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RSK inhibitors in the treatment of virus diseases

Field of the invention

The present invention relates to RSK inhibitors that are capable of displaying one or more
beneficial therapeutic effects. The RSK inhibitors can be used in the prevention and/or
treatment of viral infection. RSK inhibitors in combination with other antiviral compounds are
capable of displaying one or more beneficial therapeutic effects in the treatment of viral

diseases.

Background of the invention

Infections with viruses are a significant threat for the health of man and animal. For instance,
infections with influenza viruses still belong to the big epidemics of mankind and cause a

large number of casualties year for year.

The problem of controlling in particular RNA viruses is the adaptability of the viruses caused
by a high error rate of the viral polymerases, which makes the production of suitable
vaccines as well as the development of antiviral substances difficult. Furthermore it has been
found that the use of antivirals directed against the functions of the virus will sooner or later
lead to the selection of resistant variants based on mutation. An example is the anti-influenza
agent amantadine and its derivatives directed against a transmembrane protein of the virus.
Within a short time after the application, resistant variants of the virus are generated. Other
examples are antivirals for influenza infections inhibiting the influenza-viral surface protein
neuraminidase, such as oseltamivir, where resistant variants have also broadly emerged in

the past.

Because of the very small genome and thus limited coding capacity for functions being
necessary for replication, all viruses are dependent to a high degree on functions of their
host cells. By exertion of influence on such cellular functions being necessary for viral
replication, it is possible to negatively affect virus replication in the infected cell. Herein, there
is no possibility for the virus to replace the lacking cellular function by adaptation, in particular
by mutations, in order to thus escape from the selection pressure. This could already be

shown for the influenza A virus with relatively unspecific inhibitors against cellular kinases
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and methyl transferases (Scholtissek and Muller, Arch Virol 119, 111-118, 1991).

Like any other virus, Influenza viruses capture the infected cells to replicate. Viral proteins
are not only interacting with themselves but with cellular components. Thus, blockage of
such constituents might not only inhibit the replication on a broad anti-viral level but could
also decrease the occurrence of resistant virus variants due to the inability of the virus to

substitute missing cellular functions (Ludwig, 2003) (Ludwig, 2011).

During the influenza viral life cycle newly synthesized ribonucleoprotein complexes (VRNP),
containing the viral genome, must be exported from the nucleus, where viral genome
replication occurs, to the cytoplasm to be transported to the cellular membrane and
packaged in progeny viruses, which are released from the infected cells. The RNPs are
exported out of the nucleus via the Crm1-mediated nuclear export pathway, as cytoplasmic
accumulation is blocked by the CRM1-inhibitor leptomycin B (Elton, 2001) (Watanabe, 2001).
The organization of the vVRNP nuclear export complex is to date not fully understood. One
putative model postulates the interaction of the nuclear export protein (NEP) with the viral
polymerase complex to create a supporting binding site for the matrix protein 1. The Crm1-
interaction is mediated via the NEP N-terminus (Brunotte, 2014). Taken into account that the
VRNP export does not take place in the absence of M1 but strongly reduced amounts of NEP
do not influence this process, the exact contributions of M1 and NEP to the RNP export
remains elusive (Wolstenholme, 1980) (Smith, 1985) (Martin, 1991) (Bui, 2000). It was
shown that the RNP export complex assembles at the dense chromatin to gain access to the
cellular export machinery. This assembly takes place within RCC1 (Ran nucleotide exchange
factor)-located regions, to ensure the direct interaction of the RNPs with regenerated Crm1-
RanGTP-complexes (Nemergut, 2001) (Chase, 2011).

Furthermore, the virus needs to activate the Raf/MEK/ERK signal transduction pathway to
ensure the successful nuclear export (Pleschka, 2001) (Ludwig, 2004). This signaling
cascade is a member of the classical mitogen-activated protein kinase (MAPK) cascades
and regulates proliferation, differentiation and cell survival (Lewis, 1998) (Yoon, 2006).
Influenza virus infection triggers the pathway activation in a biphasic manner, very early after
the infection and in the later phase. MEK-specific inhibitors not only suppress both activation
phases but in addition lead to strongly decreased viral titers caused by the nuclear retention
of newly synthesized RNPs. These effects are shown for influenza A and B viruses
(Pleschka, 2001) (Ludwig, 2004) (Haasbach, 2017). No escape mutants could be found after
the use of the MEK-inhibitors, such as U0126, in contrast to amantadine treatment (Ludwig,
2004). In addition, Oseltamivir resistant influenza strains can still be inhibited with a MEK-
inhibitor treatment (Haasbach, 2017). Furthermore, it was recently published that the

inhibition of the pathway reduces viral titers after the infection with the respiratory syncytial
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virus (Preugschas, 2018). These findings indicate the inability of the viruses to compensate
for the missing cellular function and enable a novel antiviral strategy. To date, the exact

mechanisms how this pathway triggers the influenza RNP export is unknown.

As mentioned above, influenza viruses exploit the cellular RaffMEK/ERK signaling pathway
to support the export of newly synthesized genomes (in the form of RNA-protein complexes
called vRNP) from the nucleus of the infected cell. In previous studies, it was shown that
inhibitors of MEK, the central kinase of the RaffMEK/ERK pathway, block virus replication in
vitro and in vivo without side effects and a high barrier towards development of resistance
(WO 2014/056894).

However, the direct link between the activated Raf/MEK/ERK pathway to the export of vRNP
complexes remained unclear. In general, the Raf/MEK/ERK pathway has been studied for its
role in cancer, and it is known that ERK and RSK act downstream of MEK. However, in the
prior art it was found that Rsk inhibition, in particular Rsk2 knock-down, exerts a virus
supportive effect (Kakugawa et al. (2009) J Virol.;83(6):2510-7).

Nevertheless, in view of the prior art, it is clear that there is the need of further compounds
and compositions effective in the treatment of virus diseases in particular in diseases caused

by influenza virus.

Summary of the invention

The present invention relates to an RSK inhibitor for use in a method for the prophylaxis
and/or treatment of a viral disease. Specifically, the RSK inhibitor can be selected from the
group consisting of BI-D1870, SL0101-1, LJH685, LJI308, BIX 02565, FMK and a selective
RSK1 inhibitor or a derivative, metabolite or pharmaceutically acceptable salt thereof. The
selective RSK1 inhibitor can be a si-RNA, shRNA or mi-RNA that selectively targets Rsk1
MRNA corresponding to conserved regions of RSK1 having the amino acid sequence of
SEQ ID NO:1 or an antibody that binds to conserved regions of RSK1 having the amino acid
sequence of SEQ ID NO:1.

The viral disease can be an infection caused by a positive or negative strand RNA virus. In a
preferred embodiment, the viral disease caused by negative strand RNA virus is an influenza
virus, such as influenza virus is of type H1N1, H2N2, H3N2, H5N1, H5N6, H5N8, H6N1,
H7N2, H7N7, H7N9, H9N2, H10N7, N10ON8 or H5N1, or a different influenza A virus or
influenza B virus such as the Yamagata or Victoria type. In some embodiments, the influenza

virus is resistant to a neuramidase inhibitor selected from the group consisting of oseltamivir,
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oseltamivir phosphate, zanamivir, peramivir, or laninamivir or a pharmaceutically acceptable
salt thereof, or an inhibitor of the viral polymerase complex selected form the group of
Favipiravir, Baloxavir, Baloxavir phosphate, Baloxavir Marboxil, or Pimodivir or a

pharmaceutically acceptable salt thereof.

In another preferred embodiment, the viral disease caused by a positive strand RNA virus is

a coronavirus causing a respiratory tract infection, such as SARS, MERS or Covid-19.

In some cases, the RSK inhibitor is administered in combination with a second antiviral
agent, such as a neuramidase inhibitor, polymerase complex inhibitor, endonuclease
inhibitor, hemaglutinin inhibitor, non-structural protein 1 inhibitor, nucleoprotein inhibitor or a
MEK inhibitor.

The neuramidase inhibitor can be oseltamivir, oseltamivir phosphate, zanamivir, peramivir or

laninamivir or a pharmaceutically acceptable salt thereof.

The polymerase complex inhibitor can be Baloxavir, Baloxavir phosphate, Baloxavir

Marboxil, Favipiravir or Pimodivir or a pharmaceutically acceptable salt thereof.

The MEK inhibitor can be CI-1040, PD-0184264, PLX-4032, AZD6244, AZD8330, AS-
703026, GSK-1120212, RDEA-119, R0O-5126766, RO-4987655, PD-0325901, GDC-0973,
TAK-733, PD98059 or PD184352, or a pharmaceutically acceptable salt thereof.

The invention also relates to a selective RSK1 inhibitor or a derivative, metabolite or
pharmaceutically acceptable salt thereof that binds to RSK1 having the amino acid sequence
of SEQ ID NO: 1 or the nucleotide sequence of SEQ ID NO:2 and shows no or low binding
affinity to RSK2 having the amino acid sequence of SEQ ID NO: 3 or the nucleotide
sequence of SEQ ID NO:4, RSK3 having the amino acid sequence of SEQ ID NO: 5 or the
nucleotide sequence of SEQ ID NO:6 and RSK4 having the amino acid sequence of SEQ ID
NO: 7 or the nucleotide sequence of SEQ ID NO:8. The selective RSK1 inhibitor can be an
si-RNA, shRNA, mi-RNA, an antibody, or a small molecule. The RSK1 inhibitor can be used
in a pharmaceutical composition alone or in combination with a second antiviral agent as

defined above for the prophylaxis and/or treatment of viral disease.

In addition, the invention relates to a method of identifying specific RSK1 inhibitors
comprising the steps of: Screening a library of potential inhibitors for binding to RSK1 having
the amino acid sequence of SEQ ID NO: 1 or the nucleotide sequence of SEQ ID NO:2,
selecting the inhibitors that were found to bind RSK1 and screening these for binding to
RSK2 having the amino acid sequence of SEQ ID NO: 3 or the nucleotide sequence of SEQ
ID NO:4, RSK3 having the amino acid sequence of SEQ ID NO: 5 or the nucleotide
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sequence of SEQ ID NO:6 and RSK4 having the amino acid sequence of SEQ ID NO: 7 or
the nucleotide sequence of SEQ ID NO:8; and selecting the inhibitors from step (ii) that do
not bind to RSK2, RSK3 or RSK4 as specific RSK1 inhibitors.
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Definitions

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” and “comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but
not the exclusion of any other integer or step or group of integer or step. When used herein
the term “comprising” can be substituted with the term “containing” or sometimes when used

herein with the term “having”.

When used herein “consisting of" excludes any element, step, or ingredient not specified in
the claim element. When used herein, "consisting essentially of' does not exclude materials
or steps that do not materially affect the basic and novel characteristics of the claim. In each
instance herein any of the terms "comprising”, "consisting essentially of" and "consisting of"

may be replaced with either of the other two terms.

As used herein, the conjunctive term “and/or’” between multiple recited elements is
understood as encompassing both individual and combined options. For instance, where two
elements are conjoined by “and/or”, a first option refers to the applicability of the first element
without the second. A second option refers to the applicability of the second element without
the first. A third option refers to the applicability of the first and second elements together.
Any one of these options is understood to fall within the meaning, and therefore satisfy the
requirement of the term “and/or” as used herein. Concurrent applicability of more than one of
the options is also understood to fall within the meaning, and therefore satisfy the

requirement of the term “and/or’ as used herein.

As used herein, the term “RSK” refers to Human RSK (p90 ribosomal S6 kinase), which is
present in four different isoforms, termed RSK1 (SEQ ID NO:1 and 2), RSK2 (SEQ ID NO:3
and 4), RSK3 (SEQ ID NO:5 and 6) and RSK4 (SEQ ID NO:7 and 8). An alignment of the
four isoforms shown as Figure 1 on an amino acid level and Figure 2 on a nucleotide level

reveals that these four forms are highly conserved but also have specific regions of diversity.

As used herein, the term “RSK inhibitor” refers to an agent that inhibits RSK. The agent can
either inhibit all four RSK isoforms or at least RSK1. The RSK inhibitor can be selected from
the group consisting of BI-D1870, SL0101-1, LJH685, LJI308, BIX 02565, FMK and a
selective RSK1 inhibitor or a derivative, metabolite or pharmaceutically acceptable salt
thereof. The selective RSK1 inhibitor can be a si-RNA, shRNA or mi-RNA that selectively
targets Rsk1 mRNA corresponding to conserved regions of RSK1 having the amino acid
sequence of SEQ ID NO:1 or an antibody that binds to conserved regions of RSK1 having
the amino acid sequence of SEQ ID NO:1.
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As used herein, the term "pharmaceutically acceptable salts, derivatives or metabolites"
refers to the relatively non-toxic, organic or inorganic salts of the active compounds, including
inorganic or organic acid addition salts of the compound, as well as derivatives and
metabolites of the RSK inhibitors claimed that show the same function as RSK inhibitors as
the named inhibitors.

As such, the term “treating” or “treatment” includes administration of an RSK inhibitor
preferably in the form of a medicament, to a subject suffering from a viral disease for the

purpose of ameliorating or improving symptoms accompanying such infections.

Furthermore, the term “prophylaxis” as used herein, refers to any medical or public health
procedure whose purpose is to prevent a medical condition described herein. As used
herein, the terms “prevent”, “prevention” and “preventing” refer to the reduction in the risk of
acquiring or developing a given condition, namely a viral disease as described herein. Also
meant by “prophylaxis” is the reduction or inhibition of the recurrence of a viral disease in a
subject.

As used herein the term “viral disease” includes disease caused by a virus, for example
diseases caused by a positive or negative RNA strand virus. For example influenza viruses
are negative RNA strand viruses; for example influenza A and B virus. The influenza virus or
influenza virus strain according to the invention may show or have developed a resistance to
one or more neuraminidase inhibitors (e.g. oseltamivir, oseltamivir phosphate, zanamivir or
peramivir) or the influenza virus or influenza virus strain according to the invention does
show or does not have developed a resistance to one or more neuraminidase inhibitors (e.qg.
oseltamivir, oseltamivir phosphate, zanamivir or peramivir). Influenza virus can be an
influenza A virus or influenza B virus, preferably the influenza A virus is H1IN1, H2N2, H3N2,
H5N1, H5N6, H5N8, HE6N1, H7N2, H7N7, H7N9, HON2, H10N7, N1ON8 or H5N1. In some
embodiments, the influenza virus is resistant to a neuramidase inhibitor selected from the
group consisting of oseltamivir, oseltamivir phosphate, zanamivir, peramivir, or laninamivir or
a pharmaceutically acceptable salt thereof, or an inhibitor of the viral polymerase complex
selected form the group of Favipiravir, Baloxavir, Baloxavir phosphate, Baloxavir Marboxil, or

Pimodivir or a pharmaceutically acceptable salt thereof.

Positive strand RNA viruses can be, for example, Coronaviruses such as SARS-CoV,
MERS-CoV or SARS-CoV-2 that cause respiratory tract infections such as SARS, MERS or
Covid19.

As used herein the term “second antiviral agent” refers to a known antiviral selected from the
group comprising neuramidase inhibitors, polymerase complex inhibitors, endonuclease
inhibitor, hemaglutinin inhibitors, nucleoprotein inhibitors and a MEK inhibitors.
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A “neuraminidase inhibitor” is an antiviral drug targeted at influenza virus, which works by
blocking the function of the viral neuraminidase protein, thus preventing virus from being
released from the infected host cells, since the newly produced viruses cannot bud off from
the cell in which they have replicated. Also comprised are pharmaceutically acceptable salts
of a neuraminidase inhibitor. Preferred neuraminidase inhibitors are oseltamivir, zanamivir,
peramivir, laninamivir or a pharmaceutically acceptable salt of any of these substances, such
as oseltamivir phosphate, oseltamivir carboxylate, etc. The neuramidase inhibitors can be
oseltamivir, oseltamivir phosphate, zanamivir, peramivir or laninamivir or a pharmaceutically
acceptable salt thereof. Most preferred neuraminidase inhibitors are oseltamivir phosphate,

zanamivir, oseltamivir or peramivir

Compounds targeting polymerase or endonuclease activity via interfering with a component
of the viral polymerase complex, PB1, PB2, PA or NP are for example the NP blocker
nucleozin or the polymerase inhibitor T-705 (Favipiravir). The preferred “polymerase complex
inhibitors” are Baloxavir, Baloxavir phosphate, Baloxavir Marboxil, Favipiravir or Pimodivir or

a pharmaceutically acceptable salt thereof.

