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VERTEBRATE TELOMERASE GENES AND PROTEINS
AND USES THEREOF

TECHNICAL FIELD
This invention relates generally to telomerases, and particularly to the

human telomerase gene and protein and uses for diagnostics and therapy.

BACKGROUND OF THE INVENTION

Non-circular chromosomes require a specialized mechanism for
maintaining chromosome ends after each cell division because the polymerases
responsible for replication of chromosomal DNA are unable to fully replicate linear
DNA molecules, creating an "end replicating problem." To meet this challenge,
eukaryotic cells depend upon an enzyme, telomerase, to add short, typically G-rich,
relatively conserved repeats onto chromosomal ends. These repeat structures are
termed telomeres.

The presence of telomeres is essential for cell viability. The absence of
even a single telomere leads to cell cycle arrest in yeast, a eukaryotic cell (Sandell and
Zakian, Cell 75:729, 1993). Telomeres shorten during replication; telomerase restores
the telomeres. Thus, as expected, telomerase activity is primarily detected in actively
dividing cells. As such, telomerase activity is constitutive in unicellular organisms and
is regulated in more complex organisms, relatively abundant in germline and embryonic
tissues and cells as well as tumor cells. In contrast, telomerase activity is difficult to
detect in normal somatic human tissues. Moreover, rather than cessation of replication
resulting in decreased telomerase, recent data indicate that telomerase inhibition might
be one of the critical events in this transition. The seemingly direct correlation of
telomerase/replication activities have prompted much speculation that inhibitors of
telomerase could be a "universal" cancer therapeutic, effective for essentially all tumor
types, whereas stimulators of telomerase could overcome the observed natural
senescence of normal cells.

Spurred by these models, characterization of telomerase for culmination
in isolation and cloning of telomerase has been a high priority. The mechanism of
telomere elongation has been shown to center on the G-rich strand of the telomeric
repeats. This G-rich strand, which extends to the 3' end of the chromosome, is extended
by telomerase, a ribonucleoprotein, from the RNA component, which acts as a template.
Various components of this complex have been isolated and cloned. The RNA
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component of the complex has been isolated and cloned from many different organisms,
including humans (Feng et al. Science 269: 1236, 1995), mice and other mammalian
species, Saccharomyces cerevisiae, Tetrahymena, Euplotes, and Oxytricha (see, Singer
and Gottschling, Science, 266: 404, 1994; Lingner et al. Genes & Develop. 8: 1984,
1994; and Romero and Blackburn, Cell 67: 343, 1994). Protein components have been
relatively refractory to isolation. Recently, the nucleotide sequences of several protein
components have been determined (an 80 kD/95 kD dimeric protein from Tetrahymena,
WO 96/19580; and a 67 kD protein from humans, WO 97/08314).

The present invention discloses nucleotide and amino acid sequences of
telomerase, uses of these sequences for diagnostics and therapeutic uses, and further

provides other related advantages.

SUMMARY OF THE INVENTION

In one aspect, this invention generally provides isolated nucleic acid
molecules encoding vertebrate telomerase (including variants thereof). Representative
examples of vertebrates include mammals such as humans, old world monkeys (e.g.,
macaques, chimps, and baboons), dogs, rats, and mice, as well as non-mammalian
organisms such as birds. In a preferred embodiment, the nucleic acid molecule
encoding a vertebrate telomerase is provided, wherein the nucleic acid molecule
comprises the sequence presented in Figure 1, or hybridizes under stringent conditions
to the complement of the sequence presented in Figure 1, provided that the nucleic acid
molecule is not EST AA281296.

In other preferred embodiments, the nucleic acid molecule comprises any
of the sequences presented in Figure 11 or encodes any of the amino acid sequences
presented in Figure 11, or hybridizes under normal stringency conditions to the
complement of the sequences thereof, provided that the nucleic acid molecule is not
EST AA281296. In other embodiments, the nucleic acid molecule comprises any of the
sequences presented in Figure 10, or hybridizes under normal stringency conditions to
the complement of the sequences thereof.

In another aspect, the invention provides an oligonucleotide comprising
from 10 to 100 contiguous nucleotides from the sequence presented in Figure 1 or its
complement and from 10 to 100 contiguous nucleotides from the sequences presented in
Figure 10 or the complements thereof.  The oligonucleotides may be labeled with a
detectable label.

In yet another aspect, an expression vector is provided, comprising a

heterologous promoter operably linked to a nucleic acid molecule of human telomerase.
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The vector may be selected from the group consisting of bacterial vectors, retroviral
vectors, adenoviral vectors and yeast vectors. Host cells containing such vectors are
also provided.

In another aspect, the invention provides an isolated protein comprising a
human telomerase protein. The protein may comprise the amino acid sequence
presented in Figure 1 or variant thereof or any of the amino acid sequences presented in
Figure 11 or variant thereof. In a related aspect, the protein is a portion of a human
telomerase protein, which may derive from the sequences presented in Figures 1 or 11.
In preferred embodiments, the portion is from 10 to 100 amino acids long.

In other aspects, antibodies that specifically binds to human telomerase
protein or portions are provided.

In a preferred aspect, an oligonucleotide (e.g., a nucleic acid probe or
primer) is provided that is capable of specifically hybridizing to a nucleic acid molecule
encoding a human telomerase under conditions of normal stringency. Within certain
embodiments, the nucleic acid molecule has a detectable label. Within certain
embodiments, the nucleic acid molecule is selected such that it does not hybridize to
nucleotides 1624-2012 presented in Figure 1. Within certain embodiments of the
invention, the nucleic acid probe or primer may differ from a wild-type telomerase
sequence by one or more nucleotides.

In a related aspect, the invention provides a pair of oligonucleotide
primers capable of specifically amplifying all or a portion of a nucleic acid molecule
encoding human telomerase. In specific embodiments, the nucleic acid molecule
comprises the sequence presented in Figure 1, Figure 11, or complements thereof. In
preferred embodiments, the pair of primers is capable of specifically amplifying
sequence comprising all or a part of region 1, region a, region B, region 2, region 3
region X or region Y. In arelated aspect, the invention provides an oligonucleotide that
hybridizes specifically to a nucleic acid sequence in region 1, region o, region f, region
2, region 3 region X or region Y.

Methods for diagnosing cancer in a patent are also provided. These
methods comprise preparing tumor ¢cDNA and amplifying the tumor ¢cDNA using
primers that specifically amplify human telomerase nucleic acid sequence, wherein the
detection of telomerase nucleic acid sequences is indicative of a diagnosis of cancer.
The amount of detected sequences may be comared to the amount of amplified
telomerase sequence to a control, wherein increase telomerase nucleic acid sequences

over the control is indicative of a diagnosis of cancer.
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In yet another aspect, a method of determining a pattern of telomerase
RNA expression in cells is provided, comprising preparing cDNA from mRNA isolated
from the cells, amplifying the cDNA using primers according to claim 35, therefrom
determining the pattern of telomerase RNA expression. In preferred embodiments, the
method further comprises detecting the amplified product by hybridization with an
oligonucleotide having all or part of the sequence of region 1, region ., region [3, region
2, region 3 region X or region Y. These methods may be used to diagnose cancer in a
patient, wherein the pattern is indicative of a diagnosis of cancer.

The invention also provides non-human transgenic animals whose cells
contain a human telomerase gene that is operably linked to a promoter effective for the
expression of the gene. In preferred embodiments, the animal is a mouse and the
promoter is tissue-specific. In a related aspect, the invention provides a mouse whose
cells have an endogenous telomerase gene disrupted by homologous recombination with
a nonfunctional telomerase gene, wherein the mouse is unable to express endogenous
telomerase.

The invention also provides inhibitors of human telomerase activity, as
well as assays for identifying inhibitors of telomerase activity wherein the inhibitor
binds to telomerase and is not a nucleoside analogue. The inhibitor may be an antisense
nucleic acid complementary to human telomerase mRNA, a ribozyme and the like. The
inhibitors may be used to treat cancer.

Also provided are methods for identifying an effector of telomerase
activity, comprising the general steps of (a) adding a candidate effector to a mixture of
telomerase protein, RNA component and template, wherein the telomerase protein is
encoded by an isolated nucleic acid molecule as described above; (b) detecting
telomerase activity, and (c) comparing the amount of activity in step (b) to the amount
of activity in a control mixture without candidate effector, therefrom identifying an
effector. Within further embodiments the effector is an inhibitor. With yet other
embodiments the the nucleic acid molecule encodes human telomerase.

These and other aspects of the present invention will become evident
upon reference to the following detailed description and attached drawings. In addition,
various references are set forth below which describe in more detail certain procedures
or compositions (e.g., plasmids, etc.), and are therefore incorporated by reference in

their entirety.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-E present a DNA sequence (SEQ ID No:__ ) and predicted
amino acid sequence (SEQ ID No:___) of human telomerase.

Figure 2 presents an alignment of Euplotes aediculatus p123 (SEQ ID
No:__ ), yeast (EST2) (SEQ ID No:___ ) and human (HT1) telomerase protein (amino
acids 29-1132) sequences. Reverse transcriptase motifs are indicated. The region of
high homology among all three proteins is defined as the Telomerase region. The
sequences are aligned with ClustalW.

Figure 3 is a scanned image of a Northern analysis showing that the
telomerase catalytic subunit is expressed in LIM 1215 colon carcinoma cells but not in
CCD primary fibroblasts. An mRNA of approximately 3.8 kb hybridizes to the hT1
probe. An additional cross-hybridizing mRNA of higher molecular weight is indicated
by the top arrowhead. Cross-hybridization to ribosomal RNA present in the polyA*
RNA preparation is indicated. The same blot is also hybridized to a probe from the
GAPDH gene as a loading control (lower panel). Marker sizes are indicated in kb.

Figure 4 is a scanned image of a Southern analysis showing that the
telomerase catalytic subunit is encoded by a single gene and is not amplified in LIM
1215 cells. Genomic DNA isolated from peripheral human blood and LIM 1215 cell
line is probed with a hT1 probe. The blot also contains dilutions of probe plasmid to
control for the sensitivity of detection. The plasmid is diluted to approximately 10, 5
and 1 genome equivalents. H, Hind III; E, Eco RI; P, PstI; X, Xba I, B, Bam HI.

Figure 5 shows the results of amplification of cDNAs synthesized from
various tissues. Amplification is performed using primers from the hT1 cDNA
sequence that span an intron in the hT1 gene, and the products are blotted and probed
with a radiolabeled oligonucleotide from the hT1 sequence. Amplification is also
performed on the same samples with a pair of primers from the B-actin gene as a
loading control. a: hT1 ¢cDNA control; b: human genomic DNA control; ¢c: no template
control; d: normal colon RNA; e: normal testis RNA; f: normal lymphocyte RNA; g:
melanoma RNA (cerebral metastasis); h: melanoma RNA (subcutaneous ankle
metastasis); i: melanoma RNA (liver metastasis); j: melanoma RNA (lung metastasis);
k: melanoma RNA (axillary lymph node metastasis); 1: melanoma RNA (skin
metastasis); m: breast carcinoma RNA; n: breast carcinoma RNA; o: breast carcinoma
RNA; p: breast carcinoma RNA.

Figure 6 presents results showing hT1 expression in pre-crisis cells and
post-crisis cell lines. Upper panel: Nested amplification using primers within the
original EST. Lower panel: Control RT-PCR using B-actin primers. a: BET-3K passage
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(p) 7 (pre-crisis); b: BET-3K p32 (post-crisis); ¢: BFT-3K p14 (pre-crisis); d: BFT-3K p
22 (post-crisis); e: BFT-3B pl5 (pre-crisis); f: BFT-3B p29 (post-crisis); g: GM897
(ALT); h: IIICF/c (ALT); i: IIICF-T/B1 (ALT); j: No template control.

Figures 7A-C show some alternative splicing patterns of the hT1
transcript. A, Schematic representation of six splicing variants. B, Combinations of
some identified RNA variants. C, Sequences of putative exon/intron junctions of RNA
variants. Variants are marked as in part A. A complete DNA sequence (with protein
translation) (SEQ ID No:___ ) of variant 3 is presented. Amino acids corresponding to a
potential c-Abl/SH3 binding site are underlined. Putative exon/intron junctions are
marked with | and sequence coordinates are as in Figure 1. Putative spliced exons are
in lower case and putative unspliced introns are in bold.

Figure 8 shows various splicing patterns of hT1 transcript in different
tumor samples. Nested amplification (14 cycles) is performed using HT2026F and
HT2482R primers on primary RT-PCR products generated with HT1875F and
HT2781R primers. a: Lung carcinoma; b: Lymphoma; c: Lung carcinoma; d:
Medulloblastoma; e: Lymphoma; f: Lymphoma; g: T47D; h: Pheochromocytoma; i:
Lymphoma; j: Glioma; k: Lymphoma; I: No template control.

Figure 9 shows the results of amplification on cDNA synthesized from
LIM 1215 ¢cDNA. As shown, reverse transcriptase motif A is deleted from splicing
variants containing sequence o.. Primer combinations are: a, HTM2028F + HT2356R;
b, HT2026F + HT2482R; c, HTM2028F + HT2482R; d. HT2026F + HT2482R.

Figures 10A-B present DNA sequences of variant regions of telomerase.

Figures 11A-W presents DNA and amino acid sequences of exemplary
variant telomerase proteins.

Figure 12 is a scanned image of a telomerase activity assay.

Figures 13A-D present a schematic diagram of plasmid pAK128.4 and
the DNA sequence of the plasmid.

Figures 14A-E present a schematic diagram of plasmid pAK128.7 and
the DNA sequence of the plasmid.

Figures 15A-D present a schematic diagram of plasmid pAK128.14 and
the DNA sequence of the plasmid.

DETAILED DESCRIPTION OF THE INVENTION
Prior to setting forth the invention, it may be helpful to an understanding
thereof to define certain terms used herein.
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As used herein, "wild-type telomerase" generally refers to a polypeptide
that enzymatically synthesizes nucleic acid sequences comprising simple repeat
sequences (e.g., CCCTAA, see Zakian, Science 270: 1601, 1995) to ends of
chromosomes. The amino acid sequence of one representative wild-type telomerase
from human has been deduced and is presented in Figure 1 (SEQ ID No. __ ). Within
the context of this invention, it should be understood that telomerases of this invention
include not only wild-type protein, but also variants (including alleles) of the wild-type
protein sequence. Such variants may not necessarily exhibit enzymatic function.
Briefly, such variants may result from natural polymorphisms, including RNA splice
variants, generated by genetic recombination, or be synthesized by recombinant
methodology, and moreover, may differ from wild-type protein by one or more amino
acid substitutions, insertions, deletions, rearrangements or the like. Typically, when the
result of synthesis, amino acid substitutions are conservative, i.e., substitution of amino
acids within groups of polar, non-polar, aromatic, charged, etc. amino acids. In the
region of homology to the wild-type sequence in the RTase motif regions variants will
preferably have at least 90% amino acid sequence identity, and within certain
embodiments, greater than 92%, 95%, or 97% identity. Outside the RTase motif
region, variants will preferably have 75% amino acid identity, and within certain
embodiments, at least 80%, 85%, 90%, 92%, 95% or 97% identity.

As will be appreciated by those skilled in the art, a nucleotide sequence
encoding telomerase may differ from the wild-type sequence presented in the Figures;
due to codon degeneracies, nucleotide polymorphisms, or amino acid differences. In
other embodiments, variants should preferably hybridize to the wild-type nucleotide
sequence at conditions of normal stringency, which is approximately 25-30°C below
Tm of the native duplex (e.g., 1 M Nat at 65°C; 5X SSPE, 0.5% SDS, 5X Denhardt's
solution, at 65°C or equivalent conditions; see generally, Sambrook et al. Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Press, 1987; Ausubel et
al., Current Protocols in Molecular Biology, Greene Publishing, 1987). Tm for other
than short oligonucleotides can be calculated by the formula Tm=81.5 + 0.41%(G+C) -
log(Na+). Low stringency hybridizations are performed at conditions approximately
40°C below Tm, and high stringency hybridizations are performed at conditions
approximately 10°C below Tm. Variants preferably have at least 75% nucleotide
identity to wild-type sequence in the RTase motif region, preferably at least 80%, 85%,
and most preferably at least 90% nucleotide identity.

As used herein, a "promoter" refers to a nucleotide sequence that
contains elements that direct the transcription of a linked gene. At minimum, a
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promoter contains an RNA polymerase binding site. More typically, in eukaryotes,
promoter sequences contain binding sites for other transcriptional factors that control
the rate and timing of gene expression. Such sites include TATA box, CAAT box,
POU box, AP1 binding site, and the like. Promoter regions may also contain enhancer
elements. When a promoter is linked to a gene so as to enable transcription of the gene,
it is "operatively linked".

An “isolated nucleic acid molecule” refers to a polynucleotide molecule
in the form of a separate fragment or as a component of a larger nucleic acid construct,
that has been separated from its source cell (including the chromosome it normally
resides in) at least once in a substantially pure form. Nucleic acid molecules may be
comprised of a wide variety of nucleotides, including DNA, RNA, nucleotide
analogues, or some combination of these.

L TELOMERASE, TELOMERASE GENES AND GENE PRODUCTS

As noted above, the invention provides compositions relating to
vertebrate telomerase genes and gene products, and methods for the use of the genes
and gene products. Given the disclosure provided herein, a telomerase gene can be
isolated from a variety of cell types that express telomerase, including immortalized or
transformed cells. As exemplified herein, a cDNA and variants encoding telomerase
from human cells are identified, isolated, and characterized. Telomerase protein is then
readily produced by host cells transfected with an expression vector encoding
telomerase.

A. Isolation of telomerase gene

As described herein, the invention provides genes encoding telomerase.
Within one embodiment of the invention, a gene encoding human telomerase can be
identified by amplification of a cDNA library using a primer pair designed from an EST
sequence. The EST sequence GenBank Accession No. AA281296, is identified by
sequence identity and similarity to a Euplotes aediculatus telomerase gene (GenBank
accession no. U95964; Lingner et al., Science 276: 561, 1997). Sequence comparisons
between the Euplotes telomerase gene and the EST show approximately 38% amino
acid identity and 59% amino acid similarity.

Telomerase genes may be isolated from genomic DNA or cDNA.
Genomic DNA is preferred when the promoter region or other flanking regions are
desired. Genomic DNA libraries constructed in chromosomal vectors, such as YACs
(yeast artificial chromosomes), bacteriophage vectors, such as AEMBL3, AgtlO,
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cosmids, or plasmids, and cDNA libraries constructed in bacteriophage vectors (e.g.,A
ZAPI), plasmids, or others, are suitable for screening. Such libraries may be
constructed using methods and techniques known in the art (see Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, 1989) or
purchased from commercial sources (e.g., Clontech, Palo Alto, CA). The DNA may be
isolated from vertebrate cells, such as human cells, mouse cells, other rodent or primatic
cells, avian cells, and the like.

Within one embodiment, the telomerase gene is isolated by amplification
using ¢cDNA library DNA as templates. Using the reported EST sequence, human
telomerase may be isolated. Briefly, sets of amplification primers are designed based
upon the EST nucleotide sequence. Examples of such primers are presented in Table 2
(see also Example 1). Amplification of cDNA libraries made from cells with high
telomerase activity is preferred. The primers described herein amplify a fragment that
has a length predicted from the EST sequence from a LIM1215 cDNA library.
LIM1215 is a human colon cancer cell line. Confirmation of the nature of the fragment
is obtained by DNA sequence analysis.

DNA fragments cncompassing additional sequence are amplified in
reactions using a primer that hybridizes to vector sequence in conjunction with one of
the EST primers. By using vector primers from either side of the cloning site in
combination with the EST primers, a 1.6 kb fragment derived from the 3' region of h-
TEL (human telomerase) and a 0.7 kb fragment derived from the 5' region are isolated.
These fragments are verified as containing telomerase coding sequence by amplification
with a pair of primers internal to the EST sequence. The two fragments are cloned into
pBluescript and subjected to DNA sequence analysis. Additional DNA sequence is
obtained by C-RACE and amplification procedures to obtain the 5' end of a cDNA as
well as by hybridization and isolation of clones from the cDNA library.

The compiled DNA sequence and predicted amino acid sequence of a
reference human telomerase are presented in Figure 1. As shown, the coding region of
the reference telomerase is 3396 bases long and has an approximately 620 base long 3'
untranslated region. The predicted amino acid sequence is 1132 amino acids long and
may be delineated into four major domains: N-terminal, basic, reverse transcriptase
(RT) and C-terminal. Furthermore, human telomerase contains regions of homology to
other telomerases (e.g., from Euplotes and S. pombe) and reverse transcriptases. These
motifs are identified herein and in Kilian et al. (Human Molecular Genetics, 12: 2011-
2019, 1997) as domains 1, 2, A, B, C, and D, in Nakamura et al., (Science, 277: 955-
959) as domains 1, 2, A, B!, C, D, and E, and in Meyerson et al. (Cell, 90: 785-795,
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1997) as motifs 1-6. Regardless of the name used, these motifs encompass amino acids
621-626 (motif 1) and 631-634 (motif 2), 708-720 (motif A), 827-839 (motif B), 863-
871 (motif C), and 895-902 (motif D). Because the boundaries of these motifs are
based on similarity and identity with other telomerases, the functional boundary of each
motif may be different.

In addition, variants of the reference telomerase sequence are obtained
by amplifications, which are described herein. Their DNA and predicted amino acid
sequences are presented in Figure 11 and discussed in further detail below. Briefly,
some of these variants encode truncated proteins and others have different C-terminal
sequences.  These variants likely result from alternative RNA splicing because
telomerase appears to be a single copy gene in humans (see Example 2).

Alternatively, other methods may be used to obtain a nucleic acid
molecule that encodes telomerase. For example, a nucleic acid molecule encoding
telomerase may be obtained from an expression library by screening with an antibody
or antibodies reactive to telomerase (see, Sambrook et al. Molecular Cloning: A
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, NY, 1987; Ausubel
et al. Current Protocols in Molecular Biology, Greene Publishing Associates and
Wiley-Interscience, NY, 1995). In another embodiment, nucleic acid molecules
encoding telomerase may be isolated by hybridization screening of cDNA or genomic
libraries. Oligonucleotides for hybridization screening may be designed based on the
DNA sequence of human telomerase presented herein. Oligonucleotides for screening
are typically at least 11 bases long and more usually at least 20 or 25 bases long. In one
embodiment, the oligonucleotide is 20-30 bases long. Such an oligonucleotide may be
synthesized in an automated fashion. To facilitate detection, the oligonucleotide may be
conveniently labeled, generally at the 5' end, with a reporter molecule, such as a
radionuclide, (c.g, 32P), enzymatic label, protein label, fluorescent label, or biotin. A
library is generally plated as colonies or phage, depending upon the vector, and the
recombinant DNA is transferred to nylon or nitrocellulose membranes. Hybridization
conditions are tailored to the length and GC content of the oligonucleotide. Following
denaturation, neutralization, and fixation of the DNA to the membrane, membranes are
hybridized with labeled probe. Suitable hybridization conditions may be found in
Sambrook et al., supra, Ausubel et al., supra, and furthermore hybridization solutions
may contain additives such as tetramethylammonium chloride or other chaotropic
reagents or hybotropic reagents to increase specificity of hybridization (see for example,
PCT/US97/17413).  Following hybridization, suitable detection methods reveal
hybridizing colonies or phage that are then isolated and propagated. Candidate clones
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or amplified fragments may be verified as containing telomerase DNA by any of
various means. For example, the candidate clones may be hybridized with a second,
non-overlapping probe or subjected to DNA sequence analysis. In these ways, clones
containing a telomerase gene or gene fragment, which are suitable for use in the present
invention, are isolated.

Telomerase DNA may also be obtained by amplification of cDNA or
genomic DNA. Oligonucleotide primers for amplification of a full-length cDNA are
preferably derived from sequences at the 5' and 3' ends of the coding region.
Amplification of genomic sequences will use primers that span intronic sequences and
may use conditions that favor long amplification products (see Promega catalogue).
Briefly, oligonucleotides used as amplification primers preferably do not have self-
complementary sequences nor have complementary sequences at their 3' end (to prevent
primer-dimer formation). Preferably, the primers have a GC content of about 50% and
contain restriction sites to facilitate cloning. Generally, primers are between 15 and 50
nucleotides long, and more usually between 20 and 35 nucleotides long. The primers
are annealed to ¢cDNA or genomic DNA and sufficient amplification cycles are
performed to yield a detectable product, preferably one that is readily visualized by gel
electrophoresis and staining. The amplified fragment is purified and inserted into a
vector (e.g., a viral, phagemid or plasmid vector, such as Agtl0 or pBS(M13+)) and
propagated.

Telomerase genes from a multitude of species can be isolated using the
compositions provided herein. For closely related species, the human sequence or
portion thereof may be utilized as a probe on a genomic or cDNA library. For example,
a fragment of the telomerase gene that encompasses the catalytic site (approximately
corresponding to amino acids 605-915 of Figure 1) may be labeled and used as a probe
on a library constructed from mouse, primate, rat, dog, or other vertebrate, warm-
blooded, or mammalian species. An initial hybridization at normal stringency may
yield clones or fragments encoding telomerase. If no hybridization is observed, relaxed
(low) stringency hybridizations may be pursued. Guidelines for varying the stringency
of the hybridization may be acquired from Sambrook et al., supra, and other well-
known sources. Such probes may also be used on libraries from evolutionarily diverse
species, such as Drosophila, although hybridization conditions will typically be more
relaxed.

Other methods may alternatively be used to isolate telomerase genes
from non-human species. These methods include, but are not limited to, amplification
using primers derived from conserved areas (e.g., RTase motifs), amplification using



10

15

20

25

30

35

WO 99/01560 PCT/US98/13835
12

degenerate primers from various regions of telomerase including the RTase region,
antibody probing of expression libraries, telomerase RNA probing of expression
libraries, and the like. A gene sequence is identified as a telomerase by amino acid
similarity and / or nucleic acid identity. Generally, amino acid similarity, which allows
for conservative differences, is preferred to identify a telomerase. From diverse species,
amino acid similarity is generally at least 30% and preferably at least 40% or at least
50%. Nucleic acid identity may be lower and thus difficult to assess. Several readily
available computer analysis programs, such as BLASTN and BLASTP, are useful to
determine relatedness of genes and gene products. Candidate telomerase genes are
examined for enzyme activity by one of the functional assays described herein or other
equivalent assays.

B. Variant telomerase genes

Variants (including alleles) of the telomerase nucleic acid or amino acid
sequence provided herein may be readily isolated from natural variants (e.g.,
polymorphisms, splice variants, mutants), synthesized, or constructed. Depending upon
the intended use, mutants may be constructed to exhibit altered or deficient telomerase
function. Particularly useful telomerase genes encode a protein lacking enzyme activity
but that has a dominant negative phenotype. The telomerase variants, moreover, may
lack one or more of known telomerase activities, including reverse transcriptase
activity, nucleolytic activity, telomere binding activity, dNTP binding activity, and
telomerase RNA (hTR) binding activity.

One skilled in the art recognizes that many methods have been
developed for generating mutants (see, generally, Sambrook et al., supra; Ausubel
etal., supra). Briefly, preferred methods for generating a few nucleotide substitutions
utilize an oligonucleotide that spans the base or bases to be mutated and contains the
mutated base or bases. The oligonucleotide is hybridized to complementary single
stranded nucleic acid and second strand synthesis is primed from the oligonucleotide.
Similarly, deletions and/or insertions may be constructed by any of a variety of known
methods. For example, the gene can be digested with restriction enzymes and religated
such that some sequence is deleted or ligated with an isolated fragment having cohesive
ends so that an insertion or large substitution is made. In another embodiment, variants
are generated by "exon shuffling" (see U.S. Patent No. 5,605,793). Variant sequences
may also be generated by "molecular evolution" techniques (see U. S. Patent No.
5,723,323). Other means to generate variant sequences may be found, for example, in
Sambrook et al. (supra) and Ausubel et al. (supra). Verification of variant sequences is
typically accomplished by restriction enzyme mapping, sequence analysis, or probe
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hybridization, although other methods may be used. The double-stranded nucleic acid
is transformed into host cells, typically E. coli, but alternatively, other prokaryotes,
yeast, or larger eukaryotes may be used. Standard screening protocols, such as nucleic
acid hybridization, amplification, and DNA sequence analysis, will identify mutant
sequences.

In preferred embodiments, variant telomerases are inactive with respect
to enzyme activity and impart a dominant negative phenotype to a host cell. Regardless
of the actual mechanism, when a dominant negative telomerase is expressed in a cell,
the native active telomerase is rendered inactive. In the catalytic domain, RTase motifs
share conserved aspartic acid residues. Human telomerase also contains these critical
residues: Asp 712, Asp 718, Asp 868, and Asp 869. Mutation of one or more of these
Asp residues to a non-conservative amino acid (e.g., alanine) will likely destroy
enzymatic activity and or affect telomere shortening. For each of these mutants,
dominant negativity is assayed. Preferred mutants are dominant negative and induce a
senescence phenotype in certain embodiments. Other dominant negative variants may
be generated by deletion of one or more of the RTase motifs or alteration of the region
involved in DNA priming (such as motif E), binding site for the RNA component, the
template binding site, the metal ion binding site (such as motif C), and the like.

In other embodiments, the nucleic acid molecule encoding telomerase
may be fused to another nucleic acid molecule. As will be appreciated, the fusion
partner gene may contribute, within certain embodiments, a coding region. Thus, it
may be desirable to use only the catalytic site of telomerase (e.g., amino acids 609-915),
individual RTase motifs (described above), any of the splicing variant telomerases
described herein, the telomerase RNA binding site and the like. The choice of the
fusion partner depends in part upon the desired application. The fusion partner may be
used to alter specificity of the telomerase, provide a reporter function, provide a tag
sequence for identification or purification protocols, and the like. The reporter or tag
can be any protein that allows convenient and sensitive measurement or facilitates
isolation of the gene product and does not interfere with the function of the telomerase.
For reporter function, B-glucuronidase (U.S. Patent No: 5,268,463), green fluorescent
protein and B—galactosidase are readily available as DNA sequences. A peptide tag is a
short sequence, usually derived from a native protein, which is recognized by an
antibody or other molecule. Peptide tags include FLAG®, Glu-Glu tag (Chiron Corp.,
Emeryville, CA) KT3 tag (Chiron Corp.), T7 gene 10 tag (Invitrogen, La Jolla, CA), T7
major capsid protein tag (Novagen, Madison, WI), His, (hexa-His), and HSV tag
(Novagen). Besides tags, other types of proteins or peptides, such as glutathione-S-
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transferase may be used.

C. Fragments and oligonucleotide derived from telomerase genes

In addition, portions or fragments of telomerase gene may be isolated or
constructed for use in the present invention. For example, restriction fragments can be
isolated by well-known techniques from template DNA, e.g., plasmid DNA, and DNA
fragments, including restriction fragments, can be generated by amplification.
Furthermore, oligonucleotides can be synthesized or isolated from recombinant DNA
molecules. One skilled in the art will appreciated that other methods are available to
obtain DNA or RNA molecules having at least a portion of a telomerase sequence.
Moreover, for particular applications, these nucleic acids may be labeled by techniques
known in the art with a radiolabel (e.g., **P, **P, S, [ P, *H, “C), fluorescent label
(e.g., FITC, CyS, RITC, Texas Red), chemiluminescent label, enzyme, biotin and the
like.

Methods for obtaining fragments are well-known in the art. Portions that
are particularly useful within the context of this invention contain the catalytic site,
individual RTase motifs, the putative intronic sequences (see Figure 10), and the like.
Oligonucleotides are generally synthesized by automated fashion; methods and
apparatus for synthesis are readily available (e.g., Applied Biosystems Inc, CA).
Oligonucleotides may contain non-naturally occurring nucleotides, such as nucleotide
analogues, a modified backbone (e.g., peptide backbone), nucleotide derivatives (e.g.,
biotinylated nucleotide), and the like. As used herein, oligonucleotides refers to a
nucleic acid sequence of at least about 7 nucleotides and generally not longer than about
100 nucleotides. Usually, oligonucleotides are between about 10 and about 50 bases,
more often between about 18 and about 35 nucleotides long. Oligonucleotides can be
single-stranded or in some cases double-stranded. As used herein, portions of a nucleic
acid refer to a polynucleotide that contains less than the entire parental nucleic acid
sequence. For example, a portion of telomerase coding sequence contains less than a
full-length telomerase sequence. A 'portion' is generally at least about seven
nucleotides, and may be as many as 10, 20, 25 or more nnucleotides in length. A
fragment refers to a polynucleotide molecule of any length and can encompass an
oligonucleotide, although more usually, but not to be limiting, the term oligonucleotide
is used to denote short polynucleotides and the term fragment is used to denote longer
polynucleotides.

Oligonucleotides for use as primers for amplification and probes for
hybridization screening may be designed based on the DNA sequence of human
telomerase presented herein. Oligonucleotide primers for amplification of a full-length
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cDNA are preferably derived from sequences at the 5' and 3' ends. Primers for
amplification of specific regions are chosen to generate products of an easily detectable
size. In preferred embodiments, primers are chosen that flank the sequences subject to
alternative RNA splicing. In preferred embodiments, one set of primers is chosen such
that both the product that spans spliced-in sequence as well as the product that spans
spliced-out sequence are suitable sizes to be detected under the same reaction
conditions. In other embodiments, two sets of primers are used to detect the alternative
spliced RNAs. For example, one set of primers flanks the splice junction in order to
detect a spliced-out product. The second set of primers may be derived very close to the
junction (such that a spliced-out amplification product is the same size or barely larger
than a primer-dimer length) or one or more of the set may be detived from the spliced-
in sequence (such that the spliced-out RNA would not yield any product). An amplified

Amplification primers preferably do not have self-complementary
sequences nor have complementary sequences at their 3' end (to prevent primer-dimer
formation). Preferably, the primers have a GC content of about 50% and may contain
restriction sites to facilitate cloning. Amplification primers usually are at least 15 bases
and usually are not longer than 50 bases, although in some circumstances and
conditions shorter or longer lengths can be used. More usually, primers are from 17 to
40 bases long, 17 to 35 bases long, or 20 to 30 bases long. The primers are annealed to
¢DNA or genomic DNA and sufficient amplification cycles, generally 20-40 cycles, are
performed to yield a product readily visualized by gel electrophoresis and staining or by
hybridization. The amplified fragment can be purified and inserted into a vector, such
as Agtl0 or pBS(M13+), and propagated, isolated and subjected to DNA sequence
analysis, subjccted to hybridization, or the like.

An oligonucleotide hybridization probe suitable for screening genomic,
cDNA or other types (e.g., mutant telomerase sequences) of libraries, probing southern,
northern, or northwestern blots, amplification products, and the like may be designed
based on the sequences provided herein. Oligonucleotides for hybridization are
typically at least 11 bases long, generally less than 100 bases long, and preferably at
least 15 bases long, at least 20 bases long, at least 25 bases long, and preferably 20-70,
25-50, or 30-40 bases long. To facilitate detection, the oligonucleotide may be
conveniently labeled, generally at the 5' end, with a reporter molecule, such as a
radionuclide, (e.g., 32P), enzymatic label, protein label, fluorescent label, or biotin.
(see Ausubel et al., and Sambrook et al., supra). A library is generally plated as
colonies or phage, depending upon the vector, and the recombinant DNA is transferred
to nylon or nitrocellulose membranes. Following denaturation, neutralization, and
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fixation of the DNA to the membrane, membranes are hybridized with labeled probe,
and washed. Suitable detection methods reveal hybridizing colonies or phage that are
then isolated and propagated. Methods for transferring nucleic acids to membranes and
performing hybridizations are well known. In certain embodiments, additives to
hybridization solution, such as a chaotrope (e.g., tetramethylammonium chloride) or a
hybotrope (e.g., ammonium trichloroacetate; see PCT/ US97/17413) are added to
increase sensitivity and specificity of hybridization. A probe specifically hybridizes to
a nucleic acid if it remains detectably annealed after washing under conditions
equivalent to hybridization conditions (expressed herein as the number of degrees less
than Tm).

D. Splicing variants of human telomerase

In addition to the reference telomerase DNA and protein sequences
presented in Figures 1, several RNA splice variants are observed. Although some of the
variants may reflect incompletely processed mRNA, it is noteworthy that such variants
are abundant in an RNA sample (LIM1215) preselected for polyadenylated mRNA.
These findings, together with their clustering in the RT domain, suggest that the
insertion variants more likely reflect regulation of hT1 protein expression. For
example, variants in which exons are deleted (see o, B, Fig. 7) are likely alternative
mature coding for variant proteins. Additional evidence in support of alternative
proteins comes from sequence analysis of cDNA clones identified in a LIM1215 cDNA
library that contained both deletions and insertions compared to the reference sequence.

At least seven different putative introns appear to be retained in mRNAs
(see Figure 7, which displays 6 of the 7 introns). The introns may be independently
retained, thus, a particular mRNA may have none, any one, two, etc. up to seven
introns.  The maximum number of different mRNAs resulting from seven
independently spliced introns is 27, or 128 different mRNAs. DNA sequences of these
introns are presented in Figure 10. The 5' most intron, called sequence "X", is an
unknown length, and only a partial sequence is presented.

The reference telomerase sequence (Figure 1) includes intron o and
intron B. In the following discussion, the effect of presence/absence and location of
each intron is presented on the basis that it is the only alteration. It will be appreciated
that a particular intron may alter the sequence of the translated product, regardless of
whether other introns are spliced in or out. For example, the presence of intron 1 results
in a frameshift and truncated protein, regardless of whether introns «, B, 2 or 3 are
spliced in or out.
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The presence of intron "X" results in a truncated protein that contains
approximately 600 N-terminal amino acids and lacks all of the RTase motifs. The
presence of intron "Y" at base 222 results in a frameshifted protein that terminates
within three codons past the intron. As the Y intron is very GC rich, approximately
78%, which is difficult to sequence, it is possible that intron Y causes an insertion of
about 35 amino acids and not a frameshift.

Intron 1 at nucleotide 1950 is 38 bp and its presence in mRNA causes a
frame-shift and ultimate translation of a truncated protein (stop codon at nt 1973). This
truncated protein contains only RTase domains 1 and 2.

Intron «a, located from bases 2131-2166 is frequently observed spliced
out of telomerase mRNA. A protein translated from such an RNA is deleted for 12
amino acids, removing RTase motif A. This motif appears to be critical for RT
function; a single amino acid mutation within this domain in the yeast EST2 protein
results in a protein that functions as a dominant negative and results in cellular
senescence and telomere shortening.

Another of the variant sequences, the p-exon deletion at base 2286-2468,
encodes a truncated protein, due to a reading frameshift at base 2287, which is joined to
base 2469, and subsequently a termination codon at base 2605. This variant protein has
RTase domains 1, 2, A, B, and part of C, but lacks another motif; in addition to the
RTase domain motifs, another sequence motif (AVRIRGKS) identified in the B insert
of hT1 matches a P-loop motif consensus AXXXXGK(S) (Saraste et al., Trends
Biochem. Sci. 15, 430-434, 1990). This motif is found in a large number of protein
families including a number of kinases, bacterial dnaA, recA, recF, mutS and ATP-
binding helicases (Devereaux et al., Nucleic Acids Res., 12,387-395, 1984). The P-loop
is thus present only in a subpopulation of the h-TEL mRNAs in most RNA samples
analyzed and completely absent from several tumor samples (Figure 8).

Intron 2 at base 2843 contains an in-frame termination codon, resulting
in a truncated protein that has the entire RTase domain region, but lacks the C-terminus.
As the C-terminus may play a regulatory role, protein activity will likely be affected.
When intron 3 is retained, a smaller protein is also produced because the intron contains
an in-frame stop codon. Thus, the protein has an altered C-terminal sequence. What
activity such proteins might have is currently unknown. The crystal structure of the
HIV-1 reverse transcriptase demonstrates that a short form of the protein (p51) that
lacks the RNAase domain is inhibited by the C-terminal ‘connection’ folding into the
catalytic cleft. If hT1 is assumed to adopt a similar structure to HIV-RT, then C-
terminal hT1 protein variants may reflect a similar mechanism of regulation.
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In addition to variants that lack the reference C-terminal domain, a
variant with intron3 at base 2157 expresses an alternative C-terminal domain.
Furthermore, the coding region donated by intron 3 has a potential SH3 binding site,
SGQPEMEPPRRPSGCVG, which matches the consensus c-Abl SH3 binding peptide
(PXXXXPXXP) found in proteins such as ataxia telangiectasia mutated (ATM). A
second example of this motif is found within the N-terminal end of the hT1 protein in
the peptide HAGPPSTSRPPRPWDTP. Other alternative C-terminal domains are found
in telomerase cDNAs; the EST12462 (GenBank Accession No. AA299878) has about
50 bases of identical sequence up to base 2157 and then diverges from the reference
telomerase sequence as well as intron 3. This new sequence has an internal stop codon
in 50 bases that would result in a truncated C-terminus.

The variant detected in one ALT cell line (Fig. 6, lane i) opens up the
possibility that the basic domain of hT1 may contribute to the ALT mechanism in at
least some ALT cell lines. Interestingly, this ALT cell line expresses the hTR gene.
One possible mechanism of ALT could involve dysregulated telomerase components
that are inactive in the TRAP assay.

The following table summarizes the splice variants and resulting
proteins. For simplicity, only a single variant is listed for each resulting protein.
Furthermore, as noted above, the presence of the Y intron appears to cause a frameshift
resulting in a truncated protein, but may cause an insertion. Thus, each reading frame
of the Y intron is presented and the table is constructed as if the insertion does not cause
a truncated protein. An independent assortment of these known introns would lead to
128 different mRNA sequences. The DNA and amino acid sequences for the variants in
Table 1 are presented in Figure 11.
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Table 1
Insert sequences
Protein Y 1 | (v} B l 2 3
truncated #1 0 :-- 0 0 0 0
truncated #2 0 0 + 0 0 0
reference protein 0 0 + + 0 0
truncated #3 0 0 + + + 0
altered C-terminus 0 0 + + 0 +
lacks motif A 0 0 0 + 0 0
truncated #3; lacks motif 0 0 0 + + 0
A
lacks motif A; 0 0 0 + 0 +
altered C-terminus
truncated #1 (ver 2) + + 0 0 0 0
truncated #2 (ver 2) + 0 + 0 0 0
reference protein (ver 2) + 0 + + 0 0
truncated #3 (ver 2) + 0 + + + 0
altered C-terminus (ver2) | + 0 + + 0 +
lacks motif A (ver 2) + 0 0 + 0 0
truncated #3 (ver 2) + 0 0 + + 0
lacks motif A; + 0 0 + 0 +
altered C-terminus (ver 2)

E. Vectors, host cells and means of expressing and producing protein

Telomerase protein may be expressed in a variety of host organisms. In
one embodiment, telomerase is produced in bacteria, such as E. coli, for which many
expression vectors have been developed and are readily available. Other suitable host
organisms include other bacterial species, and eukaryotes, such as yeast (e.g.,
Saccharomyces cerevisiae), mammalian cells (e.g., CHO and COS-7), and insect cells
(e.g., S9).

