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Abstract

Disclosed herein is a newly isolated human coronavirus (SARS-CoV), the causative agent of severe acute respiratory
syndrome (SARS). Also provided are the nucleic acid sequence of the SARS-CoV genome and the amino acid sequences
of the SARS-CoV open reading frames, as well as methods of using these molecules to detect a SARS-CoV and detect
infections therewith. Immune stimulatory compositions are also provided, along with methods of their use.
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Parent Case Text
PRIORITY CLAIM

This application claims the benefit of U.S. Provisional Patent Application No. 60/465,927 filed Apr. 25,2003, which is
incorporated herein by reference in its entirety.

Claims

We claim:
1. An isolated nucleic acid molecule consisting of the nucleotide sequence as set forth in SEQ ID NO: 1.

Description

STATEMENT OF GOVERNMENT SUPPORT

This invention was made by the Centers for Disease Control and Prevention, an agency of the United States Government.
Therefore, the U.S. Government has certain rights in this invention.

FIELD OF THE DISCLOSURE

This invention relates to a newly isolated human coronavirus. More particularly, it relates to an isolated coronavirus
genome, isolated coronavirus proteins, and isolated nucleic acid molecules encoding the same. The disclosure further
relates to methods of detecting a severe acute respiratory syndrome-associated coronavirus and compositions comprising
immunogenic coronavirus compounds.

BACKGROUND

The coronaviruses (order Nidovirales, family Coronaviridae, genus Coronavirus) are a diverse group of large, enveloped,
positive-stranded RNA viruses that cause respiratory and enteric diseases in humans and other animals. At approximately
30,000 nucleotides (nt), their genome is the largest found in any of the RNA viruses. Coronaviruses are spherical, 100 160
nm in diameter with 20 40 nm complex club shaped surface projections surrounding the periphery. Coronaviruses share
common structural proteins including a spike protein (S), membrane protein (M), envelope protein (E), and, in a subset of
coronaviruses, a hemagglutinin-esterase protein (HE). The S protein, a glycoprotein which protrudes from the virus
membrane, is involved in host cell receptor binding and is a target for neutralizing antibodies. The E and M proteins are
involved in virion formation and release from the host cell. Coronavirus particles are found within the cisternae of the
rough endoplasmic reticulum and in vesicles of infected host cells where virions are assembled. The coronavirus genome
consists of two open reading frames (ORF1a and ORF1b) yielding an RNA polymerase and a nested set of subgenomic
mRNAs encoding structural and nonstructural proteins, including the S, E, M, and nucleocapsid (N) proteins. The genus
Coronavirus includes at least 13 species which have been subdivided into at least three groups (groups I, II, and III) on the
basis of serological and genetic properties (deVries et al., Sem. Virol. 8:33 47, 1997; Fields et al. eds. Fields Virology, 3rd
edition, Raven Press, Philadelphia, 1323 1341, 1996; Mahey and Collier eds. Microbiology and Microbial Infections,
Volume 1 Virology, 9.sup.th edition, Oxford University Press, 463 479, 1998).

The three known groups of coronavirus are associated with a variety of diseases of humans and domestic animals (for
example, cattle, pigs, cats, dogs, rodents, and birds), including gastroenteritis and upper and lower respiratory tract



disease. Known coronaviruses include human Coronavirus 229E (HCoV-229E), canine coronavirus (CCoV), feline
infectious peritonitis virus (FIPV), porcine transmissible gastroenteritis virus (TGEV), porcine epidemic diarrhea virus
(PEDV), human coronavirus OC43 (HcoV-OC43), bovine coronavirus (BCoV), porcine hemagglutinating
encephalomyelitis virus (HEV), rat sialodacryoadenitis virus (SDAV), mouse hepatitis virus (MHV), turkey coronavirus
(TCoV), and avian infectious bronchitis virus (IBV-Avian) (Fields et al. eds. Fields Virology, 3rd edition, Raven Press,
Philadelphia, 1323 1341, 1996; Mahey and Collier eds. Microbiology and Microbial Infections, Volume 1 Virology,
9.sup.th edition, Oxford University Press, 463 479, 1998).