“‘MEK inhibitors” inhibit the mitogenic signaling kinase cascade Raf/MEK/ERK in cells orin a
subject by inhibiting the MEK (mitogen-activated protein kinase kinase). This signaling
cascade is hijacked by many viruses, in particular influenza viruses, to boost viral replication.
Specific blockade of the Raf/MEK/ERK pathway at the bottleneck MEK therefore impairs
growth of viruses, in particular influenza viruses. Additionally, MEK inhibitors show low
toxicity and little adverse side effects in humans. There is also no tendency to induce viral
resistance (Ludwig, 2009). The MEK inhibitors can be CI-1040, PD-0184264, PLX-4032,
AZD6244, AZD8330, AS-703026, GSK-1120212, RDEA-119, RO-5126766, RO-4987655,
PD-0325901, GDC-0973, TAK-733, PD98059 or PD184352, or a pharmaceutically
acceptable salt thereof. A combination with CI-1040 or PD-0184264 is considered as one

specific embodiment.
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Detailed Description of the Invention

As mentioned above, it is known that viral infection leads to the activation of a variety of
signaling processes in the infected cells. Some of these activities are necessary for an
efficient viral replication. The dependence of the viruses, specifically the Influenza A virus
(IAV), on cellular signaling pathways leads to the opportunity of a novel antiviral strategy by
targeting host factors that are essential for viral replication. IAV infection induces the
Raf/MEK/ERK kinase cascade for an efficient nuclear export of newly synthesized viral
ribonucleoproteins (vRNP) and this mechanism can be blocked with specific MEK-inhibitors.
Such antiviral strategies reduce the possibility of inducing viral resistance and enable a
larger timeframe for a further antiviral treatment. However, the detailed mechanism how this
cellular kinase cascade contributes to the nuclear export of the viral genome is still
enigmatic. For this reason, the role of the Raf/MEK/ERK/RSK signaling pathway in the
interaction of vRNPs with the viral M1 protein at the chromatin by using specific MEK-
inhibitors, such as CI-1040 (Haasbach et al., (2017) Antiviral. Res. 2017 142:178-184) and

RSK-inhibitors, such as BI-D1870, was studied in the present invention.

The invention is based on the object to provide substances for use in the prevention or
treatment of viral diseases, in particular prevention and/or therapy against intracellular
and/or intranuclear-replicating negative strand RNA viruses, such substances not being
immediately directed against functions of the virus, but selectively inhibiting a cellular

enzyme, and inhibiting via this selective effect the viral replication of viruses.

In the studies leading to the present invention, the molecular mode of action of RSK was
analysed in view of the interaction of vRNPs with the viral matrix protein (M1) at the
chromatin by using specific inhibitors against MEK (CI-1040) and RSK (BI-D1870), as well
as siRNAs against ERK and RSK. To gain insights into nuclear distribution of viral proteins,
chromatin fractionation assays and stochastic optical reconstruction microscopy (STORM)
was used, as can be seen from the Examples. To analyze putative phosphorylation targets
of the pathway in the viral proteins vRNPs were purified after inhibitor treatment and their

phosphorylation patterns were analyzed via mass spectrometry.

It could be shown that the inhibition of the pathway specifically blocks the export of the
vRNPs and does not generally influence CRM1 dependent nuclear export of other cellular
proteins, as exemplified by undisturbed export of RanBP1. This indicates that viral proteins
in the vVRNPs may be modified via the Raf/MEK/ERK pathway to promote nuclear export. the
location of the VRNP complexes within the nuclei of infected and inhibited cells was
investigated and a retention at the chromatin was found. Immunepurification of the vRNP

complexes revealed a reduced binding ability to the M1 protein in the presence of the kinase
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inhibitors. These results could be explained by a missing phosphorylation of the two serine
residues 269 and 392 within the viral nucleoprotein (NP), which under normal conditions
might induce the binding of the M1 protein to the vRNPs. It was further shown that the
kinase RSK, a downstream effector of the Raf/MEK/ERK pathway is a mediator of the
export-enhancing function. The inhibition of RSK led to titer reductions due to nuclear
retention of VRNPs for all tested influenza viruses, including the pandemic 2009 swine flu

H1NA1, the highly pathogenic bird flu viruses H5N1 and H7N9, as well as influenza B virus.

These results indicate that the Raf/MEK/ERK pathway is activated by influenza viruses to
successfully assemble the VRNP nuclear export complex at the chromatin by RSK-
dependent phosphorylation of the NP protein and providing an interaction site for the viral M1

protein.

In Example 1 it was shown that the Raf/MEK/ERK-pathway is dependent on phosphorylation
of a specific motif within the nucleoprotein. Under physiological conditions the Raf/MEK/ERK
kinase cascade transmits extracellular signals within the cell to promote cellular processes
like proliferation and differentiation. The signal is transmitted via sequential phosphorylation
of the protein kinases (Yoon, 2006). As shown in Figure 3, it was found that two Serine
residues showed a decreased phosphorylation state after inhibition of the pathway with MEK
inhibitor CI-1040. The crystallographic structure of a vRNP with bound RNA revealed that the
two Serine residues 269 and 392 are in close proximity to each other. As can be seen from
Figure 3B, the identified regions within the NP protein (LILRGS?*V, AIRTRS**?G) showed
no similarity to the consensus sequence of the Serine/Threonine-kinase ERK (Pro-Xaa-
Ser/Thr-Pro) ( (Gonzalez, 1991). Therefore it is unlikely that the identified Serine residues
are directly phosphorylated by the ERK kinase. The consensus sequences of the
downstream kinase 90 kDa ribosomal S6 kinase (RSK) (Arg/Lys-Xaa_Arg-Xaa-Xaa-Ser/Thr;
Arg-Arg-Xaa-Ser/Thr) showed higher identities to the identified NP regions (Romeo, 2012).

In Example 2, it is demonstrated that RSK1 acts as a link between the Raf/MEK/ERK-
pathway and VRNP export. To shed light on the question whether RSK is the link between
the activation of the Raf/MEK/ERK signaling pathway and the nuclear export of newly
synthesized vRNPs, its activation during the viral life cycle was analyzed. In the later stages
of the infection not only ERK but also RSK and its downstream target GSK-3R were
phosphorylated and activated (Fig.4 A). This activation could be blocked by incubation with
the RSK inhibitor BI-D1870, indicating that the virus induced RSK activation is mediated by
the Raf/MEK/ERK pathway (Fig.4B). In addition, there were no significant differences in
progeny viral titers between the CI-1040 treatment and the BI-D1870 and CI-1040
combinational treatment, further showing that RSK directly gets activated by the virus

induced Raf/MEK/ERK pathway (Fig.4 J). The inhibition of RSK with the specific inhibitor BI-
10
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D1870 after virus infection led to a concentration dependent reduction of the GSK-3R
phosphorylation, confirming its inhibitory effect on the RSK activation during the viral life
cycle. Furthermore, we found an increase of the ERK activation after the inhibition of RSK,
which can be explained by the inhibition of a negative feedback loop that under normal
conditions would prevent the overactivation of the pathway (Fig. 4K). Increasing

concentrations of the inhibitor BI-D1870 negatively affected the vRNP nuclear export.

In addition, to exclude off target effects of the RSK inhibitors, RSK1 and RSK2 knockdowns
were introduced in A549 cells and the effect on the viral life cycle were analyzed (Fig.4). The
RSK1 knockdown led to a nuclear retention of newly synthesized vRNPs whereas the RSK2
knockdown had no effect on the nuclear export (Fig.4 F-l). Within the multi replication
analysis the RSK1 knockdown had an antiviral effect, shown by the decrease of viral titers.
The RSK2 knockdown however seemed to have a proviral effect, as shown in Figure 5. This
supportive effect of the RSK2 knockdown on the viral replication was already described by
Kakugawa et al., 2009. This points out that the two RSK subtypes RSK1 and RSK2 have

different roles within the influenza virus life cycle.

Further, in Example 3, it was shown that MEK- and RSK-inhibitors specifically block vRNP
export, without interfering with the export of other proteins. Unlike Leptomycin B, which very
specifically blocks the nuclear export pathway, RSK and MEK inhibitors were found to have
no general effect on the nuclear export pathway but are more specific against the export of
the vRNPs as shown in Figure 6.

Finally, in Example 4 it was found that the RSK inhibitor BI-D1870 has a broad anti-influenza
activity. Here different influenza A subtypes, including a swine origin pandemic virus and
avian influenza viruses, and an influenza B virus to determine the broad anti-viral activity. All
tested viruses showed a nuclear retention of newly synthesized vRNPs and a reduction of
progeny viral titers of around 80 to 90%. These results clarify the dependence of the
influenza virus on the Raf/MEK/ERK/RSK pathway (Fig. 7) and the role of RSK as an

effector in this cascade.

From these experiments, it was concluded that the kinase Rsk, particularly the isoform Rsk1
(SEQ ID NO:1 and 2), is the downstream mediator of the Raf/MEK/ERK pathway and most
likely directly phosphorylates the viral nucleoprotein, which is the major constituent of the
VvRNP complexes. This posttranslational modification appears to be required for the vRNP
export. Thus inhibitors of Rsk have antiviral activity against viruses by preventing export of
viral genomes from the nucleus. This is an unexpected finding, because preexisting literature
says that Rsk inhibition, in particular Rsk2 knock-down, exerts a virus supportive effect
(Kakugawa et al. (2009) J Virol.;83(6):2510-7).
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Surprisingly, it has been found that this object can be achieved by an RSK inhibitor according
to the invention, in particular by pharmaceutical compositions comprising a RSK1 inhibitor

compound.

As mentioned above, human RSK (p90 ribosomal S6 kinase) is present in four different
isoforms, termed RSK1, RSK2, RSK3 and RSK4. An alignment of the four isoforms shown
as Figure 1 on an amino acid level and Figure 2 on a nucleotide level reveals that these four
forms are highly conserved but also have specific regions of diversity. While RSK family
members are generally viewed as multifunctional effectors of the Ras/MAPK pathway,
individual isoforms appear to possess both overlapping and specific functions. While RSK1
and RSK2 play roles in cell growth and proliferation, RSK3 and RSK4 have been associated
to cell cycle arrest and apoptosis. In the present invention it was found that inhibition of
RSK1 alone has an anti-viral effect, while inhibition of RSK2 alone has a pro-viral effect.
However, when a general RSK inhibitor, such as BI-D1870 or SL0101 is used, the inhibition
has an antiviral effect, so it seems that the pro-viral activity of RSK1 is dominant over the
anti-viral effect of RSK2. This is in line with the experimental evidence that only RSK1, not
RSK2 is involved in the nuclear export of VRNPs. Thus both a specific RSK1 inhibitor and a

general RSK inhibitor have an anti-viral effect.

These experiments revealed different contributions of the isoforms RSK1 and RSK2 to the
viral life cycle. RSK2 has an anti-viral effect, whereas RSK1 obviously seems to act virus
supportive. Upon its activation at the plasma membrane and the cytosol, RSK1 translocates
into the nucleus. If RSK1 is the kinase phosphorylating NP, its cellular distribution should
change during the viral life cycle, depending on the virus induced activation of the
Raf/MEK/ERK pathway. To address this hypothesis, as described in Example 5, A549 cells
were either mock infected or infected with the WSN/H1N1 virus and the localization of NP
and RSK1 was analyzed by immunofluorescence staining. As expected, in the later time
points of the infection an increase in the nuclear localization of RSK1 can be seen (Fig. 8 A).
The quantification of three independent experiments revealed a significant change in the
nuclear concentration of RSK1 from 35.58 % + 0.59 % for the mock infection to 57.73 % %
1.47 % for the virus infection after 9 h (Fig. 8 B), especially when the NP export took place
(Fig. 8 A,C). Indicating that the virus induces the nuclear import of RSK1.

After it was confirmed that RSK1 enters the nucleus during the viral life cycle, the question
was addressed whether virus induced activation of the Raf/MEK/ERK pathway would result
in a nuclear localization of the anti-viral RSK2. Generally, the activation of the Raf/MEK/ERK-
pathway results in the translocation of RSK1 and RSK2 into the nucleus. Therefore, the
same experiment as described in Example 5 was conducted but the localization of RSK2

was analyzed, as described in Example 6. In contrast to RSK1, no change in the subcellular
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distribution of RSK2 was found, independently of the time point during the viral infection (Fig.
9 A,B). These results show, that the virus specifically induces the translocation of the virus

supportive RSK1 without influencing the cellular distribution of antiviral acting RSK2.

After the specific translocation of RSK1 was discovered, the question did arise whether the
RSK upstream kinase ERK1/2 might enter the nucleus due to the viral pathway induction.
Surprisingly, as described in Example 7, no effect on the ERK1/2 localization can be seen
after viral infection, independently of the analyzed time point (Fig. 10 A,B).

To exclude unspecific staining of RSK2 and ERK1/2 the Raf/MEK/ERK-pathway was
stimulated with TPA as described in Example 8. It is known that the incubation with TPA
leads to the activation of the Raf/MEK/ERK-pathway resulting in the nuclear localization of
ERK1/2 and RSKs within minutes after the stimulation. Both kinases were found in the nuclei
after an incubation with 100 nM TPA for 1h, confirming that the staining is specific (Fig. 11
A,C). The quantification revealed nuclear accumulation of ERK1/2 from 27.99 % + 1.97 % for
the unstimulated samples to 48.02 % = 2.25 % for the TPA-stimulated samples. The effect
on the RSK2 kinase was not as prominent as for ERK1/2, with 29.37 % £ 1.15 % for the
unstimulated samples to 34.89 % £ 0.67 % for the TPA-stimulated samples (Fig. 11 B,D).

Taken together, during the viral life cycle RSK1 enters the nucleus of the infected cell and
acts virus supportive, most likely via phosphorylation of NP. This translocation is mediated by
the activation of the Raf/MEK/ERK-pathway. Additionally, the virus appears to prevent

nhuclear localization of ERK1/2 and the anti-viral RSK2.

A major problem of anti-viral strategies directly targeting the virus particle is the introduction
of resistant virus variants. Long-term exposure to such anti-viral drugs provokes the
emergence of mutations that lead to a reduced drug susceptibility. One group of anti-viral
drugs is represented by the neuraminidase inhibitors, like Oseltamivir. It binds to
neuraminidases exposed on the surface of infected cells leading to a conformational change
of the active site by creating a binding pocket. The inhibitory effect is reduced by mutations
within the neuraminidase, e.g. H275Y, E119D, 1223R. A second group are polymerase
inhibitors, like Baloxavir. This cap-dependent endonuclease inhibitor blocks the cap-
shatching process of the PA subunit. Reduced susceptibility to Baloxavir marboxil can

especially occur after the amino acid substitution 138T.

