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Nucleic acid molecules encoding vertebrate telomerase are provided. Gene products, expression vectors and host cells suitable for
expressing telomerase are also provided. Methods for identifying inhibitors of telomerase activity and inhibitor compositions are disclosed.
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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 ovetcome 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 compon.ents 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 another aspect the invention provides an isolated nucleic acid
molecule comprising a sequence corresponding to a nucleic acid molecule encoding a

splice variant of a reference sequence of a catalytic subunit of a vertebrate telomerase,
wherein the reference sequence has the mucleic acid sequence presented in

Figure 1 or where the reference sequence hybridizes under conditions of low stringency
to the complement of a nucleic acid sequence encoding amino acids 605-915 of Figure
L. ' ‘

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 nommal 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
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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 10to 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 o, region B, region 2, region 3
region X or region Y. In a related aspect, the invention provides an oligonucleotide that
hybridizes specifically to a nucieic acid sequence in region 1, region «, region B, region
2, region 3 region X or region Y.

Methods for diagnosing cancer in a patent are also provided. These
methods comprise preparing tumor ¢DNA and amplifying the tumor ¢DNA 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 i5 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 o, region B, 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. 1n 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 endogénous
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 (¢) 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 predxcted
amino acid sequence (SEQ ID No: _) of human telomerase,

Figures 2A-B presents an alignment of Euplotes aediculatus pl123 (SEQID
No:__), yeast (EST2) (SEQ ID No:__) and human (HTI) 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 2 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 | genome equivalents. H, Hind I1I; E, Eco RLP, PstI; X, Xbal; B, Bam HI.

Figure 5 shows the results of amplification of cDNAs synthesized from
various tissues. Amplification is performed using primers from the hTl 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); |: 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




(p} 7 (pre-crisis); b: BET-3K p32 (post-crisis); ¢: BFT-3K pl4 (pre-crisis); d: BFT-3K p
22 (post-crisis); e: BFT-3B pl5 (pre-crisis); f: BFT-IB P29 (post-crisis); g: GM897
(ALT); h: IICF/c (ALT); i: ICF-T/B1 (ALT); j: No template control.
Figures 7A-C show some altemative splicing patterns of the hT1
5 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
10 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
': 15 HT278IR primers. a: Lung carcinoma; b: Lymphoma; e¢: Lung carcinoma; d:
nel Medulloblastoma; e: Lymphoma; f: Lymphoma; g: T47D; h: Pheochromocytoma; i:
:: - ‘ Lymphoma; j: Glioma; k: Lymphoma; I: No template control.

B Figure 9 shows the results of amplification on cDNA synthesized from

LIM 1215 cDNA. As shown, reverse transcriptase motif A is deleted from splicing
20  variants containing sequence o. Primer combinations are: a, HTM2028F + HT' 2356R;
b, HT2026F + HT2482R; ¢, HTM2028F + HT2482R,; d. HT2026F + HT2482R.
Figures 10A-B present DNA sequences of variant regions of telomerase.

§'-':; Figures 11A-AN presents DNA and amino acid sequences of exemplary
oo, variant telomerase proteins,

::: b 25 Figure 12 is a scanned image of a telomerase activity assay.

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

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

30 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., | 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(Nat). 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 geme. 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
accesston 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, Agtl0,
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cosmids, or plasmids, and cDNA libraries constructed in bacteriophage vectors (e.g.,A
ZAPII), 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 celis with high
telomerase activity is preferred. The primers described herein amplify a fragment that
has a length predicted from the EST sequence from a LIMI1215 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 detived 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 telomerascs (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. Regardiess 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 altemative 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
Laboraiory 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 | 1 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, (¢.g., 32P), enzymatic label, protein label, flucrescent 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 nitroce]lulose 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 hybtidization (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 ¢<DNA 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
arc 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 Agt10 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 genc 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
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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 (eg.
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, nucleclytic 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, - [, *H, “C), fluorescent label
(e.g., FITC, Cy5, 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 polynucieotides 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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¢DNA are preferably derived from sequences at the S' 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 derived 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(MI13+), 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 (.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 ut the 5' end, with a reporter molecule, such as a
tadionuclide, (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
colenies 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, if 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 hTl 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 o, 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 «, 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 B-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 f 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 hT! 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 altemative 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 hT! 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 invoive 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 o 2 3
truncated #1 i + 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.,
Saccharomyees cerevisiae), mammalian cells (e. £, 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,
¢DNA 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 inciude 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 fac 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, e.g., U.S.
Patent Nos. 5,243,041, 5,242,687, 5,266,317, 4,745,051, and 5,169,784), MMTV LTR,
CMV [E promoter, RSV LTR, $V40, 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 (Tc!) and the kanamycin resistance
gene (Kan'). The kanamycin resistance gene is presently preferred. Suitabie 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 ple, 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. 5278,050, 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, Carisbad, CA). In
certain embodiments, telomerase gene is cioned 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.

1L, 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 Blackbumn, 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 §; 394, 1996, describing an in vitro
chemosensitivity assay; Tatemaisu et al., Oncogene 13: 2263, 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 vifro
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 ere 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 vive 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 olige(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 verlebrate 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 o 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’)2, 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, Ann. N.Y. Acad.
Sci, 51:660-672, 1949).

Briefly, a polyclonal antibody preparation may be readily generated in a
vatiety 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 afier 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. Ina
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 - Ag8.653 (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
(hypoxanthine, 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 ¢DNA
expression libraries in suitable vectors, such as AimmunocZap(H) and AmmunoZap(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™ L (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 Vg and Vj, 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 fo 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 2
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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OI. 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
embodimerts, 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 et al., supra). 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 (see 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,
1.1. 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, Narure 334:585, 1988; Haseloff et al., U.S. Patent
No. 5,254,678), hepatitis delta virus ribozymes (see, e.g, Perrotta and Been, Biochem.
31:16, 1992), Group I intron ribozymes such as those based upon the Tetrahymena
ribosomal RNA (see, ¢.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 N is G, 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
cDNA molecule which encodes a ribozyme and which is operably linked to a RNA
polymerase promoter (c.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 eukaryotic promoter comptises 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 inwon 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
hefein 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, nerve 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 to 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/for protein may be used
for detection of dividing cells, especially tumor cells and stem cells. Detection methods
include antibody stzining 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 responsc 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 varianis 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 (.8, 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 Iabels.

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. 5,474,7%. 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 hercin. 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 measurement 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 actas 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 pene 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 vive
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
contro] 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; Kolls 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; US. 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 89:6094, 1990}, lipofection (Felgner et al., Proc. Natl. Acad. Sci. USA 84.7413-
7417, 1989), microprojectile bombardment (Williams et al., PNAS 88:2726-2730,
1991), polycation compounds such as polylysire, 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, suctose or dextrans, mannitol, proteins, polypeptides or amino acids
such-as glycine, antioxidants, chelating agents such as EDTA or glutathione, adjuvants
(eg, 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, subeutaneous, 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,
ineluding for example intraarticularly, intracranially, intradermally, intrahepatically,
intramuscularly, intraocularly, intraperitoneally, intrathecally, intravenously,
subcutaneously 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.




10

20

25

30

35

WO 99/01560 PCT/US98/13835
40

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 LIMI215 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). cDNA is synthesized from RNAs isolated
from normal and tumor tissues. RT-PCR foliowed by nested amplification is performed
using the Titan RT-PCR system (Bochringer-Mannheim), Amplification conditions are
as follows: 95°C for 2 min, two eycles 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 7ag 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
¢RACE 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 ¢<DNA 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 HTI262F 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 HT0141F 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'-
AGGAGATCTCGCGATGCCGCGCGCTC3' and HtelFuleodB 5'-
TCCACGCGTCCTGCCCGGGTG-3' on LIMI2IS RNA. The resulting amplified
product was digested with Mlu [ and Bgl Il and ligated to the remaining telomerase
¢DNA sequence.
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The 3'-most sequences of the transcript are obtained by two rounds of
amplification (XL-PCR system) using EBHTI8 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 Oligo Seguence
HT0028F 5' - GCTGGTGCAGCGCGGEGACE

HT 5°'Met St - CACAAGCTTGAATTCACATCTCACCATGAAGGAGCTGGTGGCCCGAGT

HT0093R 5" - GGCACGCACACCAGGCACTG
HT0l41F 5 - CCTGCCTGRAGGAGCTGGTS
HTO0142R 5" - GGACACCTGGCGGRAGGAG
HTO163F 5’ - CCGAGTGCTGCAGAGGCTGT
HT0220R 3" - GAAGCCGAAGGCCAGCACGTTCTT
HT1l262F 5' - GTGCAGCTGCTCCGCCAGCACA
HT1114R 5' - GTTCCCRAGCAGCTCCAGAAACAG
HT1157R 5' - GGCAGTGCGTCTTGAGGAGCA
HT1553F 5" - CAUTGGCTGATGAGTGTGTAC
HT1576R 5’ - GACGTACACACTCATCAGCCAG
HT1590F 5" - GGTCTTTCTTTTATGTCACGGAG
HT1691F 5’ - CACTTGAAGAGGGTGCAGCT
HT1875F 5 - GTCTCACCTCGAGGGTGAAG
HT1B93R 5" - TTCACCCTCGAGGTGAGACGCT
HT1920R 5’ - TCGTAGITGAGCACGCTGAAC
HT2026F 5" - GCCTGAGCTGTACTITGTCAP.

HTM2028F 5" - CTUAGCTGIACTTTGTCAAGGACA
HT2230F 3¢ - GTACATGCGACAGTTCGTGGCTCA
HT2356R 5" - CATGAAGCGTAGGAAGACGTCGAAGA
HT2482R S’ - CGCARACAGCTTGTTCTCCATGTC
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CTATGCCCGGACCTCCATCAGA
CTGATGGAGGTCCGGGCATAG

CCTCCGAGGCCGTGCAGT
CACCTCAAGCTTTCTAGATCAGTCCAGGATGGTCTTGAAGTCA
GGRAGGCARAGGAGGGCAGEGCGA
CACGAATTCGGATCCAAGLI111111A1111111111
GGGTTGCGGAGGGTGGGE

GCAGTGGTGAGCCGAGTCCTS

CGACTTTGGAGGTGCCTTCA

GCTGGTGCAGCGCGGGGACT
GAGGTGCAGAGCGACTACTCCA
GTCTCACCTCGAGGGTGAAG
GGCTGCTCCTGCGTTTGGTGGA
GCCAGAGATGGAGCCACCC
GGGTGGCTCCATCTCTGGC
CCGCACGCTCATCTTCCACGT
GCTTGGGGATGAAGCGGTC
CGCCTGAGCTGTACTTTGTCA
CACCTCAAGCTTTCTAGATCAGCTAGCGGCCCAGCCCAACTCCCCT
GCAGCACACATGCGTGAAACCTGT
GTGTCAGAGATGACGCGCAGGAA
ACCCACACTTGCCTGTCCTGAGT

ACTGGATCCTTGACAATTAATGCATCGGCTCGTATAATGTGTGGAGGGTTGCGGAGGG

TGGGC
CTGTAATACGACTCACTATAGGGTTGCGGAGGGTGGGC

CACCTGCAGACATGCGTTTCGTCCTCACGGACTCATCAGGCCAGCTGGCGACGCATGTGT

GAGCCGAGTCCTG

GGATCCGCCGCAGAGCACCGICTG
CGRAGCTTTCAGTGGGCCGGCATCTGAAC
CGAAGCTTTCACAGGCCCAGCCCAACTCC
GCGGATCCAGAGCCACGTCCTACGTC
GCGGATCCGTTCAGATGCCGGCCCAC




20

25

30

35

WO 99/01560 PCT/US98/13835

44

EXAMPLE 2
HT1 SEQUENCE AND ALIGNMENT WITH OTHER TELOMERASES

Multiple sequence alignment demonstrates that the predicted hT! 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, inciuding
11 8P or TP dipeptides, which are potential sites for cell cycle dependent kinases.

EXAMPLE 3
CHARACTERIZATION OF TELOMER ASE 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 3 primary human fibroblast cell Iine. Briefly cells
are lysed by homogenization in a buffered solution (0.1 MNaCl, 10 mM Tris, pH 7.4, 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 br 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, | 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 membraze is hybridized with a *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, bul 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 I, Xba 1, Eco RI, BamHl, and Psil, electrophoresed in a 1% agatrose gel, and
transferred to a nylon membrane. For controls, plasmid DNA containing hurnan
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 88C, 0.1% SDS at 55°C. A
scanned phosphor image is presented in Figure 4, As shown, the telomerase gene does
not appear to be amplified or rearranged in LIM1215 as there is not significant
difference in the pattern or intensity of hybridization when comparing LIM 1215 to
PBMC DNA. Moreover, telomerase appears 1o 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 produets.

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 obsetved 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 lymphocyte RNA (Figure 5, upper panef). Interestingly, two of the breast cancer
samples are negative for hT1 expression, despite containing comparable amounts of
RNA to the other samples, as Judged by amplification of B-actin as a positive control
(Figure 5, lower panel).

Acquisition of tclomerase 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 hT] band, a fragment of the same size is also weakly
present in the pre-crisis (lanes c, ¢) 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 (Figure 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 1), similar o 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: (1) SLL lung carcinoma, (2) Lymphoma C,
(3) Lung carcinoma, (4) Medullablastoma A, (5) Lymphoma B, (6) Lymphoma E, )
Tumor sample 47D, (8) Pheochromocystoma, (9) Lymphoma F, (10) Glioma, and a1y
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 ~25¢ bp (band 2)
contains a 36 bp in-frame insertion, the same insertion that was identified in an
amplified product from a LIMI1215 cDNA library. As the RT-PCR product had the
same sequence as the product from the ¢DNA 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 2 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 c 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 clatity of presentation, the protein sequence giving the
best match with Zuplotes and S, cerevisiae 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 gll 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 2465. The insert is 182 bases (Figure 10)
and its absence causes a reading frame-shift and a termination codon in RTase motif §
at nucleotide 2604. (5) The sequence "2" in Figure 7 is present between bases 2823
and 2824. lts 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-qbl (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 sttand cDNA is synthesized and used in an
amplification reaction (Titan system, Bochringer, IN) with a mixture of DNA
polymerases, such that a proofreading thermostable enzyme (e.g., rTth)is used with Tagq
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 [ site at nucleotide 2271 (Figure 1). The §' portion
is first amplified from ¢cDNA 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 £co RI/ Sac I digested pTTQ!8 (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 1II 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 pTTQI$ 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 EDTA4, 5 mM EGTA, | mM DTT, 0.5 pg/m! leupeptin, 1 pg/mi
aprotinin, 0.7 pg/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 is 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 columin. 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 t¢IRNA 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 scquence) primers. The pBluescript insert is then isolated and ligated
10 pACYCI77.

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
1! BT-182/BT-179 RATS... - ...VGLGL
v BT-183 /BT-179 VOQMPAH...~ ... 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 III 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 (Kohistaedt 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 (PXXXPXXP;
PEMEPPRRP, sec variant 2 sequence of Figure 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 [NA 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,

Al primers have either a Hind I1I or a Bam HI site. The amplification
reaction is performed in 1X Pfu buffer, 250 M dNTPs, 100 ng each primer, clone 53.2
template DNA using the foliowing 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 Il 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
ovemnight in liquid broth. An aliquot is diluted in Terrific Broth with 100 pg/m!
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 Triis pH 8.0, 10 mM 2-ME, 1 mg/ml lysozyme, 0.5% Triton X-100, 1 pg/ml
pepstatin, 10 pg/ml leupeptin, 10 pg/ml 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 jn 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 pRe/CMV2 (Invitrogen,
Carisbad, 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 pR¢/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: pAKI.4 is telomerase with the
beta region spliced cut (Figure 13); pAKL7 is telomerase with the alternative C-
terminus insert 3 (Figure 14); and pAKIL.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 pCineo 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 (pAKL7 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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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated nucleic acid molecule comprising a sequence corresponding
to a nucleic acid molecule encoding a splice variant of a reference sequence of a
catalytic subunit of a vertebrate telomerase,

wherein the reference sequence has the nucleic acid sequence presented in
Figure | or the reference sequence hybridizes under conditions of low stringency to the

complement of a nucleic acid sequence encoding amino acids 605-915 of Figure 1.

2. The nucleic acid molecule of claim [, wherein the nucleic acid molecule
encodes one of the amino acid sequences presented in Figures 11A, 11B-C, }1D-E, 11J-

K, 11L-M, 1IN-0, 11P-Q, 11R-S, or 11T-U, or a variant thereof.

3. The nucleic acid molecule of claim 1, comprising one of the nucleotide
sequences presented in Figures 11A, 11B-C, 11D-E, 11J-K, 11L-M, 1IN-O, 11P-Q,
11R-S, or 11T-U or a sequence that hybridizes under normal stringency conditions to
the complement of one of the nucleotide sequences presented in Figures 114, 11B-C,

11D-E, 11J-K, 11L-M, 1IN-O, 11P-Q, 1IR-S, or 11T-U.

4. The nucleic acid molecule of claim 1, 2, or 3 wherein the splice variant
of the catalytic subunit of vertebrate telomerase lacks nucleotide sequence encoding

RTase motifs A, B, C, and D.

5. The nucleic acid molecule of claim 1, 2, or 3 wherein the splice variant
of the catalytic subunit of vertebrate telomerase lacks nucleotide sequence encoding

RTase motif A.

6. The nucleic acid molecule of any preceding claim, wherein the splice
variant of the catalytic subunit of vertebrate telomerase lacks nucleotide sequence

encoding a P-loop motif.
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7. The nucleic acid molecule of any preceding claim, wherein the splice

variant of the catalytic subunit of vertebrate telomerase lacks a C-terminal domain.

8. The nucleic acid molecule of any one of claims 1 to 6, wherein the splice
variant of the catalytic subunit of vertebrate telomerase has an altered C-terminus

comprising sequence encoding a consensus SH3 binding site.

9. The nucleic acid molecule of any preceding claim, wherein said

molecule is a DNA molecule.

10. The nucleic acid molecule of any one of claims 1 to 8, wherein said

molecule is an RNA molecule.

11.  The nucleic acid molecule of any preceding claim, wherein said

vertebrate telomerase is a human telomerase.

12, An expression vector, comprising a promoter operably linked to the

nucleic acid molecule according to any one of claims 1-11.

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

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

15.  The host cell of claim 14, wherein the cell is selected from the group

consisting of human cell, monkey cell, mouse cell, rat cell, yeast cell and bacterial cell.

16.  An isolated or recombinant protein encoded by the nucleic acid molecule

according to any one of claims 1to 11.




10

15

20

25

PAOPER\FRsiS2854-48-25pa doc-| L4102

56

17. A method for making a catalytic subunit of a vertebrate telomerase
protein, comprising culturing a host ¢ell according to either of claims 14 or 15 under
conditions, and for a time sufficient, to produce the catalytic subunit of the vertebrate

telomerase protein,

18.  Anisolated nucleic acid molecule of at least 15 nucleotides in length that
hybridizes under conditions of normal stringency to a sequence, or complement thereof,
corresponding to a nucleic acid molecule encoding a catalytic subunit of vertebrate
telomerase or a splice variant thereof,

wherein the nucleic acid molecule encoding said catalytic subunit of vertebrate
telomerase or splice variant thereof, hybridizes under conditions of low stringency to

the complement of a nucleic acid sequence encoding amino acids 605-915 of Figure 1.

19. A labeled isolated nucleic acid molecule that hybridizes under conditions
of normal stringency to a sequence, or complement thereof, corresponding to a nucleic
acid molecule encoding a catalytic subunit of vertebrate telomerase, or a splice variant
thereof,

wherein the nucleic acid molecule encoding said vertebrate telomerase or splice
variant thereof, hybridizes under conditions of low stringency to the complement of a

nucleic acid sequence encoding amino acids 605-915 of Figure 1.

20.  The isolated nucleic acid molecule according to either claim 18 or 19,
wherein said catalytic subunit of vertebrate telomerase is a catalytic subunit of human

telomerase.
21.  The isolated nucleic acid molecule according to either claim 19 or 20,
wherein said nucleic acid molecule encoding telomerase is presented in Figures 1A-E

(SEQIDNO. 1),

22. The isolated nucleic acid molecule according to claim 21, wherein said

telomerase is a splice variant of the vertebrate telomerase presented in Figures 1A-E
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(SEQIDNO. 1).

23. The isolated nucleic acid molecule according to either claim 19 or 20,
wherein said label is a radiolabel, a chemiluminescent label, an enzyme label, a

fluorescent label, or biotin.

24. The isolated nucleic actd molecule according 1o claim either 19 or 20,

wherein said nucleic acid molecule is at least 20, 25, 30, 40, or, 30 nucleotides in length.

25. A pair of oligonucleotide primers derived from a nucleotide sequence
encoding a catalytic subunit of vertebrate telomerase, or a splice variant of vertebrate
telomerase,

wherein said nucleotide sequence hybridizes under conditions of low stringency
to the complement of a nucleic acid sequence encoding amino acids 605-915 of Figure

1.

26.  The pair of primers according to claim 25 wherein said vertebrate

telomerase is human telomerase.

27.  The primers of claim 26, wherein the pair of primers is capable of
specifically amplifying a sequence comprising all or a part of region 1, region «, region

B, region 2, region 3, region X or region Y as presented in Figures 10A-B.

28.  The primers of claim 27, wherein the primers flank nucleotides 222,

1950, 2131-2166, 2287-2468, 2843, or 3157 as presented in Figures 1A-E.

29.  The primers of claim 28, wherein one of each primer pair flanks
nucleotide 222, 1950, 2131-2166, 2287-2468, 2843, or 3157 as presented in Figures 1A-
E and the other primer of the pair has sequence corresponding to one of the sequences

presented in Figures 10A-B or complements thereof.
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30.  An antibody that specifically binds to a catalytic subunit of a vertebrate
telomerase , wherein said catalytic subunit of vertebrate telomerase is encoded by a

nucleic acid molecule that hybridizes under conditions of low stringency to the

complement of a nucleic acid sequence encoding amino acids 605-915 of Figure 1.

31.  The antibody according to claim 30 wherein said antibody specifically
binds to a polypeptide encoded by a sequence selected from the group consisting of

region 1, region a, region [ or region 3 as presented in Figures 10A-B.

10 32, The antibody according to claim 31, wherein the antibody is a

monoclonal antibody.

33. A hybridoma that produces the antibody according to claim 32.

15 34, A method of detecting a catalytic subunit of a vertebrate telomerase
SOt protein, or a splice variant thereof, in a sample, comprising
el mixing a sample with an anti-vertebrate telomerase catalytic subunit antibody or
fetedt tagged telomerase catalytic subunit binding compound, and
determining whether said antibody or tagged compound binds to the catalytic

30  subunit of vertebrate telomerase, or a splice variant thereof,

thereby detecting said catalytic subunit of vertebrate telomerase protein, or a
splice variant thereof,

wherein said vertebrate telomerase is encoded by a nucleic acid molecule that
et hybridizes under conditions of low stringency to the complement of a nucleic acid

75  sequence encoding amino acids 605-915 of Figure 1.

35. A method of deecting a catalytic subunit of vertebrate telomerase ina
sample, comprising amplifying vertebrate telomerase nucleic acids in the sample and/or
mixing the sample with a nucleic acid molecule according to claim 19 or 20, and
detecting specific hybridization under conditions of normal stringency to a nucleic acid

molecule contained within said sample.
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36. A method for diagnosing cancer comprising the method according to

claim 34 or 35, wherein the sample is obtained from a patient.

37.  The method according to claim 36, further comprising comparing the

value obtained from the sample with a value obtained from normal counterparts cells.

38.  The method according to claim 36 or 37 comprising determining a
pattern of telomerase catalytic subunit RNA expression in cells isolated from a patient,
comprising amplifying telomerase catalytic subunit nucleic acid from c¢DNA
synthesised from patient cell RNA, and

detecting the amplified product by hybridisation with an oligonucleotide having
all or part of a sequence of region 1, region «, region B, region 2, region 3, region X or
region Y as presented in Figures 10A-B,

therefrom determining the pattern of telomerase catalytic subunit RNA

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

39.  An inhibitor of vertebrate telomerase activity, wherein the inhibitor
comprises antisense nucleic acid sequence complementary to region 1, region o, region
B, region 2, region 3 or region X of the catalytic subunit of vertebrate telomerase as

presented in Figures 10A-B.

40.  An inhibitor of vertebrate telomerase activity, wherein the inhibitor is a
ribozyme that specifically cleaves a splice variant of a catalytic subunit of vertebrate

telomerase.

41. A pharmaceutical composition comprising an inhibitor of telomerase

activity according to claim 39 or 40 and a pharmaceutically acceptable carrier.

42, A method of identifying an effector of vertebrate telomerase activity

comprising:
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(a)  adding a candidate effector to a mixture of catalytic subunit of vertebrate
telomerase , RNA component and template, wherein the catalytic subunit of telomerase
is encoded by an isolated nucleic acid molecule according to any one of claims 1 to 11;

(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.
43, The method of claim 42, wherein the effector is an inhibitor.

44, An isolated nucleic acid molecule according to any one of claims 1 to 11

or 18-24 substantially as hereinbefore described with reference to the figures and/or

examples.

45. A method according to any one of claims 17, 34-38 or 42 substantially as

hereinbefore described with reference to the figures and/or examples.