Coronavirus infections are generally host specific with respect to infectivity and clinical symptoms. Coronaviruses further
exhibit marked tissue tropism; infection in the incorrect host species or tissue type may result in an abortive infection,
mutant virus production and altered virulence. Coronaviruses generally do not grow well in cell culture, and animal
models for human coronavirus infection are lacking. Therefore, little is known about them (Fields et al. eds. Fields
Virology, 3rd edition, Raven Press, Philadelphia, 1323 1341, 1996). The known human coronaviruses are notably
fastidious in cell culture, preferring select cell lines, organ culture, or suckling mice for propagation. Coronaviruses grown
in cell culture exhibit varying degrees of virulence and/or cytopathic effect (CPE) depending on the host cell type and
culture conditions. The only human or animal coronavirus which has been shown to grow in Vero E6 cells is PEDV, and it
requires the addition of trypsin to culture medium for growth in Vero E6 cells. Moreover, PEDV adapted to Vero E6 cell
culture results in a strikingly different CPE, with cytoplasmic vacuoles and the formation of large syncytia (Hofmann and
Wyler, J. Clin. Micro. 26:2235 39, 1988; Kusanagi et el., J. Vet. Med. Sci. 554:313 18, 1991).

Coronavirus have not previously been known to cause severe disease in humans, but have been identified as a major cause
of upper respiratory tract illness, including the common cold. Repeat infections in humans are common within and across
serotype, suggesting that immune response to coronavirus infection in humans is either incomplete or short lived.
Coronavirus infection in animals can cause severe enteric or respiratory disease. Vaccination has been used successfully to
prevent and control some coronavirus infections in animals. The ability of animal-specific coronaviruses to cause severe
disease raises the possibility that coronavirus could also cause more severe disease in humans (Fields et al. eds. Fields
Virology, 3rd edition, Raven Press, Philadelphia, 1323 1341, 1996; Mahey and Collier eds. Microbiology and Microbial
Infections, Volume 1 Virology, 9.sup.th edition, Oxford University Press, 463 479, 1998).

In late 2002, cases of life-threatening respiratory disease with no identifiable etiology were reported from Guangdong
Province, China, followed by reports from Vietnam, Canada, and Hong Kong of severe febrile respiratory illness that
spread to household members and health care workers. The syndrome was designated "severe acute respiratory syndrome"
(SARS) in February 2003 by the Centers for Disease Control and Prevention (MMWR, 52:241 48, 2003).

Past efforts to develop rapid diagnostics and vaccines for coronavirus infection in humans have been hampered by a lack
of appropriate research models and the moderate course of disease in humans. Therefore, a need for rapid diagnostic tests
and vaccines exists.

SUMMARY OF THE DISCLOSURE

A newly isolated human coronavirus has been identified as the causative agent of SARS, and is termed SARS-CoV. The
nucleic acid sequence of the SARS-CoV genome and the amino acid sequences of the SARS-CoV open reading frames
are provided herein.

This disclosure provides methods and compositions useful in detecting the presence of a SARS-CoV nucleic acid in a
sample and/or diagnosing a SARS-CoV infection in a subject. Also provided are methods and compositions useful in
detecting the presence of a SARS-CoV antigen or antibody in a sample and/or diagnosing a SARS-CoV infection in a
subject.

The foregoing and other features and advantages will become more apparent from the following detailed description of
several embodiments, which proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES



FIGS. 1A B are photomicrographs illustrating typical early cytopathic effects seen with coronavirus isolates and serum
from SARS patients. FIG. 1A is a photomicrograph of Vero E6 cells inoculated with an oropharyngeal specimen from a
SARS patient (.times.40). FIG. 1B is a photomicrograph of infected Vero E6 cells reacting with the serum of a
convalescent SARS patient in an indirect fluorescent antibody (IFA) assay (.times.400).

FIGS. 2A B are electronmicrographs illustrating ultrastructural characteristics of the SARS-associated coronavirus
(SARS-CoV). FIG. 2A is a thin-section electron-microscopical view of viral nucleocapsids aligned along the membrane of
the rough endoplasmic reticulum (arrow) as particles bud into the cisternae. Enveloped virions have surface projections
(arrowhead) and an electron-lucent center. Directly under the viral envelope lies a characteristic ring formed by the helical
nucleocapsid, often seen in cross-section. FIG. 2B is a negative stain (methylamine tungstate) electronmicrograph
showing stain-penetrated coronavirus particle with the typical internal helical nucleocapsid-like structure and club-shaped
surface projections surrounding the periphery of the particle. Bars: 100 nm.

