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A DIAGNOSTIC ASSAY FOR THE HUMAN VIRUS
CAUSING
SEVERE ACUTE RESPIRATORY SYNDROME (SARS)

This application claims priority benefit to U.S. provisional application no.
60/457,031, filed March 24, 2003; U.S. provisional application no. 60/457,730, filed
March 26, 2003; U.S. provisional application no. 60/459,931, filed April 2, 2003; U.S.
provisional application no. 60/460,357, filed April 3, 2003; U.S. provisional application
no. 60/461,265, filed April 8, 2003; U.S. provisional application no. 60/462,805, filed
April 14, 2003; U.S. provisional application no. 60/464,886 filed April 23, 2003, U.S.
provisional application no. 60/468,139, filed May 5, 2003; and U.S. provisional
application no. 60/471,200, filed May 16, 2003, each of which is incorporated herein by
reference in its entirety.

The instant application contains a lengthy Sequence Listing which is being
concurrently submitted via triplicate CD-R in lieu of a printed paper copy, and is hereby
incorporated by reference in its entirety. Said CD-R, recorded on March 22, 2004, are
labeled “CRF”, “Copy 1” and “Copy 2”, respectively, and each contains only one
identical 1.58 MB file (V9661078.APP).

1. FIELD OF THE INVENTION

The present invention relates to a diagnostic assay for the virus causing Severe
Acute Respiratory Syndrome (SARS) in humans (“hSARS virus”). In particular, the
invention relates to a quantitative assay for the detection of the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof, using reverse transcription and
polymerase chain reaction (RT-PCR). Specifically, the quantitative assay is a TagqMan®
assay. The invention further relates to a diagnostic kit that comprises nucleic acid

molecules for the detection of the hSARS virus.

2. BACKGROUND

Recently, there has been an outbreak of atypical pneumonia in Guangdong
province in mainland China. Between November 2002 and March 2003, there were 792

reported cases with 31 fatalities (WHO. Severe Acute Respiratory Syndrome (SARS)
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Weelkly Epidemiol Rec. 2003; 78: 86). In response to this crisis, the Hospital Authority in
Hong Kong has increased the surveillance on patients with severe atypical pneumonia. In
the course of this investigation, a number of clusters of health care workers with the
disease were identified. In addition, there were clusters of pneumonia incidents among
persons in close contact with those infected. The disease was unusual in its severity and
its progression in spite of the antibiotic treatment typical for the bacterial pathogens that
are known to be commonly associated with atypical pneumonia. The present inventors
were one of the groups involved in the investigation of these patients. All tests for
identifying commonly recognized viruses and bacteria were negative in these patients.
The disease was given the acronym Severe Acute Respiratory Syndrome (“SARS”). The
etiologic agent responsible for this disease was not known until the isolation of hSARS
virus from the SARS patients by the present inventors. The present invention provides a
rapid and specific real-time quantitative PCR assay as disclosed herein. The invention is

useful in both clinical and scientific research applications.

3. SUMMARY OF THE INVENTION

The invention relates to the use of the sequence information of isolated hSARS
virus for diagnostic methods. In a preferred embodiment, the isolated hSARS virus was
deposited in Genbank, NCBI with Accession No: AY278491 (SEQ ID NO:15), which is
incorporated herein by reference. The isolated hSARS virus was deposited with the
China Center for Type Culture Collection (CCTCC) on April 2, 2003 and accorded an
accession number, CCTCC-V200303, as described in Section 7, infra, which is
incorporated by reference.

In a specific embodiment, the invention provides a diagnostic assay for the
hSARS virus, natural or artificial variants, analogs, or derivatives thereof. In particular,
the invention relates to a quantitative assay for the detection of nucleic acid molecules of
hSARS virus using reverse transcription and polymerase chain reaction (RT-PCR).
Specifically, the quantitative assay is a TaqMan® assay. Also provided in the present
invention are nucleic acid molecules that are suitable for hybridization to hSARS nucleic
acids such as, including, but not limited to, PCR primers, Reverse Transcriptase primers,
probes for Southern analysis or other nucleic acid hybridization analysis for the detection

of hSARS nucleic acids. Said hSARS nucleic acids consist of or comprise the nucleic
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acid sequence of SEQ ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472,
2473, 2474, 2475 or 2476, or a complement, analog, derivative, or fragment thereof, or a
portion thereof. In a preferred embodiment, the primers comprise the nucleic acid
sequence of SEQ ID NOS:2471 and/or 2472. In a preferred embodiment, the primers
comprise the nucleic acid sequence of SEQ ID NOS:2474 and/or 2475. In a most
preferred embodiment, the nucleic acid molecule comprises the nucleic acid sequence of
SEQ ID NO:2473, or a portion thereof, and may be used for the detection of the hRSARS
virus in a RT-PCR assay using nucleic acid molecules comprising the nucleic acid
sequences of SEQ ID NOS:2471 and/or 2472 as primers. In another most preferred
embodiment, the nucleic acid molecule comprises the nucleic acid sequence of SEQ ID
NO:2476, or a portion thereof, and may be used for the detection of the hSARS virusin a
RT-PCR assay using nucleic acid molecules comprising the nucleic acid sequences of
SEQ ID NOS:2474 and/or 2475 as primers. In yet another most preferred embodiment,
the assay is a TagMan® quantitative assay.

In one embodiment, the invention provides methods for detecting the presence or
expression of the hSARS virus, natural or artificial variants, analogs, or derivatives
thereof, in a biological material, such as cells, blood, serum, plasma, saliva, urine, stool,
sputum, nasopharyngeal aspirates, and so forth. The increased or decreased activity or
expression of the hSARS virus in a sample relative to a control sample can be determined
by contacting the biological material with an agent which can detect directly or indirectly
the presence or expression of the hSARS virus. In a specific embodiment, the detecting
agents are nucleic acid molecules of the present invention. In another specific
embodiment, the detecting nucleic acid molecules are immobilized on a DNA microarray
chip.

In a specific embodiment, the invention provides a diagnostic kit comprising
nucleic acid molecules which are suitable for use to detect the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof. In a specific embodiment, the nucleic
acid molecules have the nucleic acid sequence of SEQ ID NOS:2471 and/or 2472. In
specific embodiments, the nucleic acid molecule has the nucleic acid sequence of SEQ ID
NO:2473. In another specific embodiment, the nucleic acid molecules have the nucleic
acid sequence of SEQ ID NOS:2474 and/or 2475. In specific embodiments, the nucleic
acid molecule has the nucleic acid sequence of SEQ ID NO:2476.
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In one aspect, the invention relates to the use of the isolated hSARS virus for
diagnostic methods. In a specific embodiment, the invention provides a method of
detecting mRNA or genomic RNA of the hSARS virus of the invention in a biological
material, such as cells, blood, serum, plasma, saliva, urine, stool, sputum, nasopharyngeal
aspirates, and so forth. The increased or decreased level of mRNA or genomic RNA of
the hSARS virus in a sample relative to a control sample can be determined by contacting
the biological material with an agent which can detect directly or indirectly the mRNA or
genomic RNA of the hSARS virus. In a specific embodiment, the detecting agents are
the nucleic acid molecules of the present invention. In another specific embodiment, the
detecting nucleic acid molecules are immobilized on a DNA microarray chip.

In another aspect, the invention relates to the use of the isolated hSARS virus for
diagnostic methods, such as detecting an antibody, which immunospecifically binds to
the hSARS virus, in a biological sample. In a specific embodiment, the detecting agents
are a hSARS virus, for example, of deposit no. CCTCC-V200303, or having a genomic
nucleic acid sequence of SEQ ID NO:15, or polypeptides encoded by the nucleic acid
sequence of SEQ ID NO: 1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473,
2474, 2475 or 2476.

In yet another aspect, the invention provides antibodies or antigen-binding
fragments thereof which immunospecifically bind a polypeptide of the invention encoded
by the nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965,
2471, 2472, 2473, 2474, 2475 or 2476, or encoded by a nucleic acid comprising a
nucleotide sequence that hybridizes under stringent conditions to the nucleotide sequence
of SEQ ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474,
2475 or 2476, and/or any hSARS epitope, having one or more biological activities of a
polypeptide of the invention. Such antibodies include, but are not limited to polyclonal,
monoclonal, bi-specific, multi-specific, human, humanized, chimeric antibodies, single
chain antibodies, Fab fragments, F(ab’), fragements, disulfide-linked Fvs, intrabodies and
fragments containing either a VL or VH domain or even a complementary determining
region (CDR) that specifically binds to a polypeptide of the invention.

The present invention also relates to a method of identifying a subject infected
with the hSARS virus, natural or artificial variants, analogs, or derivatives thereof. Ina

specific embodiment, the method comprises obtaining total RNA from a biological
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sample obtained from the subject; reverse transcribing the total RNA to obtain cDNA;
and subjecting the cDNA to PCR assay using a set of primers derived from a nucleotide
sequence of the hSARS virus.

The present invention further relates to a diagnostic kit comprising primers and a

nucleic acid probe for the detection of mRNA or genomic RNA of hSARS virus.
3.1.  Definitions

As used herein, the term “variant” refers either to a naturally occurring genetic
mutant of the hSARS virus or a recombinantly prepared variation of the hSARS virus,
each of which contain one or more mutations in its genome compared to the hSARS virus
of CCTCC-V200303. The term “variant” may also refer to either a naturally occurring
variation of a given peptide or a recombinantly prepared variation of a given peptide or
protein in which one or more amino acid residues have been modified by amino acid
substitution, addition, or deletion.

As used herein, the term “analogue” in the context of a non-proteinaceous analog
refers to a second organic or inorganic molecule which possess a similar or identical
function as a first organic or inorganic molecule and is structurally similar to the first
organic or inorganic molecule.

As used herein, the term “derivative” in the context of a non-proteinaceous
derivative refers to a second organic or inorganic molecule that is formed based upon the
structure of a first organic or inorganic molecule. A derivative of an organic molecule
includes, but is not limited to, a molecule modified, e.g., by the addition or deletion of a
hydroxyl, methyl, ethyl, carboxyl or amine group. An organic molecule may also be
esterified, alkylated and/or phosphorylated.

As used herein, the term “mutant” refers to the presence of mutations in the
nucleotide sequence of an organism as comparéd to a wild-type organism.

As used herein, the terms “antibody” and “antibodies” refer to monoclonal
antibodies, bispecific antibodies, multispecific antibodies, human antibodies, humanized
antibodies, chimeric antibodies, camelised antibodies, single domain antibodies, single-
chain Fvs (scFv), single chain antibodies, Fab fragments, F(ab’) fragments, disulfide-
linked Fvs (sdFv), and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id

antibodies to antibodies of the invention), and epitope-binding fragments of any of the
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above. In particular, antibodies include immunoglobulin molecules and immunologically
active fragments of immunoglobulin molecules, i.e., molecules that contain an antigen
binding site. Immunoglobulin molecules can be of any type (e.g., IgG, IgE, IgM, IgD,
IgA and IgY), class (e.g., 1gG1, IgG2, IgG3, IgG4, IgAl and IgA2), or subclass.

Asused herein, the term “antibody fragment” refers to a fragment of an antibody
that immunospecifically binds to an hNSARS virus or any epitope of the hRSARS virus,
Antibody fragments may be generated by any technique known to one of skill in the art.
For example, Fab and F(ab’), fragments may be produced by proteolytic cleavage of
immunoglobulin molecules, using enzymes such as papain (to produce Fab fragments) or
pepsin (to produce F(ab’), fragments). F(ab’), fragments contain the complete light chain,
and the variable region, the CH1 region and the hinge region of the heavy chain.
Antibody fragments can be also produced by recombinant DNA technologies. Antibody
fragments may be one or more complementarity determining regions (CDRs) of
antibodies.

As used herein, the term “an antibody or an antibody fragment that
immunospecifically binds a polypeptide of the invention” refers to an antibody or a
fragment thereof that immunospecifically binds to the polypeptide encoded by the nucleic
acid sequence of SEQ ID NO: 1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472,
2473, 2474, 2475 or 2476, or a complement, analog, derivative, or fragment thereof, or a
portion thereof, or that immunospecifically binds to the polypeptide having the amino
acid sequence of SEQ ID NO:2, 12, 14, 17-239, 241-736, 738-1107, 1109-1589, 1591-
1964 or 1966-2470, or a variant, analog, derivative, or fragment thereof, and does not
non-specifically bind to other polypeptides. An antibody or a fragment thereof that
immunospecifically binds to the polypeptide of the invention may cross-react with other
antigens. Preferably, an antibody or a fragment thereof that immunospecifically binds to
a polypeptide of the invention does not cross-react with other antigens. An antibody or a
fragment thereof that immunospecifically binds to the polypeptide of the invention, can
be identified by, for example, immunoassays or other techniques known to those skilled
in the art.

As used herein, the term “epitope” refers to a fragment of an hSARS virus,
polypeptide or protein having antigenic or immunogenic activity in an animal, preferably

a mammal, and most preferably in a human. An epitope having immunogenic activity is
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a fragment of a polypeptide that elicits an antibody response in an animal. An epitope
having antigenic activity is a fragment of a polypeptide or protein to which an antibody
immunospecifically binds as determined by any method well known in the art, for
example, by the immunoassays described herein. Antigenic epitopes need not necessarily
be immunogenic.

As used herein, the term “antigenicity” refers to the ability of a substance (e.g.,
foreign objects, microorganisms, drugs, antigens, proteins, peptides, polypeptides,
nucleic acids, DNA, RNA, etc.) to trigger an immune response in a particular organism,
tissue, and/or cell. Sometimes, the term “antigenic” is synonymous with the term
“immunogenic”.

As used herein, the term “immunogenicity” refers to the property of a substance
(e.g., foreign objects, microorganisms, drugs, antigens, proteins, peptides, polypeptides,
nucleic acids, DNA, RNA, etc.) being able to evoke an immune response within an
organism. Immunogenicity depends partly upon the size of the substance in question and
partly upon how unlike the host molecules is the substance. Highly conserved proteins
tend to have rather low immunogenicity.

An “isolated” nucleic acid molecule is one which is separated from other nucleic
acid molecules which are present in the natural source of the nucleic acid molecule.
Moreover, an “isolated” nucleic acid molecule, such as a cDNA molecule, can be
substantially free of other cellular material, or culture medium when produced by
recombinant techniques, or substantially free of chemical precursors or other chemicals
when chemically synthesized. In a preferred embodiment of the invention, nucleic acid
molecules encoding polypeptides/proteins of the invention are isolated or purified. The
term “isolated” nucleic acid molecule does not include a nucleic acid that is a member of
a library that has not been purified away from other library clones containing other
nucleic acid molecules.

As used herein, the term “hybridizes under stringent conditions” describes
conditions for hybridization and washing under which nucleotide sequences having at
least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%
identity to each other typically remain hybridized to each other. Such hybridization
conditions are described in, for example but not limited to, Current Protocols in

Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6.; Basic Methods in
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Molecular Biology, Elsevier Science Publishing Co., Inc., N.Y. (1986), pp.75-78, and 84-
87; and Molecular Cloning, Cold Spring Harbor Laboratory, N.Y. (1982), pp.387-389,
and are well known to those skilled in the art. A preferred, non-limiting example of
stringent hybridization conditions is hybridization in 6X sodium chloride/sodium citrate
(SSC), 0.5% SDS at about 68°C followed by one or more washes in 2X SSC, 0.5% SDS
at room temperature. Another preferred, non-limiting example of stringent hybridization
conditions is hybridization in 6X SSC at about 45°C followed by one or more washes in
0.2X SSC, 0.1% SDS at about 50°C to 65°C.

An “isolated” or “purified” peptide or protein is substantially free of cellular
material or other contaminating proteins from the cell or tissue source from which the
protein is derived, or is substantially free of chemical precursors or other chemicals when
chemically synthesized. The language “substantially free of cellular material” includes
preparations of a polypeptide/protein in which the polypeptide/protein is separated from
cellular components of the cells from which it is isolated or recombinantly produced.
Thus, a polypeptide/protein that is substantially free of cellular material includes
preparations of the polypeptide/protein having less than about 30%, 20%, 10%, 5%, 2.5%,
or 1%, (by dry weight) of contaminating protein. When the polypeptide/protein is
recombinanﬂy produced, it is also preferably substantially free of culture medium, i.e.,
culture medium represents less than about 20%, 10%, or 5% of the volume of the protein
preparation. When polypeptide/protein is produced by chemical synthesis, it is
preferably substantially free of chemical precursors or other chemicals, i.e., it is separated
from .chemical precursors or other chemicals which are involved in the synthesis of the
protein. Accordingly, such preparations of the polypeptide/protein have less than about
30%, 20%, 10%, 5% (by dry weight) of chemical precursors or compounds other than the
polypeptide/protein fragment of interest. In a preferred embodiment of the present
invention, the polypeptides/proteins are isolated or purified.

As used herein, the term “isolated” virus is one which is separated from other
organisms which are present in the natural source of the virus, e.g., biological material
such as cells, blood, serum, plasma, saliva, urine, stool, sputum, nasopharyngeal aspirates,
and so forth. The isolated virus can be used to infect a subject.

As used herein, the term “having a biological activity of the polypeptides of the

invention” refers to the characteristics of the polypeptides or proteins having a common
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biological activity similar or identical structural domain and/or having sufficient amino
acid identity to the polypeptide encoded by the nucleotide sequence of SEQ ID NO: 1, 11,
13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476, or a
complement, analog, derivative, or fragment thereof, or a portion thereof, or the
polypeptide having the amino acid sequence of SEQ ID NO: 2, 12, 14, 17-239, 241-736,
738-1107, 1109-1589, 1591-1964 or 1966-2470, or a variant, analog, derivative, or
fragment thereof. Such common biological activities of the polypeptides of the invention
include antigenicity and immunogenicity.

As used herein, the term “portion” or “fragment” refers to a fragment of a nucleic
acid molecule containing at least about 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150,
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000,
1050, 1100, 1150, 1200, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000,
11,000, 12,000, 13,060, 14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 29,000 or more contiguous
nucleic acids in length of the relevant nucleic acid molecule and having at least one
functional feature of the nucleic acid molecule (or the encoded protein has one functional
feature of the protein encoded by the nucleic acid molecule); or a fragment of a protein or
a polypeptide containing at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 360, 380, 400,
500, 600, 800, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 9,500 or
more amino acid residues in length of the relevant protein or polypeptide and having at
least one functional feature of the protein or polypeptide.

As used herein, the term “analogue” in the context of proteinaceous agent (e.g.,
proteins, polypeptides, peptides, and antibodies) refers to a proteinaceous agent that
possesses a similar or identical function as a second proteinaceous agent but does not
necessarily comprise a similar or identical amino acid sequence of the second
proteinaceous agent, or possess a similar or identical structure of the second
proteinaceous agent. In a specific embodiment, antibody analogues immunospecifically
bind to the same epitope as the original antibodies from which the analogues were
derived. In an alternative embodiment, antibody analogues immunospecifically bind to
different epitopes than the original antibodies from which the analogues were derived. A

proteinaceous agent that has a similar amino acid sequence refers to a second
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proteinaceous agent that satisfies at least one of the following: (a) a proteinaceous agent
having an amino acid sequence that is at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95% or at least 99% identical to the amino
acid sequence of a second proteinaceous agent; (b) a proteinaceous agent encoded by a
nucleotide sequence that hybridizes under stringent conditions to a nucleotide sequence
encoding a second proteinaceous agent of at least 5 contiguous amino acid residues, at
least 10 contiguous amino acid residues, at least 15 contiguous amino acid residues, at
least 20 contiguous amino acid residues, at least 25 contiguous amino acid residues, at
least 40 contiguous amino acid residues, at least 50 contiguous amino acid residues, at
least 60 contiguous amino residues, at least 70 contiguous amino acid residues, at least 80
contiguous amino acid residues, at least 90 contiguous amino acid residues, at least 100
contiguous amino acid residues, at least 125 contiguous amino acid residues, or at least
150 contiguous amino acid residues; and (c) a proteinaceous agent encoded by a
nucleotide sequence that is at least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95% or at least 99% identical to the nucleotide sequence
encoding a second proteinaceous agent. A proteinaceous agent with similar structure to a
second proteinaceous agent refers to a proteinaceous agent that has a similar secondéry,
tertiary or quaternary structure to the second proteinaceous agent. The structure of a
proteinaceous agent can be determined by methods known to those skilled in the art,
including but not limited to, peptide sequencing, X ray crystallography, nuclear magnetic
resonance, circular dichroism, and crystallographic electron microscopy.

To determine the percent identity of two amino acid sequences or of two nucleic
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps
can be introduced in the sequence of a first amino acid or nucleic acid sequence for
optimal alignment with a second amino acid or nucleic acid sequence). The amino acid
residues or nucleotides at corresponding amino acid positions or nucleotide positions are
then compared. When a position in the first sequence is occupied by the same amino acid
residue or nucleotide as the corresponding position in the second sequence, then the
molecules are identical at that position. The percent identity between the two sequences

is a function of the number of identical positions shared by the sequences (i.e., % identity

10
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= number of identical overlapping positions/total number of positions x 100%). In one
embodiment, the two sequences are the same length.

The determination of percent identity between two sequences can also be
accomplished using a mathematical algorithm. A preferred, non limiting example of a
mathematical algorithm utilized for the comparison of two sequences is the algorithm of
Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A. 87:2264 2268, modified as in
Karlin and Altschul, 1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873 5877. Such an
algorithm is incorporated into the NBLAST and XBLAST programs of Altschul ef al.,
1990, J. Mol. Biol. 215:403. BLAST nucleotide searches can be performed with the
NBLAST nucleotide program parameters set, e.g., for score=100, wordlength=12 to
obtain nucleotide sequences homologous to a nucleic acid molecules of the present
invention. BLAST protein searches can be performed with the XBLAST program
parameters set, e.g., to score 50, wordlength = 3 to obtain amino acid sequences
homologous to a protein molecule of the present invention. To obtain gapped alignments
for comparison purposes, Gapped BLAST can be utilized as described in Altschul et al.,
1997, Nucleic Acids Res. 25:3389 3402. Alternatively, PSI BLAST can be used to
perform an iterated search which detects distant relationships between molecules (Id.).
When utilizing BLAST, Gapped BLAST, and PSI Blast programs, the default parameters
of the respective programs (e.g., of XBLAST and NBLAST) can be used (see, e.g., the
NCBI website). Another preferred, non limiting example of a mathematical algorithm
utilized for the comparison of sequences is the algorithm of Myers and Miller, 1988,
CABIOS 4:11 17. Such an algorithm is incorporated in the ALIGN program (version 2.0)
which is part of the GCG sequence alignment software package. When utilizing the
ALIGN program for comparing amino acid sequences, a PAM120 weight residue table, a
gap length penalty of 12, and a gap penalty of 4 can be used.

The percent identity between two sequences can be determined using techniques
similar to those described above, with or without allowing gaps. In calculating percent
identity, typically only exact matches are counted.

As used herein, the term “derivative” in the context of proteinaceous agent (e.g.,
proteins, polypeptides, peptides, and antibodies) refers to a proteinaceous agent that
comprises an amino acid sequence which has been altered by the introduction of amino

acid residue substitutions, deletions, and/or additions. The term “derivative” as used
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herein also refers to a proteinaceous agent which has been modified, i.e., by the covalent
attachment of any type of molecule to the proteinaceous agent. For example, but not by
way of limitation, an antibody may be modified, e.g., by glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, linkage to a cellular ligand or other protein, etc. A
derivative of a proteinaceous agent may be produced by chemical modifications using
techniques known to those of skill in the art, including, but not limited to specific
chemical cleavage, acetylation, formylation, metabolic synthesis of tunicamycin, etc.
Further, a derivative of a proteinaceous agent may contain one or more non-classical
amino acids. A derivative of a proteinaceous agent possesses a similar or identical
function as the proteinaceous agent from which it was derived.

As used herein, the terms “subject” and “patient” are used interchangeably. As
used herein, the terms “subject” and “subjects” refer to an animal, preferably a mammal
including a non-primate (e.g., cows, pigs, horses, goats, sheep, cats, dogs, avian species
and rodents) and a non-primate (e.g., monkeys such as a cynomolgous monkey and

humans), and more preferably a human.

4. DESCRIPTI F THE FIGURE

Figure 1 shows a partial DNA sequence (SEQ ID NO:1) and its deduced amino
acid sequence (SEQ ID NO:2) obtained from the SARS virus that has 57% homology to
the RNA-dependent RNA polymerase protein of known Coronaviruses.

Figure 2 shows an electron micrograph of the novel hSARS virus that has similar
morphological characteristics of coronaviruses.

Figure 3 shows an immunofluorescent staining for IgG antibodies that are bound
to the FrHK-4 cells infected with the novel human respiratory virus of Coronaviridae.

Figure 4 shows an electron micrograph of ultra-centrifuged deposit of hRSARS
virus that was grown in the cell culture and negatively stained with 3% potassium
phospho-tungstate at pH 7.0.

Figure 5A shows a thin-section electron micrograph of lung biopsy of a patient
with SARS; Figure 5B shows a thin section electron micrograph of hSARS virus-infected

cells.
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Figure 6 shows the result of phylogenetic analysis for the partial protein sequence
(215 amino acids; SEQ ID NO:2) of the hSARS virus (GenBank accession number
AY268070). The phylogenetic tree is constructed by the neighbor-jointing method. The
horizontal-line distance represents the number of sites at which the two sequences
compared are different. Bootstrap values are deducted from 500 replicates.

Figure 7A shows an amplification plot of fluorescence intensity against the PCR
cycle in a real-time quantitative PCR assay that can detect an hSARS virus in samples
quantitatively. The copy numbers of input plasmid DNA in the reactions are indicated.
The X-axis denotes the cycle number of a quantitative PCR assay and the Y-axis denotes
the fluorescence intensity (FI) over the backgroud. Figure 7B shows the result of a
melting curve analysis of PCR products from clinical samples. Signals from positive
(+ve) samples, negative (-ve) samples and water control (water) are indicated. The X-
axis denotes the temperature (°C) and the Y-axis denotes the fluorescence intensity (F1)
over the background.

Figure 8 shows another partial DNA sequence (SEQ ID NO:11) and its deduced
amino acid sequence (SEQ ID NO:12) obtained from the hSARS virus.

Figure 9 shows yet another partial DNA sequence (SEQ ID NO:13) and its
deduced amino acid sequence (SEQ ID NO:14) obtained from the hSARS virus.

Figure 10 shows the entire genomic DNA sequence (SEQ ID NO:15) of the
hSARS virus.

Figure 11 shows the deduced amino acid sequences obtained from SEQ ID NO:15
in three frames (see SEQ ID NOS: 16, 240 and 737). An asterisk (¥) indicates a stop
codon which marks the end of a peptide. The first-frame amino acid sequences: SEQ ID
NOS:17-239; the second-frame amino acid sequences: SEQ ID NOS:241-736; and the
third-frame amino acid sequences: SEQ ID NO:738-1107.

Figure 12 shows the deduced amino acid sequences obtained from the
complement of SEQ ID NO:15 in three frames (see SEQ ID NOS:1108, 1590 and 1965).
An asterisk (*) indicates a stop codon which marks the end of a peptide. The first-frame
amino acid sequences: SEQ ID NOS:1109-1589; the second-frame amino acid sequences:
SEQ ID NOS:1591-1964; and the third-frame amino acid sequences: SEQ ID NO:1966-
2470.
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Figure 13 shows the nucleic acid sequence of the forward primers (SEQ ID
NOS:2471 and 2474), reverse primers (SEQ ID NOS:2472 and 2475), and hybridization
probes (SEQ ID NOS:2473 and 2476) for the quantitative TagMan® assay for hSARS
virus detection.

Figure 14 shows the standard curve for the real-time quantitative RT-PCR assay
for SARS-CoV. .0The threshold cycle (Ct) is the number of PCR cycles required for the
fluorescent intensity of the reaction to reach a predefined threshold. The Ct is inversely
proportional to the logarithm of the starting concentration of plasmid DNA. The
correlation coefficient are indicated. Ct was calculated based on the calculated threshold
value in the standard amplification plot by maximum curvature approach for different
starting copy numbers. X-axis denotes log copy number of the standard and Y-axis
denotes Ct.

Figure 15 shows a representative amplification plot of fluorescence intensity
against the number of PCR cycles for the NPA specimens isolated from the SARS
patients, using the modified RT-PCR detection method of the present invention. With the
modified RNA extraction protocol, 40 out of 50 NPA samples were positive in the real-
time assay. Of those samples that were negative in the first generation RT-PCR assay, all
were found to contain very low amounts of viral RNA by the detection method of the
present invention. X-axis denotes the number of PCR cycles and Y-axis indicates the
fluorescence intensity over background signal (ARn).

Figure 16 is a graph showing the viral load of SARS-CoV in the clinical
specimens in relation to the days of onset. The result indicates that the viral load
increases as the disease progresses. Some of the samples that were positive in the first
generation assay were found to contain very high amounts of viral RNA. X-axis denotes

the days of onset and Y-axis denotes the copy numbers per reaction in the samples.

5. DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the use of the sequence information of the
isolated hSARS virus for diagnostic methods. In particular, the present invention
provides a method for detecting the presence or absence of nucleic acid molecules of the
hSARS virus, natural or artificial variants, analogs, or derivatives thereof, in a biological

sample. The method involves obtaining a biological sample from various sources and
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contacting the sample with a compound or an agent capable of detécting a nucleic acid
(e.g., mRNA, genomic DNA) of the hSARS virus, natural or artificial variants, analogs,
or derivatives thereof, such that the presence of the hSARS virus, natural or artificial
variants, analogs, or derivatives thereof] is detected in the sample. A preferred agent for
detecting hSARS mRNA or genomic RNA is a labeled nucleic acid probe capable of
hybridizing to mRNA or genomic RNA. In a preferred embodiment, the nucleic acid
probe is a nucleic acid molecule comprising or consisting of the nucleic acid sequence of
SEQ ID NO:2473 or 2476, or a portion thereof, which sufficiently specifically hybridizes
under stringent conditions to an hNSARS mRNA or genomic RNA. In a preferred specific
embodiment, the presence of the hNSARS virus, natural or artificial variants, analogs, or
derivatives thereof; is detected in the sample by a reverse transcription polymerase chain
reaction (RT-PCR) using the primers that are constructed based on a partial nucleotide
sequence of the hSARS virus. In a non-limiting specific embodiment, preferred primers
to be used in a RT-PCR method are: 5’-CAGAACGCTGTAGCTTCAAAAATCT -3’
(SEQ ID NO:2471) and 5’-TCAGAACCCTGTGATGAATCAACAG -3’ (SEQ ID
NO:2472), in the presence of MgCl, and the thermal cycles are, for example, but not
limited to, 50°C for 2 min, 95°C for 10 minutes, and followed by 45 cycles of 95°C for
15 seconds, 60°C for 1 min (also see Sections 6.7, 6.8, 6.9 infia). In preferred
embodiments, the primers comprise the nucleic acid sequence of SEQ ID NOS:2471 and
2472, In .another non-limiting specific embodiment, preferred primers to be used in a
RT-PCR method are: 5’-ACCAGAATGGAGGACGCAATG-3’ (SEQ ID NO:2474) and
5’- GCTGTGAACCAAGACGCAGTATTAT -3’ (SEQ ID NO:2475), in the presence of
MgCl, and the thermal cycles are, for example, but not limited to, 50°C for 2 min, 95°C
for 10 minutes, and followed by 45 cycles of 95°C for 15 seconds, 60°C for 1 min (also
see Sections 6.7, 6.8, 6.9 infra). In preferred embodiments, the primers comprise the
nucleic acid sequence of SEQ ID NOS:2474 and 2475.

The methods of the present invention can involve a real-time quantitative PCR
assay. In a preferred embodiment, the quantitative PCR used in the present invention is
TaqMan® assay (Holland et al., Proc Natl Acad Sci U S A 88(16):7276 (1991)). The
assays can be performed on an instrument designed to perform such assays, for example
those available from Applied Biosystems (Foster City, CA). In more preferred specific

embodiments, the present invention provides a real-time quantitative PCR assay to detect
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the presence of the hSARS virus, natural or artificial variants, analogs, or derivatives
thereof, in a biological sample by subjecting the cDNA obtained by reverse transcription
of the extracted total RNA from the sample to PCR reactions using specific primers, and
detecting the amplified product using a probe. In preferred embodiments, the probe is a
TaqMan® probe which consists of an oligonucleotide with a 5’-reporter dye and a 3’-
quencher dye. In a preferred embodiment, the probe has a nucleotide sequence of 5°-
TCTGCGTAGGCAATCC-3’ (SEQ ID NO:2473). In another preferred embodiment, the
probe has a nucleotide sequence of 5’-ACCCCAAGGTTTACCC-3’ (SEQ ID NO:2476).
A fluorescent reporter dye, such as FAM® dye, is covalently linked to the 5’ end of the
oligonucleotide probe. Other dye such as TET® dye or VIC® may be used as reporter dyes.
Each of the reporters is quenched by a TAMRA® dye at the 3’ end or non-fluorescent
quencher. In a preferred embodiment, the 3’ end is labeled with NFQ-MGB. The
fluorescence signals from these reactions are captured at the end of extension steps as
PCR product is generated over a range of the thermal cycles, thereby allowing the
quantitative determination of the viral load in the sample based on an amplification plot.

Other techniques for detection of RNA may be used. For example, in vitro
techniques for detection of mRNA include northern hybridizations, in situ hybridizations,
RT-PCR, and RNase protection. [n vitro techniques for detection of genomic RNA
include northern hybridizations, RT-PCT, and RNase protection.

As discussed above, in a preferred embodiment, the polynucleotides of the
hSARS virus may be amplified before they are detected. The term “amplified” refers to
the process of making multiple copies of the nucleic acid from a single polynucleotide
molecule. The amplification of polynucleotides can be carried out in vitro by
biochemical processes known to those of skill in the art. The amplification agent may be
any compound or system that will function to accomplish the synthesis of primer
extension products, including enzymes. Suitable enzymes for this purpose include, for
example, E. coli DNA polymerase I, Taq polymerase, Klenow fragment of E. coli DNA
polymerase I, T4 DNA polymerase, other available DNA polymerases, polymerase
muteins, reverse transcriptase, ligase, and other enzymés, including heat-stable enzymes
(i.e., those enzymes that perform primer extension after being subjected to temperatures
sufficiently elevated to cause denaturation). Suitable enzymes will facilitate combination

of the nucleotides in the proper manner to form the primer extension products that are
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complementary to each mutant nucleotide strand. In a preferred embodiment, the enzyme
is AmpliTaq Gold® DNA Polymerase from Applied Biosystems. Generally, the synthesis
will be initiated at the 3’-end of each primer and proceed in the 5’-direction along the
template strand, until synthesis terminates, producing molecules of different lengths.
There may be amplification agents, however, that initiate synthesis at the 5’-end and
proceed in the other direction, using the same process as described above. In any event,
the method of the invention is not to be limited to the embodiments of amplification
described herein.

One method of in vifro amplification, which can be used according to this
invention, is the polymerase chain reaction (PCR) described in U.S. Patent Nos.
4,683,202 and 4,683,195. The term “polymerase chain reaction” refers to a method for
amplifying a DNA base sequence using a heat-stable DNA polymerase and two
oligonucleotide primers, one complementary to the (+)-strand at one end of the sequence
to be amplified and the other complementary to the (-)-strand at the other end. Because
the newly synthesized DNA strands can subsequently serve as additional templates for
the same primer sequences, successive rounds of primer annealing, strand elongation, and
dissociation produce rapid and highly specific amplification of the desired sequence. The
polymerase chain reaction is used to detect the presence of polynucleotides encoding
cytokines in the sample. Many polymerase chain methods are known to those of skill in
the art and may be used in the method of the invention. For example, DNA can be
subjected to 30 to 35 cycles of amplification in a thermocycler as follows: 95°C for 30
sec, 52° to 60°C for 1 min, and 72°C for 1 min, with a final extension step of 72°C for 5
min. For another example, DNA can be subjected to 35 polymerase chain reaction cycles
in a thermocycler at a denaturing temperature of 95°C for 30 sec, followed by varying
annealing temperatures ranging from 54°C to 58°C for 1 min, an extension step at 70°C
for 1 min, with a final extension step at 70°C for 5 min.

The primers for use in amplifying the mRNA or genomic RNA of the hSARS
virus may be prepared using any suitable method, such as conventional phosphotriester
and phosphodiester methods or automated embodiments thereof so long as the primers
are capable of hybridizing to the polynucleotides of interest. One method for
synthesizing oligonucleotides on a modified solid support is described in U.S. Patent No.

4,458,066. The exact length of primer will depend on many factors, including
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temperature, buffer, and nucleotide composition. The primer must prime the synthesis of
extension products in the presence of the inducing agent for amplification.

Primers used according to the method of the invention are complementary to each
strand of nucleotide sequence to be amplified. The term “complementary” means that the
primers must hybridize with their respective strands under conditions, which allow the
agent for polymerization to function. In other words, the primers that are complementary
to the flanking sequences hybridize with the flanking sequences and permit amplification
of the nucleotide sequence. Preferably, the 3’ terminus of the primer that is extended has
perfectly base paired complementarity with the complementary flanking strand. Primers
and probes for polynucleotides of the hNSARS virus, can be developed using known
methods combined with the present disclosure. In preferred embodiments, the primers
are designed according to the TagMan® primers protocol (Applied Biosystems). The
primers can be designed using Primer Express software as described in the Primer
Express User Bulletin (Applied Biosystems). Briefly, when designing primers, it should
be chosen after the probe. The primers are preferred to be as close as possible to the
probe without overlapping the probe. The G-C content of the primers should be in the
20% to 80% range. It is preferred to avoid runs of an identical nucleotide. This is
especially true for guanine, where runs of four or more Gs is preferred to be avoided.

The melting temperature of each primer is preferred to be 58°C to 60°C. The five
nucleotides at the 3’ end of each primer is preferred not to have more than two G and/or
C bases.

Probes can be designed using Primer Express sofiware as described in the Primer
Express User Bulletin (P/N 4317594) (Applied Biosystems). Briefly, it is preferred to
keep the G-C content in the 20% to 80% range. It is preferred to avoid runs of an
identical nucleotide. This is especially true for guanine, where runs of four or more Gs
should be avoided. It is preferred not to put a G base on the 5’ end. It is preferred to
select the strand that gives the probe more Cs than Gs. It is preferred that both probes be
on the same strand. For single-probe assays, the melting temperature is preferred to be
68°C to 70°C.

Those of ordinary skill in the art will know of various amplification
methodologies that can also be utilized to increase the copy number of target nucleic acid.

The polynucleotides detected in the method of the invention can be further evaluated,
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detected, cloned, sequenced, and the like, either in solution or after binding to a solid
support, by any method usually applied to the detection of a specific nucleic acid
sequence such as another polymerase chain reaction, oligomer restriction (Saiki et al.,
Bio/Technology 3:1008-1012 (1985)), allele-specific oligonucleotide (ASQ) probe
analysis (Conner ef al., Proc. Natl. Acad. Sci. USA 80: 278 (1983)), oligonucleotide
ligation assays (OLAs) (Landegren ef al., Science 241:1077 (1988)), RNase Protection
Assay and the like. Molecular techniques for DNA analysis have been reviewed
(Landegren ef al, Science 242:229-237 (1988)). Following DNA amplification, the
reaction product may be detected by Southern blot analysis, without using radioactive
probes. In such a process, for example, a small sample of DNA containing the
polynucleotides obtained from the tissue or subject is amplified, and analyzed via a
Southern blotting technique. The use of non-radioactive probes or labels is facilitated by
the high level of the amplified signal. In one embodiment of the invention, one
nucleoside triphosphate is radioactively labeled, thereby allowing direct visualization of
the amplification product by autoradiography. In another embodiment, amplification
primers are fluorescently labeled and run through an electrophoresis system.
Visualization of amplified products is by laser detection followed by computer assisted
graphic display, without a radioactive signal.

The size of the primers used to amplify a portion of the mRNA or genomic RNA
of the hSARS virus is at least 10, 15, 20, 25, or 30 nucleotide in length. Preferably, the
GC ratio should be above 30%, 35%, 40%, 45%, 50%, 55%, or 60 % so as to prevent
hair-pin structure on the primer. Furthermore, the amplicon should be sufficiently long
enough to be detected by standard molecular biology methodologies. Preferably, the
amplicon is at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 175, 200,
250, 300, 350, 400, 450, 500, 550, 600, 700, 800, or 1000 base pair in length.

In a specific embodiment, the methods further involve obtaining a control sample
from a control subject, contacting the control sample with a compound or agent capable
of detecting the presence of mRNA or genomic RNA in the sample, and comparing the
presence of mRNA or genomic RNA in the control sample with the presence of mRNA
or genomic DNA in the test sample.

The invention also encompasses kits for detecting the presence of hRSARS viral

nucleic acids in a test sample. The kit, for example, can comprise a labeled compound or
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agent capable of detecting a nucleic acid molecule in a test sample and, in certain
embodiments, a means for determining the amount of mRNA in the sample (an
oligonucleotide probe which binds to DNA or mRNA).

For oligonucleotide-based kits, the kit can comprise, for example: (1) an
oligonucleotide, e.g., a detectably labeled oligonucleotide, which hybridizes to a nucleic
acid sequence of the hSARS virus and/or (2) a pair of primers useful for amplifying a
nucleic acid molecule containing the hSARS viral sequence. The kit can also comprise,
e.g., a buffering agent, a preservative, or a protein stabilizing agent. The kit can also
comprise components necessary for detecting the detectable agent (e.g., an enzyme or a
substrate). The kit can also contain a control sample or a series of control samples which
can be assayed and compared to the test sample contained. Each component of the kit is
usually enclosed within an individual container and all of'the various containers are

usually enclosed within a single package along with instructions for use.
5.1.  Nucleic Acid Sequences of hSARS Viruses

The invention relates to the use of the sequence information of the isolated virus
for diagnostic and therapeutic methods. The entire genome sequence of the hRSARS virus,
CCTCC-V200303 is disclosed in a United States Patent Application with Attorney
Docket No. V9661.0069 filed concurrently herewith on March 24, 2004, which is
incorporated by reference in its entirety. In a specific embodiment, the invention
provides the entire nucleotide sequence of the hSARS virus, CCTCC-V200303, SEQ ID
NO:15, or a complement, analog, derivative, or fragment thereof, or a portion thereof.
Furthermore, the present invention relates to a nucleic acid molecule that hybridizes to
any portion of the genome of the hSARS virus, CCTCC-V200303, SEQ ID NO:15, under
the stringent conditions. In a specific embodiment, the invention provides nucleic acid
molecules which are suitable for use as primers consisting of or comprising the nucleic
acid sequence of SEQ ID NO:1, 3, 4, 11 or 13, or a complement, analog, derivative, or
fragment thereof, or a portion thereof. In preferred specific embodiments, the primers
comprise the nucleic acid sequence of SEQ ID NO:2471, 2472, 2474 or 2475. In another
specific embodiment, the invention provides nucleic acid molecules which are suitable
for use as hybridization probes for the detection of nucleic acids encoding a polypeptide

of the invention, consisting of or comprising the nucleic acid sequence of SEQ ID 1, 11,
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13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475, or 2476 or a
complement, analog, derivative, or fragment thereof, or a portion thereof, In another
embodiment, the invention relates to a kit comprising primers having the nucleic acid
sequence of SEQ ID NOS:2471 and/or 2472 for the detection of the hSARS virus, natural
or artificial variants, analogs, or derivatives thereof. In a preferred embodiment, the kit
further contains a probe having the nucleic acid sequence of SEQ ID NO:2473. In
another embodiment, the invention relates to a kit comprising primers having the nucleic
acid sequence of SEQ ID NOS:2474 and/or 2475 for the detection of the hSARS virus,
natural or artificial variants, analogs, or derivatives thereof. In a preferred embodiment,
the kit further contains a probe having the nucleic acid sequence of SEQ ID NO:2476. In
another preferred embodiment, the kit further comprises reagents for the detection of
genes not found in the hNSARS virus as a negative control. The invention further
encompasses chimeric or recombinant viruses or viral proteins encoded by said
nucleotide sequences.

The present invention also relates to the isolated nucleic acid molecules of the
hSARS virus, comprising, or, alternatively, consisting of the nucleic acid sequence of
SEQ ID NO: 1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475
or 2476, or a complement, analog, derivative, or fragment thereof, or a portion thereof.

In another specific embodiment, the invention provides isolated nucleic acid molecules
which hybridize under stringent conditions, as defined herein, to a nucleic acid molecule
having the nucleic acid sequence of SEQ ID NOS: 1, 11, 15, 13, 16, 240, 737, 1108, 1590,
1965, 2471, 2472, 2473, 2474, 2475 or 2476, or specific genes of known member of
Coronaviridae, or a complement, analog, derivative, or fragment thereof, or a portion
thereof. In another specific embodiment, the invention provides isolated polypeptides or
proteins that are encoded by a nucleic acid molecule comprising a nucleotide sequence
that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, or more contiguous nucleotides of the nucleic acid sequence of SEQ ID
NO:1, or a complement, analog, derivative, or fragment thereof. In another specific
embodiment, the invention provides isolated polypeptides or proteins that are encoded by
a nucleic acid molecule comprising a nucleotide sequence that is at least about 5, 10, 15,
20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750,
800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150, 1,200, or more contiguous nucleotides of
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the nucleic acid sequence of SEQ ID NO:11, or a complement, analog, derivative, or
fragment thereof. In yet another specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid molecule comprising a
nucleotide sequence that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200,
300, 350, 400, 450, 500, 550, 600, 650, 700, or more contiguous nucleotides of the
nucleic acid sequence of SEQ ID NO:13, or a complement, analog, derivative, or
fragment thereof. In yet another specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid molecule comprising or,
alternatively consisting of a nucleotide sequence that is at least 5, 10, 15, 20, 25, 30, 35,
40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900,
950, 1,000, 1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000,
9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000, 19,000,
20,000, 21,000, 22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 29,000 or more
contiguous nucleotides of the nucleic acid sequence of SEQ ID NO:15, or a complement,
analog, derivative, or fragment thereof. The polypeptides include those shown in Figures
11 (SEQ ID NOS:17-239, 241-736, and 738-1107) and 12 (SEQ ID NOS:1109-1589,
1591-1964, and 1966-2470). The polypeptides or the proteins of the present invention
preferably have one or more biological activities of the proteins encoded by the nucleic
acid sequence of SEQ ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472,
2473, 2474, 2475 or 2476, or the native viral proteins containing the amino acid
sequences encoded by the nucleic acid sequence of SEQ ID NO:1, 11, 13, 15, 16, 240,
737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476.

