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SMALL MOLECULES BLOCKING HISTONE READER DOMAINS

FIELD OF THE INVENTION

The present invention relates to novel inhibitors of the TONSL protein required for
genome stability. TONSL functions as an obligate heterodimer with MMS22L in DNA
repair of double strand breaks (DSBs) and stabilization of replicating DNA

intermediates via error-free homologous recombination (HR).

The present inventors have solved the structure of the TONSL ARD in complex with its
histone substrate, histone H4 tails, providing grounds for structure-based rational
drug design of small molecules, peptides or polypeptides capable of preventing or
disrupting the binding of the H4 tail with the TONSL ARD via direct competition or via
allosteric disruption of the binding pocket.

BACKGROUND OF THE INVENTION

Cells are continuously exposed to diverse sources of DNA damage, and to face this
challenge they have devised an array of DNA repair strategies. One of the key repair
pathways for DNA double strand breaks, damaged replication forks and key for
survival of proliferating cells is homologous recombination (HR).

Many cancer cells experience high load of replication stress, making them vulnerable
to HR inhibition.

Cancer cells often also depend on this pathway to repair DNA damage generated by
conventional chemotherapy; therefore, HR targeting drugs are clinically attractive due
to synthetic lethality of affected cells.

Development of HR inhibitors is also of great clinical interest because PARP inhibitors
kill HR defective cells. Therefore blocking two alternative pathways will deliver a much
bigger impact than targeting either pathway alone. Additionally, some tumours cells
are defective in other DNA repair pathways and therefore dependent on HR, making
them sensitive to inhibition of HR repair.

TONSL (Tonsoku-like, NFKBIL2) is a crucial HR regulator that functions in a
heterodimeric complex with MMS22L to promote repair of DSBs and damaged
replication forks by HR. In HR, TONSL-MMS22L is proposed to regulate Rad51 loading
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onto ssDNA. Depletion of MMS22L or TONSL results in a pronounced decrease of cell
proliferation and marked hypersensitivity to the topoisomerase I poison camptothecin
(CPT), which is most likely caused by an inability to promote RAD51-mediated repair
of broken replication forks. However, the molecular mechanisms regulating TONSL-
MMS22L function in DNA repair are not known.

TONSL-MMS22L forms a complex with histones H3-H4, the histone chaperone ASF1
and MCM2, 4, 6, 7 that depend on the TONSL Ankyrin Repeat Domain (ARD),
suggesting that the ARD could be important for TONSL function.

ARD is a common protein-protein interaction motif consisting of tandemly repeated
modules of about 33 amino acids, occurring in a large number of functionally diverse
proteins including transcriptional initiators, cell cycle regulators, cytoskeletal proteins,
ion transporters and signal transducers.

Crystal structures of several ARD proteins are solved, including G9a/GLP ARD that
binds specifically histone H3 methylated at lysine @ (Collins et al., Nat Struct Mol Cell
Biol 15:245, 2008). Yet the specificity of most ARDs remain unknown.

By sequence similarity, TONSL ARD is highly similar to the BARD1 ARD. BARD1 is a
well-characterized HR factor, obligate partner of BRCAL, and is required for most
cellular and tumour-suppressor functions of BRCA1 (Westermark et al., Mol Cell Biol
23:7926, 2003).

The crystal structure of BARD1 ARD is available (Fox et al., ] Biol Chem 283:21179,
2008) but the binding specificity of the BARD1 ARD is unknown, and thus does not
provide grounds for inhibitor design.

Therefore, it is desirable to identify target molecules bound by TONSL ARD and obtain
crystals of these protein complexes in order to solve their structures at atomic
resolution. This provides basis to determine whether the binding is important for
TONSL-MMS22L function, thus making it an attractive drug target. Further, high-
resolution structures of binding pockets with their substrates can enable the skilled
addressee in designing small molecules interfering with the binding of TONSL ARD to
its target molecule and subsequently verifying the effect in biological assays in a rapid

and reproducible manner.
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SUMMARY OF THE INVENTION

The present inventors have discovered a molecular mechanism for recruitment of
TONSL and its partner MMS22L to post-replicative chromatin that opens an avenue to
target the HR repair pathway in cancer treatment. This mechanism relies on
recognition of histone H4 unmodified at K20 (H4K20mel) by the TONSL Ankyrin
Repeat Domain (ARD) domain that functions as a novel histone reader domain.

The highlights of this the discovery work include
1. Structural and biochemical data identifying the TONSL ARD as the first
histone reader specific for H4 tails unmethylated at K20 (H4K20me0).
H4K20meQ is specific to newly synthesized histones incorporated during DNA
replication, marking post-replicative chromatin until late G2/M when K20mel is
established.
2. Functional and structural data revealing that TONSL via ARD recognition
of H4K20me0 binds scluble new histones in complex with MCM2 and ASF1,
proving a means o deliver TONSL-MMSZ22L to replicating chromatin.
3. Functional data that TONSL binds nuclecsomal histones in post-
replicative chromatin via ARD recognition of H4K20me0 and demonstration that
this is reguired for TONSL-MMS22L accumuiation at damaged replication forks
and DNA lesions.
4, Functional data that TONLS ARD mutant protein titrates MMS22L away
from chromatin and is toxic to cells.
5. The TONSL ARD mutant proteins induce G2/M arrast, replication-associated
DNA damage {53BP1 foci) and reduce viability in the presence and absence of
campiothecin (CPT).
6. By removing TONSL from chromatin, the function of TONSL-MMS22L
compiex in DNA repair is disabled.
7. Inhibitors of TONSL, e.g inhibitors of TONSL capable of associating with the
TONSL ARD.
7. Histone H4 peptides or functional homologues thereof could act as inhibitors
of TONSL

Taken together, this shows that DNA replication leaves a mark, in the form of
deposited new histones unmodified at H4K20, which are recognized by the TONSL-
MMSZ2L HR repair complex to differentiate pre- and post-replicative chromatin.
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Furthermore, this work provides a breakthrough in understanding how the post-
replicative chromatin state is read by a key HR factor TONSL, which mediates loading
of Rad51 at damaged replication forks and DSBs. Small molecule inhibitors targeting
TONSL ARD are thus capable to disable efficient HR repair of DSBs and damaged
replication forks.

The present invention thus relates to small molecules interfering with the
conformational space of the TONSL ARD occupied by the histong H4 tail. These small
molecules targets the binding pocket of TONSL encompassing the H4 residues K12-
R23 and act by preventing or disrupting the binding of the H4 tail K12- R23 with the
TONSL ARD via direct competition or via allosteric disruption of the binding pocket.

Therefore, in one aspect the present invention relates to small molecules that prevent
or disrupt the binding of a substrate in the binding pocket of the BARD1 ARD (defined
by its high structural similarity to the H4 tail K12-R23 binding pocket in TONSL ARD)
via direct competition or via allosteric disruption of the binding pocket.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors have identified and solved the structure of a histone reader
domain of TONSL termed the ARD (ankyrin repeat domain). Importantly, the present
inventors have solved the structure of the TONSL ARD in complex with its histone
substrate, histone H4 tails, providing grounds for structure-based rational drug design
of TONSL inhibitors. Given the requirement of TONSL for HR of DSBs and repair of
damaged replication forks, TONSL inhibitors can be efficient in compromising HR and
be used either alone or in combination with conventional chemotherapy in killing
cancer cells. Thus, any of the TONSL inhibitors described herein may be useful in the

treatment of cancer.

The crystal structure of the complex, recombinant TONSL ARD, cell lines expressing
GFP-TONSL (wild type and histone H4 binding mutants) of the present invention are
all instrumental to design and identify specific small molecule inhibitors that interfere
with TONSL ARD recognition of H4K20me0.

Below the present inventors, also disclose the development of a pipeline of
biochemical and cell-based assays useful for TONSL inhibitor development.
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These data and information are indispensable for the design of novel inhibitors
suitable as anti-cancer therapeutics. The invention thus provides the means for
designing in silico and subsequently synthesizing and testing in assays also provided
by the invention, small molecule inhibitors that are capable of inhibiting the binding
between TONSL and its histone substrate, thereby interfering with HR, in turn
resulting in direct anti-tumour effects and/or increased efficacy of available cytostatic

compounds.

The present inventors have identified the key determinant for binding of H4 tails to
TONSL using interfacial mutants. Furthermore, the present inventors have
demonstrated that TONSL ARD mutants that disrupt the H4 tail binding sites are no
longer recruited to post-replicative chromatin, damaged replication forks, or DNA
lesions (e.g., DNA double strand breaks). The TONSL ARD mutant proteins induce
G2/M arrest, replication-associated DNA damage (53BP1 foci) and reduce viability in
the presence and absence of camptothecin (CPT).

As described in more detail below, said TONSL ARD mutants may phenocopy the
effect of inhibitors of TONSL, in particular the effect of inhibitors which inhibit binding
of TONSL ARD to histone H4. Thus, the invention provides that such inhibitors are
useful for inducing G2/M arrest, replication-associated DNA damage (53BP1 foci)
and/or reduce cell viability in the presence and/or absence of camptothecin (CPT).
This render the inhibitors useful in the treatment of cancer. The inhibitor may be any
of the inhibitors described herein.

The present inventors also note that several TONSL mutants in the ARD domain
(residues 512-692) have been identified in cancer tissues of multiple organs including
lung, skin, stomach, large intestine, biliary tract, prostate, endometrium, ovary,
pancreas, oesophagus, urinary tract and central nervous system

(COSMIC, Catalogue of somatic mutations in cancer, http://arch37 -
ganger.sanger.ac.uk/cosmic/search?g=TONSL). The term TONSL ARD refers to amino
acids 512 to 692 of SEQ ID NO:16.

The present inventors have determined that the TONSL ARD is highly similar to the
ARD of BARD1 for which a structure has been published, but since the binding
specificity of BARD1 ARD is unknown, this again does not provide grounds for inhibitor
design.
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However, the details of TONSL ARD binding to H4 tails predict that inhibitors that
disrupt TONSL binding to histones may also bind the BARD1 ARD and disrupt
interaction with its substrate (e.g. histones). This would be desirable and probably
increase drug efficacy as BARD1 and TONSL operate in separate steps within the same
DNA repair pathway (HR). The present inventors also note that an established tumour
suppressor mutation in BARD1 found in breast cancer targets a key residue predicted
to be required for histone binding on the basis of the TONSL ARD-H4 structure.

In one aspect, the present invention relates to designing and developing drugs, small
molecule inhibitors that would prevent recruitment of TONSL, a HR protein, to sites of
DNA damage. Because TONSL together with its partner protein MMS22L is required for
HR, interfering with TONSL recruitment to DNA lesion will impair HR repair and kill
cancer cells or cells dependent on HR repair pathway either alone or in combination
treatment with conventional chemotherapy.

The crystal structure

The present invention relates to the use of structure-based drug design methods to
identify compounds that interfere with TONSL and TONSL-MMS22L complex
recruitment to DNA lesions and DNA replication forks.

The invention discloses the crystal structure of the TONSL ARD in complex with its
histone substrate, histone H4 tails. The TONSL ARD targets the H4 tail spanning
residues Lys12 to Arg23, primarily through intermolecular hydrogen-bonding,
electrostatic and van der Waals interactions (Figures 1-9).

The invention relates to the atomic details of the TONSL ARD binding pocket
architecture and the intermolecular interactions with the H4 tail peptide that account
for recognition specificity between the H4 tail (K4-R23) and residues lining the TONSL
binding pocket.

In a preferred embodiment, the present invention relates to a crystal structure having
the atomic coordinates available in the PDB Protein Databank under the PDB ID 5]JA4
as deposited 11 April 2016, B0 10,2210/ pdbbad/pdb or having a structure in which

the atomic coordinates vary by less than 34 in any direction from those set out in the
PDB Protein Databank under the PDB ID 5JA4, 80X 18 2210/ndbbad/pdb.
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The variation of the atomic coordinates of the present invention should preferably be
less than 3A&, such as less than 2,75 A&, such as less than 2,5 &, such as less than 2,25
A, such as less than 2,0 &, such as less than 1,75 &, such as less than 1,5 &, such as
less than 1,25 &, such as less than 1,0 &, such as less than 0,75 &, such as less than
0,5 A or such as less than 0,25 A.

In one embodiment, the invention relates to at least part of the atomic co-ordinate
data available in the PDB Protein Databank under the PDB ID 5]JA4, DO
10,2218/ npdb51a4/ pdhb or data derivable therefrom.

In one embodiment, the present invention relates to a crystal comprising at least part
of the crystal structure of the TONSL ARD in complex with its histone substrate,
histone H4 tails.

In another embodiment, the invention relates to the distances between the atomic co-
ordinates in the crystal structure available in the PDB Protein Databank under the PDB
ID 5]JA4, B3 10,2218/ pdbba4/pdb or any variation thereof that defines the binding
surface of TONSL interacting with the histone H4 tail residues Lys12-Arg23 (Figures 1-
9).

The histone H4(K12 to R23) peptide is positioned within a channel on the surface of
the ankyrin repeat domains of TONSL. This surface constitutes an acidic patch and
contains shallow binding pockets for the Hisl8 and Lys20 side chains of H4. Further,
the side chain of H4 R17 is aligned by being sandwiched between the side chains of
Tyr572 and Cys608. Hence, any inhibitor must target the two shallow pockets and be
compatible with the electrostatic nature of the binding surface.

Methods of forming a crystal structure
In one embodiment, the invention relates to a three dimensional crystal of a complex
between

 a polypeptide comprising:

o TONSL ARD consisting of amino acids 512 to 692 of SEQ ID
NO: 16 or a functional homologue thereof sharing at least 90%
seguence identity therewith; and
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o optionally MCM2 HBD consisting of amino acids 61 to 130 of SEQ
ID NO:24 or a functional homologue thereof sharing at least
90% sequence identity therewith;

o Histone H4 of SEQ ID NQ:23 or a functional homologue thereof sharing
at least 90% sequence identity therewith; and

» optionally Histone H3 or a fragment thereof, e.g. histone H3.3 A56
consisting of amino acids 57-135 of SEQ ID NO:25 or a functional
homologue thereof sharing at least 90% sequence identity therewith,

In particular, the polypeptide may comprise said TONSL ARD or a functional
homologue thereof linked to said MCM2 HBD or a functional homologue thereof by
way of a peptide linker. Such a peptide linker typically consists of in the range 4 to 20
amino acids, e.g. 4 to 12 amino acids. Said amino acids may be Gly, and thus the
linker may consist of in the range of 4 to 20 Gly residues, such as in the range of 4 to
12 Gly-residues.

In general, the complex comprises one polypeptide comprising TONSL ARD, whereas
histone H4 and optionally histone H3 typically are present as separate peptides.
Preferably, the polypeptide comprising TONSL ARD also comprise MCM2 HBD, wherein
TONSL ARD may be linkad to MCM2 HBD by way of a linker, e.g. a peptide linkar,
Said fragment of Histone H3 may be a fragment of histone H3.3, e.g. amino acids 57-
135 of SEQ ID NO:25. This fragment may also be a fragment of Histone H3.1 or
Histone H3.2, which contains an identical fragment.

The present invention may in particular be based on the use of a unique fusion
protein, MCM2 HBD=-G,~TONSL ARD (SEG ID NO: 15), allowing crystallization of the
TONSL ARD=MCM2 HBD=-H3=~H4 tetramer complex. The fusion protein consists of the
human TONSL Ankyrin Repeat Domain (ARD, residues 512-692 of SEQ ID NO:16) and
MCM2 Histone-binding Domain (HBD, fragments 61~130 of SEQ ID NO:24) covalently
linked through a four-Glycine linker (G, linker) into one expression cassette.

Useful isolated polynucleotide or amino acid sequences of the present invention is
disclosed in the SEQUENCE DATA listing below having at least 90% sequence identity,
such as 91% sequence identity, 92% sequence identity, 93% sequence identity, 94%
sequence identity, 95% sequence identity, 96% sequence identity, 97% sequence
identity, 98% sequence identity, 99% sequence identity or 100% sequence identity.
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All sequence listed are embodiments of the present invention. There are many ways {o
define the sequence identity of genes, nucleotides, or protein sequences. One way is
through a direct comparison of two aligned sequences. Such a comparison is
technically straightforward.

In particular, the term “sequence identity” as used herein may refer to the % of
identical amino acids or nucleotides between a candidate sequence and a reference
sequence following alignment. Thus, a candidate sequence sharing 80% amino acid
identity with a reference sequence requires that, following alignment, 80% of the
amino acids in the candidate sequence are identical to the corresponding amino acids
in the reference sequence. Identity according to the present invention is preferably
determined by aid of computer analysis, such as, without limitations, the ClustalWw
computer alignment program (Higgins D., Thompson J., Gibson T., Thompson 1.D.,
Higgins D.G., Gibson T.]1., 1994. CLUSTAL W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res. 22:4673-4680), and the default
parameters suggested therein. The Clustalw software is available from as a Clustalw
WWW Service at the European Bioinformatics Institute http://www.ebi.ac.uk/clustalw.
Using this program with its default settings, the candidate amino acid sequence and
the reference amino acid sequence are aligned. The number of fully conserved
residues are counted and divided by the length of the reference sequence. Thus,
sequence identity is preferably determined over the entire length of the reference
sequence. The ClustalW algorithm may similarly be used to align nucleotide
sequences. Sequence identities may be calculated in a similar way as indicated for
amino acid sequences. Sequence identity as provided herein is calculated over the
entire length of the reference sequence.

Functional homologues of a reference peptide or polypeptide according to the
invention may be peptides or polypeptides sharing at least 70%, such as at least
80%, for example at least 90% sequence identity, such as at least 95% sequence
identity, for example at least 98% sequence identity sequence identity with said
reference peptide or polypeptide.

In another embodiment sequences that hybridize to any of the isolated polynucleotide
of the present invention is disclosed in the SEQUENCE DATA listing below under

conditions of low stringency, are embodiments of the present invention.
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In the present context, sequence that hybridize under low stringency is defined as a
sequence which specifically hybridizes to said e.g. DNA or said complementary
sequence in a hybridization solution containing 0.5M sodium phosphate buffer, pH 7.2,
containing 7% SDS, 1 mM EDTA at 65° C. for 16 hours and washing twice at 65° C.
for twenty minutes in a washing solution containing 0.5xSSC and 0.1% SDS.

Crystallization of TONSL ARD in complex with a H4 tail or H3-H4 tetramer failed even
with extensive screening. Because an additional binding protein may help to stabilize
the whole complex and help crystallization, crystallization of TONSL ARD in complex
with the MCM2 HBD and H3-H4 tetramer was tested.

Very tiny crystals were obtained for this complex, but failed to give big and well-
diffracted crystals. The whole complex of TONSL ARD with MCM2 HBD and H3-H4
tetramer might be destabilized by the harsh crystallization conditions and form sub
complexes thus hindering the optimization of the crystals.

Covalently linkage of TONSL ARD and MCM2 HBD into one cassette was thus tested
through different length of Glycine linker (G linker). The Gy, Gi1, Gio, Go, Gs, Gy, Gs,
Gs and G, linkers had been tried and all these cassettes could be crystallized.

One of the constructs with a G4 linker (MCM2 HBD-G4-TONSL ARD cassette) gave
well diffracted crystals in complex with H3.3(A56)-H4 (see Example 1), herein
denoted as TONSL ARD-MCM2 HBD-H3-H4 tetramer complex (Figure 1).

Thus, the present invention relates to a composition comprising a protein assembly of
TONSL ARD-MCM2 HBD-H3-H4 in its crystalline form and/or the details of the
structure of the complex deduced from structural analysis of this crystal.

Specific data defining this crystal are detailed in Table 1, Example 1. Specifically, this
aspect of the invention relates to the TONSL ARD binding pocket architecture and the
intermolecular interactions with the H4 tail peptide deduced from the atomic co-
ordinates that define the binding surface of TONSL ARD with the histone H4 tail
residues Lys12-Arg23 (e.qg. in the crystal structure available in the PDB Protein
Databank under the PDB ID 5]JA4, DOI: 10.2310/ndbSad/ndb or variation thereof).
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The binding pocket data

The Lys12-Gly13-Gly14-Alal5 segment of H4 is positioned within a narrow surface
channel of the TONSL ARD scaffold (Figures 2-4). The amino acid number provided in
relation to histone H4 are general provided in relation to histone H4 of SEQ ID NO:34.

The intermolecular contacts spanning the Lys12-Gly13-Glyl4-Alalb segment of H4
include hydrophobic interactions between residues Gly13, Gly1l4 and Alalb of H4 and
residues Asnb07, Cys508, Trp64l, Tyre45 and Leub4d of ARD, as well as hydrogen
bonds between the main-chain O of H4 Gly14 and Nel of ARD Trp641, and between
the main-chain N of H4 Alal5 and On of ARD Tyr645 (Figure 3, 8).

The main-chain O of H4 Lys16 hydrogen bonds with the NO2 of ARD Asn571, while the
side-chain of H4 Lys16 forms contacts with ARD Asn607 and electrostatic interactions
with the side-chain of ARD GIu597 (Figure 3).

The side-chain of H4 Argl7 stacks over the side-chains of ARD Tyr572 and Cys608,
while its Nn1 atom forms two hydrogen bonds with main-chain O and 051 of ARD
AsnS571 (Figures 3, 5).

The side-chain of H4 H18 penetrates into a pocket lined by four strictly conserved
residues (Trp563, Glub68, Asn571 and Asp604) and is positioned over His567 of ARD.
The side chain of H4 His18 is stacked between Trp563 and Asn571 and forms
hydrogen bonds to Glu568 and Asp604 of ARD (Figures 3, 6).

The main-chain O of H4 Argl9 forms a hydrogen bond with Nel of Trp563 and its
side-chain forms contacts with Cys561 and Gly595 of ARD (Figure 3).

The H4 Lys20 residue is bound within an acidic surface pocket on ARD adjacent to the
H4 His18 binding pocket. The side-chain of H4 Lys20 interacts with the side-chain of
Met528 and contacts the edge of Trp563 of ARD, while the main-chain atoms of H4
Lys20 packs against Cys561 of ARD. The N atom of H4 Lys20 forms three strong
hydrogen bonds (distance < 3 &) with the side-chains of strictly conserved residues
Glu530, Asp559 and Glu568 of ARD, which surround H4 Lys20 within a regular
triangle-like alignment (Figures 3, 7).
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The intermolecular contacts spanning the Val2l-Leu22-Arg23 segment of H4 include
contacts between side-chains of H4 Val21 with Tyr560 and Cys561 of ARD, while H4
Leu2?2 interacts with Asp527 and Met528 of ARD. The main-chain N of H4 Arg23 forms
a hydrogen bond with the main-chain O of Asp527 of ARD, while the side-chain packs
against the side-chain of Tyr560 of ARD (Figures 3, 9).

From the structure descriptions above, it is apparent that the H4 tail (residues 12-23)
with an extended B-strand like conformation lies in an elongated channel on the
concave surface of the TONSL ARD. This channel is primary acidic, which provides an
glectrostatic complementary fit with the positively charged H4 tail. Most importantly,
the side chains of H4 His18 and Lys20 are accommodated within two adjacent pockets
(Figure 4).

Substitution of H4 His18 with the larger Trp residue totally disrupts binding with

TONSL ARD (Figure 13), underscoring the importance of fitting His18 in the pocket. As
the NC atom of H4 Lys20 forms three strong hydrogen bonds within its binding pocket,
it can be predicted that methylation on H4K20 should break these critical interactions.

Both isothermal titration calorimetry (ITC) and H4 tail peptide pull-downs of
recombinant ARD and full length TONSL from cell extracts confirmed that
H4K20mel/2 is incompatible with TONSL binding (Figures 13, 14, 15, 17, 18, 19).

Further, in vitro pull-down of full-length recombinant TONSL-MMS22L with modified
reconstituted mononucleosomes showed that H4K20me2 significantly reduced TONSL-
MMS22L binding (Figure 16).

The term “H4 tail binding surface of TONSL ARD” as used herein refers to the part of
TONSL ARD binding the H4 tail. Amino acids of TONSL ARD involved in the binding of
the H4 tail are described in detail above in this section, and the “H4 tail binding
surface of TONSL ARD” may be comprise any of these amino acids. In particular, the
"H4 tail binding surface of TONSL ARD” may comprise amino acids Asp527, Met528,
Glu530, Asp559, Tyr560, Cys561, Trp563, Glu568, Asn571, Tyr572, Gly595, Glu597,
Asp604, Asnb07, Cysb608, Trpb4l, Tyre45 and Leub49 of SEQ ID NO:16.

Our data establish that the methylation of H4K20 hinders binding with TONSL ARD.
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A previous study found that the ARD of the G9a/GLP methyltransferases specifically
recognize H3K9mel/2, but the TONSL ARD showed no binding to H3K@mel peptides.

Consistent with the structural data, histone H4 mutations H18A and K20A disrupted
binding to TONSL in cell extracts (Figure 11). Conversely, mutation of 6 conserved
TONSL residues lining the H4 His18 and Lys20 binding pockets disrupted binding to
H3-H4 and MCM2, both in vivo and in vitro without affecting binding to MMS22L,
previously shown to bind to the C-terminal part of TONSL (Figures 10, 12). In vivo,
these mutants abrogated binding to soluble H3-H4 and, consequentially, association
with ASF1 and MCM2 was lost without affecting MMS22L binding to the C-terminal part
of TONSL(Fig. 12).

Taken together, these results show that TONSL binds to free histones and
nucleosomes via ARD recognition of H4 tails, with the important residues His18 and
Lys20 fitting within two adjacent pockets. It is also shown that aa 9 to 25 of SEQ ID
NO:23 can bind TONSL ARD (aa512-692 of SEQ ID NO:16), but that the mutants are
strongly impaired in H4 tail peptide binding.

It is apparent that a small molecule that could bind to the His18-binding pocket or the
Lys20-binding pocket, as well as either single or covalently-linked small molecules
that target both pockets on TONSL ARD, would disrupt the interactions between H4
and TONSL.

Drug design

In the most basic sense, the drug design of the present invention involves the design
of single or linked small molecules that are complementary in shape and charge to the
molecular target of the present invention. The invention also relates to peptides or
polypeptides designed to bind to the target.

The drug design of the present invention relies on the knowledge of the three-
dimensional structure presented herein. In addition to small molecules,
biopharmaceuticals are an increasingly important class of drugs and computational
methods for improving the affinity, selectivity, and stability of these protein-based
therapeutics are also embodiments of the present invention.
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The small molecules of the present invention are preferably designed so as not to
affect any other important "off-target" molecules (often referred to as anti-targets),
since drug interactions with off-target molecules may lead to undesirable side effects.

The term “small molecule” as used herein refers to any molecule with a molecular
weight below 1000 Da, for example below 500 Da. Preferably, the “"small molecule”
may be an organic molecule having a molecular weight below 500 Da.

Another class of small molecules that constitute an embodiment of the invention are
aptamers, which can be made up of DNA, RNA, or peptide units. Aptamers bind to a
specific target molecule, and may be designed as described herein in this section.
Alternatively, they may be created by selecting them from a large random seguange
pool. Thus, aptamer may be any aptamer having the binding properties described

herein.

In contrast to traditional methods of drug discovery (known as forward
pharmacology), which rely on trial-and-error testing of chemical substances on
cultured cells or animals, and matching the apparent effects to treatments, rational
drug design (also called reverse pharmacology) begins with a hypothesis that
modulation of a specific biclogical target may have therapeutic value.

In order for a small molecule to be selected as a drug target according to the present
invention, one essential piece of information is required, namely the evidence that
modulation of the target by the small molecule of the present invention will be disease
modifying. This knowledge comes from disease linkage studies that show an
association between e.g. mutations in the biological target and certain disease states.

The search for small molecules may begin by screening libraries of potential drug
compounds. This may be done by using a virtual screen of existing and available small
molecule libraries. The atomic co-ordinate data of the present invention or data
derivable therefrom are useful in selecting and/or designing small molecules capable
of interfering with the adjacent histone H4H18 and H4K20 binding pockets on the
surface of the Ankyrin repeats of TONSL.
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Thus, in one aspect, the present invention relates to methods for selecting and/or
designing such small molecules, wherein for e.g. the method involves the use of a
computer modelling or a computer program to model all or part of the structure
disclosed in the PDB Protein Databank under the PDB ID 5]A4, BOI:

10,2210/ pdb5iad/pdh or data derivable therefrom, identifying a potential small

molecule based on its likely ability to interact with the modelled structure,
synthesising or obtaining the small molecule from a commercial source and carrying

out in vitro testing of the functionality.

In one embodiment, the present invention relates to a computer-based method for
identifying a small molecule capable of interfering with the adjacent histone H4H18
and H4K20 binding pocket on the surface of the Ankyrin repeats of TONSL, comprising
the steps of

a) providing a 3D structural representation of the histone H4H18 and H4K20
binding pocket on the surface of the Ankyrin repeats of TONSL in a storage
medium on a computer, wherein the 3D structural representation is derived
from the atomic co-ordinates available in the PDB Protein Databank under the
PDB ID 5]A4, BOI: 10.2210/ndh51a4/pdh or a variant thereof in which the
r.m.s. deviation of the x, y and z co-ordinates for all heavy atoms is less than
1.0 A&, and

b) using the computer to apply structure-based drug design technigues to the

structural representation.

In one embodiment, the structure-based drug design includes one or more steps of
docking, such as but not limited to docking steps which screens members of a
structural library.

In another embodiment, the invention relates to a computer-based method for
identifying a small molecule capable of interfering with the adjacent histone H4H18
and H4K20 binding pocket on the surface of the Ankyrin repeats of TONSL, comprising
the steps of

a) providing a 3D structural representation of the histone H4H18 and H4K20
binding pocket on the surface of the Ankyrin repeats of TONSL in a storage

medium on a computer, wherein the 3D structurel representation is derived
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from the atomic co-ordinates of available in the PDB Protein Databank under
the PDB ID 5JA4, BOE: 10,2210/ pdb5ad/pdb or a variant thereof in which the
r.m.s. deviation of the x, y and z co-ordinates for all heavy atoms is less than
1.0 &, and

b) using the computer to apply structure-based drug design technigues to the

structural representation, and

¢) providing a compound identified by said structure based drug design
technique, and

d) contacting said compound with the binding pocket on the surface of the
Ankyrin repeats of TONSL and assaying the interaction between them.

In another embodiment, the invention relates to method of identifying a small
molecule capable of interfering with the histone H4H18 and H4K18 binding pocket on
the surface of the Ankyrin repeats of TONSL, or a fragment or variant thereof, said
method comprising the steps of:

a. generating the spatial structure of the pocket on a computer screen using
atomic coordinates as presented in the PDB Protein Databank under the PDB ID
5]JA4, BOI: 10.2210/0db5iad/ndh, data derivable therefrom, or by a root mean
square deviation over protein backbone atoms of not more than 1.0 A,

b. generating potential small molecules with their spatial structure on the
computer screen, and

C. selecting small molecules that can bind to at least one amino acid residue
of the set of binding interaction sites.

In another embodiment, the invention relates to a computer-assisted method for
identifying a small molecule capable of interfering with the histone H4H18 and H4K20
binding pocket on the surface of the Ankyrin repeats of TONSL, or a fragment or
variant thereof, using a programmed computer comprising a processor, a data storage

system, a data input device and a data output device, comprising the following steps:

a. inputting into the programmed computer through said input device data
comprising; atomic coordinates of a subset of the atoms according to the
present invention, thereby generating a criteria data set; wherein said atomic
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coordinates are selected from the atomic coordinates as presented in the PDB
Protein Databank under the PDB ID 5]JA4, BG4I 10,2210/ pdbhiad/ pdly, data
derivable therefrom, or by a root mean square deviation over protein backbone

atoms of not more than 1.0 &,

b. comparing, using said processor, the criteria data set to a computer data
base of low-molecular weight organic chemical structures and peptide
fragments stored in the data storage system, and

C. selecting from said data base, using computer methods, a chemical
structure having a portion that is structurally complementary to the criteria
data set.

In another embodiment, the invention relates to a method for identifying a ligand,
comprising the steps of:

a. selecting a potential ligand using atomic coordinates in conjunction with
computer modelling, wherein said atomic coordinates are the atomic
coordinates as presented in the PDB Protein Databank under the PDB ID 5JA4,
DG 102210/ ndb5ia4/ndb, data derivable therefrom, or by a root mean

square deviation over protein backbone atoms of not more than 1.0 &, by
docking potential ligands into a set of binding interaction sites, said binding
interaction generated by computer modelling and selecting a potential ligand
capable of binding to at least one amino acid in said set of binding interaction
sites of TONSL,

b. providing said potential ligand and said TONSL,
C. contacting the potential ligand with said TONSL, and
d. detecting binding of said potential ligand with TONSL.

A non-limiting Example of methods for identifying small molecules or inhibitors
according to the invention is provided in Example 16 herein below.
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SCHRODINGER analysis

The small molecule drug discovery suite by SCHRODINGER contains a comprehensive
set of programs aimed at state-of-the-art support of every step of drug discovery and
optimization. This represents one type of structure-based docking programs for small
molecule inhibitor design, other could also be applied. The essence of drug discovery
is in {1) finding key adjacent pocket(s) on a target protein that affects or controls its
function and (2) finding covalently linked small molecules with high-affinity binding to
the adjacent pocket(s) in the known databases followed by iterative optimization
through addition/deletion of substituents while maximizing shape, hydrogen bonding
and electrostatic complementarity.

The most effective definition of a binding pocket is possible when a crystal structure of
a protein-ligand complex is known. In this case, the high precision GLIDE algorithm is
applied to calculate the grid, which is subsequently used for high-throughput docking
of commercially available small molecules. This grid represents the three-dimensional
spatial information about essential components of binding surfaces such as all
lipophilic atoms, all hydrogen-bonding atoms with a score accounting for orientation of
hydrogen bonds, metal atoms if present in the protein, distribution of charges, as well
as van der Waals atomic interactions. The ligand conformations are also pre-computed
in SCHRODINGER through application of LigPrep procedure that filters out the least
probable configurations and accounts for various pH-dependent ionization states of
the prospective ligands.

Docking computations for two interacting components thus represented are highly
precise and can be performed on high scale and with various degrees of controlled
flexibility within the protein component. The protein-ligand complexes with ligands
screened from databases can next be ranked using advantages of post-docking
Embrace minimizations and prime MM GBSA of the SCHRODINGER suite. These
procedures give estimates of free binding energy and thus are suitable tools for ligand
ranking based on the computed binding affinity.