To compare the ability of antiviral drugs targeting the virus particle directly (Oseltamivir,

Baloxavir) or acting antiviral via inhibition of the RaffMEK/ERK/RSK pathway (CI-1040, BI-

D1870) to induce resistance virus variants, A549 cells were infected with the WSN/H1N1

virus using a MOI of 0.01 as described in Example 9. Directly after infection, cells were

treated with the different inhibitors or DMSO. 24 h p.i. progeny viral titers were determined by
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standard plaque titration. For the following rounds A549 cells were infected with the virus
supernatants (MOI 0.01) of the previous round and titers were determined 24 h p.i. The
inhibitor concentrations were increased to enhance the inhibitory effect and provoke the
occurrence of mutations. The increasing concentrations of CI-1040 and BI-D1870 resulted in
decreasing viral titers. Compared to the DMSO control, the titers were reduced in the first
round using a 1 UM inhibitor concentration by 64.75 % = 0.32 % and by 35.08 % £ 3.20 % for
CI-1040 or BI-D1870, respectively. With increasing inhibitor concentrations, the titers did
further reduce, up to round 4. At that point, both inhibitors were used in a concentration of 8
MM. From round 5 to round 12 CI-1040 and BI-D1870 were used with concentrations of 10
MM. Within round 5 to round 12 the average titer of the CI-1040 treatment was calculated
with 8.45 % % 3.41 % compared to the DMSO control. The average titer of the BI-D1870
treatment within round 5 to round 12 was calculated with 12.27 % + 6.36 %. Neither a
constant increase in the viral titers, nor a change in the plaque morphology was found for any
time point during the 12 rounds, indicating that no resistance introducing mutation did occur.
A complete resistance was found after 5 rounds of Oseltamivir treatment. At that point, an
inhibitor concentration of 16 uM was used. At round 9 the titers started to decrease up to
48.30 % £ 11.42 %. This effect was accompanied by an increasing reduction in the plaque
size. The average titer of the Baloxavir treatment from round 1 to round 9 was calculated with
8.08 % = 4.10 %. A tendency in the titer increase started at round 10 with an average titer of
28.39 % £ 1.88 %. At round 12 the average titer further increased up to 46.94 % + 1.03 %
(Fig. 12).

These results support the finding that long-term treatment with the MEK- or RSK-inhibitors
does not introduce a resistance in viruses.

These and former results within this study indicate that MEK- and RSK-inhibitors are suitable
drugs against virus infections, such as an influenza virus infection. They are well tolerated by
the cells, without cytotoxic effects, show a broad anti-viral activity and seem not to promote

the occurrence of resistant virus variants

Hence, in an aspect, the present invention provides a method for the prophylaxis and/or
treatment of a viral disease comprising administering an RSK inhibitor to a patient in need

thereof.

In an aspect, the method of the invention is for the prophylaxis and/or treatment of a viral
disease which is an infection caused by negative RNA strand virus. More preferably, the viral
disease is caused by an influenza virus, even more preferably is caused by influenza A or B
viruses. Influenza A viruses are for example H1N1, H3N2, H5N1, H7N7, H7NS or HON2.

In another aspect, the method of the invention is for the prophylaxis and/or treatment of a

14



10

15

20

25

30

WO 2020/188034 PCT/EP2020/057621

viral disease which is an infection caused by positive strand RNA virus such as, for example,
Coronaviruses such as SARS-CoV, MERS-CoV or SARS-CoV-2 that cause respiratory tract
infections such as SARS, MERS or Covid19.

The RSK inhibitors of the invention are selected preferably from BI-D1870, SL0101, LJH685,
LJI308, BIX 02565, FMK and a selective RSK1 inhibitor or a derivative, metabolite or

pharmaceutically acceptable salt thereof.

Specifically, BI-D1870 is known to be a potent and specific inhibitor of the p90 ribosomal S6
kinase (RSK) isoforms in vitro and in vivo, which inhibits RSK1, RSK2, RSK3 and RSK4 in
vitro (IC50 values 31 nM, 24 nM, 18 nM, and 15 nM, respectively). (GP Sapkota et al. BI-
D1870 is a specific inhibitor of the p90 RSK (ribosomal S6 kinase) isoforms in vitro and in
vivo. Biochem. J. 2007, 401, 29-38).

SL-0101 is a cell-permeable Kaempferol (Cat. No. 420345) glycoside that targets the N-
terminal kinase domain of p90 ribosomal S6 kinase and inhibits RSK kinase activity (IC50 =
89 nM with 10 uM ATP) in a selective, reversible, and ATP-competitive (Ki = 1 uM) manner.
SL-0101 was shown to inhibit the proliferation of MCF-7, but not the normal breast cell line
MCF-10A, and specifically block PDB-induced cellular phosphorylation of RSK substrate
p140, but not that of RSK or RSK upstream kinases even at concentrations as high as 100
MM,

All of the known RSK inhibitors listed above inhibit all 4 isoforms of RSK. However, one aim
of the present invention is to provide a specific RSK1 inhibitor that is capable of blocking
RSK1 without affecting RSK2, RSK3 or RSK4. A method of identifying an RSK1 inhibitor is to
perform a screen for substances that bind to RSK1 (SEQ ID NO:1 and 2) but not to RSK2
(SEQ ID NO:3 and 4), RSK3 (SEQ ID NO:5 and 6) or RSK4 (SEQ ID NO:7 and 8).

In the medical uses of the invention, the RSK inhibitor may be administered orally,
intravenously, intrapleurally, intramuscularly, topically or via inhalation. Preferably, the RSK

inhibitor is administered via nasal inhalation or orally to a subject or patient.

The subject or patient of the invention is a mammal or a bird. Examples of suitable mammals
include, but are not limited to, a mouse, a rat, a cow, a goat, a sheep, a pig, a dog, acat, a
horse, a guinea pig, a canine, a hamster, a mink, a seal, a whale, a camel, a chimpanzee, a
rhesus monkey and a human. Examples of suitable birds include, but are not limited to, a
turkey, a chicken, a goose, a duck, a teal, a mallard, a starling, a Northern pintail, a gull, a
swan, a Guinea fowl or water fowl, to name a few. Human patients are a particular

embodiment of the present invention.
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The pharmaceutical composition comprising the RSK inhibitor may be in the form of orally
administrable suspensions or tablets; nasal sprays, sterile injectable preparations
(intravenously, intrapleurally, intramuscularly), for example, as sterile injectable aqueous or
oleaginous suspensions or suppositories. When administered orally as a suspension, these
compositions are prepared according to techniques available in the art of pharmaceutical
formulation and may contain microcrystalline cellulose for imparting bulk, alginic acid or
sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, and
sweeteners/flavoring agents known in the art. As immediate release tablets, these
compositions may contain microcrystalline cellulose, dicalcium phosphate, starch,
magnesium stearate and lactose and/or other excipients, binders, extenders, disintegrants,
diluents, and lubricants known in the art. The injectable solutions or suspensions may be
formulated according to known art, using suitable non-toxic, parenterally acceptable diluents
or solvents, such as mannitol, 1,3-butanediol, water, Ringer's solution or isotonic sodium
chloride solution, or suitable dispersing or wetting and suspending agents, such as sterile,
bland, fixed oils, including synthetic mono- or diglycerides, and fatty acids, including oleic

acid.

In the treatment methods and medical uses of the invention, the RSK inhibitor is
administered in a therapeutically effective amount. The “therapeutically effective amount” can
vary with factors including but not limited to the activity of the compound used, stability of the
active compound in the patient’s body, the severity of the conditions to be alleviated, the total
weight of the patient treated, the route of administration, the ease of absorption, distribution,
and excretion of the compound by the body, the age and sensitivity of the patient to be
treated, adverse events, and the like, as will be apparent to a skilled artisan. The amount of

administration can be adjusted as the various factors change over time.

In addition, the RSK inhibitor may be administered together with a second antiviral agent.
The second antiviral agent may be administered prior to, concomitantly with or after the
administration of the RSK inhibitor. In addition, the RSK inhibitor and the second antiviral
agent may be administered in one dosage form or in two separate dosage forms. It is also
contemplated that the RSK inhibitor may be administered together with two or more antiviral

agents.

The second antiviral agent may be any known antiviral. The second antiviral agent may be
selected from the group comprising neuramidase inhibitors, polymerase complex inhibitors,

endonuclease inhibitor hemaglutinin inhibitors, nucleoprotein inhibitors and MEK inhibitors.

Preferred neuramidase inhibitors can be oseltamivir, oseltamivir phosphate, zanamivir,

peramivir or laninamivir or a pharmaceutically acceptable salt thereof. A combination with
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oseltamivir is considered as one specific embodiment.

Preferred polymerase complex inhibitors can be Baloxavir, Baloxavir phosphate, Baloxavir

Marboxil, Favipiravir or Pimodivir or a pharmaceutically acceptable salt thereof.

Preferred MEK inhibitors can be CI-1040, PD-0184264, PLX-4032, AZD6244, AZD8330, AS-
703026, GSK-1120212, RDEA-119, R0O-5126766, RO-4987655, PD-0325901, GDC-0973,
TAK-733, PD98059 or PD184352, or a pharmaceutically acceptable salt thereof. A

combination with CI-1040 or PD-0184264 is considered as one specific embodiment.
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Description of the Figures
Figure 1 shows an alignment of RSK1-4 on an amino acid level.
Figure 2 shows an alignment of RSK1-4 on a nucleotide level.

Figure 3: shows phosphorylation sites of NP at residues S269 and S392 that are
phosphorylated upon Raf/MEK/ERK- activation (A, C) as described in Example 1. In addition,
(B) shows a comparison of ERK and RSK consensus sequences. Figure (D) shows the RNA
binding sites of the M1 protein with a positively charged Histidine as described in Example 1,
and Figure (F) shows the growth kinetics of constitutive non-phosphorylated (NP) mutants
versus wild-type (wt), while Figure (G) shows the growth kinetics of M1 Histidine mutants

versus wild-type (wt).

Figure 4 (A-H) show decreased M1-NP binding upon RSK-inhibition and nuclear retention
of progeny VRNPs upon RSK-inhibition or RSK1 knockdown, as demonstrated in Example 2.
(I-P) show that the specific RSK-inhibitors BI-D1870 and SL0101-1 inhibit viral propagation

as described in Example 2.

Figure 5 shows BI-D1870 treatment results in chromatin retention of progeny vRNPs and

decreased binding rates with the M1 protein as described in Example 2.

Figure 6 (A, B) shows that pathway inhibition acts specific against nuclear export of viral
proteins, specifically that the Raf/MEK/ERK/RSK-pathway inhibitors CI-1040 and BI-D1870
act specific on the nuclear export of viral proteins without introducing resistant virus
variances as described in Example 3. In addition, (C, D) shows a comparison of CI-1040, BI-

D1870, Oseltamivir and Baloxavir administered in increasing concentrations.

Figure 7 shows the broad antiviral effect of RSK-inhibition (A-P) as well as a comparison of
the NP regions of different influenza viruses (Q) and the cristallographic structure of
Influenza A and B (R).

Figure 8 shows RSK1 nuclear localization during the WSN/H1N1 infection. (A) A549 cells
were infected with WSN/H1N1 (MOI 5) or mock infected. After the indicated time points the
cells were fixed and cellular localization of VRNPs (NP-Alexa-488) and RSK1 (Alexa-561)
was analyzed by epifluorescence microscopy. Nuclei were stained with Dapi. Dashed
squares indicate zoom-in areas. Shown are representative epifluorescence microscopy
pictures of single focal planes. Results of one out of three independent experiments are
shown. Scale bar represents 50 uym. (B, C) Quantification of the cellular localization of NP
and RSK1 from (A). 10 epifluorescence microscopy pictures of each sample were analyzed

in terms of the NP and RSK1 localization using the ImageJ “Intensity Ratio Nuclei Cytoplasm
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Tool”. Results are depicted as means £ SD of three independent experiments. Statistical
significance was analyzed by unpaired f-test with Welch’s correction for each time point

separately (ns p > 0.05; ** p < 0.01).

Figure 9 shows no change in the RSK2 cellular localization during the WSN/H1N1 infection.
(A) A549 cells were infected with WSN/H1N1 (MOI 5) or mock infected. After the indicated
time points the cells were fixed and cellular localization of vVRNPs (NP-Alexa-488) and RSK2
(Alexa-561) was analyzed by epifluorescence microscopy. Nuclei were stained with Dapi.
Dashed squares indicate zoom-in areas. Shown are representative epifluorescence
microscopy pictures of single focal planes. Results of one out of three independent
experiments are shown. Scale bar represents 50 um. (B, C) Quantification of the cellular
localization of NP and RSK2 from (A). 10 epifluorescence microscopy pictures of each
sample were analyzed in terms of the NP and RSK2 localization using the ImageJ “Intensity
Ratio Nuclei Cytoplasm Tool”. Results are depicted as means + SD of three independent
experiments. Statistical significance was analyzed by unpaired t-test with Welch’s correction

for each time point separately (ns p > 0.05; ** p < 0.05).

Figure 10 shows no change in the ERK1/2 cellular localization during the WSN/H1N1
infection. (A) A549 cells were infected with WSN/H1N1 (MOI 5) or mock infected. After the
indicated time points the cells were fixed and cellular localization of vRNPs (NP-Alexa-488)
and ERK1/2 (Alexa-561) was analyzed by epifluorescence microscopy. Nuclei were stained
with Dapi. Dashed squares indicate zoom-in areas. Shown are representative
epifluorescence microscopy pictures of single focal planes. Results of one out of three
independent experiments are shown. Scale bar represents 50 ym. (B, C) Quantification of
the cellular localization of NP and ERK1/2 from (A). 10 epifluorescence microscopy pictures
of each sample were analyzed in terms of the NP and ERK1/2 localization using the ImageJ
“Intensity Ratio Nuclei Cytoplasm Tool”. Results are depicted as means + SD of three
independent experiments. Statistical significance was analyzed by unpaired t-test with

Welch's correction for each time point separately (ns p > 0.05).

Figure 11 shows that stimulation with TPA results in nuclear localization of RSK2 and
ERK1/2. (A,C) A549 cells were stimulated with TPA (200 nM). The solvent DMSO served as
negative control. After 1 h the cells were fixed and cellular localization of RSK2 or ERK1/2
(Alexa-561) was analyzed by epifluorescence microscopy. Nuclei were stained with Dapi.
Dashed squares indicate zoom-in areas. Shown are representative epifluorescence
microscopy pictures of single focal planes. Results of one out of three independent
experiments are shown. Scale bar represents 50 um.(B,D) Quantification of the cellular
localization of RSK2 or ERK1/2 from (A,C). 15 epifluorescence microscopy pictures of each

sample were analyzed in terms of the RSK2 localization using the ImageJ “Intensity Ratio
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Nuclei Cytoplasm Tool”. Results are depicted as means * SD of three independent
experiments. Statistical significance was analyzed by unpaired t-test with Welch’s correction
(** p<0.01).