The invention further provides antibodies that specifically bind a polypeptide of
the invention encoded by the nucleic acid sequence of SEQ ID NO: 1, 11, 13, 16, 240,
737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476, or a fragment thereof, or
any hSARS epitope. The invention further provides antibodies that specifically bind the
polypeptides of the invention encoded by the nucleic acid sequence of SEQ ID NO:15, or
a fragment thereof, or any hSARS epitope. Such antibodies include, but are not limited
to polyclonal, monoclonal, bi-specific, multi-specific, human, humanized, chimeric
antibodies, single chain antibodies, Fab fragments, F(ab’), fragments, disulfide-linked

Fvs, intrabodies and fragments containing either a VL or VH domain or even a

22



10

15

20

25

30

WO 2004/085455 PCT/CN2004/000247

complementary determining region (CDR) that specifically binds to a polypeptide of the
invention.

In another embodiment, the invention provides vaccine preparations comprising
the hSARS virus, natural or artificial variants, analogs, or derivatives thereof. In yet
another embodiment, the invention provides vaccine preparations comprising
recombinant and chimeric forms of the hSARS virus, or subunits of the virus. In a
specific embodiment, the vaccine preparations comprise live but attenuated hSARS virus
with or without pharmaceutically acceptable excipients, including adjuvants. In another
specific embodiment, the vaccine preparations comprise an inactivated or killed hNSARS
virus with or without pharmaceutically acceptable excipients, including adjuvants. The
vaccine preparations of the present invention may further comprise adjuvants.
Accordingly, the present invention further provides methods of preparing recombinant or
chimeric forms of the hSARS virus. In another specific invention, the vaccine
preparations of the present invention comprise one or more nucleic acid molecules
comprising or consisting of the nucleic acid sequence of SEQ ID NO:1, 11, 13, 15, 16,
240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476, or a fragment thereof.
In another embodiment, the invention provides vaccine preparations comprising one or
more polypeptides of the invention encoded by a nucleotide sequence comprising or
consisting of the nucleic acid sequence of SEQ ID NO: 1, 11, 13, 16, 240, 737, 1108,
1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476, or a fragment thereof. In another
embodiment, the invention provides vaccine preparations comprising one or more
polypeptides of the invention encoded by a nucleotide sequence comprising or consisting
of the nucleic acid sequence of SEQ ID NO:15, or a fragment thereof. Further, the
present invention provides methods for treating, ameliorating, managing, or preventing
SARS by administering the vaccine preparations or antibodies of the present invention
alone or in combination with antivirals (e.g., amantadine, rimantadine, gancyclovir,
acyclovir, ribavirin, penciclovir, oseltamivir, foscarnet zidovudine (AZT), didanosine
(dd), lamivudine (3TC), zalcitabine (ddC), stavudine (d4T), nevirapine, delavirdine,
indinavir, ritonavir, vidarabine, nelfinavir, saquinavir, relenza, tamiflu, pleconaril,
interferons, etc.), steroids and corticosteroids such as prednisone, cortisone, fluticasone
and glucocorticoid, antibiotics, analgesics, bronchodialaters, or other treatments for

respiratory and/or viral infections.
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Furthermore, the present invention provides pharmaceutical compositions
comprising anti-viral agents of the present invention and a pharmaceutically acceptable
carrier. The present invention also provides kits comprising pharmaceutical
compositions of the present invention.

In another aspect, the present invention provides methods for screening anti-viral
agents that inhibit the infectivity or replication of the hSARS virus, natural or artificial
variants, analogs, or derivatives thereof.

In one embodiment, the invention provides methods for detecting the presence,
activity or expression of the hSARS virus, natural or artificial variants, analogs, or
derivatives thereof, of the invention in a biological material, such as cells, blood, serum,
plasma, saliva, urine, stool, sputum, nasopharyngeal aspirates, and so forth. The presence
of the hSARS virus, natural or artificial variants, analogs, or derivatives thereof, in a
sample can be determined by contacting the biological material with an agent which can
detect directly or indirectly the presence of the hSARS virus, natural or artificial variants,
analogs, or derivatives thereof. In a specific embodiment, the detection agents are the
antibodies of the present invention. In another embodiment, the detection agent is a

nucleic acid of the present invention.

5.2. hSARS Viruses

5.2.1. Natural variants of hSARS viruses

The present invention is based upon the inventor’s isolation and identification of a
novel virus from subjects suffering from SARS. The isolated hSARS virus is that which
was deposited with the China Center for Type Culture Collection (CCTCC) on April 2,
2003 and accorded an accession number, CCTCC-V200303. The invention also relates
to natural variants of the hRSARS virus of deposit accession no. CCTCC-V200303.

A natural variant of hRSARS virus has a sequence that is different from the
genomic sequence of the hSARS virus due to one or more naturally occurred mutations,
including, but not limited to, point mutations, rearrangements, insertions, deletions, etc.,
to the genomic sequence that may or may not result in a phenotypic change. Preferably,
the variants include less than 25, 20, 15, 10, 5, 4, 3, or 2 amino acid substitutions,

rearrangements, insertions, and/or deletions relative to the hSARS virus.
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Either conservative or non-conservative amino acid substitutions can be made at
one or more amino acid residues. In preferred embodiments, the variants have
conservative amino acid substitutions that are made at one or more predicted non-
essential amino acid residues (i.e., amino acid residues which are not critical for the
expression of the biological activities of the virus, e.g., infectivity, replication ability,
protein synthesis ability, assembling ability, and cytotoxic effect). In other embodiments,
the variants have non-conservative amino acid substitutions that are made at one or more
predicted non-essential amino acid residues (i.e., amino acid residues which are not
critical for the expression of the biological activities of the virus, e.g., infectivity,
replication ability, protein synthesis ability, assembling ability, and cytotoxic effect).

A “conservative amino acid substitution” is one in which the amino acid residue
is replaced with an amino acid residue having a side chain with a similar charge. A “non-
conservative amino acid substitution” is one in which the amino acid residue is replaced
with an amino acid residue having a side chain with an opposite charge. Families of
amino acid residues having side chains with similar charges have been defined in the art.
Genetically encoded amino acids are can be divided into four families: (1) acidic =
aspartate, glutamate; (2) basic = lysine, arginine, histidine; (3) nonpolar = alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) uncharged
polar = glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine. In similar
fashion, the amino acid repertoire can be grouped as (1) acidic = aspartate, glutamate; (2)
basic = lysine, arginine histidine, (3) aliphatic = glycine, alanine, valine, leucine,
isoleucine, serine, threonine, with serine and threonine optionally be grouped separately
as aliphatic-hydroxyl; (4) aromatic = phenylalanine, tyrosine, tryptophan; (5) amide =
asparagine, glutamine; and (6) sulfur -containing = cysteine and methionine. (See, for
example, Biochemistry, 4th ed., Ed. by L. Stryer, WH Freeman and Co.: 1995).

The invention further relates to mutant hNSARS virus. In one embodiment,
mutations can be introduced randomly along all or part of the coding sequence of the
hSARS virus or variants thereof, such as by saturation mutagenesis, and the resultant
mutants can be screened for biological activity to identify mutants that retain activity.
Techniques for mutagenesis known in the art can also be used, including but not limited
to, point-directed mutagenesis, chemical mutagenesis, in vifro site-directed mutagenesis,

using, for example, the QuikChange Site-Directed Mutagenesis Kit (Stratagene), etc.
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Non-limiting examples of such modifications include substitutions of amino acids to
cysteines toward the formation of disulfide bonds; substitution of amino acids to tyrosine
and subsequent chemical treatment of the polypeptide toward the formation of dityrosine
bonds, as disclosed in detail herein; one or more amino acid substitutions and/or
biological or chemical modification toward generating a binding pocket for a small
molecule (substrate or inhibitor), and/or the introduction of side-chain specific tags (e.g.,
to characterize molecular interactions or to capture protein-protein interaction partners).
In a specific embodiment, the biological modification comprises alkylation,
phosphorylation, sulfation, oxidation or reduction, ADP-ribosylation, hydroxylation,
glycosylation, glucosylphosphatidylinositol addition, ubiquitination. In another specific
embodiment, the chemical modification comprises altering the charge of the recombinant
virus. In yet another embodiment, a positive or negative charge is chemically added to an
amino acid residue where a charged amino acid residue is modified to an uncharged

residue,

5.2.2. Recombinant and chimeric hSARS viruses

The present invention also encompasses recombinant or chimeric viruses encoded
by viral vectors derived from the genome of hSARS virus or natural variants thereof. In
a specific embodiment, a recombinant virus is one derived from the hSARS virus of
deposit accession no. CCTCC-V200303. In a specific embodiment, the virus has a
nucleic acid sequence of SEQ ID NO:15. In another specific embodiment, a recombinant
virus is one derived from a natural variant of hSARS virus. A natural variant of hSARS
virus has a sequence that is different from the genomic sequence (SEQ ID NO:15) of the
hSARS virus, CCTCC-V200303, due to one or more naturally occurred mutations,
including, but not limited to, point mutations, rearrangements, insertions, deletions,
substitution, etc., to the genomic sequence that may or may not result in a phenotypic
change. In accordance with the present invention, a viral vector which is derived from
the genome of the hSARS virus, CCTCC-V200303, is one that contains a nucleic acid
sequence that encodes at least a part of one ORF of the hSARS virus. In a specific
embodiment, the ORF comprises or consists of the nucleic acid sequence of SEQ ID NO:
1, 11, or 13, or a fragment thereof. In a specific embodiment, there are more than one

ORF within the nucleic acid sequence of SEQ ID NO:15, as shown in Figures 11 (see
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SEQ ID NOS:16, 240 and 737) and 12 (see SEQ ID NOS:1108, 1590 and 1965), or a
fragment thereof. In another embodiment, the polypeptide encoded by the ORF
comprises or consists of the amino acid sequence of SEQ ID NO:2, 12 or 14 or a
fragment thereof, or shown in Figures 11 (SEQ ID NO:17-239, 241-736 or 738-1107)
and 12 (SEQ ID NO:1109-1589, 1591-1064 or 1966-2470), or a fragment thereof. In
accordance with the present invention these viral vectors may or may not include nucleic
acids that are non-native to the viral genome,

In another specific embodiment, a chimeric virus of the invention is a
recombinant hSARS virus which further comprises a heterologous nucleotide sequence.
In accordance with the invention, a chimeric virus may be encoded by a nucleotide
sequence in which heterologous nucleotide sequences have been added to the genome or
in which endogenous or native nucleotide sequences have been replaced with
heterologous nucleotide sequences.

According to the present invention, the chimeric viruses are encoded by the viral
vectors of the invention which further comprise a heterologous nucleotide sequence. In
accordance with the present invention a chimeric virus is encoded by a viral vector that
may or may not include nucleic acids that are non-native to the viral genome. In
accordance with the invention a chimeric virus is encoded by a viral vector to which
heterologous nucleotide sequences have been added, inserted or substituted for native or
non-native sequences. In accordance with the present invention, the chimeric virus may
be encoded by nucleotide sequences derived from different strains or variants of hSARS
virus. In particular, the chimeric virus is encoded by nucleotide sequences that encode
antigenic polypeptides derived from different strains or variants of hRSARS virus.

A chimeric virus may be of particular use for the generation of recombinant
vaccines protecting against two or more viruses (Tao ef al., J. Virol. 72:2955-2961,
Durbin ef al., 2000, J. Virol. 74:6821-6831; Skiadopoulos et al., 1998, J. Virol. 72:1762-
1768; Teng et al., 2000, J. Virol. 74:9317-9321). For example, it can be envisaged that a
virus vector derived from the hSARS virus expressing one or more proteins of variants of
hSARS virus, or vice versa, will protect a subject vaccinated with such vector against
infections by both the native hSARS virus and the variant. Attenuated and replication-

defective viruses may be of use for vaccination purposes with live vaccines as has been
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suggested for other viruses. (See PCT WO 02/057302, at pp.6 and 23, incorporated by
reference herein).

In accordance with the present invention the heterologous sequence to be
incorporated into the viral vectors encoding the recombinant or chimeric viruses of the
invention include sequences obtained or derived from different strains or variants of the
hSARS virus.

In certain embodiments, the chimeric or recombinant viruses of the invention are
encoded by viral vectors derived from viral genomes wherein one or more sequences,
intergenic regions, termini sequences, or portions or entire ORF have been substituted
with a heterologous or non-native sequence. In certain embodiments of the invention, the
chimeric viruses of the invention are encoded by viral vectors derived from viral
genomes wherein one or more heterologous sequences have been inserted or added to the
vector.

The selection of the viral vector may depend on the species of the subject that is
to be treated or protected from a viral infection. If the subject is human, then an
attenuated hSARS virus can be used to provide the antigenic sequences.

In accordance with the present invention, the viral vectors can be engineered to
provide antigenic sequences which confer protection against infection by the hSARS
virus, natural or artificial variants, a.nélogs, or derivatives thereof. The viral vectors may
be engineered to provide one, two, three or more antigenic sequences. In accordance
with the present invention the antigenic sequences may be derived from the same virus,
from different strains or variants of the same type of virus, or from different viruses.

The expression products and/or recombinant or chimeric virions obtained in
accordance with the invention may advantageously be utilized in vaccine formulations.
The expression products and chimeric virions of the present invention may be engineered
to create vaccines against a broad range of pathogens, including viral and bacterial
antigens, tumor antigens, allergen antigens, and auto antigens involved in autoimmune
disorders. In particular, the chimeric virions of the present invention may be engineered
to create vaccines for the protection of a subject from infections with the hSARS virus,
natural or artificial variants, analogs, or derivatives thereof,

In certain embodiments, the expression products and recombinant or chimeric

virions of the present invention may be engineered to create vaccines against a broad
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range of pathogens, including viral antigens, tumor antigens and auto antigens involved
in autoimmune disorders. One way to achieve this goal involves modifying existing
hSARS genes to contain foreign sequences in their respective external domains. Where
the heterologous sequences are epitopes or antigens of pathogens, these chimeric viruses
may be used to induce a protective immune response against the disease agent from
which these determinants are derived.

Thus, the present invention relates to the use of viral vectors and recombinant or
chimeric viruses to formulate vaccines against a broad range of viruses and/or antigens.
The present invention also encompasses recombinant viruses comprising a viral vector
derived from the hSARS virus, natural or artificial variants, analogs, or derivatives
thereof, which contains sequences which result in a virus having a phenotype more
suitable for use in vaccine formulations, e.g., attenuated phenotype or enhanced
antigenicity. The mutations and modifications can be in coding regions, in intergenic
regions and in the leader and trailer sequences of the virus,

The invention provides a host cell comprising a nucleic acid or a vector according
to the invention. Plasmid or viral vectors containing the polymerase components of the
hSARS virus are generated in prokaryotic cells for the expression of the components in
relevant cell types (bacteria, insect cells, eukaryotic cells). Plasmid or viral vectors
containing full-length or partial copies of the hSARS genome will be generated in
prokaryotic cells for the expression of viral nucleic acids in vifro or in vivo. The latter
vectors may contain other viral sequences for the generation of chimeric viruses or
chimeric virus proteins, may lack parts of the viral genome for the generation of
replication defective virus, and may contain mutations, deletions, substitutions, or
insertions for the generation of attenuated viruses.

The present invention also provides a host cell comprising a nucleic acid molecule
of the present invention. In addition, the present invention provides a host cell infected
with the hSARS virus, for example, of deposit no. CCTCC-V200303, or the natural or
artificial variants, analogs, or derivatives thereof. In a specific embodiment, the
invention encompasses a continuous cell line infected with the hSARS virus. Preferably,
the cell line is a primate cell line. These cell lines may be cultured and maintained using
known cell culture techniques such as described in Celis, Julio, ed., 1994, Cell Biology

Laboratory Handbook, Academic Press, N.Y. Various culturing conditions for these cells,
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including media formulations with regard to specific nutrients, oxygen, tension, carbon
dioxide and reduced serum levels, can be selected and optimized by one of skill in the art.

The preferred cell line of the present invention is a eukaryotic cell line, preferably
a primate cell line, more preferably a monkey cell line, most preferably a fetal rhesus
monkey kidney cell line (e.g., FRhK-4), transiently or stably expressing one or more full-
length or partial hSARS proteins. Such cells can be made by transfection (proteins or
nucleic acid vectors), infection (viral vectors) or transduction (viral vectors) and may be
useful for complementation of mentioned wild-type, attenuated, replication-defective or
chimeric viruses. The cell lines for use in the present invention can be cloned using
known cell culture techniques familiar to one skilled in the art. The cells can be cultured
and expanded from a single cell using commercially available culture media under known
conditions suitable for propagating cells.

For example, the cell lines of the present invention kept frozen until use, can be
warmed at a temperature of about 37°C and then added to a suitable growth medium such
as DMEM/F-12 (Life Technologies, Inc.) containing 3% fetal bovine serum (FBS). The
cells can be incubated at a temperature of about 37°C in a humidified incubator with
about 5% CO, until confluent. In order to passage the cells, the growth medium can be
removed 0.05% trypsin and 0.53mM EDTA added to the cells. The cells will detach and
the cell suspension can be collected into centrifuge tubes and centrifuged into cell pellets.
The trypsin solution can be removed and the cell pellet resuspended into new growth
medium. The cells can then be further propagated in additional growth vessels to a
desired density.

In accordance with the present invention, a continuous cell line encompasses
immortalized cells which can be maintained in-vitro for at least 5, 10, 15, 20, 25, or 50
passages.

Infectious copies of hSARS virus (being wild type, attenuated, replication-
defective or chimeric) can be produced upon co-expression of the polymerase
components according to the state-of-the-art technologies described above.

In addition, eukaryotic cells, transiently or stably expressing one or more full-
length or partial hSARS proteins can be used. Such cells can be made by transfection

(proteins or nucleic acid vectors), infection (viral vectors) or transduction (viral vectors)
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and may be useful for complementation of mentioned wild type, attenuated, replication-
defective or chimeric viruses.

The viral vectors and chimeric viruses of the present invention may be used to
modulate a subject’s immune system by stimulating a humoral immune response, a
cellular immune response or by stimulating tolerance to an antigen. As used herein, a
subject means: humans, primates, horses, cows, sheep, pigs, goats, dogs, cats, avian

species and rodents.
5.3. Vaccines and Antivirals

In a preferred embodiment, the invention provides a proteinaceous molecule or
hSARS virus specific viral protein or functional fragment thereof encoded by a nucleic
acid according to the invention. Useful proteinaceous molecules are for example derived
from any of the genes or genomic fragments derivable from the virus according to the
invention, including envelop protein (E protein), integral membrane protein (M protein),
spike protein (S protein), nucleocapsid protein (N protein), hemaglutinin esterase (HE
protein), and RNA-dependent RNA polymerase. Such molecules, or antigenic fragments
thereof, as provided herein, are for example useful in diagnostic methods or kits and in
pharmaceutical compositions such as subunit vaccines. Particularly useful are
polypeptides encoded by the nucleic acid sequence of SEQ ID NO: 1, 11, 13, 15, 2471,
2472, 2473, 2474, 2475 or 2476, or as shown in Figures 11 (SEQ ID NO:17-239, 241-
736 or 738-1107) and 12 (SEQ ID NO:1109-1589, 1591-1964, 1966-2470), or antigenic
fragments thereof for inclusion as antigen or subunit immunogen, but inactivated whole
virus can also be used. Particularly useful are also those proteinaceous substances that
are encoded by recombinant nucleic acid fragments of the hSARS genome, more
preferred are those that are within the preferred bounds and metes of ORFs, in particular,
for eliciting hSARS specific antibody or T cell responses, whether in vivo (e.g., for
protective or therapeutic purposes or for providing diagnostic antibodies) or in vitro (e.g.,
by phage display technology or another technique useful for generating synthetic

antibodies).

5.3.1. Attenuation of hSARS viruses and variants Thereof
The hSARS virus or variants thereof of the invention can be genetically

engineered to exhibit an attenuated phenotype. In particular, the viruses of the invention
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exhibit an attenuated phenotype in a subject to which the virus is administered as a
vaccine. Attenuation can be achieved by any method known to a skilled artisan. Without
being bound by theory, the attenuated phenotype of the viruses of the invention can be
caused, e.g., by using a virus that naturally does not replicate well in an intended host
species, for example, by reduced replication of the viral genome, by reduced ability of the
virus to infect a host cell, or by reduced ability of the viral proteins to assemble to an
infectious viral particle relative to the wild-type strain of the virus.

In one embodiment, the infectivity of the virus is reduced by 10,000-fold, 9,000-
fold, 8,000-fold, 7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold, 2,500-fold,
2,000-fold, 1,500-fold, 1,250-fold, 1,000-fold, 900-fold, 800-fold, 700-fold, 600-fold,
500-fold, 400-fold, 300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold, 5-fold, 1-fold,
or 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10%. As used herein, the term
“infectivity” refers to the ability of the virus to enter, survive, and multiply in a
susceptible host. In a specific embodiment, the infectivity of the hSARS virus is said to
be attenuated or reduced when grown in a human host if the growth of the hSARS virus
or variant thereof in the human host is reduced compared to the non-attenuated hSARS
virus or variant thereof. The infectivity of the virus can be measured using a variety of
methods such as, but not limited to, Western blot (proteins), Southern blot (RNA),
Northern blot (DNA), plaque formation assay, colorimetric, microscopically, and
chemiluminescence techniques. The infectivity of the virus can be measured in an animal
cell, preferably a primate cell, more preferably a monkey cell, most preferably a human
cell.

In another embodiment, the replication ability of the virus is reduced by 10,000-
fold, 9,000-fold, 8,000-fold, 7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold,
2,500-fold, 2,000-fold, 1,500-fold, 1,250-fold, 1,000-fold, 900-fold, 800-fold, 700-fold,
600-fold, 500-fold, 400-fold, 300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold, 5-
fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10%. As used herein,
the term “replication ability” refers to the ability of the virus to duplicate, multiply,
and/or reproduce. The replication ability can be determined using the doubling time, the
rate of replication, the growth rate, and/or the half-life of the virus. In a specific
embodiment, the replication ability of the hSARS virus is said to be attenuated or reduced
when grown in a human host if the growth of the hSARS virus or variant thereof in the

human host is reduced compared to the non-attenuated hSARS virus or variant thereof.
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The replication ability of the virus can be measured using a variety of methods such as,
but not limited to, Western blot (proteins), Southern blot (RNA), Northern blot (DNA),
plaque formation assay, colorimetric, microscopically, and chemiluminescence
techniques. In some cases, replication and transcription may be synonymous. The
replication ability of the virus can be measured in an animal cell, preferably a primate cell,
more preferably a monkey cell, most preferably a human cell.

In another embodiment, the protein synthesis ability of the virus is reduced by
10,000-fold, 9,000-fold, 8,000-fold, 7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-
fold, 2,500-fold, 2,000~fold, 1,500-fold, 1,250-fold, 1,000-fold, 900-fold, 800-fold, 700-
fold, 600-fold, 500-fold, 400-fold, 300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold,
5-fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10%. As used herein,
the term “protein synthesis ability” refers to the ability of the virus to synthesize proteins
such as, but not limited to, envelope protein (E protein), integral membrane protein (M
protein), spike protein (S protein), nucleocapsid protein (N protein), hemaglutinin
esterase (HE protein), and RNA-dependent RNA polymerase. The protein synthesis
ability can be determined by the rate of protein synthesis (e.g., transcription level,
translation level), and the types and amount of protein synthesized by the virus. Ina
specific embodiment, the protein synthesis ability of the hNSARS virus is said to be
attenuated or reduced when grown in a human host if the growth of the hSARS virus or
variant thereof in the human host is reduced compared to the non-attenuated hSARS virus
or variant thereof. The protein synthesis ability of the virus can be measured using a
variety of methods such as, but not limited to, Western blot (proteins), Southern blot
(RNA), Northern blot (DNA), plaque formation assay, colorimetric, microscopically, and
chemiluminescence techniques. The protein synthesis ability of the virus can be
measured in an animal cell, preferably a primate cell, more preferably a monkey cell,
most preferably a human cell.

In another embodiment, the assembling ability of the virus is reduced by 10,000-
fold, 9,000-fold, 8,000-fold, 7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold,
2,500-fold, 2,000-fold, 1,500-fold, 1,250-fold, 1,000-fold, 900-fold, 800-fold, 700-fold,
600-fold, 500-fold, 400-fold, 300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold, 5-
fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10%. As used herein,
the term “assembling ability” refers to the ability of the virus to assemble the necessary

proteins or protein components into a viral particle. In a specific embodiment, the
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assembling ability of the hSARS virus is said to be attenuated or reduced when grown in
a human host if the growth of the hSARS virus or variant thereof in the human host is

reduced compared to the non-attenuated hSARS virus or variant thereof. The assembling
ability of the virus can be measured using a variety of methods such as, but not limited to

Western blot (proteins), Southern blot (RNA), Northern blot (DNA), plaque formation

2

assay, colorimetric, microscopically, and chemiluminescence techniques. The
assembling ability of the virus can be measured in an animal cell, preferably a primate
cell, more preferably a monkey cell, most preferably a human cell.

In another embodiment, the cytopathic effect of the virus is reduced by 10,000-
fold, 9,000-fold, 8,000-fold, 7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold,
2,500~fold, 2,000-fold, 1,500-~fold, 1,250-fold, 1,000-fold, 900-fold, 800-fold, 700-fold,
600-fold, 500-fold, 400-fold, 300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold, 5-
fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10%. As used herein,
the term “cytopathic effect” refers to damages to infected host cells caused by the
infecting virus. Viral infection can lead to cell abnormalities (biochemical and
morphological) and/or cell death (e.g., lysis). In a specific embodiment, the cytopathic
effect of the hSARS virus is said to be attenuated or reduced when grown in a human
host if the growth of the hSARS virus or variant thereof in the human host is reduced
compared to the non-attenuated hSARS virus or variant thereof. The cytopathic effect of
the virus can be measured using a variety of methods such as, but not limited to, Western
blot (proteins), Southern blot (RNA), Northern blot (DNA), piaque formation assay,
colorimetric, microscopically, and chemiluminescence techniques. The cytopathic effect
of the virus can be measured in an animal cell, preferably a primate cell, more preferably
a monkey cell, most preferably a human cell.

The viruses of the invention can be attenuated such that one or more of the
functional characteristics of the virus are impaired. The attenuated phenotypes of hRSARS
virus or variants thereof can be tested by any method known to the artisan. A candidate
virus can, for example, be tested for its ability to infect a host or for the rate of replication
in a cell culture system. In certain embodiments, growth curves at different temperatures
are used to test the attenuated phenotype of the virus. For example, an attenuated virus is
able to grow at 35°C, but not at 39°C or 40°C. In certain embodiments, different cell lines
can be used to evaluate the attenuated phenotype of the virus. For example, an attenuated

virus may only be able to grow in monkey cell lines but not the human cell lines, or the
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achievable virus titers in different cell lines are different for the attenuated virus. In
certain embodiments, viral replication in the respiratory tract of a small animal model,
including but not limited to, hamsters, cotton rats, mice and guinea pigs, is used to
evaluate the attenuated phenotypes of the virus. In other embodiments, the immune
response induced by the virus, including but not limited to, the antibody titers (e.g.,
assayed by plaque reduction neutralization assay or ELISA) is used to evaluate the
attenuated phenotypes of the virus. In a specific embodiment, the plaque reduction
neutralization assay or ELISA is carried out at a low dose. In certain embodiments, the
ability of the hSARS virus to elicit pathological symptoms in an animal model can be
tested. A reduced ability of the virus to elicit pathological symptoms in an animal model
system is indicative of its attenuated phenotype. In a specific embodiment, the candidate
viruses are tested in a monkey model for nasal infection, indicated by mucous production.

In certain other embodiments, attenuation is measured in comparison to the wild-
type strain of the virus from which the attenuated virus is derived. In other embodiments,
attenuation is determined by comparing the growth of an attenuated virus in different host
systems. Thus, for a non-limiting example, the hRSARS virus or a variant thereof is said
to be attenuated when grown in a human host if the growth of the hSARS or variant
thereof in the human host is reduced compared to the non-attenuated hSARS or variant
thereof.

In certain embodiments, the attenuated virus of the invention is capable of
infecting a host, or is capable of replicating in a host such that infectious viral particles
are produced. In comparison to the wild-type strain, however, the attenuated strain grows
to lower titers or grows more slowly. Any technique known to the skilled artisan can be
used to determine the growth curve of the attenuated virus and compare it to the growth
curve of the wild-type virus.

In certain embodiments, the attenuated virus of the invention cannot replicate in
human cells as well as the wild-type virus does. However, the attenuated virus can
replicate well in a cell line that lack interferon functions, such as Vero cells.

In other embodiments, the attenuated virus of the invention is capable of infecting
a host, of replicating in the host, and of causing proteins of the virus of the invention to
be inserted into the cytoplasmic membrane, but the attenuated virus does not cause the
host to produce new infectious viral particles. In certain embodiments, the attenuated

virus infects the host, replicates in the host, and causes viral proteins to be inserted in the
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cytoplasmic membrane of the host with the same efficiency as the wild-type hSARS virus.
In other embodiments, the ability of the attenuated virus to cause viral proteins to be
inserted into the cytoplasmic membrane into the host cell is reduced compared to the
wild-type virus. In certain embodiments, the ability of the attenuated hSARS virus to
replicate in the host is reduced compared to the wild-type virus. Any technique known to
the skilled artisan can be used to determine whether a virus is capable of infecting a
mammalian cell, of replicating within the host, and of causing viral proteins to be inserted
into the cytoplasmic membrane of the host.

In certain embodiments, the attenuated virus of the invention is capable of
infecting a host. In contrast to the wild-type hSARS virus, however, the attenuated
hSARS virus cannot be replicated in the host. In a specific embodiment, the attenuated
hSARS virus can infect a host and can cause the host to insert viral proteins in its
cytoplasmic membranes, but the attenuated virus is incapable of being replicated in the
host. Any method known to the skilled artisan can be used to test whether the attenuated
hSARS virus has infected the host and has caused the host to insert viral proteins in its
cytoplasmic membranes.

In certain embodiments, the ability of the attenuated virus to infect a host is
reduced compared to the ability of the wild-type virus to infect the same host. Any
technique known to the skilled artisan can be used to determine whether a virus is
capable of infecting a host.

In certain embodiments, mutations (e.g., missense mutations) are introduced into
the genome of the virus, for example, into the nucleic acid sequence of SEQ ID NO: 1, 11,
13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476, or to
generate a virus with an attenuated phenotype. Mutations (e.g., missense mutations) can
be introduced into the structural genes and/or regulatory genes of the hSARS virus.
Mutations can be additions, substitutions, deletions, or combinations thereof. Such
variant of hRSARS virus can be screened for a predicted functionality, such as infectivity,
replication ability, protein synthesis ability, assembling ability, as well as cytopathic
effect in cell cultures. In a specific embodiment, the missense mutation is a cold-
sensitive mutation. In another embodiment, the missense mutation is a heat-sensitive
mutation. In another embodiment, the missense mutation prevents a normal processing

or cleavage of the viral proteins.
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In other embodiments, deletions are introduced into the genome of the hSARS
virus, which result in the attenuation of the virus.

In certain embodiments, attenuation of the virus is achieved by replacing a gene
of the wild-type virus with a gene of a virus of a different species, of a different subgroup,
or of a different variant. In another aspect, attenuation of the virus is achieved by
replacing one or more specific domains of a protein of the wild-type virus with domains
derived from the corresponding protein of a virus of a different species. In certain other
embodiments, attenuation of the virus is achieved by deleting one or more specific
domains of a protein of the wild-type virus.

When a live attenuated vaccine is used, its safety must also be considered. The
vaccine must not cause disease. Any techniques known in the art that can make a vaccine
safe may be used in the present invention. In addition to attenuation techniques, other
techniques may be used. One non-limiting example is to use a soluble heterologous gene
that cannot be incorporated into the virion membrane. For example, a single copy of the
soluble version of a viral transmembrane protein lacking the transmembrane and
cytosolic domains thereof, can be used.

Various assays can be used to test the safety of a vaccine. For example, sucrose
gradients and neutralization assays can be used to test the safety. A sucrose gradient
assay can be used to determine whether a heterologous protein is inserted in a virion. If
the heterologous protein is inserted in the virion, the virion should be tested for its ability
to cause symptoms in an appropriate animal model since the virus may have acquired

new, possibly pathological, properties.

5.3.2. Formulation of vaccines

The invention provides vaccine formulations for the prevention and treatment of
infections with hSARS virus. In certain embodiments, the vaccine of the invention
comprises recombinant and chimeric viruses of the hSARS virus. In certain
embodiments, the virus is attenuated, inactivated, or killed.

In another embodiment of this aspect of the invention, inactivated vaccine
formulations may be prepared using conventional techniques to “kill” the chimeric
viruses. Inactivated vaccines are “dead” in the sense that their infectivity has been
destroyed. Ideally, the infectivity of the virus is destroyed without affecting its

immunogenicity. In order to prepare inactivated vaccines, the chimeric virus may be

37



10

15

20

25

30

WO 2004/085455 PCT/CN2004/000247

grown in cell culture or in the allantois of the chick embryo, purified by zonal
ultracentrifugation, inactivated by formaldehyde or B-propiolactone, and pooled. The
resulting vaccine is usually inoculated intramuscularly.

Inactivated viruses may be formulated with a suitable adjuvant in order to
enhance the immunological response. Such adjuvants may include but are not limited to
mineral gels, e.g., aluminum hydroxide; surface active substances such as lysolecithin,
pluronic polyols, polyanions; peptides; oil emulsions; and potentially useful human
adjuvants such as BCG and Corynebacteriuimn parvum.

The vaccines of the invention may be multivalent or univalent. Multivalent
vaccines are made from recombinant viruses that direct the expression of more than one
antigen.

In another aspect, the present invention also provides DNA vaccine formulations
comprising a nucleic acid or fragment of the hSARS virus, e.g., the virus having
accession no. CCTCC-V200303, or nucleic acid molecules having the sequence of SEQ
ID NO: 1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or
2476, or a complement, analog, derivative, or fragment thereof, or a portion thereof. In
another specific embodiment, the DNA vaccine formulations of the present invention
comprises a nucleic acid or fragment thereof encoding the antibodies which
immunospecifically binds hSARS viruses. In DNA vaccine formulations, a vaccine
DNA comprises a viral vector, such as that derived from the hSARS virus, bacterial
plasmid, or other expression vector, bearing an insert comprising a nucleic acid molecule
of the present invention operably linked to one or more control elements, thereby
allowing expression of the vaccinating proteins encoded by said nucleic acid molecule in
a vaccinated subject. Such vectors can be prepared by recombinant DNA technology as
recombinant or chimeric viral vectors carrying a nucleic acid molecule of the present
invention (see also Section 5.1, supra).

Various heterologous vectors are described for DNA vaccinations against viral
infections. For example, the vectors described in the following references may be used to
express hSARS sequences instead of the sequences of the viruses or other pathogens
described; in particular, vectors described for hepatitis B virus (Michel, M.L. ef al., 1995,
DAN-mediated immunization to the hepatitis B surface antigen in mice: Aspects of the

humoral response mimic hepatitis B viral infection in humans, Proc. Natl. Aca. Sci. USA
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92:5307-5311; Davis, H.L. et al., 1993, DNA-based immunization induces continuous
seretion of hepatitis B surface antigen and high levels of circulating antibody, Human
Molec. Genetics 2:1847-1851), HIV virus (Wang, B. ef al., 1993, Gene inoculation
generates immune responses against human imunodeficiency virus typ‘e 1, Proc. Natl.
Acad. Sci. USA 90:4156-4160; Lu, S. et al., 1996, Simian immunodeficiency virus DNA
vaccine trial in macques, J. Virol. 70:3978-3991; Letvin, N.L. ef al., 1997, Potent,
protective anti-HIV immune responses generated by bimodal HIV envelope DNA plus
protein vaccination, Proc Natl Acad Sci U S A. 94(17):9378-83), and influenza viruses
(Robinson, HL ef al., 1993, Protection against a lethal influenza virus challenge by
immunization with a haemagglutinin-expressing plasmid DNA, Vaccine 11:957-960;
Ulmer, J.B. ef al., Heterologous protection against influenza by injection of DNA
encoding a viral protein, Science 259:1745-1749), as well as bacterial infections, such as
tuberculosis (Tascon, R.E. ef al., 1996, Vaccination against tuberculosis by DNA
injection, Nature Med. 2:888-892; Huygen, K. ef al., 1996, Immunogenicity and
protective efficacy of a tuberculosis DNA vaccine, Nature Med., 2:893-898), and
parasitic infection, such as malaria (Sedegah, M., 1994, Protection against malaria by
immunization with plasmid DNA encoding circumsporozoite protein, Proc. Natl. Acad.
Sci. USA 91:9866-9870; Doolan, D.L. ef al., 1996, Circumventing genetic restriction of
protection against malaria with multigene DNA immunization: CD8+ T cell-interferon §,
and nitric oxide-dependent immunity, J. Exper. Med., 1183:1739-1746).

Many methods may be used to introduce the vaccine formulations described
above. These include, but are not limited tc;, oral, intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal routes, and via scarification
(scratching through the top layers of skin, e.g., using a bifurcated needle).

Alternatively, it may be preferable to introduce the chimeric virus vaccine
formulation via the natural route of infection of the pathogen for which the vaccine is
designed. The DNA vaccines of the present invention may be administered in saline
solutions by injections into muscle or skin using a syringe and needle (Wolff J.A. ef al.,
1990, Direct gene transfer into mouse muscle in vivo, Science 247:1465-1468; Raz, E.,
1994, Intradermal gene immunization: The possible role of DNA uptake in the induction
of cellular immunity to viruses, Proc. Natl. Acd. Sci. USA 91:9519-9523). Another way

to administer DNA vaccines is called “gene gun” method, whereby microscopic gold
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beads coated with the DNA molecules of interest is fired into the cells (Tang, D. ef al.,
1992, Genetic immunization is a simple method for eliciting an immune response, Nature
356:152-154). For general reviews of the methods for DNA vaccines, see Robinson,
H.L., 1999, DNA vaccines: basic mechanism and immune responses (Review), Int. J.
Mol. Med. 4(5):549-555; Barber, B., 1997, Introduction: Emerging vaccine strategies,
Seminars in Iminunology 9(5):269-270; and Robinson, H.L. ef al., 1997, DNA vaccines,
Seminars in Immunology 9(5):271-283.

The patient to which the vaccine is administered is preferably a mammal, most
preferably a human, but can also be a non-human animal including but not limited to

cows, horses, sheep, pigs, fowl (e.g., chickens), goats, cats, dogs, hamsters, mice and rats.
5.3.3. Adjuvants and carriers molecules

In certain embodiments, hSARS-associated antigens are administered with one or
more adjuvants. In one embodiment, the hSARS-associated antigen is administered
together with a mineral salt adjuvants or mineral salt gel adjuvant. Such mineral salt and
mineral salt gel adjuvants include, but are not limited to, aluminum hydroxide
(ALHYDROGEL, REHYDRAGEL), aluminum phosphate gel, aluminum
hydroxyphosphate (ADJU-PHOS), and calcium phosphate.

In another embodiment, hNSARS-associated antigen is administered with an
immunostimulatory adjuvant. Such class of adjuvants, include, but are not limited to,
cytokines (e.g., interleukin-2, interleukin-7, interleukin-12, granulocyte-macrophage
colony stimulating factor (GM-CSF), interfereon-y interleukin-1B (IL-1B), and IL-13
peptide or Sclavo Peptide), cytokine-containing liposomes, triterpenoid glycosides or
saponins (e.g., QuilA and QS-21, also sold under the trademark STIMULON,
ISCOPREP), Muramyl Dipeptide (MDP) derivatives, such as N-acetyl-muramyl-I-
threonyl-D-isoglutamine (Threonyl-MDP, sold under the trademark TERMURTIDE),
GMDP, N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine, N-acetylmuramyl-L-alanyl-D-
isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hydroxy phosphoryloxy)-
ethylamine, muramyl tripeptide phosphatidylethanolamine (MTP-PE), unmethylated CpG
dinucleotides and oligonucleotides, such as bacterial DNA and fragments thereof, LPS,
monophosphoryl Lipid A (3D-MLA sold under the trademark MPL), and
polyphosphazenes.
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In another embodiment, the adjuvant used is a particular adjuvant, including, but
not limited to, emulsions, e.g., Freund’s Complete Adjuvant, Freund’s Incomplete
Adjuvant, squalene or squalane oil-in-water adjuvant formulations, such as SAF and
MF59, e.g., prepared with block-copolymers, such as L-121
(polyoxypropylene/polyoxyetheylene) sold under the trademark PLURONIC L-121,
Liposomes, Virosomes, cochleates, and immune stimulating complex, which is sold
under the trademark ISCOM.

In another embodment, a microparticular adjuvant is used, microparticulare
adjuvants include, but are not limited to biodegradable and biocompatible polyesters,
homo- and copolymers of lactic acid (PLA) and glycolic acid (PGA), poly(lactide-co-
glycolides) (PLGA) microparticles, polymers that self-associate into particulates
(poloxamer particles), soluble polymers (polyphosphazenes), and virus-like particles
(VLPs) such as recombinant protein particulates, e.g., hepatitis B surface antigen
(HbsAg).

Yet another class of adjuvants that may be used include mucosal adjuvants,
including but not limited to heat-labile enterotoxin from Escherichia coli (LT), cholera
holotoxin (CT) and cholera Toxin B Subunit (CTB) from Vibrio cholerae, mutant toxins
(e.g., LTK63 and LTR72), microparticles, and polymerized liposomes.

In other embodiments, any of the above classes of adjuvants may be used in
combination with each other or with other adjuvants. For example, non-limiting
examples of combination adjuvant preparations that can be used to administer the
hSARS-associated antigens of the invention include liposomes containing
immunostimulatory protein, cytokines, or T-cell and/or B-cell peptides, or microbes with
or without entrapped IL-2 or microparticles containing enterotoxin. Other adjuvants
known in the art are also included within the scope of the invention (see Vaccine Design:
The Subunit and Adjuvant Approach, Chap. 7, Michael F. Powell and Mark J. Newman
(eds.), Plenum Press, New York, 1995, which is incorporated herein by reference in its
entirety).

The effectiveness of an adjuvant may be determined by measuring the induction
of antibodies directed against an immunogenic polypeptide containing an hSARS
polypeptide epitope, the antibodies resulting from administration of this polypeptide in

vaccines which are also comprised of the various adjuvants.
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The polypeptides may be formulated into the vaccine as neutral or salt forms.
Pharmaceutically acceptable salts include the acid additional salts (formed with free
amino groups of the peptide) and which are formed with inorganic acids, such as, for
example, hydrochloric or phosphoric acids, or organic acids such as acetic, oxalic, tartaric,
maleic, and the like. Salts formed with free carboxyl groups may also be derived from
inorganic bases, such as, for example, sodium potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine, trimethylamine, 2-ethylamino

ethanol, histidine, procaine and the like.
5.4. Preparation of Antibodies

Antibodies can be isolated from the serum of a subject infected with SARS.
Antibodies which specifically recognize a polypeptide of the invention, such as, but not
limited to, polypeptides comprising the sequence of SEQ ID NO:2, 12 or 14, or
polypeptides as shown in Figures 11 (SEQ ID NOS:17-239, 241-736 and 738-1 107) and
12 (SEQ ID NOS:1109-1589, 1591-1964 and 1966-2470), or hSARS epitope or antigen-
binding fragments thereof can be used for detecting, screening, and isolating the
polypeptide of the invention or fragments thereof, or similar sequences that might encode
similar enzymes from the other organisms. For example, in one specific embodiment, an
antibody which immunospecifically binds hSARS epitope, or a fragment thereof, can be
used for various in vitro detection assays, including enzyme-linked immunosorbent
assays (ELISA), radioimmunoassays, Western blot, etc., for the detection of a
polypeptide of the invention or, preferably, polypeptides of the hSARS virus, in samples,
for example, a biological material, including cells, cell culture media (e.g., bacterial cell
culture media, mammalian cell culture media, insect cell culture media, yeast cell culture
media, etc.), blood, serum, plasma, saliva, urine, stool, tissues, sputum, nasopharyngeal
aspirates, etc.

Antibodies specific for a polypeptide of the invention or any epitope of hSARS
virus may be generated by any suitable method known in the art. Polyclonal antibodies
to an antigen-of-interest, for example, the hSARS virus from deposit no. CCTCC-
V200303, or which comprises a nucleic acid sequence of SEQ ID NO:15, can be
produced by various procedures well known in the art. For example, an antigen can be

administered to various host animals including, but not limited to, rabbits, mice, rats, etc.,
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to induce the production of antisera containing polyclonal antibodies specific for the
antigen. Various adjuvants may be used to increase the immunological response,
depending on the host species, and include but are not limited to, Freund’s (complete and
incomplete) adjuvant, mineral gels such as aluminum hydroxide, surface active
substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions,
keyhole limpet hemocyanins, dinitrophenol, and potentially useful adjuvants for humans
such as BCG (Bacille Calmette-Guerin) and Corynebacterium parvum. Such adjuvants
are also well known in the art.