When the crystal structure of a drug-protein complex is not known, as is the case in
TONSL-H4 tail complex, the protein binding pocket(s) and corresponding grid(s) can
be computed from the assumption that binding of the prospective ligand(s) should
outcompete the most critical aspects for interacting such as for e.g. amino acid
residues H18 and K20 on histone H4 tail or any of the above listed interactions.
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In this case, the docking grid(s) are computed for the TONSL pocket(s) as defined by
the cavities that incorporate these two residues: individually or through being
covalently connected together. The scoring function for the competing small molecules
in this case is compared with that of the original binding targets. Optimization of
identified small molecule leads is achieved by introduction/deletion of R-groups and
computing the resulting effect on their affinity by isothermal titration calorimetry,
prior to chemical synthesis of the most promising candidates.

Prospective drug candidates are generated in an iterative process of x-ray structure
determination and ligand optimization, with the goal of identifying covalently linked
optimized ligands that simultaneously target the H4H18 and H4K20 pockets on the
TONSL scaffold.
The route to effective compounds according to the present invention is to
1. Determine by the use of the structure scaffold/co-ordinates in-silico and
standard binding/scoring algorithms in-silico molecules with high binding

affinity to the TONSL/H4 crystal structure disclosed herein

2. Modify the small molecule structures (with R-substitutions) in silico to
represent drug-like compounds

3. Synthesize such structures by standard chemistry

4. Test the resulting synthesized structures in the assays of the invention

5. Select, modify and optimize the most promising compounds.

An alternative to this approach is to screen existing libraries in the assays, and
optionally optimize these so as bind in the space as described.

Thus, in one embodiment the present invention relates to a method of selecting or
designing a small molecule capable of interfering with the histone H4H18 and H4K20
binding pocket on the surface of the Ankyrin repeats of TONSL, said method
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comprises use of at least part of the atomic co-ordinates data contained in the PDB
Protein Databank under the PDB ID 51A4, B8 18,2210/ pdbSad/pdb or data

derivable therefrom, wherein said method involves use of a computer modelling

package or a computer program to model all or part of the structure of MCM2 HBD-
G4-TONSL ARD in complex with H3 (57-135) and H4, identifying such small molecule
based on its likely ability to prevent or disrupt the H4 tail with the Ankyrin repeats of
TONSL in the modelled structure.

In one embodiment, the invention relates to a fusion protein, MCM2 HBD=(G~TONSL
ARD (SEQ ID NO: 15) or variants thereof (e.g. G, linker = Gyy, Gi1, Gig, Gs, Gg, Gy,
Gg, or Gs), which are instrumental for determining the structural details of TONSL
binding small molecule inhibitors.

In another embodiment, the invention relates to the TONSL and H4 mutants that
disrupt interaction between TONLS and TONSL ARD with histone H4 (Figures 10-13,
Examples 2-4). The mutant data identify key intermolecular interactions contributing
to the specificity and stability of complex formation. The verified TONSL histone-
binding mutants are instrumental for biochemical and biological assay design to
assess the efficiency of screened small molecule inhibitors in blocking TONSL-histone
interaction and TONSL function.

In one embodiment the invention relates to compounds having a 3-[(3-
Aminocyclopentyl)carbonyl]-1H-quinolin-4-one core. Such compounds may be any
compound, preferably any small organic compound comprising the 3-[(3-
Aminocyclopentyl)carbonyl}-1H-quinolin-4-one, wherein one or more positions may be
substituted with a substituent. Thus, the compound may be a 3-[(3-
Aminocyclopentyl)carbonyl}-1H-quinolin-4-one, wherein one or more —H have been
substituted for another group.

Peptide inhibitors of TONSL

The invention also provides inhibitors of TONSL, in particular such inhibitors, which
can inhibit binding of TONSL ARD to histone H4. In preferred embodiments the
inhibitor may be a compound binding the histone H4 tail binding surface of TONSL
ARD.
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Methods for identifying such inhibitors are provided herein elsewhere.

The inhibitor may be any useful compound for example a peptide inhibitor or a small
molecule. In one embodiment of the invention, the inhibitor is a peptide inhibitor. The
peptide inhibitor may for example be useful in the treatment of cancer.

As used herein the term “peptide inhibitor” refers to a compound comprising a peptide
or a polypeptide optionally linked to a conjugated moiety. The peptide or polypeptide
part of the peptide inhibitor is in the following referred to as “peptide”.

The peptide inhibitor may thus be a peptide, which is capable of binding the TONSL
ARD. Thus, the peptide inhibitors may be any of the peptides described herein below,
wherein said peptide is capable of binding to TONSL ARD (e.g. to a peptide consisting
of amino acids 512 to 692 of SEQ ID NO:16) with a Kd of at the most 10 uM,
preferably a Kd of at the most 5 uM, such as with a Kd of at the most 3 uM. Said Kd
may for example be determined as described in Example 10 and 15 below.

In one embodiment the peptide may comprise the sequence motif I: Arg-His-Xaa-Lys
(SEQ ID NG:26), wherein Xaa may be any amino acid.

In one embodiment the peptide may comprise the sequence motif II: Arg-His-Xaa-
Lys-Val-Leu (SEQ ID NO:27), wherein Xaa may be any amino acid.

In one embodiment the peptide may comprise the sequence motif III: Val-Leu-Arg.

In one embodiment the peptide may comprise the sequence motif IV: Arg-His-Xaa-
Lys-Val-Leu-Arg (SEQ ID NO:28), wherein Xaa may be any amino acid.

In particular, the peptide may be a peptide consisting of in the range of 4 to 40 amino
acids comprising the sequence Arg-His-Xaa-Lys, and/or one or more of the sequence
motifs I, II, III or IV. The peptide may also be a peptide consisting of in the range of 4
to 25 amino acids, such as in the range of 4 to 15 amino acids, preferably in the range
of 7 to 15 amino acids, such as in the range of 7 to 12 amino acids, such as in the
range of 4 to 10 amino acids, for example in the range of 6 to 9 amino acids
comprising the sequence Arg-His-Xaa-Lys, and/or one or more of the sequence motifs
I, II, III or IV. The peptide may also be a peptide consisting of at the most 25 amino
acids, preferably at the most 15 amino acids, such as at the most 12 amino acids, for
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example at the most 9 amino acids, wherein the peptide comprises one or more of the

sequence motifs I, II, III or IV. Said Lys is preferably unmethylated. Said Xaa may be

any amino acid, for example it may be selected from the group consisting of Ala and

Arg. In one embodiment of the invention Xaa is not Arg.

In one embodiment the peptide comprises or consists of:

L

IL.

II1.

a sequence consisting of amino acid 12 to 23 of SEQ ID NO:23 or
of SEQ ID NO:34; or

a functional homologue thereof consisting of a sequence of amino
acid 12 to 23 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to
5 amino acids, for example up to 4 amino acids, for example up to
3 amino acids, such as up to 2 amino acids, for example 1 amino
acids may be substituted, and wherein said peptide comprises at
least Argl7, Hisl8 and Lys20 of SEQ ID NO:23 or of SEQ ID
NO:34,

a functional homologue thereof consisting of a sequence of amino
acid 12 to 23 of SEQ ID NO:23, wherein up to 6 amino acids, such
as up to 5 amino acids, for example up to 4 amino acids, such as
up to 3 amino acids, for example up to 2 amino acids may be
substituted may be substituted,

with the proviso that the inhibitor is different to histone H4 of SEQ ID NO:23.

In one embodiment the peptide comprises or consists of:

Iv.

VI.

a sequence consisting of amino acid 9 to 25 of SEQ ID NO:23 or of
SEQ ID NO:34; or

a functicnal homologue thereof consisting of a sequence of amino
acid 9 to 25 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to
5 amino acids, for example up to 4 amino acids, for example up to
3 amino acids, such as up to 2 amino acids, for example 1 amino
acids may be substituted, and wherein said peptide comprises at
least Argl7, Hisl8 and Lys20 of SEQ ID NO:23 or of SEQ ID
NO:34,

a functional hoemologue thereof consisting of a sequence of amino
acid 9 to 25 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to
6 amino acids, such as up to 5 amino acids, for example up to 4
amino acids, such as up to 3 amino acids, for example up to 2
amino acids may be substituted



10

15

20

25

30

35

WO 2017/054832

PCT/DK2016/050317
23

with the proviso that the inhibitor is different to histone H4 of SEQ ID NO:23.

In one embodiment the peptide comprises or consists of:

VII.

a sequence consisting of amino acid 14 to 33 of SEQ ID
NQO:23 or of SEQ ID NO:34; or

VIIL a functional homologue thereof consisting of a sequence of

IX.

amino acid 14 to 33 of SEQ ID NO:23 or of SEQ ID NO:34,
wherein up to 5 amino acids, for example up to 4 amino acids, for
example up to 3 amino acids, such as up to 2 amino acids, for
example 1 amino acids may be substituted, and wherein said
peptide comprises at least Argl7, Hisl8 and Lys20 of SEQ ID
NO:23,

a functional hoemologue thereof consisting of a sequence of amino
acid 14 to 33 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to
6 amino acids, such as up to 5 amino acids, for example up to 4
amino acids, such as up to 3 amino acids, for example up to 2
amino acids may be substituted

with the proviso that the inhibitor is different to histone H4 of SEGQ ID NG:23.

In embodiments of the invention where the peptide comprises a functional homologue

as described under III., VI. or IX herein above it may be preferred that:

L

IL

II.

the amino acid corresponding to amino acid 17 of SEQ ID NO:23
or of SEQ ID NO:34 is a charged amino acid, such as a positively
charged amino acid, for example an amino acid selected from the
group consisting of Lys and Arg

the amino acid corresponding to amino acid 18 of SEQ ID NO:23
or of SEQ ID NO:34 is a charged amino acid, such as a positively
charged amino acid, for example His

the amino acid corresponding to amino acid 20 of SEQ ID NO:23
or of SEQ ID NO:34 is a charged amino acid, such as a positively
charged amino acid, for example an aming acid selected from the
group consisting of Lys and Arg.

In one embodiment, the peptide inhibitors may be identified based on the sequence of

histone H4 of SEQ ID NO:23 or a fragment thereof, i.e. by systematically or randomly
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replacing one or more amino acids of an H4 peptide, or certain parts of H4 native
peptide, with other amino acids.

In general the peptide inhibitor should not be too large. Accordingly, it may be
preferred that the peptide consists of at the most 40 amino acids, such as at the most
25 amino acids, for example at the most 20 amino acids, such as at the most 15
amino acids, for example at the most 12 amino acids. For example, the peptide may
comprise or consist of in the range of 4 to 40, for example in the range of 4 to 25, for
example in the range of 4 to 20, such as in the range of 4 to 15, such as in the range
of 4 to 12, for example in the range of 7 to 15 amino acids, such as in the range of 7
to 12 amino acids, such as in the range of 5 to 10 or such as inthe range of 6 {0
consecutive amino acids of SEQ ID NG 23.

In one embodiment, the peptide may comprise or consist of in the range of 4 to 40,
for example in the range of 4 to 25, for example in the range of 4 to 20, such as in
the range of 4 to 15, such as in the range of 4 to 12, for example in the range of 7 to
15 amino acids, such as in the range of 7 o 12 amino acids, such as in the range of 5
fto 10 or such as in the range of 6 to 9 consecutive aming acids of SEQ ID NO:23,
wherein up to 3, such as up o 2, for example at the most one amino acid may have
been substituted for anocther amino acid, and wherein the peplide comprises one or
more of the sequence motifs [, 11, 11l or V.

Said functional homologues of fragments of SEQ ID NO:23 are preferably peptides,
comprising above defined sequence, and which are capable of binding TONSL.

As described above the peptide may comprise ong or more Lys residuss. T may be
preferred that at least one Lys residue, for example all Lys residues are unmethylated.
In particular, when the peptide comprises a fragment of SEQ ID NG:23 it may be
preferred that the aminoc acid corresponding to LysZ20 of SEQ ID NO:23 is
unmethylated.

In some embodiments of the invention, the C-terminal of the peptide is amidated, i.e.
having the chemical structure -C{(O)NH-.

In some embodiments of the invention, the C-terminal of the peptide is alkylated e.g
methylated i.e. having the chemical structure -C{(O)OCH-.
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In some embodiments of the invention, the N-terminal of the peplide is acetylated i.e.
having the chemical structure CH3;C{O)IN(H)-.

In some embodiments of the invention, the N-terminal of the peptide is formylated i.e.
having the chemical structure HC{OYN(H)-.

It is understood that a peptide consisting of a given sequence may have a C-terminal,
which is amidated or alkylated and/or an N-terminal, which is acetylated or
formylated.

The peptide inhibitor may in particular be a peptide comprising or consisting of a
peptide selected from the group consisting of::
Ala-Lys-Arg-His-Arg-Lys-Val-Leu-Arg-NH.,
Lys-Gly-Gly-Ala-Lys-Arg-His-Arg-Lys-Val-Leu-Arg-NH,,
Lys-Gly-Gly-Ala-Lys-Arg-His-Ala-Lys-Val-Leu-Arg-NH: and
Lys-Gly-Gly-Ala-Ala-Arg-His-Arg-Lys-Val-Leu-Arg-NH,.

The moiety "-NH,” indicated in the sequence above indicates that the C-terminal of
the peplides are amidalted. Tha invention howeaver aisc encompass peptides which are
not amidated. Accordingly, in one embodiment, the invention relates ito peplide
inhibitors comprising or consisting of at the most 40, for example at the most 25, for
example at the most 20, such as al the most 15, such as at the most 12 aming acids,
wherein the peplide comprises a seguence selected from the group consisting of SEQ
ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32 and SEQ ID NO:33.

In some embodiments of the invention, the peptide is a TONSL mutant polypeptide,
for example any of the TONSL mutant polypeptides described herein below in the
section “TONSL mutant polypeptides”. For axampie, the peplide may be selected from
the group consisting of polypeptides of SEQ ID NG 17, SEQ ID NO:1 1§, SEQ ID NO:1 19,
SEQ ID NO:20, SEQ ID NO:21 and SEQ ID NO:22.

In some embodiments of the invention the inhibitor is a fragment of TONSL, in
particular a fragment of TONSL capable of binding histone H4, but incapable of binding
at least one other binding pariner of TONSL, e.g. incapable of binding MMS22L. Said
fragment of TONSL, may for exampie be a fragment comprising the H4 tail binding
surface of TONSL, In one embodiment, the fragment comprises or consists of aming
acids 512 to 692 of SEQ ID NO:16 or a functional homoiogue thereof sharing at ieast
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70%, such as at least 80%, for example at least 85%, such as at least 90%, for
example at least 95% seguence identity therewith.

The peptide described herein may in some embodiments be linked to a conjugated
moiety, for example the peptide may be covalently linked to a conjugated moiety.
Said conjugated moiety may for example be any of the moieties described herein
below.

In one embodiment the conjugated moiety may be a peptide, a sugar, a lipid, a
polymeric molecule or any other chemical group that can be covalently linked to a
peptide. For example, the conjugated moiety may improve the physical properties of
the peptide, such as its solubility, stability or half-life,

In one embodiment the conjugated moiety is a polymeric molecule, such as
polvethvlene glyeol (PEG) and polyvinvipyrrolidoneg (PVP). The polymeric molecule
may also be a modified PEG, for example NPEG.

Assays validating the small molecules of the present invention

Molecules identified according to the present invention are tested in biochemical and
cell biclogy assays listed below. Molecules that show activity in these assays towards
inhibiting TONSL function similar to TONSL ARD mutants are further tested in high-
throughput biological assay for efficacy in killing cancer cells and ultimately in pre-

clinical and clinical trials.

Biochemical screening and biophysical testing (assays)

The key components in the assays are:

a) Recombinant human TONSL ARD (residues 512-692, point 1)

b) Recombinant human TONSL ARD mutants E530A, D559A, WEG3A,
ES568A, N571A, D604A (point 2)

c) Histone H4 peptide-containing K20me0 with or without acetylation at K16
(H4 tail covering the critical residues for TONSL binding, for example 9-25 or
14-33) coupled to fluorescent molecule or biotin
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d) Histone H4 peptide containing K20me2 with or without acetylation at K16
as a control for no binding to TONSL ARD H4 tail covering the critical residues
for TONSL binding, for example 9-25 or 14-33) coupled to fluorescent molecule
or biotin

e) Human cells expressing tagged TONSL ARD wild type (WT) or histone-
binding mutant (e.g. any of the mutants described herein in the section
"TONSL mutatnt polypeptide”, for example any of ES30A, D559A, WE63A,
ES68A, N571A, or D604A,). We generated and verified expression constructs
for GFP-fusion proteins for mutants and inducible cell lines for WT, E568A and
N571A

Assay 1: High-throughput (HT) measurements of small molecule dependent disruption
of the TONSL ARD — H4 tail interaction detailed in point 2.

First line screening may be based on Fluorescence anisotropy measurements using
histone H4 peptides conjugated with a fluorescent probe. Assay conditions are as
detailed below in our demonstrated ITC assay (Example 2), with the critical criteria
that ARD binding being observed to H4 (residues 9-25), but not H4K20me2 (residues
9-25, dimethylated at K20) (Figure 13).

Assay 2: Measurement of binding properties of small molecule inhibitors to ARD

Second line screening may involve Isothermal titration calorimetry (ITC) to determine
binding affinity/association constants (Ka) and Surface plasmon resonance (SPR)
assays to determine rate constants. The resulting molecules yielding higher binding
affinity to TONSL than unmodified histone H4 peptide (Example 2) are further
shortlisted to identify those with uM to nM effective range.

Assay 3. Crystallization and optimization

Candidate small molecules may be crystallized with TONSL ARD (using our
demonstrated crystallization conditions cutlined in point 1, Example 1), providing
further possibility for drug optimization.
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Assay 4. Competition assay based on peptide pulldown

a. Selected small molecules are validated for their ability to compete out binding of
recombinant ARD to H4K20me0 peptides (H4K20me2 and ARD mutants are used as
negative controls, assay conditions as in Example 3).

b. Selected small molecules are validated for their ability to compete out binding of
GFP-TONSL-MMS22L to H4K20me0 peptides in cell extracts.

Grow cells expressing tagged TONSL WT or ARD mutant (as control for no histone H4
binding). Prepare whole-cell extracts according to standard protocols (documented
conditions for this assay in Example 4). Incubate the cell extracts with surface-bound
biotinylated-histone H4 peptides (e.g. H4K20me0 vs. H4K20me2 as a control for no
binding to WT TONSL). Dose-response analysis with small molecule inhibitors assaying
loss of WT TONSL binding to H4K20me0 peptides by ELISA, western blotting or similar
approaches.

HT biological assays to screen for small molecule inhibitors

The present inventors have demonstrated that TONSL binds to chromatin via ARD
recognition of the tails of nucleosomal histone H4 unmethylated at K20 (Figure 21).
The biological function of a small molecule inhibitor is thus to prevent TONSL from
binding histone H4 and displace TONSL-MMS22L complex from chromatin.

The present inventors have developed high-content microscopy based assays, which
are used for drug screening (Example 5).

1) Immunofluorescence staining of endogenous TONSL shows binding to post-
replicative chromatin, which is lost upon depletion of TONSL with RNAi (Figure
20).

2) binding of GFP-TONSL to chromatin is disrupted by ARD mutants that
disrupt H4 binding (Figure 21).

The present invention covers small molecule inhibitors that displace TONSL and
TONSL-MMS22L complex from post-replicative chromatin and mimic TONSL ARD

mutants.
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Key components:
a) Anti-TONSL antibody (Sigma, ref. nr. HPA0244679), tested in our high-
content assay (Example 5)
b) Pre-extraction conditions to remove soluble TONSL (Example 5)
C) Condition for TONSL depletion (negative control) (Example 5)
d) GFP-TONSL WT and ARD mutant cell lines

Rationale of HT assays:
1. High-content imaging to identify small molecules that remove
endogenous TONSL and TONSL-MMS22L complex from chromatin (Figure 21)
2. High-content imaging of TONSL binding to chromatin using cells
expressing GFP-TONSL WT and ARD mutant (N571A, point 2) upon incubation
with TONSL inhibitors by high-content imaging

Assay 1: HT imaaging of chromatin-bound endogenous TONSL

Cells are grown in a HT format (96 or 384 well-plates). Incubated with small molecule
TONSL inhibitors in a dose-response and time-course set-up. Soluble proteins are
removed by cell pre-extraction followed by cell fixation according to standard
protocols. Detect chromatin-bound TONSL with commercial antibody (Sigma, ref. nr.
HPAQ244679) documented by us for specificity (Example 5). TONSL siRNA are used as
control. Chromatin-bound TONSL may be quantified by conventional methods, for
example using standard high content imaging (Example 5) or alternatively by FACS
analysis.

Assay 2: HT imaging of GFP-TONSL
Grow cells with expression of GFP-TONSL WT and ARD mutant (N571A, point 2:
negative control for binding) in a HT format (96 or384 well-plates). Incubate with

small molecule TONSL inhibitors in a dose-response and time-course set-up. Remove
soluble proteins by pre-extraction cells and fix cells according to standard protocols.
Quantify GFP-TONSL levels on chromatin by standard high content imaging (Example
5).
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Biological assays to measure HR inhibition

TONSL is required for HR of damaged replication forks and DNA double strand breaks
(Duro et al. 2010 Mol Cell 40:619; O'Donnell et al. 2010 Mol Cel 40:619; O'Connell et
al. 2010 Mol Cell 40:645; Piwko et al. EMBO J 2010 29:4210). Thus, small molecule
inhibitors preventing TONSL or MMS22L recruitment to chromatin phenocopy the loss
of TONSL or MMS221..

To test the capacity of small molecule inhibitors to compromise HR, published assays
to monitor recruitment of repair proteins (e.g., Duro et al. 2010 Mol Cell 40:619;
O'Donnell et al. 2010 Mol Cel 40:619; O'Connell et al. 2010 Mol Cell 40:645; Piwko et
al. EMBO J 2010 29:4210) and HR reporter cell lines are used (e.g., Pierce et al.,
Genes Dev 13:2633, 1999). In those assays, the cells are treated with small molecule
TONSL inhibitors in a time and dose-dependent manner and efficiency of HR repair is
assayed by high-content microscopy

TONSL mutant polypeptide

In one embodiment the invention relates to a TONSL mutant polypeptide. Said TONSL
mutant polypeptide is preferably a TONSL mutant polypeptide, which is incapable of
binding histone H4, but which retains other TONSL functions. Preferably, said TONSL
mutant polypeptide is capable of binding MMS22L and wherein said TONSL mutant
does not bind histone H4. Such TONSL mutant polypeptides will function as dominant
negative mutants, because they will bind MMS221. and other members of the complex,
preferably with the same or similar affinity as the wild type TONSL polypeptide, but
they will not bind the post-replicative chromatin to any significant extent.

In one embodiment the TONSL mutant polypeptide is a polypeptide of SEQ ID NO:16
carrying one or more mutations, preferably one or more mutations in amino acid(s)
contributing to the H4 tail binding surface of TONSL ARD. Thus, the TONSL mutant
polypeptide may comprise at least one mutation in an amino acid of the histone H4
tail binding surface of the TONSL ARD, wherein said TONSL mutant polypeptide apart
from said mutation is identical to SEQ ID NO:16 or shares a sequence identity with
SEQ ID NO: 16 of at least 70%, wherein said TONSL mutant polypeptide is capable of
binding MMS22L and wherein said TONSL mutant does not bind histone H4.

In particular said TONSL mutant polypeptide may be a polypeptide of SEQ ID NO:16
carrying a mutation in at least one amino acid selected from the group consisting of
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amino acid number 527, 528, 530, 559, 560, 561, 563, 568, 571, 572, 595, 597, 604,
607, 608, 641, 645 and 649 of SEQ ID NO:16.

In one embodiment the TONSL mutant polypeptide carries a mutation in one or more
of the amino acids selected from the group consisting of: Glub30, Asp559, Trph63,
Glub68, GIn571 and D604 of SEQ ID NO:16.

In one embodiment TONSL mutant polypeptide may comprise or even consist of a
sequence selected from the group consisting of SEQ ID NO:17, SEQ ID NO:18, SEQ
ID NO:19, SEQ ID NO:20, SEQ ID NO:21 and SEQ ID NO:22.

The TONSL mutant polypeptide may be linked to a conjugated moiety, for example
the TONSL mutant polypeptide may be linked to a detectable marker. Said detectable
marker may be a peptide or a polypeptide, e.g. a flucrescent protein, such as GFP.

A method for predicting the effect of inhibition of TONSL

The inventicn also provides methods for predicting the effect of inhibition of TONSL.
As described herein above, the TONSL mutant polypeptides described herein may be
dominant negative mutant. Expression of such mutants may phenocopy
TONSL/MMS22L depletion, and thus mimic the actions of an inhibitor of TONSL binding
to histone H4.

Thus, in one embodiment the invention relates to methods for predicting the effect of
inhibition of TONSL, said method comprising the steps of
o gxpressing a TONSL mutant polypeptide in an organism and/or cells of an
organism, wherein said polypeptide optionally is expressed conditionally,
o determining the effect of said polypeptide in said organism and/or cells
wherein said effect of expressing said polypeptide in said organism and/or cells
indicates the effect of inhibition of TONSL in said organism and/or cells.
In particular, said TONSL mutant polypeptide may be any of the TONSL mutant
polypeptides described herein above in the section "TONSL mutant polypeptide”. The
organism and/or cells may comprise a heterologous nucleic acid encoding any of said
TONSL mutant polypeptides.
Thus, the effect obtained after expression of a dominant negative TONSL mutant
polypeptide may mimic the effect of inhibition of TONSL in said organism and/or cells.
Thus, the effect observed is indicative of the effect expected to be obtained, if the
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organism/cells were treated with an inhibitor of TONSL, in particular with an inhibitor
inhibiting binding between TONSL ARD and the histone H4.

The organism or the cells may represent a disease model, and thus the method may
be used to predict the efficacy of treating said disease with an inhibitor or TONSL, e.g.
an inhibitor inhibiting binding between TONSL ARD and the histone H4.

The organism may be any organism, e€.g. a mammal, for example a mouse, a rat or a
rabbit. The organism may be genetically modified to contract a particular disease, for
example cancer. Thus, the organism may be a mouse genetically engineered to

contract cancer.

The cells may also represent a disease model. The cells may be any cells, such as
mammalian cells, e.g. human cells. The cells may be cultivated using any
conventional method. For example, the cells may be cultured in a 3D culture, which

more closely may mimic in vivo conditions.

Since expression of TONSL mutant polypeptide may be toxic to cells, it may be
preferred that said TONSL mutant polypeptide is expressed only conditionally. Thus,
the TONSL mutant polypeptide may be expressed only in specific cells of said
organism and/or said TONSL mutant polypeptide may be induced to be expressed at
specific times. Thus, the organisms and/or cells may comprise a heterologous nucleic
acid encoding any of the TONSL mutant polypeptides described herein above in the
section "TONSL mutant polypeptide” operably linked to an inducible promoter. In that
manner expression of said TONSL mutant polypeptide may be induced at any specific
time. Inducible promoters and well known in the art and the skilled person will be able
to select a useful promoter. The organism may also comprise a heterologous nucleic
acid encoding any of said TONSL mutant polypeptides operably linked to a promoter
directing expression in only some cell types. Such promoters are also known in the
art.

Method for determining TONSL inhibitory effect

The invention also provides methods of identifying the TONSL inhibitory effect of a
putative inhibitor of TONSL. In particular said methods can be used to determine
whether a compound is capable of inhibiting binding between TONSL and histone H4.
Such methods are useful for screening for inhibitors of TONSL. However, the methods
are also useful for validating whether a putative inhibitor in fact is capable of inhibiting
TONSL. Thus, the methods can be used for determining biosimilarity between a known
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TONSL inhibitor and a similar compound, which is a putative TONSL inhibitor. The
methods may also be used in quality control of TONSL inhibitors. The methods may
also be used to validate the inhibitory effect of an inhibitor identified by computer
aided techniques using the atomic coordinates provided in the PDB Protein Databank
under the PDB ID 5JA4, DOE: 10,2210/ ndbhiad/pdh.

Said methods may comprise the steps of

a) providing a test compound, which is a putative inhibitor of TONSL
b) providing an host organism expressing TONSL of SEQ ID NO:16, TONSL ARD
consisting of amino acids 512 to 892 of SEQ ID NO:16 or a functional
homologue of any of the aforementioned sharing at least 90% sequence
identity to amino acids 512 to 692 of SEQ ID NO:16;
¢) contacting said host organism with said putative inhibitor
d) detecting chromatin associated TONSL, TONSL ARD or functional homologue
thereof in said host organism,

wherein reduction of chromatin associated TONSL, TONSL ARD or a functional

homgologue thereof is indicative of said test compound being an inhibitor of TONSL.

Said reduction of chromatin associated TONSL, TONSL ARD or a functional homologue
theraof is preferably a reduction compared {o said ievel in said host organism in the
absence of said inhibitor. In particular, said reduction may be a reduction to less than
50%, such as a reduction to less than 30%, such as a reduction to less than 20%, for
example a reduction 1o less than 10% of the chromatin associated TONSL, TONSL ARD
or a functional homologue thereof in said host organism in the absence of said
inhibitor. In one embodiment, the reduction is that there is no detectable chromatin
associated TONSL, TONSL ARD or a functional homologue thereof.

The host organism may be any useful host organism including celis, e.g. mammalian
celis maintained in a tissue culture. Thus, the term “cells of the host organism” may
refer to part of 2 multiceliular host organism or it may refer 1o the host organism per
se, when the host organism is celis. The host organism may endogencusly exprass
TONSL, in which case the method may involve detecting chromatin associated
endogenous TONSL. Endogenous TONSL may be delected by various means, but
frequantly, endogencus TONSL is detected by means of an antibody, a binding
fragment of an antibody or another binding molecule specifically recognising and
binding TONSL. The antibody, fragment or binding molecule may be directly labelled
with a detectable label. It is also possible that the methods involve use of a secondary
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antibody, fragment or binding molecule binding the first antibody, fragment or binding
molecule, wherein the secondary antibody, fragment or binding molecule is labelled
with a detectable label. Other methods for detecting binding of an antibody, fragment
or binding molecule are also available and may be used with the methods.

The detectable label may be any detectable label including but not limited to
fluorophores, bicluminescents, chemoluminescents, dyes, enzymes, heavy metals, or
radicactive compounds. In preferred embodiments the detectable label is a
fluorophore, i.e. a flugrascent moiety.

It is also comprised within the invention that said host organism comprises a
heterologous nucleic acid encoding said TONSL, TONSL ARD or functional homologue
thereof. In such embodiments the methods may involve detecting chromatin
associated hetercologous TONSL, TONSL ARD or functional homologue thereof. The
heterologous TONSL, TONSL ARD or functional homologue thereof may be linked to a
detectable label, for example to a fluorescent polypeptide, such as GFP. Thus, the step
of detection, may be a step of detecting the detectable label. Heterologous TONSL,
TONSL ARD or functional homologue thereof may also be detected used the same
methods useful for detection of endogenous TONSL.

The detectable label may be detected using any technical means useful for detecting
the particular detectable label. In embodiments of the invention, where the detectable
label is fluorescent, then the detectable label may be detected by means of FACS,
fluorescent microscopy or high content microscopy.

Step d) of the method may comprise a step of extracting soluble proteins from the
cells of said host organism. This step may ensure that all TONSL, TONSL ARD or
functional homologues thereof, which is not chromatin associated is extracted from
the cells of said host organism. Following extraction of soluble proteins all remaining
TONSL, TONSL ARD or functional homologues thereof may be regarded as chromatin
associated TONSL, TONSL ARD or functional homologues thereof .

Extracting soluble protein may be done in any conventional manner, e.g. by
permeabilising cell membranes, e.g. by use of a detergent optionally followed by one
or multiple washing steps. Any detergent may be used for permeabilisation, e.g.
Triton (e.g. Triton X-100), NP-40, saponin, Tween (e.g. Tween-20), Digitonin or
Leucoperm. After extraction the cells may be fixed prior to detection. Fixation
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reagents are well known in the art and includes for example aldehydes, e.g.
formaldehyde, paraformaldehyde or glutaraldehyde.

One useful method for determining chromatin associated TONSL, TONSL ARD or
functional homologues thereof is described in Example 5 herein. Other useful methods
for determining chromatin associated TONSL, TONSL ARD or functional homologues
thereof are described in the section “High-throughput (HT) biological assays for
efficacy of small molecule inhibitors in killing cancer cells”, for example in Assay 1 and
2 of that section.

The methods for determining TONSL inhibitory effect may also be any of the methods
described herein in the section “"Assays validating the small molecules of the present
invention”, for example any of the assays 1, 2, 3 or 4. Thus, these methods may not
only be used for validating small molecules, but can also generally be used for
determining TONSL inhibitory effect of a compound.

In one embodiment the method comprises the steps of:

a) Providing histone H4 or a fragment thereof comprising at least amino acids 17
to 20, such as at least amino acids 12 to 23, for example at least amino acids 9
to 25, such as at least amino acids 14 to 33 of SEQ ID NO:23, wherein said
histone H4 or fragment thereof optionally may be linked to a detectable label;

b) providing TONSL of SEQ ID NO:16, TONSL ARD consisting of amino acids 512
to 692 of SEQ ID NO:16 or a functional homologue of any of the
aforementioned sharing at least 90% sequence identity to amino acids 512 to
692 of SEQ ID NOG: 16

¢) Incubating said histone H4 or fragment thereof with said TONSL, TONSL ARD
or functional homologue thereof in the presence of a putative inhibitor of
TONSL

d) Determining whether binding between said histone H4 or fragment thereof with
said TONSL, TONSL ARD or functional homologue thereof

wherein reduction in binding of said histone H4 or fragment thereof with said
TONSL, TONSL ARD or functional homologue thereof is indicative of that said
putative inhibitor of TONSL is capable of inhibiting TONSL.
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Said reduction in binding may in particular be a reduction to at the most 50%, such as
a reduction to less than 30%, such as a reduction to less than 20%, for example a
reduction to less than 10% of the binding of said histone H4 or fragment thereof with
said TONSL, TONSL ARD or functional homologue thereof observed in the absence of
said putative inhibitor. In one embodiment, the reduction is that there is no detectable
binding between said histone H4 or fragment therecof and said TONSL, TONSL ARD or
a functional homologue theraof,

High-throughput (HT) biclogical assays for efficacy of small molecule inhibitors in
killing cancer cells

Loss of TONSL leads to accumulation of replication associated DNA damage and
sensitizes cells to camptothecin (CPT)-induced DNA damage (Duro et al. 2010 Mol Cell
40:619; O'Donnell et al. 2010 Mol Cel 40:619; O'Connell et al. 2010 Mol Cell 40:645;
Piwko et al. EMBQO J 2010 29:4210). Further it is well established that loss of HR
sensitizes cells to PARP inhibition. The prediction is thus that TONSL inhibition alone or
in combination with CPT-like drugs or PARP inhibitors will be toxic to cancer cells.