DATED this 11" day of April 2002
CAMBIA BIOSYSTEMS LLC

by DAVIES COLLISON CAVE
Patent Attorneys for the Applicants




HUMAN TELOMERASE

ATGCCGCGCGCTCCCCGCTGOCGAGCCRTGOGCTCOCTGCTGCGCAGCCACTACCGCGAG
WetProArgAlaProArgCysArgAlavalArgSerteuleuArgSerHisTyrArgGly

GTGCTACCGCTGGCCACGTTCRTGCGECACCTRRGGCCCCAGGGCTGRCGRCTRATGCAG
ValleuProLeuAlaThrPheValArgArgLeuGlyProGLlnGlyTrpArgteuvalGln

CGCGGGGACCCGGCEGCTTTCCGCGCGCTGRTGRCCCAGTGCCTGRTATGCATGCCCTGG
ArgGlyAspProAlaAlaPheArgAlaleuvalAlaGinCysLeuvalCysvalProTrp

GACGCACGGCCGCCCCCCGCCGCCCCCTCCTTCOGCCAGGTGTCCTGCCTGAAGGAGCTG
AspAlaArgProProProAlaAlaProSerPheArgGinValSerCysLeulysGluleu

GTGGCCCGAGTGCTRCAGAGGCTGTGCGAGCGCRGCGCGAAGAACGTGCTGGCCTTCGGE
valAlaArgValleuGlnArgleuCysGluArgGLyAlalysAsnvalleuAlaPheGly

TTCGCGCTGCTGGACGGRGCCCGOGREGGCCCCLCCGAGGCCTTCACCACCAGCGTGOGC
PheAlaleuleuAspGlyAlaArgGlyGlyProProGluAlaPheThrThrSerValArg

AGCTACCTGCCCAACACGGTGACCGACGCACTGCGGGGRAGCGGGACGTGGGGRCTGCTG
SerTyrLeuProAsaThrValThrAspAlaLeuArgGlySerGlyAlaTrpGlyleuleu

TTGCGCCGCGTGGGCGACGACRTGCTGGTTCACCTGCTGGCACGCTGCGCRETCTTTGTG
LeuArgArgValGlyAspAspValleuValHisleuleuAlaArgCysAlaleuPheval

CTGGTGGCTCCCAGCTGOGCCTACCAGGTGTGCGGGCCRCCGCTGTAGCAGCTCAGEGCT
LeuvalAlaProSerCysAlaTyrGlnValCysGlyProProLeuTyrGinteuGlyAla

GCCACTCAGGCCCGGCCCCCGCCACACGCTAGTGGACCCCGAAGGCGTCTRAGATGCGAA
AlaThrGlnAlaArgProProProbisAlaSerGlyProArgArgArgLeuGlyCysGlu

CGEGCCTGGAACCATAGCGTCAGGGAGGCCGRGATCCCCCTGGGCCTGCCAGCCCOGRGT
ArgAlaTrpAsnHisSerValArgGluAlaGlyValProleuGlyleuProAlaPraGly

GCGAGBAGGCGCGGAGGCAGTGCCAGLLGAAGTCTGCCAT TGCCCAAGAGGCCCAGGLGT
AlaArgArgArgGlyGlySerAlaSerArgSerLeuProleuPralysArgProArgArg
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GGCGCTGCCCCTGAGCCGGAGCGRACGCCCRTTGGRGCAGGGRTCCTGEGCCCACCCGGRE
GlyAlaAlaProGluProGluArgThrProvalGlyGlnGlySerTrpAlaHisProGly

AGGACGCGTGGACCGAGTGACCGTGRTTTCTGTGTGRGTGTCACCTGCCAGACCCGCEGAA
ArgThrArgGlyProSerAspArgGlyPheCysvalvalSerProAlaArgProAlaGlu

GAAGCCACCTCTTTGGAGGGTGCGCTCTCTRGCACGCGCCACTCLCACCCATCCATGGGE
GluAlaThrSerLeuGluGlyAlaleuSerGlyThrArgHisSerHisProServalGly

(GCCAGCACCACGCGGGCCCCCCATCCACATCGCAACCACCACGTCCCTGGRACACGECT
ArgGlnHisHisAlaGlyProProSerThrSerArgProProArgProTrpAspThrPro

TGTCOCCCGTATACGCOGAGACCAAGCACTTCCTCTACTCCTCAGGCGACAAGRAGCAG
CysProProvalTyrAlaGluThrLysHisPheLeuTyrSerSerGlyAspLysGluGln

CTGCGGCCCTCOTTCCTACTCAGCTCTCTGAGGCCCAGCCTGACTGGCGCTCREAGGCTC
LeuArgProSerPhelLeuleuSerSerteuArgProSerLeuThrGlyALaArgArgLeu

GTGGAGACCATCTTTCTGAGTTCCAGGCCCTGGATGCCAGGGACTCCCCRCAGRTTGCCC
ValGluThrllePheleuGlySerArgProTrpMetProGlyThrProArgArgLeuPro

CGCCTROCCCAGCGCTACTGBCAAATGCARCCCCTGTTTCTGBAGCTGCTTGGGAACCAC
ArgLeuProGLnArgTyrTrpGlnMetArgProLeuPhel euGluleuleuGlyAsnHis

BCGCAGTGCCCCTACGGRATGCTCCTCAAGACGCACTGCCCGCTGCRAGCTGCGGTCACE
AlaGlnCysProTyrGlyValleuleuLysThriisCysProLeuArgAlaAlavalThr

CCAGCAGCCGGTGTCTGTACCCGRGAGAAGCCCCAGGGCTCTATEGCGGCCOCCGAGBAG
ProalaAlaGlyValCysAlaArgGluLysProGlnGlyServalAlaAlaProGluGlu

GAGGACACAGACCCCCGTCGCCTGGTGCAGCTGCTCCGCCAGCACAGCAGCOCCTGGCAG
GLuASpThrAsoProArgArgLeuvalGlnLeuLeuArgGlnHisSerSerProTrpGln

GTGTACGGCTTCGTGCGGECCTGCCTGCGCCGGCTGGTGCCCCCAGGCCTCTGEGRCTOR
ValTyrGlyPheValArgAlaCysLeuArgArgLeuvalProProGlyLeuTrpGlySer

AGGCACAACGAACGCCGCTTCCTCAGGAACACCAAGAAGTTCATGTCCCTGGGGAAGCAT
ArgHisAsnGluArgArgPhel euArgAsnThrLysLysPhelleSerLeuGlyLysHis
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GCCAAGCTCTCGCTGCAGGAGCTGACGTGGAAGATGAGCGTGCGGRGRCTGCGCTTGGCTG
AlalysLeuSerLeuGlnGluleuThrTrplysMetServalArgAspCysAlaTrpleu

CGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCCGCAGAGCACCGTCTGOGTGAGGAGATC
ArgArgSerProGlyvalGlyCysValProAlaAlaGluHisArgleuArgGluGlulle

CTGGCCAAGTTCCTGCACTGGCTGATGAGTGTGTACRTCGTCGAGCTGCTCAGGTCTTTC
LeuAlaLysPheLeuHisTrpLeuMetServalTyrvalvalGluLeuleuArgSerPhe

TTTTATGTCACGGAGACCACGTTTCAAAAGAACAGGCTCTTTTTCTACCGGAAGAGTGTC
PheTyrValThr@luThrThrPheGinLysAsnArgLleuPhePheTyrArglysServal

TGGAGCAAGT TGCAAAGCATTGGAATCAGACAGCACT TGAAGAGGGTGCAGCTGCGGGAG
TrpSerLysLeuGlnSerIleGlyIleArgGlnHisLeulysArgValGlnLeuArgGLy

CTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCCAGGCCCGCCCTGCTGACGTCCAGA
LeuSerGluAlaGluValArgGlnHisArgGluAlaArgProAlaleuleuThrSerArg

CTCCGCTTCATCCCCAAGCCTGACGRGCTGCGGCCGATTGTGAACATGGACTACGTCGTG
LeuArgPhelleProLysProAspGlyLeuArgProllevalAsnMetAspTyrvalval

GGAGCCAGAACGTTCCGCAGAGAAAAGAGGGCCGAGCGTCTCACCTCGAGGGTGAAGGCA
GlyAlaArgThrPheArgArgGluLysArgAlaGluArgleuThrSerArgvallysAla

CTGTTCAGCGTGCTCAACTACGAGCGGGCGCGECGCCCCRGCCTCCTGEGCACCTCTATG
LeuPheServalleuAsnTyrGluArgAlaArgArgProGlyLeuleuGlyAlaServal

CTGGGCCTGGACGATATCCACAGGGCCTGGOGCACCTTCATGCTGCATGTGCGGGOCCAG
LeuGlyleuAspAsplleHisArgAlaTrpArgThrPheYalleuArgValArgAlaGln

GACCCGCCGCCTGAGCTGTACTTTGTCAAGGTGGAT GTGACGGGCGCGTACGACACCATC
AspProProProGluLeuTyrPheVallysvalAspvalThrGlyAlaTyrAspThrile

CCCCAGGACAGRCTCACGGAGGTCATCGCCAGCATCATCAAACCC CAGAACACGTACTGC
ProGLnAspArgleuThrGluvallleAladerIlellelysProGinAsnThrTyrCys

GTGCRTCGGTATGCCGTGATCCAGAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAG
ValArgArgTyralaValValGlnlysAlaAlaHisGlyHisValArglysAlaPheLlys
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AGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTG
SerHisValSerThrleuThrAspleuGlnProTyrMetArgGlnPhevalAlaHisLeu

CAGGAGACCAGCCCGCTGAGGGATGCCGTCGTCATCRAGCAGAGCTCCTCCCTGAATGAG
GlnGluThrSerProLeuArgAspAlavalvallleGluGlnSerSerSerLeuAsnGly

GCCAGCAGTGGCCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCACGCCGTGCGCATC
AlaSerSerGlyLeuPheAspvalPhelevArgPheNetCysHisHisAlavalArgIle

AGGGGCAAGTCCTACGTCCAGTGCCAGRGGATCCCGCAGGGCTCCATCCTCTCCACGCTG
ArgGlyLysSerTyrValGlnCysGlnGlylleProGlnGlySerIleLeuSerThrieu

CTCTGCAGCCTGTGCTACGGCGACATGGAGAACAAGCTGTTTGCGGGGATTCRGCGGGAC
LeuCysSerlLeuCysTyrGlyAspMetGluAsnLysLeuPheAlaGlyIleArgArgAsp

GGGCTGCTCCTGCRTTTGGTGGATGATTTCTTGTTGGTGACACCT CACCTCACCCACGCG
GlyLeuLeuleuArgleuvalAspAspPheleuLeuvValThrProHisLeuThrHisAla

AAMACCTTCCTCAGGACCCTGGTCCGAGGTGTCCCTGAGTATGGCTGCATGGTGAACTTG
LysThrPheLeuArgThrLeuValArgGlyvalProGLluTyrGlyCysvalvalAsnlLeu

CGGAAGACAGTGGTGAACTTCCCTGTAGAAGACGAGGCCCTGGGTGGCACGECTTTTATT
ArgLysThrvalvalAsnPheProvalGluAspGluAlaleuGlyGlyThrAlaPheval

CAGATGCCGGCCCACGGCCTATTCCCCTGGTGCGBCCTRCTGCTGGATACCCGGACCCTG
GlnMetProAlaHisGlyleuPheProTrplysGlyLeuLeuleuAspThrArgThrieu

GAGGTGCAGAGCGACTACTCCAGCTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTC
GluvalGinSerAspTyrSerSerTyralaArgThrSerIleArgAlaSerteuThrPhe

AACCGCGGCTTCAAGGCTGGGAGGAACATGCGTCGCAACTCTTTGAGGTCTTGCGGCTG
AsnArgGlyPheLysAlaGlyArgAsnMetArgArgLysLeuPheGlyValleuArgleu

AAGTGTCACAGCCTGTTTCTGGAT TTGCAGG TGAACAGCCTCCAGACGGTGTGCACCAAC
LysCysHisSerLeuPheLeuAspLeuGlnValAsnSerLeuGInThrvalCysThrAsn

ATCTACAAGATCCTCCTGCTGCAGGCGTACAGGT TTCACGCATGTGTGCTGCAGCTCCCA
I1eTyrLysIleleuleuleuGlnAlaTyrArgPheHisAlaCysvalleuGlnLeuPro
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TTTCATCAGCAAGTTTGGAAGAACCCCACATTTTTCCTGCGCGTCATCTCTGACACGGCT
PheHisGlnG1nValTrpLysAsnProThrPhePheleuArgvallleSerAspThrals

TCCCTCTGCTACTCCATCCTGAAAGCCAAGAACGCAGGGATGTCGCTGGGGGCCAAGGGC
SerLeuCysTyrSerIleleulysAlalysAsnAlaGlyMetSerteuGlyAlaLysGly

GCCGCCGECCCTCTGCCCTCCGAGGCCGTGCAGTGRCTATGCCACCAAGCATTCCTGETC
AlaAlaGlyProleuProSerGluAlaValGlnTrpleuCysHisGlnAlaPheleul ey

AAGCTGACTCGACACCGTGTCACCTACGTGCCACTCCTGGGGTCACTCAGGACAGCCCAG
LysLeuThrArgHisArgValThrTyrValProlLeuleuGlySerLeuArgThrAlaGln

ACGCAGCTGAGTCGRAAGCTCOCGGEGACGACGLTRACTGCCCTAGAGGCCGCAGCCAAC
ThrGlnLeuSerArgLysLeuProGlyThrThrleuThrAlaleuGluAlaAlaAlaAsn

CCGGCACTGCCCTCAGACTTCAAGACCATCCTGGACtgatggecacccgeccacagecag
ProAlaleuProSerAspPhelysThrIleLeuAsp

(Giccgagageagacaccageagecctgteacgeegggetctacgteccagggagggagggg
Cggcecacacccaggeccgeaccgetgggagtetgaggectgagtoagtgtttggecgag
gectgeatgtecggetgaaggetgagtgteeggetgaggectgagegagtatecagecaa
gggctgagtgtecageacacctgecgtettcacticeccacaggetggegetoggeteca
ceecagggecagettttecteaccaggageccggettecacteeccacataggaatagtce
catceccagattegecattgttcaccectegecetgecctectttgecticcacceccac
catccaggtogagaccctgagaaggaccetgggagetctgggaatitggagtgaccaaag
gtgtgeectqtacacaggcgaggaccetgeacctygatoggaoteectytyggteaaatt
g0ggggaggtgctytgggagtaaaatactgaatatatgagtttttcagttttgaaaaaaa
adaa

fig. 1F
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| CRGIOECECIRLES MEVDVONQADNHGIHSALKTCEE TKEAKTLYSWIQKVIRCR- -NGSQSHYKDLEDIK

1 RRLGPOGHRLVGRGOPAAFRALVAGCL VCYPNDAR - PPPAAPSF ROVSCLKELVARVLORL CERGANVLAF GFAL LDGA
L woemmeemmeem e MK TLFEFJQDKLDID- -LGTNSTHKENLKCS

56 TFAQTNIVATPROYNEEDFKVIARK--------- EVFSTGLMIEL TOKCLVELLSSSDVSDRQKLQCFGFQLKGNQ- LAK
80 RGGPPEAFTTSVRSYLANTVTDALRGSGAWGLLLRRVADDVLVHLLARCALFVLVAPSCAY - - - QUCGPPL YQLGAATCA
30 HFNGLDEILTT-CFALPNSRKIALP--------- CLPGDLSHKAVIDHCTIYLLTGELYNN- - -VLTFGYKTARNEDVNN

126 THLLTALSTQKQYFFQDENQVRAMIGNELFRHLYTKYLIFQRTSEGTLVGFCGNNVFDHLKVNDKF DKKQKGGAADMNE
157 RPPPHASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSASRSL PLPKRPRAGAAPEPERTPVGIGSWAHPGRTRG
97 SLFCHSANVNVTLLKGAAWKMFHSLVGTYAFVDLL INYTVIQFNGQ-FFTQIVGARCNEPHLPPKWYQRSSSS - - - - - --

206 PRCCSTCKYNVKNEKDHFLAN - - - - - <<= <o e eemme e NVPNUNNMKSRTRIF YCTHENRNNGFF
237 PSORGECVVSPARPAEEATSLEGAL SGTRHSHPSVGROHHAGPPSTSRPPRPHOTACPPYYAE TKHFL SSGOK - -EQLR
169 -« -~ SATAAQIKQLTEPVTN- - = =< xmeememememcmmemc oo cme e KOFLEKLNIN- SSSFF
255 KKHEFVSNKNNTSAH-ORAQTIFTN] - - ------ FRPNRIRKKLKDKVIEKTAYMLEKYKDFNFNYYLTKSCPLPENNRE
315 PSFLLSSLRPSLTGARRLVETIFLGSRPHMPGTPRRLPRLPORY-HOHRPLFLELLGNHAQLPYGYLLKTHCPLRAAVTP
200 PYSKILPSSSSTKKLTDLREAIFP- - ------- TNLVKZPORLKVRINL TLOKLLKRAKRLNYVS LS CPPLEGT--

Telomerase domain
326 RK-----QKTENLINKTREEKS- -KYYEELFSYTTONKCYTQFINEFFYNILPKDFL TGR- NRKNF QK KVKKYVELNKHE
394 AAGYCAREKPQGSVAAPEEEDTDPRRLVQLLRQHSSPHQKYGFVRACLRRLVPPGLWGSRHNERRFLRNTKKF 1SLGKHA
268 «-------- VLDLSHLSRQ=---+-==-=----- SPKERVLKFITVILQKLLPQEMFGSKKNKGK I IKNLNLLLSLPLNG

398 LIHKNLLLEK TNTRE ISWHMQVET -SAKHFYYFDHENTYVLWKLLRWIFEDL YVSLIRCFFYVTEQQKSYSKTY YYRKNIN
474 KLSLQEL TWKMSVRDCAWLRRSPGVGCVPAAENRLREE TLAKFLHMLMSVYVVELLRSFFYVTETTFQKNRLFF YRKSVW
324 YLPFDSLLKKLRLKDFRWLF 15D- IWF TKHNFENLN-QLAICF ISWLFRQLIPKLIQTFFYCTELS-STVTIVYFRHDTW

Motif 1 Motif2
477 DVIMKMSJADLKK -ETLAEVQEKEVEEWKKSL - GFAPGKLRLIPKKTT- - FRPIMTFNKKTVNSDRK- - TTKLTTNTKLL
554 SKLQSIGIRQHLKRVQLRELSEAEVRQHREARPALLTSRLRF IPKPDG- -LRPIVNMDYVVGARTFRREKRAERLTSRVK
401 NKLITPF IVEYFK-TYLVENNVCRNHNSYTLS-NFNHSKMRT JPKKSNNEFR1TATPCRGADEEEFT- - [YKENHKNAIQ

Fig. 24
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Motif A
551 NSHLMLKTLKN-RMFKOPF GEAVENYDDVMKKYEEFYCKHKQVGQP-KLFFATHDTEKCYDSVNREKLSTFLKTTKLLSS
632 ALFSVLNYERARR- - PELLGASVLGLODTHRAWRTFVLRVRAQDPPPEL YFYKNDVTGAYDT IPODRLTEVIASTIKPON
477 PTOKILEYLRNKRPTSFTKIYSPTQIADRIKE FKORLLKKFNNVLP-ELYFNKFDVKSCYDS IPRMECMRILKDALKNEN

629 DFWIMTAQILKRKANI VIDSKATRKKEMKDYFROKFQK IALEGEQYPTLFSVLENEGNDLNAKK TLIVEAK - QRAYFKKD

710 TYCYRRYAVYQKAAHGHVRKAFKSHVS-- - - - -~~~ - TLTDLOPYMROFVAHLQET SPLROAVYIEQSSSLNEASSG

956 GFFYRSQYFFN-TATGYLKLFNVAN- - - - - - ===~ A--SRVPKPYELYIDNVRTVHLSNCDVINY -EME IFKT -
Motif B Motif €

708 NLLQPYINICQYNY [NFNGKF YKQTKGIPOGLCVSSILSSFY YATL EESSLGF LRDE SMNPENPNVNLLMRLTODYLLIT

777 LFOVFLRFMCHHAVRIR-GKSYVQCQRIPQGSILSTLLCSLCYGOMEN - - -KLFAGIRRD - - - - - GLLLRLVDDFLLNT

616 --ALMVEDKCYIR---------.- EDGLFQESSLSAPTVDLYYODLLEFYSEFKASPSQD- -- - - - TLILKLADDFLTIS
Motif D Motif E

788 TQEANAVLF IEKLINVSRENGFKFAMKKLQTSFPLSPSKFAKYGMDSVEEQNT ¥ODYCDWIGIS IDMKTLALMPNINLRI
847 PHLTHAKTFLRTLVRGYPEYGCYYNLRK TVYNFPVEDEALGS- TAFVOMPAHGLF PWCGLLLDTRTLEVOSDYSSYAR- -
677 TDQQ-QVINIKKLAMG- - - -GF OKYNAKANROK I LAVS -~ - - - -- - SQSDOOTVIOFCARRIFVKELEVWKHSSTMN - - -

868 EGILCTLNLAMQTKKASMLKKKLKSFLMNNT THYFRKTITTEDFANKTLNKLF ISGGYKYMOCAKEY - -KDHFKKNLAM
924 TSIRASLTFNRGFKAGRNMRRKLF GV LRLKCHSL FLDLOVNSLQTVCTNI YK TLLLOAYRFHACVLQLPFHQQVWKNPTF
74} --ee--- NFRIRSKSS- - - -KGIFRSLIALFNTRISYKTIDTNLNSTNTVLMQIDHVYKNTSECYKSA- - FKOLSIAVTQ

546 SSMIDLEVSKIITYSVTRAFFKYLVCNIKDTIFGEEHYPOFFLSTLKHF TE TFSTRKYTFNRVCMILKAKEAKLKSDQCTS
1004 FLRVESDTASLCYSILKAKNAGHSLGAKGAAGPLPSEAVONLC - HOAFLLKLTRERVTYVPLLGSLRTAQTOL SRKLPGT
808 NMOFHSFLQRIIEMTVSG----CPITKCOPLIEYEVR- -FT1- - LNGFLESLSSNTSKF -KONTILLRKEIGHLOAYTY1

1026 LIQYDA-------vmmmnes
1083 TLTALEAAANPALPSDFKTILD
879 YIHIWN----- -

Fig. 2B
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=) ST

Reverse transcriptase domain

@’ aa 1104
2 3

Exon(s) deleted SH3 domain
N Exon(s) inserfed binding site
or unspliced intron
D Non-coding .
* Stop codon Flg' 714
Varian's: 1 a 8 2
RT-PCR product NO 4 + NO + & -
PCR from LIM1215 lib. - + - + NO
RT-PCR product NO - + NO +
53.2 cONA - - - - NO

Fig. 78
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222 223

Y 5'-CCAGGTG|ggccte gcaggtg| TGCTGEC-3'
1950 1952

1 5'-AMGAGG|GTBACTG. ...uvv vt n i AACAGAA |GCCGAGC -3
2130 2167

o 5 -TGTCAAG|Gtggatg. v ¢eccccaq| GACAGGC-3'
2286 2468

B 5" -GAGCCAC|QtCtCta. . e ggggcaa|GTCCTAC-3"
2843 2844

2 5'-ACTCCAG|GTGAGCE. .. v vt i XXXXXXX |CTATGCC-3'
3157

3 5'-AACGCAG|CCGAAGAAAACATTTCTGTCATGACTCCTGCGGTGCTTGGGTCGGGACAGCCAGAGATGG
TAA EENTLVVITPAYLGSGQPEME

AGGCACCCCGCAGACCGTCGGGTGTGGGCAGCTTTCCGRTGTCTCCTGGGAGGGGAGTTG
PPRRPSGVGESFPVSPGRGVG

3158
GGCTGGGCCTGTGACTCCTCAGCCTCTATTTTCCCCCAG | GGATGTC-3'
LGL*

Fig. 7¢
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sequence ‘Y' 104-105 bases
GGCCTCCCCAGGGTCAGCGTCCAGCTGAGATTGAGGGCGGCCGGGGAGAACCAG
GlyLeuProGlyvalGlyvalArgLeuGlyLeuArgAlaAlaGlyGLyAsnGLn
AlaSerProGlySerAlaSerGlyTrpGly * GlyArgProGlyGlyThrSer
ProProArgGlyArgArgProAlaGlyValGluGlyGlyArgGlyGluProAla

(GACATGCGGAGAGCAGCGCAGGBCGACTCAGGGCGCTTCCCCCGCAGRTR
ArgHisAlaGluSerSerAlaGlyAspSerGlyArgPheProArgArg
AspMetArgArgAlaAlaGlnAlaThrGlnGlyAlaSerProAlaGly
ThrlysGlyGluGlnArgArgArgLeuArgAlaleuProProGlnval

sequence "1" 38 bases
GTGGCTGTGCTTTGGTTTAACTTCCTTTTTAACCAGAA
ValAlavallLeuTrpPheAsnPheLeuPheAsnG1nLys

sequence "o 36 bases
GTGGATGTGACGGGCGCGTACGACACCATCCCCCAG
ValAspValThrGlyAlaTyrAspThrIleProGln

. o8
.....

sequence 'B* 182 bases

: : : GTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTG
ValSerThrLeuThrAspLeuGlnProTyrMetArgGlnPhevValAlaHisLeu

CAGBAGACCAGCCCBLTRAGGOATOCCRTCRTCATCRAGCABAGETCCTCCETG

S GlnCluThrSerProLeuArgAspAlaValvalIleGluGlnSerSerSerLeu

el AATGAGGCCAGCAGTGBCCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCAC

R AsnGluAlaSerSerGlyLeuPheAspValPheLeuArgPheMetCysHisHis

R GCCGTGOACATCAGGAGCAA

PR AlaValArgIleArgGlyLys

partial sequence '2" unknown length
GTGAGCGCACCTGGCCGGAAGTGRAGCCTGTGCCCRGCTGGGGCAGGTGCTGCTGCAG
Ter

GGCCGTTGCGTCCACCTCTGCTTCOGTGTGGGGCAGGCGACTGCCAATCCCAAAGGGT

CAGATGCCACAGGGTGCCCCTCGTCCCATCTGGGGCTRAGCACARATGCATCTTTCTG
TGGGAGTGAGGGTGCCTCACAACGGBAGCAGTTTTCTGTGCTATTTTGGTAA.

Fig. 104
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sequence "3“ 159 bases
CCRAAGAAAACATTTCTGTCGTGACTCCTGOGGTGC T TGGATCGRGACAGCCAGAG
AlaGluGluAsnIleServalValThrProAlaValleuGlySerGlyGInProGlu

ATGGAGCCAGCCCGCAGACCGTCRRGTGTGGGCAGCTTTCCGGRTGTCTCCTGRGAGG
MetGluProProArgArgProSerGlyValGlySerPheProValSerProGlyArg

GGAGTTGGGCTGGGCCTGTGACTCCTCAGCCTCTGTTTTCCCCCAG
GlyvalGlyLeuGlyleu *

sequence "X" unknown length
.GACAGTCACCAGGGGGGTTGACCGCCGGACTGGGCGTCCCCAGGGT TGACTATAGGA
CCAGGTGTCCAGGTGCCCTGCAAGTAGAGGGGCTCTCAGAGGCGTCTGGCTGGCATGG
GTGGACGTGGCCCCGGGCATGGCCTTCTGCGTGTGCTGCCGTGGGTGCCCTGAGCCCT
CACTGAGTCGGTGGEGGCTTGTGGCTTCCCGTGAGCTTCCCCCTAGTCTGTTGTCTGG
CTGAGCAAGCCTCCTGAGGGGCTCTCTATTG

partial sequence of genonic intron (approximately 2.7 kb)
GTGGCTGTGCTTTGGTTTAACTTCCTTTTTAACCAGAAGTGCGTTTGAGCCCCACATT
TGGTATCAGCT TAGATGAAGGGCCCGGAGGABGGGCCACGRGACACAGCCAGGGCCAT
(GGCACGGCGCCCACCCATTTGTGCGCACAGTGAGGTGGCCGAGGTACCAGTGCCTCCA
GAAAAGCAGCGTGGGGGTGTAGGGRGAGCTCCTGGGRCAGGGAC. . .

Fis. 10



N-terminal truncated telomerase 18/68

ATGCGGCGCGCTCCCCGCTGCOGAGOCGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAGGTGCTGCCGCTGG&CACGTTCGT(;
EPRAPRCRAVRAS ULARSHTREVLPLATFY

CGGGGCCTGGGGGOCCAGGGCTGGCGGCTGGTGCAGCGGGGGGACCCGGOGGCWTCCGCGGGCTGGTGGCCCAGTGCCTGGTGTGCGTGCCCTG@&ACGCAOGGCCG(I}CCCCCGCCGé
RRLGPOGHRLVORGDPAAFRALVAOCLYCVPHNDARPPPAA

LTI AT TGAR T OO AT AT AT ORI OB AT oAt
P S FRQVSCLKELYARVLORLCERGARNVLAFGFALLDGAR

OGGGGGCCCCCCCGAGGCC%TCACCACCA&CGTGCGCAGéTACCIGCCCMCACGGTGACCGACGCACTGCGGGGGAGCGGGGCGTGGGGGCTGCTGCTGCGCCGCGTG&GCGACGACGT.
GEPPEAFTTSVRASYLPNTYTOALRGSGAWGLLLARYGDDY

BTG TR TR0 T LT AT AC TGO TG CRTOCDACTACACEE R0t
LVHLLARGCALFVLYAPSCAYQVCGPPLYOLGAATOARPPS

T et
A SGPRRALGCERANNKSVREAGVFLGLPAPGARREGEGS A

LT T AT A AT A GO COACSGAGTOCcS
SASLPLPKRPRAGAAPEPERTPVGQGSHAKNPGRTAGPS DA

TG T TGO TGO CATCOTERRECRCCAGACLACEESOC0000
GFCYVSPARPAEEATS LEGALSGTANSHP SYGROHNHNAGP P

ATCCAMTWMANTCCCTGGGACACGCCTTG%CCCCCGGTG%ACGOGGAGACCMGCACTTCCTCTACTCCiCAGGCGACAAGGAGCAGCTéGGGGCCTCCTTCCTACTCAG
STSRPPRPUDTPCPPYYAETKRFLYSSGOKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTGGM%CTCGTGGAGAOCATCmCTGGGUCCAGGCCCTGGATGCCAGGGACTCCCCGM&GHGCOGGGCCTGGCCCAGCGCTAWGGCA
SLRPSLTGARRLYETIFLGSRPYNMUPGTPRALPALPARY WO

BT A OOATTTAC GO LT O AT AC ARG LTt
AR P LFLELLGNRHAQCP Y GVLLKTHOPLAAAVTPARGYCADR

GGAGMGCOCCAGGGCTETéTGGCGGCCCCGGAGGAGGAGGACACAGAGCGGGGTO(L‘CTGGTGCAGCT(;CTOCGDGMCACAGCAGGCCCTWAGGTGTADGGCHGGTGCGGGGCTG
EXPOGSVAAPEEEDTOPARLVOLLAQASSPHOVYGFVRALS

T BT OB A OO AT CLTGRARATOOCGTCTISCTRARART
LRRLVPPGLYGSARHNERRFLAKTKKFIS LEKRAKLSLOE.L

GACGTGGAAGATGABGGTGWCTGCGCTT%CTGGGCAGGAGCCEAGGGGTT@CTGTGTTCCW')GCAGAGCACCGTCTGCGTGAGGAGATCCTGGCCMGTTCCTGCACTWT
THKUSYRDCAWLRARSPGVGOVPAAEHRRLREETILAKFLHWL

(‘NGAGTGTGTACGTCGTCGAGCTGCTCAGGTCﬂTCﬂTTATGTCACGGAGACCACGTﬂWMGMCAGGCTCTfﬂTCTACCGGAAGAGTGTCTG(;AGCMGTTGCAMWTTG(;
BSVYVVELLRSFFYVTETTFOKNRLFFYRKSVESKLOASTS

BTG AGaR00TTBBA T AT TAT G AT AT LA T TCABABRSTLTRNTES
TGO T G TGO TGHTOOUTATLTGTTeTS
B TCAGCAAGOCTCLTGAGGBOCTCTOTATTG. ]le IIA



Truncated protein f 19/68

ATGCGGCGCGCTCCCCGCTGCCGAGCCGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAGGTGCTGCCGCTGG('}CACGTICGT(;
HPRAPRCRAVRSLLBSHTREVLPLATEFV

CGo0GCLTGEG6CCCAGECTaRaG0 TR TGCAGCACRREGACCLRB0GOCTTCCELGCRCTARTEROCCAGTGCLT AT TGO TGCCCTGRRACALACEGOCEROCCOURT060
RRLGEPQGHRLVORGDPAAFRALVAQOCLVEVPHDARPPPAA

(C0CTOCTTOCR0CAGRTGTCCTLCT GAAGGAGCTBRTGGC0CAGT GUT LABAG LT TGUGAGDGRGOGCARGRACG TGUTEGUCTTCRRCTTCGTRCTGLTGRACGEG00EG
PSFROVSCLKELVARVLORLEERGAKNVLAFGFALLDGAR

(3BB3800C0C00GAGRECTTCACCACCAGCRT GCRCAGLTALCTEUCCAACACGGTRACCGACGCAC TG GRA6BAGLOBGGCATGGGRLTE TGCT0GCACETRRCRACGACET
GEPPEAFTTSVRSYLPNTVTIDALRGSGAWGLLLRERYVGDDY

T TORCACOTO 0L TETTTG oo AT TACCARGTETO0B00LC0C 0T TAL ARG AL TLAGE0LBB00C0ORet
LV B LLARGALFYLVAPSCATQVCGPPLYQLGAATOARPP?

