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Chimeric Polypeptides and their Use

The technical field of the invention regards to molecules
and methods for the study of the cellular systems that control
DNA repair activity and the control of the cell cycle.

The genomes of living organisms are permanently exposed to
chemical damage resulting from spontaneous endogenous chemical
or biochemical damage or from éxposition to exogenous genome
damaging agents.

To ensure the necessary rates of genomic stability but also
to provide the genomic flux essential for the evolution and the
adaptation indispensable for all living species, highly complex
systems for DNA-repair and DNA-recombination machineries have
evolved in the cells. The equilibrium between the two systems
responsible on one side for the fidelity of the genome and of
the generation of molecular diversity is regulated by control
mechanisms that ensure accuracy and precision. The levels of the
controls are represented by the so called “checkpoint” or “sur-
veillance control” that contribute to ensure the fidelity of the
genome in any living organism. For a review about the mechanisms
and the known genes involved and for a nomenclature of reverence
see i.e. Zhou B. and S, Elledge, Nature, 2000, 408:433-439.

In recent years many molecular tools were developed for the
analysis of the mechanism involved in DNA repair and more signi-
ficant, for the control and regulation of these mechanisms. In
US 6,307,015 for example, products and methods are described
based on the protein Chkl, which are supposed to allow the iden-
tification of the mechanisms and gene products that are import-
ant for the control of the cellular checkpoints and DNA repair
by the Chkl protein.

Moreover, procedures for the introduction of recombination
in the genome of a cell were developed: for an example Peitz et
al. in Proc. Natl. Acad. Sci., 2002, 99: 4489-4494 obtained the
translation of a chimeric Cre recombinase which is able to re-
combine lox-P sites that were previousely introduced into the
genome with an efficiency in the range of 50%. Further, in WO
00/46386 the introduction of chromosomal recombination at spe-
cifically introduced Scel sites in combination with a vector
that is expressing the meganuclease Scel is also described.

The difficulty in the analysis of the repair of DNA damage
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after an induction with genotoxic agents is that all of these
DNA damaging agents simultaneously cause a broad spectrum of
different types of DNA lesions: thus the introduction of systems
that act on DNA in a monospecific manner is of high interest.
This would allow the definition of gene products with high pre-
cision that are involved in the cell cycle control pathways and
in particular in DNA repair. The efficiency of these pathways is
essential for a correct cellular replication, and their detailed
understanding allows the development of screening systems for
more selective pharmaceuticals and more directed therapeutic in-
terventions.

An extensive range of somatic and hereditary disease is as-
sociated with defects in the DNA repair mechanism or in more
general the control of the genetic information encoded by the
DNA. Many of these defects are the prime cause for tumour patho-
logy (for example mutations in the gene of p53. ARF, 14-3-
3sigma, pl6, Rb etc.), but moreover these defects could well be
in addition responsible for many so far non characterized patho-
logies and that are simply classified as “somatic mutations” or
“genetic predisposition”. Already localized mutations in one of
the pathways and that constitute the genetic base for hereditary
disease are: Ataxia-telangiectasia {(A-T), and the disorders that
correlate with atassia (Ataxia-telangiectasia-like disorder
ATLD, Mrell), the Nijmegen breakage syndrome (NBS), Fanconi an-
emia, Rothmund-Thomson syndrome, Non Hodgkin lymphomas (NHL),
the Werner syndrome, the Blooms syndrome, the DNA Ligase IV
(LIG4) syndrome, the Xeroderma pigmentosa, BRCAl.

DNA doublestrand breaks (DSB) represent the most dangerous
damage of the genome. These can be induced for example by ioniz-
ing radiation, by reactive oxygen species (ROS) which can be
either from exogenous sources but also from endogenous condi-
tions for example by cellular stress. ROS are also induced from
chemotherapeutical agents that are used in tumour therapy, for
example by DNA intercalating or DNA crosslinking agents. The re-
pair of DSBs is more difficult than other types of DNA damage:
repair events and ligation of DSB ends can cause genetic in-
stability due to loss, amplification or modification of the ge-
netic material and are potentially tumourogenic.

Due to the fact that these events induce repair pathways and
the cellular controls thereof, their understanding is of funda-
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mental interest because this in turn can provide implications
for a potential use in therapy.

The object of the present invention is therefore to provide
an efficient agent for treating such defects in DNA repair mech-
anism or control of the genetic information. Preferably, these
agents have to be delivered into the cells and especially into
the nucleus to provide their activity there.

Therefore, the present invention provides a chimeric poly-
peptide comprising:

a. a polypeptide exhibiting affinity for specific nucle-
otide sequences

b. a DNA modifying enzyme

c. a region with intracellular delivery activity.

The present invention provides a system for the modification
of the cellular genome by introducing DSBs with the chimeric mo-
lecules of the invention that exhibit specific cognate sites in
the genome. One of the advantages of the chimeric molecules of
the invention is the linear kinetié of the activity, the mono-
-specific activity, and the fact that these molecules are capable
to penetrate whole cell-populations also in a receptor independ-
ent mode. Advantageously these events caused by the chimeric mo-
lecules can be induced without selection by selective reagents
and strongly simplifies their use.

The first embodiment of the invention relates to chimeric
molecules that consist of: a region, preferred of polypeptide
nature, that contains specific DNA binding activity, advantage-
ously derived from a class II restriction enzyme; a region pre-
ferred of polypeptidic nature that exhibits a catalytic DNA
modifying activity, advantageously consisting of an endonuc-
leolytic activity, and a region with a cellular and/or nuclear
membrane—-crossing delivery activity. This said above functional
regions are preferentially covalently linked amongst each other.

Another important embodiment of the invention relates to the
isolated polynucleotides that code for the chimeric molecules of
the invention if these are entirely or partially of polypeptide
nature.

According to an other embodiment of the invention, that de-
duces from the activities of the polypeptides of the invention
to interfere with key points of the cell cycle regulation and
their checkpoint controls due to an introduction of DNA double
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strand breaks, the invention contains various procedures which
are all characterized by the use of the chimeric molecules of
the invention in cells in viveo. In particular these procedures
according to the invention contain diagnostic procedures to
evaluate genetic damage of the genes coding for the products
that are involved in the control of the cell cycle and DNA re-
pair including procedures for the selection of compositions with
biological activities capable to modulate these control activit-
ies.

The invention also contains procedures that use the chimeric
molecules of the invention to screen for new delivery activities
or combinations of delivery activities.

The invention further provides for the therapeutic use of
said compositions as anti-proliferatives, anti-neoplastic, anti-
biotic, antiparasitic or antiviral agents.

The various aspects of the invention are based on the res-
ults of the experiments provided by the inventors that it is
possible to introduce monospecific DNA double strand breaks
(DSB) into the genome of a cell in vivo and that these DSB’s
represent a sufficient signal for the activation of control
points (check-points) during the cell cycle. Most of these ac-
tivations are conserved throughout evolution from man to yeast
and corresponding mechanisms are also present in prokaryotes and
archaebacteria.

In eukaryotes these these activations are mediated by the
modulation of the gene products from ATM (Ataxia-Teleangectasia
Mutated protein), ATR (Ataxia-Teleangectasia Related), DNA-PKcs
(DNA dependent Protein-Kinase - catalytic subunit), and their
direct or indirect substrates such as Chkl (Checkpoint-Kinase
1), Chk2 (Checkpoint-Kinase 2), Brcal (Breast Cancer susceptib-
ility-1), Brca2 (Breast Cancer susceptibility-2), Mrell (Meiotic
recombination 11), Rad50 (Radiation 50 double strand break re-
pair), Nbsl (Nijemegen breakage syndrome), Rad51 (Radiation 51
double strand break repair), FANCD2 (Fanconi anemia complementa-
tion D2), Histones, the helicases like BLM (Bloom s syndrome
mutation), WRN (Werner' s syndrome mutation), p53, and the direct
or indirect transcriptional targets of p53 like for example p2l
and 14-3-3 sigma, whereas this list is not complete and also
many other targets are known and even yet to discover.

In particular it was found out that the activation of some
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of these gene-products is supposed to coordinate the maintain-
ance of the homeostasis of the genome integrity during DNA re-
pair, apoptosis or cell-cycle blocks.

The present invention provides chimeric molecules that are
capable to cross the cellular membrane, to enter into the nucle-
us in the case of eukaryotic cells or into parasites in the
cells, and to bind to specific sites in the DNA double strands,
ideally modifying the DNA with first order kinetics.

Clearly, these findings and their mode of use opens the way
for many practical applications for medicine as well as sci-
entific purposes and applies for unique methods for the study of
the mechanisms of DNA repair, control of DNA repair and of the
cell cycle in general and for products capable to modify the
genome of any cell in a selective fashion.

In a principal embodiment the invented chimeric molecules
contain three functional components:

- a region, that preferentially consists of a polypeptide,
that exhibits affinity for specific DNA or RNA sequences.
This region is preferentially represented by a class II re-
striction enzyme, its subunits or functional fragments cap-
able to recognize palindromic sequences in the DNA;

- a region, that preferentially consists of a polypeptide,
exhibiting DNA or RNA modifying catalytic activities, and
this activity includes for ilustriation but not for exclu-
sion methylating enzymes, acetylating enzymes, the caspase
activated DNases (CAD) with or without the CAD inhibitor
(ICAD) and the activator EndoG, Rnases, DNA or RNA-ligases,
DNA or RNA polymerases, endonuclease and topoisomerase or
their subunits or functional fragments, but preferred con-
tains an endonucleolytic activity of an enzyme and pre-
ferred a restriction enzyme, and even more preferred a
class II restriction enzyme;

- a region that contains a delivery-activity that is capable
to cross the cellular membranes and/or nuclear membrane and
transport heterologous molecules into the cell and into or-
ganelles; this activity is called “deliverer”, whereas for
“deliverer” is intended a chemical structure that preferred

" consists of a polypeptide or peptide but also a lipid,
liposome, organic or inorganic chemical compound or nan-
particles, capable to penetrate biological membranes of
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cells and for the case of eukaryotes also in addition the

cellular and the membranes of the nucleus or membranes of

any other organelle including mitochondria or plastides.

Specifically preferred are deliverers which enable trans-

portation into the nucleus.

The functional domains outlined above are preferentially co-
valently connected. The chimeric molecules of the presented in-
vention are obtained from chemical synthesis, or if the
functional regions are of peptide nature, are synthesized pref-
erentially by recombinant DNA technologies. For this embodiment
and for the present invention the nucleotide sequences that code
for the chimeric proteins containing the three functional re-
gions as defined above, serve for the expression of the recom-
binant polypeptide in a host system, of preferred prokaryotic
origin.

The chimerical molecules of the invention can also be pro-
duced with mixed techniques as well by chemical or recombinant
methods, whereas at least one region is coupled with chemical
methods to two other products that are produced by recombinant
DNA techniques.

In a preferred embodiment in the chimerical molecule of the
invention, the region with specific DNA binding activity is from
a classII endonuclease. Preferentially chosen among the endonuc-
leases: EcoRV, PvulIl, HinfI, or their subunits or functional
fragments. In the following of the presented invention as a
functional fragment a polypeptide that includes as an amino acid
sequence a sequence that is partially derived from the sequence
of one of these entire proteins containing at least one function
of the native enzyme 1s intended.

In another preferred embodiment also the region for the DNA
modification activity is a class II restriction endonuclease and
also chosen from the same endonuclease that contains the specif-
ic DNA binding activity and in particular: ECORV, PvuIl, HinfI
or their functional subunits or fragments. In this preferred em-
bodiment, in a single homodimeric protein the DNA recognition
and DNA modification activities are connected.

Tn this last case, in a preferred embodiment, the restric-
tion enzyme is advantageously contained as a single chain mo-
lecule, whereas all the subunits of the enzyme are covalently
connected and expressed as a single chain polypeptide as is de-
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scribed for the enzyme PvuIl in Simoncsits A. et al. J. Mol.
Biol, 2001, 309:89-97, maintaining the binding and cleavage
characteristics comparable to the wild type enzyme.

The inventors have dlso developed in the frame of this in-
vention a chimerical molecule where the restriction enzyme is
contained as a single chain protein and where the modifying
activity is changed or missing due to point mutations, dele-
tions, or other structural variations of the region, subunit or
catalytic domain of the restriction enzyme and the affinity for
cognate DNA recognition and binding remains comparable to the
native enzyme. Specifically preferred mutations include such
mutants which have substantially retained (or even enhanced)
their binding ability to the nucleic acid but have lost (signi-
ficant part (e.g. > 50 %) or most of (>80 %)) their enzymatic
(cutting) activity.

For this last aspect of the invention including also chimer-
ical molecules that contain at least the region for transduction
or intracellular delivery or deliverer and the DNA binding re-
gion as defined above and characterized by the fact that the
amino acid sequence that exhibits the affinity for specific DNA
sequences is preferred of endonucleolytic nature and has at
least 95% sequence homology with a class II restriction enzyme.
In such chimerical molecules the enzymatic activity is missing
and they are used as vectors for a delivery to specific DNA se-
quences in the genome, without employing the capacity of modi-
fication. A preferred embodiment of this aspect of the invention
is contained by the chimerical enzyme obtained by using instead
of the native sequence of the PvuIl enzyme (like in SCPVUTAT)
the mutant D34G of the catalytic site obtained by the a substi-
tution mutation in position 34 (Asp34/Gly34) of the enzyme Pvull
as described in Nastri et al, 1997, J. Biol. Chem. 272:25761-
25767. In such a mutated enzyme (SC34) the DNA recognizing
activity is comparable to the wild type enzyme but the endonuc-
leolytic activity is missing. Such molecules are also useful as
controls to be used in parallel with the chimerical molecules
that exhibit modification activity.