FIG. 3 is an estimated maximum parsimony tree illustrating putative phylogenetic relationships between SARS-CoV and
other human and animal coronaviruses. Phylogenetic relationships are based on sequence alignment of 405 nucleotides of
the coronavirus polymerase gene ORF1b (nucleic acid 15,173 to 15,578 of SEQ ID NO: 1). The three major coronavirus
antigenic groups (I, II and III), represented by HcoV-229E, CCoV, FIPV, TGEV, PEDV, HcoV-OC43, BCoV, HEV, SDAYV,
MHYV, TCoV, and IBV-Avian, are shown shaded. Bootstrap values (100 replicates) obtained from a 50% majority rule
consensus tree are plotted at the main internal branches of the phylogram. Branch lengths are proportionate to nucleotide
differences.

FIG. 4 is a pictorial representation of neighbor joining trees illustrating putative phylogenetic relationships between
SARS-CoV and other human and animal coronaviruses. Amino acid sequences of the indicated SARS-CoV proteins were
compared with those from reference viruses representing each species in the three groups of coronaviruses for which
complete genomic sequence information was available [group 1: HCoV-229E (AF304460); PEDV (AF353511); TGEV
(AJ271965); group 2: BCoV (AF220295); MHV (AF201929); group 3: infectious bronchitis virus (M95169)]. Sequences
for representative strains of other coronavirus species, for which partial sequence information was available, were
included for some of the structural protein comparisons [group 1: CCoV (D13096); FCoV (AY204704); porcine
respiratory coronavirus (Z24675); group 2: HCoV-OC43 (M76373, 114643, M93390); HEV (AY078417); rat coronavirus
(AF207551)]. Sequence alignments and neighbor-joining trees were generated by using Clustalx 1.83 with the Gonnet
protein comparison matrix. The resulting trees were adjusted for final output using treetool 2.0.1.

FIGS. 5A C are photomicrographs illustrating diffuse alveolar damage in a patient with SARS (FIGS. 5A B), and
immunohistochemical staining of SARS-CoV-infected Vero E6 cells (FIG. 5C). FIG. 5A is a photomicrograph of lung
tissue from a SARS patient (.times.50). Diffuse alveolar damage, abundant foamy macrophages and multinucleated
syncytial cells are present; hematoxylin and eosin stain was used. FIG. 5B is a higher magnification photomicrograph of
lung tissue from the same SARS patient (.times.250). Syncytial cells show no conspicuous viral inclusions. FIG. 5C is a
photomicrograph of immunohistochemically stained SARS-CoV-infected cells (.times.250). Membranous and
cytoplasmic immunostaining of individual and syncytial Vero E6 cells was achieved using feline anti-FIPV-1 ascitic fluid.
Immunoalkaline phosphatase with naphthol-fast red substrate and hematoxylin counter stain was used.

FIG. 6A B are electronmicrographs illustrating ultrastructural characteristics of a coronavirus-infected cell in
bronchoalveolar lavage (BAL) from a SARS patient. FIG. 6A is an electronmicrograph of a coronavirus-infected cell.
Numerous intracellular and extracellular particles are present; virions are indicated by the arrowheads. FIG. 6B is a higher
magnification electronmicrograph of the area seen at the arrow in FIG. 6A (rotated clockwise approximately 90.degree.).
Bars: FIG. 6A, 1 .mu.m; FIG. 6B, 100 nm.