A DNA sequence encoding telomerase, a portion thereof, a variant,
fusion protein or the like, is introduced into an expression vector appropriate for the
host. In certain embodiments, telomerase is inserted into a vector such that a fusion
protein is produced. The telomerase sequence is derived from an existing fragment,
cDNA clone, or synthesized. A preferred means of synthesis is amplification of the
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gene from cDNA using a set of primers that flank the coding region or the desired
portion of the protein. As discussed above, the telomerase sequence may contain
alternative codons for each amino acid with multiple codons. The alternative codons
can be chosen as "optimal" for the host species. Restriction sites are typically
incorporated into the primer sequences and are chosen with regard to the cloning site of
the vector. If necessary, translational initiation and termination codons can be
engineered into the primer sequences.

At minimum, the vector must contain a promoter sequence. Other
regulatory sequences may be included. Such sequences include a transcription
termination signal sequence, secretion signal sequence, origin of replication, selectable
marker, and the like. The regulatory sequences are operationally associated with one
another to allow transcription or translation.

The plasmids used herein for expression of telomerase include a
promoter designed for expression of the proteins in a host cell (e.g,, bacterial). Suitable
promoters are widely available and are well known in the art. Inducible or constitutive
promoters are preferred. Such promoters for expression in bacteria include promoters
from the T7 phage and other phages, such as T3, T5, and SP6, and the trp, Ipp, and lac
operons. Hybrid promoters (see, U.S. Patent No. 4,551,433), such as tac and trc, may
also be used. Promoters for expression in eukaryotic cells include the P10 or
polyhedron gene promoter of baculovirus/insect cell expression systems (see, eg,U.S.
Patent Nos. 5,243,041, 5,242,687, 5,266,317, 4,745,051, and 5,169,784), MMTV LTR,
CMV IE promoter, RSV LTR, SV40, metallothionein promoter (see, e.g., U.S. Patent
No. 4,870,009) and other inducible promoters. For expression of the proteins, a
promoter is inserted in operative linkage with the coding region for the telomerase
protein.

The promoter controlling transcription of the telomerase may itself be
controlled by a repressor. In some systems, the promoter can be derepressed by altering
the physiological conditions of the cell, for example, by the addition of a molecule that
competitively binds the repressor, or by altering the temperature of the growth media.
Preferred repressor proteins include, but are not limited to, the E. coli lacl repressor,
which is responsive to IPTG induction, the temperature sensitive AcI857 repressor, and
the like. The E. coli lacl repressor is preferred.

In other preferred embodiments, the vector also includes a transcription
terminator sequence, which has either a sequence that provides a signal that terminates
transcription by the polymerase that recognizes the selected promoter and/or a signal
sequence for polyadenylation.
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Preferably, the vector is capable of replication in the host cells. Thus,
when the host cell is a bacterium, the vector preferably contains a bacterial origin of
replication. Preferred bacterial origins of replication include the fl-ori and col El
origins of replication, especially the ori derived from pUC plasmids. In yeast, ARS or
CEN sequences can be used to assure replication. A well-used system in mammalian
cells is SV40 ori.

The plasmids also preferably include at least one selectable marker that
is functional in the host. A selectable marker gene includes any gene that confers a
phenotype on the host that allows transformed cells to be identified and selectively
grown. Suitable selectable marker genes for bacterial hosts include the ampicillin
resistance gene (Amp"), tetracycline resistance gene (Tcr) and the kanamycin resistance
gene (Kan'). The kanamycin resistance gene is presently preferred. Suitable markers
for eukaryotes usually require a complementary deficiency in the host (e.g., thymidine
kinase (tk) in tk- hosts). However, drug markers are also available (e.g., G418
resistance and hygromycin resistance).

The sequence of nucleotides encoding the telomerase may also include a
secretion signal, whereby the resulting peptide is a synthesized as precursor protein and
is subsequently processed and secreted. The resulting processed protein may be
recovered from periplasmic space or fermentation medium. Secretion signals suitable
for use are widely available and are well known in the art (von Heijne, J. Mol. Biol.
184:99-105, 1985). Prokaryotic and eukaryotic secretion signals that are functional in
E. coli (or other host) may be employed. The presently preferred secretion signals
include, but are not limited to, those encoded by the following E. coli genes: pelB (Lei
et al., J Bacteriol. 169:4379, 1987), phoA, ompA, ompT, ompF, ompC, beta-lactamase,
and alkaline phosphatase.

One skilled in the art appreciates that there are a wide variety of suitable
vectors for expression in bacterial cells and which are readily obtainable. Vectors such
as the pET series (Novagen, Madison, WI), the tac and trc series (Pharmacia, Uppsala,
Sweden), pTTQ18 (Amersham International plc, England), pACYC 177, pGEX series,
and the like are suitable for expression of a telomerase. Baculovirus vectors, such as
pBlueBac (see, e.g., U.S. Patent Nos. 5,278,050, 5,244,805, 5,243,041, 5,242,687,
5,266,317, 4,745,051, and 5,169,784; available from Invitrogen, San Diego) may be
used for expression of the telomerase in insect cells, such as Spodoptera frugiperda sf9
cells (see, U.S. Patent No. 4,745,051). The choice of a host for the expression of a
telomerase is dictated in part by the vector. Commercially available vectors are paired
with suitable hosts.
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A wide variety of suitable vectors for expression in eukaryotic cells are
available. Such vectors include pCMVLacl, pXT1 (Stratagene Cloning Systems, La
Jolla, CA); pCDNA series, pREP series, pEBVHis (Invitrogen, Carlsbad, CA). In
certain embodiments, telomerase gene is cloned into a gene targeting vector, such as
pMClneo, a pOG series vector (Stragene).

Telomerase protein is isolated by standard methods, such as affinity
chromatography, size exclusion chromatography, metal ion chromatography, ionic
exchange chromatography, HPLC, and other known protein isolation methods. (see
generally Ausubel et al., supra; Sambrook et al., supra). An isolated purified protein
gives a single band on SDS-PAGE when stained with Coomassie blue.

In one embodiment, the telomerase protein is expressed as a hexa-his
fusion protein and isolated by metal-containing chromatography, such as nickel-coupled
beads. Briefly, a sequence encoding His, is linked to a DNA sequence encoding a
telomerase. Although the His, sequence can be positioned anywhere in the molecule,
preferably it is linked at the 3' end immediately preceding the termination codon. The
His-hTI fusion may be constructed by any of a variety of methods. A convenient
method is amplification of the TEL gene using a downstream primer that contains the
codons for His,.

F. Peptides and proteins of telomerase

In one aspect of the present invention, peptides having telomerase
sequence are provided. Peptides may be used as immunogens to raise antibodies, as
inhibitors or enhancers of telomerase function, in assays described herein and the like.
Peptides are generally five to 100 amino acids long, and more usually 10 to 50 amino
acids. Peptides are readily chemically synthesized in an automated fashion
(PerkinElmer ABI Peptide Synthesizer) or may be obtained commercially. Peptides
may be further purified by a variety of methods, including high-performance liquid
chromatography. Furthermore, peptides and proteins may contain amino acids other
than the 20 naturally occurring amino acids or may contain derivatives and modification
of the amino acids.

Peptides of particular interest within the context of this invention have
the sequence of the intron sequences (Figure 10), the RTase motifs, and the like. In
certain embodiments, telomerase proteins have the amino acid sequences presented in
Figures 1 or 11, or a portion thereof which is at least 8 amino acids in length (and may
be 10, 15, 20 or more amino acids in length). In other embodiments, the protein has one
or more amino acid substitutions, additions, deletions. In yet other embodiments, the
protein has an amino acid sequence determined by a nucleic acid sequence that
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hybridizes under normal stringency conditions to the complement of any of the
sequences in Figure 11. As indicated above, variants of telomerase include allelic
variants.

IL. TELOMERASE ASSAYS

A variety of assays are available to determine telomerase activity and
expression. Such assays include in vitro assays that measure the ability of telomerase to
extend a telomeric DNA substrate, nucleolytic activity, primer (telomere) binding
activity, dNTP binding activity, telomerase RNA (hTR) binding activity, in vivo gain-
of-function assays, in vivo loss-of function assays, in situ hybridization, RNase probe
protection, Northern analysis, amplification of cDNA, antibody staining, and the like.

A. Assays for catalytic activity

Various assays for catalytic activity are described in U.S. Patent Nos.
5,629,154; 5,639,613; 5,645,986 among others. In one conventional assay for
telomerase activity, a single-stranded DNA primer having the sequence of the host
telomere (e.g., [TTAGGG], ) and the telomerase enzyme are used (see Shay et al.,
Methods in Molecular Genetics 5:263, 1994; Greider and Blackburn, Cell 43:405, 1985;
Morin, Cell 59:521, 1989; U.S. Patent No. 5,629,154). A preferred assay incorporates a
detergent-based extraction with an amplification-based assay. This assay, called TRAP
(telomeric repeats amplification protocol), has improved sensitivity (Kim et al., Science
266: 2011, 1994). Briefly, in TRAP, telomerase synthesizes extension products, which
then serve as templates for amplification. The telomerase products are amplified with a
primer derived from a non-telomeric region of the oligonucleotide and a primer derived
from the telomeric region. When the amplification products are analyzed, such as by
gel electrophoresis, a ladder of products is observed when telomerase activity is present.
Permutations of this assay have been described (Krupp et al., Nucl. Acids Res. 25: 919,
1997; Savoysky et al., Nucl. Acids Res. 24: 1175, 1996). As well, other telomerase
assays are available (Faraoni et al., J. Chemother 8: 394, 1996, describing an in vitro
chemosensitivity assay; Tatematsu et al., Oncogene 13: 2265, 1996, describing a
"stretch PCR assay"; Lin and Zakian, Cell 81: 1127, 1995, describing an in vitro assay
for Saccharomyces).

In addition, catalytic or other activities may be measured by an in vitro
reconstitution system (see Examples). Briefly, the assays, such as those described
herein, are performed using purified telomerase protein that is produced by recombinant
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meant and other necessary components, such as the telomerase RNA component, other
proteins such as described in WO 98/14593.

B. Assays for other activities

Nucleolytic activity may be assessed by protocols described for example
in Collins and Grieder, Genes and Development 7: 1364, 1993). The nucleolytic
activity is excision of a nucleotide (G from the telomeric repeat TTAGG) from the 3'
end of a nucleotide sequence that is positioned at the 5' boundary of the DNA template.
Briefly, the activity can be measured by a reaction that uses a nucleic acid template with
a 3' nucleotide that is blocking, i.e., cannot serve as a primer for a polymerase, unless
removed by nucleolytic activity.

Telomere binding activity and assays are described in for example
Harrington et al., J. Biol. Chem. 270: 8893, 1995. In general, any assay such as a gel-
shift assay, that detects protein-nucleic acid interactions may be used. DNTP and RNA
binding activity assays are described in Morin, Eur. J. Cancer 33: 750 for example.

C. Gain and loss of function

In vivo gain-of-function assays may be performed by transfecting an
expression vector encoding telomerase into cells that have no or little detectable
endogenous activity. Activity is then measured by an in vitro assay, such as those
described herein. Another gain of function assay can be performed in tumor cells or
other cells expressing telomerase or reverse transcriptase. A telomerase gene is
transfected into the cells, expressed at high levels, and these cells are treated with
inhibitors of reverse transcriptase. Telomerase activity is then observed as decreased
sensitivity to such inhibitors. Furthermore, rescue of function in the yeast telomerase
mutant EST2 may be measured.

Loss of function may be measured in cells expressing high levels of
telomerase activity, such as LIM 1215 cells or other tumor cells. In this assay, anti-
sense oligonucleotide molecules are introduced into the cells, generally in an expression
vector. Telomerase gene is verified by diminished telomerase activity. In another
assay, antibodies to telomerase that inhibit function can be used to demonstrate a
functional molecule.

D. Expression of telomerase
Expression of telomerase in various cells may be assayed by standard
assays using the sequences provided herein. For example, in situ hybridization with
radioactive or fluorescent-labeled probes (fragments or oligonucleotides) may be used
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on tissue sections or fixed cells. Alternatively, RNA may be isolated from the cells and
used in Northern, RNase probe protection assays, and the like. Probes for particular
regions and probes that are variant specific will generate expression profiles of the
various telomerase transcripts.

In a preferred embodiment, telomerase expression is assayed by
amplification. Primer pairs for telomerase, including primer pairs for particular
variants, are used to amplify cDNA synthesized from cellular RNA. The cDNA may be
synthesized from either total RNA or poly(A)+ RNA. Methods and protocols for RNA
isolation are well known. The cDNA may be initiated by an oligo(dT) primer, random
primers (e.g., dN), telomerase specific primer, and the like. The choice of a primer will
depend at least in part on the quantity of RNA and the purpose of the assay.
Amplification primers are designed to amplify any one of, particular combinations, or
all of the variants present in vertebrate cells. Conditions for amplification are chosen to
be commensurate with the primer length, base content, length of amplified product and
the like. Various amplification systems are available (see Lee et al., Nucleic Acid
Amplification Technologies, BioTechniques Books, Eaton Publishing, Natick, MA,
1997; Larrick, The PCR Technique: Quantitative PCR, BioTechniques Books, Eaton
Publishing, Natick, MA, 1997).

Other assays for measuring expression qualitatively and quantitatively
are well known. RNase probe protection and Northern analysis are amenable when the
amount of telomerase mRNA is sufficient. When very few cells are available, a single
cell analysis is desirable, or when the fraction of telomerase RNA in the sample is very
low, an amplification protocol is preferred. RNase probe protection, in particular, is
well suited for detecting splice variants, mutations, as well as quantitating these RNAs.

As discussed above, in preferred embodiments, expression of the various
RNA species is monitored. The different species may be assayed by any method which
distinguishes one of the species over the others. Thus, length determination by
Northern, RNase probe protection, cloning and amplification are some of the available
methods. In preferred embodiments, RNase probe protection and amplification are
used. For RNase probe protection, the probe will generally be a fragment derived from
the junction of the reference sequence and the intron sequence or derived from the
sequence surrounding the intron insertion site. For example, a fragment of the reference
telomerase that spans nucleotide 1950-1951 (e.g., nucleotides 1910-1980) will protect
the reference sequence as a 71 base fragment, but will protect a telomerase with intron 1
as two fragments of 41 and 30 bases. In contrast, a fragment that contains nucleotides
1910-1950 and 30 bases of intron 1 will protect an intron 1 variant as a 71 base
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fragment and the reference telomerase as a 41 base fragment. Fragments for RNase
probe protection are chosen usually in the range of 30 to 400 bases and are positioned to
yield readily distinguishable protection products.

Another method that can be used to distinguish variants is amplification.
Amplification primer design and strategy are described above. Briefly, primers that will
individually amplify each spliced-in or spliced-out variant are preferred. Multiple
reactions can be performed to identify variants with more than one spice-in or splice-out
event.

Methods that measure telomerase protein are also useful within the
context of the present invention. By way of example, antibodies to telomerase may be
used to stain tissue sections or permeabilized cells. Antibodies may also be used to
detect protein by immunoprecipitation, Western blot and the like. Furthermore,
subcellular localization of telomerase and telomerase variants may be determined using
the antibodies described herein.

E. Antibodies to telomerase

Antibodies to the telomerase proteins, fragments, or peptides discussed
herein may readily be prepared. Such antibodies may specifically recognize wild type
telomerase protein and not a mutant (or variant) protein, mutant (or variant) telomerase
protein and not wild type protein, or equally recognize both the mutant (or variant) and
wild-type forms. Antibodies may be used for isolation of the protein, inhibiting
(antagonist) activity of the protein, or enhancing (agonist) activity of the protein. As
well, assays for small molecules that interact with telomerase will be facilitated by the
development of antibodies.

Within the context of the present invention, antibodies are understood to
include monoclonal antibodies, polyclonal antibodies, anti-idiotypic antibodies,
antibody fragments (e.g., Fab, and F(ab’)y, Fy variable regions, or complementarity
determining regions). Antibodies are generally accepted as specific against telomerase
protein if they bind with a K¢ of greater than or equal to 10-7M, preferably greater than
of equal to 10-8M. The affinity of a monoclonal antibody or binding partner can be
readily determined by one of ordinary skill in the art (see Scatchard, Adnn. N.Y. Acad.
Sci. 51:660-672, 1949).

Briefly, a polyclonal antibody preparation may be readily generated in a
variety of warm-blooded animals such as rabbits, mice, or rats. Typically, an animal is
immunized with telomerase protein or peptide thereof, which is preferably conjugated
to a carrier protein, such as keyhole limpet hemocyanin. Routes of administration
include intraperitoneal, intramuscular, intraocular, or subcutaneous injections, usually in
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an adjuvant (e.g., Freund's complete or incomplete adjuvant). Particularly preferred
polyclonal antisera demonstrate binding in an assay that is at least three times greater
than background.

Monoclonal antibodies may also be readily generated from hybridoma
cell lines using conventional techniques (see U.S. Patent Nos. RE 32,011, 4,902,614,
4,543,439, and 4,411,993; see also Antibodies: A Laboratory Manual, Harlow and Lane
(eds.), Cold Spring Harbor Laboratory Press, 1988). Briefly, within one embodiment, a
subject animal such as a rat or mouse is injected with telomerase or a portion thereof.
The protein may be administered as an emulsion in an adjuvant such as Freund's
complete or incomplete adjuvant in order to increase the immune response. Between
one and three weeks after the initial immunization the animal is generally boosted and
may tested for reactivity to the protein utilizing well-known assays. The spleen and/or
lymph nodes are harvested and immortalized. Various immortalization techniques, such
as mediated by Epstein-Barr virus or fusion to produce a hybridoma, may be used. In a
preferred embodiment, immortalization occurs by fusion with a suitable myeloma cell
line to create a hybridoma that secretes monoclonal antibody. Suitable myeloma lines
include, for example, NS-1 (ATCC No. TIB 18), and P3X63 - Ag 8.653 (ATCC
No. CRL 1580). The preferred fusion partners do not express endogenous antibody
genes. Following fusion, the cells are cultured in medium containing a reagent that
selectively allows for the growth of fused spleen and myeloma cells such as HAT
(hypoxanthlne, aminopterin, and thymidine). After about seven days, the hybridomas
may be screened for the presence of antibodies that are reactive against a telomerase
protein. A wide variety of assays may be utilized, including for example countercurrent
immuno-electrophoresis, radioimmunoassays, radioimmunoprecipitations, enzyme-
linked immuno-sorbent assays (ELISA), dot blot assays, western blots,
immunoprecipitation, inhibition or competition assays, and sandwich assays (see U.S.
Patent Nos. 4,376,110 and 4,486,530; see also Antibodies: A Laboratory Manual,
Harlow and Lane (eds.), Cold Spring Harbor Laboratory Press, 1988).

Other techniques may also be utilized to construct monoclonal antibodies
(see Huse et al., Science 246:1275-1281, 1989; Sastry et al., Proc. Natl. Acad. Sci. USA
86:5728-5732, 1989; Alting-Mees et al., Strategies in Molecular Biology 3:1-9, 1990;
describing recombinant techniques). Briefly, mRNA is isolated from a B cell
population and utilized to create heavy and light chain immunoglobulin ¢cDNA
expression libraries in suitable vectors, such as AlmmunoZap(H) and AlmmunoZap(L).
These vectors may be screened individually or co-expressed to form Fab fragments or
antibodies (see Huse etal, supra; Sastry etal., supra). Positive plaques may
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subsequently be converted to a non-lytic plasmid that allows high level expression of
monoclonal antibody fragments from E. coli.

Similarly, portions or fragments, such as Fab and Fv fragments, of
antibodies may also be constructed utilizing conventional enzymatic digestion or
recombinant DNA techniques to yield isolated variable regions of an antibody. Within
one embodiment, the genes which encode the variable region from a hybridoma
producing a monoclonal antibody of interest are amplified using nucleotide primers for
the variable region. These primers may be synthesized by one of ordinary skill in the
art, or may be purchased from commercially available sources (e.g., Stratacyte, La Jolla,
CA) Amplification products are inserted into vectors such as ImmunoZAP™ H or
ImmunoZAP™ 1 (Stratacyte), which are then introduced into E. coli, yeast, or
mammalian-based systems for expression. Utilizing these techniques, large amounts of
a single-chain protein containing a fusion of the Vy and V, domains may be produced
(see Bird et al., Science 242:423-426, 1988). In addition, techniques may be utilized to
change a "murine" antibody to a "human" antibody, without altering the binding
specificity of the antibody.

Once suitable antibodies have been obtained, they may be isolated or
purified by many techniques well known to those of ordinary skill in the art (see
Antibodies: A Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor
Laboratory Press, 1988). Suitable techniques include peptide or protein affinity
columns, HPLC or RP-HPLC, purification on protein A or protein G columns, or any
combination of these techniques.

F. Proteins that interact with telomerase

Proteins that directly interact with telomerase can be detected by an
assay such as a yeast 2-hybrid binding system. Briefly, in a two-hybrid system, a
fusion of a DNA-binding domain-telomerase protein (e.g., GAL4-telomerase fusion) is
constructed and transfected into a cell containing a GAL4 binding site linked to a
selectable marker gene. The whole telomerase protein or subregions of telomerase may
be used. A library of cDNAs fused to the GAL4 activation domain is also constructed
and co-transfected. When the ¢cDNA in the cDNA-GAL4 activation domain fusion
encodes a protein that interacts with telomerase, the selectable marker is expressed.
Cells containing the cDNA are then grown, the construct isolated and characterized.
Other assays may also be used to identify interacting proteins. Such assays include
ELISA, Western blotting, co-immunoprecipitations and the like.
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III. INHIBITORS AND ENHANCERS OF TELOMERASE ACTIVITY

Candidate inhibitors and enhancers (collectively referred to as
"effectors”) may be isolated or procured from a variety of sources, such as bacteria,
fungi, plants, parasites, libraries of chemicals (e.g., combinatorial libraries), random
peptides or the like. Effectors may also be peptides or variant peptides of telomerase,
variants of telomerase, antisense nucleic acids, antibodies to telomerase, inhibitors of
promoter activity of telomerase, and the like. Inhibitors and enhancers may be also be
rationally designed, based on the protein structure determined from X-ray
crystallography (see, Livnah et al., Science 273:464, 1996). In certain preferred
embodiments, the inhibitor targets a specific telomerase, such as a variant.

An inhibitor may act by preventing binding of telomerase to other
components of the ribonucleoprotein complex or to the telomere, by causing
dissociation of the bound proteins, or by other mechanism. An inhibitor may act directly
or indirectly. In preferred embodiments, inhibitors interfere in the binding of the
telomerase protein to either the telomerase RNA or to the telomeres. In other preferred
embodiments, the inhibitors are small molecules. In a most preferred embodiment, the
inhibitors cause a cell to cease replication. Inhibitors should have a minimum of side
effects and are preferably non-toxic. Inhibitors that can penetrate cells are preferred.

In other preferred embodiments, an effector is a protein or peptide of
telomerase that acts in a dominant negative fashion (see, Ball et al., Current Biology
7:71, 1997; Current Biology 6:84, 1996). For example, a peptide of telomerase that
competitively inhibits the binding of telomerase to telomeres will disrupt the
lengthening of telomeres. Generally, these peptides have native sequence, but variants
may have increased activity (see, Ball etal., suprd). Variants may be constructed by the
methods described herein. Other peptides may bind telomerase and inhibit one or more
of its activities, but do not have telomerase amino acid sequence. Such peptides may be
identified by the assays described herein. The proteins or peptides may also increase
telomerase activity. For effective inhibition, peptide inhibitors are preferably expressed
from vectors transfected or infected into host cells, but may also be introduced by other
means, such as liposome-mediated fusion, and the like. Eukaryotic vectors are well
known and readily available. Vectors include plasmids, viral-based vectors, and the
like.

In another preferred embodiment, the inhibitor is a ribozyme.
"Ribozyme" refers to a nucleic acid molecule which is capable of cleaving a telomerase
nucleic acid sequence. Ribozymes may be composed of DNA, RNA, nucleic acid
analogues, or any combination of these (e.g., DNA/RNA hybrids). A "ribozyme gene"
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refers to a nucleic acid molecule which, when transcribed into RNA, yields the
ribozyme, and a "ribozyme vector" refers to an assembly that is capable of transcribing
a ribozyme gene of interest, and may be composed of either DNA or RNA. Within
certain embodiments of the invention, the vector may include one or more restriction
site(s) and selectable marker(s). Furthermore, depending on the choice of vector and
host cell, additional elements such as an origin of replication, polyadenylation site, and
enhancers may be included in the vectors described herein.

As noted above, the present invention also provides ribozymes having
the ability to inhibit expression of the telomerase gene. Briefly, a wide variety of
ribozymes may be generated for use within the present invention, including for
example, hairpin ribozymes (sce e.g., Hampel et al., Nucl. Acids Res. 18:299-304, 1990,
EPO 360,257, and U.S. Patent No. 5,254,678), hammerhead ribozymes (see e.g., Rossi,
1.J. etal.,, Pharmac. Ther. 50:245-254, 1991; Forster and Symons, Cell 48:211-220,
1987; Haseloff and Gerlach, Nature 328:596-600, 1988; Walbot and Bruening, Nature
334:196, 1988; Haseloff and Gerlach, Nature 334:585, 1988; Haseloff et al., U.S. Patent
No. 5,254,678), hepatitis delta virus ribozymes (see, €.g, Perrotta and Been, Biochem.
31:16, 1992), Group I intron ribozymes such as those based upon the Tetrahymena
ribosomal RNA (see, e.g, Cech et al., U.S. Patent No. 4,987,071) RNase P ribozymes
(see, e.g, Takada et al., Cell 35 :849, 1983); as well as a variety of other nucleic acid
structures with the capability to cleave a desired or selected target sequence (see e.g.,
WO 95/29241, and WO 95/31551). Within certain embodiments of the invention, the
ribozymes may be altered from their traditional structure in order to include tetraloops
or other structures that increase stability (see, e.g., Anderson etal, Nucl. Acids Res.
22:1096-1100, 1994; Cheong et al., Nature 346:680-682, 1990), or which make the
ribozyme resistant to RNase or endonuclease activity (see e.g., Rossi et al., Pharmac.
Ther. 50:245-254, 1991).

Within one embodiment of the invention, hairpin and hammerhead
ribozymes are provided with the capability of cleaving telomerase nucleic acid
sequences. Briefly, hairpin ribozymes are generated so that they recognize the target
sequence N;XN*GUC(N.,), wherein NisG, U, C, or A, Xis G, C, or U, and * is the
cleavage site. Similarly, hammerhead ribozymes are generated so that they recognize
the sequence NUX, wherein N is G, U, C, or A. The additional nucleotides of the
hammerhead ribozyme or hairpin ribozyme is determined by the target flanking
nucleotides and the hammerhead consensus sequence (see Ruffner et al., Biochemistry
29:10695-10702, 1990). The preparation and use of certain ribozymes is described in
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Cech et al. (U.S. Patent No. 4,987,071). The ribozymes are preferably expressed from a
vector introduced into the host cells.

Ribozymes of the present invention, as well as DNA encoding such
ribozymes can be readily generated utilizing published protocols (e.g., Promega,
Madison Wis., Heidenreich et al., J. FASEB 70:90-6, 1993; Sproat, Curr. Opin.
Biotechnol. 4:20-28, 1993). Alternatively, ribozymes may be generated from a DNA or
¢DNA molecule which encodes a ribozyme and which is operably linked to a RNA
polymerase promoter (e.g., SP6 or T7). An RNA ribozyme is generated upon
transcription of the DNA or cDNA molecule.

In other preferred embodiments, inhibitors diminish promoter activity of
telomerase. A ecukaryotic promoter comprises sequences bound by RNA polymerase
and other proteins participating in control of the transcription unit. Telomerase
transcription appears to be highly regulated; the protein is expressed mainly in stem,
embryonic, and cancer cells, and expressed at much lower levels, if at all, in most
somatic cells. Thus, the promoter is a potential target for inhibitors. The inhibitors may
disrupt or prevent binding of one or more of the factors that control transcription of
telomerase, causing transcription to diminish or cease. The levels of transcription need
only fall to a low enough level that at least one telomere becomes absent.

Another inhibitor of the present invention is antisense RNA or DNA to
telomerase coding or non-coding sequence. Antisense nucleic acids directed to a
particular mRNA molecule have been shown to inhibit protein expression of the
encoded protein Based upon the telomerase sequences presented herein, an antisense
sequence is designed and preferably inserted into a vector suitable for transfection into
host cells and expression of the antisense. The antisense may bind to any part of the
hTI RNA. In certain embodiments, the antisense is designed to bind specifically to one
or more variants. Specific binding means that under physiological conditions, the
antisense binds to RNAs that have the complementary sequence, but not other RNAs.
Because telomerase RNAs that contain any particular intron sequence may be a
heterogeneous group of variants due to independent assortment of splice variants, more
than one species of RNA may be bound and inactivated. The antisense polynucleotides
herein are at least 7 nucleotides long and generally not longer than 100 to 200 bases,
and are more typically at least 10 to 50 bases long. Considerations for design of
antisense molecules and means for introduction into cells are found in U.S. Patent Nos.
5,681,747, 5,734,033; 5,767,102; 5,756,476, 5,749,847, 5,747,470, 5,744,362,
5,716,846). |
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In addition, enhancers of telomerase activity or expression are desirable
in certain circumstances. At times, increasing the proliferation potential of cells will
have a therapeutic effect. For example, organ regeneration or differentiation after injury
or diseases, nmerve cell or brain cell growth following injury, proliferation of
hematopoietic stem cells used in bone marrow transplantation or other organ stem cells,
and the like may be limiting and thus benefit from an enhancer of telomerase.
Enhancers may stabilize endogenous protein, increase transcription or translation, or act
through other mechanisms. As is apparent fo one skilled in the art, many of the
guidelines presented above apply to the design of enhancers as well.

Screening assays for inhibitors and enhancers will vary according to the
type of inhibitor and nature of the activity that is being inhibited. Assays include the
TRAP assay or variation, a non-amplification based polymerase assay, yeast two-
hybrid, release of repression in yeast transfected with a vertebrate telomerase, and the
like. For screening compounds that interact with the promoter for telomerase, a reporter
gene driven assay is convenient.

IV. USES FOR TELOMERASE

Nucleotide sequence for telomerase and telomerase protein are used in a
variety of contexts in this invention. In preferred embodiments, the compositions of the
present invention are used either as diagnostic reagents or as therapeutics.

A. Diagnostics

Expression of mRNA encoding telomerase and/or protein may be used
for detection of dividing cells, especially tumor cells and stem cells. Detection methods
include antibody staining or tagged telomerase binding compounds for detection of
protein, nucleic acid hybridization in situ for mRNA, hybridization on DNA "chips",
Northern analysis, RNase probe protection, amplification by PCR or other method,
ligase-mediated amplification and the like. Furthermore, expression of RNA splice
variants may be assayed conveniently by amplification, RNase probe protection, other
disclosed methods and the like. In particular, oligonucleotide primers surrounding the
site of frequent splice variants, such as the primers described herein (e.g., Htel Intron T
and HT 2482R) may be used to detect splice variants in various cell types. As shown in
the examples, various tumor cell types exhibit different RNA splice variations.
Correlation of the splice variant pattern with tumor stage, metastasis potential and the
like may be determined. As such, assays for the particular variants may be used as a
diagnostic.  Cells with increased telomerase activity, such as cancer cells or
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hyperproliferative cells, may be identified by assaying qualitatively or quantitatively by
any of the assays described herein. Typically, telomerase activity or expression will be
compared between suspect cells and normal counterpart cells from the same or different
individual. Increased activity indicative of a tumor or excessive proliferation is
established by direct comparison or by detecting activity in cells otherwise known to be
absent in telomerase activity or expression. In addition, monitoring cancer progression
or response to therapy can be performed using the assays described herein and
comparing activity or expression over a time course.

The variant detected in one ALT cell line, which expresses telomerase,
suggests that the basic domain of hT1 may contribute to the ALT mechanism in at least
some ALT cell lines. One possible mechanism of ALT could involve dysregulated
telomerase components that are inactive in the TRAP assay. Thus, identification of the
variants may be useful for following tumorigenesis.

Alternative mRNA splicing is a common mechanism for regulating gene
expression in higher eukaryotes and there are many examples of tissue-specific,
development-specific and sex-specific alterations in splicing events. Importantly, 15%
of mutations linked to disease states in mammals affect splicing patterns (Horowitz and
Krainer Trends Genet., 10, 100-106, 1994). Changes in cell physiology can also induce
altered splicing patterns. Indeed, tumorigenesis itself has been suggested to enhance the
expression of mRNA spliced variants by compromising the alternative splicing
mechanisms. Although other, novel minor alternatively spliced hT1 variants may play
a role in tumor development, the altered relative expression levels of the major
transcripts found in various tumors compared to normal cells, and in post-crisis cell
lines compared to limited life-span pre-crisis cells, are likely to play a major role in the
establishment and progression of cancers. In addition, the existence of the alternative
spliced variants of hT1 that are seen in both testis and colonic crypt, as well as tumor
cell lines, suggests complex regulation of this gene in normal development.

Expression of the major hT1 products is found in most tumors and in all
telomerase-positive immortalized cell lines. ~Transcriptional control of hT1 may
therefore be a major aspect of the regulation of telomerase activity, in addition to other
functions. For example, telomerase may be involved in the healing of chromosome
breaks in addition to its role in maintaining telomere length in the germline. The
composition of telomerase may vary according to these functional roles.

Therefore, the intron sequences may be especially useful for diagnostic
applications. For example. detection and identification of diseases, such as cancer,
aging, wound healing, neuronal regeneration, regenerative cells (e.g., stem cells), may
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be important preludes to determining effective therapy. In this regard, detection of
wound healing can facilitate development and identification of an ameliorative
compound. Currently, wound healing assays are expensive and time consuming,
whereas an amplification or hybridization-based assay would be quick and cost
effective. In any of these applications, detection may be quantitative or qualitative. In a
qualitative assay, a particular amplification primer pair or hybridization probe for one of
the variant sequences (e.g., introns that are variably spliced) can be used to detect the
presence or absence of the variant sequence.

Probes useful in the context of the present invention include nucleic acid
molecules that hybridize to the sequences presented in Figure 10 or to their
complements. Probes for hybridization are generally at least 24 bases, but may range
from 12 to full-length sequence. The probes may comprise additional sequence that
does not hybridize to hT1 DNA or RNA. Probes are generally DNA, but may be RNA,
PNA, or derivatives thereof. Hybridization conditions will be chosen appropriate for
the length of the probe and method of hybridization (e.g., on nylon support, on silicon-
based chip). Conditions are well known in the art. One of the sequences in Figure 10 is
a genomic sequence, not found in telomerase mRNA. A probe derived from this
sequence may be used to detect genomic DNA in RNA preparations and amplification
reactions. Hybridization probes may be labeled with a radiolabel, chemiluminescent
label, or any of the myriad other known labels.

Hybridization can be performed on mRNA preparations, cDNA
preparations, affixed to a solid support, in solution, or in situ tissues, and the like. One
type of hybridization analysis is annealing to oligonucleotides immobilized on a solid
substrate, such as a functionalized glass slide or silicon chip. Such chips may be
commercially procured or made according to methods and procedures set out in e.g.,
PCT/US94/12282; U.S. Patent No. 5,405,783; U.S. Patent No. 5,412,087; U.S. Patent
No. 5,424,186; U.S. Patent No. 5,436,327, U.S. Patent No. 5,429,807; U.S. Patent No.
5,510,270; WO 95/35505; U.S. Patent No. 5,474,796. Oligonucleotides are generally
arranged in an array form, such that the position of each oligonucleotide sequence can
be determined.

For amplification assays, primer pairs that either flank the introns or
require the presence of the intron for amplification are desirable. Many such primer
pairs are disclosed herein. Others may be designed from the sequences presented
herein. Generally, the primer pairs are designed to only allow amplification of a single
intron, however, in some circumstances detection of multiple introns in the same RNA
preparation may be preferred.
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Other diagnostic assays, such as in situ hybridization, RNase protection,
and the like may be used alternatively or in addition to the assays discussed above. The
principles that guide these assays are provided by the present invention, while the
techniques are well known.

Transgenic mice and mice that are null mutants (e.g., "knockout mice")
may be constructed to facilitate testing of candidate inhibitors. The telomerase gene is
preferably under control of a tissue-specific promoter for transgenic mice vector
constructs. Mice that overexpress telomerase can be used as a model system for testing
inhibitors. In these mice, cells overexpressing telomerase are expected to be
continuously proliferating. Administration of candidate inhibitors is followed by
observation and measurcment of cell growth. Inhibitors that slow or diminish growth
are candidate therapeutic agents.

Telomerase may also be transfected into cells to immortalize various cell
types. Transient immortalization may be achieved by non-stable transfection of an
expression vector containing telomerase. Alternatively, proliferation of stable
transformants of telomerase gene under control of an inducible promoter can be turned
on and off by the addition and absence of the inducer. Similarly, the presence and
absence of an inhibitor of telomerase activity may be used to selectively immortalize
cells. Expression of part of all of the protein in yeast may act as a dominant negative, as
many human proteins interact with components of a complex in yeast, but do so
imperfectly and therefore unproductively. As such, these genes act as dominant
negatives. Thus, the yeast will eventually senesce. Such cells may be used in screens
for inhibitory drugs, which will allow growth of yeast past the time of senescence.

Purified telomerase protein, reference variant protein, or fragments, may
be used in assays to screen for inhibitory drugs. These assays will typically be
performed in vitro and utilize any of the methods described above or that are known in
the art. The protein may also be crystallized and subjected to X-ray analysis to

determine its 3-dimensional structure.

B. Therapeutics
The compositions and methods disclosed herein may also be used as
therapeutics in the treatment of diseases and disorders to effect any of the telomerase
activities in a cell. Treatment means any amelioration of the disease or disorder, such
as alleviating symptoms of the disease or disorder, reduction of tumor cell mass and the
like. For example, inhibitors of enzyme activity may be used to restrict proliferation of
cells.
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Many diseases and disorders are tightly associated with proliferation and
proliferative potential. One of the most apparent diseases involving unwanted
proliferation is cancer. The methods and compositions described herein may be used to
treat cancers, such as melanomas, other skin cancers, neuroblastomas, breast
carcinomas, colon carcinomas, leukemias, lymphomas, osteosarcomas, and the like.
Other diseases and disorders amenable for treatment within the context of the present
invention include those of excessive cell proliferation (increased proliferation rate over
normal counterpart cells from the same or different individual) such as smooth muscle
cell hyperplasias, skin growths, and the like. Yet other diseases and disorders would
benefit from increased telomerase activity. Enhancers of telomerase may be used to
stimulate stem cell proliferation and possibly differentiation. As such, expansion of
hematopoietic stem cells could be administered in the bone marrow transplant context.
As well, many tissues have stem cells. Proliferation of these cells may be beneficial for
wound healing, hair growth, treatment of diseases, such as Wilm's tumor, and the like.

Certain of the inhibitors or enhancers may be administered by way of an
expression vector. Many techniques for introduction of nucleic acids into cells are
known. Such methods include retroviral vectors and subsequent retrovirus infection,
adenovirals or adeno-associated viral vectors and subsequent infection, complexes of
nucleic acid with a condensing agent (e.g., poly-lysine), these complexes or viral
vectors may be targeted to particular cell types by way of an incorporated ligand. Many
ligands specific for tumor cells and other cells are well known in the art.

As noted above, within certain aspects of the present invention, nucleic
acids encoding ribozymes, antisense, dominant-negative telomerases, portions of
telomerase and the like may be utilized to inhibit telomerase activity by introducing a
functional gene to a cell of interest. This may be accomplished by either delivering a
synthesized gene to the cell or by delivery of DNA or ¢cDNA capable of in vivo
transcription of the gene product. More specifically, in order to produce products in
vivo, a nucleic acid sequence coding for the product is placed under the control of a
eukaryotic promoter (e.g., a pol III promoter, CMV or SV40 promoter). Where it is
desired to more specifically control transcription, the gene may be placed under the
control of a tissue or cell specific promoter (e.g., to target cells in the liver), or an
inducible promoter.

A wide variety of vectors may be utilized within the context of the
present invention, including for example, plasmids, viruses, retrotransposons and
cosmids. Representative examples include adenoviral vectors (e.g., WO 94/26914, WO
93/9191; Yei et al., Gene Therapy 1:192-200, 1994; Kolis et al., PNAS 91(1):215-219,
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1994; Kass-Eisler et al., PNAS 90(24):11498-502, 1993; Guzman et al., Circulation
88(6):2838-48, 1993; Guzman et al., Cir. Res. 73(6):1202-1207, 1993; Zabner et al.,
Cell 75(2):207-216, 1993; Li et al., Hum Gene Ther. 4(4):403-409, 1993; Caillaud et
al., Eur. J. Neurosci. 5(10):1287-1291, 1993), adeno-associated type 1 ("AAV-1") or
adeno-associated type 2 ("AAV-2") vectors (see WO 95/13365; Flotte et al., PNAS
90(22):10613-10617, 1993), hepatitis delta vectors, live, attenuated delta viruses and
herpes viral vectors (e.g., U.S. Patent No. 5,288,641), as well as vectors which are
disclosed within U.S. Patent No. 5,166,320. Other representative vectors include
retroviral vectors (e.g., EP 0 415 731; WO 90/07936; WO 91/02805; WO 94/03622;
WO 93/25698; WO 93/25234; U.S. Patent No. 5,219,740; WO 93/11230; WO
93/10218. For methods and other compositions, see U.S. Patent Nos. 5,756,264;
5,741,486; 5,733,761, 5,707,618; 5,702,384; 5,656,465; 5,547,932; 5,529,774;
5,672,510; 5,399,346, and 5,712,378.)

Within certain aspects of the invention, nucleic acid molecules may be
introduced into a host cell utilizing a vehicle, or by various physical methods.
Representative examples of such methods include transformation using calcium
phosphate precipitation (Dubensky et al, PNAS 81:7529-7533, 1984), direct
microinjection of such nucleic acid molecules into intact target cells (Acsadi et al.,
Nature 352:815-818, 1991), and electroporation whereby cells suspended in a
conducting solution are subjected to an intense electric field in order to transiently
polarize the membrane, allowing entry of the nucleic acid molecules. Other procedures
include the use of nucleic acid molecules linked to an inactive adenovirus (Cotton et al.,
PNAS §9:6094, 1990), lipofection (Felgner et al., Proc. Natl. Acad. Sci. US4 84:7413-
7417, 1989), microprojectile bombardment (Williams et al., PNAS 88:2726-2730,
1991), polycation compounds such as polylysine, receptor specific ligands, liposomes
entrapping the nucleic acid molecules, spheroplast fusion whereby E. coli containing
the nucleic acid molecules are stripped of their outer cell walls and fused to animal cells
using polyethylene glycol, viral transduction, (Cline et al., Pharmac. Ther. 29:69, 1985;
and Friedmann et al., Science 244:1275, 1989), and DNA ligand (Wu et al, J. of Biol.
Chem. 264:16985-16987, 1989), as well as psoralen inactivated viruses such as Sendai
or Adenovirus. In one embodiment, the nucleic acid molecule is introduced into the
host cell using a liposome.