The deliverer or region for delivery across cellular mem-
branes and/or nuclear membranes is advantageously a peptide.
These i1s advantageously chosen among: the protein VP22 of HSV,
the third alfa-helix of the homeodomain of tha Antennapedia pro-
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tein, the proteins Tat and Rev of HIV-1 or their fragments or
functional mutants. Examples for functional mutations are these
described in Ho et al., 2001, Cancer Res., 61: 474-577. An pre-
ferred embodiment are the peptides from Tat and these that con-
tain the functional domains with the sequence YGRKKRRQRRR
(corresponds to region 47-57 of Tat) of the peptide SYGRKKR-
RQRRRGGS. Functional mutations of this peptide amongst them the
ones described in HO et al. are interchangeably used. In an oth-
er embodiment the deliverer sequences can be specific for any
cell-type of any species and parasite including viruses. For ex-
ample, sequences are chosen from bacterial deliverer sequences
which leeds to a specific import of the chimeric molecules into
prokaryotes. For illustration but no limitation bacterial de-
liverer can be choosen from oligopeptide sequences described and
reviewed in Rajarao et al., 2002, FEMS Microbiology Letters;
215: 267-272. These peptides can contain a FKDE motif for a de-
livery across the membranes of E. coli like the sequence CFFKDEL
and their functional derivatives. For example for S. aureus PFS
containing motifs can be used such as VLTNENPFSDP and for B.
subtilis the PFS containing motif YKKSNNPFSD. In another example
molecules of the invention that contain sequences known in the
art to penetrate into yeast such as homologs of the S. cerevisi-
ae alpha and or a factors in combination with nuclear import se-
quences can be used for a yeast cell specific delivery. Examples
of sequences for a delivery into various yeast strains are these
described in Riezman et al., 1997; Cell 91, 731-738 and in Ra-
jarao et al., 2002, FEMS Microbiology Letters; 215: 267-272, es-
pecially PFS-, YQR-, PFR-, PMF- or DCMD-containing motifs.

A preferred embodiment of this aspect of the invention is
the use of classII restriction endonucleases that are able to
cross bacterial membranes and to target and cleave theilr DNA.
Restriction enzymes represent the most potent and highest de-
veloped naturally evolved killer system in the prokaryotic king-
dom. The enzymatic nuclease activity resembles a vast
amplification of a DNA damage activity and only traces of en-
zymes are needed to extinguish bacterial growth. In a preferred
embodiment of this aspect of the invention these chimeric mo-
lecules can be used for antibiotic activities and can be ad-
vantagousely used to stop bacterial growth in a very selective
way. Bacterial deliverers are supposed not to enter into other
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celltypes like human cells and in contrary deliverers like TAT
sequences do not enter into bacterial cells.

Antibiotics, anti-tumour agents (e.g. cytostatics) and other
further active agents may be specifically delivered by the
agents according to the present invention, preferably by cova-
lent coupling of the polypeptides of the present invention to
such further active agents.

In a particular advantageous embodiment the deliverer or re-
gion for delivery across cellular membranes and/or nuclear and
organelle membranes can contain an additional modifying compon-
ent or “auxiliary” domain preferred a polypeptide or chemical
compound. This domain can be connected with the deliverer se-
quences or can be placed in any other part of the chimeric mo-
lecules of the invention. The addition of these molecules can be
obtained with techniques known in the art, such as recombinant
techniques or chemical coupling. For illustration but not exclu-
sion, in order to render the chimeric molecules of the invention
cell type specific an additional auxiliary domain, that caries a
binding site for cell-type specific and for example, tumour spe-
cific amplified receptors. These are for example the Her2, TGFER
RI, or CD20 receptor. This can be obtained by adding the binding
fragments of EGF, and TGFB or Fv or single chain Fv (scFv) im-
munoglobulin fragments into the auxiliary domain. In a particu-
lar embodiment the restriction enzyme is used in its native
dimeric form, whereas to the N terminus of the first protein a
specific light chain immunoglobulin fragment including function-
al CDRL regions is ligated and to the N terminus of the other
protein of the homodimer the variable heavy chain immunoglobulin
protein including functional CDR1-3H regions are linked. This
chimeric proteins are able to dimerize by light chain heavy
chain dimerisation and by dimerisation of the restriction enzyme
domain. Thus, this can target specific selective binding to cer-
tain cell-types and lead to a strong increase in the preferen-
tial uptake of the chimeric proteins of the invention into
selected cells. It is evident that these auxiliary domains can
be multiple. For an example, additional sequences for a specific
targeting of intracellular, non-chromosomal DNA such as mito-
chondria or parasite DNA (ie. virus, invertebrate, and bacteria
infected cells) can be added. In another embodiment enhancer
elements of the deliverers can be added.
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In a particular advantageously embodiment the chimerical mo-
lecule consists of a class II restriction enzyme, where Pvull,
EcoRV or HinfI have the subunits connected by a peptide linker
preferential containing two or more glycines, moreover more pre-
ferred the sequence GSGG or GSGGSGSGG. Other, corresponding pep-
tide linkers known in the art can be used for the purpose of
covalently connecting the homodimeric subunits that allow to
keep the activity functional.

Optional the chimerical molecules contain polypeptide se-
quences that can be useful for the purification well known in
the art, like for example a polyhistidine tag, a GST-tag or a
protein A-tag, myc-tag, HA-tag, biotin.

A particulary preferred embodiment for a chimerical molecule
of the invention is presented by the sequence IDN2, where the
restriction enzyme Pvull with the two subunits connected as a
single chain protein (SCPVU) represents the domain or region for
the DNA binding affinity and for the DNA modification activity
by the endonucleolytic activity and moreover the peptide SY-
GRKKRRQRRRGGS of Tat contains the inter-cytoplasmatic delivery
subunit.

One of the advantageous embodiments of the chimerical pro-
teins of the invention is their stability also in cell culture-
medium in the presence of serum. This stability can be finally
increased by substitutions of amino acids in L configuration
with D amino acids, or with non natural amino-acids, in the
framework as it is technical possible in the art. These variants
of the chimerical protein, as in the case of the point mutations
exhibit the same enzymatic activity of the preferred restriction
enzymes, or are missing the same nucleolytic activity in the mo-
lecules used for a control, and thus are contained within the
invention presented.

Included also in the presented invention are the isolated
polynucleotides that code for the chimerical molecules of the
invention and as such are entirely or partially of recombinant
nature. A preferred embodiment of these polynucleotide sequences
is represented by the sequence IDN1 that codes for the chimeric-
al single chain version of the PvuIl enzyme for which the pro-
tein delivery region corresponds to the sequence IDN4 and is
encoded by the nucleotide sequence IDN3. The preferred embodi-
ment contains further a polyhistidine tag, that allows easy
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purification of the chimerical protein by nickel NTA affinity
chromatography.

The invention contains further all the polynucleotide se-
quences that code for any of the possible realizations in which
the chimerical molecule is a polypeptide and can be obtained
with recombinant DNA technology with methods familiar to those
skilled in the art as described for example in Sambrook and
Maniatis, 1989, CSH ed. In agreement with these methods, and as
also described for example for other restriction enzymes, for
the peptides used as synthetic linkers or for peptides used for
affinity purification, the techniques in the art is capable of
producing realizations that show non essential differences to
the realisations of the presented invention and thus are in-
cluded in latter.

Included also in the presented invention is a particular ad-
vantageous embodiment for the chimeric molecules of the inven-
tion and in particular for the nuclease activity impaired but
DNA binding chimeric molecules, but also for RNA binding chimer-
ic molecules. In this embodiment the DNA or RNA binding activity
of the chimeric molecules can be used as a specific nucleic acid
targeting molecule in a cell. This enables delivery of compounds
as a chargo to the DNA or RNA of a cell. For this, specific com-
pounds are covalently or not covalently linked to these chimeric
molecules by recombinant techniques or chemical coupling. These
compounds include for demonstration but not for exclusion: nano-
particles, inorganic or organic compounds and combinations there
off, such as for demonstration but not for exclusion radiocactiwve
compounds, chemotherapeutics like doxorubicin bleomycin, wvin-
cristine, etoposide, cisplatin , and other radio mimetic and DSB
inducing agents, antibodies and fragments thereof, colour com-
pounds such as fluorescence molecules, natural and non natural
nucleic acids, peptides or polypeptides containing or not con-
taining enzymatic activities. Chemical coupling can be achieved
with methods known in the art such as coupling of maleimide ac-
tivated compounds to reduced cysteins in the chimeric molecules.
For the case of chimeric molecules of the invention that do not
contain a natural cystein, like for example Pvull, a cystein can
be introduced by recombinant or synthetic techniques well known
in the art. As a further example bromo-cyan coupling to free
amino-groups can be used. A particular attractive coupling can
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be achieved by protein splicing and protein-ligation with selec-
ted compounds. Molecules can also be coupled to the various tags
that are fused to the proteins for purification like for example
a polyhistidine tag, a GST-tag or a protein A tag, myc tag, HA-
tag, biotin, that allows to couple for an example but not exclu-
sion antibodies, antibody-fragments or gutathione containing
compounds. Molecules that are bound in this way to the proteins
of the invention can or can not be cross-linked with chemical
reagents and UV. For illustration but not exclusion, for these
coupling procedures a particular attractive site in the chimeric
molecules is presented by the N or the C terminal parts. In case
of the single chain versions also the linker between the two
subunits can be advantageously used.

In addition there are also the vectors included that contain
the polynucleotide sequences described above, and in particular
vectors for expression in prokaryotes which are generally more
feasible for an expression of large quantities of recombinant
proteins.

The use of the preferred chimerical molecules of the inven-
tion (where the DNA modifying enzyme is a class II restriction
enzyme) allows its application in the main aspect of the inven-
tion that consists of a procedure to provoke, induce or generate
DNA double strand breaks, at the palindrome sites that are cog-
nate sites for a given enzyme, and thus advantagecusly for the
sequences CAG/CTG (PvuII), GAT/ATC (EcoRV) or G/ANTC (HinfI)
which are present randomly on the genome with a statistical fre-
quency of approximately 6000 bp (EcoRV and PvuIIl) or 400-600 bp
(HinfT) .

The effect induced after treatment with the chimerical pro-
tein of the invention of cells in culture is detected by analys-
is of the cell cycle distribution by FACS analysis, or directly
of the genome by Southern blotting, TUNEL assay, bromodeoxyurid-
in labelling (BrdU), and by immunofluorescence using specific
antibodies or green-fluorescence protein derivatives and their
colour derivatives , all methods that can be applied routinely.
Further, determination of clonogenic activities and the prolif-
eration capacity of cells treated with the proteins of the
presented invention represent an indicator for the functionality
of proliferation controls, cell cycle controls and DNA repair.

The kinetics of the activity of the preferred embodiment of
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the proteins of the invention as measured for example by TUNEL
assay is linear in the range between 0.001 nM and 100pM, more
preferred between 0.1nM and 1uM, and even more preferred between
1 and 500nM. This linearity represents one of the advantages of
the chimerical molecules of the presented invention, and in par-
ticular of SCPVUTAT, beside the monospecific activity and their
feature to penetrate in all the cells. Moreover, events that are
caused by the chimerical molecules do not have to be selected
with specific selective agents and in turn simplifies noteworthy
and advantageously the use of the latter.

The effects that are observed after the treatment with the
chimerical proteins of the invention, and in particular with the
preferred realization of the invention, reassume in a non lim-
ited mode as follows:

- increase of the percentage of the cells in specific phases
of the cell cycle, such as G0-G1/S-S-G2-G2/M-M or in apop-
tosis or polyploidy. The quality of these changes is cell
type specific and this specificity represents an ulterior
diagnostic realisation of said procedure of the invention
and allows to detect changes and/or genetic mutations or
epigenetic/somatic changes in an unknown sample, compared
to one or more controls, for‘an example, cell lines con-
taining well described genetic defects or also normal
cells. For an example the treatment of cells that contain a
specific defect for the control of the cell cycle at the
G1l/S decision, like mutants in the gene for p21CIP/WAFl,

with said proteins of the invention exhibit an increase of
the number of the cells in G2 in respect to the distribu-
tion seen upon treating of normal cells with said proteins

CIP/WAFL cells do not

of the invention. In the case of pZ2l
stop in G1/S , but still exhibit a partially functional
G2/M control point (checkpoint) and thus show a relative
increase of the peak in G2/M phase, as can be seen in ex-
periments where the distribution of the DNA content is ana-
lysed by FACS and compared to normal control cells. Similar
results can be obtained from experiments of mutants in
genes for gene-products that are involved in checkpoint
controls for DNA repair such as ATM and Nbs.

As was shown before the importance of the method contains

comparison of the distribution or comparison of behaviour of the
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cells relative to control cells (normal or control cells).

- changes in the steady state levels of key-proteins that are
involved in the regulation of the cell cycle and repair. As
a change in the steady state level of a protein variations
in the amount of proteins are measured, for example this
can result from variations in expression levels, or in
changes in mRNA stability, or changes in protein modifica-
tions such as proteolysis, phosphorylation, ubiquitinyla-
tion or other posttranslational modifications.