Monoclonal antibodies can be prepared using a wide variety of techniques known
in the art including the use of hybridoma, recombinant, and phage display technologies,
or a combination thereof. For example, monoclonal antibodies can be produced using
hybridoma techniques including those known in the art and taught, for example, in
Harlow et al., Antibodies; A Laboratory Manual, (Cold Spring Harbor Laboratory Press,
2nd ed. 1988); Hammerling ef a/., in: Monoclonal Antibodies and T-Cell Hybridomas,
pp.563-681 (Elsevier, N.Y., 1981) (both of which are incorporated herein by reference in
their entireties). The term “monoclonal antibody” as used herein is not limited to
antibodies produced through hybridoma technology. The term “monoclonal antibody”
refers to an antibody that is derived from a single clone, including any eukaryotic,
prokaryotic, or phage clone, and not the method by which it is produced.

Methods for producing and screening for specific antibodies using hybridoma
technology are routine and well known in the art. Ina non-limiting example, mice can be
immunized with an antigen of interest or a cell expressing such an antigen. Once an
immune response is detected, e.g., antibodies specific for the antigen are detected in the
mouse serum, the mouse spleen is harvested and splenocytes isolated. The splenocytes
are then fused by well known techniques to any suitable myeloma cells. Hybridomas are
selected and cloned by limiting dilution. The hybridoma clones are then assayed by
methods known in the art for cells that secrete antibodies capable of binding the antigen.
Ascites fluid, which generally contains high levels of antibodies, can be generated by
inoculating mice intraperitoneally with positive hybridoma clones.

Antibody fragments which recognize specific epitopes may be generated by
known techniques. For example, Fab and F(ab’), fragments may be produced by

proteolytic cleavage of immunoglobulin molecules, using enzymes such as papain (to
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produce Fab fragments) or pepsin (to produce F(ab’), fragments). F(ab’), fragments
contain the complete light chain, and the variable region, the CHI1 region and the hinge
region of the heavy chain.

The antibodies of the invention or fragments thereof can be also produced by any
method known in the art for the synthesis of antibodies, in particular, by chemical
synthesis or preferably, by recombinant expression techniques.

The nucleotide sequence encoding an antibody may be obtained from any
information available to those skilled in the art (i.e., from Genbank, the literature, or by
routine cloning and sequence analysis). If a clone containing a nucleic acid encoding a
particular antibody or an epitope-binding fragment thereof is not available, but the
sequence of the antibody molecule or epitope-binding fragment thereof is known, a
nucleic acid encoding the immunoglobulin may be chemically synthesized or obtained
from a suitable source (e.g., an antibody cDNA library, or a cDNA library generated from,
or nucleic acid, preferably poly A+ RNA, isolated from any tissue or cells expressing the
antibody, such as hybridoma cells selected to express an antibody) by PCR amplification
using synthetic primers hybridizable to the 3’ and 5’ ends of the sequence or by cloning
using an oligonucleotide probe specific for the particular gene sequence to identify, e.g.,
a cDNA clone from a cDNA library that encodes the antibody. Amplified nucleic acids
generated by PCR may then be cloned into replicable cloning vectors using any method
well known in the art.

Once the nucleotide sequence of the antibody is determined, the nucleotide
sequence of the antibody may be manipulated using methods well known in the art for
the manipulation of nucleotide sequences, e.g., recombinant DNA techniques, site
directed mutagenesis, PCR, etc. (see, for example, the techniques described in Sambrook
et al., supra; and Ausubel ef al., eds., 1998, Current Protocols in Molecular Biology, John
Wiley & Sons, NY, which are both incorporated by reference herein in their entireties), to
generate antibodies having a different amino acid sequence by, for example, introducing
amino acid substitutions, deletions, and/or insertions into the epitope-binding domain
regions of the antibodies or any portion of antibodies which may enhance or reduce
biological activities of the antibodies.

Recombinant expression of an antibody requires construction of an expression

vector containing a nucleotide sequence that encodes the antibody. Once a nucleotide
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sequence encoding an antibody molecule or a heavy or light chain of an antibody, or
portion thereof has been obtained, the vector for the production of the antibody molecule
may be produced by recombinant DNA technology using techniques well known in the
art as discussed in the previous sections. Methods which are well known to those skilled
in the art can be used to construct expression vectors containing antibody coding
sequences and appropriate transcriptional and translational control signals. These
methods include, for example, in vitro recombinant DNA techniques, synthetic
techniques, and in vivo genetic recombination. The nucleotide sequence encoding the
heavy-chain variable region, light-chain variable region, both the heavy-chain and light-
chain variable regions, an epitope-binding fragment of the heavy- and/or light-chain
variable region, or one or more complementarity determining regions (CDRs) of an
antibody may be cloned into such a vector for expression. Thus-prepared expression
vector can be then introduced into appropriate host cells for the expression of the
antibody. Accordingly, the invention includes host cells containing a polynucleotide
encoding an antibody specific for the polypeptides of the invention or fragments thereof.

The host cell may be co-transfected with two expression vectors of the invention,
the first vector encoding a heavy chain derived polypeptide and the second vector
encoding a light chain derived polypeptide. The two vectors may contain identical
selectable markers which enable equal expression of heavy and light chain polypeptides
or different selectable markers to ensure maintenance of both plasmids. Alternatively, a
single vector may be used which encodes, and is capable of expressing, both heavy and
light chain polypeptides. In such situations, the light chain should be placed before the
heavy chain to avoid an excess of toxic free heavy chain (Proudfoot, 1986, Nature 322:52;
and Kohler, 1980, Proc. Natl. Acad. Sci. U.S.A. 77:2 197). The coding sequences for the
heavy and light chains may comprise cDNA or genomic DNA.

In another embodiment, antibodies can also be generated using various phage
display methods known in the art. In phage display methods, functional antibody
domains are displayed on the surface of phage particles which carry the polynucleotide
sequences encoding them. In a particular embodiment, such phage can be utilized to
display antigen binding domains, such as Fab and Fv or disulfide-bond stabilized Fv,
expressed from a repertoire or combinatorial antibody library (e.g., human or murine).

Phage expressing an antigen binding domain that binds the antigen of interest can be
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selected or identified with antigen, e.g., using labeled antigen or antigen bound or
captured to a solid surface or bead. Phage used in these methods are typically
filamentous phage, including fd and M13. The antigen binding domains are expressed as
a recombinantly fused protein to either the phage gene III or gene VIII protein. Examples
of phage display methods that can be used to make the immunoglobulins, or fragments
thereof, of the present invention include those disclosed in Brinkman ef al., 1995, J.
Immunol. Methods 182:41-50; Ames et al., 1995, J. Immunol. Methods 184:177-186;
Kettleborough ef al., 1994, Eur. J. Immunol. 24:952-958; Persic ef al., 1997, Gene 187:9-
18; Burton ef al., 1994, Advances in Immunology 57:191-280; PCT application No.
PCT/GB91/01134; PCT publications WO 90/02809; WO 91/10737, WO 92/01047; WO
92/18619; WO 93/11236; WO 95/15982; WO 95/20401; and U.S. Patent Nos. 5,698,426;
5,223,409; 5,403,484, 5,580,717, 5,427,908; 5,750,753, 5,821,047, 5,571,698, 5,427,908,;
5,516,637; 5,780,225; 5,658,727, 5,733,743 and 5,969,108; each of which is incorporated
herein by reference in its entirety.

As described in the above references, after phage selection, the antibody coding
regions from the phage can be isolated and used to generate whole antibodies, including
human antibodies, or any other desired fragments, and expressed in any desired host,
including mammalian cells, insect cells, plant cells, yeast, and bacteria, e.g., as described
in detail below. For example, techniques to recombinantly produce Fab, Fab’ and
F(ab[1)2 fragments can also be employed using methods known in the art such as those
disclosed in PCT publication WO 92/22324; Mullinax et al., 1992, BioTechniques,
12(6):864-869; and Sawai et al., AJRI, 34:26-34, 1995; and Better ez al., 1988, Science
240:1041-1043 (each of which is incorporated herein by reference in its entirety).
Examples of techniques which can be used to produce single-chain Fvs and antibodies
include those described in U.S. Patent Nos. 4,946,778 and 5,258,498; Huston ef al., 1991,
Methods in Enzymology 203:46-88; Shu et al., 1993, PNAS 90:7995-7999; and Skerra et
al., 1988, Science, 240:1038-1040.

Once an antibody molecule of the invention has been produced by any methods
described above, it may then be purified by any method known in the art for purification
of an immunoglobulin molecule, for example, by chromatography (e.g., ion exchange,
affinity, particularly by affinity for the specific antigen after Protein A or Protein G

purification, and sizing column chromatography), centrifugation, differential solubility,
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or by any other standard techniques for the purification of proteins. Further, the
antibodies of the present invention or fragments thereof may be fused to heterologous
polypeptide sequences described herein or otherwise known in the art to facilitate
purification.

For some uses, including in vivo use of antibodies in humans and in vitro
detection assays, it may be preferable to use chimeric, humanized, or human antibodies.
A chimeric antibody is a molecule in which different portions of the antibody are derived
from different animal species, such as antibodies having a variable region derived from a
murine monoclonal antibody and a constant region derived from a human
immunoglobulin. Methods for producing chimeric antibodies are known in the art. See
e.g., Morrison, 1985, Science, 229:1202; Oi et al., 1986, BioT echniques 4:214; Gillies ef
al., 1989, J. Immunol. Methods 125:191-202; U.S. Patent Nos. 5,807,715; 4,816,567, and
4,816,397, which are incorporated herein by reference in their entireties. Humanized
antibodies are antibody molecules from non-human species that bind the desired antigen
having one or more complementarity determining regions (CDRs) from the non-human
species and framework regions from a human immunoglobulin molecule. Often,
framework residues in the human framework regions will be substituted with the
corresponding residue from the CDR donor antibody to alter, preferably improve, antigen
binding. These framework substitutions are identified by methods well known in the art,
e.g., by modeling of the interactions of the CDR and framework residues to identify
framework residues important for antigen binding and sequence comparison to identify
wnusual framework residues at particular positions. See, e.g., Queen ef al., U.S. Patent
No. 5,585,089; Riechmann ef al., 1988, Nature 332:323, which are incorporated herein
by reference in their entireties. Antibodies can be humanized using a variety of
techniques known in the art including, for example, CDR-grafting (EP 239,400, PCT
publication WO 91/09967; U.S. Patent Nos. 5,225,539; 5,530,101 and 5,585,089),
veneering or resurfacing (EP 592,106; EP 519,596; Padlan, 1991, Molecular Immunology
28(4/5):489-498; Studnicka ef al., 1994, Protein Engineering 7(6):805-814; Roguska ef
al., 1994, Proc Natl. Acad. Sci. U.S.A. 91:969-973), and chain shuffling (U.S. Patent No.
5,565,332), all of which are hereby incorporated by reference in their entireties.

Completely human antibodies are particularly desirable for therapeutic treatment

of human patients. Human antibodies can be made by a variety of methods known in the
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art including phage display methods described above using antibody libraries derived
from human immunoglobulin sequences. See U.S. Patent Nos. 4,444,887 and 4,716,111,
and PCT publications WO 98/46645; WO 98/50433; WO 98/24893; WO 98/16654; WO
96/34096; WO 96/33735; and WO 91/10741, each of which 1s incorporated herein by
reference in its entirety.

Human antibodies can also be produced using transgenic mice which are
incapable of expressing functional endogenous immunoglobulins, but which can express
human immunoglobulin genes. For an overview of this technology for producing human
antibodies, see Lonberg and Huszar, 1995, Int. Rev. Immunol. 13:65-93. For a detailed
discussion of this technology for producing human antibodies and human monoclonal
antibodies and protocols for producing such antibodies, see, e.g., PCT publications WO
08/24893; WO 92/01047; WO 96/34096; WO 96/33735; European Patent No. 0 598 877,
U.S. Patent Nos. 5,413,923; 5,625,126 5,633,425; 5,569,825 5,661,016; 5,545,806
5,814,318; 5,885,793; 5,916,771; and 5,939,598, which are incorporated by reference
herein in their entireties. In addition, companies such as Abgenix, Inc. (Fremont, CA),
Medarex (NJ) and Genpharm (San Jose, CA) can be engaged to provide human
antibodies directed against a selected antigen using technology similar to that described
above.

Completely human antibodies which recognize a selected epitope can be
generated using a technique referred to as “guided selection.” In this approach a selected
non-human monoclonal antibody, e.g., a mouse antibody, is used to guide the selection of
a completely human antibody recognizing the same epitope. (Jespers ef al., 1988,
Bio/technology 12:899-903).

Antibodies fused or conjugated to heterologous polypeptides may be used in in
vitro immunoassays and in purification methods (e.g., affinity chromatography) well
known in the art. See e.g., PCT publication Number WO 93/21232; EP 439,095,
Naramura ef al., 1994, Immunol. Lett. 39:91-99; U.S. Patent 5,474,981, Gillies ef al.,
1992, PNAS 89:1428-1432; and Fell et al., 1991, J. Immunol. 146:2446-2452, which are
incorporated herein by reference in their entireties.

Antibodies may also be attached to solid supports, which are particularly useful
for immunoassays or purification of the polypeptides of the invention or fragments,

derivatives, analogs, or variants thereof, or similar molecules having the similar
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enzymatic activities as the polypeptide of the invention. Such solid supports include, but
are not limited to, glass, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride

or polypropylene.
5.5. Pharmaceutical Compositions and Kits

The present invention encompasses pharmaceutical compositions comprising anti-
viral agents of the present invention. In a specific embodiment, the anti-viral agent is an
antibody which immunospecifically binds and neutralize the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof, or any proteins derived therefrom. The
virus neutralizing antibody neutralizes the infectivity of the virus and protects an animal
against disease when wild-type virus is subsequently administered to the animal.

In another specific embodiment, the anti-viral agent is a polypeptide or nucleic
acid molecule of the invention. The pharmaceutical compositions have utility as an anti-
viral prophylactic agent and may be administered to a subject where the subject has been
exposed or is expected to be exposed to a virus.

Various delivery systems are known and can be used to administer the
pharmaceutical composition of the invention, e.g., encapsulation in liposomes,
microparticles, microcapsules, recombinant cells capable of expressing the mutant
viruses, receptor mediated endocytosis (see, e.g., Wu and Wu, 1987, J. Biol. Chem.
262:4429 4432). Methods of introduction include but are not limited to intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural,
scarification, and oral routes. The compounds may be administered by any convenient
route, for example by infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and may be
administered together with other biologically active agents. Administration can be
systemic or local. In a preferred embodiment, it may be desirable to introduce the
pharmaceutical compositions of the invention into the lungs by any suitable route.
Pulmonary administration can also be employed, e.g., by use of an inhaler or nebulizer,
and formulation with an aerosolizing agent.

In a specific embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment; this may be

achieved by, for example, and not by way of limitation, local infusion during surgery,
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topical application, e.g., in conjunction with a wound dressing after surgery, by injection,
by means of a catheter, by means of a suppository, or by means of an implant, said
implant being of a porous, non porous, or gelatinous material, including membranes, such
as sialastic membranes, or fibers. In one embodiment, administration can be by direct
injection at the site (or former site) infected tissues.

In another embodiment, the pharmaceutical composition can be delivered ina
vesicle, in particular a liposome (see Langer, 1990, Science 249:1527-1533; Treat et al.,
in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez Berestein and
Fidler (eds.), Liss, New York, pp.353-365 (1989); Lopez-Berestein, ibid., pp.317-327,
see generally ibid.).

In yet another embodiment, the pharmaceutical composition can be delivered in a
controlled release system. In one embodiment, a pump may be used (see Langer, supra,
Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald ef al.,1980, Surgery 88:507,
and Saudek ef al., 1989, N. Engl. J. Med. 321:574). In another embodiment, polymeric
materials can be used (see Medical Applications of Controlled Release, Langer and Wise
(eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug Bioavailability, Drug
Product Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984);
Ranger and Peppas, 1983, J. Macromol. Sci. Rev. Macromol. Chem. 23:61; see also Levy
etal., 1985, Science 228: 190; During ef al., 1989, Ann. Neurol. 25:351; Howard et al.,
1989, J. Neurosurg. 71:105). In yet another embodiment, a controlled release system can
be placed in proximity of the composition’s target, i.e., the lung, thus requiring only a
fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled
Release, supra, vol. 2, pp.115-138 (1984)).

Other controlled release systems are discussed in the review by Langer (1990,
sScience 249:1527-1533).

The pharmaceutical compositions of the present invention comprise a
therapeutically effective amount of a live attenuated, inactivated or killed hSARS virus,
or recombinant or chimeric hSARS virus, and a pharmaceutically acceptable carrier. Ina
specific embodiment, the term “pharmaceutically acceptable” means approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia
or other generally recognized pharmacopeia for use in animals, and more particularly in

humans. The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle with which
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the pharmaceutical composition is administered. Such pharmaceutical carriers can be
sterile liquids, such as water and oils, including those of petroleum, animal, vegetable or
synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like.
Water is a preferred carrier when the pharmaceutical composition is administered
intravenously. Saline solutions and aqueous dextrose and glycerol solutions can also be
employed as liquid carriers, particularly for injectable solutions. Suitable pharmaceutical
excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica
gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk,
glycerol, propylene, glycol, water, ethanol and the like. The composition, if desired, can
also contain minor amounts of wetting or emulsifying agents, or pH buffering agents.
These compositions can take the form of solutions, suspensions, emulsion, tablets, pills,
capsules, powders, sustained release formulations and the like. The composition can be
formulated as a suppository, with traditional binders and carriers such as triglycerides.
Oral formulation can include standard carriers such as pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate,
etc. Examples of suitable pharmaceutical carriers are described in “Remington’s
Pharmaceutical Sciences” by E.-W. Martin. The formulation should suit the mode of
administration.

In a preferred embodiment, the composition is formulated in accordance with
routine procedures as a pharmaceutical composition adapted for intravenous
administration to human beings. Typically, compositions for intravenous administration
are solutions in sterile isotonic aqueous buffer. Where necessary, the composition may
also include a solubilizing agent and a local anesthetic such as lignocaine to ease pain at
the site of the injection. Generally, the ingredients are supplied either separately or
mixed together in unit dosage form, for example, as a dry lyophilized powder or water
free concentrate in a hermetically sealed container such as an ampoule or sachette
indicating the quantity of active agent. Where the composition is to be administered by
infusion, it can be dispensed with an infusion bottle containing sterile pharmaceutical
grade water or saline. Where the composition is administered by injection, an ampoule of
sterile water for injection or saline can be provided so that the ingredients may be mixed

prior to administration.
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The pharmaceutical compositions of the invention can be formulated as neutral or
salt forms. Pharmaceutically acceptable salts include those formed with free amino
groups such as those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids,
etc., and those formed with free carboxyl groups such as those derived from sodium,
potassium, ammonium, calcium, ferric hydroxides, isopropylamine, triethylamine, 2
ethylamino ethanol, histidine, procaine, etc.

The amount of the pharmaceutical composition of the invention which will be
effective in the treatment of a particular disorder or condition will depend on the nature
of the disorder or condition, and can be determined by standard clinical techniques. In
addition, in vitro assays may optionally be employed to help identify optimal dosage
ranges. The precise dose to be employed in the formulation will also depend on the route
of administration, and the seriousness of the disease or disorder, and should be decided
according to the judgment of the practitioner and each patient’s circumstances. However,
suitable dosage ranges for intravenous administration are generally about 20 to 500
micrograms of active compound per kilogram body weight. Suitable dosage ranges for
intranasal administration are generally about 0.01 pg/kg body weight to 1 mg/kg body
weight. Effective doses may be extrapolated from dose response curves derived from in
vitro or animal model test systems.

Suppositories generally contain active ingredient in the range of 0.5% to 10% by
weight; oral formulations preferably contain 10% to 95% active ingredient.

The invention also provides a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredients of the pharmaceutical compositions
of the invention. Optionally associated with such container(s) can be a notice in the form
prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals or biological products, which notice reflects approval by the agency of
manufacture, use or sale for human administration. In a preferred embodiment, the kit
contains an anti-viral agent of the invention, e.g., an antibody specific for the
polypeptides encoded by a nucleic acid sequence of SEQ ID NO:1, 11, 13, 15, 2471,
2472, 2473, 24774, 2475 or 2476, or as shown in Figures 11 (SEQ ID NO:17-239, 241-
736 or 738-1107) and 12 (SEQ ID NO: 1109-1589, 1591-1964 or 1966-2470), or any

hSARS epitope, or a polypeptide or protein of the present invention, or a nucleic acid
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molecule of the invention, alone or in combination with adjuvants, antivirals, antibiotics,
analgesic, bronchodialaters, or other pharmaceutically acceptable excipients.
The present invention further encompasses kits comprising a container containing

a pharmaceutical composition of the present invention and instructions for use.
5.6. Detection Assays

The present invention provides a method for detecting an antibody, which
immunospecifically binds to the hNSARS virus, in a biological sample, for example, cells,
blood, serum, plasma, saliva, urine, stool, sputum, nasopharyngeal aspirates, and so forth,
from a patient suffering from SARS. In a specific embodiment, the method comprising
contacting the sample with the hSARS virus, for example, of deposit no. CCTCC-
V200303, or having a genomic nucleic acid sequence of SEQ ID NO:15, directly
immobilized on a substrate and detecting the virus-bound antibody directly or indirectly
by a labeled heterologous anti-isotype antibody. In another specific embodiment, the
sample is contacted with a host cell which is infected by the hSARS virus, for example,
of deposit no. CCTCC-V200303, or having a genomic nucleic acid sequence of SEQ ID
NO:15, and the bound antibody can be detected by immunofluorescent assay as described
in Section 6.5, infra.

An exemplary method for detecting the presence or absence of a polypeptide or
nucleic acid of the invention in a biological sample involves obtaining a biological
sample from various sources and contacting the sample with a compound or an agent
capable of detecting an epitope or nucleic acid (e.g., mRNA, genomic RNA) of the
hSARS virus such that the presence of the hNSARS virus is detected in the sample. A
preferred agent for detecting hSARS mRNA or genomic RNA of the invention is a
labeled nucleic acid probe capable of hybridizing to mRNA or genomic RNA encoding a
polypeptide of the invention. The nucleic acid probe can be, for example, a nucleic acid
molecule comprising or consisting of the nucleic acid sequence of SEQ ID NO: 1, 11, 13,
15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476, or a
complement, analog, derivative, or fragment thereof, or a portion thereof, such as an
oligonucleotide of at least 15, 20, 25, 30, 50, 100, 250, 500, 750, 1,000 or more
contiguous nucleotides in length and sufficient to specifically hybridize under stringent
conditions to an hSARS mRINA or genomic RNA.
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In another preferred specific embodiment, the presence of hSARS virus is
detected in the sample by an reverse transcription polymerase chain reaction (RT-PCR)
using the primers that are constructed based on a partial nucleotide sequence of the
genome of hSARS virus, for example, that of deposit accession no. CCTCC-V200303, or
based on a nucleic acid sequence of SEQ ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590
or 1965. In a non-limiting specific embodiment, preferred primers to be used in a RT-
PCR method are: 5-TACACACCTCAGC-GTTG-3" (SEQ ID NO:3) and 5’-
CACGAACGTGACG-AAT-3’ (SEQ ID NO:4), in the presence of 2.5 mM MgCl, and
the thermal cycles are, for example, but not limited to, 94°C for 8 min followed by 40
cycles of 94°C for 1 min, 50°C for 1 min, 72°C for 1 min (also see Section 6.7, infra).
In more preferred specific embodiment, the present invention provides a real-time
quantitative PCR assay to detect the presence of hRSARS virus in a biological sample by
subjecting the cDNA obtained by reverse transcription of the extracted total RNA from
the sample to PCR reactions using the specific primers, such as those having nucleic acid
sequences of SEQ ID NOS:3 and 4, and a fluorescence dye, such as SYBR® Green,
which fluoresces when bound non—épeciﬁcally to double-stranded DNA. In yet another
preferred specific embodiment, the real-time quantitative PCR used in the present
invention is a TaqMan® assay (see Section 5, supra). Specifically, the preferred primers
to be used in a real-time quantitative PCR assay to detect the presence of hSARS virus in
a biological sample, are those having nucleic acid sequences of SEQ ID NOS:2471 and
2472. In this case, the amplified product is detected by a TagMan® probe, preferably
having a nucleotide sequence of SEQ ID NO:2473. Another preferred primers to be used
in a TagMan® assay are those having nucleic acid sequences of SEQ ID NOS:2474 and
2475 and a preferred TaqMan® probe has a nucleotide sequence of SEQ ID NO:2476.
The fluorescence signals from these reactions are captured at the end of extension steps
as PCR product is generated over a range of the thermal cycles, thereby allowing the
quantitative determination of the viral load in the sample based on an amplification plot
(see Sections 6.7 amd 6.8, infra).

In another preferred specific embodiment, the presence of hSARS virus is
detected in the sample using fluorescent cDNA microarray technology. An inventory of
¢DNA probes derived from the hSARS virus, for example, of deposit no. CCTCC-
V200303, or having a genomic nucleic acid sequence of SEQ ID NO:15, is prepared by
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reverse transcription and amplification using appropriate primers that are constructed
based on, for example, a partial nucleotide sequence of the genome of said hRSARS virus

or based on a nucleic acid sequence of SEQ ID NOS: 1, 11, 13, 15, 16, 240, 737, 1108,

2

1590 or 1965. Thus-amplified products are then purified and immobilized onto a chip,
for example, a poly-L-lysine coated glass plate as a cDNA microarray. A total RNA is
extracted from a biological sample and subjected to reverse transcription in the presence
of fluorescence-labeled nucleotides. The labeled cDNA representing the mRNA in the
sample is then contacted with the immobilized cDNA probes on the microarray and the
fluorescence signals of the bound cDNA are detected and quantified. A variety of DNA
microaary methods have been described, for example, in Nucleic Acids Res. 28(22):4552-
7 (by Kane, M.D. et al., 2000); Science 2000 Sep 8;289(5485):1757-60 (by Taton, T.A. et
al., 2000); and Nature, 405(6788):827-836 (by Lockhart, D.J. e al., 2000).

Another preferred agent for detecting hSARS virus is an antibody that specifically
binds a polypeptide of the invention or any hSARS epitope, preferably an antibody with a
detectable label. Antibodies can be polyclonal, or more preferably, monoclonal. An
intact antibody, or a fragment thereof (e.g., Fab or F(ab’)2) can be used.

The term “labeled”, with regard to the probe or antibody, is intended to
encompass direct labeling of the probe or antibody by coupling (i.e., physically linking) a
detectable substance to the probe or antibody, as well as indirect labeling of the probe or
antibody by reactivity with another reagent that is directly labeled. Examples of indirect
labeling include detection of a primary antibody using a fluorescently labeled secondary
antibody and end-labeling of a DNA probe with biotin such that it can be detected with
fluorescently labeled streptavidin. The detection method of the invention can be used to
detect mRNA, protein (or any epitope), or genomic RNA in a sample in vitro as well as
in vivo. For example, in vitro techniques for detection of mRNA include northern
hybridizations, in situ hybridizations, RT-PCR, and RNase protection. In vitro
techniques for detection of an epitope of hSARS virus include enzyme linked
immunosorbent assays (ELISAs), Western blots, immunoprecipitations and
immunofluorescence. In vitro techniques for detection of genomic RNA include nothern
hybridizations, RT-PCT, and RNase protection. Furthermore, in vivo techniques for
detection of hSARS virus include introducing into a subject organism a labeled antibody

directed against the polypeptide. For example, the antibody can be labeled with a
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radioactive marker whose presence and location in the subject organism can be detected
by standard imaging techniques, including autoradiography.

In a specific embodiment, the methods further involve obtaining a control sample
from a control subject, contacting the control sample with a compound or agent capable
of detecting hSARS virus, e.g., a polypeptide of the invention or mRNA or genomic
RNA encoding a polypeptide of the invention, such that the presence of hSARS virus or
the polypeptide or mRNA or genomic RNA encoding the polypeptide is detected in the
sample, and comparing the presence of hSARS virus or the polypeptide or mRNA or
genomic RNA encoding the polypeptide in the control sample with the presence of
hSARS virus, or the polypeptide or mRNA or genomic DNA encoding the polypeptide in
the test sample.

In a specific embodiment, the invention provides a diagnostic kit comprising
nucleic acid molecules which are suitable for use to detect the hRSARS virus, natural or
artificial variants, analogs, or derivatives thereof. In a specific embodiment, the nucleic
acid molecules have the nucleic acid sequence of SEQ ID NOS:2471 and 2472. In
specific embodiments, the nucleic acid molecule has the nucleic acid sequence of SEQ ID
NO:2473. In another specific embodiment, the nucleic acid molecules have the nucleic
acid sequence of SEQ ID NOS:2474 and 2475. In specific embodiments, the nucleic acid
molecule has the nucleic acid sequence of SEQ ID NO:2476.

The invention also encompasses kits for detecting the presence of hSARS virus or
a polypeptide or nucleic acid of the invention in a test sample. The kit, for example, can
comprise a labeled compound or agent capable of detecting hSARS virus or the
polypeptide or a nucleic acid molecule encoding the polypeptide in a test sample and, in
certain embodiments, a means for determining the amount of the polypeptide or mRNA
in the sample (e.g., an antibody which binds the polypeptide or an oligonucleotide probe
which binds to DNA or mRNA encoding the polypeptide). Kits can also include
instructions for use.

For antibody-based kits, the kit can comprise, for example: (1) a first antibody
(e.g., attached to a solid support) which binds to a polypeptide of the invention or an
epitope of the hSARS virus; and, optionally, (2) a second, different antibody which binds
to either the polypeptide or the first antibody and is conjugated to a detectable agent.
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For oligonucleotide-based kits, the kit can comprise, for example: (1) an
oligonucleotide, e.g., a detectably labeled oligonucleotide, which hybridizes to a nucleic
acid sequence encoding a polypeptide of the invention or to a sequence within the hSARS
genome or (2) a pair of primers useful for amplifying a nucleic acid molecule containing
an hSARS sequence. The kit can also comprise, e.g., a buffering agent, a preservative, or
a protein stabilizing agent. The kit can also comprise components necessary for detecting
the detectable agent (e.g., an enzyme or a substrate). The kit can also contain a control
sample or a series of control samples which can be assayed and compared to the test
sample contained. Each component of the kit is usually enclosed within an individual
container and all of the various containers are within a single package along with

instructions for use.

5.7. Screening Assays

The invention provides methods for the identification of a compound that inhibits
the ability of hRSARS virus to infect a host or a host cell. In certain embodiments, the
invention provides methods for the identification of a compound that reduces the ability
of hSARS virus to replicate in a host or a host cell. Any technique well-known to the
skilled artisan can be used to screen for a compound that would abolish or reduce the
ability of hSARS virus to infect a host and/or to replicate in a host or a host cell.

In certain embodiments, the invention provides methods for the identification of a
compound that inhibits the ability of hSARS virus to replicate in 2 mammal or a
mammalian cell. More specifically, the invention provides methods for the identification
of a compound that inhibits the ability of RSARS virus to infect a mammal or a
mammalian cell. In certain embodiments, the invention provides methods for the
identification of a compound that inhibits the ability of hRSARS virus to replicate in a
mammalian cell. In a specific embodiment, the mammalian cell is a human cell.

In another embodiment, a cell is contacted with a test compound and infected with
the hSARS virus. In certain embodiments, a control culture is infected with the hRSARS
virus in the absence of a test compound. The cell can be contacted with a test compound
before, concurrently with, or subsequent to the infection with the hSARS virus. Ina
specific embodiment, the cell is a mammalian cell. In an even more specific embodiment,

the cell is a human cell. In certain embodiments, the cell is incubated with the test

57



10

15

20

25

30

WO 2004/085455 PCT/CN2004/000247

compound for at least 1 minute, 5 minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 5
hours, 12 hours, or 1 day. The titer of the virus can be measured at any time during the
assay. In certain embodiments, a time course of viral growth in the culture is determined.
If the viral growth is inhibited or reduced in the presence of the test compound, the test
compound is identified as being effective in inhibiting or reducing the growth or infection
of the hSARS virus. In a specific embodiment, the compound that inhibits or reduces the
growth of the hSARS virus is tested for its ability to inhibit or reduce the growth rate of
other viruses and/or to test its specificity for the hSARS virus.

In one embodiment, a test compound is administered to a model animal and the
model animal is infected with the hSARS virus. In certain embodiments, a control model
animal is infected with the hSARS virus without the administration of a test compound.
The test compound can be administered before, concurrently with, or subsequent to the
infection with the hSARS virus. In a specific embodiment, the model animal is a
mammal. In an even more specific embodiment, the model animal can be, but is not
limited to, a cotton rat, a mouse, or a monkey. The titer of the virus in the model animal
can be measured at any time during the assay. In certain embodiments, a time course of
viral growth in the culture is determined. If the viral growth is inhibited or reduced in the
presence of the test compound, the test compound is identified as being effective in
inhibiting or reducing the growth or infection of the hSARS virus. In a specific
embodiment, the compound that inhibits or reduces the growth of the hSARS virus in the
model animal is tested for its ability to inhibit or reduce the growth rate of other viruses

to test its specificity for the hSARS virus.

6. EXAMPLES

The following examples illustrate the isolation and identification of the novel

hSARS virus. These examples should not be construed as limiting.

METHODS AND RESULTS

As a general reference, Wiedbrauk DL & Johnston SLG (Manual of Clinical
Virology, Raven Press, New York, 1993) was used.

6.1.  Clinical Subjects
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The study included all 50 patients who fitted a modified World Health
Organization (WHO) definition of SARS and were admitted to 2 acute regional hospitals
in Hong Kong Special Administrative Region (HKSAR) between February 26 to March
26, 2003 (WHO. Severe acute respiratory syndrome (SARS) 2000, Weekly Epidemiol Rec.
78:81-83). A lung biopsy from an additional patient, who had typical SARS and was
admitted to a third hospital, was also included in the study. Briefly, the case definition
for SARS was: (i) fever of 38°C or more; (ii) cough or shortness of breath; (iii) new
pulmonary infiltrates on chest radiograph; and (iv) either a history of exposure to a
patient with SARS or absence of response to empirical antimicrobial coverage for typical
and atypical pneumonia (beta-lactams and macrolides, fluoroquinolones or tetracyclines).

Nasopharyngeal aspirates and serum samples were collected from all patients.
Paired acute and convalescent sera and feces were available from some patients. Lung
biopsy tissue from one patient was processed for a viral culture, RT-PCR, routine
histopathological examination, and electron microscopy. Nasopharyngeal aspirates, feces
and sera submitted for microbiological investigation of other diseases were included in
the study under blinding and served as controls.

The medical records were reviewed retrospectively by the attending physicians
and clinical microbiologists. Routine hematological, biochemical and microbiological
examinations, including bacterial culture of blood and sputum, serological study and

collection of nasopharyngeal aspirates for virological tests, were carried out.
6.2. Cell Line

FRhK-4 (fetal rhesus monkey kidney) cells were maintained in minimal essential
medium (MEM) with 1% fetal calf serum, 1% streptomycin and penicillin, 0.2% nystatin

and 0.05% garamycin.
6.3.  Viral Infection

Two-hundred pl of clinical (nasopharyngeal aspirates) samples from two patients
(see the Result section, infia) in virus transport medium were used to infect FRhk-4 cells.
The inoculated cells were incubated at 37°C for 1 hour. One ml of MEM containing 1 pg
trypsin was then added to the culture and the infected cells were incubated in a 37°C
incubator supplied with 5% carbon dioxide. Cytopathic effects were observed in the

infected cells after 2 to 4 days of incubation. The infected cells were passaged into new
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FRhK-4 cells and cytopathic effects were observed within 1 day after the inoculation.
The infected cells were tested by an immunofluorescent assay for influenza A, influenza
B, respiratory syncytial virus, parainfluenza types 1, 2 and 3, adenovirus and human
metapneumovirus (hMPV) and negative results were obtained for all cases. The infected
cells were also tested by RT-PCR for influenza A and human metapneumovirus with

negative results.
6.4.  Virus Morphology

The infected cells prepared as described above were harvested, pelleted by
centrifugation and the cell pellets were processed for thin-section transmitted electron
microscopic visualization. Viral particles were identified in the cells infected with both
clinical specimens, but not in control cells which were not infected with the virus.

Virions isolated from the infected cells were about 70-100 nanometers (Figure 2). Viral

capsids were found predominantly within the vesicles of the golgi and endoplasmic

reticulum and were not free in the cytoplasm. Virus particles were also found at the cell
membrane.

One virus isolate was ultracentrifuged and the cell pellet was negatively stained
using phosphotugstic acid. Virus particles characteristic of Coronaviridae were thus
visualized. Since the human Coronaviruses hitherto recognized are not known to cause a
similar disease, the present inventors postulated that the virus isolates represent a novel

virus that infects humans.
6.5. Antibody Response

To further confirm that this novel virus is responsible for causing SARS in the
infected patients, blood serum samples from the patients who were suffering from SARS
were obtained and a neutralization test was performed. Typically diluted serum (x50,
%200, x800 and x1600) was incubated with acetone-fixed FRhK-4 cells infected with
hSARS virus at 37°C for 45 minutes. The incubated cells were then washed with
phosphate-buffered saline and stained with anti-human IgG-FITC conjugated antibody.
The cells were then washed and examined under a fluorescent microscope. In these
experiments, positive signals were found in 8 patients who had SARS (Figure 3),
indicating that these patients had an IgG antibody response to this novel human

respiratory virus of Coronaviridae. By contrast, no signal was detected in 4 negative-
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control paired sera. The serum titers of anti- hRSARS antibodies of the tested patients are

shown in Table 1.

10

Table 1
Name Date Lab No. Anti-SARS
Patient A 25-Feb-03 S2728 <50
6-Mar-03 52728 1600
Patient B 26-Feb-03 S2441 50
3-Mar-03 S2441 200
Patient C 4-Mar-03 S3279 200
14-Mar-03 S3279 1600
Patient D 6-Mar-03 M41045 <50
11-Mar-03 MB943703 800
Patient E 4-Mar-03 M38953 <50
18-Mar-03 KWHO03/3601 800
Control F 13-Feb-03 M27124 <50
1-Mar-03 MB942968 <50
Patient G 3-Mar-03 M38685 <50
7-Mar-03 KWHO03/2900 Equivocal
Blinded samples:
la * Acute <50
1b Convalescent 1600
2a * Acute 50
2b Convalescent >1600
3a * Acute 50
3b Convalescent >1600
4a * Acute <50
4b Convalescent <50
5a* Acute <50
5b Convaelscent <50
6a * Acute <50
6b Convalescent <50

NB: * patients with SARS

These results indicated that this novel member of Coronaviridae is a key

pathogen in SARS.

6.6.

Sequences of the hNSARS Virus

Total RNA from infected or uninfected FrHK-4 cells was harvested two days

post-infection. One-hundred ng of purified RNA was reverse transcribed using

Superscript® II reverse transcriptase (Invitrogen) in a 20 pl reaction mixture containing
10 pg of a degenerated primer (5’-GCCGGAGCTCTGCAGAATTCNNNNNNN-3":SEQ
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ID NO:5; N=A, T, G or C) as recommended by the manufacturer. Reverse transcribed
products were then purified by a QIAquick® PCR purification kit as instructed by the
manufacturer and eluted in 30 pl of 10 mM Tris-HCI, pH 8.0 . Three ul of purified
cDNA products were add in a 25 pl reaction mixture containing 2.5 ul of 10x PCR buffer,
4 plof 25mM MgCl,, 0.5 pl of 10 mM dNTP, 0.25 pl of AmpliTaq Gold® DNA
polymerase (Applied Biosystems), 2.5 pCi of [o-"P]CTP (Amersham), 2 pl of 10 pM
primer (5’-GCCGGAGCTCTGCAGAATT-C-3’, SEQ ID NO:6). Reactions were
thermal cycled through the following profile: 94°C for 8 min followed by 2 cycles of
94°C for 1 min, 40°C for 1 min, 72°C for 2 min. This temperature profile was followed
by 35 cycles of 94°C for 1 min, 60°C for 1 min, 72°C for 1 min. 6 pl of the PCR products
were analyzed in a 5% denaturing polyacrylamide gel electrophoresis. Gel was exposed
to X-ray film and the film was developed after an over-night exposure. Unique PCR
products which were only identified in infected cell samples were isolated from the gel
and eluted in a 50 pl of 1x TE buffer. Eluted PCR products were then re-amplified in 25
ul of reaction mixture containing 2.5 ul of 10x PCR buffer, 4 pl of 25 mM MgCl,, 0.5 ul
ru 10 mM dNTP, 0.25 ul of AmpliTaq Gold® DNA polymerase (Applied Biosystems), 1
pl of 10 uM primer (5’-GCCGGAGCTCTGCAGAATTC-3’, SEQ ID NO:6). Reaction
mixtures were thermal cycled through the following profile: 94°C for 8 min followed by
35 cycles of 94°C for 1 min, 60°C for 1 min, 72°C for 1 min. PCR products were
cloned using a TOPO TA Cloning® kit (Invitrogen) and ligated plasmids were
transformed into TOP10 E. coli competent cells (Invitrogen). PCR inserts were
sequenced by a BigDye® cycle sequencing kit as recommended by the manufacturer
(Applied Biosystems) and sequencing products were analyzed by an automatic sequencer
(Applied Biosystems, model number 3770). The obtained sequence (SEQ ID NO:1) is
shown in Figure 1. The deducted amino acid sequence from the obtained DNA sequence
(SEQ ID NO:2) showed 57% homology to the polymerase protein of identified
Coronaviruses.

Similarly, two other partial sequences (SEQ ID NOS:11 and 13) and deduced
amino acid sequences (SEQ ID NOS:12 and 14, respectively) were obtained from the
hSARS virus and are shown in Figures 8 (SEQ ID NOS:11 and 12) and 9 (SEQ ID
NOS:13 and 14).
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The entire genomic sequence of hSARS virus is shown in Figure 10 (SEQ ID
NO:15). The deduced amino acid sequences of SEQ ID NO:15 in all three frames are
shown in Figure 11 (DNA sequences shown in SEQ ID NOS: 16, 240 and 737; for amino
acid sequences, see SEQ ID NOS: 17-239, 241-736 and 738-1107, respectively). The
deduced amino acid sequences of the complement of SEQ ID NO:15 in all three frames
are shown in Figure 12 (DNA sequences shown in SEQ ID NOS: 1108, 1590 and 1965;
for amino acid sequences, see SEQ ID NOS: 1109-1589, 1591-1964 and 1966-2470,

respectively).

6.7.  Detection of the hRSARS Virus in Nasopharyngeal Aspirates

First, the nasopharyngeal aspirates (NPA) were examined by rapid
immunoflourescent antigen detection for influenza A and B, parainfluenza types 1, 2 and
3, respiratory syncytial virus and adenovirus (Chan KH, Maldeis N, Pope W, Yup A,
Ozinskas A. Gill J, Seto WH, Shortridge KF, Peiris JSM. Evaluation of Directigen Fly
A+B test for rapid diagnosis of influenza A and B virus infections. J Clin Microbiol.
2002; 40: 1675-1680) and were cultured for conventional respiratory pathogens on
Mardin Darby Canine Kidney, LLC-Mk2, RDE, Hep-2 and MRC-5 cells (Wiedbrauk DL
Johnston SLG. Manual of clinical virology. Raven Press, New York. 1993).
Subsequently, fetal rhesus kidney (FRhk-4) and A-549 cells were added to the panel of

2

cell lines used. Reverse transcription polymerase chain reaction (RT-PCR) was
performed directly on the clinical specimen for influenza A (Fouchier RA, Bestebroer
TM, Herfst S, Van Der Kemp L, Rimmelzwan GF, Osterhaus AD. Detection of influenza
A virus from different species by PCR amplification of conserved sequences in the
matrix gene. J Clin Microbiol. 2000; 38: 4096-101) and human metapneumovirus
(HMPV). The primers used for HMPV were: for first round, 5’-
AARGTSAATGCATCAGC-3’ (SEQ ID NO. 7) and 5’-
CAKATTYTGCTTATGCTTTC-3’ (SEQ ID NO:8); and nested primers: 5°-
ACACCTGTTACAATACCAGC-3’ (SEQ ID NO:9) and 5’-
GACTTGAGTCCCAGCTCCA-3’ (SEQ ID NO:10). The size of the nested PCR
product was 201 bp. An ELISA for mycoplasma was used to screencell cultures (Roche

Diagnostics GmbH, Roche, Indianapolis, USA).

6.7.1. RT-PCR Assay
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Subsequent to culturing and genetic sequencing of the hSARS virus from two
patients (see Section 6.6, supra), an RT-PCR was developed to detect the hRSARS virus
sequence from NPA samples. Total RNA from clinical samples was reverse transcribed
using random hexamers and cDNA was amplified using primers 5°-
TACACACCTCAGC-GTTG-3’ (SEQ ID NO:3) and 5-CACGAACGTGACGAAT-3’
(SEQ ID NO:4), which are constructed based on the hSARS viral genome, in the
presence of 2.5 mM MgCl, (94°C for 8 min followed by 40 cycles of 94°C for 1 min,
50°C for 1 min, 72°C for 1 min).