Key components:
a) Panel of cancer cell lines and primary cells
b) Campthotecin, PARP inhibitors, conventional chemotherapy drugs
targeting DNA replication

Rationale of HT assays:
i. Assay the cell cytotoxicity of TONSL inhibitors by screening a panel of
cancer cell lines and primary cells.
i Assay the synergy of TONSL inhibitors and other cancer drugs
(conventional chemotherapy, CPT and derivatives, PARP inhibitors) in killing

cancer cells.

Typical cell toxicity assay:

Grow cells in any HT format (e.g. 96 or 384 plates) and incubate with small molecule
inhibitors in a dose and time dependent manner. Impact on cell proliferation and cell
death may be analysed using using any suitable method available, e.g. colorimetric
assays or HT microscopy.
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In vivo models for drug testing

Pre-clinical animal testing of TONSL inhibitors with the aim of starting clinical trials.

Small molecules of the invention

The small molecules of the present invention are useful for impairing homologous
recombination. These could also involve both short linear and cyclic peptides and
peptidomimetics, whose low molecular weights allows cell permeability.

By use of the structural data presented in the present application and the proof of
concept assays above, the present inventors have identified pharmacophore targeted
molecules, including small molecules, covalently linked small molecules, peptides or
cyclic counterparts, interfering with the adjacent histone H4H18 and H4K20 binding
pocket on the surface of the Ankyrin repeats of TONSL.

Structure properties of the small molecule inhibitor

The present invention relates to small molecule inhibitors, which target the
conformational space of the TONSL ARD occupied by the histone H4 tail encompassing
residues K12-R23 and act to disrupt the binding of the H4 tail K12-R23 with the
TONSL ARD via direct competition or via allosteric disruption of the binding pocket.

In one embodiment, the present invention relates to a small molecule, which targets
or interferes with the conformational space of the TONSL ARD occupied by the histone
H4 tail encompassing residues K12-R23 and acting to prevent or disrupt the binding of
the H4 tail K12-R23 with the TONSL ARD via direct competition or via allosteric
disruption of the binding pocket.

As the skilled addressee would know, it's apparent that a small molecule that could
bind to the His18-binding pocket or the Lys20-binding pocket or both pockets on
TONSL ARD, would disrupt the interactions between H4 and TONSL.

In one embodiment, the present invention relates to a small molecule that targets the
H4 tail spanning residues Lysi2 to Arg23 through intermolecular hydrogen-bonding,
electrostatic and/or van der Waals interactions.
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In a more preferred embodiment, the present invention relates o a small molecule,
wherein the molecule targets the intermolecular contacts spanning the Lysi2-Gly13-
Gly14-Alalb segment of H4,

In ancother preferred embodiment the present invention relates to & small molecule,
wherein the molecule targets the hydrophobic interactions between residues Gly13,
Glyl4 and Alalb of H4 and residuas Asnb07, Cysh08, Trps4dl, Tyre4s and Leubds of
ARD.

In one embodiment, the present invention relates to a small molecule, wherein the
molecule targets the hydrogen bonds between the main-chain O of H4 Gly14 and Nel
of ARD Trp641, and between the main-chain N of H4 Alal’ and On of ARD Tyrg45s,

In one embodiment, the present invention relates to a small molecule, wherein the
molecule targets the main-chain O of H4 Lys16 hydrogen bonds with the No2 of ARD
Asn571.

In one embodiment, the present invention relates to a small molecule, wharein the
molecule targets and/or associates with the conformational space of the TONSL ARD
occupied by the side-chain of H4 Argl7, which stacks over the side-chains of ARD
Tyr572 and Cys608, while its Nnl atom forms two hydrogen bonds with main-chain O
and O81 of ARD Asn371. Thus, in one embodiment the invention relates o a
compound, €.g. a TONSL inhibitor capable of associating with the side-chains of ARD
Tyr572 and Cyst08, and forming hydrogen bonds with the main-chain O and G661 of
ARD Asn571.

In one embodiment, the present invention relates to a small molecule, wherein the
molecule targets and/or associates with the conformational space of the TONSL ARD
gccupied by the side-chain of H4 H18, which penetrates into a pocket lined by four
strictly conserved residues (Trp563, Glub868, Asn371 and Aspdl4) and is positioned
over His587 of ARD. Thus, in ong embodiment the invention relates 1o a compound,
2.g. 3 TONSL inhibilor capable of associating with Trp583, Glub68, Asn571, Aspsl4
and His567 of TONSL ARD.

In one embodiment, the present invention relates to a small molecule, wherein the

molecule targets and/or associates with the conformational space of the TONSL ARD
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occupied by the side chain of H4 His18, which is stacked between Trp563 and Asnb71
and forms hydrogen bonds to Glu568 and Asp604 of ARD. Thus, in one embodiment
the invention relates to a compound, e.g. a TONSL inhibitor capable of associating
with Trp563 and Asn571 and forming hydrogen bonds to Glu568 and Asp604 of
TONSL ARD.

In one embodiment, the present invention relates to a small molecule, wherein the
molecule targets and/or associates with the conformational space of the TONSL ARD
occupied by the main-chain O of H4 Argl@ that forms a hydrogen bond with Nel of
Trp563 and its side-chain forms contacts with Cys561 and GIvES5 of ARD. Thus, in
one embodiment the invention relates to a compound, e.g. a TONSL inhibitor capable
of associating with the Nel of Trp563 and with CysS61 and Gly5950f TONSL ARD.

In one embodiment, the present invention relates to a small molecule, wherein the
molecule targets and/or associates with the conformational space of the TONSL ARD
occupied by the H4 Lys20 residue, which is bound within an acidic surface pocket on
ARD adjacent to the H4 His18 binding pocket.

In one embodiment, the present invention relates to a small molecule, wharein the
molecule targets and/or associates with the conformational space of the TONSL ARD
occupied by side-chain of H4 Lys20, which interacts with the side-chain of Mat528 and
contacts the edge of Trp563 of ARD, while the main-chain atoms of H4 Lys20 packs
againsi Cys561 of ARD. Thus, in one embodiment the invention relates to a
compound, €.g. a TONSL inhibitor capable of associating with the side-chain of Math28
and Trp563 and Cys561 of TONSL ARD.

In one embodiment, the present invention relates to a small molecule, wharein the
molecule targets and/or associates with the conformational space of the TONSL ARD
occupied by the NZ atom of H4 Lvs2(, which forms thres strong hydrogen bonds
(distance < 3 &) with the side-chains of strictly conserved residues Glu530, Asp559
and Gilu568 of ARD, which surround H4 LysZ20 within a regular triangle-like alignment.
Thus, in one embodiment the invention relates {0 a2 compound, e.g. a TONSL inhibitor
capabie of forming hydrogen bonds with the side chains of Glub30, Asp559 and
Glu568 of of TONSL ARD.
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In one embodiment, the present invention relates to a small molecule, wherein the
molecule targets the intermolecular contacts spanning the Val21-Leu22-Arg23
segment of H4, which include contacts between side-chains of H4 Val21 with Tyr560
and Cys561 of ARD, while H4 Leu22 interacts with Asp527 and Met528 of ARD.

In one embodiment, the present invention relates to a small molecule, wherein the
molecule targets and/or associates with the conformational space of the TONSL ARD
occupied by the main-chain N of H4 Arg23, which forms a hydrogen bond with the
main-chain O of Asp527 of ARD, while the side-chain packs against the side-chain of
Tyr560 of ARD, Thus, in one embodiment the invention relates to a compound, e.g. a
TONSL inhibitor capable of forming hydrogen bond{s) with the main-chain © of
Asp527 of ARD, while the binding the side-chain of Tyr560 of TONSL ARD.

In one embodiment, the present invention relates to a small molecule according to the
present invention capable of blocking histone reader domains in a protein selected
from the group consisting of TONSL, BARDI and ANKRD11.

Such molecules are typically identified and validated by the SCHRODINGER package o
identify and validate covalently linked small molecule drugs targeted to the adjacant
histone H4H18 and H4K20 binding pockets on the surface of the Ankyrin repeats of
TONSL.

Relationship with BARDI1

The topology of TONSL ARD domain including the histone-binding surface is highly
similar to the ARD of BARD1 (Figure 23). BARD1 is an obligate binding partner of
BRCA1L and is required for most cellular and tumour-suppressor functions of BRCAL.
The key residues involved in histone H4 binding are conserved in ARD of BARD1.
Furthermore, N571 residue of TONSL ARD that is essential for histone H4 binding
(Figures 10, 12) and recruitment of TONSL to chromatin (Figure 21) and sites of DNA
damage (Figure 22) and viability (Figure ) corresponds to the BARD1 N470S cancer
mutation (Figure 23). Therefore, small molecule inhibitors against TONSL ARD are
predicted to target BARD1 ARD domain as well. Given that both TONSL and BARD1
function in the same DNA repair pathway, small molecule inhibitors designed based on
our invention that would target both TONSL and BARD ARD would predictably inhibit
HR more efficiently and show more potent anti-cancer activity as compared to
inhibitors specific for TONSL ARD only.
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General

It should be understood that any feature and/or aspect discussed above in
connections with the compounds according to the invention apply by analogy to the
crystal structures and/or methods described herein.

The atomic coordinate’s variation of the crystal structures of the present invention
such e.g. 1A up to 34 are used interchangeably.

The following sequence data, structures, figures and examples are provided below to
illustrate the present invention. They are intended to be illustrative and are not to be

construed as limiting in any way.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1

View of the overall structure of the TONSL-ARD-MCM2 HBD-H3-H4 tetramer complex
showing the relative positions of two TONSL ARDs, two MCM2 HBDs and an H3-H4

tetramer.
Figure 2

TONSL ARD consists of four ANK repeats and uses its elongated concave surface to
target the H4 tail spanning residues 12 to 23.

Figure 3
Intermolecular interactions between TONSL ARD and the H4 tail (12-23).
Figure 4

The electrostatic potential surface of ARD showing the acidic concave surface-binding
site for the H4 tail.

Figure 5
Highlight of the inter-molecular interactions of H4 Arg 17 with TONSL ARD.
Figure 6

Highlight of the inter-molecular interactions of H4 His18 with TONSL ARD.
Figure 7
Highlight of the inter-molecular interactions of H4 Lys20 with TONSL ARD.
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Figure 8

Molecular details of the interactions of TONSL ARD with H4 tail region residues 12-15.
Figure 9

Molecular details of the interactions of TONSL ARD with H4 tail region residues 21-23.
Figure 10

In vitro pull-down of recombinant histones H3-H4 with recombinant GST-TONSL ARD
wild type or indicated mutants.

Figure 11

Immunoprecipitation of HA-SNAP-H4 wild-type (WT) and indicated mutants transiently
transfected into GFP-TONSL U-2-0S cells.

Figure 12

Immunoprecipitation of GFP-TONSL WT or indicated mutants from transiently
transfected Hela S3 cells.

Figure 135

ITC analysis of TONSL ARD binding to H4 tail peptides with the indicated

modifications.

Figure 14

In vitro pull-down of recombinant TONSL ARD with biotinylated H4 tail peptides.
Figure 15

In vivo pull-down of GFP-TONSL from cell extracts with biotinylated H4 tail peptides
Figure 16

In vitro pull-down of recombinant TONSL-MMS221. heterodimer with biotinylated
recombinant mononucleocsomes, unmodified or di-methylated at K20. * indicates an
unspecific band. (bottom) TONSL binding quantified relative to histones. Unpaired t-
test: *, P<0.05; mean of 6 independent experiments is shown; whiskers, outliers.

Figure 17

Pull-down of GFP-TONSL from cell extracts with biotinylated H4 tail peptides
Figure 18
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Immunoprecipitation of GFP-TONSL from solubilized chromatin of GFP-TONSL U-2-0S
cells

Figure 19

Immunoprecipitation of GFP-TONSL from solubilized chromatin of GFP-TONSL U-2-0S
cells

Figure 20

High-content quantitative imaging of TONSL in pre-extracted U-2-0S fibroblasts. Plots
show total TONSL and DAPI intensities in cells treated with control or TONSL siRNAs,
confirming the specificity of TONSL antibody. Dots represent measured intensities of

individual cell nuclei
Figure 21

TONSL recruitment to chromatin requires recognition of H4K20me0. (a) U-2-0S cells
conditional for GFP-TONSL WT or N571A were directly fixed or pre-extracted to
remove soluble proteins. Scale bar, 20 uym. (b) (left)Analysis of GFP-TONSL WT and
mutants by cellular fractionation. (right) The chromatin-bound fraction (C) was
quantified by western blotting relative to total GFP-TONSL (error bar, SD; n=3). S -
soluble fraction, C- chromatin bound fraction. Staining with MemCode (ThermoFisher)
was used to control the protein loading

Figure 22

TONSL recruitment to DNA lesions requires recognition of H4K20me0. (top) U-2-0S
cells conditional for GFP-TONSL WT or N571A were laser-irradiated and co-stained for
53BP1 and cycllin B to mark DNA damage and identify S/G2 cells, respectively. Full
arrowheads, GFP-TONSL recruitment; empty arrowheads, no recruitment. Scale bar,
10 um. (bottom) Quantification of GFP-TONSL cells showing recruitment to laser
tracks (error bars, SD; n=3)

Figure 23

Superposition of the structure of TONSL ARD and BARD1 ARD. The main residues
involved in TONSL ARD interactions with the H4 tail are compared to the
corresponding residues of BARD1 ARD. The two ARDs show highly similar topology
and conservation of the histone-binding surface

Figure 24

Co-localizationanalysis of chromatin-bound GFP-TONSL with MCM2 (A) and EdU (B) in
inducible cell lines. Cells were either puised with EdU (left) or released into S phase in
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continuous presence of EdU (right). Co-localization analysed by deconvolution
microscopy and measurement of Pearson coefficient in single cells (n>15, two

independent experiments). Representative images,
Figure 25

Chromatin-binding of GFP-TONSL WT and ARD mutants analysed across the cell cycle
(representative of 2 experiments).

Figure 26

Chromatin-binding of GFP-TONSL ARD WT and mutant analysed by high-content
imaging of pre-extracted inducible U-2-08 cells treated with CPT (3 hours, 1uM CPT)
as indicated (representative of 3 experiments)

Figure 27

A) Co-immunoprecipitation analysis of TONSL-MMS22L with Flag-HA-MCM2 WT or
histone binding mutant of MMS22L(Y81A, YO0A) isolated from solubilized
chromatin from HUtreated celis {2 hours, 3mM) (representative of 2
experiments).

B} Analysis of GFPTONSL ARD WT and mutant recruitment to CPT-challenged
replication forks by NCC as illustrated (CPT, 1uM). (), no biotin-dUTP.

Figure 28 and 29

Colony formation upon GFP-TONSL expression induced by tetracycline in TONSL
depleted (fig. 28) and control cells (fig. 29). Cells were siRNA treated and induced to
exprass siRNA-resistant GFP-TONSL ARD WT and mutant by tetracydline ({et) and
treated with CPT {24 hours, 50nM} as indicated. Rescue efficiency determined by
colony forming efficiency of TONSL depleted celis (A). Dominant negative effect of
TONSL ARD mutant determined by colony forming efficiency of cells treated with
controf siRNA {B). Data points represent two different cell concentrations in technical
triplicate from two or four {28, left panel) independent biciogical replicates.

Figure 30

A} Colony formation upon GFP-TONSL expression induced by tetracycline in TONSL
depleted and control cells as shown in Fig. 4f but including additional ARD mutants.
Two cell concentrations in technical triplicate from two (E568A, D559A) or four (WT,
N571A) biological replicates are shown. B} Representation of the complementation
analysis from Fig. 4f in a single panel including both CPT treated and untreated cellis.
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This illustrates that the toxicity of the TONSL ARD mutant is comparable to CPT
treatment of cells expressing WT TONSL.

Figure 31
Cells were treated as in Fig. 29 and analysed for cell cycle distribution using EdU and
Dapi (left) and 53BP1 foci (rigth). Error bars, mean with 5.D (four (left) or five (right)

biological replicates in technical triplicates).

Figure 32

Chromatin-binding of MMS22L. The chromatin-bound fraction was analyzed by
western blotting (B) and quantified relative to total MMS22L (A) (untreated: error
bar, SD, n=3; CPT: error bar, mean with range, n=2).

Figure 33

Pull-down of recombinant histones H3-H4 and MCM histone binding domain (HBD)
with GST-TONSL ARD WT or indicated mutants.

Figure 34

Circular dichroism (CD) analysis of TONSL ARD WT and the indicated ARD mutants.
The indicated ARD point mutations do not destabilize the overall structure of the ARD.

Figure 35

ITC analysis of TONSL acidic stretch and ARD (aa. 450-692) with H3KS9mel (aa. 1-21)
and H4 (aa. 9-25).

Figure 36

Analysis of TONSL chromatin-binding in MOF-depleted cells. Chromatin-bound TONSL
was quantified by high content imaging of pre-extracted cells stained for endogenous
TONSL. Mean TONSL intensity is shown. A.U., arbitrary units. Knock-down efficiency
and expected effect on histone modification were confirmed by western blotting
(representative of 2 experiments).

Figure 37

H4K20 methylation levels measured by mass spectrometry in synchronized TIG3 cells.
Cell were treated with HU (3 mM) or CPT (1uM) from 3 — 6 hours after release or left
untreated (6 hours) (error bars, range; n=2).
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EXAMPLES

Example 1 - The Crystal Structure

Protein production: All proteins described in the Examples herein, unless otherwise
indicated, were expressed in BL21({DE3)=-RIL cell strain (Stratagene).

The GST-tagged TONSL ARD and its mutants including E530A, DE59A, WEE3A, E568A,
N571A and DB04A were cloned into pGEX-6P-1 vector (GE Healthcare). The expressed
proteins were first purified using Glutathione Sepharose 4B, then further purified by
gel-filtration step. In some case, the G5ST-tag was removed with 3C protsase before
gel-filtration step. For purification of GST-H3 tall and GST-H4 tail proteins, the human
histones H3 fragment 1-5% and H4 fragment 1-31 were cloned into pGEX-6P-1 vector
respectively. The proteins were expressed and purified in the same way.

For production of recombinant full-length TONSL-MMS22L heterodimer, the
sequence coding for full-length MMS22L was fused with a MBP tag at the 5' end and
10xHis tag at the 3’ end. The sequence coding for full-length TONSL was fused with
GST tag at the 5 end. Both MMS22L and TONSL constructs were cloned into a
pFastBacl vector. The complex was expressed in Sf9 cells by co-infection with both
recombinant baculoviruses according to manufacturer's recommendation (Invitrogen).
The proteins were exiracted from 5Sf9 cells and purified similarly as described
previously for Sgsl. Briefly, the complex was purified on amylose resin, and MBP and
ST tags were subsequently cieaved with PreScission protease. The helerodimer was
then further purified using a Ni-NTA affinity resin. Washes were performed with 300
mM NaCl buffer.

For crystallization: The human TONSL Ankyrin Repeat Domain (ARD, residues 512-
692) and MCM2 Histone-binding Domain (HBD, residues 61-130) were covalently
linked through a four-Glycine linker (G, linker) into a single expression cassette (SEQ
ID NO: 15).

The MCM2 HBD-G4~TONSL ARD expression cassette was cloned into a modified
RSFDuet-1 vector (Novagen), with an N-terminal His6-SUMO tag. The resulting
plasmid was coexpressed with a pETDuet plasmid harboring human histone genes
H3.3(57-135) and H4(1-102) in BL21(DE3)-RIL cell strain (Stratagene).

The E. coli was cultured at 37 °C using LB media with 50 yg/ml Kanamycin, 100 ug/mi
Ampicillin and 34 pg/mi Chloramphenicol.
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When the E. coli reached cell density of ODggo ~ 1.0, 0.5 mM IPTG was added into the
LB media which was further incubated at 20 °C overnight.

The expressed protein complex was first purified on HisTrap HP column (GE
Healthcare). After removing the Hisg-SUMO tag by using Ulpl (SUMO protease), the
protein complex was further purified on HiLoad 16/600 Superdex 200 column (GE
Healthcare) in the buffer of 20 mM Tris pH 7.5 and 500 mM NaCl.

The purified G4 linker complex, MCM2 HBD-G4-TONSL ARD cassette-H3.3(57-135)-
H4(1-102) complex (herein designated as TONSL ARD-MCM2 HBD-H3-H4 tetramer
complex) with a concentration of 23 mg ml™ in the buffer of 20 mM Tris pH 7.5 and 1
M NaCl, was crystallized in the condition of 100 mM MES pH 5.6-6.6, 5-10%
isopropanol using setting-drop vapor-diffusion method at 20 °C. All the crystals were
soaked in a cryoprotectant made from the mother liquor supplemented with 25%
glycerol before flash freezing in liquid nitrogen.

The data set for the TONSL ARD-MCM2 HBD-H3-H4 tetramer complex was collected
at 0.979 & on 24-ID-C/E NE-CAT (Advanced Photo Source, Argonne National
Laboratory). The data was processed using the HKL 2000 program. The initial
structure for the complex was solved by molecular replacement in PHASER with our
previous structure of the MCM2 HBD-H3-H4 tetramer complex as a search model and
manually refined and built using Coot. The final structure of this complex was refined
to 2.43 A resolution using PHENIX. Table 1 summarizes the statistics for data

collection and structural refinement

Table 1. Data collection and refinement statistics

TONSL ARD-MCM2 HBD-H3-H4
Tetramer Complex

Data collection
Space group P321
Cell dimensions

a, b, c(A) 139.5, 139.5, 72.9
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Resolution (R)
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Redundancy

Refinement

Molecules per
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No. reflections
(total/unigue)

Ruork/ Riree (%)

No. atoms
Protein
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Water

B-factors
Protein
MES
Glycerol
Water

R.m.s deviations

48

90, 90, 120
50-2.43 (2.95-2.43)°
3.8 (46.8)

23.1 (1.8)

99.8 (99.7)

5.5 (5.5)
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12
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81.8

108.5

92.6

59.8
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Bond lengths (A) 0.009
Bond angles (©) 1.316
Ramachandran plot®
Favored (%) 95.9

Allowed (%) 4.1

@ Highest resolution shell is shown in parenthesis.
® Calculated using MolProbity in PHENIX.

The structural data obtained are described below in Annex 1.

One molecule of each protein MCM2 HBD-TONSL ARD cassette, H3 and H4 is present
in the asymmetric unit. The crystallographic symmetric operation reconstitutes a
tetramer of H3-H4, thus resulting in formation of an intact complex with two copies of
MCM2 HBD-TONSL ARD cassette in complex with an H3-H4 tetramer (named TONSL
ARD-MCM2 HBD-H3-H4 tetramer complex), which is consistent with our previous
finding that MCM2 HBD binds and stabilizes an H3-H4 tetramer under physiological
conditions. The TONSL ARD-MCM2 HBD-H3-H4 tetramer complex is also highly
similar to our previous structure of the MCM2 HBD-H3-H4 complex, with a pair of
MCMZ2 HBDs wrapping around the lateral surface of the H3-H4 tetramer, while the two
TONSL ARDs interact with each of the H4 tails. The TONSL ARD forms no
intermolecular interactions with the MCM2 HBD, consistent with the H3-H4 tetramer
bridging the interaction between TONSL and MCM2 in cells. The TONSL ARD forms
extensive contacts with a segment of the H4 tail (residues 12-23), but shows only
minimal contacts with the core of the H3~-H4 tetramer. The TONSL ARD could be
modeled to bind the H4 tail in the context of the nucleosome without steric clashes
and a conserved positive patch may interact with the nucleosomal DNA, suggesting
that the extensive interactions between TONSL ARD and the H4 tail could describe
TONSL binding to both soluble non-nucleosomal histones H3-H4 together with MCM2
and also to H3-H4 in nucleosomes.

The Ankyrin (ANK) repeat fold contains two antiparalle!l helices named the inner and
outer helix respectively, followed by a hairpin loop named the finger. The TONSL ARD
consists of four ANK repeats, three of which adopt the canonical ANK repeat fold
(ANK1-3), while the remaining one is an atypical and capping repeat (ANK4). Besides
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the internal fingers 1-3, the TONSL ARD contains an extra loop preceding ANK1,
designated finger 0. The TONSL ARD uses its elongated concave surface composed of
inner helices (aAl, aBl, aCl and aD1) and fingers 0-4 to form extensive
intermolecular contacts with the extended B-strand like conformation of the H4 tail. It
is notable that 15 out of 18 residues that constitute the H4 tail-binding surface of
TONSL ARD are highly conserved. The TONSL ARD targets the H4 tail spanning
residues Lysl2 to Arg23, primarily through intermolecular hydrogen-bonding,
electrostatic and van der Waals interactions.

Example 2 - Determination of TONSL ARD binding to histone H4 peptides by
Isothermal Titration Calorimetry (ITC)

All the ITC titrations were performed on a Microcal ITC 200 calorimeter at 25 °C. The
peptides of histone H4 (residues 9-25) and its modified peptides Ki6ac (with
acetylation on Lys16), H18W (with His18 mutated to Trp18), H4K20mel (mono-
methylation on Lys20) and H4K20me2 (di-methylation on Lys20), and peptide of
histone H3(1-19)K9mel (mono-methylation on Lys9) were all synthesized at Tufts
University Core Facility. The exothermic heat of the reaction was measured by 17
sequential 2.2 pl injections of the peptides (1.41 mM in buffer 20 mM Tris pH 7.5 and
0.5 M NacCl) into 200 ul of the TONSL ARD solution (145 uM in the same buffer),
spaced at intervals of 150 s. The data were processed with Microcal Origin software
and the curves were fit to a single size binding model.

Example 3 - Assaying binding of recombinant TONSL ARD to histone H4 peptides in

vitro

Purified recombinant TONSL ARD (residues 512-692) was stored at 400 uM
concentration in 1 M NaCl, 20 mM Tris HCl pH 7.5 at -80 °C. For each pull-down, 400
pmol of the ARD stock (1 pl, 400 uM) was diluted with 99 yl of binding buffer (150 mM
NaCl, 50 mM Tris HCl pH 7.5, 5 % Glycercl, 0.25 % NP-40, 0.2 mM EDTA, 0.5 mM
DTT, 0.2 mM PMSF, 1 mM Leupeptin, 1 mM Pepstatin). ARD input material was scaled
to the number of pull-downs performed. For each pull-down, a histone H4 peptide (JPT
Peptide Technologies GmbH) spanning residues 14-33 (2.5 yl, 250 uM) with a C-
terminal biotinoyl-lysine residue or biotin (2.5 ul, 400 uM) was added to 1.1 ml of
binding buffer in addition to 100 ul of the ARD input material and the mixture
incubated overnight rotating at 4 °C. The next day 25 pl of MyOne Streptavidin C1
beads (Life Technologies) was washed in binding buffer (3x 500 ul) for each pull-down
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removing the final wash from the beads. The ARD/peptide or ARD/biotin mixture was
added to an aliquot of pre-washed MyOne Streptavidin C1 beads and incubated with
rotation at 4 °C for 3 hours. Finally the beads were washed (2x 300 pl and 1 x 200 ul
of 300 mM NacCl, 50 mM Tris HCI pH 7.5, 5 % Glycerol, 0.25 % NP-40, 0.2 mM EDTA,
0.5 mM DTT, 0.2 mM PMSF, 1 mM Leupeptin, 1 mM Pepstatin) and pulldown material
visualized by Coomassie staining after $SDS PAGE separation of proteins on a NUPAGE
4-12 % gel.

Example 4 - Measuring GFP-TONSL binding to histone H4K20meQ peptides in cell

extracts

For detergent-soluble extracts (NP40/NaCl), U-2-0S cells expressing GFP-TONSL WT
or ARD mutants were washed with cold PBS, scraped and incubated for 15 min on ice
in HS buffer supplemented with trichostatin A (TSA) and protease and phosphatase
inhibitors (5 mM sodium fluoride, 10 mM p-glycerolphosphate, 0.2 mM sodium
vanadate, 10 ug/mil leupeptin, 10 pg/ml pepstatin, 0.1 mM PMSF, Sigma). After
centrifugation at 16.000 g for 15 min at 4°C, the supernatant was collected.

For pull-downs from cell extracts, MyOne T1 beads were incubated O/N with 1 pg of
biotinylated histone peptides in High Salt (HS; 300mM NaCl, 0.5% NP40, Tris HCI,
EDTA, 5% glycerol) buffer and subsequently washed 2 times with PBS. 1 mg of
NP40/NaCl extract from GFP-TONSL U-2-0S cells was added to the beads and
incubated for 2 hrs rotating at 4°C. The beads were then washed 5 times with HS
buffer, 2 min rotating at 4°C. After washing, the beads were resuspended in 1XLSB
and boiled for 10 min. The eluted proteins were loaded on a 4-12% Bis-Tris NuPage
gel (LifeTechnologies). Proteins were then transferred to a 0.2 pym nitrocellulose
membrane by O/N wet transfer at 20V and detected by western blotting.

Example 5 - Quantifving chromatin-bound TONSL in human cells by HT microscopy

U-2-0S and TIG3 cells were grown on 6-well plates (1x10° cells seeded/well 1 day
prior to analysis). To analyse only chromatin-bound TONSL, soluble proteins were
removed (pre-extracted) by 5 min incubation on ice with CSK buffer 0.5% Triton (CSK
buffer: 10 mM PIPES pH 7, 100 mM NaCl, 300 mM sucrose, 3 mM MgCI2 plus protease
and phosphatase inhibitors 1 mM DTT, 10 ug/mil leupeptin, 10 ug/ml pepstatin, 0.1
mM PMSF, 0.2 mM sodium vanadate, 5 mM sodium fluoride, 10 mM beta-
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glycerolphosphate). Cells were then rinsed with CSK and PBS before fixation in 4%
formaldehyde for 10 min and staining with TONSL antibody.

For detection, cells were blocked with PBS containing 5% BSA and 0.1% Tween20 for
1 h, and incubated with TONSL antibody (Sigma, ref. nr. HPA0244679) overnight at
4°C (1:400 in blocking buffer). After washing 3 times with PBS containing 5% BSA
and 0.1% Tween 20, anti-rabbit-Alexa488 (LifeTechnologies 1:1000 in blocking
buffer) was applied and let to incubate for 30 min. Cells were washed 3 times and
DNA was counterstained with DAPI (Sigma). Images were acquired on ScanR high-
content imaging system (Olympus) and analysed using ScanR software. Relative
fluorescence intensity TONSL was quantified relative to cells depleted for TONSL using
the specific siRNAs (O'Donnell et al. 2010 Mol Cel 40:619, synthetized by Sigma) for
30 h at 100 nM concentration.

Example 6

Given that TONSL-MMS22L binds histones in a pre-deposition complex with ASF1 and
MCM2, TONSL-MMS22L could be loaded onto replicating DNA together with new
histones. It is shown herein that in nascent chromatin, new histones were exclusively
unmethylated at H4K20 (98% H4K20me(), while old recycled histones were almost
fully methylated at H4K20 (mel, 7%; me2, 88%; me3, 2%). New histones became
methylated in late G2/M, rendering G1 chromatin devoid of H4K20me0. This identifies
H4K20me0 on new histones as a signature of post-replicative chromatin, implying that
TONSL-MMS22L can bind H4 tails on new histones at replication forks and sister
chromatids until late G2/M. Confirming this prediction, TONSL accumulated on
chromatin in S phase, remained chromatin-bound in a population of G2 cells and was
excluded from chromatin in G1 (Fig. 20). To discriminate pre- and post-replicative
chromatin, we labeled replicating DNA with EdU (pulse to mark ongoing replication,
continuous labeling to identify post-replicative chromatin) and marked pre-replicative
chromatin with MCM2, and analyzed co-localization with TONSL. TONSL staining was
mutually exclusive with MCM2 (Fig. 24A), but co-localized with EdU pulse labeling in
very early S phase and with replicated DNA (continuous EdU labeling) throughout S
phase (Fig. 24B). TONSL was present at sites of ongoing DNA replication throughout S
phase, but the degree of co-localization declined in mid/late S (Fig. 24B, left panel),
consistent with TONSL binding to post-replicative chromatin also after fork passage
(Fig. 24B, right panel). Mutation of the TONSL ARD abrogated recruitment of TONSL
to chromatin, including DNA replication sites (Fig. 25,). Together, this demonstrates
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that TONSL is recruited to replication forks and post-replicative chromatin via ARD
recognition of H4K20me0 on new histones. TONSL ARD recognition of the H4 tail is
required for binding to post-replicative chromatin and recruitment of damaged forks
and DNA lesions.

Mutation of TONSL ARD also abrogated chromatin binding (Fig. 26) and recruitment to
replication forks in the presence of replication poisons like camptothecin (CPT) and
hydroxyurea (HU) (Fig. 27A and B). Furthermore, ARD mutation prevented
accumulation of TONSL at site-specific DSBs (Fig. 28) and microlaser-generated DNA
damage. Co-staining with cell cycle markers confirmed that TONSL is recruited to DNA
repair sites only in S and G2 cells as expected. H4K20me0 binding is required for
TONSL accumulation at damaged forks and DNA lesions in post-replicative chromatin.
However, this was not due to increased H4K20me0, suggesting that unmasking of H4
tails upon chromatin decompaction and/or interaction with repair factors contribute to
TONSL-MMS22L accumulation at repair sites. Consistent with the latter, MMS22L
interaction with Rad51 can stabilize the complex at challenged forks (P. Cejka and M.
Peter, personal communication). Our data argue that this is subsequent to H4K20
binding (Fig. 26 to 28). In complementation analysis, TONSL WT partially rescued
viability of TONSL depleted cells in the presence and absence of CPT (Fig. 28, Fig. 30A
and B), whereas TONSL ARD mutants were highly toxic (Fig. 28, Fig. 30A and B). In
control cells, TONSL ARD mutants also reduced viability and caused G2/M arrest
accompanied by replication-associated DNA damage (Fig. 29 and Fig. 31). Further, the
TONSL ARD mutant titrated MMS22L away from chromatin, explaining the dominant
negative phenotype that mimics TONSL-MMS22L depletion (Fig. 32A and B).
Collectively, this indicates that recognition of H4K20me0 is central to TONSL-MMS22L
function in safeguarding genome stability.