- On the level of phosphorylation of proteins that are cent-
ral in the ATM/ATR/DNA-PKcs control pathway and show
changes after treatment with the said proteins of the in-
vention. The proteins that exhibit changes in phosphoryla-
tion are better described in the experimental part that
follows, but are herein listed in a non limited way: ATM
(Ataxia-Teleangectasia Mutated protein), ATR (Ataxia-
Teleangectasia Related protein), DNA-PKcs (DNA dependent
Protein Kinase cathalytic subunit), and their direct or in-
direct substrates such as Chkl (Checkpoint Kinasel), Chk2
(Checkpoint Kinase 2), Brca-1 (Breast Cancer susceptibility
1), Brca2 (Breast Cancer susceptibility 2), Mrell (Meiotic
recombination protein 11), Rad 50 (Radiation 50 double
strand break repair protein), Nbs (Nijemegen breakage syn-
drome), Rad5l (Radiation 51 double strand break repair pro-
tein), FANC-A, C, D2, E, F and G (Fanconi anemia
complementation proteins), histones, helicases, BLM
(Bloom’ s syndrome mutation), WRN (Werner’s syndrome muta-
tion), p53, etc.. In particular preferred are the molecular
and biochemical markers: Nbs, Mrell, Rad51, p53, Chk2,
Brcal.

In a particular specific embodiment is represented by the
variations induced on p53 and direct or indirect transcriptional
targets of p53 such as p21ClP/WAF1, 14-3-3 sigma. The analysis
of changes in the levels of these proteins or changes in activ-
ity and/or phosphorylation state of this proteins after treat-
ment with the proteins of the invention represents an important
aspect of the invention and is of particular interest for dia-
gnostics. These measurements can be employed as it is well known
in the art, for example by immunological methods (for example
western-blotting) with specific antibodies for example for the
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phosphorylated form of the proteins like in the case for an in-

crease in the phosphorylated form of p53 as detected with anti-

p53-S15P. As it is demonstrated in more detail in the following

experimental part, the treatment of different cell-lines with

the proteins of the invention results in an increase of p53 pro-

tein and/or phosphorylation levels.

changes of the cellular distributions of complexes where
important proteins for cell-cycle controls or for controls
that are important in the stress response in DNA repair.
These variations can be observed from the cellular response
in the nuclear foci where the Rad/Mrell/Nbs complex is loc-
alizing (Zhong Q. et al. 1999, Science 285:747-750), phos-
phorylation of Thré68 of Chk2, phosphorylation of ATM,
phosphorylation of the Histone 2AX-Serl35 as analysed with
immunological methods.

Alternatively it is possible to follow the variations of
the cytoplasmatic/nuclear distributions of the Cdc2/cyclin-
B1,Cdc25C, p21CIE/WAFL

ing variations of mutant versus normal cells in response to

and 14-3-3sigma complexes by compar-

treatment with the proteins of the invention. This can be
done for example by fluorescent labelling specific for one
of these components and analysis with the microscope as is
described in the experimental example 12;

apoptosis that can be measured with well known methods in
the art, for example by FACS analysis, by cytocrome C re-
lease or caspase activities or by labelling with Annexin V
specific antibodies. An increase in apoptosis for example
can be detected by FACS analysis as an increase of the sub
Gl DNA content in neuroblastomas after treatment of the
cells with proteins of the invention.

The effects that are induced from the treatment with pro-
teins of the invention can be analysed also by mesasuring
clonogenic activities or proliferative capacities with col-
our reactions well known in the art. Alternatively long-
term effects of the proteins can be determined for example
by the tumourogenic activity or invasiveness in animal mod-
el systems.

The selections of compositions capable to modulate genomic

damage from the proteins of the presented invention can be ana-

lysed by sister chromatid exchange (SCE), analysis of ploidy,
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genetic amplifications, loss of heterozygousity and other assays
well known in the art.

Finally, the invention applies for a method for measuring
genetic predispositions for the development of tumours or geno-
toxic sensitivity (for example sensitive to radiation or inter-
calating agents), assayed in cells obtained from unknown samples
(for example from biopsy) that includes essentially treatments
with proteins of the invention, preferential in parallel with
control cells, and successive measurement of the levels of ex-
pression or activation of either oncogenes such as for example
myc, ras; or of tumour suppressor genes, such as for example
ARF, pl6, pb3, Brcal by specific assay reagents including im-
muno-enzymatic methods.

Whereas mutations from components in the cell cycle control
system (checkpoint) leads to an increase in tumour-susceptibil-
ity, genetic defects in genes coding for the factors that are
involved in DNA double strand break repair show lower pen-
etrance, although if the combination of these defects with other
risk factors, which can be for example an increase of the levels
of reactive oxygen species (ROS), factors from chronically in-
flammation, can determine a mayor incidence in tumours.

In synthesis the invention concern certain different proced-
ures all of which are characterised by the fact to use the poly-
peptides of the invention in cells in vivo, ex vivo or in vitro.
In particular, the procedures according to the invention contain
diagnostic procedures to evaluate a genetic damage co-involved
in cell cycle controls and in DNA repair and also procedures for
a selection of compounds with a biological activity that is cap-
able to modulate these control activities. Some diverse aspects
of the invention are based on the biological activity of the
chimerical polypeptides of the invention that, due to the induc-
tion of a DNA double strand break with above described spe-
cificity activate control pathways for the cell cycle and for
DNA repair (checkpoint).

As is observed and described in more detail in the example
section, and as a consequence of the induction of monospecific
DNA double strand breaks, the polypeptides of the invention ex-
hibit therapeutical activity, and in particular antiproliferat-
ive and antitumourogenic. This activity therefore represents
further subject of the invention. Thus the invention includes
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pharmaceutical compositions containing as an active substance
the polypeptides or polynucleotides that encode these poly-
peptides, as described in the invention. Moreover, the invention
includes the use of the chimerical polypeptides of the invention
and/or the polynucleotides that encode these polypeptides, for
the preparation of pharmaceuticals for the prevention, the ther-
apy or the diagnosis of neoplastic disease or predisposition to
this disease.

A further embodiment of the invention includes the diagnost-
ic use of the polypeptides or the polynucleotides from the in-
vention in the diagnosis of tumour pathology or for diagnosis of
a predisposition for these diseases as described in detail in
the example section.

As a preferred embodiment treatment of the cells with the
proteins of the present invention, for example for its use in
diagnosis and employed as described above is applied for the
test-samples and in parallel for cell-lines that do not contain
the putative mutation (control). In an even more preferred em-
bodiment of the assay additional control treatments are included
in the experiments with the chimerical proteins of the invention
by the use of test cell-lines that contain for example mutations
in selected steps of the DNA repair pathways which allows by
comparison, a fine mapping of respective genetic changes.

After a longer time period, such as after 24 hours after ad-
ministering of the proteins of the invention it is possible to
detect a differential effect depending if cells are able to re-
pair the genetic damage (DNA double strand break, DSB) that was
induced by the proteins of the invention and if in such a case
the distribution of the cell populations in the various phases
of the cell-cycle returns to normal or not. In cells with muta-
tions of the gene encoding for ATM or for example in other genes
that code for products that are involved in the NHEJ (Non Homo-
logous End Joining) DNA repair pathway apoptosis can not be ob-
served immediately but constitutes an indirect effect with low
incidence. In contrary, in neuroblastoma cells apoptosis is in-
duced immediately and in a direct fashion. Overall the invention
includes in a further embodiment the use of the chimerical pro-
teins and polynucleotides encoding this proteins to induce apop-
tosis in cells of neuronal origin, and preferred for
neuroblastoma and thus for the preparation of a pharmaceutical
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for the treatment of tumours of neuronal origin.

The induction of apoptosis in neuroblastomas correlates with
1p36 deletion in combination with double minute (DM) myc-N onco-
gene amplification. This hypersensitivity does not correlate
with the presence of the 17gl5 translocation. DM myc-N amplific-
ations are episomal myc-N clusters, known as the most aggressive
forms of myc-N amplified NB and have extremely low prognosis.
Great part of the aggressive malignant NB exhibit this type of
oncogenic amplification. In another particular embodiment other
tumours that contain DM amplifications of oncogenes such as for
illustration but not exclusion, treatment of DM containing pro-
state or breast tumours is also included. In general chimeric
molecules that are coupled to said compounds can be used for the
preparation of a pharmaceutical for the treatment of selected
tumours.

The cellular response to a treatment with the proteins of
the invention is different from cells that either have a muta-
tion in DNA repair pathways or exhibit changes in components
that are responsible for the control of these pathways for cell
cycle and/or repair (checkpoint). Therefore the presented inven-
tion contains a series of procedures, all of them substantially
characterized by the fact to use the induction of DSB in the
genome of a test-cell by applying the preferred embodiment of
the chimerical molecules according to the invention and to ana-
lyse the responses with assays as described above, preferential
by comparison of the results from the test sample with standard
cells of most possible isogenic nature.

The effects of the proteins of the invention on the cell
cycle and mechanisms for DNA repair are synergized in the pres-
ence of inducers of free radicals (ROS), this can be for example
H,0,. This synergistic effect is also observed at very low con-
centrations of the chimerical protein, preferred below 10nM of
the SCPVUTAT protein and below 10pM HZOZ' Therefore the inven-
tion contains a procedure for an induction of DSB in the genome
that is characterized by the fact that the proteins of the in-
vention are used in combination with reactive oxygen producers
(ROS), for example H,0,. This process can also be used for a se-
lection of antagonistic or synergistic compounds.

Induction of DSB in a cell in vivo activates a cellular and
molecular response similar to those induced by ionising irradi-
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ation frequently used for anti tumour therapy; but compared to
this shows reduced collateral effects. Thus a further embodiment
of the invention contains the use of the chimerical polypeptides
from the invention for the preparation of pharmaceuticals with
anti-tumour activity or for the therapy, the diagnosis or the
prevention of genetic disease which in turn define the predis-
position of an individual to develop diseases caused by a dereg-
ulation of the proliferation activity of a cell and in
particular neoplastic disease which includes essential gene
products for the mechanisms for the control of DNA repair.

Based on this as@ect the invention comprises a therapeutic
method based essentially on the administration in vivo or ex
vivo of the chimerical polypeptides of the invention as defined
above, where an antiproliferativ effect, preferred anti tumouri-
genic is needed.

A further embodiment of the invention contains a procedure
for the in vitro diagnosis of a genetic or somatic defect in DNA
repair or in defects of the regulation of the cell cycle from
isolated cells obtained from a biological sample and consists
essentially of the following:

a) Growth of isolated cells in culture of which one intends to
measure efficiency or damage in the DNA repair pathways or-
cell cycle pathway.

b) Incubation of these cells with the preferred molecule of
the invention, where the modifying enzyme is class II endo-
nuclease, and more preferred the single chain version of
the PvulIl enzyme (SCPVU). Advantageously in parallel a
treatment of the cells is also done with a control poly-
peptide that exhibits specific DNA binding activity but is
impaired for nuclease activity like for example SC34. Op-
tional, further a parallel treatment of feasible cell-lines
that are mutated and/or defective in DNA repair, the con-
trols of DNA repair and/or of the cell cycle, whereas these
lines are preferred of most isogenic nature:;

¢) Characterisation and measurement of the cellular responses;

d) Optional comparison to a control cell-line.

For isogenic two or more cell-lines are meant that exhibit
an as possible most similar genetic background like for example
the cell lines: MRC-5 and AT-5; CHO-K1l and KU70 o MO5S9K and
MO59J as described and used in the experimental examples below.



WO 2004/092194 PCT/EP2004/004062

_20._.

The standard-control cell-line can also be a normal cell-line
with no changes in the control pathways of the cell cycle and of
DNA repair, and should be most possible isogenic to the test-
sample, or a cell-line with a well characterized genetic change.

In a preferred embodiment of the procedure of the invention
the test cells and the control cells are grown together and un-
der identical conditions. Thus they are maintained and compared
in a direct mode, differences in cultural markers, of those for
example : clonogenic capacity, % of cells in apoptosis or quies-
cence, as measured for example by the determination of the pro-
liferative capacity with live cellular colours, or by
measurements of biochemical markers, of these described above.
An example for this type of assay is described in Torrance C. J.
et al., 2001, Nature Biotechnology, 19, 940-945,

In a preferred embodiment for the characterisation of the
response described in c) a measurement of the clonogenic activ-
ity is used, as is well known in the art, such as these for ex-
ample by growth of cells in culture or by measurement of the
clonogenic activity with growth in soft-agar, or by FACS analys-
is after DNA staining.

A particular useful embodiment described in the invention
and of particular usefulness for diagnosis and/or prognosis to
evaluate: genetic predisposition for development of neoplastic
disease, sensitivity in tumour therapy, in particular tolerance
towards radio- or chemotherapeutic antitumour treatments of a
patient, or also sensitivity of tumour tissue in comparison with
healthy tissue for prognostic reasons.

The invention contains beside also kits to carry out the
procedures of the invention, thus preferred diagnostic kits or
kits for research.