ACACGCTAGTGGAOCCCGAAGGCGTCTGG(;ATGCGMCG(.&GE[}TGGAAC&ATAGCGTCA(;GGAGGCCGGGGTCCCCCTGGGCCTGGCAGCCCCGGGTGCGAGGAGGGGOGGGGGCAGTGC
HASGPRARLGCERAWNNSYREAGYPLELPAPGARRRGGS A

CAGCCGAAGTCTGOCGTTECCCANGAGBLCCAGRORTGA0GE TGCCCCTGAGLCRGABCBRACGLCCR TT6ECAGOBTCLTRRGLOCACCCRBRCAGRACGEGTGRACCGARTRACEG
SRSLPLPKRPRRGAAPEPERTPVOGQGSWARHPGRTRGPSDR

TGGTTTCTGTGTGGTGTCACCTGCMMC&%CC@AWGCMCCTCTiTGGAGGGTGéGCTCTCTGGéACGCGCCACTCCCACCCATCCGTGGGCCGCCAGCACCACGDGGGGCDGCC
GFCYVSPARPAEEATSLEGALSGTRHRSHPSVGROHHAGSP

AT AT OO T T AL AT AL A CAGOABCART SO TCLTICCTACTCS
ST SRPPRPHDTPCPPYYAETKHFLYSSODCEQLAPSFLLS

CTCTCTGAGGCOCAGCCTGACTGGCGCTCGGAGGCTCGT(I}GAGACCAT()%TTCTGGGTTCCAGGCCCTGGATGCCAGGGACTCCCCGCAGGTTGCGCCGGCTGCCCCAGCGCTACTGGCA
SLRPSLTGAARLVETIFLGSRPHKNPGTPRRALPRLPORY VO

AT oA TG T GO ECATTsCTACRTOCTOT A EGCACTOOCOR T GAGCTOORTCADOCCABCABBRIGTCTGTS
B P LFLELLGNKNAQCPYGVLLKTHCPLRAAVTPAAGYCAR

GRAGAAGOCECAGGRCTCTGTGa0G0CCHC ABGABGAGGACACAGACLCCGTCRLCTORTCCAGETGCTCCRCCARCACAGAGLLCCTARCAGRTRTACOGC TTCHTIGRRCCTE
EKPOGSVAARPEEEDTOPRALVELLAQOHSSPHQVYGFVRAC

CLTGOGCGCTRTECC0CCABROLTETGHRCTOCAGGCACMCBANGCCOLTTCCTCAGGAACACCANBANGTTCATCT CCCTRRBGAAGCATROCANGCTLTCRCTGLAGRAGLT
LARLYPPGLNGSARHNERRFLRNTKKFISLGKNHAKLSLOREL

GACG1GGAAGATGAGCGTGOGGGACTGCG(I;TTGGCTGGGCAGG‘\GCCCAGGGGTTGGCTGTGNCCGGCCGCAGAGCAGGGTCTGOGTGAWGATCCTGGCCMGUOCT&ACTGGCT
TYKUSVROCAWNLARSPGYGCVPAAERRLAREETILAKFLHNL

TGO GTAO AT TR T T TTATOTCA G TTT CAMAACAGGLTCTTTT TACCSGBATTCTGRARMBTTELAMGLATIGE
LS VY VVELLRSFFYVIETTFOKNRLFFYRKSVRSKLOSTC

Fig. 11B
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MTCAGACAGCACTTGMGAGGGTGCAGGiGGGGGAGCTéTCGGMGGAEAGGTCAGGCAGCATCGGGAAGCCAGGCCGGCCCTGCTGA(‘}GTCCAGACT[.}CGCTTCATC(.JCCMGCCTGA
TROKLKRVOLRELSEAEVROHREARPALLTSARLAFIPKPD

GTGACTGTRCTTTGRTTTAACTTCCTTTTTAAGCAGAA
VAVLIWFTFLFNOQK

a0 TGUBG000A TT G TGAACATGRACTACRT CaTaaGAGO AGAACETT B AGABAAMAGABGRCCBAGLTCTCALCTORAGEGTRAARGCACTRTTCAGCGTCTCAACTACRA
GLRPIVNHEDYVVGARTFRREKR PSVSFRG®

Fig. 11C

Truncated protein 2

ATGéOGCGOGCTCCCCGCTGCOGAGCCGTGOGCTGCCTGCTGCéCAGCCACTA(}OGGGAGGTGCTGCCGCTGGCGAGGTTGGTG
KPRAPRCARAVRASLLARSHTREVLPLATFY

CGGC(L‘CTGGGGCCCCAGGGCTGGCGGCTGGTGCAGWCCCGLI‘{‘GGCTTTCCGCGCGCTGGTGGCCCAGTGCéTGGTGTGCGTGCCCTGGGACGCACGGCCGCCCCCCGCGGC
RRLEPUGHRLYORGODPAAFRALVAQCLVCVPHDARPPPAR

O TCTe oA TR AT TG TG AL TR TR TECTOb Ot
PSERQVSCLKELVARYLORLCERGAKNY LAFGFALLDGAR

CGGGGGCCCCCCCGAGGCCUCACCACCAGCGTGCGCAG&TACCTGCCCAACAOGGTGACCGACGCAC1GCBGGGGAGGGGGGCGTGGGGGCTGCTGCTGCGCCGGGTG%CGACGAOGT
GEPPEAFTTSVRSYLPNTVIDALARGSGANGLLLRARYVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCiCTTTGTGCTGGIGGCTCCC;\GCTGCGCCTAGCAGGTGTGCGGGCGGCGGCTGTACCAGCTDG&GCTGGGACTCAGGOGCGGOGGCGGCC
LYKRLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPP

ACACGCTAGTGGACCCCGMGGOGTCTGGGIATGCGAACG('EGCCTGGMCCATAGCGTCAGGGAGGCOGGGGTCCCCCTGGGCCTGCCAGOCCCGGGTGCGAGGAGGCGCGGGGGCAGTGC
HASGPRRARLGCERAWNRSVAREAGVPLGLPAPGEARRRGGSA

L m———
SRS LPLPKRPRAGAAP EPERTPVGQGSHANPGAT RGPS DA

T AT A AC T AR CO0T LT TGRCAC OB AL ATE TR COCCAGACACESRREEe
GFC YV SPARPAEEATSLEGALSGTRESKPSVORQUIHAGPDP

A AT TR TE OO0 TETAC GG AT T ACT L CACGOH CBCARCTCOBRCTCCTTCCTACTIAG
STSRPPRPWDTPCPPVYAETKNFLYSSGOKEQLAPSFLLS

Fig. 11D
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CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATCTTTCTGGGTTCCAGGCCCTGGATGCCAGGGACTCCCCGCAGGTTGCCCCG('JCTGCCCCAG(.)GCMCTGGC;\
SLAPSLTGARRLYETIFLGSRPWHPGTPRRELPRARLPORY W

MTGCGGCGCCTGTTTCTGGAGCTGCTTGGGAACCACGCGGAGTGCCGCTACGGGGTGCTCDTCAAGAEGDAGTGGCCGCTGCG‘\GCTG&GGTCACCCCAGCAGCEGGT(}TCTGTGCGC(;
WRPLFLELLENKHAQCPYGVLLXKTHCPLRAAVTIPAAGVEAR

GGAGMGCCCCAGGGCTCTGTGGCGGCCCCCGAGGAGGAGGACACAGACCCCCGTCGCCTGGTGCAGCTGCTCCGCCAGCACAGCAGCCCCTGGCAGGT&TACGGCTTC(%TGCGGGCCTé
EXKPOGSVAAPEEEDTOPRALYALLARCHSSPWAVYGFVARAC

LT CCCToT oA AT CACSAA DA GATTATCT0CTBAACATOAAGCTCT O TTRALGART
LA RLVPPGLNGSRENERRFLANTKKFISLGKRAKLSLOEL

GACGTGGAABATGAGC G TGOGBGACTGCBC TTGRC TGO BCAGRAGCCCAGGEETTGRCTETGTTCOGBCCS ARG ACCATCTGUGTGAGGAGATC TGGCCAAGT TCCTHCACTGACT
THEUSYRODCANLRRSPGUGCYPAAENRLREETLAKFLENL

CATGAGTBTGTACGTOGTCGAGCTCCT ARG TCTTTCTTTTATGTCACGRAGACCACG T TTCARAGAACAGRCTCTTTTTCTACCGRANGAG TGTCTGRAGCANGTTGCARAGCATTGG
WS VYVVELLASFFYVTETTFOKNRLFFYRKSVHSKLOSIG

AT CABACAGCAC T TaAAGAGGGTGCARTGLGAGARG TGTCGGANGCAGAGETCAGGCAGCATOGGRAABCCABGEOCS0CC TGCTRACGTCCAGACTOORCTTCATOGCCAAGCCTEA
TROHLKRYOLRELSEAEYVAQHREARPALLTSRLRFIPKPRD

CBG0CTG0GE L GAT TG TGAACATGRACTACTCGTGOBAGCCAGAACGT TCCGCAGAGAAARAGGECCEARCRTCTCACCTORAGRGTRAAGGCACTBTTCAGCGTECTCAACTACEA
GLAPIVNADYVYGARTFRRAREKRAERLTSRVKALFSVLNYE

(B63000a0050000G60CTCC TGRGCHCLTETTELTaRLC TERACRATATCCACACBGOCTRECCACCTTCGTGC TGCET G TGCRGRCCAGBACLCOCCGCCTAGTTETALTT
RARRPGLLUGASVLGOLODIKRAWRTFVLRVRAQODPPPELYF

TGTCAAGOTGGATGTGACGGG0GCETACBACACCATOCCABGACAGSLTCALGGAGGTCATCGOCAGCATCATCABACCCCAGARCACRTACTGCATRUTCSGTATROCGTERTCCA
VEKVOVTGAYDTIPQORLIEVIASIIKPORTYCVARYAVV

GANGACCGCCCATGOGCACETCCRCARGECTT TCARGAGCCAC
KAAKRGHVRKAFKS

GTCCTAGGTOCAGTG
VLIRPY

CCAGGGGATéCCGCAGGGCTCCATCCTCTCCACGCTGCT&TGCAGCCTGIGCTACGGCGACATGGAGAACAAGCTGTTTGCGGGGATTC&GCGGGACGGGCTGCTCCTGCGTTTGGTGGA
PGOPAGLAPLEAALOQFYLRRHGEOAVCGDSAGRAAPAFTC

TGATTTCTTGTIGGTGACACCTCACCTCACCCACGCGMAACCTTCCTCAGGACCCTGGiCCGAGGTGTCCCTGAGTATGGCTGCGTGG%GAACTTGCGGMGACAGTGGTGAACTTCCC

Fio. 11E




Reference protein

ATGUCGCBCGCTCLCCRCTOChBABCTROBTCCTRRTG0GLAGCCACTACEOCRAG
HetProArghlaProArglyshrgAlaValArgSerLeuleubrgSerkisTyrArgblu

GTGOTG0GECTOR0CADGTTCATGOG0600TEGRAC000AGHC TERORACTERTGEAG
YalLeuProl euAlaThrPheValArgArgLeuGLyProdlnaly TrpArgteuValGln

CR0GHGGACCC0R06RCTTTOGCBUCTRTAGCCCAGTRCLTGRTATACATECCCTER
ArgblyAspProALaAlaPheArgAlalewValALaR1nCysLeuValCysValProTrp

GACGCACGROCGCCCCL0GLURLCECTOCTTCORCCAGRTRTOCTACCTRAAAGAGCTE
AspAlaArgProProProAlaAlaProSerPheAngGlnValSerCysLeulysoluLey

GTGRCCCGAGTECTBOAGARRE TATGCGACHCRGCACAARAACR TGLTGROCTTCREE
ValAlaArgValleubindrgLeuCysGlubrgblyAlalysAsnVall eukLaPhedly

TTOGCRCTEETGRACGRAGC00GCEBHGEC0M00RABHLTTCACCACCARCATGOG
PheALaeut euAspGLyALaArgGlyGlyProProGLuALaPheThrThrSerValing

AGUTACCTGCCUAACACGRTGACCGACGCACT GLARG6GAG0G6RG0GTGRBRACTLTG
SerTyrLeuProAsnThrValThrAspALaLeukrgflySer6lyALaTrpGlyLeule

TTG0GCCG0TGRGCBACOACRTBCTBRTTCACTRCTRRCACGCTROGCROTCTTTATG
LeuArgArgVal6lyAspAspVzlLeqValHisLeuLeuAlargCysAlaleuPheVal

{TGGTHGCTCCCAGCTR0R0C TACCARGTTACRRGC0GCCOCTGTACCARCTORGOGCT
LeuValALaProSerCysAlaTyrGlnvalCyselyProProleuTyrGlnleulyAla

GOCACTCAGRC0COB00CC0RCCAGACGOTAGTRRACCOORAAGGLG T TERGATOO0AA
AlaThrGLnALaArgProProProHisAlaSeralyProAngArgArgLestlyCyslu

(GR0CTGRAACCATARCGTCAGSRAGRC06G66TCOCCCTRIBCCTRCCAGCCLOGRGT
ArgALaTrpAsntisServaLArgGLuALaGlyValProLeublyl euProAlaProbly

AN CCaGAAGTOCCABCCAAABTCTGOCGTTOLLCAABABRLCLARGCET
AlaArgArgAng6LyGlySerALaSerAngSerLeuProLeuProLySArgProAngArg

(GOGCTBOCCE TGAGCLGGAGDORACRLL0OTTHORCAGHBTCOTGRACHAGECG0GT
G1yAlaAlaProtluProGludrgThrPraValGlyGLnGLySer TrpALaHisProgly

AGGACEORTGRACCGAGTGACUGTBRTTTCTGTGTBATGTCACCT GLGAGACCCACCRAA
ArgThrArg6LyProSerAspArgGlyPheCysValValSerProAlaArgProAlaly

GAAGCCACCTCT TTGGAGBGTGCRCTCTCTGRCADGCRCCACTCUCACEEATCOGTGRGE
GulaThrSerLeuBlublyALaLeuSer6lyThrArgHisSerHisProServalGly

COOCAGACCACGLGGA0C0CCCATCLACATCR0BGCCACOAUOT COCTGROACACROLT
ArgGLakisisALaGlyProProSerThrSgrArgProProArgProTrpAspThepro
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TRT000C0GITATACGE0GAGACCAAGCACTTCCTCTACTCCTCAGGOGACAAGRAGLAG
CysProProvalTyrALaG1uThrLysHisPhel euTyrSerSerGlyAspLysalucin

£TRGGCCETCCTTCCTACTCAGCTCTCTGAGGCCCARCC T GACTBGOGCTCRBAGGCTC
LeuArgProSerPheLeul euSerSerLeuArgProSerteuThrGlyAlaArgArgLeu

GTRAGACCATCTTTCTRGGTTCCAGSCOCTGRATCCAGGRACTCCCGCAGATTRLE
ValGLuThrI1ePheleuGlySerArgProTrpHetProglyTh-ProArgArgleufro

CGOCTGCCOCAGDGOTACTGRCARATLGRCCCTRTTTCTGRAGCTCLTTRRGAACCAC
ArgLeuProG1nAngTyrTrogLoMetArgProLeuPheLeubluleul eublyAsnhis

GUECAGTROC0CTACGEBATRTCCTCAAGACGCACTRC00GCTGOGAGOTBOGGTCAC
AlaB1nCysProTyrGlyValLeuLeulysThrHisCysProL euArgAlalaVal The

CCAGCAGCCEGTGTCTGTGCLCGAGABRABCCOCAGRECTCTBTGCRECCCCRARAG
ProAlaAlaGlyValCysALargGlulysPro6laGlyServalAlaAlaProdluBly

GAGGACACABACCLCCTOGCC TOOTGRAGCTGCTOOGCCAGCACAGCACOCCTARCAR
BluAspThrAspProArgArgLewvalolnteul eurgGloHisSerSerProTrphln

GTGTACGGCTTC6TGCG36CETGOE TROGCCR00TARTAC20CAGRCETCTARERCTOC
ValTyrGlyPheValArgAlaCysLeuargArglewalProProGlyLeuTrpGlySer

AGGCACAACGAACGCCGGTTCCTCAGRAACACCANGAAGTTCATCTCCCTGOGRANGCAT
ArgHisAsnGluArgArgPheL eutrgAsnTheLysLysPhel leSerl eutlyLysHis

GOCAABCTCTORCTECAGRAGLTGACGTGGAAGATGAGCGTROGHRRCTGORCTTERCTG
AlalysLeuSerteuGLGlul euTheTrplysetSerValArgAsplysalaTrpley

OGOAGGABDCCAGGGT TGGCTBTGTTCCBECCGCARAGCACCRTL TGLTRAGRAGATC
ArgArgerProGlyVal6lyCysvalProAl aAlaGluiishrgleuArgelualulle

LTGROCAAGTTCC TGCACTOOCTGATGAGTGTGTACGTOGT CGAGCTGCTCAGGTCTTTC
LeuAlaLysPheL euHisTrpLeulletSerValTyrValvalGlul euleuArgSerPhe

TTTTATGTCACGEAGACLACGTTTCARANGARCAGECTCTTTTTCTACCERAAGARTGTC
PheTyrValThrGluThrThrPheglnlysAsnArgLeuPhePheTyrArgLysSerVal

TOGAGCANGTTGCARAGATTRGANT CAGACAGCAC TTGAAGAGGS TGCAGCTGCA00AG
TrpSerlysLeuGlnSer 1ealy!leArgblnHisLeulysArgvalolnLeuArgBlu

CTGTCGRAAGCAGAGBTCAGGARCATORGRAAGCCARGCCUBCLCTGLTRACGTCRAGA
LeuSerGlualaGlvalangalniisArgGLuAlaArgProALaL euLeuthrSerArg

CTCOGCTTCATCCCCAAGCC TRACGGGCTGUGGC0GATTGTGAACATORCTACGTCRTG
LeuArgPhellePral ysProAsplyleuArgProl lavalAsniatAspTyrValval
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GOAGCCABAACGTTO0GCARABAAAGAGRG0GAGLGTCTCACC T CGAGEGTGANGACA
GlyALaArgThrPheArgArg6lul ysargALabluArgleuThrSerdrgVallysala

CTGTTCAGOGTGLTCAACTACBAGLGGCAC08CA0CLCaRCCTCL TRRGLGCCTCTGTG
LeuPheServalleuAsnTyrGlusrgAlaArgArgProBlyLeuL evBlyAlaSerVal

(GBS0 TGRACGATATCCACAGRBCLTGRCECACC TTCATECTGOBTGTCORACC0AG
LeusLyLeuAspAspIleHisArgAlaTrpArgThrPheValLeuArgValArgAlaGln

GADC G CaCCTGAGETaTACTTTATCANGGT GOATITGALSGHCCETAOGACACCATE
AspProproProglut euTyrPheVallysvalAspValThrGLyALaTyrAspThr]Le

GO CAGGACAGRCTCACGGAGRTCAT GCCAGCATCATCARCCCCAGMCACRTACTGE
ProdIndspArgleuThrGluVallleAlaSerTLe leLysProdLnssnthrTyrCys

GTGGTCBGTATGCCGTGATCCABAABGCGCOCATRGGLACGTCOGCANGRECTTCANG
ValArghrgTyrALaValValGlalysALaAlanis6lyHisValArglysalaphelys

AGCCACRTCTCTACCTTGACABACGTOCAGCCRTACATACGACABTTCETGRCTCACCTG
SertisvalSerThrLeuThrAspLeuslnPraTyriletArgalnPhevalALanisLeu

CABGAGACCAGOCCGC TGAGGEATGC0A TCATCATCGAGCABAGCTCLTOCCTGARTGAG
GInGLuThrSerProl eulrgAspALaalvallleGlusInSerSerSerl eusnalu

GCCAGEAGTRRCC TG TTCBAGRTCTTCUTACGLTTCATGTGCCACCACBCCETOGCATE
AlaSerSerGlyLeuPheAspValPheleuArgPheHetCysHisHishlaVatAnglle

AGGRCAAGTCCTACGTCCAGTGCLAGBORATCCEBCABGGETCCATCLTCTCEACGE TG
ArgalylysSerTyrVal6lnCysalnGlylleProGlnGlySerTLeLeuSerThrLeu

{TCTBCAGOC GG TACGBCRACATGRAGAACAARCTETTTGCGRRBATTCROCHRBAC
LeuCysSerLeuCysTyralyAspietGluAsnLyst euPheALaBlylleArgArgAsp

GOGOTGLTOC PGB TTGATREATGATTTCTTGTTGATGACACCTCACATCARCCACRO
GlyleuteuLevArgLeuvalhsphspPheLeul euvalThrProHisleuThrHisAla

RAAACCTTO TCABGACCC TOOTCCRABRTGTCCLTRARTATGRCTRCATGRTGAACTTE
LysThrPhel euArqThrLeuValirg6lyValProgLuTyrGlybysValvalAsnLeu

CGGAAGACART GRTRAACTTOCC TGTAGAAGACRAGROCC TORGTBRCACGRCTTTTGTT
ArglysThrValValAsnPheProval6LudspoludlaLeuilyBlyThrALaPheVa)

CAGATGOCGRCCCACBRCCTATTOCCCTORTGCRGCCTROTGLTRRATACCCORACEETE
GlrketProAlaHis6lyLeuPheProTrpCyslyLeuleuleuAspThrhrgThrL ey

GAGGTGCAGAGCRACTACTCCABCTATGCOCRBALCTCCA TCABAGOGAGTCTCACCTTC
G1u¥al6InSerAspTyrSerSerTyrAlaArgThrSer  LeArgAlaserteuThrPhe
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AACCGCGECTTCAAGECTRAGAGRAACATEOGTORCARACTCTTTGAGRTCTTROGACTE
AsnArqG1yPhelysALaGlyArgAsniletArahrglysLeupheGlyValLeudrgleu

AAGTGTCACAGCCTGTTTCTRGATTTGCAGGTGARCAGLCTCCAGACGRTTGLACCAAC
LysCysHisSerLeuPheLeubsplevGLavalAsnSert ey LuThrValCysThrAsn

ATCTAGAAGATCCTCCTGCTGOABGOGTACAGGT TTCACGCATATGTGETGCAGCTCOCA
11eTyrLysIleteuleuleuBlnAlaTyrArgPhetislatysVall evilnleuPro

TTTCATCAGCAAGT TTGGAAGAACCCCACAT TTTTCCTRCECGTCATCTCTRACACGGEC
PheHisGlnGlnvalTrpLysAsnProThrPheFheLoudngVallleSeraspThrAls

TCCCTCTGCTACTCCATCCTGAAAGCCAAGAACGCAGGGATGTCGCTGGGGGCCAAGGGC
SerteuCysTyrSerIleLeulysAlalyshsnAlaGlyketSerLeuGlyALalysely

GL0GCOAGOCCTCTOC0CTCLGAGGCOGTRRAGTCTGTGCCACCARGCATTCETGETC
AlaALaGlyProLeuProSerluAlavalalnTrpLeuCysHisGlnAlaPheLeuleu

AAGCTGACTCGAGACCGTGTCACCTACGTGECACTCCTGR0TCACTCAGRAGAGCOCAG
LysLeuTheArgisArgVal ThrTyrValProteul euGlySerLeudrgThrALaGln

ACGCAGLTGAGTCEGAAGCTOCCOBGGACACGCTRACTGOCC TOGAGRCCRCAGLCAAC
ThrélnLeuSerargLysLesPro6lyThrThrleuThralal eubluAladlatlasn

COGBCACTGEOCTCAGACTTCAAGACCATCOTGRAC
ProAlaLeuProSerAspFAheLysanIleLeuAsp

Fig. 111
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Truncated protein 3 26/68

ATGCCGEGCGCMLWUuuuﬂuu\uumm|bL|uu:LAGCCACTACCGcGAGGTGéTGCCGCTGGéCACGTTCGTé
WPRAPRGCRAVRSLLASHETREVLPLATFY

TR0 TORLE TR0 CCCBR0BaLTTTO0BCR000 TR CADTGL BT LA oL TORGACCACBROCECCecutnoae
AR LGP OGHRLYORGOPAAFRALYAQCLYCYPWDARPPDPAA

(COCTCCTTCCGCCAGGTRTCCTACE |uAAGGAGCTGGTGGCCCGAGTGCTGCAGAGGCTGIGCGAGCGCGGCG%MWCGTGCTGGCCTT(;GGCTTéGCGCTGGTGéACGGGGCCCé
PSFROVSCLKELVARVLIOQRLCERGAKNVLAFGFALLDGAR

CGGGGGOCCCCCCGAGGCCTTDACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGACC&ACGCACTGGGGGGBAGGGGGGCGTGGGGGGTGCTGCTGCGDCGCGTG&GGGACGACGi
GEPPEAFTTSVRSYLPNTVTOALRGSGAWGLLLRAYVEDDY

GCTGGTICACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGCGGGCCGCCGéTGTACCAGCTCGGCGCTGCCACTCAGGCCéGGCCCCCGCé
LYKRLULARCALFVLVAPSCAYQOVCGPPLYQLGAATOQARPPP

ACACGCYAG%GGACCCCGAAGGCGTCTGGGATGCGAACGGGCCTGGAACCATAGCGTCAGGGAGGCCGG(‘}GTCCCCCTGéGCCTGCCABéCCCGGGTGCGAGGAGGCGC(&GGGGCAGTG&
RASGPRRRLGCERANNHSVREAGYPLGLPAPGARRRGGSA

AT OO0 A AT oA AT To R LA TGaE A 0RO CAGGACKLETALLAGTRAOCS
SRS LPLPKAPRAGAAPEPERT P VOOGSHARPGRTIRGPSDHA

TGGTTTCTGTGTGGTGTCACCTGO0AGACOCEO0GAAGAAGLCACCTCTTTGRAGGG TGOGETCTCTGRCACOGCCACTOCCAGLCATOOGT RGECGOCAGCACCACCREGCCCCCE
GFECVYYSPARPAEEATSLEGALSGTRESHISVGRONHAHAGE P

KTGCAGATCGOGG0CAGACGT COCTOERACACRLCT TGTCECCCEOTOTAGGURAGACCAAGCACT S CLTUTACTCCTCAGGCRACANGRAGCAGL TBOGRCCOTCLTTOOTACTCAG
STSHRPPRAPWOTPCPPVYAETKHFLYSSGOKEQLRESFLLS

CTCTCTGAGBCCCAGCC TGACTER0GCTCA0ABGCT 6T GBAGACCAT T TTC TGOGTTCAGGCCCTORAT CCAGGRACTCCC0GCAGRTTGOCCROCTRLEC0AGUGCTACTGACA
SLAPSLTGARRLVETIFLGIRPHUPGTPRRLPRLPOAY W

AATCCOGECCCTGTTTCTGRARCTAC TTGRGAACCACGLGEAGTECCC TACOEGATGLTOCT CAAGACGCACTGCCCRDTREGAGE TRLGGTCACCCCAGCAGCRRTGTC TBTGECCE
WRPLFLELLGNAAQGCPYGVLLKTHOPLEAAYTPAAGYVCAR

GEAGMGCCCCAGBRCT CTGTGACRRCCCCHRAGRARGARGACACAGACCOCCBTCOCCTORTGCARCTLTCCRACARCACAGCABCOCLTORCAGG TGTACGRCTTOGTGUGERECT
EKPQGSVAAPEEEDTOPRALYOLLROHNSSPHNOVYGFVRAC

(CTROGCCRG0 TRATGCCCECAGGLCTETGOGETCCARGCACAACGAACGCCELT TCLTCASGAACACCAGAAGT TCATCTCCCTGROGAACATGOCAAGLTCTCGCTGLAGRAGCT
LRRLYPPOELEGSRKNERRFLRNTKKFISLEKHAKLSLQEL

GACGTGEANGATGAGCRTGOGSGACTECRETTGGCTGCGCARGAGLCCAGGR TTOGC TR TGT TCOGGECRCAGABCACEGTCTECTGACGAGATCCTOGCCARGTTCCTGLACTEECT
THENSVROCAWLRRSPEYVGCYPAAENRLREETILAKFELHEWL

GAT(‘AGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTCTTTTATGTCACGGAGACCACGTTTCAAAAGAA(')AGGCTCTTTTTCTACCGGAAGAGTGTCTGGAGCAAGTTGCAAAGCATTGG
B3 VY VY ELLRSFRYVTIETTFOKRNRLFFYRKSVHSKLOSTG

Fig. 11]
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AATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCCAGGCCCGCCCTGCTGACGTCCAGACTCCGCTTCATC&CCAAGCCTGA
FROHLKRVOLARELSEAEVROKREARPALLTISRLRFIPKYD D

CGGGCTGCGGCCGATTGTGAACMGGACTACGTCGTGGGAGCCAGMCGTTCCGCAGAGAAAAGAGGGCCGAGCGTCTCACCTCGAGGGTGAAGGCACT(;TTCAGCGTGCTCMCTACGA
GLAPTVNUDYVVGARTFRAEKAAERLT SRV KALES VLN YE

GCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTGCTGGGCCTG&ACGATATCCACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGCéGGCCCAGGAéCCGCCGCCTéAGCTGTACﬁ
RARRPGLLGASY LGULDDIHRAWRTFVLAVAAQDPPPELYF

TGTCAGGTGOATGTGACGGGCGCRTACEACACCATOCCCCABRACAGHCTCACGRAGGTCATCECCAGLATCAT CARACCLCAGACACGTACTGCGTGCGTOGGTATAC0 TEGTOCH
VEYDVTGAYODTTIPODRLTEVIASTIIKPONTYCVRRYAV YO

GAAGGCCGCCCATGEGCACGT UG AACEUCT TCAAGABCCACGTCTCTACCTTGAGAGACCTCCARCCATACATGGACABTTOGTGGLTCACCTECAGBAGACCAGCCOG TGAGRGA
KAABRGHYRKAFKSHYSTLTOLOPYRACFYAHLOETSPLRD

TGECGTCGTCATCGAGCAMGCTCCTCGCTGAATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTACGéTTCATGTGCCACCACGCCGTGCGCATCAGGGGCAAGTCCTACGTCCAGTG
AV VIEQSSSLNEASSGLFOVFLRFUCHHAVRIRGKSY YV QO

CCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCAGCCTGTGCTACGGCGACATGGAGAACIAAGCTGTTTGCGGGGATTCGGCGGGACGGGETGCTCCTGCGTTTGGTGGA
06T POGSTLSTLLESLOYGOMENKLFAGIRRODGLLLALYD

TG TTTCTTGTTGGTGACACCTCACCTCACCCA G GAAAACCT O TCABGACCLTaGTCCAGOTRTCOC TRAGTATGRL T TORTRAACTTCLGRMGACAGTORTGARTTCCS
DFLLYTPHLTHAKTFLURTLVRGVPIYBEOVYNLRETVVYNE?