Figure 12 shows that long-term treatment with the MEK- or RSK-inhibitors CI-1040 or BI-
D1870 does not introduce a resistance in WSN/H1N1. (A) A549 cells were infected with
WSN/H1N1 (MOI 0.01) and treated with the MEK-inhibitor CI-1040, the RSK-inhibitor BI-
D1870, the viral NA-inhibitor Oseltamivir acid or the viral cap-dependent endonuclease
inhibitor of the polymerase subunit PA Baloxavir marboxil. 24 h p.i. progeny viral titers were
determined by standard plaque titration. During the following rounds fresh A549 cells were
infected with the collected supernatants (MOI 0.01) and ftreated with increasing
concentrations of the different inhibitors. The rounds at which the concentrations remained
constant are marked by arrowheads. The solvent DMSO (1 %) served as negative control.
Shown are relative viral titers. Titers of the DMSO control were arbitrary set to 100% (marked
by dashed line). Data represents means * SD of two independent experiments. Each
experiment was performed in triplicates. Statistical significance was calculated by two-way
ANOVA followed by Bonferroni post-test (*** p < 0.001). (B) Overview of the inhibitor
concentrations used for each round. At round 5 (CI-1040, BI-D1870) or round 6 (Oseltamivir,

Baloxavir) the concentrations remained constant.
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Examples

Example 1: Raf/MEK/ERK-pathway dependent phosphorylation of a specific motif
within the nucleoprotein

Under physiological conditions the RaffMEK/ERK kinase cascade transmits extracellular
signals within the cell to promote cellular processes like proliferation and differentiation. The
signal is transmitted via sequential phosphorylation of the protein kinases (Yoon, 2006). To
analyse putative phosphorylation sites within the viral NP protein, HEK293T cells were
infected with a recombinant WSN/H1N1 virus expressing a Strep-tagged PB2 protein (MOI 5)
and treated 3 h p.i. (post infection) with DMSO (1%) or CI-1040 (10 puM). 7 h p.i. the vRNPs
were purified out of a total protein lysate. Phosphorylation pattern of the DMSO control and
the CI-1040 samples were analyzed by mass spectrometry. Two Serine residues with a
decreased phosphorylation state after inhibition of the pathway with MEK inhibitor CI-1040
could be identified. The crystallographic structure of a vRNP with bound RNA revealed that
the two Serine residues 269 and 392 are in close proximity to each other near the nuclear
export signals (NES) and the RNA-binding groove of NP. A vRNA loop (VRNA represented
by spheres) surrounds both amino acids. Furthermore S269 is located within the NES2 and
S392 is located near the NES2 and NES3 of the nucleoprotein (Fig. 3A). This loop is
directed towards the inside of the helical vVRNP complex (Fig. 3). The cryo-electron
reconstruction of a helical part of the influenza virus A/Wilson-Smith(WSN)/1933 (H1N1)
ribonucleoprotein shown in Fig. 3C was obtained from Protein Data Bank (PDB) ID 4BBL
(Arranz et al., 2012). The identified regions within the NP protein (LILRGS?*V, AIRTRS**?G)
showed no similarity to the consensus target sequence of the Serine/Threonine-kinase ERK
(Pro-Xaa-Ser/Thr-Pro) as shown in Figure 3B, which provides a comparison of the ERK
(Gonzalez et al.,, 1991) and RSK (Romeo et al., 2012) consensus sequences with the
identified phosphorylation motifs. Therefore it is unlikely that the identified Serine residues
are directly phosphorylated by the kinase ERK. The consensus sequences of the
downstream kinase 90 kDa ribosomal S6 kinase (RSK) (Arg/Lys-Xaa_Arg-Xaa-Xaa-Ser/Thr;
Arg-Arg-Xaa-Ser/Thr) showed higher identities to the identified NP regions (Romeo, 2012).
WSN mutants with non-phosphorylatable amino acids (aa) at the positions 269 and 392
(S269A, S392A, S269A/S392A) were generated to study the importance of these residues
on the viral life cycle. It should be taken into account, that phospho-mimicking mutants could
not be rescued, indicating that permanent negative charges at these positions are not
tolerated by the virus. As can be seen from Figure 3D, the RNA-binding sites of the M1
protein revealed a comparable shape to the identified vVRNP loop. A positively charged
Histidin (H110) that could interact with the phosphorylated serine residues is depicted in the

bottom line and shown in Figure 3E. The crystallographic structure of the influenza virus
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A/Puerto Rico/8/1934 (H1N1) M1 protein N-terminal domain was obtained from Protein Data
Bank (PDB) ID 1EA3 (Arzt et al., 2001). Structural comparison of the vRNA loop with the
RNA-binding site of the M1 protein revealed a comparable shape with a positively charged
Histidine. We hypothesize that this Histidine might interact with the negative charges of the
phosphorylated Serine residues. WSN mutants mimicking neutral (H110A) and negative
(H110D) charges were generated and the results are shown in Figures 3F and 3G, where
the growth kinetics of constitutive non-phosphorylated WSN-NP (S269A, S392A,
S269A/S392A) and WSN-M1 (H110D, H110A) mutants are presented. Here, A549 cells were
infected with the different WSN virus mutants or the wildtype virus (MOI 0.01). 8h, 24h and
32h p.i. progeny virus titers were determined by standard plaque assay. Data represents
mean of three independent experiments. Each experiment was performed in triplicates.

Statistical significance was evaluated by two-way ANOVA followed by Bonferroni post-test.

Example 2: RSK1 as a link between the Raf/MEK/ERK-pathway and vRNP export

To shed light on the question whether RSK is the link between the activation of the
Raf/MEK/ERK signaling pathway and the nuclear export of newly synthesized vRNPs, its
activation during the viral life cycle was analyzed. This activation could be blocked by
incubation with the MEK inhibitor CI-1040, indicating that the virus induced RSK activation is
mediated by the Raf/MEK/ERK pathway. Specifically, A549 cells were infected with
WSN/H1N1 (MOI 5). Cells were lysed 7h and 9h p.i. and cell lysates were used for western
blot analysis of the phosphorylation state of ERK1/2, RSK1 and GSK-3. Viral replication
was determined by protein expression of PB1, NP and M1. Tubulin was detected as loading
control. Results of one out of two independent experiments are shown in Figure 4A. In the
later stages of the infection not only ERK but also RSK and its downstream target GSK-3
were phosphorylated and activated (Fig.4A). In a further experiment, cells were treated with
DMSO (1%) or indicated concentrations of BI-D1870 at 3 h p.i.. Cells were lysed 7h p.i. and
cell lysates were used for western blot analysis of the phosphorylation state of ERK1/2 and
GSK-3B. Viral replication was determined by protein expression of PB1, NP and M1. Tubulin
was detected as loading control. Results of one out of three independent experiments are

shown in Figure 4B.

In a further experiment, cells were treated with DMSO (1%), CI-1040 (10 uM) or BI-D1870
(15 pM) 3 h p.i. and the results are shown in Figures 4C, 4D and 4E. 9h p.i. cells were fixed
and localization of yRNPs (NP-Alexa488) and (C) PA (Alexa-561), (D) M1 (Alexa-561) or (E)
NEP (Alexa-561) was analyzed by epifluorescence microscopy. Nuclei were stained with
Dapi. Epifluorescence microscopy pictures of single focal planes are shown as
representative images of (C,D) three or (E) two independent experiments, with a scale bar

representing 20 M.
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In a further experiment to exclude off-target effects of the RSK inhibitors, RSK1 and RSK2
were targeted by siRNA-mediated knockdown in A549 cells and the effect on the viral life
cycle was analyzed as shown in Figure 4F. Specifically, A549 cells were transfected with
the indicated concentrations of siRNA against RSK1 or RSK2. Untransfected and control
transfected cells served as negative controls. 48 h post-transfection (p.t.) the total protein
amount of RSK1, RSK2 and ERK1/2 was determined by western blot analysis. Tubulin was
detected as loading control. As shown in Figure 4G, A549 cells on cover glasses were
transfected using siRNA concentrations of 100 nM. 48 h p.t. cells were infected with
WSN/H1N1 (MOI 5). Cells were fixed 9 h p.i. and localization of vRNPs (NP-Alexa488) and
M1 (Alexa-561) was analyzed by epifluorescence microscopy. Nuclei were stained with
Dapi. Epifluorescence microscopy pictures of single focal planes are shown as
representative images of three independent experiments using a scale bar which represents
20 ym. The data show, that exclusively RSK1 knockdown, but not knockdown of RSK2 led

to a retention of vRNPs in the nucleus of infected cells.

Further, as shown in Figure 4H, a RSK1 or RSK2 knockdown was introduced in A549 cells
using siRNA concentrations of 100 nM. 48 h p.t. cells were infected with WSN/H1N1 (MOI
0.01). Progeny virus titers were determined 24 h p.i. by standard plagque assay. Titers of
control siRNA were set to 100%. In addition, absolute viral titers are depicted in PFU/mI.
Shown are means + SD of three independent experiments. Each experiment was performed
in triplicates. Statistical significance was analyzed by paired two-tailed t-test (* p < 0.05; ** p
< 0.01, *** p < 0.001). Consistent with the effects of knockdown on the nuclear export it was
found that within the multi replication analysis the RSK1 knockdown had an anti viral effect,
shown by the decrease of viral titers. The RSK2 knockdown however seemed to have a
slight proviral effect. This supportive effect of the RSK2 knockdown on the viral replication
was already described by Kakugawa et al., 2009. This points out that the two RSK subtypes

RSK1 and RSK2 have different roles within the influenza virus life cycle.

In a further Experiment, A549 cells were infected with WSN/H1N1 (MOI 5). 3 h p.i. cells
were treated with DMSO (1%) or CI-1040 (10 uM). Untreated cells served as negative
control. Cells were lysed 7h and 9h p.i. and cell lysates were used for western blot analysis
of the phosphorylation state of ERK1/2 and RSK1. Viral replication was determined by
protein expression of PB1, NP and M1. Tubulin was detected as loading control. Results of

one out of three independent experiments are shown in Figure 4l. Furthermore, an increase
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of the ERK activation after the inhibition of RSK was found, which can be explained by the
inhibition of a negative feedback loop that under normal conditions would prevent the

overactivation of the pathway (Fig. 4l).

In another experiment shown in Figure 4J, A549 cells were infected with WSN/H1N1 (MOI
0.01). After infection cells were treated with BI-D1870 (10 uM), CI-1040 (10 uM), a
combination of both inhibitors (each 10 pM) or solvent control DMSO (0.2%). 24 h p.i.
progeny virus titers were analyzed by standard plaque assay. Data represents mean of four
independent experiments. Each experiment was performed in duplicates. Statistical
significance was evaluated by two-way ANOVA followed by Bonferroni post-test (ns p > 0.05;
**p <0.01, ** p <0.001). It was shown that there were no significant differences in progeny
viral titers between the CI-1040 treatment and the BI-D1870 and CI-1040 combinational
treatment, further showing that MEK and RSK get sequentially activated within the same

pathway, namely the virus induced Raf/MEK/ERK pathway (Fig.4 J).

The inhibition of RSK with the specific inhibitor BI-D1870 after virus infection led to a
concentration dependent reduction of the GSK-3R phosphorylation, confirming its inhibitory
effect on the RSK activation during the viral life cycle. Increasing concentrations of the
inhibitor BI-D1870 negatively affected the vRNP nuclear export. To analyze the antiviral
effect of RSK inhibitors we used BI-D1870 as well as SL0101-1 and determined the progeny
virus titers after 24 h treatment with increasing concentrations from 1.56 yuM to 100 uM (Fig.
4K, N). Both inhibitors reduced the viral titers but BI-D1870 (EC50=2.808 uM) showed a
higher effectiveness against the influenza infection than SL0101-1 (EC50=10.54 pM)
(Fig.4L, O). Specifically, A549 cells were infected with WSN/H1N1 (MOI 0.01). After infection
cells were treated with the depicted concentrations of BI-D1870 (I), SL0O101-1 (L) or DMSO
(0.1%). 24 h p.i. progeny virus titers were analyzed by standard plaque assay. Titers of
DMSO-treated cells were set to 100%. Data represents mean of three independent
experiments. Each experiment was performed in triplicates. Statistical significance was
evaluated by one-way ANOVA followed by Dunnett’s multiple comparison test (*** p <
0.001). The results are shown in Figure 4K and 4N). Furthermore, in Figures 4L and 40,
progeny virus titers from (I,L) were used to calculate ECs, values. Finally, in Figures 4M and
4P, A549 cells were treated with depicted concentrations (L) of BI-D1870. 24 h p.i. cell
viability and cell membrane integrity was measured with the LDH cytotoxicity assay. Data in

combination with (E) were used to calculated CCs; values.

Chromatin fractionation assays after Strep-PB2-WSN virus infection and RSK inhibition were
conducted to reveal the effect on the vRNP-M1 interaction. A549 cells were infected with
Strep-PB2-WSN/H1N1 (MOI 5). 2.5 h post-infection (p.i.) cells were incubated with DMSO (1
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%) or BI-D1870 (10 pM). 7 h p.i. cells were fractionated and the vRNP-complexes were
purified out of the fractionated lysates by the PB2-Strep-Tag. The protein amounts of Strep-
PB2, PB1, PA, NP and M1 were verified by western blot analysis. Results of one out of three
independent experiments are shown. The BI-D1870 treatment led to comparable results with
the CI-1040 inhibitor as shown in Figure 5A. In Figure 5B, Total protein amounts of the
fractionated cell lysates from Figure 5A were analysed by western blot. A decreased amount
of M1 was co-purified with the Strep-PB2-vRNPs in the RSK inhibited samples, as well as
higher protein amounts within the ch500 dense chromatin fraction (Fig. 5B). Additionally,
protein amounts of total cell lysates from Figure 5A were analysed by western blot. The
phosphorylation state of ERK was analyzed by using an ERK specific antibody. The
phosphorylation state of GSK-3p was analyzed by using a phospho-GSK and a GSK specific
antibody. LaminA/C was detected as loading control. phospho-ERK blots in Figure 5C
shows the induction of the ERK1/2 phosphorylation state due to the inhibited negative
feedback loop (Fig. 5C).

Example 3: Specific VRNP export block by MEK- and RSK-inhibitors

Leptomycin B broadly blocks the active nuclear export pathway by alkylating and inhibiting
the major cellular export factor Crm1. This process is irreversible though cells inhibited will
die. As a control for the cellular Crm1 export pathway we used the Ran binding protein
RanBP1. With 23-kDa RanBP1 is small enough to diffuse through the nuclear pores within
the nucleus. It was shown that a high nuclear concentration of RanBP1 is toxic for the cells.
Therefore it has to be exported permanently back in the cytoplasm by the Crm1-pathway.
Leptomycin B leads to a nuclear accumulation of RanBP1 and can be used as a control for
the general block of the Crm1 export pathway (Plafker, 2000). We used the MEK inhibitors
CI-1040 and ATR-002 and the RSK inhibitors BI-D1870 and SL0101-1 to examine their effect
on the Crm1 pathway. Cells were infected with the influenza A/WSN (H1N1) virus and
treated with the inhibitors. 9 h p.i. the immunofluorescence staining was conducted.
Specifically, A549 cells were infected with WSN/H1N1 (MOI 5). 3 h p.i. cells were treated
with MeOH (0.1%), Leptomycin B (LMB) (5 nM), DMSO (1%), CI-1040 (10 uM) or BI-D1870
(15 uM). Sh p.i. cells were fixed and cellular localization of VRNPs (NP-Alexa488) and
RanBP1 (Alexa561) was analyzed by epifluorescence microscopy as shown in Figure 6A,
where nuclei were stained with Dapi, dashed squares represent zoom-in areas and the scale
bar represents 20uM. The quantificational analysis revealed a nuclear retention of the viral
NP protein for all tested inhibitors. Approximately 1000 cells for each substance of Figure 6A
were analyzed and scored for the protein localization using the ImageJ “Intensity Ration

Nuclei Cytoplasm Tool”. Results are depicted in Figure 6B as means + SD of three
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independent experiments. The highest retention rates were found for Leptomycin B and the
two MEK-inhibitors as shown in Figure 6B. A nuclear retention of RanBP1 was only detected
for the Leptomycin B treated samples, as can be seen from Figure 6B. This indicates that
the inhibition of the Raf/MEK/ERK/RSK pathway has no general effect on the Crm1 export
pathway but is specifically directed against the export of the vRNPs.

To test for the development of resistance, multi passaging experiments were performed. As
shown in Figures 6C and 6D, A549 cells were infected with WSN/H1N1 (MOI 0.01) and
treated with CI-1040, BI-D1870, Oseltamivir or Baloxavir in increasing concentrations as
outlined in Figure 6D. 24 h p.i. supernatants were collected and progeny viral titers were
determined by standard plaque assay. For the following rounds fresh A549 cells were
infected with the supernatants (MOI 0.01) and incubated with increasing amounts of the
substances. Data represents mean of two independent experiments + SD. Titers of DMSO
control were set to 100%. Each experiment was performed in ftriplicates. Statistical
significance was analyzed by two-way ANOVA followed by Bonferroni post-tests to compare
each substance to DMSO (*** p<0.001). As can be seen in Figure 6C, viral titers of Cl-1040
and BI-D1870 treated infected cells is decreasing upon passaging with increasing
concentrations of the inhibitors and titers stayed on a low level in subsequent passages,
indicating a high barrier towards development of resistance. This is in clear contrast to
Oseltamivir, were virus titers increased dramatically already starting in passage 3. From
passage 5 on titers were back to control levels, indicating a completely resistant virus
population. Although Baloxavir did not show a similar behavior as Oseltamivir it has to be
noted, that also here titers were increasing with increasing concentrations up to passage 6,
which is the opposite tendency compared to CI-1040 or BI-D1870, indicating a slightly
decreased sensitivity to the drug. In summary, CI-1040 and BI-D1870 exhibit a high barrier
towards development of resistance in clear contrast to Oseltamivir which rapidly induced

resistance virus variants

Additionally, in Figures 6E and 6F, A549 cells were infected with WSN/H1N1 (MOI 5). 3 h
p.i. cells were treated with DMSO (1%), ATR-002 (150 uM) or SLO101-1 (100pM). Sh p.i.
cells were fixed and cellular localization of vVRNPs (NP-Alexa488) and RanBP1 (Alexa561)
was analyzed by epifluorescence microscopy. Nuclei were stained with Dapi. Dashed
squares represent zoom-in areas. Approximately 1000 cells for each substance were
analyzed and scored for the protein localization using the ImageJ “Intensity Ration Nuclei
Cytoplasm Tool”. Results are depicted as means + SD of three independent experiments.
Scale bar: 20uM. The quantificational analysis revealed a nuclear retention of the viral NP
protein for ATR-002 (MEK inhibitor PD-0184264) and SL0101. A nuclear retention of
RanBP1 was not detected for ATR-002 and SL0101. This indicates that the specific inhibition
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of VRNP nuclear export, but not the general Crm1 mediated export, can be reproduced with
other inhibitors pf MEK and RSK and is not limited to inhibitors CI-1040 or BI-D1870.