Some preferred embodiments of the kit contain

1) a tube containing the chimerical polypeptide, preferred the
chimerical endonuclease chosen between EcoRV, PvulIl or Hin-
fI as a single chain version in fusion with the Tat deliv-
ery peptide, or an expression vector that contains the
polynucleiotides that code for the chimerical proteins, in
combination with a tube that contains the control-poly-
peptide a chimerical protein that exhibits specific DNA
binding protein but is impaired in the endonuclease activ-
ity, or an expression vector that contains the polynuclei-~
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otides that code for this chimerical protein. In a pre-
ferred embodiment the kit consists of tube that contains
the chimerical protein SCPVUTAT and of another tube that
advantageously contains the chimerical protein SC34 in lyo-
philised form or in an aqueous solution;

the kit optionally contains a tube with an antibody against
the entire or parts of the chimerical polypeptide, pre-
ferred an anti-SCPVUTAT antibody;

the kit optionally contains a tube or a flask containing
control cells as defined above, for example cells that are
hypersensitive to DSB or cells that contain well character-
ized mutations in genes coding for proteins that are in-
volved in the DNA repair and cell cycle pathways and their
controls (checkpoint). Such cells might be contained as
frozen stocks or in flasks adapted for transportation;

the kit optionally contains chemotherapeutical reagents
like intercalating agents, radiomimetics, or other types of
chemicals including pharmaceuticals for determination and

comparison of the qualitative and quantitative effects.

As a further important embodiment that is based on the

activities of the preferred chimerical polypeptides the inven-

tion

contains a procedure to select for compositions that modu-

late, are synergistic, antagonistic or do not change DNA repair

activity and/or controls of the genome and for genomic stability

in a

cellular system by using high-throughput screens based on

cells, including essentially as follows:

a)

incubation of test cells with the chimerical proteins of
the invention preferential in the presence of an appropri-
ate control polypeptide (in the specific case consisting of
a chimerical molecule that contains specific DNA binding
activity but exhibits impaired endonuclease activity such
as the chimerical polypeptide SC34), optional also in the
presence of synergistic substances such as for an example
H,0, or other radical producers and/or other modulating or
antagonistic substances;

optionally in parallel the incubation is also done with
other, control cells that are as much as possible isogenic
with the test cell, for example the same cells containing a
reporter gene. Various reporter genes are well known to
those in the art , among them for example the EGFP proteins
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and their mutants as described for example in Torrance et

al., 2001, Nature Biotetechnology, 19, 940-945; or other

types of reporters that allow an efficient automatic read-
out of the assay;

c) addition of compositions which are supposed to be tested
for a potential activity or no activity, among them for ex-
ample single molecules or chemical libraries or collections
of chemicals, peptides or others or collections of biolo-
gical samples;

d) the read out of the cellular response is preferential done
in an automatic mode, and preferred with high-throughput
screening (HTS) facilities. Examples for this are systems
that are based on the measurement of variations of a mor-
phological phenotype, like a fluorescent signal induced as
a response to control substances and positive test-sub-
stances that show biological activity in a cell. The cellu-
lar response can consists of any cellular signal or signal
from included biochemical markers, or also the detection of
cellular parameters such as for example calcium flux, rad-
ical flow, change in cytocrome C, combined with a system
that allows automatic detection.

During this procedure of the invention the order of the
steps b) and c¢) might be inverted.

This assay allows for selection of compositions that contain
important biological activities for the control of the cell
cycle, DNA repair pathways, induction of apoptosis, induction of
senescence, or by interrupting one pathway that in turn causes
activation of another pathway.

Further selection cycles can be applied after advantageously
modification of the isolated compounds from the first rounds of
a screen, to finally obtain compositions that are pharmaceutical
more adapted or also to select for additional advantageously
features such as for example bio-compatibility or product sta-
bility.

Besides further aspects derived from the above described,
the invention contains a method for inducing cell-cycle blocks
or alternatively to induce apoptosis preferred in cells of neur-
onal origin or alternatively to induce DNA repair in isolated
cells, based on a use of the chimerical molecules of the inven-
tion, preferential represented by class II restriction endonuc-
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leases, and even more preferred as a single chain version, or
even more preferred by the enzyme SCPVUTAT, as well as polynuc-
leotides that code for these molecules, and where this effect is
synergized in the presence of compositions such as for example
free radical producers. These methods are essentially based on
the principal to induce DNA double strand breaks by the chimer-
ical polypeptides of the invention.

A further embodiment of the invention contains a procedure
for the selection of new penetration sequences and the selection
of auxiliary seguences. In this embodiment the penetration or
auxiliary sequences do not consist of a singular compound but
compound library molecules are used to select for putative pen-
etration or auxiliary domains. These procedures are well applic-
able with high throughput screens that enable analysis of many
different samples. The principles described in the invention for
diagnosis are also the basis for screening procedures that allow
the discovery of new penetration sequences and auxiliary se-
quences basically for any celltype or organism. Automatic and
robotic devices allow performance of the steps below with high-
throughput capacities. This can be done with pippetting and
readout units known in the art. For illustriation but not for
exclusion for a screen for specific auxiliary or penetration se-
quences consist essentially of the following steps:

1. For specific auxiliary sequences the penetration sequence
is constant and libraries of the chimeric proteins of the
invention are constructed with methods in the art. For an
example, to the N terminus of the chimeric proteins of the
invention various light chain and functional CDRL fragments
are fused and then mixed with the same proteins of the in-
vention that are fused to variable heavy chain immuno-
globulin proteins including functional CDR1-3H regions.
This is obtained by recombinant techniques in a two plasmid
expression system preferentially in E. coli. In general
libraries of immunoglobulin or fragments of immuno-
globulins, or receptor binding proteins or random libraries
produced from synthetic or natural origins can be linked to
the proteins of the invention by recombinant techniques or
other coupling methods as also described above. For example
for illustration, antibody-fragment libraries can be linked
to the proteins of the invention by binding to protein A
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contained in the molecules of the invention.

. For the case of a penetration sequence screen libraries can
be obtained by techniques well known in the art. For ex-
ample these libraries are obtained from natural origins or
synthetic origins including compounds of any class. For a
particular advantageous embodiment bacterial penetration
sequences are screened from random DNA fragments from the
same or from different species.

. The library protein expressing bacterias are grown and in-
duced for protein production. These proteins can be isol~-
ated from the supernatants from secreting systems but also
from cell lysis followed by high throughput affinity pre-
paration of the chimeric proteins using for example various
affinity tags like for illustration a polyhistidine tag, a
GST~tag, a protein A tag, a myc tag a HA-tag, or biotin.

. These proteins are used to analyse for function or differ-
ential function of a given molecule from the library. If
sequences are functional the chimeric proteins are func-
tional. This is the case when they are able to cross the
cellular and eventually nuclear membranes and bind to the
DNA and occasionally introduce DSBs. Or for the auxiliary
screen, when function can be detected in selected cells.
Detection can be done like described above.

. Test cells or tissue can be of any origin including proka-
ryotic cells where the function of the chimerical proteins
of the invention can be detected in a mode as for example
described above.

. In a particular useful embodiment test cells are stably
transfected with EGFP (enhanced green fluorescence protein)
for an easy read out:

. In another particular useful embodiment control cells are
differentially stably transfected for example with EYFP
(enhanced yellow fluorescence protein);

. Test and control cells are either grown separately or mixed
in multi-well devices or on specific membranes. Cells can
be very similar with only single changes (ie. Used to find
auxiliary sequences such as tumour and no-tumour cell from
the same origin) or very diverse (ie. Test cell is were de-
livery should occur but for control cells no delivery must
take place; this includes also cells from different species
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such as test cell is a bacteria cell and control cells are
of human origin). The choice of the cells allows any tech-
nically possible combination.

. Proteins are added to the supernatants of the cells and in-

cubated;

.Read out will be for function of the chimeric molecule as

described in the examples above. In a particular advantage-
ous example detection is for green and yellow cells pre-
pared as above. Proteins that produce significant more
yellow cells than green cells are further isolated as
single clones, by back-screening and analysis with recom-
binant and mass-spec procedures well known in the art. In a
preferred application where the chimeric molecules intro-
duce DNA damage after entering into the cells, this assay
can be made even more sensitive. Test-cells (ie. Tumour
cells) and the control-cells (i.e. compareable non tumori-
genic) are rendered hypersensitive to DSBs introduction by
gene-disruption or gene-silencing or introducing dominant
negative or dominant gain of function mutants. This is ob-
tained by methods well known in the art such as by cotrans-
fection with siRNA, by vectors expressing siRNA'’s,
targeting vectors for gene disruptions or mutagenesis, vec-
tors for expression of mutants or overproduction of pro-
teins that inhibit important functions in DNA repair and
show hypersensitivity to DSB, chemical inhibitors or activ-
ators. This allows faster and more differentiated read out
at low concentrations. For example siRNA inhibition of
Ku70, Ku80, DNAPKcs, ATM, XRCC4 and Ligase IV, Bcl2. But
also inhibition of ATM by chemical compounds such as caf-
feine. P53 or other apoptosis regulating factors can be in-

troduced.

.For further final confirmation of the sequences from the

screen again, preferentially automatic steps are used:
Clones are confirmed with pure proteins

Concentrations are titrated;

Testing of selected sequences in nuclease dead versions;
Test of other cells;

Test in mice for toxicity.

The present invetion is further described by the following ex-
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amples and the drawing figures, yet without being restricted
thereto.

Figure 1. Purification of SCPVUTAT from E.coli.

Expression and purification of SCPVUTAT.

E. coli cells that contain the expression plasmid for
SCPVUTAT were induced for the expression of the protein and the
purification was done as described in the experimental part. NI
and I represent the total cellular extracts from E.coli not in-
duced or induced respectively. H1 and H2 are peak fractions ob-
tained from the purification on the Hi Trap chelating Nitt
agarose column; S1 and S2 are the peak fractions obtained from
the purification on a SP-Sepharose column; M represents molecu-
lar mass markers (from the top to bottom in kDa: 94, 67, 43, 33,
20, 14); SCPVU represents the protein that does not contain the
TAT sequence and was purified in a similar way.

Figure 2. Immunological analysis of the protein-extracts
from U20S cells after protein transduction.

The analysed proteins were: increasing concentrations of
SCPVUTAT (1, 19, 50, 100, 200nM; lanes 2-6), SCPVU (200nM, does
not contain the TAT sequence, lane 7), SC34 (200nM, SCPVUTAT de-
rivative that exhibits no enzymatic activity, lane 8), control (
no addition of proteins to the cells, lanel). Ten minutes after
the addition of the proteins to the cell culture supernatants,
extracts were prepared after extensive washing with PBS, separ-
ated on SDS-PAGE and analysed by immunobloting with monospecific
antibodies to Pvull (lower panel, IMPORT). For a comparison ali-
quots of the supernatants of the cell culture taken before ex-
tract preparation were included in the analysis (upper panel,
SUPERNATANT) .

Figure 3. Immunofluorescent analysis by confocal microscopy.

After 30 minutes of proteintransduction with SCPVUTAT cells
were washed, fixed with 3% PFA, marked with PvuII monospesific
antibodies, and stained with FITC conjugated secondary antibod-
ies for confocal Immunofluorescent analysis (green,lower
pannel). In addition DNA costaining was obtained with propidium
J~ after RNAse A digest (red, upper panel).

Figure 4. TUNEL analysis for detection of DSB on a single
cell level.

U20S cells were treated with SCPVUTAT and DSBs were analysed
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with the confocal immunofluorescence microscopy after labelling
with TdT in the presence of dUTP-FITC (TUNEL). Treatment was
with 100nM SCPVUTAT for the timeperiods indicated.

Figure 5. Nuclease dependent cell cyle delays induced by
SCPVUTAT.

The distribution of the various phases of the cell cycle of
the protein transduced cells was analysed by FACS analysis. Dis-
tribution of the DNA content of the cell populations was detec-
ted. 2n represents a diploid DNA equivalent (non replicated; Gl
phase), 4n represents the tetraploid DNA equivalent (replicated;
G2/M phase). For the FACS analysis the cells were separated em-
ploying the DDM mode that allows to estimate DNA content of a
single cell. U208 cells were grown for 24 hours (upper row) or
48 hours (lower row) in the presence of increasing amounts of
SCPVUTAT (10nM, 50nM, 100nM) as indicated and with only one ad-
dition of proteins; non treated cells (contrcol); cells treated
with a nuclease impaired derivative of SCPVUTAT (SC34, 100nM).
All the histograms shown represent a measure of DNA content rel-
ative to the cell numbers as indicated only on the upper right
panel.

Figure 6. Kinase activities induced by SCPVUTAT.

Determination of the cyclin Bl kinase activity using histone
H1 as a substrate and cyclin Bl specific immunoprecipitates from
protein extracts obtained from growing U20S cells, not treated
or treated with SCPVUTAT (100nM), or treated with nocodazole
(0.2 pg/ml) for 30 hours. Cyclin Bl specific immunoprecipitates
32P~ATP and
the reaction mixtures were separated on SDS-PAGE and analysed by

were incubated with histone H1 in the presence of v

autoradiography. The numbers on the bottom indicate the relative
activities as determined by phospho-imager analysis.

Figure 7. Biochemical markers for the cell cycle arrest
after SCPVUTAT treatment.