TOTAGAAGACGAGBOCC TG0 TGCACGEC TTTTG TTCAGATICCGCCACRGUCTATTCCCTGRTGLGGCLTGLTLTARATACGCBRACCCTERABSTBLAGAGCGACTACTCLAS
VEDEALGGTAFVOMNPARGLFPHCGLLLOTARTLEVOSDYSH

AL AC TGRS BGAAG TGEAGCCTRT G UG ToRGACACC 6L TaCTRCAGECOGTTRLSTCLACCTO TaCTICCTET6RGCAGGCGAC TRLCATCCCALAGATOARA

TG ACAGBTOC U TC LT CCATCT6BaaC TGARCACAAA TG AT TTTC TG TGOGAGTEABGG TG TCAMCBOGABCAST T TTCTG TG, TATTTTG0TAA...

Fig. 11K




Altered C-terminus protein 28/68

ATGCCGCGCGCTCCCCGCTGEDGI'\GGCGTGGGCTGGCTGCTGCGCAGOCACTACCGGGAGGTGCTGCCGCTGGGDACGWDGTG
BPRAPRCRAVRSLLRSHTREVLPLATFY

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGGGGGGACCCGGCGGCTTTCCGCGCGCTGGTGGCCCAGTGCCTGGTGTG%TGCCCTGGGACGCACGGCW
RRLGPOGHKARLVORGDPAAFRALVAQCLYVCOV?HDARPPPAR

A A et e
PSFRQVSCLEELVARYLORLCERGAKNYLAFGFALLDGATS

CGGGGGCCCCCCCGAGGCCﬁCACCAWAGCGTGCGCAGCTACCTGCCCMCACGGTGACCGACGCACTGCGGGGGAGCGGGGCGTGGGGGCTGCTGCTGCGGOGGGTGGGCGACGACG%
GEPPEAFTTSVRSYLPNTVTIDALRGSGANGLLLARVGD DY

GCTGGTTCACCTGCTGGCA(I)GCTGCGCGCTCﬂTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGéGGGCCGCCGCTGTACCAGCTCGGDGCTGCCACTCAGGCCCGGCCCCCGCC
LYKRLLARCGALFVLYVAPSCAYQVCGPPLYQLGAATOQARP?

ACACGCTAGTGGACCCCGAAGGDGTCTGGGATGCGAACG(;GCCTGGAACC&TAGCGTCA&GGAGGCCGGGGTCCCCCTGGGCCT%CAGCCWTGWWWGTGé
HASGPRARLGOERANNHSVAEAGYVPLGLPAPGARRRGE §A

T TSR0 A OO 0TGRS CCACDRCAGACRTERCCRTEAS
SR SLPLPERPRAGAANFEPERTPVGQGSHANPGRIRGPSD R

e T AT TGO A OBt
Lot GFOVYS P ARPAEEATSLEGALSGTRHSHP SAGAQHHAG PP

Fr AT A U COUBACTC AT SR RO
s R TSRPPAEWOTPCPPVYAETKRFLYSSGOKEQLAPSFLLS

A T8O AT 0T AGR TGO AT CCABTCRECCRCCTOEEAGRRTACTEGH
SLAPSLTGARRLYETIFLGSRPHUPGTPRARLPALPORYNQ

MTGCGGCC&CTGTI'TETG(IEAGCTGCTTG(;GMCCACGCGCAGTGCCGCTAGGGGGTGCiCCTCMGACéCADTGCCOGéTGCGAGCTGCGGTCAGCCCAGCAGCOGGTGTCTGTGCCCG
WRPLFLELLGNHAQCPYGVLLEKTHCPLRAAVTPAAGYCAR

GGAGMG{}CCCAGGGCTCTGTGGCGGCGCCCGAGGAGGAGGACACAGAC&CCCGTGGCCTGGTGCAGCT&CTGGG{}CAECACAGCAGCOCCTGGCAGGTGTAMTTGGTGCMGCT(;
: EKPOGSVAAPEEEDTODPRALYVELLAOHSSPHNQVYGFVRAC

.
ssse

OCTGCGGCG(ISCTGGTGCCOCCAGGCCTCTGGGGCTOCAGGCACMWACGCCGCTTCC%CAGGMCACCAAGMGTTU‘\TCTCCCTGGGGMGCATGCCMGCTCTCGCTGCAWGCT
LRRLYPPGLY¥GSRHNNERRFLRNTKKFISLGKHAKLSLOQEL

AT T GOAC LRG0T TGTOTTCOBR00SABAGALCT TR oA GRAGATCOTCRRSMTTOLTEACTaReT
THKUSVRDCANLRASPGYGOVPAAERRLAEETLAKELHNL

AT T AT TTTA T CAD GBS T CAVAGMARCTETTTTTCT AU GATGTCTGRAGCAGTTOCAMGCATIGE
ESVYVYELLRSFFYVIETTFQOKNRLFFYRKSVHNSKLOSIG

AT GG GATo GGG TABACAT COaMAC ARG TRAETEEAGACTOORTEATCE OGN
IRQHLKAVOLAEL SEAEVRONFEARPALLTSRLAFIPKPD

Fig. 111
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29/68

EL]GGa A TTGTGAACATGEACTACGTCGTGAGABCAAACGTTCCBCAGAGAMAAGAGGECCBAGCGTC TCACTOGAGBETCANGECACTETTCAGCSTALTCARCTACSA
GLAPIVNUDYVVGARTFRAEKRAERLTSRYKALFSVLNYE

GO COaCGLu0UaCCTCCTaoH0G0C TGO TGLTaBaCCTORACBATATCACAGGRCC T6G0GALCTTCRTGC TECBTATGOBGGL0CAGRACCCRCEGLCTRAGCTRTACTT
RARRPGLLGASVLGLDDINRANWRTFVLRVAAQDPPPELYF

TGTCAAGGTGGATGTGKCGGGCGCGTACGACACCATCCC&CAGGACAGGCTCACGGAGGTCATCGCCAGCATCATCAMCCCCAG‘\ACACGTACTGCGTGCGTOGGTATGCCGTGGTCCA
VEVDVTGAYDTTIPODRLTEVIASITIKPONTYCVRAY AV VO

AT T A AT AT CABAC AT AT OO TOCABOA AL TOAGGA
KAAKGH Y RKAFKSHYSTLTOLOPYHRQFV ARLQETSPLAD

TR AT A AGAT BT T CROSTETTCT AR AT ST A G AT A GOARTCCTARTCCATS
AV VL EQSSS LNEASSGLFDYFLRFBCHKAVRIRGKS Y YOG

CCAGGGGATCCGGCAGGGCTCCATCCTCT&CAOGGTGCTéTGEAGCCTGTGCTACGGGGACATGGAGAACMGCTGTTTGCGGGGATTDGGCGGGAGGGGCTGCTCCTGGGTHGGTGGA
06T PAGSTILSTLLCSLCYGDUWENKLFAGIARDGLLLALYD

TGATITCTTGTTGGTGACACCTCACCTCAéCCACGCGAMACCUCCTCAGGACCCTGG%CCGAGGTGTCCCTGAGTATGGCTGCGTGGTGAACTTGCG(I%MGACAGTGGTGMCTTCCC
DFLLYTPHLTHAKTFLRTLVRGYVPEYGCVVNLRKTVVNFYP

TGO TTToT A AT AT Lo TG TACCCCRA AT R CTACTORAG
VEDEALGGTAFYQUPANGLFPWHCGLLLOTRILEVQSDYSS

CTATGCCCGGACC1CCATCAGAGCCAGTC%CACCTTCAA60606GCTTCAAGGCTGGGA('SGMCATGCGTCGCAMCTCTTTGGGGTCTTGOGGCTGMGTGTCACAGCCTGTTTCT%A
YARTSIRASLTFNRGFKAGRNURRKLFGVLALKCHSLFLD

TITGCA&‘TGMCAGOCTCCAGAOGGTGTGCACEAACAT(‘ITACAAGATC(.)TCCTGCTGOAGGGGTACAGGTﬂCACGCATGTGTGCTGDAGCTCGCAHTCATDAGCMGHTGGAAGAA
LOVESLATYOTHIYKILLLOAYRFHACVLOLPFHOQVHKN

AT oA TG TACT AT oA AL ARG L GOS0 CRC0000MRELTCTCECTOOR
PTFFLAVISOTASLOYSILKAKKAE

|
CCGAAGAAAACATTTCTGTOGTGACTCLTHCGGTECTTGRGTC
EENTLYVTPAVLGS

ACABCAGAGAT GGABOCA O CECAGA LT G TG TORCAGCTTTCCGRTGTCTCCTEORAGORGARTTOHRCTOGACTETGACTOCTCAGRRTCTRTTTTCCRCAG
GOPEMEPPRRFSEVGESFPYSPGERGVYELGL®

Fig. 1M
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Protein that lacks motif A 30/68

ATECCGCGCGCTCCCDGCTGCCGAGCGGTGCGCTCCCTGCTGCGCAGCCACTACGGCGAGGTG['}TGCGGCTGGOCADGTTCGTG
HPRAPRCRAVRSLLRSHTREVLPLATEY

CGGCGCCTéGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGDGGCTTTGCéCGOGCTGGTGGCCCAGTGCCTGGTGTGGGTGCGCTGGGA[EGCACGGCCG&CCCOCGCCG{'}
RAELGPOGWRLYORGDPAAFRALVAQCLYCVYPHDARPPPAN

CCCCTOCTTCCGCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCCGAGTGCTGCAGAGGCTGTGCGAGCGCGGCGCGMGAACGTGCTGGCCTTCGGCTT&GCGCTGCTG{;ACGGGGCCC(;
PSFROVECLKELYARVLORLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACAGGGTGACGGACGCACTGCGGGGGAGCGGGGCGTGGGGGCTGCTGCTGCGCCGCGTGGGCGACGACGi
GEPPEAFTTSVRASYLPHNTVTIODALAGSGANGLLLRRAVGDDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTIGTGCTGGTGGCTCCCAGCTGCGBCTACCAGGTGTGCGGGCCGCGGCTGTAGCAGCTCGGCGCTGGCAGTCAGGCG(I}GGCGCCCGCC
LYKRLLARCALFVLVAPSCAYQVOGPPLYQLGAATOARPP?

ACACGCTAGTGG&CCCCGAAGGCGTCTGGGATGCGAACGéGCCTGGAACCATAGCGTCA(.iGGAGGCCGGGGTCCDCCTGGGCCTGCCAGCCCCGGGTGCGAGGAGGCGCGGGGGCAGTGC
HASGPRRALGCERAWNHNSVAREAGVPLELPAPGARRRGGS A

AT T T A A TG T oA TTCOCCACRO LT A AT COBATRACS
SRSLPLPKRPRAGAAPEPERT PV GOGSHARPGRTAGPS DA

T T AT T AT T AL OO AL ETORRCCOCCARA At
GFCVVSPARPAEEATS LEGALSGTRHSHPSVERONKAGYPF

ATCGACATCGCGGCCACCACGTGCCTGGGACACGCCHG%CCCCGGGTGTAOGCCGAGAGCAAGCAGTTCCTCTACTCCTCAGGCGACMGGAGCAGCTGGGGCCCTGCTTCCTACTCAG
STSRPPRPWDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

GTCTOTGAGBCCCAGCETEACTOGCACTORGAGGLTCBTORAGACCAT CTTTCTGRE TCCAGRCCTGRATGCCAGBRACTCCCCRCABRTTICCUCECCTEECCABCCTACTGEEA
SLAPSLTGARRLVETIFLGESRPWUPGTPRRELPRLPQRY VN

BT T T AT oA AT MG TR Ta LG CALCOAGCARCCRTETETaTees
AR PLFLELLGNHAQCPYGVLLKTHGP LRARYTPAAGYCAR

AT AT TS BTG CORO AR BB GRCAGTTAGRCTI LR TGRGaes
EXPOGSY AAPEEEDTDPRRLVOLLACHS S PHQVYGFYRAC

T LTGRO RAL LT TG TA TG GCATOCCMGLTCTCRUTGRAGEAGT
LRALVPPGLUGSRHNERRF LANTEKFISLGKRAKLSLOEL

GAOGTGGMGATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAGGGGHGGCTGTGTTCCGGCCGCAGAGCACCGTCTGOGTGAGGAGATCCTGGCCMGTTCBTGMCTGGCT
THKESVARDCAYLRASPGVOGCVPAAEHRLREETILAKFLEWL

BTG A TR T T TTTAT O A AT AR TCTTTTCAC GO TETCTCRGLMETTRAATES
K S VYV VELLRSFFYVYTETTFOKNRLFFY RESVRSKLOS TG
AT GGG oM TOASCAA TGO GGt TGALTOCARCTLESUTTCATCLOCMBCLTEA
TROHLKRYOLRELSEAEVRQHNREARPALLISRLAFIPKPD

Fig. 1IN
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CGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGMCGTTCCGCAGAGAMAGAGGGC&GAGCGTCTCACCTCGAGGGTGMGGCACTGTTCAGCGTGéTCAACTACGA
GLAPIYNWOYVVOGARTFRREKRAERLTSRVKALFSYLNYE

bbbbbbuwubuwbwbbblbblbbbbbbbILlblbbI(:(:GCCTGGACGATATCCACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGOGGGCCCAGGAéCCGCCGCCTéAGCTGTACT%
RARRPGLLGASVLIGLOOIHRANRTFVLBVRAQDPRPPELYT

TGTCAAG l GACAGGCTCACGGAGGTCATCGECAGCATCATCWCCCCAGAACAEGTACTGCGTGCGTCGGTAT&CCGTGGTCCA
VK DRLTEVIASITKPONTYCVRRYAV VO

GAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTGCAGGAGACCAGC(&CGCTGAGGGI'\
KAAHGHVRKAFXKSHYSTLUTOLOPYNROFVANLQOETSPLRD

AT A AT AT T TT ORI A TTOAT GO CCAC AT AR CET AL TCCTe
AV Y TEQSSSLNEASSOLFOVFLRFHGHKAVRIRGESY VOC

CCAGGOGATCCOGCAGBGCTCCATCETCTCCACGCTGC T TOCAGCCTGTGTACRRCEACAT G GAGAACANGC TATTTGOGRGAT TCARCO3GAGRGCTACTCOTRORTTTRRTGA
QG1PQGSELSTLLOSLECYBOHENKLFAGIRROGLLLALYD

TGATTTCTTGTTGGTGACACCTCACCTCACCCACGCGﬁMACCTTCCTCAGGACCCTGGTCCGAGGTGTECCTGAGTATGGCTGCGTGGTGAACTTGCGGAAGACAGTGGTGAACTTCCé
DFLLYVTPRLTRAKTFLURTLVRGYPEYGCVYNLRLETYVUNFSP

TOTAGAAGACGAGGCOCTGGGTGECACGGCTTTTGT IbAGAIUbbuubLLAEG.GCCTATTCCCCTGGTGCGGCCTGCTGCTGGATACCCGGACCCTGGAGGTGCAGAGCGACTACTCCAG
VEDEALGOTAFVOMNPANGLFPWCGLLLOTATLENQOSDYSS

CTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTCAACCGCGGCTTCAAGGCTGGGAGGAACATGCGTCGCAAACTCTTTGGGGTCTfGCGGCTGAAéTGTCACAGCCTGTTTCTGGII\
YARTSTIRASLTFNRGFEKAGRANNRRKLFGVLALKCHSLFELD

TTTGCAGGTéAACAGCCTCCAGACGGTGTGCACCAACATCTACAAGATCCTCCTGCTGCAGGCGTACAGGTTTCACGCATGTGTGCTGCAGCTCCCATTTCATCAGCAAGTTTGGAAGM
LOVYHSLAQTYOTNIYKTLLLOQAYRFHACVLOLPFROOVHEKN

CCCCACATTTTTCC TGOGCGTCATGTCTGACACGGCCTCCLTCTOTACTCLAT LT ARG AAGAACGCARGBATETCRCTGRGGR0CAAGRACEECE00R3CLTCTARCETCORA
PIFRLRVISOTASLOYS ILUKAKNAGHSLGAKGBAAGPLPSE

GGCCGTGCAGTGGCTGTGCCACCAAGCATTCCTGCTCAAGCTGACTCGACACCGTGTCACCTACGTGCCACTCCTGGGGTDADTCAGGACAGCCCAGACGCAGCTGAGTCGGAAGCTCCC
AVIORLORQAFLLELTRHRVTIYVPLLGSLATAGTOLSRKLYP

GGGGA0GACGCTGACTGCCCTERAEGCCR0AGCCANCCCLRCACTGL0CTCARACTTCAAGACCATCC TEACTGATGEC ACCCGCCCACAGOCAGRCOGAGARCAGACALCAGCAGCE
GTTLTALEAAANPALPSODFKTILD

T AT AR AT AT TOT T AR LA OB TOMAET
T A AT A AT AT TOAC TS CACRTOE G TR AGBECRET T
T AT AT A AT CATTT A BT T T OCACOACAT BN O GA T
TG TT AT AT T ARSI CTSTORAR TRCORAGTCCTTGRET

MTACTGAA%A1ATGAGTT%TTCAGTTTT(;A F]g, ] ] O




Truncated protein that lacks motif A 32/68

ATGCCG0GUGCTCO00CCTBECGAGCCBTR0GCTONCTGCTGUGLAGLCACTACLGEGAGGTGCTGLCRETOGCCACGTTCGTG
HPRAPARCRAVRSLLRSHTREVLPLATFY

BTGB ATaaLETAGaAOALCCORCRETTTCCCL eSO ToOTCaLAGTOC TS TCCOTOCCC oA CADACHGOUaI00CO0B00Re
RALGPOGHALYQRGOPAAFRALVACCLYCVYPHDARPPPAA

CCCCTCCTTCCGGCAGGTGTCCTGCCTGMGGAGCTGGTGGCCCGAGTGCTGCAGAGGCTGTGCGAGCGCGGCGCGAAGAACGTGCTGGCCTTCGGCTTCGCGCTGCTG(;ACGGGGCCCé
PSFROVSCLKELVARVLORLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCCCCGAGGGCTTCACCACCAGCGTGCGCAGCTACCTGCCCAACACGGTGACCGACGCACTGCGGGGGAGCGGGGDGTGGGGGCTGCTGCTGCGCCGCGTG(%GCGACGACG%
GGPPEAFTTSVRSYLPHNTVTDALRGSGAWGLLLARVGODDY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGCGGGCCGCCGéTGTACCAGCTCGGCGCTGCCACTCAGGCC&GGCCECCGCC
LYHRLLARCALFVLYAPSCAYCVCGPPLYQLGBAATQARPPP

ACACOCTAGTGRACCCCEAAGRUGTCTGEGATELGAACGIG0C T GGAACCATAGCAT CAGRGAGGCUGRGRTOCCCC TBO3EC TCCAGCLCCRE6TGERACGABGUGLEOGREAGTGE
AASGPRARARLGCERANNNSVREAGV P LGLPAPGARRRGGSA

CAGCCGAAG%CTGCCGTTGCCCAAGAGGCCCAGGCGTGGCGCTGCOCCTGAGCCGGAGCGGACGCCCGT%GGGCAGGGG%CCTGGGCCCACCCGGGCAGGACGCGTGGA[.)CGAGTGACCG
SRSLPLPKRPRRGAAPEPERTPYGOGSHAHPGRTRGPSDR

TOGTTTCTGTGTGTGTCACCTGOCARACCCGOCGAAGANGLLACCTCTTTRBAGGATBCGCTCTCTRGCACGEACCACTOCCACCCATOCTRRGOCGCAGCACCACELRRRECCC00
GFCVYVSPARPAEEATSLEGALSGTRHSHPSVERORHAGDPP

ATCCACATCR0060CACCACGTCLCTORRACACE LG TTGTGLCCOR TG AGGECBAGACGAAGCARTTCC TG AGTOCTOAGGCGACANGRAGCAGLTUGECCCTCLTTOCTACTCAG
STSRPPARPHDTIPCPPYYAETKHFLYSSGDKEQLRPSFLLS

CTCTCTGABGCCCAGLC TRACTGRCGC TEGRAGC TORTGRAGACCATC TTTCTGRGTTCCAGCCC TGGA TGUCAGBRALTCCCCBCARRTTGCCCEGUETGCCCCARCECTACTERGA
SLAPSLTGARRLVETIFLGSARPHW MNP GTPRALPARLPORY N

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGMCCACGCGCAGTGCCC[)TACGGGGTGCTCCTCAAGAC(‘SCACTGCCCGCTGCGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
bR PLFLELLGNBAQCPYGVYLLKTHRGCPLRAAVTPAAGVCAR

BAGAAGC00CAGBO T TG TGRCH00C0GAGBAGBATRACATAGACCCCORTCRCC TOOTOCAGLTELTCLGCCAGCACAGCAGCGCLTOREAGBT TACGACTTCGTGCREGCCTG
EXPOGSVAAPEEEDTOPRALYQLLAQHSSPHOAVYGFVRACD

CCTG0G00060TBT0CeCAGGOCTCTGOGRCTCCAGRCACAACGAACRLCRETTCCTCAGBAACACCAAGAAGT TCATCTECCTGGGGANGCATBCLAAGCTCTOGCTGCABGAGCT
LARLYVPPGELYWGSRANERRFLUANTKKFISLGKHAKLSLOEL

G0 TOBANGATGAGCGTGCLRACTGOCT TGGCTGCBCABRAGCCCARBORTTGECTGTTTCCOGCGCARGCACCITCTGCGTGAGRAGATCLTGECCAAGTTCCTECACTGECT
THKUSYVADCAWLRRSPOVECYVPAAENRLAEET LAKFLHENWL

GATGAGTGT(IQTACGTCGTCGAGCTGCTCAGGTCUTCTTTTATGTCACGGAGACCACGTﬂCAAAAGAAéAGGCTCTTWTCTACCGGAAGAGTGTCTGéAGCMGﬂGCAAAGCATTGG
HSVYVYELLASFFYVTIETTFOKNALFFYRKSYNSKLASTG

RATCAGACAGCAC TTGAAGABETG0AGCTGORCBAGC TG TCGAAGCAGAGTCAGRCAGCATCAGGAAGCLAGOCCOGECCTGE TRACATOCAGAC TGCGCTTCATCOCCAAGCCTGA
TAOHLKRVOLAELSEAEVROHREARPALLTSRLAFIPKPD

Fig. 11P
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CGGGCTGCGGCCGATTGTWCATGGACTACGTCGTGGGAGCCAGAACGTTCCGCAGAGAMAGAGGGCCGAGEGTCTCACCTCGAGGG%GMGGCACT(ISTTCAGCGTG(.)TCAACTACG);\
GLRPIVHHNODYVVEARTFRREKRAERLTSRVKALFSVLNYE

GCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTGCTGGGCCTGCACGATATECACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGC(;GGCCCAGGAéCCGCCGCCTéAGCTGTACTf
RARBRPGLULGASVLIGLDODINRANRTFVLRVARAQDPPPELYTF

TGTCAAG GACAGGCTCACGGAGGTCATCGCCAGCATCATCAAACCCCAGAACACGTACTGCGTGCGTCGGTATéCCGTGGTCCA
VK DRLUTEVIASTIKPONTYCOVRRYAV YL

GAMGGOCGULCATGRGCACATCCRCAAGGOCTTCAAGAGLCACGTCTCTACCTTGACAGACCTCAGCUGTACATECGACAGT TCRTGRC TCACCTGCAGRAGAGCAGLOCGCTRAGGGA
KAAKGHVRKAFKSHVSTLTIDLOPYHRRQOFYARLOQETSPLRD

TGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCICTTCGACGTCITCCTACGCTTCATGTGCCACCACGCCG&GCGCATCAGGGGCAAGTCCTACGTCCAGTGI
AVVIEQOSSSLNEASSGLFOYFLAFHCHAAVRIBRGKS Y VO

CCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCAGCDTGTGCTACGGCGACATGGAGAACAAGCTGTTTGCGGGGATTCGGCGGGACGGEECTGCTCCTG&GTTTGGTGGA
CeIPQGESILSTLLESLOYGDUENKLFAGIRRDGLLLRLYD

TGATTTCTTGTTGGTGACACCTCACCTCACCCACGCGAAAACCTTCCTCAGGACCCTGGTCCGAGGTGTbCCTGAGTATéGCTGCGTGG%GAACTTGCGGAAGACAGTGGTGMCTTCCC
DFLLVTPHLTHAKTFELRATLVRGVPEYGOCVYNLRKTYVYNEP

TGTAGAAGACGAGGCCCTGOGTRRCACBRCT TTTGTTCAGATRLCGGCCCACBRICTATTCOCETGTECGECE TR TGCTRRATACCCSGACCCTRRAGRTGCAGAGLEACTAC TECAG
VEDEALGGTAFVONPARGLFEPHWGCGELLLODTRTLEVOSDY S

GTGAGCRCACCTOGCCGRANGTBRAGCE TGTGCCCGOCTB0GECAGG TCTOLTRARGGCO TTRCG TCCACCTETGCT TCOGTGTOR3GCAGGCGACTGCAATCOCAMGBE TEAG

TGCACABGBTGL0C TCaTCCCATC TGORC TEAGACAATACATCT TTCTGTGGGAGTCAGRGTGCTCACAACEBRAGLAGTTTTETGTLTATTTTRATAA

Fig. 119
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Lacks motif A and altered C-terminus 34/68

ATGC0RCB0GCTC0CCGETE00RAGC0GTROGTCEC TR TROGCABCCACT ACCGUBABGTGE TGUCGCTGRCCACRT TCATG
HPRAPRCRAVRSLLURSHTREVLPLATEVY

bGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGOGCTGGTGGbCCAGTGCCTGGTGTGCGTGbECTGGGACGbACGGCCGCCCCCCGCCGC
RRLGPOGWRLVORGODPAAFRALVAQGLVOVPHOARPPPAA

CCCCTCCTTCCGCCAGGTGTCCTGCCTGAAGGAGCTGGTGGCCCGAGTGCTGCAGAGGCTGTGCG‘\GCGCGGCGCGAAGAACGTGCTGGCCTTCGGCTTCGCGCTGDTG(}ACGGGGCCC(IE
PSFROVSCLKELVARVLORLCERGAXKNVLAFGFALLDGAR

CGGGGGDCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCCMCACGGTGACCGACGCACTGCGGGGGAGCGGG;“:CGTGGG(IEGGTGCTGCTGCGECGCGTGéGCGACGACGf
GGPPEAFTTSVRSYLPNTVTOALRGSGANGLLLRAVGODDYVY

GCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTGCTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGCGGGCCGCCGCTGTACCAGCTCGGCGCTGCCACICAGGCC(BGGCCCCCGC&
LYKRLLARCALFYLVARPSCAYQVCGPPLYOQLGAATOARPEP

ACACBCTAGTGGACCCCRAAGG0GTCTORGATGAACOBGCCTERAN CATAGCGTCAGBRAGGCCRBGETCCOECTCRGLC TRCCARCOCHGAT LGAGRARRCGCEOGEGAGTED
HASGPRRALGCERAWNHSVAREAGVPLGLPAPGARARRGGSA

A TCTOCCaTTCCCAAGASC AR TR TG ASOCGACRCGTTO 8T CTOaa0 UL AATOCAL TS
SRS LPLPKBPARGAAPEPERTPVGQGSUAKPGRTRGESD R

TOGTTTCTRTGTEaTGTCACCTOOCAACCCa00RANGAGECACL TC TTTOGAGBRTGCGCTCTC TGRCACGCRLCACTCCCACCCATOCRTBAGLUG0CAGRACCACGBASULCCLC
GFCVVIPARPAEEATSLEGALSGTARSKPSVERONRAGPP

ATCCACATOGCGOCCACCAC TOCCTERGACACBOCTTGTLC0CC0a TR TACGCGAGACCAAGCACTTCCTL TACTCC TCASGOGACAAGGAGGAGCTGCERCOGTOCTTCCTACTCAG
STSRPPAPUDTPCPPVYAETKHFLYSSGEDKEQLRPSFELLS