Administration of effectors will generally follow established protocols.
The compounds of the present invention may be administered either alone, or as a
pharmaceutical composition. Briefly, pharmaceutical compositions of the present
invention may comprise one or more of the inhibitors or enhancers as described herein,
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in combination with one or more pharmaceutically or physiologically acceptable
carriers, diluents or excipients. Such compositions may comprise buffers such as
neutral buffered saline, phosphate buffered saline and the like, carbohydrates such as
glucose, mannose, sucrose or dextrans, mannitol, proteins, polypeptides or amino acids
such as glycine, antioxidants, chelating agents such as EDTA or glutathione, adjuvants
(e.g, aluminum hydroxide) and preservatives. In addition, pharmaceutical
compositions of the present invention may also contain one or more additional active
ingredients. Effectors may be further coupled with a targeting moiety that binds a cell
surface receptor specific to the proliferating cells.

Compositions of the present invention may be formulated for the manner
of administration indicated, including for example, for oral, nasal, venous, intracranial,
intraperitoneal, subcutaneous, or intramuscular administration. ~~ Within other
embodiments of the invention, the compositions described herein may be administered
as part of a sustained release implant. Within yet other embodiments, compositions of
the present invention may be formulized as a lyophilizate, utilizing appropriate
excipients which provide stability as a lyophilizate, and subsequent to rehydration.

As noted above, pharmaceutical compositions also are provided by this
invention. These compositions contain any of the above described ribozymes, DNA
molecules, proteins, chemicals, vectors, or host cells, along with a pharmaceutically or
physiologically acceptable carrier, excipients or diluents. Generally, such carriers
should be nontoxic to recipients at the dosages and concentrations employed.
Ordinarily, the preparation of such compositions entails combining the therapeutic
agent with buffers, antioxidants such as ascorbic acid, low molecular weight (less than
about 10 residues) polypeptides, proteins, amino acids, carbohydrates including
glucose, sucrosc or dextrins, chelating agents such as EDTA, glutathione and other
stabilizers and cxcipients. Neutral buffered saline or saline mixed with nonspecific
serum albumin are exemplary appropriate diluents.

In addition, the pharmaceutical compositions of the present invention
may be prepared as medicaments for administration by a variety of different routes,
including for example intraarticularly, intracranially, intradermally, intrahepatically,
intramuscularly,  intraocularly, intraperitoneally, intrathecally, intravenously,
subcutaﬁeously or even directly into a tumor. In addition, pharmaceutical compositions
of the present invention may be placed within containers, along with packaging material
which provides instructions regarding the use of such pharmaceutical compositions.
Generally, such instructions will include a tangible expression describing the reagent
concentration, as well as within certain embodiments, relative amounts of excipient
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ingredients or diluents (e.g., water, saline or PBS) which may be necessary to
reconstitute the pharmaceutical composition. Pharmaceutical compositions are useful
for both diagnostic or therapeutic purposes.

Pharmaceutical compositions of the present invention may be
administered in a manner appropriate to the disease to be treated (or prevented). The
quantity and frequency of administration will be determined by such factors as the
condition of the patient, and the type and severity of the patient's disease. Dosages may
be determined most accurately during clinical trials. Patients may be monitored for
therapeutic effectiveness by - appropriate technology, including signs of clinical

exacerbation, imaging and the like.

The following examples are offered by way of illustration, and not by
way of limitation.
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EXAMPLES

EXAMPLE 1
IDENTIFICATION AND ISOLATION OF THE HUMAN TELOMERASE GENE

A human telomerase gene is identified in a cDNA library constructed
from a cancer cell line. The cDNA is subjected to DNA sequence analysis (Kilian et
al., supra).

An EST sequence, GenBank Accession No. AA281296, is identified as
partial telomerase gene sequence by a BLAST search against the Euplotes telomerase
sequence, GenBank Accession No. U95964 (p=3.2 x 10°). Amino acid sequence
identity between the two sequences is approximately 38% and amino acid sequence
similarity is approximately 60%.

To obtain longer clones of hT1, a number of cDNA libraries prepared
from tumor cells are screened by amplification using primers from within the EST
sequence. Primers HT1553F and HT1920R, based on the EST sequence, are used to
amplify an approximately 350 bp fragment in a variety of ¢cDNA libraries. The
amplification reaction is performed under "hot start" conditions. Amplification cycles
are 4 min at 95°C; 1 min at 80°C; 30 cycles of 30 sec at 94°C, 30 sec at 55°C, 1 min at
72°C° and 5 min at 72°C. An amplified product of the expected size (~350 bp) is
detected in only 3 of the 12 libraries screened. No fragment is detectable in a testis
cDNA library, somatic cell libraries, and a variety of cancer cell cDNA libraries.
However, an abundant 350 bp fragment is detected in a cDNA library from LIM 1215
cells, a colon cancer cell line. In this library, and in several others, an additional
fragment of around 170 bp was amplified.

Two approaches are followed to obtain longer clones from the LIM1215
library: screening plaques with a **P-labeled EST probe and amplification on library
DNA. A single positive plaque, designated 53.2, with a 1.9 kb insert is obtained by
hybridization of the library with the EST probe. DNA sequence analysis of this clone
demonstrates that it extends both 5’ and 3’ of the EST sequence, but did not contain a
single open reading frame (ORF). A fragment obtained from amplification analysis of
the library is similar in sequence to the 53.2 fragment but also contains two additional
sequences of 36bp and >300bp. Both insertions demonstrate characteristics of splice
acceptor and donor sequences at their boundaries relative to the 53.2 sequence and may
represent unspliced introns. Amplification using primers T7 and HT1553F, yields an
approximately 1.6 kb fragment; and using primers T3 and HT1893R, yields an
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approximately 0.7 kb fragment. Each of these fragments support amplification of a 320
bp fragment using primers HTEL1553F and HT1893R.

Longer clones may also be obtained by amplification of mRNA samples.
Reverse transcriptase PCR (RT-PCR) on LIMI1215 mRNA identifies a number of
additional PCR products, including one with a 182 bp insertion relative to 53.2 that
results in a single open reading frame (ORF). c¢DNA is synthesized from RNAs isolated
from normal and tumor tissues. RT-PCR followed by nested amplification is performed
using the Titan RT-PCR system (Boehringer-Mannheim). Amplification conditions are
as follows: 95°C for 2 min, two cycles of 94°C for 30 sec, 65°C for 30 sec and 68°C for
3 min, 2 cycles of 94°C for 30 sec, 63°C for 30 sec, 68°C for 3 min, 34 cycles of 94°C
for 30 sec, 60°C for 30 sec and 68°C for 3 min. RT-PCR products are diluted 100 fold,
and 1 pl is used for nested amplification using Tag polymerase with buffer Q (Qiagen).
Amplification conditions are as above, except that the final step is 14 cycles. For
normal tissues and tumors, amplification products are resolved by electrophoresis in
1.5% agarose gel, transferred to Zetaprobe membrane and probed with radiolabeled
oligonucleotide HT1691F.

The DNA sequence is also extended 5 and 3’ using a combination of
cRACE and 3’ RACE, respectively, on LIM1215 mRNA to give a fragment of 3871 bp
designated hT1 (Figure 1). Two rounds of cRACE are carried out to extend the
sequence of hT1 and map the transcription initiation site. 500 ng LIM1215 polyA+
RNA is used as the template. First strand cDNA synthesis is primed using the
HT1576R primer. The first round of amplification on the ligation product (using the
XL-PCR system) employs the HT1157R and HTI1262F primers. Amplification
products are purified using Qiagen columns, and further amplified using primers
HT1114R and HTI1553F. A resulting 1.4 kb band is subjected to DNA sequence
analysis, and a new set of primers are designed based on this sequence. For the second
round of cRACE, the first strand ¢cDNA is primed with the HT220R primer. The first
round of amplification utilizes the HT0142R and HTO141F primers. Products are
purified as above and amplified using HT0093 and HT0163F primers. A product of
100 bp is observed and subjected to sequence analysis in two independent experiments
to define the 5' end of the hT1 transcript. The 5' end of the transcript is also obtained by
amplification using primer HtelFulcodT 5'-
AGGAGATCTCGCGATGCCGCGCGCTC-3' and HtelFulcodB 5'-
TCCACGCGTCCTGCCCGGGTG-3' on LIMI215 RNA. The resulting amplified
product was digested with Mlu I and Bgl II and ligated to the remaining telomerase
cDNA sequence.
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The 3'-most sequences of the transcript are obtained by two rounds of
amplification (XL-PCR system) using EBHT18 in both rounds as the reverse primer,
and HT2761F and HT3114F as the forward primers in the first and second rounds,
respectively.

The size of hT1 accords well with the size estimated from the Northern
blot (see below) for the most abundant RNA species in LIM1215 RNA. Approximately
3.9 kb of DNA sequence is presented in F igure 1. The sequence found in the EST is
located from nucleotides 1624-2012. The predicted amino acid sequence of the largest
open reading frame is also presented in Figure 1. As presented, the protein is 1132

amino acids.

Table 2
Name 0ligo Seguence
HTO028F 5' - GCTGGTGCAGCGCGGGGACC

HT 5'Met 5' - CACAAGCTTGAATTCACATCTCACCATGAAGGAGCTGGTGGCCCGAGT

HTOO093R 5’ - GGTACGCACACCAGGCACTG
HTOl41F 5’ -~ CCTGCCTGAAGGAGCTGGTG
HTO0142R 5’ - GGACACCTGGCGGAAGGAG
HT0163F 5’ - CCGAGTGCTGCAGAGGCTGT
HTO0220R 5’ - GAAGCCGAAGGCCAGCACGTTCTT
HT1262F 5’ ~ GTGCAGCTGCTCCGCCAGCACA
HT1114R 5' - GTTCCCAAGCAGCTCCAGAAACAG
HT1157R 5' - GGCAGTGCGTCTTGAGGAGCA
HT1553F 5" - CACTGGCTGATGAGTGTGTAC
HT1576R 5’ - GACGTACACACTCATCAGCCAG
HT1590F 5" - GGTCTTTCTTTTATGTCACGGAG
HT1691F 5" - CACTTGAAGAGGGTGCAGCT
HT1875F 5’ - GTCTCACCTCGAGGGTGAAG
HT1893R 5" - TTCACCCTCGAGGTGAGACGCT
HT1920R 5" - TCGTAGTTGAGCACGCTGAAC
HT2026F 5" - GCCTGAGCTGTACTTTGTCAA

HTM2028F 5" - CTGAGCTGTACTTTGTCAAGGACA
HT2230F 5' - GTACATGCGACAGTTCGTGGCTCA
HT2356R 5" - CATGAAGCGTAGGAAGACGTCGAAGA
HT2482R 5’ - CGCAAACAGCTTGTTCTCCATGTC
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HT2761F
HT2781R
HT3114F
HT3292B
HT3689R
EBHT18
HT-RNA-F
HT-RNA451R
HT-RNA598F

HTel 5'T
HTel979T
HTell335T
HTel71T

5
5
5
5
5
5
5
5
5

5
51
.
5

HTel21B (Top) 5"

HTel21TBot)
HTel-7B
HTel+256B
HtelIntronT
Htel 3'CODB
Htel 1210B
Htel 1274B
Htel 1624b
hTR TAC

hTR 5'T7
hTR 3'PstI

BT-177
BT-178
BT-179
BT-182
BT-183

5
5
5
.
50
50
50
5
.

5'
5l

5l
5'
5!
5!
5!
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CTATGCCCGGACCTCCATCAGA
CTGATGGAGGTCCGGGCATAG

CCTCCGAGGCCGTGCAGT
CACCTCAAGCTTTCTAGATCAGTCCAGGATGGTCTTGAAGTCA
GGAAGGCARAGGAGGGCAGGGCGA
CACGAATTCGGATCCAAGCTTTTTTTTTTTTTTTTTT
GGGTTGCGGAGGGTGGGC

GCAGTGGTGAGCCGAGTCCTG

CGACTTTGGAGGTGCCTTCA

GCTGGTGCAGCGCGGGGACC
GAGGTGCAGAGCGACTACTCCA
GTCTCACCTCGAGGGTGAAG
GGCTGCTCCTGCGTTTGGTGGA
GCCAGAGATGGAGCCACCC
GGGTGGCTCCATCTCTGGC
CCGCACGCTCATCTTCCACGT
GCTTGGGGATGAAGCGGTC
CGCCTGAGCTGTACTTTGTCA

CACCTCAAGCTTTCTAGATCAGCTAGCGGCCCAGCCCAACTCCCCT

GCAGCACACATGCGTGAAACCTGT
GTGTCAGAGATGACGCGCAGGAA
ACCCACACTTGCCTGTCCTGAGT

ACTGGATCCTTGACAATTAATGCATCGGCTCGTATAATGTGTGGAGGGTTGCGGAGGG

TGGGC
CTGTAATACGACTCACTATAGGGTTGCGGAGGGTGGGC

CACCTGCAGACATGCGTTTCGTCCTCACGGACTCATCAGGCCAGCTGGCGACGCATGTGT

GAGCCGAGTCCTG

GGATCCGCCGCAGAGCACCGTCTG
CGAAGCTTTCAGTGGGCCGGCATCTGAAC
CGAAGCTTTCACAGGCCCAGCCCAACTCC
GCGGATCCAGAGCCACGTCCTACGTC
GCGGATCCGTTCAGATGCCGGCCCAC
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EXAMPLE 2
HT1 SEQUENCE AND ALIGNMENT WITH OTHER TELOMERASES

Multiple sequence alignment demonstrates that the predicted hT1 protein
is co-linear with the Euplotes and S. cerevisae telomerase catalytic subunits over their
entire lengths (Figure 2). Although the overall homology between the three proteins is
relatively low (approximately 40% similarity in all pairwise combinations) the overall
structure of the protein seems to be well conserved. Four major domains: N-terminal,
basic, reverse transcriptase (RT) and C-terminal are present in all three proteins. The
highest area of sequence similarity is within the RT domain. Notably, all the motifs
characteristic of the Euplotes RT domain are present and all amino acid residues
implicated in RT catalysis are conserved in the hT1 sequence (Lingner et al., Science
276: 561-567, 1997).

Recently, protein phosphatase 2A treatment of human breast cancer cell
extracts has been shown to inhibit telomerase activity (Li et al., J. Biol. Chem. 272:
16729-16732, 1997). It is not known whether this effect is direct, but it raises the
possibility of regulation of telomerase activity by protein phosphorylation. The
predicted hT1 protein does contain numerous potential phosphorylation sites, including
11 SP or TP dipeptides, which are potential sites for cell cycle dependent kinases.

EXAMPLE 3
CHARACTERIZATION OF TELOMERASE GENE

Northern analysis and Southern analysis are performed to determine the
size of the telomerase transcript and whether telomerase gene is amplified in tumors
cells.

For Northern analysis, polyA mRNA is isolated from LIM 1215 cells
and from CCD fibroblasts. CCD is a primary human fibroblast cell line. Briefly cells
are lysed by homogenization in a buffered solution (0.1 M NaCl, 10 mM Tris, pH74, 1
mM EDTA) containing detergent (0.1% SDS) and 200 pg/ml of proteinase K. SDS is
added to the lysate to a final concentration of 0.5%, and the lysate is incubated at 60°C
for 1 hr and 37°C for 20 min. The lysate is then incubated for 1 hr with a slurry oligo
dT-cellulose that has been pre-cycled in 0.1 M NaOH and equilibrated in 0.5 M NaCl,
10 mM Tris pH 74, 1 mM EDTA, and 0.1% SDS. The resin is collected by
centrifugation, batch washed in the equilibration buffer, and loaded into a column. The
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mRNA is eluted with warmed (37°C) buffer (10 mM Tris pH 7.4, 0.1 mM EDTA) and
ethanol precipitated.

‘ Approximately 3 pg of polyadenylated RNA is electrophoresed in a
0,.85% formaldehyde-agarose gel (see Sampbrook et al., supra) and transferred
overnight to Genescreen plus (Bio-Rad, CA). The membrane is hybridized with a 3*P-
labeled telomerase-specific probe (390 bp insert corresponding to the EST sequence).
After washing the blot at high stringency, a prominent ~3.8 kb band is observed in
mRNA from LIM 1215, but not in mRNA from CCD fibroblasts (Figure 3).
Subsequent hybridization of the same membrane with a probe for glyceraldehyde 6-
phosphate dehydrogenate demonstrated an equivalently strong band in both mRNAs,
indicating that each lane contained a similar amount of high quality RNA. The
presence of larger transcripts (especially a ~ 8 kb heterodispersed band) is also visible
only in LIM1215 RNA (Fig. 10, upper panel.). These findings provide an indication of
additional hT1-specific mRNA and also that hT1] may be preferentially expressed in
tumor versus normal cells.

For Southern analysis, DNA is isolated from human peripheral blood
mononuclear cells and LIM 1215. Approximately 10 ug of DNAs are digested with
Hind 111, Xba 1, Eco RI, BamHI, and Psil, electrophoresed in a 1% agarose gel, and
transferred to a nylon membrane. For controls, plasmid DNA containing human
telomerase is titrated to approximately the equivalent of 10 copies, 5 copies, and 1 copy
per 10 pg genomic DNA and electrophoresed on the same gel. A 390 bp fragment of
telomerase gene (containing the EST sequence) is *P-labeled and hybridized under
normal stringency conditions. The filter is washed in 2X SSC, 0.1% SDS at 55°C. A
scanned phosphor image is presented in F igure 4. As shown, the telomerase gene does
not appear to be amplified or rearranged in LIMI215 as there is not significant
difference in the pattern or intensity of hybridization when comparing LIM 1215 to
PBMC DNA. Moreover, telomerase appears to be a single copy gene, as all digestions
except Pst | yielded a single band.

EXAMPLE 4
HT1 EXPRESSION PATTERNS

Although telomerase activity has been widely associated with tumor
cells and the germline, it has only recently been recognized that certain normal
mammalian tissues express low levels of telomerase activity. hT1 expression is not
detected in primary fibroblast RNA, and amplification of several commercially
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available cDNA libraries from lung, heart, liver, pancreas, hippocampus, fetal brain, and
testis using primers for the EST region, did not reveal any products.

However, the expression of hT1 in normal tissues that have previously
been shown to have telomerase activity (colon, testis and peripheral blood lymphocytes)
are examined, as well as a number of melanoma and breast cancer samples. RNA is
isolated from normal human colon, testis and circulating lymphocytes, and from tissue
sections of tumor samples, and subjected to RT-PCR analysis. Amplification products
from cDNA are easily distinguished from products resulting from contaminating
genomic DNA, as a product of ~300 bp is observed using cDNA as a template and a
product of 2.7 kb is observed using genomic DNA as a template. hT1 transcripts are
detected in both colon and testis, in the majority of tumor samples, and very weakly in
the Iymphocyte RNA (Figure 5, upper panel). Interestingly, two of the breast cancer
samples are negative for hT1 expression, despite containing comparable amounts of
RNA to the other samples, as | udged by amplification of B-actin as a positive control
(Figure 5, lower panel).

Acquisition of telomerase activity appears to be an important aspect of
the immortalization process. The expression of hT1 in a number of matched pairs of
pre-crisis cell cultures and post-crisis cell lines is determined using RT-PCR followed
by amplification from nested primers (Figure 6, upper panel). These cell lines are
telomerase negative (pre-crisis cell line) and positive (post-crisis cell lines),
respectively, using the TRAP assay (Bryan et al., EMBO J. 14: 4240-4248, 1995). In
two matched pairs, BFT-3B and BET-3K, hT1 is detected only in the post-crisis cell
lines (compare lanes a and b, lanes e and f). While the post-crisis line (lanes d, f) in the
BFT-3K set shows an abundant hT1 band, a fragment of the same size is also weakly
present in the pre-crisis (lanes c, e) culture sample. In addition, two of the three post-
crisis cell lines demonstrate the presence of an additional unexpected fragment of 320
bp, and this product is also observed when colon and testis mRNA are analyzed on high
resolution gels.

Three immortalized telomerase-negative (ALT) cell lines are also
analyzed for hT1 expression (F igure 6, lanes g, h, i). Two of the lines appear negative
for hT1 expression, but in one line (IIICF-T/B1), a product of approximately 320 bp is
again amplified (Figure 6, lanc i), similar to the post-crisis, colon and testis samples.
DNA sequence analysis of the 320 bp product from the line IIICF-T/B1 (ALT) reveals
the presence of a 38 bp insertion, relative to the expected product. The possibility that
this is an amplification from genomic DNA rather than mRNA is ruled out by
performing amplification with the same primers but using genomic DNA as the
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template. Under these conditions, a 2.7 kb fragment is amplified and its authenticity
confirmed by partial sequence analysis.

EXAMPLE 5
IDENTIFICATION OF ALTERNATIVE SPLICING PATTERNS OF TELOMERASE MRNA

DNA sequence analysis of clones from the LIMI215 cDNA library and
the RT-PCR data presented above for the pre-crisis and post-crisis cultures indicated
that there is a number of different sequence variants within the hT1 transcript. To
systematically survey for variants, RT-PCR is performed using primer pairs covering
the whole sequence. No variants are observed in the N-terminal and the basic domains,
but several variants are observed in the RT domain and, to a lesser extent, the C-
terminal domain. Most notably, there are several RNA variants between RT Motif A
and RT Motif B (Figure 7A).

Samples of mRNA are prepared from several different tumors using
conventional protocols. The tumors are: (I) SLL lung carcinoma, (2) Lymphoma C,
(3) Lung carcinoma, (4) Medullablastoma A, (5) Lymphoma B, (6) Lymphoma E, (7)
Tumor sample 47D, (8) Pheochromocystoma, (9) Lymphoma F, (10) Glioma, and (11)
Lymphoma G. The mRNAs from these samples are first reverse transcribed to cDNAs
and then amplified using primers HT1875F and HT2781R, followed by amplification
with nested primers HT2026F and HT2482R. Four different amplified products are
observed in Figure 8: 220 bp (band 1), 250 bp (band 2), 400 bp (band 3) and 430 bp
(band 4). Strikingly, there is considerable variation among the tumor samples tested
both in the total number of amplified products and in the quantitative distribution
among the products.

Three of these products are isolated from a number of tumor tissues and
subjected to DNA sequence analysis. One of them, a 220 bp fragment, is equivalent to
the 53.2 ¢cDNA from the LIM1215 library. The fragment of the ~250 bp (band 2)
contains a 36 bp in-frame insertion, the same insertion that was identified in an
amplified product from a LIM1215 ¢cDNA library. As the RT-PCR product had the
same sequence as the product from the cDNA library, it is apparent that the 36 bp
insertion is not an artifact generated during library construction. The largest product
(band 4) contains a 182 bp insertion (the same as the larger product amplified earlier
from LIM1215 RNA) compared to the 250 bp amplicon. Unambiguous sequence for
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the 400 bp band (band 3) is not obtained. Based on its size, it may contain the 182 bp
insert but missing the 36 bp insertion present in bands 2 and 4 and absent from band 1.

To test the hypothesis that such a transcript exists, a primer, HTM2028F,
is designed such that amplification ensues only when the 36 bp fragment was missing.
Amplification using HTM2028F and HT2026F primers in combination with HT2356R
demonstrate that transcripts containing the 182 bp fragment but missing the 36 bp
fragment are present in LIM1215 RNA (Figure 9, lanes a and b). The same top strand
primers (HTM2028F and HT2026F) in combination with HT2482R primer amplify a
number of products from LIM1215 RNA (Figure 9, lanes ¢ and d), most of which
represent bands 1- 4 as determined by direct sequence analysis of PCR products. An
amplified fragment of 650 bp using HTM2028F and HT2482R primers represents
another, not yet fully characterized, alternatively spliced telomerase variant in the RT-
MotifA/RT Motif B region. For clarity of presentation, the protein sequence giving the
best match with Euplotes and S. cerevisige proteins is presented in Figure 1 as the
reference sequence.

Specifically, there are at least seven inserts or introns that can be present
(or absent) from telomerase RNA. (1) The 5'-most sequence (Y) is located between
bases 222 and 223. (2) the insert (X) is located between bases 1766 and 1767. A partial
sequence is determined and is presented in Figure 10. Termination codons are present
in all three reading frames. Thus, a truncated protein without any of the Rtase motifs
would be produced. (2) A sequence, indicated as "1" in Figure 7, is located between
bases 1950 and 1951. This intronic sequence is 38 bp (Figure 10) and appears to be
present in ALT and most tumor lines. The presence of this sequence adds 13 amino
acids and shifts the reading frame, such that a termination codon (TGA) is in frame at
nucleotide 1973. (3) A sequence, indicated as "o" in Figure 7, is located between bases
2130 and 2167. This sequence is 36 bp (Figure 10) and its absence removes RTase
motif "A" but does not alter the reading frame. (4) A sequence, indicated as "B" in
Figure 7 is present between bases 2286 and 2469. The insert is 182 bases (Figure 10)
and its absence causes a reading frame-shift and a termination codon in RTase motif 5
at nucleotide 2604. (5) The sequence "2" in Figure 7 is present between bases 2823
and 2824. Its length is undetermined; its partial sequence is presented in Figure 10.
The presence of this insert causes a truncated telomerase protein, as the first codon of
the insert is a termination codon. (6) The sequence "3" is a 159 bp insert (Figure 10)
between bases 3157 and 3158. Its presence leads to a telomerase protein with an altered
COOH-terminus. The insert contains a stop codon. Moreover, sequence "3" has a
putative binding site for the SH3 domain of c-abl (PXXXXPXXP; PEMEPPRRP).
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The transcript that most closely aligns with Euplotes and yeast
telomerases by amino acid similarity contains sequences A and B, and does not contain
sequence C. The nucleotide and amino acid sequences of eight variants resulting from
mRNAs comprising combinations of sequences A, B, and C are presented in Figure 8.

EXAMPLE 6
RECOMBINANT EXPRESSION OF HUMAN TELOMERASE

Human telomerase is cloned into bacterial expression vectors. The
sequence shown in Figure 1 is amplified from LIM 1215 mRNA in two pieces and then
ligated together.

For the amplification, first strand cDNA is synthesized and used in an
amplification reaction (Titan system, Boehringer, IN) with a mixture of DNA
polymerases, such that a proofreading thermostable enzyme (e.g., rTth)is used with Tag
DNA polymerase. As much of the mRNA in LIM 1215 lacks sequence B (Figure 9),
the amplification primers are designed such that one primer of each pair is within
sequence B, on either side of the Sac I site at nucleotide 2271 (Figure 1). The 5' portion
is first amplified from ¢DNA using HT2356R and HT0028F primers (cycle conditions:
70°C, 2 min; then added primer sequences equilibrated to 50°C; 50°C, 30 min; 95°C, 2
min; 2 cycles of 94°C, 30 sec; 65°C, 30 sec; 3 cycles of 94°C, 30 sec; 63°C, 30 sec; 68°
C 3 min; 32 cycles of 94°C, 30 sec; 60°C, 30 sec; 68°C, 3 min). The extreme 5' portion
of the telomerase gene is then ligated in f£co R/ Sac 1 digested pTTQ18 (Amersham
International ple, Buckinghamshire, England) and pBluescriptll KS+, and the sequence
verified.

To obtain the 3' end, LIM 1215 cDNA is amplified using HT2230F and a
HT3292B primer that is complementary to the sequence encoding the very C-terminus
of telomerase. The amplification products are digested with Hind III and Sac I and
inserted into pTTQ18 and pBluescript I KS+. The 5' and 3' ends are also cloned joined
at the native Sac | site in pTTQ18 both as a Hexa-His fusion and a non-fusion protein.

The plasmid pTTQ18-Htel is transfected into bacterial cells (e.g.,
BL21(DE3)). Over expression of the protein is accomplished upon induction with
IPTG. The bacteria are collected by centrifugation and lysed in lysis buffer (20 mM
NaPO,, pH 7.0, 5 mM EDTA, 5 mM EGTA, 1 mM DTT, 0.5 pg/ml leupeptin, 1 pg/ml
aprotinin, 0.7 ug/ml pepstatin). This mixture is evenly suspended via a Polytron
homogenizer and the cells are broken open by agitation with glass beads or passage
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through a microfluidizer. The resulting lysate is centrifuged at 50,000 rpm for 45 min.
The supernatant is diluted with 20 mM NaPO,, 1 mM EDTA, pH 7.0 (buffer A). The
diluted lysate supernatant is then loaded onto a SP-Sepharose or equivalent column, and
a linear gradient of 0 to 30% SP Buffer B (I M NaCl, 20 mM NaPO,, | mM EDTA, pH
7.0) in Buffer A with a total of 6 column volumes js applied. Fractions containing
telomerase are combined. Further purifications can be performed.

For hexa-His fusion proteins, the lysate is clarified by centrifugation and
batch absorbed on a Ni-IDA-Sepharose column. The matrix is poured into a column
and washed with buffer, typically either 50 mM Tris pH 7.6, 1 mM DTT; 50 mM MES
PH 7.0, or IMAC buffer (for hexa-his fusions). The telomerase protein bound to the
matrix is eluted in NaCl containing buffer.

EXAMPLE 7
RECOMBINANT EXPRESSION OF HUMAN TELOMERASE RNA COMPONENT

The human telomerase RNA component is first isolated by amplification
from genomic DNA. The amplification primers are telRNA T and telRNA 598B
(Figure 5). Amplification conditions are 95°C, 3 min; addition of polymerase; 80°C 2
min; 35 cycles of 94°C, 30 sec; 68°C, 2 min.

The amplified product is inserted into pBluescript after another
amplification using hTR TAC (has a tac promoter sequence) and hTR 3'Pst (has a cis-
acting ribozyme sequence) primers. The pBluescript insert is then isolated and ligated
to pACYC177.

EXAMPLE 8
EXPRESSION OF HUMAN TELOMERASE SUBREGIONS

The RTase domain of human telomerase is determined by sequence
comparison with Moloney MuLV reverse transcriptase. The fingers/palm region of
Moloney MuLV rcverse transcriptase forms a stable unit for crystallization (Georgiadis
et al., Structure 3: 879, 1995). A number of residues and motifs are conserved in the
active site of both proteins. Primers are designed to amplify the RTase domain and the
fingers/palm domain for insertion into an expression vector and subsequent protein
isolation.
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Fragment ID Primers Amino acids
I BT-177/BT-178 AAEH...-» ...VQMPAH
1 BT-177/BT-179 AAEH... » ...VGLGL
[ BT-182/BT-179 RATS... - ...VGLGL
v BT-183 /BT-179 VOMPAH...— ...VGLGL

Fragment I encodes the "fingers and palm" domain that corresponds to
MoMuLV. The C-terminal "thumb" and "connection" (see, Kohlstaedt et al., Science
256: 1783, 1992) are deleted. Fragment II encodes the telomerase reverse transcriptase
domain, as well as the C-terminal "connection" domain. The N-terminus is chosen by
size comparison with the MoMuLV RTase structure. Fragment Il encodes the C-
terminus of the protein. The RATS sequence is located within the RTase domain (palm
region) of the protein. Fragment IV encodes the C-terminal region containing the
"thumb" and "connection" domains and may function as a regulatory element. The
connection domain in HIV-1 is able to block the catalytic cleft of HIV RTase in the
absence of the RNase domain (Kohlstaedt et al, supra). In an analogous fashion, the C-
terminal region may be useful as a regulatory (inhibitory) fragment. Moreover,
sequence C has a putative binding site for the SH3 domain of c-abl (PXXXXPXXP;
PEMEPPRRP, see variant 2 sequence of F igure 8). c-abl protein interacts directly with
the ATM (ataxia telangiectasia) protein (Shafman et al., Nature 389: 520, 1997), a
protein apparently involved in cell-cycle control, meiotic recombination, telomer length
monitoring and DNA damage response. Binding of c-ab/ protein may be assessed in
standard protein-protein interaction methods. As such, an interaction of telomerase and
c-abl or other SH3-domain containing proteins (e.g., erb2) and regulation by movement
of the telomerase C-terminus in and out of the catalytic cleft may be controllable using
the constructs and products described herein. In one instance, regulation may be
mediated by phosphorylation/dephosphorylation reactions.

All primers have either a Hind 111 or a Bam HI site. The amplification
reaction is performed in 1X Pfy buffer, 250 UM dNTPs, 100 ng each primer, clone 53.2
template DNA using the following cycling conditions: 94°C for 2 min; 25 cycles of
either 55°C, 60°C. or 65°C for 2 min, 72°C for 2 min, 94°C for 1 min; followed by 72°
C for 10 min. Products of the predicted length are obtained (966 bp for BT-177/BT-
178; 1479 bp for BT-177/BT-179; 824 bp for BT-182/BT-179; 529 bp for BT-183/BT-
179). The amplified products are extracted with phenol:CHCL3 and precipitated with
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ethanol. The products are resuspended and digested with the appropriate enzyme that
cleaves in the primer sequence.

The digested products are ligated to pBluescript that is digested with
enzymes that leave compatible ends. The inserts are digested with Hind III and
partially digested with Bam HI for ligation to pGEX. The plasmid is transfected in
BL21(DE3) cells and selected on ampicillin plates. Colonies are picked and grown
overnight in liquid broth. An aliquot is diluted in Terrific Broth with 100 pg/ml
ampicillin.  The cells are grown at 37°C and induced with 0.5 mM IPTG at
approximately O.D. 0.8. Growth is continued for 5 hours. Cells are collected by
centrifugation and may be processed immediately or frozen at -70°C until needed.

Protein is purified from lysed cells. Cell pellets are lysed by vortexing in
50 mM Tris pH 8.0, 10 mM 2-ME, 1 mg/ml lysozyme, 0.5% Triton X-100, 1 pg/ml
pepstatin, 10 pug/ml leupeptin, 10 pg/mi aprotinin, 0.5 mM PMSF, and 2 mM EDTA
and a freeze/thaw cycle. Lysates are clarified by centrifugation. Supernatant is added
to a 50% slurry of GSH-Sepharose, rotated at 4°C for 2 hr. The matrix is washed twice
with lysis buffer, followed by 50 mM Tris, pH 8.0, 10 mM 2-ME. For analysis by
SDS-PAGE gel electrophoresis, sample buffer with 150 mM 2-ME is added and the
samples boiled.

EXAMPLE 9
ISOLATION OF MURINE TELOMERASE GENE

The murine telomerase gene is isolated from genomic or cDNA library.
A mouse genomic library is constructed in AFIX II vector from strain 129 DNA. The
library is plated, and plaques are lifted onto nylon membranes. The membranes are
hybridized with the insert from clone 53.1 (1.9 kb) under normal stringency conditions.
Six hybridizing plaques are chosen for further analysis.

EXAMPLE 10
DEMONSTRATION OF TELOMERASE ACTIVITY USING HT-1 AND TELOMERASE VARIANTS

Full-length hT-1 sequence is cloned into an expression vector and the
resulting protein is assayed for telomerase activity. Vector pR¢/CMV2 (Invitrogen,
Carlsbad, CA) is a eukaryotic expression vector that has a multi-cloning site positioned
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between a promoter, the RSV LTR, and a polyadenylation signal and transcription
termination sequences from the bovine growth hormone gene. Telomerase sequence in
which Leu49 codon was converted to a Met codon was inserted into pRe/CMV2. One
clone, phTC51, is chosen for further study. The DNA Sequence of the 5' junction was
determined and confirmed the orientation of the insert. Subsequently, the sequence of
the 3' junction was determined and showed a deletion of the polyA signal, but no
deletion of telomerase coding sequence.

The clone is transfected into HeLa GM847 cells at passages 44 and 68,
SUSM-1 cells at passage 18, and RKF-T/A6 cells at passage 40. Cell extracts are
assayed for telomerase activity by the TRAP assay as described herein. As shown in
Figure 12, a ladder of products indicative of telomerase activity is seen at the 1:100
dilution of extract from SUSM-1 cells and is not seen in control cells. A ladder is not
readily detectable at the higher concentration of extract, which may be due to nuclease
activity in the extract.

Three telomerase variants are constructed: pAKIL.4 is telomerase with the
beta region spliced out (Figure 13); pAKI7 is telomerase with the alternative C-
terminus insert 3 (Figure 14); and pAKI.14 is telomerase with the alpha region spliced
out (Figure 15). The 5' end of the telomerase gene was inserted into each of these three
vectors and the inserts moved to pClneo expression vector. The variants, along with
reference telomerase in pClneo are transiently transfected into GM847 cells, which are
ALT cells having no detectable telomerase activity but which express the RNA subunit.
Cell extracts are tested in a TRAP assay. The reference telomerase exhibits activity, as
well as the telomerase with insert 3 (pAKI.7 insert), but the other variants do not

express activity.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.
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CLAIMS
We claim:
1. An isolated nucleic acid molecule encoding vertebrate telomerase.
2. The isolated nucleic acid molecule according to claim 1 wherein said
vertebrate is a human.
3. The nucleic acid molecule of claim 1, wherein the nucleic acid

molecule comprises the sequence presented in Figure 1, or hybridizes under normal
stringency conditions to the complement of the sequence presented in Figure 1, provided that
the nucleic acid molecule is not EST AA281296.

4. The nucleic acid molecule of claim 1, wherein the nucleic acid
molecule encodes the amino acid sequence presented in Figure 1 or 11, or variant thereof.

5. An isolated nucleic acid molecule encoding any of the amino acid
sequences presented in Figure 11, or hybridizes under normal stringency conditions to the

complement of the sequences thereof, provided that the nucleic acid molecule is not EST
AA281296.

6. An isolated nucleic acid molecule comprising any of the sequences
presented in Figure 10, or hybridizes under normal stringency conditions to the complement
of the sequences thereof.

7. An oligonucleotide comprising from 10 to 100 contiguous nucleotides
from the sequence presented in Figure 1 or its complement.

8. An oligonucieotide comprising from 10 to 100 contiguous nucleotides
from the sequences presented in Figure 10 or the complements thereof.

9. The oligonucleotide of either of claims 7 or 8, wherein the
oligonucleotide is labeled.
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10.  The oligonucleotide of claim 9, wherein the label is a radiolabel, a
chemiluminescent label, or biotin.

11.  An expression vector, comprising a heterologous promoter operably
linked to a nucleic acid molecule according any of claims 1-6.

12.  The expression vector of claim 11, wherein the vector is selected from
the group consisting of bacterial vectors, retroviral vectors, adenoviral vectors and yeast
vectors.

13. A host cell containing a vector according to either claims 11 or 12.

14.  The host cell of claim 13, wherein the cell is selected from the group
consisting of human cell, monkey cell, mouse cell, rat cell, yeast cell and bacterial cell.

15. The host cell of claim 13, wherein the cell is a human cell.
16.  Anisolated protein comprising a vertebrate telomerase protein.
17.  The protein of claim 16, wherein the vertebrate is a human.

18.  The protein of claim 16, wherein the protein comprises the amino acid
sequence presenied in Figure 1 or 11, or variant thereof.

19. A portion of a vertebrate telomerase protein.

~20.  The portion of claim 19, wherein the amino acid sequence of the
portion is presented in Figure 1.

21. The portion of claim 19, wherein the amino acid sequence of the
portion is presented in Figure 11.

22.  The portion of claim 19, wherein the portion is from 10 to 100 amino
acids long.
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23.  An antibody that specifically binds to the protein according to either
claim 16 or 19.

24.  An antibody that specifically binds to a polypeptide encoded by a
sequence selected from the group consisting of region 1, region o, region f, region 2 and
region 3.

25.  The antibody according to claim 24, wherein the antibody is a
monoclonal antibody.

26. A hybridoma that produces an antibody according to claim 14.

27. A nucleic acid probe that is capable of specifically hybridizing to a
nucleic acid molecule encoding a vertebrate telomerase under conditions of normal
stringency, provided that the probe does not hybridize to nucleotides 1624-2012 presented in

Figure 1.

28.  The probe of claim 27, wherein the probe is from 12 to 200 nucleotides
long.

29.  The probe of claim 27, wherein the probe is from 20 to 50 nucleotides
long.

30.  The probe of claim 17, wherein the nucleic acid molecule has the
sequence presented in Figure 1 or its complement thereof.

31.  The probe of claim 17, wherein the nucleic acid molecule is labeled.

32. A pair of oligonucleotide primers capable of specifically amplifying all
or a portion of a nucleic acid molecule encoding human telomerase.

33.  The primers of claim 32, wherein the nucleic acid molecule comprises

the sequence presented in Figure 1 or its complement.

34, The primers of claim 32, wherein the nucleic acid molecule comprises
any of the sequences presented in Figure 11 or the complements thereof.
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35.  The primers of claim 32, wherein the pair of primers is capable of
specifically amplifying sequence comprising all or a part of region 1, region «, region 3,
region 2, region 3 region X or region Y.

36. The primers of claim 35, wherein the primers flank nucleotide 222,
1950, 2131-2166, 2287-2468, 2843, or 3157 as presented in Figure 1.

37.  The primers of claim 36, wherein only one of each primer pair flanks
nucleotide 222, 1950, 2131-2166, 2287-2468, 2843, or 3157 as presented in Figure 1 and the
other primer of the pair has sequence corresponding to one of the sequences presented in
Figure 10 or complements thereof.

38. A pair of oligoprimers capable of specifically amplifying genomic
sequence presented in Figure 10, wherein the primers amplify more than nucleotides 1 to 38.

39.  An oligonucleotide that hybridizes specifically to a nucleic acid
sequence in region 1, region a, region f, region 2, region 3 region X or region Y.

40.  The oligonucleotide of claim 39, wherein the oligonucleotide is from
15 to 36 bases.

41. A method of diagnosing cancer in a patient, comprising preparing
tumor cDNA and amplifying the tumor cDNA using primers that specifically amplify human
telomerase nucleic acid sequence, wherein the detection of telomerase nucleic acid sequences
is indicative of a diagnosis of cancer.

42.  The method of claim 41, further comprising comparing the amount of
amplified telomerase sequence to a control, wherein increase telomerase nucleic acid
sequences over the control is indicative of a diagnosis of cancer.

43,  The method of claim 41, wherein the primers span region 1, region o,
region B, region 2, region 3 region X or region Y, wherein the pattern of amplification is
indicative of a diagnoses of cancer.
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44.  The method of claim 43, wherein the primers are Htel Intron T and
Htel 723B. '

45, The method of claim 44, wherein the primers are Htel335T and
Htel1022B.

46. A method of determining a pattern of telomerase RNA expression in
cells, comprising preparing cDNA from mRNA isolated from the cells, amplifying the cDNA
using primers according to claim 35, therefrom determining the pattern of telomerase RNA
expression.

47.  The method of claim 46, further comprising detecting the amplified
product by hybridization with an oligonucleotide having all or part of the sequence of region
1, region a, region B, region 2, region 3 region X or region Y.