Example 4: Broad anti-influenza activity of BI-D1870As the Raf/MEK/ERK/RSK-pathway
is crucial for the influenza virus replication we used different influenza A subtypes, including
a swine origin H1N1 pandemic virus, a seasonal H3N2 virus, different highly pathogenic
avian influenza viruses, and an influenza B virus to determine the broad anti-viral activity
(Figure 7). Specifically, A549 cells (Figure 7A-O) or MDCKII cells (Figure 7P) were infected
with human AV (A-H) (WSN/H1N1, PR8M/H1N1, pdm09Hamburg/H1N1, Panama/H3N2),
avian IAV (I-L) (KAN-1/H5N1, Anhui/H7N9), IAV/SC35M/H7N7 (M-N) or IBV (O-P) (B/Lee)
(MOI 5 for immunofluorescence analysis (A,C,E,G,I,K,M,0), MOI 0.01 for multi replication
cycle analysis (B,D,F,H,J,L,N,P)). 3 h p.i. cells were treated with BI-D1870 (15 pM) or DMSO
(0.1%). (A, C, E, G, I, K, M) Sh p.i. or (O) 12h p.i. cells were fixed and localization of vRNPs
(NP-Alexa488) was analyzed by epifluorescence microscopy. Nuclei were stained with Dapi.
Epifluorescence microscopy pictures of single focal planes are shown (B,D,F,H,J,L,N,P).
Directly after the infection cells were treated with BI-D1870 (15 uM) or DMSO (0.1%). 24 h
p.i. progeny virus titers were analyzed by standard plaque assay. Data represents mean of
three independent experiments. Titers of DMSO control were set to 100%. In addition,
absolute viral titers are depicted in PFU/ml. Shown are means + SD of three independent
experiments. Each experiment was performed in triplicates. Statistical significance was
analyzed by paired two-tailed t-test (* p < 0.05; ** p < 0.01, *** p < 0.001).. Scale bar: 20 pm.
In Figure 7Q, a sequencial comparision of the NP regions containing S269 and S392 is
shown for different viruses, indicating that the phosphorylation sites in NP are conserved
among all these viruses. Sequences were obtained from Influenza Research Database and
aligned by use of Jalview. In Figure 7R, Crystallographic structures of the Influenza A/AWSN
(H1N1) and Influenza B/Lee NP regions revealed similiar structures. Influenza B NP S327
and S448 might represent comparable residues to Influenza A. The crystallographic
structures were obtained from Protein Data Bank (Influenza virus A/Wilson-Smith/1933
(HIN1) ID: 4BBL; Arranz et al., 2012; Influenza virus B/HongKong/CUHK-24964/2004 |D:
3TJO; Ng et al., 2012). As can be seen from Figure 7, all tested viruses showed a nuclear
retention of newly synthesized vRNPs and a reduction of progeny viral titers of around 80 to
90%. These results clarify the dependence of the influenza viruses on the
Raf/MEK/ERK/RSK pathway.

Example 5: Specific nuclear localization of RSK1 after the influenza A infection
Former experiments revealed different contributions of the isoforms RSK1 and RSK2 to the

viral life cycle. RSK2 has an anti-viral effect, whereas RSK1 obviously seems to act virus
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supportive. Upon its activation at the plasma membrane and the cytosol, RSK1 translocates
into the nucleus. If RSK1 is the kinase phosphorylating NP, its cellular distribution should
change during the viral life cycle, depending on the virus induced activation of the
Raf/MEK/ERK pathway. To address this hypothesis A549 cells were either mock infected or
infected with the WSN/H1N1 virus using a MOI of 5. 3h, 6h and 9h p.i. the localization of NP
and RSK1 was analyzed by immunofluorescence staining. Specifically, as shown in Figure
8A, A549 cells were infected with WSN/H1N1 (MOI 5) or mock infected. After the indicated
time points the cells were fixed and cellular localization of vRNPs (NP-Alexa-488) and RSK1
(Alexa-561) was analyzed by epifluorescence microscopy. Nuclei were stained with Dapi.
Dashed squares indicate zoom-in areas. Shown are representative epifluorescence
microscopy pictures of single focal planes. Results of one out of three independent
experiments are shown. Scale bar represents 50 ym. Figures 8 B and C show quantification
of the cellular localization of NP and RSK1 from Figure 8A. 10 epifluorescence microscopy
pictures of each sample were analyzed in terms of the NP and RSK1 localization using the
Imaged “Intensity Ratio Nuclei Cytoplasm Tool”. Results are depicted as means + SD of
three independent experiments. Statistical significance was analyzed by unpaired t-test with
Welch’s correction for each time point separately (ns p > 0.05; ** p < 0.01).As expected in
the later time points of the infection an increase in the nuclear localization of RSK1 can be
seen in Figure 8A. The quantification of three independent experiments revealed a
significant change in the nuclear concentration of RSK1 from 35.58 % £ 0.59 % for the mock
infection to 57.73 % + 1.47 % for the virus infection after 9 h (Figure 8B), especially when
the NP export took place (Figure 8A,C). Indicating that the virus induces the nuclear import
of RSK1.

Example 6: No specific nuclear localization of RSK2 after the influenza A infection

After it was confirmed that RSK1 enters the nucleus during the viral life cycle, the question
was addressed whether virus induced activation of the Raf/MEK/ERK pathway would result
in a nuclear localization of the anti-viral RSK2. Generally, the activation of the Raf/MEK/ERK-
pathway results in the translocation of RSK1 and RSK2 into the nucleus. Therefore, the
same experiment as described in Example 5 was conducted but the localization of RSK2
was analyzed. Specifically, as shown in Figure 9 A, A549 cells were infected with
WSN/H1N1 (MOI 5) or mock infected. After the indicated time points the cells were fixed and
cellular localization of VRNPs (NP-Alexa-488) and RSK2 (Alexa-561) was analyzed by
epifluorescence microscopy. Nuclei were stained with Dapi. Dashed squares indicate zoom-
in areas. Shown are representative epifluorescence microscopy pictures of single focal
planes. Results of one out of three independent experiments are shown. Scale bar
represents 50 um. Figure 9 B, C show quantification of the cellular localization of NP and

RSK2 from Figure 9A. 10 epifluorescence microscopy pictures of each sample were
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analyzed in terms of the NP and RSK2 localization using the ImageJ “Intensity Ratio Nuclei
Cytoplasm Tool”. Results are depicted as means + SD of three independent experiments.
Statistical significance was analyzed by unpaired t-test with Welch’s correction for each time
point separately (ns p > 0.05; ** p < 0.05).

In contrast to RSK1, no change in the subcellular distribution of RSK2 was found,
independently of the time point during the viral infection (Figure 9 A,B). This results show,
that the virus specifically induces the translocation of the virus supportive RSK1 without

influencing the cellular distribution of antiviral acting RSK2.

Example 7: No effect on ERK 1/2 localization after influenza A infection

After the specific translocation of RSK1 was discovered, the question did arise whether the
RSK upstream kinase ERK1/2 might enter the nucleus due to the viral pathway induction.
Thus the same experiment as in Examples 5 and 6 was repeated with ERK. Specifically, as
shown in Figure 10A, A549 cells were infected with WSN/H1N1 (MOI 5) or mock infected.
After the indicated time points the cells were fixed and cellular localization of vRNPs (NP-
Alexa-488) and ERK1/2 (Alexa-561) was analyzed by epifluorescence microscopy. Nuclei
were stained with Dapi. Dashed squares indicate zoom-in areas. Shown are representative
epifluorescence microscopy pictures of single focal planes. Results of one out of three
independent experiments are shown. Scale bar represents 50 um. Figure 10 B, C show the
quantification of the cellular localization of NP and ERK1/2 from Figure 10A. 10
epifluorescence microscopy pictures of each sample were analyzed in terms of the NP and
ERK1/2 localization using the ImageJ “Intensity Ratio Nuclei Cytoplasm Tool”. Results are
depicted as means + SD of three independent experiments. Statistical significance was
analyzed by unpaired t-test with Welch’s correction for each time point separately (ns p >
0.05).Surprisingly, no effect on the ERK1/2 localization can be seen after viral infection,

independently of the analyzed time point (Figure 10 A,B).

Example 8: Stimulation with TPA results in nuclear localization of RSK2 and ERK1/2

To exclude unspecific staining of RSK2 and ERK1/2 the Raf/MEK/ERK-pathway was
stimulated with TPA. It is known that the incubation with TPA leads to the activation of the
Raf/MEK/ERK-pathway resulting in the nuclear localization of ERK1/2 and RSKs within
minutes after the stimulation. As shown in Figure 11A,C, A549 cells were stimulated with
TPA (200 nM). The solvent DMSO served as negative control. After 1 h the cells were fixed
and cellular localization of RSK2 or ERK1/2 (Alexa-561) was analyzed by epifluorescence
microscopy. Nuclei were stained with Dapi. Dashed squares indicate zoom-in areas. Shown

are representative epifluorescence microscopy pictures of single focal planes. Results of one
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out of three independent experiments are shown. Scale bar represents 50 um. As shown in
Figure 11B and D, Quantification of the cellular localization of RSK2 or ERK1/2 from 15
epifluorescence microscopy pictures of each sample were analyzed in terms of the RSK2
localization using the ImageJ “Intensity Ratio Nuclei Cytoplasm Tool”. Results are depicted
as means * SD of three independent experiments. Statistical significance was analyzed by
unpaired t-test with Welch’s correction (** p < 0.01). Both kinases were found in the nuclei
after an incubation with 100 nM TPA for 1h, confirming that the staining is specific (Figure 11
A,C). The quantification revealed nuclear accumulation of ERK1/2 from 27.99 % + 1.97 % for
the unstimulated samples to 48.02 % = 2.25 % for the TPA-stimulated samples. The effect
on the RSK2 kinase was not as prominent as for ERK1/2, with 29.37 % £ 1.15 % for the
unstimulated samples to 34.89 % £ 0.67 % for the TPA-stimulated samples (Figure 11 B,D).

Example 9: Long-term treatment with the MEK- or RSK-inhibitors CI-1040 or BI-D1870

does not introduce a resistance in WSN/H1N1.

To compare the ability of antiviral drugs targeting the virus particle directly (Oseltamivir,
Baloxavir) or acting antiviral via inhibition of the RaffMEK/ERK/RSK pathway (CI-1040, BI-
D1870) to induce resistance virus variants, A549 cells were infected with WSN/H1N1 (MOI
0.01) and treated with the MEK-inhibitor CI-1040, the RSK-inhibitor BI-D1870, the viral NA-
inhibitor Oseltamivir acid or the viral cap-dependent endonuclease inhibitor of the
polymerase subunit PA Baloxavir marboxil. 24 h p.i. progeny viral titers were determined by
standard plaque titration. During the following rounds fresh A549 cells were infected with the
collected supernatants (MOI 0.01) and treated with increasing concentrations of the different
inhibitors. The rounds at which the concentrations remained constant are marked by
arrowheads. The solvent DMSO (1 %) served as negative control. Shown are relative viral
titers. Titers of the DMSO control were arbitrary set to 100% (marked by dashed line). Data
shown in Figure 12A represents means * SD of two independent experiments. Each
experiment was performed in triplicates. Statistical significance was calculated by two-way
ANOVA followed by Bonferroni post-test (*** p < 0.001). The inhibitor concentrations were
increased to enhance the inhibitory effect and provoke the occurrence of mutations. The
increasing concentrations of CI-1040 and BI-D1870 resulted in decreasing viral titers.
Compared to the DMSO control, the titers were reduced in the first round using a 1 uM
inhibitor concentration by 64.75 % + 0.32 % and by 35.08 % % 3.20 % for CI-1040 or BI-
D1870, respectively. With increasing inhibitor concentrations, the titers did further reduce, up
to round 4. At that point, both inhibitors were used in a concentration of 8 yM. From round 5
to round 12 CI-1040 and BI-D1870 were used with concentrations of 10 pM. Within round 5
to round 12 the average titer of the CI-1040 treatment was calculated with 8.45 % + 3.41 %
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compared to the DMSO control. The average titer of the BI-D1870 treatment within round 5
to round 12 was calculated with 12.27 % + 6.36 %. Neither a constant increase in the viral
titers, nor a change in the plaque morphology was found for any time point during the 12
rounds, indicating that no resistance introducing mutation did occur. A complete resistance
was found after 5 rounds of Oseltamivir treatment. At that point, an inhibitor concentration of
16 uM was used. At round 9 the titers started to decrease up to 48.30 % £ 11.42 %. This
effect was accompanied by an increasing reduction in the plaque size. The average titer of
the Baloxavir treatment from round 1 to round 9 was calculated with 8.08 % + 4.10 %. A
tendency in the titer increase started at round 10 with an average titer of 28.39 % + 1.88 %.
At round 12 the average titer further increased up to 46.94 % + 1.03 % (Figure 12A). Figure
12B shows an overview of the inhibitor concentrations used for each round. At round 5 (CI-

1040, BI-D1870) or round 6 (Oseltamivir, Baloxavir) the concentrations remained constant.
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Claims

An RSK inhibitor for use in a method for the prophylaxis and/or treatment of a viral

disease.

The RSK inhibitor for the use of claim 1, where the RSK inhibitor is selected from the
group consisting of BI-D1870, SL0101-1, LJH685, LJI308, BIX 02565, FMK and a
selective RSK1 inhibitor or a derivative, metabolite or pharmaceutically acceptable salt

thereof.

The RSK inhibitor for the use of claim 2, wherein the selective RSK1 inhibitor is a si-
RNA, shRNA or mi-RNA that selectively targets Rsk1 mRNA corresponding to
conserved regions of RSK1 having the amino acid sequence of SEQ ID NO:1 or an
antibody that binds to conserved regions of RSK1 having the amino acid sequence of
SEQ ID NO:1.

The RSK inhibitor for the use according to any preceding claim, wherein the viral
disease is an infection caused by a negative strand RNA virus, preferably an influenza

Virus.

The RSK inhibitor for the use according to any preceding claim, wherein the viral
disease is an infection caused by a positive strand RNA virus, preferably a corona

virus causing respiratory tract infection.

The RSK inhibitor for the use according to claim 4, wherein the influenza virus is
resistant to a neuramidase inhibitor selected from the group consisting of oseltamivir,
oseltamivir phosphate, zanamivir, peramivir, or laninamivir or a pharmaceutically
acceptable salt thereof, or an inhibitor of the viral polymerase complex selected form
the group of Favipiravir, Baloxavir, Baloxavir phosphate, Baloxavir Marboxil, or

Pimodivir or a pharmaceutically acceptable salt thereof.

The RSK inhibitor for the use according to claim 4 or 6, wherein the influenza virus is of
type H1N1, H2N2, H3N2, H5N1, H5N6, H5N8, H6N1, H7N2, H7N7, H7N9, HON2,
H10N7, N1ON8 or, or a different influenza A virus or an influenza B virus such as the

Yamagata or Victoria type.

The RSK inhibitor for the use according to any one of the preceding claim, wherein the

RSK inhibitor is administered in combination with a second antiviral agent.
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The RSK inhibitor for the use according to claim 8, wherein the second antiviral agent
is selected from the group consisting of neuramidase inhibitors, polymerase complex
inhibitors, endonuclease inhibitors, hemaglutinin inhibitors, non-structural protein 1

inhibitors, nucleoprotein inhibitors and MEK inhibitors.