FIGS. 7A C illustrate the organization of the SARS-CoV genome. FIG. 7A is a diagram of the overall organization of the
29,727-nt SARS-CoV genomic RNA. The 72-nt leader sequence is represented as a small rectangle at the left-most end.
ORFsla and 1b, encoding the nonstructural polyproteins, and those ORFs encoding the S, E, M, and N structural proteins,
are indicated. Vertical position of the boxes indicates the phase of the reading frame (phase 1 for proteins above the line,
phase two for proteins on the line and phase three for proteins below the line). FIG. 7B is an expanded view of the
structural protein encoding region and predicted mRNA transcripts. Known structural protein encoding regions (dark grey
boxes) and regions and reading frames for potential products X1 X5 (light gray boxes) are indicated. Lengths and map
locations of the 3'-coterminal mRNAs expressed by the SARS-CoV are indicated, as predicted by identification of



conserved transcriptional regulatory sequences. FIG. 7C is a digitized image of a nylon membrane showing Northern blot
analysis of SARS-CoV mRNAs. Poly(A)+ RNA from infected Vero E6 cells was separated on a formaldehyde-agarose
gel, transferred to a nylon membrane, and hybridized with a digoxigenin-labeled riboprobe overlapping the 3'-untranslated
region. Signals were visualized by chemiluminescence. Sizes of the SARS-CoV mRNAs were calculated by extrapolation
from a log-linear fit of the molecular mass marker. Lane 1, SARS-CoV mRNA; lane 2, Vero E6 cell mRNA; lane 3,
molecular mass marker, sizes in kB.

SEQUENCE LISTING

The nucleic and amino acid sequences listed in the accompanying sequence listing are shown using standard letter
abbreviations for nucleotide bases, and three letter code for amino acids, as defined in 37 C.F.R. 1.822. Only one strand of
each nucleic acid sequence is shown, but the complementary strand is understood as included by any reference to the
displayed strand. In the accompanying sequence listing:

SEQ ID NO: 1 shows the nucleic acid sequence of the SARS-CoV genome.

SEQ ID NO: 2 shows the amino acid sequence of the SARS-CoV polyprotein 1a (encoded by nucleic acid 265 to nucleic
acid 13,398 of SEQ ID NO: 1).

SEQ ID NO: 3 shows the amino acid sequence of the SARS-CoV polyprotein 1b (encoded by nucleic acid 13,398 to
21,482 of SEQ ID NO: 1).

SEQ ID NO: 4 shows the amino acid sequence of the SARS-CoV S protein (encoded by nucleic acid 21,492 to 25,256 of
SEQ ID NO: 1).

SEQ ID NO: 5 shows the amino acid sequence of the SARS-CoV X1 protein (encoded by nucleic acid 25,268 to 26,089
of SEQ ID NO: 1).

SEQ ID NO: 6 shows the amino acid sequence of the SARS-CoV X2 protein (encoded by nucleic acid 25,689 to 26,150
of SEQ ID NO: 1).

SEQ ID NO: 7 shows the amino acid sequence of the SARS-CoV E protein (encoded by nucleic acid 26,117 to 26,344 of
SEQ ID NO: 1).

SEQ ID NO: 8 shows the amino acid sequence of the SARS-CoV M protein (encoded by nucleic acid 26,398 to 27,060 of
SEQ ID NO: 1).

SEQ ID NO: 9 shows the amino acid sequence of the SARS-CoV X3 protein (encoded by nucleic acid 27,074 to 27,262
of SEQ ID NO: 1).

SEQ ID NO: 10 shows the amino acid sequence of the SARS-CoV X4 protein (encoded by nucleic acid 27,273 to 27,638
of SEQ ID NO: 1).

SEQ ID NO: 11 shows the amino acid sequence of the SARS-CoV X35 protein (encoded by nucleic acid 27,864 to 28,115
of SEQ ID NO: 1).

SEQ ID NO: 12 shows the amino acid sequence of the SARS-CoV N protein (encoded by nucleic acid 28,120 to 29,385
of SEQ ID NO: 1).

SEQ ID NOs: 13 15 show the nucleic acid sequence of several SARS-CoV-specific oligonucleotide primers.

SEQ ID NOs: 16 33 show the nucleic acid sequence of several oligonucleotide primers/probes used for real-time reverse
transcription-polymerase chain reaction (RT-PCR) SARS-CoV assays.



SEQ ID NOs: 34 35 show the nucleic acid sequence of two degenerate primers designed to anneal to sites encoding
conserved coronavirus amino acid motifs.

SEQ ID NOs: 36 38 show the nucleic acid sequence of several oligonucleotide primers/probe used as controls in real-time
RT-PCR assays.