The cell viability was assayed by clonogenic assay (see Example 8 herein below for
details of the assay) using inducible U20S cells that express siRNA resistant GFP-
TONSL WT or ARD mutant (D559A, ES568A, N571A), in the presence or absence of
CPT. Aforementioned results shows that GFP-TONSL WT can partially complement the
growth defect and CPT sensitivity of TONSL depleted cells, while expression of GFP-
TONSL ARD mutants further impairs cell viability and survival to CPT. Also, it show
that expression of GFP-TONSL ARD mutants in control cells has a dominant negative

effect on cell growth.

Accumulation of the genome instability marker 53BP1 and cell cycle arrest in G2/M in
cells expressing GFP-TONSL ARD mutants was determined. Inducible U20% cells were
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induced to express resistant GFP-TONSL WT or ARD mutant (D559A, E568A, N571A)
for 24 hours and then fixed and stained for 53BP1 and EdU after an additional 24
hours. Images were acquired by high-throughput microscopy. This shows that
expression of the TONSL ARD mutants phenccopies TONSL/MMSZ22L depletion.
Accordingly, these mutants are useful for testing the effect of inhibitors of TONSL in
various disease models. The demonstrated titration of MMS22L away from chromatin
in cells expressing GFP-TONSL ARD mutants, both in the absence and presence of CPT
may explain why expression of TONSL ARD phenocopies TONSL/MMS22L depletion.

It is revealed that post-replicative chromatin has a distinct histone meodification
signature, read by the TONSL-MMS22L effector protein. This opens a new avenue o
understand how DNA repair and other chromosomal transactions can be directly linked
to the replication state of a genomic locus. Intriguingly, it is the new histones that
make post-replicative chromatin distinct. It is presented that TONSL-MMS22L is
delivered to nascent chromatin with new histones via the pre-deposition complex with
MCM2 and ASF1. TONSL may thus have a dual function as a histone chaperone and
histone reader. The structural work proposes that TONSL acts in a histone chaperone-
like capacity by sequestering the H4 tail to prevent spuricus contacts with DNA during
H3-H4 deposition. Further, TONSL ARD may counteract chromatin compaction by
preventing association of the H4 tail with the H2A-H2B acidic patch on neighboring
nucleosomes. Thus, TONSL changes our perception of a histone chaperone by binding
both soluble and nucleosomal histones. In its function as a histone reader, TONSL
localizes MMS22L to post-replicative chromatin via H4K20me( and allows TONSL-
MMS22L to accumulate at damaged forks and DNA lesions. We envision that
H4K20me0 works as an affinity trap, making TONSL-MMS22L readily available to
support Rad51 loading during HR. This provides a new angle to understand the role of
H4K20 in DNA repair, complementing the well-described role of H4K20mel/2 in
recruiting 53BP1 to promote NHEJ in competition with BRCA1-BARD1. In post-
replicative chromatin, H4K20mel/2 on old histones will support 53BP1 recruitment.
Whether H4K20me0 on new histones also influences DNA repair pathway choice will
be of interest to future investigations. It is notable that the structure of the TONSL
ARD, including the histone-binding surface, is highly similar to the ARD of BARDI,
required for BRCA1 tumor suppressor function and HR. Multiple mutations in the
TONSL ARD are reported in cancer (C608G, COSM4879909; P557S, COSM4565032;
E597K, COSM3382163) and the N571 residue, key to H4 binding, corresponds to the
BARD1 N470S cancer mutation. This underscores that the tumor suppressor function
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of H4K20me0D recognition and the possibilities it brings for targeted cancer therapy
should be explored in the future.

Circular dichroism analysis of TONSL ARD WT or mutants stability (fig. 34), show that
the indicated ARD point mutations do not destabilize the overall structure of the ARD.
ITC analysis of TONSL acidic stretch and ARD (450-692) with H4 tail (9-25) and
H3K9mel (1-21) peptides (Fig. 35) show that TONSL (450-692) does not bind to
H3K9mel, but recognizes H4 peptides.

The methods used for immuncofluorescence, microscopy and laser microirradiation are

described below in Example 7.

Example 7

Immunofluorescence, microscopy and laser microirradiation

U-2-05, Hela 53, and TIG-3 celis were grown in DMEM (Gibco) containing 10% FBS
{(Hycione) and 1% penicillin/streptomycin and drugs for seiection. The construct for
SiRNA resistant GFP-TONSL was described (O'Donnell et al., Mol Cell 40, 619-631
(2010)) and ARD mutation were introduced in this construct by site-directed
mutagenesis. Cells inducible for GFP-TONSL WT and ARD mutants were generated in
Fip-In T-Rex U-2-05 cells (Invitrogen) by transfection of pcDNAS/FRT/TO-GFP-TONSL
plasmids with Lipofectamine 2000, according to the manufacturer’'s protocol, and
selection with hygromycin {200 pg/mi). All cell lines were authenticated by western
blotting and immunofluorescence. Expression of GFP-TONSL was induced by addition
of 1 ug/mi of tetracycline for 24 hours. U-2-085 and TIG3 celis were synchronized by a
single thymidine biock {(2mM) and released into S phase in the presence of 24 M
dCTP. For transient expression of GFP-TONSL, expression plasmids were introduced by
transfection with Lipofectamine 2000 (Invitrogen) according to the manufacturer’s
protocol and cells harvested 24 hours after transfection. siRNA transfection was
performed with RNAiMax reagent (Invitrogen) according to the manufacturer’s
protocol.

siRNA seguences: siSET8#1: 5-GUACGGAGCGCCAUGAAGU-3’; siSET8#2: 5'-
ACUUCAUGGCGCUCCGUACUU-3; SIMOF#1: 5'-GUGAUCCAGUCUCGAGUGA-3";
siMOF#2: 5'-GUGAUCCAGUCUCGAGUGA-3"; siTONSL: 5-GAGCUGGACUUAAGCAUGA-
3’ All cell lines used in this study tested negative for mycoplasma contamination.
U-2-0S cells conditional for GFP-TONSL were grown on glass coverslips and either
directly fixed in 4% paraformaldehyde (PAF) for 10 mins or washed in CSK, pre-
extracted 5 min with CSK/0.5% Triton X-100 and rinsed with CSK and PBS before
fixation in 4% PAF for 10 mins. Coverslips were mounted on glass slides with Mowiol
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mounting medium (Sigma Aldrich) containing DAPI. Fluorescence images were
collected on a DeltaVision system with a 40x or 60x oil immersion objective. For
deconvolution microscopy, z-stacks were acquired (step of 0.2 Om), deconvolved and
analyzed by SoftWoRX 5.0.0. Pearson coefficient correlation analysis was performed
on single cells using SoftWoRX 5.0.0. Brightness and contrast were adjusted using
Adobe Photoshop C56. For high content quantitative analysis, fluorescence images
were acquired using an Olympus ScanR high-content microscope and processed on
the ScanR analysis software. More than 5000 cells per sample were analyzed. Graphs
were generated with TIBCO Spotfire software. For microirradiation experiments, cells
grown on glass coverslips were fixed in 4% formaldehyde for 15 min, permeabilized
with PBS containing 0.2% Triton X-100 for 5 min and incubated with primary
antibodies diluted in DMEM for 1 hour at room temperature. Following staining with
secondary antibodies (Alexa Fluor 488, 568 and 647; Life Technologies) for 30 min,
coverslips were mounted on glass slides in Vectashield mounting medium (Vector
Laboratories) containing the nuclear stain DAPI. For detection of nucleotide
incorporation during DNA replication, an EdU-Plus labeling kit (Life Technologies) was
used according to the manufacturer’s instructions. Confocal images were acquired on
an LSM-780 (Carl Zeiss) mounted on a Zeiss-AxioObserver Z1 equipped with a Plan-
Neofluar 40x/1.3 oil immersion objective. Image acquisition and analysis was carried
out with LSM-ZEN software. Laser microirradiation of cells was performed essentially
as described.

Example 8

Clonogenic assay

U-2-05 inducible for GFP-TONSL ARD WT and mutant were transfected with siRNA,
trypsinized 24 hours later and seeded in technical triplicates of 1000 or 3000 cells in
the presence or absence of tetracycline. After 24 hours, the cells were washed and left
in fresh medium for 12-15 days before fixation and staining with MeOH/Crystal Violet.
Colony formation efficiency was determined by manual colony counting or
quantification of Crystal Violet staining by Imagel software and normalized to non-
induced control.

Example 9

Nascent Chromatin Capture (NCC)

The NCC protocol from (Alabert et al., Nat Cell Bio/ 16, 281-293 (2014)) was adjusted
for adherent U-2-05 cells. CPT (1uM) was added 5 minutes prior to b-dUTP labelling

and was included in all steps until fixation. Cells were incubated for 5 minutes in a
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hypotonic buffer (50 mM KCI, 10 mM Hepes) containing biotin-dUTP and resuspended
into fresh cell culture medium for an additional 15 minutes. Cells were fixed 15
minutes in 1% formaldehyde, rinsed twice in PBS and collected by scraping in cold
room. Nuclei were mechanically isolated in sucrose buffer (0.3 M sucrose, 10 mM
HEPES-NaOH at pH 7.9, 1% Triton X-100 and 2mM MgOAc). Chromatin was
solubilized by 28 cycles 30 sec ON, 90 sec OFF in sonication buffer (10 mM HEPES-
NaOH at pH 7.9, 100 mM NaCl, 2 mM EDTA at pH 8, 1 mM EGTA at pH 8, 0.2% SDS,
0.1% sodium sarkosyl and 1 mM phenylmethylsulphonylfluoride) using a Bioruptor at
4° C. Solubilized chromatin was pre-cleared using streptavidin-coated magnetic beads
(MyC1 Streptavidin beads) pre-incubated with biotin. b-dUTP labelled chromatin was
next purified over night at 4° C using streptavidin-coated magnetic beads. Beads were
washed 5 times for 2 minutes in wash buffer (10 mM HEPES-NaOH pH 7.9; 200 mM
NaCl; 2 mM EDTA pH 8; 1 mM EGTA pH 8; 0.1% SDS; 1 mM PMSF). Total chromatin
(input) and isolated nascent chromatin were boiled 40 min on beads in LSB 1X (50
mM Tris-HCI pH 6.8, 100 mM DTT, 2% SDS, 8% Glycercl, Bromophenol blue) and
separated by SDS-PAGE for western blotting. An alternative method which may be
used in place of NCC is iPOND (Sirbu et al., Nat Protoc 3, 594-605 (2012)).

Example 10

Native MS analysis of protein-peptide complexes

Various peptides were obtained including the peptides described in Examples 11, 12,
13, 14 and 15. If the peptide was in the form of a trifluorocacetate salt (TFA salt), it
was desalted on a polymeric weak cation exchange sorbent (Strata X-CW,
Phenomenex, Sartrouville, France): Dry peptide (1-3 pmol) were solubilized in 200 pyL
pure water (Sigma-Aldrich, Lyon, France). The pH of the solution was adjusted to 7-
7.5 by addition of 1 mM aqueous ammonium hydroxide solution (solution freshly
prepared from 20% concentrated ammonium hydroxide). The exchange column was
conditioned with 1 mL methanol (Sigma-Aldrich, Lyon, France) followed by 1 mL
water. The solution was injected and the column was washed twice with 500 ul pure
water. Finally the peptide was eluted by gravity with 2 times 500 pyL of a 20:80:5
acetonitrile/water/formic acid mixture. The elution fraction containing the expected
peptide was identified by mass spectrometry. The TFA-free solution was freeze-dried
to get a white solid. The solid was dissolved in 300 uL pure water and the solution was
freeze-dried for a second time.

A stock solution of the peptide was prepared by adding 300 uL of pure water to the
resulting solid and the concentration of the solution was measured by UV at a
wavelength of 205 nm. The extinction coefficient for the corresponding peptide
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sequence was calculated using the Nick Anthis online protein parameter calculator
script (http://nickanthis.com/tools/a205.html). The absence of TFA adducts was
confirmed by mass spectrometry with infusion of the protein-peptide mixture at low
acceleration voltage (Ve 25 V) in native conditions.

Purified TONSL ARD (i.e. amino acid 512-692 of TONSL of SEQ ID NO:16) was buffer
exchanged against 500 mM NH,OAc pH 7.5 using a NAP 5 column (NAP™-5, GE
Healthcare). Bradford protein quantitation was performed on buffer exchanged
protein. Protein was diluted in water to a final concentration of 10 yM and kept on ice

until native MS analyses were performed.

The mass spectrometry (MS) analysis were carried out on an electrospray time-of-
flight mass spectrometer (LCT, Waters, Manchester, UK) equipped with an automated
chip-based nanoESI device (Triversa Nanomate, Advion Biosciences, Ithaca, NY).
External calibration was done in the positive ion mode over the mass range m/z 200-
6000 using the multiply charged ions produced by 0.4 pM horse heart myoglobin
solution diluted in water/acetonitrile 50/50 mixture acidified with 0.5% (v/v) formic
acid. Homogeneity and purity of TONSL-ARD was first checked under denaturing
conditions by diluting the protein to 1 uM in 50/50 water/acetonitrile mixture acidified
with 0.5% (v/v) formic acid. Mass measurement revealed mainly the presence of a
species with a molecular weight of 20747.18 + 0.34 Da. Characterization of peptide
binding to TONSL-ARD under native conditions was performed in 50 mM NH40Ac pH
7.5 keeping a constant 5% amount of EtOH (v/v). The protein concentration was set
to 10 uM and different peptide concentrations ranging from 1 to 5 molar equivalents
were added. Incubations were performed at room temperature for 15 min. Mass
spectra were recorded using reduced cone voltage (V¢ = 50 V) and elevated interface
pressure (Pi = 5 mbar) which correspond to fine-tuned instrumental settings providing
sufficient ion desolvation while preserving the integrity of weak non-covalent
complexes in the gas phase. Micromass MassLynx 4.1 was used for data acquisition
and processing. Native MS analysis of protein-peptide complexes were attempted by
incubation of 10 uM TONSL-ARD with several peptide concentrations (10, 20, 30, 40,
50 uM).

For data processing under native conditions, protein-peptide complex abundance
(%PL) was estimated from the peak heights of 9 and 8* charge states of free and
bound TONSL-ARD, assuming that compound binding does not alter protein response
factor. The proportion of 1:1 stoichiometry complex is calculated according to the
following equation:
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I
% P1L1 = ——rithl

Ip1ia +1p

To estimate the binding affinities (Kd) of peptides for TONSL-ARD, a mixture of
protein/peptide was analyzed at a constant peptide to protein ratio with decreasing
protein concentration until the lowest detection limit was reached. For data processing
under native conditions, protein-peptide complex abundance (%PL) was estimated
from the peak heights of 9" and 8 charge states of free and bound TONSL-ARD. This
protein proportion is used to calculate the bound protein, the free protein and the free
peptide concentrations. The Kd is calculated by using the following equation for each
protein/peptide concentration. The final Kd for each peptide is the average of the Kd
at different protein/peptide ratio.
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Test compounds

Example 11
Leu-Gly-Lys-Gly-Gly-Ala-Lys-Arg-His-Arg-Lys-Val-Leu-Arg-Asp-Asn-Ile-NH;
(Histone H4 peptide)

Purchased from IPT Peptide Technologies GmbH, Berlin, Germany

The following peptides were obtained from Schafer-N Aps, Copenhagen, Denmark and
were prepared by using Fmoc-chemistry on chiorotrityl resins, a method known to
those skilled in the art.

Example 12 Ala-Lys-Arg-His-Arg-Lys-Val-Leu-Arg-NH,

Example 13 Lys-Gly-Gly-Ala-Lys-Arg-His-Arg-Lys-Val-Leu-Arg-NH,

Example 14 Lys-Gly-Gly-Ala-Lys-Arg-His-Ala-Lys-Val-Leu-Arg-NH

Example 15 Lys-Gly-Gly-Ala-Ala-Arg-His-Arg-Lys-Val-Leu-Arg-NH,

Using the assays described in Examples 10, the following values were obtained.
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Example Y%PIiL1 Apparent Ky (uM) Titration Ky (uM)
11 0.077
12 62.6 2.2 1.95
13 89.9 0.1 0.31
14 73.3 1.0 0.96
15 81.4 0.4 not determined*

* A Kd value could not be measured by titration

Example 16

Structure based design of small molecule and peptide inhibitors:

Using the structural information of the present invention, we conducted a large scale
virtual screening of the collective repertoire of world vide vendor chemical libraries of
available screening compounds (small molecules and peptides) directly related to drug
discovery applications of ligands, which can be developed into potent and efficacious
TONSL inhibitors. The screened (in silico) chemical libraries and the virtual screening
protocol is described below.

Chemical vendor libraries:

The *In Stock” subset of the ZINC database containing 12,782,590 biclogically relevant
screening molecules, that are stripped for counter ions and assigned tautomers,
hit

iEing,

protonation states, charges and 3D conformations, was obtained from

docking.org and stored in SDF files.
Preparation of the TONSL structure for docking:

a. The histone H4 tail (K12-D24) and crystallographic water molecules was removed
from the TONSL ARD complex structure (see Example 1).

b. All hydrogen atoms were built and optimized using ICM (Molsoft L.L.C., San Diego,
CA, USA)

c. A box of interactions grids (20x20x20 &) centered around E530, D559, E568 and
D604 was calculated using ICMs (Molsoft L.L.C., San Diego, CA, USA) docking tools.

d. Full flexible ‘ligand” docking of the 12,782,590 screening molecules {default
parameters) was performed using ICM (Molsoft L.L.C., San Diego, CA, USA).
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e@. The chemical structures and predicted binding conformations of the top 0.001%
scored compounds with MW < 500 Da, 0.2 < drug-like score < 1, clogP < 5, number
of rotatable bonds < 12, compound strain < 10 were manually assessed.

f. Initially, a total of 49 high scored compounds were acquired and of those 27 were
tested for TONSL ARD binding using a standard native MS binding experiment. A
protocol for an MS binding experiment is outlined in Example 10.

Discovery of TONSL-ARD hits in primary binding screen

Among the compounds tested in competition binding experiments with an unmodified
histone H4 peptide tail (5EQ ID NO), weak binding to TONSL ARD (amino acids 512-
692 of SEQ ID NO:16) were observed for at least one chemo type based on a "3-[(3-
Aminocyclopentyl)carbonyl]-1H-quinolin-4-one” scaffold. AG100021 (MW 317) was
the best binding compound in this first binding experiment forming ~20 % complex at
20 pM.

STRUCTURAL DATA

Annex 1 - Structure data of TONSL-GFP

The structure data including the coordinates of the “Crystal structure of Human TONSL
and MCM2 HBDS binding to a histone H3-H4 tetramer” are provided in the PDB
database under the PDB ID 5]JA4. As used herein the term “"PDB ID 5]A4” refers to the
PDB ID 5]JA4 as deposited with PDB on 11 April 2016. The PDB ID 5JA4 has the DO

18,8210/ pdb%iad/ pdb, and is accessible at

hitnsSwww resh.org/pdb/explora/expioredofstructureld=5144, The structure data

including the same coordinates as PDB ID 5]A4 are also provided in Annex 1 of Danish
patent application PA 2015 00605 and in Annex 1 of US patent application 62/324,257.
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SEQUENCE DATA

SEQ ID NO: 1 - TONSL WT / GFP
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GAPGCHCCCACPGCCACVAvvhﬁ”‘CGGWAGC‘TAbqnﬁ”CASC3AlCCS VF'C””“AQ‘G‘TCPEACCC
GCGCTGGGGCCTGGCCCACCGCGGOGCCACAGCAAAGCCCTTECCCCCCAGGCAGCGCTCATCCCGGAGGAGGA
CTGCCICGUTIGCCCACTGECTCCAGCCTGCACATGLCCCTGACCCGCAGULECCGECCLLGCCCCCEEGGCACT
GGAGACAACCGCAGGCCCAGTAGTACCTCTGGGTCGCGACAGTGAGCGAGAGCAGGCCCCGTGCCCGAGCCAAGT
AGGTCCCCCTGACCTGCATGCAGAGTTGCAGTGCGCCAGTTAACGLAGGGCCCAGCAGCCTGECTICAGAACC
TCCARCGAGCCLCACCACCCCCAGGETCT CACAGCCCAGTCEEGACAGCTCTGCGECACGECAGCCCTTGEGT

TORACCATO

CCEGCCCCCCCCCCTCCCATCCGCCTTCGAG ICACGATC

GCAGTCACACCCACTOTCTECCOTCGO TGRS

“CCAGCR

lelslelelale
oLl

GCCCCAGGCTCACCCTACGGAAAGAGGGGGCCCTECTGGCCCCACAG
AATCACCAGGTCTTCCCTE? TGGCACCTCCCCCCGT
AGAGCCTGGGGCAAGGGG! AACAGGTGCTGCAGGC ?;GJZ\
CCCCTGCTCCCTGGLCCTG AGCGCCCAGCTTACACCCCTGCTEC
CGGGA ””r?CCCCm”Gl“CGCA CKCCCTCCGGCPCAACIH GTGG
iaCﬁC“ﬁhCi:G‘NNTHvATGALCLMTﬁCm(F;ZTCACCTGMHTC
GCTCCCAGGCCAAGCCACCTTIGCAGAGSTTTGCGAGgaattagat t
GGCCAGTCCCTGGCCTCCCTCCTGCACGCCTG CCCCTTACTC:
GCCCCAGCTTCTTICTCGAGCCACCAGACAGT CfGGGTAGTGﬂTmf

ATCTC]

TCCTCATCCCTGTCCCACACA
GCECTACTACCAGACCTOEGECCTACT

COTOATE ATOTOC
GACCTCATCCCTGATGTGCTGCAGAG

TGACTGACCGCTIAC ngAC“CPCmﬁﬁc
GCTCCAGGGCTIGGGCCTCICGTTICAG
;CCCCCCCTCAACCTGCACACAGCACTC
SCTCAGCTGGTGCGCTGCCCICGGCACCA
CGAAGGCCTGCGCCACCTIGCCATGGG
thatgaAfﬂcv,'C&Qu SACGGCTGET
ACCCTGCGCCTGCAGGCGTCTGGCTICG
FCAA?ATC,ILHQbDV, ‘GAAGACCCT



10

15

20

25

30

35

40

45

50

55

60

WO 2017/054832 PCT/DK2016/050317

G GCCCCT ceceee

C: GCAGCCGE CCTLGTAT AC

T CCCACCT ACAAGGCTCTITAGAGA
CCIG: ‘,QQ GCCCCICA CCCTGAGATCAGCTGCT
GCCAlCiISC“ALA”“ICC”GTCCACCCTCC G GG CTIGGCCTCTCAGECT
GCCC G AGGCTCCCCTOCECCTLLGCCT GCACAAGATAGCCGCGCACCTCCGLCAACTGCAGCCTETG
C GCAGACGCCTCTGCGCTCACCACAGGCACGCCCTGCCCCAGCTCCAGCCCACTCGGLCCEECCCCGGTGAG
T LVuCTCvALClC”JV¢CCAAG,TCTTCTTTvuuPCCCTCLAG

SEQID NO: 2 - TONSL WT

ATGAGCCTGGAGCGCGAGCT FNCKCCTG:GgAprP S AAAGUCAAGGCGCAGAGGGCLGGECAGLGEGE

PG CP“”AGUC“u CTCLC”P CCACGCTGGGGGAGCTCCTGEGLCGEGCC Tu”PCuCTACCCpC GGCT
GACbh \CTGGCAGCGAGCTGCAGCTTCGGGAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCT
FA CAKGATCGWK AGCGCCTGGCCGAGATG GAFU\nihv CGGCTGCCTTGCAGCACCAGCACCAG
T&-CTﬁ GAGCTGGCACATTCCCTGCGCAACCACACGGAGCTGCAGAGGGCCTGGEGCCACCATCGGCCGE
ACCCACCTGGACATCTATGACCACTGCCAGTCGAGG ATﬂCm”TGCTGCAGG\KCAbuCTFCVTTTG“u
AAGAGCTTGGCTATTGTGGATGAGGAGCTGGAGGGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGSG
ACCCGCCTCTA ”CILAAP”TGﬁGCCTCAVCTTMGAHACCC””CACCAJA(AGCL,*GTICiAvbAT'ﬂC
T' CAGGAAGAGCATCTTCCTTGCGGAGCAGAACCACCTTTACGAGGACCTATTCCGCGCCCGECTACAAL
CTGGGCACCATCCACTGEC )C GCGGE Iil"f’(‘ crece GG CTATGCGCTG CTTK"CJALKQ STGCCCGEGGAG
TGETGCGCACACCATGAGGAAGCGEGETTCATGGAGAGCGAGTGCTGUGTGET TATTGCACAGGTCCTCCAA
GACCTGGGAGACTTTTTGGCTGCC AaC“LACCbCTLAAquQLpCTACAGGCTLCGC_C“ TAGAAGCCT
GTGCAGAGGGCAGCCATCTGTCAGAACCTCCAGCATETGCTGGCAGTGETCCGGCTGCAGCAACAGLTG
GAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCCATGETCATCTGTGAGCAGCTAGGGGACCTCTTICTCC
AAGCCAGCAUAFTTTCCCA“u"thbTUAUbCLTACCAGAAUCALpLGvCT TTGCTGAGCTGCTGGAC
AGACCGGGTGCTGAGCGGGECT hTCATCCACGTGT”L”TGGCCACCACAFT”~UhG \CATGAAGGACCAC
CA#-GGUVCUTGCGVta TATGAGGAGGAACTGAGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAG
ACFT»GCTGAACATTT-ACT“TCCCGCGAGCA@~- GGCGATGCCTACGAGCTGCTGGCCCCGTGECTTC
CAGAAAGCGCTCAGCTGTGCCCAGCAGGCCCAGCGETCCCCAGC TbCAG&~uCACG‘CﬁthAbCETPTﬁ
CATACC TFCAGFTGAJGVTuCAJC””CanAGGCC\FTuh;x\ GAAACCAGACTGCGGGAGCTCAGT
FTALpLG“AGhAGAX ATGAGGAGGAGGAGGCGGAGGAGGCGEGL AGCCA "AGCGGAGAGCGAAGCCCTG
GAGGCCGGUGAGGTGGAGCTCTCAGAGGGCGAGGACGACA ””LAWGG””TGACifC]CL”C'UJAHU G
GACGAGGAGCTTCAGGGUCACCTGGGECCGEECGEAAGGEGGAGCAAGTGGAACCGGCGAAACGACATGEGEE
GCC Avvplbp”GLAQCGAqPCTGC\TCGAGF]C:A]CTGC CCGUGTCCAGGACUTTGETGAGGCAGGGT
CACCCCCTTAACCCTCGGEGACTACTGETGGCTGGACACCTCTIGCACGAGGUCTGCAACTACGGGCATCTA
GAﬂhTTGleGbLTCCTGbTGGAbCACUGUbCCbCAGTGGAbGAL CAGGTGGCCAGGGLTGLGAAGGL
ATCACCCCCFTCCACGATGCPCThAACTCTGﬁCCA TCGAGGTGGCTGAGCTGECTGCTTGAACGGGEGGE
GCGTCCGTCACCCTCCGCACTCGAAAGGGCCTCAGCCCGCTGGAGACGUTGCAGCAGT GGGETGAAGCTG
TACCGCAGGGACCTGGACCTG LAUAbGPLGCAUhALG thGCCCA;GUA GATGCTGCTCCAGGCGECT
GCCTCGGGCCAAGATCCCCACAGCTCCCAGGCCTTCCACACCCCAAGCAGCCTICTGTITTGACCCCGAG
ACCTCTCCTCCTTITGAGCCCLCTGLCCC WNAAPCgCnCTPTﬂhTAGCACT GAPTanAGAGGCCTLTﬁAG
GTCCATGTCAGGGTCTCCCCAGGGCACGGCGGCACCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGE
CCA G "CAGCAGCAGCAGCAGCTCAGAAGGCGAGGACAGCGCA GCCCCGCAPGGCFGf “““”AaCduu
CCTCGGTGCTCGGCCACAGCACAACGGGTGGCAGCCTGGRACGCCTGGCCCCGCCAGCAACAGGGAAGCA
G,CA\“ CCAGCACCAGCCGGGCAGCCTACCAGGCAGCCATCCGGGETGTGGGCAGTGCTCAGAGCCGE
FTGLuG\FTquCaACC:FGGﬁthACAF AAAGCCCTTGCCCC C\AGGF“G\FC 7-‘\T"‘f“CuLvZ‘-\AGGZ\G
GAGTGCCTGGCTGGGEEACTGGCTGGAGCTGGACATGCCCCTGACCCGCAGLCGCCGGLCLCGLeeeeas
GGCs CTGKJAGA AAL,CGCACGC,CC GTAGTACCTCTGGGETCGGACAGTGAGGAGAGCA EGC,CJCGTGL,\,
CGAGCCAAGC A(Sf“l CCGCCTGACCTGCATGUAGAGTTGCAGTGCGCCAGTTAACGLCAGGGCCCAGTUAGT
CTGGECTTCAGAACCTCCAG ]GAGC:C(‘AK: CACCCCCAGGGTCTCAGAGCCCAGTGGGGEACAGCTCTGCG
GCAGGUCAGCCCTTGEGETCCGGECCCCECCLCCTCCCATCCHGEETTCGAGT TCAAGTTCAGGATCATCTC
TTCCTCATCCCTGTCCCACACAGCAGTGACACCCACTCTGTGGELCTEGCTGGLCGAGCAGGCGGLCLAG
CGCTACTACCAGACCTGCGGEGCTGCTELCCCAGGUTCACCCTACGGAAAGAGGEGGGLCCTGCTGGLCCCCA
CAGGACCTCATCCCTGATGTGCTGCAGAGCAATGACGAGGTGTTGGLTGAGGTGACTTCGTGGGACCTG
CFbC“ STTCACTGACCGCTACCGCAGGGCCTGCCAGAGCCTGGGEGECAAGGGGAGCACCAACAGGTGLTG
CAGGCCGTGGAGCT CCAGUCCTTJGUCﬁTPFCUTﬁCACCGCCTCFTFCFTCG CCT GGAP”“”Gpv““”

PT ACACCCCTGCTGCGGGCCCTCAAGUCTGCACACAGCACTCCGGEGAGE GCUCC sGCAGGGAACC
TGGGGGACRAGTGTGTGGECTG! jC GGTGGCTGCCCTGGGCACCATGCCCAGCCTIGGCCCTC TTGAC

CTCTCCTCCAATCACCTGGGTCCCGAAGGT CTJCUVCAGCTLGpCALG“~uCTPCCAGGCCAaGCCACC
GCAGAGTTTGGAGgaatLagatctateqgatgaACCCCCTGEEGEACGGCTGTGGCCAGTCCCTGGCC

TCCCTCCTGCACGCCTGUCCCCTTACTCAGCACCCTGCGCCTGCAGGCGTGETGGECTTCGGCCCCAGCTTIC
TTICTGAGCCACCAGACAGCACTGGGETAGTGCTTTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTG
TCCTACAACGCCCTGGGAGCCCCTGCCCTGGCCAGGACCCTGCAGAGCCTGCCCGCCGGCACCTUTCCTG



10

15

20

25

30

35

40

45

50

55

60

WO 2017/054832 PCT/DK2016/050317

64

CACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAGGGETGATTCGGACCTCATGGAGCCTGTATTCCGATAC
CTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTGACCCTGTCTGCAAACCACCTGGGGEACAAGGLTIOT
AGAGACCTGTGCAGATGTCTCTICTICTIGTGCCCCTCACTCATCTCACTGGATCTGTCTGCCAACCCTGAG
ATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCCACCCTCCARAAGCGGCCCCAAGGCCTTAGCTTCCTT
GGCCTGTCAGGCTGCGCCGTCCAGEGTCCCCTGGECCTGGGECCTETGCGACAAGATAGCCGCGCAGCTC
CGGGAACTGCAGCTGTGCAGCAGACGCCTCTGCGCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCC
AGTCGGCCGGGCCCCGGCGAGTGCACGCTGGACCACGGCTCCAAGCTCTITCTITTICGGCGCCTCTAG