A) Induction of p53 by 3’-OH and 5’ -phospate containing blunt
end DSBs. U208 cells (lanes 1-7) and HCT1l16 (lanes 8-14)
were treated with SCPVUTAT (100nM, SC), or with adriamycin
(doxorubicin, 0.02 pg/ml, AD) for the timeperiods as indic-
ated; non tretated cells were used as a control (lane 0).
Extracts were prepared, separated on SDS-PAGE and analysed
by immonobloting with specific antibodies to p53 (upper
panel, p53) or to PARP (lower panel, PARP).
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B) Repair response of the Ataxia telangectasia mutated (ATM)
protein to SCPVUTAT. SCPVUTAT dependent Ser15 phosphoryla-
tion of p53. The ATM positive cell-line MRC5 was treated
with SCPVUTAT (100nM, SC) or with hydroxyurea (1mM, HU) for
the time periods as indicated; as a control non treated
cells were used (0). Extracts were prepared, separated on
SDS~PAGE and analysed by immonobloting with specific anti-

bodies to pb53 Ser15

(upper panels, Serlb, pb3), or to actin
(lower panel, actin).
C) Repalr response of the Ataxia telangectasia mutated (ATM)
protein to SCPVUTAT.
Caffein sensitivity of SCPVUTAT dependent Ser
tion of p53. AT-5 cells, negative for ATM were treated with
SCPVUTAT (100nM, SC) or with hydroxyurea (1mM, HU) in the pres-

ence of caffeine (2mM) for 4 hours; as a controls cells without

15 phosphoryla-

treatment and cells only with caffeine treatment were used. Ex-—
tracts were prepared, separated on SDS-PAGE and analysed by im-
monobloting with specific antibodies either to p53, p53 Sert?®
(upper panels, Serl5, p53) or to actin (lower panel, actin).

Figure 8. Induction of cell cycle block and clonogenic
activity by SCPVUTAT of cells mutated for ATM (AT-5) in compar-
ison to non mutated cells (MRC-5).

A) Distribution of DNA content distribution during the cell
cycle detected by FACS analysis of AT-5 cells after 36
hours of SCPVUTAT treatment (25nM, 100nM), or with adriamy-
cin (0.02pg/ml; ADRIAMYCIN), or with SC34 (100nM), and as
control from non treated cells. The histograms represent
DNA content relative to the cell-numbers; the panel on the
right indicates the percentage of the corresponding distri-
butions of the various cell cycle phases as calculated with
the MODFIT M

B) Colony forming assay with cell lines mutated for ATM and
induced for DNA damage by SCPVUTAT. Various dilutions of
AT-5 or MRC-5 (serves as an ATM positive control) were
treated for 60 minutes with SCPVUTAT (25nM, grey bars;
100nM, black bars) or not treated (white bars); the cells

were washed and then grown for 7-10 days, stained with

program—-package.

GIEMSA and colonies were counted. A summary of the results
is shown by histograms and represents the medium of three
independent experiments with standard deviations in the
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range of 10%-15% as shown. Non treated cells were set to

100%, the black bar for AT-5 cells is closed to 0% and thus

was not indicated.

Figure 9. Comparison of the clonogenic activities of cells
with selected mutations in single proteins involved in the NHEJ
pathway.

Clonogenic assay of CHO cells that were mutated for proteins
involved in the NHEJ repair-pathway treated with SCPVUTAT. The
cell lines used are AA8 (parental line), V3 (DNA-PCCS(“/") ),
xrss5 (K080 ™/7)) and x®r-1 (xrcca (/7)) HIS P1.13-11 (KU70
(—/'>) and the corresponding parental cell line CHO-K1. Various
dilutions of the CHO cells containing the NHEJ mutations as in-
dicated were treated for 24 hours with SCPVUTAT (25nM, grey
bars; 100nM, black bars) or not treated (white bars); the cells
were washed and then grown for 7-10 days, stained with GIEMSA
and colonies were counted. A summary of the results is shown as
histogram and represents the medium of three independent experi-
ments with standard deviations in the range of 10%-15% as shown.
Non treated cells were set to 100%, the black bar for the cells
V3 (DNA—PCCS(—/—) ) is below 1% and thus was not indicated.

Figure 10. Differential induction of apoptosis in neuro-
blastoma cells after SCPVUTAT treatment.

FACS analysis of the DNA content stained with propidium J~
of the neuroblastoma cells GI-LIN after SCPVUTAT treatment
(10nM, panel C; 100nM panel B). The treatment of the samples was
done for 30 hours. As a control samples treated with SC34 were
used (100nM, panel D) or not treated (panel A). At the bottom of
each panel the representative percentage of the cell cycle phase
distributions obtained are indicated (G1/S/G2-M). (A) indicates
apoptotic cells.

Figure 11l. Synergistic effects of low concentrations of
SCPVUTAT and sub-lethal concentrations of Hy0,.

U208 cells were incubated with SCPVUTAT (10nM, panel B), orx
with H2O2 (10pM, panelC), or both (SCPVUTAT, 10nM; H202, 10uM;
panel D), or with no agent as a control (panel A). Further
treatment cells were analysed in FACS for DNA content; the per-
centage of the various cell cycle phases are indicated at the
bottoms of the individual histograms.

FPigure 12. Microscopic analysis of histone 2AXSer-139 pos-
phorylation and the inhibition of this effect by the PI3/ATM
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kinase inhibitor Wortmanin.

U20S cells were treated with SCPVUTAT (100nM, central
column) for 60 minutes, in addition treatment was done with
Wortmanin (50uM, WM, right column), or with no agent as a con-
trol (left column). After treatment cells were stained with spe-
cific antibodies to H2AX-Ser-139 phosphorylated (red) or for
Histone 2B (served as a control, green) and analysed on a single
cell level by fluorescence microscopy.

Figure 13. Determination of hypersensitivity of cells
mutated for the catalytic subunit of DNA dependent protein
kinase (DNA—PKCS) by automatic analysis.

A) The proliverative capacity of mutated cells and of com-
parable normal cells was evaluated with a Versadoc 4 (BioRad)
imaging device using coloured cells. Statistical analysis of the
results was done and is represented as a histogram.

Colony forming assay with the human glioblastoma cell lines
MO59J (DNA—PKCS('/")) compared to MOS9K cells (DNA—PKCS(+/+))
after SCPVUTAT treatment. An example of the colony forming assay
is shown. The assay was done employing various concentrations of
cells in the order of three magnitudes (from the upper to the
lower rows, 1x104, 2x103%, 4x10%, 8x10). On the right B), the
histograms of the results from the colony forming assay of the
cell-lines MO59J compared to MO59K is shown. The assays were
done as in Figure 9 but analysed with the aid of the Versadoc 4
(BioRad) system. White bars: samples not treated; grey bars:
25nM SCPVUTAT; black bars: 100nM SCPVUTAT.

Figure 14. Intracellular distribution of cell cycle control
proteins after a treatment with SCPVUTAT.

Microscopic analysis of the HCT116 (p53(+/+)) cells not
treated, or treated with SCPVUTAT (100nM) for 30 hours, or with
taxol (0.2pug/ml). Immunofluorescence analysis was done with
primary antibodies specific for cyclin Bl or specific for Cdc25C
and coloured with secondary conjugates of. FITC (green, cyclinB1)
or TRITC (red, Cdc25C).

EXAMPLES
Example 1

Vector construction for the expression of the recombinant
proteins
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For the experiments described in the following examples the
following recombinant proteins were produced using methods well
known to the expert in the field: SCPVU, a single chain variant
of the homodimeric endonuclease enzyme Pvull, already described
in Simoncsits et al., 2001. To the C-terminus of this construct
was added the sequence coding for GSYGRKKRRQRRRGGSHHHHHH con-
taining part of the HIV Tat protein and is followed by a six
Histidine tag. The recombinant fusion protein obtained in this
way 1s called SCPVUTAT. This results in a polypeptide that is
composed of the amino acids 1-157 of the enzyme Pvull followed
by a lincer with the sequence —-GSGG which connects the first
subunit to the second subunit of the enzyme Pvull (aa 2-157),
and is followed by the sequence GSYGRKKRRQRRRGGS—-HHHHHH (tat-
peptide + 6 histidine-tag). Further, the variant SC34 of the en-
donuclease PvuIl (Simoncsits et al., 2001) is produced as a
single chain polypeptide. This derivative exhibits the specific
DNA binding activity of PvulIIl, but is impaired in endonuclease
activity due to a mutation (Asp34/Gly34) at position 34 in both
subunits of the Pvull enzyme.

Example 2

Expression of the recombinant proteins and their purifica-
tion.

The expression of SCPVUTAT was done in the E.coli strain XLl
MRF’ (Simoncsits et al., 2001) and the protein was first puri-
fied on a HiTrap Chelating affinity column (5ml, Amersham Phar-
macia Biotech) and then further purified on a SP Sepharose (5ml
HiTrap SP HP, Amersham Pharmacia Biotech). On the SP-Sepharose
proteins were eluted between 0.63 M and 0.67 M NaCl. Yield was
approximately 10 mg of purified protein from 1.5 1 of medium.
The native Pvull protein (not as a single chain version) fused
to the TAT sequence was prepared in a similar way. In this case
elution from SP-Sepharose was between 0.81 M and 0.85 M NaCl.
All of the expressed proteins were purified to homogeneity as
judged by gel-electrophoresis on an 15% SDS-PAGE and mass spec-—
trometry with an API 150 EX (Perkin Elmer) confirmed the theor-
etical mass. The enzymatic activities of the endonuclease
derivatives obtained was compareable to the native enzymes as
was assayed with A DNA as a substrate.

Example 3

Production of antibodies and immunological analysis.
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Antibodies against recombinant proteins were raised and used by
standard methods as described for example: “Using Antibodies: A
Laboratory Manual”, Ed Harlow, and David Lane; CSH press New
York, 1999, ISBN 0-87969-544-7, “Cells: A Laboratory Manual”,
David L Spector, RobertD. Goldman; Leslie A. Leinwand; CSH press
New York, 1998, ISBN 0-87969-521-8. The antibodies were obtained
from immunisation of New Zealand white rabbits with proper anti-
gen and sera were purified against corresponding antigens that
were immobilized to BrCN-Sepharose (Amersham Pharmacia Biotech).
Cellular extracts for immunoblotting were obtaind by lysing of
the cells in 20mM Tris HC1 pH 8.0, 5mM EDTA, 150 mM NaCl, con-
taining the protease inhibitors for example 20 pM TPCK, 20 pM
TLCK, phosphatase inhibitors 60 mM 4-nitrophenyl phosphate, or
by direct lysis in SDS sample loading buffer. Immunofluorescence
analysis was done by methods known in the art for example after
fixation of the cells in 3% paraformaldehyde or fixation in a
1:1 mixture of acetone and methanol. Analysis was done after an-
tibody-staining using a Zeilss Axiovert 100M microscope attached
to a LSM510 confocal unit.

Example 4

Protein transduction of the chimeric proteins into eukaryot-
ic cell lines.

The following cell-lines were used for the examples 4-11:

The defective cell-lines in the NHEJ repair pathway: the CHO
lines: xrss5 (ku80(™/7)), xr-1 (xrcca™/7)y, v3 (DNA-PRes (/7))
and the corresponding parental cell-line AA8 (ATCC CRL1859) and
also the cell-line: HIS P1.13-11 (KU70(—/—))and the correspond-
ing parental cell-line CHO-K1 (ATCC CCL61). These lines wer
grown in DMEM medium containing 10% fethal calf serum (FCS).
Further were used the human glioma-cell-lines MO59J (DNA-PKcs
(—/—)) and the corresponding parental lines MO59K (wild type for
DNA-PKcs) (Lees-Miller SP, et al. Science 1995, 267 (5201):1183-
5) which were grown in DMEM/NUT.MIX-F12 1:1 medium with 10% FCS.

The line AT-5 is derived from an individual with defective
ATM (ataxia-teleangectasia mutated protein) and as corresponding
parental cell-line MRC-5 was used (Raj K, et al. Nature. 2001,
412 (6850): 914-7) both were cultivated in DMEM containing 10%
FCS.

The neuroblastoma cell-lines IMR32 (ATCC CCL-127), GI-LIN
and LAN-5 (Panarello C. et al. Cancer Genet. Cytogenet., 2000,
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116:124-132) were grown in RPMI medium +Hepes 25mM containing
essential amino acids and 10% FCS.

The human osteosarcoma cell line U20S (ATCC HTB96); the
primary fibroblasts IMR90 (early passages) were grown in DMEM
medium containing 10% FCS.

The colon carcinoma cell-line HCT-116 (defective for the
mismatch repair gene human MLH1 protein (Raj K, et al. Nature.
2001, 412 (6850): 914-7)) was grown in McCoy’s medium containing
10% FCS.

The transduction capacity of the chimeric proteins was as-
sayed in U20S osteosarcoma cells and in the IMR90 primary fibro-
blasts cells. The cells were grown in DMEM containing 10% FCS
and treated with the proteins of the invention in the same medi-
um, in general in the presence of antibiotics. After 10 minutes
of incubation of the cells with increasing quantities of the fu-
sion protein SCPVUTAT (1, 10, 50, 100, 200 nM) and with the pro-
tein SCPVU (single chain Pvull without TAT) and SC34 as a
control (prepared as described for SCPVUTAT except that the en-
zyme PvuIl contains a mutant in position 34) cell extracts were
prepared, separated on SDS-PAGE and assayed by immuno-blot ana-
lysis with a monospecific antibody to PvulIl. Further, uptake was
assayed after 30 min of incubation by immuno-fluorescence ana-
lysis using Pvull specific antibodies and nuclear costaining
with propidium iodide. Together the data demonstrate, that the
protein SCPVUTAT is enriched in the cells and in particular in
the nucleus and uptake was in nearly 100% of the cells analysed
as shown in Figure 2. In contrast, the fusion-protein containing
no tat sequences (SCPVU) is not imported. These enrichments were
not dependent on the denaturation of the protein, as the pro-
teins used were soluble and prepared under native, non denatur-
ing conditions. In fact, the proteins that were produced by the
methods described and under native conditions were more effect-
ive in protein transduction and superior to the denaturation
methods described recently for other proteins in the patent of
Dowdy USP6,221,335.