The RSK inhibitor for the use according to claim 9 wherein the neuraminidase inhibitor
is selected from oseltamivir, oseltamivir phosphate, zanamivir, peramivir or laninamivir

or a pharmaceutically acceptable salt thereof.

The RSK inhibitor for the use according to claim 9 wherein the polymerase complex
inhibitor is baloxavir, Baloxavir phosphate, Baloxavir Marboxil, Favipiravir or Pimodivir

or a pharmaceutically acceptable salt thereof.

The RSK inhibitor for the use according to claim 9 wherein the MEK inhibitor is
selected from the group consisting of CI-1040, PD-0184264, PLX-4032, AZD6244,
AZD8330, AS-703026, GSK-1120212, RDEA-119, R0O-5126766, RO-4987655, PD-
0325901, GDC-0973, TAK-733, PD98059 and PD184352 or a pharmaceutically

acceptable salt thereof.

A selective RSK1 inhibitor or a derivative, metabolite or pharmaceutically acceptable
salt thereof that binds to RSK1 having the amino acid sequence of SEQ ID NO: 1 or
the nucleotide sequence of SEQ ID NO:2 and shows no or low binding affinity to RSK2
having the amino acid sequence of SEQ ID NO: 3 or the nucleotide sequence of SEQ
ID NO:4, RSK3 having the amino acid sequence of SEQ ID NO: 5 or the nucleotide
sequence of SEQ ID NO:6 and RSK4 having the amino acid sequence of SEQ ID NO:
7 or the nucleotide sequence of SEQ ID NO:8.

The selective RSK1 inhibitor of claim 13, wherein the inhibitor is a si-RNA, shRNA, mi-

RNA, an antibody, or a small molecule.

A pharmaceutical composition comprising a selective RSK1 inhibitor according to claim
13 or 14 alone or in combination with a second antiviral agent for use in the prophylaxis

and/or treatment of a viral disease.

Method of identifying specific RSK1 inhibitors comprising the steps of:
(i) Screening a library of potential inhibitors for binding to RSK1 having the amino acid
sequence of SEQ ID NO: 1 or the nucleotide sequence of SEQ ID NO:2;
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(ii) selecting the inhibitors that were found to bind RSK1 in step (i) and screening these
for binding to RSK2 having the amino acid sequence of SEQ ID NO: 3 or the nucleotide
sequence of SEQ ID NO:4, RSK3 having the amino acid sequence of SEQ ID NO: 5 or
the nucleotide sequence of SEQ ID NO:6 and RSK4 having the amino acid sequence
of SEQ ID NO: 7 or the nucleotide sequence of SEQ ID NO:8; and

(iii) selecting the inhibitors from step (ii) that do not bind to RSK2, RSK3 or RSK4 as
specific RSK1 inhibitors.
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Figure 3

B
Kinase Consensus sequence
ERK P X SITPq
RSK RIK X R X X SITZ
R R X SIT
Viral protein Motif
Nucleoprotein LILRG S®VAH

AIRTRS* GGN

1Gonzalez et al., Identification of substrate recognition determinants for human
ERK1 and ERK2 protein kinases

2Romeo et al., Regulation and function of the R5K family of protein kinases
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Figure 3 continued
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Figure 3 continued
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Figure 4 continued
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Figure 4 continued

E

DMSO

BI-D1870 CI-1040

NP NEP DAPI MERGE

Page9/26



WO 2020/188034 PCT/EP2020/057621

Figure 4 continued
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Figure 4 continued
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Figure 4 continued
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Figure 6
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Figure 6 continued
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Figure 7
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Figure 8
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Figure 8 continued
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Figure 9 continued
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Figure 10
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Figure 10 continued
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Figure 12
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20