48. A method of diagnosing cancer in a patient, comprising determining a
pattern of telomerase RNA expression, comprising amplifying telomerase from cDNA
synthesized from tumor RNA, and detecting the amplified product by hybridization with an
oligonucleotide having all or part of the sequence of region 1, region a, region P, region 2,
region 3 region X or region Y, therefrom determining the pattern of telomerase RNA

expression, wherein the pattern is indicative of a diagnosis of cancer.

49.  The method of claim 48, further comprising comparing the pattern to a
pattern obtained from a reference cancer.

50. A non-human transgenic animal whose cells contain a vertebrate
telomerase gene that is operably linked to a promoter effective for the expression of the gene.

51. The animal of claim 50, wherein the animal is a mouse.
52.  The animal of claim 50, wherein the promoter is tissue-specific.

53.  The animal of claim 50, wherein the telomerase gene is any of the
nucleic acid sequences presented in Figure 11.
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54. A mouse, whose cells have an endogenous telomerase gene disrupted
by homologous recombination with a nonfunctional telomerase gene, wherein the mouse is
unable to express endogenous telomerase .

55.  An inhibitor ol vertebrate telomerase activity, wherein the inhibitor
binds to telomerase and is not a nucleoside analogue.

56. The inhibitor of claim 55, wherein the vertebrate is a human.

57. The inhibitor of claim 55, wherein the inhibitor is antisense nucleic
acid complementary to human telomerase mRNA.

58 The inhibitor of claim 57, wherein the antisense is complementary to
region o, region P, region 2, region 3 or region X.

59.  The inhibitor of claim 55, wherein the inhibitor is a ribozyme.

60. A method of treating cancer, comprising administering to a patient a
therapeutically effective amount of an inhibitor according to claim 55.

61. A nucleic acid molecule comprising the sequence selected from the set
consisting of sequences selected from region 1, region o, region P, region 2 or region 3 as
presented in Figure 10 and variants thereof.

62. A method of identifying an effector of telomerase activity comprising:

(a) adding a candidate effector to a mixture of telomerase protein, RNA
component and template, wherein the telomerase protein is encoded by an isolated nucleic
acid molecule according to claim 1;

(b) detecting telomerase activity; and

©) comparing the amount of activity in step (b) to the amount of activity
in a control mixture without candidate effector, therefrom identifying an effector.

63. The method of claim 62, wherein the effector is an inhibitor.

64. the method of claim 62, wherein the nucleic acid molecule encodes

human telomerase.
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HUMAN TELOMERASE

ATGCCGCGCGCTCCCCGCTGCCGAGCCGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAG
MetProArgAlaProArgCysArgAlavalArgSerLeuleuArgSerHisTyrArgGLu

GTGCTGCCGCTGGCCACGTTCGTGCGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAG
ValleuProLeuAlaThrPheValArgArgLeuGlyProG1nGlyTrpArgLeuvalGln

CGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTGGCCCAGTGCCTGGTGTGCGTGCCCTGG
ArgGlyAspProAlaAlaPheArgAlaleuValAlaGlnCysLeuValCysValProTrp

GACGCACGGCCGCCCCCCGCCGCCCCCTCCTTCCGCCAGGTGTCCTGCCTGAAGGAGCTG
AspAlaArgProProProAlaAlaProSerPheArgGlnValSerCysteulysGluleu

GTGGCCCGAGTGCTGCAGAGGCTGTGCGAGCGCGGCGCGAAGAACGTGCTGGCCTTCGGC
ValAlaArgValleuGlnArgLeuCysGluArgGlyAlaLysAsnValleuAlaPheGly

TTCGCGCTGCTGGACGGGGCCCGCGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGC
PheAlaleuleuAspGlyAlaArgGlyGlyProProGluAlaPheThrThrSerValArg

AGCTACCTGCCCAACACGGTGACCGACGCACTGCGGGGGAGCGGGGCGTGGGGGCTGCTG
SerTyrLeuProAsnThrValThrAspAlaLeuArgGlySerGlyAlaTrpGlyLeuleu

TTGCGCCGCGTGGGCGACGACGTGCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTG
LeuArgArgValGlyAspAspValleuValHisLeuleuAlaArgCysAlaleuPheVal

CTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGCGGGCCGCCGCTGTACCAGCTCGGCGCT
LeuvalAlaProSerCysAlaTyrGlnValCysGlyProProLeuTyrGlnLeuGlyAla

GCCACTCAGGCCCGGCCCCCGCCACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAA
AlaThrGlnAlaArgProProProHisAlaSerGlyProArgArgArgLeuGlyCysGlu

CGGGCCTGGAACCATAGCGTCAGGGAGGCCGGGGTCCCCCTGGGCCTGCCAGCCCCGGGT
ArgAlaTrpAsnHisSerValArgGluAlaGlyValProLeuGlyLeuProAlaProGly

GCGAGGAGGCGCGGGGGCAGTGCCAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGT
AlaArgArgArgGlyGlySerAlaSerArgSerLeuProLeuProLysArgProArgArg
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GGOGCTGCCCCTGAGCCGRAGCBGACGCOCAT TGGRCAGGGATCCTGRGCCCACCCAGAC
GlyAlaAlaProGluProGluArgThrProValGlyGlnGlySerTrpAlaHisProGly

AGGACGCGTGGACCGAGTGACCGTGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAA
ArgThrArgGlyProSerAspArgGlyPheCysValValSerProAlaArgProAlaGlu

GAAGCCACCTCTTTGGAGGGTGCGCTCTCTGGCACGCGCCACTCCCACCCATCCGTGGGC
GluAlaThrSerLeuGluGlyAlaleuSerGlyThrArgHisSerHisProServalGly

CGCCAGCACCACGCGGGCCCCCCATCCACATCGCGGCCACCACGTCCCTGGGACACGCCT
ArgGlnHisHisAlaGlyProProSerThrSerArgProProArgProTrpAspThrPro

TGTCCCCCGGTGTACGCCGAGACCAAGCACTTCCTCTACTCCTCAGGCGACAAGGAGCAG
CysProProValTyrAlaGluThrLysHisPheLeuTyrSerSerGlyAspLysGluGln

CTGCGGCCCTCCTTCCTACTCAGCTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTC
LeuArgProSerPheLeuLeuSerSerLeuArgProSerLeuThrGlyAlaArgArgleu

GTGGAGACCATCTTTCTGGGTTCCAGGCCCTGGATGCCAGGGACTCCCCGCAGGTTGCCC
ValGluThrIlePheLeuGlySerArgProTrpMetProGlyThrProArgArgLeuPro

CGCCTGCCCCAGCGCTACTGGCAAATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCAC
ArgLeuProGlnArgTyrTrpGlnMetArgProLeuPheLeuGluleuleuGlyAsnHis

GCGCAGTGCCCCTACGGGGTGCTCCTCAAGACGCACTGCCCGCTGCGAGCTGCGGTCACC
AlaGlnCysProTyrGlyVallLeuLeuLysThrHisCysProLeuArgAlaAlavalThr

CCAGCAGCCGGTGTCTGTGCCCGGGAGAAGCCCCAGGGCTCTGTGGCGGCCCCCGAGGAG
ProAlaAlaGlyValCysAlaArgGluLysProGlnGlySerValAlaAlaProGluGlu

GAGGACACAGACCCCCGTCGCCTGGTGCAGCTGCTCCGCCAGCACAGCAGCCCCTGGCAG
GLluAspThrAspProArgArgLeuValGlnLeuleuArgGlnHisSerSerProTrpGln

GTGTACGGCTTCGTGCGGGCCTGCCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCC
ValTyrGlyPheValArgAlaCysLeuArgArgLeuValProProGlyLeuTrpGlySer

AGGCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGTTCATCTCCCTGGGGAAGCAT
ArgHisAsnGLuArgArgPheLeuArgAsnThrLysLysPhelleSerLeuGLyLysHis
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GCCAAGCTCTCGCTGCAGGAGCTGACGTGGAAGATGAGCGTGCGGRGCTGCGCTTGRCTG
AlaLysLeuSerLeuGlnGluLeuThrTrpLysMetServValArgAspCysAlaTrpLeu

CGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCCGCAGAGCACCGTCTGCGTGAGGAGATC
ArgArgSerProGlyValGlyCysValProAlaAlaGluHisArgLeuArgGluGlulle

CTGGCCAAGTTCCTGCACTGGCTGATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTC
LeuAlaLysPheLeuHisTrpLeuMetSerValTyrValvalGluLeuLeuArgSerPhe

TTTTATGTCACGGAGACCACGTTTCAAAAGAACAGGCTCTTTTTCTACCGGAAGAGTGTC
PheTyrValThrGluThrThrPheGlnLysAsnArgLeuPhePheTyrArgLysServal

TGGAGCAAGTTGCAAAGCATTGGAATCAGACAGCACT TGAAGAGGGTGCAGCTGCGGGAG
TrpSerLysLeuGlnSerIleGlyIleArgGLlnHisLeulysArgValGlnLeuArgGlu

CTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCCAGGCCCGCCCTGCTGACGTCCAGA
LeuSerGluAlaGluValArgGlnHisArgGluAlaArgProAlaLeuLeuThrSerArg

CTCCGCTTCATCCCCAAGCCTGACGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTG
LeuArgPhelleProLysProAspGlyLeuArgProllevValAsnMetAspTyrvalval

GGAGCCAGAACGTTCCGCAGAGAAAAGAGGGCCGAGCGTCTCACCTCGAGGGTGAAGGCA
GlyAlaArgThrPheArgArgGluLysArgAlaGluArgLeuThrSerArgVallysAla

CTGTTCAGCGTGCTCAACTACGAGCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTG
LeuPheSerVallLeuAsnTyrGluArgAlaArgArgProGlyLeuleuGlyAlaServal

CTGGGCCTGGACGATATCCACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGCGGGCCCAG
LeuGlyLeuAspAspIleHisArgAlaTrpArgThrPheValleuArgValArgAlaGln

GACCCGCCGCCTGAGCTGTACTTTGTCAAGGTGGATGTGACGGGCGCGTACGACACCATC
AspProProProGluLeuTyrPheVallysValAspValThrGlyAlaTyrAspThrile

CCCCAGGACAGGCTCACGGAGGTCATCGCCAGCATCATCAAACCCCAGAACACGTACTGC
ProGlnAspArgLeuThrGluvallleAlaSerIleIleLysProGlnAsnThrTyrCys

GTGCGTCGGTATGCCGTGGTCCAGAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAG
ValArgArgTyrAlavalvValGlnLysAlaAlaHisGlyHisValArgLysAlaPhelys
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AGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGAGAGTTCGTGGCTCACCTG
SerHisValSerThrLeuThrAspLeuGLnProTyrMetArgGlnPheValAlaHisLeu

CAGGAGACCAGCCCGCTGAGGGATGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAG
G1nGluThrSerProLeuArgAspAlaValVallleGluGlnSerSerSerLeuAsnGlu

GCCAGCAGTGGCCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCACGCCGTGCGCATC
AlaSerSerGlyLeuPheAspValPheLeuArgPheMetCysHisHisAlavalArglle

AGGGGCAAGTCCTACGTCCAGTGCCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTG
ArgGlyLysSerTyrValGlnCysGlnGlyIleProGlnGlySerIleLeuSerThrLeu

CTCTGCAGCCTGTGCTACGGCGACATGGAGAACAAGCTGTTTGCGGGGATTCGGCGGGAC
LeuCysSerLeuCysTyrGlyAspMetGluAsnLysLeuPheAlaGlyIleArgArgAsp

GGGCTGCTCCTGCGTTTGGTGGATGATTTCTTGTTGGTGACACCTCACCTCACCCACGCG
GlyLeulLeuLeuArgLeuValAspAspPheLeuLeuValThrProHisLeuThrHisAla

AAAACCTTCCTCAGGACCCTGGTCCGAGGTGTCCCTGAGTATGGCTGCGTGGTGAACTTG
LysThrPheLeuArgThrLeuValArgGlyValProGluTyrGlyCysValvalAsnLeu

CGGAAGACAGTGGTGAACTTCCCTGTAGAAGACGAGGCCCTGGGTGGCACGGCTTTTGTT
ArgLysThrValValAsnPheProValGluAspGluAlaLeuGlyGlyThrAlaPheVal

CAGATGCCGGCCCACGGCCTATTCCCCTGGTGCGGCCTGCTGCTGGATACCCGGACCCTG
GlnMetProAlaHisGlyLeuPheProTrpCysGlyLeuLeuLeuAspThrArgThrieu

GAGGTGCAGAGCGACTACTCCAGCTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTC
GluvValGlnSerAspTyrSerSerTyrAlaArgThrSerIleArgAlaSerLeuThrPhe

AACCGCGGCTTCAAGGCTGGGAGGAACATGCGTCGCAAACTCTTTGGGGTCTTGCGGCTG
AsnArgGlyPheLysAlaGlyArgAsnMetArgArgLysLeuPheGlyValleuArgLeu

AAGTGTCACAGCCTGTTTCTGGATTTGCAGGTGAACAGCCTCCAGACGGTGTGCACCAAC
LysCysHisSerLeuPheLeuAspLeuGlnValAsnSerLeuGlnThrValCysThrAsn

ATCTACAAGATCCTCCTGCTGCAGGCGTACAGGTTTCACGCATGTGTGCTGCAGCTCCCA
IleTyrLysIleleuleuleuGlnAlaTyrArgPheHisAlaCysValleuGlnLeuPro
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TTTCATCAGCAAGTTTGGAAGAACCCCACATTTTTCCTGCGCGTCATCTCTGACACGGCC 3120
PheHisGInGlnValTrpLysAsnProThrPhePheleuArgVallleSerAspThrAls 1040

TCCCTCTGCTACTCCATCCTGAAAGCCAAGAACGCAGGGATGTCGCTGGGGGCCAAGGGC 3180
SerLeuCysTyrSerIleleuLysAlalLysAsnAlaGlyMetSerLeuGlyAlaLysGly 1060

GCCGCCGGCCCTCTGCCCTCCGAGGCCGTGCAGTGGCTGTGCCACCAAGCATTCCTGCTC 3240
AlaAlaGlyProLeuProSerGluAlavalGlnTrpLeuCysHisGlnAlaPheLeuleu 1080

AAGCTGACTCGACACCGTGTCACCTACGTGCCACTCCTGGGGTCACTCAGGACAGCCCAG 3300
LysLeuThrArgHisArgValThrTyrValProLeuleuGlySerLeuArgThrAlaGln 1100

ACGCAGCTGAGTCGGAAGCTCCCGGGGACGACGCTGACTGCCCTGGAGGCCGCAGCCAAC 3360
ThrGlnLeuSerArgLysLeuProGlyThrThrLeuThrAlaLeuGluAlaAlaAlaAsn 1120

CCGGCACTGCCCTCAGACTTCAAGACCATCCTGGACtgatggccaccegeccacagecag 3420
ProAlaLeuProSerAspPheLysThrlleLeuAsp 1132

Gccgagagcagacaccageagecctgteacgeegggetctacgteccagggagggagggg 3480
Cggcccacacccaggeccgcaccgctgggagtetgaggectgagtgagtatttogecgag 3540
gectgcatgtecggetgaaggetgagtgtecggetgaggectgagegagtgtecagecaa 3600
gggctgagtgtccageacacctgecgtcttcacttecccacaggetggegeteggeteca 3660
ccccagggecagettttectcaccaggageccggettecactecccacataggaatagte 3720
catccccagattegecattgttcaccectegecctgecctectttgecttecacceccac 3780
catccaggtggagaccctgagaaggaccctgggagetetgggaatttggagtgaccaaag 3840
gtgtgecctgtacacaggcgaggaccctgcacctggatgggggtecetgtgggtcaaatt 3900

g9ggggaggtgctatgggagtaaaatactgaatatatgagtttttcagttttgaaaaaaa 3960
aaaa 3964

Fig. 1F
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O MEVDYDNQADNHGIHSAL KTCEEIKEAKTLYSHIGKVIRCR- -NGSQSHYKDLEDIK
1 RRLGPOGHRLVQRGDPAAFRALVAQCLYVCVPHDAR- PPPAAPSFRQVSCLKELVARVLORLCERGAKNVLAFGFALLDGA
] mmmmommmomeemeeeeeeeeseeieeeeeeecenooaooooe MK ILFEF TQDKLDID- -LQTNSTYKENLKCG

56 IFAQTNIVATPRDYNEEDFKVIARK--------- EVFSTGLMIELIDKCLVELLSSSDVSDRQKLQCFGFALKGNQ-LAK
80 RGGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDVLVHLLARCALFVLVAPSCAY - - -QVCGPPLYQLGAATQA
30 HFNGLDEILTT-CFALPNSRKIALP--------- CLPGDLSHKAVIDHCTIYLLTGELYNN- - -VLTFGYKIARNEDVAN

126 THLLTALSTQKQYFFQDEWNQURAMIGNELFRHLYTKYLIFQRTSEGTLVQFCGNNVFDHLKVNDKFDKKQKGGAADMNE
157 RPPPHASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSASRSLPLPKRPRRGAAPEPERTPVGQGSWAHPGRTRG
97 SLFCHSANVNVTLLKGAAWKMFHSLVGTYAFVDLLINYTVIQFNGQ- FFTQIVGNRCNEPHLPPKWIQRSSSS- - - - - --

206 PRCCSTCKYNVKNEKDHFLANI - - === === == === e e NVPNWNNMKSRTRIF Y CTHFNRNNGFF
237 PSDRGFCVVSPARPAEEATSLEGALSGTRHSHPSVGRGHHAGPPS TSRPPRPHDTPCPPVYAE TKHFL Y SSGOK - -EQLR
169 -~~~ SATAAQIKQLTEPVTN----==-====emeeemmmmmmmmmmmmmmmmmmmmc e KQFLHKLNIN-SSSFF
255 KKHEFVSNKNNISAM-DRAQTIFTNT - --- - - FRFNRIRKKLKDKVIEKTAYMLEKVKDFNFNYYLTKSCPLPENWRE
315 PSFLLSSLRPSLTGARRLVETIFLGSRPHMPGTPRRLPRLPQRY -WOMRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTP
200 PYSKILPSSSSIKKLTOLREAIFP---------- TNLVKIPQRLKVRINL TLOKLLKRHKRLAYVSTLNSICPPLEGT - -

Telomerase domain
326 RK----- QKTENLINKTREEKS--KYYEELFSYTTONKCVTQFINEFFYNILPKDFLTGR-NRKNFQKKVKKYVELNKHE
394 AAGVCAREKPQGSVAAPEEEDTDPRRLVQLLRQHSSPWQVYGFVRACLRRLYPPGLWGSRHNERRFLRNTKKFISLGKHA
268 --------- VLDLSHLSRQ--------------- SPKERVLKFITVILQKLLPQEMFGSKKNKGKIIKNLNLLLSLPLNG

398 LIHKNLLLEKINTREISWMQVET-SAKHFYYFDHENTYVLWKLLRWIFEDLVVSLIRCFFYVTEQQKSYSKTYYYRKNIW
474 KLSLQELTWKMSVROCAWLRRSPGVGCVPAAEHRLREE ILAKFLHWLMSVY VVELLRSFFYVTETTFQKNRLFF YRKSVH
324 YLPFDSLLKKLRLKDFRKLF ISD- IWFTKHNFENLN-QLAICFISKLFRQLIPKIIQTFFYCTETS-STVTIVYFRHDTH

Motif 1 Motif2
477 DVIMKMSIADLKK -ETLAEVQEKEVEEWKKSL -GFAPGKLRLIPKKTT - - FRPIMTFNKKIVNSDRK - - TTKLTTNTKLL
554 SKLQSIGIRQHLKRVQLRELSEAEVRQHREARPALLTSRLRF IPKPDG- - LRPIVNMDYVVGARTFRREKRAERLTSRVK
401 NKLITPFIVEYFK-TYLVENNVCRNHNSYTLS-NFNHSKMRIIPKKSNNEFRT JAIPCRGADEEEFT - - IYKENHKNAIQ

Fig. 2
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Motif A
Euplotes 551 NSHLMLKTLKN-RMFKDPFGFAVFNYDDVMKKYEEFYCKWKQVGQP-KLFFATMDIEKCYDSVNREKLSTFLKTTKLLSS
HT1 632 ALFSVLNYERARR- -PGLLGASVLGLODIHRAWRTFVLRVRAQDPPPEL YFVKVDVTGAYDTIPQDRLTEVIASTIKPQN
EST2 477 PTQKILEYLRNKRPTSFTKIYSPTQIADRIKEFKQRLLKKFNNVLP-ELYFMKFDVKSCYDSIPRMECMRILKDALKNEN

Euplotes 629 DFWIMTAQILKRKANIVIDSKNFRKKEMKDYFRQKFQKIALEGGQYPTLFSVLENEQNDLNAKKTLIVEAK-QRNYFKKD

HT1 710 TYCVRRYAVVQKAAHGHVRKAFKSHVS === --enen-- TLTDLQPYMRQFVAHLQETSPLRDAVYIEQSSSLNEASSG
EST2 556 GFFVRSQYFFN-TNTGYLKLFMVWN-------encavn-- A--SRVPKPYELYIDNVRTVHLSNQDVINVV-EMEIFKT-
Motif B Motif C

Euplotes 708 NLLQPVINICQYNYINFNGKFYKQTKGIPQGLCVSSILSSFYYATLEESSLGFLRDESMNPENPNVNLLMRLTODYLLIT
HT1 777 LFDVFLRFMCHHAVRIR-GKSYVQCQGIPQGSILSTLLCSLCYGDMEN- - -KLFAGIRRD- - - -- - GLLLRLVDDFLLNT
EST2 616 --ALWVEDKCYIR----------- EDGLFQGSSLSAPIVDLVYDDLLEFYSEFKASPSQD- - ---- TLILKLADDFLIIS

Motif D Motif E
Euplotes 788 TQENNAVLFIEKLINVSRENGFKFNMKKLQTSFPLSPSKFAKYGMDSVEEQNIVQDYCOWIGISIDMKTLALMPNINLRI
HT1 847 PHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNFPVEDEALGG- TAFVQMPAHGLFPWCGLLLDTRTLEVQSDYSSYAR--
EST? 677 TDQQ-QVINIKKLAMG- ---GFQKYNAKANRDKILAVS-------- SQSDDDTVIQFCAMHIFVKELEVWKHSSTMN - - -

Euplotes 868 EGILCTLNLAMQTKKASMALKKKLKSFLMNNITHYFRKTITTEDFANKTLNKLF ISGGYKYMQCAKEY - -KDHFKKNLAM
HT1 924 TSIRASLTFNRGFKAGRNMRRKLFGVLRLKCHSLFLDLQVNSLQTVCTNIYKILLLQAYRFHACVLQLPFHQQVWKNPTF
EST2 741 ------- NFHIRSKSS- - --KGIFRSLIALFNTRISYKTIDTNLNSTNTVLMQIDHVVKNISECYKSA--FKDLSIWTQ

Euplotes 946 SSMIDLEVSKIIYSVTRAFFKYLVCNIKDTIFGEEHYPDFFLSTLKHFIETFSTKKYIFNRVCMILKAKEAKLKSDQCQS
HT1 1004 FLRVISDTASLCYSILKAKNAGMSLGAKGAAGPLPSEAVQWLC-HQAFLLKLTRHRVTYVPLLGSLRTAQTQLSRKLPGT
EST2 808 NMOFHSFLORITEMTVSG-- - -CPITKCOPLIEYEVR--FTI--LNGFLESLSSNTSKF -KDNIILLRKETQHLQAYTY]

Euplotes 1026 LIQYDA--------==-=----
HT1 1083 TLTALEAAANPALPSDFKTILD
EST2 879 YIHIVN-=-----s=mm=nm--

Fig. 28
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Y R EST
Reverse franscriptase domain

% A B C D « 30T
AR L 2 RS o N o N 4 I T R ek s
aa 500 % ap aa 1104

a g 2 S 3

Exon(s) delefed SH3 domain

Exon(s) inserted binding site

or unspliced intron
D Non-coding

¥ Stop codon

Variants: 1 a B 2 3
RT-PCR product NO + + NO + & -
PCR from LIM1215 lib. - + - + NO
RT-PCR product NO - + NO +
53.2 cDNA - - - - NO

Fie. 7B
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222 223

Y 5'-CCAGGTG|ggcctce gcaggtg|TCCTGCC-3'
1950 1952

1 5'-AAAGAGG|GTGACTG. v vvvsvunrenneransnnrsnnrensnnrens AACAGAA | GCCGAGC-3'
2130 2167

0 5'-TGTCAAG|Qtggatg. ..o vrverviiiiii it iiiiivanen, cceccag | GACAGGC-3'
2286 2468

B 5'-GAGCCAC|GtCtCta. v vvevvireiiinr it niineann, ggggcaa|GTCCTAC-3'
2843 2844

2 5'-ACTCCAG|GTGAGCG. v evsvrvunrnarnarensenrsesnsnnsans XXXXXXX | CTATGCC-3'

3157
3  5'-AACGCAG | CCGAAGAAAACATTTCTGTCGTGACTCCTGCGGTGCTTGGGTCGGGACAGCCAGAGATGG
TAA EENILVVTPAVLGSGAQFPEME

AGCCACCCCGCAGAGCGTCGGGTGTGGGCAGCTTTCCGGTGTCTCCTGGGAGGGGAGTTG
PPRRPSGVGSFPVSPGRGVG

3158
GGCTGGGCCTGTGACTCCTCAGCCTCTGTTTTCCCCCAG | GGATGTC-3'
L GL *

Fig. 7C
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430 bp
=400
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sequence "Y" 104-105 bases
GGCCTCCCCGGGGTCGGCGTCCGGCTGGGGT TGAGGGCGGCCGGGGGGAACCAG
GlyLeuProGlyvalGlyValArgLeuGlyLeuArgAlaAlaGlyGlyAsnGln
AlaSerProGlySerAlaSerGlyTrpGly * GlyArgProGlyGlyThrSer
ProProArgGlyArgArgProAlaGlyValGluGlyGlyArgGlyGluProAla

CGACATGCGGAGAGCAGCGCAGGCGACTCAGGGCGCTTCCCCCGCAGGTG
ArgHisAlaGluSerSerAlaGlyAspSerGlyArgPheProArgArg
AspMetArgArgAlaAlaGlnAlaThrGlnGlyAlaSerProAlaGly
ThrCysGlyGluGlnArgArgArgLeuArgAlaleuProProGlnval

sequence "1" 38 bases
GTGGCTGTGCTTTGGTTTAACTTCCTTTTTAACCAGAA
ValAlavValleuTrpPheAsnPheLeuPheAsnGlnLys

sequence "*" 36 bases
GTGGATGTGACGGGCGCGTACGACACCATCCCCCAG
ValAspValThrGlyAlaTyrAspThrIleProGln

sequence "*" 182 bases
GTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTG
ValSerThrLeuThrAspLeuGLlnProTyrMetArgGlnPheValAlaHisLeu

CAGGAGACCAGCCCGCTGAGGGATGCCGTCGTCATCGAGCAGAGCTCCTCCCTG
G1lnGluThrSerProLeuArgAspAlaValvallleGluGlnSerSerSerLeu

AATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCAC
AsnGluAlaSerSerGlyLeuPheAspValPheLeuArgPheMetCysHisHis

GCCGTGCGCATCAGGGGCAA
AlaValArgIleArgGlyLys

partial sequence "2" unknown length
GTGAGCGCACCTGGCCGGAAGTGGAGCCTGTGCCCGGCTGGGGCAGGTGCTGCTGCAG
Ter

GGCCGTTGCGTCCACCTCTGCTTCCGTGTGGGGCAGGCGACTGCCAATCCCAAAGGGT
CAGATGCCACAGGGTGCCCCTCGTCCCATCTGGGGCTGAGCACAAATGCATCTTTCTG
TGGGAGTGAGGGTGCCTCACAACGGGAGCAGTTTTCTGTGCTATTTTGGTAA..

Fig. 104
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sequence "3" 159 bases
CCGAAGAAAACATTTCTGTCGTGACTCCTGCGGTGCTTGGGTCGGGACAGCCAGAG
AlaGluGluAsnIleSerValValThrProAlavalleuGlySerGlyGlnProGlu

ATGGAGCCACCCCGCAGACCGTCGGGTGTGGGCAGCTTTCCGGTGTCTCCTGGGAGG
MetGluProProArgArgProSerGlyvalGlySerPheProValSerProGlyArg

GGAGTTGGGCTGGGCCTGTGACTCCTCAGCCTCTGTTTTCCCCCAG
GlyvalGlyLeuGlyLeu *

sequence "X" unknown length
~GACAGTCACCAGGGGGGTTGACCGCCGGACTGGGCGTCCCCAGGGTTGACTATAGGA
CCAGGTGTCCAGGTGCCCTGCAAGTAGAGGGGCTCTCAGAGGCGTCTGGCTGGCATGG
GTGGACGTGGCCCCGGGCATGGCCTTCTGCGTGTGCTGCCGTGGGTGCCCTGAGCCCT
CACTGAGTCGGTGGGGGCTTGTGGCTTCCCGTGAGCTTCCCCCTAGTCTGTTGTCTGG
CTGAGCAAGCCTCCTGAGGGGCTCTCTATTG

partial sequence of genomic intron (approximately 2.7 kb)
GTGGCTGTGCTTTGGTTTAACTTCCTTTTTAACCAGAAGTGCGTTTGAGCCCCACATT
TGGTATCAGCT TAGATGAAGGGCCCGGAGGAGGGGCCACGGGACACAGCCAGGGCCAT
GGCACGGCGCCCACCCATTTGTGCGCACAGTGAGGTGGCCGAGGTGCCGGTGCCTCCA
GAAAAGCAGCGTGGGGGTGTAGGGGGAGCTCCTGGGGCAGGGAC. . . .

Fig. 108
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N-terminal truncated telomerase

ATGCCGOGCRCTOCC0GCTRCCGAGCCRTGCGCTCOCTGCTGCRCAGCCACTACCGOGAGRTGCTGCOGCTRCCACGTTCRTG
WPRAPRCRAVRSLLRSHTREVLPLATEY

066CGCCTRGGGCCCCAGGR0TRROGGCTRTACAGCGCARRRACCORGCRRCTTTCCRCRRCTRATGACCCAGTROCTRRTRTGCATGCCCTRRRACGCACRRCCGCCCCCCRE0GC
RRLGPQGWRLVORGDPAAFRALVAQCLVCVPWDARPPPAA

00T TTCRCCAGRTTCL a0 GAAGGACTGOTGaLOBAGToCEAGAGGLTETGCOAGL 0L GAAGMCGTALTBRCCTTOBRCTCAUACTRCTGRACB06C
PSFROVSCLKELVARVLORLCERGAKNVYLAFGFALLDGAR

000 CBAGETTTAOCABOGTCCGCAG Ao AT BACOBACGCAC T EaEEAB0000006TCRRGRCTELTLTO0B00008TRRRLCALGACET
GG P PEAFTTSVRSYLPNTVTODALRGSGAWNGLLLAARVGDDY

GCTGGUCAéCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCC;\GCTGCGCCTACCAGGTGTG(.}GGGCCGCCG(I)TGTACCAGCfCGGCGCTGC[.)ACTCAGGCCéGGCCCCCGCC
LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPY?

A TAGTOBAC GG TGGaATROGMACaa TG OAAATAGCGTC A BRAG T TOR0LC TaOAGCC OB TGLAAGABRCOLAB000AGTEL
KASGPRARLGCERAWNESVAEAGVPLGELPAPGARRRGGSA

CAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCCCCTGAGCCGGAGCGGACGCCCGTTGGGCAGGGG%CCTGGGCCCACCCGGGCAG(;ACGCGTGGACCGAGTGACCG
SRSLPLPKRPRRGAAPEPERTPVGQGSWAHPGRTRGPSDAR

TGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTTTGGAGGGTGCGCTCTCTGGéACGCGCCACTCCCACCCATCCGTGGGCCGCCAGCACCACGCGGGCCCCCC
GFOVVSPARPAEEATSLEGALSGTRHSHPSVGROKNHAGPP

ATCCAGATCGOGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGRTATACGCCRAGACCRAGCACTTCCTCTACTCCTCAGRCGACARGGAGCAGC TRLGGCCCTCCTTCCTAGTCAG
STSRPPRPY¥DTPCPPVYAETKHFLYSSGDKEQLAPSFLLS

(TCTCTGAGGCCCAGCCTBACTGRCBCTCGGAGROTOGTGRAGACCATCTTTCTGRGTTCCAGGCCC TRRATCCAGGGACTCCCCGCAGGTTGUCCCROCTELCOCAGCRCTAGTGECA
SLRPSLTGARRLVETIFLGSRPWUPGTPRALPRLPORY W

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCCTACGGGGTGCTCCTCAAGACGCACTGCCCGE}TGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGYVCAR

GGG CAGGECTCTETR00aL 0 GAGEABBAGEACACAGA LG T GRTAAGCTaCTOORCCABCACAGCABCCCLTBRCAGRTOTACGRCTTCRTAOTE
EKPQGSVARPEEEDTDPRALYQLLAROKSSPHQVYGFVRASC

TR TaRTOCC AT oA A AL O TCAGGAAC A AGAAGTICATCTCCCToRGBAGOATGL AT TCOLTOAGARCT
LRARLVPPGLNGSRHNERRFLANTKKFISLGKNAKLSLOEL

GACGTGGAAGATGAGCGTG(')GGGACTGCGCTTGGCTGCGéAGGAGCCCA(;GGGTTGGCTéTGTTCCGGCéGCAGAGCAC(‘FGTCTGCGTG;\GGAGATCCTGGCCAAGTTCCTGCACTGGCT
THWKHSVROCAWLARRSPGVGCVPAAEHRRLREETILAKFLHWL

AT TGTACOTCRTOGAGCTECTCAGGTETTTCTTTTATT A CCACGTTTCAMAGAACABRCTC TTTTCTACGMGAGTETCTGRAGCAGTTCOARACATIG
LS VYVVELLRSFFYVTETTFOKNRLFFYRKSVHSKLOSTG

AAT--NN- -GACAGTCACCAGGGGGGTTGACCGCCGGACTGGGCGTCCCCAGGGTTGACTATAGGACCAGGTGTCCAG(;TGCCCTGCA/.\GTAGAGGGGéTCTCAGAGGCGTCTGGCTGG

CATGGGTGEACGTGGCCCCGRGCATAGCCTTCTROGTGTGCTGOCTGGGTG0CCTGAGCCCTCACTGAGTCGRTGGBERCTTGTRRCTTCCCRTGAGCTTCCCCCTAGTCTGTTGTCTG
GCTGAGCAAGCCTCCTGAGGBBOTCTOTATTE.. ' FY] g . ] 1 A
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Truncated protein 1

ATGCOGOGCGCTCCC0GCTRO0GAGCOGTROGCTCOCTRCTGOGCAGCCACTACCGOGAGRTGUTGCOGCTGRCCACRTTCATG
WPRAPRCRAVRSLLRSHTREVLPLATFV

0GGCGCCTGRGRC0C0AGRECTGG0RGCTGRTGCAGCRCRRARACCCGRCGGCTTTCCRCGGCTARTAGCCCAGTGCCTRRTGTGOGTGOCCTRARACGCACRRCCGCOCCCCRE0RC0
RRLGPOGWRLVARGDPAAFRALVAQCLVCVPHWDARPPPAA

CCCCTCCTTCCGCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCCGAGTGCTGCAGAGGC%GTGCGAGCGCGGCGCGAAGAACGTGCTGGCCTTCGGCTTCGCGCTGCTGGACGGGGCCCG
PSFRAVSCLKELVARVLQARLCERGAKNVLAFGFALLDGAR

(6G6GGCCCCCC0GAGRCCTTCACCACCAGCGTGOGCAGCTACCTGOCCAACACGRTGACCRACGCACTGCRGRRGAGOGGRG0GTRAGERCTRCTRCTRLGCCRCATRRRCRACRACET
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRARVGDDY

GCTGGTTCACCTGOTGRCACGCTGUGCGETCTTTGTGCTGGTRRCTCCCAGCTGUGCCTACCAGGTGTGCGGGCCRCCACTTACCAGCTORGCACTGCCACTCAGGCO0GRCCCC0RCE
LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPP

ACACGCTAGTGEACCOCGAAGGOGTCTGAGATGORAACGGGCC TRAACCATAGCGTCAGG6AGGCCGGGRTCCCCCTARGCCTRLCAGCOCCRRATR0RARABROG0RGRRRCAGTGE
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGOCGTTGCCCAAGAGGCCCAGGUGTGGCGCTGCCCCTGAGCCGRAGCGRACCCORTTAGGCAGRGTCCTGAGCCCACCCGRRUAGGACGCATGRACCRATRACCS
SARSLPLPXKRPRRGAAPEPERTPVGAGSWAHPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTTTGGAGGGTGCGCTCTCTGGéACGCGCCACTCCCACCCATCCGTGGGCCGCCAGCACCACGCGGGCCCCCC
GFOVVSPARPAEEATSLEGALSGTARHSHPSVGRAOHHAGP?P

ATCCACATOGCGGCGAGCACGTCCCTGGRACACGOCTTGTCCCCCRATATACGCCGAGACCAAGCACTTCCTCTACTCCTCAGGCGACARGGAGCAGCTROGGCCCTCCTTCCTACTCAG
STSRPPRPHDTPCPPVYAETKHFLYSSGODKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGRCGCTCGGAGGCTCGTGGAGACCATCTTTC TGGGTTCCAGGOCCTGRATRCCAGGRACTCCCOGCAGTTGCCCCGCCTRUCCCAGCBCTACTEACA
SLRPSLTGARRLVETIFLGSRPWMNPGTPRARLPRLPORY VW

ATGOGGCCCCTGTTTCTGRAGCTGCTTGGGAACCACGOGCAGTRCCCCTACGRRGTGCTCCTCAAGACGCACTGCCOGCTRCGAGCTBOGRTCACCCAGCAGCCGRTATCTATBCC0G
WRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGVCAR

GGAGAAGCCCCAGGGCTCTGTGGCGR0CCCCRAGGAGGAGRACACAGACCCCOGTOGCC TR TGCAGCTGCTCCGCCAGCAGAGCAGCCCCTGRCAGRTGTACRECTTCATROGGBCCTG
EXPAQGSVAAPEEEDTDPRALVALLRAOHSSPWAVYGFVRAC

(CTGCGC0GGCTGRTGCOCCCAGGCCTCTGGGGCTCOAGRCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGT TCATCTOCCTGGGGAAGCATGCCAAGCTCTCGCTGCAGGAGCT
LRRLVPPGLWGSRHNERRFLRNTKKFISLGKHAKLSLQEL

GACGTGRAAGATGAGOGTGCGGGACTGOGCTTGGCTGOGCAGGAGCCCAGGGGTTGRC TG TGTTCCAGCCGCAGAGCACCRTCTOGTGAGBAGATCCTRGCCAAGTTCCTGCACTRGCT
THWKWSVRDCAWLARRSPGVGCVPAAEHRLREEILAKFLHWL

GATGAGTGTGTACGTCGTCGAGCTGOTCAGGTC TTTCTTTTATGTCACGBAGACCACT TTCAAAGAACAGCTCTTTTTCTACCGGAAGAGTGTCTGRAGCAAGTTGCAAAGCATTGG
WSVYVVELLRSFFYVTETTFOKNRLFFYRKSVWSKLOASTIG

Fig. 11P
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AATCAGACAéCACTTGAAGAGGGTGCAGCTGCGGGAGCTéTCGGAAGCAéAGGTCAGGCAGCATCGGGAAGCCAGGCCCGCCCTGCTGACGTCCAGACTCCGCTTCATCCCCAAGCCTGA
IROHLKRVAQLRELSEAEVROHREARPALLTSRLAFIPKPD

GTGGOTGTGCTTTGGTTTAACTTCCTTTTTAACCAGAA
VAVLWFTFLFNQK

1
TG TGAACATI A TACET T CRGAAGAACATTCCOCAAGAMAAGABBGLCGABOTCTCACCTCOABTGAABACTGTTCABCGTGLTCAKCTACGA
GLAPIVNUOYVVGARTFRAEKR PSVSFRG:

Fig. 11C

Truncated protein 2

ATGCCGCGCGCTCCCCGCTGCCRAGCCATGCGCTCCCTRCTRCRCAGCCACTACCGCGAGGTGCTGOCGCTRRCCACGTTCGTG
MPRAPRCRAVRSLLRSHTREVLPLATEYV

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTGGCCCAGTGCCTGGTGTGCG%GCCCTGGGA&GCACGGCCGCCCCCCGCCGC
RRLGPOAGWRLVARGDPAAFRALVAQCLVCVPWDARPPPAA

CCCCTCCTTCCGCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCCGAGTGCTGCAGAGGCTGTGCGAGCGéGGCGCGAAGAACGTGCTGGéCTTCGGCTTCGCGCTGCTGGACGGGGCCCG
PSFRQOVSCLKELVARVLAORLCERGAKNVLAFGFALLDGAR

RGAGCCCCRAGGLCTTCA AL ARG TAORCAGLTACC TR CAACACGETBACCBACRCALTRCCaGOARCBCGCATOCRaBCTGLTRCTaUBO0RCETRRRLGAOMCGT
GG PPEAFTTSVRSYLPNTVTDALRGSGANGLLLARVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTG&GGGCCGCCG&TGTACCAGCTCGGCGCTGCCACTCAGGCCCGGCCCCCGCC
LYVELLARCALFVLVAPSCAYQVCGPPLYQLGAATQARPPYP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCAGGGAGGCCGGéGTCCCCCTGGGCCTGCCAGéCCCGGGTGCGAGGAGGGGCGGGGGCAGTGC
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCCCCTéAGCCGGAGCéGACGCCCGT%GGGCAGGGGTCCTGGGCCCACCCGGGCAGGACGCGTGGACCGAGTGACCG
SRSLPLPKRPRRGAAPEPERTPVGQOGSWAHPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCT%TGGAGGGTGéGCTCTCTGGéACGCGCCACiCCCACCCATéCGTGGGCCGCCAGCACCACGCGGGCCCCCé
GFOVVSPARPAEEATSLEGALSGTRHSHPSVGEGRAHHAGP?