CTCTCTAAGGCOCAGCCTGACTOR0G0T GBAGECTOGTOGAGACCATCTTTC TGGATTCCABRUCC TERATGCCARGBACTLCCCGCABRT TECCCOGLETROGCCAGOGE TACTERCA
SLRPSLTGARALVETIFLGESRPHUNPGTPARLPALPORYHL

AATGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCACGCGCAGTGCCCC%ACGGGGTGCTCCTCAAGACK'}CACTGCCCG(‘)TGDGAGCTGCGGTCACCCCAGCAGCCGGTGTCTGTGCCCG
BRPLFLELLGNHAQCPYGVLLKTHRCPLAAAVTIPAAGVECAR

GRAGAAGC OG0B30 TOTGC0GRE 000 GACAGGAGGACACAGALCLCOGTCACC TGRTECAGCTLTC GO CAGCACAGLAGCOCCTRRCAGGT TACGGCTTOGTACHGECCTG
EKPOGSVAAPEEEDTOPRALVOLLAQHSSSPHQVYGFEVRACL

CCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGETCCAGGCACMCGAACGCCGCTTCCTCAGGAACAC&AAGAAGHCATCTCCCTGGGGAAGCATGCEAAGCICTCGCTGCAGGAGCT
LRRLVPPGLWGSRENERRFLAENTKKFISLOGKRAKLSLOEL

GACGTGGMGATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCCGCAGAGCACE)GTCTGCGTG‘\GGAGATCCTGGCCMﬁTTCCTGCACTGGCT
THEHSVROCAWLARSPOVEE VP ARENRLAEETLAKFLHENL

GATGAGTGTGTACGTCGTDGAGCTGCTCAGGTCTTTCTTTTATGTCACGGAGACCACGI%TCAAAAGAA&AGGCTCTTTﬁ'CTACCGGAAG_AGTGTCTGéAGCMGTTGCAMGCATTGG
HSVYVVELLRSFFYVTIETTFOQKNRLFFYAKSYNSKLESTE

AATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAGCTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCEAGGCCCéCCCTGCTGACGTCCAGACTCCGCTTCATCCCCAAGCCTGA
TRQOKLERVOLRELUSEAEVROAREARPALLTSRLAFIFKPD

Fig. 11R
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AT AT T AT AL MRS oL
GLRPIVNWNO Y Y VGARTFRREKRAERLTSRYVKALFSVLAYE

GCGGGCGCGGCGCCCCGGCéTCCTGGGCGCCTCTGTGCTGGGCCTGGACGATATCCACAGGGCCTGGCGCACCTTGGTGCTGCGTGTGCGGGCCCAGGACCCGGDGCCTGAGCTGTAGTT
RARRPGLLGASYVLGLODIHRANRTFVLAVRAGDPPPELYF

TGTCAAG GACAGGCTCACGGAGS TCATURCCAGCATCATCARACCCCABMACACGTACTGOTGCRTOGRTATGOCATGRTCEA
VK DRLTEVIASITKPONTYCVRRYAVYVQ

GAAGOOGLCCATEG3CACGTCDGAAGRCC TTCAAGAGCCACRTCTCTACCTTGACABACCTULAGOCOTAATGOGACAGTTLATGRCTCACCTACAGRAGACLAGLCALTOAGA
KAARGHYRKAFKSHYSTLTOLOP YHRQFVAKRLQETSPLAD

T AT AR AR AR AT T ACT TG T AT OO CAGCCOAGTCCTAGTELAGTG
AV VIEQSSSLNEASSGLEDVFELR FUCHHNAVRIRGESY YOG

CCAG%GATCCCGCAGGGCTCCATCCTCTCCACGGTGGTCTGCAGGCTGiGCTAGGGCGACAT%AGAACMGCTGTTTGCGGGGATTCGGCGGGACGGGCTGCTCCT&GWGGT%\
CGTPOGSILSTLLOSLCYGOMENKLFAGIRRDGLLLALYD

TaATTTCTTGTTBTGACACTCACCTCALCCACGOGAMAC TTOCTCARS JCCTGRT CCGAGRTGTCOLTGARTATGAC TE0GTESTGAAC TTGCORAABACAGTE TRAACTTCCG
CFLLVTPRLTHAKTFLATLVREVPEYGCVYYNLRKTVUNFP

TG TR TG TGO AC OO TATI TR TaE TGO RO GABCBACTACTIEA
VEDEALGGTAFY OUPARGLEPHO GLLLDOTRTLEVQSDYSS

A AT A AT A G CAOGAAT TR LT TGO TG CACUTGTTC G
YARTSTRASLTFNRGFKAGR KURRKLFGULRLKCHSLFLD

T A AT TG LT CABECGACAGG T ATl CLEATTTCATAGEAAGTTTOGMGAA
LOVNS LOTVCTHIYKTLLLOAYR FRACVLOLPFAOOVHKN

A AT T TG CAT TG TGACACAL OO O T TAC TCCATLC TBAAGCCMBAACOLABHATET CGLTA0005CCAAGRROBC0RCEAR00CTETROOETCLGA
PTFFLAVISOTASLOYSTLKAKNAE

l
(CGAAGAAAACATTTCTGTCATGACTOCTECGRTGCTTG66TC
EERTILVYVTPAVLGS

A GAGABATGABCCAC O CAGAL O TCGaGTETGRCAGCTTTCCBBTETCTOLTORRAGRBRAGTTGRACTCROCETETGACTCL TCAKCTCTGTTTTOCOCAS
GAPEWEPPRAPSGVESFPVSPBERGUGLGL®

Fig. 115




N-terminal truncated telomerase (ver. 2) 36,/68

ATGCGGCGCGCTCCOOGCTGCCMGCCGTGCGCTCCCTGCTGC('?CRGCCACTACCGCGAGGTGCTGCGGCTGG(}CACGTTCGT(;
WPRAPRCRAVRSLLASKTREVLPLATFY

(560RCCTGO6RCOCCABBBCT66C0RCTERTECAGCGCHG6EACCLGR0GRCTTTCCGLA0ACTGRTBRCCART EC TRRTRTECGTOCCTRHBACGCACGROCRCEEEc0aceae
RRLGPOGHRLYORGDPAAFRALYAQCLVYCVPHDARPPPAA

GRCCTCC00RG0aTOR0RT 0060 TH65ATTRARGCBGC0RRREHGAACCARCRACATOOGRAGACARCOCARGLGACTCAGRBCCTTCOCCCGCABETG

GLPGVEVRLGLRAAGGONCRHAESSAGDIGRFPAR
ASPGSASGHNG*GRPGGTIONRAAAQATQGASPAG
PPRGARPAGVEGGRGEPATCGECRRRLRALPPOY

T AT AR, TR0 CGAG oL TG CABAGE TG GURAAADRTBLTGRCETTOBRCTTCRUALTRTCOALEAO006CH
PSFROVSCLKELVARVLORLCERGAKNVLAFGFALLDGASR

OO0 TCA AT A TCAC RO TSGR0 TERRRCTOCTOLTO0R00BTOMRAET
S GPPEAFTTSVRSYLPNTVTOALRGSGAKRGLLLRRVGDDY

GCTGRTTCACCTaCTGRCASC TGCG0GC T TTTGTGLTG6TGaCTCLCAGCTAGCCTACCAGRTGTAGHRCCR0EC TGTACAGCT CBGCACTRCCACTCAGRCC0RRCCCC0REC
LYHLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPPP

e RO AT AR T AT
HASGP RRARLGCERANNHSYREAGYPLGLPAPCARREGESA
BTLTE OG5 TEARUGAR 0 TOCAGHTCOTGE AR AGBACBTORAL AN
SRSLPLPKRPRAGAAPEPERTP VGO GS HANPGRTRGPSDA
P T A AT TO BN TROEATCC SRR DOMAGARE0LE

GFCVYSPARPACEATSLEGALSGTRHSHPSVGROKRAGE?
Tl TR T COAECTTOTTAT ARGV CURTROROTEETECATIA
fed  STSRPPRPUDTPCPPYYAETKHFLYSS GOKEQLRPSFLLS

e AT oA T T AC O TR OCHTATOA
G S LRPSLTGARRLVETTFLGSARPNUPGT PARLPRLPORYNG

A MTGGGGCOCCTGTTTCTGGAGCTGCTTGGWCEACGCGCAGTGCCCCTAGGG@}TGCTCCTCMGAC(;GACTGCCOGCTGOGAGCTGCGGTCAGCCCAGCAGCC@ETGTCTGTGCCOG
T WAPLFLELLGNRAQCPYGYVLLKTHCPLRAAVTPAAGYVCAR

AL TE OB CACABACCO OO OAGL TGO AR AGETGTACBCCTIGBTCO0R0TS
EKPOGSVAAPEEEDTDPRALYOLLAROA SSPHOVYGFVRAC

CCTGCGCOGGCTGGTGCCCCCAGGCCTCTGGGGCFCCAGGCACMCGMGGCCGCTTGCTCAGGMCAC&MGMGHCATCTCCCTGG(%GMGCATGC&MGCTCT%CTGCMGCT
LARLVPPOLYGSRHNERRFLANTKKFI SLGKHAKLSLOQEL

A ToAAGATOAGCTCESaBACTORR T OO AT TETT O AT T CAGOAGATOCTCRCCAMGTICLTGRACTGRT
THK S Y ROCANLARSPGVGOYVPARENRLAEETILAKFLENL

Fig. 11T
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GATGAGTGTGTAOGTCGTCGAGCTGCTCAGGTCHTCTTTTATGTCAWGAGACCACGTTTCMMGMCAGGCTCTHTTCTACCG&MGAGTGTCTGCAGCMGTTG&MAGCAHG&
BSVYYVVELLRSFFYVYTETTFOKNRLFFYRKSVNSKLASIG

AT - GACA AT GO0 AT OOOAGE AL TATAALAGETETOCAGTS TS CAAGTABAGRBRCTCTOABBROSTCTOTES
Ao oA COBB AT T aTGL TR TeRETB00 T GAR AL CORTRROGRTHT B TCOLTOACCTTOCOOCAGTETGTIGTTS

GOTGAGCAAGOCTCCTGAGBRGCTCTCTATTRL

Fig. 11U

Truncated protein 1 (ver. 2)

ATUGOGUG L TOC00GETGOCRARCGTGOGLTLOCTH TROGEARCIACTACCHOGAGRTGOTGOOGETRGOCACGTTCATG
WPRAPRCRAVARSLLRSHTREVLPLATEY

CO0G0CTHGR0 LA R TR O CTHRTGOAGOGCGHGRACCORRCRRCTTTCLG0GCGOTGTROCCART GOCTGATAT GORTGCCCTGAGACGCACGBL0GOC000CE00T
RRLGPOGYRLVAORGDPAAFRALVAQCLYCVPKDARPPPAA

G000 TCaR0aT OHR0THGATTaAGGGCGLCA0GGAGAACCAGOGALAT GUGRASAGUGCABGCOACTCAGOGCELTTECCCCGLARTE

GLPGVGYRLGLRAAGGNQRNAESSAGDSGRFPRA
ASPGSASGWG*GRPGGTSDMNRRAAQATOGBASPAG
P?PRGERRPAGYEGGRGEPATCGEQRRRLRALPPAYV

T AT oA ToCAGAGE T ARG AAGMONTLoG0CTORaC TOS0KTECTHRADR806008
PSFROVSCLKELYARVLORLCERGAKNYLAFGFALLODGAR
A TCA A A AT ARG TEACGAC AL O AGOORTBCTILTo T0050ETGOR0BAAONT
GGPPEAFTTSVRSYLPNTVIODALRGS GANGLLLRRVGDDY

GO TG TTCACC TGO TGSCACG T GCRUGLTTTTGTBCTGRTGACT CECAGLT BOGLCTACCAGRTGTRORRGECHECRTATACCAGCTCRBCRCTRLCACTCARGLL0GR0CCECR0C
LYHLLARGALFVLYAPSCAYQVCGPP LYQLGAATOQARPPRP

DA TATOOA 0T OO OO ATAGT A GAG T T ECLAOLCCORT A G ARELATT
A ASGPRIRLGCERANNESVAEAGYPLGLPAPGARRRGGS A

AT TGO TR O0OALECOAOB0ATTGRGABOGRTCL B A EGGCAGGACGUSTORAODETIACDS
SRS LPLPKRPRAGAAPEPERT PVGAGSHARPGRIRGPSDR

TRSTTTCTGTGTIRTATCAGCT WWW%TWWTNTCTCTW WWT@TWWWW
GFOVVYSP?PARPAEEATSLEGALSGTAHSHPSVEGRQOHHNAGERP

Fig. 11V
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AT OO TGO TeTe OO TAC OO ARG AT TCTACTOX AR A GCAGCTRCOROOCTELTTRTACTCAG
STSRPPRONDTPCPPYYAETKHFLY S SGODKEQLAPSFLLS

GTCTCTG‘\GGCCCAGGCTMCTGGOGCTOGGAGGCTOGTGGAGACCATCTTTCTGMHWWTWTWCTCWWGGUWTWTACTW
SLRPSLTGARRLVETIFLGESAPONUPGTPRALPRLPOARY WO

MTG(mcGGCTGTI'TGTGMGDTGCTTHEGAAOG&GGCGCAGTGCCDGTMTGCTWTWMWCTWTWTMTMWWTéTCTGTW
UAPLFLELLEGNHAQCPYGVLLKTHECPLRAAVTIPAAGYCAR

GRAGAAGOLCCAGRR0TCTG T GR0GGCCCC0GAGAGAGRACACAGACCLCCAT a0 TRATGLAGETRLTCCRCCARCACAGCAGUUCCTRRCARTRTACSRCTTCATHBRGLCTE
EXPAOGSYVAAPEEEDTDPRRLVALLRANSSPHAOVYGFYRAC

TG ToOTOOC AR LT A ACAACOAAC L TTOCTCABOAC G TTCATL 0L TS ATa AL TCTUBL AT
LARLYPPGLNGS A HNERRFLANTKKFISLOGKNAKLS LOEL

GAOGTGGMMTGAGCGT@JGGGAGTGCGCTTGGCTGOGCAGGAGCOCAGGGG]TGGCTGTGTTOGGGGOGCAGAGCACOGICTGGGTGAWGATOCTWTTC&TGCACTGGCTI
THKESYROCAWLRRSPGVGCVPAAEHRLREEILAKFLHEWL

GATGAGTGTGTAOGTDGTU&AGCTGCTCAGGTCTHGTTHATGTCADGGAGACCAOGTTTCAAMGW;MGCTCTTTITTCTACGGG‘JI\GAGTGTCTG(;AGCA‘GTTMTTG(;
WSYYVVYELLRSFFYVTETTFOKNARLFFYRKSVESKLOSIG

AT CAGACARCAL TTGAAGAGGGTGLAGC TGOGHGAGC TRTCRGANGLARAGRTCAGLAGLATCEBANGCCAGGCCORUCTGLTGACRTCCAGACTCCRCTTCATCOCOMGCCTGA
TRGHLKRYQLRELSEAEVRONREARPALLTSRLRFIPKPD
GTRGCTA TR TTTGATTTANCTTGOTTTTTAACCAGM
VAVLEKFTFLFENQK

O(ﬁGCTGOG(‘!OO(‘:ATTGTGMCATGGACTMTMTWWMWWTCTWTWWTGHWT&TWCTM
GLAPIVYKDYVVEARTFRREXR PIVSFRE

Fig. 11K




Truncated protein 2 (ver.2) 39/68

ATGCCGCGCGCTCGCCGCTGCCGAGCCGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAGGTGCTGCCGCTGGCCACGTTCGTé
HPRAPRCAAVASLLASHTREVLPLATFY

CGGCGCCTGGGGCCCCAGEGCTGGCGGCTGGTGCAGCGCGGGGACCCGGCGGCTTTCCGCGCGCTGGTGGCCCAGTGCETGGTGTGCGTGOCCTGGGA&GCACGGCCG&CCCCOGCCG&
RALGPOGWRLVOARNGOPAAFRALVAQCLVEVPHDARPPPAR

G0 TOC0CBG0RTCBGCRTCCR6G TGa TTBAGRHCEEC0GAGEEANCCAGCACAT C6GACARCAGCGCAGRCRACT CAGBBORC TTCCCCCAEAGRTG

GLPGVEVRLGLRAAGGENOQRKEAESSAGDSGRFPRAR
ASPGSASGHG*GRPGGTSDNRRAAQATAGASPAG
PPRGRRPAGVEGGRGEPATCEECRRALRALPPOQY

T
OO T T oA TG o AL ToTGOGAGE 0BG AAGMARTELTGRLCTTCGRTICGLACTALTBRACGRGREECS
PSFROVSCLKELVARVLORLCERGAKNILAFGFALLDGAR

e
GGPPEAFTTSVRSYLPNTVIDALRGSGANGLLLARVGDDY

GCTGGTTCACCTGCTGGCACGCTGOGCGCTCTUGTGCT[;GTGGCTCCCAGCTGGGCCTACCAGGTGTGCGGGCCGCCGCTGTACCAGCTDGGCGCTGCCACTCAGGCCCGGCCCCCGCC
LYHLLARCALFVYLVAPSCAYOQVCGPPLYQLGAATOARPP?

ACACECTAGTGGACCCCEMGGOGTCTGGGATGOGMCGGGCCTGGAACCATAGCGTCA(;GGAGGCCGG(IEGTCDCGCTGGGCCTGCCAGCCCOGGGTGCGAGGAGGGGCGGGGGCAGTGC
RASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGS A

CAGCCGMGTCTGCCGTTGCCCMGAGGCCCAGGDGTGG('}GCTGCCCCTGAGCCGGAGOGGACGCMGﬁGGGMGGGGTCCTGGGCCCACCCGGGCAGGACGGGTGGACCGAGTGACCG
SRSLPLPKRPRAGAAPEPERTPVOQGSKAHNPGATAGPSDA

T TTCAL T CABA 0RO TTGOABROT LT T AL OCOCAC A ATCEETOORAAGCALACGRRRRLEC0e
GFCV Y SPARPAEEATS LEGALSGTRNSHPSVGROKNHAGPP

ATDDACATCGGGGCCACCACGTCCCTGGGACACGCCTTGTCCCCOGGTG%A%CCGAGACCAAGCACTTéCTCTACTCCiCAGiCGACMGGAGCAGCT@GGGDCCTCCTTCCTACTCAG
STSRPPRPHDTPCOPPVYAETKHFLYSSGOKEQLAPSFLLS

CTGTGTGAGGCCCAGGCTGAGTGGCGCTDGGAGGGTCGTGGAGAGCATGTTTCT%GHWTWTMMGGGACTCWCAGGTTGCGCCGCCTGGCCCAGCGCTACTGGCA
SLAPSLTGARRLVETIFLGESRPHUPGTPRALPALPORY ¥

AATGOGECCCCTOTTTCTGGAGLTEC TTGBGAACTACGRCAGTALCCETACGRRT GO TCAGACKCACTRLCCGCTO0GAGETORRTCACOCCAGCAGECRRTGTCTRTGCL0S
WRPLFLELLGNHNAQCPYGVLLKTHCP LRAAVTPAAGYCAR

TR LT TOAG T CORCLAGLACBLAGCOCLTOACTOTACRETTCRTRCR00TS
EKPQGSYARPEEEDTDPRALVOLLAOKNSSPHOVYTGFYVRAC

0T LA TCTCOOa B TTC AR AACAGMAGTT A T oA CATRLCMECTCTCGUTGLABRART
LRRLYPPGLEGSAHNERNFLANTEKF ISLGKHAKLSLOEL

Fig. 11X
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AT T o T A BT T AR TG CRMGTTLTGeACTEar
THKHSVROCAN LRRSFOVGCYPARENRLAEETLAKFLENL

GATGAGTGTGTAGGTCGTCéAGCTGCTCA(I}GTCﬂTCTTTTATGTCACGG&GACCACGTTTCMMGMCAGGCTCTTTTTCTACOGGMGAGTGTCTGGAGCAAGTTGGMAGCATTGG
ESVYVVELLRSFFYVTETTFOKNRLFFYRKSVHSKLOS G

AT A CAGCACT T CANGAGRT GCAGCTGCOGARC TR CGGAAGLAGARGTCAGGCAGCAT CGGABCCAGRCCCCILTGL TGACGTCCABACTCCRCTTCATCCCCABLCTEA
TROKLKRVOLRELSEAEVROKREARPALLTSALAFIPEKPD

C(ISGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGAACGﬁCCGCAGAGAIAAAGAGGGCéGAGCGTCTGACCTCGAGGGTGAAGGCACT&TTCAGCGTG&TCAACTACGA
GLRPIVNMDYVVGARTFRAREXAAERLTSRVKALFSVLNVYE

GCGGGCGCGGGGCCCCGGCCTCCTGGGCGCCTCTGTGDTGGGCCTGGAC(;ATATCCACA(;GGCCTGGCGéACCUOGTGéTGCGTGTGCGGGCCCAGGACOGGCGGCCTGAGCTGTACU
RARRPGLLGASVLGLODIHRAWRTFYV LAVRAQDPPPELYF

TGTCAAGGTGGATGTGACGGGCGCGTACGACACCATCCCOCAGGACAGG(I)TCACGGAGGTCATCGCCAGCATCATCAAACCCOAGAAGACGTACTGGGTGCGTDGGTATGCGGTGGTCCA
VEKVDVTGAYDTIPODRLTEVIASITKPONTYCVRAY AV Y

GAAGGCLGCUCATGGCAGGTCOGCAAGRLC TTCAAGABCCAC
KAARGHVRKAFKSH

TOCTAOSTOLETS
VLRPY

CCAGGGGATCCCGCAGGGC:[CCATCCTCTCCACGCTGCTCTGCAGECTG"fGCTACGGCGACATGGAGAA(')MGCTGTFTGCGGGGATTCGGCGGGACGGGCTGCTCCTGCGTHGGTGGA
PGOPAGLHPLHAALQPVLIRRHGEQAVCGDSAGRAAPAFVG

TGAT[TCTTGTTGGTGACACCTCACGTCACCEAOGCGMAACCTTCGTCAGG‘\CCCTGGiCCGAGGTGTéCCTGAGTATGGCTGCGTGGTGAACTTGCGGMGACAGTGGTGMCTTCDC
%

Fig. 11¥
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Reference protein (ver, 2)

ATGCG0GCRCTCOCCRCTECOMGOCATERGETCCLTRE TGCRCAGCCACTACCGCRAG
HetProArgAlaProAngCysAngAlaValArgSerL euLeuArgSerHisTyrArgGlu

GG TGLCROTORUCACTTORTECGR08CCTRRARC00CAGBETARLGRTEETECAG
ValleuProleuAlaThrPheValrghrgleuBlyProg nglyTrpAnglewvalgln

CGCGGGGACCCGGGGGCTTTCOGCGCGCTGGTGGﬁCCAGTGGGTGGTGTGOGTGDCCTGG
ArgGlyAspProAlaAlaPheArghlaLeuvaldlalInGysL euwvalCysValProTrp

BACGCACGGCCGCECCO0REEE0CECCTCETTCERCCABETE
AspAlakrgProProProAlaAlaProserPheargGlnval

60
A

120
90

180
£
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B0 TGO Ga5GTCGGU8 TCCRGL TaRaTTEAGB08ECCRGBHGAACCAGCEACAT GCGRAGAGCARCACAGRUGAC TCAGBGEACTTOCRCACAGATS

GLPGVGVRLGLRAAGGNORKHAES SAGDSGRFFRA

ASPGSASGHG*GRPGETSONRRAAQATOGASPAG
PPRGRREPAGVEGGRGEPATCGEGRARLAALPP QY

TCCTGCCTRAMGRANCTG 240
SerlysLeulysaloley 80

GTG6000RAGTRCTRCAGAGGLTTBNGARCCOR00CANGAACATECTRRCETTCARC
ValAlaArgValLeusLnargLeuCysGluArgelyALalyshsnValleudlaPhely

TTOB0GCTGCTGRACGRGA0CHG0A5608C00GC00RARBLETTCACCALCABCATE0SC
PheAlaLeuleuAspilyALakrgGlyGLyProProBLuslaPheThrThrSerValdrg

AGLTACCTGCCCAACACGBTGACCGACGLAC TOCG0B6BAG0GRERCATRRARCTELTE
SerTyrLeuProAsnThryalThrAspAlaLeuArgalySeréLyAlaTrpGlyLeuleu

TTGCRCCa0aTGRG0GACEACETOLTGRTTCACCTECTRRCACGCTOCREGC TCTTIEG
LeuArgArgValGlyAspAspValLeuValHisLeuleuladrqCyshlaleuheVal

CTGGTGRCTOCCAGTGCA0CTACCAGGTR TGLRGR0CR0CGTATACCAGC TOOREET
LeuValALaProSerCysALaTyrGlnvalCyselyProProLeuTyrGlnt euGlyAla

GGGACTCAGGCECRRL00CCR0CACACRCT AGTORACCCORANGRCATCTRBRATRUBA
AlamhrGinAlaArgProProProisAlaSerglyProArgArgArgLeutlyCystlu

COGGCCTGSAACCATAGCGTCARBGAGG000R0TCC00CTGRRCCTEECAGRCLC06GT
ArghlaTrpAsitiserValArgGluALa6LyValProLeuGlyLeuProAlaProfly

GUGABGARCGUOGUARCARTROCARCCRAAGTC TECOGTTGCLCAAGABRCCCAGRST
AlakrghrgArgalyGlySerAlaSerArgSerLeuProL euProLysArgProAngirg

GOCECTRO00C TGAGDDGRAGCGRACT 00 TTGHGEAGRAATOC TOBGCCCAC06060
GlyAlaATaProGLuProGLuArgThrProvalGlyBLngLySerTrpAlaHisProdly

30
100

360
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120
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180

600
200

860
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180
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AGGACG0G TGRABCGAGT GACCRTRRTTTCTATGTGATETCACCTACCAGACOCALCAA
ArgTheArgGlyProSerAspArgeLyPheCysValvalSerProAlaAngProAladly

GAGCCACCTCTTTGGAGGGTGCRETCTCTGACACRCBUCACTCLLACOGAT 0GRS
GlurlaThrSerLeuGluBlyAlaleuSerGlyThrArghisSerisProServalGly

CGOCAGCACCACBCBGR0CCOCCATOCACATCRCGR0CACCACB TCCCTRRGACACGC T
ArgGLeHisHisALaGLyProProSerThrSerAngProProArgProTrpAspThrPro

TTCC000BGTATACGCLGAGACCAARCACTTCCTCTACTCCTCAGGCRACAABRARCAG
GysProProvalTyrAlagluThrLyshisPheLeuTyrSerSerGlyAspLysGluGln

CTECBGLOCTCLTTCCTACTCAGCTCTCTGAGRLCCABCETGACTOBGACTCABAGRCTC
LeuArgProSerPhel eul euSerSerLeudrgProSerLeuThralyAlaArgArgLeu

GTGGAGACCATCTTTCT G TTCCARGCOCTGRATGLCARGRACTCCLOGCAGRTTEO0C
ValGluThrI1ePheL euGlySerArgProTroMetProdlyThrerodrgArglesPro

CROCTGLCCCAGCCTACTGBCAMTGCHCCOCTRTTTCTGRAGLTECTTGRRAACCAC
ArgLevProGlnArgTyrTrpGlnbetArgProL euPheloutlul euteuGlyAsis

GOGCABTGCCOCTACAGRATCTCCTCAAGACGLACTELCGETELGAGETRLAGTCACC
AlaGInCysPraTyrlyValleuLeuLysThrHisCysProL euArgAlanlavalThr

{CAGCAGD03G TRTC TGTBOCCGRARAAGCCCCAGRCTE TATGR0GGCCC00GAGRAG
ProALaAlaGlyValCysalargGlulysProaInGlyServalAlaAlaProgLusly

GAGGACACABACOCCORTCRCC TGGTGCAGCTRRTOCGCCARCACARCAGROOCTER0AG
GluAspThrAspProArgArgLeuValGlnleuLeusrgblakisSerSerPraTrpéln

GTGTACGGCTTORTGCRG60CTACCTB0G0URAC TGRTBCCCCCABRLCTCTGRGRLTCE
ValTyrélyPheValArgAlaCysLeutrghrgLeuvalProProBlyLeuTrpalySer

AGCACAACGAACGCCRCTTC TCAGOAACACOAAGAGTTCATCTCLCTEROBANGEAT
ArgHisAsnGluArgArgPheL euArgAsnThrLysLysPhelleSerLeuGLyLysHis

GOCANGLTCTOGGTGAGGAGC TGACATGRAAGATGAGDGTGLGR6GCTRCGCTTBACTG
AlaLysLeuSerleugnGluLeuThrTrpLysketSerValArgAspCysdlaTrpley

CGLAGGAGCCCAGBOGTTGRCT BT TTCCSGCOGCABABCACCATC TGOS TRAGRABATC
ArgArgSerProglyValGlyCysValProAlaAl s6ludisArgLeuArgSlululle

CTRBCCAAGTTCCTGCACTRRCTATGAGTOTGTACGTCGTCRAGC TGS TCAGRTCTTTS
LeuAlalysPheL eutisTrpLeuetServalTyrValValaluleul euAngderthe

TTTTATGTCACGGAGACCACATTTCAAABAMCAGRLTC TTTTTCTACCORAAGAGTETG
PheTyrValThréIuThr ThrPheGloLysAsnArgLeuPhePheTyrArgLysServal
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TOGAGAAGTTGCARAGCATTGEAATCAGACAGCAC TTAAGAGAOTOAGC TBCAGMAG
TrpSerLysLeuGlnSer] 1e6lyIleArgGInisteuL ysAngValGlnL euArg6ly