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS
I. Abbreviations

TABLE-US-00001 M: coronavirus membrane protein N: coronavirus nucleoprotein ORF: open reading frame PCR
polymerase chain reaction RACE: 5' rapid amplification of cDNA ends RT-PCR: reverse transcription-polymerase chain
reaction S: coronavirus spike protein SARS: severe acute respiratory syndrome SARS-CoV: severe acute respiratory
syndrome-associated coronavirus TRS: transcriptional regulatory sequence

II. Terms

Unless otherwise noted, technical terms are used according to conventional usage. Definitions of common terms in
molecular biology may be found in Benjamin Lewin, Genes VII, published by Oxford University Press, 2000 (ISBN
019879276X); Kendrew et al. (eds.), The Encyclopedia of Molecular Biology, published by Blackwell Publishers, 1994
(ISBN 0632021829); and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a Comprehensive Desk
Reference, published by Wiley, John & Sons, Inc., 1995 (ISBN 0471186341); and other similar references.

As used herein, the singular terms "a," "an," and "the" include plural referents unless context clearly indicates otherwise.
Similarly, the word "or" is intended to include "and" unless the context clearly indicates otherwise. Also, as used herein,
the term "comprises" means "includes." Hence "comprising A or B" means including A, B, or A and B. It is further to be
understood that all nucleotide sizes or amino acid sizes, and all molecular weight or molecular mass values, given for
nucleic acids or polypeptides are approximate, and are provided for description. Although methods and materials similar
or equivalent to those described herein can be used in the practice or testing of the present invention, suitable methods and
materials are described below. All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification, including explanations of terms,
will control. In addition, the materials, methods, and examples are illustrative only and not intended to be limiting.

In order to facilitate review of the various embodiments of this disclosure, the following explanations of specific terms are
provided:

Adjuvant: A substance that non-specifically enhances the immune response to an antigen. Development of vaccine
adjuvants for use in humans is reviewed in Singh et al. (Nat. Biotechnol. 17:1075 1081, 1999), which discloses that, at the
time of its publication, aluminum salts and the MF59 microemulsion are the only vaccine adjuvants approved for human
use.

Amplification: Amplification of a nucleic acid molecule (e.g., a DNA or RNA molecule) refers to use of a laboratory
technique that increases the number of copies of a nucleic acid molecule in a sample. An example of amplification is the
polymerase chain reaction (PCR), in which a sample is contacted with a pair of oligonucleotide primers under conditions
that allow for the hybridization of the primers to a nucleic acid template in the sample. The primers are extended under
suitable conditions, dissociated from the template, re-annealed, extended, and dissociated to amplify the number of copies
of the nucleic acid. The product of amplification can be characterized by such techniques as electrophoresis, restriction
endonuclease cleavage patterns, oligonucleotide hybridization or ligation, and/or nucleic acid sequencing.

Other examples of amplification methods include strand displacement amplification, as disclosed in U.S. Pat. No.

5,744 311; transcription-free isothermal amplification, as disclosed in U.S. Pat. No. 6,033,881; repair chain reaction
amplification, as disclosed in WO 90/01069; ligase chain reaction amplification, as disclosed in EP-A-320,308; gap filling
ligase chain reaction amplification, as disclosed in U.S. Pat. No. 5,427,930; and NASBA.TM. RNA transcription-free
amplification, as disclosed in U.S. Pat. No. 6,025,134. An amplification method can be modified, including for example by
additional steps or coupling the amplification with another protocol.



Animal: Living multi-cellular vertebrate organisms, a category that includes, for example, mammals and birds. The term
mammal includes both human and non-human mammals. Similarly, the term "subject" includes both human and
veterinary subjects, for example, humans, non-human primates, dogs, cats, horses, and cows.

Antibody: A protein (or protein complex) that includes one or more polypeptides substantially encoded by
immunoglobulin genes or fragments of immunoglobulin genes. The recognized immunoglobulin genes include the kappa,
lambda, alpha, gamma, delta, epsilon, and mu constant region genes, as well as the myriad immunoglobulin variable
region genes. Light chains are classified as either kappa or lambda. Heavy chains are classified as gamma, mu, alpha,
delta, or epsilon, which in turn define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively.