ATCCACATCGCGGCCACCACRTCCCTGRRACACRCCTTGTCCCCOGRTATACGCCGAGACCAAGCACTTCCTCTACTCC TCAGGCGACAAGGAGCAGCTROGGOCCTCCTTCCTACTCAG
STSRPPRPHDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

 Fig. 11D
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LT CTRABCCAGLTBAC TR T BAGR T GTaGAACOATC TTTC R TCCAGGCL BTG CAGGRACTCCCCGCABTTGCCLCAUETEO0CCABORLTAC TG
SLAPSLTGARRLVETIFLESRPHNUPGTPRALPALPORYHQ

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCC%ACGGGGTGC%CCTCAAGACéCACTGCCCG(ETGCGAGCTGéGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGVCAR

A BAECCCCAGETCTaTaR088C B OAGGAGGAACAGAC AR TGRTECAGCTaCTCORCCAGCACAGCAGCOCCTGRCABRTETACGRCTTCRTOR08CTS
EKPQGSVAAPEEEDTDPRALVOLLAROHS SPHQVYGFVYRASC

TGRSO AT TBO00 T AGE A BB T T AGACACCMGAAGTOATCTCCCTGRBGAAGATOOCMBCTCTCRLTCCAGRAGET
L RRLUPPGLUGSANNERRFLANTEKKFISLOKHNAKLSLOEL

T EATBAGC TR0 TG TG OCCAGRBRTTGRCTGTETTOOBRCCCLAGAGCACOSTCTOCGTGAGGABATOCTORCCMETTCOTGLACTGRGT
THKHSVRDCANLRRSPGVGCVPAARENRLAEETILAKFLANL

TGO TGTACETCOTCaAGCTOCTCAGGTCTTTCTTTTATHCACGGA AT T AMAGAACAGECTCTTTTTCTACCGGAAAGTETCTGRSCMGTTGLARBCATTS
WS VYVVELLRSFFYVTETTFQKNRLFEYRKSVHSKLOSIG

AATCAGACAéCACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGGAAGCA(;AGGTCAGGC;\GCATCGGGAI.\GCCAGGCCC(;CCCTGCTGAéGTCCAGACTéCGCﬂCATCCCCAAGCCTGA
IRQCHLKRVQLRELSEAEVRQHREARPALLTSRLARFIPKPD

L TEOB BTG AT BATACO TG AT CCCOAG A BABRRCCCAGCETCTCACCTCOAGGRTEAABBCACTOTTCAGCBTGLTCAAGTACA
GLARPIVHENDYVVGARTFRREKRAERLTSAVKALFSVLNYE

8008 TaRaLLTCTOToL oGO RACGATATC AR TaGL AT CaTALTSOOTOTGLAAB00CAGBALCCCLEELETATOTACT
AARRPGLLGASY LGLDDIKRAWRTFVLARVARAQODPPPELYE

AR GACGaE SO CACCATC ARG TCACGGAGETCATORCCAGCATCATCAAAOCCAGMOACATACTSOSTROBTOCOTATGEEGTGRTEA
VKVDVTGAYDTIPODRLTEVIASITKPONTYCVRRYAVYQ

ACRCCCATARRCACGTCOBCMGGLCTTOMBAGEOAG
CAAKGHVRKAFKS

GTCCTACGTCCAGTG
VLRPY

AT OCCCCAGLTCOATCOTC TGO ARTOTGL A AT COAGAA AT TT TGS ATTCOAUBCCRRCTCCTCLTALATTTORTOA
6D P AGLHPLHAALQPVLARKNGEQAV CGDSAGRAAPAFYGS

TRATTTETTETTOoTGACACE AL TCADCCACG AT CAGBACCTGRTo AT CCCTGAGTATARCTO0STORTOAAC T SAGACASTCRTGMCTTCC
%

Fig. 11E
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Reference protein

ATGCCGCGOGCTCOCCGCTGCCRAGCORTGOGCTCCCTGOTGCGCAGCCACTACCGOGAG 60
HetProArgAlaProArgCysArgAlaValArgSerLeuleuArgSertisTyrArgGly 20

GTGCTGCCGCTGACCACATTCGTGCGGCACCTARGGCCCCAGRGCTARCGRCTAATGCAG 120
ValleuProLeuALaThrPheValArgArgLeuGlyPro6lnGlyTrpArgLeValeln 40

(G0GGGGACCCGG0GGCTTTCOGOGOGCTGATAGCCCAGTRCC TGRTGTGOGTGOCCTGG 180
ArgGlyAspProAlaAlaPheArgAlaleuValAlaGinGysLeuvalCysValProTrp 60

GACGCACGRCCGCCCOCOGCCGCOCCCTCCTTCOGCCAGRTATOCTGCCTRAAGRAGCTG 240
AspAlaArgProProProAlaAlaProSerPheArgGlnValSerCysLeutysGluley 80

GTGGCCCGAGTGCTGCAGAGGCTGTGCGAGCGOGRCACGAAGAACATGCTGGCCTTCGGC 300
ValAlaArgValleuGlnArgLeuCysGluArgGlyAlaLysAsnvalleuAlaPheGly 100

TTCG0GCTRCTGRACGGGGCC0GCGGGRGCCO00C0RAGRECTTCACCACCAGCGTGOGC 360
PheAlaLeul euAspGlyAlaArgGlyGlyProProGluAlaPheThrThrSerValArg 120

AGCTACCTGCCCAACACGGTRACCGACGCACTGCGGAARGAGCGRAGCATAGRGCTGLTE 420
SerTyrLeuProAsnThrValThrAspALaLeuArgGlySerGlyAlaTrpGlyLeutey 140

TTGCGCCGCATGGGCRACGACGTACTGATTCACCTGCTGRCACGCTROGCGCTCTTTATG 480
LeuArgArgValGlyAspAspValLeuValiisLeuLeuAlaArgCysAlaleuPheval 160

CTGATGGCTCCCAGCTROGCCTACCAGRTGTGOGGGCOGCCRCTATACCAGCTCRGCGCT 540
LeuValAlaProSerCysALaTyrGlnValCysGlyProProLeuTyrGlnLeuGlyAla 180

GCCACTCAGGCCCGGCCCOCGCCACACGCTAGTGRACCCCRAAGGCGTCTGAGATGCGAY 600
AlaThrG1nALaArgProProProHisAlaSerGlyProArgArgArgLeuGlyCysGly 200

(GGGCCTGRAACCATAGOGTCAGGGAGGCOGGRGTCCOCCTGRECCTGCCAGCOCOGGGT 660
ArghlaTrpAsnHisSerValArgGluAlaGlyValProLeuGlyLeuProALaProly 220

(CGAGGAGGCGCGGRBACAGTACCAGCCGAAGTCTGCCATTGCCCAAGAGGCCCAGGCGT 720
AlaArgArgArgGlyGlySerAlaSerArgSerLeuProLeuProlysArgProArgArg 240

(GCGCTGCCCCTGAGCOGGAGCGGACGCCCGTTRRGCAGGGATCCTGAGCCCACCOGGGC 780
GlyAlaAlaProGluProGLuArgThrProValGlyGInGlySerTrpALaHisProGly 260

AGGACGCGTGGACCRAGTGACCGTGRTTTCTGTGTGGTGTCACCTGCCAGACCOGCCGRA 840
ArgThrArgGlyProSerAspArgGlyPheCysValValSerProAlaArgProAlaGly 260

GAAGCCACCTCTTTGGAGGGTGCGCTCTCTGGCACGCGCCACTCCCACCCATCOGTGGEC 900
GluAlaThrSerLeuGluGlyAlaleuSerGLyThrArgHisSerHisProServally 300

(GCCAGCACCACGCRGGCCCCCCATCCACATCGOGGCCACCACGTCCCTGGGACACGCCT 960 ‘
ArgGLoHisHisALaGlyProProSerThrSerArgProProArgProTrpAspThrPro 320 Flg . ] -l F
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TATCCCCCGATGTACGCOGAGACCAAGCACTTCCTCTACTCCTCAGGCGACAAGBAGCAG 1020
CysProProvalTyrAlaGluThrLysHisPheLeuTyrSerSerGlyAspLysGlucln 340

CTGOGGCCCTCCTTCCTACTCAGCTCTCTRAGGCCCAGCCTGACTGGOGCTORGAGRCTC 1080
LeuArgProSerPheLeuLeuSerSerLeuArgProSerteuThrGlyALaArgArgley 360

GTGGAGACCATCTTTCTGOGTTCCAGGCCCTRGATRCCAGGRACTCCCCRCAGRTTACCE 1140
ValGLuThrILlePheLeuGlySerArgProTrpletProGlyThrProArgArgLeuPro 380

0GCCTGCCCCAGCRCTACTGGCAAATGOGGCCCCTRTTTCTGRAGCTRCTTAGGAACCAC 1200
ArgLeuProGLnArgTyrTrpGlntletArgProleuPhel euGluleuteuGlyAsnHis 400

G0GCAGTGCCCCTACGRGGTGCTCCTCAAGACGCACTRCCCACTGOGAGCTGOGATCACC 1260
ALaGInCysProTyrGlyValleuleuLysThriisCysProLeuArgAlaAlaValThr 420

(CAGCAGCCGGTGTCTRTGCCCGGGAGAAGCOCCAGRRCTCTATGACAACCCCCRAGRAG 1320
ProAlaAlaGlyValesAlaArgGluLysProGlnGlySerValAlaAlaProGluGlu 440

GAGGACAGAGACCCCCGTCGCCTGGTGCAGCTGCTCCGCCAGCACAGCAGCCCCTGGCAG 1380
GLuAspThrAspProArgArgLeuValGlnLeul euArgGLnHisSerSerProTrpGln 460

GTGTACGGCTTCGTGCAGRCCTGOCTACRCCAGCTARTRCCCCCAGGCOTCTAGRRETCE 1440
ValTyrGlyPheValArgAlaCysLeuArgArgLeuValProProGlyLeuTrp6lySer 480

AGGCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGTTCATCTCCCTGAGRAAGCAT 1500
ArgHisAsnGLuArgArgPheLeuArgAsnThrLysLysPhelleSerLeuGlylysHis 500

GOCAAGCTCTCGCTGCAGGAGCTGACGTGRAAGATGAGCGTGCGARGCTGCACTTGRCTE 1560
AlaLysLeuSerLeuGlnGLuLeuThrTrpLysHetSerValArgAspCysalaTrpley 520

0GCAGGAGCCCAGRRRTTRGCTATGTTCCGRCCACAGAGCACCGTCTGCATGAGRAGATC 1620
ArgArgSerProGLyValalyCysvalProAlaAlaGluHisArgLeuArgGluGlulle 540

CTGGCCAAGTTCCTGCACTRGCTRATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTC 1680
LeuAlaLysPheLeuHisTrpLeulletSerValTyrValValGluLeulevArgSerPhe 560

TTTTATGTCACGGAGACCACGTTTCAAAAGAACAGGCTCTTTTTCTACCGGAAGAGTGTC 1740
PheTyrValThrGLuThrThrPheGlnLysAsnArgLeuPhePheTyrArgLysServal 580

TGGAGCAAGTTGCAAAGCATTGGAATCAGACAGCACT TGAAGAGGGTGCAGCTGCGARAG 1800
TrpSerLysLeuGlnSerIleGlyIleArgGlnHisLeulysArgValGlnteuArgGly 600

CTGTOGGAAGCAGAGGTCAGGCAGCATCGABAAGCCAGRCCCACCCTGCTGACRTCCAGA 1660
LeuSerGluALaGluvalArg6lnHisArgGluALaArgProALaleuleuThrSerArg 620

(TCOGCTTCATCCCCAAGCCTGACGGGCTGOGGCCGATTGTGAACATGRACTACGTCGTE 1920 ]
LeuArgPhelleProLysProAspalyLeuArgProlleValAsniietspTyrvalval 640 Flg ] ] G
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(GGAGCCAGAACGTTCOGCAGAGAAAAGAGGGCCGAGCGTCTCACCTOGAGGATGAAGGCA 1980
GLyAlaArqThrPheArgArgGluLysArgALaGluArgLeuThrSerArgVallysAla 660

CTGTTCAGCGTGCTCAACTACGAGCGGGCGCAARCGCCCCRROCTCCTAGCGCCTCTATG 2040
LeuPheServalleuAsnTyrGLuArgAlaArgArgProGlyLeuteuGlyAlaServal 680

(TGGGCCTGRACGATATCCACAGGGCCTGRCGCACCTTCGTGCTROGTGTGCARGCCCAG 2100
LeuGlyLeuAspAspIleHisArgAlaTrpArgThrPheValleuArgValArgAlaGln 700

GACCOGCCGCCTGAGCTGTACTTTGTCAAGGTGGATGTGACGGGCGCGTACGACACCATC 2160
AspProProProGluLeuTyrPheVallysValAspValThrGlyAlaTyrAspThrile 720

(CCCAGGAGAGGCTCACGGAGGTCATCGCCAGCATCATCAAACCCCAGAAGAGATACTGC 2220
ProGlnAspArgLeuThrGluvallleAlaSerTlelleLysProGLnAsnThrTyrCys 740

GTGCGTCGATATGCCGTAGTCCAGAAGGCCGCCCATGRGCACGTCCRCAAGRCCTTCAAG 2280
ValArgArgTyrAlaValValGlnLysALaAlaHisGlyHisValArgLysAlaPhelys 760

AGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGOGACAGTTCGTGGOTCACCTG 2340
SerHisvValSerThrLeuThrAspLeuGlnProTyrHetArgGlnPheValAlakisLey 780

CAGGAGACCAGCCCGCTGAGGRATGCCGTCGTCATCGAGCAGAGCTCCTCCCTRAATGAG 2400
GlnGluThrSerProLeuArgAspAlaValValIleGluGlnSerSerSerLeuAsnGlu 800

GCCAGCAGTGGcCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCACGCCGTGCGCATC 2460
AlaSerSerGlyLeuPheAspValPheLeuArgPhelletCysHisHisAlavalArglle 820

AGGGGCAAGTCCTACGTCCAGTGCCAGGGBATCCCGCAGGGCTCCATCCTCTCCACGCTG 2520
ArgGlyLysSerTeralGlnCysGlnGlyIleProGlnGlySerIleLeuSerThrLeu 840

cmmmmmmmmmmmmmmwmmmmmnmmmmmmmmm 2580
LeuCysSerLeuCysTyrGlyAspetGLluAsnLysLeuPheALaGlylleArgArgAsp 860

GGGCTGCTCCTGCGTTTGATGGATGATTTCTTGTTGGTGACACCTCACCTCACOCACGCG 2640
GlyLeuLeuLeuArgLeuValAspAspPheLeuLeuValThrProHlsLeuThrH1sAla 880

AAAACCTTCCTCAGGACCCTGGTCCGAGGTGTcCCTGAGTATGGCTGCGTGGTGAACTTG 2700
LysThrPheLeuArgThrLeuValArgGlyValProGluTyrGlyCysValvalAsnleu 900

(GRAAGACAGTGGTGAACTTCCCTGTAGAAGACGAGGCCCTGGGTGGCACGRCTTTTGTT 2760
ArgLysThrValValAsnPheProvalGluAsp6luAlaLeulyGlyThrALaPheVal 920

CAGATGCCGRCCCACGGCCTATTCCCCTRRTGCGRCCTRCTGUTGGATAGCCGRACCETG 2820
GLnMetProAlaHisGlyLeuPheProTrpCysGlyLeuleuleudspThrArgThriey 940

GAGGTGCAGAGCGACTACTCCAGCTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTC 2680
Gluval6lnSerAspTyrSerSerTyrALaArgThrSerIleArgAlaSerLeuThrPhe 960 F]g 1 ] H
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MCCG0GGCTTCAAGGCTRRGAGGAACATGCGTCGCAAACTCTTTGGGATCTTGCGGCTG 2940
AsnArg@lyPheLysAlaglyArgAsniletArgArqLysLeuPheGlyValleuArgtey 980

AAGTGTCACAGCCTGTTTCTGGATTTGCAGGTGAACAGCCTCCAGACGRTGTGCACCAAG 3000
LysCysHisSerLeuPheLeuAspLeuGLnValAsnSerLeuGlnThrValCysThrAsn 1000

ATCTAGAAGATCCTCCTGCTGCAGGCGTACAGGTTTCACGCATGTGTGCTGCAGCTCCCA 3060
I1eTyrtysIleLeuteuteuGlnAlaTyrArgPheHisAlaCysValleuGlnteuPro 1020

TTTCATCAGCAAGTTTGGAAGAACCCCACATTTTTCCTGOGOGTCATCTCTGACACGGCC 3120
PheHisGLnGLValTrpLysAsnProThrPhePheLeuArgVallleSerAspThrAls 1040

TOOCTCTGCTACTCCATCCTRARAGOCAAGAACGCAGGGATGTCGCTGAGGGCCAAGGRC 3180
SerLeuCysTyrSerIleLeuLysAlalysAsnAlaGlyletSerLeuGlyAlalysGly 1060

G00GCCGRCCCTCTROCCTCCRAGGCOGTGUAGTGRCTATGCCACCAAGCATTCCTRCTC 3240
AlaAlaGlyProLeuProSerGluAlaValGlnTrpLeuCysHisGInALaPheLeuleu 1080

AAGGTGACTCGACACCGTGTGACCTACGTGCCACTCCTGGGGTCACTCAGGACAGCCCAG 3300
LysLeuThrArgHisArgValThrTyrValProLeuteuGlySerLeuArgThrALaGln 1100

AGGCAGCTGAGTCGGAAGCTCCCGRGGACRACGCTRACTGCCCTGGAGRCCAUAGCCAAC 3360
ThrGlnLeuSerArgLysLeuProGlyThrThrLeuThrALaLeuGluALaAlaALaAsn 1120

(CGRCACTGCCCTCAGACTTCAAGAGCATCCTGBAC 3420
ProAlaLeuProSerAspPheLysThrIleLeuAsp 13
Fig. 111
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Truncated protein 3

ATGEOGCGOGOTCCCCGCTGCCBAGCCRTROGCTCCCTGCTGOGCAGCCACTACCGOGAGGTGCTGOCGCTGRCCACGTTOGTG
WPRAPRCRAVRSLLRSHTREVLPLATEFY

(GGC6CCTGAGRCCCCAGRGCTRR0GCTAGTGCAGCGCGRGGACC0GGCRGCTTTCOGCGCRCTAGTGRCCCAGTRCTGRTGTGOGTGCCCTRRRACGCACGRCCRECCCC0RCCRE
RRLGPQGWRLVARGDOPAAFRALVAQCLVCVPWDARPPPAA

(CCCTCCTTCOGOCAGGTGTCCTGCCTGAAGRAGC TGGTGGCCCGAGTGOTGCAGAGGC TG TGCGAGCGOGGCACRAAGAACGTRUTGRCCTTCGRCTTCGOGC TGCTGRACBRGC00G
PSFRAQVSCLKELVARVLAORLCERGAKNVLAFGFALLDGAR

(6666GCCCCCO0GAGGCCTTCACCAGCAGCGTGOGCAGCTACCTGCCCAACACGRTGACCGACGCACTROGG666AG0GG0GCATRRGRGCTGUTGLTGCGCCEOGTGRRCGACBACGT
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGOGETCTTTGTGOTGRTGGCTCCCAGCTRCGCCTACCAGGTGTGOGGGCCRCCRCTRTACCAGCTCGCACTGCCACTCAGRCCOGGECCE0aCC
LYHLLARCALFVLVAPSCAYQVCGPPLYQLGAATQARPPEP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCAGGGAGGCCGGéGTCCCCCTGGGCCTGCCAGCCCCGGGTGCGAGGAGGCGCGGGGGCAGTGC
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGEGSA

CAGCCGAAGTCTGOCGTTGCCCAAGAGGCCCAGGURTGROGCTGCC0CTGAGCCARAGCGACGOCCATTRAGCAGGRTCCTBRECCCACCORGECAGACBCATGRACOGAGTACCG
SRSLPLPKRPRRGAAPEPERTPVGQOGSWAHPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTTTGGAGGGTGCGCTCTCTGG&ACGCGCCACiCCCACCCATCCGTGGGCCGCCAGCACCACGCGGGCCCCCC
GFOVVSPARPAEEATSLEGALSGTRHSHPSVGEGRAOKHAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTGTACGCCGAGACCAAGCACTT&CTCTACTCC%CAGGCGACAAGGAGCAGCTéCGGCCCTCCTTCCTACTCAG
STSRPPRPWOTPCPPVYAETKHFLYSSGDKEQGLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATCTTTCTGGGTTCCAGGCCCTGéATGCCAGGGACTCCCCGCAGGTTGCCCCGCCTGCCCCAGCGCTACTGGCA
SLRPSLTGARRLVETIFLGSRPWHPGTPRRLPRLPOARY WO

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCCTACGGGGTGCTCCTCAAGACéCACTGCCCGéTGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGVCAR

GGAGAAGCCCCAGGGOTCTGTGRCGG0CCCOGAGGAGGAGGACACABACCCCCRTGOCTGRTGCAGCTGCTCCGCCAGCACAGCAGCCCCTGGCAGTGTACRECTTCATROGGGCCTG
EKPQGSVAAPEEEDTDPRRLVAOLLRQAHSSPHWQAQVYGFVRAC

CCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCCAGGCACAACGAACGCCGCTTCCTCAGGAACACéAAGAAGTTCATCTCCCTGGéGAAGCATGCCAAGCTCTCGCTGCAGGAGCT
LRRLVPPGLWGSRHNERRFLANTKKFISLGKHAKLSLQEL

GACGTGGAAGATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCCGCAGAGCACéGTCTGCGTGAGGAGATCCTéGCCAAGTTCCTGCACTGGCT
THWKHSVRDCAWLARSPGVGEGCOCVPAAEHRRLREEILAKFLHWL

GATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTCTTTTATGTCACGRAGACCACG TTTCAARAGAAGAGRCTCTTTTTCTAGCGGAAGAGTGTCTGRAGCAAGTTGCAAAGCATTGG
BWSVYVVELLRSFFYVTETTFOKNRLFFYRKSVWSKLOASTG

Fig. 11J
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AATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGRAAGCAGAGRTCAGGCAGCAT CGAGAAGCCAGGCCCGCCCTRCTGACGTCCAGACTCCGCT TCATCCCCAAGCCTGA
IROHLKRVQLRELSEAEVROHREARPALLTSRLRFIPKPD

(GGGCTGCGACCGATTGTGAACATGGACTACGTCATGRRAGCCAGAACGTTCCGCAGAGAAAAGAGGGCCGAGCGTCTCACCTCGAGGGTGAAGGCACTRTTCAGCGTGCTCAAGTACGA
GLAPIVNUHDYVVGEGARTFRREKRAERLTSRVKALFSVLNYE

GCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTGCTGGGCCTGGACGATATCCACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGCGGGCCCAGGAéCCGCCGCCTGAGCTGTACTT
RARRPGLLGASVLGLODIHRAWRTFVLRVRAQDPPPELYF

TGTCAAGGTGGATGTGACGGGOGCGTACGACACCATCCCCCAGGACAGGCTGACGRAGGTCATOGCCAGCATCATCAAACCCCAGAACACGTACTRCGTGCGTCGRTATGCOGTGGTCCA
VKVOVTGAYDTIPADRLTEVIASITKPONTYCVRRYAVVL

GAAGGCCGCCCATGGGCACGTCOGCAAGRCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGOGACAGTTCGTGGCTCACCTGCAGBAGACCAGCCCGCTGAGGGA
KAARGHVRKAFKSHVSTLTDLAQPYWRQFVARLQETSPLARD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCACGCCGTGCGCATCAGéGGCAAGTCCTACGTCCAGTG
AVVIEQSSSLNEASSGLFDVFLRFUCHHAVRIRGKSYVAC

(CAGGGRATCCCGCAGRROTCCATCCTCTCCACGCTGOTCTRCAGCCTATGUTACGGCGACATGGAGAACAAGC TG TTTGCGGGGAT TCGGCGARACGRGCTRCTCCTRCGTTTGATGEA
06IPQGESILSTLLOSLCYGDHWENKLFAGIRRDGLLLRLVD

TRATTTCTTGTTGGTGACACCTCACCTCACCCACGCGARAACCTTCCTGAGRACCC TG TCCGAGATGTCCCTGAGTATGRCTGOG TR TGAACTTGCGGAAGACAGTGGTGAACTTCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNFP

TATAGARGACGAGGCCCTGRGTGGCACGRCT TTTGTTCAGATGCCGGCCCACROCTATTCCCCTRATGOBGCCTRCTGUTGRATACCCRRACCCTGRAGGTGCAGAGCGACTAGTCCAG
VEDEALGGTAFVOWPAHGLFPWCGLLLDTRTLEVQSDYSH

GTGAGCGCACCTOGCCRRAAGTGGAGCCTGTGCC0GGCTGRRRCAGGTGUTRCTGCAGRGCCATTGOGTCCACCTCTGUTTCCATGTGRGACAGGUBACTGCCAATOCCAARGGATCAGA
%

TGCCACAGGGTGCCCCTORTCCCATCTGRGGCTGAGCACAAATGCATCTTTCTGTGGGAGTGAGRGTGUCTCACAACGRGARCAGTTTTCTGTGCTATTTTGATAA

Fie. 11K

SUBSTITUTE SHEET (RULE 26)



WO 99/01560 : PCT/US98/13835

28/68 -
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ATGCCGOGOGCTCCCOGCTRCOGAGCCATROGCTCCCTRCTROGCAGCCACTACCGOGAGGTGCTGCCGCTGGCCACBTTCRTG
WPRAPRCRAVARSLLRSHTREVLPLATFEY

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTéGCCCAGTGCCTGGTGTGCGTGCCCTGGGACGCACGGCCGCCCCCCGCCGC
RRLGPOQGWRLVARGDPAAFRALVAQCLVCVPWDARPPPAA

(CCCTCCTTCOGCCAGGTGTCCTGOCTRAAGGAGCTGTGACCCGAGTGCTGAGAGRCTGTGCGAGCGGGCGCRAAGAACGTGCTGGCCTTCRGCTTCGOGCTGCTGGACGRGG0CCG
PSFRQVSCLKELVARVLAORLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGACCGACGCACTéCGGGGGAGCGGGGCGTGGGGGCTGCTGCTGCGCCGCGTGGGCGACGACGT
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRARVGDDYV

GCTGATTCACCTGCTGGCACGCTGOGCGCTCTTTGTGCTGRTRRCTCOCAGCTGOGCCTACCAGTGTGCGGGCCGCCBCTTACCAGCTCGGCGCTGCCACTCAGRCC0GGECCCCGEE
LYHRLLARGCALFVLVAPSCAYQVCGPPLYQLGAATQARPPYP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCA&GGAGGCCGGGGTCCCCCTGGGCCTGCCAGCCCCGGGTGCGAGGAGGCGCGGGGGCAGTGC
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCCCCTGAGCCGGAGCGGACGCCCGTiGGGCAGGGGTCCTGGGCCCACCCGGGCAGGACGCGTGGACCGAGTGACCG
SRSLPLPKRPRARGAAPEPERTPVGAGSWAHPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTTTGGAGGGTG&GCTCTCTGGéACGCGCCAC%CCCACCCATCCGTGGGCCGCCAGCACCACGCGGGCCCCCC
GFOCVVSPARPAEEATSLEGALSGTRHSHPSVGRAOHHAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTG%ACGCCGAGAéCAAGCACTTéCTCTACTCCTCAﬁGCGACAAGGAGCAGCTGCGGCCCTCCTTCCTACTCAG
STSRPPRPWODTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATCTTTCTGGGTT6CAGGCCCTGéATGCCAGGGACTCCCCGCAGGTTGCCCCGCCTGCCCCAGCGCTACTGGCA
SLRPSLTGARRLVETIFLGSRPWHPGEGTPRRLPRLPORY WO

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCCiACGGGGTGCiCCTCAAGACéCACTGCCCGéTGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGYVCAR

GGAGAAGCCCCAGGGCTCTGTGGCGGCCCCCGAGGAGGAéGACACAGAC6CCCGTCGCC%GGTGCAGCTéCTCCGCCAGéACAGCAGCCéCTGGCAGGTéTACGGCTTCGTGCGGGCCTé
EXKPQGSVAAPEEEDTDPRRLVAOLLRAHSSPWQVYGFVRAC

CCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCCAGGCACAACGAAéGCCGCTTCC%CAGGAACACéAAGAAGTTCATCTCCCTGGéGAAGCATGCéAAGCTCTCGCTGCAGGAGCT
LRRLVPPGLWGSRHNERRFLARNTKKFISLGKHAKLSLQEL

GACGTGGAAéATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAéGGGTTGGCTéTGTTCCGGCéGCAGAGCACéGTCTGCGTGAGGAGATCCT&GCCAAGTTCCTGCACTGGCT
THWKHSVRDCAWLRRSPGVGCVPAAERRLREEILAKFLHEWL

TGO TGTACETOOTCOAGE L CAGOTCTTTCTTTTATOCACGGAGA AR TTTCAAAAGAACAGRLTC TTTTCTACCGGAAGARTOTCTCBAGCAAGTTECAMGCATIGE
K SV YVVELLRSFFYVTETTFOKNRLFFYAKSVNSKLOSIS

BTG TTGAA A8 GOAG T COBAAGCAGAGETOAGCABATCCGGAAGLCAGE00000C TG TGACGTCCAACTCORCTTCATCCECAAGECTEA
TRQOHLKRVOQOLRELSEAEVROHREARPALLTSRLAFIPKPD

Fig. 111
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CGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGAACGTTCCGCAGAGAAAAGAGGGCCGAGCGTCTCACCTCGAGGG%GAAGGCACTéTTCAGCGTGCTCAACTACGA
GLRPIVNWDYVVGARTFRREKRAERLTSRVKALFSVLNYE

GCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTGCTGGGCCTGGACGATATCCACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGCGGGCCCAGGAéCCGCCGCCTGAGCTGTACTT
RARRPGLLGASVLGLDDIHNRAWRTFVLRVRAQDPPPELYF

TGTCAAGGTGGATGTGACGGROGOGTACGACACCATCCCCCAGGACAGGCTCACGRAGGTCATCGCCAGCATCATCAAACCCCAGAACACGTACTROGTGCATOGRTATGCCGTGGTCCA
VKVOVTGAYDTIPQDRLTEVIASITIKPAONTYCVRRYAV VA

GAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGAéAGTTCGTGGéTCACCTGCAéGAGACCAGCCCGCTGAGGGA
KAAHGHVRKAFKSHVSTLTODLAQPYMWRQOFVAHRLQETSPLRD

TGCCGTCATCATCGAGCAGAGCTCCTCOCTGAATGAGGCCAGCAGTGGCC TC TTCGACGTCTTCCTACGCTTCATGTGCCACCACGCOGTGOGCATCAGGGGCAAGTCCTAGGTCCAGTG
AVVIEQSSSLNEASSGLFOVFLRFHUCHHAVRIRGKSYVQC

(CAGRGRATCCOGCAGGGCTCCATCCTCTCCACGCTGCTOTGCAGCCTGTGOTACGROGACATGGAGAACAAGCTRTTTGOGGGGATTCGGCGRRACGRECTGCTOCTGGTTTRATGGA
Q6IPAGSILSTLLOSLOYGDMENKLFAGIRRDGLLLARLYVD

TGATTTCTTGTTGGTGACACCTCACCTCACCCACGOGAARACCTTCCTCAGGACCCTGRTCCGAGGTGTCOCTBAGTATGGCTGUG TG TRAACTTGOGGAAGACAGTGGTGAAGTTCCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNEFP

TGTAGAGACGAGRCCCTGGGTGGCACGRCTTTTGTTCAGATGCCGGCCCACGGCCTATTCCCCTGATGUGRCCTRCTRCTGRATACCCARACCCTRGAGGTGCAGAGCGACTACTCCAG
VEDEALGGTAFVAOUWPAHGLFPWCGLLLDTRTLEVASDYSS

(TATGCCCBRACCTCCATCAGAGCCAGTCTCAGCTTCAACCGCGGCTTCAAGRCTGRBAGGAACATGCGTCGCARACTC TTTGGGATCTTGOGGCTRAAGT G TCACAGCCTGTTTCTGGA
YARTSIRASLTFNRGFKAGRNMRRKLFGVLARLKCHSLFLD

TTTGCAGGTGAACAGOCTOCAGACGGTGTGCACCAACATC TACAAGATCCTCC TGO TGCAGGOGTACAGG TTTCACGCATGTGTGCTRCAGCTCCCAT TTCATCAGCAAGTTTGRAAGAA
LOVNSLAOTVCECTNIYKTILLLOQAYRFHACVLQALPFRAQQVHKN
(CCCACATTTTTCCTGCROGTCATCTCTGACACGROCTCCCTCTGCTACTCCATOCTRAAAGCCAAGRACGCAGGBATGTOGCTGRRGGCCAAGRROGOCGC0GRCCCTCTGUCCTOCRA

PTFFLAVISODTASLCOYSILKAKNAE

I
COGAAGAARACATTTCTGTCATGACTCCTGGRTGOTTRGGTC
EENILVVTPAVLGS

GGGACAGCCAGAGATGGAGOCACCCCGCAGACOGTCGGG TG TGGGCAGCTTTCCRETGTCTOCTG66AGG6BAGT TGGGCTGRGCCTRTGACTCCTCAGCCTCTGTTTTCCCCCAG
GOPEMWEPPRRPSGVGSFPVSPGRGVGLGL®

Fig. 11M

SUBSTITUTE SHEET (RULE 26)



WO 99/01560 v PCT/US98/13835

30/68 o
Protein that lacks motif A

ATGCCGCGCGCTCCCOGCTGCCRAGCOGTROGETCCCTGCTGOGCAGCCACTACCGCRAGRTGCTGCOGETRROCACGTTORTG
HPRAPRGCRAVRSLLRSHTREVLPLATEFY

(GGCGOCTGRGGC00CAGRRCTGG0GG0TRGTGCAGCG0RRERACC0GG0GGCTTTC0R0G0GCTGGTGRCCCAGTROCTRRTATGURTGLCCTGAGACGOACGROCRCCEC00G0CED
RRLGPOGWRLVQORGDPAAFRALVAQCLYVCVPWDARPPPAA

CCCCTCCTTCCGCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCCGAGTGéTGCAGAGGC%GTGCGAGCGéGGCGCGAAGAACGTGCTGGCCTTCGGCTTCGCGCTGCTGGACGGGGCCCG
PSFRAQVSCLKELVARVLAORLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGA&CGACGCACTéCGGGGGAGCGGGGCGTGGGGGCTGCTGCTGCGCCGCGTGGGCGACGACGT
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDY

B TBOTTOAC T TOOCACELTR0S00C T TTTET TR TaaLTOCCAGL TR TAC AT GLAGa006CCaLTOTACCAGCTOBGCGLTGLCACTCABRCCCRGUI000aes
LV HLLARCALFVLVAPSCAYQUCGPPLYQLGAATOARPEPEP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACéATAGCGTCAéGGAGGCCGGéGTCCCCCTGGGCCTGCCAGCCCCGGGTGCéAGGAGGCGCGGGGGCAGTGé
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

AT TG T CCAAGAGGL A OBTORCaL a0 GAGC GGG BAORCCLE T BBAGGRRTOLTOORCCCACLOBBRCARGACCLGTOGALORAETAODS
SRSLPLPKRPRRGAAPEPERTPVGQGSHARPGRTRGEPSDEA

T TOTaToRTTCAC A GAAG AT TTTGGABBTGLaC LT CTGRCAL0B0CACTOOCACCOATODGTGRGLCa0ABCACCACGLGRBU0000s
GECVYVSPARPAEEATS LEGALSGTRHSHPSVGRONHAGPP

TCCACATCRCGa AT TR TGO ORaTaTAC A CAAGCACTTCCTCTACTOLTCAGGCGACAAGRAGCAGCTGLAROUETOCTTCCTACTCA
STSRPPRPUDTPCPPVYAETKHFLYSSGEDKEQLAPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATC%TTCTGGGTT&CAGGCCCTGéATGCCAGGGACTCCCCGCAGGTTGCCCCGCCTGCCCCAGCGCTACTGGCA
SLRPSLTGARRLVETIFLGSRPWUNPGTPRRLPRLPARY W

AT TG TTCTGOAG LT TCRGAACCAORCGCAGTRO0CC AT T TCANGACGLACTO0CCGLTBOGAGC TG CACCCAGABOORRTBTCTETECO0s
WRPLFLELLGNKHAQOCPYGYV LLKTHCPLARAARVTPAAGYGADR

A 0CCAGRRL T TETBR0BaC A GOAGGA BT BT GCAGCTALTOORCCAGCACASCAGCCCETRRCAGBTOTACGRCTCATEO60CTS
EKPOQGSVAARPEEEDTDPRRLVQLLRQASSPHQVYGFVRAC

T0R000R AT CAG LT TGRaaL A OAC A OB CAGGAACACCAAGAAGTTCATCTOTGRGGAABATOLCAAGLTCTORCTGCAGRAGET
LRRLYVPPGLUGSANNERRFLANTKKFISLOGKHAKLSLOEL

TGO TRARCGT oA TG oA A TTGAL TG CCCAGABCACATCTGCSTEABGAGATOCTGRCCAAGTTOCTGCACTERCT
THKNSVRDCAWLRRS PGV G CVPAAREHNRLREETILAKFLHYL

GATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTCTTTTATGTCACGGAGACCACGT%TCAAAAGAA&AGGCTCTTT%TCTACCGGAAGAGTGTCTGéAGCAAGTTGCAAAGCATTGG
BWSVYVVELLRSFFYVTETTFOKNRLFFYRKSVHSKLASTIG

AATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCCAGGCCCGCCCTGCTGAéGTCCAGACTCCGCTTCATCCCCAAGCCTGA
IROHLKRVOLRELSEAEVROHREARPALLTSRLRFIPKPD

Fig. 1IN

SUBSTITUTE SHEET (RULE 26)



WO 99/01560 PCT/US98/13835

31/68

CGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGAACGTTCCGCAGAGAAAAGAGGGC(.)GAGCGTCTCACCTCGAGGGTGMGGCACTGTTCAGCGTGCTCAACTACGA
GLRPIVHNMDYVVGARTFRREKRAERLTSRVKALFSVLINYE

GCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTGCTGGGCCTGGACGATATCCACAGGGCCTGGCGéACCTTCGTGCTGCGTGTGCGGGCCCAGGAéCCGCCGCCTGAGCTGTACTT
RARRPGLLGASVLGLODIHRAWRTFVLRVRAQDPPPELYF

TGTCAAG GACAGGCTCACGGAGGTCATCGCCAGCATCATCARACCCCAGAACACGTACTGCG TGCGTCRTATGCCGTGGTCCA
V K DRLTEVIASITIKPONTYCVRRYAVVL

GAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCCAGCCéTACATGCGAéAGTTCGTGGCTCACCTGCA(I}GAGACCAGCCCGCTGAGGGA
KAAHGHVRKAFKSHVSTLTOLAOPYWRQFVAHLQETSPLARD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCﬂCGACGTCﬂCCTACGéTTCATGTGCéACCACGCCG"fGCGCATCAG(;GGCMGTCC%ACGTCCAGTG
AVVIEQSSSLNEASSGLFOVFLRFHCHHAVRIRGKSYVQC

CCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCAGCCTGTGCTACGGCGACATGGAGAACAAGCTGTTTGCGGGGATTCGGCGGGACGGéCTGCTCCTGCGTTTGGTGGA
QeIPAGSILSTLLOSLCYGOMENKLFAGIRRDGLLLRLYVD

TGAT'I'TCTTGTTGGTGACACCTCACCTCACCCACGCGAAAACCTTCCTCAGGACCCTGGTCCGAGGTGT('JCCTGAGTATGGCTGCGTGG%GAACTTGCG(;MGACAGTGGTGAACTTCCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNEP

TGTAGAAGACGAGGCCCTGGGTGGCACGGCTTTTGTTCAGATGCCGGCCCACGGCCTATTCCCCTGGTGCGGCCTGCTG(}TGGATACCCéGACCCTGGA('EGTGCAGAGCGACTACTCCAG
VEDEALGGTAFVAWNPAHGLFPWCGLLLOTRTLEVASDYSS

CTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTCAACCGCGGCTTCAAGGCTGGGAGGMCATGCG%CGCAAACTC]l'l'TGGGGTCTiGCGGCTGAAGTGTCACAGCCTGUTCTGGA
YARTSTIRASLTFNRGFKAGRANMWRRKLFGVLARLKCHSLFLD

TTTGCAGGTGAACAGCCTCCAGACGGTGTGCACCAACATCTACAAGATCCTCC TRUTGCAGGCTAGAGGTTTCACGCATTG TRCTGCAGCTCCCATTTCATCAGCAAGTTTGRAAGAA
LOVNSLAQTVOTNIYKILLLQOAYRFHACVLQOLPFHQOQVIWKN

CCCCACATTTTTCCTGCGCGTCATCTCTGACACGGCCTCCCTCTGCTACTCCATCCTGAAAGCCAAGAA(&GCAGGGATG%CGCTGGGGG(3CAAGGGCGC(}GCCGGCCCTCTGCCCTCCGA
PTFFLRVISOTASLOCYSILKAKNAGHSLGAKGAAGPLPSE

GGCCGTGCAGTGGCTGTGCCACCAAGCATTCCTGCTCMGCTGACTCGACACCGTGTCACCTACGTGCCACTCCTGGGG%CACTCAGGACAGCCCAGACGCAGCTGAGTCGGAAGCTCCC
AVOYLOCHQAFLLKLTRHRVTYVPLLGSLARTAQTQLSRKLYP

GGGGACGACGCTGACTGCCCTGGAGGCCGCAGCCAACCCGGCACTGCCCTCAGACTTCAAGACCATCCTéGACTGATGG6CACCCGCCCl'\CAGCCAGGCCGAGAGCAGACACCAGCAGCC
GTTLTALEAAANPALPSDFKTILD

AT A GEaAGE LR AL AL OB TOTAGTOTTTOBAGRCCTEATGTCORTGMBGCT
TG GG BA T GG TG TR TGO TT AU ACAGGCTOROBTOAETCCACCCCABBCAGETTTTeAG
AT ACATARATAG AT CAGATTOR0ATTGTTCACOOCTOB0L L TCCTTOOCTTCACEECACCATOCATGRAGACCTRGAA
OO AT TG AT A AGBACCTCCACC ORS00 O0LTETGRGTCAATTGCRROETECTETGRBAGTA
ATACTATTATGAGTTTTCAGTTTGA Fig. 110
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Truncated protein that lacks motif A

ATGCCACGOGCTCCCCACTROCRAGCCRTROGCTCCCTRLTGOGCAGCCACTACCRCRAGGTGCTGCCGCTGGCCACGTTCGTG
MPRAPRCRAVRSLLRSHTREVLPLATEY

(360GCCT6RGCCCCAGGRCTRR006C TAATGLAGCR0GGRRACCCBRCGRETTTCROGCRCTGATBRCCCAGTGOCTRTRTGOGTGCCCTGRGACGCACGGCCGOCCE0CR00RT
RALGPQGHWRLVORGODPAAFRALVAQCLVCVPWDARPPPAA

CCCCTCCTTCCGCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCCGAGTGCTGCAGAGGCTGTGCGAGCGéGGCGCGAAGAACGTGCTGGCCTTCGGCTTéGCGCTGCTGGACGGGGCCCG
PSFRQVSCLKELVARVLORLCERGAKNVLAFGFALLDGAR