Example 5

Confirmation of the DSB induction after the treatment with
the recombinant proteins of the invention in vivo by TUNEL as-
say.

After a brief treatment of the cells with SCPVUTAT the func-
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tion of the proteins was assayed with terminal deoxynucleotidyl
transferase (TdT) dUTP-FITC, in a TUNEL reaction (In Situ Cell
Death Detection Kit, Roche Diagnostic, Mannheim Germany) which
marks DSBs in vivo. The assay was done after fixation of the
cells in 4% paraformaldehyde in PBS, 0.1% Triton. After the TUN-
EL reaction the cells are counter-stained with propidium J . The
use of derivatives impaired in the nuclease activity like the
construct SC34 as a negative control, allows to estimate back-
ground activities. As short as 10 minutes after treatment with
the fusion protein SCPVUTAT all of the cells tested showed (90-
100%) TUNEL positive reaction. Among the cells tested are human
or rodent cell lines including epithelial cells (HEK-293, MCF-7,
HCT116 a colon carcinoma cell line that exhibits a defect in the
mismatch repair gene hMLH1), primary fibroblasts (WI83, IMRYO,
Mouse Embryonic Fibroblast’s, MEF). This confirms beside the ef-
ficient delivery of the fusion proteins of the invention to the
nuclei of the cells exhibit endonucleolytic activity in vivo in
all cell types assayed so far. In fact few minutes of treatment
with SCPVUTAT and concentrations of the proteins in the cell
culture supernatant as low as 10nM produce significant TUNEL
activity in most of the cells, thus demonstrating direct and
rapid functionality of the chimeric proteins in vivo. This as-
pect makes the system described in the invention by far more ef-
ficient as compared to endonucleases induced from
transcriptional units or compared to any of the other type of
protein transfection like electroporation, or precipitations
with calcium phosphate or libid-derivatives i. e. lipofectin.
This activity was cell cycle phase independent and in most of
the cells was not correlated with apoptosis, as was demonstrated
by the missing positiv markers for apoptosis (i.e. cytochrome C
release or positive Anexin V staining).

In Figure 4 results obtained from a TUNEL assay from U208
cells after a treatment for 30 minutes with SCPVUTAT or SC34 are
shown, these types of assays demonstrate the functionality of
the SCPVUTAT construct.

Example 6

Evaluation of the effect of a treatment with the proteins of
the invention on the cell cycle.

Finally, to confirm that the DSB’s that are produced in vivo
also induce perturbations in the cell cycle, DNA content in the
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various phases of the cell cycle was analysed by Fluorescence
Activated Cell Sorting (FACS) after transduction of the proteins
of the invention. After the treatment with diverse proteins at
various concentrations and during different timepoints, the
cells were fixed in 70% ethanol, treated with RNAse A and
stained with propidium J .

The FACS analysis was done using a FACSCalibur ™

(Becton
Dickinson) apparatus. The obtained data were evaluated with the
CellQuestTM software program package. At least 3x104 single
events for every sample were analysed in the DDM mode . The
statistic analysis of the DNA content distribution during the
cell cycle was done with the MODFIT R

age. A 2N diploid DNA content correspond to cells in the Gl

software program pack-

phase of the cell cycle, 4N represents a relative tetraploid DNA
content and corresponds to G2 and/or M phase of the cell cycle.

An intermediate DNA content represents S phase corresponding to

a population actively replicating DNA during the cell cycle and

a content that is below diploid 2N represents cells in apoptos-

is.

In Figure 5 is shown that an incubation for 24 hours with
10nM of the protein SCPVUTAT is sufficient induce an increase in
the teraploid population of U20S cells. The dilution of the
SCPVUTAT protein with fresh medium causes re-entry of the cells
towards a normal cycling population during 24 hours, whereas
successive addition of SCPVUTAT (every 12 hours i.e.) results in
a stably induced cell cycle delay, in most cells that were ana-
lysed without any induction of apoptosis. Similar treatments
with the proteins SC34 and SCPVU (with no TAT domain) do not
show any change in the cell cycle distributions.

Other methods can help to finally discriminate between the
G2 and M phase of a population detected as tetraploid in a FACS
analysis (4N); i.e., in 4N DNA containing HCT1l1l6 and U20S cells
that were treated with 100nM SCPVUTAT the nuclei remain big and
do not show any mitotic structures or no nuclear envelope break-
down which indicates that cells remain in G2 and do not show any
progression into M phase of the cell cycle and thus exhibit a G2
cell cycle block. Further biochemical analysis can be employed
to demonstrate the kinase activity of the Cdc2-cyclin B complex.
Moreover, the initiation of mitosis, i.e. induced with the mi-
crotuble blocking agents Nocodazol or Taxol, can be detected by
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the nuclear activity of the Cdc2 kinase and also by nuclear loc-
alisation of Cdc25C. These assays allow to dissect the exact
point of cell cycle arrest after SCPVUTAT treatment and this
further allows to detect disturbations in this phase of the cell
cycle relative to a positive control. Similar experiments are
well known in the art also for other phases of the cell cycle.
The assay shown in Figure 7A and the immunofluorescence analysis
shown in Figurel4 show examples for these types of experiments.
The experiments as shown indicate that in the cell line HCT1llé
upon treatment with the fusions protein SCPVUTAT DSB’s were in-
duced and subsequent a reversible block in the phase of the cell
cycle that corresponds to late S/G2.

Example 7

Effects of the proteins to cells with mutations in ATM/ATR.
The Ataxia telangiectasia mutated protein (ATM) and the Ataxia
telangiectasia related mutated protein (ATR) represent the cent-
ral signaling elements during checkpoint activation in response
to DNA damage. These pathway coordinate cell cycle progression
and the DNA repair machineries. These controls ensure the appro-
priate order of events in a case of a damage in a cell, i.e.
cells do not progress into successive phases of the cell cycle
before the DNA is repaired. This implicates controls in the cell
cycle machinery by inhibition of cell cycle kinases and concom-
itant induction of negative regulators, among them tumour sup-
pressors like p53 and their known transcriptional targets (i.e.:
p2l, 14-3-3 sigma), proteins that in turn induce a cell cycle
block that is important for an exact function or for accurate
fidelity of the effecttor proteins responsible for DNA repair.
It is important to note, that mutations in many of these regu-
latory proteins show strong predispositions for cancer.

Treatment of U20S cells with 2mM caffeine, a metylxantin de-
rivative (IC50 < 1mM) induce a moderate delay in the Gl phase of
the cell cycle and moreover the inhibitory effect sensitises the
cells to DNA damage (Sarkaria et al., 1999). It was shown that
caffeine inhibits the catalytic activity of at least three mem-
bers of the class of the phospho~inositol 3 kinase (PI3) with
all of them containing a homologous serine/threonine kinase re-
gion (PIKK), ATM,ATR and TOR. U20S cells that were grown for 30
hours in medium with 100nM SCPVUTAT in combination with 2mM caf-
feine do not exhibit the characteristic cell cycle stop of
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SCPVUTAT, but however induce a moderate Gl delay. This demon-
strates that caffeine is antagonist to the effect of SCPVUTAT in
vivo. Final experiments demonstrate that caffeine neither inhib-
its SCPVUTAT in vitro, nor does it influence the transducion ca-
pacity of the protein. The same rational used for these
experiments applies for a selection of antagonistic compositions
to SCPVUTAT that are active “in vivo” and constitute general
compositions or lead compounds, active as inhibitors of the ATM
and/or ATM/ATR pathway. The specificity for ATM/ATR or for any
other protein involved in this pathway can then be finally dis-
sected by using appropriate mutant cell lines. Due to the imme-
diate well characterized and monospecific activity of SCPVUTAT,
these molecules can be advantageously used in this assays. The
easy use of the presented invention allows application in these
types of assays also in large scale, such as high-throughput in
combination advantageously with the application of the combinat-
orial chemistry and/or combinatorial molecular biology.

In an other embodiment SCPVUTAT is used to monitor the
events that depend on an activation of ATM/ATR. ATM functions as
a serine/threonin kinase on many substrates involved in the
checkpoint that is activated by DNA damage. The phosphorylation
of the substrates can or cannot influence the activation of a
checkpoint response. Substrates of ATM or of ATM dependent
kinases known in vivo includes: Nbsl, SMC1 (Structural Mainten-
ance of Chromosomes), MDCl (Mediator of DNA Damage), H2AX (His-
tone 2Ax), p53.

The in vivo induction of ATM/ATR on the substrate of p53-
SerlS5 in response to SCPVUTAT was analysed. The phosphorylation

of p53 on Ser15

regulates protein stability and transcriptional
activity of p53 and thus is essential for the transcriptional
response of pb3.

P53 phosphorylation on Serl5 in response to SCPVUTAT treat-
ment was assayed in ATM positive or negative cell lines (MRC-5
and AT-5 respectively). For comparison parallel experiments were
done with hydroxyurea (HU). HU functions as an inhibitor of the
ribonucleotidyl-reductase and causes a stalling of the DNA rep-
lication fork during S phase and causes DSB’s. For this immun-
oblotting experiments were done with extracts after treatment,
by using specific antibodies to a phosphorylated Serld in p53

for specific detection. As shown in Figure 7, specific phos-
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phorylation of pSB—Ser15 is obtained after treatment with

SCPVUTAT in ATM plus cell lines MRC-5 (Figure 7B) as well as for
the ATM minus cell lines AT-5. The same was found for a treat-

ment with HU that induces p53—Ser15
able however consistently higher fashion. This in vivo

phosphorylation in a compar-—

phosphorylation is sensitive to the ATM/ATR inhibitor caffeine;
AT-5 cells incubated with 2mM caffeine, and are SCPVUTAT or HU

treated do not exhibit significant p53—Ser15

phosphorylation

(Figure 7C). As another example for a phosphorylation of a sub-
strate of ATM in response to the object of the invention, his-
tone H2AX Ser139
ATM phosphorylates histone H2AX Ser

to DNA damage induced by radiation during S and G2 phase of the

phosphorylation was analysed. It was shown that

139 as an immediate response

cell cycle. U208 cells were treated for 60 minutes with
SCPVUTAT, fixed and analysed for histone H2AX Ser139

phorylation. Cells were analysed with a specific antiserum to

phos-

phospho-Ser 139 on histone H2AX and analysed in the microscope
on a single cell basis. As a control histone 2B was analysed.
The results demonstrate that treatment with SCPVUTAT rapidly in-
duces histone H2AX Ser139

be detected in specific located in the nuclei of the treated

phosphorylation and this activity can

cells but not of the non treated cells (Figure 12). Moreover the
ATM kinase inhibitor Wortmanin (50uM) is antagonist for this re-
action. The concentration of Wortmanin used are specific for ATM
but do not inhibit ATR, thus represent a simple assay to distin-
guish between these two kinases. These types of experiments,
where substrates of the ATM pathway are analysed help to define
the biochemical and molecular targets induced by DSB’s induced
by SCPVUTAT. The biochemical and/or immunological analysis of
the substrates of the ATM kinase by western-blotting , immun-
fluorescence analysis, or enzymatic assays in cells or from cell
extracts treated with the presented invention is useful for an
interpretation of the state of a response of a checkpoint in
vivo in a particular cell in comparison to a normal induction of
the respective pathway.

Moreover, these assays can be advantageously used with the
presented invention in automatic screens. The exact and well-
defined nature of the damage induced in the DNA by the presented
invention, makes the presented superior in respect to any other
compound previously used in similar types of assays. The use of
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the presented invention in single assays or high-through-put
screens has little need to consider secondary or pleotropic ef-
fects, an essential prerequisite for the success of a complex
screen. The data obtained in these types of experiments can be
considered as equivalent to the effects induced by a DSB.
Moreover, the availability of mutated protein derivatives that
do not exhibit nuclease activity like SC34 warrant important
controls for these assays.

Example 8

Dependence of the SCPVUTAT induced effect from ATM and p53.

In general in the case of DNA damage mutations in the com-
ponents of the corresponding mechanism of control (checkpoint)
exhibit changes in the arrest-characteristics of the cell cycle
and many of these mutations determine predisposition to cancer.

In contrast proteins that are involved as effector molecules
for DNA repair in general exhibit normal arrest characteristics
of the cell cycle and induce tumour progression mainly only in
compbination with defects in checkpoint components and show fre-
quently synergism in a predisposition for tumours. Mutations in
the effector molecules exhibit particular hypersensitivity to-
wards DSB’s, a characteristics that is significantly less pro-
nounced in the case of checkpoint mutations. Due to the fact
that the proteins of the invention are monospecific it is pos-
sible to interpret sensibility to DSB and the effects on the
cell cycle as simple consequence of the induced damage. In fact
it is possible to evaluate if the defects are in components of
the control mechanisms (checkpoints) or in the repair machinery.