The summary of a typical RT-PCR protocol is as follows:

RNA extraction
RNA from 140 pl of NPA samples is extracted by QIAquick® viral RNA

extraction kit and is eluted in 50 pl of elution buffer.

Reverse transcription

RNA 11.5 ul
0.1 MDTT 2 ul
5x buffer 4
10 mM dNTP 1l

Superscript II, 200 U/ul (Invitrogen) 1 ul
Random hexamers, 0.3 pg/ pl 0.5ul

Reaction condition:  42°C, 50 min
94°C, 3 min
4°C

PCR

cDNA generated by random primers is amplified in a 50 ul reaction as follows:

cDNA 2pl
10 mM dNTP 0.5ul
10x buffer Sul
25 mM MgCl, 5ul
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25 uM Forward primer 0.5l
25 uM Reverse primer 0.5 pl
AmpliTaq Gold® polymerase, SU/pl

(Applied Biosystems) 0.25 pl
Water 36.25 pl

Thermal-cycle condition: 95°C, 10 min, followed by 40 cycles of 95°C, 1 min;
50°C 1 min; 72°C, 1 min.

Primer Sequences
Primers were designed based on the RNA-dependent RNA polymerase encoding

sequence (SEQ ID NO:1) of the hSARS virus.
Forward primer: 5> TACACACCTCAGCGTTG 3’ (SEQ ID NO:3)
Reverse primer: 5> CACGAACGTGACGAAT 3’ (SEQ ID NO:4)

Product (amplicon) size: 182 bps

Real-Time Quantitative PCR Assay

Total RNA from 140 pl of nasopharyngeal aspirate (NPA) was extracted by
QIAamp® virus RNA mini kit (Qiagen) as instructed by the manufacturer. Ten ul of
eluted RNA samples were reverse transcribed by 200 U of Superscript® II reverse
transcriptase (Invitrogen) in a 20 pl reaction mixture containing 0.15 pg of random
hexamers, 10 mmol/L DTT, and 0.5 mmol/L dNTP, as instructed. Complementary DNA
was then amplified in a SYBR Green I fluorescence reaction (Roche) mixtures. Briefly,
20 pl reaction mixtures containing 2ul of cDNA, 3.5 mmol/L MgCl,, 0.25 umol/L of
forward primer (5’-TACACACCTCAGCGTTG-3’; SEQ ID NO:3) and 0.25 umol/L
reverse primer (5’-CACGAACGTGACGAAT-3’; SEQ ID NO:4) were thermal-cycled
by a Light-Cycle® (Roche) with the PCR program, (95°C, 10 min followed by 50 cycles
of 95°C for 10 min; 57°C for 5 secs; and 72°C for 9 secs). Plasmids containing the target
sequence were used as positive controls. Fluorescence signals from these reactions were
captured at the end of extension step in each cycle. To determine the specificity of the
assay, PCR products (184 base pairs) were subjected to a melting curve analysis at the
end of the assay (65°C to 95°C, 0.1 °C per second).
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LINICAL RESULTS

Clinical findings:

All 50 patients with SARS were ethnic Chinese. They represented 5 different
epidemiologically linked clusters as well as additional sporadic cases fitting the case
definition. They were hospitalized at a mean of 5 days after the onset of symptoms. The
median age was 42 years (range of 23 to 74) and the female to male ratio was 1.3.
Fourteen (28%) were health care workers and five (10%) had a history of visit to a
hospital experiencing a major outbreak of SARS. Thirteen (26%) patients had household
contacts and 12 (24%) others had social contacts with patients with SARS. Four (8%)
had a history of recent travel to mainland China.

The major complaints from most patients were fever (90%) and shortness of
breath. Cough and myalgia were present in more than half the patients (Table 2). Upper
respiratory tract symptoms such as rhinorrhea (24%) and sore throat (20%) were present
in a minority of patients. Diarrhea (10%) and anorexia (10%) were also reported. At
initial examination, auscultatory findings, such as crepitations and decreased air entry,
were present in only 38% of patients. Dry cough was reported by 62% of patients. All
patients had radiological evidence of consolidation, at the time of admission, involving 1

zone (in 36), 2 zones (13) and 3 zones (1).

Table 2
Clinical symptoms Number (percentage)
Fever 50 (100%)
Chill or rigors 37 (74%)
Cough 31 (62%)
Myalgia 27 (54%)
Malaise 25 (50%)
Running nose 12 (24%)
Sore throat 10 (20%)
Shortness of breath 10 (20%)
Anorexia 10 (20%)
Diarrhea 5 (10%)
Headache 10 (20%)
Dizziness 6 (12%)

* Truncal maculopapular rash was noted in 1 patient.

66



10

WO 2004/085455

PCT/CN2004/000247

In spite of the high fever, most patients (98%) had no evidence of a leukocytosis.

Lymphopenia (68%), leucopenia (26%), thrombocytopenia (40%) and anemia (18%)

were present in peripheral blood examination (Table 3). The levels of parenchymal liver

enzyme, alanine aminotransferase (ALT) and muscle enzyme, creatinine kinase (CPK)

were elevated in 34% and 26% of patients, respectively.

Table 3

Laboratory parameter Mean (range) Percentage of abnormal ~ Normal range

Haemoglobin 12.9 (8.9 -15.9) 11.5-16.5 g/dl
Anaemia 9 (18%)

White cell count 517 (1.1-11.4) 4-11x10°/L
Leucopenia 13 (26%)

Lymphocyte count 0.78 (0.3 - 1.5) 1.5-4.0x10° /L
Significant lymphopenia 34 (68%)
(<1.0x10° /L)

Platelet count 174 (88 —351) 150 - 400x10° /L
Thrombocytopenia 20 (40%)

Alanine aminotransaminase (ALT) 63 (11 -350) 6-53U/L
Elevated ALT 17 (34%)

Albumin 37 (26 - 50) 42 - 54 g/L,
Low albumin 34 (68%)

Globulin 33 (21-42) 24 -36 g/L
Elevated globulin 10 (20%)

Creatinine kinase 244 (31 -1379) 34 -138 U/L
Elevated creatinine kinase 13 (26%)

Routine microbiological investigations for known viruses and bacteria by culture

2

antigen detection, and PCR were negative in most cases. Blood culture was positive for

Escherichia coli in a 74-year-old male patient, who was admitted to intensive care unit,

and was attributed to hospital acquired urinary tract infection. Klebsiella pneumoniae
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and Hemophilus influenzae were isolated from the sputum specimens of 2 other patients
on admission.

Oral levofloxacin 500 mg q24h was given in 9 patients and intravenous (1.2 g
q8h)/ oral (375 mg tid) amoxicillin-clavulanate and intravenous/oral clarithromycin 500
mg ¢12h were given in another 40 patients. Four patients were given oral oseltamivir 75
mg bid. In one patient, intravenous ceftriaxone 2 gm q24h, oral azithromycin 500 mg
q24h, and oral amantadine 100 mg bid were given for empirical coverage of typical and
atypical pneumonia.

Nineteen patients progressed to severe disease with oxygen desaturation and were
required intensive care and ventilatory support. The mean number of days of
deterioration from the onset of symptoms was 8.3 days. Intravenous ribavirin 8 mg/kg
q8h and steroid was given in 49 patients at a mean day of 6.7 after onset of symptoms.

The risk factors associated with severe complicated disease requiring intensive
care and ventilatory support were older age, lymphopenia, impaired ALT, and delayed
initiation of ribavirin and steroid (Table 4). All the complicated cases were treated with
ribavirin and steroid after admission to the intensive care unit whereas all the
uncomplicated cases were started on ribavirin and steroid in the general ward. As
expected, 31 uncomplicated cases recovered or improved whereas 8 complicated cases
deteriorated with one death at the time of writing. All 50 patients were monitored for a

mean of 12 days at the time of writing.
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Table 4
Complicated  Uncomplicated P value
case case
(0= 19) (n=31)
Mean (SD) age (range) 495+127  39.0+10.7 P <0.01
Male / Female ratio 8/11 14/17 N.S.
Underlying illness 51 1* P <0.05
Mode of contact
Travel to China 1 3 N.S.
Health care worker 5 9 N.S.
Hospital visit 1 4 N.S.
Household contact 8 5 P <0.05
Social contact 4 10 N.S.
Mean (SD) duration of symptoms to 52+2.0 47+£25 N.S.
admission (days)
Mean (SD) admission temperature (°C) 38.8+0.9 38708 N.S.
Mean (SD) initial total peripheral WBC 5.1 +2.4 52+18 N.S.
count (x 10°/ L)
Mean (SD) initial lymphocyte count 0.66+0.3 0.85+0.3 P <0.05
(x 10°/L)
Presence of thrombocytopenia 8 12 N.S.
(<150 x 10°/L)
Impaired liver function test 11 6 P <0.01
CXR changes (number of zone affected) 1.4 1.2 N.S.
Mean (SD) day of deterioration from the 8.3 +2.6 Not applicable
onset of symptoms §
Mean (SD) day of initiation of Ribavirin 7.7 +2.9 5726 P<0.05
& steroid from the onset of symptoms
Initiation of ribavirin & steroid after 12 0 P <0.001
deterioration
Response to ribavirin & steroid 11 28 P <0.05
Outcome
Improved or recovered 10 31 P <0.01
Not improving || - 8 0 P <0.01

* Multi-variant analysis is not performed due to low number of cases;

T2 patients had diabetic mellitus, 1 had hypertrophic ostructive cardiomyopathy, 1

had chronic active hepatitis B, and 1 had brain tumour;

*1 patient had essential hypertension;

§ desaturation requiring intensive care support;

| 1 died.
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Two virus isolates, subsequently identified as a member of Coronaviridae (see
below), were isolated from two patients. One was from an open lung biopsy tissue of a
53-year-old Hong Kong Chinese resident and the other from a nasopharyngeal aspirate of
a 42 year-old female with good previous health. The 53-year old male had a history of
10-hour household contact with a Chinese visitor who came from Guangzhou and later
died from SARS. Two days after this exposure, he presented with fever, malaise,
myalgia, and headache. Crepitations were present over the right lower zone and there
was a corresponding alevolar shadow on the chest radiograph. Hematological
investigation revealed lymphopenia of 0.7 x 10°/L with normal total white cell and
platelet counts. Both ALT (41 U/L) and CPK (405 U/L) were impaired. Despite a
combination of oral azithromycin, amantadine, and intravenous ceftriaxone, there was
increasing bilateral pulmonary infiltrates and progressive oxygen desaturation. Therefore,
an open lung biopsy was performed 9 days after admission. Histopathological
examination showed a mild interstitial inflammation with scattered alveolar pneumocytes
showing cytomegaly, granular amphophilic cytoplasm and enlarged nuclei with
prominent nucleoli. No cells showed inclusions typical of herpesvirus or adenovirus
infection. The patient required ventilation and intensive care after the operative
procedure. Empirical intravenous ribavirin and hydrocortisone were given. He
succumbed 20 days after admission. In retrospect, coronavirus-like RNA was detected in
his nasopharyngeal aspirate, lung biopsy and post-mortem lung. He had a significant rise
in titer of antibodies against his own hSARS isolate from 1/200 to 1/1600.

The second patient from whom an hSARS virus was isolated, was a 42-year-old
female with good past health. She had a history of traveling to Guangzhou in mainland
China for 2 days. She presented with fever and diarrhea 5 days after her return to Hong
Kong. Physical examination showed crepitation over the right lower zone which had a
corresponding alveolar shadow on the chest radiograph. Investigation revealed
leucopenia (2.7 x 10°/L), lymphopenia (0.6 x 10°/L), and thrombocytopenia (104 x 10°/L).
Despite the empirical antimicrobial coverage with amoxicillin-clavulanate,
clarithromycin, and oseltamivir, she deteriorated 5 days after admission and required
mechanical ventilation and intensive care for 5 days. She gradually improved without

receiving treatment with ribavirin or steroid. Her nasopharyngeal aspirate was positive
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for the virus in the RT-PCR and she was seroconverted from antibody titre <1/50 to
1/1600 against the hSARS isolate.

Virological findings:

Viruses were isolated on FRhk-4 cells from the lung biopsy and nasopharyngeal
aspirate respectively, of two patients described above. The initial cytopathic effect
appeared between 2 and 4 days after inoculation, but on subsequent passage, cytopathic
effect appeared in 24 hours. Both virus isolates did not react with the routine panel of
reagents used to identify virus isolates including those for influenza A, B, parainfluenza
types 1, 2, and 3, adenovirus and respiratory syncytial virus (DAKO, Glostrup, Denmark).
They also failed to react in RT-PCR assays for influenza A and HMPV or in PCR assays
for mycoplasma. The virus was ether sensitive, indicating that it was an enveloped virus.
Electron microscopy of negatively stained (2% potassium phospho-tungstate, pH 7.0) cell
culture extracts obtained by ultracentrifugation showed the presence of pleomorphic
enveloped viral particles, of about 80-90 nm (ranging 70-130 nm) in diameter, whose
surface morphology appeared comparable to members of Coronaviridae (Figure 5A).
Thin section electron microscopy of infected cells revealed virus particles of 55-90 nm
diameter within the smooth-walled vesicles in the cytoplasm (Figures 5A and 5B). Virus
particles were also seen at the cell surface. The overall findings were compatible with
infections in the cells caused by viruses of Coronaviridae.

A thin section electron micrograph of the lung biopsy of the 53 year old male
contained 60-90-nm viral particles in the cytoplasm of desquamated cells. These viral
particles were similar in size and morphology to those observed in the cell-cultured virus
isolate from both patients (Figure 4).

The RT-PCR products generated in a random primer RT-PCR assay were
analyzed and unique bands found in the virus infected specimen were cloned and
sequenced. Of 30 clones examined, a clone containing 646 base pairs (SEQ ID NO:1) of
unknown origin was identified. Sequence analysis of this DNA fragment suggested this
sequence had a weak homology to viruses of the family of Coronaviridae (data not
shown). Deducted amino acid sequence (215 amino acids, SEQ ID NO:2) from this
unknown sequence, however, had the highest homology (57%) to the RNA polymerase of
bovine coronavirus and murine hepatitis virus, confirming that this virus belongs to the

family of Coronaviridae. Phylogenetic analysis of the protein sequences showed that this
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virus, though most closely related to the group II coronaviruses, was a distinct virus
(Figures 5A and 5B).

Based on the 646 bp sequence of the isolate, specific primers for detecting the
new virus was designed for RT-PCR detection of this hRSARS virus genome in clinical
specimens. Of the 44 nasopharyngeal specimens available from the 50 SARS patients,
22 had evidence of hSARS RNA. Viral RNA was detectable in 10 of 18 fecal samples
tested. The specificity of the RT-PCR reaction was confirmed by sequencing selected
positive RT-PCR amplified products. None of the 40 nasophararyngeal and fecal
specimens from patients with unrelated diseases were reactive in the RT-PCR assay.

To determine the dynamic range of real-time quantitative PCR, serial dilutions of
plasmid DNA containing the target sequence were made and subjected to the real-time
quantitative PCR assay. As shown in Figure 7A, the assay was able to detect as little as
10 copies of the target sequence. By contrast, no signal was observed in the water control
(Figure 7A). Positive signals were observed in 23 out of 29 serologically confirmed
SARS patients. In all of these positive cases, a unique PCR product (T, = 82°C)
corresponding to the signal from the positive control was observed (Figure 7B, and data
not shown). These results indicated this assay is highly specific to the target. The copy
numbers of the target sequence in these reactions range from 4539 to less than 10. Thus,
as high as 6.48 x 10° copies of this viral sequence could be found in 1 ml of NPA sample.
In 5 of the above positive cases, it was possible to collect NPA samples before
seroconvertion. Viral RNA was detected in 3 of these samples, indicating that this assay
can detect the virus even at the early onset of infection.

To further validate the specificity of this assay, NPA samples from healthy
individuals (n=11) and patients who suffered from adenovirus (n=11), respiratory
syncytial virus (n=11), human metapneumovirus (n=11), influenza A virus (n=13) or
influenza B virus (n=1) infection were recruited as negative controls. All of these
samples, except one, were negative in the assay. The false positive case was negative in
a subsequence test. Taken together, including the initial false positive case, the real-time
quantitative PCR assay has sensitivity of 79% and specificity of 98%.

Epidemiological data suggest that droplet transmission is one of the major route
of transmission of this virus. The detection of live virus and the detection of high copies

of viral sequence from NPA samples in the current study clearly support that cough and
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sneeze droplets from SARS patients might be the major source of this infectious agent.
Interestingly, 2 out of 4 available stool samples form the SARA patients in this study
were positive in the assay (data not shown). The detection of the virus in feces suggests
that there might be other routes of transmission. It is relevant to note that a number of
animal coronaviruses are spread via the fecal-oral route (McIntosh K., 1974,
Coronaviruses: a comparative review. Current Top Microbiol Immunol. 63: 85-112).
However, further studies are required to test whether the virus in feces is infectious or not.

Currently, apart form this hSARS virus, there are two known serogroups of
human coronaviruses (229E and OC43) (Hruskova J. ez al., 1990, Antibodies to human
coronaviruses 229E and OC43 in the population of C.R., Acta Virol. 34:346-52). The
primer sets used in the present assay do not have homology to the strain 229E. Due to
the lack of available corresponding OC43 sequence in the Genebank, it is not known
whether these primers would cross-react with this strain. However, sequence analyses of
available sequences in other regions of OC43 polymerase gene indicate that the novel
human virus associated with SARS is genetically distinct from OC43. Furthermore, the
primers used in this study do not have homology to any of the sequences from known
coronaviruses. Thus, it is very unlikely that these primers would cross-react with the
strain OC43.

Apart from the novel pathogen, metapneumovirus was reported to be identified in
some of SARS patients (Center for Disease Control and Prevention, 2003, Morbidity and
Mortality Weekly Report 52: 269-272). No evidence of metapneumovirus infection was
detected in any of the patients in this study (data not shown), suggesting that the novel
hSARS virus of the invention is the key player in the pathogenesis of SARS.

Immunofluorescent antibody detection:

Thirty-five of the 50 most recent serum samples from patients with SARS had
evidence of antibodies to the hSARS virus (see Fig. 3). Of 27 patients from whom paired
acute and convalescent sera were available, all were seroconverted or had >4 fold
increase in antibody titer to the virus. Five other pairs of sera from additional SARS
patients from clusters outside this study group were also tested to provide a wider
sampling of SARS patients in the community and all of them were seroconverted. None
of 80 sera from patients with respiratory or other diseases as well as none of 200 normal

blood donors had detectable antibody.
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When either seropositivity to HP-CV in a single serum or viral RNA detection in
the NPA or stool are considered evidence of infection with the hRSARS virus, 45 of the 50
patients had evidence of infection. Of the 5 patients without any virological evidence of
Coronaviridae viral infection, only one of these patients had their sera tested > 14 days

after onset of clinical disease.

6.8. A Quantitative TagMan® Assay For hSARS Virus Detection

6.8.1. Materials and Methods

Patients and sample collection

Stored clinical specimens from 50 patients fulfilling the clinical WHO case
definition of SARS (http://www.who.int/csr/sars/casedefinition/en/) in whom the
diagnosis was subsequently confirmed by seroconversion were used in this study. NPA
samples were collected from days 1-3 of disease onset as described previously (Poon ef
al., 2003, Clin. Chem. 49:953-955). NPA samples from patients with unrelated diseases
were recruited as controls.

RNA extraction and reverse transcription

RNA from clinical samples was extracted using the QIAamp® virus RNA mini kit
(Qiagen) as instructed by the manufacturer. In the previous conventional RT-PCR assay,
140 ul of NPA was used for RNA extraction. In the revised RNA extraction protocol,
540 pl of NPA was used for RNA extraction. Extracted RNA was finally eluted in 30 uL.
of RNase-free water and stored at —20 °C. Total RNA from clinical samples was then

reverse transcribed using random hexamers.

Conventional PCR for SARS-CoV

Conventional PCR assay was performed as described in Section 6.7.1.

Real-tim ntitative PCR assays for SARS-

A real-time quantitative PCR specific for the 1b region of the SARS-Cov was
used in this study. Complementary DNA was amplified by a TagMan® PCR Core
Reagent kit in a 7000 Sequence Detection System (Applied Biosystems). Briefly, 4 pl of
cDNA was amplified in a 25 pl reaction containing 0.625 U AmpliTag Gold® polymerase
(Applied Biosystems), 2.5 pl of 10x TagMan® buffer A, 0.2 mM of dNTPs, 5.5 mM of
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MgCl,, 2.5 U of AmpErase® UNG, and 1x primers-probe mixture (Assays by Design,
Applied Biosystems). The primer sequences were 5'-
CAGAACGCTGTAGCTTCAAAAATCT-3' (SEQ ID NO:2471) and 5'-
TCAGAACCCTGTGATGAATCAACAG-3' (SEQ ID NO:2472) and the probe was 5'-
5 (FAM)TCTGCGTAGGCAATCC(NFQ)-3' (SEQ ID NO:2473; FAM, 6-
carboxyfluorescein; NFQ, nonfluorescent quencher). Reactions were first incubated at
50°C for 2 min, followed by 95°C for 10 min. Reaction were then thermal-cycled for 45
cycles (95°C for 15 sec, 60°C for 1 min). Plasmids containing the target sequences were

used as positive controls.
10 6.8.2. Results

A total of 50 NPA specimens isolated from serologically confirmed SARS
patients collected during the first 3 days of illness were studied. Of these, 11 (22%) were

positive in our previously reported conventional RT-PCR assay (See Section 6.7.1)

(Table 5).
15
Table 5
Number of positives
Day of Se;rpp le Conventional Conventional RT-PCR Real-time RT-PCR
onset 1z¢ RT-PCR assay with a modified  assay with a modified
assay RNA extraction RNA extraction
protocol” protocol™
1 8 0 (0%) 2(25%) 5 (63%)
2 16 3 (19%) 8 (50%) 14 (88%)
3 26 8 (31%) 12 (46%) 21 (81%)
“The overall detection rate of the assay is statistically different from that of the
conventional RT-PCR assay (McNemar’s test, P<0.001)
20 "The overall detection rate of the assay is statistically different from that of the

conventional RT-PCR assay with a modified RNA extraction protocol (McNemar’s test,
P<0.0001)
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We reasoned that the poor sensitivity of SARS-CoV RT-PCR detection in the
early stage of the illness could be enhanced by increasing the initial extraction volume of
the NPA sample from 140 to 560 pl. Using this modified RNA extraction protocol, the
sensitivity of the conventional RT-PCR assay doubled from 11/50 to 22/50 (Table 5). The
overall detection rate of the modified RT-PCR protocol was statistically different from
that of our first generation RT-PCR protocol (McNemar’s test, P<0.001, Table 5). Of30
negative control samples, one false positive result was observed. With the RNA
extraction modification, the sensitive and specificity of the conventional RT-PCR on
specimens collected during the first 3 days of illness was 44.0% and 96.6%, respectively.

To further improve the detection of SARS-CoV in samples from early onset, we
adopted a highly sensitive real-time quantitative assay for SARS-CoV detection (Fig. 14).
With the modiﬁed RNA extraction protocol, 40 out of 50 NPA samples were positive in
the real-time assay (Fig. 15 and Table 5). The overall detection rate of the modified RT-
PCR protocol was statistically different from the other two assays (McNemar’s test, P<
0.0001, Table S). In particular, 63% of the NPA samples isolated on day 1 of disease
onset Was positive in the real-time quantitative RT-PCR assay. By contrast, none of the
specimens isolated on day 1 was positive in the conventional RT-PCR assay. For
samples isolated on days 2-3, more than 81% of these samples was positive in the
quantitative assay (Table 5). With the modified RNA extraction protocol and real-time
PCR technology, the sensitivity and specificity of the quantitative assay towards early
SARS samples were 80% and 100%, respectively.

The real-time assay also allowed one to quantitate the viral loads of these clinical
specimens (1 copy/reaction = 27.8 copies/ml of a NPA sample). As shown in Fig. 16, the
progression of the disease resulted in an increase of viral loads in NPA (open bars). In
addition, we further examined the viral loads of clinical samples that were negative (N=
39) in our first generation RT-PCR assay (Fig. 16, grey bars). As expected, the viral
loads of these samples (grey bars) were much lower than the overall viral loads of the

whole cohort (open bars).
6.8.3. Discussion

Our objective of this study was to establish a highly sensitive RT-PCR assay for
detecting SARS-CoV. In particular, we focused on detecting SARS-CoV RNA in
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samples isolated on days 1-3 of disease onset. Using our first generation conventional
RT-PCR assay, only 22% of these samples were shown to have SARS-CoV RNA. In
order to establish a more sensitive assay, we modified the RNA extraction method and
adapted the quantitative technology in our current study. By increasing the initial volume
for RNA extraction from 140 pl to 540 pl, the proportion of positive cases was increased
to 44%. In addition, by furtber applying the real-time quantitative PCR technology in the
revised assay, 80% of early SARS samples became positive. More importantly, the use
of a 5" nuclease probe in the real-time quantitative assay can minimize the false positive
rate due to an increase in signal specificity. Taken together, results from this study
suggested that our revised RT-PCR assay allows the early and accurate diagnosis of
SARS.

The quantitative result of our modified RT-PCR assay provided further
information regarding the viral load of SARS-CoV in these clinical specimens. Our
results indicated that the viral load increases as the disease progresses. Of those samples
that were negative in the first generation RT-PCR assay, all contained very low amounts
of viral RNA (Figs. 15 and 16). This observation explained why most of these samples
were negative using our first generation RT-PCR assay. Interestingly, for those
specimens that were positive in the first generation assay, some had very high amounts of
viral RNA (Fig. 16).

In summary, by increasing the initial sample volume for RNA extraction and
utilizing real-time quantitative PCR technology, we established a sensitive and accurate
RT-PCR assay for the prompt identification of SARS-CoV. It is expected that, with this
rapid diagnostic method, a prompt identification of this pathogen will facilitate the

control of the disease and the institution of prompt treatment.
6.9.  Clinical observations and Discussion

The outbreak of SARS is unusual in a number of aspects, in particular, in the
appearance of clusters of patients with pneumonia in health care workers and family
contacts. In this series of patients with SARS, investigations for conventional pathogens
of atypical pneumonia proved negative. However, a virus that belongs to the family
Coronaviridae was isolated from the lung biopsy and nasopharyngeal aspirate obtained

from two SARS patients, respectively. Phylogenetically, the virus was not closely related
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to any known human or animal coronavirus or torovirus. The present analysis is based on
a 646 bp fragment (SEQ ID NO:1) of the polymerase gene, which indicates that the virus
relates to antigenic group 2 of the coronaviruses along with murine hepatitis virus and
bovine coronavirus. However, viruses of the Coronaviridae can undergo heterologous
recombination within the virus family and genetic analysis of other parts of the genome
needs to be carried out before the nature of this new virus is more conclusively defined
(Holmes KV. Coronaviruses. Eds Knipe DM, Howley PM Fields Virology, 4th Edition,
Lippincott Williams & Wilkins, Philadelphia, pp.1187-1203). The biological, genetic
and clinical data, taken together, indicate that the new virus is not one of the two known
human coronaviruses.

The majority (90%) of patients with clinically defined SARS had either
serological or RT-PCR evidence of infection by this virus. In contrast, neither antibody
nor viral RNA was detectable in healthy controls. All 27 patients from whom acute and
convalescent sera were available demonstrated rising antibody titers to hSARS virus,
strengthening the contention that a recent infection with this virus is a necessary factor in
the evolution of SARS. In addition, all five pairs of acute and convalescent sera tested
from patients from other hospitals in Hong Kong also showed seroconversion to the virus.
The five patients who has not shown serological or virological evidence of hSARS virus
infection, need to have later convalescent sera tested to define if they are also
seroconverted. However, the concordance of the hSARS virus with the clinical definition
of SARS appears remarkable, given that clinical case definitions are never perfect.

No evidence of HMPV infection, either by RT-PCR or rising antibody titer
against HMPYV, was detected in any of these patients. No other pathogen was
consistently detected in our group of patients with SARS. It is therefore highly likely that
that this hSARS virus is either the cause of SARS or a necessary pre-requisite for disease
progression. The issue of whether or not other microbial or other co-factors play a role in
the progression of the disease remains to be investigated.

The family Coronaviridae includes the genus Coronavirus and Torovirus. They
are enveloped RNA viruses which cause disease in humans and animals. The previously
known human coronaviruses, types 229E and OC43, are the major causes of the common
cold (Holmes KV. Coronaviruses. Eds Knipe DM, Howley PM Fields Virology, 4th
Edition, Lippincott Williams & Wilkins, Philadelphia, pp.1187-1203). But, while they
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can occasionally cause pneumonia in older adults, neonates or immunocompromised
patient (EI-Sahly HM, Atmar RL, Glezen WP, Greenberg SB. Spectrum of clinical illness
in hospitalizied patients with “common cold” virus infections. Clin Infect Dis. 2000; 31:
96-100; and Foltz EJ, Elkordy MA. Coronavirus pneumonia following autologous bone
marrow transplantation for breast cancer. Chest 1999; 115: 901-905), coronaviruses have
been reported to be an important cause of pneumonia in military recruits, accounting for
up to 30% of cases in some studies (Wenzel RP, Hendley JO, Davies JA, Gwaltney JM,
Coronavirus infections in military recruits: Three-year study with coronavirus strains
OC43 and 229E. Am Rev Respir Dis. 1974; 109: 621-624). Human coronaviruses can
infect neurons and viral RNA has been detected in the brain of patients with multiple
sclerosis (Talbot PJ, Cote G, Arbour N. Human coronavirus OC43 and 229E persistence
in neural cell cultures and human brains. Adv Exp Med Biol. ~ in press). On the other
hand, a number of animal coronaviruses (e.g. Porcine Transmissible Gastroenteritis Virus,
Murine Hepatitis Virus, Avian Infectious Bronchititis Virus) cause respiratory,
gastrointestinal, neurological or hepatic disease in their respective hosts (McIntosh K.
Coronaviruses: a comparative review. Current Top Microbiol Immunol. 1974; 63: 85-
112).

We describe for the first time the clinical presentation and complications of SARS.
Less than 25% of patients with coronaviral pneumonia had upper respiratory tract
symptoms. As expected in atypical pneumonia, both respiratory symptoms and positive
auscultatory findings were very disproportional to the chest radiographic findings.
Gastrointestinal symptoms were present in 10%. It is relevant that the virus RNA is
detected in the stool sample of some patients and that coronaviruses have been associated
with diarrhoea in animals and humans (Caul EO, Egglestone SI. Further studies on
human enteric coronaviruses Arch Virol. 1977, 54: 107-17). The high incidence of
deranged liver function, leucopenia, significant lymphopenia, thrombocytopenia and
subsequent evolution into adult respiratory distress syndrome suggests a severe systemic
inflammatory damage induced by this hSARS virus. Thus immuno-modulation by
steroid may be important to complement the antiviral therapy by ribavirin. In this regard,
it is pertinent that severe human disease associated with the avian influenza subtype
H5N1, which is another virus that recently crossed from animals to humans, has also

been postulated to have an immuno-pathological component (Cheung CY, Poon LLM,
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Lau ASY et al. Induction of proinflammatory cytokines in human macrophages by
influenza A (H5N1) viruses: a mechanism for the unusual severity of human disease.
Lancet 2002; 360: 1831-1837). In common with HSN1 disease, patients with severe
SARS are adults, are significantly more lymphopenic and have parameters of organ
dysfunction beyond the respiratory tract (Table 4) (Yuen KY, Chan PKS, Peiris JSM, et al.
Clinical features and rapid viral diagnosis of human disease associated with avian influenza
A H5N1 virus. Lancet 1998; 351: 467-471). It is important to note that a window of
opportunity of around 8 days exists from the onset of symptoms to respiratory failure.
Severe complicated cases are strongly associated with both underlying disease and
delayed use of ribavirin and steroid therapy. Following our clinical experience in the
initial cases, this combination therapy was started very early in subsequent cases which
were largely uncomplicated cases at the time of admission. The overall mortality at the
time of writing is only 2% with this treatment regimen. There were still 8 out of 19
complicated cases who had not shown significant response. It is not possible to perform
a detail analysis of the therapeutic response to this combination regimen due to the
heterogeneous dosing and time of initiation of therapy.

Other factors associated with severe disease is acquisition of the disease through
household contact which may be attributed to a higher dose or duration of viral exposure
and the presence of underlying diseases.

The clinical description reported here pertains largely to the more severe cases
admitted to hospitals. We presently have no data on the full clinical spectrum of the
emerging Coronaviridae infection in the community or in an out-patient-setting. The
availability of diagnostic tests as described here will help address these questions. In
addition, it will allow questions pertaining to the period of virus shedding (and
communicability) during convalescence, the presence of virus in other body fluids and
excreta, and the presence of virus shedding during the incubation period to be addressed.

The epidemiological data at present appears to indicate that the virus is spread by
droplets or by direct and indirect contact although airborne spread cannot be ruled out in
some instances. The finding of infectious virus in the respiratory tract supports this
contention. Preliminary evidence also suggests that the virus may be shed in the feces.
However, it is important to note that detection of viral RNA does not prove that the virus

is viable or transmissible. If viable virus is detectable in the feces, this would be a
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potentially additional route of transmission that needs to be considered. Itis relevant to
note that a number of animal coronaviruses are spread via the fecal-oral route (Mclntosh
K. Coronaviruses: a comparative review. Current Top Microbiol Immunol. 1974; 63: 85-
112).

In conclusion, this report provides evidence that a virus in the Coronaviridae
family is the etiological agent of SARS. The present invention discloses a quantitative

diagnostic assay that is rapid, sensitive and specific identification of the hSARS virus.

7. DEPOSIT

A sample of isolated hSARS virus was deposited with China Center for Type
Culture Collection (CCTCC) at Wuhan University, Wuhan 430072 in China on April 2,
2003 in accordance with the Budapest Treaty on the Deposit of Microorganisms, and
accorded accession No. CCTCC-V200303, which is incorporated herein by reference in

its entirety.

8. MARKET POTENTIAL

The hSARS virus can now be grown on a large scale, which allows the
development of various diagnostic tests as described hereinabove as well as the
development of vaccines and antiviral agents that are effective in preventing,
ameliorating or treating SARS. Given the severity of the disease and its rapid global
spread, it is highly likely that significant demands for diagnostic tests, therapies and
vaccines to battle against the disease, will arise on a global scale. In addition, this virus
contains genetic information which is extremely important and valuable for clinical and

scientific research applications.

9. EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain many equivalents to
the specific embodiments of the invention described herein using no more than routine
experimentation. Such equivalents are intended to be encompassed by the following
claims.

All publications, patents and patent applications mentioned in this specification

are incorporated herein by reference in their entireties into the specification to the same
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extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference in its entirety.
Citation or discussion of a reference herein shall not be construed as an admission

that such is prior art to the present invention.
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WHAT IS CLAIMED:

1. An isolated nucleic acid molecule consisting essentially of the nucleic acid sequence

of SEQ ID NO:2471, 2472, or a complement thereof,

2. An isolated nucleic acid molecule consisting essentially of the nucleic acid sequence
of SEQ ID NO:2474, 2475, or a complement thereof.

3. An isolated nucleic acid molecule consisting essentially of the nucleic acid sequence
of SEQ ID NO:2473, 2476, or a complement thereof,

4. An isolated nucleic acid molecule which hybridizes under stringent conditions to a
nucleic acid molecule having the nucleic acid sequence of SEQ ID NO:2471, 2472, 2473,
2474, 24775 or 2476, or a complement thereof,

5. An isolated polypeptide encoded by the nucleic acid molecule of any one of claims
1-4.
6. An antibody or an antigen-binding fragment thereof which immunospecifically

binds to a peptide encoded by the nucleic acid sequence of SEQ ID NO:2471, 2472 or 2473.

7. An antibody or an antigen-binding fragment thereof which immunospecifically

binds to a peptide encoded by the nucleic acid sequence of SEQ ID NO:2474, 2475 or 2476.

8. A method for detecting the presence of the hRSARS virus in a biological sample, said
method comprising:
(a)  amplifying a nucleic acid of the hSARS virus using primers having the
nucleic acid sequence of SEQ ID NOS:2471 and/or 2472; and
(b)  detecting in the nucleic acid using a probe having the nucleic acid sequence
of SEQ ID NO:2473.

9. A method for detecting the presence of the hSARS virus in a biological sample, said

method comprising:
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(2)  amplifying a nucleic acid of the hSARS virus using primers having the
nucleic acid sequence of SEQ ID NOS:2474 and/or 2475; and

(b)  detecting in the nucleic acid using a probe having the nucleic acid sequence
of SEQ ID NO:2476.

10. A method for identifying a subject infected with the hSARS virus, said method
comprising;
(2) obtaining total RNA from a biological sample obtained from the subject;
(b)  reverse transcribing the total RNA to obtain cDNA,; and
(c) subjecting the cDNA to PCR assay using a set of primers derived from a
nucleotide sequence of the hSARS.

11. A method for identifying a subject infected with the hSARS virus, said method
comprising:
(a) obtaining total RNA from a biological sample obtained from the subject
(b)  reverse transcribing the total RNA to obtain cDNA; and
(© subjecting the cDNA to PCR assay using a set of primers having the nucleic
acid sequence of SEQ ID NOS:2471 and/or 2472.

12.  The method of claim 11 further comprising (d) detecting a product of PCR assay

with a probe.

13.  The method of claim 12, wherein the probe is a nucleic acid molecule having the
nucleotide sequence of SEQ ID NO:2473.

14. A method for identifying a subject infected with the hSARS virus, said method
comprising:
(a) obtaining total RNA from a biological sample obtained from the subject
(b)  reverse transcribing the total RNA to obtain cDNA,; and
(c) subjecting the cDNA. to PCR assay using a set of primers having the nucleic
acid sequence of SEQ ID NOS:2474 and/or 2475.
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15.  The method of claim 14 further comprising (d) detecting a product of PCR assay

with a probe.

16.  The method of claim 15, wherein the probe is a nucleic acid molecule having the

nucleotide sequence of SEQ ID NO:2476.

17.  Akit comprising in one or more containers one or more isolated nucleic acid
molecules comprising a nucleotide sequence selected from the group consisting of SEQ ID

NO:2471, SEQ ID NO:2472, and SEQ ID NO:2473.

18. A kit comprising in one or more containers one or more isolated nucleic acid
molecules comprising a nucleotide sequence selected from the group consisting of SEQ ID
NO:2474, SEQ ID NO:2475, and SEQ ID NO:2476.
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1/94

a cag gac gct gta gct tca aaa atc tta gga ttg cct acg cag act gtt 49
Gln Asp Ala Val Ala Ser Lys Ile Leu Gly Leu Pro Thr Gln Thr Val
1 5 10 15
gat tca tca cag ggt tct gaa tat gac tat gtc ata ttc aca caa act 97
Asp Ser Ser Gln Gly Ser Glu Tyr Asp Tyr Val Ile Phe Thr Gln Thr
20 25 30
act gaa aca gca cac tct tgt aat gtc aac cgc ttc aat gtg gct atc 145
Thr Glu Thr Ala His Ser Cys Asn Val Asn Arg Fhe Asn Val Ala Ile
35 40 45
aca agg gca aaa att gge att ttg tgc ata atg tet gat aga gat ctt 193
Thr Arg Ala Lys Ile Gly Ile Leu Cys Ile Met Ser Asp Arg Asp Leu
50 55 60
tat gac aaa ctg caa ttt aca agt cta gaa ata cca cgt cgc aat gtg 241
Tyr Asp Lys Leu Gln Phe Thr Ser Leu Glu Ile Pro Arg Arg Asn Val
65 70 75 80
gct aca tta caa gca gaa aat gta act gga ctt ttt aag gac tgt agt 288
Ala Thr Leu Gln Ala Glu Asn Val Thr Gly Leu Phe Lys Asp Cys Ser
85 90 95
aag atc att act ggt ctt cat cct aca cag gca cct aca cac ctc age 337
Lys Ile Ile Thr Gly Leu His Pro Thr Gln Ala Pro Thr His Leu Ser
100 105 110
gtt gat ata aaa ttc aag act gaa gga tta tgt gtt gac ata cca gge 385
Val Asp Ile Lys Phe Lys Thr Glu Gly Leu Cys Val Asp Ile Pro Gly
115 120 125
ata cca aag gac atg acc tac cgt aga ctc atc tet atg atg ggt tte 433
Ile Pro Lys Asp Met Thr Tyr Arg Arg Leu Ile Ser Met Met Gly Phe
130 135 140
aaa atg aat tac caa gtc aat ggt tac cct aat atg ttt atc acc cgc 481
Lys Met Asn Tyr Gln Val Asn Gly Tyr Pro Asn Met Phe Ile Thr Arg
145 150 155 160
gaa gaa gct att cgt cac gtt cgt gcg tgg att gge ttt gat gta gag 529
Glu Glu Ala Ile Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu
165 170 175
ggc tgt cat gca act aga gat gct gtg ggt act aac cta cct ctc cag 577
Gly Cys His Ala Thr Arg Asp Ala Val Gly Thr Asn Leu Pro Leu Gln
180 185 190
cta gga ttt tct aca ggt gtt aac tta gta gct gta ccg act ggt tat 625
Leu Gly Phe Ser Thr Gly Val Asn Leu Val Ala Val Pro Thr Gly Tyr
195 200 205
gtt gac act gaa aat aac cta 646
Val Asp Thr Glu Asn Asn Leu
210 215

FIG. 1
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t aaa tgt agt aga atc ata cct geg cgt geog cge gta gag tgt ttt gat 49
Lys Cys Ser Arg Ile Ile Pro Ala Arg Ala Arg Val Glu Cys Phe Asp
1 5 10 15

aaa ttc aaa gtg aat tca aca cta gaa cag tat gtt ttc tge act gta 97
Lys Phe Lys Val Asn Ser Thr Leu Glu Gln Tyr Val Phe Cys Thr Val
20 25 30

aat gca ttg cca gaa aca act gct gac att gta gtc ttt gat gaa atc 145
Asn Ala Leu Pro Glu Thr Thr Ala Asp Ile Val Val Phe Asp Glu Ile
35 40 45

tct atg geot act aat tat gac ttg agt gtt gtc aat gect aga ctt cgt 193
Ser Met Ala Thr Asn Tyr Asp Leu Ser Val Val Asn Ala Arg Leu Arg
50 55 60

gca aaa cac tac gtc tat att ggc gat cct gct caa tta cca gec ccc 241
Ala Lys His Tyr Val Tyr Ile Gly Asp Pro Ala Gln Leu Pro Ala Pro
65 70 75 80

cgc aca ttg ctg act aaa ggc aca cta gaa cca gaa tat ttt aat teca 289
Arg Thr Leu Leu Thr Lys Gly Thr Leu Glu Pro Glu Tyr Phe Asn Ser
85 90 95

gtg tgc aga ctt atg aaa aca ata ggt cca gac atg ttec ctt gga act 337
Val Cys Arg Leu Met Lys Thr Ile Gly Pro Asp Met Phe Leu Gly Thr
100 105 110

tgt cge cgt tgt cet gect gaa att gtt gac act gtg agt get tta gtt 385
Cys Arg Arg Cys Pro Ala Glu Ile Val Asp Thr Val Ser Ala Leu Val
115 120 125

tat gac aat aag cta aaa gca cac aag gag aag tca gct caa tgc ttc 433
Tyr Asp Asn Lys Leu Lys Ala His Lys Glu Lys Ser Ala Gln Cys Phe
130 135 140

aaa atg ttc tac aaa ggt gtt att aca cat gat gtt tca tct geca atc 481
Lys Met Phe Tyr Lys Gly Val Ile Thr His Asp Val Ser Ser Ala Ile
145 150 155 160

aac aga cct caa ata ggc gtt gta aga gaa ttt ctt aca cgc aat cct 528
Asn Arg Pro Gln Ile Gly Val Val Arg Glu Phe Leu Thr Arg Asn Pro
165 170 175
gct tgg aga aaa got gtt tti atc tca cct tat aat tca cag aac get 577
Ala Trp Arg Lys Ala Val Phe Ile Ser Pro Tyr Asn Ser Gln Asn Ala
180 185 190

gta get tca aaa atc tta gga ttg cct acg cag act gtt gat tca teca 625
Val Ala Ser Lys Ile Leu Gly Leu Pro Thr Gln Thr Val Asp Ser Ser
195 200 205

cag ggt tct gaa tat gac tat gtc ata ttc aca caa act act gaa aca 673

Gln Gly Ser Glu Tyr Asp Tyr Val Ile Phe Thr Gln Thr Thr Glu Thr
210 215 220

FIG. §
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gca cac tct tgt aat gtc aac cgc ttc aat gtg gct atc aca agg gca 721
Ala His Ser Cys Asn Val Asn Arg Phe Asn Val Ala Ile Thr Arg Ala
225 230 235 240

aaa att ggc att ttg tgc ata atg tct gat aga gat ctt tat gac aaa 769
Lys Ile Gly Ile Leu Cys Ile Met Ser Asp Arg Asp Leu Tyr Asp Lys
245 250 255

ctg caa ttt aca agt cta gaa ata cca cgt cgc aat gtg get aca tta 817
Leu Gln Phe Thr Ser Leu Glu Ile Pro Arg Arg Asn Val Ala Thr Leu
260 265 270

caa gca gaa aat gta act gga ctt ttt aag gac tgt agt aag atc att 865
Gln Ala Glu Asn vVal Thr Gly Leu Phe Lys Asp Cys Ser Lys Ile Ile
275 . 280 285

act ggt ctt cat cct aca cag gca cct aca cac clhc agc gtt gat ata 913
Thr Gly Leu His Pro Thr Gln Ala Pro Thr His Leu Ser Val Asp Ile
290 295 300

aaa ttc aag act gaa gga tta tgt gtt gac ata cca ggc ata cca aag 961
Lys Phe Lys Thr Glu Gly Leu Cys Val Asp Ile Pro Gly Ile Pro Lys
305 310 315 320

gac atg acc tac cgt aga ctc atc tct atg atg gyt ttc aaa atg aat 1009
Asp Met Thr Tyr Arg Arg Leu Ile Ser Met Met Gly Phe Lys Met Asn
325 330 335

tac caa gtc aat ggt tac cct aat atg ttt atc acc cgc gaa gaa get 1057
Tyr Gln Val Asn Gly Tyr Pro Asn Met Phe Ile Thr Arg Glu Glu Ala
340 345 350

att cgt cac gtt cgt gcg tgg att gge ttt gat gta gag gge tgt cat 1105
Ile Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu Gly Cys His
355 360 365

gca act aga gat gct gtg ggt act aac cta cct ctec cag cta gga ttt 1153
Ala Thr Arg Asp Ala Val Gly Thr Asn Leu Pro Leu Gln Leu Gly Phe
370 375 360

tct aca ggt gtt aac tta gta gect gta ccg act ggt tat gtt gac act 1201
Ser Thr Gly Val Asn Leu Val Ala Val Pro Thr Gly Tyr Val Asp Thr
385 390 395 400

gaa aat aac cta 1213
Glu Asn Asn Leu

FIG.8 Con’t
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Cc aga acc atg cct aac atg ctt agg ata atg gcc tct ctt gtt ctt got 49
Arg Thr Met Pro Asn Met Leu Arg Ile Met Ala Ser lLeu Val ILeu Ala