Ser Lys Asp
35

Lys Ala Gy

Val Leu Ay

Thr Arg Pro
85

Leu

Asn

Ser

Adn
70

Asp

SEQUENCE LI STI NG

3.5

Lys

Ay

Ay

Au

55

Ay

Ser

Adn

Val

40

Lys

Ser

Ay

Pro

Thr

25

Leu

Al a

Phe

Hi s

Trp

10

Ser

Lys

Asp

Ay

Leu
90

Pro Leu

Gy GQu

Pro Ser
60

Lys Val
75

Tyr Al a

Met Qu

Au A a
30

Ser lle

45

Hi s Phe

Phe Leu

Met Lys

Leu

15

Ay

Thr

Au

Val

Val
95

Val

Leu

Hi s

Leu

Arg

80

Leu



Lys

Arg

Tyr

Arg

145

Hi s

Ser

Thr

225

Hi s

Thr

Leu

Lys

Ile
115

Asp

Al a
130

Phe
Gy Gy
Gu Asp
H s

Leu

Leu
195

Leu

Lys

210

Val

Au

Ser Al a

Gy Ser

Ile Leu

Thr
100

Leu

Asp

Val

Ser

180

Asp

Tyr

Asp

Leu

260

Lys

Leu

Thr

Leu

Lys

165

Leu

Met

Trp
245

Pro

Lys

Asp

Phe
150

Phe

Ay

Asp

Al a

230

Trp

Phe

Lys

Val Arg

Val Asn

120

Ay
135

Lys

Thr Arg

Leu

Tyr

Ile

Hi s
200

Ay

Hi s
215

Au

Au

Pro

Ser Tyr

Adn

Ay

Leu Gy

Asp

105

Hi s

Leu

Leu

Tyr

185

Lys

Val

Ay

Lys

265

Met

Arg Val

Pro Phe

Tyr Leu

Ser Lys

155

Leu

Arg Asp

Lys Leu

Lys

Val Asn

235

Val
250

Leu
Asp

Arg

Pro

Arg

Val

Ile
140

Leu

Thr

Tyr

220

Arg

Met

Lys

Phe

Thr

Val

125

Leu

Val

Leu

Lys

Asp

205

Ser

Phe

Leu

Lys Met

110

Lys Leu

Asp Phe
Met

Phe

Leu
175

Ay

Pro
190

Phe Gy

Phe

Gy H's

Au Mt

255

Thr
270

Met

Ser Thr

Au

Hi s

Leu

Thr

160

Asp

Leu

Ay

Ser

240

Leu

Thr

Au



Leu

305

Tyr

Pro

Thr

Ser

Ay

385

Hi s

Ay

Lys

Ay

Ser

Phe

Al a

370

Leu

Ser

Tyr

Arg

ASp
450

275

Ser

Ser

Thr

Lys

Phe

355

Ay

Met

Val

Val

Cys
435

Lys

Leu

Ay

Pro

340

Thr

Al a

Au

Val

Val

420

Val

Ser

Leu

Pro

Asp

325

Ser

Hi s

Asp

Adn

405

Lys

Hi s

Lys

Arg

Asp

310

Trp

Val

Arg

Asp
390

Adn

Lys

Arg

Al a
295

Ay

Thr

Leu

375

Ay

Leu

Thr

ASp
455

280

Leu

Lys

Pro
360

Phe

Lys

Hi s

Thr
440

Pro

Phe

Au

Leu

Pro

345

Lys

Arg

Pro

Ay

Ay

425

Ser

Lys

Au

Tyr

330

Asp

Asp

Ay

Arg

Lys

410

Val

Met

Au

Arg

Ile

315

Arg

Asp

Ser

Phe

Al a

395

Asn

Ay

Au

AQu

Asn

300

Lys

Arg

Thr

Pro

Ser

380

Pro

Leu

Ser

Tyr

Ile
460

285

Pro Al a

Arg H's

Phe Tyr
350

365

Phe Val

Val Phe

Tyr Ser
430

Al a Val
445

AQulle

Val

Lys

335

Phe

Pro

Pro

Ser

415

Au

Lys

Leu

Arg

Phe

320

Pro

Asp

Pro

Thr

Leu

400

Asp

Val

Leu



Arg

465

Asp

Leu

Ser

ASp
545

Thr

Ile
625

Tyr

Ay

Leu

Phe

Ay

530

Lys

Ay

Ay
610

Leu

Ay

Lys

Asp

Val

515

Val

Ser

Cys
595

Tyr

Thr

Hi s

Lys

500

Leu

Val

Ay

Leu

Phe

580

Asp

Thr

Arg

Hi s

Val

485

Hi s

Hi s

Asn

Arg

565

Val

Pro

Pro

470

Tyr

Leu

Thr

Arg

Pro

550

Al a

Trp

Phe

Ay
630

Leu

Arg

ASp
535

Pro

Ser

Al a

615

Ser

Val

Adn

Ay

520

Leu

Leu
600

Ay

Thr

Lys

505

Lys

Lys

Leu

Ay

Val

585

Ay

Ay

Lys

Thr

Phe

Thr

Pro

Arg

Leu

570

Leu

Pro

Phe

Leu

475

Leu

Phe

Val

Ser

Ile

555

Leu

Lys

Leu

Ser

Thr
635

Lys

Met

Ser

Asn

540

Met

Arg

Leu

Asp

620

Leu

Asp

Arg

Tyr

525

Asp

Thr

Tyr
605

Thr

Ser

Val

Ay

Arg

510

Leu

Leu

Phe

Pro

Ay

590

Thr

Pro

Ay

Tyr

Ay

495

Hi s

Tyr

Ay

Cys

575

Tyr

Met

Au

Ay

ASp
480

Ser

Val

Phe

560

Tyr

Asp

Leu

Au

Asn
640



Trp Asn Thr

H's Val Asp

Val
675

Pro Trp

G@n Asp

690

Leu

Leu Ser

705

Leu

<210> 2

<211> 2208
<212> DNA
<213>

<400> 2
at gccgcet cg
60

gagaat ggac
120

ct caaggaga
180

catttcgagc
240

aaagt caccc
300

Val Ser

645

Au

Pro H s

660

Thr G n Lys

d n Leu Val

Ser Pro

710

Lys

Arg
725

Arg

hunman

cccagct caa

agacct cagg

tctccatcac

t cct caaggt

ggcct gacag

Thr Lys

Thr
665

Arg Leu

Asp Lys Leu

680

Lys
695

Ay

Thr Pro @n

Val Arg Lys

ggagccct gg

ggaagaagct

gcaccacgtc

t ct gggccag

t gggcacctg

Al a Met

Asp Leu

650

Al a Lys

Pro

Val

dn Val

Ser

Ala Thr Tyr

Ser Lys

Met

Leu

655

Leu
670

dn Leu
685

700

Leu Lys

715

Leu Pro

730

ccgct cat gg

ggacttcagc

aaggct ggct

ggatcctttg

tat gct at ga

Prolle Au

Ser Thr Thr

Ser

Ser

Ser

Hi s

Hi s

Ser
720

Leu

735

agct agt gcc

cgt ccaagga

ct gagaaggc

gcaaagtctt

aggt gct gaa

gct ggacccg

t gagggcgtc

tgatccatcc

cctggtgcgg

gaaggcaacg



ct gaaagt ac
360

cacccattcg
420

ctggacttcc
480

gaggaggatg
540

ctgggt atca
600

at caaact ca
660

tctttctgeg
720

cat agt gcgg
780

cccttccagg
840

at gccccagt
900

cctgccaacc
960

tactccacca
1020

gcagt ggctc
1080

aaggattccc
1140

ttcgtggcca
1200

gt gaccgcgt

t ggt gaagct

tgcgtggtgg

tgaagtttta

tttacagaga

ctgactttgg

ggacagt gga

actggtggtc

ggaaggaccg

ttctgagcac

ggct cggcetc

tt gact ggaa

agcct gat ga

caggcat ccc

ccggcect gat

ccggaccaag

gcact at gcc

ggacctcttc

cct ggccgag

cct caagcct

cct gagcaaa

gt acat ggcc

ctatggggtg

gaaggagacc

t gaagcccag

cggccct gat

t aagct at ac

caccttctac

ccccagcegcet

ggaagacgac

at ggagagag

ttccagaccg

acccggct ct

ct ggct ct gg

gagaacat cc

gaggccattg

cct gaggt cg

ttgatgtttg

at gacact ga

agcctcttgce

ggggcagagg

cgt cgt gaga

tttgacaccg

ggggcccatc

ggcaagcctc

acat cct ggc

agggcaagct

caaaagaggt

gcct ggat ca

ttctggatga

accacgagaa

t caaccgcca

agat gct gac

ttct gaaggc

gggccct gt t

aaat caagcg

t caagccacc

agttcacgtc

agctgttccg

gt gccccgcea

t gat gt aaat

ctatctcatt

gatgttcacg

cct gcacagc

ggagggccac

gaaggcct at

gggccact cc

gggctccct g

gaagct aggc

caagcggaat

gcatgtcttc

cttcaagcca

ccgcacaccc

gggcttcagc

ggcacccct g



cact cggt gg
1260

aaggagacaa
1320

aacat ggagt
1380

gagattcttc
1440

gat ggcaaac
1500

atcctgcggc
1560

aaaact gt gg
1620

atcctgtatg
1680

gccaaacagc
1740

gt ggcgcectg
1800

ggcattctgc
1860

acaccagagg
1920

t ggaacacag
1980

caccagcgcc
2040

cttccccaaa
2100

t acagcaact

ttggtgtggg

at gct gt caa

t gcggt at gg

acgt gt acct

agaagttctt

agtatctgca

t ggacgagtc

t gcgggct ga

aggt gct gaa

tgtacaccat

aaat cct aac

tttcagagac

t cacagct aa

gccagctgtc

ccat gggaag

ctcctactct

ggt cat t gat

ccagcacccc

ggt gacagag

ct cagagcgg

ct cacagggg

cgggaat ccc

gaat gggctc

gcgccagggce

gct ggcagga

ccggat cggc

agccaaggac

gcaggttctg

ccaccaggac

aacctggttt

gagt gcaagc

aagagcaagc

aacat cat ca

ctgat gcggg

gaggccagct

gttgtgcaca

gagt gcct gc

ct cat gacac

t acgat gaag

tatactccat

agt gggaagt

ctggtgtcca

cagcat ccat

ctacagcttg

tt agt gacgg

gctgtgtcca

gggatccttc

ct ct gaaaga

gt ggggagct

ttgtcctgca

gggacct gaa

gcatctgtga

cttgctacac

gct gcgacat

tt gccaacgg

ttaccctcag

agat gctaca

gggt caccca

t gaagggagc

ctacgtggta

caaggccacc

agaagagat t

t gt gt at gat

gct ggacaag

caccatt ggc

gcccagcaac

ctttggtttt

agccaacttt

ct ggagcct g

t cccagt gac

t gggggaaat

cgt ggat ccc

gaaagacaag

cat ggct gcc



acgtactccg cactcaacag ctccaagccc accccccagc tgaagcccat cgagtcatcce
2160

atcctggccc agcggcgagt gaggaagttg ccatccacca ccctgtga
2208

<210> 3
<211> 740
<212> PRT
<213> hunman

<400> 3
Met Pro Leu Ala A n Leu Ala Asp Pro Trp A n Lys Met Ala Val Qu
1 5 10 15

Ser Pro Ser Asp Ser Ala Gu Asn Ay An @n Ile Met Asp Gu Pro
20 25 30

Mt Ay Gu Qu Qu lle Asn Pro dn Thr Qu GQu Val Ser Ile Lys
35 40 45

GQulle Ala lle Thr Hs Hs Val Lys Qu @y Hs GQu Lys Ala Asp
50 55 60

Pro Ser G n Phe Au Leu Leu Lys Val Leu Ay An Ay Ser Phe Ay
65 70 75 80

Lys Val Phe Leu Val Lys Lys Ile Ser Gy Ser Asp Ala Arg G n Leu
85 90 95

Tyr Ala Met Lys Val Leu Lys Lys Ala Thr Leu Lys Val Arg Asp Arg
100 105 110

Val Arg Thr Lys Met GQu Arg Asp Ile Leu Val GQu Val Asn His Pro
115 120 125



Phe

Leu

145

Lys

Leu

Asp

Leu

Al a

225

Leu

Arg

Ile
130

Leu

Thr

210

Tyr

Arg

Met

Lys

Phe
290

Val

Leu

Val

Leu

Lys

195

Asp

Ser

Arg

Phe

Leu

Lys

Asp

Met

Al a

180

Pro

Phe

Phe

Ay

Au

260

Thr

Ser

Leu

Phe

Phe

165

Leu

Ay

Hi s

245

Met

Met

Pro

Hi s

Leu

150

Thr

Asp

Leu

Ay

230

Thr

Leu

Thr

Au

Tyr Al a
135

Arg Ay

H s Leu

Ile Leu
200

Ser Lys
215

Thr Val

dn Ser

Thr Gy

Met Ile

280

Ala dn
295

Phe

Ay

Asp

Hi s

185

Leu

Thr
265

Leu

Ser

Asp

Val

170

Ser

Asp

Ser

Tyr

Asp

250

Leu

Lys

Leu

Thr

Leu

155

Lys

Leu

Met
235

Trp

Pro

Leu

Phe

Phe

Ay

Asp

220

Trp

Phe

Lys

Arg
300

Gy Lys

Thr Arg

Tyr Leu

Ile lle
190

Gy H's
205

Hs Qu

Pro Qu

Ser Phe

Gn dy
270

Leu Gy
285

Met Leu

Leu

Leu

Al a

175

Tyr

Lys

Val

Ay

255

Lys

Met

Phe

Tyr

Ser

160

Arg

Lys

Lys

Val

240

Val

Asp

Pro

Lys



Arg

305

Arg

Asp

Ser

Phe

385

Thr

Tyr

Asn Pro

Lys Arg

Arg Gu

Thr Phe
355

Pro Gy
370

Ser Phe

Val Ay

Phe Thr

Ser Val
435

Val Lys
450

Ile Leu

Hi s

Ile

340

Tyr

Val

Val

ASp
420

Leu

Asn

Ser

325

Hi s

Phe

Pro

Hi s
405

Ay

Lys

Arg

Arg

310

Phe

Pro

Asp

Pro

Ile

390

Ser

Tyr

Arg

Asp

Tyr
470

Leu

Phe

Pro

Pro

Ser

375

Thr

Lys
455

Ay

Ay

Ser

Phe

Ser

Val

Val

Ile

440

Ser

Adn

Thr

Lys

345

Phe

Asp

Adn

Lys

425

Hi s

Lys

Hi s

Ay

Ile

330

Pro

Thr

Asp

Lys

Arg

Pro

Pro
315

Asp

Hi s

Leu

Asp

Asp

Asn
475

Asp

Trp

Thr

Lys

Hi s

Thr

Pro
460

Ay

Ay

Thr

365

Leu

Arg

Ay

Asn

445

Thr

Ile

Val

Lys

Arg

350

Pro

Phe

Asn

Val

430

Met

Thr

Au

Leu

335

Pro

Lys

Arg

Met

Ser

415

Ay

Leu

Tyr

Au

Asp

Ay

Ser

Phe

Ile

Lys
480



Asp Val

Lys Gy

Gu Arg

Tyr Leu
530

Ile Leu
545

Asp Phe

Thr Pro

Gn dy

Tyr Thr

610

Thr Pro
625

Ser Ay

Ser Lys

Tyr

Ay

Hi s

Tyr

Ay

Tyr
595

Met

Ay

Met

Asp

Val

Phe

Tyr

580

Asp

Leu

Tyr

Leu

ASp
485

Leu

Ser

Asp

Al a
565

Thr

Thr

Trp
645

Hi s

Ay

Leu

Ay

Ay

Leu

630

Asn

Val

Lys

Asp

Val

Val

535

Ser

Tyr
615

Ser

Asp

Tyr

Lys

Leu

520

Val

Ay

Leu

Phe

Asp

600

Thr

Arg

Val

Pro

Val

Ile

505

Phe

Hi s

Asn

Arg

Val

585

Pro

Ser

Hi s

Tyr

490

Leu

Thr

Arg

Pro

Al a

570

Al a

Trp

Phe

Ay

Asp

650

Adn

Val

Arg

Asp

Pro

Ser

Ser
635

Thr

Arg

Val

Adn

Thr

Leu

540

Ser

Leu

Asn

620

Ay

Leu

Thr

Lys

Lys

525

Lys

Ay

Val

Ay

605

Ay

Lys

Lys

Thr

Phe

510

Thr

Pro

Arg

Leu

Leu

590

Val

Pro

Phe

Asp

Leu

495

Phe

Val

Ser

Leu

575

Lys

Leu

Asp

Ser

Leu
655

Met

Ser

Asn

Cys

560

Met

Arg

Leu

Asp

Leu

640

Val

Leu



Val Leu Arg

675

A n Leu Asn
690

Ala Thr Tyr
705

Val Gy Arg

Ser Thr Al a

<210> 4

<211> 2223
<212> DNA
<213>

<400> 4

at gccgcet gg
60

agcgct gaga
120

caaact gaag
180

gaaaaggcag
240

aaggttttct
300

gt att gaaga
360

660

Hs Pro Trp

Arg G n Asp

Ser Al a Leu

710

Thr
725

Ser Leu

Leu
740

hunman

cgcagct ggc

at ggacagca

aagt cagt at

atccttccca

tagtt aaaaa

aggccacact

665

Il e Val
680

Ala Pro H s

695

Asn Arg Asn

Ala Gn Arg

ggacccgtgg

aatt at ggat

caaagaaatt

gtttgaactt

aat ct caggc

gaaagttcga

Hi s

670

Trp Asp G n Leu Pro A n Tyr

685

Leu Val Lys Ay Ala Met Ala
700

Adn Ser Pro Val Leu Qu Pro

715 720

Arg Gy Ile Lys Lys Ile Thr
735

730

cagaagat gg

gaacct at gg

gcaat cacac

tt aaaagt at

tctgatgcta

gaccgagttc

ct gt ggagag

gagaggagga

at cat gt aaa

tagggcaggg

ggcagcttta

ggacaaaaat

cccgt ccgac

gattaaccca

ggaaggacat

atcatttgga

t gccat gaag

ggaacgt gat



atcttggt ag
420

gggaagtt gt
480

aaagaggt ga
540

ttagaccatc
600

ctt gat gaag
660

cat gaaaaga
720

aat cgt cgag
780

atgcttactg
840

cttaaagcca
900

atgcttttca
960

at t aaaagac
1020

cat ccgccat
1080

tttactgcaa
1140

ctttttcggg
1200

acagttggtg
1260

aggttaatca

atcttatttt

tgttcacaga

tacat agcct

aaggt cacat

aggcatattc

gtcatactca

gtacactccc

aact t ggaat

agcgaaat cc

attcattttt

ttaaacctgc

aaactcccaa

ggtttagttt

tacatt caat

tccttttatt

ggattttctc

agaagat gtc

gggaat aat t

caagttaaca

tttttgtgga

gagt gct gac

tttccaagga

gccacagttt

t gcaaacaga

ctcaacgata

aacdgggcagg

agattcacct

tgttgctatt

tgttcagcag

gt caagttgc

aggggaggag

aaattctact

t at agagact

gatttcggcc

act gt ggagt

tggtggtctt

aaagat cgaa

ttgagtcctg

tt aggt gcag

gact ggaat a

cct gaagat a

ggcattccac

acct cagatg

ttacacagga

attatgcttt

atttgtttac

t ggct gaact

t aaaaccaga

t aagt aaaga

at at ggct cc

ttggtgtgtt

aagaaacaat

aagcgcagag

gaccagat gg

aact gt at ag

cattctattt

ct agt gct aa

at gaaagcca

acagtattca

t caaact gaa

acgcttatcc

t gcactt gct

aaat at actt

gtctattgac

agaagt agt t

aatgtttgaa

gact at gatt

tcttttacga

agt t gaagaa

aagagaaat t

t gat cct gag

t gcacat cag

agct at gcag

gt ttact gat



ggat at gaag
1320

cat aaagct a
1380

acagaagaaa
1440

gatgtatatg
1500

ttgct ggata
1560

ttcactat aa
1620

aaacct agca
1680

gattttggct
1740

act gcaaatt
1800

at at ggagtc
1860

ggtcctgatg
1920

agtggt ggt t
1980

cat gt agacc
2040

cact gggacc
2100

ggtgccat gg
2160

t aaaagaaga

caaacat gga

ttgaaattct

at gat ggaaa

aaattcttag

ct aaaaccgt

acattcttta

tt gcaaaaca

ttgttgcacc

ttggtgtcct

at acaccaga

actggaattc

ct cat cagag

aactgccaca

cagctacata

tattggagtt

gtttgcagtg

tcttcgttat

gt at gt gt at

acaaaaattt

t gaatatctt

t gt ggat gaa

gctgagagcg

agaggtttta

actctat aca

ggaaatattg

tgtttcagac

act gact gct

ataccaacta

ttctgctttg

ggct cct act

aagattattg

ggacagcat c

gt agt aacag

ttctctgaac

cacgcacaag

tctggtaatc

gaaaat ggt c

aaaagacaag

atgcttaccg

gcacgaat ag

acagcaaagg

gctcttgtgce

aacagacagg

aaccgtaatc

ctgtttgcaa

at aaaagcaa

caaacatt at

aacttat gaa

gagaggccag

gggtggttca

cggaat ct at

ttctcatgac

gct at gat gc

gttacactcc

gt agcggaaa

acctggtgtc

t cagacat cc

atgcaccaca

agt caccagt

gagat gt at a

gagagaccca

cact ct aaag

aggaggt gaa

tgctgtcctg

t agagacttg

tcgaattt gt

tccttgttac

tgct t gt gat

atttgcaaat

attctcactc

aaagat gctt

ttggatcgtc

t ct agt aaag

tttggaacca



gt aggccgct

2220
t
2223

<210>
<211>
<212>
<213>

<400>
Met Asp
1

Tyr Leu

50

Leu Gy

65

Gy Ser

Thr Leu

Leu Al a

5

733
PRT
hunman

5

Leu

Arg

Au

35

Phe

Adn

Asp

Lys

Ser

Arg
20

Ay

Ay