TG TCGAAGCAGAGET CAGGCAGCATORRGAAGLCACGOC0GC0CTRLTGACOTCCAG
LeuSer6luAlaGLuValargGnisArgGLuAlaArgProlaLeuleuThrSerArg

CTOGCTTCATCOCCAAGCOTOACGRRCTROGECCRATTGTGAACATOBACTACATATG
LeuArgPhel 1eProLysProAspGlyLeuArgProlleValAsaetAspTyrValVal

GBAGCCAGAACETTCRCAGAGAARAGAGRACCCARCETCTCACCTOGARGBTAAGGCA
GLyAlaArgThrPheArgérgGLulysAroAlaBluArgLeuThrSerArgValL yshla

CTGTTCAGUGTRCTGAACTACGABCEGA0ACGECEC0000CTCLTARGELTETETG
LeuPheSerVallevAsnTyrGluArgAlaArgArgProglyLeul euGlyAlaServal

CTGG0C TGBACBATATOCACAGBREC TORCGCACLTTOGTGCTACTRTROGGR0C0AG
LeuGLyLeuAsphspLLeHisArgALaTrypArgThrPheValleuArgValAngAlagln

GACLDBCCG0CTGAGC T BTAC TTTGTCAAGGTORATGTGACBBR0G0STALGACACCATC
AspProProProgluleuTyrPheVallysValAspValThrGlyAlaTyrdspThr!le

CUOCAGGACAGGLTCACGOAGTCATCGCCAGCATCAT ARACCCCAGMCACGTACTGE
ProclnAspArgLeuThrGluvalI1eAlaSerTleleLysProGlaAsnThrTyr(ys

BT60GTCGGTATGCCaTGATCCAAAGGOCR0CCATERRCACETOOGEAMBRCTTCAS
ValArghrgTyrAlaValvalGlnLysAlaAlaHisGlyHisValArglyshlabhelys

AGCCACTCTCTAGCTTGACAGACCTCCAGLCOTACATGGACABTTOGTERCTCACLTE
SertisValSer ThrLeuThrAspLeuGLnProTyrhetArgGlaPheValilakisL oy

CABGAGACGAGCUCEC TGAGHRATGCCGTORTCATCRARCABABCTOCTOCCTGAATGAG
GnGLuThrSerProLeuArgAspAlaValvalTlesIuG L erSerSert uAsnGlu

GOCAGAGTG L TCTTCGACGTCTTC TACGE TTCATATGCCACTACRCOGTGORCATC
AlaSerSer6lyLeuPheAspValPhel cudrgPheMetCysHistisAlavalarylLe

AGRGOAAGTCCTACGTCCARTCAGHGATCCOGCAGRB TECATCLT TCLACSETS
ArgGlyLysSerTyrValGIncysalndlylleProGInGlySerTlet euSerThrley

CTCTCAGCCTGTGC TACGOC0ACATGRABACANGC TRTTTGCGBBGATTCRHCG00AC
LequSerLeuCysTyrGlyAspMetGluAsnLysLeuPheAlaGlyIleArgArgAsp

BG0TGCTOCTGCRTTTGRTGRATGATTTCTTTTGRTGACACC TCACLTCALCLACRE
GlyLeuleuL euAngLewValAspAspPheLeuLeuVal ThrProisL euThriisAla

AAACCTTCCTCAGBACCC TOTCOGAGRTRTCCOTGABTATBRCTRCATAETRANC TS
LysThrPheLeuArgThrLeuValArgELyValProLuTyrélyCysvalValAsnLey
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G GACAGTOR TRAACTTCCCTOTAGAAGACRARGCLC TGRGTCGCACBGLTTTIGTT
ArgLysThrVa ValAsnPheProvalGluspaluAlaLeuGLyGlyThrAlaPheval

CAGATGCOGGC0CACROCTATTCCCCTERTGLGBHC TG TGCTGRATACCORRAGCCTE
GlnuetProAlaHlsﬁlyLeuFheProTrprsGlyLeuLeuLeuAspThrArgThrLeu

GAGGTGCAMGGGAGTACTCCAGCTATGCCCGGAGCTCCATCAGAGGCAGTCTCACCTTC
Guval6lnSerAspTyrSerSerTyrAlaArgThrSerl LeArgAlaSerLeuThrPhe

MACCR0GACTTCAAGRC TEGGAGGANCATGLGTCOCAMACTCTTTGRGATCTTGOGACTS
AsnArgGlyPheL ysAla6lyArgAsnietArgArglysLeuPheslyValLeuArgleu

RAGTOTCACAGOCTTTTCTGRATTT ARG TSARCAGCCTCCAGACGE TBTELACCAAC
LysCysH1sSerLeuPheLeuAspLeuGanalAsnSerleuﬁlnThrValesThrAsn

ATCTACAAGATCCTOCTGCTGCAGGOGTACAGGmCACGCATGTGTGCTGCAGCTCCCA
11eTyrLysIleteul eul euGlnAlaTyrArgPhenisAlaCysvalLeuslnL euPro

TTTCATCAGCAAGTTTGRAAGMCCCCACATTTTTCCTGOGCATCATCTCTGACACESCC
PhehistlnGLavalTrpLysAsnProThrPhePhel usrgVal LleSerdsgThrdls

TOCCTOTGLTACTCCATCCTGARAGCCAAGARCRCAGRRATTOGCTERR66CCANGHAC
SerLeuCysTyrSerlleLeulyshlalyshsnalaclybetSerLeuGlyAlaLystly

GCOGCOGR0CCTCTRUCC TCCRABRCCETRAGTGRCTOTOCCACCAAGLATTCC TG TC
AlaAlaGlyProLeuProSerﬁluAlaValGlnTrpLeuCysHlsGInAlaPheLeu B

AAGCTGACTOGACAGCGTGTCAGCTAGGTGCCACTCCTGGGGTCACTCAGGACAGCCCAG
LysLeuTharghisArgVal TheTyrYalProlculeutlySerLeudrgThrAlaGln

ACRCAGGTGAGTCEBAAGCTOCOGB00A06ACRLTBACTOCECTORABGCEGUAROCAAC
ThrilnLeuSerArglysLeuProBlyThrThrLeuThrALal euGlualzAlaAlatsn

(CBGCACTRCCTCAGAC TTCAABACLATCCTERAC
ProALaLeuProderAspPheLysThel el eusp

Fig. 114C
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Truncated protein 3 (ver. 2) 45/68

AT BAGC oL TG e AGACTACOOOMGRTEL RGO TOCRLACETICES
NP RAPRCAAVESLLASHTREVLPLATFY

LTGRO TGO TT OO TaRTGHECACTOOCTCTOTEOTCEETCGMOBACBRC000000DSe
RBLGPOGHRLYQRGDPAAFRALYAQCLYCVYPHOARPPPAR

GG00 TC000G3R6TCOBLGTC0RH0 TGRGATTAGBG0GGC0GBE0GAACCAGCRACATOCBRARABCARCRLAGRCGACTCAGBECGETTOCCOCECAGRTE
GLPOGVGOGVARLOLAAAGGN CRHAESSAGDSGRFPREA
ASPGOGSASOGWGE*GAPGETSONRRAAQATCGASPAG
PPRGRAPAGVEGOERGEPATCGEEQRRALAALPPQYV

C00CTCLTTC00CAGRT O TGLCTGAAGGAGCTARTGR0CGAGTEL TEGAGABRCTOTGC0AGC06600CGANRRACGTGLTHGCCTTOGGCTTORUGCTGCTGGACSGG6C0
PSFRAVSCLKELVARVLORLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCGGGGAGGOCTTCAOGACCAGCGTGGGCAGGTACCTGCCCAACAGGGTGA(I}CGAGGCAGTGCGGGGGAGCGGGGGGTGGGGGCTGCTGCTGCGCOGCGTGGGGG‘\OGACGT
GGPPEAFTTSVRSYLPNTVTIDALRGSGAWGLLLRAVGDDY

GCTGGTTCACCTGCTGGCACGCTGOGCGCTCTFTGTGCTGGTGGCTCCCAGCTGCGCCTACEAGGTGTGE)GGGCCGOCGCTGTACCAGCTCGGCGCTGCCACTCAGGCDOGGCECCCGGC
LYKLLARCALFVLVAPSCAYQVCGPPLYQLGAATOQARPP?

TG oA GG GG TCASTASOL0008TCECCLTORRCCTECACCOLEGTOOCBAECCECOBRCAGTR
HASGPRARLOGCERANNHNSVREAGYP LGLPAPGARRRGGS A

CAGCCGMGTCTGCCGTTGGCCMGAGGCCCAGGCGTGG(.‘,GCTGCCCGTGAGCCGGAGC&GACGCGCGTTGGGCAGGGGTCCTGGGCCCACGCGGGCAGGACGGGTGGAGDEAGTGACDG
SASLPLPKRPRAGAAPEPERTPVGOGSHANPGRTRGPSDS

TG TGS TOTCAC TG OO0 GCCAOTE TTGOABRTGE G TTC ARG ACTCCACORATCETORCLGLEAGCADCADGBRLES
GFCVVSPARPAEEATSLEGALSGTRHSHPSVEROAHNAGP?

A ORGSO ACECGATAGCACTTCTCTACTE A S AMCBAGLARTEORECTCSTICOTACTCNG
STSRPPRPHDTPCPPYYAETKHFELYSSGOKEQLRPSFLLS

oA A TG AT T AT AT COATEECAGROACTCOSABTERECORTECCARCRTACTERA
S LAPSLTGARRLVETIFLGSRPHUPGTPRALPALPQRYNQ

MTGOGGCCCCTGTTTCTGGAGCTGCTTGGGMGCADGGGCAGTGGGCCTAOGGGGTGCTCGTCMGAG(IiEACTGCCGGCTGCGAGCTGOGGTCAOGCCAGCAGOCGGTGTCTGTGOON
WRPLFLELLGNHAQCPYGYLLKTHCPLRAAVIPAAGVCAR

GGG TG TR0 A GO CRTT AR T 0CAGCACAABLTHRABTSTAGRETICETOOR086TG
EKPQGSVAAPEEEDTOPRALYOLLEQHSSPHOVYGFVRAL

CTOPRCRRLTGRTO0CDCCARRLT LTGRO ORI TGO GAAGTTCATCTOLTGRGOMBLATIAMGTCTORTLAGRART
LRALYV P PGLYNGSANNERRFLANTKEFISLGKNAKLSLOQEL

Fig. 114D
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OG0TSO TT R A ABRGOTT BT GTT OB GOAGAGCACT TGN TOAGGAGATCCTOROCMBTTCTOLACTOT
THKHSVYRDCAN LRRSPGVGCYPAAENTLREET LAKFLANL

AT AL TCAGGTCTTCTTTTATGTCACGOAGCCACOTTCAMAACAGETCTTT A AGAAATOTCTOMGCAAGTILAMGLATTS
SV T VVELLRSFFYVTIETTFQKNRLFFYRKSYNSKLOSIG

AATCAGAGAGLACTT GANGAGGG TGUAGCT 606 6AG TG CGGAAGCAGAGGTCAGBCAGCATCOMAAGCCABGUCOCUCLTROTRACSTCLAGACTCUGCTTCATCCCCAAGOCTEA
ITROKLKRVAOLRELSEAEVRONREARPALLTSRLRFIPKPD

U5B6TGGRCCGATTGTGAACATGGACTACKTCG TGGRAGCCAGACATTCLGCARAGAAAGAGACOGAGCRTCTCALCTOGAGRRTGAAGGCACTRTTCARCGTGCTCARCTACGA
GLRPIVNMNDYYVEARTFRREKRAERLTSRVKALFSVLNYE

RO CORCT TR TCRAATATU AR OB ACACTTOOT O TOT OB CAGGACOOSCLTATETALTT
AARRP GLLGASYLGLODIHRAWRTFYLRYARAQDPPPELYF

A TCOATOT AT ACACACCAT OO AT CATOCCAGCATOATCAAASCOAGACACTACTBOSTECTORTATECCOTEOTCCA
VKV DV TGAYDTIPODRLIEVIASIIKPONTYCYRRYAVYO

GAAGGCCGCCCATGGGCACGTCCGCMGGCCTTCMGAGCCACGTCTCTACCTTGAEAGACCTCCAGC[}GTACATGCGAGAGUCGTGGCTCACGTGCAGG‘\GACCAGCCGGCTGAGGGA
KAARGHVRKAFKSHYSTLTODLOPY UROFVAHLQETSPLRD

TROCTCGTCATCGAGCABAGLTCCTCCCTBAA TGAGGCCAGCAGTERCLTCTTCGACRTC TTCC TACGCTT CATATGECACCACGCCATGUGCATCAGGGECAAGTCCTACGTCCAGTG
AVVIEQSSSUNEASSGLFOVFLRFUCHHAVRIRGKSY VAL

Ao AT AT AT TACGRCOACAT OO CAABL TG TTTCEBBATTCAAECROACCRRTECTOCTBOOTTTGOTOA
Q61 POGST LSTLLOSLGYGODRENKLFAGIRROGLLLALYYI

AT TTGTIGETOACA AL A A GAAMACCTTCO TSRO0 O TOOBAGGTT TAGTAT B TCCGTOGTOMCTTOCOGMBACASTROTOAAC TS
DFLLVTPHLINAKTFLATLVYRGVPEYGOYVNLRKTVVNFDP

TGTAGMGACGAGGCCCTBGGTGGCACGGCTTTTGTTCAGATGCCGGCOCACGGCCTATTCCCCT%TWCTGCTG(I)TGGATACGCGGAGGCTGGAGGTGCAGAGGGACTACTOCAG
VEDEALGEGTAFVOUPAKGLFPWCGLLLDTATLEVASDYSH

GTMWCCT%C%WGTWGWTGTGCCCGGCTGGGGCAGGTGCTGCTGCAGGGCCGTTGCGTCCACCTCTGCNDCGTGTGGGGCAGGDGACTGDCMTCCCAMGGGTCAGA
1

T 0CAGAGRBT RO CTCRTCCCAT T GB33CTGARCACAAATB AT CTTT CTGT GOGART GAGBGTGLCT CACAACGRGAGUAGTTTTCTGTGLTATTTTG6TAA

Fig. 114E




Altered C-terminus protein (ver. 2) 47/68

ATGOCB06TECTOCC0RCTEU0GAGCCRTBRECTCOCTGCTELGAGCLACTACLGCRAGRTECTRLCGLTGRCCACGTTORTS
HPRAPRCRAVASLLASHTREVLPLATFV

CGGCGCCTGGGGCCOCAG(‘}GCTGGCGGCTGGTGCAGCGCGGGGACCGGGCGGCTTTCCéCGCGCTGGTGGCCCAGTGCCTGGTGTG%TGCCCT%MMMMCCCWM
RRLGPOGHWRLVOARGOPAAFRALVAQCLYCVPHDARPPPAA

G0 TCCObBGHG TCaGCET CCRaC TGGAT TGAGGACGRC, GRGR0RANCCARDGACA TROGRAGAGCAGCRCABGUBACTCABGGOBCTTCCLCCRLAGETG
GLPGVGVRLGLRAAGGNORHAESSAGDSGRFPRAR
ASPGSASGNG GRPGEGTSDOMRRAAQATOGASPAG
PPRGRRPAGVEGGERGEPATCGEQRRRLRALPPOY

GLCCTCCTTO0G0CAGGTGTCC TG TBANGGACC TGBTBACCCRAGTECTHCAGAGEL T TGOCARCGCACECRAAGAACSTOLTERNC TTCGRCTTCEOC TS TEGACG05000S
PSFROVSCLKELYVARVLOQARLCERGAKNVLAFGFALLDGAR

CGGGGGCCCCCCCGAGGCCTTCACCACCAGEGTGCGCAGCTACCTGCCCA:\ACACGGTGACOGACGCACTGOGGGGGAGCGGGGCG]GGGGGCTGCTGCTGCGCCGCGTGGGCGACGACGT
GEPPEAFTTSVRSYLPHNTYVTIDALRGSGAWGLLLARYGDDY

BT T CAC AT TGO AT TOTACCTCORCRLTORTEAGREEEGRCECCOR0
e LVHLLARCALFVLYAPSCAYOQVOGPPLYOLGAATOARP?P?

A ACACGCTAGTGGACCCCGMGGCGTCTGGGATGCGMCGéGCCTGGMC&ATAGCGTCA&GGAGGWGGGGTCCCCCTGéGCCTGCCAGCCCCGGGTGCGAGG%GCGCGGGGGCAGTGC
RN RASGPRERLGCERAWNKSVRAEAGYPLGLPAPGARRRGEGSA

AT TG e A AR OTT GOS0 BEACOGBLAGEALAT AL GAGTGANG
o SHSLPLPKRPARGAAPEP ERTPIGLGS RAHNPGRTAGPSDA

ot T A A BT AT T T AACOCACAT TSGR CBAAC BB,
g G F CV Y SPARPAEEATSLEGALSGTARSHPSVGRQONRAGE

ot AT CTTA OGO AR AERAEARTBEGECTRTCCTACG
STSRPPAPNOTPGPPYYAETKHFLYSSGOKEQLAPSFLLS

K CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTCGTGGAGACCATChTCTGGGHOCAGGCCCTGéATGCCAGGGACTCCCOGCAGGTTGCCCOGCCTGCOCCAGGGCTACTGGCA
SLAPSLTGARRLVETIFLGSARPHNUPGTPRALPRLPARY WO

AT T TG TGGGAA ARG TACOOOOT TG GCALTGLC LS CORBTBERTCACECEARCARCCSRTOTCTGTO00G
WRPLFLELLGNKAQGPYGVLLEKIHEP LRAAVIPAAGYCAR

NAGMGCOCCAGGGCTCTGTGGCGGCCCCCGAGG&GGAGGACACAGAC('}CCCGTOGCCTGGTGCAGCT&CTCCGCGAGCACAGCAGCC&CT@ECAGGT&TMTTOGTGOG%CCTG
EXPOGSVAAPEEEOTDPRALYVQLLAQKNSSPHQAOVYGFVRAC

oA T AT AT OB ARCATGCCMGLTCTCR T
LA R LVPPGLNGSANNERRFLRRTKKFISLGKHAKLSLOEL

BTG TOABO OB oL TTGa TR A TT GO TGO A AT GAGATLC e CMAGTICETGLACTOT
THKUSYROCANLRRS PGV GOVPAAEHRLREETLAKFLANL

Fig. 114F
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GACGTGGAAGATGAGCGTGCGGGACTGCGCTTGGCTGCGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCOGCAGAGCACCGTCTG(X&TGAGGAGATOCT(I}GCCAAGTTC(.)TGCACTGGCT
THWKHSVRADCAWLARRSPGVOGCVPAAERALAEETILAKFLHWL

GATGA BTG T A O O LTG0 T AGET CTTTCTTTTATGTCACSAGACCACG TTTCAAAAGMCAGRCTC TTTTTCTACOGRABAGTRTC TGRAGCAAGTTRCARAGCATT 66
BSVYVYVELLRSFFYVTETTFOXKNRLFFYRKSVESKLOAOSTG

AATCAGACAGCACTTGMGAGGGTGCAGC%GCGGGAGETGTCGGAAGCAGAGGTCAGGCAGCATOGGGMGCCAGGCGCGCCCTGCTGAGGTCDAGACTéCGCTTCATCCCCAAGCCTGA
TROHLKRVALRELSEAEVROHREARPALLISRLAFIPKPD

CGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGMCGTTCCGCAMMMGGGCCGAGCGTDTCACCTCGAGGGTGAAGGCACTGTTCAGCGTGCTCMCTAGGA
GLRPIVHNMDYVVEARTFRAEKRAERLTSRAVKALFSVLNYE

GCGGGCGCGGCGCCCCGGC(.)TCCTGGGCGéCTCTGTGCTéGGDCTGGACGATATCCACA&GGOCTGGCGCACCTTCGTGCTGCGTGTGCGGGCCCAGGA&CCGCCGCCTGAGCTGTACTT
RARRPGLLGASVLIGLODINRAWRTFYLRVARAQOPPPELYF

TG A GGTGEA TGTGACGSG0GCATACBACAGCAT 0CLCCAGRACAGEC TCACGGAGRTCATCGUCAGCAT CATCARALCCCAGAACACGTACTGCRTGCATCERTATRLCR TGATCCA
VKYDOVTGAYDTIPODRLTEVIASITKFONTYCVRRY AV VD

GMGGCGGGCCATGGGCACGTCGGCAAGGCCTTCAAGAGéCAOGTCTCTACCTTGACAGACCTCCAGGCGTACATGGGACAGTTCGTGGCTCACCTGCAGMGACCAGCCOGCTGAGGGA
KAARGHVRKAFKSHVSTLTDLOPYWNROFVARLOQOETSPLRD

TGCCGTCRTCATCGAGCAGAGOTC LT LT A TGAGGOCAGCAGTGRCC TCTTCGACRTC TTCC TACGCTTCATGTGCCACCACGCCGT CCATCAGRGRCAAGTCCTACG TCCAGTE
AVVIEQSSS LNEASSGLFOVFLAFUCHHAVRIRGKSYVOC

AT T AT AT AL CATGR MG T TTECBRRATTRECOORORUTOCTCCTOTTTGGTOR
06T POGSTLSTLLOSLEY GORENKLFAGIRRDGLLLALYD

AT TaTTG A AT A CO AT OAACT O OO GTET O HGTATERCTGOTSTAACTTCOORMGACAGTERTOMTTONG
DFLLYTPHLTHAKTFLATLVAGYP EYGCVYVHLEKTVYNES?

TGTAGM&ADGAGGDCCTGGGTGGCACGGCTTTTGTTCA(}ATGCGGGCCCACGGCCTAﬁCCCCTGGTGCGGCCTGCTGCTGGATACGCGGACGETGG&GGTGCAGAGC(‘ACTACTCCAG
VEDEALGGTAFVOUPARGLFPHCGLLLOTRTLEVOSDYSS

CTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTCAA&CGCGGCTTCMGGCTGGGAGGMCATGGGTDGCMACTCTTTG{IEGTCTTGC[XSCTEMGTGTCACAGCCTGTTTCTBGA
YARTSTRASLTFNRGFKAGRNURAKLFGVLALEKCHSLFLD

T A AT oA CAACATCTAAAGA T T T TOCABOTACKTTTCACBATTGTGLTRCAGOTOOCATTTOATCABMATTTGRAAGMA
LUV NS LOTVETNIYKILLLOAYRFHACYLQLP FHOQQVNKN

S CATTTTTCC TG GG ATCTCTRACADGRCCTCCCTC TR TACTCCATCCT BARAGCCAAGAALACAGBGATGTUGC TRGEHCCANGBRCRCCRCRCCCTCTRCETCOB
PTFFLRVISDTASLEOYSILKAKNAE

|
CORAGALMACATTTCTGTCATGACTCCTGLRETECTTGGATE
EENILYVTPAVLGS

BGACAGCCAGAGATGGAGCCACC UG AGA OGS TCaGET TG AGCTTTCCGGTGTCTCCTGOGABSHRATTGRETBBRCCTATGACTCLTCABGCTCTRTTTTCLCCAS

GAOPEUEPPRRPSGVGSFPYSPGRGEYVGLGL:® Flg_ ]]AG




Protein that lacks motif A (ver. 2) 49/68

ATGGCGGGCGCTCCCCGCTGCCGAGCOGTGCGCTCCCTGCTGCGCAGCCACTACCGCGAGGTGCTGGOGCTGG(IJCACGTTOGTG
WPRAPARCRAVASLLASHTREVLPLATEFY

UG606CET6RGG0CCCAGHGCTRRCGACT GRTBCAGGCRBERACC060060TT TCCROGUGE TRTHRLCCAGTROCTRTETORTEOCCTBRRACECACBRC0RCCCOCCAECEE
RRLGPOAGWALVAORGDPAAFRALVAQOCLVOVPHNDARPPPAA

BB0CTCCC00RGGTCGR0RT 0H0THH5 TTRAGGGH560000GG0AACEAURAC TGLGRARABCAGCCAGRCGACTOARGRCGO TTOC00CGCAGETS

GLPGEVOVRLGELRAAGGNAQRHAESSAGDSGRFPRER
ASPGSASGHG*GRPEGTSDHNRARAAQATQOGASPAG
PPRGARRPAGVEGGRGEPATCGEORRRLRALPPQY

AT GGG AL GTERAGDS0000SDGMGAACETECTSRCTTOBRTTCCCRLTECTORACORRGES
PSFRAOVSCLKELVARVLORLCERGAKNYLAFGFALLDGAR

R T A AR A AT AT AL OB Ao LT TCOBO0MATERR AL GACT
GG PPEAFTTSVRSYLPNTVTDALRGSGAKGLLLARVGDDY

GOTGRTTCACCTGTGGCACGCTGOG0GETCTTTGTGTGRTGECTCCCAGE TGLGLCTACCAGRT TGIGGGLCGE0GCTGTACCAGCT CGGCACTROCACTCAGGCOCGHCO0COLL
LYRLLARCALFVLYVAPSCAYQVCGPPLYOQLGAATORARPPEP

ACAGGGTAGTGGACCCGGMGGDGTCTGGGATGCGMGGGGCCTGﬁAACCATAGCGTCA(IiGGAGGCCGGGGTCECCCTGGGCCTGCCAGCCCCGGGTGCGAGGAGGCH}GGGGGCAGTGC
RASGPRRALGCERAWNHSVREAGVI LGELPAPGARARRGES A

CAGCCGAAGTCTGLOGT TGLCOAAGAGRCCCABGCBTGO0GCTRLCC TGAGLOGRAGLGRACHC0CRT TGRBCARGHST CLTRRGLCACCOGRACABGACROTGRACCRARTEACKG
SRSLPLPKAPRRGAAPEPERTPVAGQAGSHAHPGRTRGPSON

TGGTTTCTG'i'GTGGTGTCAéCTGCCAGAC(I)CGCCGMGA;\GCCACCTCHI'TGGAGGGTG(.)GCTCTCTGG(‘.AOGCGCCACi'COCACCCAT(.}CGTGGGCCGCCAGCACCACGOGGGCCCCCC
GFCVYVSPARPAEEATSLEGALSGTRHSHPSVERAOKHAGP?

AT ACCACOTO0T AL COTTET OO A AAGALTTCOTTAGTC T OARGGAGABLTCRAGCCCTOLTIETACTOG
STSRPPRPWODTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

CTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTOGTGGAGAGCATCTHCTGGGTTEJCAGGCCCTWTGCCAGGGACTCCDGGCAGG]TGCCGOGGCTGCCGCAGCGGTACTGGCA
SLRPSLTGARRLVETIFLGSRPYUPGTPRALFALPORY KO

MTWTGTTTCTGGAGETGCTTGGGMCCA(XiCGCAGTGCCCCTACGGGGTGCTCCTCMGAO(;CACTGCCOG(IJTGCGAGCTGOGGTCACCGCAGCAGCGGGTGTCTGTGCCCG
URPLFLELLGNHAQCPYGVLLXTHOPLRAAVTPAAGYCAR

GGAGMGCCCCAGGGCTCTGTGGOGGCCCCOMGGAGGAGGACACAGACCCOCGTCGCCTGGTGCAGCT(;CTCDGCCAGCACAGCAGCC(.)CTGGCAGGTGTAGGGCTTCGTGDGGGCCTG
EXPQGSVAAPEEEDTOPRRLYOQLLAOH SSPHAVYGFVRAC

TR0 AL TE AR AAC OO0 T CACSAACACCAAGMTTCATCTOETOOOGMBLATGECAGTCTORTCGSAGHT
LR ALV PPGLYGS RHNERRFLANTEKFISLGKNAKLSLQEL

Fig. 114H
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GACGTGGMGATGAGGGTGCGGGACTGCGCTTGGCTGCG6AGGAGCCCAGGGGTTGGCTGTGTTCCGGCCGCAGAGCACCGTCTGCGTGAGGAGATCCTGGCCMGTTC(')TGCACTGGCT
THKHSVROCAWLARSPGYGCVPAAEHNRLAREEILAKFLHENL

AT A AR AT TTCTTTATGTCAC G T TCAMAA AT T COMMTETC R GOMETTSCAMLATTES
S VY VUVELLRSFFYVTIETT FOKNALFFYRKSVNSKLOSIG

MTCAGACAGCACTTGMGAGGGTGCAGCTGCGGGAGCT('ETCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCGAGGCGCGDCCTGCTGAGGTGCAGACTGGGDTTCATCCCCMGCCTGA
TROKRLKRVALAELSEAEVROKREARPALLTISRLRFIPKPD

CGGGCTGCGGCGGATTGTGMCATGGACTACGTCGIGGG;\GCCAGMCGTTECGCAGAGAAAAGAGGGGGGAGCGTCTDAECTCGAGGGTGMGGBACTGTTCAGCGTGCTCMCTACGA
GLAPIVANDYVVGART FRREKRAAERLTSRVKALFSVLNYE

GCGGGCGCGGCGOCCCGGCCTCCTGGGCG(I}CTCTGTGCTGGGCCTGGACGATATCCACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGDGGBCCCAGGAGCCGCCGDCTGAGCTGTACTi
RARRPGLLGASYLGLDOIHRAWRTFVLRVRAQOPPPELYF

TGTCAMG ' GACAGGCTCACGGAGGTCATCROCAGCATCATCAAACLCAGAACACATACTRCGTGOGT BATATGCCGTGRTCEA
VK DALTEVIASIIKPONTYCVRAYAVVL

GMGGCCGCCCATGGGCAOGTCCGCAAGGCCTTCMGAGéCACGTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTGCAGGAGACEAGCCGGCTGAGGGA
KAAHGHYRKAFKSHYSTLTOLOPYMUROFVARLQETSPLARD

TGCCGTOGTCATOGAGCAGAGCTCCTCCCfGAATGAGGCCAGCAGTGGCéTCTTCGACGTCTTCCTAGGCTTCATGTGCCﬂCCACGCCETé%CAfCAGGGGCMGTCCTACGTCCAGTG
AVVYIEQSSSLNEASSGLFDVFLRFUCHANAVRIARGKS Y VOC,

CCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCAGCCTGTGCTACGGWMTWWW@TGWWWWWTMT%T&GW%T@A
CeIPAESTLSTLLOSLCYGONENKLFAGIRADGLLLRLYD

TGO AT TCATATOR ST TG TGLGCMBAGTARTOMCTTCRS
DFLLYTPHLTHAKTFLRTLVAGYPEY GOV VRLAKTVVKE?