OB TTCAC AT TAC TG A CACGTOAL AL ACTCCGRGGGAG08680GTGRRGRCTELTECTO0B00806TSBR0CACRACT
S8 PPEAFTTSVRSYLPRTVTDALRGSGANGLLLARYVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTG&GGGCCGCCGCTGTACCAGCTCGGCGCTGCéACTCAGGCCCGGCGCCCGCé
LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATQARPPP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCAéGGAGGCCGGéGTCCCCCTGéGCCTGCCAGCCCCGGGTGCéAGGAGGCGCGGGGGCAGTGC
HASGPRARLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

AT TGOS CCAGROBTGRL G T oA OBRACRLCETTaGaCABRTOCTGRRCCOACCCARRAGRACALTORACCGAGTOALS
SRSLPLPKAPRRGAAPEPERTPVGQGSWAHPGRTARGPSDAR

TRTTTCTaTaTaRTaTCACCTRCCAACCLOCC OB EACETE TGO LR T T TaGCACaCACTOCCACCOATCCOTGRRL L AGACALGEGRREect
GFCVVUSPARPAEEATSLEGALSGTRHSHPSVGROHNHKAGPP

ATCCACATCéCGGCCACCACGTCCCTGGGACACGCCTTG%CCCCCGGTG%ACGCCGAGA&CAAGCACTTéCTCTACTCCiCAGGCGACAAGGAGCAGCTGCGGCCCTCCTTCCTACTCAG
STSRPPRPWODTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

LT LA CTORCRCTCaaAGaLTCSTORAGACATCTTTCTGRGTTCCAGGCCCTGRATECCAGGRACTOOCCRCABGTTEOO00RCCTRCCCCARCALTACTERCA
SLAPSLTGARRLVETIFLGSRPHUPGTPRALPALPORYHO

AATGCGGCCCCTGTTTCTGGAGCTGCTTGéGAACCACGCGCAGTGCCCCiACGGGGTGC%CCTCAAGACéCACTGCCCGéTGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WARPLFLELLGNHAQCPYGVLLKTHCPLRAAVTIPAAGVCAR

BT TS AGOACGACAC AL 0TCRCCTGRTaCARCTCLTCCBLAGCACAGCAGCCCCTGRCABETETACROCTTORTEO08CTS
EKPQOGSVARPEEEDTDPRALVQLLAQHSSPHQVYGFVRAC

T A TR A ACAAC AT GACACCMBMGTTOATCTCCCTGRRGMGCATGLCMECTCTORTERAGLT
LRRLVPPGLHGSRHNERRFLANTKKFISLOGKNAKLSLOEL

TG oL TERCTOCCCAGGAGCAGBRETTORC T TGO CGCAGAGCACOGTCTO0GTOAGGAGATOLTSRAMGTTOLTACTOCT
THKUSVRDCAWLRRSPGUGCVPARENRLAEETLAKFLANL

GATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTCTT%TATGTCACGéAGACCACGTiTCAAAAGAAéAGGCTCTTTTTCTACCGGAAGAGTGTCTGéAGCAAGTTGCAAAGCATTGG
WSVYVVELLRSFFYVTETTFOKNRLFFYRKSVHSKLQASIG

AATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAGCTéTCGGAAGCAéAGGTCAGGCAGCATCGGGAAGCCAGGCCCGCCCTGCTGAéGTCCAGACTéCGCTTCATCCCCAAGCCTGA
IRQHLKARVQLRELSEAEVRQHREARPALLTSRLARFIPKPD

Fig. 11P
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TR CCOATTG AT SOACTACGTCE AT A AMAGCRCCGAGCETCTCACCTCBAGGGTGAABRACTOTTCAGCOTGLTCAACTACGA
SLRPIVNUDYVVGARTFRAEKRAERLTSAVKALFSVLNYE

GCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTGCTGGGCCTGGACE:‘ATATCCACA(IEGGCCTGGCGéACCTTCGTGéTGCGTGTGCéGGCCCAGGA('}CCGCCGCCT(;AGCTGTACTi
RARRPGLLGASVLGLODIHRAWRTFVLRVRAQGDPPPELYF

TGTCAAG GACAGGCTCACGGAGG%CATCGCCAGéATCATCAAAéCCCAGAACACGTACTGCGTGCGTCGGTATGCCGTGGTCCA
VK DRLTEVIASIIKPONTYCVRARYAVVL

GAAGGCCCCCATGAACACGTCCRCAAGRCCTTCAAGAGCCACGTCTCTACCTTGAGAGACCTCCAGCCGTACATGCGACAG TTCGTGRCTCACCTGCAGGAGACCAGCCCACTGAGEGA
KAARGHVRKAFKSHVSTLTDLQPYWRAQFVAHLQETSPLRD

TR CATCOAGCAGABCTCTCC oA TG AAGT GG T TTCBACATCTTCCTACGU TICATGTOCACCAORCCOTOLACATCABBOSCMTCLTACETLRAGTS
AVVUIEQSSSLNEASSGLEDVELRFUCHHNAVARIRGKSY VO

AT AR TCCATCE T Ao CTOTGCTACGRCGACATGaAGAACAAGLTETTTO0R080ATTCOOLGRGACALTALTOCTOCRTTTERToMA
QG TPQGSILSTLLOSLCYGOUENKLFAGIARRDGLLLALYYD

TGAT[TCTTGTTGGTGACACCTCACCTCACCCACGCGAAAACCTTCCTCAGGACCCTGG%CCGAGGTGTéCCTGAGTAT('iGCTGCGTGGiGAACTTGCGGAAGACAGTGGTGAACTTCCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNFP

TETAAGACGAGECCCTCCGTGaCACBRTTTTGTTCAGATOCCBa AL TATT GO TaRTR000CCToL oL TOGATACCCAGACCCTCRAGETGCAGAOBACTACTCEAG
VEDEALGGTAFVONPANGLFEPHCGLLLOTRTLEVQSDYSHA

GTGAGCGCACCTRRCCORAAGTGRABCCT TGOCCGRCTROGECAGGTGC TGO TGCAGGGCCAT TRUGTCCACCTCTGCTTCOGTGTBRRGCAGGOGACTECCAATOCCARAGGGTCAGA
Ed

TRCCACAGGGTGOCCCTOGTCCCATCTGRO6C TGAGCACARATGCATCTT TC TG TGGGAGTGAGRGTGCCTCACAACGBRAGCAGTTTTCTGTGCTATTTTGATAA

Fis. 11¢
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Lacks motif A and altered C-terminus

ATGOCGOGCGCTCCCOGCTROCRAGCCGTROGCTCOCTGETGCACAGCCACTACCG0RAGTRCTGOCGCTGGOCACRTTCGTG
HPRAPRCRAVRSLLRSHTREVLPLATFEY

(GGCGCCTGARRCCCCAGRRETARCGGCTGRTGCAGCG0AGRRACCCRRCRRETTTCOGOG0GCTGRTGRCCCAGTROCTGRTRTGOGTGCCCTAGGACGCACGRO0GCOCC00GCRE
RRLGPAQGWRLVORGDPAAFRALVAQCLVCVPHDARPPPAA

CCCCTCCTTCOGUCAGGTGTCCTGOCTGAAGGAGCTGRTGGOCCRAGTGOTGCAGAGC TG TGOGAGOGOGGCRCRAAGAACGTGOTGGCCTTCRGCTTCG0GC TRETGGACGGEGE00G
PSFRQVSCLKELVARVLOQRLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGAéCGACGCACTéCGGGGGAGCGGGGCGTGGGéGCTGCTGCTéCGCCGCGTGGGCGACGACGT
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDV

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGéGGGCCGCCGéTGTACCAGCiCGGCGCTGCéACTCAGGCCéGGCCCCCGCé
LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPP

TG GAAGE08TCTOBATCCGAAC TS CATAGCGTC AR 008868 T TaTOC AR TR ORAGMORORORRRRRCAGTE
HASGPRARLGCERANNHNSVREAGYVPLGLPAPGARRRGGS A

GG CT08TT GGG ABROGTGRLGL o TR OBBARCCGAC T TBORCAGGRGTCCTB0CCACCCGRGCAGGACAATSACOMGTRACS
SRSLPLPKRPRRGAAPEPERTPVGQGSHAHPGRTRGPSDA

TGRTTTCTOTGTGGTETCACE TG GG AT TTTGGHGBTOCGETCTCTOGCACaOCCAC o CACCOATCLATRRGCCALABCACCACGLGRR00000C
GFCVVSPARPAEEATS LEGALSGTRHSHPSVGROHNHKAGDD

ATCCACATCéCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTGiACGCCGAGAéCAAGCACTTéCTCTACTCCiCAGGCGACAAGGAGCAGCTéCGGCCCTCCTTCCTACTCAG
STSRPPRPHDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

CTCTTCARRCCAGCCTGALTaa05CTCRGAGGLTO8TCOAGA AT TTTC AR T COAGGLCCTGBATaUCABRRACTOOCORCAGGTTECCCCGLETEO0OCARCRLTACTAR0A
SLAPSLTGARRLVETIFLGSRPHUPGTPRALPALPORYNO

AATGCGGCCéCTGTTTCTGéAGCTGCTTGGGAACCACGCéCAGTGCCCCfACGGGGTGC%CCTCAAGACéCACTGCCCGéTGCGAGCTGéGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
MRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGYVCAR

MO CARGECTE TGRS BAGOAGEA A AT GCAGCTLTCORCCAGCACABARCCCLTERCABBTGTACGRCTCATACA000CTS
EKPQGSVAAPEEEDTDPRALYQLLROASSPHAVYGFVRAL

TR OO0 CAGEE LT CCAGGOACAA AR08 TCAGGAAC A A TTCATC TS BOGMBCATOLAAGLTCTURLTECAGACT
LRRLVPPGLNGSARANERRFLANTKKFISLGKHAKLSLOEL

TGO GaGACTEOLTTORCToLGoAGGAGCCAGRRRTTGRLTGTET OO CGOAGAGCACATCTR08TGAGGAGATOLTBS0CATTOCTGCACTERT
TR KMS VRDCANLARRSPGVGCVPAAEHNRLAREETILAKFLANL

GATGAGTGTéTACGTCGTCéAGCTGCTCAGGTCTTTCTTTTATGTCACGéAGACCACGT%TCAAAAGAAéAGGCTCTTT%TCTACCGGAAGAGTGTCTGéAGCAAGTTGCAAAGCATTGG
WSVYYVVELLRSFFYVTETTFOKNRLFFYRKSVWSKLOASTIG

AATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCCAGGCCCéCCCTGCTGAéGTCCAGACT6CGCTTCATCCCCAAGCCTGA
IROHLKRVOQLRELSEAEVRQOHREARPALLTSRLRFIPKPD

Fig. 1R
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0G66CTG0RGC0GAT T TGAACATGRACTACTCGTGRGAGCCAGAACGT TCCRCAGAGAAAAGAGGGCCBAGCGTCTCACC TCGAGGGTRAAGGCACTGTTCAGCGTGCTCAACTACGA
GLAPIVNUDYVVGARTFRREKRAERLTSRVKALFSVLNYE

(065G0GC6606C0C0R6CCTOCTBRR0GCCTCTGTRCTAGGCCTGRACGATATCCACAGGRCCTGROGCACCTTOGTGCTGCGTATGOGRGCCCAGGACCOGCCGOCTRACTATACTT
RARRPGLLGASVLGLODIHRAWRTFVLRVRAQDPPPELYF

TGTCAAG GACAGGCTCACGGAGGTCATCGCCAGCATCATGAAACCCCAGAACACG TACTGCG TGCGTCGGTATGCCGTGGTCCA
VK DRLTEVIASIIKPONTYCVRAYAVVQ

GAAGGCCRCCCATGBGCACGTCCG0AAGGCCTTCAAGAGCCACGTCTCTACCTTGAGAGACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTGCAGRAGACCAGCCCRCTGAGGGA
KAAHGHVRKAFKSHVSTLTODLAOPYNRQFVAHLQETSPLARD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCTTCRACGTCTTCCTACGCTTCATGTGCCACCACGCOGTGUGCATCAGGGGCAAGTCCTAGGTCCAGTG
AVVIEQSSSLNEASSGLFODVFLRFUCHHAVRIRGKSYVQC

(CAGGGGATCCCGCAGRRCTCCATCCTCTCCACGCTGCTCTRCAGCOTGTBTACGGCRACATGGAGRAGAAGC TG T TTGCGGGGAT TCGGOGGGACEGCTRTOCTECGTTTGGTGGA
QeIPQGSILSTLLOSLEOCYGDMENKLFAGIRRDGLLLRLVD

TRATTTCTTGTTGATBACACCTCACC TCACCCACRCGARRACCTTCCTCAGBACCCTORTCCGAGRTGTCCCTRAGTATG R TROGT G TGAACTTGCGGAAGACAGTGGTGAAGTTCG
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNFP

TGTAGAAGACGAGGCCCTGRGTOBCACGRCTTTTGTTCAGATGCCGGOCCACGRCCTATTCOCCTGATGCRGCCTRCTBOTGGATACCCGRACCC TGRARTCAGAGCGACTACTOCAG
VEDEALGGTAFVOMUPAHGLFPWCGLLLDTRTLEVESDYSS

CTATGCCCGRACCTCCATCAGAGCCAGTCTCACCTTCAACCGCGACTTCAAGGCTOGBAGGAACATGLGTCGCARACTC TTTGRGGTC TTGCGGCTRAAGTGTCACAGCCTRTTTCTGGA
YARTSIRASLTFNRGFKAGRNMWARRKLFGVLRLKCHSLFLD

TTTGCAGGTGAACAGCCTCCAGACGGTGTGCACCAACATCTACAAGATC6TCCTGCTGCAGGCGTACAGGTTTCACGCATGTGTGCTGCAGCTCCCATTTCATCAGCAAGTTTGGAAGAA

LOVNSLOQTVETNIYKILLLQAYRFHAGCVLAQLPFRQOQVWKN
COCCACATTTTTCCTGCGCGTCATCTCTGAGACGGCCTCCCTCTRCTACTCCATCTGARAGCCAAGAACGCAGBBATGTCGCTGAGGRCCAAGERGCCR0GACCOTCTROCCTC0RA
PTFFLRVISOTASLCOCYSTILKAKNAE

|
COGRAGAARACATTTCTGTCGTGACTCCTGCGATGOTTRGGTC
EENILVVTPAVLGS

GOGACAGCCAGAGATGGAGCCACCCCGCAGACCGTCRRGTATGRRCAGETT TCCGGTGTCTCC TGGGAGRRRAGT TRRGCTGRRCCTRTACTCCTCAGCCTCTGTTTTCCCG0AG
GOPEWEPPRRPSGVGSFPVSPGERGEVELGEL®

Fig. 118
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ATGCCBCGCGCTCCCCGCTGCCGAGCOGTGOGCTCCCTGCTGOGCAGCCACTACCGOGAGGTGCTGCOGCTGGCCACGTTCGTG
WPRAPRCRAVRSLLRSHTREVLPLATEYV

0G6CGCCTA06RCC0CAGGGCTRRCGRCTGRTGCAGCGCRRGRACCCRRCRGCTTTCCGOGCRCTRRTGGCCCAGTGOCTGRTGTGOGTGCCCTGAGACGLACGRCCGECCCCCRE0GT
RRLGPAGWRLVARGDPAAFRALVAQCLVOVPWDARPPPAA

GGCCTCCCCGRGATCGGCGTCCRRCTGAGAT T6AGGECAGC0GA666BAACCAGCRACATGUBRAGARCAGCGCAGGCGACTCAGGGCROTTCCOCCGOAGRTG

GLPGVGVRLGLRAAGGNQRHAESSAGDSGRFPRR

ASPGSASGWG*GRPGGTSOMRRAAQATQGASPAG
PPRGARRPAGVEGGRGEPATCGEQRRRLRALPPQV

00O TR TaTC oL TOAGEABC TGRTRCCCaAGTaLTECABAGGLTETGLGABOGLGG000AAGACGTECTRRCCTTCGRCTTCGLGCTCTGRADS660E08
PSFRQVSCLKELVARVLAGRLCERGAKNVLAFGFALLDGAR

(66666CCCCCC0GAGRCCTTCACCACCAGCGTGOGCAGCTACCTGCCCAAGACGRTGACCBACGCACTRCG0666AGCGG6RGTRAGGECTGLTROTRCGOCGCTGRROGACGACRT
GGPPEAFTTSVRSYLPNTVTOALRGSGAWGLLLRRVGDDYV

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGCGGGCCGCCGCTGTACCAGCiCGGCGCTGCCACTCAGGCCCGGCCCCCGCC
LYHLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCAGGGAGGCCGGGGTCCCCCTGéGCCTGCCAGéCCCGGGTGCGAGGAGGCGCGGGGGCAGTGC
HASGPRARLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGOCATTGOCCAAGAGGCCCAGBCGTGGCBCTGCCCCTRAGCOGGAGCGGACRCCCRTTGRBCAGGGETCCTRRGCCCACCORGGCAGRACGOTGRACOGAGTGACCG
SRSLPLPKRPRRGAAPEPERTPVGAOGSHAHPGRTRGPSDR

TRGTTTCTGTGTGGTGTCACCTGOCAGACCOGCCRAAGAAGCCACCTCTTTGGAGGGTGOGCTCTCTGRCACGCRCCACTCCCACCCATCCRTGAGCCGCCAGCACCACGOGGRCCCCC
GFOCVVSPARPAEEATSLEGALSGTRHSHPSVGRAOHNHAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTGTACGCCGAGACCAAGCACTTCCTCTACTCC%CAGGCGACAAGGAGCAGCTGCGGCCCTCCTTCCTACTCAG
STSRPPRPHODTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

(TCTCTGAGBCCCAGOCTGACTBR0GCTC6GAGRCTOGTGBAGACCATCTTTCTGGGTTCCAGGCCCTGGATGOCAGGBACTCCCCGCAGRTTGCCCCBCCTGOCCCAGOGCTACTGGCA
SLRPSLTGARRLVETIFLGESRPWHPGTPRRLPRLPORYHWQ

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCCTACGGGGTGCTCCTCAAGACGCACTGCCCGCTGCGAGCTG&GGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGYGAR

GGAGAAGCCCCAGGGCTCTGTGGCGGCCCCCGAGGAGGAGGACACAGACCCCCGTCGCCTGGTGCAGCTGCTCCGCCAGCACAGCAGCC&CTGGCAGGTGTACGGCTTCGTGCGGGCCTG
EKPQGSVAAPEEEDTODPRRLVALLROHSSPHWAVYGFVRAC

CCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCCAGGCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGTTCATCTCCCTGGGGAAGCATGCCAAGCTCTCGCTGCAGGAGCT
LRRLVPPGLWGSRHNERRFLRNTKKFISLGKHRAKLSLOQEL

GACGTGGAAGATGAGCGTGOGBGACTGCGCTTGACTGOGCAGGAGCCCAGGGGTTGGC TG TGTTCCRACCRCARAGCACCATCTGOGTGAGGAGATCCTGGCCAAGTTCCTRCACTGGCT
THWKUHSVRDCAWLRRSPGVGCOCVPAAERRLREETILAKFLHEWL

Fig. 11T
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CATRAGTOTGTACT oA TCAGGTC T TTATE CACGGAGA AT AMAGAACABR T T A SAGAGTETCTSBCMETTGOAAAGATTS
K SV Y VVELLRSFFEYVTETTFOKNRLEFYRKSVNSKLOSTS
AT -GG CCAGGRGEETTCH 0BG GAL TGO CAGGRTTACTATAGGHCCAGE TG T AT T AATAGAGGRGCTCTCAGAGROGTCTORTE
CATBBTOBACGTOR0CCaaa AT TGO TGLaT BTG TRARCCCTCACTGAGTORGTGRGGGCTTGTGRCTTOCORTGAGCTTOOOOCTAGTCTGTTGNCTS

GCTGAGCAAGCCTCCTGAGBGGCTCTCTATTG..

Fie. 11U

Truncated protein 1 (ver. 2)

ATGCCGCGCGCTCCCCGCTGCCGAGCCGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAGGTG(.)TGCCGCTGGCCACGTTCGTG
HWPRAPRCRAVARSLLRSHTREVLPLATEFY

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTGGCCCAGTGCCTGGTGTGCGTGCCCTGGGACGCACGGCCGCCCCCCGCCGé
RRLGPAGWRLVAORGOPAAFRALVAQCLVCVPHDARPPPAA

T 00GRGATOGGLATOCGaLTBRGETTGAGGBCGECCGRaEGAACAGLEACATEOBOAGAGOAGLCAGGLBACTCAGBOORCTTOOCCCACABGTS
GLPGVGVRLGLRAAGGNQRHAESSAGDSGRFPAH
ASPGSASGNG*GRPGGTSDUHRRAAQATQGASPAG
PPRGRARPAGVEGGRGEPATCGEQRRRLRALPPAQYV
e
TG AGaTaTC T GAAGHAGLTaTGA00GAG T TGOAGAGGCTGTEOGAGDCGA0B0GAAGAC T TGAOCTTCAGTTCAOCTGLTEACRRBB00C8
PSFRQVSCLKELVARVLOQRLCERGAKNVLAFGFALLDGAR

0GGG86CCCCCCCRAGRCCTTCACCACCAGCGTGOGCAGCTACCTGOCCAACACGRTGACCGACGCACTROGGG66AG06GRR0GTGRGGECTEL TRCTGUGCCGCGTGRGCGACGACGT
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDV

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGéGGGCCGCCGCTGTACCAGCTCGGCGCTGCCACTCAGGCCCGGCCCCCGCC
LYHLLARCALFVLVAPSCAYQVCOCGPPLYQLGAATOQARPPR?

ACACGCTAGTGGACCCCGAAGGOGTCTGRATGOGAACGGGCC TGRAACCATAGCGTCAGGRAGGCCGRGATCCCCCTRRRCCTROCAGCCCCRRTROGAGRAGGCG0RGRRRCAGTED
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGCCGTTGOCCARGAGGCCCAGGCGTGRCRCTROCCCTGAGCCGGAGCGRACGCCOGTTGGGCAGGRG TCCTRAGCCCACCCARRLAGGACELGTGRACCRAGTGAGCG
SRSLPLPKRPRRGAAPEPERTPVGQOGSWAHPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGOCAGACCOGCOGAAGAAGCCACCTCTTTGGAGGGTGCGCTCTCTGRCACGOGCCACTCCCACCCATCOGTRRRCCGCCAGCACCACGCBRRCCCCCE
GFOVVSPARPAEEATSLEGALSGTRHSHPSVGRAOHHAGPP

Fig. 11V
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ATGCCGCGCGCTCCCOGCTRCCRAGCCRTGCGCTCCCTROTROGCAGCCACTACCACGARGTGCTGCCECTGGOCACGTTCGTG
MPRAPRCRAVRSLLRSHTREVLPLATEFY

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTéGCCCAGTGCCTGGTGTGCGTGCCCTGGGACGCACGGCCGCCCCCCGCCGC
RRLGPOQGWRLVARGODPAAFRALVAQCLVCVPWDARPPPAA

B TO0Ca88TUCaTO00a,TORGETTGAGOCGA00RGaCAACCAGBACATOCGRAGAGCAGCGLAGGUMCTCABBRCACTTCLOCOLABGTS
GLPGVOVALGLRAAGGNQRHAESSAGDSGRFPRA
ASPGSASGHG*GRPGGTSOUMRRAAQATQGASPAG
PPRGARPAGVEGGRGEPATCGEQRRALAALPPQY
T
00T CAGGT TG0 TOAABAGL TG TECCC AL TGCAGAGRC TTGLAAGCA0B0CGOGAAGMCGTRCTARCCTTORRETTCRLALTRCTARACGRBOCEes
PSERQVSCLKELVARVLORLCERGAKNVLAFGFALLDGAD®

(G6666CCC0CCCGAGGOCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGRTBACCGACGCACTGUGGGARAGCRRGG0ATGGRRGC TR TGCTROGCCG0ATGRGCGACGACGT
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDV

GCTGRTTCACCTGCTGGCACGCTRROGCTCTTTGTGCTGATGGCTCCCAGCTRCGCCTACCAGBTGTGOGGGCCGCCRETRTACCAGCTCRGCGCTROCACTCARGCCOGROCEECGC
LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCAGGGAGGCCGG&GTCCCCCTGGGCCTGCCAGCCCCGGGTGCGAGGAGGCGCGGGGGCAGTGC
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGOCGTTGCCCAAGAGRCCCAGGOGTGROGCTGOCCCTRAGCCRRAGCGBACGCCCGTTRRGCAGGBTCCTGGECCCACCOGGG0AGRACGGTGRACCRAGTRACCG
SRSLPLPKRPRRGAAPEPERTPVGQAOGSWAHPGRTRGPSDR

TGGTTTCTGTATGATGTCACCTGCCAGACCCGCCGRAGAAGCCACCTCTTTGRAGGRTGCGCTCTCTGGCACGCRCCACTCCCACCCATCCGTGAGCCGCCAGCACCACGOGRGLCCCC0
GFCVVSPARPAEEATSLEGALSGTRHSHPSVGEGRAOHHAGPP

ATCCACATCGCGGCCACCACGTCCCTGRGACACGCCTTGTCCCCOGGTATACGCCRAGACCAAGCACTTCCTCTACTCCTCAGGCGACARGGAGCAGCTGCGGCCCTCCTTCCTACTCAG
STSRPPRPWOTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

Fig. 11W
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TG GCCATa08TCOTETSCCCARCCACTACCGLGAGGTACTOCCCCTGRCCACGTTRTS
AP RAPRCRAVRSLLARSHTREVLPLATFY

TR TG LT TGO CCTORTOTGCRTRLCCTGGBACGOACGRCORCCCC00000C
AR LGPOGHRLVORGDPAAFRALYVAQCLYCVPWDARPPPAA

660CTOCC0GG6GTCRGCATCCRRC TGRRGTTRAGRGCRG0CEA6GRAACCAGCRACATRORRAGAGCABCGCAGGCGACTCAGGGOGTTCCGCCGCAGGTG

GLPGVGVRLGLAAAGGNOQRHAESSAGDSGRFPRAR

ASPGSASGWG*GRPGGTSDHRRAAQATQGASPAG
PPRGRARPAGVEGGRGEPATCGEQRRRLRALPPAQV

. | . : . : . : : : . .
C00CTCCTTC0GCCAGRTGTC TG0 TGAAGGAGCTRTGRCC0RAGTRTG0AGABRCTETGORAGCRCOGCECRAAGAACRTGLTRGCCTTCBRCT TOGCGCTGCTGEACGRGEUCCG
PSFRQVSCLKELVARVLQORLCERGAKNVLAFGFALLDGAR

ECCCCCCOARECCTTCACCACCARTOORATACT LA GACBACECAC TG CRRCCARCCRCRCOTORRRRCTCCTECTEOROORTERACEACT
GG PPEAFTTSVRSYLPHTVTDALRGSGAWGLLLARARVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTG6GGGCCGCCGéTGTACCAGCiCGGCGCTGC&ACTCAGGCC&GGCCCCCGC&
LYHLLARCALFVLVAPSCAYQVCGPPLYQLGAATQARPPP

AT GO0 E TG ACCORCTOOMCATAGLETCACGOABCCCBRT LT aRaLE oL CARCCCCCRRTOOBBHEREECCRR0RGTE:
dASGCPRARLGCERANNHNSVAEAGVPLGLPAPGARRRGGSA

AT TG TG AGCET LTG0 TBBABOR8TOCTORRCCOALCCCRRCAGBACCOBTORACORAGTRALS
SRS LPLPKRPRARGAAPEPERTPVGQAGSHANPGRTRGPSDA

TGGTTTCTG%GTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTiTGGAGGGTGéGCTCTCTGGéACGCGCCAC%CCCACCCATéCGTGGGCCGéCAGCACCACGCGGGCCCCCC
GFCVVSPARPAEEATSLEGALSGTRHSHPSVGROHHAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTG%ACGCCGAGAéCAAGCACTT&CTCTACTCC%CAGGCGACAAGGAGCAGCTéCGGCCCTCCTTCCTACTCAé
STSRPPRPWODTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

TG LT TCCOARCTCOTORACATETTTCTGRGTTCCABRCT TG AGGBACTCCCOGCABGTTO0000BCTGECCCABORCTACTEREA
S LARPSLTGARRLVETIFLGSRPHUPGTPRALPALPORYNO

AT CTETTTCTGOAGETaC TTGEGAAC A TEOCCCTACBRROTGL T ToAAGAECACTACCOBCTOOMBCTRCGBTCALAGLAGEERGTETCTETaccc
URPLFLELLGNHAQCPYGVLLKTHOPLARAAVTPAAGYCAR

AT CRLB0CLCCCOAGGAGEAA A C0ETORTORTGOAR TG TCCGLCAGEACAGCAO0CTCRCARGTOTACGRCTTCGTGLGRRETS
K P OGSV ARPEEEDTDPRALVOLLAGHSSPHAVYGFVRAC

TR TR TCCAB A TTCC AR GAAGTTCATCTOOCTOROGMCATBLAAGETCTORTOAGGAGT
LR R LVPPGLNGSARHUYERRFLANTKKFISLGKHAKLSLOEL

Fig. 11X
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BTG GAGATGAGCETEOBB0AC TG oA TOOGCAGGAG L CAGGRGTTGaLTETaTTCCaE000CAGAGCACOGTC TGS TGAGRAGATCLTGRLCAAGTTOCTSCACTORT
THKUSVRDCANLRRSPGVGOVPAREHNRLAEETLAKFLANL

AT GTETaTACRT OB COAGC o AT TTTTATG A AAC AL TT T A GAACAGGETETTTTCTACCGGAAGAGTETCTOMGCMGTTGCAMBCATI
ESVUYVVELLRSFFYVTETTFOKNRLFFYRKSVISKLOSTS

AT oG OCBROAG T AGAGTCAGECAGCATCRGGAAGLCAROO0RCCCTGLTGADETOCABACTCCRCTTCATCCCOMACETOA
T ROHLKRVOQLRELSEAEVROHREARPALLTSRLAFIPKPD

L TEOBRCOOATTGTGAACATORATACE TR OB CAGAA AT oA AAMGAGGEC 08T TCADCTOGAGRBTGAABRACTGTTCARCGTGCTCAACTACGA
GLAPIVNUDY VVGARTFRAREKRAERLTSAVKALFSVLNYE

08008 LEaCCTOCTORRCaLETLTETaCTGRRCE oA CBATATC AR TGRLCALCTTCGToLTBOBTOTGCAGE0CCABRACCCGLCCLLTGABLTETACTT
RARRP GLLGASYVLGLDODIHRANRTFVLARVRAQDPPPELYF

TR AT GACGGaC A ACCATCCCCCAGBAC AT CACGBAGGTCATORCCAGCATCATCAACOOCAGMCACETACTOSTOOGTORTATECCBTRRTCA
VKVUDVTGAYDTIPQODRLTEVIASITIKPONTYCVRRYAVYDQ

GABR00GCCCATGGACGTCABRCCTANGAGCOAC
CAARGHVRKAFKSH

GTOCTACGTCCAST
VLRPY

CCATCCCRCAGERCTCCATCLTC T AR TGoAGLLTET oL TAC G ACATCOAGAA M TG TTTEDBB80ATTCAGCBAOBRRCTRCTCOTGLRTTTERTERA
PEDPAGLHEPLHAALOPVLRRHGEQAVCGEDSAGRAAPAFYG

TRATTTCTTaT TR TGACAL oA oA A OGAC T B TCRTCAGETOTCCCToAGTATACTO0GTGRTGAACTTEOSAGACATRTGRACTOCG
%

Fie. 11Y
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ATGOCGOGOGCTOCCCACTGCCRAGCCGTGCGCTCCCTGOTGCGCAGCCACTACCR0GAG
MetProArgALaProArgCysArgAlaValArgSerLeul euArgSertisTyrargaly

GTGCTGCCACTGGCCACATTCGTCRRCG0CTRRGGCCCCAGRGCTGRCGRCTAATCAG
ValLeuProLeulaThrPheValArgArgLeuGlyPro6lnGlyTrpArgLeuvalGln

0G0GGGRACCCARO0GGCTTTO0G0GCGCTATGACCCARTRCCTRRTGTGOGTGOCCTGR
ArgGlyAspProALaAlaPheArgAlaLeuValALaGlnCysLeuvalCysValProTrp

GACGCACGGCCGCCCCCOGCCRECCCCTCCTTCCGCCAGRTG
AspAlaArgProProProAlaAlaProSerPheArgGlnVal

60
2

120
40

180
60

PCT/US98/13835

(GCCTCCCCRRGTCAA0GTCCRGCTRRGATTRAGGRUBGC0GHGGGBAACCAGRACATGGRARAGCAGCGCAGGCGACTCAGGGOGCTTCCCC0GCAGGTG
GLPGVGVRLGLRAAGGNQRHAESSAGDSGRFPRR
ASPGSASGHG*GRPGEGTSDMRRAAQATOAGASPAG
PPRGRRPAGVEGGRGEPATCGEQRRRLRALPPQV

TCCTGOCTGAAGRAGCTE 240
SerCysLeulysGluley 80

GTGGCCCGAGTGCTGCAGAGGCTGTG0GAGCG0GG0GCRAAGAACGTRETRROCTTOGRC
ValAlaArgValleuGlnArgLeuCysGEuArgGlyAlaLysAsnValleuALaPheGly

TTCG0GCTGCTGGACRRRRCC0G0GGGGGCCCC0CCRARRCCTTCACCAGCAGCGTGEGE
PheAlaLeuleuAspalyALaArgGlyGlyProProGLuAlaPheThrThrSerValArg

AGCTACCTGCCCAAGACGGTGACCRACGCACTGOGGRARAGCRGGG0GTGAGRACTACTE
SerTyrLeuProAsnThrValThrAspAlaleuArgGlySerGLyALaTrpGlyLeutey

TTGCGCCACGTGRG0GACRACATGCTGATTCACCTGCTGRCACGCTGCGCGCTCTTTATG
LeuArgArgValGlyAspAspValLeuValiisLeul eudlaArgCysALal euPheVal

CTGRTGGCTOCCAGCTGCGCCTACCAGGTRTGCGRGCCGCCRCTRTACCAGCTCGREGET
LeuValALaProSerCysALaTyrGlnValCysGlyProProLeuTyrGlnteualyAla

GOCACTCAGGCCCGGCCCCCGCCACACGCTAGTGRACCCCRAAGGCATCTRRGATG0GAA
AlaThrGLnALaArgProProProHisALaSerGlyProArgArgArgLeuGlyCysGlu

(GGACCTGRAACCATAGCRTCAGGRAGRCCAGRGTCCCCCTRRR0CTROCAGCCCCRRAT
ArgAlaTrpAsnisSerValArgGluAlaGlyValProLeuGlyleuProAlaProGly

GOGAGGAGGCGCGRARACAGTRCCAGCCGAAGTCTGCCRTTACCCAAGAGRCCCAGRLRT
AlaArgArgArgGlyGlySerALaSerAngSerLeuProLeuProLysArgProArgArg

(6CGCTGCCCCTGAGCCRRAGCGGACGCC0GTTGRGCAGGRATCCTGRRCCCACCCRGRC
GLyALaALaProGLuProGLuArqThrProvalGlyGlnGLySerTrpALaHisProGly

SUBSTITUTE SHEET (RULE 26)

300
100

360
120

420
140

480
160

540
180

600
200

660
220

720
240

780
260

Fig. 117



WO 99/01560 PCT/US98/13835

42/68 -

AGGACGCGTGRACOGAGTGACCATGGTTTCTGTGTGATGTCACCTGOCAGACCCGC0GAA 840
ArgThrArgGlyProSerAspArg6lyPheCysValValSerProAlaArgProAlaGl 280

GARGECACCTCTTTGGAGGGTGCGCTCTCTGGCACGCGCCACTCCCACCCATCCGTAGEC 900
GluAlaThrSerLeuGluGlyAlaleuSerGlyThrArgHisSerHisProServaltly 300

CGCCAGCACCAGGCGGGCCCCCCATCCACATCGCGRCCACCACGTCCCTGGGACARCCT 960
Arg6lnHisHisAlaGlyProProSerThrSerArgProProArgProTrpAspThrPro 320

TGTCCCCCGGTGTACGCCGARAGCAAGCACTTCCTCTACTCCTCAGGOGACAAGRAGCAG 1020
CysProProvalTyrAlaGluThrlysHisPheLeuTyrSerSerGlyAspLysGluGln 340

CTGEGRCOCTCCTTCCTACTCAGCTCTCTGAGRCCCAGCCTGACTGACGCTCGRAGGCTC 1080
LeudrgProSerPheLeuleuSerSerLevArgProSerLeuThrGlyAlaArgArgley 360

(TGRAGACCATCTTTCTGGGTTCCAGGCCCTGRATGCCAGGGACTCCCOGCAGRTTGCCC 1140
ValGluThrIlePheLeuGlySerArgProTrpetProGLyThrProArgArgLeuPro 380

(GCCTRCCCCAGCRCTACTGACAAATGOGGCCCCTGTTTCTGGAGCTGCTTGGRAAGCAC 1200
ArgLeuProGInArgTyrTrpGLnletArgProLeuPhel euGluleuleuGlyAsniis 400

(CGCAGTGCCCCTACGGGGTGCTCCTCAAGACGCACTGUCCGCTGCGAGCTGCGATCACC 1260
AlaGlnCysProTyrGlyValleuLeulysThriisCysProLeuArgAlaAlaValThr 420

CCAGCAGCCGRTGTC TATGCCCRGGAGAAGCCCCAGGRCTCTRTGACGRCCCCCRAGRAG 1320
ProAlaAla6lyValCysAlaArqGluLysProGLnGlyServalAlaAlaProGluGly 440

GAGBACACAGACCCCCGTCGCCTGATGCAGCTGCTCCGCCAGCACAGCAGCCCCTRARCAG 1380
GLuAspThrAspProArgArgLeuValGlnLeuleuArgGInHisSerSerProTrpGln 460

GTGTACGGCTTOGTGCGRGCCTGCCTACACCACTRRTGOCCCCAGRCCTCTGAGRCTCC 1440
ValTyrGlyPheValArgALaCysLeuArgArgLeuValProProGlyLeuTrp6lySer 480

AGGCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGTTCATCTCCCTGGRGAAGCAT 1500
ArgHisAsnGluArgArgPheLevArgAsnThrLysLysPhelleSerLeuGlyLysHis 500

GCOARGCTCTCGCTGCAGGAGCTGACGTGRAAGATGAGUGTGOGGRACTACRCTTGACTG 1560
AlalysLeuSerLeuGInGLuteuThrTrpLyshietServalArgAspCysAlaTrpley 520

(GCAGRAGCCCAGGGATTGRCTRTGTTCCGACCRCAGAGCACCGTCTRCGTRAGRAGATC 1620
ArgArgSerProGlyValGlyCysvalProAlaAlaGluisArgLeuArgGluGlulle 540

CTGGCCAAGTTCCTGCACTGGCTGATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTC 1680
LeuAlaLysPheLeuHisTrpLeulletSerValTyrValValGluleuLevArgSerPhe 560

TTTTATGTCACGGAGACCACGTTTCAAMMGAACAGGCTCTTTTTCTACCGRAAGAGTGTC 1740
PheTyrValThrGluThrThrPheGlaLysAsnArgLeuPhePheTyrArgLysServal 580 .
- Fig. 1144
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4368

TGGAGCAAGTTGCAAAGCATTGGAATCAGACAGCACTTGAAGAGGGTGCAGCTGOGGBAG
TrpSerLysLeuGlnSerIleGlyIleArgGInHisLeuLysArgValGlnLeuArgGly

(TGTCGGAAGCAGAGGTCAGGCAGCATCAGGAAGCCAGGCOCGCOCTRL TGACGTCCAGA
LeuSerGluAlaGluValArgGlnHisArgGLuALaArgProAlaLeul euThrSerArg

CTOCGCTTCATCCCCAAGCCTGACGGGCTGOGGCCGATTGTGAACATGRACTACGTCATG
LeuArgPhelleProLysProAspGlyLeuArgProllevalAsniletAspTyrvalval

GGAGCCAGAACGTTCCACAGAGAAAAGAGGGCCGAGCGTCTCACC TCRAGRRTGAAGGCA
GlyALaArgThrPheArgArgGluLysArgAlaGLuArgLeuThrSerAngValtysAla

CTGTTCAGCGTGCTCAACTACGAGCGRR0GCGGCRCCCCGGCCTCCTGRACGCCTCTRTG
LeuPheSerValleuAsnTyrGluArgAlaArgArgProGLyLeuL euGlyALaSerVal

(TGGG0CTGRACGATATCCACAGGRCCTGROGCACCTTCGTGCTGCRTGTGOGGRCCCAG
LeuGlyLeuAspAspIleHisArgAlaTrpArgThrPheValleuArgValArgALaGln

GACCCGCCRCCTGAGCTRTACTTTGTCAAGG TGGATGTGACGGGOGCGTACGACACCATC
AspProProProGluLeuTyrPheVallysValAspValThrGlyAlaTyrAspThrile

C0C0AGRACAGGCTCACGRAGGTCATCGCCAGCATCATCAAACCCCAGRACACGTACTGC
ProGlnAspArgLeuThrGluVallleAlaSer leIleLysProGLnAsnThrTyrCys

GTGCRTCGGTATGCCGTGATCCAGAAGGCCGCCCATGRRCACGTCCACAAGGCC TTOARG
ValArghrgTyrAlaValValGlnLysALaAlaHisGlyHisValArgLysALaPhelys

AGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCARTGGCTCACCTG
SerH15ValSerThrLeuThrAspLeuGlnProTeretArgGlnPheValAlaﬁlsLeu

CAGGAGACCAGCCCGCTGAGGGATGCcGTcGTCATCGAGCAGAGCTCCTCCCTGAATGAG
GlnGluThrSerProLeuArgAspAlaValValIleGluGlnSerSerSerLeuAsnGlu

GCCAGCAGTGRCCTCTTCRACGTCTTCCTACGCTTCATGTGCCACCACGCCGTGCGCATC
AlaSerSerGlyLeuPheAspValPheLeuArgPheMetCysHisHisALaValArglle

AGGGGCAAGTCCTACGTCCAGTACCAGGGBATCCOGCAGGCTCCATCCTCTCCACGCTG
ArgalyLysSerTyrValGlnCysGLnGlyI1eProGlnGlySerIleLeuSerThrLeu

CTCTGCAGCCTRTGCTACGGOGACATGRABAACAAGCTGTTTGOGGGGATTCRG0GGGAC
LeuCysSerLeuCysTyrGlyAspetGluAsnLysLeuPheAlaGlyI1eArgArgAsp

GGGCTGCTCCTROGTTTGATGGATGATTTCTTGTTGGTGACACCTCACCTCACCCACGCG
GlyLeuLeuLeuArgLeuValAspAspPheLeuLeuValThrProHlsLeuThrHlsAla