The cell cycle response to DSB’s induced by SCPVUTAT treat-~
ment were analysed in p53 positive or negative cells. Whereas
cells that are positive for p53 show cell cycle arrest behaviour
in Gl and G2 with low S-phase values, but cells negative for p53
do not exhibit arrest characteristics of the cell cycle.
Moreover this type of result was also obtained for the p53 down-
stream elements were mutations in p2l exhibit comparable beha-
viour to p53 minus cells and mutations in 14-3-3 sigma exhibit a
Gl arrest confirming that this protein is partial overlapping
with p53 and has its role only in the control of the G2 phase of
the cell cycle. As finally demonstrated in Figure 8A, the
mutants AT-5 were analysed after treatment with SCPVUTAT. Incub-
ation for 36 hours of the cell lines mutated for ATM (AT-5) with
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SCPVUTAT results in a transient retardation of the cell cycle,
as was determined by a DNA content FACS analysis. AT-5 cells
show a strong increase in 4N G2 DNA content and do not show any
Gl delay, and this indicates a complex defect in the Gl check-
point (Figure 8). Significantly, the delay in G2 is not released
and re-entry into the cell cycle is not observed after 24 hours
in contrary to ATM positive cell lines (see Figure 5). A single
addition of SCPVUTAT for 60 minutes to the AT-5 cells was suffi-
cient to induce cell cycle stop after 24hours (Figure 8A)and fi-
nally leads to cell death, obtained from not correctly ligated
DNA, and consequently, the clonogenic activity after a single
treatment with SCPVUTAT for 60 minutes was below 0.02% for AT-5
cells. In these assays, the ATM positive control cell line MRC-5
was less sensitive to a SCPVUTAT treatment (Figure 8B). In addi-
tion, the cells were incubated with adriamycin as a control.
This effects were due to the endonuclease activity of SCPVUTAT
because colonies were formed with comparable efficiency to no
treatment upon treatment with mutated nuclease versions. These
examples demonstrate that various mutated cells show distinct
cell cycle profiles in response to SCPVUTAT treatment and that
this characteristic can be used for the diagnosis of cell cycle
defects upon DSB’s.

Example 9

Evaluation of the diagnostic capacity of the protein
SCPVUTAT on cells defective in the NHEJ (Non-homologous End-
Joining) repair pathway.

NHEJ represents the principal mechanisms for a double strand
DNA break repair in higher eucaryots in contrary to lower euca-
ryots where a repair by homologous recombination is more
present. The proteins involved in this system are also involved
in the final phases of the V(D)J immunglobulin recombination. In
order to confirm if the proteins of the invention activate also
the enzymes of the NHEJ in a specific matter, rodent cell lines
containing individual mutations in one of the essential factors
of this pathway were analysed.

In a colony formation assay summarized in Figure 9 and Fig-
ure 13 confirms that a single treatment with the protein of the
invention SCPVUTAT is sufficient to strongly reduce colony form-
ation activity in all the NHEJ mutated cell lines analysed.

To demonstrate the specificity of the repair of DSB’s of the
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presented invention, rodent cells were used that contain homozy-
gote loss of fuﬁction mutations in one of the essential factors
involved in the NHEJ repair for DSB’s: the PIKK subunit catalyt-
ic domain containing regulatory subunit of the DNA dependent
protein kinase (DNA-PKcs; V3 cell lines, corresponding parental
cell line ARA8), the regulatory subunit of the DNA dependent pro-
tein kinase Ku70 (HIS Pl. 13-11; corresponding parental cell
line CHO-K1), the subunit Ku80 (xrssb5; corresponding parental
cell line AA8), and the DNA ligaselV regulatory subunit XRCC4
(XR-1 cell lines; corresponding parental cell line AA8). These
cell lines were analysed in the nuclease activity assays with
SCPVUTAT in vivo and compared to the parental cell lines as in-
dicated. Moreover these NHEJ mutant cells were tested with
SCPVUTAT in clonogenic, colony-outgrowth assays that were as-
sayed after a single addition of SCPVUTAT for 12 hours at a con-
centration of 10nM (grey bars) or at a concentration of 75nM
(black bars) or without protein treatment (not treated, white
bars). Seven to ten days after addition, cell growth was ana-
lysed by staining withGIEMSA-blue and quantification of diverse
cell-concentrations. The results obtained from a representative
experiment are summarized in Figure 9. Cells that are mutant for
the subunit XRCC4 of the DNA LigaseIV are hypersensitive to
blunt end DSB’s induced by SCPVUTAT and more interesting, all
the cells that contain mutants in the DNA-PK assayed, including
the mutations of the catalytic subunit, exhibit as well a strong
reduction in the colony formation assay. In contrast to parental
cells, to cells that contain known defects in the miss-match re-
pair pathway, like HCT116 that exhibit a homozygous mutation in
the gene coding for the hMLH1 protein, do not show any increase
in sensibility to a treatment with SCPVUTAT in similar assays.
In a further example human glioblastoma cell lines that are de-
fective in DNA-PKcs (MO059J) were treated with SCPVUTAT and con-
fronted to the parental cell lines MO59K. In analogy, cell
growth was quantified after a single treatment with SCPVUTAT for
12 hours (10nM, grey bars; 75nM, black bars; not treated, white
bars). Again, also the human DNA-PKcs mutant cells show a signi-
ficant differential increase in sensibility in response to
SCPVUTAT treatment, Figure 13A, B). These cells were plated into
multiwell-microtiter-plates at different concentrations and
treated with SCPVUTAT as indicated and stained with GIEMSA-blu.
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The multiwell-microtiter~plates (for an example see Figure 13AR)

were scaned using the VersaDocR

(BioRad) imaging system and
growth was automatically quantifiedwith the software package
Quantify one® for the analysis of the microtiter-plates (mi-
crotiter-plates scanning software). The data obtained were fur-
ther summarized in a histogram as outlined in Figure 13.
Consistent with the results obtained from the rodent cell lines
that are mutated for DNA-PKcs , also the human cell lines demon-—
strated hypersensitivity upon SCPVUTAT treatment, and this con-
firms the high specificity of SCPVUTAT for the introduction of
DSB’s. These experiments demonstrate the feasibility of the used
system including applications in semi- or total automatic as-
says.

Example 10

Assay for the screening of candidate compounds as synergist
or antagonist to stress induced by DSB.

U208 cells were incubated with 10nM SCPVUTAT and with 10uM
H,0, alone or in combination ant the cell cycle profile was ana-
lysed by FACS. Simultaneous incubation of the cells with the two
compounds caused a differential, highly increased change of the
cell cycle profile with a strong increase of the corresponding
G2 phase peak from 20% to 45% (Figure 11A, compared to Figure
11D) in comparison with no increase in G2 with 10pM H202 alone
(Figure 11C) and with a minor increase of 20% to 28% in G2 (Fig-
ure 11A, compared to Figure 11B) in the case of 10nM SCPVUTAT
alone. Based on the results from the incubations with the single
components, the incubation with both components simultaneously
clearly exhibits a synergistic effect for a perturbation of the
cell cycle.

In a successive, similar experiment were the SCPVUTAT pro-
tein was incubated together with aphidicolin (a DNA intercalat-
ing agent and topoisomerase II inhibitor), no synergistic effect
was observed and both components show only additive behaviour.
This example, again demonstrates the simplicity of the assay,
that can be used for detection of synergism or antagonism to the
cellular stress that is induced by blunt end DSB from the pro-
teins of the invention. As outlined above, the advantageous of
the assay comes from the monospecific DNA damage induced, the
possibility to measure the background of the system with the
nuclease impaired protein SC34 and the extremely fast and easy
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use of the assay in virtually any cell and any phase of the cell
cycle. This was not described before for any other reagent cap-
able to induce DSB’s in vivo. Thus this type of assay shown for
radicals and caffeine (Figure 7C), can be used for every type of
screen for compositions that interfere with the DNA repair path-
way and controls thereof.

Bxample 11

Induction of apoptosis in neuroblastoma from treatment with
SCPVUTAT

Whereas many of the analysed cells of epithelial as well as
mesenchymal origin did not show apoptosis upon treatment with
SCPVUTAT, in some neuroblasoma cell lines (IMR32, LAN5, GI-LIN,)
but also various primary neuroblastoma cell isolates from the
clinics a significant amount of apoptosis was induced. Figure 10
demonstrates an example of an induction of apoptosis by the pro-
teins of the invention in these cells. For the analysis the DNA
content was assayed with FACS after staining of the cells with
propidium J . Apoptotic cells (A) were detected as the cells ex-
hibiting a DNA content below 2N. The calculated regions are in-
dicated on top of each histogram with arrows for the
corresponding areas. Whereas 10nM of SCPVUTAT rapidly induces
18% apoptotic cells in 30 hours (Figure 10B), and the addition
of 100nM of SCPVUTAT gives the induction of more than 29% of ap-
optotic cells in the same time period (Figure 10C), contrary,
the nuclease impaired version SC34 does not induce this effect.
These experiments demonstrate a highly specific induction of ap-
optosis in neuroblastoma cells, and the proteins of the inven-
tion apply as prime candidates for a therapeutic treatment of
these types of tumours.

Moreover in combination with tissue specific delivery sys-
tems, the sequences that are object of the presented invention
can contain sufficient specificity as candidate substances for
the therapy of neuroblastoma. In fact, in turn it is a valid im-
plication that the invention presented applies as a platform-
technology for a screen for tissue specific delivery sequences.

In addition, like already anticipated in previous examples
(Example 8), the presented invention can also be used to search
for specific lead compounds or for specific combinations of mo-
lecules that are able to induce specific, differential apoptosis
in target cells, advantageously in malignant cells from tumours
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but not, or to a much lower extend in normal cells of the same
individual.

Example 12

Cellular localisation of cell cycle proteins after treatment
with SCPVUTAT by immuno-microscopic analysis.

HCT116 (p53(+/+)) not treated, or treated for 30 hours with
SCPVUTAT (100nM), or with Taxol (0.2pg/ml) were fixated with 3%
PFA and treated with specific antibodies to cyclin Bl or for Cd-
c25C. The immunofluorescence was analysed with the microscope
(see Figure 14) with specific primary antibodies to cyclin Bl
conjugated to FITC labelled secondary antibodies (green) or with
specific primary antibodies to Cdc25C conjugated to TRITC la-
belled secondary antibodies (red). The cytoplasmatic distribu-
tion of the cell cycle markers Cdc25C and Cyclin B obtained from
cells with a 4N DNA content after treatment with SCPVUTAT demon-
strate a G2 phase stop and that the treated cells do not proceed
into M phase of the cell cycle. '

This result is different from the results obtained with Tax-
ol were the prevalent nuclear localization indicates a stop in M
phase of the cell cycle.

The change of the special distribution of the two marker
proteins - i.e. cytoplasmatic, corresponding to an inactive cyc-
1inB kinase, in contrast to a nuclear localisation that corres-
ponds to an active cyclinB kinase and a subsequent progression
of the cell cycle into anaphase - and a successive activation of
the cdc2/cyclin B kinase by dephosphorylation with the phos-
phatase Cdc25C (after release of the 14-3-3 protein from Cdc25C
and subsequent activation of the phosphatase), constitutes a
hallmark for the G2/M transition. In fact this pathway substi-
tutes the rate-limiting step in this phase of the cell cycle.
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CLAIMS

1. A chimeric polypeptide comprising:
a. a polypeptide exhibiting affinity for specific nucle-
otide sequences
b. a DNA modifying enzyme

c. a region with intracellular delivery activity.

2. A polypeptide according to claim 1 wherein the regions a.,
b., and c¢. are covalently linked to each other.

3. A polypeptide according to claim 2 wherein the intercellular
delivery activity is selected from the group consisting of pep-
tides, polypeptides, lipids and carbohydrates.

4. A polypeptide according to claim 3 wherein the DNA modifying
enzyme is selected from the group consisting of methylases,

acetylases, endonucleases and topoisomerases.

5. A polypeptide according to claim 4 wherein the DNA modifying

enzyme 1s a restriction endonuclease.

6. A polypeptide according to claim 5 wherein the restriction
endonuclease is from the type II class or their subunits or

functional fragments.

7. A polypeptide according to claims 5 and 6 wherein the activ-
ity of polypeptide a. and polypeptide b. are contained in the
same molecule.

8. A polypeptide according to claims 6 and 7 wherein the poly-
peptide with the specific nucleotide binding activity and the
polypeptide that contains the enzymatic DNA modifying activity
are restriction endonucleases or their subunits or functional
fragments.

9. A polypeptide according to any one of claims 5 to 8 wherein
the restriction endonuclease is selected from the group consist-
ing of EcoRV, Pvull, HinfI and their subunits and functional
fragments.
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10. A polypeptide according to any one of claims 5 to 9 wherein
the endonuclease activity is modified but the nucleic acid bind-
ing specificity is comparable to the native enzyme.

11. A polypeptide according to any one of claims 1 to 10 wherein
the region for intracellular delivery comprises at least one
peptide selected from the group consisting of VP22 of Herpes
Simplex Virus, Tat of HIV-1, Rev of Hiv-1l, the Antennapedia

homeodomain and fragments there of.

12. A polypeptide according to claim 11 derived from the HIV-1
Tat protein comprising the peptide: YGRKKRRQRRR or point muta-
tions or functional mutations thereof.