1

cgc
Arg

gct
Ala

tca
Ser

gct
Ala
65

gta
Val

gtc
Val

gat
Asp

cat
His

agt
Ser
145

gca
Ala

tgg
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cat
His

cca
Pro

gtc
Val
225

att

aaa
Lys

aac
Asn

cta
Leu
50

tat
Tyr

aat
Asn

cge
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tgtcataact
tatgcttaag
agtacataca
tcaggatggt
tggttttgac
tgtagtagcet
tgtgctgaga
tggcaacatt
ttgcgttett
ttgttatgac
tcgttatgtg
tgttagagta
agaagtaggt
agctctatea
tectettatg
tattgccata
tgagtacaac
ctgtctggta
gacattctat
ttctectatt
ctgececattgg
tagtaccttc
attgcgtage
caagtacaag
ccacttagca
accacagaca
gtcaggcaaa
attgtggttg
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gatgacacag
aactatgaag
gttcaacttc
acttctaacc
tcagttctag
aatcatacca
gattatgatt
gctggtactg
gctgcaggta
atcaatggtg
gtggcaatga
ctttctgete
cagaatggta
ccatttgatyg
gttaagggca
caaagtacac
cttggtatta
ttgtgcttgt
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cttrtctgtt
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gatgctttea
gctactgtac
cttcaacaac
aatgatattc
tctgttttge
gataaccgty
gettatgcea
gttctcaaaa
gccatgcaac
gcaagatctyg
atgcttagga
tgtgttccac
gattatggta
tgggaaatcc
atggacaatt
gctgttaaac
gctggtacca
aagggaggta
ttccctaaga
gttacagaca
aacctaaata
aatgctacag
cctgctaaag
aagatgttgt
atggaccaag
catccaaatc
tgtgctaatg
tggaaaggtt
gcatcaacgt

tatactgtce
atctgctcat
gtgttattgg
ctaagacacc
catgctacaa
ttaaaggttc
gegtgtettt
acttagaagg
cagacacaac
ataggtggtt
agtacaacta
aaacaggaat
tgaatggtcg
ttgttagaca
ctcatcattyg
agtggtcact
tggcaattge
ttctgttace
gggtgatgcey
ttaaggattyg
ctgtttatga
acaaagtcta
ctgtaacctc
tgtttgtgty
tcatgcttgt
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aatttaggta
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catataagga
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agtccttitgyg
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acccagtggg
atggctgtag
ttttaaacqgg
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aagacatgtc
tcgcaaatcc
ccattctaty
caagtataaa
tggttcacca
tttecttaat
ctgetatatg
taaattctat
cataacatta
tcttaataga
tgaacctttyg
tgcegtetta
tactatcctt
atgectectggt
gatgctttta
gtttttettt
tgcatgtgct
ttctetigea
tatcatgaca
tgttatgtat
tgatgctget
ctatggtaat
taactattct
tgttgagtat
ttattgttte
ttacttcagg
tatgaactcc
taagttgttg
gtctgacgta
gtcatcttct
agacacaact
gggtgctgta
ggctattget
ggcctatgag
atctttgaat
aaagatggca
ggcaaaagta
tgatgcactt
accattgact
cacttgtgat
tgatgcggat
ggcttggcect
tgaactgagt
ttgtactgat
ggcattacta
aggtacaatt
gcctaaagtyg
gctgggeagt
caattcaact
ttacctagcea
tggtacagga
tggtgcttca
ctgtgacttg
ttttacactt
ttgtgaccaa
gtttgeggty

atttgcacag
aaccatagct
caaaattgtc
tttgteegta
tctggtgttt
ggatcatgtg
catcatatgg
ggtccatttg
aatgttttgg
ttcaccacta
acacaagatc
gatatgtgtg
ggtagcacta
gttaccttce
actttcttga
gtttacgaga
atgctgcttg
acagtigcett
tggettgaat
gcttcagett
agacgtgttt
gctttagate
ggtgtcgtta
tacccattgt
ttaggcetatt
cttactcttg
caggggcttt
ggtattggayg
aagtgcacat
aaattgtggg
gaagctttcg
gacattaata
tcagaattta
caggctgtag
gtggctaaat
gatcaggcta
actagtgcta
aacaacatta
acagcagceca
ggtaacacct
agcaagattg
cttattgtta
ccagtagcac
gacaatgcac
tcagaccace
tacacagaac
aaatacttgt
ttagctgcta
gtgetttect
agtggaggac
caggcaatta
tgttgtctgt
aaaggtaagt
agaaacacag
ctccgcegaac
taagtgcage
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cagaagacat
ttcttgrtca
tgecttagget
tccaacctgy
atcagtgtge
gtagtgttgg
agcttccaac
ttgacagaca
catggctgta
ctttgaatga
atgttgacat
ctgctttgaa
ttttagaaga
aaggtaagtt
catcactatt
atgetttctt
ttaagcataa
actttaatat
tggctgacac
tagttttget
ggacactgat
aagctatttc
cgactatcat
tatttattac
gttgctgetg
gtgtttatga
tgcctectaa
gtaaaccatg
ctgtggtact
cacaatgtgt
agaagatggt
ggttgtgcga
gttctttacc
ctaatggtga
ctgagtttga
tgacccaaat
tgcaaacaat
tcaacaatge
aactcatggt
ttacatatgce
ttcaacttag
cagctctaag
tacgacagat
ttgcctacta
aagatctcaa
tggaaccacc
acttcatcaa
cagtacgtct
tctgtgettt
aaccaatcac
ctgtaacacc
attgtagatyg
acgtccaaat
tctgtaccgt
ccttgatgea
ccgtcttaca

gcttaatcct
ggctggcaat
taaagttgat
tcaaacattt
catgagacct
ttttaacatt
aggagtacac
aactgcacag
tgctgetgtt
ctttaacctt
attgggacct
agagctgetg
tgagtttaca
caagaaaatt
gattcttgtt
gcecatttact
gcacgcatte
ggtctacatyg
tagcttgtet
tattctcatg
gaatgtcatt
catgtgggec
gtttttaget
tggcaacacce
ctactttggc
ctacttggte
gagtagtatt
tatcaaggtt
gctcteggtt
acaactccac
ttectettttg
ggaaatgcte
atcatatgcce
ttectgaagte
ccgtgatgcet
gtacaaacag
gctcttcact
gcgtgatggt
tgttgtecct
atctgcactc
tgaaattaac
agccaactcea
gtcectgtgeg
taacaattcqg
atgggctaga
ttgtaggttt
aggcttaaac
tcaggctgga
tgcagtagac
caactgtgtg
agaagctaac
ccacattgac
acctaccact
ctgcggaaty
gtctgecggat
ccgtgcggea
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caggcactag
gttttgcaaa
atttattaga
agactattta
ttagagtaga
tggctgattt
aaatactcgt
acttcgtaga
aatcattatt
tactgacatt
aagtagcacc
tecteacttt
cacttattaa
accgttattt
ataggtgtac
caagtttcgg
ctggatacca
cgcgtctecag
ctggcaattt
atgttgcttt
tgtctaaagy
aggatggcaa
gtgatatcag
atggtggctg
tceccatttaa
aagatgcact
ttaagtatge
gtactatgac
gagctactgt
ctgtttacag
gagccatgcc
cttgetgtaa
gtgagatggt
atgctacaac
taaatgcact
aacacaggct
agttttacgc
tgtgctataa
cagttcttta
accttactaa
atgattacgt
tcgatgatat
ttgatgctta
atttacaata
ccgtaatget
tgtacacacc
cttcactteg
accatgtcat
ccccaggttyg
gcaagtcaca
tatacaaaaa
gtgattggac
ttttcgeagce
ccactgtacg
ctagaccacc
aagtacagat

tactgatgtc
gttcctaaaa
ctcttacttt
taacttggtt
tggtgacatg
agtctatgct
cacatacaat
gaatcctgac
aaagactgta
agataatcag
aggctgcgga
gactagggca
gtgggatttg
taaatattgg
cctteattgt
accactagta
ttttegtgag
tttcaaggaa
attgctagat
tcaaactgte
tttetttaag
cgctgetate
acaactccta
tattaatgcce
taaatggggt
tttcgegtat
cattagtgca
aaatagacag
ggtaattgga
tgatgtagaa
taacatgcett
cttatcacac
catgtgtgge
tgcttatget
tctttecaact
ctatgagtgt
ttacctgegt
cagtaactat
ttatcaaaat
aggacctcac
gtacctgect
tgtcaaaaca
cccacttaca
cattagaaag
aactaatgat
acatacagtc
ttgcggtgece
ttcaacatca
tgatgtcact
taagcctece
cacatgtgta
taatgcrggce
agaaacgetce
cgaagtactc
attgaacaga
tggagagtac
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gtctacaggy
actaattget
gtagttaaga
aaagattgtc
gtaccacata
ctacgtcatt
tgctgtgatg
atcttacgeg
caattctgeg
gatcttaatg
gttcctattg
ttggctgetg
ctgaaatatg
gaccagacat
gcaaacttta
agaaaaatat
ttaggagtcg
cttttagtgt
aaacgcacta
aaacccggta
gaaggaagtt
agtgattatg
ttegtagttg
aaccaagtaa
aaggctagac
actaagcgta
aagaatagag
tttecatcaga
acaagcaagt
actccacacc
aggataatgg
cgtttctaca
ggctcactat
aatagtgtct
gatggtaata
ctctatagaa
aaacatttet
gcggetcaag
aatgtgttca
gaattttget
tacccagate
gatggtacac
aaacatccta
ttacatgatyg
aacacctcac
ttgcaggetyg
tgtattagga
cacaaattag
gatgtgacac
attagtttte
ggcagtgaca
gattacatac
aaagccactg
tctgacagag
aactatgtct
acctttgaaa

cttttgatat
gtcgcttceca
ggcatactat
cageggttge
tatcacgtca
ttgatyaggyg
atgatctattt
tatatgctaa
atgctatgeg
ggaactggta
tggattcata
agtcccatat
attttacgga
accatcccaa
atgtgttatt
ttgtagatgg
tacataatca
atgctgctga
catgctttte
attttaataa
ctgttgaact
actattatcg
aagttgttga
tcgttaacaa
tttattatga
atgtcatcce
ctcgcaccgt
aattattgaa
tttacyggtgg
ttatgggttg
cctctettgt
ggttagctaa
atgttaaacc
ttaacatttg
agatagctga
atagggatgt
ccatgatgat
gtttagtage
tgtctgaggce
cacagcatac
catcaagaat
ttatgattga
atcaggagta
agcttactgg
ggtactggga
taggtgettyg
gaccattcct
tgttgtetgt
aactgtatct
cattatgtgce
atgtcactga
ttgccaacac
aggaaacatt
aattgcatct
ttactggtta
aaggtgacta
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ttacaacgaa
ggagaaggat
gtctaactac
tgtccatgac
gcgtctaact
taattgtgat
caataagaag
cttaggtgag
tgatgcagge
cgattteggt
ttactcattg
ggatgctgat
agagagactt
ttgtattaac
ttctactgtg
tgttecctttt
ggatgtaaac
tccagctatg
agtagctgca
agacttttat
aaaacacttc
ttataatctg
taaatacttt
tctggataaa
ctcaatgagt
tactataact
agctggtgte
gtcaatagce
ctggcataat
ggattatcca
tcttgctege
cgagtgtgeg
aggtggaaca
tcaagctgtt
caagtatgte
tgatcatgaa
tctttetgat
tagcattaag
aaaatgttgg
aatgctagtt
attaggcgcea
aaggttcgtyg
tgctgatgtce
ccacatgttg
acctgagttt
tgtattgtgce
atgttgcaag
taatccctat
aggaggtatg
taatggtcag
cttcaatgeg
ttgtactgag
taagctgtca
ttcatgggag
ccgtgtaact
tggtgatgct

aaaagtgctg
gaggaaggca
caacatgaag
tttttcaagt
aaatacacaa
acattaaaag
gattggtatg
cgtgtacgee
attgtaggceg
gatttcgtac
ctgatgccca
ctcgcaaaac
tgtectctteg
tgtttggatg
ttteccaccta
gttgtttcaa
ttacatagct
catgcagett
ctaacaaaca
gactttgctg
ttctttgete
ccaacaatgt
gattgttacg
tcagetggtt
tatgaggatc
caaatgaatc
tctatctgta
gccactagag
atgttaaaaa
aaatgtgaca
aaacataaca
caagtattaa
tcatcecggtyg
acagccaatg
cgcaatctac
ttcgtggatg
gatgcegttg
aactttaagg
actgagactg
aaacaaggag
ggctgttttyg
tcactggceta
tttcacttgt
gacatgtatt
tatgaggcta
aattcacaga
tgctgctatg
gtttgcaatg
agctattatt
gtttttggtt
atagcaacat
agactcaagc
tatggtattg
gttggaaaac
aaaaatagta
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gaggtactac
taatgccact
tgtacccaac
tcggeatgea
ccatecggact
cagctgttga
gaatcatacc
tagaacagta
tctttgatga
gtgcaaaaca
tgactaaagg
taggtccaga
tgagtgecttt
tcaaaatgtt
aaataggcgt
tctcacctta
ctgttgattc
cagcacactc
ttttgtgeat
taccacgtcg
gtagtaagat
taaaattcaa
accgtagact
atatgtttat
tagagggctyg
tttctacagy
cagaattcac
cactcatgta
gtgatacact
agcttacatce
acaaacgtgc
tgggttttga
gtaaccttca
gttgtgatge
attggtctgt
aagtacaaca
acattggaaa
acgatgctca
ctacacatca
gttacccage
taccaggetg
tcgataaaag
cttgtgagte
ctacgtgtat
accgacagta
acaaacaatt
atgtggctta
tttccatcat
aaaataagac
aaccagtgce
taatctggga
tgactgacat
atggtagagt
cagaaggttc
gagtcacatt
gcattattca

gacatacaag
tagtgcacct
actcaacatc
aaagtactct
tgctctetat
tgcectatgt
tgegegtgeg
tgttttctge
aatctctatg
ctacgtctat
cacactagaa
catgtteett
agtttatgac
ctacaaaggt
tgtaagagaa
taattcacag
atcacagggt
ttgtaatgte
aatgtctgat
caatgtgget
cattactggt
gactgaagga
catctctatg
cacccgcgaa
tcatgcaact
tgttaactta
cagagttaat
taaaggcettyg
gaaaggattg
aatgaagtac
aacttgetrtt
ctatgtctat
gagtaaccat
tatcatgact
tgaataccct
catggttgtg
tcecaaagget
gceatgtagt
cgataaattc
caatgcaatt
tgatggtygt
tgcatttact
tcatggcaaa
tacacgatge
cttggatgca
tgatacttat
taatgttgtt
taataatgcet
aacacttecct
agagattaag
ctacaaaaga
tgccaagaaa
ggaaggacaq
agtcaaaggt
aattggagaa
acagttgect
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ttgaatgttyg
actctagtge
tcagatgagt
acactccaag
tacccatctg
gaaaaggcat
cgcgtagagt
actgtaaatg
gctactaatt
attggcgate
ccagaatatt
ggaacttgtc
aataagctaa
gttattacac
tttcttacac
aacgctgtag
tctgaatatyg
aaccgcttca
agagatcttt
acattacaag
cttcatccta
ttatgtgttg
atgggtttea
gaagctattc
agagatgctg
gtagctgtac
gcaaaacctc
ccctggaatyg
tcagacagag
tttgtcaaga
tctactteat
aacccattta
gaccaacatt
agatgtttag
attataggag
aagtctgcat
atcaagtgtg
gacaaagctt
actgatggtg
gtgtgtaggt
agtttgtatg
aatttaaagc
caagtagtgt
aatttaggty
tataatatga
aacctgtgga
aataaaggac
gtttacacaa
gttaatgttg
atactcaata
gaagccceag
cctactgaga
gtagaccttt
ctaacacctt
tcagtaaaaa
gaaacctact

gtgattactt
cacaagagca
tttctageaa
gaccacctgg
ctcgecatagt
taaaatattt
gttttgataa
cattgccaga
atgacttgag
ctgcteaatt
ttaattcagt
gcegttgtee
aagcacacaa
atgatgttte
gecaatectge
cttcaaaaat
actatgtcat
atgtggetat
atgacaaact
cagaaaatgt
cacaggcacc
acataccagg
aaatgaatta
gtcacgttcg
tgggtactaa
cgactggtta
caccaggtga
tagtgcgtat
tegtgttegt
ttggacctga
cagatactta
tgattgatgt
gcecaggtaca
cagtccatga
atgaactgag
tgcttgctga
tgecteagge
acaaaztaga
tttgtttgtt
ttgacacaag
tgaataagca
aattgecttt
cggatattga
gtgctgtitg
tgatttctge
atacatttac
actttgatgg
aggtagatgg
catttgagct
atttgggtgt
cacatgtatc
gtgcttgrtce
ttagaaacge
caaagggacc
cacagtttaa
ttactcagag

FIG. 10 Con’t

PCT/CN2004/000247

tgtgttgaca
ctatgtgaga
tgttgcaaat
tactggtaag
gtatacggca
gcccatagat
attcaaagtg
aacaactgct
tgttgtcaat
accagcccce
gtgcagactt
tgctgaaatt
ggataagtca
atctgcaatc
ttggagaaaa
cttaggattg
attcacacaa
cacaagggca
gcaatttaca
aactggactt
tacacacctc
cataccaaag
ccaagtcaat
tgcgtggatt
cctacctcte
tgttgacact
ccagtttaaa
taagatagta
cetttgggeg
aagaacgtgt
tagcctgetgg
tcagcagtgg
tggaaatgeca
gtgctttgtt
ggttaattct
taagtttcca
tgaagtagaa
ggaactctte
ttggaattgt
agtcttgtca
tgcattccac
cttttactat
ttatgttcca
cagacaccat
tggatttage
caggttacag
acacgccggce
tattgatgtg
ttgggctaag
tgatatcget
tacaataggt
ttcacttact
ccgtaatggt
agcacaagct
ctactttaag
cagagactta

tctecacactyg
attactggct
tatcaaaagg
agtcattttg
tgctctcaty
asatgtagta
aattcaacac
gacattgtag
gctagacttc
cgcacattge
atgaanacaa
gttgacactg
gctcaatgcet
aacagacctc
gctgttttta
cctacgcaga
actactgaaa
aaaattggca
agtctagaaa
tttaaggact
agcgttgata
gacatgacct
ggttacccta
ggctttgatyg
cagctaggat
gaaaataaca
catcttatac
caaatgctca
catggctttg
tgtctgtgty
aatcattctg
ggctttacgg
catgtggcta
aagcgcgttg
gcttgcagaa
gttcttcatyg
tggaagttct
tattcttatg
aacgttgatc
aacttgaact
actccagett
tctgatagtc
ctcaaatetyg
gcaaatgagt
ctatggattt
agtttagaaa
gaagcacctg
gagatctttg
cgtaacatta
gctaatactg
gtctgcacaa
gtcttgtttg
gttttaataa
agcgtcaatg
aaagtagacg
gaggatttta
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agcccagatc
gatataagct
aacttggcgg
aattagagga
aaacaggttc
agataataaa
atgctgaaat
aactacaagc
aaagaatgcet
aaggaataat
ctttagctgt
ttgcaccagg
cagatcttaa
tacatacggce
atgtgacaaa
agcaaaaact
ctgaccttta
atgcatcatc
aaattgatgg
agttgtette
ctgtaatgte
gtaggcttat
actaaacgaa
accggtgeac
tgaggggggt
atttatttct
gcaaccctgt
ttgteegtgg
ttaacaattc
tctttgctgt
ttaattgcac
gtaattttaa
ataagggcta
aacctatttt
ccttttecace
taaagccaac
attgttctea
aaggaattta
ctaatattac
tctatgcatg
actcaacatt
tttgettcte
tagecgeccagg
tgggttgtgt
attataaata
atgtgcettt
cattaaatga
tagtacttte
ctgaccttat
tgttaactcc
atttcactga
cttttggggy
tatatcaaga
cagcttggeg
taggagctga
gtgctagtta

acaaatggaa
cgagggctat
tcttecattta
ttttatcect
atcaaaatgt
gtcacaagat
ttcattcatyg
aagtcaagcg
tcttgaaaag
gatgaatgtc
accctacaac
tacagctgtg
tgacttegte
taataaatgg
agagaatgac
agccctgggt
caagcttatg
atcggaagca
ctataccatg
ctattcacte
tcttaaggag
cattagagaa
catgtttatt
cacttttgat
ttactatect
tcecatctttat
catacctttt
ttgggttttt
tactaatgtt
ttctaaaccc
tttcgagtac
acacttacga
tcaacctata
taagttgect
tgctcaagac
tacatttatg
aaatccactt
ccagacctct
aaacttgtgt
ggagagaaaa
tttttcaacc
caatgtctat
acaaactggt
ccttgettgg
taggtatctt
cteceectgat
ttatggtttt
ttttgaactt
taagaaccag
ttcttcaaag
ttcegttega
tgtaagtgta
tgttaactge
catatattct
gcatgtcgac
ccatacagtt
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actgacttte
gccttcgaac
atgataggct
atggacagca
gtgtgttetg
ttgtcagtga
ctttggtgta
tggcaaccag
tgtgacctte
gcaaagtata
atgagagtta
ctcagacaat
tccgacgeag
gaccttatta
tctaaagaag
ggttctatag
ggccatttct
tttttaattg
catgctaact
tttgacatga
aatcaaatca
aacaacagag
ttcttattat
gatgttcaag
gatgaaattt
tctaatgtta
aaggatggta
ggttctacca
gttatacgag
atgggtacac
atatctgatyg
gagtttgtgt
gatgtagtte
cttggtatta
atttggggca
ctcaagtatg
gctgaactca
aatttcaggg
ccttttggag
aaaatttcta
tttaagtget
gcagattett
gttattgetg
aatactagga
agacatggca
ggcaaacctt
tacaccacta
ttaaatgcac
tgtgtcaatt
agatttcaac
gatcctaaaa
attacacctg
actgatgttt
actggaaaca
acttcttatg
tetttattac

tcgagetege
acatcgttta
tageccaagcg
cagtgaaaaa
tgattgatct
tttecaaaagt
aggatggaca
gtgttgcgat
agaattatgg
ctcaactgtg
ttecactttgg
ggttgccaac
attctacttt
ttagcgatat
ggtttttcac
ctgtaaagat
catgglggac
gggctaacta
acattttctg
gcaaatttee
atgatatgat
ttgtggtttc
ttettactcet
ctectaatta
ttagatcaga
cagggtttca
tttattttge
tgaacaacaa
catgtaactt
agacacatac
cctttteget
ttaaasataa
gtgatctace
acattacaaa
cgtcagetge
atgaaaatgg
aatgctctgt
ttgtteecte
aggtttttaa
attgtgttge
atggcgtttc
ttgtagtcaa
attataatta
acattgatge
agcttaggcc
gcaccccacce
ctggcattgg
cggcecacggt
ttaattttaa
catttcaaca
catctgaaat
gaacaaatgc
ctacagcaat
atgtattcca
agtgcgacat
gtagtactag
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tatggatgaa
tggagattte
ctcacaagat
ttacttcata
tttacttgat
ggtcaaggtt
tgttgaaacc
gcctaacttg
tgaaaatgcet
tcaatactta
tgctggetcet
tggcacacta
aattggagac
gtatgaccct
ttatetgtgt
aacagagcat
agcttttgtt
tcttggcaag
gaggaacaca
tcttaaatta
ttattctett
aagtgatatt
cactagtggt
cactcaacat
cactctttat
tactattaat
tgccacagag
gtcacagtcyg
tgaattgtgt
tatgatattc
tgatgtttca
agatgggttt
ttctggtttt
ttttagagce
agecctatttt
tacaatcaca
taagagcttt
aggagatgtt
tgctactaaa
tgattactct
tgccactaag
gggagatgat
taaattgcea
tacttcaact
ctttgagaga
tgctcttaat
ctaccaacct
ttgtggacca
tggactcact
atttggcegt
attagacatt
ttcatctgaa
tcatgcagat
gactcaagca
tcectattgga
ccaaaaatct

ttcatacagce
agtcatggac
tcaccactta
acagatgcgc
gactttgtcg
acaattgact
ttctacccaa
tacaagatgc
gttataccaa
aatacactta
gataaaggag
cttgtcgatt
tgtgcaacag
aggaccaaac
ggatttataa
tcttggaaty
acaaatgtaa
ccgaaggaac
aatcctatce
agaggaactg
ctggaaaaag
cttgttaaca
agtgaccttg
acttcatcta
ttaactcagg
catacgtttg
aaatcaaatg
gtgattatta
gacaaccctt
gataatgcat
gaaaagtcag
ctotatgttt
sacactttga
attcttacag
gttggctatt
gatgctgttyg
gagattgaca
gtgagattec
tteeccttetg
gtgctctaca
ttgaatgatc
gtaagacaaa
gatgatttca
ggtaattata
gacatatcta
tgttattggce
tacagagttg
aaattatcca
ggtactggtg
gatgtttcty
tcaccttgcet
gttgctgttc
caactcacac
ggctgtctta
gctggecattt
attgtggcett
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atactatgtc
ctactaactt
ccgtagattyg
aatatggtag
atcgceaacac
aatattttgy
ggtcttttat
agcaatatgg
tcaatggact
ctgctctagt
aaataccttt
ttctectatga
aagaatcact
atgctcaage
gtgtgctaaa
ggttaattac
ctgctgaaat
gacaatcaaa
cagecceegca
tcaccacage
ttgtgtttaa
ttactacaga
acacagttta
acttcaaaaa
ctgtcgteaa
aatcactcat
atgtttgget
gttgcatgac
agtttgatga
cqaacttatg
aaaaattgac
agccteacte
cgctaccaaa
gttecatttge
tgcaggtaag
caacgcatgt
attactttat
accatataac
azaactcaaa
agactatgte
aattactaca
agacccaccyg
aatggatcca
aagtgagtac
tagcgtactt
tgcgettega
ggtttacgtc
ggtctaaacg
gcagacaacg
gtaataggtt
aacaggtttt
gottgtittg
gcaatggctt
tttgctcgta
cctectecggg
gtgatcatte

tttaggtget
ttcaattage
taatatgtac
cttttgcaca
acgtgaagtyg
tggttttaat
tgaggacttg
cgaatgccta
tacagtgttg
tagtggtact
tgctatgcaa
gaaccaaaaa
tacaacaaca
attaaacaca
tgatatcctt
aggcagactt
cagggcttcet
aagagttgac
tggtgttgte
gccagcaatt
tggcacttct
caatacattt
tgatcctcety
tcatacatca
cattcaaaaa
tgaccttecaa
cggcttecatt
tagttgtcge
ggatgactct
gatttgttta
aatgcttctc
ccttteggat
ataattgege
aatttactgc
gaggcgcaat
agaattatta
gatgccaact
agtgtcacag
gaagactacc
gttgtacatg
gacactggta
aatgtgcaaa
atttatgatg
gaacttatgt
ctttttettg
ttgtgtgegt
tactcgegtg
aactaactat
gtactattac
tectatteet
tgtacataat
tgcttgctgt
gtattgtagg
cccgeteaat
ggacaattgt
gtggtcactt
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gatagttcaa
attactacag
atctgcggag
caactaaatc
ttegetcaag
ttttcacaaa
ctctttaata
ggtgatatta
ccacctetge
gccactgctyg
atggcatata
caaatcgcca
tcaactgcat
cttgttaaac
tegegacttg
caaagcctte
gctaatcttyg
ttttgtggaa
ttcectacatg
tgtcatgaag
tggtttatta
gtctcaggaa
caacctgagc
ccagatgttg
gaaattgacc
gaattgggaa
gctggactaa
agttgcctea
gagccagttce
tgagattttt
ctgcaagtac
ggcttgttat
tcaataaaag
tgctatttgt
ttttgtacct
tgagatgttyg
actttgtttyg
atacaattgt
aaattggtgg
gctattteac
ttgaaaatgce
tacacacaat
agccgacgac
actcattegt
cttregtggt
actgctgceaa
ttaasaatct
tattattatt
cgttgaggag
agcctggatt
aaagcttgtt
tgtctacaga
cttgatgtgg
gtggtcattc
gaccagaccyg
gcgaatggee

ttgéttactc
aagtaatgce
attctactga
gtgcactctc
tcaaacaaat
tattacctga
aggtgacact
atgctagaga
tcactgatga
gatggacatt
ggttcaatgy
accaatttaa
tgggcaagct
aacttagctc
ataaagtcga
aaacctatgt
ctgctactaa
agggctacca
tcacgtatgt
gcaaagcata
cacagaggaa
attgtgatgt
ttgactcatt
atcttyggega
gccteaatga
aatatgagceca
ttgccategt
agggtgcatg
tcaagggtgt
tactcttgga
tgttcatget
tggcgttgca
atggcagcta
taccatctat
ctatgecttyg
gctttgttgg
ctggcacaca
cgttactgaa
ttattetgag
cgaagtttac
tacattcttc
cgacggctct
gactactagc
ttecggaagaa
attcttgeta
tattgttaac
gaactcttct
ctgtttggaa
cttaaacaac
atgttactac
ttecectctgge
attaattggg
cttagctact
aacccagaaa
ctcatggaaa
ggacactcce
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taataacacc
tgtttctatg
atgtgctaat
aggtattget
gtacaaaacc
ccctetaaag
cgctgatget
tctcatttgt
tatgattgcet
tggtgetgge
cattggagtt
caaggcgatt
gcaagacgtt
taattttggt
ggcggaggta
aacacaacaa
aatgtctgag
ccttatgtce
gccateccag
cttecectegt
cttetttitet
cgttattggce
caaagaagag
catttcaggce
ggtcgctaaa
atatattaaa
catggttaca
ctcttgtggt
caaattacat
tcaattactyg
acagcaacga
tttcttoctg
gccetttata
tcacatettt
atatatttte
aagtgcaaat
cataactatg
ggtgacggea
gataggcact
taccagcettg
atctttaaca
tcaggagttg
gtgcctttgt
acaggtacgt
gtcacactag
gtgagtttag
gaaggagttc
ctttaacatt
tcctggaaca
aatttgccta
tcttgtggece
tgactggcgyg
tegttgettc
caaacattct
gtgaacttgt
tagggcgctg

attgctatac
gctaaaacct
ttgcttctee
gctgaacagg
ccaactttga
ccaactaaga
ggcttcatga
gcgcagaagt
gcctacactg
getgcetcette
acccaaaatg
agtcaaatte
gttaaccaga
gcaatttcaa
caaattgaca
ctaatcaggg
tgtgttecttyg
ttcccacaag
gagaggaact
gaaggtgttt
ccacaaataa
atcattaaca
ctggacaagt
attaacgctt
aatttaaatg
tggccttggt
atcttgecttt
tcttgetgea
tacacataaa
cacagccagt
taccgctaca
tttttcagag
agggctteca
tgettgtege
tacaatgeat
ccaagaacece
actactgtat
tttcaacacc
caggtgttaa
agtctacaca
agcttgttaa
ctaatccage
aagcacaaga
taatagttaa
ccatcettac
taaaaccaac
ctgatcttcet
gcttatcatg
atggaaccta
ttctaatcgg
agtaacactt
gattgcgatt
cttecaggetg
tctcaatgtg
cattggtgct
tgacattaag
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gacctgccaa
gcgtcgcage
aactataaat
taagtgacaa
tatcattatg
agtgagacaa
acctatggag
ttgtatttac
tactaaaaga
ctgacaataa
gtactcgaca
aagaggaggt
ttttaatact
cttctatttyg
ttggttttca
gaaacttctc
gegetgtgea
gtaatactta
ggcacactat
gtggtgcget
gagacgtact
tcaaaccaac
aaccagaatg
aataatactg
cctcgaggece
taccgaagag
agatggtact
aaagaaggca
ggcaccegcea
ttgccaaaag
tcatcacgta
cctgetegaa
ttgaaccage
actaagaaat
cagtacaacg
ggggaccaaq
tttgctecaa
tcgggaacat
aaagacaacyg
gagcctaaaa
aagaagcagc
cttcaaaatt
accacacaag
tactcttgtg
atctcacata
catttteatc
ctgcctatat
attttaatag

aagagatcac
gtgtaggcac
taaatacaga
cagatgttte
aggactttca
ttatttaagc
ttagattatc
atcttgecgag
accttgccca
atttgcacta
tacctatcag
tcaacaagag
ttgcttecace
tgctttttag
ctcgaaatcc
attgttttga
tctaataaac
tagcactget
ggttcaaaca
tatagctagg
tgttgtttta
gtagtgccee
gaggacgcaa
cgtcttggtt
agggcgttcc
ctacccgacy
tctattacct
tcgtatgggt
atcctaataa
gcttctacge
gtcgeggtaa
tggctagegy
ttgagagcaa
ctgctgctga
tcactcaage
acctaatcag
gtgcetetge
ggctgactta
tcatactgct
aggacaaaaa
ccactgtgac
ccatgagtgg
gcagatggge
cagaatgaat
gcaatcttta
gaggccacge
ggaagagcce
cttcttagga
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tgtggectaca
tgattcaggt
ccacgeeggt
atcttgttga
ggattgctat
ctctaactaa
cataaaacga
ctatatcact
tcaggaacat
acttgcacta
ctgcgtgcaa
ctctactege
attaagagaa
cctttctget
aggatctaga
cttgtattte
ctecatgtget
tggectttgtyg
tgcacaccta
tgttggtacc
aataaacgaa
ccgcattaca
tggggcaagg
cacagctctc
aatcaacacc
agttcgtggt
aggaactggc
tgcaactgag
caatgctgece
agagggaage
ttcaagaaat
aggtggtgaa
agtttetggt
ggcatctaaa
atttgggaga
acaaggaact
attctttgga
tcatggagce
gaacaagcac
gaaaaagact
tcttettect
agcttctgct
tatgtaaacg
tctegtaact
atcaatgtgt
ggagtacgat
taatgtgtaa
gaatgacaaa

tcacgaacgc
tttgctgecat
agcaacgaca
ctteccaggtt
ttggaatctt
gaagaattat
acatgaaaat
atcaggagtg
acgagggcaa
gcacacactt
gatcagtttc
cactttttet
agacagaatg
attcecttgtt
agaaccttgt
tctatgcagt
tgaagatcet
ctetaggaaa
atgttactat
ttcatgaagg
caaattaaaa
tttggtggac
ccaaaacagc
actcagcatg
aatagtggtc
ggtgacggca
ccagaagett
ggagccttga
accgtgctac
agaggcggcea
tcaactccetg
actgcecteg
aaaggccaac
aagcctegec
cgtggtccag
gattacaaac
atgtcacgcea
attaaattgg
attgacgcat
gatgasgctce
gcggetgaca
gattcaacte
ttttcgcaat
aaacagcaca
aacattaggg
cgagggtaca
aattaatttt
aaaaaaaaaa
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tttcttatta
acaaccgcta
atattgettt
acaatagcag
gacgttataa
tcggagttag
tattctette
tgttagaggt
ttcaccattt
tgecttttget
accaaaactt
cattgttget
aatgagctca
ttaataatge
accaaagtct
tgcatatgca
tgtaaggtac
ggttttacct
caactgtcaa
tcaccaaact
tgtctgataa
ccacagattc
gccgacccca
gcaaggagga
cagatgacca
aaatgaaaga
cacttceccta
atacacccaa
aacttcctca
gtcaagactc
gcagcagtag
cgctattget
aacaacaagg
aaaaacgtac
aacaaaccca
attggcegea
ttggcatgga
atgacaaaga
acaaaacatt
agcctttgee
tggatgattt
aggcataaac
tecegtttacyg
agtaggttta
aggacttgaa
gtgaataatg
agtagtgcta
aa

caaattagga
ccgtattgga
gctagtacag
agatattgat
taagttcaat
atgatgaaga
ctgacattga
acgactgtac
caccctcttg
tgtgctgacg
ttcatcagac
gctctagtat
ctttaattga
ttattatatt
aaacgaacat
ctgtagtaca
aacactaggg
tttcatagat
gatccagetg
gctgcattta
tggaccccaa
aactgacaat
aggtttacce
acttagattc
aattggctac
gctcagccce
cggcgctaac
agaccacatt
aggaacaaca
ttctecgotce
gggaaattct
gctagacaga
ccaaactgte
tgccacaaaa
aggaaatttc
aattgcacaa
agtcacacct
tccacaatte
cccaccaaca
gcagagacaa
ctccagacaa
actcatgatg
atacatagtc
gttaacttta
agagccacca
ctagggagag
tcececcatgtg
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1 - ATATTAGGTTTTTACCTACCCAGGARRAGCCAACCAACCTCGATCTCTTGTAGAICTGIT - 60
-1 L & F Y L P R K S QP T O SIS CR SV
- Yy *'yv F T Y P G KANQZPRSIL YV DILF
- I R FLP?P T QEIKZPTUNILUDTILIL* I C 8
61 - CTCTARACGAACTTTAARAATCTGTGTAGCTGTCGCTCGGCTGCATGCCTAGTGCACCTAC ~ 120

-L * £ N F X I ¢ V A Y AR DL HA* CTY
- § KR T L K SV *L §L G CMUP S A P T
- L ¥ E L * N L CSC®RUSAATCTLV HULR

121 - GCAGTATARACAATAATARATTTTACTGTCGTTGACARGARACGRGTAACTCGTCCCTCT - 180
-A VvV * T I I N F T V V D K X R V T R P 8
- QYK Q * *# I L L S L TRNTE * L V P L
-~ 8§ I N N N XK F Y CR * QET SN S35 S L F

181 - TCTGCAGACTGCTTACGGTTTCGTCCGTGTTGCAGTCGATCATCACGCATACCTAGGTTTC ~ 240
-S ADCULU®RTFRZPOCCS SRS S A Y L G F
- L QT A Y GPF V RV AV DHOQUHT * V 8
- ¢ R L L TV S S VL QS I I S 1 P R F R

241 - GTCCGG@STGTGACCGAAAGGTAAGATGGAGAGCCTTGTTCTTGGTGTCAACGAGAAAACA - 300
-V RV * P XK G K MESTILV LGV NEKT
- 8 GiC D R KV RWU R ALV FTILUV S TR K H
- PGV TBR *DGEZPCS WCQRENT

301 - CACGTCCAACTCAGTTTGCCTGTCCTTCAGGTTAGAGACGTGCTAGTGCGTGGCTTCGGE - 360
-H V QLS L PV L QVZRDVYVTILVYRGTFG
- T S N SV CL SFURULETTC®*OCV A S G
- R P T Q F A C P 8 G * RR A S A W UL R G

361 - GACTCTGETGGAAGAGGCCCTATCGGAGGCACGTGAACACCTCAARAATGGCACTTGTGGT - 420
-D S VEEA ATLSEA ARTEHTILIE KNG GT?TCG
- T L W K R P ¥ R R HV NT S KMATDLUV YV
- L C¢CG6 RGP 1 GG T* TP QQXKWHTILWS

421 - CTAGTAGAGCTGGAARAAGGCGTACTGCCCCAGCTTGAACAGCCCTATGTGTTCATTARA ~ 480
-L V BE L E K G V L P Q L E Q P Y V F I K
- % *:!5 ¥ K K A Y ¢C P S L N 3 P M C S L N
- S RA G KRRTAPA* TATLUCV H * T

481 ~ CGTTCTEATGCCTTAAGCACCAATCACGGCCACAAGGTCGTTGAGCTGGTTGCAGRAATG ~ 540
-R S DAL STNUHGIHTI KVYV ETLVAEM
- v LM P * A P I TATURSUIL S WL QKW
- F *' C L K H Q S R P Q G R * A G C R N G

541 - GACGGCATTCAGTACGGTCGTAGCGGTATAACACTGGGAGTACTCGTGCCACATGTGGGC - 600
-D G I QYGRS G I TUIL GV L V P HUV G
- T AF STV VAV *¥HWEYSCHMGUWA
- R HS VRS *R Y NTGSTU RATTGCGR

601 - GAAACCCCAATTGCATACCGCAATGTTCTTCTTCGTAAGAACGGTAATAAGGGAGCCGGT ~ 660
-E T P I A Y R NV L L R KDNGNK G A G
- K P'QL HTAMT FUPFPTF V RTUVYVIRTETPUV
- NP, NCIPQCS8 S S * ER* * G S5 R W

661 - GGTCATAGCTATGGCATCGATCTAAAGTCTTATGACTTAGGTGACGAGCTTGGCACTGAT ~ 720
-G H $ Y G I DL K S&YDILGDTETLTGTD
- VI AMAS I * § L MT* Vv T 8 L A LI
- 8§ *L W H IR S KV L * L R *¥ R A WH * 8§

721 - CCCATTGAAGATTATGAACAAAACTGGAACACTAAGCATGGCAGTGGTGCACTCCGTGAA ~ 780
-P I E DY E Q N WMNTIEKUHGS GAILRE
- P L K I M NXT G T DL S M AUV YV H S Vv N
- H R L * T KL E H *¥ A W QWCT P * T

781 - CTCACTCGTGAGCTCAATGGAGGTGCAGTCACTCGCTATGTCGACAACAATTTCTGTGGC ~ 840
-L T R BE L N G G AUV TR YV DUNNT FC G
- 8 L VS S MEUV QS L AMSTTTI S V A
- H 8. *+ A Q W R C S H S L C R Q Q F L ® P

FIG. 11
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841 - CCAGATGGGTACCCTCITGATTGCATCAARGATTTTCTCGCACGCGCGGGCARGTCAATG - 900
-P DG Y P LD CTII KT DTFTLARA ATGTI K S M
- @ MG T L L I A 8 K I F S HARAS Q C
- R WV P S ¥ L HQRF S RTRGEGQV NV
901 ~ TGCACTCTTTCCGAACAACTTGATTACATCGAGTCGAAGAGAGGTGTCTACTGCTGCCGT - 960
~-C T L 8 E QL D Y I ESZ KU®RG GV Y CCR
- A L'F P NUNJILTITSSRURETV S TAA AV
- H § F R T T * L B RV EZEH RT CTILUL L P *
961 - GACCATGAGCATGAAATTGCCTGGTTCACTGAGCGCTCTGATAAGAGCTACGAGCACCAG - 1020
~-D HEHEI AW FTET®RSDI K S Y E H Q
- T M'S M KL P G S L $SAULTIURA ATS TR
- p *¥ A * N CL V H* A DL % * E L R A P D
1021 - ACACCCTTCGAAATTAAGAGTGCCAAGAAATTTGACACTTTCAAAGGGGARTGCCCAAAG ~ 1080
~-T P FETI XK SAIKI KT FDTTFKGEC P K
- H P:S XKL RV P RDNIULTTIL S8 K GUNA AUOQ S
- T I, RN * E C Q BE I * HF Q R G M P K V
1081 - TTTGTGITTCCTCTTAACTCABRAAGTCAAAGTCATTCAACCACGTGTTGAAAAGRARAAG ~ 1140
-F V F P LN S KV KV I Q PRV EZEKKK
- L C:F L L T Q K S K 8 F N HV L K R KR
- C VS S8 * L KS QS HSTTC®*KEKTD
1141 - ACTGAGHEGTTTCATGGGGCGTATACGCTCTGTGTACCCTGETTGCATCTCCACAGGAGTGT ~ 1200
-T E 6 FM GRTIU RSV Y PV A S P QEC
- L RV 8§ W GV Y AL C T L L HL HR SV
- % ¢ F H 66 A4 Y TILCV P CCTI S T G V *
1201 - AACAATATGCACTTGTCTACCTTIGATGAAATGTAATCATTGCGATGAAGTTTCATGGCAG - 1260
~-N N M HL S T5L MKTCNU HTCDTEUV $ W Q
- T I:C T C L P ¥ *x NV I I A MU KT FUHGR
- Q YA L V YL DEM®Y*¥ S LR * S F MAD
1261 - ACGTGCGACTTTCTGAAAGCCACTTGTGAACATTGTGGCACTGARAATTTAGTTATTGAA ~ 1320
~-T CDF L KATG CEUHKCGTENTLUV I E
-~ R A!T F * K P L VvV N I Vv A L XK I * L L K
- VRL S5 E S HL * T L WH*¥ KF S Y * R
1321 - GGACCTACTACATGTGGGTACCTACCTACTAATGCTGTAGTGAAAATGCCATGTCCTGCC - 1380
-6 P TTOCGVYLPTNAVYV KMPCTPA
- DL L HV G T VY L L ML * ¥ K CHV L P
- T YIY M W VP T Y * CCSENA AMSC L
1381 - TGTCAAGACCCAGAGATTGGACCTGAGCATAGTGTTGCAGATTATCACAACCACTCARAC — 1440
-C Q DPE I GPEUHBR SV ADVYHNUHSN
-V KiT Q RL DL S§ I VL QI I TTTOT
-~ 8 RRP R DWT * A * CCRUL S QP L KH
1441 - ATTGAAACTCGACTCCGCAAGGGAGGTAGGACTAGATGTTTTGGAGGCTGTGTETTTGCC ~ 1500
-I E T RLRXGGRT®RTCTPGGCV F A
- L K'L D S AREUVGULDUVLEH AUV CTLTZP
- % NS T P Q GR * D * M F WU RUL CUV CL
1501 - TATGTTGGCTGCTATAATAAGCGTGCCTACTGGGTTCCTCGTGCTAGTGCTGATATTGGC ~ 1560
-Y ¥V 6 C YN XRAY WUV PRASA ADTIG
- M L:A A I I SV PTGFTIL VLV L I L A
- ¢ W. L L * * A CL L G S§ 8 C * C *¥ Y W L
1561 - TCAGGCCATACTGGCATTACTGGTGACAATGTGGAGACCTTGAATGAGGATCTCCTTGAG ~ 1620
-5 G H# TG I T G DNVETTILDNEDTIL UL E
- Q A'I L AL LV TMUW®W®RUP®*M®RTI S L R
- R P.Y WH VY W * Q CGDULE * G 8§ P * D
1621 - ATACTGAGTCGTGAACGTGTTAACATTAACATTGTTGGCGATTTTCATTTGAATGAAGAG ~ 1680
-I L $ R ERV NTIWNTIUV GDFHTILWNTE E
- Y * Vv VNV LTULTIL L ATIFTI * M KR
~- T E S * T C * H * HCWU RV F S F E * R G
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1681 - GTTGCCATCATTTTGGCATCTTTCTCTGCTTCTACAAGTGCCTTTATTGACACTATAAAG ~ 1740
-V A I ILASTFSAST S ATPFTIODT I K
- L P S F W HL S L L L Q VP L L T L * R
- CHEHTF G I FLCUF VY K CUL Y * HY K E