The basic immunoglobulin (antibody) structural unit is generally a tetramer. Each tetramer is composed of two identical
pairs of polypeptide chains, each pair having one "light" (about 25 kDa) and one "heavy" (about 50 70 kDa) chain. The N-
terminus of each chain defines a variable region of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The terms "variable light chain" (V.sub.L) and "variable heavy chain" (V.sub.H) refer, respectively, to these
light and heavy chains.

As used herein, the term "antibodies" includes intact immunoglobulins as well as a number of well-characterized
fragments. For instance, Fabs, Fvs, and single-chain Fvs (SCFvs) that bind to target protein (or epitope within a protein or
fusion protein) would also be specific binding agents for that protein (or epitope). These antibody fragments are defined as
follows: (1) Fab, the fragment which contains a monovalent antigen-binding fragment of an antibody molecule produced
by digestion of whole antibody with the enzyme papain to yield an intact light chain and a portion of one heavy chain; (2)
Fab', the fragment of an antibody molecule obtained by treating whole antibody with pepsin, followed by reduction, to
yield an intact light chain and a portion of the heavy chain; two Fab' fragments are obtained per antibody molecule; (3)
(Fab').sub.2, the fragment of the antibody obtained by treating whole antibody with the enzyme pepsin without subsequent
reduction; (4) F(ab').sub.2, a dimer of two Fab' fragments held together by two disulfide bonds; (5) Fv, a genetically
engineered fragment containing the variable region of the light chain and the variable region of the heavy chain expressed
as two chains; and (6) single chain antibody, a genetically engineered molecule containing the variable region of the light
chain, the variable region of the heavy chain, linked by a suitable polypeptide linker as a genetically fused single chain
molecule. Methods of making these fragments are routine (see, for example, Harlow and Lane, Using Antibodies: A
Laboratory Manual, CSHL, New York, 1999).

Antibodies for use in the methods and devices of this disclosure can be monoclonal or polyclonal. Merely by way of
example, monoclonal antibodies can be prepared from murine hybridomas according to the classical method of Kohler
and Milstein (Nature 256:495 97, 1975) or derivative methods thereof. Detailed procedures for monoclonal antibody
production are described in Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL, New York, 1999.

Antigen: A compound, composition, or substance that can stimulate the production of antibodies or a T-cell response in an
animal, including compositions that are injected or absorbed into an animal. An antigen reacts with the products of
specific humoral or cellular immunity, including those induced by heterologous immunogens. In one embodiment, an
antigen is a coronavirus antigen.

Binding or Stable Binding: An oligonucleotide binds or stably binds to a target nucleic acid if a sufficient amount of the
oligonucleotide forms base pairs or is hybridized to its target nucleic acid, to permit detection of that binding. Binding can
be detected by either physical or functional properties of the target:oligonucleotide complex. Binding between a target and
an oligonucleotide can be detected by any procedure known to one skilled in the art, including functional or physical
binding assays. Binding can be detected functionally by determining whether binding has an observable effect upon a
biosynthetic process such as expression of a gene, DNA replication, transcription, translation, and the like.

Physical methods of detecting the binding of complementary strands of DNA or RNA are well known in the art, and
include such methods as DNase I or chemical footprinting, gel shift and affinity cleavage assays, Northern blotting,
Southern blotting, dot blotting, and light absorption detection procedures. For example, a method which is widely used,
because it is so simple and reliable, involves observing a change in light absorption of a solution containing an
oligonucleotide (or an analog) and a target nucleic acid at 220 to 300 nm as the temperature is slowly increased. If the



oligonucleotide or analog has bound to its target, there is a sudden increase in absorption at a characteristic temperature as
the oligonucleotide (or analog) and target dissociate or melt.

The binding between an oligomer and its target nucleic acid is frequently characterized by the temperature (T.sub.m) at
which 50% of the oligomer is melted from its target. A higher T.sub.m means a stronger or more stable complex relative to
a complex with a lower T.sub.m.

cDNA (complementary DNA): A piece of DNA lacking internal, non-coding segments (introns) and regulatory sequences
that determine transcription. cDNA is synthesized in the laboratory by reverse transcription from messenger RNA
extracted from cells.

