knockout
clones were verified by western blot analysis.

Generation of Flip-In cell lines. To generate stable Flip-In cells,
U20S(FRT) cells were transfected with 5 ug of a pcDNA5/FRT/TO-Puro
plasmid which contained the sequence of GFP and the cDNA of a protein
of interest. Next the cells were incubated with 1 pg/mL puromycin for a
couple of days and the survival cells were pooled. The expression of the
GFP-tagged protein was induced by adding 2 ug/ml doxycycline for 24 h.
Western blot. Cells were spun down, washed with PBS, and boiled for 10
min in Laemmli buffer (40 mM Tris pH 6.8, 3.35% SDS, 16.5% glycerol,
0.0005% Bromophenol Blue and 0.05 M DTT). Proteins were separated
on 4-12% Criterion XT Bis-Tris gels (Bio-Rad, #3450124) in NuPAGE
MOPS running buffer (NP0001-02 Thermo Fisher Scientific), and blotted
onto PVDF membranes (IPFL00010, EMD Millipore). The membrane was
blocked with blocking buffer (Rockland, MB-070-003) for 1 h at RT. The
membrane was then probed with antibodies as indicated. An Odyssey
CLx system (LI-COR Biosciences) was used for detection.

CHROMASS. CHROMASS experiments were performed as previously
described. Sperm chromatin was isolated and mock-treated or irradiated
with 2 kJ/m? UV-C. Sperm chromatin was subsequently incubated in non-
licensing extracts at a final concentration of 16 ng/ml. After 45 min the
reaction was stopped with 60 ml of ELB buffer supplemented with 0.2%
Triton-X. The chromatin was spun down and the chromatin pellet was
resuspended in 50 ml denaturation buffer (8 M urea, 100 mM Tris-HCI,
pH 8) and transferred to a new low-binding tube. Then the cysteines were
reduced (1 mMDTT for 15 minatRT)and alkylated (0.55 M chloroacetamide
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for 40 min at RT protected from light). Hereafter the peptides were digested
with 0.5 mg LysC for 2.5 h at RT, followed by an incubation overnight at
30°C with 0.5 mg trypsin. Before purifying the peptides by stage tipping
(C18 material), the peptides were first acidified with 10% trifluoroacetic
acid (pH < 4) and then neutralized with 400 mM NaCl. For the stage
tipping, stage tips were first activated in 100% methanol, then equilibrated
in 80% acetonitrile/ 10% formic acid, and finally washed twice in 0.1%
formic acid. Then the samples were loaded on the stage tips and washed
twice with 50 ml 0.1% formic acid. StageTip elution was performed with
80 ml of 25% acetonitrile in 0.1% formic acid, eluted samples were dried
to completion in a SpeedVac at 60°C, dissolved in 10 ml 0.1% formic acid,
and stored at -20°C until MS analysis.

UV-C laser micro irradiation. Cells were grown on 18-mm quartz
coverslips and placed in a Chamlide CMB magnetic chamber in which
growth medium was replaced by CO,-independent Leibovitz's L15 medium
(Thermo Fisher). UV-C laser tracks were made using a diode-pumped
solid-state 266 nm Yttrium Aluminum Garnet laser (Average power 5 mW,
repetition rate up to 10 kHz, pulse length 1 ns). The laser is integrated in
a UGA-42-Caliburn/2L Spot Illlumination system (Rapp OptoElectronic).
Micro-irradiation was combined with live-cell imaging in an environmental
chamber set to 37°C on an all-quartz widefield fluorescence Zeiss Axio
Observer 7 microscope, usinga 100x (1.2 NA) ultrafluar glycerol-immersion
objective (UV-C). The laser system is coupled to the microscope via a
triggerbox and a neutral density (ND-1) filter blocks 90% of the laser light.
An HXP 120 V metal-halide lamp was used for excitation. Images were
acquired in Zeiss ZEN and quantified in Image J.

Knockdown experiments. For the knockdown 75.000 cells were plated
in a 12-well. The next day, the cells were transfected with 40 nM siRNA
duplexes for 6 h, followed by a second transfection overnight using
Lipofectamine RNAIMAX (Invitrogen). Before the analysis, the cells are
washed and incubated for at least 24 h in DMEM (10% FBS; 1% PS) with
doxycycline.
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