1741 - AGTCTTGATTACAAGTCTTTCAAAACCATTGTTGAGTCCTGCGGTAACTATARAGTTACC - 1800
-8 L DY KS F X T 1V ESTCGNUY KV T
-V L.I T S L $ K P L L S P A VYV T I K L P
- § * L Q VF QN HC * V L R * L * § Y Q

1801 - AAGGGAAAGCCCGTAARAGGTGCTTGGAACATTGGACAACAGAGATCAGTTTTAACACCA - 1860
-K G K PV K GAWUNTIGO QU QT RSV VYV THL T P
- RE S P * KV L GG T LD NI RUDGOQTPF * HH
- G KA RKURGCUL EHUWTTTETI S FNTT

1861 ~ CTGTGTGGITTTCCCTCACAGGCTGCTGGTGTTATCAGATCARTTTTTGCGCGCACACTT ~ 1920
-L C 6 F P S Q A A GV I R S35 I FAIRT L
-~ CV.V FPHRUILTIL VUL S DOQQTVFTULTUZRUBAIUEHTL
- VW F S L TG C W C VY QI NF CAUH T *

1921 - GATGCAGCAAACCACTCAATTCCTGATTTGCAAAGAGCAGCTGTCACCATACTTGATGGT - 1980
~-D A A NUHS I PDUL QRZAUV T I L DG
- M Q'Q T T QF L I CKZ EJ QU LS PVYTL MUV
- C S K&PULNS™*TFA ATZ KTS S CHEHET* WY

1981 - ATTTCTGAACAGTCATTACGTCTTGTCGACGCCATGGTTTATACTTCAGACCTGCTCACC ~ 2040
-I S EBE QS5 LRLVDAMVY YT S DILILT
- F L'N S H Y VL S TUPUWU F I L QTTC CS P
- P * TV I T S CRURUEHEGTLTYTFT®RT PG ATEHOQ

2041 - AACAGTGTCATTATTATGGCATATGTAACTGGTGGTCTTGTACAACAGACTTCTCAGTGS - 2100
-N 8 VI I MAYVTGOGTIL VY QOQTS QW
- T Vi8S L L WHM * L V VL Y NUI RTUILTIL S G
- Q CH Y Y G I CNUWW S CTTTUDTF S V V

2101 - TTGTCTAATCTTTTGGGCACTACTGTTGAAARAACTCAGGCCTATCTTTGAATGGATTGAG - 2160
-L 8 N L L G T TV EZ KTUILIRU®PTITFTETW®WTI E
- ¢C LI FWAULUILTUILI KW NSGTUIL S8 L NG L R
- V * S F G H Y C * KT QA AZYTIL * M D * g

2161 - GCGARARCTTAGTGCAGGAGTTGAATTTCTCAAGGATGCTTGGGAGATTCTCAAATTTCTC - 2220
-A K L 8 A GV ET FIL KD ATUWTETITLIE KT EF L
- R NL V0 ELNVPFSRMTILGU R FSDNF S
- E T,* C R 8§ * I §$ Q 6 C L G D S Q I S H

2221 - ATTACRGGTGTTTTTGACATCGTCAAGGGTCARATACAGGTTGCTTCAGATAACATCAAG ~ 2280
-I T ¢V FDIVIEKSGO QTIOQVASTDNTIK
- L Q:V F L T S S R V K Y R L L Q I T 8 R
- Y R C F * H R QG S NTGG CTFU R * HOQ G

2281 - GATTGTGTAAAATGCTTCATTGATGTTGTTAACAAGGCACTCGAAATGTGCATTGATCAR ~ 2340
-D CV K CVFIDU VUV NI KA ATILTEUMTCTITDOQ
- I vVvi* NA S L M L L T R H S K OCA ATZIL I K
- L C XKML H * Cc C * Q@ G T RNV H * § 8

2341 - GTCACTATCGCTGGCGCAAAGTTGCGATCACTCAACTTAGGTGAAGTCTTCATCGCTCAR - 2400
-v T 1 AGAKTULUZRSTILNTULGTEVFTI A Q
- 8§ LS L A Q S CDH ST * VvV K S S S L K
- H YR WR KUV AITOQTUIL R * S L HZR S K

2401 - AGCAAGGGACTTTACCGTCAGTGTATACGTGGCAAGGAGCAGCTGCAACTACTCATGCCT ~ 2460
-8 K 6L Y RQCTIUPRGE K EO OQ@DLOQTILTILMTP
- ARDVF TV S VYV ARS S CNUYSCTL
- Q@ GiT L P SV Y TWOQGA AU AR ATTH A §

2461 - CTTAAGGCACCAARAGAAGTAACCTTTCTTGAAGGTGATTCACATGACACAGTACTTACC ~ 2520
-L K3 P KEV TV FILEGTUDSUHDTV L T
- L RH Q K K * P F L KV I HM T Q Y L P
- * 6T K R § N L 8 * R * F T * H S T Y I
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2521 - TCTGAGGAGGTTGTTCTCAAGAACGGTGAACTCGARGCACTCGAGACGCCCGTTGATAGE ~ 2580
-8 EEV VL KNGETULTEA ATILET®PV D §
- L RR L F S R TV NS KHSRRUPTIL I A
- * G 6 C 8 Q ER * TR S TRDA AR * * L

2581 - TTCACABATGGAGCTATCGTCGGCACACCAGTCTGTGTAAATGGCCTCATGCTCTTAGAG ~- 2640
-F T N G A I V T ©PUVCVXNGILMUIL L E
- $ Q'MEBE L S S AHOQSUV ¥ MASCSS * R
- H KW $ YRR HT S L CIEKWZ®PHATLTR RTD

2641 - ATTAAGGACARAGAACAATACTGCGCATTGTCTCCTGGTTTACTGGCTACAAARCAATGTC - 2700
-1 K P XK E Q Y CBAUL S PG L L ATINNV
~ L R-T X N N T A HC UL L V Y W UL QT M S
- * G Q R T I L R I V WP TG Y KOQTCIL

2701 - TTTCGCTTAABAGGGGGTGCACCAATTAAAGGTGTAACCTTTGGAGAAGATACTGTTTGG ~- 2760
-F R L K GG A UPTI KOGV T PF GEUDTUV W
- F A * K GV H QUL KV * P L EI KTIULTFG
- S L K R G C TN * R CNUILWIRIRUYOCILG

2761 - GAAGTTCAAGGTTACAAGAATGTGAGAATCACATTTGAGCTTGATGAACGTGTTGACARA - 2820
-E V 0 G Y KNV RTITTFZELDTETRV DK
- K F'K V T R M * E S HL S L M NV L T K
- 8 8 R L Q E CBNUHI * A * % T C * Q 8§

2821 - GTGCTTAATGAAAAGTGCTCTGTCTACACTGTTGAATCCGGTACCGAAGTTACTGAGTTT - 2880
-y L NE KC SV YTUVESTGTEUVTEF
- ¢ LM K 5 AL 8S$ TJL L NPV P KTILUIL S L
- A * * K V L CL HC* I R Y R S Y * vV C

2881 - GCATGTETTGTAGCAGAGGCTGTTGIGAAGACTTTACAACCAGTTTCTGATCTCCTTACC — 2940
-A CV VvV AEA AUV VYV KTULOGQU®PUV S DILTIL T
- HV'L * 9 R L L * RL YNOQT PTUIL I S L P
- M C CSRGCCEWDTFEFTTST F * 5 P Y Q

2941 ~ AACATGGGTATTGATCTTGATGAGTGGAGTGTAGCTACATTCTACTTATTTGATGATGCT ~ 3000
-N M 6 I DL DEW SV ATTUV F VYL FDUDA
- T WV L I L M S GV ¥ L HS T YTIL MMIL
- H G Y * 8§ * * YV E C S Y I L L I * *x C W

3001 - GGTGAAGAAAACTTTTCATCACGTATGTATTGTTCCTTTTACCCTCCAGATGAGGAAGAR - 3060
-6 EENF S8 S RMYCSF Y P PDEE E
-~ V KK T F HHUV CIVPFTTUILOQMZ R KK
- ¥ R X L F I T Y VL P L L P S R * G R R

3061 - GAGGACGATGCAGAGTGTGAGGAAGARGAAATTGATGAAACCTGTGAACATGAGTACGGT - 3120
- D DA ECET ETERETETITDTETTCTETUHTEY G
- R T M Q 8§ VR K K KL MZ KU PV NMS STV
- 6 R:C RV * G R RN * * N L * T *# Vv R Y

3121 - ACAGAGGATGATTATCAAGGTCTCCCTCTGGAATTTGGTGCCTCAGCTGAARCAGTTCGA ~ 3180
-TEDDVY QGLPLETFG® ASA AT ETV R
- Q R'M I I KV S§5LWNILVUPQDL K QT FE
- R G * L S RS P S G I WCUL S * NS S s

3181 - GTTGAGGAAGAAGAAGAGGAAGACTGGCTGGATGATACTACTGAGCAATCAGAGATTGAG - 3240
-V EE EEEEDWTLDODTTETGQSETITE
-~ L R'K K KR KTSOGUWMTITLILSNIGQTZ RUL S
- * GGR R R GR L AG * ¥ Y * A I R D * A

3241 - CCAGAACCAGAACCTACACCTGAAGAACCAGTTAATCAGTTTACTGGTTATTTAAAACTT - 3300
-P E P E P T PEUEREPVNOQF PTG Y L KL
- @ N g NL HL KNOQIL I 8L L V I *¥ N L
- R T R T Y T # R T 8 * 8 V Y W L F K T Y

3301 - ACTGACAATGTTGCCATTAAATGTGTTGACATCGTTAAGGAGGCACAAAGTGCTAATCCT - 3360
-7 DNV A I KCVDTIUVIE XKTEH BT QS SA AHNT®P
- L TM L P L NV IL TS SLR®RUHEIEKUVIL I L
- * Q C CH * M C* HR®* GG T KT C * 8 Y
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3361 - ATGGTGATTGTAAATGCTGCTAACATACACCTGAAACATGGTGGTGGTGTAGCAGGTGCA ~ 3420
-M V I VN A AN I HULJKUH GG G V A G B8
- W * L * M L L T Y T * N MV VV * Q0 V1
- & DDCKCOC®* HT®PETW®WWWCSRCT

3421 - CTCAACAAGGCAACCAATGGTGCCATGCARAAGGAGAGTGATGRTTACRTTARGCTARAT - 3480
-L N K A TN G A MOQE X ES DDYIKTILN
- 8§ TR QPMV P CKZ RRVYVYMTITILS*¥M
- Q 9 G N Q W CHAZXKGE®* * L H* A KW

3481 - GGCCCTCTTACAGTAGGAGGGICTTGTTTGCTTTCTGGACATAATCTTGCTARGAAGTGT ~ 3540
-6 P L T VGG S CLL S G HNTUILAIKKTC
- A L' L Q *E 6GL VCPFUILDTITI L L R SV
- p %Y S R RV L FATFWTS™*S C * E V 8

3541 - CTGCATGETTGTTGGACCTAACCTAAATGCAGGTGAGGACATCCAGCTTCTTAAGGCAGCA — 3600
-L HV VvV 6P NILNAGEHDTIOQLILIZ KA AHA-A
- ¢ M L L DL T MQVRTSSF L RQH
- A CC W T * P K CR * G HPAS ¥ G 8 1I

3601 - TATGAARATTTCAATTCACAGGACATCTTACTTGCACCATTGTTGTCAGCAGGCATATTT - 3660

" -Y ENF NS OQDTILLAPDLILSAGTITF

- M K'I 8 I HR T S Y L HHRE CCOQOQA YL
- * K F Q FT?T G6GHL TCTIVV SRHETIW

3661 - GGTGCTAAACCACTTCAGTCTTTACAAGTGTGCGTGCAGACGGTTCGTACACAGGTTTAT ~ 3720
-G A K?PLQSLQVCVQTVRTQVY
- vV L' N HF S L Y KCA ATZ CRIR RTEFUV HRPI
- c * T T 8§ V F T S V RBADGS ¥ T 6 L Y

3721 - ATTGCAGTCAATGACAAAGCTCTTTATGAGCAGGTTGTCATGGATTATCTTGATAACCTG - 3780
-I AV N DK KATUL Y E Q V VM D Y L DN D
- L g, M T KL FMSRILSWTIITZILTITH!*
- ¢ 8. Q * Q9 §$ S L * A G CH G UL S * *¥ P §

3781 - AAGCCTAGAGTGGAAGCACCTAAACAAGAGGAGCCACCAAACACAGAAGATTCCARAACT -~ 3840
-K P RV EAPZKQETZE®P©PNTTETDS KT
- 8 L EW K H L N KR S H QT Q K I P KL
- A * S 6 8§ T * T R G A T K HRRF Q N *

3841 - GAGGAGARATCTGTCGTACAGAAGCCTGTCGATGTGAAGCCAAAAATTAAGGCCTGCATT - 3900
-BE E K S V V Q K PV DUV KZ®PKTIIZ KA BMATCI
- R R:N L S Y RS L S M * s Q KTILRZPATL
- 6 E I CR T EA ACT®RTCEA AZKN®*G L H *

3901 - GATGAGGTTACCACABCACTGGAAGAAACTAAGTTTCTTACCAATAAGTTACICTTGTTIT - 3960
-D EVTTTOTILET ETI XKVF L TN KUDLILULTF
- M R{IL P QHW K XKUL S FTLPTIS Y S CL
- % G-Y H N T G R N *¥ Vv g8 Y @ * VvV T L V C

3961 - GCTGATATCAATGGTAAGCTTTACCATGATTCTCAGAACATCCTTAGAGGTGAAGATATG ~ 4020
-A DI NG K L Y BHD S QN ML R G E DM
- L I S MV S PFTMTIILURTTOCULEUVIEKTISC
- *¥ Y:Q W * AL P *¥ F S E H A * R * R Y V

4021 - TCTTTCCTTGAGRAAGGATGCACCTTACATGGTAGGTGATGTTATCACTAGTGGTGATATC - 4080
-S F L EKDAUPVY MV GEGDVITS G DI
- L 8L R R MHEHTL T W * VML S L V V I 8
- F P.* E G C T L H G R * C Y H * W * Y H

4081 - ACTTGTGTTGTAATACCCTCCAAAAAGGCTGGTGGCACTACTGAGATGCTCTCAAGAGCT ~ 4140
-T ¢ ¥V I P S XK KA G GTTEMTL S R A
- L Vi * Y PP K®RUILUVALTLZ RTCSOQETL
- L ¢C.CN T Q K G W W HY * DAL K S F

4141 - TTGAAGEAAGTGCCAGTTGATGAGTATATAACCACGTACCCTGGACAAGGATGTGCTGGT ~ 4200
-L K K v PV DE Y I TTJUY PG QG CRAG
- * R K € Q L M S I * P R T L D K D V L V
- E E-5 A § * ¥ YV ¥ N HV P W TR MOC W L
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4201 - TATACACTTGAGGAAGCTAAGACTGCTCTTAAGAAATGCAARTCTGCATTTTATGTACTA - 4260
-Y T L E E A K T AUL KK C K $ A F Y VL
- I B;L R K L R L L L R N A N L H F M Y Y
- Y ™ * G 8 * D C S§ * E M Q I C I L C T T

4261 - CCTTCAGAAGCACCTAATGCTAAGGRAGAGATTCTAGGAACTGTATCCTGGAATTTGAGA - 4320
-P §$ E A PN AIKETETIILGTV S WUN L R
- L Q KHLMULRI KT RTF * ETLY PG I ¥ E
- F R ST * C * G R DSRINUCTITILETFTER

4321 - GARATGCTTGCTCATGCTGAAGAGACAAGAAAATTAATGCCTATATGCATGGATGTTAGA - 4380
~-E ML A HAEE TR KDL M2 I CMD VR
- K ¢C'L L ML XK R QEWNU®* CUL Y AWMTILE
- N A C 5 C * R D KX K I N A Y M B G C *¥ 8

4381 - GCCATAATGGCAACCATCCAACGTAAGTATAAAGGAATTAARATTCAAGAGGGCATCGTT - 4440
-3 I M AT I QR K VY K G 1I KTI QEG I V
- P *:§ Q P 8 N V $ I K E L K F KR A 38 L
- H N G N HP T * V * RN * N 8 R 6 H R *

4441 - GACTATGGTGTCCGATTCTTCTTTTATACTAGTAAAGAGCCTGTAGCTTCTATTATTACG ~ 4500
-D Y F VRPFPFPF Y T S KE PV A S I I T
- T MV 8D S§ S F I LV X S UL * L L L L R
- L w.c¢c P I L L L Y * * R A C S F Y Y Y E

4501 - ARGCTGAACTCTCTAAATGAGCCGCTTGTCACAATGCCAATTGGTTATGTGACACATGGT - 4560
-K L N 8 L NB P L V TMUZP I G Y V T H G
- 8§ % 7T L *M S RDL S QC QUL V M * HMYV
- A E L 8 K * A A CHNANUW®W UL CDTWwWTF

4561 - TTTAATCTTGAAGAGGCTGCGCGCTGTATGCGTTCTCTTARAGCTCCTGCCGTAGTGTCA - 4620
-F N L EEAARTCMUBRSTILEKAZPAUVV S
- L I;L KR L RA V ¢CV L L KL L P * C Q
- ¥ g8 ¥ R G C A L Y A F S * 8 S CR 8 V s

4621 - GTATCATCACCAGATGCTGTTACTACATATAATGGATACCTCACTTCGTCATCAAAGACA - 4680
-V 8 8P DAV T T Y NGVY L TS S S K T
- Y H'H ¢ M L L L H I M © T S L R H O R H
- I I.T R C C Y Y I * w I P H F V I K DI

4681 - TCTGAGGAGCACTTTGTAGAAACAGTTTCTTTGGCTGGCTCTTACAGAGATTIGGTCCTAT ~ 4740
~-S EEHF VETV SLAGS Y RDW S Y
- L RS T L * KQ F L WL ATULTUETI G P I
- *¥ GiA L CR NS FPF GW UL L QR L V L F

4741 - TCAGGACAGCGTACAGAGTTAGGTGTTGAATTTCTTAAGCCTGGTGACARAATTGTGTAC - 4800
-$ 6 Q R TEUL GV E P L KR G DI KTI VY
- Q Dis vgQgs§** VLN FL S VVTIXTLOCT
- R T A YRV RC™* I S * A W™* QNCV P

4801 - CACRCTCTGGAGAGCCCCGTCGAGTTTCATCTTGACGGTGAGGTTCTTTCACTTGACARA ~ 4860
-H T L E 8§ PV E F HIL D GEV L S L D K
- T LW R A P S S F I L T V RFVFHTIL TN
- H 8 GE PRI RV S S * R * G S F T * QT

4861 - CTARAGAGTCTCTTATCCCTGCGGGAGGTTAAGACTATARAAGTGTTCACAACTGTGGAC ~ 4920
~-L K 8§ L L 8 L R E V KT I KV F T T V D
- * RV 8 Y P CGU RUILU RTIL®* KC S QL W T
- K Ei5 L I P A G G * D Y K S8 V HDNTCG Q

4921 - AACACTAATCTCCACACACAGCTTGTGGATATGTCTATGACATATGGACAGCAGTTTGGT - 4980
-N T N L H T QL VDM S M T VY G Q Q F G
- T LI 8 T H S L W I CUL * HMUD S S L V
- H *'s PH TACGY VY DTIWTHA AUV WS

4981 - CCAACATACTTGGATGGTGCTGATGTTACAAARAATTAAACCTCATGTAAATCATGAGGGT ~ 5040
-P T ¥ L D GA DV T K TI KU PFHV YVYNTUHTE G
- Q H T WMV L MIL QKL NILM™* I MR RV
- N I.L G W C ¥ C Y KN * T 8 C K S * g *
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5041 - AAGACTITCTTTGTACTACCTAGTGATGACACACTACGTAGTGARGCTTTCGAGTACTAC ~ 5100
-K T F VL P SDDT LR SEATFU5EVYY
- R L 8L Y YL VM THY VVKTILSSTT
- DR L CT T * % %« B T T ¥ ¥ 5 F R V L P

5101 - CATACTCTTGATGAGAGTTTTCTTGGTAGGTACATGTCTGCTTTARACCACACARAGARA - 5160
-H T 1L DESPFDLGRTYMSATLDNUBHT K K
- I L L MRV F L V G T CUIL L * T T QRN
- Y 8 * *» E F 8§ W * V HV CF K P HIKTEM

5161 - TGGAAATTICCTCAAGTTGGTGGTTIAACTTCAATTARATGGCCTGATAARCAATTGTTAT —~ 5220
-W K F P Q V 6 G.L T S I K WAUDWNN C Y
- G N:F L KL V V * L g L NG DL I T I V I
~ E I. 8 § §8 W W FUNUFWN®*MG* * QL L F

5221 - TTGTCTAGTGTTTTATTAGCACTTCAACAGCTTGAAGTCARATTCAATGCACCAGCACTT - 5280
-L §$ 8§V L L AL Q QUL EV XK FNAZPA AL
- ¢ L'V F Y * HFDN S L XK SN SMUHZOQHTF
- VvV % C F I § T S T A * 8 Q I ¢ C T S T 8§

5281 - CAAGAGGCTTATTATAGAGCCCGTGCTGGTGATGCTGCTAACTTTTGTGCACTCATACTC ~ 5340
-Q E A Y YRARIA AWGUD AA ANV FTCA ATILTITL
- XK RL I I BE P VL VMTILILTTFUVHS Y S
-~ R G L L *» § P C W * CC* L L CTHTR

5341 - GCTTACAGTAATAAAACTGTTGGCGAGCTTGGTGATGTCAGAGARACTATGACCCATCTT - 5400
-A Y B8N KTV GEULGDV RUETMTHL
- L T'VIXL LA SUL VMG SEIKTIL* P IF
- L Q * * N CWRAWT®*COQRWNYUDTP S S

5401 - CTACAGCATGCTAATTTGGAATCTGCAAAGCGAGTTCTTAATGTGGTGTGTAAACATTGT - 5460
-L @ H A NJILZESAI KU RV LNV V CEKHC
-~ ¥ 8'M L I W NILOQS ST EFTILM®WOCUVNTIUV
- T A C * F G I CZKA AS S * C 6 V % T L W

5461 - GGTCAGAARRACTACTACCTTAACGGGTGTAGAAGCTGTGATGTATATGGGTACTCTATCT ~ 5520
-6 Q KT TTJILT GV EA VMUY MGTTUL S
- ¥V R:XK L L P * RV * K L *¥ ¢ I WUV L Y L
- 8§ E:N Y Y L NG CR S C DUV Y G Y S I L

5521 - TATGATAATCTTAAGACAGGTGTTTCCATTCCATGTGTGTGTGGTCGTGATGCTACACAA ~ 5580
-Y D ¥y L KT 6V 8§ I P CV CGZRDATQ
- M I I L RQV F P F HY CV V YV MTILHN
- * %, 8§ * DR CVFH S MOCV WS * C Y TTI

5581 - TATCTAGTACAACARGAGTCTTCTTTTGTTATGATCTCTGCACCACCTGCTGAGTATAAA - 5640
-Y L Y Q 0QE S S FV MM S AP P AE Y K
- I *:Y N K S L L UL L *¥ CL HHUL DL $ I N
- 8§ 8T T RV FF CUY DUV CTTTC* v * I

5641 - TTACAGCAAGGTACATTCTTATGTGCGAATGAGTACACTGGTAACTATCAGTGTGGTCAT ~ 5700
-L Q ¢ G TF L CANTEJVYTO GEGNVY QC G H
- Y $ K V HS YV RMSTTUILV T I SV VI
- T A'R Y I L M CE * V H W * L § V W S L

5701 - TACACTCGATATAACTGCTAAGGAGACCCTCTATCGTATTGACGGAGCTCACCTTACAARG - 5760
-Y T H I T A KETJZL Y R I DGAUHTUILT K
- T L ‘I * L, L R R P 8§ I VL TZ ETILTTIL Q R
- H 8§ YNOC®* GDUPUILSY * RS S P Y KD

5761 ~ ATGTCAGAGTACAAAGGACCAGTGACTGATGTTTTCTACAAGGAAACATCTTACACTACA —~ 5820
-M $ BE Y K G PV T DV FPF Y KETS Y TT
- C QS T KD * L M F S TR KUHTILTTILQ
- VRVQRTSDS®¥ CFILQGNTITILHYN

5821 - ACCATCAAGCCTGTGTCGTATAAACTCGATGGAGTTACTTACACARGAGATTIGAACCARAA - 5880
-T I K PV S Y XK LDGUVY TTYTEZ ETITETZPK
- P S8 S L CRINSMETLTUILTOQURTELNA QN
- H QA C VUV * T R W S Y L HRUD®* T K I

FIG. 11 Con’t



WO 2004/085455 PCT/CN2004/000247

26/94

5881 - TTGGATGGGTATTATAAAAAGGATAATGCTTACTATACAGAGCAGCCTATAGACCTTGTA - 5940
-L bG Y Y KK DUNOAWY Y TEOQU®PTIDTLYV
- WM GI I K RTIMULTTIOQOQSS DL * T L Y
- 6wV 1L * K6 * ¢L L YR AATYTI RTPTCGCT
5941 - CCAACTCAACCATTACCARATGCGAGTTTTGATAATTTCAAACTCACATGTTCTAACACA - 6000
-P T Q P L P NASPF DUNUFKULTTPTOCZSNT
- QL N H Y QMU®RUV LI I SNISHUV L TOQ
- N S T I T K CEU F % * F Q T H M F % H K
6001 - ARATTTGCTGATGATTTAARATCAAATGACAGGCTTCACAAAGCCAGCTTCACGAGAGCTA - 6060
-XK FADDTELNGQMTGTFTI KU PA ASTU REL
-~ N L.L M I * I K * QA S Q S Q L H E § ¥
- I ¢ * * F XK SNDU RTILUHTEKA ASTFTRAI
6061 -~ TCTGTCACATTCTTCCCAGACTTGAATGGCGATGTAGTGGCTATTGACTATAGACACTAT ~ 6120
-s v ieIoF FPDILNGT DUVVATIUDUYURUHY
- L S'H 8 5 Q T * M AM * WIL LTI DTTI
- € HI L PR L EWU RTC S G Y * I, * T I, F
6121 - TCAGCGAGTTTCAAGAMAGGTGCTARATTACTGCATAAGCCAATTGTTTGGCACATTAAC - 6180
-S%S A 5 F KK GAKIL L HK©P I V WHTI N
- 0 R,V S RKUVILNZYCI S QDL FGTTUIL T
- $S BEF Q EBERC* I TA* A N CTILAUH * P
6181 - CAGGCTACAACCAAGACAACGTTCAAACCAAACACTTGGTGTTTACGTTGTCTTTGGAGT — 6240
~-Q A T T XK T TF K PNTWOCLURTZGCTLUW S -
- R L:Q P RQ R S NOQTTULG VYV Y V V F G V
- 6 YPN Q DN V Q T KH L V F T L S L E Y
6241 - ACAAAGCCAGTAGATACTTCAAATTCATTTGAAGTTCTGGCAGTAGAAGACACACAAGGA ~ 6300
~-T K PV D TSNSV FEUVLAVETDTOQ G
- Q §$ Q * I L 9Q I HL K F W Q * K TUHZK B
- K A S R Y F KF I * S S G S R R H TR N
6301 - ATGGACAATCTTGCTTGTGAAAGTCAACAACCCACCTCTGAAGAAGTAGTGGAAAATCCT - 6360
-M DNL A CE S Q QP T S EEV V EN P
- W T;I L L V XV NN P P L K K * W K I L
- 6 Qs CcC L * KS T THTIL* R S S G K S Y
6361 - ACCATACAGAAGGAAGTCATAGAGTGTGACGTGARAACTACCGBRAGTTGTAGGCAATGIC - 6420
-7 I ¢ K E V I EC DV KT T EUV V G NV
- P Y:R R K S * 8§ V T * K L P KL * A M 8§
- HT.E G S HRUV * RENJYU RTSTCU RO QTC CH
6421 - ATACTTAAACCATCAGATGAAGGTGTTARAGTAACACAAGAGTTAGGTCATGAGGATCTIT - 6480
-I L K P 8 DE GV KV T QETULGUHTETDTL
- Y L N H QM KV L K * HK S * VvV MR I L
- T % T I R ¥ R ¢C * § N T R V R 8 * G § Y
6481 - ATGGCTGCTTATGTGGAAAACACAAGCATTACCATTAAGAAACCTAATGAGCTTTCACTA ~ 6540
~-M A A Y V ENTS I T I K KUPUNUE ETZLS L
- W L L M W K T ¢ A L P L RNILM S F H *
- 6 C,L C G K H K H Y H * B T * * A F T 8
6541 ~ GCCTTAGGTTTAAAAACAATTGCCACTCATGGTATTGCTGCAATTAATAGTGTTCCTTGE ~ 6600
-A L G L K T I A TUH G I A D ATI NSV P W
- P * vy ¥ X QL P L MV L L QL I V F L G
- L R,F K NN CH 8 W&YOCOCN®* * C S L E
6601 - AGTAARATTTTGGCTTATGTCARACCATTCTTAGGACAAGCAGCAATTACAACATCAAAT — 6660
-5 K I L A YV K?PVFILGOQH AH ATITT S N
- V K:*F W L M S N H S * D K Q QL Q H Q I
- * N,F G L CQ T I L R T S S N Y N I K L
6661 - TGCGCTAAGAGATTAGCACAACGTGTGTTTAACAATTATATGCCTTATGTGTTTACATTA - 6720
~-C A KR LA QRUVFNUNTVYMZPVYUVFTTL
- AL R D * HNVCILTTITICILMTZGCTULHY
- R * E I 8§ T T OCV * QL Y ATLT CUV Y I I
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6721 - TTGTTCCAATIGTGTACTTTTACTAAAAGTACCAATTCTAGAATTAGAGCTTCACTACCT ~ 6780
-L FQ L CTF T K STWNSRTII®RASTILTP
- C8.NCVILL LKV®PTIULEZLZETZLHTYLIL
- vV P I VY F Y ¥ K Y Q F * N % S P T T Y

6781 - ACAACTATTGCTAAAAATAGTGTTAAGAGTGTTGCTARATTATGTTTGGATGCCGGCATT — 6840
-T T I A KN S V K SV AIKTULCULDAGI
- QL L L K IV LRVILILDNYVWMZPATL
- N Y C * K * C * E C C * I M F G C R H *

6841 - AATTATGTGAAGTCACCCAAATTTTCTAAATTGTTCACAATCGCTATGTGGCTATTGITG - 6900
-N Y V K $ P KF S KL FTIAMW®WIL L L
- I M * 8 HPNFLWNTCSOQQSULCGYCC
- L ¢CEV T Q I F * I VHNZ RYVYVATIUVYV

6901 - TTAAGTATTTGCTTAGGTTCTCTAATCTGTGTAACTGCTGCTITTGGTGTACTCTTATCT ~ 6960
~-L § I C L G 8 L I CV T AAVPGV L L 8
- % Y°F B * V L * s V ¥ L L L L V ¥ 8 Y L
- K YL L RF $ N L CNU CGCTPFWOCTTIL I *

6961 - AATTTTGGTGCTCCTTCTTATTGTAATGGCGTTAGAGAATTGTATCTTAATTCGTCTAAC ~ 7020
-N F G AP S Y CNGVU RETLZYTILUNS S N
- I L)Yy L L L I vV MADLEUDNT CTIULTIU RILT
- F WCSFLDL * WR * R IV 8§ * F V * R

7021 - GTTACTACTATGGATTTCTGTGAAGGTTCTTTTCCTTGCAGCATTTGTTTAAGTGGATTA ~ 7080
-¥v T T M DF CE G S F P CS I CUL S G L
- L L' L, ¥ I 8$ VvV KV L F L A A F V * VvV D *
- Y Y'Y G P L * R F F S L Q H L F K W I R

7081 - GACTCCCTTGATTCTTATCCAGCTCTTGAAACCATTCAGGTGACGATTTCATCGTACAAG ~ 7140
-D S L DS YPATLUETTIOQVTTI S S Y K
- T PiL I L I @ L L K P F R * R F H R T 8§
- L P * F L § S 8§ * N H S G DODTF IV Q A

7141 - CTAGACTTGACAATTTTAGGTCTGGCCGCTGAGTGGGTTTTGGCATATATGTTGTTCACA ~ 7200
-L P L TIULGULAATET WUV ILAZYMTILFT
- ¥ T'* Q F * V W P DL S 6 F WH I C C S Q
- R L, DN PR S5 GR * V G F G I Y V V HK

7201 - ABRATTCTTTTATTTATTAGGTCTTTCAGCTATAATGCAGGTGTTCTTTGGCTATTTTGCT ~ 7260
-K F F Y L L G L SATIMO© QUVT FTFGYF A
- N SsS'F I Y * V F QUL * CROCSTILATIULL
- I 1L F I R S F §$ Y NAGV L W UL F C *

7261 - AGTCATTTCATCAGCAATTCTTGGCTCATGTGGTTTATCATTAGTATTGTACAAATGGCA ~ 7320
-§ HF I 8N S WL MUWUPFTI IS I V Qg MA
- vy I:8 S A1 LGS CG L SL VYV L Y K W H
- § FHQOQPFLAHUV VY H* Y CTNGT

7321 - CCCGTTTCTGCAATGGTTAGGATGTACATCTTCTTTGCTTCTTTCTACTACATATGGAAG - 7380
-P V $§ AMVERMYIFFASTFYYTI WK
- P FL QWL GCTSSSLILL ST TVY G R
~- R F;C N G *¥* DV HL L CFPF UL L HMEE

7381 - AGCTATGTTCATATCATGGATGGTTGCACCTCTTCGACTTGCATGATGTGCTATARGCGC ~ 7440
-8 Y VYV H I MDG CT S S T CMMCGCY KR
- AMP I S WMV APILURILA®*TCA ATISA
- L C:8 Y HG W UL HULPDILUHDUV L * A Q

7441 - ARTCGTGCCACACGCGTTGAGTGTACAACTATTGITAATGGCATGAAGAGATCTTTCTAT ~ 7500
-N RA TRV ECTTTIUVNGEMME KR S F Y
- I V.P HAUL SV QDLL L MA®* RDTIL S M
- 8 CH TR * V Y NJYOC* W HETETITFTLC

7501 - GTCTATGCARATGGAGGCCGTGGCTTCTGCAAGACTCACAATTGGAATTGTCTCAATTGT - 7560

V Y A NG GR G PF CEKTHNXM®HDNOGGCTILDNC

S M Q M E AV A S AURTUILTTIGTI VS I V

L ¢ K W R P WL L QDS QL EL S Q L =
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7561 - GACACATTTTGCACTGGTAGTACATTCATTAGTGATGAAGTTGCTCGTGATTTGTCACTC ~ 7620
-DTF CTGSTVFISDEVA AT RTDTILS L
- T H;F AL VYV HSULVMIKTELTILUV I CH S
- H I L HW * Y I H * % * 3 ¢ s * F V T P

7621 ~ CAGTTTAAAAGACCAATCAACCCTACTGACCAGTCATCGTATATTGTTGATAGTGTTGCT -~ 7680
-Q F KR PINZPTODOQSS T I VDS V A
- § L:KD QS TULTILT S HKRTIULTELTIUVTILL
- VvV *»* KT NQUP Y * PV I VY C* *¥ C C C

7681 - GTGARAAATGGCGCGCTTCACCTCTACTTTGACAAGGCTGGTCAAAAGACCTATGAGAGA ~ 7740
-V KN GAULHIL Y F DI KA AGG QI KT VY E R
~ * KIM AR F T S T L TR L V KR P M R D
-~ BE KWRASZPILIL * Q G W S KDL * E T

7741 - CATCCGLTCTCCCATTTTGTCAATTTAGACAATTTGAGAGCTAACAACACTARAGGTTCA - 7800
-H P L S HF VNTDILDUNTILRIAINTINTIEKG S
- I Ris P I L S I * 7 I * E L T T L K V H
- S AL PFCQFRGOQTFTETS®*QH*XRTFT

7801 - CTGCCTATTAATGTCATAGTTTTTGATGGCAAGTCCAAATGCGACGAGTCTGCTTCTAAG — 7860
-L P I NV IV FDGI KSTI KT CTDESDLHL S K
- CLiL M § * FL M A SPUWNWNA ATSTILTIL L §
- A Y. *¥ CHSF * WQVQMBRE RVYVTCTF * v

7861 ~ TCTGCTTCTGTGTACTACAGTCAGCTGATGTGCCAACCTATTCTGTTGCTTGACCAAGCT - 7920
-8 A8V YY S QLMCOQPILILILDOQA
- L LILCTTUVS ¥ CANTILTFC CTCTLTZKL
- CFCV L QS ADVPTYSVA*X P S §

7921 - CTTGTATCAAACGTTGGAGATAGTACTGAAGTTTCCGTTAAGATGTTTGATGCTTATGTC - 7980
-L V§NVGEGDSTEVSVXKMTFTDHATYV
- L Yi{Q T LETIVJYLEKTPFPILUZRTCTILMMTELM S
- C I: K RWR * Y * 8 F R * DV * ¢ L C R

7981 - GACACCTTTTCAGCAACTTTTAGTGTTCCTATGGAAARACTTAAGGCACTTGTTGCTACA - 8040
-D T F S ATPF SV PMEZ KTLTIE KA ATLUV VAT
- T P{F Q QL LV F L W IXUNTILURUHETLTILTIL Q
- HLIF SN F * CS Y G KT * G TOCC Y S

8041 - GCTCACAGCGAGTTAGCAAAGGGTGTAGCTTTAGATGGTGTCCTTTCTACATTCGTGTCA - 8100
-A H$§$ ELAKGVAILUDGVTILSTTF F V §
- L T/IA 8§ ¥ Q RV * L * MV S FIL HS C Q
- S QRVSKOGCSTFRWCEPTFVYTIRUVY S

8101 - GCTGCCCGACRAGGTGTTGTTGATACCGATGTTGACACAAAGGATGTTATTGAATGTCTC - 8160
-A AR QGVVDTODUVDTIE KDV VTITETCTL
- L PDK VL LIUPMTULTGQRMTULTUELTUNUV S
- CP.TRCC* Y RC * HEKTGTC CZ Y * M S Q

8161 ~ ARACTTTCACATCACTCTGACTTAGAAGTGACAGGTGACAGTTGTAACAATTTCATGCTC - 8220
-K L §8 HHSDULEV VTS GHDZSCCNDNIEFMTL
- N F{H I TL T * K* QV TV UV TTI S C S
- T F T S L * L R 8 DR * QL * Q F H A H

8221 - ACCTATAATAAGGTTGAAAACATGACGCCCAGAGATCTTGGCGCATGTATTGACTGTAAT - 8280
-T ¥ N KV ENMTU®PRUDUILGATCCTIDTCN
- P I{IIRLXKTS®*RPETITILA ATSHTYTILTUVM
- L ** 6 * KHDAOQR S WU RMTY* 1 * C

8281 - GCAAGGCATATCAATGCCCAAGTAGCAAAAAGTCACAATGTTTCACTCATCTGGAATGTA - 8340
-A R HINAOVAKSTSE HNTYSTILTIUW®WDN.YV
- 0 G:I s M P K * Q KV T MTFUHS S G M *
- KA'Y Q CP S S KK S QOCPF T HTULETCK

8341 - AAAGACTACATGTCTTTATCTGAACAGCTGCGTAAACAAATTCGTACTGCTGCCAAGAAG — 8400
-K DYMSLSEOQDLIRIE KT QTIT®RTABAGAK K
- K T:. CL Y L NS CV NI KT FVTILTILZPR R
- R L:H V F I » T A A * T N S Y CC Q E E
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8401 - AACAACATACCTTTTACACTAACTTGTGCTACAACTAGACAGGTTGTCAATGICATAACT - 8460
-¥N NI PFTLTCATTU RQUV V NV I T
-~ f® T{Y L L H * L V L Q L DR L S8 M § * L
- Q HTFY TNUILOCZYWNS* T G C Q CHN Y

8461 - ACTAARATCTCACTCAAGGGTGGTAAGATTGTTAGTACTTGTTTTARACTTATGCTTAAG - 8520
-T K I § L K 6 6 K I Vv 8 T ¢ F K L M L K
- L K8 H S R Y VRLUL VLV LNTILTCTILR
- * N L T QG W DOC* Y L F * T Y AR ¥ @G

8521 - GCCACATTATTGTGCGTTCTTGCTGCATTGGTTTGTTATATCGTTATGCCAGTACATACA — 8580
~-A TIL L C VL ADAULV CY I VMPV HT
- P HiY ¢C A F L L HW F V I S L C QY I H
- H I, T VR S CC I GL L Y R VY A S T Y I

8581 - TTGTCAATCCATGATGGTTACACAAATGAAATCATTGGI'TACAAAGCCATTCAGGATGGET - 8640
-L 8 I H DG Y TUNU ETITISGT?Y KA ATITOQTDG
-~ C Q'S MM V T QMM K S L VYV T X P F R M V
- VvV M P * W L H K * N H W L Q & H S G W C

8641 ~ GTCACTCGTGACATCATTTCTACTGATGATTGTTTTGCAAATAARCATGCTGGTTTTGAC ~ 8700
-v T R DI I ST DODGCTFA ATUNIEKUHA ATGTFD
- $ L YV TS FILLMIUVILQINMMZELV VTLT
- H & * HHF Y * % L, F C K * T C W F * R

8701 - GCATGGTTTAGCCAGCGTGGTGGTTCATACAAAAATGACAAAAGCTGCCCTGTAGTAGCT - 8760
-A W F S QR G G S Y KDNUDI K S C PV V A
- H G:iL A 8 V V V H T KMT KA BATL * * 1
- M Vi* P A W WUF I QK * Q KL P C S § C

8761 - GCTATCATTACAAGAGAGATTGGTTTCATAGTGCCTGGCTTACCGGGTACTGTGCTGAGA - 8820
-A I I T R E I G F I VPG L P G TV L R
- L 8L Q ERLV S *C¢L A YRV L C * E
- Y H Y KR DWUPFHSAWIL T G Y COATE S

8821 - GCAATCAATGGTGACTTCTTGCATTTTCTACCTCGTGTTTTAGIGCTGTTGGCAACATT - 8880
-A I N G D F L HPF L PRV F S AV G NI
- Q siM VT S$CIF YLV UPFLVILILATF
- N QW * L L A F S T S C F * C C W Q H L

8881 - TGCTACACACCTTCCAAACTCATTGAGTATAGTGATTTTGCTACCTCTGCTIGCGTTCTT - 8940
-C Y T P S KL I EY S DF AT S ACV L
- A T?PH L PNSDLS IV IDLILZPILILATFTIL
- L H T F Q TH * V * ¥ F C Y L C L R 8§ C

8941 - GCTGCTGAGIGTACAATTTTTAAGGATGCTATGGGCAAACCTGTGCCATATTGTTATGAC -~ 9000
-A A E CT I F KD AMGT K ®PV P Y C Y D
- L L ' § V Q F L RM L WA ANTULTGCUHTIU VMT
- ¢ %V YN PF * 6 CY G Q T Ca I L L * H