TGTAGMMOGAGGCCCTGGGTGGCAOGGCTTITGTTCAGATGCOGGCC6ACGGCCTAﬁCCGCTGGTGCGGGCTGCTGCTG(MT&CCCGGAGGGTGG‘\GGTGCAGAGCGACTACTGCAG
VEDEALGGTAFVONPARGLFPYWCGLLLOTRTLEVASDYSS

CTATGCCGGGACCTCCATCAGAGCCAGTCTCACCTTCMéCG%GCﬂCMGGETGGGAéGMGATGCGTCGCMCTCTHGGGGTCTTGGGGCTGMGTGTCACAGCCTGTHGTGGA
YARTSTIRASLTFNRGFXKAGRNURRKLFGVLRLXCHSLEFLD

T AT AT ACAABA T LT TCCAGROSTACARTTTCALOCATEE T BT CCCATTTCATCACAAGTTTOOMGM
LOVNSLATYCTHITKILLLOAY RFHACYLOLPFRQQVEKHN

GCCCACATTHTCCTGCGGGTCATCTCTGACAGGGGCTCGCTCTGCTACTCCATDCTGAMGCCMGMCGCAGGMTG%OGCTGGGGG&GMGGGOGCWCCCTCTGOCCTCOGA
PTFFLRVISOTASLOYSILKAKNAGHNSLEAKGAAGPLPSE

GGCCGTGCAGTGGCTGTGCCACOAAGCATTCCTGCTDAAGCTGACTCGA(.}AGCGTGTCAbCTAOGTGGCACTOCTGGGG%CMTCAGGA&AMAGAWTMGTDGGMGDTOGC
AVORLCHOQAFLLKLTRHAVTYVYPLLGESLATAQTOLSAREKLYP

Fig. 1141
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GGGGACGACGCTGRCTGCCCTGGAGGECGCAGCGAACCCGGCACTGCCCTCAGACTTCMGACCATCCTGGACTGATGGGEACCCGCCCAGAGCCAGGC&&‘\GAGCAGA&ACCAGCAGCb
GTTLTALEAAANPALPSDFEKTILD

AT AR A o TG TG TEAGTG T AR GATOTCLRGC TR
BT AT A TGAGTETAGCACATB8TCTTOACTCCOAAGLTGRCBTCRGTOACCOAGECACBUTTTOICA
A TCAC T CATACM AT A GATTLACCATTTTCACCCTCGOOTGC0LTT TG TG BOACATCAG TGNt
AT TT OO AT LT CAGCOB T ATRATERGETCCTGTETCAMTTCOMRAGTBTGTOATA

AATACTGAATATATGAGTTTTTCAGTTTTCA
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Truncated protein that lacks motif A (ver. 2) 52/68

ATGOCR0G0GCTCO0CGCTR0GAGCORTRORCTCCLTRETOUREAGCCACTALCGGABRTBLTOC0GCTRGCCACOTTCATG
WPRAPRCRAVASLLASHTREVLPLATEFY

GRG0 68680 CCABGACT A G0 TR ACAGCGCARGACC 0G0 GCTT TOUGCGCRLT6RTGRCCAGTELLTGETGTRCGTGCCCTAORACGCAGRO0GC00CCHC060
RRLEPOGHWRLVORGOPAAFRALVAQCLVCVPWDARPPPAA

GO0CTCGOBGRT R0 TOCRHCTa3RTTGAGB0GG005RGGGRAACCAGHBACATR GRAGAGCAGCECAGGLGACTCAGGBCGC T CCOCEGEAGGTE

GLPGYGVRLGLRAAGGNORHAESSAGDSGRFPRA

ASPGSASGWG*GRPEGTSDNRRAAQATOGASPAG
PPRGRAPAGVEGGRGEPATCEEQRRARLAALPPQY

T AAGH 3T GRECCGAG T TCCABAGRCTTSCGAROBS0R0GAAGMTGL TGREETTCGRCTTORORCTGOTGRACGRGREES
PSFROVSCLKELVARYLORNLCERGAKIVLAFGFALLDGAR

{GB600C0C00GAGGLCTTCACCACCAGOGTGCGCABCTACC TGCCCAACACGATGALCGACGACTG 006640060606 TGRRGACTEL TG TRLRLCCATBRRCGAGACET
GOPPEAFTTSVASYLPNTYTODALRGSGAKGLLLRAVGDDV

T AT AC TR T BTG TCC AR AGEToTOOB0000GLCRTETACCARCTOBBLTER A TCAGRRCCBRCECL06C
LYK LLARCALFVLYVAPSCAYOVCGP P LYQLGAATQARPDPDP

.
.

.
. u
XTI
.
L}

LTy
.

tss on

ACACGCTAGTGGACCCCGMGGCGTCTGG&ATGCGMCG(I}GCCTGGMCCATAGCGTCAGGGAGGCCGGGGTCCCCCTGGGCCTGCCAGCCCCGGGTGCGAGGAGGCGDGGGGGCAGTGC
HASGFHRHLGCERAWNHSVHEAGVPLGLPAF!J%&;A«HHHGGSA
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RO TT OO AR TOCCCC ARG TOOBBGE o000 COAOCOSTCRCOMTALLS
SRS LPLPKRPARGAAPEDPERTPVBOGSHAHNPGRTRGPSDR

o T AR GG AT T OGBS ToORTCTCTGRCAOR0B0CACTECOCATLEGTCRROOBAGCACCACGORRR00EE
e GFCVYSPARPAEEATSLEGALSGT RN SHPSYGRQHUAGDP
2 AL AT AL ARCATTLTETACT GRS ARAGARTGORECTOLTECTTAG
R ST SRPPRPNDTIPCPPYYAETKHFLYSSGDKEOLRPSFLLS
o ARG AC AT TCA00L GOATOLOAGGRATO0AGETTGLO00RNTORCCCARCBLTALTIRGA

SLRPSLETGARRLVETIFLOSRPHUPGTPRALPRLPOAY N

MTGGGGGCOCTGTTTCTGGAGCTGGTTGGGAADCACGCGCAGTGCCOCTA(}GG%TGGTGCTCMGACE&CACTGCCGG&TGCMGCTG&GGTCACCCCWGGOGGTGTCTGTGGCGG
WRPLUFLELLGENHAQCPYGVLLKTRCPLRAAVTIPAAGVCAR

(FaAGAAGOCCAGBOCTCTRTRGCAGCCCCDOAGGAGAGGAGACAGACCUCLRTOGCCTERTACABCTRL TCCR0EAGARAGAGCOCCTRRRABRTETADGEC TTCBTRCGAECETG
EXPOGSYAAPEEEDTDPRARLVOLLARQHSSPHOAVYGFVYRAC

T AT A CAA ST A A GAAG T TAAGEATOCCARBTCTORTARAGLT
LRALUPPGLYGSRHNERRF LANTEKFISLOKNAKLSLQEL

AT T AT LT AT CCOR0BLAGAGACHTGOGTGGRAGHTCLTCROCARTTOCTRATEGT
THKUSYRDCANLRASP GV GCYPAAEHRLREETLAKFLENL
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GATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTHCTTTTATGTCACGGAGACCACGT[TCAAMGAACAGGCTCTTTTTCTAOCGGMGAGTGTCTGGAGCMGTTG&MAGCATTG(IE
WSYYVYVELLRSFFYVTETTFOKNRLFFYRKSVYESKLOSIO

AATCAGACAGCACTTGMGAGGGTGCAGC%GCGGGAGCTGTCGGAAGCA@GGTCAGGC;\GCATCGGGAAGCCAGGGCCGCCCTGCTGADGTCCACACTCCGCTTCATC(')CCMGCCTGA
TROHLKRVOLRELSEAEVARQOHREARPALLTSRLRFIPKPD

CGGGCTGCGGCCGATTGTﬁmﬂGGACTA%TOGTGGGAGCCAGMCGTTCCGCAGAGAMAGAGGGCCGAGCGTCTCAOCTCGAGGGTGMGGCACTGTTCAGGGTGéTCAACTACGA
GLRPIVNHDYVYGARTFRREKRAERLTISAVEKALFSVLINYE

GCGGGGGOGGOGOCCCGGCCTCCTGGGCGCCTCTGTGCT(;GGCGTGGAO&ATATCEACA(.EGGCCTGGCGCADCTFCGTGCTGOGTGTGCGGGCCCAGGACCCGCGGCGTGABCTGTACTT
RARRPGLLGASVLGLODINRAWRTFVLRAVAAQOPPPELYF

TOTCARG GACAGG(I)TCACGGAGGTCATCGCCAGCATCATCMACCCCAGMCACGTACTGCGTGCGTCGGTATGCOGTGGTCCA
VK DALTEVIASITKPAONTYCVRARYAVV

GAAGOC000C A TGO CACGTCLGRAGACL TTCAGAGOCACTCTCTACCTTGACAGARCTCCAGLOGTAGATGCGACARTTCGTGRCTCACCTGCAGGAGACCAGUCOACTEAGGRA
KAAKGHYVAKAFKSHYSTLTDLAPYNROQFVARLQETSPLRD

T AT TGO TG AL TCATO TG CAETOORTCAGGORAASTCOTARTECATTS
AV VI EQSSSLNEASSELIDVFLRFUCHHAVARIRGRSY VL

CCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCT('JTGCAGCCTG%GCTACGG(}GACATGGAGMCMGCTGTTTGCGGGGATTOGGCGGGACGGGCTGCTCCTGCGTTTGGTGGA
06IPOGSTILSTLLOSLCYGOUWENKLFAGIRRDOGLLLRLVD

TBAT]TCTTGTTGGTGACACCTCACCTCACCCACGCGMAACCTTCCTCI'\GGACCCTGG%ﬁCG‘\GGTGTCCCTGAGTATGGCTGDGTGGTG&ACTTGCGGMGACAGTGGTGAACTTCOC
DFLLVTPHLTHAKTFLRTLYRGVP EYGCVVNLAKTVYNEY

AT TTT ST AT AR AT OO TR T AU O TACE AT BGGTGLAGAGOBACTACTINAG
VEDEALGOTAFVQUPARGLEPWCGLLLDTRTILEVESDYSH

GTOALCGLACC TR0 GOAAGTORAGLCTATACCCGACTBRARCAGRTGCTECTECAGRCCGTTLETOCACCTCTRCTICOGTGTGOARCAGROGAC TOUAATCCLARAGEGTCAG
¥

T CACAGROTO0C S TCRTCLCATCTGOHGCTGARCACAAATGCATCTTT TGTGOGASTOAGGRTELE TCACAACGGAGCART TTTCTGTGCTATTTTGETAA.
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Lacks motif A and altered C-terminus (ver. 2) 54/68

ATGCOGOGGETO0COG0TGCORAGLCRTOGRTCLCTGLTRUGCAGOCALTAL CERRAGRTGCTRLOGCTGROCACG TTORTE
BPRAPRCRAVRSLLRSHTREVLIPLATFY

CGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAGCGCGGGGACCOGGCGGCTTTCCGCGCGCTGGTGGCCCAGTGCCTGGTGTGGGTGCCCTGGGA&GCACGG{}CG(.)CCGCCGCCGC.
RRLGPOGHRLVORGODPAAFRALVAQCLYCVPNODARPPPAR

G60CTO00CG66TORRCTC0RRCT66GRTTGAGGGCA3HCEERGARAACCAGCRACATOCGGAGARCAGCRCAGRCRACTCAGIGLRC TTCCCCORCAGGTG

GLPGYGVRLGLARAAGGNORAAESSAGOSGRFPRAR

ASPOESASGWGtGRPGETSDURRAAQATOAGASPAG
PPRGARRPAGVEGGRGEPATCGEQRARLAALPPAOYV

AT T A TR TGTG DA GMAACGTGCT RO TTORCT O3B TGRADAR00006
PSFROVSCLKELVARVLORLCERGAKNVLAFGFALLDGAR

GGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGCAGCTACCTGCCWMCGGTMéCM%MCTGCGGGGGAGCGGGGCGTGGGGGCTGCTGCTGCGCCGCGTGGGCGACGACGT
2 GGPPEAFTTSVRSYLPNTVTIOALRGSGAWGLLLRAVGDDYV

GCTGATTCACCTGLTGRCACGCTECB0GCTC TTTGTGLTATRCTCLCAGCTROGCL TACCAG G TGCGGRCCGCLGLTGTACCAGETCRGCRCTBLCACTCAGRLLCGLOCCEREE
e LVHELLARGALFVLVAPSCAYQVECGPPLYQLGAATQARPPYP

ACAGGCTAGTGGACCOCGAABGOGTCTGGGATGCGAACGR0CTGRAACCATAGCATCAGGGAGRLCAGRRTCCCCCTRAGCCTGCAGCLUCRRGTEOGAGRAGRG0GGRERCAGTE
RASGPRARRLGOCERAWNKS VREAGVPLGLPAPGARRRGGS A

.
» e @
€ eeas &

- AT TR TCR T A DA TG ACGRTEETOGGECCADCCOBSCABOSTHACOETEADS
fd SRSLPLPKRPREGAAPEP EATPYGOGSHANPGRTRGPSDR
O T TGO TCACCTCCCAGAC00SAAGAAGECALTCTTTGGABROTGORCTCTCTGGCADGOGCEAL U CADCATCOGTIR00GECAGCADCAC0CL00C
"y GFCVVSPARPAEEATSLEGAL SGTRHSHPSVGROHHAGPDP
AT AT BB TTOT OO0 TETAC A AT TACT X AR AASGAGCAGCTRORRLLTERTCETACTOAG

STSRPPRPHDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS

CTCTC TGAGBCCCAGCCT GACTOR0BCT RGAGGLT CaTGRAGACCATCTTTCTGRGTTCEAGHOCG THRATGCCAGRGA TOCCOGCAGRTTEROCGOCTGCECCAGCRCTACTRACA
SLRPSLTGARRLVETIFLGSRPHUPGTPRRLPARLPARY WO

MTGCGGDCGGTGHTCTGGAGCTGCTTGGGMCGAOGGGCAGTGCGCETADGGGGTGCTCCTWMCACTG%%GTWTWTMMWTGETGTW
WRPLFLELLGNKRAQCPYGVLLKTHCPLRAAVTPAAGYCAR

GGA(W\GCCCCAGGGCTCTGTGGOGGCCN%AGGAGMGGACAMMWTCG@TGGTGCAGCTéCTCCGCCAG&ACAGCAGCC&CTGGMGGT[;TAOGGCTTCGTGCWTG
EKPUGSVAAPEEEDTDPRRLVOLLRANSSPHOVYGFVRAC

TGO AT AT TG AAAGTTATTCCTGERRARCATOO LML TR TOLARGART
LARLYPPGLNGSRHNERRFLANTKKFISLOKHAKLSLOEL

AL IO AGCAGORTT R TTTCEGDGCABAGCACTC TG TOASGAGATOCTGROLAGTTOLTECACTOT
THKUSYROCANLARSPGVGCVPAAEHNILREETLAKFELHNL
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AT AT AR T AT A AT ARG TETTTTCTACC AT TGO TTGCAMELATIG
ES VY Y VELLASFFYVTIETTFOKNRLFFYRKSVHSKLOSTS

AATCAGACAGCACTTGMGAGGGTGCAGCTGOGGGAGCTGTCGGMGCAGAGGTCAGGCAGCATOGGGAAGCCAGGCCOGCCCTGGTGACGTCCAGACTCGGC]TCATCGCCMGGCTGA
TRORLKRVOLAELSEAEYV RQHAREARPALLISRLRARFIPKPD

CGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTGGGAGCCAGAACGTTCCGCAGAG);AAAGAGGGCCGAGCGTCTCﬁCCTCGAGGGTGAAGGCACTGTTCAGCGTGCTCMCTACGA
GLAPTIVNUDYVVGARTFRAREKRAERLTISRVKALFSVLNYE

GCGGGCGCGGCGCCCCGGCC?CCTGGGCGCCTCTGTGCTGGGCCTGGACéATATCCACAéGGCCTGGOGéACCTTCGTGéTGCGTGTGCGGGOCCAGGACCCGCCGCCTGAGCTGTACTi’
RARRPGLLGASYVLGLOOIHRAWRTFVLRVAAQDPPPELYF

TGT0AAG GACAGG&TCAGGGAGGT'CATGGCCAGCATCATCAMCCCCAGAACACGTACTGCGTGCGTDGGTATGGCGTGGTCCA
VK DRLTEVIASITKPONTYCVRAYAYV VL

AR TG CADGTCCOCAAGGCC TTCAAGAGCCACGTCTCTACC TTGACAGALGTCCAGCCBTACATGCGACAGTTCGTAOLTCACCTGLABGAGACCAGLCCAC TBAGRA
KAARGHVAKAFKSHYSTLTDLOQPY R ROFVYAHLOETSPLRD

TGCGGTDGTCATCGAGCAEAGCTCCTCCCTGMTGAGGCf}AGCAGTGGCCTCTTCGACGTCTTCCTADG(}TTCATGTGCEACCADGCGGTGCGCATCAGGGGCMGTCCTACGTECAGTG
AVVIEQSSSLNEASSGLFDVFLRFUCHNAVRIRGKSYVOC

A A AT ACG TG TG TTT S OBATTCHESGEACGRTaL TG T T
Q6 TP OGS ILSTLLOSLCYGDNENKLFAGIRROGLLLALYD

TGATTTCTTGTTGGTGACACCTCACCTDACCCAOGCGWACCTTOCTCAGGACCCTGGiCCMGGTGTGOCTGRGTAT(;G)TGOGT&&%GAACHGCGGMGACAGTGGTG.‘\ACTTCCC
DFLLVYTPHLTHAKTFLRTLVRGVPEYGCVYVNLAKTVVNFP

TGTAGAAGACGA@CCCTGGGTGGCACGGCTT'ITGTTCAGATGCGGGCCCAGGGCCTATTCCCCTGGTGéGGOCTGCTGéTGﬁATAOGGGGACCCTGGAGGTGGAGAGGGACTACTCCAG
VEDEALGGTAFVOUPARGLFPWN CGLLLOTRTILEVASDYSS

CTATGLCCGACE TCLATCAGAGCCARTCTCACCTTCAACCACHB TT CAAGECT GROAGEAACATILGTC L AACTCTTTERB8 TCTTGCGGCTRAGTGTCACAGCLTGTTTCTGA
VARTSIRASLTFNRGFKAGRNMRRKLFGVLALKCHSLFLD

T AT T AT AT T oA AT TEACG AT ARTCEATT CHCARCMETTaR
LOVNSLOTYCTHIYRILLLOAY RFHAGYLOLPFHOQVYEKN

CCGCACAT[%TTOCTGOG{)GTCATCTCTGACACGGCCTCCCTCTGCTACfCCATCCTGAMGCDMGMCGCAGGGATGTCGCTGGGGGCCMGG&GCCGCCGGCCCTCTGCCCTCW
PTFELRYISOTASLOYSILKAKNAE

|
COBMGAMCATTTCTETORTRACTCCTGOARTRCTTOONTE

EENILVVTPAVLGS

A GAGCCAGAGAT GEABC AL CAGA LR R TG TOGBCABC TTT A6 TG T TOCTGGRAGAGRAGTTGRGETRORLCTATEACTCLTCAGRCTCTGTTTTCO00AG
GOPEWNEPPRRPSEVGESFPVSPGERGEVGLGL !
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Bsm 1 (7523)
Eeo NI (7154)

BamH 1 (6627)
Neo [ (6573)
Bsi W1 (6467)
Spliced Exon Alpha
RT Motif A
XYho I (6285)
Pae R7I (6285)

Unspliced Intron 1
Motif 2

Adat Il (6175)
Motif 1
TeloBox

Mse I (5944)
Psh Al (5654)
Fco 471l (5473)

Bel 1T (4539)
EcoR I (4533)

lac S/D
lac UV5 -10
trp =35

Sap I {4190)
OR

Sal I (1)
Aec 1 (2)
Hind I (19)
rmB ter
N
Bel T (1460)
lacl Q
pAK128.4
7615 bp Hpa I (1952)

Sca I (2704)
ampR

Fig. 134




LOCUS pAKI28.4 7615 bp dsDNA  Circular 58/68
DEFINITION Human telomerase clone with exon beta spliced out

1 tcgacctgea ggeatgeaag cttggeactg gecgtegttt tacaacgteg tgactgggaa
61 aaccctggeg ttacccaact taatcgectt geagcacate cecctttege cagetggegt
121 aatagcgaag aggccegeac cgategeect tcccaacagt tgegeagect gaatggegaa
181 tggcgeetga tgeggtattt tetecttacy catctotgeg gtatttcaca cegeataaat
241 teectgtttt ggoggatgag agaagatitt cagcctgata cagattaaat cagaacgcag
301 aageggtctg ataaaacaga atttgectgg cggcagtage geggtogtee cacctgacee
361 catgccgaac tcagaagtga aacgecgtag cgecgatggt agtgtggggt ctecccatge
421 gagaptaggg aactgccagg catcaaataa aacgaaagge tcagtcgaaa gactgggect
481 ttegttttat ctgttgtttg teggtgaacg ctetcetgag taggacaaat cegeegggag
541 cggatttgaa cgttgcgaag caacggeccg 0agggtoacg ggcaggacoe cegecataaa
601 ctgccaggea tcaaattaag cagaaggeca teetgacgga tggecttttt gegtttetac
661 aaactcttec tgtegtcata tetacaagee atccceccac agatacggta aactagecte
721 gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaate tgetetgatg
781 cegeatagtt aagccagece cgacacccge cascaccege tgacgegece tgacgggett
841 gtctgetcee ggeatceget tacagacaag ctgtgacegt ctecgggage tgcatgtgte

j;§-- 901 agaggtttte accgtcatca ccgaaacgey cgagacgaaa gggectcgtg atacgectat
L 961 ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttct gtacccgaca
N 1021 ccatcgaatq gtgcaaaacc tttegcggta tggcatgata gegeccggaa gagagtcaat

1081 tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat gecggtotct
1141 cttatcagac cgtttecege gtgotgaace aggccageea cgtttctgeg aaaacgeggg
1201 aaaaagtgga ageggcgatg geggagetga attacattee caaccgegtg geacaacaac
1261 tggegggeaa acagtegttg ctgattggeg ttgccaccte cagtotggec ctgcasgege
1321 cgtcgeaaat tgtegeggeg attaaatcte gegecgatca actgogtoce agegtgatag

KR 1381 tgtegatggt agaacgaage ggcgtcgaag cetgtasage ggcggtgcac aatcttctcg
RIS 1441 cgcaacgegt cagtgggetg atcattaact atccgetgga tgaccaggat gecattgetg
et 1501 tggaagetge ctgeactaat gttceggegt tatttcttga tgtctctgac cagacaccea
A 1561 tcaacagtat tattttctcc catgaagacy gtacgegact gggegtogag catctggteg
T 1621 cattgggtca ccageaaate gegetgttag cgggeccatt aagttotgte tcggegegte
Rty 1681 tgegtctgge tggetggeat aaatatctca ctegcaatca aattcagecg atageggaac
Teane” . 1741 gggaaggega ctggagtgec atgtceggtt ttcaacaaac catgeasatg ctgaatgagg

1801 geatcgttcc cactgegatg ctggttgeca acgatcagat ggegetggge geaatgegeg
1861 ccattaccga gtccgggetg cgegttogty cogatatete ggtagtogga tacgacgata
1921 ccgaagacag ctcatgttat atcccgeegt taaccaccat caaacaggat tttcgectge
1981 tgoggcaaac cagegtggac cgettgetge aactctetca gggecaggeg gtgaagggea
2041 atcagctgtt gecegtetea ctggtgaaaa gaaaaaccac cctggegece aatacgeaaa
2101 cegectetee cogegegttg gecgatteat taatgeaget ggeacgacag gtttcccgac
2161 tggaaagegg gcagtgageg caacgcaatt aatgtaagtt agctcactca ttaggeacee
2221 caggetttac actttatget teegacctge aagaacctea cgtcaggtgg cacttttegg
2281 ggaaatgtgc goggaaccee tatttgttta tttttctasa tacattcaaa tatgtatccg
2341 ctcatgagac aataaccctg ataaatgett caataatatt gaaasaggaa gagtatgagt
2401 attcaacatt tccgtgtcge cottattcee ttttttgegg cattttgect tectgttttt
2461 gotcacccag aaacgetggt gaaagtaaaa gatgctgaag atcagttggg tgeacgagtg
2521 ggttacatcq agaactggat ctcaacageg gtaagatcct tgagagtttt cgecccgaag
2581 aacgttttce aatgatgage acttttaaag ttetgctatg tggegeogta ttatcocgta
2641 ttgacgecgy geaagagcaa cteggtegee geatacacta ttctcagaat gacttogttg
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2701 agtactcacc agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgea
2761 gtgetgecat aaccatgagt gataacactg cggecaactt acttctgaca acgatcggag
2821 gaccgaagga gctaaccget tttttgcaca acatggggga tcatgtaact cgecttgate
2881 gttgggaacc ggagetgaat gaagecatac caaacgacga gegtgacace acgatgectg
2941 tageaatgge aacaacqtty cgcaaactat taactggega actacttact ctagettece
3001 ggcaacaatt aatagactqg atggaggegg atasagttge aggaccactt ctgegetegg
3061 cccttecgge tggetggttt attgctgata aatctggage cggtgagegt gggtcotegeg
3121 gtatcattgc agcactgggg ccagatggta ageccteceg tatcgtagtt atctacacga
3181 cggggagtca ggcaactaty gatgaacgaa atagacagat cgctgagata ggtgcctcac
3241 tgattaagca ttggtaacty tcagaccaag tttactcata tatactttag attgatttaa
3301 aacttcattt ttaatttaaa aggatctagg tgaagatect ttttgataat ctcatgacca
3361 aaatccetta acgtgagttt tcgttccact gagegtcaga coccgtagaa aagatcaaag
3421 gatcttcttg agatcctttt tttetgegeg taatctgetg cttgeaaaca aaaaaaccac
3481 cgctaccage ggtggtttgt ttgecggate aagagetace aactcttttt cegaaggtaa
3541 ctggettcag cagagcgeag ataccaaata ctgtecttct agtgtagecg tagttaggec
3601 accacttcaa gaactctgta geaccgecta catacctege tetgetaate ctgttaccag
3661 tggctgetge cagtggegat aagtcgtgte ttaccgggtt goactcaaga catagttac
3721 cggataagge geageggteg ggctgaacgg gggottegty cacacageee agettggage
3781 gaacgaccta caccgaactg agatacctac agcgtgagea ttgagaaage gecacgettc
3841 ccgaagggag aaaggcggac aggtatccgg taageggeag ggteggaaca ggagagegea
3901 cgagggaget tceagggega aacgectggt atctttatag tecttogeg tttegecace
3961 tetgacttga gegtogattt ttgtgatget cgtcaggggy geggagecta tggaaaaacy
4021 ccageaacge ggecttttta cggttectgg ccttttgety gecttttget cacatgttet
4081 ttcetgegtt atccectgat tetgtggata accgtattac cgectttgag tgagetoata
4141 cegetegecg cagecgaacg accgagegea gegagtcagt gagegaggaa geggaagage
4201 geccaatacg caaaccgeet cteccegege gttggecgat teattaatge agaattaatt
4261 ctcatgtttg acagettatc atcgactgca cggtgeacca atgettctgg cgtcaggeag
4321 ccatcggaag ctgtggtatg getgtgcagg tcgtaaatca ctgeataatt cotgtegete
4381 aaggegeact cccgttetgg ataatgtttt ttgegecgac atcataacqg ttctggcaaa
4441 tattctgaaa tgagetgttg acaattaatc atcggetcgt ataatgtgtg gaattgtgag
4501 cggataacaa tttcacacag gaaacagcga tgaattcaga tctcaccatg aaggagetgg
4561 tggcccgagt getgeagagg ctgtgcgage geggegcgaa gaacgtgetg gecttegget
4621 tegegetget ggacogggec cgeggaggce ceccegagge ctteaccace agegtgegea
4681 getacctgee caacacggtg accgacgeac tgegggggag cgagaegtag gogctgetge
4741 tgcgecgegt gogegacgac gtgetggtte acctgetgge acqetgegeg ctetttgtge
4801 tggtggctee cagetgegee taccaggtgt gegggecgee gotgtaccag cteggegetg
4861 ccactcagge ccggeececg ceacacgeta gtggaccecg aaggegtctg ggatgegaac
4921 gggeetggaa ccatagegte agggaggeeg gggteccect gygectgeca geccogggty
4981 cgaggaggcy cgggggeagt gecagecgaa gtctgecgtt geccaagagg cccaggeqty
5041 gegetgeeee tgageeggag cogacgeceg ttgggeagag gtectgogee caccogggea
5101 ggacgegtgg accgagtgac cgtggtttet gtgtggtgtc acctgecaga ccegecgaag
5161 aagccaccte tttggagggt gegetctetg geacgegeca cteccaccea teegtgggee
5221 gecageacca cgegggecee ceatccacat cgeggecace acgtcectgg gacacgectt
5281 gtccceeggt gtacgecgag accaageact tectctactc ctcaggegac aaggageage
8341 tgeggeccte cttectacte agetctctga ggcccagect gactggeget cggaggeteg
5401 tggagaccat ctttctgggt tecaggecet ggatgecagg gactcecege aggttgecce
5461 geetgeecea gegetactgg caaatgegge cectgtttet ggagetgett gggaaccacy
8521 cgeagtgece ctacggggtg ctectcaaga cgcactgece getgegaget geggteacce