AMAACCTTCCTCAGGAGCCTGGTCCGAGGTGTCCCTGAGTATGGCTGCGTGATGAACTTG
LysThrPheLeuArgThrLeuValArgGLyValProGLuTyrGlyCysValValAsnLey
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CGGARGACAGTGRTGAACTTCCCTGTAGAAGACGAGGCCCTGGGTGGCACGCTTTTATT 2760
ArgLysThrValValAsnPheProValGluAspGluAlaleualyGlyThrAlaPheval 920

CAGATGOCGGCCCACGGCCTATTCCCCTGGTGOGGCCTGCTROTGRATACCOGGACCCTG 2820
GlnéetProAlaHisGlyLeuPheProTrpCysGlyLeuleuleuAspThrArgThriey 940

GAGGTGCAGAGCGACTACTCCAGCTATGCCOGGACCTCCATCAGAGCCAGTCTCACCTTC 2880
GluvalelnSerAspTyrSerSerTyrALaArgThrSerI1eArgALaSerLouThrPhe 960

MACCGUGGCTTCAAGGCTGRGAGGAACATGCGTCGCAACTCTTTGGGGTCTTAOGACTG 2940
AsnArqGlyPheLysALaGlyArgAsnietArgArgLysLeuPheGlyValleuArgley 980

AAGTGTCACAGCCTGTTTCTGGATTTGCAGGTGAACAGCCTCCAGACGRTGTGCACCAAG 3000
LysCysHisSerLeuPheLeuAspLeuGlnValAsnSerLeuGLnThrValCysThrAsn 1000

ATCTACAAGATCCTCCTGCTGCAGGCGTACAGGTTTCACGCATGTGTGCTGCAGCTCOCA 3060
I1eTyrlysIleLeuleuleuGlnAlaTyrArgPheHisAlaCysValleuGlnLeuPro 1020

TTTCATCAGCAAGTTTGGAAGAAGCCCACATTTTTCCTGOGCGTCATCTCTGACACGRCC 3120
PhetisGLnGlnvalTrpLysAsnProThrPhePheLeudrgVallleSerAspThrals 1040

TCCCTCTGCTACTCCATCCTGARAGCCAAGAACGCAGGGATGTCGCTGAGGAC0AAGREC 3180
SerLeuCysTyrSerIleLeulysAlalysAsnAlaGlyMetSerLeuGlyAlaLysGly 1060

G0CGCCRACCCTOTGOCCTCCRAGGCCGTGCAGTGGCTGTGCCACCAAGCATTCCTRCTC 3240
AlaALaGlyProLeuProSerGluALavalGlnTrpLeuCysHisGnAlaPheleuley 1080

AAGCTGACTCGACACCGTGTCACCTACGTGCCACTOCTGGGATCACTCAGRACAGCCCAG 3300
LysLeuThrArgHisArgValThrTyrValProLeuleuGlySerleuArgThrAlaGln 1100

AGGCAGCTGAGTCGRAAGCTCCCGGAGACRACGCTGACTRCCCTGRAGGCCGCAGCCAAC 3360
ThrélnLeuSerArgLysLeuProGlyThrThrLeuThrALaLeuGluAlaAlaAlaAsn 1120

CCGRCACTGCCCTCAGACTTCAAGACCATCOTGRAG 3420
ProAlaleuProSerAspPheLysThrIleLeuAsp 132
Fig. 11AC
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Truncated protein 3 (ver. 2)

ATGGCG0GCRCTCCCCROTRCCGAGCCATACACTCCCTRCTRCGCAGCCACTACCROGAGRTGCTGCCGCTGGCCACGTTCGTG
WPRAPRCRAVRSLLRSHTREVLPLATEY

066CG0CTG0RGC00CAGRRCTOG0RECTRATGCAGCGUREGRACCCAG0GRCTTTCCGCCACTGRTARCCCAGTGOCTGGTGTROGTGOCCTGRRACGCACGGCCGOCCCC0GECRE
RRLGPAGWRLVARGDPAAFRALVAQCLYCOCVPHWDARPPPAA

T80T T TTGABRGC500GGa60AAAGEBACATGUBGAGAGCABOGCABR0GACTCABRROGCTTOOO0GCAGRTS
GLPGVGVRLGLRAAGGN QRHAESSAGDSGRFPRR
ASPGSASGNG* GRPGGTSDURARAAQATOGASPAG
PPRGRAPAGYVEGGRGEPATCGEQRRRLAALPPQY

R

LT TR CABRT TG TGAAGBAGL TGO TGa0OGAGTEC ToCAGAGGCTETGLGARCGLGE0RCANGAACETRCTRGCCTTCGRCTTCRLGLTGLTRRACGGBB0006
PSFRQOVSCLKELVARVLORLCERGAKNVLAFGFALLDGAR

0000 GAGa AL A AGRTOCC AR AL T CAACAC BB TR CaGaLTaBB08C TG TaCTaLGOaORTSOO0BACBACT
GGPPEAFTTSVASYLPNTVTDALRGSGAWGLLLARYVGDDY

TR TTOACE TGO SCACLTO00CG T TG TaRT TG CATaLGLL TACCAGGTATSOReaLa00RLTaTACARCTCRGUACTOCCACTCARGEADAR00006Ce
LVHELLARGCALFVLVAPSCAYQVCGPPLYOLGAATOARPPDP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGMCCATAGCGTCAGGGAGGCCGGéGTCCCCCTG(.SGCCTGCCAGéCCCGGGTGCéAGGAGGCGCGGGGGCAGTGC
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGS A

CAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCCCCTéAGCCGGAGCéGACGCCCGﬁGGGCAGGGGT'CCTGGGCCC;\CCCGGGCAGéACGCGTG&ACCGAGTGACCG
SRSLPLPKRPRRGAAPEPERTPVGQOGSWARPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTIFTGGAGGGTGéGCTCTCTGGéACGCGCCAC%CCCACCCATéCGTGGGCCGéCAGCACCACGCGGGCCCCCC
GFCVVSPARPAEEATSLEGALSGTRHSHPSVGROHHKAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTG%ACGCCGAGAéCAAGCACTT(ECTCTACTCC%CAGGCGACAAGGAGCAGCTéCGGCCCTCCﬂCCTACTCAG
STSRPPRPHOTPCPPVYAETKHFLYSSGOKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATCTTTCTGGGTTéCAGGCCCTG(;ATGCCAGGGI'\CTCCCCGCA(.}GTTGCCCCGéCTGCCCCAGCGCTACTGGCA
SLAPSLTGARRLVETIFLGSRPHWHPGTPRRLPRLPORYNWQ

AATGCGGCCCCTGTTI'CTGGAGCTGCTTGGGMCCACGCGCAGTGCCCCiACGGGGTGC%CCTCAAGAC(.)CACTGCCCGéTGCGAGCTGéGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
MRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGVCAR

GGAGAAGCCCCAGGGCTCTGTGGCGGCCCCCGAGGAGGAGGACACAGACCCCCGTCGCC%GGTGCAGCT&CTCCGCCAGéACAGCAGCCéCTGGCAGGTéTACGGCTTCGTGCGGGCCTG
EXPQGSVAAPEEEDTOPRRLVALLARQOKSSPHWQVYGFVRAC

CCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCCAGGCACMCGAACGCCGCTTCCiCAGGAACAC(}AAGMGTTCATCTCCCTGG['EGAAGCATGCéAAGCTCTCGCTGCAGGAGCT
LRRLVPPGLWGSRANERRFLANTKKFISLGKHAKLSLOQEL

Fig. 114D
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GACGTGGAAGATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCéGCAGAGCACCGTCTGCGTGAGGAGATCCTGGCCAAGTTCCTGCACTGGCT
THWKMSVRDCAWLRRSPGVGCOCVPAAERRLREETILAKFLHANWL

GATGAGTGTGTACGTCGTCGAGCTGUTCAGGTCTTTCTTTTATGTCACGRAGACCACGTTTCARAAGARCAGBCTCTTTTTCTACCGGAAGAGTGTCTGRAGCAAGTTGCARAGCATTGE
WSVYVVELLRSFFYVTETTFOKNRLFFYRKSVHESKLOASTIG

AATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGRAAGCAGAGG TCAGGCAGCATCGGRAAGCCAGGCCCGCCCTRCTGACGTCCAGACTCCGCTTCATCCCCAAGCOTGA
IROHLKRVALRELSEAEVROHREARPALLTSARLRFIPKPD

0GGBCTGCGGCCGATTGTGAACATGRACTACGTCGTGGGAGCCAGAACATTCCGCAGAGAAAAGAGGGOCBAGCGTCTCACCTCGAGGGTGAAGGCACTTTCAGCGTGCTCAACTACGA
GLAPIVNMDYVVGEGARTFRREKRAERLTSRVKALFSVLNYE

GOGHGCRCGRCAC000GG0CTO0TGRR0G00TCTRTGCTRRRCCTRRACGATATCCACAGGGCCTGACACACCTTCGTGUTRCGTGTGOGAGCCCAGRACCOGCCGCCTRAGCTGTACTT
RARRPGLLGASVLIGLODIHRAWRTFVLRVRAQDPPPELYF

TGTCAAGGTGGATGTGACGRGOGCGTACGACACCATCCCCCAGGACAGGCTCACGGAGRTCATCGCCAGCATCATCAARCCCCAGAACACGTACTROGTGCGTCGRTATGCCGTGGTCCA
VKVDOVTGAYDTIPOQDRLTEVIASITIKPONTYCVRRYAVV

GAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCCAGCC('ETACATGCGACAGTTCGTGGCTCACCTGCAGGAGACCAGCCCGCTGAGGGA
KAAKRGHVRKAFKSHVSTLTDLAPYHROQFVARKLQETSPLRD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTACGCTTCATG TGCCACCACGCCGTGUGCATCAGRGGCAAGTCCTACGTOCAGTG
AVVIEQSSSLNEASSGLFOVFLRFUCHHAVRIRGKSYVQC

(CAGGGEATCCCGCARGRCTCCATCCTCTCCACGCTGCTCTGCAGCCTRTGCTACGBCGACAT GRAGAACAAGC TGTTTGOGGRGATTCGGCRRRACGRGCTECTCCTGOGTTTGATGEA
06IPAGSILSTLLOSLOYGODMNENKLFAGIRRDGLLLRLYVD

TGATTTCTTGTTGGTGACACCTCACCTCACCCACGCGAARACCTTCCTCAGGACCC TGGTCCRAGGTGTCC TRAGTATBGC TRCGTGATRAACTTGCGGAAGAGAGTGGTGAAGTTCCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNEFP

TGTAGAAGACGAGGOCCTGGGTGGCACGRCTTTTGTTCAGATBCCGGCCCACGRCCTATTCCCC TRATGCAGCCTGCTGUTGRATACCCGGACCCTGRAGGTGCAGAGUGACTACTCCAG
VEDEALGGTAFVQOWPAHRGLFPWCGLLLDTARTLEVESDYSH

GTGAGCGCACCTGGOCGGAAGTGGAGCCTGTGCCCGGCTGRRGCAGRTGCTG TRCAGGGCCTTGCGTCCACCTCTGUTTCCGTGTGAGGCAGGCRACTGECAATCOCARAGGGTCAGA
t

TGCCACAGGRTGCCCCTCGTOCCATC TG0 TGAGCACAAATGCATC TTTCTGTGAGAGTGAGGGTGOCTCACAACGGRAGCAGTTTTCTGTRCTATTTTGRTAA

Fio. 114E
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Altered C- termlnus proteln (ver 2)

ATGCCGCGCGCTCCCCGCTGCCGAGCCGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAGGTGCTGCCGCTGGCCACGTTCGTG
WPRAPRCRAVRSLLRSHTREVLPLATEYV

CG6CBCCTGAG6CC0CAGGGCTAR006C GG CAGCGCRGaGACC066006C TTTCCGCRCACTRATGBCCCAGTROCTGGTGTGCATGCCCTRAGACGCACG00RC0CCOCECTRE
RRLGPOGWRLVORGDPAAFRALVAQCLVCVPHDARPPPAA

BT GaTC 08T 60, TGGaSTTGAGRCABCGaBRGaACCARCGACATEOGCAGAGCAGOGCAGEOBACTOABGRUACTTCLCCOGCAGGTS
GLPGVGVRLGLRAAGGNQRHAESSAGDSGRFPAR
ASPGSASGHG*GRPGGTSOMNRRAAQATOGASPAG
PPRGAAPAGVEGGRGEPATCGEQRRRLAALPPOY
T

00T T G0CAGaT T TAAGEAG ToRTGa00CGAGTG, TECAGAG T GLEAGLE0GRUCGAAGACATGE TBRCC TTOGRCTTOREGETRCTGRACRRR3C008
PSFRQVSCLKELVARVLORLCERGAKNVLAFGFALLDGAR

G 0CGAGGLL T CACCAGEGTE A TACE T COMAC GGG OGACCACTEORGGaGAGBB00CGTaRGaaLTECTRCTCCRCCCLGTARRURACRACRT
GGPPEAFTTSVASYLPNTVTIDALRGSGANGLLLRAVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCf'\GCTGCGCCT/I\CCAGGTGTG{')GGGCCGCCGEITGTACCAGCiCGGCGCTGC&ACTCAGGCCCGGCCCCCGCC
LYHLLARCALFVLYVAPSCAYQVCOCGPPLYQLGAATQARPPP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAAC&ATAGCGTCA(liGGAGGCCGG(liGTCCCCCTGéGCCTGCCAG('ICCCGGGTGCF;AGGAGGCGCGGGGGCAGTGC
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

GG TaD0GTTC AR CAGaSTORC0E o0 ToAGBBAGC G OB TTRORCAGGTCCToRaLOCACCCORGCAGOR0BTORALAGTEACDS
SRSLPLPKARPARRGAAPEPERTPVGQGSHAHPGATRGPSDA

TGGﬂTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTTTGGAGGGTGéGCTCTCTGG&ACGCGCCAC%CCCACCCATéCGTGGGCCGéCAGCACCACGCGGGCCCCCC
GFCVVSPARPAEEATSLEGALSGTRHSHPSVGRAKHAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTG%ACGCCGAGA&CAAGCACTT(IICTCTACTCC1"CAGGCMCMGMGCAGCTéCGGCCCTCCTTCCTACTCAG
STSRPPRPHWOTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGMMCCATCﬁCTGGGTT(l)CAGGCCCTG(;ATGCCAGGGACTCCCCGCA('}GTTGCCCCGéCTGCCCCAGCGCTACTGGCA
SLRPSLTGARRLVETIFLGSRPWMPGTPRARLPRLPORY W

AT TOTTTC GGG TGO CACRCGCAGTO0CC AT TABACGCACTCCCRLToLAAGLTRORRTCACCAGCAGCOBRTTCTTCees
WRPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGYGCAR

GGAGMGCCCCAGGGCTCT('ETGGCGGCCCCCGAGGAGGAGGACACAGAC(l:CCCGTCGCCi'GGTGCAGCTéCTCCGCCAGéACAGCAGCCéCTGGCAGGTéTACGGCTTCGTGCGGGCCTG
EXPQGSVAAPEEEDTOPRARLVOLLROHSSPHAVYGFVRAC

T8GR0 A TTCaRaE A A G oGO AGAGTTCATC T TBBBOMGCATBLCABCTCTCOLTGoAGAGCT
LRRLVPPGLWGSAHNNERRFLANTKKFISLGKHAKLSLOEL

AT GAL TS GLGC T TOOCCAGGACCAGGGETTaaL TG T 0RCAGAGLACTCTOLGTGAGAGATCOTCRCCAGTTULTIRACTERCT
THKHSVADCAWLRASPGVGOYPAAEHRLREETILAKFLANL

Fig. 11AF
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GACGTGGAAGATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCéGCAGAGCACCGTCTGCGTG‘\GGAGATCCTGGCCAAGTTCCTGCACTGGCT
THXKUSVROCAWLRRSPGVGCVPAAERRLREETLAKFLHWL

GATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTCTTTTATGTCACGGAGACCACGTTTCAAAAGAAGAGGCTCTTTTTCTACCGGAAGAGTGTCTGGAGCAAGTTGCAAAGCATTGE
BSVYVVELLRSFFYVTETTFOKNRLFFYRKSVHSKLQOSTIG

AATCAGACAGCACTTGAAGAGGATGCAGC TGCGGGAGCTGTCAGAAGCAGAGRTCAGRCAGCATCBGBAAGCCAGGCCCRCOCTGCTRACGTCCAGACTCCGCTTCATCCCCAAGCCTGA
IROHLKRVAOLRELSEAEVROHREARPALLTSRLARFIPKPD

0GG6CTGCRGC0GATTGTGAACATGGACTACGTOGTGGGAGCCAGRACATTCCGCAGAGAMAGAGGRCCGAGCATCTCACCTOGAGRGTRAAGRCACTGTTCAGCGTGCTCAACTACGA
GLRPIVNWNDYVVGARTFRRAREKRAERLTSRVKALFSVLNYE

G0GGGCG0GGCG0C0CGG00TCCTRGGCGCCTCTRTGOTGRRCCTGRACGATATCCACAGGGCCTGBCRCACCTTCGTGCTGOGTTGCGGRCCCAGGACCOGCCGCCTRAGCTRTACTT
RARRPGLLGASVLGLODIHRAWRTFVLRVRAQDPPPELYF

TGTCAAGGTGEATGTGACGGACGCGTACRACACCATCCCCCAGGACAGGCTCACGRAGRTCATCGCCAGCATCATGAAACCCCAGRACACGTACTGCGTGCGTCGRTATGCCGTGETCCA
VKVOVTGAYDTIPOADRLTEVIASIIKPONTYCVRRYAVV

(AAGGCCGCCCATGGGCACGTCCRCAAGRCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCGTGRCTCACC TGCAGGAGACCAGCCOGCTEAGHGA
KAARGHVRKAFKSHVSTLTOLQPYHRQFVARLQOETSPLRD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCACGCCATGCGCATCAGGGACAAGTCCTACGTOCAGTG
AVVIEQSSSLNEASSGLFOVFLRFUCHHAVRIRGKSYVQC

CCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCAGCCTGTGCTACGGCGACATGGAGAA&AAGCTGTTTGCGGGGATTCGGCGGGACGG(;CTGCTCCTGCGT[TGGTGGA
Q6IPOQGSILSTLLOSLOYGDHNENKLFAGIRRDGLLLRLYVD

TGATI'TCTTGTTGGTGACACCTCACCTCACCCACGCGAAAACCTTCCTCAGGACCCTGG%CCGAGGTGTéCCTGAGTATGGCTGCGTGG%GMCTTGCGGMGACAGTGGTGAACTTCCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLREKTVVNEP

TGTAGAAGACGAGGCCCTGGGTGGCACGGCTTTTGTTCAGATGCCGGCCéACGGCCTATIFCCCCTGGTGéGGCCTGCTGéTGGATACCCéGACCCTGGA(;GTGCAGAGCGACTACTCCAG
VEDEALGGTAFVOWPAHRGLFPHWCGLLLOTRTLEVASDYSS

AT BT CoATAGAGCCAGTC A TR T AL TG GMAGGAAC AT TCRCARACTCTTTGRRGTCTTOORRLTGAAGTETCACAGCCTOTTTC TGk
Y ARTSTRASLT FNRGFKAGRANNRRKLFGYLALKCHSLFLD

TTTGCAGGTGAACAGCCTCCAGACGGTGTGCACCAACATCTACAAGATCéTCCTGCTGCAGGCGTACAG(.ET'ITCACGCA%GTGTGCTGCAGCTCCCATT%CATCAGCAAGTTTGGAAGAA
LOVNSLOTVEOTNIYKILLLOQAYRFHACVLAOLPFHQAVHKN
CCCCACATTTTTCCTGCGCGTCATCTCTGACACGGCCTCCCTCTGCTAC%CCATCCTGAAAGCCAAGAACGCAGGGATGTCGCTGGGGGCCAAGGGCGCCGCCGGCCCTCTGCCCTCCGA
PTFFLRVISDTASLOYSILKAKNAE

|
CCGAAGARAAGATTTCTGTCGTGACTCTGORGTGCTTGGTC
EENILVVTIPAVLGS

GBACAGCCAGAGATGGAGCCACCC0GCAGACCRTOGGGTGTGGG0ARCTTTCCGGTGTCTCCTRBRAGGGBAGT TGBRCTGGGCCTGTGACTCCTCAGCCTCTGTTTTCOCCCAG

GOPEWEPPRARPSGVESFPVSPGREVELGL .F@ﬁ 114G
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Protein that lacks motif A (ver. 2)

ATGCGGCGCGCTCCCOGCTGE0GAGCCGTROGCTCCCTRCTROGCAGCCACTACCACGAGGTGUTECOGCTRCCACRTTCGTG
WPRAPRCRAVRSLLRSHTREVLPLATEY

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTéGCCCAGTGC&TGGTGTGCGfGCCCTGGGA&GCACGGCCGéCCCCCGCCGC
RRLGPOGWRLVARGDPAAFRALVAQCLVCVPWDARPPPAA

GGCCTCCCCGGGTCRE0GTCCRRCT6RBRTTGAGGRCRR0CGEEGGGAACCAGCRACATGOGRAGAGCAGCACAGRCGACTCAGGROGCTTCCOCCGCAGGT
GLPGVGVRLGLRAAGGNQRHAESSAGDSGRFPRR
ASPGSASGWG*GRPGGTSDMNRRAAQATOGASPAG
PPRGRRPAGVEGGRGEPATCGEQRRARLRALPPQV

R
00T T AT T GAAGA AT GAG T TGCAGAGAL TG GABOGCGaCE00AGAACRTELTRCCTTCGRCTICACGCTTCRACGABRCLS
PSFRQOVSCLKELVARVLORLCERGAKNVLAFGFALLDGASD

CGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGA&CGACGCACTéCGGGGGAGCéGGGCGTGGGéGCTGCTGCTéCGCCGCGTGéGCGACGACGT
GGEPPEAFTTSVRSYLPNTVTODALRGSGAWGLLLRRVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGéGGGCCGCCGéTGTACCAGCiCGGCGCTGCéACTCAGGCCCGGCCCCCGCC
LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPP

A AT OAAG T CTCCOAT OO0 Tt ATAROGTCAGGBAGE008866 T TORRCCTaLABCCCCCGRTEORBMBROCCCRBRRLAGTES
HASGPARRRLGCERAWNHSVAREAGVPLGLPAPGARRRGES A

CAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCCCCTGAGCCGGAGCéGACGCCCGT%GGGCAGGGGiCCTGGGCCCACCCGGGCAGéACGCGTGGACCGAGTGACCG
SRSLPLPKRPRRGAAPEPERTPVGQAOGSWAHRPGRTRGPSDAR

TR TGTGTaRTO AL CAGA OO GAAGAAOCACTC T TS ABRR TG CTGACACGORCCACTCCCALCEATCCTGRGC0BCCAGCACCACAOREEE
GFCUVSPARPAEEAT SLEGALSGTRHSHPSVGRQOKHKAGD?

AT CACAT AT TORBACA DR TTETO00C R TOTACG A CCAAGCACTTCLTCTACTCLCAGGLGACAMGGAGCAGCTGUBBOCTCCTOCTACTCAG
STSRPPRPHODTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

T CTGAGC A ToAC OO0 T T COATE TTCTORaTTCCAGa0CCTGRATECCAGGRACTOCCCRCAGGTTRCCECaCTRCCCCAGUALTACTRRCA
SLAPS LTGARRLYETIFLGSRPHUPGTPRALPALPQAYHQ

AT AT T T AT TAOGRR0 TG T TCAGAC LG aCTGCGAGCTEORRTCALOCAGCAGCCAGTATCTOTR
WRPLFLELLGNNAQGCPYGVLLKTHCPLAAAVTIPAAGYCASR

AT To 00 B OAG A A CAGAC 00 TR TG TGL O CAGCACAGCAGCECCTORCAGGTATACGRCTICATAOB600CTS
EKPOGSYVAAPEEEDTDPRALYOLLROHSSPHQVYGEVRASC

T TCOTo AR T A OO T A CAC AT CATCT T GRGGAAGCATECCAGCTCTCRLTCABARCT
LRALVPPGLNGSAHNERRFLANTKKFISLGKHNAKLSLOEL
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(ACGTGOANGATGAGCGTGCGGRACTRCGCTTAGC TROGCAGRAGCCCAGRGGTTRRCTGTRTTCCRRC0GCAGAGCACCGTCTGUATGAGRAGATCCTGGCCAAGTTCCTGCACTGRET
TY¥KMUSVROCAWLRRSPGVGCVPAAEHRLREEILAKFLHNWL

GATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTCTTTTATGTCACGGAGACCACGTTTCAARAGAACAGRCTCTTTTTCTACCGBAAGAGTGTCTGRAGCAAGTTGCARAGCATTGG
WSVYVVELLRSFFYVTETTFAOKNRLFFYRKSVESKLOQSTG

AATCAGACAGCACT TGAAGAGGGTGCAGGTGCGGGAGCTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCCAGGCCCRCCCTGOTRACGTCCAGACTCCECTTCATCCOCAAGECTGA
IROHLKRVOALRELSEAEVRAOHREARPALLTSRLRFIPKPD

CGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGMCGTTCCGCAGAGAAAAGAGGGC(.}GAGCGTCTCACCTCGAGGGTGAAGGCACTGTTCAGCGTGCTCMCTAOGA
GLRPIVNUDYVVGARTFRREKRAERLTSRVKALFSVLNYE

G0GGGCG0GGC6CCCCaRE0TOCTRRE060CTCTRTGCTGRGCC TRRACGATATCCACAGGGCCTRR0GCACC TTCGTGCTGOGTGTGCRRRCCCAGRACCCGCCRCCTGAGCTGTACTT
RARRPGLLGASVLGLODIHRAWRTFVLARVRAQDPPPELYF

TGTCAAG GACAGGCTCACGGAGGTCATCGCCAGCATCATCAAAGCCCAGAAGACGTACTGCGTGCATCRRTATGCCGTGRTC0A
VX DRLTEVIASITKPONTYCVRAYAV YV

(AAGGCCGCCCATGRACACGTCCGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCOAGCATACATGCGACAGTTCGTGRCTCACCTGOAGGAGACCAGCCCGCTGAGHGA
KAAHGHVRKAFKSHVSTLTODLQPYMWROQFVAHRLQETSPLARD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTACGéTTCATGTGCCACCACGCCGTGCGCATCAGGGGCAAGTCCTACGTCCAGTG
AVVIEQSSSLNEASSGLFDVFLRFHUCHHAVRIRGKSYVOC

CCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCAGCCTGTGCTACGGCGACATGGAGAA(‘)AAGCTGTTTéCGGGGATTC('SGCGGGACGGGCTGCTCCTGCGT'ITGGTGGA
06IPQGSTILSTLLOSLCYGOMENKLFAGIRRDGLLLRLVD

TRATTTCTTGTTGGTGACACCTCACCTCACCCACGCGARAACCTTOCTCAGBACCCTGGTCORAGGTGTCOCTBAGTATGGCTGGTGRTGRACTTGOGRAAGACAGTGRTGAAGTTCCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNFP

TGTAGAAGACGAGRCCCTGGRTGRCACGRCTTTTGTTCAGATGCCGBCCCACGROCTATTCCCCTGATGCRACCTRCTRCTRRATACCCGRACCTGRAGRTGCAGAGUGACTACTCCAG
VEDEALGGTAFVONPARGLFPHWCGLLLDTRTLEVASDYSS

CTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTCAACCGCGGCTTCAAGGCTGGGAGGAACATGCG%CGCAAACTC]ITTGGGGTCT.TGCGGCTGAAGTGTCACAGCCTGT]TCTGGA
YARTSTIRASLTFNRGFKAGRNMWRRKLFGVLRLKCHSLFLD

TI'TGCAGGTGAACAGCCTCCAGACGGTGTGCACCAACATCTACAAGATCCTCCTGCTGCAGGCGTACAGGTFTCACGCATGTGTGCTGCAGCTCCCAHTCATCAGCAAGTHGGAA&AA
LAVNSLATVETNIYKILLLOAYRFHACVLQLPFHQQVNKN

CCCCACATTﬂTCCTGCGCGTCATCTCTGACACGGCCTCCCTCTGCTACTCCATCCTGAAAGCCAAGMCGCAGGGATGTCGCTGGGGG(IJCAAGGGCGCCGCCGGCCCTCTGCCCTCCGA
PTFFLRVISDTASLOYSTILKAKNAGHN SLGAKGAAGPLPSE

GGCCGTGCAGTGGCTGTGCCACCAAGCATTCCTGCTCAAGC TGACTCGACACCGTGTCACCTACGTGCCACTCCTGGRGTCACTCAGRACAGCCCAGACGCAGC TGAGTCGRAAGCTCCC
AVOYLOHQAFLLKLTRARVTYVPLLGSLATAQTQLSRKLP

Fig. 1141
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GGGGACGACGCTGACTGCCCTRGAGRCCGCAGCCAACCOGGCACTROCCTCAGACTTCAAGACCATCCTGGACTBATGRCCACCCCCCACAGCCAGRCCGAGAGCAGACACCAGAGCC
GTTLTALEAAANPALPSDFKTILD

CTGTCACGCéGGGCTCTACéTCCCAGGGAéGGAGGGGCGéCCCACACCCAGGCCCGCACéGCTGGGAGTéTGAGGCCTGAGTGAGTGTT%GGCCGAGGCéTGCATGTCCéGCTGAAGGC%
GAGTGTCCGéCTGAGGCCTéAGCGAGTGT6CAGCCAAGGéGTGAGTGTCéAGCACACCTéCCGTCTTCAéTTCCCCACAéGCTGGCGCTéGGCTCCACCéCAGGGOCAGéTTTTCCTCAé
CAGGAGCCCéGCTTCCACT6CCCACATAGéAATAGTCCAiCCCCAGATT&GCCATTGTTéACCCCTCGC6CTGCCCTCCiTTGCCTTCCACCCCCACCA%CCAGGTGGAéACCCTGAGAA
GGACCCTGGéAGCTCTGGGAATTTGGAGTéACCAAAGGTéTGCCCTGTA&ACAGGCGAGéACGCTGCACéTGGATGGGGéTCCCTGTGGéTCAAATTGGéGGGAGGTGC%GTGGGAGTAA

AATACTGAATATATGAGTTTTTCAGTTTTGA

Fig. 114J
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Truncated protein that lacks motif A (ver. 2)

ATGCCGCGOGCTCCCCRCTRCCRAGCCGTGCGCTCCCTGOTGOGCAGCCACTACCBCGAGRTCTGCCGCTGGCCACGTTOGTG
HPRAPRCRAVRSLLRSHTREVLPLATEFYV

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGT&GCCCAGTGCCTGGTGTGCGTGCCCTGGGACGCACGGCCGCCCCCCGCCGC
RRLGPAGWRLVAORGDPAAFRALVAQCLVCVPHDARPPPAAR

GGGCTCCCCGGGGTCGRCaTC0GG0TRRATTGAGRGC6GCCAG866RAACCAGLRACATGURGAGAGCAGCGCAGRCRACTCAGRGCRCTTOCCCOGCAGGTG

GLPGVGVRLGLRAAGGNQRHAESSAGDSGRFPRR

ASPGSASGWG*GRPGGTSOMNRRAAQATOQGASPAG
PPRGRARPAGVEGGRGEPATCGEQRRRLARALPPQY

: [ . : . . . : . : . .
(CCCTCCTTC0RCCAGRTGTCCTG0CTGAAGGAGCTGGTGG0CCGAGTBUTGCAGAGGC T TRCGAGCACAGCG0RAAGARCRTRCTGRCC TTOGRCTTOGCGCTGCTGRACGARRC0CE
PSFRQAQVSCLKELVARVLORLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGACCGACGCACTGCGGGGGAGCéGGGCGTGGGGGCTGCTGCTéCGCCGCGTGGGCGACGACGT
GG6PPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRAVGDDYV

GOTGGTTCACCTGCTGGCACGCTGOGCGCTCTTTGTGCTGRTRECTCCCAGCTROGCCTACCAGGTGTGCRGRCCGC0GCTRTACCAGCTCROGCTGCCACTCAGGOCCRR00CCR0C
LYHRLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPEPYP

ACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCAGGGAGGCCGGéGTCCCCCTGGGCCTGCCAGCCCCGGGTGCGAGGAGGCGCGGGGGCAGTGC
HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCCCCTGAGCCGGAGCGGACGCCCGT%GGGCAGGGGTCCTGGGCCCACCCGGGCAGGACGCGTGGACCGAGTGACCG
SRSLPLPXKRPRRGAAPEPERTPVGQGSHWAHPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAAGAAGCCACCTCTTTGGAGGGTG&GCTCTCTGGCACGCGCCACTCCCACCCATCCGTGGGCCGéCAGCACCACGCGGGCCCCCC
GFOCVVSPARPAEEATSLEGALSGTRHSHPSVGROKRHAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTGTACGCCGAGACCAAGCACTTéCTCTACTCCiCAGGCGACAAGGAGCAGCTéCGGCCCTCCTTCCTACTCAG
STSRPPRPWOTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATCTTTCTGGGTTCCAGGCCCTGéATGCCAGGGACTCCCCGCAéGTTGCCCCGéCTGCCCCAGCGCTACTGGCA
SLRPSLTGARRLVETIFLGSRPHMPGTPRALPRLPORY W

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCCTACGGGGTGCTCCTCAAGACéCACTGCCCGéTGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WRPLFLELLGNHKAQCPYGVLLKTHCPLRAAVTPAAGYCAR

GGAGAAGCCCCAGGGCTCTGTGGCGGCCCCCGAGGAGGAGGACACAGACCCCCGTCGCCTGGTGCAGCTGCTCCGCCAGCACAGCAGCCéCTGGCAGGTéTACGGCTTCGTGCGGGCCTG
EXPQGSVAAPEEEDTOPRRLVALLAQOHSSPHAQVYGFVRAC

CCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCCAGGCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGTTCATCTCCCTGGéGAAGCATGC&AAGCTCTCGCTGCAGGAGCT
LRRLVPPGLWGSAHNERRFLANTKKFISLGKHAKLSLOQEL

GACGTGRAAGATGAGCGTGGGEACTEOGUTTGRCTGCGCAGGAGCCCAGGRGTTRRCTATGTTCCGGCCGCAGAGCACCGTCTGCGTGAGRAGATCCTGGCCARGTTCCTGCACTERCT
THKWSVROCAWLRRSPGVGECVPAAEHNRLREETILAKFLHAEWL
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GATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTCTTTTATGTCACGGAGACCACGﬁTCMMGAAéAGGCTCTTTTTCTACCGGAAGAGTGTCTGéAGCAAGTTGCAMGCATTGG
WSVYVVELLRSFFYVTETTFOKNRLFFYRKSVHSKLASIG

AATCAGACA('ECACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGGAAGCAGAGGTCAGGCAGCATCGGGA;\GCCAGGCCCéCCCTGCTGAéGTCCAGACTéCGCTTCATCCCGAAGCCTGA
IROHLKRVOLRELSEAEVROHREARPALLTSRLRFIPKPD

CGGGCTGCGéCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGAACGTTCCGCAMMMGGGC6GAGCGTCTCACCTCGAGGG%GAAGGCACT(;TTCAGCGTGCTCAACTACGA
GLAPIVNUOYVVGARTFRAEKRAERLTSRVKALFSVLNYE

GGGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTGCTGGGCCTGGACGATATCCACAGGGCCTGGCGéACCTTCGTGéTGCGTGTGCéGGCCCAGGACCCGCCGCCTGAGCTGTACTT
RARRPGLLGASVLGLDODIHRAWRTFVLRVRAQDPPPELYF

TGTCAAG GACAGGCTCACGGAGGTCATCGCCAGéATCATCAAACCCCAGAACACGTACTGCGTGCGTCGGTATGCCGTGGTCCA
VK DRLTEVIASITIKPAONTYCVRARYAVYVL

GAAGRCOGOCCATGRRCACGTCOGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCATGRCTCACCTGCAGRAGACCAGCCOGCTGAGRGA
KAAHGHVRKAFKSHVSTLTDLOQPYWRAQFVARLAQETSPLRD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTACG(.:TTCATGTGCéACCACGCCGTGCGCATCAGGGGCAAGTCCTACGTCCAGTG
AVVIEQSSSLNEASSGLFOVFLRFUCHHAVRIRGKSY VO

CCAGGGRATCCCGCAGRGCTCCATCCTCTCACGCTGUTCTGCAGCCTATGTACGGCRACAT RAGRACAAGC TR TTGCGOGBATTCGRC6GGACGRGCTRCTCCTGRTTTGATA
QeIPQGSILSTLLEOSLOYGODMNENKLFAGIRARDGLLLALVD

TGATTTCTTGTTGGTRACACCTCACCTCACCCACRCRAMACC TTCCTCAGGACCCTGRTCCRAGGTATOOCTRAGTATGGCTGGTGATGAACTTGOGRAAGACAGTGGTGAAGTTCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVNETP

T TAGAAGACBAGGCCCTGGGTGRCACGGCTTTTGTTCAGATGCCGRCCCACGROC TATTCOCC TGGTGCGRCCTGCTGLTGRATACCOGRACCUTRAG TGCAGAGUGACTACTCCAG
VEDEALGGTAFVONPAHGLFPWOGLLLDTRTLEVQASDYSAH

GTGAGCGCACCTGGC0RRAAGTGRAGCCTRTGCCCGGCTGRGG0AGATGCTGLTGCAGGRCCRTTGCGTCCACCTCTGUTTCOGTGTGAGRCAGHCRACTGCAATOCCAAAGGATCAGA
t

TGCCACAGGGTGCC0CTCGTC0CATC TG G660 TGAGCACARATGCATCTTTC TG T6G6AGTBAGGBTGCCTCACAACGGGAGCAGTTTTCTGTGCTATTTTGATAA.