9001 - ACTAATTTGCTAGAGGGTTCTATTTCTTATAGTGAGCTTCGTCCAGACACTCGTTATGIG - 9060
-T N L L E G S§ I 8 Y S EDL RPDTR Y V
- L I ¢ ** RV L FL I VvV §8F V QTULVMZGC
- % F{A R 6 F Y F L * * A 8 S R H 8 L C A

9061 - CTTATGGATGGTTCCATCATACAGTITTCCTAACACTTACCTGGAGGGTTCTETTAGAGTA — 9120
-L M D G S I I Q F P NT VYL EG S V R V
- L wMUVPSYSFLTILT®W®RVYVILILE ¥
-~ ¥ G:W F HH TV S * HL P G G F C * 8 5

9121 - GTAACRACTTTTGATGCTGAGTACTGTAGACATGGTACATGCGAAAGGTCAGRAGTAGGT -~ 9180
-V T T F DAZE VY CRUHGTU CTETZRTSTEUV G
- * 9L L M L §$ T V DMV HAZ KTGQZK * V
- N N;jF * C * VL ¥ T W Y M R K V R S R Y

9181 - ATTTGCCTATCTACCAGTGGTAGATGGGTTCTTAATAATCAGCATTACAGAGCTCTATCA ~ 9240
-1 ¢C L% 8§ T S G R WUV ILNINTE EUHYURA ATLS
- FAIY L PV VDGTFILTIMSTITTETLYQ
- L P.I Y QW * M G S8 * * & A L Q S 8§ I R
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9241 - GGAGITITCTGTGGTGTTGATGCGATGAATCTCATAGCTAACATCTTTACTCCTCTTGTG ~ 9300
-G V F C GV DAMDNILIANTITFTUPILUV
- E F SV VLM®R®*TISS§*LTSUL L L L C
- & F L W C * CDJUEJSH S * HL Y S S8 C &
9301 ~ CAACCTGTGGGTGCTTTAGATGTGTCTGCTTCAGTAGTGGCTGGTCGTATTATTGCCATA ~ 3360
-Q PV G AULDVYV SASV VYV AGGTI I ATI
- N L WV L * M CLUILOQ* W ULV VDL L P Y
- T ¢ G CF RCV CPF S S G WWZY Y CHI
9361 - TTGGTGACTTGTGCTGCCTACTACTTTATGAAATTCAGRCGTGTTTTTGGTGAGTACARAC ~ 2420
-L VT CABAY Y FMZEKTFRIRUYVYFGE Y N
- W *'L VL P T UL * NS DUV FIL VS TT
- ¢ 0L CCULLLVY®TIOQTOCTFEW* V QP
9421 - CATGTTGTTGCTGCTAATGCACTTTTGTTTTTGATGTCTTTCACTATACTCTGTCTGGTA ~ 9480
-H VvV VA AN ATLTULFILMS/FT I L CUL V
- M L L L L MHPFTCTF®* CUL S L Y 8§ V W Y
- ¢ ¢ CC *CTUF UV EDVFBHRYTUL S G T
9481 - CCAGCTTACAGCTTTCTGCCGGGAGTCTACTCAGTCTTTTACTTGTACTTGACATTCIAT - 9540
~-P A Y S FL PGV Y SV F YL YL TFY
- QL TAFCRETST®TQSPFPTCT*¥ H S I
- $ L 0L SsSAGSLLSLLLVLDIUDLTF
9541 ~ TTCACCAATGATGTTTCATTCTTGGCTCACCTTCAATGGTTTGCCATGTTTICTCCTATT ~ 9600
-FP T N DV S F L AHIL QWU FAMTEFTS P I
- 8§ P:M M F H S8 W 1L TF NGIL P CVFIL L L
- H Q ¥ CF I L G S P SMUVCHUVYVF S YC
9601 - GTGCCTTTTTGGATAACAGCAATCTATGTATTCTGTATTTCTCTGAAGCACTGCCATTGG - 9660
-v P FW I T ATIJYVF FOCTI S UL KHTCHW
- ¢ L:F 6 * Q Q S M ¥ S V F L * s T A I G
- A F L DN SUNJLCTITUL Y P SEHA BATILUPTLV
9661 - TTCTTTAACAACTATCTTAGGAARAGAGTCATGTTTAATGGAGTTACATTTAGTACCTTC - 9720
-F F N N YL R KRV MPFNGGV T F S TF
- § L T TILGXK®BSCLMTETLUHTULV P S8
- L *Q L S * E K S HV *# W s Y I * Y L R
9721 - GAGGAGECTGCTTTGTGTACCTTTTTGCTCAACAAGGAAATGTACCTAARATTGCGTAGC — 9780
-E E A A L CTF U1 1L N K EM Y L K L R S
- RR L L CVPPFCS ST RIEKTGCTS* NCV A
- ¢ G CF VYL FAQQQGNUV P KTIA *R
9781 - GAGACACTGTTGCCACTTACACAGTATAACAGGTATCTTGCTCTATATAACAAGTACAAG - 9840
~-E 7T L L P L T Q Y NR Y L AL Y NK Y K
- R K CCHUILHSITOGTIULIL Y I TSTS
- DTV AT YTV * QV S C S I *¥ QVQyV
9841 - TATTTCAGTGGAGCCTTAGATACTACCAGCTATCGTGAAGCAGCTTGCTGCCACTTAGCA - 9900
-Y P § 6 AL DT TS Y RUEU® BAZABATCT CHTILA
- I S VEUPOX*X I L PATI UV KSOGQQULZ AABADT * Q
- F QW S LR Y Y QDL S * 8 s L L P L S K
9901 - AAGGCTCTAAATGACTTTAGCAACTCAGGTGCTGATGTTCTCTACCAACCACCACAGACA - 9960
- K A L N D F S N $ GADV L Y QP P QT
- R L *M T LATOQUV 1L MTF S T NUHHRH
- 6 8 K * L * Q L R C * C S L P T TTTDI
9961 -~ TCAATCACTTCTGCTGTTCTGCAGAGIGGTTTTAGGABAATGGCATTCCCGTCAGGCAAA ~ 10020
-5 I * § AV L Q 8 G F R KMABATFEFT P S8 G K
- 0 8L L L F CRUY VDL G KWH SR Q2 K
- N HF CC S AZEWT F™*¥ ENGI P V R Q 8
10021 - GTTGARGGGTGCATGGTACAAGTAACCTGTGGAACTACAACTCTTAATGGATTGTGGTTG ~ 10080
-V EGCMV QVTCGTTTZLNGTILWL
- L, K G A W &Y K * P VETUILOQULTILMUDTECTGTW
- ¥ RV H G T S NL WUN Y N S§ * W I V V G
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10081 - GATGACACAGTATACTGTCCAAGACATGTCATTTGCACAGCAGAAGACATGCTTAATCCT - 10140
-DDT VY CPURU BV ICT RARETDMMTILTDNTP
- M T'Q Y TV QDMSFAQQKTT CTUL I L
- * H 8§ I L 8 K T C H L H S R R H A * g =

10141 - AACTATGAARGATCTGCTCATTCGCAAATCCAACCATAGCTTTCTTGTTCAGGCTCGCAAT ~ 10200
-N Y E DL L I R K S NUH S8 F L V Q A G N
- T M K I CS F ANU PTTIATFIULFRTILAM
- L *» R S8 AH S QI Q&P * L S C S GUWOQ C

10201 - GTTCAACTTCGTGTTATTGGCCATTCTATGCAARATTGTCTGCTTAGGCTTARAGTTGAT - 10260
-V Q L RV I 6 H 8 M QN CL L RIL K V D
- FN-F VL LATITULTG CI KT IU VO CTIL G IL X L I
- 8§ T S C Y W P F Y A KUL 8 A *¥ A % § +* vy

10261 - ACTTCTAACCCTAAGACACCCAAGTATARATTTGTCCGTATCCAACCTGGTCARACATTT — 10320
-T S NP KT P K Y KF VRIQPGOQTF
- L L T L R H P 8§ I N L SV S N L V KUH F
- F * P * DT Q V * I C P Y P T WS DNTIF

10321 - TCAGTTCTAGCATGCTACAATGGTTCACCATCTGGTGTTTATCAGTGTGCCATGAGACCT ~ 10380
-5 VL A CY NG S P S GV Y Q CAMTER P
- Q F* H A TM UV HHTUILV F I S V P * p L
- 8 S8 S ML Q WPFTTIWOC CIUIL SV CHE T %

10381 - AATCATACCATTAAAGGTTCTITTCCTTAATGGATCATGTGGTAGTGTTGGTTTTARCATT - 10440
-N H T I KG S F L NG S C G SV G F N I
- I I P L XKV L S LMDUHVY V V L VL T L
- 8 ¥YYH * R F P P * W I MW * C W F * H *

10441 - GATTATGATTGCGTGTCTTTCTGCTATATGCATCATATGGAGCTTCCAACAGGAGTACAC - 10500
-bY D OCV S F CVYMHHEMETILTPTGV H
- I M I ACUL SATICTITIWSU FOQO QTE YT
- L *L RV FILLYASTYGASNTZ RSTR

10501 - GCTGGTACTGACTTAGAAGGTAAATTCTATGGTCCATTTGTTGACAGACAAACTGCACAG - 10560
~-A G T D LEGU KT F Y G P FV DRUOTAOQ
- L VL T * KV N SMV HTILIL T DI KD H R
= W Y * L RR * I L WS I C™*X QTWNJU GCT G

10561 - GCTGCAGGTACAGACACAACCATAACATTAAATGTTTTGGCATGGCTGTATGCTGCTGTT ~ 10620
-AAGTDOTTTITTILNUVILAUWTILTVYAULBLV
- L QV QT QP * H * M F WUH G CMTUILIL L
- CR YR HUNUHNTII KT CT FGMA AUV O CCOCY

10621 - ATCAATGGTGATAGGTGGTTTCTTAATAGATTCACCACTACTTTGAATGACTTTAACCTT - 10680
-I N ¢ D R W F LNURTPFTTTTILNUDZPFN L
- S MV IGGU L I DS PILIL * M TTILTL
~ Q W, * ¥ vV V 8§ % ¥ I HH Y FE * IL * p C

10681 - GTGGCAATGAAGTACAACTATGAACCTTTGACACABGATCATGTTGACATATTGGGACCT ~ 10740
-VAMIEKYNVYRERPTILTOQDUHU YU DTITILG P
- W Q:* S TTMNIL*HK IMTULTVYWDL
- 6 N.E V QL * T F DT R S C * HTI G T 8§

10741 - CTTTCTGCTCARACAGGAATTGCCGTCTTAGATATGTGTGCTGCTTTGAAAGAGCTGCTG - 10800
-L 8§ A QTG I AV L DMGCH AR RARTLIEKTETILILL
- F L L X Q EL P S * I ¢V L L * K S C C
- FP C' S NRUNI CRTUILU RY UV CCVFTE ETZ RA AR A A

10801 - CAGRATGGTATGAATGGTCGTACTATCCTTGGTAGCACTATTTTAGAAGATGAGTTTACA - 10860
-0 NG M NGRTTIIL G S T IULEUDTETFT
- R MV * M V V L § L VA LUJF * KM S L H
- E W Y E W S Y Y P W ¥ H Y F R R * V Y 7T

10861 - CCATTTGATGTTGTTAGACAATGCTCTGGTGT TACCTTCCARGGTAAGTTCARGAARATT ~ 10920
-P F DV VROQOOCSGVYV T FOQOGZ KT F X K I
- H L ML L B NADL VL P S K V 8 & R K L
- I * ¢ C * T ML W CVYLPUR™*V QENSC
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10921 - GTTARGGGCACTCATCATTGGATGCTTTTAACTTTCTTGACATCACTATTGATTCTTGTT - 10980
-V K 6 T HH WML L TP F L T S L L I L V
- L RAL I I GCVF * L S * HHY * F L F
- * G H S 8 L DAUPF NV FIULODTITTIDSC S

10981 - CAAAGTACACAGTGGTCACTGTTITICTTTGTTTACGAGAATGCTTTCTTGCCATTTACT ~ 11040
~Q 8 T QW S L F F FV Y EUN AT EFTLTUDPF T
- K V. 8 G H C F $ L F T R M L 8 C H L L
- K Y TV V TV F L CLRZETCT FTULOATI Y S

11041 - CTTGGTATTATGGCAATTGCTGCATGTGCTATGCTGCTTGTTAAGCATAAGCACGCATTC - 11100
-L G I M A I AACAMTILITIL UV KHIKUHATF
- L VL WQULLHV L CCULTUILSTI S T™H S
- W Y Y G NCCMGCYAA ATCT®*AT* A RTI L

11101 - PTGTGCTTGTTTCTGTTACCTTCICT'TGCAACAGTTGCTTACTTTAATATGGTCTACATG - 11160
-L ¢ L F L L P 8 L A TV A Y F N M V Y M
- CACPFCYILLULQOQTIL UL TZILTIWSTC
- VL.V 3 VT PF S CVNSCTUL L * Y GDL H A

11161 - CCTGCTAGCTGGGTGATGCGTATCATGACATGGCTTGAATTGGCTGACACTAGCTTGTCT - 11220
-P A 5 W VM®RTIMTWTUILETDLA ATDTS L §
- L L A G * CV 8 * HG L NWILTTILATGCTIL
- C * L G DA Y HDMU & AT I G ¥ H * L V W

11221 - GGITATAGGCTTAAGGATTGTGTTATGTATGCTTCAGCTTTAGTTTTGCTTATTCTCATG - 11280
-6 Y RDL KDCUVMY2ASATILVILILIILM
- VI GLR IV L CMULOQTL * F C L F 8§ *
- L ¥ A ¥ 6 L C YV CPF S F ST F A Y S H D

11281 - ACAGCTCGCACTGTTTATGATGATGCTGCTAGACGTGTTTGGACACTGATGAATGTCATT - 11340
-T A RTVYVY Y DDA RZARI RUYWTITTILMNUNUVTI
- 9L AL FMMMILILDUVUPFPGUH* * M s L
- 8 8 HCDIL * * ¢ C* T CULDTUDTETC CTH Y

11341 - ACACTTGTTTACAAAGTCTACTATGGTAATGCTTTAGATCAAGCTATTTCCATGTGGGCC ~ 11400
~T L V ¥ KV Y Y G NATUILTDOQA ATISMMW A
- HL F T K S T™MUVMUIL* I KL F P C G P
- T CL Q 5 L L W * CTFU RGS S YT FHUV G L

11401 - TTAGTTATTTCTGTAACCTCTAACTATTCTIGGTGTCGTTACGACTATCATGTTTTTAGCT - 11460
-L V I S V T S NY 8 ¢V VvV T T I M F L A
- * L'F L * P L T I L V S L RUIL S CUF * L
- 8§ Y FCWNUL* L FWCU R Y DZYU HV PF § *

11461 - AGAGCTATAGTIGTTTGTGTGTGTTGAGTATTACCCATTGPTATTTATTACTGGCAACACC ~ 11520
-R A I VFV CVEYZYVYUPTILIL FTI T CGCNT
- EL.* CL CV L S I THCVY L DL L AT P
-~ 8§ Y SV CVC*¥V L P I VI Y Y W QUHL

11521 - PTACAGTGTATCATGCTTGTTTATTGTTTCTTAGGCTATTGTTGCTGCTGCTACTTTGGC ~ 11580
-L Q ¢ I MLV Y CPFPFUL GY COCOCOCVYF G
- Y SV Ss$ScLF I VS * A I VYV AAATTL A
- T VY HACTLILPFLRILIL L L L L L W P

11581 - CTTTTCTGITTACTCAACCGTTACTTCAGGCTTACTCTTGGTGTTTATGACTACTTGGTC -~ 11640
-L F ¢ L L NR ¥ FRTL T UL GV Y DY TDL V
- F SV Y S T VT S$GUL L LV FMTTTW S
- F L:F T Q P L L QA Y S WOCTIL * L L ¢ L

11641 ~ TCTACAGAAGAATTTAGGTATATGAACTCCCAGGGGCTTTTGCCTCCTAAGAGTAGTATT ~ 11700
-S T Q EFRYMUNGSOQOGTILIL PP K S 8§ T
- L H'K NIL G I * PR G F CL L RV V L
- Y TR I * V Y EL P GAT FU ATZS *¥ E * y =«

11701 - GATGCTTTCAAGCTTAACATTAAGTTGTTGGGTATTGGAGGTAAACCATGTATCAAGGTT - 11760
-DAF KL NTIZ XTILIL G I GG XKUPOCTITZ KV
- M L3 $ L TDL S CWUV L EJVUNUHTUYV SR LD
- C F QA * H * ¥V V G Y W R * TMJYOQG C

FIG. 11 Con’t



WO 2004/085455 PCT/CN2004/000247

33/94

11761 - GCTACTGTACAGTCTAAAATGTCTGACGTAAAGTGCACATCTGTGGTACTGCTCTCGGTT — 11820
-A T V Q 8 KM S DV XKCTS8UV VULTIL S V
- L L ¥ S L KCUL T * 8 A HULUWYCSTZ RTFE
- Y G TV * NV * RKVYHTIOCGTA ATLTG §

11821 - CTTCAACAACTTAGAGTAGAGTCATCTTCTAAATTGTGGGECACAATGTGTACAACTCCAC —~ 11880
-L @ Q L RV E S S S KL WA QU CUV QL H
- P N NLE ¥ 8§ H L L NCGUHUNUV VY NS T
- s T ** $ RV I F * I V GTM®GCTT P Q

11881 ~ AATGATATTCTTCTTGCAARAAGACACAACTGAAGCTTTCGAGAAGATGGTTTCTCTTTTG ~ 11940
-N D I L L A KD TTEU ATFTEZ KM U VS L L
- M I F FL Q KT QUL KL S RRWU FTUDL F C
- * Y 8§ S C KR HN *S FREJDTGT FSZ ST F V

11941 - TCTGTTITGCTATCCATGCAGGGTGCTGTAGACATTAATAGGTTGTECCAGGARATGCTC ~ 12000
~8 VvV L L S M Q GAVDTINIU RILTCTETEHMTL
- L F CY P CRV L * T L I 6 CATZRIKC §
- CFAIHAGC CTCR RE®** YV VRGENAR

12001 - GATAACCGTGCTACTCTTCAGGCTATTGCTTCAGAATTTAGTTCTTTACCATCATATGCC ~ 12060
-DNRATULOQATIA ASTETFS S S L P S Y A
- I TV 5LLFRUILTULIL QONUILV VUL Y HHMTP
- * PP C Y 85 8 G Y CFR I * F F T ITIC R

12061 - GCTTATGCCACTGCCCAGGAGGCCTATGAGCAGGCTGTAGCTAATGETCATTCTGAAGTC ~ 12120
-A Y A T A QEA ATYTEUOQ AUV ADNGTDSE V
- L M:P L P R RPM S RTIL * L M V I L K §
- L CHCUPGGTUDL * A G C S * W * F * § R

12121 - GTTCTCAAAAAGTTAAAGAAATCTTTGAATGTGGCTAAATCTGAGTTTGACCGTGATGCT - 12180
-V L K KL K K S8 L NV A K SZETFTDUETD A
- F 'K S * RN L * M W L N L S L T V M L
- 85 Q KV KETITFETGCG®* I » V * p *x ¢ C

12181 - GCCATGCRACGCAAGTTGGAARAGATGGCAGATCAGGCTATGACCCAAATGTACARACAG - 12240
-A M QR KTLETZ KWMADUG QA AMTOQMT YK O
- P C'N A S W IKURUWAOQTIWURTIL®*PKOCTNR
- H A T QV GKDGU RS G Y DUZPNUVOT G

12241 - GCAAGATCTGAGGACAAGAGGGCAAAAGTAACTAGTGCTATGCAAACAATGCTCTTCACT - 12300
-A R $EDKRAEKTVTSAMOQTMTILTFT
- @ DL R TR G Q K * ILL V L ¢ KQ C S s L
- K I-* G Q E G K S N * CY A NUNI ATLTBEB Y

12301 - ATGCTTAGGAAGCTTGATAATGATGCACTTAACAACATTATCAACAATGCGCGTGATGGT - 12360
-M L R K L DNUDW ATLNIUNTITIN NING ATI RTID G
- C L6 8L I MMUHEILTTTUIL S TMTZ BRUY MV
- A ¥ E A % * % C T * Q0 H Y Q Q C A * W L

12361 - TGIGTTGCACTCARCATCATACCATTGACTACAGCAGCCAAACTCATGGTTGTTGTCCCT - 12420
-C VP LNTITIUPILTTA AA AIEKTLMMV YUV UV P
- VP H ST S Y H * L Q ¢ PN S WUIL I S L
- € 8T Q HHTIDVY S S QTUHGTG CTC C p *

12421 - GATTATGGTACCTACAAGAACACTTGTGATGGTAACACCTTTACATATGCATCTGCACTC — 12480
~D Y G T Y KNTOCDGUNTE EFT VY A S B L
- I M'v P TRTTULUVMV VTU PTLHMUBETLH 8§
- L W.Y L QE HL * W * HIL Y IO CTIUZGCT L

12481 - TGGGARATCCAGCAAGTTGTTGATGCGGATAGCAAGATTETTCAACTTAGTGAAATTAAC - 12540
-WE I QQV VDA ADSZ KTIUVOQZLSTETIN
- G K S 5 KL L M RTIAIRTILTPEFWUNUILVYVIEKTLT
- G NP A S C * C G * Q DC S T * * N * H

12541 - ATGGACAATTCACCAAATTTGGCTTGGCCTCTTATTGTTACAGCTCTAAGAGCCAACTCA - 12600
-M DN S PNTILAWZPULTIUVTATLTURIATDN.SE
- W T I HQIWUILGULIL L L QL * EP T Q
- G Q FT XK F GLAS Y OCVY S S K SOQTL S
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12601 - GCTGTTAAACTACAGAATAATGARCTGAGTCCAGTAGCACTACGACAGATGTCCTGTGCG - 12660
-A Y KL ¢ NNEIL S PV ADLZRI QMSCA
- L L:¥ ¥ R I M N * Vv Q * HY DR C P V R
- ¢ ¥ T T E * # T E 8§ 8§ § T T T D V L C G

12661 - GCTGGTACCACACARACAGCTTGTACTGATGACAATGCACTTGCCTACTATAARCAATTCG - 12720
-A G T T Q T A CTDDNU ATUDLAY Y N N S
- L VPHXKOQLVILMTMHILPTTITTIR
- W Y H T N S L Y ®* # Q C T C UL L * Q F E

12721 - AAGGGAGGTAGGTTTGTGCTGGCATTACTATCAGACCACCAAGATCTCAAATGGGCTAGA - 12780
-XK 6 6 R PP VL AL UL S DUHOQDIL KW AR
- R E.V G L C®W H Y Y Q T T K I S NGUL D
- G R *V CAG I TTIRUPUZPRZSQMG * I

12781 - TTCCCTAAGAGTGATGGTACAGGTACAATTTACACAGAACTGGAACCACCTTGTAGGTTT ~ 12840
-F P K $ PG TGTTIJYTEUDLTEU?PPUCRTF
- $ LRV MV Q V QF T 0 NUWINUHTILV G L
- P * E * W Y R Y N LHURTG T T L * V C

12841 - GTTACAGACACACCAAAAGGGCCTAAAGTGAAATACTTGTACTTCATCAAAGGCTTARAC - 12900
-vYy T P T P K G P KV K Y L ¥ F I K G L N
- L 0T H Q K G L K * N T C T S $ K A * T
-~ Y RRH T KRA * 8§ E I L V L HQ R L K Q

12901 - AACCTAAATAGAGGTATGGTGCTGGGCAGTTTAGCTGCTACAGTACGTCTTCAGGCTGGA ~ 12960
-N L N R G6 MV L G S L A A T V RIL Q A G
- T *‘'I E V W CWA AUV * L L Q YV F R L E
- P K * R Y G A GOQ F S C VY S T S 8§ G W K

12961 - AATGCTACAGAAGTACCTGCCAATTCAACTGTGCTTTCCTNTCTGTGCTTTTGCAGTAGAC ~ 13020
-N A T E V P AN STV L 8 F CAUF AV D
- M L -Q K Y L P I QL CF P SV L L Q * T
- C Y R S T COQV FDNCATPTULTILTCT FTCSURTP

13021 - CCTGCTAAAGCATATAAGGATTACCTAGCAAGTGGAGGACAACCAATCACCAACTGTGTG - 13080
-P A K A Y KD Y L ASGGOQ P I TNTUGCUV
- L L K H I R I T * Qg V EDNIGQ S P T VvV *
- ¢ .8 I * G L P S K WU RTTNU HGQTLCE

13081 - AAGATGTTGTCTACACACACTGGTACAGGACAGGCAATTACTGTARCACCAGAAGCTAAC - 13140
-K M L C T HTGTG QA I T V T P E A N
- R C:C V HTUL UV QDU RIQUIL UL * HQ KTILT
- DV V Y T HWYRTGNYCNTU R S * H

13141 - ATGGACCAAGAGTCCTTTGCTGGTCCTTCATGTTGTCTGTATTGTAGATGCCACATTGAC - 13200
-M D Q E S F G GA S COCTUL Y CRUCHTID
- W T K S P L V VL HVVCTI VDA ATTILT
- 6 PR V L W WCVFMTUIL SV L * M P H * P

13201 - CATCCAAATCCTARAGGATTCTGTGACTTGABAGGTAAGTACGTCCARATACCTACCACT - 13260
-H P N P K GPF CDIL X G XK Y VvV Q1 P ToT
- I @ I L KD SV T * KV S8 T S K VYL P L
- S X:*8 * R I L * L E R * V R P N T Y H L

13261 - TGTGCTAATGACCCAGTGGGTTTTACACTTAGAAACACAGTCTGTACCGTCTIGCGGAATG ~ 13320
-C AN DU&PUV G F TILURNTUVCTUVCGM
- VL. M T Q WV L HILET QS V P S A E C
- C *%:;* P S5 G F Y T * KH S L Y R L R N V

13321 - TGGRAAGGTTATGGCTGTAGTTGTGACCAACTCCGCGRACCCTTIGATGCAGTCTGCGGAT ~ 13380
-W XK 6 Y 6 C S5 ¢CDb@Q L REU&PTILMOQSAD
- 6 K VMAUV VY VTN S AUNUP * C S L RM
- E R L WL * L * P ? PR T L DAV C G C

13381 - GCATCAACGTTTTTAAACGGGTTTGCGGTGTAAGTGCAGCCCGTCTTACACCGTGCGGCA ~ 13440
-A S T F L NG F AV * VvV g P VYV L HR A B
- B Q R F * TG LR CIKTTCS P S Y TV R H
- I ¥ v F K RV ¢ 6 Y9Y S A A RTUILTU®PTCGT
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13441 - CRGGCACTAGTACTGATGTCGTCTACAGGGCTTTTGATATTTACAACGAARARAGTGCTG ~ 13500
-Q ALV LMSSTGLILITFTTEKTE KVL

- R H:* ¥ * C R L QG F * Y L Q R KIKC W
- 6 T S T DV VY RATFUDTIZYNTEZKSAG

13501 - GTTTTGCARAGTTCCTAAAAACTAATTGCTGTCGCTTCCAGGAGAAGGATGAGGARGGCA ~ 13560
-V L 0§ $ ** KL I AV ASURUZ RIBRMTERI K &
- F CKV?PKNM¥ L L 8§ L P GEG * G R 0
- F A K P L KT NG CG CRUPFOQEIKTUDTETETG N

13561 - ATTTATTAGACTCTTACTTTIGTAGTTAAGAGGCATACTATGTCTAACTACCAACATGAAG - 13620
-I Y * 7 L T L * L R 6 I L C L T T™ N M K
- F I R L L L C S * E A Y Y V * L P T * R
- L L DS Y FV VKU RUHTMMSNTY Q H E E

13621 - AGACTATTTATAACTTGGTTAAAGATTGTCCAGCGGTTGCTGTCCATGACTTTTTCAAGT - 13680
-R L F I T W L K I V Q R L L S M T F 8§ 8
- DY L * L 6 ** R L 8 S G C C P * L F Q V
- T I, YN L V XKD CUPORV AUV HDTFTFIZKF

13681 - TTAGAGTAGATGGTGACATGGTACCACATATATCACGTCAGCGTCTAACTARATACACAA - 13740
-L E ¥ M V T W ¥ H I Y HV 8 V * L N T Q
- * S RW * HG6 TTVYTIT S A SN * I H N
- RV DG DMV PHTISURIOQU®RTILTI KUYTM

13741 - TGGCTGATTTAGTCTATGCTCTACGTCATTTTGATGAGGGTAATTGTGATACATTAAAMAG - 13800
-W L I * S M L Y V I L M R V I V I H * K
- G *'F §$ L ¢ 8 T S F * * G * I, * Y I K R
- A DL V Y ALRUHTFUDTETGNT CTDTTUL K E

13801 -~ AAATACTCGTCACATACAATTGCTGTGATGATGATTATTTCAATARGAAGGATTGGTATGE - 13860
-K ¥ 3 S H T I AV MMTITISTIURIERTITUGM
- N T:R H I Q L L * * * I, F Q * E G L V *
- I L. VT Y NCCDUDUDY FONU KT KTUDUWUVYD

13861 ~ ACTTCGTAGAGAATCCTGACATCTTACGCGTATATGCTAACTTAGGTGAGCGTGTACGCC - 13920
-T S * R I L T S Y A Y M L T * Vv § V Y A
- L R RE S * HIL TR I OC* L R * A C T P
- F V.ENUP DI L RVY Y ADNUILGTET RV R Q

13921 - AATCATTATTARAGACTGTACAATTCTGCGATGCTATGCGTGATGCAGGCATTGTAGGCG ~ 13980
-N H Y * R L YN S AMTLOCVMOQATL * 2
- I I I XDC®TTIULRTCZYA A®*CRUHTCTR RR
~ 8 L L K T V Q FC D AMZERUDA ATGTI UV GV

13981 -~ TACTGACATTAGATAATCAGGATCTITAATGGGAACTGGTACGATTTCGGTGATTTCGTAC - 14040
-Y * H ¥ T I R I L M G T G T I S V I s Y
- T DI R * 8 G 8 * WEB L VRVF R * F R T
- L T'L DN QDUILNGNUW®WYDTFPFGUDTFUV Q

14041 - AAGTAGCACCAGGCTGCGGAGITCCTATTGTGGATTCATATTACTCATTGCTGATGCCCA - 14100
-K * H Q AAE F L L W I H I TUHTZGC®*TOCP
- 8§ $°TR L RS SYCGU P ITIL L I A DA AH
- VAP G C GV P I VDS Y Y S L IL M U©P I

14101 - TCCTCACTTTGACTAGGGCATTGGCTGCTGAGTCCCATATGGATGCTGATCTCGCARARC ~- 14160
-8 8 L * L G HWIL L S P I WMTILITIZSOQN
- P H'FD¥ G I GC*¥ VP Y 6 C * 8 RI KT
-~ L T.L T R A LA AU ESHMUDA AUDTLATIK P

14161 - CACTTATTAAGTGGGATTTGCTGAAATATGATTTTACGGAAGAGAGACTTTGTCTCTTCG - 14220
-H L L S G I €C* NMTITUILURIE KU RTUDTFV S S
- T Y *V G FAETIO®*T FJYGRUETTIL S L R
- L I'"K WD LL XK Y DUJFTET EU RTULTCTILTFD

14221 - ACCGTTATTTTAAATATTGGGACCAGACATACCATCCCAATTGTATTAACTGTTTGGATG — 14280
-T VvV I L N I 6 T RHT I P I VL TV WM

P L F ¥ I L.¢6 P DI P §$ Q L ¥ * L F G *

R YF K Y WD QTJ Y HBPNTU CTINUNTGCTILUDD

{
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14281 - ATAGGTGTATCCTTCATTGTGCAAACTTTAATGTGTTATTTTCTACTGTGTTTCCACCTA - 14340
-I 6 VvV s F I V@ T L M CY ¥ L L CF H L

- * Yy ¥y P S L CEKTL®* CV I F Y CVSTTZY
- R CI L HCANZT FWNV VILUPFPST TV FUZPUZPT

14341 - CARGTTTTGGACCACTAGTAAGARAAATATTTCTAGATGGTCTTCCTTTTGTTGTTTCAR ~ 14400
-Q V L DH * * E K Y L * MV F L L L F Q
- K FwTT S K KNTIOCIRWCSUFCOCTZ FN
- 8§ F G P L VR K I FV DGV P F V V S T

14401 - CTGGATACCATTTTCGTGAGTTAGGAGTCGTACATAATCAGGATGTAAACTTACATAGCT ~ 14460
-L DT I FV 8§ * E S Y I I R M * T Y I A
- W I P F S8 * VR SRT* S G CKILT * L
~ G Y HFRETULGV YV HNJ OQUDV VUNTIDLHS S

14461 - CGCGTCTCAGTTTCAAGGAACTTTTAGTGTATGCTGCTGATCCAGCTATGCATGCAGCTT ~ 14520
- R VvV 8 V. 8 R N F * C M L L T Q@ L C M @ L
- A S Q F Q 6TV F SV CC* 8 8 Y A C S F
- R L 8 F KEUL L V Y A ADU PAMTUE B A A S

14521 - CTGGCAATTTATTGCTAGATARACGCACTACATGCTTTTCAGTAGCTGCACTARCAAACA - 14580
-L A I Y Cc* I N ATLUHA ATFQ™* L H * QT
- W Q'F I AR * ™ H YMTILPF S S CTN K Q
- G N.L L L DKRTTTOCT F S VA ATLTNN

14581 - ATGTTGCTTTTCABACTGTCARACCCGGTAATTTTAATAAAGACTTTTATGACTTTGCTE - 14640
-M L L F KL §$ N PV I LI XTUPMTTILL
- C CF §$§ N CQTTRT®* F * * R L L * L C C
- v & F Q T vV K P 66 N F N KD UF Y D F A V

14641 - TGTCTAAAGGTTTCTTTAAGGAAGGAAGTTCTGETTGAACTAARACACTTCTTCTTTGCTC — 14700
-C L XV S L RKXKEV L LN ®* NT S s L L
-V * RF L *# G R KFC*¥ T K TIL L L C S
- 8 KGFF KE G S S VETULI KU HTEFTFEFTFAQ

14701 - AGGATGGCAACGCTGCTATCAGTGATTATGACTATTATCGTTATAATCTGCCAACAATGT — 14760
-R M A T L L SV I MTTITIUWVITICGCSIGQAOQQLC
- 6 W:Q R CYQ * L * L L,b 8 L * S A N N V
- D G N A A I S DY DVY Y RUYUNUILZPTMSGC

14761 ~ GTGATATCAGACAACTCCTATTCGTAGTTGAAGTTGTTGATAAATACTTTGATTGTTACG - 14820
-V I $ DN S Y S * L XL L I NTTUILTI VT
- % Y'Q T T 9 P I R S * § Cc * * I L * L L R
~ D IR QUL L F V VEV VDI KTYTFDTCYTD

14821 - ATGGTGGCTGTATTAATGCCAACCAAGTAATCGTTAACAATCTGGATAAATCAGCTGGTT -~ 14880
-M V AV L M P T K * S L T IWTIN GQTLYV
- W W LY * CQP S NR©®*Q S G * I 8 W TF
- 6 6:-C I NANIOQUV I VNINTILUDIEXKSATGTEF

14881 - TCCCATTTAATAAATGGGGTAAGGCTAGACTTTATTATGACTCAATGAGTTATGAGGATC - 14940
- HL I N 6 V R L DF I M TOQ* V MR I
- P I . * M G * G * T L L * L NE L * G 8
- P FFN KW G K A R L Y Y D SM S Y E D Q

14941 - AAGATGCACTTTTCGCGTATACTAAGCGTAATGTCATCCCTACTATAACTCAAATGAATC ~ 15000
~-K M HF S R I L SV M S S L L * L K * I
- RCT F RV Y * A * CH P Y Y NSNTE 8§
- D AL F A Y T KRNV I P T I T QMNL

15001 - TTAAGTATGCCATTAGTGCAAAGAATAGAGCTCGCACCGTAGCTGGTGTCTCTATCTGTA ~ 15060
~L $ M P L V QR I ETULU AU PO*¥ L V S L S V
- * V.CH* CXKZ E*¥S S HRSWOCTUIL Y L *
- K Y A I § A X NRARTVAGV S I C S

15061 -~ GTACTATGACAAATAGACAGTTTCATCAGRAATTATTCAAGTCAATAGCCGCCACTAGAG - 15120
-V L * 9 I DS F I RN VY * 8 @ * P P L B
- Y Y DK * TV $§ S E I I EV N S RH * R
- T M T N R Q F H Q KL L K S I A A T R G
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15121 - GAGCTACTGTGGTAATTGGAARCAAGCARGITTTACGGTGGCTGGCATAATATGTTAAARA ~ 15180
-E L L W *¥ L B Q A S ¥ TV AGTIIC*K
- § YCGNWWNI KOQUVILRWILA*X Y V KN
- A T V V I 6T S K F Y G G WHNMILZE KT
15181 - CTGTTTACAGTGATGTAGAARCTCCACACCTTATGGGTTGGGATTATCCARARTGTGACA - 15240
-, F TV M * KL HT L WV G I I Q NV T
- ¢ L'Q *CRN ST PY G L G L S KM* Q
- ¥V Y &S DV ETU®PH L MGWD Y P K C DR
15241 - GAGCCATGCCTAACATGCTTAGGATAATGGCCTCTCTTGTTCTTGCTCGCARACATAACA - 15300
-E P CL T CUILG * WP UL L ¥ L L AN TIT
- 8§ H A * HA * DNGUL S C S C s Q@ T * H
- A M P N ML R I MASTILV L ARI KIHNDNT
15301 - CTTGCTGTAACTTATCACACCGTTTCTACAGGTTAGCTAACGAGTGTGCGCAAGTATTAA - 15360
-L AV T Y H T UV S8 TG ¥ L T S V REK Y *
- L L * L I TP F L Q V S ¥ R YV CA S I K
- ¢ ¢C N L $S HRF Y RDLANETCH AZ®QUV DL S
15361 - GTGAGATGGTCATGTGTGGCGGCTCACTATATGTTAAACCAGGTGGAACATCATCCGGTG ~ 15420
-~V R W S CV A A HYMIULNOQUV EHH PV
- ¥ DG H V WU RUL T I C* T RWUNTI I R *
- E MV M CG G S L YV K®PGGT S S G D
15421 - ATGCTACAACTGCTTATGCTAATAGTGTCTTTAACATTTGTCAAGCTGTTACAGCCAATG - 15480
-M L QL L M L I V 8L T F UV KILUILOQU©PM
- CcC Y NCILOC®X * ¢CL ¥ HL S SCUY S g C
- a T T A Y ADNGSUVYV F NI CQA AVTH ANV
15481 - TAAATGCACTTCTTTCAACTGATGGTAATAAGATAGCTGACAAGTATGTCCGCAATCTAC - 15540
-% M HF P QL MV IUR*¥TL TS M S A I Y
- K C T S F N * W ¥ ¥ DS * QV C&P QST
- N AL L S T DOGNIKTIADZE KTYVRNDILOQ
15541 - AACACAGGCTCTATGAGTGTCTCTATAGAAATAGGGATGTTGATCATGAATTCGTGGATG - 15600
-N T G S M SV S I EIGMILTIMMDNZSWM
- T QA L * V S L ¥ K * G C * 8 ¥ I R G *
- H R L YECUIL Y RDNU RDUV DUHETF UV D E
15601 - AGTTTTACGCTTACCTGCGTARACATTTCTCCATGATGATTCTTTCTGATGATGCCGTTG - 15660
-8 F T L TCVNTISZ®P** FFLMMMZPTL
- ¥V L R L PA ¥ T F L HDUDSF * * C R C
- F Y A Y L R KHVF S MMTITULS DDA AUV
15661 - TGTGCTATAACAGTAACTATGCGGCTCAAGGTTTAGTAGCTAGCATTAAGAACTTTAAGG - 15720
-Cc A I TV TMURILIKUV * ¥ L AL R T L R
- vV L * ¢ * L ¢C G S R F S s * H * E L * G
- ¢ YN S NYABAOQGTL VA STI KUNTFE KA
15721 ~ CAGTTCTTTATTATCAAAATAATGTGTTCATGTCTGAGGCAAAATGTTGGACTGAGACTG ~ 15780
-Q F F I I K I MCSCUILUR NV G L R L
- 8§ 8§ L L 8 K * ¢V HV *¥* XKML D * D *
- ¥ L YY 0ONNV FMSEA AI KT CWTETTD
15781 - ACCTTAGTAAAGGACCTCACGRATTTTGCTCACAGCATACAATGCTAGTTAARACAAGGAG - 15840
-7 L L K DL TNTFAUHSTI O C *¥ L N K E
- p Y * R TSR ITLILTA AJZYDNH BAS®*TRR
- L TTK GPHEVFCSQHTMILVEKTO OQGHD
15841 - ATGATTACGTGTACCTGCCTTACCCAGATCCATCAAGAATATTAGGCGCAGGCTGTTTTG ~ 15900
-¥M I 7 C T CDL T QI HOQEVY *¥ A QA VL
- *x L, RV P A L P R S I KNI RRURILF C
- D Y V Y L P Y P D P S R I L G A G CF V
15901 - TCGATGATATTGTCAARAACAGATGGTACACTTATGATTGAARAGGTTCGTGTCACTGGCTA - 15960
-8 M I L §$ K ¢ MV HL * L K GBS CHWIL
- R * ¥ ¢ O N R W Y T Y D * K VRV T G Y
- pDIUVIKT®®TODOGT L MTIZERUPFUV S L AI
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15961 - TTGATGCTTACCCACTTACARAACATCCTAATCAGGAGTATGCTGATGTCTTTCACTTGT - 16020
-L M L THL QWNTIL I RS MILMSFTSC
- * ¢ L P T YXKT S * S GV C* CL 38 L V
- DAY PL T KHPNQEYADVFHILY

16021 - ATTTACAATACATTAGAARGTTACATCATGAGCTTACTGGCCACARTGTIGGACATGTATT ~ 16080
-I Y NTILE S Y MM S L L ATOCW T CI
- F T I H * KV T * * A Y WUPHUV GHVF
- L 0 Y I RKXK L HDETZLTGHMTUILTDMTYS

16081 - CCGTAATGCTAACTAATGATARCACCTCACGGTACTGGGAACCTGAGTTTTATGAGGCTA ~ 16140
-p * T * L M I T P H G T G NUL S F MRTIL
- R N AN * * * H L TV L G T * V L *¥ G Y
~ V M L T N DN TSR Y WEUPETFYEAM

16141 - TGTACACACCACATACAGTCTTGCAGGCTGTAGGTGCTTGTIGTATTGTGCAATTCACAGR - 16200
-C ? HH I QS CRUL * VLV Y CAIHR
- VH T T Y L AGCRZCIULCTIUVJQQTFTTD
- Y ™ P H TV L QAV GACVLCDNSOQT

16201 - CTTCACTTCGTTGCGGTGCCTGTATTAGGAGACCATTCCTATGTTGCARGTGCTGCTATG ~ 16260
-L H F V AV PV L GDUH S Y VA S AAM
- ¥ T S L RCULY* E T I PMTUILQV L L *
- &8 LR CGACTIURIREPTFILOCCTZ KT CTCYTD

16261 - ACCATGTCATTTCAACATCACACAAATTAGTGTTGTCTGTTAATCCCTATGTTTGCAATG ~ 16320
- M § F Q HH TN*CCULDLI®PMTFRBAM
- P C.H FNTTIQQISVUVC®™*SDDLCUDLQC
- H VI 8 T S H KL VL SV NUPYV CNA

16321 - CCCCAGGTTGTGATGTCACTGATGTGACACAACTGTATCTAGGAGGTATGAGCTATTATT - 16380
-P Q V VM SILM®* HNTG CTI®*¥EV *¥ A I I
- P R)L * CH*CDTTUVSZRRYETILTLHL
- P GCDVTDUVTQDLYUL GG MS Y Y C

16381 ~ GCRAGTEACATAAGCCTCCCATTAGTTTTCCATTATGTGCTAATGGTCAGGTTTTTGGTT ~ 16440
~-A S B I S L P LV FHY VL MVRFPFTILYVY
- Q VvV T * AS H *F 8§ I MC*¥WS G F WPF
- K S HK&P©PI S FPLCHBANSGU QUVTFGL

16441 ~ TATACAARAACACATGTGTAGGCAGTGACAATGTCACTGACTTCAATGCGATAGCAACAT ~ 16500
~-Y T KT HV * AV T™MSTL T S MR * Q H
- 1 0 KH M CROQ™* Q CH * L Q COD S NM
- Y K'N T CV G S DNV TDEFNA ATIHBTC

16501 - GTGATTGGACTAATGCTGGCGATTACATACTTGCCAACACTTGTACTGAGAGACTCAAGC - 16560
-v I 6L M L A I T YL P TJUL VL RD S 8
- * L, :D * C W R L H T CQHIL Y * E T Q A
- D W T NAGDY I LANTZCTTZ ERTLIEKTLIL

16561 - TTTTCGCAGCAGARACGCTCAAAGCCACTGAGGAAACATTTAAGCTGTCATATGGTATTG - 16620
-P 8 Q Q KR S K P L RKUHTIL S CHMV L
- F RS RNAOQSH* G NI * AV I WYC
- F AAETDLZXATETETTFZKTILSYG I A