Fig.
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cagcagecgg tgtetgtgee cgggagaage cccagggcte tgtggeggee cccgaggagg
aggacacaga cccecgtege ctggtgeage tgetcegeca geacageage cectggeagg
totacggett cgtgegggee tgectgegee ggetggtgce cecaggecte tggggeteea
ggcacaacga acgcegettc ctcaggaaca ccaagaagtt catcteectq gggaageatg
ccaagetctc getgeaggag ctgacgtgga agatgagegt gegggactge gettggetge
gcaggageec aggggttoge tgtgtteegg cegeagagea cegtetgegt gaggagatee
tggccaagtt cctgcactgg ctgatgagty tgtacgtcgt cgagetgete aggtctttot
tttatgtcac ggagaccacg tttcaaaaga acaggetctt tttctaccgg aagagtgtct
ggagcaagtt gcaaagcatt ggaatcagac agcacttgaa gagggtgeag ctgcgggage
tgtcggaage agaggtcagy cageatcqgy aagecaggec cgecctgetg acgtccagac
tocgettcat ccccaagect gacgggetge ggecgattgt gaacatggac tacgtcgtog
gagccagaac gttccgcaga gaaaagaggg ccgagegtet cacctegagg gtgaaggeac
tgttcagegt getcaactac gagegggege ggegeceegg cotoctggge gectctgtge
tgggectgga cgatatccac agggectgge geaccttegt gotgegtotg cgggeccagy
accegecgee tgagetgtac tttgtcaagg tggatgtgac gggegegtac gacaccatee
cccaggacag getcacggag gtcatcgeca geatcatcaa accecagaac acgtactgeg
tgcgteggta tgcegtggtc cagaaggeey cecatgggea cgtccgeaag gecttcaaga
gecacgtect acqtccagtg ccaggggatce ccgcaggget ceatectcete cacgetgete
tgcageetgt getacggega catggagaac aagetgtttg cgoggatteg gegggacagg
ctgctectge gtttggtgga tgatttettg ttggtgacac ctcacctcac ccacgegaaa
acttcetcag gacctggtcc gaagtgteet gagtatgget gegtggtgaa cttgeggaag
acagtggtga acttccctgt agaagacgaa gecetgggtg geacggettt tgttcagatg
ceggeceacg gectattece ctggtgegge ctyctgetgg ataccdgac cotggaggtg
cagagcgact actccageta tgeccggace tecatcagag ceagtetcac cttcaaccge
gacttcaagg ctgggaggaa catgegtcge aaactctttg gggtettgeg getgaagtet
cacagectgt ttctggattt geaggtgaac agectceaga cogtgtacac caacatctac
aagatcctce tgetgeagge gtacaggttt cacgeatgtg tgetgeaget cccatttcat
cagcaagttt ggaagaaccc cacatttttc ctgegegtca tetctgacac ggecteecte
tgctactcca tcctgaaage caagaacgea gecgaagaaa acatttctgt cgtgactect
geggtoetty ggtcgggaca gecagagatg gagecaccee geagaccgte gggtgtogac
agetttcegg tgtctectgg gaggggagtt gggetgggce tgtgactect cageetetgt
tttcececag ggatgteget gggggecaag ggegecgeeg gecetetgee ctecgagges
gtgcagtgge tgtgccacca ageatteetg cteaagetga ctcgacaccg tgtcacctac
gtgceactee tggggteact caggacagge aagtgtgggt ggaggecagt geggg

Fig. 13D
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Lcl  pAKI2B.7 7797 bp dsDNA  Gircular
DEFINITION Human telomerase clone with alternative C-terminus

1 tcgacctgea ggcatgeaag cttggeacty geegtegttt tacaacgteq tgactgggaa

61 aaccctggeg ttacccaact taatcgectt geageacate cecctttege cagetggegt
121 aatagegaag aggcccgeac cgatcgeect tcecaacagt tgegeagect gaatggegaa
181 tggegectga tgcggtattt tetecttacy catetgtgeg gtatttcaca cegeataaat
241 tccctgtttt ggoggatgag agaagatttt cagectgata cagattaaat cagaacgeag
301 aageggtctg ataaaacaga atttgectgg cggeagtage geggtggtee cacctgacee
361 catgcegaac tcagaagtga aacgecgtag cgeegatggt agtgtggggt ctecccatge
421 gagagtaggg aactgccagg catcaaataa aacgaaagge tcagtcgaaa gactgggect
481 ttcgttttat ctgttgttty teggtgaacq ctctectgag taggacaaat cegecgggag
541 cggatttgaa cgttgcgaag caacggecey gagggtggeg ggeaggacge ccgccataaa
801 ctgccaggea tcaaattaag cagaaggeca tectgacgga tggecttttt gegtttetac
661 aaactcttce tgtegtcata totacaagec atccceccac agatacggta aactagecte
721 gtttttgeat caggaaagea gggaatttat ggtgeactet cagtacaatc tgctctgatg
781 ccgeatagtt aagccagece cgacaccege caacacccge tgacgegece tgacgggett
841 gtctgetcce gocatccget tacagacaag ctgtgaccgt cteegggage tgeatgtgte
901 agagotttte accgtcatca ccgaaacgeg cgagacgaaa gggectegty atacgectat
961 tittataggt taatgtcatg ataataatgg tttcttagac gtgaggttet gtacccpaca
1021 ccatcgaatg gtgcaaaace tttcgeggta tggeatgata gegeccggaa gagagtcaat
1081 tcagggtogt gaatgtgaaa ccagtaacgt tatacgatgt cgeagagtat gecggtptet
1141 cttatcagac cgtttecege gtggtgaace aggecageca cgtttetgeg aaaacgeggg
1201 aazaagtgga agcggegatg geggagetga attacatins caaccgegtg geacaacaac
1261 tggegggeaa acagtegttg ctgattggeg ttgccaccte cagtotggee ctgeacgege
1321 cgtegeaaat tgtcgeggeg attaaatcte gegecgatca actgggtgee agegtagtag
1381 tgtegatggt agaacgaage ggcgtcgaag cetgtaaage ggcggtgcac aatctteteg
1441 cgeaacgeqt cagtgggetg atcattaact atccgetgga tgaccaggat gecattgctg
1501 tggaagetge ctgcactaat gtteeggegt tatttcttga tgtetctgac cagacaccca
1561 tcaacagtat tattttctec catgaagacg gtacgegact gggegtggag catctogteg
1621 cattgggtca ccagcaaatc gegetgttag cgggeccatt aagttetgte toggegegte
1681 tgcgtetgge tggetggeat aaatatctca ctcgeaatca aattcagocg atageggaac
1741 gggaaggega ctggagtgec atgtceggtt ttcaacaaac catgcaaatg ctgaatgagg
1801 geatcgttec cactgegatg ctggttgeca acgatcagat ggegetggge geaatgegeg
1861 ccattaccga gtccgggetg cgegttgaty cogatatcte ggtagtgaga tacgacgata
1921 ccgaagacag ctcatgttat atccegeegt taaccaccat caaacaggat tttcgectge
1981 tggggcaaac cagegtggac cgettgetge aactctetca gggecaggeg gtgaaggaca
2041 atcagctgtt gocegtetca ctggtgaaaa gaaaaaccac cctggegece aatacgeaaa
2101 cegectetee cogegegttg gecgatteat taatgeaget ggcacgacag gttteccgac
2161 tggaaagegy geagtgageg caacgeaatt aatgtaagtt agctcactca ttaggeacee
2221 caggetttac actttatget tccgacctge aagaacctca cgtcaggtog cacttttegg
2281 ggaaatgtgc gcggaaccee tatttgttta tttttctaaa tacattcaaa tatgtatccg
2341 cteatgagac aataaccctg ataaatgett caataatatt gaaaaapgaa gagtatgagt
2401 attcaacatt tccgtgtege ccttattcee ttttttgegg cattttgect toctgttttt
2461 getcacccag aaacgetggt gaaagtaaaa gatgetgaag atcagttggg tocacgagty
2521 ggttacatcy agaactggat ctcaacageg gtaagatcet tgagagtttt cgocccgaag
2581 aacgttttcc aatgatgage acttttaaag ttctgetatg tggogeggta ttatcecgta
2641 ttgacgcegg gcaagagcaa cteggtcgec gcatacacta ttctcagaat gacttggttg
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agtactcacc agtcacagaa aagcatctta cggatggeat gacagtaaga gaattatgca
gtgctgecat aaccatgagt gataacactg cggecaactt acttctgaca acgatcggag
gaccgaagga getaaccget tttttgcaca acatggggga tcatgtaact cgecttgate
gttgggaacc ggagetgaat gaagecatac casacgacga gegtgacace acgatgectg
tagcaatgge aacaacgttg cgcaaactat taactggega actacttact ctagettece
ggcaacaatt aatagactgg atggaggegg atasagttge aggaccactt ctgegetegg
cecttocgge tggetgottt attgetgata aatetggage cootgagegt gggtetegeg
gtatcattge agcactggeg ccagatggta ageccteceg tatcgtagtt atctacacga
¢ggggagtca ggcaactaty gatgaacgaa atagecagat cgctgagata ggtgectcac
tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa
aacttcattt ttaatttaaa aggatctagy tgaagatcct ttttgataat ctcatgacca
aaatccctta acgtgagttt tegttceact gagegtcaga cecegtagaa aagatcaaag
gatcttettg agatcctttt tttctgegeg taatctgctg cttgcaaaca aaaaaaccac
cgctaccage ggtogtttgt ttgceggatc aagagetace aactcttttt ccgaaggtaa
ctggetteag cagagegeag ataccaaata ctgtecttct agtgtagecg tagttaggece
accacttcaa gaactctgta geaccgecta catacctcge tetgetaate ctgttaccag
togetgetge cagtggegat aagtegtgte ttacegggtt ggactcaaga cgatagttac
cggataagge geageggteg ggctgaacgy gaggttegtg cacacagecc agettggage
gaacgaccta caccgaactg agatacctac agegtgagea ttgagaaage gecacgettc
CCgaagggag aaaggeggac aggtatcegg taageggcag ggtcggaaca ggagagegea
cgagggaget tccaggggga aacgectggt atctttatag tectgteggg tttegecace
tetgacttga gegtcgattt ttgtgatget cgteaggggg gcggagecta tggaaaaacg
ccagcaacge ggecttttta cggttectgg cottttgotg gecttttget cacatgttet
ttectgegtt atcecctgat totgtggata acegtattac cgectttgag tgagetgata
cegetegeeg cageegracg accgagegea gegagtcagt gagegaggaa gcggaagage
geccaatacg caaaccgect ctcecegege gttggecgat teattaatge agaattaatt
Ctcatgtttg acagcttatc atcgactgea cogtocacca atgettetgg cgtcaggeag
ccatcggaag ctgtggtatg getgtgeagg tcgtaaatca ctgoataatt cgtgtegete
aaggegeact cccgttetgg ataatgtttt ttgegecgac atcataacgg ttctggeaaa
tattctgaaa tgagetgttg acaattaatc atcggetegt ataatgtgtg gaattgtgag
cggataacaa tttcacacag gaaacagega tgaattcaga tctcaccatg aaggagctg
tggecegagt getgcagagg ctgtacgage gcggcgegaa gaacgtgetg gecttegget
tegegetget ggacggggee cgegggggee ccccogagge cttcaccace agegtgegea
gctacctgee caacacggtg accgacgeac tgegaggag cggggcgtyg gagetgctge
tgegeegegt gggegacgac gtgetggtte acctgetgge acgetgegeg ctetttgtge
tggtggetee cagetgegee taccaggtgt gegggeegee gctgtaccag cteggegety
ceactcagge ccggecceeg ccacacgeta gtggaccecg aaggegtetg ggatgcgaac
gggcctgoaa ccatagegtc agggaggeeg gggteccect gggectgeea gceceegggty
cgaggaggcg cgggggcagt gecageegaa gtetoecgtt geceaagagg cocaggegty
gegetgecee tgageeggag cggacgeecg ttgggeaggg gtectgggec caccegggea
ggacgegtog accgagtgac cgtggtttet gtgtogtgte acctgccaga ceegeegaag
aagecacete tttogagagt gegetctety goacgegeca cteccaccca tcegtaggec
gocageacea cgegggeece ccatceacat cgeggeeace acgtecctgg gacacgectt
gtecceceggt gtacgeegag accaageact tectetacte cteaggegac aaggageage
tgeggeecte cticctacte agetetctga ggeccagect gactggcget cggaggetcg
tggagaccat ctttctgggt tccaggecct ggatgocagg gactccccge aggttgccce
gectgeecea gegetactgg caaatgegge cectgtttet ggagetgctt gggaaccacy
cgeagtgece ctacggagtg ctectcaaga cgecactgece gctgegaget geggteacee
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cagcageegq tgtetgtgec cgggagaage cccagggete tgtggeggee cecgaggagg
aggacacaga ccccegtcge ctggtgcage tgetcegeca geacageage cectggeagg
tgtacggctt cotgegggec tgectgegee goctggtgce cecaggecte tggggeteca
ggcacaacga acgeegettc ctcaggaaca ccasgaagtt catctecctg gggaageatg
ccaagetetc getgcaggag ctgacgtgga agatgagegt gegggactge gettggetge
gcaggagecc agoggttgge tgtgttcegy ccgeagagea cegtetgegt gaggagatce
tggecaagtt cetgeactgg ctgatgagty tgtacgtegt cgagetgete aggtctttet
tttatgtcac ggagaccacg tttcaaaaga acaggctett tttctaccgy aagagtgtet
ggagcaagtt geaaagcatt ggaatcagac agcacttgaa gagggtgcag ctgegggage
tgtcggaage agaggtcagg cageatcggg aagecaggee cgeectgetg acgtecagac
teegetteat ceccaagect gacgggetge ggecgattgt gaacatggac tacgtegtgg
gagccagaac gttccgcaga gaaaagaggg ccgagegtet cacctcgagg gtgaaggeac
tgttcagegt getcaactac gagegggege ggcgeceegg ccteetgoge gectetgtge
tgggeetgga cgatatccac agggeetgge geaccttegt gotgegtgtg cgogeecagg
acccgeegee tgagetgtac tttgtcaagg tggatgtgac gggegegtac gacaccatec
cccaggacag getcacggag gtcatcgeca geatcatcaa accccagaac acgtactgeg
tgegteggta tgecgtggtc cagaaggecg cecatgggea cgteegeaag gecttcaaga
gecacgtetc taccttgaca gacctccage cgtacatgeg acagttegtg getcacctge
aggagaccag cccgetgagg gatgcegtcg tcatcgagea gagetectee ctgaatgagg
ccageagtgg cetcttegac gtettectac getteatgtg ceaccacgee gtgegeatea
ggogcaagte ctacgtecag tgccagggga tccegeaggg ctecatcote tecacgetge
tetgeagect gtgetacgge gacatggaga acaagetgtt tgeggggatt cggegggacg
ggctgetect gegtttggty gatgatttet tottgetgac acctcaccte acccacgega
aaacttecte aggacctggt ccgaagtgtc ctgagtateg ctgegtggtg aacttgegga
agacagtggt gaacttccct gtagaagacg aagecctqgy tggcacgget tttgttcaga
tgecggeeca cggectatte ccctggtgeg geetgetget ggataccegg accotggagg
tgcagagega ctactceage tatgeccgga cetecatcag agecagtetc accttcaace
geggcttcaa ggetgggagg aacatgegte geaaactctt tggggtcttg cggetgaagt
gteacagect gtttctggat ttgeaggtga acagoetcca gacggtgtge accaacatct
acaagatcet cctgetgeag gegtacaggt ttcacgeatg tgtgctgeag cteccattte
atcagcaagt ttggaagaac cccacatttt tcetgegegt catctetgac acggectcce
tetgetacte catcctgaaa gocaagaacq cagetgaaga aaacatttet gtegtgacte
ctgeggtget tgggtcggga cagecagaga tggagecace ccgeagaceq tegggtgteg
geagetttee ggtotctect gggagoggag ttgggetggy cetgtgacte cteagectet
gtttteceec agggatgteg ctgggageca agggegecge cggecetetg cocteegagg
cegtgeagty getgtgecac caageattcee tgetcaaget gactcgacac cgtgtcacct
acgtgceact cctggggtca ctcaggacag geaagtgtog gtogaggeca gtgcgog
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LOCUS

pAKIZ8.14 7688 bp dsDNA  Circular

DEFINITION Human telomerase clone with exon alpha spliced out

—_—

61
121
181
41
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641

tegacctgea ggeatgeaag cttggeactg geegtegttt tacaacgtcg tgactgggaa
aaccctggeg ttacccaact taatcgectt geageacatc cccotttege cagetggegt
aatagcgaag aggceegeac cgatcgecct teccaacagt tgegeagect gaatggegaa
tggegectga tgeggtattt tetecttacg catctgtgeg gtattteaca ccgeataaat
tcectgtttt ggeggatgag agaagatttt cagcctgata cagattaaat cagaacgeag
aageggtetg ataaaacaga atttgectgg cggcagtage geggtogtee cacctgacee
catgcegaac tcagaagtga aacgeegtag cgecgatggt agtgtggggt ctececatge
gagagtaggg aactgecagg catcaaataa aacgaaagge tcagtcgaaa gactgggect
ttegttttat ctottgtttg teggtgaacq ctetcctgag taggacaaat cegcegggag
cggatttgaa cgttgegaag caacggeccg gagagtggcg ggcaggacge ccgecataaa
ctgccaggea tcaaattaag cagaaggeca tectgacgga tggecttttt gegtttetac
aaactcttec tgtcgtcata tctacaagec atccccecac agatacggta aactagecte
gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaatc tgetctgatg
ccgeatagtt aagecagece cgacaccege caacacecge tgacgegece tgacgggett
gtctgeteee ggeatceget tacagacaag ctgtgaccgt ctcegggage tgeatgtgte
agaggttttc accgtcatca ccgaaacgeg cgagacgaaa gggectegtg atacgectat
ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttet gtacccgaca
ccatogaatg gtgcaaaacc tttcgeggta tggeatgata gegeccggaa gagagtcaat
tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat geeggtgtct
cttatcagac cgtttecege gtggtgaacc aggccageea cqtttetgeg aaaacgeggg
agaaagtgga ageggegatg geggagetga attacattce caaccgegtg geacaacaac
tggcgggeaa acagtegttq ctgattggeg ttgecaccte cagtctggee ctgeacgege
cgtegcaaat tgtegeggeq attaaatetc gegecgatca actgggtgec agegtggtgg
tgtcgatggt agaacgaage ggcgtcgaag cetgtaaage ggeggtgeac aatcttcteg
cgeaacgegt cagtgggetg atcattaact atccgetgga tgaccaggat gecattgetg
tggaagetge ctgeactaat gttceggegt tatttcttga tgtctctgac cagacaccea
tcaacagtat tattttctcc catgaagacg gtacgcgact gggegtogag catctggteg
cattgggtca ccagcaaate gegetgttag cgggeccatt aagttctgte teggegegte
tgogtetgge tggetogeat aaatatctca ctcgeaatca aattcageeg atageggaac
ggoaageega ctggagtoce atgteeggtt ttcaacaaac catgcaaatg ctgaatgagg
geatcgttce cactgegatg ctggttgeca acgatcagat ggegetggge geaatgegeg
ccattaccga gtcegogetg cgegttggtg cggatatcte ggtagtggga tacgacgata
ccgaagacag ctcatgttat atccegeegt taaccaccat caaacaggat tttcgectge
tggogcaaac cagegtggac cgettgctge aactctctca gggecaggeg gtgaagggea
atcagetgtt gecegtctea ctggtgaaaa gaaaaaccac cetggegece aatacgcaaa
cegectetee cegegegtty gecgatteat taatgeaget ggcacgacag gttteccgac
tggaaagegg geagtgageg caacgeeatt aatgtaagtt agetcactca ttaggeacce
caggetttac actttatget tccgacctge aagaacctca cgtcaggtgg cacttttegg
ggaaatgtgc geggaaccec tatttettta tttttctaaa tacattcaaa tatgtatccg
ctcatgagac aataaccctg ataaatgett caataatatt gaaaaaggaa gagtatgagt
attcaacatt tccgtgtege cottattece ttttttgegg cattttgect teotgttttt
gctcacccag aaacgetggt gaaagtaaaa gatgctgaag atcagttggg tgeacgagtg
ggttacatcg agaactggat ctcaacageq gtaagatcet tgagagtttt cgecccgaag
aacgttttcc aatgatgage acttttaaag ttotgetatg tggegeggta ttatccegta
ttgacgeeqg goaagageaa cteggtegec geatacacta ttctcagaat gacttogttg

Fig.
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agtacteace agtcacagaa aagcatctta cggatggeat gacagtaaga gaattatgea
gtgctgecat aaccatgagt gataacactg cggecaactt acttctgaca acgatcggag
gaccgaagga gctaaccget tttttgeaca acatggggga tcatgtaact cgecttgate
gttgggaacc ggagctgaat gaagccatac caaacgacga gegtgacacc acgatgectg
tagcaatgge aacaacgttg cgcaaactat taactggega actacttact ctagcttece
ggcaacaatt aatagactgg atggaggegy ataaagttgc aggaccactt ctgegetegq
ceettecgge tggetggttt attgetgata satctggage cggtgagegt gggtetegeg
gtatcattge agcactgggg ccagatggta agccetcecg tatcgtagtt atctacacga
cggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgectcac
tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa
aacttcattt ttaatttaaa aggatctagg tgaagatcet ttttgataat ctcatgacca
aaatccctta acgtgagttt tcgttccact gagogtcaga ceecgtagaa aagatcadag
gatcttcttg agatcctttt tttctgegeg taatctgetg cttgcaaaca aaaaaaccac
cgetaccage ggtggtttgt ttgeccggate aagagctace aactcttttt ccgaaggtaa
ctggetteag cagagcgcag ataccaaata ctgtccttct agtgtagecg tagttaggee
accacttcaa gaactctgta geaccgecta catacctege tctgetaate ctgttaccag
tggetgetge cagtggegat aagtegtgte ttaccgggtt ggactcaaga cgatagttac
cggataagae geageggteg ggetgaacgg ggagttegtg cacacagecc agettggage
gaacgaccta caccgaactg agatacctac agegtgagca ttgagaaage gecacgette
ccgaagggag aaaggcggac aggtatccgg taagcggeag ggtcggaaca ggagagegcea
cgagggaget tccaggggga aacgectggt atctttatag tcctgteggg tttegecace
tetgacttga gegtcgattt ttgtgatget cgtcaggggg geggagecta tggaaaaacy
ccagcaacge ggecttttta cggttectgg cettttgetg gecttttget cacatgttet
ttectgegtt atcecctgat tetgtggata accgtattac cgectttgag tgagetgata
ccgetegeeg cagecgaacg accgagegea gegagtcagt gagegaggaa geggaagage
gcecaatacy caaaccgect cteeeegege gttggecgat tcattaatge agaattaatt
cteatgtttg acagcttatc atcgactgca cggtgcacca atgcttetgg cgtcaggeag
ccatcggaag ctgtggtatg getgtgeagg tcgtaaatca ctgeataatt cgtgtegete
aaggegeact ccegttetgy ataatgtttt ttgegecgac atcataacgg ttctggeaaa
tattctgaaa tgagctgttg acaattaatc atcggetcgt ataatgtgtg gaattgtgag
ctggataacaa tttcacacag gaaacagega tgaattcaga tctcaccatg aaggagetgg
tggccegagt gotgeagagg ctgtgegage geggegegaa gaacgtgctg gecttegget
tegegetget ggacggggee cgegggggce ceceegagge cttcaccace agegtgegea
getacctgec caacacqgtg accgacgcac tgegggggag cggggcgtgg gggetgetge
tgegeegegt gggegacgac gtgetggttc acctgetgge acgetgegeg ctetttgtge
tggtggctee cagetgegee taccaggtgt gegggecgee getgtaccag cteggegetg
ccactcaggc ccggeccceg ceacacgcta gtggaccceq aaggegtctg ggatgegaac
gggectggaa ccatagegte agggaggecy gggtecccet gggectgeca geeeegagta
cgaggeggcg cgggggeagt gecagecgaa gtctgecgtt geccaagagg cccaggegtg
gegetgeeee tgageeggag cggacgeceg ttgggeagag gteetgggee caccegggea
ggacgegtgg accgagtgac cgtggtttct gtgtggtgtc acctgecaga ccegeegaag
aagccacctc tttggagggt gegetctetg geacgegeca cteccaccea teegtgggee
gecageacca cgegggecce ccatccacat cgeggecace acgtecctgy gacacgectt

5281 gtoccccggt gtacgccgag accaageact tectctactc ctcaggegac aaggageage
5341 tgcggeccte cttectacte agetctctga ggeccagect gactggeget cggaggeteg
5401 tggagaccat ctttctgggt tecaggcect ggatgecagg gactccccge aggttgecee
5461 geetgeccca gegetactgg caaatgegge cectgtttet ggagetgett gggaaccacg
5521 cgcagtgeee ctacggggtg ctecteaaga cgeactgece getgegaget geggteacce
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cageageegg tgtetgtgee cgggagasge
aggacacaga ceccegtege ctggtgeage
tgtacggett cgtgegggee tgectgegee
ggcacaacga acgeegettc ctcaggaaca
ccaagetcte getgcaggag ctgacgtgoa
gcaggagece aggqgttgge tgtgtteegg
tggecaagtt cetgeactgg ctgatgagtg
tttatgtcac ggagaccacg tttcaaaaga
ggagcaagtt geaaagcatt ggaatcagac
tgtcggaage agaggtcagg cageatcggg
tcegetteat ceccaagect gacgggetge
gagccagaac gttccgeaga gaaaagaggg
tgttcagegt getcaactac gagegggege
tgggcctgga cgatatceac agggestage
acccgecgee tgagetgtac tttgtcaagg
tcaaacceag aacacgtact gegtocgteg
geacgtcege aaggecttea agagecacgt
gegacagttc gtggetcacc tgcaggagac
gcagagetee teectgaatg aggecageag
gtgccaccac gecgtgegea tcaggggeaa
gggetccate ctetecacge tgotetgeag
gtttgegggy atteggeggy acgggetget
gacacctcac ctcacceacy cgaaaacctt
gtatggctge gtggtgaact tgcggaagac
cetggotgge acggettttg tteagatgee
gotgetggat acccggacce tggaggtgea
catcagagee agtctcacct tcaaccgegg
actctitggg gtcttgequc tgaagtotea
cctccagacy gtgtgcacca acatctecaa
cqeatgtgt ctgcagetee catttcatca
gcgegteate tctgacacgg ccteectetg
gatgtcgety ggggceaagg gegeegeegy
gtgccaccaa geatteetge tcaagetgac
ggugtcactc aggacagecc agacgeaget
tgoeetggag geegeageca acceggeact
atctagag

geeaggocte
tgetecgeca
goctogtygce
ccaagaagtt
agatgagegt
cegeagagea
tgtacgtegt
acaggetett
ageacttgaa
aagecaggec
ggecgatigt
cegagegtet
ggcgeceegg
geaccttegt
acaggctcac
gtatgeeqgtg
ctetaccttg
cageeeqgetq
tggectette
gtectacgte
cetgtgetac
cetgegtttyg
ccteaggacc
agtggtgaac
ggceeacgge
gagegactac
cttcaaggct
cagectqttt
gatectectg
gcaagtttog
ctactecate
cectetgece
tegacacegt
gagtcggaag
geeetcagac

Fig. 15D

tgtggeggcc
gcacageage
cecaggeete
catctceetg

gcggeactqe

€ccgaggagg
cectggeagyg
tggggcteca
gegaageatg
gettggetge
ccgtetgegt gaggagatce
cgagetgete aggtetttet
tttctaccgg aagagtgtet
gagggtgeag ctgegggage
cgecetgetg acgtecagac
gaacatggac tacgtcgtgg
caccicgagg gtgaaggeac
ceteetggge gectetgtge
getgegtgty cgggeceagq
goaggtcatc gecagcatca
gtccagaagg ccgeecatgg
acagacctec agecgtacat
aggoatgeeg tegteatega
gacgtcttec tacgettcat
cagtgccagg ggatccegee
gacgacatgg agaacaagct
gtogatgatt tottgttggt
ctggtcegag gtgteectga
ttcectgtag aagacgagac
ctattcecet ggtgeggect
fccagetatg ceeggacete
gggaggaaca tgegtcgeaa
ctgoatttgc aggtgaacag
ctgeaggegt acaggtttca
aagaacccca catttttect
ctgaaageca agaacgeagg
tcegaggeeg tgeagtogct
gtcacctacg tgecactect
cteceggoga cgacgetgac
ttcaagacca tectggactg
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