SEQ ID NO: 3 - TONSL E530A

ATGAGCCTGGAGCGCGAGCTTCGCCAGCTGAGCAAGGCGAAAGCCAAGGCGCAGAGGGCCGGGCAGLCGG
CGCGAAGAGGCCGCGCTGTGCCACCAGCTGGGGGAGCTCCTGGCCGGCCATGGCCGCTACGCCGAGGCT
CTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGGGAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCC
CACCGCAAGATCGGAGAGCGCCTGGCCGAGATGGAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAG
TACCTGGAGCTGGCACATTCCCTGCGCAACCACACGGAGCTGCAGAGGGCCTGGGCCACCATCGECCGEC
ACCCACCTGGACATCTATGACCACTGCCAGTCGAGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAG
AAGAGCTTGGCTATTGTGGATGAGGAGCTGGAGGGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGG
ACCCGCCTCTATCTCAACCTGGGCCTCACCTTTGAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTAC
TTCAGGAAGAGCATCTTCCTTGCGGAGCAGAACCACCTTTACGAGGACCTATTCCGCGCCCGCTACAAC
CTGGGCACCATCCACTGGCGCGCGGGCCAGCACTCCCAGGCTATGCGCTGCTTGGAGGGTGCCCGGGAG
TGTGCGCACACCATGAGGAAGCGGTTCATGGAGAGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAA
GACCTGGGAGACTTTTTGGCTGCCAAGCGAGCCCTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCT
GTGCAGAGGGCAGCCATCTGTCAGAACCTCCAGCATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTG
GAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCCATGGTCATCTGTGAGCAGCTAGGGGACCTCTTCTCC
AAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCTTACCAGAAGCAGCTGCGTTTTGCTGAGCTGCTGGAC
AGACCGGGTGCTGAGCGGGCCATCATCCACGTGTCCCTGGCCACCACACTGGGAGACATGAAGGACCAC
CATGGGGCCGTGCGCCACTATGAGGAGGAACTGAGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAG
ACCTGGCTGAACATTGCACTGTCCCGCGAGGAGGCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTC
CAGAAAGCGCTCAGCTGTGCCCAGCAGGCCCAGCGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTC
CATACCGTGCAGCTGAGGCTGCAGCCCCAGGAGGCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGT
GTAGCTGAAGATGAAGATGAGGAGGAGGAGGCGGAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTG
GAGGCCGGCGAGGTGGAGCTCTCAGAGGGCGAGGACGACACCGATGGCCTGACCCCGCAGCTGGAGGAG
GACGAGGAGCTTCAGGGCCACCTGGGCCGGCGGAAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGEG
GCGACCCTGCTGCACCGAGCCTGCATCGAGGGCCAGCTGCGCCGUGTCCAGGACCTTIGTGAGGCAGGGE
CACCCCCTTAACCCTCGGGACTACTGTGGCTGGACACCTCTGCACGAGGCCTGCAACTACGGGCATCTA
GAAATTGTCCGCTTCCTGCTGGACCACGGGGCCGCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGC
ATCACCCCCCTCCACGATGCCCTCAACTGTGGCCACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGGGG
GCGTCCGTCACCCTCCGCACTCGAAAGGGCCTCAGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTG
TACCGCAGGGACCTGGACCTGGAGACGCGGCAGAAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGLT
GCCTCGGGCCAAGATCCCCACAGCTCCCAGGCCTTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAG
ACCTCICCTCCTTTGAGCCCCTGCCCAGAACCCCCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAG
GTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCACCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGEG
CCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAGGACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGG
CCTCGGTGCTCGGCCACAGCACAACGGGTGGCAGCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCA
GCCACAGCCAGCACCAGCCGGGCAGCCTACCAGGCAGCCATCCGGGETGTGGGCAGTGCTCAGAGCCGG
CTGGGGCCTGGCCCACCGCGGGGCCACAGCARAAGCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAG
GAGTGCCTGGCTGGGEGACTGGCTGGAGCTGGACATGCCCCTGACCCGCAGCCGCCHLGCCCCGCCCCCGh
GGCACTGGAGACAACCGCAGGCCCAGTAGTACCTCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGTGCC
CGAGCCAAGCAGGTCCGCCTGACCTGCATGCAGAGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGC
CTGGCTTCAGAACCTCCAGGGAGCCCCAGCACCCCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCG
GCAGGCCAGCCCTTGGGTCCGGCCCCGCCCCCTCCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTC
TTCCTCATCCCTGTCCCACACAGCAGTGACACCCACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAG
CGCTACTACCAGACCTGCGGGCTGCTGCCCAGGCTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCA
CAGGACCTCATCCCTGATGTGCTGCAGAGCAATGACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTG
CCCCCGTTGACTGACCGCTACCGCAGGGCCTGCCAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTG
CAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCGTTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAG
CTTACACCCCTGCTGCGGGCCCTCAAGCTGCACACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGG
CTGGGGGACAAGTGTGTGGCTGAGCTGGTGGCTGCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGAC
CTCTCCTCCAATCACCTGGGTCCCGAAGGCCTGCGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACC
TTGCAGAGTTTGGAGgaattagatctatcgatgaACCCCCTGGEGGEGACGGCTGTGGCCAGTCCCTGGCC
TCCCTCCTGCACGCCTGCCCCTTACTCAGCACCCTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTC
TTTCTGAGCCACCAGACAGCACTGGGTAGTGCTTTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTG
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TCCTACAACGCCCTGGGAGCCCCTGCCCTGGCCAGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTG
CACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAGGGTGATTCGGACCTCATGGAGCCTGTATTCCGATAC
CTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTGACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTT
AGAGACCTGTGCAGATGTICTCTCTCTGTGCCCCTCACTCATCTCACTGGATCTGTCTGCCAACCCTGAG
ATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCCACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTT
GGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTGGGCCTGGGECCTGTGGGACAAGATAGCCGCGCAGCTC
CGGGAACTGCAGCTGTGCAGCAGACGCCTCTGCGCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCC
AGTCGGCCGGGCCCCGGCGAGTGCACGCTGGACCACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

SEQ ID NO: 4 - TONSL E530A / GFF

atggtgagcaagggcgaggagctgticaccggggtggtgeco gtcgagctggacggcga a
jcgtgtccggcgagggcgagaggega acggcaagctgaccct g
caagctgcccegltgecctggeccac ccaccctgacctacgg g

ccecgaccacatgaageageacga agtccgcecatgeccga C
atcttcttcaaggacgacggcaa ccegecgecgaggtgaagttic
gaaccgcatcgagctgaagggeate aggaggacggcaacat g
caactLacaacagccacaacgtcotat CCqQ agcagaagaa C
galccgccacaacaltegaggacgge agao accactaccag
gac nC cltgctgccecocgacaacc: acct acad C e

aagaca z g acatggltcc Logtgaccgocgacc

ggcatggacgagctgtacaagg TCGCCAGC
AAGGCGAAAGCCAAGGCGCAGAGGGCCGGEGECAGUGGLGCGAAGAGGCCGCGUTGETGCCACCAGCT
GAGCTCCTGGCCGGCCATGGCUGCTACGCCGAGGCTCTGGAGCAGCACTEGCAGGAGCTGCAGUTTICGG
GAGCGUGCTGACGACCCTCTGGECTGTGCCETGGCCCACCGECAAGATCGGAGAGUGCCTGGCCGAGATG
GAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAGTACCTGGAGCTGGCACATTCCCTGCGCAACCAC
ACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCCGCACCCACCTGGACATCTATGACCACTGCCAGTCG
AGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAGAAGAGCTTGGCTATTGTGGATGAGGAGCTGGAG
GGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGGACCCGCCTICTATCTCAACCTGGGCCTCACCTET
GAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTACTTICAGGAAGAGCATCTTCCTITGCGGAGCAGAAC
CACCTTTACGAGGACCTATTCCGCGCCCGCTACAACCTGGGCACCATCCACTGGCGECGCGEGGLCAGCAC
TCCCAGGCTATGCGCTGCTTGGAGGGTGCCCGGGAGTGTGCGCACACCATGAGGAAGCGGTTCATGGAG
AGCGAGTGCTIGCGTGGTTATTGCACAGGTCCTCCAAGACCTGGGAGACTTTTITGGCTGCCAAGCGAGCC
CTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCTGTGCAGAGGGCAGCCATCTGTCAGAACCTCCAG
CATGTGC GCAGTGGTCCGGCTGCAGCAACAGCTGGAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCC
ATGGTCATCTGTGAGCAGCTAGGGGACCTICTTCTCCAAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCT
TACCAGAAGCAGCTGCGTTTTGCTGAGCTGCTGGACAGACCGGETGCTGAGCGGGCCATCATCCACGTG
TCCCTGGCCACCACACTGGCAGACATGAAGGACCACCATGEGGCCGTGCGCTACTATGAGGAGGAACTG
AGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAGACCTGGUTGAACATTGCACTGTCCCGCGAGGAG
GCCGGCGATGCCTACGAGCTGCTGGCCCCGETGCTTICCAGAAAGCGLTCAGCTGTGCCCAGCAGGCCLAG
CGTCCCCAGCTGCAGAGGCAGGTCTTIGCAGCATCTCCATACCGTGCAGCTGAGGCTGCAGCCCCAGGAG
GCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGTGTAGCTGAAGATGAAGATGAGGAGGAGGAGGCG
GAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTGGAGGCCGGCGAGGTGGAGCTCTCAGAGGGCGAG
GACGACACCGATGGCCTGACCCCGCAGCTGCAGGAGGACGAGGAGCTTCAGGGCCACCTGGGECCGECGE
AAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGGECGACCCTGCTGCACCGAGCCTGCATCGAGGGE
CAGCTGCGCCGCGTCCAGGACCTTGIGAGGCAGGGCCACCCCCTTAACCCTCGGGACTACTGTGECTGS
ACACCTICTGCACGAGGCCTGCAACTACGGGCATCTAGAAATIGTCCGCTITCCTGCTGGACCACGEGGCC
GCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGCATCACCCCCCTICCACGATGCCCTCAACTGTGGC
CACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGGGGGUGTCCGTCACCCTCCGCACTCGARAAGGGCCTC
AGCCCGCTGGAGACGCTGCAGCAGTGGGETGAAGCTGTACCGCAGGGACCTGCGACCTGGAGACGCGGCAG
AAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCTGCCTCGGGCCAAGATCCCCACAGCTCCCAGGCC
TTCCACACCCCAAGCAGCCTTCTGTTTIGACCCCGAGACCTCTCCTICCTTTGAGCCCCTGCCCAGAACCC
CCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAGGTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCA
CCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGGCCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAG
GACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGGCCTCGGTGCTCGGCCACAGCACAACGGGTGGCA
GCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCAGCCACAGCCAGCACCAGCCGGGCAGCCTACCAG
GCAGCCATCCGGGGTGTGGGCAGTGCTCAGAGCCGEGCTGGGGECCTGGCCCACCGCEGGGCCACAGCAAA
GCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAGGAGTGCCTGGCTGGGGACTGGCTGGAGCTGGAC
ATGCCCCTGACCCGCAGCCGCCGGCCCCGLCCCCGGGGCACTGGAGACAACCGCAGGCCCAGTAGTACC
TCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGTGCCCGAGCCAAGCAGGTCCGCCTGACCTGCATGCAG
AGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGCCTGGCTTCAGAACCTCCAGGGAGCCCCAGCACC
CCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCGGCAGGCCAGCCCTTGGGTCCGGCCCCGCCCCCT

3RO ESRS




10

15

20

25

30

35

40

45

50

55

60

WO 2017/054832 PCT/DK2016/050317

66

CCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTCTTCCTCATCCCTGTCCCACACAGCAGTGACACC
CACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAGCGCTACTACCAGACCTGCGLGCTGCTGCCCAGG
CTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCACAGGACCTCATCCCTGATGTGCTGCAGAGCAAT
GACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTGCCCCCGTTGACTGACCGCTACCGCAGGGCCTGC
CAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTGCAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCG
TTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAGCTTACACCCCTGCTGCGGGCCCTCAAGCTGCAC
ACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGGCTGGGGGACAAGTGTGTGGCTGAGCTGGETGGCT
GCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGACCTCTCCTCCAATCACCTGGGTCCCGAAGGCCTG
CGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACCTTGCAGAGTTTGGAGgaattagatctatcgatyg
aACCCCCTGGGGGACGGCTGTGGCCAGTCCCTGGCCTCCCTCCTGCACGCCTGCCCCTTACTCAGCACC
CTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTCTTTCTGAGCCACCAGACAGCACTGGGTAGTGCT
TTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTGTCCTACAACGCCCTGGGAGCCCCTGCCCTGGCC
AGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTGCACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAG
GGTGATTCGGACCTCATGGAGCCTGTATTCCGATACCTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTG
ACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTTAGAGACCTGTGCAGATGTCTICTCTCTGTGCCCC
TCACTCATCTCACTGGATCTGTCTGCCAACCCTGAGATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCC
ACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTTGGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTG
GGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTCCGGGAACTGCAGCTGTGCAGCAGACGCCTCTGC
GCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCCAGTCGGCCGGECCCCGGCGAGTGCACGCTGGAC
CACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

SEQ ID NO: 5 - TONSL D5594

CGCGARAGAGGCCGCGCTGTGCCACCAGCTGGGGGAGCTCCTGGCCGGCCATGGCCGCTACGCCGAGGCT
CTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGGGAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCC
CACCGCAAGATCGGAGAGCGCCTGGCCGAGATGGAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAG
TACCTGGAGCTGGCACATTCCCTGCGCAACCACACGGAGCTGCAGAGGGCCTGGGCCACCATCGGECCGC
ACCCACCTGGACATCTATGACCACTGCCAGTCGAGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAG
AAGAGCTTGGCTATTGTGGATGAGGAGCTGGAGGGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGG
ACCCGCCTCTATCTCAACCTGGGCCTCACCTTTGAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTAC
TTCAGGAAGAGCATCTTCCTTGCGGAGCAGAACCACCTTTACGAGGACCTATTCCGCGCCCGCTACAAC
CTGGGCACCATCCACTGGCGCGCGGGCCAGCACTCCCAGGCTATGCGCTGCTTGGAGGGTGCCCGGGAG
TGTGCGCACACCATGAGGAAGCGGTTCATGGAGAGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAA
GACCTGGGAGACTTTITTGGCTGCCAAGCGAGCCCTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCT
GTGCAGAGGGCAGCCATCTGTCAGAACCTCCAGCATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTG
GAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCCATGGTCATCTGTGAGCAGCTAGGGGACCTCTTCTCC
AAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCTTACCAGAAGCAGCTGCGTTTTGCTGAGCTGCTGGAC
AGACCGGGTGCTGAGCGGGCCATCATCCACGTGTCCCTGGCCACCACACTGGGAGACATGAAGGACCAC
CATGGGGCCGTGCGCCACTATGAGGAGGAACTGAGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAG
ACCTGGCTGAACATTGCACTGTCCCGCGAGGAGGCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTC
CAGAAAGCGCTCAGCTGTGCCCAGCAGGCCCAGCGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTC
CATACCGTGCAGCTGAGGCTGCAGCCCCAGGAGGCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGT
GTAGCTGAAGATGAAGATGAGGAGGAGGAGGCGGAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTG
GAGGCCGGCGAGGTGGAGCTCTCAGAGGGCGAGGACGACACCGATGGCCTGACCCCGCAGCTGGAGGAG
GACGAGGAGCTTCAGGGCCACCTGGGCCGGCGEGAAGGGGAGCAAGT GGAACCGGCGAAACGACATGGGG
GAGACCCTGCTGCACCGAGCCTGCATCGAGGGCCAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAGGGC
CACCCCCTTAACCCTCGGGCCTACTGTGGCTGGACACCTCTGCACGAGGCCTGCAACTACGGGCATCTA
GAARATTGTCCGCTTCCTGCTGGACCACGGGGCCGCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGC
ATCACCCCCCTCCACGATGCCCTCAACTGTGGCCACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGGGG
GCGTCCGTCACCCTCCGCACTCGAAAGGGCCTCAGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTG
TACCGCAGGGACCTGGACCTGGAGACGCGGCAGAAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCT
GCCTCGGGCCAAGATCCCCACAGCTCCCAGGCCTTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAG
ACCTCICCTCCTTTGAGCCCCTGCCCAGAACCCCCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAG
GTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCACCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGG
CCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAGGACAGCGCAGGCCCCGCACGGCCGETCCCAGAAGAGG
CCTCGGTGCTCGGCCACAGCACAACGGGTGGCAGCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCA
GCCACAGCCAGCACCAGCCGGGCAGCCTACCAGGCAGCCATCCGGGGETGTGGGCAGTGCTCAGAGCCGG
CTGGGGCCTGGCCCACCGCGGGGCCACAGCAAAGCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAG
GAGTGCCTGGCTGGGGACTGGCTGGAGCTGGACATGCCCCTGACCCGCAGCCGCCGGCCCCGCCCCLGh
GGCACTGGAGACAACCGCAGGCCCAGTAGTACCTCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGTGCC
CGAGCCAAGCAGGTCCGCCTGACCTGCATGCAGAGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGC
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CTGGCTTCAGAACCTCCAGGGAGCCCCAGCACCCCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCG
GCAGGCCAGCCCTTGGGTCCGGCCCCGCCCCCTCCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTC
TTCCTCATCCCTGTCCCACACAGCAGTGACACCCACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAG
CGCTACTACCAGACCTGCGGGCTGCTGCCCAGGCTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCA
CAGGACCTCATCCCTGATGTGCTGCAGAGCAATGACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTG
CCCCCGTTGACTGACCGCTACCGCAGGGCCTGCCAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTG
CAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCGTTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAG
CTTACACCCCTGCTGCGGGCCCTCAAGCTGCACACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGG
CTGGGGGACAAGTGTGTGGCTGAGCTGGTGGCTGCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGAC
CTCTCCTCCAATCACCTGGGTCCCGAAGGCCTGCGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCALCC
TTGCAGAGTTTGGAGgaattagatctatcgatgaACCCCCTGGEGGEGACGGCTGTGGCCAGTCCCTGGCC
TCCCTCCTGCACGCCTGCCCCTTACTCAGCACCCTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTC
TTTCTGAGCCACCAGACAGCACTGGGTAGTGCTTTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTG
TCCTACAACGCCCTGGGAGCCCCTGCCCTGGCCAGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTG
CACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAGGGTGATTCGGACCTCATGGAGCCTGTATTCCGATAC
CTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTGACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTT
AGAGACCTGTGCAGATGTCTCTCTICTGTGCCCCTCACTCATCTCACTGGATCTGTCTGCCAACCCTGAG
ATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCCACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTT
GGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTGGGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTC
CGGGAACTGCAGCTGTGCAGCAGACGCCTCTGCGCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCC
AGTCGGCCGGGCCCCGGCGAGTGCACGCTGGACCACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

SEQ ID NO: 6 - TONSL D559A / GFP

ctgttcaccggggtgy cgagctggacggcegacgta

j gaag

) ac stefepie!
gtgot : g L cgac C
acgtccaggay 8 catel C 1gacce ol Lc
gagggegacaccectggtgaaccgecatcgage gactlicaaggaggacggcaacatcctyg
gggcacaagctggagtacaactacaacageca tatcatggoccgacaagcagaagaacggc
atcaaggtgaacttcaagatccgecacaacat cagcgtgcagetcecgecgaccactaccag
cagaacacccccatcggegacggeccecgtgetyg caaccactacctgagcacccagtccgece
ctgagcaaagaccccaacgagaagegegatcac gctggagttcecgtgaccgecgecgggatce
actctcggcatggacgagcectgtacaagggecgeyg CCTGGAGCGCGAGCTTCGCCAGCTGAGC
AAGGCGAAAGCCAAGGCGCAGAGGGCCGGGECAGCEGLECGAAGAGGCCGECGLTGTECCACCAGCTEEGE
GAGCTCCTGGCCGGCCATGGCCGLTACGCCGAGGCTCTGGAGCAGCACTGGCAGGAGCTH G
GAGCGCGCTGACGACCCTCTGGGCTGTGCCEGTGGCCCACCGCAAGATCEGAGAGCEC G

GAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAGTACCTGGAGCTGGCACATTCCCTGCGCAACCAC
ACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCCGCACCCACCTGGACATCTATGACCACTGCCAGTCG
AGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAGAAGAGCTTGGCTATTGTGGATGAGGAGCTGGAG
GGGACACTGGCCCAGGGAGAGCTGAAT GAGATGAGGACCCGCCTCTATCTCAACCTGGGCCTCACCTTT
GAGAGCCTGCAGCAGACAGCCCTGTEC ATTACTTC? AAGAGCATCTTCCTTGCGGAGCAGAAC
CACCTTTACGAGGACCTATTCCGCGCCCGCTACAACCTGGGCACCATCCACTGGCGCGCGGGCCAGCAC
TCCCAGGCTATGCGCTGCTTGGAGGGTGCCUGGGAGTGTGCGCACACCATGAGGAAGCGGTTCATGGAG
AGCGAGTGCTIGCGTGGTTATTGCACAGGTCCTCCARAAGACCTGGGAGACTTTTTGGCTGCCAAGCGAGCC
CTGARGAAGGCCTACAGGCTGGGCTCCCAGAAGCCTGTGCAGAGGGCAGCCATCTGTCAGAACCTCCAG
CATGETGC CAGTGG ( GCAGCAACAGCTGGARAGAGGCTGAGGGCAGAGACCCTCAGGGTGCC
ATGGTCATCTGTIGAGCAGCTAGGGGACCTCTTCTCCAAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCT
TACCAGAAGCAGCTGCGTTTTGCTCGAGCTGCTGGACAGACCGGETGCTGAGCGEGCCATCATCCACGTG
TCCCTGGCCACCACACTGGGAGACATGAAGGACCACCATGGGGCCGTGCGCCACTATGAGGAGGAACTG
AGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAGACCTGGCTGAACATTGCACTGTCCCGCGAGGAG
GCCGGCGATGCCTACGAGCTGCTGGCCCCOGTGCTTCCAGAAAGCGUTCAGCTGTGCCCAGCAGGCCLAG
CGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTCCATACCGTGCAGCTGAGGCTGCAGCCCCAGGAL
GCCCCTGAGACCGAAACCAGACTGCGGGAGCTC TAGCTGAAGATGAAGATGAGGAGGAGGAGGCS
GAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTGLAGGCCGGECEAGLTGGAGCTCTCAGAGGGCGAL
GACGACACCGATGGCCTGACCCCGCAGCTGGAGGAGGACGAGGAGCTTCAGGGCCACCTGGGCUGGEEGE

AAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGGGAGACCCTGCTGCACCGAGCCTGCATCGAGGGE

CAGCTGCGCCGCGTCCAGGACCTTGTCAGGCAGGGCCACCCCUTTAACCCTCGGGCLCTACTCTIGGCTGG
ACACCTCT A TCCTGC

ACGAGGCCTGCAACTACGGGCATI AAATTGTCCGC GGACCACGGGGCT
GCAGTGGACGACCCAGGTGGCCA! . CCACGATGCCCTCAACTGTGGC

CACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGEGGGIGTCCG CTCCGCACTCGAAAGGGCCTC

T
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AGCCCGLTGGAGACGCTGCAGCAGTGGETGAAGCTGTACCGCAGGGACCTGGACCTGGAGACGCGGLAL
AAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCTGCCTCGGECCAAGATCCCCACAGCTCCCAGGCC
TTCCACACCCCRAAGCAGCCTTCTGTTTGACCCCGAGACCTCTCCTCCTTTGAGCCCCTGCCCAGAALCC
CCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAGGTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCA
CCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGEGCCAGCCAGCAGCAGCAGCAGCT CAGAAGGCGAG
GACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGGCCTCGGTGCTCGGCCACAGCACAACGGGTGGCA
GCCTGGACGCCTGGCCCUGCCAGCAACAGGGAAGCAGCCACAGCCAGCACCAGCCGGGCAGCCTACCAG
GCAGCCATCCGGGGTGTGGECAGTGCTCAGAGCCGGLTGGEECT sCGGGGCCACAGCAAA
GCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGCAGGAGTGCCTGGLTGGGCACTGGCTGGAGCT
ATGCCCCTGACCCGCAGCCGLCEGELCCCET GGGGCACTGGAGACAACCGCAGGCCCAGTAG!
TCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGETGCCCGAGCCAAGCAGGTCCGCCTGACCTGCATGCAG
AGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGCCTGGCTTCAGAACCTCCAGGGAGCCCCAGCACC
CCCAGGGTCTCAGAGCCCAGTGGGEACAGCTCTGCGGCAGGCCAGCCCTTGGETCCGGCCCCGCCCCCT
CCCATCCGGGTICGAGTTCAAGTTCAGGATCATCTCTTCCTCATCCCTGTCCCACACAGCAGTGACACC
CACTCIGTIGGCCTGGCTGGCCGAGCAGGCGGCCCAGCGCTACTACCAGACCTGCGGGLCTGCTGCCCAGG
CTCACCCTACGGAAAGAGGGGGCCCTIGCTGGCCCCACAGGACCTCATCCCTGATGTGCTGCAGAGCAAT
GACGAGGTGITGGCTGAGGTGACTTCGTGGGACCTGUCCCCGTTGACTGACCGCTACCGCAGGGECTGC
CAGAGCCTGGEGGCAAGGGGAGCACCAACAGGTGCTGCAGGCCGTGGAGCTCCAGGGCTTGGGECTCTCG
TTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAGLUTTACACCCCTGCTGCGGGCCCTCAAGCTGCAC
ACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGGCTGGGGGACAAGTGTGTGGCTGAGCTGGETGGCT
GCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGACCTCTCCTCCAATCACCTGGGTCCCGAAGGCCTG
CGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACCTTGCAGAGTTTGGAGgaattagatctatcgaty
aACCCCCTGGGGEGACGGCTGETGGCCAGTCCCTGGCCTCCCTCCTGCACGCCTGCCCCTTACTCAGCACC
CTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTCTTTCTGAGCCACCAGACAGCACTGGGTAGTGCT
TTCCRAGATGCTGAGCACCTGAAGACCCTGTCCCTGTCCTACAACGCCCTGGGAGCCCCTGCCCTGGCC
AGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTGCACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAG
GGTGATTCGGACCTCATGGAGCCTGTATTCCGATACCTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTG
ACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTTAGAGACCTGTGCAGATGTCTICTCTCTGTGCCCC
TCACTCATCTCACTGGATCTGTICTGCCAACCCTGAGATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCC
ACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTITCCTTGGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTG
GGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTCCGGGAACTGCAGCTGTGCAGCAGACGCCTCTGC
GCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCCAGTCGGCCGGECCCCGGCGAGTGCACGCTGGAC
CACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

~ )
S () ()

N

OO

SEQ ID NO: 7- TONSL W563A

ATGAGCCTGGAGCGCGAGCTTCGCCAGCTGAGCAAGGCGAAAGCCAAGGCGCAGAGGGCCGGGCAGCGG
CGCGAAGAGGCCGCGCTGTGCCACCAGCTGGGGGAGCTCCTGGCCGGCCATGGCCGCTACGCCGAGGCT
CTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGGGAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCC
CACCGCAAGATCGGAGAGCGCCTGGCCGAGATGGAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAG
TACCTGGAGCTGGCACATTCCCTGCGCAACCACACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCCGEC
ACCCACCTGGACATCTATGACCACTGCCAGTCGAGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAG
AAGAGCTTGGCTATTGTGGATGAGGAGCTGGAGGGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGG
ACCCGCCTCTATCTCAACCTGGGCCTCACCTTTGAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTAC
TTCAGGAAGAGCATCTTCCTTGCGGAGCAGAACCACCTTTACGAGGACCTATTCCGCGCCCGCTACAAC
CTGGGCACCATCCACTGGCGCGCGGGCCAGCACTCCCAGGCTATGCGCTGCTTGGAGGGTGCCCGGGAG
TGTGCGCACACCATGAGGAAGCGGTTCATGGAGAGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAA
GACCTGGGAGACTTTITTGGCTGCCAAGCGAGCCCTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCT
GTGCAGAGGGCAGCCATCTGTCAGAACCTCCAGCATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTG
GAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCCATGGTCATCTGTGAGCAGCTAGGGGACCTCTTCTCC
AAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCTTACCAGAAGCAGCTGCGTTTTGCTGAGCTGCTGGAC
AGACCGGGTGCTGAGCGGGCCATCATCCACGTGTCCCTGGCCACCACACTGGGAGACATGAAGGACCAC
CATGGGGCCGTGCGCCACTATGAGGAGGAACTGAGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAG
ACCTGGCTGAACATTGCACTGTCCCGCGAGGAGGCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTC
CAGARAGCGCTCAGCTGTGCCCAGCAGGCCCAGCGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTC
CATACCGTGCAGCTGAGGCTGCAGCCCCAGGAGGCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGT
GTAGCTGAAGATGAAGATGAGGAGGAGGAGGCGGAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTG
GAGGCCGGCGAGGTGGAGCTCTCAGAGGGCGAGGACGACACCGATGGCCTGACCCCGCAGCTGGAGGAG
GACGAGGAGCTTCAGGGCCACCTGGGCCGGCGGAAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGE
GAGACCCTGCTGCACCGAGCCTGCATCGAGGGCCAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAGGGC
CACCCCCTTAACCCTCGGGACTACTGTGGCGLCGACACCTCTGCACGAGGCCTGCAACTACGGGCATCTA
GAAATTGTCCGCTTCCTGCTGEACCACGGEGGCCGCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGC
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ATCACCCCCCTCCACGATGCCCTCAACTGTGGCCACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGGGE
GCGTCCGTCACCCTCCGCACTCGAAAGGGCCTCAGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTG
TACCGCAGGGACCTGGACCTGGAGACGCGGCAGAAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCT
GCCTCGGGCCAAGATCCCCACAGCTCCCAGGCCTTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAG
ACCTCTCCTCCTTTGAGCCCCTGCCCAGAACCCCCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAG
GTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCACCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGGE
CCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAGGACAGCGCAGGCCCCGCACGGCCGETCCCAGAAGAGG
CCTCGGTGCTCGGCCACAGCACAACGGGTGGCAGCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCA
GCCACAGCCAGCACCAGCCGGGCAGCCTACCAGGCAGCCATCCGGGGTGTGGGCAGTGCTCAGAGCCGG
CTGGGGCCTGGCCCACCGCGEGGGCCACAGCAAAGCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAG
GAGTGCCTGGCTGGGGACTGGCTGGAGCTGGACATGCCCCTGACCCGCAGCCGCCGGCCCCGCCCCCGh
GGCACTGGAGACAACCGCAGGCCCAGTAGTACCTCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGETGCC
CGAGCCAAGCAGGTCCGCCTGACCTGCATGCAGAGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGC
CTGGCTTCAGAACCTCCAGGGAGCCCCAGCACCCCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCG
GCAGGCCAGCCCTTGGGTCCGGCCCCGCCCCCTCCCATCCGGGTICGAGTTCAAGTTCAGGATCATCTC
TTCCTCATCCCTGTCCCACACAGCAGTGACACCCACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAG
CGCTACTACCAGACCTGCGGGCTGCTGCCCAGGCTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCA
CAGGACCTCATCCCTIGATGTGCTGCAGAGCAATGACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTG
CCCCCGTTGACTGACCGCTACCGCAGGGCCTGCCAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTG
CAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCGTTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAG
CTTACACCCCTGCTGCGGGCCCTCAAGCTGCACACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGG
CTGGGGGACAAGTGTGTGGCTGAGCTGGETGGCTGCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGAC
CTCTCCTCCAATCACCTGGGTCCCGAAGGCCTGCGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCALCC
TTGCAGAGTTTGGAGgaattagatctatcgatgaACCCCCTGGEGGEGACGGCTGTGGCCAGTCCCTGGCC
TCCCTCCTGCACGCCTGCCCCTTACTCAGCACCCTGCGCCTGCAGGCETGTGGCTTCGGCCCCAGCTTIC
TTTCTGAGCCACCAGACAGCACTGGGTAGTGCTTTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTG
TCCTACAACGCCCTGGGAGCCCCTGCCCTGGCCAGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTG
CACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAGGGTGATTCGGACCTCATGGAGCCTGTATTCCGATAC
CTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTGACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTT
AGAGACCTGTGCAGATGTICTCTCTICTGTGCCCCTCACTCATCTCACTGGATCTGTCTGCCAACCCTGAG
ATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCCACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTT
GGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTGGGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTC
CGGGAACTGCAGCTGTGCAGCAGACGCCTCTGCGCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCC
AGTCGGCCGGGCCCCGGCGAGTGCACGCTGGACCACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

SEQ ID NO: 8 - TONSL W563A / GFP

atggtgagcaagggcgaggagcetgticaccggggtggtgeccatectggtegagetggacggcgacgta
aacggccacaagtitcagecgtgtceccggcgagggcgagggegatgecacctacggecaagectgaccecoctgaag
ttcatctgea ccggcaagcetgeccgtgecctggeccaccctecgtgaccaccctgacctacggegtyg
cagtgcttca gctaccccgaccacatgaagecagecacgacttcttcaagtecgeecatgececgaagge
tacgtcca gcaccatcticticaaggacgacggcaactacaagacccgegecgaggtgaagttce
gagggcga tggtgaaccgcatcgagetgaagggecatcgacttcaaggaggacggcaacatcctyg
gggcacaa jagtacaactacaacagcecacaacgtctatatcatggecgacaagcagaagaacggce
atcaaggtg Licaagatccecgecacaacatcgaggacggcagegtgecagetecgecgaccactacecag
cagaacacccccatcggecgacggeccecgtgetgetgeecgacaaccactacctgageacccagtoegece
ctgagcaaagaccecaacgagaagegcgatcacatggtectgetggagttegtgacecgecgecgggate
actcteggce gacgagctgltacaaggygeqgeygccaATGAGCCTGGAGCGCGAGCTTCGCCAGCTGA

AAGGCGAAA AAGGCGCAGAGGGCCGGEGCAGCGGCGCGAAGAGGCCGCGCTGTGCCACCAGCTGE

GAGCTCCTGGCCGGCCATGGCCGETACGCCGAGGCTCTGGAGCAGCACTGGCAGGAGCTGCAGUTTCG
GAGCGCGCTGACGACCCTCTGGGECTGTGCCGTGGCCCACCGCAAGATCGCGAGAGUGCCTGGCCGAGAT G
GAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAGTACCTGGAGCTGGCACATTCCCTGUGCAACCAC
ACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCCGCACCCACCTGGACATCTATGACCACTGCCAGTCG
AGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAGAAGAGCTTGGCTATTGTGGATGAGGAGE”

GGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGGACCCGCCTCTATCTCAACCTGGGCCTCALCC
GAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTACTTICAGGAAGAGCATCTTCCTITGCGGAGCAGAAC
CACCTTTACGAGGACCTATTCCGCGCCCGCTACAACCTGGGCACCATCCACTGGCGCGUGGGLCAGCAC
TCCCAGGCTATGCGCTGCTTGGAGGGETGCCCGEGAGTGTGCGCACACCATGAGGAAGCGGTTCATGGAG
AGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAAGACCTGGGAGACTTTTTGGCTGCCAAGCGAGCT
CTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCTGTGCAGAGGGCAGCCATCTGTCAGAACCTCCAG
CATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTGGAAGAGGUTGAGGGCAGAGACCCTCAGGLTGCC
ATGGTCATCIGTGAGCAGCTAGGGGACCTCITCTCCAAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCT
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TACCAGAAGCAGCTGCGTTITTGCTGAGCTGCTGGACAGACCGGGTGCTGAGCE
TCCCTGGCCACCACACTGGGAGACATGAAGGACCACCATGGGGCCOTGCGCCACTATGAGGAGGAACTG
AGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAGACCTGGCTGAACATTGCACTGTCCCGCGAGGAL
GCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTCCAGAAAGCGCTCAGCTG “CCAGCAGGCCCAG
CGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTCCATACCGTGCAGCTGAGGCTGCAGCCCCAGGAG
CTGAGACCGAAACCAGACTGCGGGAGCTCAGTGTAGUTGAAGATGAAGAT GAGGAGGAGGAGGCE
\GGCGGCAGC AGCGGAGAGCGAAGCCCTGGAGGCCGGCHAGETGCAGCTUT CAGAGGGCGAG
GACGACACCGATGGCCTGACCCCGCAGCTGGAGGAGGACGAGGAGCTTCAGGGCCACCTGGECCGGLGE
AAGGGGAGCRAGTGGAACCGGCGARACGACATGGGGEGAGACCCTGCTGCACCGAGCCTGCATCGAGGGL
CAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAGGGCCACCCCCTTAACCCTICGGGACTACTCTIGGLGEG
ACACCTICTGCACGAGGCCTGCAACTACGGGCATCTAGARATTIGTCCGCTITCCTGCTGGACCACGGGGCC
GCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGCATCACCCCCCTCCACGATGCCCTCAACTG.
CACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGEGGGEGCGTCCETCACCCTCCGCACTCGAAAGGGCCTC
AGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTGTACCGCAGGGACCTGGACCTGGAGACGCGGCAG
AAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCTGCCTCGGGCCAAGATCCCCACAGCTCCCAGGCC
TTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAGACCTCTCCTCCTTTGAGCCCCTGCCCAGAACCC
CCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAGGTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCA
CCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGGCCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAG
GACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGGCCTCGGTGCTCGGCCACAGCACAACGGGTGGCA
GCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCAGCCACAGCCAGCACCAGCCGGGCAGCCTACCAG
GCAGCCATCCGGGGTGTGGGCAGTGCTCAGAGCCGGCTGGGEGCCTGGCCCACCGCGGGGCCACAGCAAA
GCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAGGAGTGCCTGGCTGGEGGACTGGCTGGAGCTGGAC
ATGCCCCTGACCCGCAGCCGCCGGCCCCGCCCCCGGEGCACTGGAGACAACCGCAGGCCCAGTAGTACC
TCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGETGCCCGAGCCAAGCAGGTCCGCCTGACCTGCATGCAG
AGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGCCTGGCTTCAGAACCTCCAGGGAGCCCCAGCACC
CCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCGGCAGGCCAGCCCTTGGGETCCGGCCCCGCCCCCT
CCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTCTTCCTCATCCCTGTCCCACACAGCAGTGACACC
CACTCTIGTGGCCTGGCTGGCCGAGCAGGCGGCCCAGCGCTACTACCAGACCTGCGGGCTGCTGCCCAGG
CTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCACAGGACCTCATCCCTGATGTGCTGCAGAGCAAT
GACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTGCCCCCGTTGACTGACCGCTACCGCAGGGCCTGC
CAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTGCAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCG
TTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAGCTTACACCCCTGCTGCGGGCCCTCAAGCTGCAC
ACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGGLCTGGGEGACAAGTGTGTGGCTGAGCTGGTGGCT
GCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGACCTCTCCTCCAATCACCTGGGTCCCGAAGGCCTG
CGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACCTTGCAGAGTTTGGAGgaattagatctatcgaty
aACCCCCTGGGGEGACGGCTGETGGCCAGTCCCTGGCCTCCCTCCTGCACGCCTGCCCCTTACTCAGCACC
CTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTCTTTCTGAGCCACCAGACAGCACTGGGTAGTGCT
TTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTGTCCTACAACGCCCTGGGAGCCCCTGCCCTGGCC
AGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTGCACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAG
GGTGATTCGGACCTCATGGAGCCTGTATTCCGATACCTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTG
ACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTTAGAGACCTGTGCAGATGTCTCTCTCTGTGCCCC
TCACTCATCTCACTGGATCTGTICTGCCAACCCTGAGATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCC
ACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTITCCTTGGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTG
GGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTCCGGGAACTGCAGCTGTGCAGCAGACGCCTCTGC
GCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCCAGTCGGCCGGGECCCCGGCGAGTGCACGCTGGAC
CACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

SEQ ID NO: @ - TONSL E568A

ATGAGCCTGGAGCGCGAGCTTCGCCAGCTGAGCAAGGCGAAAGCCAAGGCGCAGAGGGCCGGGCAGCGE
CGCGAAGAGGCCGCGCTGTGCCACCAGCTGGGGEGAGCTCCTGGCCGGCCATGGCCGCTACGCCGAGGCT
CTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGGGAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCC
CACCGCAAGATCGGAGAGCGCCTGGCCGAGATGGAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAG
TACCTGGAGCTGGCACATTCCCTGCGCAACCACACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCCGEC
ACCCACCTGGACATCTATGACCACTGCCAGTCGAGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAG
AAGAGCTTGGCTATTGTGGATGAGGAGCTGGAGGGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGG
ACCCGCCTCTATCTCAACCTGGGCCTCACCTTTGAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTAC
TTCAGGAAGAGCATCTTCCTTGCGGAGCAGAACCACCTTTACGAGGACCTATTCCGCGCCCGCTACAAC
CTGGGCACCATCCACTGGCGCGCGGGCCAGCACTCCCAGGCTATGCGCTGCTTGGAGGGTGCCCGGGAG
TGTGCGCACACCATGAGGAAGCGGTTCATGGAGAGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAA
GACCTGGGAGACTTITTGGCTGCCAAGCGAGCCCTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCT
GTGCAGAGGGCAGCCATCTGTCAGAACCTCCAGCATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGLCTG
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GAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCCATGGTCATCTGTGAGCAGCTAGGGGACCTCTTCTCC
AAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCTTACCAGAAGCAGCTGCGTTITTGCTGAGCTGCTGGAC
AGACCGGGTGCTGAGCGGGCCATCATCCACGTGTCCCTGGCCACCACACTGGGAGACATGAAGGACCAC
CATGGGGCCGTGCGCCACTATGAGGAGGAACTGAGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAG
ACCTGGCTGAACATTGCACTGTCCCGCGAGGAGGCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTC
CAGARAGCGCTCAGCTGTGCCCAGCAGGCCCAGCGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTC
CATACCGTGCAGCTGAGGCTGCAGCCCCAGGAGGCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGT
GTAGCTGAAGATGAAGATGAGGAGGAGGAGGCGGAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTG
GAGGCCGGCGAGGTGGAGCTCTCAGAGGGCGAGGACGACACCGATGGCCTGACCCCGCAGCTGGAGGAG
GACGAGGAGCTTCAGGGCCACCTGGGCCGGCGGAAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGEG
GAGACCCTGCTGCACCGAGCCTGCATCGAGGGCCAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAGGGC
CACCCCCTTAACCCTCGGGACTACTGTGGCTGGACACCTCTGCACGCGGCCTGCAACTACGGGCATCTA
GAAATTGTCCGCTTCCTGCTGGACCACGGGGCCGCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGC
ATCACCCCCCTCCACGATGCCCTCAACTGTGGCCACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGGGEG
GCGTCCGTCACCCTCCGCACTCGAAAGGGCCTCAGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTG
TACCGCAGGGACCTGGACCTGGAGACGCGGCAGAAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCT
GCCTCGGGCCAAGATCCCCACAGCTCCCAGGCCTTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAG
ACCTCTCCTCCTTTGAGCCCCTGCCCAGAACCCCCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAG
GTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCACCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGE
CCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAGGACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGG
CCTCGGTGCTCGGCCACAGCACAACGGGTGGCAGCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCA
GCCACAGCCAGCACCAGCCGGGCAGCCTACCAGGCAGCCATCCGGGGETGTGGGCAGTGCTCAGAGCCGG
CTGGGGCCTGGCCCACCGCGEGGGCCACAGCAAAGCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAG
GAGTGCCTGGCTGGGGACTGGCTGGAGCTGGACATGCCCCTGACCCGCAGCCGCCGGCCCCGCCCCCGG
GGCACTGGAGACAACCGCAGGCCCAGTAGTACCTCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGETGCC
CGAGCCAAGCAGGTCCGCCTGACCTGCATGCAGAGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGC
CTGGCTTCAGAACCTCCAGGGAGCCCCAGCACCCCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCG
GCAGGCCAGCCCTTGGGTCCGGCCCCGCCCCCTCCCATCCGGGTTICGAGTTCAAGTTCAGGATCATCTC
TTCCTCATCCCTGTCCCACACAGCAGTGACACCCACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAG
CGCTACTACCAGACCTGCGGGCTGCTGCCCAGGCTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCA
CAGGACCTCATCCCTIGATGTGCTGCAGAGCAATGACGAGGTGTTGGCTGAGGTGACTICGTGGGACCTG
CCCCCGTTGACTGACCGCTACCGCAGGGCCTGCCAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTG
CAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCGTTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAG
CTTACACCCCTGCTGCGGGCCCTCAAGCTGCACACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGG
CTGGGGGACAAGTGTGTGGCTGAGCTGGETGGCTGCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGAC
CTCTCCTCCAATCACCTGGGTCCCGAAGGCCTGCGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCALCC
TTGCAGAGTTTGGAGgaattagatctatcgatgaACCCCCTGGEEGACGGECTGTGGCCAGTCCCTGGCC
TCCCTCCTGCACGCCTGCCCCTTACTCAGCACCCTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTC
TTTCTGAGCCACCAGACAGCACTGGGTAGTGCTTTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTG
TCCTACAACGCCCTGGGAGCCCCTGCCCTGGCCAGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTG
CACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAGGGTGATTCGGACCTCATGGAGCCTGTATTCCGATAC
CTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTGACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTT
AGAGACCTGTGCAGATGTICTCTCTICTGTGCCCCTCACTCATCTCACTGGATCTGTCTGCCAACCCTGAG
ATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCCACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTT
GGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTGGGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGLCTC
CGGGAACTGCAGCTGTGCAGCAGACGCCTCTGCGCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCC
AGTCGGCCGGGCCCCEGCGAGTGCACGCTGGACCACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

SEQ ID NO: 10 - TONSL E568A / GFP

atggtgagcaagggcgaggagctgticace ctggtcgagctggacggcgacgagta
aacg c .cgtgtccggcg g acctacggcaagctgaccctgaag
tt caagctgccegtyg Lgaccaccctgacctacggegty
ca ccececgaccacatyge t gtccecgececatgeccgaaggce
ta catcttettce ccgcgecgaggtgaagttic
ga Lgaaccgcat ggaggacggcaacatcctyg
gg tacaactacaacag cgacaagcagaagaacggce
at .4l cgccacaacat Uct cgaccactaccag
< sfela qﬂvcaCﬁcaqt: oo
clLgagcaaagacc CvaiCuaManCqua ha*q 1c¥1g“ quaq*taq gac q cgeccgggatce
ac .cggcatggacgagctgtacaagggegegecaATGAGCCTGGAGCGCGAGCTTCGCCAGUTGAGC

AAGGCGAAAGCCAAGGCGCAGAGGGCCGGGLAGUGGUGCGAAGAGGCCGCGUTGTGCCACCAGCTGGGE
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GAGCTCCTGGCCGGECCATGGCCGCTACGCCGAGGCTCTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGG
GAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCCCACCGCAAGATCGGAGAGCGCCTGGCCGAGATG

GAGGACTACCCGGCTGCCTITGCAGCACCAGCACCAGTACCTGGAGLCTGGCACATTCCCTGCGCAACCAC
ACGGAGCTGCAGAGGGCCTGGGCCALCC GGCCGCACCCACCTGGACATCTATGACCACTGCCAGTCG

AGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAGAAGAGCTTGGCTATTCGTGGATGAGGAGCTGGAG
GGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGGACCCGCCTCTATCTCAACCTGGGCCTCACCTTT
GAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTACTTCAGGAAGAGCATCTTCCTTGCGGAGCAGAAC
CACCTTTACGAGGACCTATTCCGCGCCCGLT 3 CCATCCACTGGCGCGUGGGCCAGCAC
TCCCAGGCTATG 3" : ACCATGAGGAAGC CATGGAG
AGCGAGTGCTIGCGTGGTTIATTGCACAGGTICCTCCAAGACCTGGGAGACTTTTIGGCTGCCAAGCGAGCC
CTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCTGTGCAGAGGGCAGCCATCTGTCAGAACCTCCAG
CATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTGGAAGAGGCTGAGGGCAGAGACCCTCAGGGETGCC
ATGGTCATCTGTGAGCAGCTAGGGGACCTCTITCTCCAAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCT
TACCAGAAGCAGCTGCGTTTTGCTGAGCTGCTGGACAGACCGEGETGCTGAGCGGGCCATCATCCACGTG
TCCCTGGCCACCACACTGGGAGACATGAAGGACCACCATGGGECCGTGCGCCACTATGAGGAGGAACTG
AGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAGACCTGGCTGAACATTGCACTGTCCCGCGAGGAL
GCCGGCGATGCCTACGAGCTGCTGGCCCCETGCTTCCAGAAAGCGCTCAGCTGTGCCCAGCAGGCCCAL
CGTCCCCAGCTGCAGAGGCAGGTCTIGCAGCATCTCCATACCGTGLCAGCTGAGGCTGCAGCCCCAGGAG
GCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGTGTAGCTGAAGATGAAGATGAGGAGGAGGAGGCG
GAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTGGAGGCCGGCGAGETGGAGCTCT CAGAGGGCGAG
GACGACACCGATGGCCTGACCCCGCAGCTGGAGGAGGACGAGGAGCTTCAGGGCCACCTGGGECCGGLGE
AAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGGGAGACCCTG
CAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAGGGCCACCCCCTTAACCCTCGGGACTACTCG
ACACCICTGCACGCGGCCTGCAACTACGGGCATCTAGARATTIGTCCGCTTCCTC
GCAGTGGACGACCCAGGTGEC SGGCTGCGAAGGCATCACCCCCCTCCACG
CACTTCGAGGTGGCTGAGCTC : CACCCTC CGRAAGGG
AGCCCGCTGGAGACGUTGCAGCAGTGGGTGAAGL ACCGCAGGGACCTGGACCTGGAGACGCGGCAG
AAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCTGCCTCGGGCCAAGATCCCCACAGCTCCCAGGCC
TTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAGACCTCTCCTCCTTTGAGCCCCTGCCCAGAACCT
CCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAGGTCCATGTCAGGGTCTCCCCAGGGCAGGLGGCA
CCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGEGCCAGCCAGCAGCAGCAGCAGCTICAGAAGGCGAG
GACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGGUCTCGGTGCTCGGCCACAGCACAACGGGTGGCA
GCCTGGACGCCTIGGCCCCGCCAGCAACAGLGGAAGCAGCCACAGCCAGCACCAGCCGEGGCAGCCTACCAG
GCAGCCATCCGGGGTGTGEGCAGTGCTCAGAGCCHLGLTGEEHLCCTLGECCCACCGCLGEGCCACAGCAAA
GCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAGGAGTGCCTGGECTGEGEACTGGCTGGAGCTGGAC
ATGCCCCTGACCCGCAGCCGCCHGCCCCECCCCUGGEEGCACTGGAGACAACCGCAGGCCCAGTAGTACC
TCTGGGTCGGACAGTGAGGAGAGCAGGCCCCHETGCCCGAGCCAAGCAGGTCCGCCTGACTCTGCATGCAG
TTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGCCTGGCTTCAGAACCTCCAGGGAGCCCCAGCALCC
CCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCGGCAGGCCAGCCCTTGGGETCCGGCCCCGCCCCCT
CCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTCTTCCTCATCCCTGTCCCACACAGCAGTGACACC
CACTCTIGTGGCCTGGCTGGCCGAGCAGGCGGCCCAGCGCTACTACCAGACCTGCGGGCTGCTGCCCAGG
CTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCACAGGACCTCATCCCTGATGTGCTGCAGAGCAAT
GACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTGCCCCCGTTGACTGACCGCTACCGCAGGGCCTGC
CAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTGCAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCG
TTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAGCTTACACCCCTGCTGCGGGCCCTCAAGCTGCAC
ACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGGCTGGGGEGACAAGTGTGTGGCTGAGCTGGTGGCT
GCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGACCTCTCCTCCAATCACCTGGGTCCCGAAGGCCTG
CGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACCTTGCAGAGTTTGGAGgaattagatctatcgatyg
aACCCCCTGGGGEGACGGCTGTGGCCAGTCCCTGGCCTCCCTCCTGCACGCCTGCCCCTTACTCAGCACC
CTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTCTTTCTGAGCCACCAGACAGCACTGGGTAGTGCT
TTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTGTCCTACAACGCCCTGGGAGCCCCTGCCCTGGCC
AGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTGCACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAG
GGTGATTCGGACCTCATGGAGCCTGTATTCCGATACCTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTG
ACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTTAGAGACCTGTGCAGATGTCTCTCTCTGTGCCCC
TCACTCATCTCACTGGATCTGTICTGCCAACCCTGAGATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCC
ACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTTGGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTG
GGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTCCGGGAACTGCAGCTGTGCAGCAGACGCCTCTGC
GCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCCAGTCGGLCGGGCCCCGGCGAGTGCACGCTGGAC
CACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

—_

TGGCTGG
'GGACCACGGGGCC

CTCAACTG!




10

15

20

25

30

35

40

45

50

55

60

WO 2017/054832 PCT/DK2016/050317

73

SEQID NG: 11 - TONSL N571A

ATGAGCCTGGAGCGCGAGCTTCGCCAGCTGAGCAAGGCGAAAGCCAAGGCGCAGAGGGCCGGGCAGCGH
CGCGAAGAGGCCGCGCTGTGCCACCAGCTGGGEGGAGCTCCTGGCCGGCCATGGCCGCTACGCCGAGGCT
CTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGGGAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCC
CACCGCAAGATCGGAGAGCGCCTGGCCGAGATGGAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAG
TACCTGGAGCTGGCACATTCCCTGCGCAACCACACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCCGC
ACCCACCTGGACATCTATGACCACTGCCAGTCGAGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAG
AAGAGCTTGGCTATTGTGGATGAGGAGCTGGAGGGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGG
ACCCGCCTCTATCTCAACCTGGGCCTCACCTTTGAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTAC
TTCAGGAAGAGCATCTTCCTTGCGGAGCAGAACCACCTTTACGAGGACCTATTCCGCGCCCGCTACAAC
CTGGGCACCATCCACTGGCGCGCGGGECCAGCACTCCCAGGCTATGCGCTGCTTGGAGGGTGCCCGGGAG
TGTGCGCACACCATGAGGAAGCGGTTCATGGAGAGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAA
GACCTGGGAGACTTTITTGGCTGCCAAGCGAGCCCTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCT
GTGCAGAGGGCAGCCATCTGTCAGAACCTCCAGCATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTG
GAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCCATGGTCATCTGTGAGCAGCTAGGGGACCTCTTCTCC
AAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCTTACCAGAAGCAGCTGCGTTTTGCTGAGCTGCTGGAC
AGACCGGGTGCTGAGCGGGCCATCATCCACGTGTCCCTGGCCACCACACTGGGAGACATGAAGGACCAC
CATGGGGCCGTGCGCCACTATGAGGAGGAACTGAGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAG
ACCTGGCTGAACATTGCACTGTCCCGCGAGGAGGCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTC
CAGAAAGCGCTCAGCTGTGCCCAGCAGGCCCAGCGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTC
CATACCGTGCAGCTGAGGCTGCAGCCCCAGGAGGCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGT
GTAGCTGAAGATGAAGATGAGGAGGAGGAGGCGGAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTG
GAGGCCGGCGAGGTGGAGCTCTCAGAGGGCGAGGACGACACCGATGGCCTGACCCCGCAGCTGGAGGAG
GACGAGGAGCTTCAGGGCCACCTGGGCCGGCGGAAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGEG
GAGACCCTGCTGCACCGAGCCTGCATCGAGGGCCAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAGGGC
CACCCCCTTRACCCTCGGGACTACTGTGGCTGGACACCTCTGCACCAGGCCTGCGCCTACGGGCATCT?
GAAATTGTCCGCTTCCTGCTGGACCACGGGGCCGCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGT
ATCACCCCCCTCCACGATGCCCTCAACTGTGGCCACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGGGG
GCGTCCGTCACCCTCCGCACTCGAAAGGGCCTCAGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTG
TACCGCAGGGACCTGGACCTGGAGACGCGGCAGAAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCT
GCCTCGGGCCAAGATCCCCACAGCTCCCAGGCCTTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAG
ACCTCTCCTCCTTTGAGCCCCTGCCCAGAACCCCCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAG
GTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCACCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGG
CCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAGGACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGG
CCTCGGTGCTCGGCCACAGCACAACGGGTGGCAGCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCA
GCCACAGCCAGCACCAGCCGGGCAGCCTACCAGGCAGCCATCCGGGEGETGTGGGCAGTGCTCAGAGCCGG
CTGGGGCCTGGCCCACCGCGGGGCCACAGCAAAGCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAG
GAGTGCCTGGCTGGGGACTGGCTGGAGCTGGACATGCCCCTGACCCGCAGCCGCCEGCCCCGLCCCCCGh
GGCACTGGAGACAACCGCAGGCCCAGTAGTACCTCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGETGCC
CGAGCCAAGCAGGTCCGCCTGACCTGCATGCAGAGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGC
CTGGCTITCAGAACCTCCAGGGAGCCCCAGCACCCCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCG
GCAGGCCAGCCCTTGGGTCCGGCCCCGCCCCCTCCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTC
TTCCTCATCCCTGTCCCACACAGCAGTGACACCCACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAG
CGCTACTACCAGACCTGCGGGCTGCTGCCCAGGCTCACCCTACGGARAAGAGGGGGCCCTGCTGGCCCCA
CAGGACCTCATCCCTGATGTGCTGCAGAGCAATGACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTG
CCCCCGTTGACTGACCGCTACCGCAGGGCCTGCCAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTG
CAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCGTTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAG
CTTACACCCCTGCTGCGGGCCCTCAAGCTGCACACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGG
CTGGGGGACAAGTGTGTGGCTGAGCTGGETGGCTGCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGAC
CTCTCCTCCAATCACCTGGGTCCCGAAGGCCTGCGCCAGCTTGCCATGGGEGCTCCCAGGCCAAGCCACC
TTGCAGAGTTTGGAGgaattagatctatcgatgaACCCCCTGGGGEGACGGCTGTGGCCAGTCCCTGGCC
TCCCTCCTGCACGCCTGCCCCTTACTCAGCACCCTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTC
TTTCTGAGCCACCAGACAGCACTGGGTAGTGCTTTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTG
TCCTACAACGCCCTGGGAGCCCCTGCCCTGGCCAGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTG
CACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAGGGTGATTCGGACCTCATGGAGCCTGTATTCCGATAC
CTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTGACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTT
AGAGACCTGTGCAGATGTCTCTCTICTGTGCCCCTCACTCATCTCACTGGATCTGTCTGCCAACCCTGAG
ATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCCACCCTCCARAAAGCGGCCCCAAGGCCTTAGCTTCCTT
GGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTGGGECCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTC
CGGGAACTGCAGCTGTGCAGCAGACGCCTCTGCGCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCC
AGTCGGCCGGGCCCCGGCHGAGTGCACGCTGGACCACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG
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SEQID NQ: 12 - TONSL N571A / GFP

atggtgagcaagggcgaggagetgtitcacceggggtgglgecccatcctggltegagetggacggecgacgta
aacggccacaagtt gocgtgtccggecgaggge ggcgatgccacctacggcaagctgaccctgaag
ttcatctgcaccaccggcaagetgeccgtgeecctggeccacecctegtgaccaccectgacctacggegtg
cagtgcttcagccgoctacccecegaccacatgaagecagecacgactticttcaagtecgecatgocecgaagge
tacgtccaggagcgcaccatceticticaaggacgacggcaactacaagaccogegecgaggtgaagtta
gagggcgacaccctggtgaaccgecatcgagetgaagggecatcecgacttcaaggaggacggcaacatcctyg
gggcacaagctggagtacaactacaacagcecacaacgtcectatatcatggecgacaagcagaagaacgge
atcaaggtgaacticaagatccgeccacaacatcgaggacggecagegtygcagetcgecgaccactaceag
cagaacacccccatcggegacggeccegtgetgetgeccgacaaccactacctgagecaccecagteecgee
ctgagcaaagacccecaacgagaagegegatcacatggtectgetggagttegtgacecgececgececgggate
actcteggeatggacgagetgtacaagggegegccaATGAGCCTGGAGCGCGAGCTTCGUCAGCTGAGT
AAGGCGAAAGCC AGAGGGCCGGEGECAGCGECGCEAAGAGGCCGCGCTGTGCCACCAGCTGGEE

GAGCTCCTGGCCGGECCATGGCCGCTACGCCGAGGCTCTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGG
GAGCGCGCTGACGACCCTCTGGGECTGTGCCGTGGCCCACCGCAAGATCGCGAGAGUGCCTGGCCGAGAT G
GAGGACTACCCGGC TTGCAGCACCAGCACCAGTALCK : [CCCTGCGCAACCAC

CTGGACATCTATGACCACTGCCAGTCG

ACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCUGCACCCAC
AGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAGAAGAGCTTGGCTATTCGTGGATGAGGAGCTGGAG

TCACCTIT

A

GGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGGACCCGCCTCTATCTCAAC
GAGAGCCTGCAGCAGACAGCC CTTCAGGAAGAGCATCIT GCAGAAC
CACCTTTACGAGGAC GGGCACCATCCACTGGCGCGL CAGCAC
TCCCAGGUTATGCGUTGCTT GG TGCGCACACCATGAGGAAGCGGTTCATGGAG
AGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAAGACCTGGGAGACTTTTTGGCTGCCAAGCGAGCT
CTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCTGTGCAGAGGGCAGCCATCTGTCAGAACCTCCAG
CATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTGGAAGAGGCTGAGGGCAGAGACCCTCAGGGETGCC
ATGGTCATCTGTGAGCAGCTAGGGGACCTCTITCTCCAAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCT
TACCAGAAGCAGCTGCGTTITTGCTGAGCTGCTGGACAGACCGGGTGCTGAGCGGGCCATCATCCACGTG
TCCCTGGCCACCACACTGGGAGACATGAAGGACCACCATGGGGCCGTGCGCCACTATGAGGAGGAACTG
AGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAGACCTGGCTGAACATTGCACTGTCCCGCGAGGAG
GCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTCCAGAAAGCGCTCA CCCAGCAGGCCCAG
AGGCAGGTCTTGCAGCATCTCCATACCGTGCAGCTGAL TGCAGCCCCAGGAG
CTGCGGGAGCTCAGTGTAGCTGAAGATGAAGAT
SAGAGCGAAGCCCT 3
CCGCAGCTGGAGE, ACGAGGAGCTTCAGGGCC
AAGGGGAGCRAGTGGAACCGGC

YT

GAGGTGGACG

"GAAACGACATGGGGGAGACCUTGCTGCACCGAGCCTGCATCGAGGGC
CAGCTGCGCCGCETCCAGGACCTTGTGAGGCAGGGCCACCCCCTTAACCCTCGGGACTACTETGGCTGG
ACACCICTGCACGAGGCCIGCGCCTACGGGCATCTAGAAATTGTCCGCITCCTIGCTGGACCACGGGELEC
GCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGCATCACCCCCCTCCACGATGCCCTCAACTGTGGC
CACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGEGGGEGCGTCCETCACCCTCCGCACTCGAAAGGGCCTC
AGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTGTACCGCAGGGACCTGGACCTGGAGACGCGGLAG
AAGGCCAGGGCCATGGAGATGCTGCTCCAGGCGGCTGCCTCGGGCCAAGATCCCCACAGCTCCCAGGCC
TTCCACACCCCRAAGCAGCCTTCTGTTTGACCCCGAGACCTCTCCTCCTTTGAGCCCCTGCCCAGAALCC
CCCTCTAATAGCACTAGACTCCCAGAGGCCTCTCAGGTCCATGTCAGGGTCTCCCCAGGGCAGGCGGCA
CCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGEGCCAGCCAGCAGCAGCAGCAGCTCAGAAGLCGAG

GACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGGUCTCGGTGCTCGGCCACAGCACAACGGGTGGCA
SCCAGCACCAGCCGGGCAGCCTACCAG

GCCTGGACGCCTGGCCCUGCCAGCAACAGGGAAGCAGCCACA

GCAGCCATCCGGGGTGTGGGECAGTGCTCAGAGCCGGUTGGEEGECCTGGECCCACCGUGGELCCACAGCAAA
GCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAGGAGTGCCTGGCTGGEGGACTGGCTGGAGCTGGAC
ATGCCCCTGACCCGCAGCCGCCGGCCCCGCCCCCGGEGGCACTGGAGACAACCGCAGGCCCAGTAGTACC
TCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGETGCCCGAGCCAAGCAGGTCCGCCTGACCTGCATGCAG
AGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGCCTGGCTTCAGAACCTCCAGGGAGCCCCAGCACC
CCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCGGCAGGCCAGCCCTTGGGETCCGGCCCCGCCCCCT
CCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTCTTCCTCATCCCTGTCCCACACAGCAGTGACACC
CACTCIGTGGCCTGGCTGGCCGAGCAGGCGGCCCAGCGCTACTACCAGACCTGCGGGCTGCTGCCCAGG
CTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCACAGGACCTCATCCCTGATGTGCTGCAGAGCAAT
GACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTGCCCCCGTTGACTGACCGCTACCGCAGGGCCTGC
CAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTGCAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCG
TTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAGCTTACACCCCTGCTGCGGGCCCTCAAGCTGCAC
ACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGGLCTGGGEGACAAGTGTGTGGCTGAGCTGGTGGCT
GCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGACCTCTCCTCCAATCACCTGGGTCCCGAAGGCCTG
CGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACCTTGCAGAGTTTGGAGgaattagatctatcgatyg
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aACCCCCTGGGGGEACGGCTGTGGCCAGTCCCTGGCCTCCCTCCTGCACGCCTGCCCCTTACTCAGCACC
CTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTCTTTCTGAGCCACCAGACAGCACTGGGTAGTGCT
TTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTGTCCTACAACGCCCTGGGAGCCCCTGCCCTGGCC
AGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTGCACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAG
GGTGATTCGGACCTCATGGAGCCTGTATTCCGATACCTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTG
ACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTTAGAGACCTGTGCAGATGTCTCTICTCTGTGCCCC
TCACTCATCTCACTGGATCTGTCTGCCAACCCTGAGATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCC
ACCCTCCARAAAGCGGCCCCAAGGCCTTAGCTTCCTTIGGCCTGTCAGGCTGCGCCGETCCAGGGETCCCCTG
GGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTCCGGGAACTGCAGCTGTGCAGCAGACGCCTCTGC
GCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCCAGTCGGCCGGGLCCCCGGCGAGTGCACGCTGGAC
CACGGCTCCAAGCTCTTICTTTCGGCGCCTCTAG

SEQ ID NO: 13 - TONSL D604A

ATGAGCCTGGAGCGCGAGCTTCGCCAGCTGAGCAAGGCGAAAGCCAAGGCGCAGAGGGCCGGGCAGLCGG
CGCGAAGAGGCCGCGCTGTGCCACCAGCTGGGGGAGCTCCTGGCCGGCCATGGCCGCTACGCCGAGGCT
CTGGAGCAGCACTGGCAGGAGCTGCAGCTTCGGGAGCGCGCTGACGACCCTCTGGGCTGTGCCGTGGCC
CACCGCAAGATCGGAGAGCGCCTGGCCGAGATGGAGGACTACCCGGCTGCCTTGCAGCACCAGCACCAG
TACCTGGAGCTGGCACATTCCCTGCGCAACCACACGGAGCTGCAGAGGGCCTGGGCCACCATCGECCGEC
ACCCACCTGGACATCTATGACCACTGCCAGTCGAGGGATGCTTTGCTGCAGGCACAGGCTGCCTTTGAG
AAGAGCTTGGCTATTGTGGATGAGGAGCTGGAGGGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGG
ACCCGCCTCTATCTCAACCTGGGCCTCACCTTTGAGAGCCTGCAGCAGACAGCCCTGTGCAACGATTAC
TTCAGGAAGAGCATCTTCCTTGCGGAGCAGAACCACCTTTACGAGGACCTATTCCGCGCCCGCTACAAC
CTGGGCACCATCCACTGGCGCGCGGGCCAGCACTCCCAGGCTATGCGCTGCTTGGAGGGTGCCCGGGAG
TGTGCGCACACCATGAGGAAGCGGTTCATGGAGAGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAA
GACCTGGGAGACTTTTTGGCTGCCAAGCGAGCCCTGAAGAAGGCCTACAGGCTGGGCTCCCAGAAGCCT
GTGCAGAGGGCAGCCATCTGTCAGAACCTCCAGCATGTGCTGGCAGTGGTCCGGCTGCAGCAACAGCTG
GAAGAGGCTGAGGGCAGAGACCCTCAGGGTGCCATGGTCATCTGTGAGCAGCTAGGGGACCTCTTCTCC
AAGGCAGGAGACTTTCCCAGGGCAGCTGAGGCTTACCAGAAGCAGCTGCGTTTTGCTGAGCTGCTGGAC
AGACCGGGTGCTGAGCGGGCCATCATCCACGTGTCCCTGGCCACCACACTGGGAGACATGAAGGACCAC
CATGGGGCCGTGCGCCACTATGAGGAGGAACTGAGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAG
ACCTGGCTGAACATTGCACTGTCCCGCGAGGAGGCCGGCGATGCCTACGAGCTGCTGGCCCCGTGCTTC
CAGAAAGCGCTCAGCTGTGCCCAGCAGGCCCAGCGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTC
CATACCGTGCAGCTGAGGCTGCAGCCCCAGGAGGCCCCTGAGACCGAAACCAGACTGCGGGAGCTCAGT
GTAGCTGAAGATGAAGATGAGGAGGAGGAGGCGGAGGAGGCGGCAGCCACAGCGGAGAGCGAAGCCCTG
GAGGCCGGCGAGGTGGAGCTCTCAGAGGGCGAGGACGACACCGATGGCCTGACCCCGCAGCTGGAGGAG
GACGAGGAGCTTCAGGGCCACCTGGGCCGGCGGAAGGGGAGCAAGTGGAACCGGCGAAACGACATGGGEG
GAGACCCTGCTGCACCGAGCCTGCATCGAGGGCCAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAGGGT
CACCCCCTTAACCCTCGGGACTACTGTGGCTGGACACCTCTGCACGAGGCCTGCAACTACGGGCATCTA
GAAATTGTICCGCTTCCTGCTGGACCACGGGGCCGCAGTGGACGACCCAGGTGGCCAGGGCTGCGAAGGT
ATCACCCCCCTCCACGCTGCCCTCAACTGTGGLCACTTICGAGGTGGCTGAGCTGCIGCTTIGAACGGGEE
sCGTCCGTCACCCTCCGCACTCGAAAGGGCCTCAGCCCGCTGGAGACGCTGCAGCAGT GGGTGAAG
TACCGCAGGGACCTGGACCTGGAGACGCGGCAGAAGGCCAGGGCCATGGAGATGCTGCTCCAGELC
GCCTCGGGCCAAGATCCCCACAGCTCCCAGGCCTTCCACACCCCAAGCAGCCTTICTGITTGACCCCGAG
ACCTCICCTICCTTITGAGCCCCTGCCCAGAACCCCCCTCTAATAGCACTAGACTCCCAGAGGCCTCTICAG
GTCCATGTCAGGGETCTCCCCAGGGCAGGCGGCACCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGEG
CCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAGGACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGG
CCTCGGTGCTCGGCCACAGCACAACGGGTGGCAGCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCA
GCCACAGCCAGCACCAGCCGGGCAGCCTACCAGGCAGCCATCCGGGETGTGGGCAGTGCTCAGAGCCGG
CTGGGGCCTGGCCCACCGCGGGGCCACAGCARAAGCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAG
GAGTGCCTGGCTGGGEGACTGGCTGGAGCTGGACATGCCCCTGACCCGCAGCCGCCHLGCCCCGCCCCCGh
GGCACTGGAGACAACCGCAGGCCCAGTAGTACCTCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGETGCC
CGAGCCAAGCAGGTCCGCCTGACCTGCATGCAGAGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGC
CTGGCTTCAGAACCTCCAGGGAGCCCCAGCACCCCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCG
GCAGGCCAGCCCTTGGGTCCGGCCCCGCCCCCTCCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTC
TTCCTCATCCCTGTCCCACACAGCAGTGACACCCACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAG
CGCTACTACCAGACCTGCGGGCTGCTGCCCAGGCTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCA
CAGGACCTCATCCCTGATGTGCTGCAGAGCAATGACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTG
CCCCCGTTGACTGACCGCTACCGCAGGGCCTGCCAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTG
CAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCGTTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAG
CTTACACCCCTGCTGCGGGCCCTCAAGCTGCACACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGG
CTGGGGGACAAGTGTGTGGCTGAGCTGGTGGCTGCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTGAC
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CTCTCCTCCAATCACCTGGGTCCCGAAGGCCTGCGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACC
TTGCAGAGTTTGGAGgaattagatctatcgatgaACCCCCTGGEEGEGACGGCTGTGGCCAGTCCCTGGCC
TCCCTCCTGCACGCCTGCCCCTTACTCAGCACCCTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTC
TTTCTGAGCCACCAGACAGCACTGGGTAGTGCTTTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTG
TCCTACAACGCCCTGGGAGCCCCTGCCCTGGCCAGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTG
CACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAGGGTGATTCGGACCTCATGGAGCCTGTATTCCGATAC
CTGGCCAAGGAAGGCTGTGCTCTAGCCCACCTGACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTT
AGAGACCTGTGCAGATGTCTCTICTCTGTGCCCCTCACTCATCTCACTGGATCTGTCTGCCAACCCTGAG
ATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCCACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTT
GGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTGGGCCTGGGECCTGTGGGACAAGATAGCCGCGCAGCTC
CGGGAACTGCAGCTGTGCAGCAGACGCCTCTGCGCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCC
AGTCGGCCGGGCCCCGGCGAGTGCACGCTGGACCACGGCTCCAAGCTCTTCTTTCGGCGCCTCTAG