13. A polypeptide according to any one of claims 8 to 12 wherein
the polypeptide equipped with specific nucleotide binding affin-
ity and the DNA modifying enzyme are represented by a single
polypeptide coding for a classII restriction-endonuclease chosen
from EcoRV, PvulI, and HinfI or their subunits or functional
fragments and the intracellular delivery function is a peptide
contained in the amino acid sequence of HIV-1 tat.

14. A polypeptide according to claim 13 wherein the subunits of
the restriction endonuclease are covalently connected as a

single chain protein.

15. A polypeptide according to claim 14 comprising the sequence
IDN2 (SCPVUTAT).

16. A chimeric polypeptide according to any one of claims 1 to

15 containing non natural amino acids.

17. BAn isolated polynucleotide coding for the polypeptides com-

prised in any one of claims 5 to 15.

18. An isolated polynucleotide according to claim 17 comprising
the seguence IDNI.

19. A vector comprising the polynucleotide sequence according to
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any one of claims 17 to 18.

20. Cells that are transformed with the vectors according to
claim 19.

21. A polypeptide according to any one of claims 1 to 16, poly-
nucleotides according to claim 17 or 18, vectors according to
claim 19, cells according to claim 20 for a terapeutic use.

22. Pharmaceutical compositions containing the polypeptides ac-
cording to any one of claims 1 to 16 as actice principle, in
combination with suitable excipents, emulsifiers or diluents.

23. The use of the chimeric molecules, the polynucleotides, the
vectors, the cells according to claim 21 for the preparation of
pharmaceuticals for the prevention, the cure or the diagnosis of
neoplastic disease or the predisposition for this disease.

24. A method for the modification at specific sites in the gen-
ome of an isolated cell comprising essentially the treatment of
these cells with a chimeric polypeptide according to any one of
claims 1 to 16.

25. A method according to claim 24 based on the use of the chi-
meric polypeptides according to any one of claims 5 to 16 and
wherein the introduced modifications at specific sites in the
genome of isolated cells are DNA double strand breaks.

26. A method for screening for compositions that are able to
modulate the genome-repair activities or to modulate cell cycle
control and checkpoint activities in a cellular system that con-
tains essentially the following:

1) incubation of the isolated cells with the chi-
meric polypeptides according to any of claims
6 to 16,

ii) addition of compositions or collections (lib-
raries) of compositions optional in the pres-
ence of radical producing substances,

iii) characterisation and/or measurement of the
cellular response,.
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27. A method for the activation of the DNA repair and checkpoint
mechanisms in vitro by the use of the procedure according to the
claims 24 and 25 or the use of the chimeric polypeptides accord-
ing to any one of claims 5 to 16.

28. A method for the diagnosis of a genetic defect in the DNA
repair and cell cycle control and checkpoint pathways in vitro,
comprising essentially the following steps:
a) optional cultivation of isolated cells of a
test sample,
b) incubation of these cells with the chimeric
polypeptides according to any one of claims
5 to 16, optional in parallel with suited
reference cell-lines,
c) caracterisation and/or measurement of the

cellular responses.

29. A method according to the claims 26 and 28 wherein respect-
ively at point 1ii) and c¢) the cellular response is chosen
between: clonogenic activity, phosphorylation state or expres-
sion level of biochemical marker consisting of intracellular
proteins, the localisations of those proteins on the nuclear or
cytoplasmatic level, the total DNA content of the cell popula-
tion, the cellular proliferation.

30. A method according to claim 29 wherein those intracellular
proteins are selected from the group consisting of p53, ATM,
Chkl, Chk2, BRCA-1, BRCA-2, Nbsl, Mrell, Rad50, Radb5l and his-

tones.

31. A method according to claim 29 and 30 for the in vitro dia-
gnosis of a genetic predisposition for tumours or for diagnosis

for radiation sensitivity.
32. The use of the chimeric molecules according to any one of
claims 5 to 16 for the introduction of a cell cycle block in

isolated cells.

33. The use of the chimeric molecules according to any one of
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claims 5 to 16 for the the induction of apoptosis in isolated

cells from neuroblastoma origin.

34. A kit for the diagnosis of a genetic defect in the DNA re-
pair system or in the control system for the cell cycle (check-
points) in an isolated cell containing the chimeric polypeptide
according to any one of claims 5 to 16 in combination with a
tube containing a chimeric polypeptide for the control wherein
the polypeptide exhibits specific DNA binding activity but is
impaired in nuclease activity.

35. A kit according to claim 34 wherein the chimeric polypeptide
according to any one of claims 5 to 16 has the sequence IDN2 and
the polypeptide for the control is the polypeptide SC34.

36. A kit according to claim 35 for the in vitro diagnosis of
genetic defects that determine predisposition for tumours in

isolated cells.

37. A kit according to claim 35 for the diagnosis of the radio-

sensitivity of a tumour.
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Sequence listing

<110> International Center for Genetic Engineering and Biotechnology (ICGEB)
<120> chimeric polypeptides and their use

<130> 3916

<1l60> 4

<170> PatentIn version 3.1

<210> 1

<211> 1020

<212> DNA

<213> Proteus vulgarig

<220>

<221> CDS

<222> (1)..(1020)

<223> 1...471: PvuII 472...483: linker 484...951: PvuIll
952...999: TAT 1000...1020: 6 his

<400> 1

atg agc cac cca gat cta aat aaa tta tta gag ctt tgg ccg cat ata 48
Met Ser His Pro Asp Leu Asn Lys Leu Leu Glu Leu Trp Pro His Ile

1 5 10 15

cag gaa tat caa gac tta gca tta aaa cat gga ata aat gat att ttt 96
Gln Glu Tyr Gln Asp Leu Ala Leu Lys His Gly Ile Asn Asp Ile Phe
20 25 30

caa gat aat ggt gga aag ttg ctt caa gtc ctt cta att aca gga tta 144
Gln Asp Asn Gly Gly Lys Leu Leu Gln Val Leu Leu Ile Thr Gly Leu
35 40 45

aca gta cta cca gga cga gaa ggt aat gat gct gta gat aac gca gga 192
Thr Val Leu Pro Gly Arg Glu Gly Asn Asp Ala Val Asp Asn Ala Gly
50 55 60

caa gaa tac gag tta aaa tca ata aac ata gac ctc act aaa ggt ttt 240
Gln Glu Tyr Glu Leu Lys Ser Ile Asn Ile Asp Leu Thr Lys Gly Phe
65 70 75 80

teca act cac cac cac atg aat cct gta att att gca aaa tat aga caa 288
Ser Thr His His His Met Asn Pro Val Ile Ile Ala Lys Tyr Arg Gln
85 90 85

gta cct tgg att ttt gee ata tac cgt ggt atc gca ata gaa get ata 336

Val Pro Trp Ile Phe Ala Ile Tyr Arg Gly Ile Ala Ile Glu Ala Ile
100 105 110

Page 1



WO 2004/092194 PCT/EP2004/004062

tac aga tta gag cca aaa gat cta gaa ttt tac tat gat aaa tgg gaa 384
Tyr Arg Leu Glu Pro Lys Asp Leu Glu Phe Tyr Tyr Asp Lys Trp Glu
115 120 125

agg aaa tgg tat tca gat ggg cat aaa gat att aac aac cct aaa ata 432
Arg Lys Trp Tyr Ser Asp CGly His Lys Bsp Ile Asn Asn Pro Lys Ile
130 135 140

cct gta aaa tat gta atg gaa cat ggg aca aag att tac gga tcc gga. 480
Pro Val Lys Tyr Val Met Glu His Gly Thr Lys Ile Tyr Gly Ser Gly
145 150 155 160

gga agt cac cca gat cta aat aaa tta tta gag ctt tgg ccg cat ata 528
Gly Ser His Pro Asp Leu Asn Lys Leu Leu Glu Leu Trp Pro His Ile
165 _ 170 175

cag gaa tat caa gac tta gca tta aaa cat gga ata aat gat att ttt 576
Gln Glu Tyr Gln Asp Leu Ala Leu Lys His Gly Ile Asn Asp Ile Phe
180 185 190

caa gat aat ggt gga aag ttg ctt caa gtc ctt cta att aca gga tta 624
Gln Asp Asn Gly Gly Lys Leu Leu Gln Val Leu Leu Ile Thr Gly Leu
195 200 205

aca gta cta cca gga cga gaa ggt aat gat gct gta gat aac gca gga 672
Thr Val Leu Pro Gly Arg Glu Gly Asn Asp Ala Val Asp Asn Ala Gly
210 215 220

caa gaa tac gag tta aaa tca ata aac ata gac ctc act aaa ggt ttt 720
Gln Glu Tyr Glu Leu Lys Ser Ile Asn Ile Asp Leu Thr Lys Gly Phe
225 230 235 240

tca act cac cac cac atg aat cct gta att att gca aaa tat aga caa 768
Ser Thr His His His Met Asn Pro Val Ile Ile Ala Lys Tyr Arg Gln
245 250 255

gta cct tgg att ttt gece ata tac cgt ggt atc gca ata gaa gct ata 816
Val Pro Trp Ile Phe Ala Ile Tyr Arg Gly Ile Ala Ile Glu Ala Ile
260 265 270

tac aga tta gag cca aaa gat cta gaa ttt tac tat gat aaa tgg gaa B64
Tyr Arg Leu Glu Pro Lys Asp Leu Glu Phe Tyr Tyr Asp Lys Trp Glu
275 280 285

agg aaa tgg tat tca gat ggg cat aaa gat att aac aac cct aaa ata 912
Arg Lys Trp Tyr Ser Asp Gly His Lys Asp Ile Asn Asn Pro Lys Ile
290 295 300

cct gta aaa tat gta atg gaa cat ggg aca aag att tac gga tct tac 560
Pro Val Lys Tyr Val Met Glu His Gly Thr Lys Ile Tyr Gly Ser Tyr
305 310 315 320

ggc cge aag aaa cgt cge cag cgt cge cgt ggt gga tca cac cat cat 1008

Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Gly Gly Ser His His His
325 330 335

Page 2
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cat cac cac taa 1020
His His His

<210> 2
<211> 339
<212> PRT

<213> Proteus vulgaris

<400> 2

Met Ser His Pro Asp Leu Asn Lys Leu Leu Glu Leu Trp Pro His Ile
1 5 10 15

Gln Glu Tyr Gln Asp Leu Ala Leu Lys His Gly Ile Asn Asp Ile Phe
20 25 30

Gln Asp Asn Gly Gly Lys Leu Leu Gln Val Leu Leu Ile Thr Gly Leu
35 40 45

Thr Val Leu Pro Gly Arg Glu Gly Asn Asp Ala Val Asp Asn Ala Gly
50 55 60

Gln Glu Tyr Glu Leu Lys Ser Ile Asn Ile Asp Leu Thr Lys Gly Phe
65 70 75 80

Ser Thr His His His Met Asn Pro Val Ile Ile Ala Lys Tyr Arg Gln
85 20 95

Val Pro Trp Ile Phe Ala Ile Tyr Arg Gly Ile Ala Ile Glu Ala Ile
100 105 110

Tyr Arg Leu Glu Pro Lys Asp Leu Glu Phe Tyr Tyr Asp Lys Trp Glu
115 120 125

Arg Lys Trp Tyr Ser Asp Gly His Lys Asp Ile Asn Asn Pro Lys Ile
130 135 140

Pro Val Lys Tyr Val Met Glu His Gly Thr Lys Ile Tyr Gly Ser Gly
145 150 155 160
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Gly Ser His Pro Asp Leu Asn Lys Leu Leu Glu Leu Trp Pro His Ile
165 170 175

Gln Glu Tyr Gln Asp Leu Ala Leu Lys His Gly Ile Asn Bsp Ile Phe
180 185 190

Gln BAsp Asn Gly Gly Lys Leu Leu Gln Val Leu Leu Ile Thr Gly Leu
195 200 205

Thr Val Leu Pro Gly Arg Glu Gly Asn Asp Ala Val Asp Asn Ala Gly
210 215 220

Gln Glu Tyr Glu Leu Lys Ser Ile Asn Ile Asp Leu Thr Lys Gly Phe
225 230 235 240

Ser Thr His His His Met Asn Pro Val Ile Ile Ala Lys Tyr Arg Gln
245 250 255

Val Pro Trp Ile Phe Ala Ile Tyr Arg Gly Ile Ala Ile Glu Ala Ile
260 265 270

Tyr Arg Leu Glu Pro Lys Asp Leu Glu Phe Tyr Tyr Asp Lys Trp Glu
275 280 285

Arg Lys Trp Tyr Ser Asp Gly His Lys Asp Ile Asn Asn Pro Lys Ile
290 295 300

Pro Val Lys Tyr Val Met Glu His Gly Thr Lys Ile Tyr Gly Ser Tyr
305 310 315 320

Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Gly Gly Ser His His His
325 330 335

His His His

<210> 3
<211l> 48
<212> DNA
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<213> Human immunodeficiency virus

<220>
<221> CDS
<222> (1)..(48)

<223> 4..36 Deliverer corresponding to the residues 47-57 of the protein Ta

<400> 3

gga tct tac ggc cge aag aaa cgt cgc cag cgt cge cgt ggt gga tca 48
Gly Ser Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Gly Gly Ser

1 5 10 15

<210> 4

<211> 16

<212> PRT

<213> Human immunodeficiency virus

<400> 4

Gly Ser Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Gly Gly Ser
1 5 10 15
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