Fig. 114L
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Lacks motif A and altered C-terminus (ver. 2)

ATGOCGCGCGCTCCCCACTRCCRAGCCRTGCGCTCCCTRUTROGCAGCCACTACCRCBAGRTGCTGCCGCTGRCCACGTTOGTG
WPRAPRCRAVRSLLRSHTREVLPLATEYV

(660GCCTGRGCCCCAGGGOTRR0GGCTRRTGCAGCG0RGGGACCCRRCGRCTTTCCRCECGCTARTRRCCCAGTGUC TRTGTGCGTRCCCTBRBACGCACGRCOGCCCCE0R0CRE
RRLGPOGHRLVORGDPAAFRALVAQCLYCVPHWDARPPPAA

T BGRB8 CCaaCTCGaaTTCAGR066CRaaBACCAGDBACATGLGRAGAGCABCGCABRCGACTCAGGBORCTOOCCCALARETS
GLPOVGVALGLRAAGGNCRHAESSAGDSGRFPAR
ASPGSASGHWG*GRPGGTSOMRRAAQATQGASPAG
PPAGRRPAGVEGGRGEPATCGEQRRRLAALPPQY

R

00T TR TaT T TG TR TRCCC AT, GG TETRCGAGOROGRCAOGAAGANCGTGLTORCE TTOGRCTTORCGLTACTGRALBE8ES
PSFRAVSCLKELVARVLORLCERGAKNVLAFGFALLDGASR

(GGGGGCCCCCC0GAGROCTTCAGCACCAGCGTGOGCAGCTACCTGCCCAACACGRTBACCGACGCACTGRGARARCGAGG0GTGRRBRCTRLTRCTGOGCCECRTRGG0GACEACGT
GGPPEAFTTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDV

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACGAGGTGTGCGGGCCGCCGCTGTACCAGCTCGGCGCTGCCAGTCAGGCCCGGCCCCCGCC
LYRLLARCALFVYLVAPSCAYQVCGPPLYQLGAATQARPPP

ACACGCTAGTGRACCCCGAAGGUGTCTGRGATGGAACGGRCCTGGAACCATAGCTCAGGBAGGCCGRGTCCCCCTROBCC TGCCAGCCCCGRGTGURAGGAGRCR0GRGGACAGTGE
HASGPRARLGCERAWNHSVREAGVPLGLPAPGARRRGGSA

CAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCCCCTGAGCCGGAGCéGACGCCCGT%GGGCAGGGGTCCTGGGCCCACCCGGGCAGGACGCGTGGACCGAGTGACCG
SRSLPLPKRPRRGAAPEPERTPVGQGSWAHPGRTRGPSDR

TGGTTTCTGTGTGRTGTCACCTGCCAGACCOGCOGAAGAAGCCACCTCTTTGRAGGRTCGCTCTCTGGCACGCGCCACTCCCACCCATCCGTGRGCOGCCAGCACCACGEGRGCCCCe
GFOCVVSPARPAEEATSLEGALSGTRHSHPSVGEGRAOKHAGPP

ATCCACATCGCGGCCACCACGTCCCTGGGACACGCCTTGTCCCCCGGTGTACGCCGAGAéCAAGCACTTéCTCTACTCCiCAGGCGACAAGGAGCAGCTGCGGCCCTCCTTCCTACTCAG
STSRPPRPHWODTPCOCPPVYAETKHFLYSSGOKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATCTTTCTGGGTTéCAGGCCCTGéATGCCAGGGACTCCCCGCAéGTTGCCCCGCCTGCCCCAGCGCTACTGGCA
SLRPSLTGARRLVETIFLGSRPWUHPGTPRRLPRLPORY W

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCCTACGGGGTGCTCCTCAAGACéCACTGCCCGéTGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
WRPLFLELLGNHRAQCPYGVLLKTHCPLRAAVIPAAGVCAR

GGAGAAGCCCCAGGGCTCTGTGGCGGCGCCCGAGGAGGAGGACACAGACCCCCGTCGCCTGGTGCAGCTéCTCCGCCAG&ACAGCAGCC&CTGGCAGGTGTACGGCTTCGTGCGGGCCTG
EKPQGSVAAPEEEDTDPRRLVAOLLAQHSSPHAQVYGFVRAC

CCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCCAGGCACAACGAACGCCGCTTCCiCAGGAACACéAAGAAGTTCATCTCCCTGGéGAAGCATGCCAAGCTCTCGCTGCAGGAGGT
LRRLVPPGLWGSRHNERRFLANTKKFISLGKHAKLSLOQEL

GACGTGGAAGATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAGGGGTTGGCTéTGTTCCGGCCGCAGAGCAC&GTCTGCGTGAGGAGATCCTéGCCAAGTTCCTGCACTGGCT
T¥KWSVRDCAWLARRSPGVGCVPAAEHRRLREETILAKFLHWL

Fig. 114M
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GATEARTOTOTACGTCE O TCAGGTL T TTATETCACGGAGAC AT T AAAGACAGELTCTTTTTCTAC S GMBAGTOTC TRAGLAMGTTOCAMGCATTS
WSV YVVELLASFFYVTETTFQ KNRLFEFYRKSVNSKLOSIS

AATCAGACAGCACTTGAAG‘\GGGTGCAGCTGCGGGAGCTGTCGGAAGCAGAGGTCAGGCI'\GCATCGGGAAGCCAGGCCC(IECCCTGCTGAéGTCCAGACTCCGCTTCATCCCCAAGCCTGA
IROHLKRVALRELSEAEVROHREARPALLTSRLRFIPKPD

CGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGAACGTTCCGCAMMM%GCéGAGCGTCTCACCTCGAGGGiGAAGGCACT(‘STTCAGCGTGCTCMCTACGA
GLRPIVNWDYVVGARTFRREKRAERLTSRVKALFSVLINYE

000 OCTCRRCaC L TaTOT RGO CGATATL GGG TBRCGCACETORTGLTaLATETS0BRRCCCAGGAL A0 MRTOTACT
AARRP GLLGASYLGLODIHRAWRTFEVLAVARAQODPPPELYT

TGTCAAG GACAGGCTCACGGAGGTCATCGCCAGCATCATCAAAéCCCAGAACA(')GTACTGCGTéCGTCGGTATGCCGTGGTCCA
VK DRLTEVIASITKPONTYCVRRYAVVO

GAAGGCCGCCCATGRGCACGTCOGCAAGGCCTTCAAGAGCCACGTCTCTACCT TGACAGACCTCCAGCCRTACATGCGACAGTTCATGRCTCACCTGCAGBAGACCAGCCOGCTGAGGGA
KAAHGHVRKAFKSHYVSTLTOLQPYWROQFVARLQETSPLRD

TR TCATOBAGCAGAG T AT CAGCAGTTCTTCGACATET T TACRLTTEAT TG CAC AL TEOBATCAGRRRCMGTCCTACGTCCAGT
AVVIEQSSSLNEASSGLEDVFELRFUNCHHAVRIRGKSY VO

A OO CAGaLTOGATCCTC AT ToCAOCTOToL A OB AGAACAAGL TG GGGaATTOGRCGRGACABALTALTOCTO0GTTTCOToRA
QG IPOGSTILSTLLCSLCYGDNENKLFAGIRRDGLLLALYD

TGATUCTTGTTGGTGACACCTCACCTCACCCACGCGAMACCTTCCTCAGGACCCTGG%CCGAGGTGTéCCTGAGTATéGCTGCGTGG%GAACTTGCG(;AAGACAGTG('}TGAACTTCCC
DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRXKTVVNFP

ARG TS BCACGRL TTTTETTCAGATGL 0O CAL AL TAT G TTGCGRLC TG TaGATACCOBRACCCTGRAGRTECAGAOBACTACTCCAS
VEDEALGOTAFVQUPAHGLEPHCGLLLOTRTLEVOSDYSS

CTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTCAACCGCGGCTTCAAGGCTGGGAéGAACATGCG%CGCAAACTCﬁ%GGTCﬁGCGGCTGMéTGTCACAGCCTGmCTGGA
YARTSIRASLTFNRGFKAGRNMNRRKLFGVLARLKCHSLFLD

TTI'GCAGGTGAACAGCCTCCAGACGGTGTGCACCMCATCTACAAGATCCTCCTGCTGCAGGCGTACAG(IET'ITCACGCA%GTGTGCTGCAGCTCCCAﬁCATCA@MGW%MW
LOVNSLAQTVETNIYKTLLLOAYRFHACVLQLPFHAOQVEKN

CCCCACATITTTCCTGCGCGTCATCTCTGACACGGCCTCCCTCTGCTAC%CCATCCTGAAAGCCAAGAACGCAGGGATGTCGCTGGGGGCCAAGGGCGCCGCCGGCCCTCTGCCCTCCGA
PTFFLRVISODTASLOYSILKAKNAE

|
(CGAAGAAAACATTTCTGTCGTGACTCCTGOGRTGTTGRGTC

EENILVVTPAVLGS

GGGACAGCCAGAGATGGAGCCACCCOGCAGACCGTCGGGTGTGAGCAGCTTTCCRRTTCTCCTGRGAGRGGAGTTGRRCTGRGCCTGTRACTCCTCAGCCTCTGTTTTCCCCCAG
GAOPEMNEPPRRPSGVGSFPVSPGRGEVGLGL:®

Fig. 114N
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Bsm I (7523)
Eco NI (7154)
BamH I (6627)
Neo I (6573)

Bsi WI (6467)
Spliced Exon Alpha

PCT/US98/13835

RT Motif A
S. 1
Xho 1 (6265) al 1 (1) )
Pae R7I (6285) Hind IIT (19)
Unspliced Infron 1 rmB ter
Motif 2
dat IT (6175) ~—
Motif 1
TeloBox Bel I (1460)
lacl Q
pAK128.4
Msc [ (5944) 7615 bp Hpa I (1952)

Psh Al (5654)
Feo 471 (5473)

Bel T (4539)
EcoR I (4533)

lac S/D
lac UVS -10
trp =35

Sap I (1190)
ORI

Fis. 134
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LOCUS PAKI28.4 7615 bp dsDNA  Circular
DEFINITION Human telomerase clone with exon beta spliced out

1 tcgacctgca ggcatgcaag cttggeactg geegtegttt tacaacgtcg tgactgggaa

61 aaccctggcg ttacccaact taatcgectt gcagcacatc ccectttcge cagetggegt
121 aatagcgaag aggcccgeac cgatcgecct tcccaacagt tgegecagect gaatggegaa
181 tggcgcctga tgeggtattt tetecttacg catctgtgeg gtatttcaca ccgeataaat
241 tecetgtttt ggcggatgag agaagatttt cagectgata cagattaaat cagaacqcag
301 aagcggtctg ataaaacaga atttgectgg cggcagtage geggtggtce cacctgacce
361 catgccgaac tcagaagtga aacgccgtag cgecgatggt agtgtgggat ctecccatge
421 gagagtaggg aactgccagg catcaaataa aacgaaaggc tcagtcgaaa gactgggect
481 ttcgttttat ctgttgtttg tcggtgaacg ctctcetgag taggacaaat ccgeegggag
541 cggatttgaa cgttgcgaag caacggcccg gagggtggcg ggcaggacge ccgecataaa
601 ctgccaggca tcaaattaag cagaaggeca tcctgacgga tggecttttt gegtttctac
661 aaactcttcc tgtcgtcata tctacaagee atccceccac agatacggta aactagectce
721 gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaatc tgctctgatg
781 ccgcatagtt aagccageec cgacaccege caacacccge tgacgegece tgacgggett
841 gtctgetcce ggcatccget tacagacaag ctgtgaccgt ctecgggage tgeatgtgte
901 agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggectcgtg atacgectat
961 ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttct gtacccgaca
1021 ccatcgaatg gtgcaaaacc tttcgcggta tggeatgata gegeccggaa gagagtcaat
1081 tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat gecggtgtet
1141 cttatcagac cgtttcccge gtggtgaacc aggecageca cgtttetgeg aaaacgegag
1201 aaaaagtgga agcggcgatg gcggagetga attacattcc caaccgegtg gcacaacaac
1261 tggcgggcaa acagtcgttg ctgattggeg ttgccacctc cagtetggec ctgcacgege
1321 cgtcgcaaat tgtcgeggeg attaaatctc gegecgatca actgggtgec agegtggtgg
1381 tgtcgatggt agaacgaagc ggcgtcgaag cctgtaaage ggeggtgeac aatcttcteg
1441 cgcaacgegt cagtgggetg atcattaact atccgetgga tgaccaggat gecattgetg
1501 tggaagctge ctgcactaat gttccggegt tatttettga tgtctctgac cagacaccca
1561 tcaacagtat tattttctcc catgaagacg gtacgegact gggcgtggag catctggtcg
1621 cattgggtca ccagcaaatc gcgctgttag cgggeccatt aagttctgte tcggegegte
1681 tgcgtctgge tggetggeat aaatatctca ctcgcaatca aattcagecg atagcggaac
1741 gggaaggcga ctggagtgec atgtccggtt ttcaacaaac catgcaaatg ctgaatgagg
1801 gcatcgttcc cactgcgatg ctggttgcca acgatcagat ggegetggge geaatgegeg
1861 ccattaccga gtccgggetg cgegttggtg cggatatctc ggtagtggga tacgacgata
1921 ccgaagacag ctcatgttat atcccgecgt taaccaccat caaacaggat tttcgectge
1981 tggggcaaac cagcgtggac cgettgetge aactctetca gggecaggeg gtgaagggea
2041 atcagetgtt gcecgtctca ctggtgaaaa gaaaaaccac cctggegecc aatacgcaaa
2101 ccgectetee ccgegegttyg gecgattcat taatgeaget ggcacgacag gtttcccgac
2161 tggaaagcgg gcagtgageg caacgcaatt aatgtaagtt agctcactca ttaggcacce
2221 caggctttac actttatget tccgacctge aagaacctca cgtcaggtgg cacttttegg
2281 ggaaatgtgc gcggaacccc tatttgttta tttttctaaa tacattcaaa tatgtatceg
2341 ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt
2401 attcaacatt tccgtgtcge ccttattcce ttttttgegg cattttgect tcetgttttt
2461 gctcacccag aaacgetggt gaaagtaaaa gatgctgaag atcagttggg tgeacgagtg
2521 ggttacatcg agaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag
2581 aacgttttcc aatgatgagc acttttaaag ttctgetatg tggegeggta ttatccegta
2641 ttgacgccgg gcaagagcaa ctcggtcgec gcatacacta ttctcagaat gacttggttg
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2701 agtactcacc agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgca
2761 gtgctgccat aaccatgagt gataacactg cggccaactt acttctgaca acgatcggag
2821 gaccgaagga gctaaccget tttttgcaca acatggggga tcatgtaact cgecttgatc
2881 gttgggaacc ggagctgaat gaagccatac caaacgacga gegtgacacc acgatgectg
2941 tagcaatggc aacaacgttg cgcaaactat taactggega actacttact ctagettcce
3001 ggcaacaatt aatagactgg atggaggcgg ataaagttgc aggaccactt ctgegetegg
3061 ccctteegge tggctggttt attgetgata aatctggage cggtgagegt gggtetcgeg
3121 gtatcattgc agcactgggg ccagatggta agecctcceg tatcgtagtt atctacacga
3181 cggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgcctcac
3241 tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa
3301 aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca
3361 aaatccctta acgtgagttt tcgttccact gagcgtcaga ccccgtagaa aagatcaaag
3421 gatcttcttg agatcctttt tttctgegeg taatctgetg cttgcaaaca aaaaaaccac
3481 cgctaccage ggtggtttgt ttgccggatc aagagctacc aactcttttt ccgaaggtaa
3541 ctggettcag cagagcgcag ataccaaata ctgtccttet agtgtageeg tagttaggec
3601 accacttcaa gaactctgta gcaccgecta catacctege tctgetaatc ctgttaccag
3661 tggctgetge cagtggcgat aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac
3721 cggataaggc gcagcggtcg ggctgaacgg gggattegtg cacacagece agettggage
3781 gaacgaccta caccgaactg agatacctac agcgtgagca ttgagaaage gecacgette
3841 ccgaagggag aaaggcggac aggtatccgg taagecggeag ggtcggaaca ggagagegea
3901 cgagggagct tccaggggga aacgcetggt atctttatag tcetgtcgag tttegecace
3961 tctgacttga gegtcgattt ttgtgatget cgtcaggggag geggagecta tggaaaaacq
4021 ccagcaacgc ggccttttta cggttectgg cettttgetg gecttttget cacatgttet
4081 ttcctgegtt atcccctgat tctgtggata accgtattac cgectttgag tgagetgata
4141 ccgctegecg cagecgaacg accgagegea gegagtcagt gagegaggaa geggaagage
4201 gcccaatacg caaaccgect ctcccegege gttggecgat tcattaatge agaattaatt
4261 ctcatgtttg acagcttatc atcgactgca cggtgcacca atgettctgg cgtcaggeag
4321 ccatcggaag ctgtggtatg getgtgcagg tcgtaaatca ctgcataatt cgtgtcgetc
4381 aaggcgcact cccgttctgg ataatgtttt ttgegecgac atcataacgg ttctggcaaa
4441 tattctgaaa tgagctgttg acaattaatc atcggctcgt ataatgtgtg gaattgtgag
4501 cggataacaa tttcacacag gaaacagcga tgaattcaga tctcaccatg aaggagetgg
4561 tggcccgagt gctgcagagg ctgtgegage geggegegaa gaacgtgetg gecttegget
4621 tcgegetget ggacggggec cgegggggec ceceegagge ctteaccace agegtgegea
4681 gctacctgec caacacggtg accgacgeac tgeggaggag cgggacgtgg gagetgetge
4741 tgcgecgegt gggcgacgac gtgetggttc acctgetgge acgetgegeg ctetttgtge
4801 tggtggctcc cagetgegec taccaggtgt gegggecgee getgtaccag cteggegetg
4861 ccactcaggc ccggeecccg ccacacgcta gtggacceeg aaggegtctg ggatgegaac
4921 gggcctggaa ccatagegtc agggaggecg gggtccccct gggectgeea geeeegagtg
4981 cgaggaggcg cgggggcagt gecagecgaa gtctgecgtt geccaagagg cceaggegtg
5041 gcgetgeece tgagecggag cggacgeccqg ttgggeaggg gtectgggee cacccgggea
5101 ggacgcgtgg accgagtgac cgtggtttet gtgtggtgte acctgccaga ccegecgaag
5161 aagccacctc tttggagggt gegetctetg geacgegeca cteccaccea tecgtgggec
5221 gccageacca cgegggecec ccatccacat cgeggecace acgtccetgg gacacgectt
5281 gtcccecggt gtacgecgag accaagecact tcetetacte ctcaggegac aaggageage
5341 tgeggecete cttectactc agetctctga ggeccagect gactggeget cggaggetcg
5401 tggagaccat ctttctgggt tccaggecct ggatgecagg gactccccge aggttgecce
5461 gcctgeccca gegetactgg caaatgegge ccetgtttct ggagetgett gggaaccacg
5521 cgcagtgccc ctacggggtg ctcctcaaga cgeactgece getgegaget geggteacce
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cagcageegg tgtetgtgec cgggagaage cccagggetc tgtggeggee ccecgaggagg
aggacacaga ccccegtege ctggtgecage tgctccgeca geacageage ceetggeagg
tgtacggett cgtgegggee tgectgegee ggetggtgec cceaggecte tggageteca
ggcacaacga acgccgettc ctcaggaaca ccaagaagtt catctccctg gggaageatg
ccaagetctc getgeaggag ctgacgtgga agatgagegt gegggactge gettggetge
gcaggagccc aggggttgge tgtgttcegg ccgeagagea ccgtctgegt gaggagatece
tggccaagtt cctgcactgg ctgatgagtg tgtacgtegt cgagetgete aggtetttet
tttatgtcac ggagaccacg tttcaaaaga acaggetctt tttctaccgg aagagtgtet
ggagcaagtt gcaaagcatt ggaatcagac agcacttgaa gagggtgcag ctgcaggage
tgtcggaage agaggtcagg cagcatcggg aagecaggec cgeectgetg acgtccagac
teegettcat ccccaagect gacgggetge ggecgattgt gaacatggac tacgtegtag
gagccagaac gttccgcaga gaaaagaggg ccgagegtct cacctcgagg gtgaaggeac
tgttcagegt getcaactac gagegggege ggegeecegg ceteetggge gectetgtac
tgggectgga cgatatccac agggectgge geaccttegt getgegtatg cgggcccaag
acccgecgec tgagetgtac tttgtcaagg tggatgtgac gggegegtac gacaccatcc
cccaggacag gctcacggag gtcatcgeca gecatcatcaa accccagaac acgtactgeg
tgegteggta tgcecgtggtc cagaaggecg cccatgggea cgtccgeaag gecttcaaga
gecacgtect acgtccagtg ccaggggatc ccgeaggget ccatcctete cacgetgete
tgcagectgt getacggcga catggagaac aagetgtttg cggggattcg gegggacggg
ctgctectge gtttggtgga tgatttcttg ttggtgacac ctcacctcac ccacgcgaaa
acttcctcag gacctggtcc gaagtgtcct gagtatgget gegtggtgaa cttgcggaag
acagtggtga acttccctgt agaagacgaa gecetgggtg geacggettt tgttcagatg
ccggeccacg gectattece ctggtgegge ctgetgetgg atacceggac cetggaggtg
cagagcgact actccagcta tgcccggacc tccatcagag ccagtctcac cttcaacege
ggcttcaagg ctgggaggaa catgegtcge aaactctttg ggatcttgeg getgaagtgt
cacagectgt ttctggattt gcaggtgaac agcctccaga cggtgtgeac caacatctac
aagatcctcc tgetgcagge gtacaggttt cacgecatgtg tgetgcaget cccattteat
cagcaagttt ggaagaaccc cacatttttc ctgegegtca tctetgacac ggectecete
tgetactcca tcctgaaage caagaacgea geccgaagaaa acatttctgt cgtgactect
gcgatgettg ggtegggaca gecagagatg gagecacccc geagaccgte ggatgtggge
agettteegg tgtetcetgg gaggogagtt gggetgggee tgtgactcet cagectetgt
tttcccccag ggatgteget gggggecaag ggegecgeeg gecetetgee ctecgaggee
gtgcagtgge tgtgccacca agcattcctg ctcaagetga ctcgacaccg tgtcacctac
gtgccactcc tggggtcact caggacagge aagtgtoggt ggaggecagt gegag
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LOCUS pAKI28.7 7797 bp dsDNA  Circular
DEFINITION Human telomerase clone with alternative C-terminus

1 tcgacctgca ggcatgcaag cttggcactg gecgtegttt tacaacgtcg tgactgggaa

61 aaccctggeg ttacccaact taatcgcctt gcagcacatc cccctttege cagetggegt
121 aatagcgaag aggcccgeac cgatcgecct tcccaacagt tgegeagect gaatggegaa
181 tggegectga tgeggtattt tctcettacg catctgtgeg gtatttcaca ccgcataaat
241 tcectgtttt ggcggatgag agaagatttt cagectgata cagattaaat cagaacgcag
301 aagcggtctg ataaaacaga atttgectgg cggeagtage geggtggtec cacctgacce
361 catgccgaac tcagaagtga aacgccgtag cgecgatggt agtgtggggt ctccccatge
421 gagagtaggg aactgccagg catcaaataa aacgaaaggc tcagtcgaaa gactgggect
481 ttcgttttat ctgttgtttg tcggtgaacg ctetectgag taggacaaat ccgecgggag
541 cggatttgaa cgttgcgaag caacggeccg gagggtggcg ggecaggacge ccgccataaa
601 ctgccaggca tcaaattaag cagaaggcca tcctgacgga tggecttttt gegtttctac
661 aaactcttcc tgtcgtcata tctacaagec atccccccac agatacggta aactagectc
721 gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaatc tgctctgatg
781 ccgcatagtt aagccagccc cgacacccgc caacaccege tgacgegece tgacgggett
841 gtctgetece ggeatceget tacagacaag ctgtgaccgt ctccgggage tgeatgtgte
901 agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggectegtg atacgectat
961 ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttct gtacccgaca
1021 ccatcgaatg gtgcaaaacc tttcgcggta tggeatgata gegeccggaa gagagtcaat
1081 tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat gecggtgtct
1141 cttatcagac cgtttcccge gtggtgaacc aggecageca cgtttctgeg aaaacgegag
1201 aaaaagtgga agcggcgatg gcggagetga attacattec caaccgegtg geacaacaac
1261 tggcgggcaa acagtcgttg ctgattggcg ttgecaccte cagtctggee ctgeacgege
1321 cgtcgcaaat tgtcgeggeg attaaatctc gegecgatca actgggtgec agegtgagtag
1381 tgtcgatggt agaacgaagc ggcgtcgaag cctgtaaage ggeggtgeac aatctteteg
1441 cgcaacgcgt cagtgggetg atcattaact atccgetgga tgaccaggat gecattgetg
1501 tggaagctgc ctgcactaat gttccggegt tatttcttga tgtctctgac cagacaccea
15661 tcaacagtat tattttctcc catgaagacg gtacgcgact gggcgtggag catctggtceg
1621 cattgggtca ccagcaaatc gcgetgttag cgggeceatt aagttetgtc teggegegte
1681 tgcgtctgge tggetggeat aaatatctca ctcgcaatca aattcagecg atagcggaac
1741 gggaaggcga ctggagtgec atgtceggtt ttcaacaaac catgcaaatg ctgaatgagg
1801 gcatcgttce cactgegatg ctggttgeca acgatcagat ggegetagge geaatgegeg
1861 ccattaccga gtccgggetg cgegttggtg cggatatcte ggtagtggga tacgacgata
1921 ccgaagacag ctcatgttat atcccgecgt taaccaccat caaacaggat tttegectge
1981 tggggcaaac cagcgtggac cgcttgetge aactctctca gggecaggeg gtgaagggea
2041 atcagctgtt gecccgtctca ctggtgaaaa gaaaaaccac cctggegece aatacgcaaa
2101 ccgectctee cegegegttg gecgattcat taatgeaget ggeacgacag gtttccegac
2161 tggaaagcgg gcagtgagcg caacgcaatt aatgtaagtt agetcactca ttaggcacce
2221 caggctttac actttatget tccgacctge aagaacctca cgtcaggtgg cacttttcgg
2281 ggaaatgtgc gcggaacccc tatttgttta tttttctaaa tacattcaaa tatgtatccg
2341 ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt
2401 attcaacatt tccgtgtcge ccttattece ttttttgegg cattttgeet tectgttttt
2461 gctcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg
2521 ggttacatcg agaactggat ctcaacagcg gtaagatcct tgagagtttt cgecccgaag
2581 aacgttttcc aatgatgagc acttttaaag ttctgetatg tggegeggta ttatcccgta
2641 ttgacgccgg gcaagagcaa ctcggtcgec geatacacta ttctcagaat gacttggttg
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2701 agtactcacc agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgca
2761 gtgetgccat aaccatgagt gataacactg cggecaactt acttctgaca acgatcggag
2821 gaccgaagga gctaaccget tttttgcaca acatggggga tcatgtaact cgecttgate
2881 gttgggaacc ggagctgaat gaagccatac caaacgacga gegtgacacc acgatgectg
2941 tagcaatggc aacaacgttg cgcaaactat taactggega actacttact ctagcttcce
3001 ggcaacaatt aatagactgg atggaggcgg ataaagttgc aggaccactt ctgegetegg
3061 cccttcegge tggctggttt attgetgata aatctggage cggtgagegt gggtctegeg
3121 gtatcattgc agcactgggg ccagatggta agccctceeg tatcgtagtt atctacacga
3181 cggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgectcac
3241 tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa
3301 aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca
3361 aaatccctta acgtgagttt tcgttccact gagegtcaga ccccgtagaa aagatcaaag
3421 gatcttcttg agatcctttt tttctgegeg taatctgetg cttgcaaaca aaaaaaccac
3481 cgctaccage ggtggtttgt ttgccggatc aagagetacc aactcttttt ccgaaggtaa
3541 ctggettcag cagagcgcag ataccaaata ctgtccttct agtgtagecg tagttaggee
3601 accacttcaa gaactctgta gcaccgccta catacctege tctgetaatc ctgttaccag
3661 tggctgctge cagtggegat aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac
3721 cggataaggc gcageggtcg ggctgaacgg ggagttcgtg cacacagece agettggage
3781 gaacgaccta caccgaactg agatacctac agcgtgagca ttgagaaage gecacgette
3841 ccgaagggag aaaggcggac aggtatccgg taageggcag ggtcggaaca ggagagegea
3901 cgagggagct tccaggggga aacgectggt atctttatag tcctgtcggg tttegecace
3961 tctgacttga gegtcgattt ttgtgatgct cgtcaggggg geggagecta tggaaaaacg
4021 ccagcaacgc ggecttttta cggttectgg cettttgetg gecttttget cacatgttet
4081 ttcctgegtt atcccctgat tctgtggata accgtattac cgectttgag tgagetgata
4141 ccgetcgecg cagecgaacy accgagegea gegagtcagt gagegaggaa gcggaagage
4201 gcccaatacg caaaccgect ctececegege gttggecgat tcattaatge agaattaatt
4261 ctcatgtttg acagcttatc atcgactgca cggtgcacca atgettctgg cgtcaggeag
4321 ccatcggaag ctgtggtatg getgtgeagg tcgtaaatca ctgcataatt cgtgtcgete
4381 aaggcgeact cccgttetgg ataatgtttt ttgcgecgac atcataacgg ttctggcaaa
4441 tattctgaaa tgagctgttg acaattaatc atcggetcgt ataatgtgtg gaattgtgag
4501 cggataacaa tttcacacag gaaacagcga tgaattcaga tctcaccatg aaggagetgg
4561 tggccegagt getgcagagg ctgtgegage geggegegaa gaacgtgetg gecttegget
4621 tcgegetget ggacggggee cgegggggec cccecgagge cttcaccace agegtgegea
4681 gctacctgcc caacacggtg accgacgeac tgcgggggag cggggegtag gggetgetge
4741 tgcgeegegt gggegacgac gtgetggttc acctgetgge acgetgegeg ctetttgtge
4801 tggtggctcc cagetgegec taccaggtgt gegggecgec getgtaccag cteggegetg
4861 ccactcaggc ccggeccceg ccacacgcta gtggaccccg aaggegtctg ggatgegaac
4921 gggcctggaa ccatagegtc agggaggecg gggtccccct gggectgeca geceegggtg
4981 cgaggaggcg cgggggcagt gecagecgaa gtetgecgtt geccaagagg cccaggegtg
5041 gegetgecee tgagecggag cggacgeccg ttgggeaggg gteetgggec caccegggea
5101 ggacgcgtgg accgagtgac cgtggtttct gtgtggtgtc acctgccaga cccgecgaag
5161 aagccacctc tttggagggt gegetctctg geacgegeca cteccaccea teegtgggce
5221 gccagcacca cgegggecce ccatccacat cgeggecace acgtcectgg gacacgectt
5281 gtccceeggt gtacgecgag accaageact tcctctacte ctcaggegac aaggageage
5341 tgcggeccte cttectacte agetctetga ggeccagect gactggeget cggaggeteg
5401 tggagaccat ctttctgggt tccaggecct ggatgecagg gactccccge aggttgecce
5461 gecectgeccea gegetactgg caaatgegge cectgtttct ggagetgett gggaaccacg
5521 cgcagtgece ctacggggtg ctectcaaga cgecactgece getgegaget geggteacce
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5581 cagcagcegg tgtctgtgec cgggagaage cccagggete tgtggcggee cecgaggagg
5641 aggacacaga cccecgtege ctggtgcage tgetecegeca geacageage ccctggeagg
5701 tgtacggctt cgtgegggee tgectgegee ggetggtgee cccaggecte tggggeteca
5761 ggcacaacga acgccgettc ctcaggaaca ccaagaagtt catctecctg gggaageatg
5821 ccaagctctc gctgeaggag ctgacgtgga agatgagegt gegggactge gettggetge
5881 gcaggagcce aggggttgge tgtgttecgg cegeagagea ccgtetgegt gaggagatee
5941 tggccaagtt cctgeactgg ctgatgagtg tgtacgtcgt cgagetgetc aggtetttet
6001 tttatgtcac ggagaccacg tttcaaaaga acaggetctt tttctaccgg aagagtgtet
6061 ggagcaagtt gcaaagcatt ggaatcagac agcacttgaa gagggtgcag ctgcgggage
6121 tgtcggaagc agaggtcagg cagcatcggg aagccaggec cgeectgetg acgtccagac
6181 tccgettcat ccccaagect gacgggetge ggecgattgt gaacatggac tacgtegtgg
6241 gagccagaac gttccgcaga gaaaagaggg ccgagegtct cacctcgagg gtgaaggeac
6301 tgttcagcgt gctcaactac gagcgggcge ggegeccegg ccteetggge gectetgtge
6361 tgggcctgga cgatatccac agggectgge geaccttcgt getgegtgtg cgageccagg
6421 acccgecgee tgagetgtac tttgtcaagg tggatgtgac gggegegtac gacaccatce
6481 cccaggacag getcacggag gtcatcgeca geatcatcaa accccagaac acgtactgeg
6541 tgcgtcggta tgcegtggtc cagaaggecg cccatgggea cgtccgeaag gecttcaaga
6601 gccacgtctc taccttgaca gacctccage cgtacatgeg acagttcgtg getcacctge
6661 aggagaccag cccgetgagg gatgeegteg tcatcgagea gagetcctcc ctgaatgagg
6721 ccagcagtgg cctcttegac gtcttectac gettcatgtg ccaccacgee gtgegeatca
6781 ggggcaagtc ctacgtccag tgccagggga tcccgeaggg ctecatccte tccacgetge
6841 tctgcagect gtgctacgge gacatggaga acaagetgtt tgeggggatt cggegggacg
6901 ggctgetect gegtttggtg gatgatttet tgttggtgac acctcacctc acccacgega
6961 aaacttcctc aggacctggt ccgaagtgtc ctgagtatgg ctgegtggtg aacttgegga
7021 agacagtggt gaacttccct gtagaagacg aagccctggg tggeacgget tttgttcaga
7081 tgeccggecca cggectatte ccctggtgeg gectgetget ggataccegg accetggaga
7141 tgcagagcga ctactccage tatgcccgga cctccatcag agecagtcte accttcaace
7201 gcggcttcaa ggetgggagg aacatgegte gcaaactctt tggggtettg cggetgaagt
7261 gtcacagect gtttctggat ttgcaggtga acagcctcca gacggtgtge accaacatct
7321 acaagatcct cctgctgeag gegtacaggt ttcacgeatg tgtgetgeag ctcccattte
7381 atcagcaagt ttggaagaac cccacatttt tcctgegegt catctctgac acggectcce
7441 tctgctactc catcctgaaa gccaagaacy cagccgaaga aaacatttct gtcgtgacte
7501 ctgeggtget tgggtcggga cagccagaga tggagecace ccgeagaceg tcgggtgtag
7561 gcagetttce ggtgtctect gggaggggag ttgggetggg cctgtgacte ctcagectet
7621 gtttteccce agggatgtcg ctgggggeca agggegeege cggecctetg cectecgagg
7681 ccgtgcagtg getgtgccac caagcattce tgetcaaget gactcgacac cgtgteacct
7741 acgtgccact cctggggtca ctcaggacag gcaagtgtgg gtggaggeca gtgegog
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LOCUS pAKI28.14 7688 bp dsDNA  Circular
DEFINITION Human telomerase clone with exon alpha spliced out

1 tcgacctgca ggcatgcaag cttggcactg gecgtegttt tacaacgtcg tgactgggaa

61 aaccctggeg ttacccaact taatcgectt gcagcacatc ccecctttege cagetggegt
121 aatagcgaag aggcccgeac cgatcgecct tcccaacagt tgegeagect gaatggegaa
181 tggcgectga tgeggtattt tctccttacg catctgtgeg gtatttcaca ccgeataaat
241 tceetgtttt ggcggatgag agaagatttt cagectgata cagattaaat cagaacgcag
301 aagcggtctg ataaaacaga atttgectgg cggeagtage geggtggtec cacctgacce
361 catgccgaac tcagaagtga aacgccgtag cgecgatggt agtgtggggt ctccccatge
421 gagagtaggg aactgccagg catcaaataa aacgaaaggc tcagtcgaaa gactgggect
481 ttcgttttat ctgttgtttg tcggtgaacg ctctectgag taggacaaat ccgecgggag
541 cggatttgaa cgttgcgaag caacggcccg gagggtggeg ggcaggacge ccgccataaa
601 ctgccaggca tcaaattaag cagaaggcca tcctgacgga tggecttttt gegtttctac
661 aaactcttcc tgtcgtcata tctacaagec atccccccac agatacggta aactagecte
721 gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaatc tgctctgatg
781 ccgcatagtt aagccagecc cgacacccge caacacccge tgacgegecc tgacgggett
841 gtctgctccc ggeatccget tacagacaag ctgtgaccgt ctecgggage tgecatgtgte
901 agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggcctcgtg atacgectat
961 ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttct gtacccgaca
1021 ccatcgaatg gtgcaaaacc tttcgeggta tggcatgata gegeccggaa gagagtcaat
1081 tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat geecggtgtet
1141 cttatcagac cgtttcccge gtggtgaacc aggecageca cgtttctgeg aaaacgeggg
1201 aaaaagtgga agcggcgatg gcggagetga attacattcc caaccgegtg gcacaacaac
1261 tggcgggcaa acagtcgttg ctgattggeg ttgccacctc cagtctggee ctgeacgege
1321 cgtcgcaaat tgtcgeggeg attaaatctc gegecgatca actgggtgec agegtggtgg
1381 tgtcgatggt agaacgaagc ggcgtcgaag cctgtaaagc ggeggtgeac aatcttcteg
1441 cgcaacgegt cagtgggetg atcattaact atccgetgga tgaccaggat gecattgetg
1501 tggaagctgc ctgcactaat gttccggegt tatttcttga tgtctctgac cagacaccca
1561 tcaacagtat tattttctcc catgaagacg gtacgegact gggcgtggag catctggtcg
1621 cattgggtca ccagcaaatc gcgetgttag cgggeccatt aagttctgte tcggegegte
1681 tgcgtctgge tggetggeat aaatatctca ctcgeaatca aattcagecg atagcggaac
1741 gggaaggcga ctggagtgcc atgtccggtt ttcaacaaac catgcaaatg ctgaatgagg
1801 gcatcgttce cactgcgatg ctggttgeca acgatcagat ggcgetggge gcaatgegeg
1861 ccattaccga gtccgggetg cgegttggtg cggatatctc ggtagtggga tacgacgata
1921 ccgaagacag ctcatgttat atcccgecgt taaccaccat caaacaggat tttcgectge
1981 tggggcaaac cagcgtggac cgettgetge aactctctca gggecaggeg gtgaagggea
2041 atcagetgtt geecgtctca ctggtgaaaa gaaaaaccac cctggegecc aatacgcaaa
2101 ccgectetee ccgegegttg gecgattcat taatgcaget ggcacgacag gtttcccgac
2161 tggaaagcgg gcagtgagcg caacgcaatt aatgtaagtt agctcactca ttaggcacce
2221 caggctttac actttatgcet tccgacctgec aagaacctca cgtcaggtgg cacttttegg
2281 ggaaatgtgc gcggaacccc tatttgttta tttttctaaa tacattcaaa tatgtatccg
2341 ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt
2401 attcaacatt tccgtgtcge ccttattcce ttttttgegg cattttgect tcetgttttt
2461 gctcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg
2521 ggttacatcg agaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag
2581 aacgttttcc aatgatgagc acttttaaag ttctgctatg tggcgeggta ttatcccgta
2641 ttgacgccgg gcaagagcaa ctcggtcgec geatacacta ttctcagaat gacttggttg
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2701 agtactcacc agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgca
2761 gtgctgccat aaccatgagt gataacactg cggecaactt acttctgaca acgatcggag
2821 gaccgaagga gctaaccget tttttgcaca acatggggga tcatgtaact cgecttgate
2881 gttgggaacc ggagctgaat gaagccatac caaacgacga gcgtgacacc acgatgectg
2941 tagcaatggc aacaacgttg cgcaaactat taactggcga actacttact ctagcttcce
3001 ggcaacaatt aatagactgg atggaggcgg ataaagttgc aggaccactt ctgegetegg
3061 cccttcegge tggetggttt attgetgata aatctggage cggtgagegt gggtctegeg
3121 gtatcattgc agcactgggg ccagatggta agccctcecg tatcgtagtt atctacacga
3181 cggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgectcac
3241 tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa
3301 aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca
3361 aaatccctta acgtgagttt tcgttccact gagegtcaga ccccgtagaa aagatcaaag
3421 gatcttcttg agatcctttt tttctgegeg taatctgetg cttgcaaaca aaaaaaccac
3481 cgctaccagc ggtggtttgt ttgccggatc aagagetacc aactcttttt ccgaaggtaa
3541 ctggettcag cagagcgcag ataccaaata ctgtccttct agtgtagecg tagttaggec
3601 accacttcaa gaactctgta gcaccgecta catacctcge tctgetaatc ctgttaccag
3661 tggctgctge cagtggegat aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac
3721 cggataaggc gcageggtcg ggetgaacgg ggagttegtg cacacagece agettggage
3781 gaacgaccta caccgaactg agatacctac agcgtgagca ttgagaaagc gecacgette
3841 ccgaagggag aaaggcggac aggtatccgg taagcggeag ggtcggaaca ggagagegea
3901 cgagggaget tccaggggga aacgectggt atctttatag tcctgtcggg tttegecace
3961 tctgacttga gcgtcgattt ttgtgatget cgtcaggggg geggagecta tggaaaaacg
4021 ccagcaacgc ggccttttta cggttcctgg cettttgetg gecttttget cacatgttet
4081 ttcctgegtt atcccctgat tctgtggata accgtattac cgectttgag tgagetgata
4141 ccgetegecg cagecgaacg accgagegea gegagtcagt gagegaggaa geggaagage
4201 gcccaatacg caaaccgcct ctccecgege gttggecgat tcattaatge agaattaatt
4261 ctcatgtttg acagcttatc atcgactgca cggtgcacca atgettctgg cgtcaggeag
4321 ccatcggaag ctgtggtatg getgtgcagg tcgtaaatca ctgeataatt cgtgtcgete
4381 aaggcgcact cccgttetgg ataatgtttt ttgegecgac atcataacgg ttctggcaaa
4441 tattctgaaa tgagetgttg acaattaatc atcggctcgt ataatgtgtg gaattgtgag
4501 cggataacaa tttcacacag gaaacagcga tgaattcaga tctcaccatg aaggagetgg
4561 tggcccgagt gctgcagagg ctgtgegage geggegegaa gaacgtgetg geettegget
4621 tcgegetget ggacggggec cgcggggace ccececgagge cttcaccace agegtgegea
4681 gctacctgec caacacggtg accgacgcac tgegggagag cgaggeatgg gggctgetgce
4741 tgcgecgegt gggcgacgac gtgetggtte acctgetgge acgetgegeg ctetttgtge
4801 tggtggctcc cagetgegee taccaggtgt gegggecgec getgtaccag cteggegetg
4861 ccactcaggc ccggecceeg ccacacgcta gtggacceeg aaggegtetg ggatgegaac
4921 gggcctggaa ccatagcgtc agggaggecg gggtccccet gggectgeca geccegggta
4981 cgaggaggcg cgggggcagt gecagecgaa gtetgecgtt geccaagagg cccaggegtg
5041 gcgetgeece tgagecggag cggacgeccg ttgageaggg gtectgggee caccegggea
5101 ggacgcgtgg accgagtgac cgtggtttct gtgtggatgtc acctgccaga ccegecgaag
5161 aagccacctc tttggagggt gegetctetg geacgegeca cteccaccea teegtgggee
5221 gccageacca cgegggecce ccatccacat cgeggecace acgtecctgg gacacgectt
5281 gtcceecggt gtacgecgag accaageact tcctctactc ctcaggegac aaggageage
5341 tgcggecctc cttectacte agetctetga ggeccagect gactggeget cggaggcteg
5401 tggagaccat ctttctgggt tccaggecct ggatgecagg gactcececge aggttaccee
5461 gcetgeccca gegetactgg caaatgegge ccctgtttet ggagetgett gggaaccacg
5521 cgcagtgecc ctacggggtg ctcctcaaga cgcactgecc getgegaget geggtcacce
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5581 cagcagcegg tgtctgtgec cgggagaage cccagggetc tgtggeggee cccgaggagg
5641 aggacacaga cccecgtege ctggtgcage tgetccgeca geacageage cecetggeagg
5701 tgtacggett cgtgegggec tgcctgegec ggetggtgec cceaggectc tggggeteca
5761 ggcacaacga acgecgettc ctcaggaaca ccaagaagtt catctecctg gggaageatg
5821 ccaagetctc gctgcaggag ctgacgtgga agatgagegt gegggactge gettggetge
5881 gcaggagccc aggggttgge tgtgttccgg ccgcagagea cegtctgegt gaggagatee
5941 tggccaagtt cctgcactgg ctgatgagtg tgtacgtegt cgagetgetc aggtetttet
6001 tttatgtcac ggagaccacg tttcaaaaga acaggctctt tttctaccgg aagagtgtet
6061 ggagcaagtt gcaaagcatt ggaatcagac agcacttgaa gagggtgcag ctgcgggage
6121 tgtcggaagc agaggtcagg cagcatcggg aagccaggec cgecctgetg acgtccagac
6181 tccgettcat ccccaagect gacgggetge ggecgattgt gaacatggac tacgtcgtag
6241 gagccagaac gttccgcaga gaaaagaggg ccgagegtct cacctcgagg gtgaaggeac
6301 tgttcagcgt gctcaactac gagegggege ggegeceegg ceteetggge geetetgtge
6361 tgggcctgga cgatatccac agggectgge geaccttegt getgegtgtg cgggeccagg
6421 acccgecgec tgagetgtac tttgtcaagg acaggetcac ggaggtcatc gecageatca
6481 tcaaacccag aacacgtact gcgtgegtcg gtatgecgtg gtccagaagg ccgeccatgg
6541 gcacgtccge aaggecttca agagecacgt ctctaccttg acagacctce agecgtacat
6601 gcgacagttc gtggctcacc tgcaggagac cagcccgetg agggatgecg tcgtcatcga
6661 gcagagctcc tccctgaatg aggecageag tggectettc gacgtettee tacgetteat
6721 gtgccaccac geegtgegea tcaggggcaa gtcctacgtc cagtgecagg ggatcccgea
6781 gggctccatc ctctccacge tgetctgeag cetgtgetac ggegacatgg agaacaaget
6841 gtttgcgggg attcggeggg acgggetget cetgegtttg gtggatgatt tettgttggt
6901 gacacctcac ctcacccacg cgaaaacctt cctcaggacc ctggtccgag gtgtccctga
6961 gtatggctgc gtggtgaact tgcggaagac agtggtgaac ttecctgtag aagacgagge
7021 cctgggtgge acggettttg ttcagatgec ggeccacgge ctattcecct ggtgeggect
7081 gctgetggat acccggacce tggaggtgca gagegactac tccagetatg cccggaccete
7141 catcagagcc agtctcacct tcaaccgegg cttcaagget gggaggaaca tgegtcgcaa
7201 actctttggg gtettgegge tgaagtgtca cagectgttt ctggatttge aggtgaacag
7261 cctccagacg gtgtgeacca acatctacaa gatcctectg ctgcaggegt acaggtttea
7321 cgcatgtgtg ctgcagetcee catttcatca gcaagtttgg aagaacccca catttttect
7381 gcgegteate tctgacacgg cctecctctg ctactccatc ctgaaageca agaacgeagg
7441 gatgtcgctg ggggecaagg gegeegeegg ccctetgece teegaggeeg tgeagtgget
7501 gtgecaccaa gcattcctge tcaagetgac tcgacaccgt gtcacctacg tgecactect
7561 ggggtcactc aggacagccc agacgcagct gagtcggaag ctcccgggga cgacgetgac
7621 tgccctggag geegeageca acceggeact gecctcagac ttcaagacca tcctggactg
7681 atctagag
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