SEQ ID NO: 14 - TONSL D604A / GFFP

atggtgagcaagggcgaggagectgticacecggggtggtygec yacgta
aacggccacaagt LCd*cULﬂLccjUCﬂdcqgcqngchN1% tgaaqg
Ltcatctgcacca o C o : ope C »dcgtg
cagltgcttcagceccgectacce »_; .CL ”“3515>A“ gacticttcaagltccgecatgeocgaagge
;acgtccaggagc\ o L Roteleor: C ccegocgecgaggt ttc
gagggcgacaccctggtgaacce t ja ,”; gggcatcga taaggaggacggcaacatoctyg
gggcac agctqgag afaact acagccacaacgtetatatcatggoccgacaagcagaagaacgge
atcaaggtgaacttcaagatccgecacaacatcgaggacggecagegtgecagetcgecgaccactaccag
cagaacacccceccatcggoegacggeccegtgetgetgececgacaaccactacctgagecacecagtecgee
ctgagfaazgaccccaacgauaachcgatcacztggtcctgctqgagttcqtgac ~gccgocgggatc
actctcggcatggaccagc gtacaagggcgegccaATGAGCCTGGAGCGCGAGCTTCGCCAGCTGAGC
AAGGCGAAAGCCAAGG GAGGGCCGGGCAGCGGCGCGAAGAGGCCECGLTIGTGCCACCAGCTIGEGE

GAGCTCCTGGCCGGCC ATuC“LGCT&CqLCCAUCCTCTGGAQLACCACTGGCACCAGCTGLAQCTLVL”
GAGCGCGCTGACGACCCTCTGGGCTGTGCCETGGCCCACCGCAAG ATCUCALACCUCAThCCbCA
GAGGACTACCCGGC CTTGCAGCACCAGCACCAGTACCTGGAGCTG ’CAP“m'CCL C”AAP’A”
ACGGAGCTGCAGAGGGCCTGGGCCACCATCGGCCGCACCCACCTGGACATCTAT CCACTG ‘CAGTCG
AGGGATGCTT TGFTG\ﬂGGFKCAJGVTuC\LTTCﬂGA“hAF”TTFh”TﬂTTFTGLﬂTGRthGC GGAG
GGGACACTGGCCCAGGGAGAGCTGAATGAGATGAGGACCCGCCTCTATCTCAACCTGGGCCTCACCTTT
GhJAquJL”AGhﬂGA”AGFCCT GTGCAACGATTACTTCAGGAAGAGCATCTTCCITGCGGAGCAGAAC
CCTTTACGAGGACCTATTCCGCGCCCGCTACAACCTGGGCACC, CACTGGCGCGCEGGCCAGCAC
“P”CﬁbuC ATGCGCTGCTTGGAGGGTGCCCGGGAGTGTGCGCAL ACCAI?AG)AHCCGuTICATGGAG
AGCGAGTGCTGCGTGGTTATTGCACAGGTCCTCCAAGACCTGGGAGACTTTTITGGCTGCCAAGCGAGTC
CTGARGAAGGCCTACAGGCTGGGCTCCCAGAAGCCTGTGCAGAGGGCAGCCATCTGTCAG AAKCTL\AG
CATGTGCTC”CAQIHGTLCCGCquACCLACAu,*GuAAuAGﬁ\TSACGG\AGACAPFCILAGbU*q
ATGGTCATCTGIGAGCAGCTAGGGGACCTCTTCTCCAAGGCAGGAGACTTTCC CAUCQLACC_CALGCT
TACCAGAAGCAGCTGCGTTTTGCTCGAGCTGCTGGACAGACCGGETGCTGAGCGEGCCATCATCCACGTG
TCCCTGGCCACCA ACTCOLACACATLAAJQACCACC“TO“UC”LGT“bCNLACTﬂT AGGAGGARACTG
AGGCTGCGCAGCGGCAACGTGCTGGAGGAGGCCAAGACCTGGCTGAACATTGCACTGTCCCGCGAGGAG
GCCGGCGATGCCTACGAGCTG CTUC”C”P’mC”T_CCAGuAaC’GCTCaCCTGTG ‘CCAGCAGGCCCAG
CGTCCCCAGCTGCAGAGGCAGGTCTTGCAGCATCTCCATACCGTGCAGCTGAGGCTGCAGCCCCAGGAL
GCCCCTGAGA CNGAAdxCAGAPTUC GGGAGCTC FAGCT CAAG“ GAAGATGAGGAGGAGGAGGCG
GAGGAC CGGCAGCCACAGCGGAGAGCGAAGCCCTGGAGGCCGGCEAGLTGGAGCTCTCAGAGGGECGAG
CGACACCGATGGCCTGACCCCGCAGCTGGAGGAGGACGAGGAGCTTCAGGGCCACCTGLEGCCGGCGE

AzGGnﬁsGLAAG”GGAﬂCCFG GAAACGACATGGGGGAGACCCTGCTGCACCGAGCCTGCATCGAGGGC
CAGCTGCGCCGCGTCCAGGACCTTGTGAGGCAG G”FCA””CVFTJAﬂC”FTCnFGAF"AT*Gm@JCTFG
ACACCTC CTGGACCACGGGGCC

CACGAGGCCTGCAACTACGGGCATC
GCAGTGGACGACCCAGGTGGCCAGGEGCTGCGAAC CTCAACTGTIC
CACTTCGAGGTGGCTGAGCTGCTGCTTGAACGGGEEGGIGTL CACCCTCCGCACTCGAAAGGGCCTC
AGCCCGCTGGAGACGCTGCAGCAGTGGGTGAAGCTGTACCGCAGGGACCTGGACCTGGAGACGCGGCAG
AAuGCLAGGuCCLlCGACAiuCIuCTCCAGFCGGCTG(,*qu CCRAGATCCCCACAGCTCCCAGGCT
TTCCACACCCCAAGCAGCCTTCTGTTTGACCCCGAGACCTCTCCTCCTTTGAGCCCCTGCCCAGAACCC
CCCTCTAATAGCACTAGACTCCCAGAGGCCTCICAGGTCCATGTCAGGGTCTCCCCAGGEGCAGGCGGCA
CCAGCCATGGCCAGGCCTCGGAGGAGCAGGCATGGGCCAGCCAGCAGCAGCAGCAGCTCAGAAGGCGAG
GACAGCGCAGGCCCCGCACGGCCGTCCCAGAAGAGGCCTCGGTGCTCGGCCACAGCACAACGGGTGGCA
GCCTGGACGCCTGGCCCCGCCAGCAACAGGGAAGCAGCCACAGCCAGCACCAGCCGGGCAGCCTACCAG
GCAGCCATCCGGGGTGTGGGCAGTGCTCAGAGCCEGLCTGGGGECCTGGCCCACCGCEGGGCCACAGCAAA
GCCCTTGCCCCCCAGGCAGCGCTCATCCCGGAGGAGGAGTGCCTGGCTGGGEGACTGGCTGGAGCTGGAC

~ -
COTOA Telaals
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ATGCCCCTGACCCGCAGCCGCCGGECCCCGCCCCCGGEGECACTGGAGACAACCGCAGGCCCAGTAGTACC
TCTGGGTCGGACAGTGAGGAGAGCAGGCCCCGTGCCCGAGCCAAGCAGGTCCGCCTGACCTGCATGCAG
AGTTGCAGTGCGCCAGTTAACGCAGGGCCCAGCAGCCTGGCTTCAGAACCTCCAGGGAGCCCCAGCACC
CCCAGGGTCTCAGAGCCCAGTGGGGACAGCTCTGCGGCAGGCCAGCCCTTGGGETCCGGCCCCGCCCCCT
CCCATCCGGGTTCGAGTTCAAGTTCAGGATCATCTCTTCCTCATCCCTGTCCCACACAGCAGTGACACC
CACTCTGTGGCCTGGCTGGCCGAGCAGGCGGCCCAGCGCTACTACCAGACCTGCGGGCTGCTGCCCAGG
CTCACCCTACGGAAAGAGGGGGCCCTGCTGGCCCCACAGGACCTCATCCCTGATGTGCTGCAGAGCAAT
GACGAGGTGTTGGCTGAGGTGACTTCGTGGGACCTGCCCCCGTTGACTGACCGCTACCGCAGGGCCTGC
CAGAGCCTGGGGCAAGGGGAGCACCAACAGGTGCTGCAGGCCGTGGAGCTCCAGGGCTTGGGCCTCTCG
TTCAGCGCCTGCTCCCTGGCCCTGGACCAGGCCCAGCTTACACCCCTGCTGCGGGCCCTCAAGCTGCAC
ACAGCACTCCGGGAGCTGCGCCTGGCAGGGAACCGGLTGGEGGACAAGTGTGTGGCTGAGCTGGETGGLT
GCCCTGGGCACCATGCCCAGCCTGGCCCTCCTTIGACCTCTCCTCCAATCACCTGGGTCCCGAAGGCCTG
CGCCAGCTTGCCATGGGGCTCCCAGGCCAAGCCACCTTGCAGAGTTTGGAGgaattagatctatecgatyg
aACCCCCTGGGGGACGGCTGTGGCCAGTCCCTGGCCTCCCTCCTGCACGCCTGCCCCTTACTCAGCACC
CTGCGCCTGCAGGCGTGTGGCTTCGGCCCCAGCTTCTTTCTGAGCCACCAGACAGCACTGGGTAGTGCT
TTCCAAGATGCTGAGCACCTGAAGACCCTGTCCCTGTCCTACAACGCCCTGGGAGCCCCTGCCCTGGCC
AGGACCCTGCAGAGCCTGCCCGCCGGCACCCTCCTGCACTTAGAGCTCAGCTCCGTGGCAGCCGGCAAG
GGTGATTCGGACCTCATGGAGCCTGTATTCCGATACCTGGCCAAGGRAAGGCTGTGCTCTAGCCCACCTG
ACCCTGTCTGCAAACCACCTGGGGGACAAGGCTGTTAGAGACCTGTGCAGATGTCTCTCTCTGTGCCCC
TCACTCATCTCACTGGATCTGTCTGCCAACCCTGAGATCAGCTGTGCCAGCTTGGAAGAGCTCCTGTCC
ACCCTCCAAAAGCGGCCCCAAGGCCTTAGCTTCCTTGGCCTGTCAGGCTGCGCCGTCCAGGGTCCCCTG
GGCCTGGGCCTGTGGGACAAGATAGCCGCGCAGCTCCGGGAACTGCAGCTGTGCAGCAGACGCCTCTGC
GCTGAGGACAGGGACGCCCTGCGCCAGCTGCAGCCCAGTCGGCCGGGCCCCGGCGAGTGCACGCTGGAC
CACGGCTCCAAGCTCTTICTTTCGGCGCCTCTAG

SEQ ID NO: 15 - TONSL FUSION (MCM2 HBD — TONSL ARD)

‘ LUGGGCCCCTGCCACGAACAAGAGGATGGACAGCAGCTCATTGCGAGATGGCATGCAAACGGACTACCGCG
CCATCCCAGAGCTGGACCCCTATGAGGCCCAGGCACTGGCTICTGGATGATGAGCGACGTAGAGGAGCTGACGGC
CAGCTCAGAGGGAGGCCAGCACAGCGGGCCATGCGGLCAGCGTCACCGGGAGGLTGGCCGEEGCCTGGGLCGANL A
GO TCGCCACCTCGGCCEGCCEAAGGCCAGCAAGTGCCAACCGGCCCAAACGACATGGGGGCACACCCTGC
TCCACCUAGCCTPCATCCAGPC\CACCTPCUCCCCGTC\AGCACC-TGTCAGPCAGGCCCAC\CCCTTAA\CC
TCGGGACTACTGTCGCTCGACACCTCTGCACGAGGCCTGCAACTACGGGCATCTAGAAATTCTCCGCTTCCTG
“TGGACCACGGGGCCGCAGTGCACCGACCCACGCTGGCCAGGGCTGCCAAGGCATCACCCCCCTCCACGATECCC
TCAACTGTGGCCACTTCGAGGTGGCT UAGLIGC*UCL_UAAp CGGGEGCGTCCETCACCCTCCGCACTCGAAA
GGCGCCTCAGCCCGCTGGAGACCCTGCAGCAGTGGGTCAAGCTCTACCGCAGGCACCTGCACCTGGAGACCLGG
CAGAAGG CCAuGGCFATCuACATGCTGCTCCAGC\GGCTGFCTCG,qCCAACA CCCCACAGCTCCCAGGCCT
TCCACACCCCAAGCAGCCTTCIGTTTGACCCCCAGACCTCT I AA{TY G

SEQ ID NO: 16 - TONSL wild-type (amino acids mutated in single-mutants are
highlighted)

>gl1 187608777 ref INP_038460.41 tonsoku-like protein [Homo sapilens]
MSLERELRQLEKAKAKAQRAGORREEAALCHQLGELLAGHGRYAEALEQHWQELQLRERADDPLGCAVAHRKI
GERLAEMEDYPAALQHOHQYLELAHSLRNHTELOQRAWATIGRTHLDIYDHCQOSRDALLQAQAAFEKSLAIVDE
BELEGTLAQGELNEMRTRLYLNLGLTFESLOOTALCNDYFRKSIFLAEQNHLYEDLFRARYNLGTIHWRAGQHS
OAMRCLEGARECAHTMRKRFMESECCVVIAQVLODLGDF LAAKRALKKAYRLGSQOKRKPVORAAICONLQHVLAV
VRLOOOLEEAEGRDPQCAMVICEQLGDLESKAGDFPRAAENAYQROLRFAELLDRPGAERATI IHVSLATTLGDM
KDHHGAVRHYEEELRLRSGNVLEEAKTWLNIALSREEAGDAYELLAPCFQKALSCAQOAQRPOLOROVLOHLH
TVQLRLOPOQEAPETETRLRELSVAEDEDEEEEAEEAAATAESEALEAGEVELSEGEDDTDGLTPQLEEDEELQ
GHLGRRKGSKWNRRNDMGETLLHRACIEGQLRRVODLVROQGHPLNPRRBYCGWTPLHEACNYGHLEIVRELLDH
GAAVDDPGGQGCEGITPLHDALNCGHEFEVAELLLERGASVTLRTRKGLSPLETLOQOWVKLYRRDLDLETRQKA
RAMEMLLOAAASGODPHSSQAFHTPSSLLEDPETSPPLSPCPEPPSNSTRLPEASQAHVRVSPGOAAPAMARP
RRSRHGPASSSSSSEGEDSAGPARPSOKRPRCSATAQRVAAWTPGPASNREAATASTSRAAYQOAATRGVGSAQ
SRLGPCGPPRCHSKALAPQAALIPEEECLAGCGDWLELDMPLTRSRRPRPRGTGDNRRPSSTSGSDSEESRPRARA
KOVRLTCMOSCSAPVNAGPSSLASEPPGSPSTPRVSEPSGDSSAAGQPLCGPAPPPPIRVRVOVQDHLEFLIPVP
HSSDTHSVAWLAEQAAQRYYQTCGLLPRLTLRKEGALLAPODLIPDVLOSNDEVLAEVTSWDLPPLTDRYRRA
COSLGQGEHOOVLOAVELQGLGLSEFSACSLALDOAQLTPLLRALKLHTALRELRLAGNRLGDKCVAELVAALG
TMPSLALLDLSSNHLGPEGLROQLAMGLPGOATLOSLEELDLSMNPLGDGCGOSLASLLHACPLLSTLRLQACG
FCPSFFLSHOQTALGSAFODAEHLKTLSLSYNALGAPALARTLOSLPAGTLLHLELSSVAAGKGDSDLMEPVER
YLAKEGCALAHLTLSANHLGDKAVRDLCRCLSLCPSLISLDLSANPEISCASLEELLSTLOKRPQGLSELGLS
GCAVQGPLGLGLWDKIAAQLRELQLCSRRLCAEDRDALRQLOPSRPGPGECTLDHGSKLEFRRL
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SEQ ID NO: 17 - Protein seguences of TONSL E530A single mutants (mutated alanins
are highlighted)

MSLERELRQLSKARAKAQRAGORREEAALCHOLGELLAGHCRYAEALEQHWOELQLRERADDPLGCAVAHRKI
GERLAEMEDYPAALQHOHOYLELAHSLENHTELQRAWATIGRTHLDIYDHCOSRDALLQACAAFEKSLAIVDE
ELEGTLAQGELNEMRTRLYLNLGLTFESLOQTALCNDYFRKSIFLAEONHLYEDLERARYNLEGT THWRAGQHS
CAMRCLEGARECAHTMRKREFMESECCVVIAQVLODLGDE LAAKRALKEAYRLGSQEPVOQRAATICONLOHVL

} VSLATTLGD

KDHHGAVRHYEEELRLRSGNVLEEAKTWLNIALSREEAGDAYELLAPCEFOKALSCAQOAQRPOLOROVLORLH

TVQLRLOPOEAPETETRLRELSVAEDEDEEEEAEEAAATAESEALEAGEVELSECEDDTDCLTPQLEEDEELD
GHLGRRKGSKWNRRNDMGRATLLHRACIEGOLRRVODLVROGHPLNPRDYCCWIPLHEACNYGHLE IVRELLDAH

GAAVDDPGGOGCEGITPLEHDALNCCGHFEVAELLLERGASVILRTREKGLSPLETLOQWVKLYRRDLDLETROKA
RAMEMLLOAAASGODPHSSOAFRTPSSLLEDPETSPPLSPCPEPPSNSTRLPEASQAHVRVSPGCOAAPAMARE
RRSRHGPASSSSSSEGEDSACPARPSQKRPRCSATAQRVAANTPGPASNREAATASTSRAAYQAATIRGVGEAD
SRLCPCPPRCHSKALAPQAALIPEEECLACDWLELDMPLTRSRRPRPRGTGDNRRPSSTSCSDSEESRPRAL
KOVRLTCMOSCSAPVNAGPSSLASEPPGSPSTPRVSEPSGDESSAAGQPLGPAPPPPIRVRVOVODHLELIPVE
HSSDTHSVAWLAEQAACRYYQTCOLLPRLTLRKEGALLAPCDLIPDVLOSNDEVLAEVISWDLPPLTDRYRRA
COSLGOGCEHQOVLOAVELOGLGLSEFSACSLALPQAQLTPLLRALKLETALRELRLAGNRLGDRCVAELVAALG
TMPSLALLDLSSNHLGPEGLROLAMGLPGOATLOSLEELDLSMNPLGDGCGQSLASLLHACPLLSTLRLOACG
FGPSEPLEHQTALGSAFQDAEHLKTLSLSYNALGAPALARTLOSLPAGTLLELELSSVAACKCDSDLMEPVER
YLAKEGCALAHRLTLSANHLGDKAVRDLCRCLSLCPSLISLDLSANPEISCASLEELLSTLOKRPOGLSELGLS
CCAVOGPLCLGLWDKIAAQLRELOQLCSRRLCAEDRDALRQLOPSRPCPCECTLDHGCSKLEERRL

SEQ ID NO: 18 - Protein seguences of TONSL D5594

MSLERELRQLSKAKAKAQRAGORREEAALCHQLGELLAGHGRYAEALEQHWOQELQLRERADDPLGCAVAHRK T
GERLAEMEDYPAALQHOHOYLELAHSLRNHTELORAWATIGRTHLDIYDHCQSRDALLOAQAAFEKSLAIVDE
ELEGTLAQGELNEMRTRLYLNLGLTFESLOOTALCNDYEFRKS IFLAEQONHLYEDLERARYNLGT IHWRAGQOHS
QAMRCLEGARECAHTMRKREMESECCVVIAQVLODLGDE LAAKRALKKAYRLGSOQKPVQRAAICONLQHVLAV
VRLOQOLEEAEGRDPQCAMVICEQLGDLE SKAGDEPRAAEAYQKQOLRFAELLDRPGAERAT IHVSLATTLGDM
KDHHGAVRHYEEELRLRSGNVLEEAKTWLNIALSREEAGDAYELLAPCEFQKALSCAQQAQRPQLOROVLOHLH
TVOQLRLOPOEAPETETRLRELSVAEDEDEEEEAEEAAATAESEALEAGEVELSEGEDDTDGLTPOQLEEDEELQ
GHLGRRKGSKWNRRNDMGETLLHRACIEGQLRRVODLVRQGHPLNPRAYCCGWTIPLHEACNYGHLE IVREFLLDH
GAAVDDPGGQGCECITPLHDALNCGHE EVAELLLERCGASVTLRTRKGLSPLETLOOWVKLYRRDLDLETROKA
RAMEMLLOAAASGODPHSSQAFHTPSSLLEFDPETSPPLSPCPEPPSNSTRLPEASQAHVRVSPGOAAPAMARE
RRSRHGPASSSSSSEGEDSAGPARPSOKRPRCSATAQRVAAWTPGPASNREAATASTSRAAYQAAIRGVGSAQ
SRLGPGPPRGHSKALAPOAALIPEEECLAGDWLELDMPLTRSRRPRPRGTGDNRRPSSTEGSDSEESRPRARA
KOVRLTCMOSCSAPVNAGPSSLASEPPGSPSTPRVSEPSGDSSAAGOPLGPAPPPPIRVRVOVODHLELIPVE
HSSDTHSEVAWLAEQAAQRYYQTCGLLPRLTLRKEGALLAPQDLIPDVLOSNDEVLAEVTSWDLPPLTDRYRRA
COSLGQGEHQOVLOAVELQGLGLSFSACSLALDQAQLTPLLRALKLHTALRELRLAGNRLGDKCVAELVAALG
TMPSLALLDLSSNHLCGPECLRQLAMCLPGQATLOSLEELDLSMNPLGDGCGOSLASLLHACPLLSTLRLOACG
FGPSEFLSHOTALGSAFODAEHLKTLSLSYNALGAPALARTLOSLPAGTLLHLELSSVAAGCKGDSDLMEPVER
YLAKEGCALAHLTLSANHLGDKAVRDLCRCLSLCPSLISLDLSANPEISCASLEELLSTLOKRPOGLSFLGLS
GCAVOGPLGLGLWDKIAAQLRELOQLCSRRLCAEDRDALROQLOPSRPCPGECTLDHGSKLEEFRRL

SEQ ID NO; 18 - Protein sequences of TONSL W563A

MSLERELROQLSKAKAKAQRAGQRREEAALCHQLCELLAGHGRYAEALEQHWQELQLRERADDPLGCAVAHRKI
GERLAEMEDYPAALQHOQHOYLELAHSLRNHTELQRAWATIGRTHLDIYDHCQSRDALLOACAAFEKSLAIVDE
ELEGTLAQGELNEMRTRLYLNLGLTFESLOQTALCNDYFRKSIFLAEONHLYEDLERARYNLGTIHWRAGQHS
OAMRCLEGARECAHTMRKREMESECCVVIAQVLODLGDE LAAKRALKKAYRLGSQKPVORAALICONLQHVLAV
VRLOCOLEEAEGRDPQGAMVICEQLGDLE SKAGDEFPRAAEAYQKOLRFAELLDRPGAERATI THVSLATTLGDM
KDHHGAVRHYEEELRLRSGNVLEEAKTWLNIALSREEAGDAYELLAPCEFQKALSCAQQAQRPQLOROVLOHLH
TVOLRLOPQEAPETETRLRELSVAEDEDEEEEAEEAAATAESEALEAGEVELSEGEDDTDGLTPQLEERDEELG
GHLGRRKGSKWNRRNDMGETLLHRACIEGQLRRVODLVRQGHPLNPRDYCGATPLHEACNYGHLE IVRELLDH
CAAVDDPGGCOGCEGITPLHDALNCCGHEEVAELLLERGASVILRTRKGLSPLETLQOWVKLYRRDLDLETRQKA
RAMEMLLOAAASGODPHSSQAFHTPSSLLEDPETSPPLSPCPEPPSNSTRLPEASQAHVRVSPGOAAPAMARP
RRSRHGPASSSSSSEGEDSAGPARPSQKRPRCSATAQRVAAWNTPGPASNREAATASTSRAAYQAAIRGVGSAQ
SRLGPGPPRCHSKALAPQAALIPEEECLAGDWLELDMPLTRSRRPRPRGTGDNRRPSSTSCGSDSEESRPRARA
KOVRLTCMOSCSAPVNACPSSLASEPPGSPSTPRVSEPSGDSSAAGQPLCGPAPPPPIRVRVOVODHLELIPVE
HSSDTHSVAWLAEQAAQRYYQTCGLLPRLTLRKEGALLAPCDLIPDVLOSNDEVLAEVTSWDLPPLTDRYRRA
COSLGQGEHQOVLOAVELOQGLGLSEFSACSLALDQAQLTPLLRALKLHTALRELRLAGNRLGDKCVAELVAALG
TMPSLALLDLSSNHLGPEGLROQLAMGLPGOATLOSLEELDLSMNPLGDGCGOSLASLLHACPLLSTLRLOACG
FGPSEFFLEHQTALGSAFQDAEHLKTLSLSYNALGAPALARTLOSLPAGTLLHLELSSVAACKCDSDLMEPVER
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YLARKEGCALAHLTLSANHLGDKAVRDLCRCLSLCPSLISLDLSANPEISCASLEELLSTLOKRPOGLSELGLS
GCAVOGPLGLGLWDKIAAQLRELOQLCSRRLCAEDRDALROQLOPSRPCPGECTLDHGSKLEEFRRL

SEQ ID NO: 20 - Protein sequences of TONSL E5S568A

MSLERELROQLSKAKAKAQRAGQRREEAALCHQLCELLAGHGRYAEALEQHWQELQLRERADDPLGCAVAHRKI
GERLAEMEDYPAALQHQHOYLELAHSLRNHTELQRAWATIGRTHLDIYDHCQSRDALLOAQAAFEKSLAIVDE
ELEGTLAQGELNEMRTRLYLNLGLTFESLOQTALCNDYFRKSIFLAEONHLYEDLERARYNLGTIHWRAGQHS
OAMRCLEGARECAHTMRKREMESECCVVIAQVLODLGDE LAAKRALKKAYRLGSQKPVORAALICONLQHVLAV
VRLOQOLEEAEGRDPOCAMVICEQLGDLE SKAGDFPRAAEAYOQKQLREARLLDRPGAERATI IHVSLATTLGDM
KDHHGAVRHYEEELRLRSGNVLEEAKTWLNIALSREEAGDAYELLAPCEFQKALSCAQQAQRPQLOROVLOHLH
TVOLRLOPQEAPETETRLRELSVAEDEDEEEEAEEAAATAESEALEAGEVELSEGEDDTDGLTPQLEERDEELG
GHLGRRKGSKWNRRNDMGETLLHRACIEGQOLRRVODLVROQGHPLNPRDYCGWIPLHAACNYCHLE IVRELLDH
GAAVDDPGGOGCEGCITPLHDALNCGHEFEVAELLLERGASVTLRTRKGLSPLETLOOWVKLYRRDLDLETROKA
RAMEMLLOAAASGODPHSSQAFHTPSSLLEDPETSPPLSPCPEPPSNSTRLPEASQAHVRVSPGOAAPAMARP
RRSRHCPASSSSSSEGEDSAGPARPSQKRPRCSATAQRVAAWTPGPASNREAATASTSRAAYOQAAIRGVGSAQ
SRLGPCPPRGHSKALAPQAALIPEEECLAGDWLELDMPLTRSRRPRPRGTGDNRRPSSTSGSDSEESRPRARA
KOVRLTCMOSCSAPVNACPSSLASEPPGSPSTPRVSEPSGDSSAAGQPLCGPAPPPPIRVRVOVODHLELIPVE
HSSDTHSVAWLAEQAAQRYYQTCGLLPRLTLRKEGALLAPQDLIPDVLOSNDEVLAEVTISWDLPPLTDRYRRA
COSLGOGEHQOVLOAVELQGLCLSEFSACSLALDQAQLTPLLRALKLHTALRELRLAGNRLGDKCVAELVAALG
TMPSLALLDLSSNHLGPEGLROQLAMGLPGOATLOSLEELDLSMNPLGDGCGOSLASLLHACPLLSTLRLOACG
FGPSEFFLSHQTALGCSAFQDAEHLKTLSLSYNALGAPALARTLOSLPAGTLLHLELSSVAAGCKGDSDLMEPVER
YLAKEGCALAHLTLSANHLGDKAVRDLCRCLSLCPSLISLDLSANPEISCASLEELLSTLOKRPQCLSELGLS
GCAVQCPLGLGLWDKIAAQLRELQLCSRRLCAEDRDALRQLOPSRPGPGECTLDHGSKLEERRL

SEQ ID NO: 21 - Protein seguences of TONSL N571A

MSLERELRQLSKAKAKAQRAGORREEAALCHQLGELLAGHGRYAEALEQHWOQELQLRERADDPLGCAVAHRK T
GERLAEMEDYPAALQHCHOYLELAHSLRNHTELQRAWATIGRTHLDIYDHCQSRDALLOAQAAFEKSLAIVDE
ELEGTLAQGELNEMRTRLYLNLGLTFESLOOTALCNDYEFRKS IFLAEQONHLYEDLERARYNLGT IHWRAGQOHS
QAMRCLEGARECAHTMRKREMESECCVVIAQVLODLGDE LAAKRALKKAYRLGSOQKPVQRAAICONLQHVLAV
VRLOOQLEEAEGRDPQCGAMVICEQLGDLE SKAGDEFPRAAEAYOQKOLRFAELLDRPGAERAT IHVSLATTLGDM
KDHHGAVRHYEEELRLRSGNVLEEAKTWLNIALSREEAGDAYELLAPCEFQKALSCAQQAQRPQLOROVLOHLH
TVOQLRLOPOEAPETETRLRELSVAEDEDEEEEAEEAAATAESEALEAGEVELSEGEDDTDGLTPOQLEEDEELQ
GHLGRRKGSKWNRRNDMCETLLHRACIEGQLRRVODLVROGHPLNPRDYCGWITPLHEACAYCHLE IVRELLDH
GAAVDDPGGQGCECITPLHDALNCGHE EVAELLLERCGASVTLRTRKGLSPLETLOOWVKLYRRDLDLETROKA
RAMEMLLOAAASGODPHSSQAFHTPSSLLEFDPETSPPLSPCPEPPSNSTRLPEASQAHVRVSPGOAAPAMARE
RRSRHGPASSSSSSEGEDSAGPARPSOKRPRCSATAQRVAAWTPGPASNREAATASTSRAAYQAAIRGVGSAQ
SRLGPGPPRGHSKALAPOAALIPEEECLAGDWLELDMPLTRSRRPRPRGTGDNRRPSSTEGSDSEESRPRARA
KOVRLTCMOSCSAPVNAGPSSLASEPPGSPSTPRVSEPSGDSSAAGOPLGPAPPPPIRVRVOVODHLELIPVE
HSSDTHSEVAWLAEQAAQRYYQTCGLLPRLTLRKEGALLAPQDLIPDVLOSNDEVLAEVTSWDLPPLTDRYRRA
COSLGQGEHQOVLOAVELQGLGLSFSACSLALDQAQLTPLLRALKLHTALRELRLAGNRLGDKCVAELVAALG
TMPSLALLDLSSNHLCGPECLRQLAMCLPGQATLOSLEELDLSMNPLGDGCGOSLASLLHACPLLSTLRLOACG
FGPSEFLSHOTALGSAFODAEHLKTLSLSYNALGAPALARTLOSLPAGTLLHLELSSVAAGCKGDSDLMEPVER
YLAKEGCALAHLTLSANHLGDKAVRDLCRCLSLCPSLISLDLSANPEISCASLEELLSTLOKRPOGLSFLGLS
GCAVOGPLGLGLWDKIAAQLRELOQLCSRRLCAEDRDALROQLOPSRPCPGECTLDHGSKLEEFRRL