16621 - CCACTGTACGCGAAGTACTCTCTGACAGAGARTTGCATCTITTCATGGGAGGTTGGARARC - 16680
~-P L Y A KY S L TEWNTZCTIUEFHG G RTILEN
- HC TR S TDL * QR I A S F MGG WK T
- T V R EV L S DRETULHTILSWEUV G KP

16681 - CTAGACCACCATTGAACAGARACTATGTCTTTACTGGTTACCGTGTAACTARAAATAGTA - 16740
-L D H H * T ETMSULL V TV * L K IV
- % 7 T I E Q KL C L ¥ W L P C N * K * *
- R P.P L, N R N Y V F T G Y R V T KN § K

16741 - BAGTACAGATTGGAGAGTACACCTTTGAAAAAGGTGACTATGGTGATGCTGTTGTGTACA ~ 16800
-K YR L E S TPULEXKI KUV TMVMILILTCT
- $T™ D WU RV HL* KR * L W * CCZCYV Q
- VvV Q I GE Y TV FEIKGDJYGDA AUV V YR
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16801 - GAGGTACTACGACATACAAGTTGAATGTTGGTGATTACTTTGTGTTCACATCTCACACTG - 16860
-E VL R E T S *M LV I T JC** HL TIL
- R Y Y DI QUVEOCWT™®*T L L CUV DI S HTC
- ¢ T T T Y KL NV 6D Y FF VL T S HTV

16861 - TAATGCCACTTAGTGCACCTACTCTAGTGCCACAAGAGCACTATGTGAGAATTACTGECT - 16920
-*%* ¢ HL VHIL L * CH K S TM** E L L A
- N A T * C T Y S S A TR AUDLCENYWL
- MM P L S AP TOL V P QEUHYVRITGL

16921 - TGTACCCAACACTCAACATCTCAGATGAGTTTTCTAGCAATGTTGCAAATTATCAAAAGG - 16980
-C T Q H 8 T S Qg M S F L A ML Q I I KR
- ¥ P NT Q HL R * V F * Q COCKUL S K G
- Y P TL NI S DZET FS SNV ADNYQ KV

16981 ~ TCGGCATGCAAAAGTACTCTACACTCCAAGGACCACCTGGTACTGGTAAGAGTCATTTIG - 17040
-S A ¢ K S T L HS XKDH UL V L VRV I L
- R H A KV LY T?PRTTWYW* E S F C
- 6 M Q K Y S TTLQG?PPGTGIK S HFA

17041 - CCATCGGACTTGCTCTCTATTACCCATCTGCTCGCATAGTGTATACGGCATGCTCTCATG ~ 17100
- 8§ DL L S I TH DL L A * ¢ I R HAILM
- HR T C S8 L L P I CSHS VY G MUL 35 C
- I G L A L Y Y P S ARTIUV Y TATCSHA

17101 - CAGCTGTTGATGCCCTATGTGAAAAGGCATTAAAATATTTGCCCATAGATARATGTAGTA - 17160
-0 L L M P Y V KRUH * N I C P * I N V V
- 8 ¢C-* C P M * K G I K I F A B R * M * *
- A V:-D A LCEI KA BABATILI K VYL P I DZXC SR

17161 - GRATCATACCTGCGCGTGCGCGCGTAGAGTGTTTTGATAAATTCAAAGTGAATTCAACAC ~ 17220
-E S Y L RV ERA * 8§ VL I N S K * I Q H
- N H T CACA ARU RUYVF * * I 0 S EPF NT
- I I'P A R A RV ECPF DKV FKVDNSTUL

17221 - TAGAACAGTATGTTTTCTGCACTGTAAATGCATTGCCAGAAARCAACTGCTGACATTGTAG - 17280
-% N S M F S A L ¥ M HC Q K QL L T™ L *
- R T V CF DL HCEKOCTIAZRTDNIMNTGC®®HC 8
- E Q'YV FCTVUNALU PETTA ADTIVYVY

17281 - TCTTTGATGAAATCTCTATGGCTACTAATTATGACTTGAGTGTTGTCAATGCTAGACTTC ~ 17340
-8 L M X 8 L W L L I MT * VvV L 8 MTUILDTF
- L * * N L Y G Y * L * L B C C Q@ C * T 8
- F D,E I S M A TOWNYDTIL SV V NA ARTILR

17341 - GTGCAAAACACTACGTCTATATTGGCGATCCTGCTCAATTACCAGCCCCCCGCACATTGC ~ 17400
-v ¢ ¥ T T s I LAITULILWNY QP PABHRC
- C°K T L R L Y W R 8§ ¢ 8 I T 8 P P H I A
- A K H Y VY IGDZPAOQTLUPO AUPIRTULL

17401 - TGACTABAGGCACACTAGRACCAGAATATTTTAATTCAGTGTGCAGACTTATGAAAACAA - 17460
-* I, K A H# * N QN I L I Q CA DUIL * K Q
- D * R H TR TURIU F*F 85V QT Y E NN
- T K 6 T L E PE Y F N SV CR L MIEKTI

17461 - TAGGTCCAGACATGTTCCTTGGAACTTGTCGCCGTTGTCCTGCTGARATTGTTGACACTG ~ 17520
-*% Yy ¢ T C S L E L VAV YV L L KL L T L
- R S R HV P WNIL S PDL S C * N C *¥ HOC
- 6P DMPFL GTCR®RTCPAETIUVDTYV

17521 - TGAGTGCTTTAGTTTATGACAATAAGCTAAAAGCACACAAGGATAAGTCAGCTCAATGCT - 17580
- % V L * F M T I 8§ * K H T R I S Q0 L N A
- ECF S L * Q * A K S T QG * VvV s S M L
- S8 A.L V Y DNI KL KA AUHI KD K S5 A Q C F

17581 - TCAABRATGTTCTACAAAGGTGITATTACACATGATGTTTCATCTGCAATCAACAGACCTC ~- 17640

S K ¢ S T KV L L H M M F H L Q S T DL

Q NV L Q RC VY Y T * C F I CNUIOQZ QT S

K M F Y XK G V I T H DV S 8§ A I N R P Q
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17641 - AAATAGGCGTTGTAAGAGAATTTCTTACACGCAATCCTGCTTGGAGARAAGCTGTTTTTA ~ 17700
-K * A L * EN F L HA I L L GEIZXTIL F L
- N R R CKU R I S Y T Q S CVLZEZI KST CT EF Y
- I G VVREUZ PTILTU RWNUPA AUWI RIEK AUV F T

17701 - TCTCACCTTATAATTCACAGAACGCTGTAGCTTCAAAAATCTTAGGATTGCCTACGCAGA ~ 17760
-5 HL I I HR TJUL * L Q K S * D C L R R
- L T L * FTEU RTG CU S8PFIE KNTULUZ RTIW ATY A D
- 8 P Y N S QNAVASI KTIULGTILU®PTOQT

17761 - CTGTTGATTCATCACAGGGTTCTGAATATGACTATGTCATATTCACACAAACTACTGAARR - 17820
-L L I H B RV L NMTMS S VY S HZ KL L K
- C * F I T G F * I * I, ¢ HI H TN Y * N
- VvV D S S Q G S EY DYV ITFTTOQTTTE T

17821 - CAGCACACTCTTGTAATGTCAACCGCTTCAATGTGGCTATCACABGGGCAAAARTTGGCA — 17880
-Q HTL VM S TASMUWIL S QG Q K L A
- 8 T L L * C Q P L QC G Y HK G KN W H
- A H S C N V N R F NV A I TR AZIKTITG GT

17881 - TTTTGTECATAATGTCTGATAGAGATCTTTATGACAAACTGCAATTTACAAGTCTAGARR ~ 17940
-F CA * C L I EI FMTNUZGCNTILOQUV * K
- F V.HN UV *¥ ¥ R 8§ L * 0 T A I Y K S R N
~ L CI M S DRDIL YD KTUILOGQT FTSTULETI

17941 - TACCACGTCGCAATGTGGCTACATTACAAGCAGAAAATGTAACTGGACTTTITAAGGACT - 18000
~-Y H'V AMWIL HY K Q KM ™* L DVF L R T
- T TS Q C G Y I T SURI KU CINUW®WTTF F * G L
- P R RNV A TUL QAZENUVTGTUILTF KD C

18001 - GTAGTAAGATCATTACTGGTCTTCATCCTACACAGGCACCTACACACCTCAGCGTTGATA - 18060
-V VRS L LV F I L H®RUHETLHT S ATILI
- * * DH Y WS S S Y TGTUYTUP QU R * Y
- 8§ K I I T G L HPT QAT PTUHTELSUV DI

18061 - TAARATTCAAGACTGAAGGATTATGTGTTGACATACCAGGCATACCAAAGGACATGACCT - 18120
-* NS R L KDY VL T Y QA Y QU RT * P
- K I @ b ** R I M C * B ™R H T K G H D L
- K F KT E G L CV DI UPGI P KIDMMTY

18121 - ACCGTAGACTCATCTCTATGATGGGTTTCARAATGAATTACCAAGTCAATGGTTACCCTA - 18180
-T VDS S L * WV 3 K * I T K S MV T L
- P ¥ T H L YD GF QNETULTPSOQUWTL p *
- R R L I S M M G F KMWNYOQOUVUNGVY P N

18181 - ATATGTTTATCACCCGCGAAGAAGCTATTCGTCACGTTCGTGCGTGGATTGGCTTTGATG — 18240
-I CL 8 P A K K L F V T P F VU RETILATLM
- Y VY H?PRI RS Y S SRS CVDWTDL * C
- M F I T R EUEA ATIURUHEV VI RAUWTITGTFDYV

18241 - TAGAGGGCTGTCATGCAACTAGAGATGCTGTGGGTACTAACCTACCTCTCCAGCTAGGAT ~ 18300
-* R AV M QL EMTILUWUV LT VYL S § * D
- R GL S CN* R COCGY * P T S P A R I
- E G6G;C H A TURDA AV ETUNULZPTULOQTILG F

18301 - TTTCTACAGGTGTTAACTTAGTAGCTGTACCGAPTGGTTATGTTGACACTGAAAATAACA ~ 18360
-F L Q VL T * % L ¥RUILUVMTILTTUDIL XTIT
- FYRC* L S S CTTDWILC * H * K * H
- 8§ TGV NUIL VAV PTGY V DTUENNT

18361 - CAGAATTCACCAGAGTTAATGCAAAACCTCCACCAGGTGACCAGTTTARACATCTTATAC ~ 18420
-Q N S P E L M OQUNTILUHOQV T S L NTI LY
- R I H Qs ** CcC KT S TR * P V % 7 § Yy 7
- BE F T R V N A KPPUPGODIOQTFIXKUHTLTI P

18421 - CACTCATGTATAAAGGCTTGCCCTGGAATGTAGTGCGTATTAAGATAGTACAAATGCTCA ~ 18480
-H S C I KA CPGM™*CV LR * Y K C S
- T HV * RL AL ETCSAY * D S5 T NA Q
- L M ¥ K GL P WNUVV RTIIEKTIUV VOOMTL S8
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18481 - GTGATACACTGAAAGGATTGTCAGACAGAGTCGTGTTCGTCCTTTGEGCGCATGGCTTTG ~ 18540
-V I H* KDCOQTESOCS S F GRMATL
- %« Y T E R I V R Q S RV R P L GA W L *
- D TIL K G L $S DRV VYV FV L WAUHGVF E

18541 - AGCTTACATCAATGAAGTACTTTGTCAAGATTGGACCTGARAGRACGTGTTGTCIGTGTG - 18600
-8 L Qg * $§$TL S RL DUIL K ERV V CV
- A Y I NE V L CQDWT* KNV L 8§ VvV *
- L, T § M K Y FV K I GPIETZ RTT COCTULCD

18601 -~ ACAAACGTGCAACTTGCTTTTCTACTTCATCAGATACTTATGCCTGCTGGAATCATTCTG - 18660
~-T NV Q L A F L L HQ I L M P A G I I L
- 9 T CNUILGLPFY P FIURVYILCLIULE ST FC
- K RATCTFS TS S S DTZYATCTWDNHSV

18661 - TGGGTTTTGACTATGTCTATAACCCATTTATGATTGATGTTCAGCAGTGGGGCTTTACGG - 18720
-W VvV L * M $§ I T HUL * L M F 8 S G A L R
- G F * L, ¢CL * P I YD * C S AV G L Y G
- G F DY V Y NP VFMTIUDUVQQWGT F TG

18721 - GTAACCTTCAGAGTAACCATGACCAACATTGCCAGGTACATGGARATGCACATGTGGCTA ~ 18780
-V T F RV TMTNTIATRUYMEWDMU HEMUWL
- * P S E * P * P T L P G T WIEKTCTCG *
- N L Q S N HD Q H CQV HGNA AUHV A S

18781 - GTTGTGATGCTATCATGACTAGATGTTTAGCAGTCCATGAGTGCTTTGTTAAGCGCGTTG - 18840
-V Y ML §8 * L DV * Q 8 M S AL L S AL
- L ¥ C Y H D * M F S S P *¥ V L C * A R *
- CDAIMTH®RZCTDLAVHBUGCTFUV KRUVD

18841 - ATTGGTCTGTTGAATACCCTATTATAGGAGATGAACTGAGGGTTAATTCTGCTTGCAGAA - 18900
-1 6L L NT L L * EMN*¥ G L I L L A E
- L V ¢C * I P Y Y RRO* TZEG * F C L Q K
- W 8 v B Y P I I 6D EUL RV NS A CR K

18901 - AAGTACAACACATGGTTGTGAAGTCTGCATTGCTTGCTGATAAGTTTCCAGTTCTTCATG ~ 18960
- K ¥ N T WL * 8 L BH CULL I 8 F Q F F M
- 8§ T T H G CE UV C I AC ¥ ¥ VvV 8§ S s 8§
- VvV Q H M V VK S AILILADIEKTFUPV L HD

18961 - ACATTGGAAATCCAAAGGCTATCAAGTGTGIGCCTCAGGCTGAAGTAGAATGGAAGTTCT - 19020
-7 L B I Q R L 88 VvCL R L K * N G S5 5
- H W.K § K G Y Q V CA S G * S R MZEUVL
~ I GNP KATIIKTCVPQAETVET®WIEKTFY

19021 - ACGATGCTCAGCCATGTAGTGACAAAGCTTACAAAATAGAGGAACTCTTCTATTCTTATG ~ 19080
~-7T M L, S H vV VT KL T K * R N S S I L M
- R C°S A M * * 9 §$ L g N R GT L L F L C
- DA Q PCSDI KU BAYIKTIZETETLTFY S YA

19081 - CTACACATCACGATARATTCACTGATGGTGTTTGTTTGTTTTGGAATTGTARCGTTGATC - 19140
-L H I T I NS LMY FVCFGTIVTTILTI
- Y T SR * I H *# W1 F V L E L * R * 8
- T H H D XK F T D GV CL F WDNUCNV DR

19141 - GTTACCCAGCCAATGCAATTGTGTGTAGGTTTGACACAAGAGTCTTGTCAAACTTGAACT - 19200
-~V T Q PM QL CV G L T QB S C QT * T
- L P S Q CNOCUV * V *# HKSIUDL VXK L E L
- Y P ANATI UV CRZ FDTI RV L S NTILNL

19201 - TACCAGGCTGTGATGGTGGTAGTTTGTATGTGAATAAGCATGCATTCCACACTCCAGCIT ~ 19260
-Y Q A VMV VYV VYV CM * I § M HSTTTL QL
- T R L * WW * F V CE * A C I P H S S F
- P G C DG G S L Y V N KUHATFUHT P a F

19261 ~ TCGATAARAGTGCATTTACTAATTTAAAGCAATTGCCTTTCTTTTACTATTCTGATAGIC — 19320
-8 I KV HL LI * §NCUILSFTTIDIL IV
- R * K¢ I Y * F KAIATPFTIL L L F *¥ * 8
- D K S AP F TNULI KQULPUFUFY Y S DS P
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19321 - CTTGTGAGTCTCATGGCARACAAGTAGTGTCGGATATTGATTATGTTCCACTCAAATCTG - 19380
-L VS8 L MANIKS®¥OCRTITILTIMTFHSNTIL
- L * V. 8§ W QTS SV GEY * L C S T Q@ I C
- C E S H G K Q VV S DIUDY VP IL K S A

19381 - CTACGTGTATTACACGATGCAATTTAGGTGGTGCTGTTTGCAGACACCATGCARATGAGT ~ 19440
-L RV L.H DATI * VvV V L, F A DTMGOQOQM S
- Y VY Y T M QF RWCOCDL QT PCIK * v
- T CcCI TR CWNULGGA AV CRUHUHA ANEY

19441 - ACCGACAGTACTTGGATGCATATAATATGATGATTTCTGCTGGATTTAGCCTATGGATTT — 19500
-* DS T WMHTI I *¥ * F L L DL AY G F
- P T V L GCTI * Y DDV FCWTI * P MD L
- R QYL DAYDNMMMTISA AGTF S L W I Y

19501 - ACARACAATTTGATACTTATAACCTGTGGAATACATTTACCAGGTTACAGAGTTTAGAAR - 19560
-T NN L I L I T C 6 I H L P G Y R V * K
- QT 1 * Y L * P VEY I Y QV T T ETFR K
- K Q F DT YNTILWNTT FTU RTILOQSTUILEN

19561 - ATGTGGCTTATAATGTTGTTAATAAAGGACACTTTGATGGACACGCCGGCGAAGCACCTE ~ 19620
-M W L I ML L I KDTULMUDT P A KHL
- 6L * ¢ccC* *x RTL * WTI RTI RI RTZSTC
- V A Y NV V N K GH F D G H A G E A P V

19621 - TTTCCATCATTAATAATGCTGTTTACACARAGGTAGATGGTATTGATGTGGAGATCTTTG ~ 19680
-F P 8§ L I ML F T QR * M ¥ L M WZR S L
- F HH * *# C CL H KX G R W Y * C G D L *
- § I. I NNAV Y T XV DG I DVTETITFE

19681 - AAAATARGACAACACTTCCTGTTAATGTTGCATTTGAGCTTTGGGCTAAGCGTAACATTA — 19740
-K I R Q HPF L L ML HUL S F G L 8§V T L
- K *»DNT S C* CCI * A L G % A % H *
- N KT TUL P VNV A F EL WAI KT RNDNTI K

19741 - AACCAGTGCCAGAGATTAAGATACTCAATAATTTGGGTG?TGATATCGCTGCTAATACTG - 19800
-NQ CQ R L RY S I I WV L I S L L I L
- T 8'A R D * D T Q * F G C * Y R C * Y C
- PV P E I K I L NNUIL GV DI AANTV

19801 - TAATCTGGGACTACAAAAGAGAAGCCCCAGCACATGTATCTACAATAGGTGTCTGCACAA ~ 19860
~%* 5 6 T T KZEI K PQHMYTUILQ* V § A Q
- N L.G L Q KRS P S TOCTI VY NI RTGCTULHN
- I w DY KREW AP AUHV ST I GV C T M

19861 - TGACTGACATTGCCAAGAAACCTACTGAGAGTGCITGTTCTTCACTTACTGTCTTGTTTG - 19920
-* L T L PRDNILTILIRUVYV LV L HLTUILSTCTL
- b ¥ H CQ E T Y * E CL F F T Y C L V ¢«
- T DI A K K P T E S A C S S L T V L F D

19921 - ATGGTAGAGTGGAAGGACAGGTAGACCTTTTTAGAAACGCCCGTAATGGTGTTTTAATAA - 19980
-M V E W K DI R * T F L E T P V M V P * *
- W *¥ s G R T GR PF * KR P * W C F N N
- G RV E GG Q VDL F RN ARUNGUV L I T

19981 - CAGAAGGTTCAGTCARAGGTCTAACACCITCAAAGGGACCAGCACAAGCTAGCGTCAATG - 20040
-Q K VY @ §$ KV *# HL Q R D @ H KL A S M
- R RF S QR SNTUPFIKGT ST S * R Q W
- E G S8 VK L T™ P S K G PA QA AS VN G

20041 - GAGTCACATTAATTGGAGAATCAGTAAAAACACAGTTTAACTACTTTAAGAAAGTAGACG - 20100
-E 8 H * L ENQ * K H S L T T L R K * T
- S H I NWRTI S KNT UV * L L * E S8 R R
- v T L I 6 E S V KT Q F N Y F.K KV D G

20101 - GCATTATTCAACAGTTGCCTGAAACCTACTTTACTCAGAGCAGAGACTTAGAGGATTTTA - 20160
-A L F N S C?LLKXK?PTUL L RAZET* R I L
- H Y S T VA * NL L Y S E QR L R G F *
- I T Q QL PET Y FTQ S RDILEDTF K
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20161 - AGCCCAGATCACAAATGGAAACTGACTTTCTCGAGCTCGCTATGGATGAATTCATACAGC - 20220
-S P DH KW KTILTU F S S S L W M N S5 Y S
- A Q I T N GVN * ILL S R AR Y G * I H T A
- P R S OMTETODTF¥ILETLI AMTDTETFTI QR

20221 - GATATAAGCTCGAGGGCTATGCCTTCGAACACATCGTTTATGGAGATTTCAGTCATGGAC - 20280
-D I 8 $ R A M P S NT S F M E I S V M D
- I * A RGUL CLRTUHU RUILW® RTE FOQ S W T
- Y K L E G Y A TF EH I V Y G DF S H G Q

20281 - AACTTGGCGGTCTTCATTTAATGATAGGCTTAGCCAAGCGCTCACAARGATTCACCACTITA — 20340
-N L AV F I * % ¥ A ¥ P 8§ A H K I HH L
- T W R 8 S FNDURTILSOQATLTRUFTT *
- L 66 L H L M I 6L A XU RS QDS P L K

20341 - AATTAGAGGATTTTATCCCTATGGACAGCACAGTGAAAARATTACTTCATAACAGATGCGC ~ 20400
-N * R I L § L W T A Q * K I T S * Q M R
- I R. G F Y P Y GQUH S EI KIL L HNURC A
-~ L BEDF I P M DS TV KNZY FITDADOQ

20401 - AAACAGETTCATCAAAATGTGTGTGTTCTGTGATTGATCTTTTACTTGATGACTTTGTCG — 20460
-K Q VH QNUV CVL *¥ L I FPFYLMTTIL S
- N R F I KM CV FCD®* S F T % % L CR
- T G688 5 KCV¢sS VvV 1I1IDUL L L DDTF V E

20461 - AGATAATAAAGTCACAAGATTTGTCAGTGATTTCAAAAGTGGTCAAGGTTACAATTGACT - 20520
-R * * §$ H K I CQ * F Q KW 8 R L Q L T
- DN KV T RV FUV SDTFIKSGQG YN * L
- I I' XK $ QDL SV I S XK VUV KUV TTIDY

20521 - ATGCTGAAATTTCATTCATGCTTTGGTGTAAGGATGGACATGTTGARACCTTCTACCCAR - 20580
-M L K F HS CF GV RMUDMTLIEKU®PSTQ
- ¢ * N F I BHALVY *¥GWTC* NTILIL P K
~- A E I 8 F ML WOCIXKDGHVYVUETT F Y P K

20581 - AACTACAAGCAAGTCAAGCGTGGCAACCAGGTGTTGCGATGCCTAACTTGTACAAGATGC ~ 20640
-N Y K Q VKR GVNOQV L RCL TOCTTRC
- T T8 K S S VATUZRCCDA A®* DLV QDA
- L QA S Q AW QZPGV AMZPDNTILYZKMDZQ

20641 - AAAGAATGCTTCTTGAARAGTGTGACCTTCAGAATTATGGTGAARATGCTGITATACCAA - 20700
-K E ¢ F L K 8V T™FRIMVYVYI KMMTZLTULYQQ
- K N A 8 * XK V * P S E L W * K CC VY T K
- R ML L EKOCDTILOQNTZYGEWNA AUV I P K

20701 - AAGGAATAATGATGAATGTCGCAAAGTATACTCAACTGTGTCAATACTTAAATACACTTA - 20760
-K E * ¥ ¥ M § 0 $ I L N CV NT * I H L
- R N N DECRIEKV VY STV S I L KJYTY
- & I M M N V A KUY T Q@ L C Q Y L N T UL T

20761 - CTTTAGCTGTACCCTACAACATGAGAGTTATTCACTTTGGTGCTGGCTCTGATARAGGAG — 20820
-L % L Y P T T * E L F T L V L A L I K E
- F $ C T L Q HUESJY S L WOCWTUIL * * R §
- L AV P Y NWMUZ RV I HPF GA G S D K GV

20821 - TTGCACCAGGTACAGCTGTGCTCAGACAATGGTTGCCAACTGGCACACTACTTGTCGATT ~ 20880
-L H Q V ¢ L C S DNGTCOQILAUHYDL S I
- ¢ TR Y §CAQT WMV ADNT®WHTTTCRTF
- A P G T AV LRQWILZPTGTTLIL VDS

20881 - CAGATCTTAATGACTTCGTCTCCGACGCAGATTCTACTTTAATTGGAGACTGTGCAACAG - 20940
-9 I L. M TS S P TOQIUL UL * L ETV QQ
- R § ¥ * L, R L R R R F Y F N W R L ¢ N 8
- D L:NDUVFV S DADSTTILIGDTCA ATV

20941 - TACATACGGCTAATAAATGGGACCTTATTATTAGCGATATGTATGACCCTAGGACCARAC - 21000
-Y I R L I ¥ 6T L L LATIC CMTTILGPN
- T Y g * * M G P Y Y * R Y V * P * D Q T
- 3 T-A N K W DL I I 58 D MY DPURTZKH
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21001 - ATGTGACAAAAGAGAATGACTCTAARGAAGGGTTTTTCACTTATCTGTGTGGATTTATAA — 21060
-M * Q KR M T UL KX GPF S L I CV DL *
- CD:XK R B * L * RRV FHUDL S VW I YK
- ¥ " XK BE ND S RKEGTPFVFTYTUL CGF I K

21061 - AGCAAAAACTAGCCCTGGGTGGTTCTATAGCTGTARAGATAACAGAGCATTCTTGGAATG - 21120
-8 K N * P W&V VL *L * R * Qg S I L 6 M
- A K;T $ P G W F Y S CEKDUNZ RATFTLESC
- Q KL AL GG S I AV KTITETHSTWNA

21121 - CTGACCTTTACAAGCTTATGGGCCATTTCTCATGGTGGACRGCTTTTGTTACRAATGTAR - 21180
-L T F T $ L WA I SHGS G QUL L L Q M *
- * P'L Q A Y G P F LMV DS F C Y K C K
- DL Y X L M G H F S WWTAT FUV TN V N

21181 - ATGCATCATCATCGGAAGCATTTTTAATTGGGGCTAACTATCTTGGCARGCCGRAGGAAC ~ 21240
-M H HH R KHPF * L 6L T I L A S RURN
- Cc I!'I I G S I FNWG * L 8 W Q AUZEGT
- A 8§ § §$ EAF L I GADNVY L G X P KZEQ

21241 - ARATTGATCGCTATACCATGCATGCTAACTACATTTTCTGGAGGRACACAAATCCTATCC ~ 21300
-K L M A I P CMULTTU FSGGTQ I L 8
- N **W L ¥ H A C* L HF L EEHI K S Y P
- I DiG Y T M H AN VY I F WU RDNTDNUZPTIOQ

21301 - AGTTGTCTTCCTATTCACTCTTTGACATGAGCAAATTTCCTCTTAAATTAAGAGGAACTG - 21360
-s ¢ L P I B S LT *ANVPFILIULN®*TEETL
- Yy V'F L F T L * HE QI S S * I K RNC
- L S8 Y §$ L P DM S8 K F P L KL R G T &

21361 - CTGTAATGTCTCTTAAGGAGAATCAAATCAATGATATGATTTATTCTCTTCTGGAAAAAG - 21420
-L * ¢ L L R R I KS M I * F I L F W K K
- ¢ ¥N:¥ S * G E S NQ * Y DL F S S G KR
- vmMs L KENQIWNDMTIYSDLLEEKSGEG

21421 - GTAGGCTTATCATTAGAGAAAACAACAGAGTTGTGGTTTCAAGTGATATTCTTGTTAACA - 21480
-V 6L 8§ L E K T TZETLUWTPQ UV I F L L T
- * A Y H * R X 0§ 0 S C G F K * Y 8§ C * @
- R LI I RENNU RVY V VS SDITULVNN

21481 - ACTARACGAACATGTTTATTTTCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTG - 21540
-7 X R T CL F 8 Y Y FL L &L V V V T L
- L N'E H V Y F L I I 8 Y 8 H * w x x p *
- * 7N M F I F L L FL T LTS G S DZLTD

21541 - ACCGGTGCACCACTTTTGATGATGTTCAAGCTCCTAATTACACTCAACATACTTCATCTA - 21600
- T G A P L L MM F KL L I 7™ L N I L H L
-~ P V,HH F ¥ ¥ ¢ 8 8 8 L B S T Y F I Y
- R C,T T F DDV QAPINUYTOQHTS S M

21601 ~ TGAGGGGGGTTTACTATCCTGATGAAATTITTAGATCAGACACTCTTTATTTARCTCAGG - 21660
-% ¢ 6 F T I L M K F LD QTTULF I *¥ L R
- E GG L L 8 * * N F ¥ I RH S L F N 8 G
- R GV Y Y PDETITPFRSDTTUL Y L.T QD

21661 - ATTTATTTCTTCCATTTTATTCTAATGTTACAGGGTTTCATACTATTAATCATACGTTTG - 21720
-1 Y F F HF I L MULOQGT PIILIL I IRUL
- F I .8 8 I L F * C Y RV 8 Y Y * 8 Y YV W
- L F:L P F Y SNV T OGPFHTTIWNUHTTF G

21721 - GCAACCCTGTCATACCTTTTAAGGATGGTATTTATTTTGCTGCCACAGAGARATCAAATG ~ 21780
-A T L S Y L L R M V F I L L P Q R N Q M
- Q PCHTTTF F * G W YL F COCUHZ®RTETI KC
- N P;V I PFKDOGIYFAA ATTEZKSNV

21781 - TTGTCCGTGGTTGGGTTTTTGGTTCTACCATGAACAACARGTCACAGTCGGTGATTATTA ~ 21840
-, § V9V ¢ F L V L P *. T T S H S R *¥ L L
- C P W L G F W F Y HEQOQUV TV G D Y ¥
- ¥V RRG WUV F G S T M NWNI K S QS5 V I I I

FIG. 11 Con’t



WO 2004/085455 PCT/CN2004/000247

45/94

21841 - TTAACAATTCTACTAATGTTGTTATACGAGCATGTAACTTTGAATTGTGTGACAACCCTT — 21900
-L TI5L»LMILL YEHV T INCV TTIL
- * Q FY *¥ CCVYTSM®*TIL * I V * QP F
- NN ST NUVV I RACNT EFTETLTTCUDNINTEPTF

21901 - TCITTGCTGTTTCTAAACCCATGGGTACACAGACACATACTATGATATTCGATAATGCAT — 21960
- L L FL NPWV HRUHETIIDL®*Y S8 I M H
- L C:.CF * T HGY TODTVY Y DTIU R®* C I
- F AV S KPMGT QT HTMTITFTDNA ATF

21961 - TTAATTGCACTTTCGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAGARAAGTCAG - 22020
-L I AL S STJVYTLMEPTFTR RTILMZETOQTEKS Q
- * L'HW PR VY HTI * CcL FA* CTFUZ RIEKV R
- N CTFEVYTI SDATFSULDUVSETZK S G

22021 - GTAATTTTAAACACTTACGAGAGTTTGTGTTTAARAATAAAGATGGGTTTCTCTATGTTT - 22080
-V I L NT VY E S LT CULKTIUI KMGT FZ SMTF
- * F * T L T R YV CV * K * R WV S L C L
- N F KHULREU FUVJF KNI KUDGTFTL YV Y

22081 - ATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCTACCTTCTGGTTTTARCACTTTGA - 22140
-I R A I N L * M * F V I ¥ L L V L T L *
- * 6:L 8 T Y R C S S * S T F WUF * HTF E
- K GY QP I DV VRDTILU®PSGTFUNT L K

22141 - AACCTATTTTTAAGTTGCCTCTTGGTATTAACATTACARATTTTAGAGCCATTCTTACAG ~ 22200
-NL FL S CULLVULTTLG QT ITILET PTFTIL O
~ T Y:F * VA S W Y * H Y K PF * 8 H S Y §
- P I F KL PDL G I NI TNTZFURIU ATITULT A

22201 - CCTTTTCACCTGCTCAAGACATTTGGGGCACGTCAGCTGCAGCCTATTTTGTTGGCTATT — 22260
-P FHL UL KTUPFGGARUOQTULUOQTZ PTITULTIL & I
- L F.T C S R HIL G HUV S C S L FCWTUILF
- F sSSP A QDI WGTSAAATYVF VG Y L

22261 - TAAAGCCAACTACATTTATGCTCAAGTATGATGAAAATGGTACAATCACAGATGCTGTTG - 22320
-* S ¢ L HL CS S MMEKUMYOQSOQOMTILL
- K AN Y I YA Q UV * ¥ KW Y NTUHTU RTC C *
- K P T T  FMTUIL K VY DU ENGTTITUDUA AUV D

22321 - ATTGTTCTCAARRATCCACTTGCTGAACTCAAATGCTCTGTTAAGAGCTTTGAGATTGACA ~ 22380
-I V1L XIHUILITILNSDNA ATLTELTZ RA ATLTIERKTL T
- L F S XK S TC*TQMILOC®*ETIL * D * Q
- C S Q N P L A E L KOC SV KJSTF FUZ ETITDEK

22381 - ARGGAATTTACCAGACCTCTAATTTCAGGGTTGTTCCCTCAGGAGATGTTGTGAGATTCC ~ 22440
-K E F TR P UL I S G L F P QEMTL * D S
- R NL P DL * F Q 6 C S L R R C CGE I P
- 6 I'Y QT 8 NF R Y VP S GODVVTIRTF P

22441 - CTAATATTACAAACTTGTGTCCTTTTGGAGAGGTTTTTAATGCTACTAAATTCCCTTCTG ~ 22500
-L I QT CV L L ERU PILMTILTELU NS STL L
- *Y YKLV SFWRGTFS*CY*TIPTFSC
- N I'T N L C P F GEV FNA ATI KT EFTUPS V

22501 - TCTATGCATGGGAGAGAAAAAAAATTTCTAATTGTGTTGCTGATTACTCTGTGCTCTACA - 22560
-8 M H R EK K F L I VL L ITTUILTUGCS ST
- L CMGEZ K KN NT F* L CC®* L L CATULQ
- Y AiW E R K K I 8 NCV ADY S VDL YN

22561 - ACTCAACATTTTTTTCAACCTTTAAGTGCTATGGCGTTTCTGCCACTAAGTTGARTGATC ~ 22620
-T Q H F F Q P L S AMABATFTILU PTIL S * M I
- L NI F F N L * V L WZRUFOCUH * V E * 8
- s T"F F S T F K C ¥ GV S A T K L N D L

22621 ~ TTTGCTTFCTCCAATGTCTATGCAGATTCTTTTGTAGTCARGGGAGATGATGTAAGACARA - 22680
-F A S PM SM QI L L * S REUMM®*D K
- L L:L Q C¢CL CRUPFVPFOCSOGT®R®*T CTIEKTN
- CF SNV Y ADGST FVVEKGHDTDVTZ RZOQTI
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22681 - TAGCGCCAGGACARACTGGTGTTATTGCTGATTATAATTATAAATTGCCAGATGATTTCA ~ 22740
-% R QDK L VDL L L I I I I NU COQMTIS
- S AR T NWCVYC* 5L * L * I A R * F H
- A PP G Q TGV I A DVYDNZYZXTUL P DDTFM

22741 - TGGGETTGTGTCCTTGCTTGGAATACTAGGARCATTGATGCTACTTCAACTGGTARTTATA ~ 22800
-W vy s$LLTGEI LG TIL ML L QL V I I
- ¢ L ¢CPCLETY *EH®* CYTFDNW* L *
- 6 C VvV L AWWNTRWNTIDATS TGN YN

22801 - ATTATAAATATAGGTATCTTAGACATGGCAAGCTTAGGCCCTTTGAGAGAGRCATATCTA - 22860
-I I NI 61 L D MASULG?PULURETYTL
- L, * I * Vv 8 * T W Q A * A L * E R H I *
- ¥ XK ¥ R Y L R H G KL R P FEURUDTI SN

22861 - ATGTGCCTTTCTCCCCTGATGECAAACCTTGCACCCCACCTGCTCTTAATTGTTATTGGE - 22920
-M ¢ L S P L MANDNTILA AZPHILILILI VI G
- ¢ AP L P *WOQTTILHUP T CS * L L L A
- YV PB.F S P DG XK P CTUPUPAILNTCY WP

22921 - CATTAAATGATTATGGTTTTTACACCACTACTGGCATTGGCTACCAACCTTACAGAGTIG - 22980
-3 * M I MV F T P L L A L A TDNTUIL T E L
- I K * L W F L H H Y W HWUL P T L Q S C
- L DY GF Y TTTGIGY QP YR VYV

22981 - TAGTACTTTCTTTTGAACTTTTAAATGCACCGGCCACGGTTTGTGGACCARARTTATCCA - 23040
- % Y P L L NF *M HR PR F VD OQNZYP
- §$ T FF * TF K CTGHGULWTIKTIIH
- VvV L:i 8§ P E L L N AR PATV CG P XKL ST

23041 - CTGACCTTATTAAGAACCAGTGTGTCAATTTTAATTTTAATGGACTCACTGGTACTGGTG - 23100
-L T L L R T SV S I L I L MD S L VL YV
- % P;Y ¥ E PV C Q F % FP * W T HWY WC
- D L'I K N ¢ C vV ¥ F N F NG L T G T G V

23101 - TGTTAAGTCCTTCTTCAAAGAGATTTCAACCATTTCAACAATTTGGCCGTGATGTTICTG - 23160
-C * L L L QRDFDNUHFNNTILAVMTFIL
- VNS FPFKETZISTTISTTIW®P * C F *
- L TP S S KR F Q P F Q Q F G R DUV 8 D

23161 - ATTTCACTGATTCCGTTCGAGATCCTAAARACATCTGARATATTAGACATTTCACCTTGCT ~ 23220
~-I S %4 I P FETIULIEKUHLI KY®*¥TTFHTLRA
- F H.* F R S RS * NI * NI RHUFTUL UL
- F T:D S VRD&PIKTSETITULDTISSPCS

23221 - CTTTTGGGGGTGTAAGTGTAATTACACCTGGAACARATGCTTCATCTGAAGTTGCTGTTC - 23280
-L L GV * VvV ¥ L, HL BE Q M L HL K L L F
- F WG C KCDNZYTWNZ KT CTPFTI * 8 C C 8
- P G.6 V S VI T P G TN AS S E V A V L

23281 - TATATCAAGATGTTAACTGCACTGATGTTTCTACAGCAATTCATGCAGATCAACTCACAC - 23340
-Y I KM L TADL MV FTILOQO QT FMOQTINS H
- I 8 R C * L H * ¢ F Y SN S CUR S T HT
- Y Q-DV NCTDUV ST ATIU HS®ADTIGQULT®P

23341 - CAGCTTGGCGCATATATTCTACTGGARACAATGTATTCCAGACTCAAGCAGGCTGTCTTA - 23400
-0 L G A Y I L L ETMMY S RUIL K QA VLD
- §$ L A H I F Y W K OC I PDSSRIL S Y
- A W R I ¥ S T G NNV F QT QA AGTCTUL I

23401 - TAGGAGCTGAGCATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATTT - 23460
-% £, S MS$STIL LM SA TV FTUL L ETULATF
- R S * A C R HFL * V RH S Y W S W H L
- G A'E H VDTS YET CDTIU®PTIGASGTISC

23461 ~ GTGCTAGTTACCATACAGTTTCTTTATTACGTAGTACTAGCCAARAATCTATTGTGGCTT - 23520
-v¥Y L V T I ¢ F L Y Y V VL AZ KU NIULTILWTLID
- ¢ * ‘L, P Y S8 F P I T * ¥ * P K I ¥ CG L
- A § Y H TV SL L RS T S Q K5 I V A Y
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23521 ~ ATACTATGTCTTTAGGTGCTGATAGTTCAATTGCTTACTCTAATAACACCATTGCTATAC - 23580
-I L ¢L *VLIVQELLT L ITZPTILIL Y
- Y YV FRC™* * FNCILUL * * HHCUY T
- T M §$ L G A D S S I A Y 8 N N T I A I P

23581 - CTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTGTTTCTATGGCTARRACCT ~ 23640
-L L * F Q L AL L Q K * ¢ L FL WTIL K P
- Y *:L F N * HY YR SN AGCU P VY G * N L
- T N F S$ I 8 I T TZE VM P V 8§ MAZ KT 8

23641 - CCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTGAATGTGCTAATTTGCTTCTCC ~ 23700
-P * T V I C T S A E I L L N V L I C F S8
- R R'L * ¥ Vv H Hh R R F Y *¥ M C¢C * F A S P
- VDCNMYTICGDSTETCANILTILTILQ

23701 - AATATGGTAGCTTTTGCACACAACTAAATCGTGCACTCTCAGGTATTGCTGCTGAACAGE ~ 23760
-N MV A P AHN®* I V HS (Q VL L L N R
- I W. ¥ L L T T XK S C T L R Y €C C * T G
- Y G S F CT QLN RA ATLSSGTIU AR ATEOQTD

23761 - ATCGCAACACACGTGAAGTGTTCGCTCAAGTCAAACAAATGTACAAAACCCCAACTTTGA - 23820
- I A T H v K C S L K $§$ N K ¢ T K P @ L *
- S Q,HT * s VRSSQTUNUVOQNTZPHNTF E
- R NTREVFAOQYV KQMYIEKT?PTTIL K

23821 - AATATTTTGGTGGTTTTAATTTTTCACAAATATTACCTGACCCTCTARAGCCAACTAAGA - 23880
-N I L VVLIUPFPFHKY YL T L * S8 Qg L R
- I P.WWPF* FFTNTIT* P S KA AN * E
- Y FF' G G FNF S Q I L PDPILE KU PTZXKR

23881 - GGTCTTTTATTGAGGACTTGCTCTTTAATAAGGTGACACTCGCTGATGCTGGCTTCATGA ~ 23940
-6 L L L RTCS L I R *H S L ML A S *
-V FP!Y * @ L AL * * 6 D T R * C W L H E
- § F, I E DL L F NIXKUV TILATUDI BTGT FM K

23941 - AGCAATATGGCGAATGCCTAGGTGATATTAATGCTAGAGATCTCATTTGTGCGCAGARGT ~ 24000
-S NM AN AT™*V I L ML ETI S F V E R S
- A I WRMZPUR* Y * C * R S HUILC CATE V
- Q0 YGE CL G DINA AT RUDIULTITGCG ATZGQTIK F

24001 - TCAATGGACTTACAGTGTTGCCACCTCTGCTCACTGATGATATGATTGCTGCCTACACTG - 24060
-8 M DL QCCUHULCSILMTI* L L PTIL
- Q W' T Y S VAT SAUH®* * Y DCOCULUHZC
- N6 L T VL PPILLTODUDMMTIU A ATYTA

24061 - CTGCTCTAGTTAGTGGTACTGCCACTGCTGGATGGACATTTGGTGCTGGCGCTGCTCTTC ~ 24120
-L L *¥ L V. VL P L L DGHTIL VL ATLTLF
- C S * W Y CHCWMUDTIUWO CMWU® RTCS S
- AL V S GTATA AGWTVFGOAGI AA ATL Q

24121 - AAATACCTTTTGCTATGCAAATGGCATATAGGTTCAATGGCATTGGAGTTACCCAAAATG - 24180
-K ¥ L L L C K W HTI G S MATULTETLU®PZK M
- N T F CYADNGTIO®*V QWUHWS Y P KC
- I P.¥ AMQMAYIRT FDNGTIGVTOQQNYV

24181 - TTCTCTATGAGAACCAAAAACAAATCGCCAACCAATTTAACAAGGCGATTAGTCAAATTC - 24240
~-F S M R T K N K S P T NTIL T R IR L V K F
- 8L * BE P KTWNJU RUGOQZPTIO®*OQ GD * S N 8§
- L Y ENQEKOQTIANU OTFNDNI KA ATIZSOQTIOQ

24241 - AAGAATCACTTACAACAACATCAACTGCATTGGGCAAGCTGCAAGACGTTGTTAACCAGA - 24300
- K N B L Q 0 H QL HW ASOCZ KTTLIL TR
- R I T YNNI NOCTIGO QA AU ATRITUERTC™* P E
- E $ L T TT S Ta&aTL G KL QDUVV NZ QN

24301 - ATGCTCAAGCATTAAACACACTTGTTAAACAACTTAGCTCTAATTTTGGTGCAATTTCAA ~ 24360
-M L K H *  HL L NNU LA ATLTITULUVOGQTFQ
- C 8§ 8 I KH T O C™* T T L * P W CN F K
- A QAL NTTULV K QUL S S NTF GATI 8 S8
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24361 - GTGTGCTAAATGATATCCTTTCGCCACTTGATARAGTCCAGGCGGAGGTACARATTGACA ~ 24420
-y ¢ *M I §$ FRDILTIU KU S RIRRYKTILT
- ¢ A K * YPPFATS®* * 8 R GG G TN * Q
- VvV NN D I L SR UL DKV EAEUV QI DR

24421 - GGTTAATTACAGGCAGACTTCAARGCCTTCAARACCTATGTAACACAACAACTAATCAGGE - 24480
-¢ * L Q A DF KAFU KU PM®™® U HTMNN* § G
- ¥ N YR QT S K©P?PSNILTCNTTTNGQSG
- L I TG6GRILOQSILOTYVTQQLTIRA
