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denote positions within polypeptides, particularly fusion pro-
teins of the invention. Where the context allows, these terms
are used with reference to a particular sequence or segment of
a polypeptide or protein to denote proximity or relative posi-
tion. For example, a certain sequence positioned carboxyl-
terminal to a reference sequence within a polypeptide is
located proximal to the carboxyl terminus of the reference
sequence, but is not necessarily at the carboxyl terminus of
the complete polypeptide.

[0013] The term “corresponding to”, when applied to posi-
tions of amino acid residues in sequences, means correspond-
ing positions in a plurality of sequences when the sequences
are optimally aligned.

[0014] The term “expression vector” refers to a linear or
circular DNA molecule that comprises a segment encoding a
polypeptide of interest (e.g., a fusion protein of the invention)
operably linked to additional segments that provide for its
transcription. Such additional segments include promoter and
terminator sequences, and may also include one or more
origins of replication, one or more selectable markers, an
enhancer, a polyadenylation signal, and the like. Expression
vectors are generally derived from bacterial or viral DNA, and
may contain elements of both.

[0015] The terms “identical” or percent “identity,” in the
context of two or more nucleic acids or polypeptide
sequences, (e.g., fusion proteins of the invention and poly-
nucleotides that encode them) refer to two or more sequences
or subsequences that are the same or have a specified percent-
age of amino acid residues or nucleotides that are the same,
when compared and aligned for maximum correspondence,
as measured using one of the following sequence comparison
algorithms or by visual inspection.

[0016] The phrase “substantially identical,” in the context
of'two nucleic acids or polypeptides of the invention, refers to
two or more sequences or subsequences that have at least
60%, more preferably 65%, even more preferably 70%, still
more preferably 75%, even more preferably 80%, and most
preferably 90-95% nucleotide or amino acid residue identity,
when compared and aligned for maximum correspondence,
as measured using one of the following sequence comparison
algorithms or by visual inspection. Preferably, the substantial
identity exists over a region of the sequences that is at least
about 50 residues in length, more preferably over a region of
atleast about 100 residues, and most preferably the sequences
are substantially identical over at least about 150 residues. In
amost preferred embodiment, the sequences are substantially
identical over the entire length of the coding regions.

[0017] For sequence comparison, typically one sequence
acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are input into a computer, sub-
sequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. The
sequence comparison algorithm then calculates the percent
sequence identity for the test sequence(s) relative to the ref-
erence sequence, based on the designated program param-
eters.

[0018] Optimal alignment of sequences for comparison can
be conducted, e.g., by the local homology algorithm of Smith
& Waterman, Adv. Appl. Math. 2:482 (1981), by the homol-
ogy alignment algorithm of Needleman & Wunsch, J. Mol.
Biol. 48:443 (1970), by the search for similarity method of
Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444
(1988), by computerized implementations of these algo-
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rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by visual inspec-
tion (see generally, Current Protocols in Molecular Biology,
F. M. Ausubel et al., eds., Current Protocols, a joint venture
between Greene Publishing Associates, Inc. and John Wiley
& Sons, Inc., (1995 Supplement) (Ausubel)).

[0019] Examples of algorithms that are suitable for deter-
mining percent sequence identity and sequence similarity are
the BLAST and BLAST 2.0 algorithms, which are described
in Altschul et al. (1990) J. Mol. Biol. 215: 403-410 and Alts-
chuel et al. (1977) Nucleic Acids Res. 25: 3389-3402, respec-
tively. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/). This algorithm
involves first identifying high scoring sequence pairs (HSPs)
by identifying short words of length W in the query sequence,
which either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a
database sequence. T is referred to as the neighborhood word
score threshold (Altschul et al, supra). These initial neighbor-
hood word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as far as
the cumulative alignment score can be increased. Cumulative
scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues;
always >0) and N (penalty score for mismatching residues;
always <0). For amino acid sequences, a scoring matrix is
used to calculate the cumulative score. Extension of the word
hits in each direction are halted when: the cumulative align-
ment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below,
due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached.
The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN pro-
gram (for nucleotide sequences) uses as defaults a wordlength
(W) of 11, an expectation (E) of 10, M=5, N=-4, and a
comparison of both strands. For amino acid sequences, the
BLASTP program uses as defaults a wordlength (W) of 3, an
expectation (E) of 10, and the BLOSUMG62 scoring matrix
(see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA
89:10915 (1989)).

[0020] Inaddition to calculating percent sequence identity,
the BLAST algorithm also performs a statistical analysis of
the similarity between two sequences (see, e.g., Karlin &
Altschul, Proc. Nat’l. Acad. Sci. USA 90:5873-5787 (1993)).
One measure of similarity provided by the BLAST algorithm
is the smallest sum probability (P(N)), which provides an
indication of the probability by which a match between two
nucleotide or amino acid sequences would occur by chance.
For example, a nucleic acid is considered similar to a refer-
ence sequence if the smallest sum probability in a comparison
ofthe test nucleic acid to the reference nucleic acid is less than
about 0.1, more preferably less than about 0.01, and most
preferably less than about 0.001.

[0021] A further indication that two nucleic acid sequences
or polypeptides of the invention are substantially identical is
that the polypeptide encoded by the first nucleic acid is immu-
nologically cross reactive with the polypeptide encoded by
the second nucleic acid, as described below. Thus, a polypep-
tide is typically substantially identical to a second polypep-
tide, for example, where the two peptides differ only by