Val
100

Val

Met

Lys

Val

Lys

Ser

Ay

85

Arg

Asn

Lys

Ser

Val

Al a

Tyr

70

Adn

Asp

Hi s

Lys

Arg

Lys

Asp

55

Ay

Leu

Arg

Pro

Phe Ala Val Arg Arg
10

Ser Lys Ser Ser Ser
25

Gu lle Asp Ile Ser
40

Pro Ser dn Phe Qu
60

Lys Val Phe Leu Val
75

Tyr Ala Met Lys Val
90

Val Arg Ser Lys Met
105

Phe Ile Val Lys Leu
120

Phe Phe Ser
15

Leu Ser Arg
30

H s H s Val
45

Leu Leu Lys

Arg Lys Val

Leu Lys Lys
95

Gu Arg Asp
110

Hs Tyr Ala
125

ctactcttgc tcagcggaga ggtattaaaa aaatcacctc aacagccctg

Val

Leu

Lys

Val

Lys

80

Al a

Phe



Adn

Asp

145

Val

Ser

Asp

Tyr

225

Asp

Leu

Lys

Leu

Thr

130

Leu

Lys

Leu

Ile

210

Met

Trp

Pro

Leu
290

Au

Phe

Phe

Ay

Trp

Phe

Lys

275

Arg

Ay

Thr

Tyr

Ile

180

Ay

Hi s

Pro

Ser

Adn

Leu

Lys

Arg

Leu

165

Hi s

Asp

Phe

245

Ay

Ay

Leu

Leu

Leu

150

Tyr

Lys

Val

230

Ay

Lys

Met

Phe

Tyr
135

Ser

Arg

Lys

Arg

215

Val

Val

Asp

Pro

Lys
295

Leu

Lys

Leu

Asp

Ile
200

Leu

Arg

Leu

185

Thr

Tyr

Arg

Met

Lys

265

Phe

Leu

Val

Leu

170

Lys

Asp

Ser

Arg

Phe

250

Leu

Pro

Asp

Met

155

Al a

Pro

Phe

Phe

Ay

235

AQu

Thr

Ser

Cys

Phe
140

Phe

Leu

Ay

Cys

220

Hi s

Met

Met

Ay

Asn
300

Leu

Thr

Asp

Leu

205

Ay

Thr

Leu

Al a

Arg

Arg

Hi s

Ile

190

Ser

Thr

Thr

Leu
270

Leu

Ay

Au

Leu

175

Leu

Lys

Ser

Ay

255

Adn

Ay

Ay

Asp

160

Hi s

Leu

Al a

240

Ser

Leu

Ser

Al a



Ay

305

Pro

Thr

Adn
385

Val

Val

Ser

Adn
465

Asp

Hi s

370

Adn

Lys

Hi s

Lys

450

Hi s

Asp

Trp

Val

Arg

355

Hi s

Pro

Adn

Lys
435

Arg

Pro

Ay

Ay

340

Thr

Leu

Ser

Leu

Asp

420

Asp

Val

Thr

325

Arg

Pro

Phe

Hi s
405

Thr

Pro

Au

310

Leu

Pro

Thr

Arg

Ay

Ay

Asp

Ser

Ile
470

Tyr

Asp

Ay

375

Asp

Asn

Val

Thr

Arg

Asp

Ser

360

Phe

Leu

Asn

Ay

Lys

Lys

Thr

345

Pro

Ser

Hi s

Ser
425

Tyr

Lys

Arg

Phe

Ay

Phe

Lys

Hi s

410

Tyr

Asp

Hi s

315

Hi s

Val

Val

Val

395

Phe

Ser

Val

Ile

Val
475

Pro

Lys

Phe

Pro

Al a

380

Pro

Thr

Val

Lys

Leu

460

Tyr

Phe

Pro

Asp

Pro

365

Ser

Val

Asp

Ile
445

Leu

Asp

Phe

Pro

Pro

350

Ser

Ser

Hi s

Ay

Lys

430

Arg

Asp

Val

Phe
335

Leu

Pro

Tyr

415

Arg

Asp

Tyr

Ay

Thr

320

Lys

Phe

Asn

Ile
400

Lys

Ay

Lys
480



Phe

Arg

Leu

Val

Ay

545

Leu

Phe

Asp

Thr

Arg

625

Pro

Val

Hi s

530

Ser

Arg

Val

Pro
610

Ser

Hi s

Tyr

Leu

Thr

515

Arg

Pro

Al a

Trp

595

Phe

Ay

Asp

Adn

Leu

Arg
500

Asp

Ay

Pro
580

Ser

Ser

Arg

Val

485

Adn

Thr

Leu

Ser

Asn

565

Leu

Ay

Al a
645

Leu

Met

Arg

Lys

Lys

Ile

550

Ay

Val

Ay

Ay

Lys

630

Lys

Thr

Au

Tyr

Thr

Pro

535

Arg

Leu

Leu

Pro
615

Tyr

Asp

Leu

Phe

Met

520

Ser

Val

Leu

Lys

Leu

600

Asp

Val

Met

Met

Ser

505

Asp

Met

Arg

585

Leu

Asp

Leu

Val

Adn

Arg
490

Au

Tyr

Asp

Thr

570

Tyr

Thr

Ser

Ser

650

Val

Ay

Arg

Leu

Leu

Phe

555

Pro

Ay

Thr

Pro

Ay

635

Lys

Leu

Ay

Hi s

Tyr

540

Ay

Tyr

Met

Ay

Met

Lys

Ser

525

Arg

Phe

Tyr

Asp

Leu
605

Leu

Hi s

Leu

Ser

510

Asp

Thr

Al a
590

Trp

Hi s

Pro

Leu
495

Asp

Ay

Lys

Al a

575

Ay

Leu

Asp

Val

655

Trp

Asp

Val

Val

Ser

Phe

Ser
640

Asp

Val



Val Asn Arg

675

H s Leu Val

690

Thr
705

Pro dn

Gn Arg Arg

<210> 6

<211> 2202
<212> DNA
<213>

<400> 6
at ggacct ga
60

aagt cgcgct
120

at agacat ca
180

ct gct gaagg
240

gggt ccgacg
300

cgggaccgag
360

at t gt gaagc
420

660

Gu Tyr Leu

Lys Gy Al a

Ala Pro Arg

710

Ay
725

hunman

gcat gaagaa

ccaagagctc

gccat cat gt

ttttaggaca

ct gggcagct

t gagat cgaa

ttcattatgc

665

Ser
680

Met Ala Ala Thr

695

Leu u Pro Val

gttcgcegtg

cagcct gagc

gaaggagggc

aggat cct at

ctacgccatg

gat ggagaga

ctttcagacg

Pro Asn dn

Leu

Tyr

670

685

700

Leu
715

730

cgcaggtt ct

cggct cgagg

tttgagaagg

ggaaaggt gt

aaggtcctta

gacat cttgg

gaaggaaagc

Ser

Ser Arg G n Asp Va

Phe Ala Leu Asn Arg

Ser Asn Leu Al a

Met Lys Arg Leu Thr Ser Thr Arg Leu

tctctgtgta

aagaaggt gt

cagatccttc

t cct ggt gag

agaaagccac

cagaagt gaa

t ct acct gat

720

cct gcgcagg

cgt gaaggag

ccagtttgag

gaaggt gaag

cct aaaagtt

tcaccccttc

cctggacttc



ctgcggggag
480

gt caagtt ct
540

at ct acagag
600

acagatttcg
660

gggacgat cg
720

gact ggt ggt
780

gggaaggaca
840

ttcctcagtg
900

cggctggatg
960

at agact gga
1020

aggcct gagg
1080

cctggegtcc
1140

t caagcct ga
1200

gt gcagcagt
1260

at cggggt gg
1320

gggacct ctt

acct ggct ga

at ct gaagcc

gcct gagt aa

agt acat ggc

ccttcggegt

ggaaggagac

gggaggcaca

ctggcattga

acacgctgta

acaccttcca

ccccgagt gc

t ccaggagcc

t acacgggaa

gctcctactc

cacccggctc

gctggecttg

t gagaacatc

ggaggccat t

gcccgaggtg

gctcatgttt

catggctctc

gagtttgctg

cggagt ggag

ccggaaggag

ctttgacccc

aaacgct cat

ctcacagcaa

caacat ccac

agt gt gcaag

t ccaaagagg

gctttagacc

ctcctggatg

gaccacgaca

gt gaaccggc

gagat gctca

at cct caaag

cgagct ct ct

gaaat t aagc

at caagccac

gagttcacag

cacctgttta

gat ctgcaca

ttcaccgatg

cgat gt gt gc

tcatgttcac

atctccacag

aagaggggca

agagagcgt a

gaggacacac

cggggt ccct

ccaagct ggg

t caaacggaa

gccatccctt

cgttcaaacc

cgcggacgcc

gaggatt cag

aagt cccagt

gct acgagat

at aaagccac

ggaggaggat

cct ggggat c

cattaagatc

ctccttctgce

gcagagt gcc

gccgttccag

gat gccgcag

cccctgcaac

ctttgtgacc

agcagt gggc

cacagact ct

ctttgtggcc

tcacccaatc

caaggaggac

agacaccgag



tat gccgt ga
1380

ct gcggt acg
1440

tttgtgtacc
1500

cagagat act
1560

gactacctcc
1620

agggat gagt
1680

ctgcgegegg
1740

gaggt cct ga
1800

ttgtacacca
1860

gagattct gg
1920

at at ct gacg
1980

ct gacggcga
2040

aaccagct ca
2100

gct ct aaaca
2160

cagcgcagag

2202

agatcattga

gccagcaccc

t ggt aat gga

t ct cggagceg

attcccaggg

cggggagccc

ggaacgggct

agcgt caagg

t gct ggcagg

cgcggat cgg

cagct aaaga

t gcaagt gct

gccgacagga

gaacacct ca

gcat gaagag

t aagagcaag

gaacat catc

gct gat gcgt

cgaagccagt

ggtt gt t cat

agaat ccatc

gct cat gaca

ct at gat gcg

atttacccct

cagt gggaag

cgtcgtgtcc

Caaacacccg

cgtgcacctg

ggccccgcecgg

agagacccct

accct caagg

ggt ggggagc

gacgt cct gt

cgagacct ga

cgagt ct gcg

ccctgctaca

gcgt gt gaca

tttgcaaatg

tatgcccttt

aagat gct cc

t gggt ggt ca

gt gaagggcg

ct ggagcccg

actcacgtcc

cggaagagat

atgtctatga

t cct ggaccg

gcaccat cac

agccgagt aa

acttcggcett

cggccaattt

tctggagttt

ggccagacga

ct gggggaaa

acgt ggaccc

acagagagt a

cgat ggccgce

tgctgtcgtc

acgcggttgt

t gagat cctc

t gat ggcaag

cat cctccgg

caagaccat g

catcctgtac

t gccaagcag

cgt ggccccg

ggggatcctg

t acccct gag

ct gggact cg

t cat cagcgc

cctgtcccca

cacctacttt

caacct ggct

ag



<210> 7
<211> 745
<212> PRT
<213> human
<400> 7
Met Leu Pro
1
Val Phe Ser
Met Val Asp
35
Qu dy Val
50
Tyr G u Lys
65
Gn dy Ser
Asp Ala Ay
Lys Val Arg
115
G u Val Asn

130

Phe

Ay

20

Au

Val

Phe

Asp

Hi s

Ay

Pro

Lys

Asp

Ay

85

Leu

Arg

Pro

Pro

Ay

Met

Pro

70

Lys

Tyr

Val

Phe

Adn

Al a

Au

I'le

55

Al a

Val

Arg

Ile
135

Asp

Ser

Au

40

Pro

Adn

Phe

Met

Thr

120

Val

Au

Ser

25

Ay

Ile

Phe

Leu

Lys

105

Lys

Lys

Pro
10

Trp

Gy GQu

Al a

Thr H s

A u Leu

75

Val
90

Arg

Val

Leu

Met Qu

Leu Hi s

Asp

Val

Asp

Hi s

60

Leu

Lys

Lys

Arg

Tyr
140

Arg

Asn

Ser

45

Val

Lys

Lys

Lys

ASp
125

Ay

30

Lys

Val

Thr

Al a

110

Phe

Met Qu
15

Leu Lys

His Asp

Ay

Leu Gy

80

Gy Pro

95

Ser Leu

Val

Leu

Thr



Phe

Phe

Ay

Asp

225

Trp

Phe

Lys

Arg

305

Val

Ay

Thr

Tyr

Ay

210

Pro

Ser

Leu
290

Met

Au

Lys

Arg

Leu

Val

195

Hi s

Tyr

Ay

275

Ay

Leu

Leu

Leu

Al a

180

Tyr

Lys

Val

Ay

260

Lys

Met

Phe

Ile

Tyr

Ser

165

Arg

Lys

Lys

Val

245

Val

Asp

Pro

Lys

Lys

Leu

150

Lys

Leu

Asp

Leu

Al a

230

Leu

Arg

Arg
310

Arg

Leu

Thr

215

Tyr

Arg

Met

Phe
295

Asn

Hi s

Leu

Val

Leu

Lys

200

Asp

Ser

Arg

Phe

Leu

Pro

Leu

Asp Phe

Leu Phe

170

Al a Leu

185

Pro Qu

Phe Gy

Phe Cys

Gy H's

250

Au Mt

Ser Al a

Al a Asn

Phe Phe

Leu
155

Thr

Asp

Leu

Ay

235

Ser

Leu

Asn

Au

Arg

315

Al a

Arg

Hi s

Ser
220

Thr

Thr

Met

Al a

300

Leu

Ay

Au

Leu

Leu

205

Lys

Val

Ser

Ay

Ile

285

Adn

Ay

Ay

Asp

Hi s

190

Leu

Al a

Thr

270

Leu

Ser

Ser

Asp

Asp

Val

175

Asp

Ser

Tyr

Asp

255

Leu

Lys

Leu

Trp

Val
160

Lys

Leu

Val

Met

240

Trp

Pro

Leu

Ay
320

Asp



Lys Leu

Lys Pro

Pro Lys
370

Phe Lys
385

Ile Thr

Gy Asn

Gy Val

Asn Met

450

Ser Gu
465

Ile Thr

Thr Asp

Tyr

Asp

355

Asp

Ay

Pro

Ay
435

Leu

Leu

Lys

340

Asp

Ser

Phe

Al a
420

Ser

Phe

Lys

Met
500

325

Arg

Thr

Pro

Ser

Thr

405

Tyr

ASp
485

Lys

d u Val

Phe Cys

Gy Leu
375

Phe Val
390

Ser Al a

Phe Gy

Ser Val

Val Lys

455

Ile Leu
470

Val Phe

Ay Gy

Adn

Phe

360

Pro

Asn

Cys
440

Met

Asp

Pro
345

Asp

Thr

Val

Val

425

Lys

Arg

Asp

Leu
505

330

Pro

Pro

Ser

Ser

Leu

410

Tyr

Arg

Asp

Tyr

Ay

490

Leu

Phe

Au

Ile
395

Pro

Lys

Ay

475

Arg

Asp

Lys

Phe

Asn
380

Leu

Ser
460

Tyr

Arg

Pro

Thr

365

AQu

Val

Lys

Hi s

445

Lys

Hi s

Val

Ile

Al a

350

Al a

Hi s

Au

Adn

Arg

Pro

Tyr

Leu
510

335

Ser

Lys

Tyr

Ile

415

Asp

Thr

Asp

Leu
495

Lys

Ay

Thr

Leu

Lys

400

Asn

Thr

Pro

Ile

480

Val

Adn



Lys

Lys

Lys

545

Ay

Val

Ay

Ay

625

Lys

Lys

Thr

Thr

530

Pro

Arg

Leu

Leu

Val

610

Pro

Phe

Asp

Phe

515

Val

Ser

Leu

Met

595

Leu

Ser

Leu

Ser

Asp

Asn

Cys

Leu

580

Adn

Phe

Asp

Leu

Leu
660

Gu Arg

Tyr Leu

Ile Leu
550

Asp Phe
565

Thr Pro

Gn dy

Tyr Thr

Thr Pro

630

Ser Ay
645

Ser H s

Ile Leu

Hi s
535

Tyr

Ay

Tyr

Met

615

Ay

Met

Lys

Al a
520

Cys

Met

Phe

Tyr

Asp

600

Leu

Au

Asn

Leu

Hi s
680

Ser

Asp

Thr
585

Trp

Hi s
665

Ser

Asp

Ay

Lys
570

Ay

Leu

Asp

650

Met

Trp

Val

Ser
555

Tyr

Leu

635

Asn

Asp

Leu

Val

540

Al a

Leu

Phe

Asp

Thr

620

Arg

Pro

Thr

Tyr Val
525

Hs Arg

Ser Al a

Arg Ay

Val Al a

590

[le Trp
605

Pro Phe

Ser Asp

Hs An

Hs Arg
685

Ile

Asp

Asp

Pro

Ser

Ay
655

Arg

Asp

Ser

Leu

Ser
560

Leu

Ay
640

Tyr



Leu Pro Asn Asp G n Pro Lys Arg Asn Asp Val
690 695

Ser
700

His Val Val Lys

Gy Ala Met Val
705

Ala Thr Tyr Ser Ala Leu Thr
710 715

H's Lys Thr Phe G n

720

Pro Val Leu GQu Pro Val

725

Ala Al a Ser Ser

730

Leu Ala G n Arg Arg Ser
735

Met Lys Lys Arg Thr Ser Thr Gy Leu
740 745

<210> 8

<211> 2238
<212> DNA
<213>

<400> 8
at gct accat
60

ggcggcgega
120

ggagaagcag
180

gt t aaggaag
240

caggggt cat
300

ctctatgcaa
360

aagat ggaga
420

gcctttcaga
480

hunman

tcgctcctca

gcagcggcga

attcttgtca

gct at gagaa

tt ggaaaggt

t gaaggt gt t

gggat at act

ct gaagggaa

ggacgagccc

ggt aaat ggt

t gat gaagga

agcagat cct

ttttcttgtt

aaaaaaagcc

ggt ggaagt a

actgtactta

t gggaccgag

ctt aaaat gg

gttgttaaag

gcacagtttg

agaaagaaga

tctttaaaag

aat cat ccat

at act ggat t

aaat ggaagt

tt gat gagcc

aaat ccct at

agttgctcaa

ccggtcctga

tt cgagacag

ttattgtcaa

ttctcagggg

gt t cagcggc

aat ggaagag

tact cat cat

ggttcttggt

t gct gggcag

agttcggaca

att gcact at

aggagat gt t



tt cacaagat
540

gaact ggccc
600

ccagaaaaca
660

aaggagt cag
720

gct cct gaag
780

gttcttatgt
840

accat gaat a
900

caaagtcttc
960

gt t gaagaaa
1020

agagaagttc
1080

gat cct gaat
1140

gct cat cagc
1200

atcactccta
1260

caatttggtg
1320

aagcgat gca
1380

t at ccaaaga

ttgctttgga

ttttgcttga

t agat caaga

t agt aaat ag

tt gaaat gct

t gat at t aaa

t aaggat gt t

t caaaagaca

aacctccttt

ttact gcaaa

tctt caaagg

t cacaagt gc

aagt at at ga

tacat gcaac

ggttctgttt

tcatctgcac

t gaaat agga

aaagaaggct

gagaggccat

tact ggt act

agcaaaactt

at t caaaagg

tctogtttttt

caaacct gct

aacacct aaa

attcagcttt

aaatgtatta

at t gaaggag

taccaacatg

acagaggaag

caattaggaa

cat at caaat

tactcatttt

t cccagagt g

ctgccatttc

ggaat gcctc

aat ccagcaa

gcaaatattg

t ct ggaaaac

gattctcccg

gttgcaactt

ccaattgttc

gatattggtg

gaatttgcag

at gt gaaat t

ttgtttatag

t aacagattt

gt ggt acagt

ctgattggtg

aaggt aaaga

aatttcttag

at agat t ggg

act gggat aa

cagat gat ac

gtttgccagc

ctattgcaga

agat aaat gg

ttggctccta

t gaagat cat

ctacctcgca

agacct gaag

t ggact cagc

agagt at at g

gt cat at ggt

cagaaat gag

t gct gaagca

at cagaagga

att at at aaa

tttttogtttt

cagt gcaaat

agaat at aaa

aaat gctgca

ctctgtttge

t gacaaaagt



aagcgagacc
1440

attactttga
1500

aaaggaggag
1560

agt gat at ac
1620

catcgtgatc
1680

at caggat at
1740

act ccat gct
1800

gctgecttgtg
1860

ccatttgcta
1920

aaattctctt
1980

tcccatatgc
2040

t cat ggat aa
2100

catgttgtta
2160

ccagt cct ag
2220

ac at
2238

cttcagaaga

aggat gt ctt

agttacttga

t at at gt aat

tt aaacct ag

gtgattttgg

acact gcaaa

at at ct ggag

at ggccccaa

tgagtggt gg

ttcat at gga

ct cacagaga

agggagcaat

agcct gt agc

caactg

gat t gaaat a

t gat gat ggt

ccgtattctc

aagt aagaca

taatatttta

gtttgcaaaa

ctttgttgca

tttaggagtc

t gat act cct

aaact gggac

cccacat cag

ccagttgcca

ggttgcaaca

tgctt caagc

tt gat gcgcet

agatatgttt

aaacaaaaat

gttgactatc

tacat ggat g

caacttcgag

cctgaggttc

cttttttaca

gaagagat ac

aatatttcag

cggtatactg

aat gat cagc

tactctgccc

ttagcccagc

at ggacaaca

accttgttac

gtttctcgga

ttcattgtca

aat cagccag

gagaaaat gg

ttatgcaaca

caat gttggc

t gct gcgt at

acggagcaaa

ct gaacaaat

caaagagaaa

t gact cacaa

gacggagcat

gcct

tcccaacatt

ggatttaatg

acgggaggct

aggagttgtt

t gcagattca

acttctctta

gggat at gat

t ggct acact

aggcaat gga

ggatttgctt

at t aaagcac

tgatgtgtca

gacctttcaa

gaaaaagcga

gt aa
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