SEQ ID NQ: 22 - Protein seqguences of TONSL D604A4A

MSLERELROQLSKAKAKAQRAGQRREEAALCHQLCELLAGHGRYAEALEQHWQELQLRERADDPLGCAVAHRKI
GERLAEMEDYPAALQHOQHOYLELAHSLRNHTELQRAWATIGRTHLDIYDHCQSRDALLOACAAFEKSLAIVDE
ELEGTLAQGELNEMRTRLYLNLGLTFESLOQTALCNDYFRKSIFLAEONHLYEDLERARYNLGTIHWRAGQHS
OAMRCLEGARECAHTMRKREMESECCVVIAQVLODLGDE LAAKRALKKAYRLGSQKPVORAALICONLQHVLAV
VRLOCOLEEAEGRDPQGAMVICEQLGDLE SKAGDEFPRAAEAYQKOLRFAELLDRPGAERATI THVSLATTLGDM
KDHHGAVRHYEEELRLRSGNVLEEAKTWLNIALSREEAGDAYELLAPCEFQKALSCAQQAQRPQLOROVLOHLH
TVOLRLOPQEAPETETRLRELSVAEDEDEEEEAEEAAATAESEALEAGEVELSEGEDDTDGLTPQLEERDEELG
GHLGRRKGSKWNRRNDMGETLLHRACIEGQOLRRVODLVROQGHPLNPRDYCGWIPLHEACNYCHLE IVRELLDH
GAAVDDPGGQGCEGCITPLHAALNCGHEEVAELLLERGASVTILRTRKGLSPLETLOQOWVKLYRRDLDLETRQOKA
RAMEMLLOAAASGODPHSSQAFHTPSSLLEDPETSPPLSPCPEPPSNSTRLPEASQAHVRVSPGOAAPAMARP
RRSRHGPASSSSSSEGEDSAGPARPSQKRPRCSATAQRVAAWNTPGPASNREAATASTSRAAYQAAIRGVGSAQ
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SRLGPCPPRFHSKALAPOﬂALIPFFFCLACDWLFLDMPLTR?RRPRPRGTQDNRRPSQT7GSDSFF§RPRARA
KOVRLTCMOSCSAPVNAGPSSLASEPPGSPSTPRVSEPSGDSSAAGOPLGPAPPPPIRVRVOVODHLELIPVE
HSSDTH’VAWLAEQAAQRYY TCGLLPRLTLRKEGALLAPQDLIPDVLOSNDEVLAEVITSWDLPPLTDRYRRA
COSLGOGEHOOVLOAVELQCLGLSEFSACSLALEOAQLTPLLRALKLETALRELRLAGNRLGDKCVAELVAALG
TMPSLALLDLSSNHLGPEGLRQLAMGLPGOATLOSLEELDLSMNPLGDGCGOSLASLLHACPLLSTLRLOACG
FGPSFFLSHQTALCSAFQDAEHLKTLSLS NALFﬂPALARTLQSLPAGTLLHLFLSSVﬂAGKuDSDLMFPVFR
YLAKEGCALARLTLSANHLGDKAVRDLCRCLSLCPSLISLDLSANPEISCASLEELLSTLOKRPOGLSELGLS
GCAVQGPLGLGLWDKIAAQLRELQLCSRRLCAEDRDALRQLQPuRPuPGECTLDHGSKLFFRRL

SEQ ID NO: 23 - protein sequence of Histone H4

>sp|P62805|H4_HUMAN Histone H4 OS=Homo sapiens
MSGRGKGGRKGLGKGGARKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLK

VFLENVIRDAVITYTEHAKRKTVTAMDVVYALKRQGRTLYGEGG

SEQ ID NQ:24 - protein sequence of MCM2
>sp|P49736|MCM2_HUMAN DNA replication licensing factor MCM2 OS=Homo sapiens

SETMASSPAQRRRGNDPLTSSPCGRESRRTDALTSSPCRDLPPFEDESEGLLETE
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SCEPKNPGCGKHKVRGDINVLLCGDPCGTAKSQFLKYIERVS
SRATFTTGQCASAVCLTAYVOREPVSREWTLEACALVLADRCVCLIDEFDKEKMNDODRTST
HEAMEQOSISISKAGIVISLOARCTVIAAANPIGCGRYDPSLTEF SENVDLTEPIISREDT

CVVRDIVDPVODEMLARFVVGSHVRHHP SNKEEEGLANGSAAEPAMPNTYGVEPLPQEVL

KKY I IYAKERVHPKLNOMDODKVAKMY SDLRKESMATCSIPITVRHIESMIRMAEAHART
HLRDYVIEDDVNMAIRVMLESEFIDTORESVMRSMREKTFARYLSEFRRDNNELLLE ILKQL

SEQ ID NO:25 - protein sequence of Histone H3.3
>sp|P84243|H33_HUMAN Histone H3.3 OS=Homo sapiens
MARTKQTARKSTGGKAPRKOLATKAARKSAPSTGGVRKKPHRYRPGTVALRETIRRYQKSTE
LLIRKLPFQORLVREIAQDFKTDLRFQSAAIGALOEASEAYLVGLFEDTNLCATHAKRVTI

MPKPIQLARRIRGERA

SEQ ID NO:26
RHXK
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SEQ ID NC:27

RHXKVL

SEQ ID NC:28

RHXKVLR

SEQ ID NO:29

Ala-Lys-Arg-His-Arg-Lys-Val-Leu-Arg

SEQ ID NO:30
Lys-Gly-Gly-Ala-Lys-Arg-His-Arg-Lys-Val-Leu-Arg
SEQ ID NO:31
Lys-Gly-Gly-Ala-Lys-Arg-His-Ala-Lys-Val-Leu-Arg

SEQ ID NO:32
Lys-Gly-Gly-Ala-Ala-Arg-His-Arg-Lys-Val-Leu-Arg

SEQ ID NG:33
Leu-Gly-Lys-Gly-Gly-Ala-Lys-Arg-His-Arg-Lys-Vai-Leu-Arg-Asp-Asn-ilg

SEQ ID NQ:34 —protein sequence of Histone H4
SCRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLK

VELENVIRDAVIYTEHARKRKTVTAMDVVYALKRQGRTLYGEGG
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ITEMS OF THE INVENTION

Some aspects of the invention may further be identified by the following items:

1. A small molecule, which targets the conformational space of the TONSL ARD
occupied by the histone H4 tail encompassing residues K12-R23 and acting to prevent
or disrupt the binding of the H4 tail K12-R23 with the TONSL ARD via direct
competition or via allosteric disruption of the binding pocket.

2. A small molecule according to item 1, that targets the H4 tail spanning residues
Lys12 to Arg23 through intermolecular hydrogen-bonding, electrostatic and/or van der
Waals interactions.

3. A small molecule according to any of items 1-2, wherein the molecule targets the
intermolecular contacts spanning the Lys12-Gly13-Gly14-Alal5 segment of H4.

4. A small molecule according to any of items 1-3, wherein the molecule targets the
hydrophobic interactions between residues Gly13, Glyl4 and Alal5 of H4 and residues
Asnb07, Cysh08, Trp641, Tyr645 and Leu649 of ARD.

5. A small molecule according to any of items 1-4, wherein the molecule targets the
hydrogen bonds between the main-chain O of H4 Glyi4 and Nel of ARD Trp641, and
between the main-chain N of H4 Alal5 and On of ARD Tyr645.

6. A small molecule according to any of items 1-5, wherein the molecule targets the
main-chain O of H4 Lys16 hydrogen bonds with the N&2 of ARD Asn571.

7. A small molecule according to any of items 1-6, wherein the molecule targets the
side-chain of H4 Argl7, which stacks over the side-chains of ARD Tyr572 and Cys608,
while its Nnl atom forms two hydrogen bonds with main-chain O and 081 of ARD
Asn571.

8. A small molecule according to any of items 1-7, wherein the molecule targets the
side-chain of H4 H18, which penetrates into a pocket lined by four strictly conserved
residues (Trp563, Glub68, Asn571 and Asp604) and is positioned over His567 of ARD.
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9. A small molecule according to any of items 1-8, wherein the molecule targets the
side chain of H4 His18, which is stacked between Trp563 and Asn571 and forms
hydrogen bonds to Glu568 and Asp604 of ARD.

10. A small molecule according to any of items 1-9, wherein the molecule targets the
main-chain O of H4 Arg19, which forms a hydrogen bond with Nel of Trp563 and its
side-chain forms contacts with Cys561 and Gly595 of ARD.

11. A small molecule according to any of items 1-10, wherein the molecule targets the
H4 Lys20 residue thst is bound within an acidic surface pocket on ARD adjacent to the
H4 His18 binding pocket.

12. A small molecule according to any of items 1-11, wherein the molecule targets
side-chain of H4 Lys20 which interacts with the side-chain of Met528 and contacts the
edge of Trp563 of ARD, while the main-chain atoms of H4 Lys20 packs against Cysb61
of ARD.

13. A small molecule according to any of items 1-12, wherein the molecule targets the
N atom of H4 Lys20 that forms three strong hydrogen bonds (distance < 3 A) with
the side-chains of strictly conserved residues Glu530, Asp559 and Glu568 of ARD,
which surround H4 Lys20 within a regular triangle-like alignment.

14. A small molecule according to any of items 1-13, wherein the molecule targets
intermolecular contacts spanning the Val2l-Leu22-Arg23 segment of H4, which
includes contacts between side-chains of H4 Val21l with Tyr560 and Cys561 of ARD,
while H4 Leu22 interacts with Asp527 and Met528 of ARD.

15. A small molecule according to any of items 1-14, wherein the molecule targets the
main-chain N of H4 Arg23 which forms a hydrogen bond with the main-chain O of
Asph27 of ARD, while the side-chain packs against the side-chain of Tyr560 of ARD.

16. A small molecule according to any of items 1-15, capable of blocking histone
reader domains in a protein selected from the group consisting of TONSL, BARD1 and

ANKRD11.

17. A small molecule according to any of items 1-16 for use as a medicament.
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18. A small molecule according to any of items 1-17 for use in treatment of cancer.

19. A method of selecting or designing a small molecule capable of interfering with the
histone H4H18 and H4K2(0 binding pocket on the surface of the Ankyrin repeats of
TONSL, said method comprises use of at least part of the atomic co-ordinates data
contained in PDB ID 5]JA4 or data derivable therefrom, wherein said method involves
use of a computer modelling package or a computer proegram to model all or part of
the structure of MCM2 HBD-G4-TONSL ARD in complex with H3 (57-135) and H4,
thereby identifying said molecule by designing or selecting the molecule based on its
likely ability to interact with a modelled structure.

20. An isolated polynucleotide or amino acid sequence having at least 90% sequence
identity to any of SEQ ID NO 1-22.

21. A crystal comprising covalently linked MCM2 HBD-G,~TONSL ARD in complex with
H3 (57-135) and H4 (that diffracted to 2.43 A resolution).

22. A crystal structure having the atomic coordinates or a subset hereof set out in
PDB ID 5JA4 or having a structure in which the atomic coordinates vary by less than

34 in any direction from those set out therein.
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CLAIMS

1. An inhibitor of TONSL, wherein said inhibitor inhibits binding of TONSL ARD to
histone H4.

2. The inhibitor of TONSL according to claim 2, wherein the inhibitor binds the
conformational space of the TONSL ARD occupied by the histone H4 tail comprising
residues K12-R23, wherein said inhibitor prevents and/or disrupts the binding of the
histone H4 with the TONSL ARD via direct competition or via allosteric disruption of
the binding pocket.

3. The inhibitor according to any one of the preceding claims, wherein the inhibitor
binds the histone H4 tail binding surface of TONSL ARD.

4. A small molecule, which targets the conformational space of the TONSL ARD
occupied by the histone H4 tail encompassing residues K12-R23 and acting to prevent
or disrupt the binding of the histone H4 tail K12-R23 with the TONSL ARD via direct
competition or via allosteric disruption of the binding pocket.

5. A small molecule according to claim 4 or the inhibitor according to any one of
claims 1 to 3, that targets the TONSL ARD interaction with the histone H4 tail
spanning residues Lysl2 to Arg23 through intermolecular hydrogen-bonding,
electrostatic and/or van der Waals interactions.

6. A small molecule according to any one of claims 4 to 5 or the inhibitor according to
any one of claims 1 to 3, wherein the molecule targets the intermolecular contacts
between TONSL ARD and the Lys12-Gly13-Gly14-Alal5 segment of histone H4,

7. A small molecule according to any of claims 4 to 6 or the inhibitor according to any
one of claims 1 to 3, wherein the molecule targets the hydrophobic interactions
between residues Gly13, Glyl4 and Alal5 of histone H4 and residues Asn507,
Cys508, Trpb41, Tyr645 and Leub49 of TONSL ARD.

8. A small molecule according to any of claims 4 to 7 or the inhibitor according to any
one of claims 1 to 3, wherein the molecule targets the hydrogen bonds between the
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main-chain O of histone H4 Gly14 and Nel of TONSL ARD Trp641, and between the
main-chain N of H4 Alalb5 and On of TONSL ARD Tyr645.

9. A small molecule according to any of claims 4 to 8 or the inhibitor according to any
one of claims 1 to 3, wherein the molecule targets the main-chain O of histone H4
Lys16 hydrogen bonds with the N&2 of TONSL ARD Asn571.

10. A small molecule according to any of claims 4 to 9 or the inhibitor according to
any one of claims 1 to 3, capable of blocking histone reader domains in a protein
selected from the group consisting of TONSL, BARD1 and ANKRD11.

11. The inhibitor according to any one of claims 1 to 3 and 5 to 10, wherein the
inhibitor is a peptide or a polypeptide optionally linked to a conjugated moiety.

12. The inhibitor according to claim 11, wherein the inhibitor is a peptide comprising
the sequence Arg-His-Xaa-Lys, wherein Xaa may be any amino acid.

13. The inhibitor according to claim 11, wherein the inhibitor is a peptide comprising
the sequence Arg-His-Xaa-Lys-Val-Leu.

14, The inhibitor according to any one of claims 11 to 13, wherein the inhibitor is a
peptide comprising the sequence Val-Leu-Arg.

15. The inhibitor according to any one of claims 11 to 14, wherein the inhibitor is a
peptide comprising the sequence Arg-His-Xaa-Lys-Val-Leu-Arg.

16. The inhibitor according to any one of claims 11 to 15, wherein the peptide or
polypeptide comprises or consists of:
I. a sequence consisting of amino acid 12 to 23 of SEQ ID NO:23 or
of SEQ ID NO:34; or
I1. a functional homologue thereof consisting of a sequence of amino
acid 12 to 23 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to
5 amino acids may be substituted, and wherein said peptide
comprises at least Argl7, Hisl8 and Lys20 of SEQ ID NO: 34,
I11. a functional homologue thereof consisting of a sequence of amino
acid 12 to 23 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to
6 amino acids may be substituted,
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with the proviso that the inhibitor is different to histone H4 of SEQ ID NG:23.

17. The inhibitor according to any one of claims 11 to 13, wherein the peptide or
polypeptide comprises or consists of:
= g sequence consisting of amino acid 9 to 25 of SEQ ID NO:23 or
of SEQ ID NO:34; or
= a functional homologue thereof consisting of a sequence of
amino acid 9 to 25 of SEQ ID NO:23 or of SEQ ID NO:34,
wherein up to 5 amino acids may be substituted, and wherein
said peptide comprises at least Argl7, His18 and Lys20 of SEQ
1D NO:24,
= a functional homologue thereof consisting of a sequence of
amino acid 9 to 25 of SEQ ID NO:23 or of SEQ ID NO:34,
wherein up to 6 amino acids may be substituted
with the proviso that the inhibitor is different to histone H4 of SEGQ ID NG:23.

18. The inhibitor according to any one of claims 11 to 14, wherein the peptide or
polypeptide comprises or consists of:
" a sequence consisting of amino acid 14 to 33 of SEQ ID NO:23 or of
SEQ ID NO:34; or
= a functional homologue thereof consisting of a sequence of amino
acid 14 to 33 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to 5
amino acids may be substituted, and wherein said peptide comprises
at least Argl7, His18 and Lys20 of SEQ ID NG:34,
= a functional homologue thereof consisting of a sequence of amino
acid 14 to 33 of SEQ ID NO:23 or of SEQ ID NO:34, wherein up to 6
amino acids may be substituted

with the proviso that the inhibitor is different to histone H4 of SEQ ID NOG:23.

19, The inhibitor according o any one of claims 16 o 18, wharein at the most 4,

preferably at the most 3, such as at the most 2, for example at the most one amino
acid may be substituted in said functional homologue.
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20. The inhibitor according to claim 11, wherein the inhibitor comprises or consists of
a peptide selected from the group consisting of SEQ ID NQ:29, SEQ ID NO:30, SEQ ID
NO:31, SEG ID NO:32 and SEQ ID NC:33.

21. The inhibitor according to any one of claims 11 to 20, wherein said peptide
consists of at the most 40 amino acids, such as at the most 25 amino acids, for
example at the most 20 aming acids.

22. The inhibitor according to any one of claims 11 to 16 and 21, wherein said peptide
consists of at the most 15 amino acids, for example at the most 12 amino acids.

23. The inhibitor according to any one of claims 11 to 22, wherein said peptide
comprises or consists of in the range of 4 to 40 consecutive aming acids of SEQ ID
NO:23.

24. The inhibitor according to any one of claims 11 to 23, wherein the aming acid
corresponding to Lys20 of SEQ ID NO: 23 is unmethylated.

25. The inhibitor according to claim 11, wherein said peptide comprises or consists of
SEQ ID NO:17, SEQ ID NO:18, SEQ ID NG: 19, SEQ ID NO:20, SEQ ID NO:21 or SEQ
ID NO:22.

26. The inhibitor according to claim 11, wherain said peptide comprises or consisis of
amino acids 512 to 692 of SEQ ID NO:16.

27. The inhibitor according to any one of claims 11 to 26, wherein the C-terminal of
the peptide is amidated or alkylated.

28. The inhibitor according to any one of claims 11 to 27, wherein the N-terminal of
the peptide is acelyiated or formyiated.

29. The inhibitor according to any one of claims 11 {o 28, wherain said conjugated
moiety s a polymeric molecule, such as polyethylene glycol (PEG) and
polyvinvipyrrolidone (PVP).

30. The inhibitor according to any one of claims 1 to 3 or the small molecule according
to any one of claims 4 to 10, wherein the inhibitor or the small molecule is a
compound having a 3-[(3-Aminocyclopentyl)carbonyl]-1H~-quinolin-4-one core.



10

15

20

25

30

WO 2017/054832 PCT/DK2016/050317

89

31.The inhibitor according to any one of the preceding claims, wherein the TONSL ARD
is identified as amino acids 512-692 of TONSL of SEQ ID NO:16.

32. The inhibitor according to any one of the preceding claims, wherein histone H4 is
is histone H4 of SEQ ID NO:23 or histone H4 of SEQ ID NO:34.

33. The inhibitor according to any one of claims 2 to 32, wherein the K12-R23 of the
histone H4 tail corresponds to amino acids 12 to 23 of SEQ ID NO:34.

34. A small molecule according to any of claims 4 to 10 or the inhibitor according to
any one of claims 1 to 3 and 5 to 33 for use as a medicament.

35. A small molecule according to any of claims 4 to 10 or the inhibitor according to
any one of claims 1 to 3 and 5 to 34 for use in treatment of cancer.

36. Use of a small molecule according to any of claims 4 to 10 or the inhibitor
according to any one of claims 1 to 3 and 5 to 33 for use in the preparation of

medicament for treatment of cancer.

37. A three dimensional crystal of a complex between
o a polypeptide comprising:

o TONSL ARD consisting of aming acids 512 to 692 of SEQ ID
NG: 16 or a functional homologue thereof sharing at least 90%
sequence identity therewith; and

o optionally MCM2 HBD consisting of amino acids 61 to 130 of SEQ
ID NO:24 or a functional homologue thereof sharing at least
90% sequence identity therewith;

o Histone H4 of SEQ ID NQ:23 or a functional homologue thereof sharing
at least 90% sequence identity therewith; and

» Optionally Histone H3.3 A56 consisting of amino acids 57-135 of SEQ
ID NO:25 or a functional homologue thereof sharing at least 90%
seguence identity therewith.
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38. The crystal according to claim 37, wherein the polypeptide comprises or consists
of TONSL ARD consisting of amino acids 512 to 692 of SEQ ID NO: 16 linked to MCM2
HBD consisting of amino acids 61 to 130 of SEGQ ID NO: 24 via a linker of in the range
of 4 to 20 Gly residues, such as in the range of 4 (o 12 Gly-residues.

39. The crystal according to any one of claims 37 to 38, wherein the crystal is of space
group P3 2 1.

40. The crystal according to any one of claims 37 to 39, wherein the unit cell
parameters are a=b=139.5 + 34, ¢=72.9 + 34, a=B=90° £2° and y=120° +2°,

41. The crystal according to any one of claims 27 to 40, wherein the unit cell
parameters are a=b=139.5, ¢=72.9, a=B=90° and y=120°.

42. A method of selecting or designing a small molecule capable of interfering with the
histone H4R17, H4HLIB and H4K20 binding pocket on the surface of the Ankyrin
repeats of TONSL, said method comprises use of at least part of the atomic co-
ordinates data contained in PDB ID 5JA4, or data derivable therefrom, wherein said
method involves use of a computer modelling package or a computer program to
model all or part of the structure of MCM2 HBD-G4-TONSL ARD in complex with H3
(57-135) and H4, identifying such small molecule based on its likely ability to prevent
or disrupt the H4 tail with the Ankyrin repeats of TONSL in the modelled structure.

43. A method of identifying an inhibitor of TONSL inhibiting binding of TONSL ARD to
histone H4, wherein the method comprises the steps of
a) obtaining a crystal according to any one of claims 37 to 41
b) using the crystal obtained in step a) to obtain an x-ray diffraction pattern;
¢) solving the three dimensional structure of the crystal from the diffraction
pattern obtained in step b), thereby obtaining the three dimensional structure
of the complex
d) identifying one or more compounds that binds to the H4 tail binding surface of
TONSL ARD based on the obtained three dimensional structure.
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44. A computer-based method for identifying an inhibitor of TONSL inhibiting binding
of TONSL ARD to histone H4, said method comprising the steps of
a) generating a spatial structure of the histone H4 tail-binding surface of
TONSL ARD in a computer based on the atomic coordinates provided
in PDB ID 5]JA4, or atomic coordinates of a three-dimensional
structure that deviates from the three-dimensional structure
presented in PDB ID 5]JA4 by a root mean square deviation over the
protein backbone atoms of not more than 3A, preferably not more
than 1A
b) generating a spatial structure of potential inhibitors in a computer
¢) selecting potential inhibitors having a structure which can bind at
least 1 amino acid residue of the histone H4 tail binding surface of
TONSL ARD.

45. The method according to claim 44, wherein said potential inhibitor has a structure,
which can bind at least 2, preferably at least 3, such as at least 5, for example at least
10 of the amino acids of the histone H4 tail binding surface of TONSL ARD.

46. The method according to claim 44 to 45, wherein the histone H4 tail binding
surface of TONSL ARD comprise at least amino acids Asp527, Mets28, Glub30,
Asp559, Tyr560, Cys561, Trp563, Glu568, Asn571, Tyr572, Gly595, Glu597, Asp604,
Asnb07, CysB08, Trp64l, Tyrt4b and Leub49.

47. An isolated polynucleotide or amino acid sequence having at least 90% sequence
identity to any of SEQ ID NO 1-22.

48. A TONSL mutant polypeptide comprising at least one mutation in an amino acid of
the histone H4 tail binding surface of the TONSL ARD, wherein said TONSL mutant
polypeptide apart from said mutation is identical to SEQ ID NQO:16 or shares a
sequence identity with SEQ ID NO: 16 of at least 70%, wherein said TONSL mutant
polypeptide is capable of binding MMS22L and wherein said TONSL mutant does not
bind histone H4.

49. The polypeptide according to claim 48, wherein said TONSL mutant polypeptide
carries a mutation in one or more of the amino acids selected from the group
consisting of: Glu530, Asp559, Trp563, Glu568, GIn571 and D604.
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50. The polypeptide according to any one of claims 48 to 49, wherein the polypeptide
comprises or consists of a sequence selected from the group consisting of SEQ ID
NOC:17, SEG ID NO: 18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21 and SEQ ID
NG:22.

51. A method for predicting the effect of inhibition of TONSL, said method comprising
the steps of

e expressing the polypeptide according to any one of claims 11 to 33 and 48 to
50 in an organism and/or cells of an organism, wherein said polypeptide
opticnally is expressed conditionally,

« determining the effect of said polypeptide in said organism and/or cells

wherein said effect of expressing said polypeptide in said organism and/or cells
indicates the effect of inhibition of TONSL in said organism and/or cells.

52. The method according to claim 51, wherein the effect is indicative of the effect of
inhibition of TONSL with an inhibitor of TONSL, wherein said inhibitor inhibits binding
of TONSL ARD to histone H4, for example an inhibitor according to any one of claims 1
to 21.

53. The method according to any one of claims 51 to 52, wherein said organism or
said cells represent a disease model.

54. The method according to any one of claims 51 to 53, wherein the organism is a

mouse, for example a mouse genetically engineered to contract cancer.

55. The method according to any one of claims 51 to 53, wherein the cells are
cultured in a 3D culture.

56. A method for identifying an inhibitor of TONSL and/or determining inhibitory effect
of a putative inhibitor of TONSL, said method comprising the steps of

a) providing a test compound, which is a putative inhibitor of TONSL

b) providing an host organism expressing TONSL of SEQ ID NO:16, TONSL ARD
consisting of amino acids 512 to 692 of SEQ ID NO:16 or a functional
homologue of any of the aforementioned sharing at least 90% sequence
identity to amino acids 512 o 692 of SEG 1D NO:16;
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¢) contacting said host organism with said putative inhibitor

d) detecting chromatin associated TONSL, TONSL ARD or functional homologue

thereof in said host organism,

wherein reduction of chromatin associated TONSL, TONSL ARD or a functional
homgologue thereof is indicative of said test compound being an inhibitor of TONSL.

57. The method according to claim 56, wherein the test compound is the TONSL

mutant polypeptide according to any one of claims 48 to 50.

58. The method according to claim 56, wherein the test compound is a peptide

according to any one of claims 11 to 33.

59. The method according to any one of claims 56 to 58, wherein said host organism
comprises a heterologous nucleic acid encoding said TONSL, TONSL ARD or functional

homologue thereof.

60. The method according to any one of claims 56 to 59, wherein the TONSL, TONSL
ARD or functional homologue thereof is linked to a detectable linker, for example to a

fluorescent polypeptide.

61. The method according to any one of claims 56 to 60, wherein step d) may

comprise the steps of:
d.1) extracting soluble proteins from the cells of said host organism

d.2) detecting TONSL, TONSL ARD or functional homologue thereof in
cells of said host organism, thereby detecting chromatin associated
TONSL, TONSL ARD or functional homologue thereof.

62. A method for determining inhibitory effect of a putative inhibitor of TONSL, said
method comprising the steps of

e} Providing histone H4 or a fragment thereof comprising at least amino acids 17
to 20 of SEQ ID NO:23,
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f) providing TONSL of SEQ ID NO:16, TONSL ARD consisting of amino acids 512
to 692 of SEQ ID NO:16 or a functional homologue of any of the
aforementioned sharing at least 90% sequence identity to amino acids 512 to
692 of SEQ ID NG:16

g) Incubating said histone H4 or fragment thereof with said TONSL, TONSL ARD
or functional homologue thereof in the presence of a putative inhibitor of
TONSL

h) Determining whether binding between said histone H4 or fragment thereof with
said TONSL, TONSL ARD or functional homologue thereof

wherein reduced binding of said histone H4 or fragment thereof with said TONSL,
TONSL ARD or functional homologue thereof is indicative of that said putative
inhibitor of TONSL is capable of inhibiting TONSL.

63. The method according to claim 62, wherein the inhibitor is an inhibitor or a
small molecule according to any one of claims 1 to 33.
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No: 4149)

WO 2011/010715 A1 (UNIV TOKYO [JP]; KODAMA
TATSUHIKO [JP]; TANAKA TOSHIYA [JP];
KAWAMURA) 27 January 2011 (2011-01-27)
AKRHRKVLRD (paragraph 64)

HUA YUAN ET AL: "MYST protein
acetyltransferase activity requires active
site lysine autoacetylation",

EMBO JOURNAL.,

vol. 31, no. 1,

4 January 2012 (2012-01-04), pages 58-70,
XP055327190,

GB

ISSN: 0261-4189, DOI:
10.1038/emboj.2011.382

GKGGAKRHRKIL

WO 2013/040142 A2 (IOGENETICS LLC [US];
BREMEL ROBERT D [US]; HOMAN JANE [US])

21 March 2013 (2013-03-21)

GFSGAKRDRPEL (SEQ. ID. No.: 1943695)

WO 2012/082752 A2 (MOREHOUSE SCHOOL OF
MEDICINE [US]; LILLARD JAMES W [US]; SINGH
SHAILES) 21 June 2012 (2012-06-21)
FYLPKRHRKVCGNP (SEQ. ID. No.: 123)

_/__

1-10,26,
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1-23

1-20

1-15,
20-22

1-12,16

1-11,16

1-12,16
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US 2004/031072 Al (LA ROSA THOMAS J [US]
ET AL) 12 February 2004 (2004-02-12)
SEQ. ID. No: 213350

US 2011/214206 Al (LA ROSA THOMAS J [US]
ET AL) 1 September 2011 (2011-09-01)
SEQ. ID. No.: 224649

DATABASE UniProt [Online]

1 November 1996 (1996-11-01),

"SubName: Full=Histone H4-1
{EC0:0000313 | EMBL:CAA66645.1}; Flags:
Fragment;",

XP002765708,

retrieved from EBI accession no.
UNIPROT:Q27821

Database accession no. Q27821

the whole document

WO 2012/050963 A2 (GEN HOSPITAL CORP [US];
BERNSTEIN BRADLEY [US]; GOREN ALON [US])
19 April 2012 (2012-04-19)

SEQ. ID. No.: 56

WO 20127158122 Al (UNIV NANYANG TECH [SG];
LIU CHUAN-FA [SG]; LI FUPENG [SG])

22 November 2012 (2012-11-22)

Example 5, Fig. 8

US 2011/152122 Al (BERGER SHELLEY L [US]
ET AL) 23 June 2011 (2011-06-23)

Fig. 4D

US 2009/183270 Al (ADAMS THOMAS R [US] ET
AL) 16 July 2009 (2009-07-16)

SEQ. ID. Nos.: 27014 and 8717

WO 2015/001383 Al (INST RECH DEVELOPPEMENT
IRD [FR]; UNIV PERUANA CAYETANO HEREDIA
[PE]) 8 January 2015 (2015-01-08)

SEQ. ID. No.: 33

WO 20077132177 Al (UNIV BIRMINGHAM [GB];
NIGHTINGALE KARL PETER [GB])

22 November 2007 (2007-11-22)

SEQ. ID. No.: 123, 124, 126, 127, 128,
129, 130

_/__

1-11,14,
16-18

1-11,14,
16-18

1-12,
16-18

1-17

1-16

1-12,16,
17

1-18

1-11,14,

1-11,14,
18
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ERIS DURO ET AL: "Identification of the
MMS22L-TONSL Complex that Promotes
Homologous Recombination",

MOLECULAR CELL,

vol. 40, no. 4,

1 November 2010 (2010-11-01), pages
632-644, XP055076349,

ISSN: 1097-2765, DOI:
10.1016/j.molcel.2010.10.023

SEQ. ID. No.: 6815

SOPHIA B. CHERNIKOVA ET AL: "Inhibiting
homologous recombination for cancer
therapy",

CANCER BIOLOGY & THERAPY,

vol. 13, no. 2,

15 January 2012 (2012-01-15), pages 61-68,
XP055326067,

I

ISSN: 1538-4047, DOI:
10.4161/cbt.13.2.18872

the whole document

WO 2008/129239 A2 (ISIS INNOVATION [GB];
HELLEDAY THOMAS [GB])

30 October 2008 (2008-10-30)

the whole document

LUCA LIVRAGHI ET AL: "PARP inhibitors in
the management of breast cancer: current
data and future prospects",

BMC MEDICINE, BIOMED CENTRAL LTD., LONDON,
GB,

vol. 13, no. 1,

13 August 2015 (2015-08-13), page 188,
XP021227264,

ISSN: 1741-7015, DOI:
10.1186/S12916-015-0425-1

the whole document

WO 2005/012524 A1 (UNIV SHEFFIELD [GB];
HELLEDAY THOMAS [SE])

10 February 2005 (2005-02-10)

the whole document

GIULIA SAREDI ET AL: "H4K20meO marks
post-replicative chromatin and recruits
the TONSL-MMS22L DNA repair complex",
NATURE,

vol. 534, no. 7609,

22 June 2016 (2016-06-22), pages 714-718,
XP055326014,

United Kingdom

ISSN: 0028-0836, DOI: 10.1038/naturel8312
the whole document

_/__

1-11,14,
16-18

1-63

1-63

1-63

1-63

1-63
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CAMPOS ERIC I ET AL: "Analysis of the
Histone H3.1 Interactome: A Suitable
Chaperone for the Right Event",
MOLECULAR CELL,

vol. 60, no. 4,

29 October 2015 (2015-10-29), pages
697-709, XP029306640,

ISSN: 1097-2765, DOI:
10.1016/J.MOLCEL.2015.08.005

the whole document

DATABASE UniParc [Online]

26 May 2015 (2015-05-26),
XP002765726,

Database accession no. UPIOOO290A5B1
the whole document

DATABASE UniProt [Online]

9 January 2013 (2013-01-09),

"SubName: Full=Tonsoku-1ike, DNA repair
protein {ECO:0000313|EMBL:JAA24846.1};",
XP002765725,

retrieved from EBI accession no.
UNIPROT:K7B3J4

Database accession no. K7B3J4

the whole document

1-63
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