Electrophoresis: Electrophoresis refers to the migration of charged solutes or particles in a liquid medium under the
influence of an electric field. Electrophoretic separations are widely used for analysis of macromolecules. Of particular
importance is the identification of proteins and nucleic acid sequences. Such separations can be based on differences in
size and/or charge. Nucleotide sequences have a uniform charge and are therefore separated based on differences in size.
Electrophoresis can be performed in an unsupported liquid medium (for example, capillary electrophoresis), but more
commonly the liquid medium travels through a solid supporting medium. The most widely used supporting media are
gels, for example, polyacrylamide and agarose gels.

Sieving gels (for example, agarose) impede the flow of molecules. The pore size of the gel determines the size of a
molecule that can flow freely through the gel. The amount of time to travel through the gel increases as the size of the
molecule increases. As a result, small molecules travel through the gel more quickly than large molecules and thus
progress further from the sample application area than larger molecules, in a given time period. Such gels are used for
size-based separations of nucleotide sequences.

Fragments of linear DNA migrate through agarose gels with a mobility that is inversely proportional to the log.sub.10 of
their molecular weight. By using gels with different concentrations of agarose, different sizes of DNA fragments can be
resolved. Higher concentrations of agarose facilitate separation of small DNAs, while low agarose concentrations allow
resolution of larger DNAs.

Hybridization: Oligonucleotides and their analogs hybridize by hydrogen bonding, which includes Watson-Crick,
Hoogsteen or reversed Hoogsteen hydrogen bonding, between complementary bases. Generally, nucleic acid consists of
nitrogenous bases that are either pyrimidines (cytosine (C), uracil (U), and thymine (T)) or purines (adenine (A) and
guanine (G)). These nitrogenous bases form hydrogen bonds between a pyrimidine and a purine, and the bonding of the
pyrimidine to the purine is referred to as "base pairing." More specifically, A will hydrogen bond to T or U, and G will
bond to C. "Complementary" refers to the base pairing that occurs between to distinct nucleic acid sequences or two
distinct regions of the same nucleic acid sequence.

"Specifically hybridizable" and "specifically complementary" are terms that indicate a sufficient degree of
complementarity such that stable and specific binding occurs between the oligonucleotide (or its analog) and the DNA or
RNA target. The oligonucleotide or oligonucleotide analog need not be 100% complementary to its target sequence to be
specifically hybridizable. An oligonucleotide or analog is specifically hybridizable when binding of the oligonucleotide or
analog to the target DNA or RNA molecule interferes with the normal function of the target DNA or RNA, and there is a
sufficient degree of complementarity to avoid non-specific binding of the oligonucleotide or analog to non-target
sequences under conditions where specific binding is desired, for example under physiological conditions in the case of in
vivo assays or systems. Such binding is referred to as specific hybridization.

Hybridization conditions resulting in particular degrees of stringency will vary depending upon the nature of the
hybridization method of choice and the composition and length of the hybridizing nucleic acid sequences. Generally, the
temperature of hybridization and the ionic strength (especially the Na.sup.+ and/or Mg.sup.++ concentration) of the
hybridization buffer will determine the stringency of hybridization, though wash times also influence stringency.
Calculations regarding hybridization conditions required for attaining particular degrees of stringency are discussed by
Sambrook et al. (ed.), Molecular Cloning: A Laboratory Manual, 2.sup.nd ed., vol. 1 3, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989, chapters 9 and 11; and Ausubel et al. Short Protocols in Molecular Biology,

4 sup.th ed., John Wiley & Sons, Inc., 1999.



For purposes of the present disclosure, "stringent conditions" encompass conditions under which hybridization will only
occur if there is less than 25% mismatch between the hybridization molecule and the target sequence. "Stringent
conditions" may be broken down into particular levels of stringency for more precise definition. Thus, as used herein,
"moderate stringency" conditions are those under which molecules with more than 25% sequence mismatch will not
hybridize; conditions of "medium stringency" are those under which molecules with more than 15% mismatch will not
hybridize, and conditions of "high stringency" are those under which sequences with more than 10% mismatch will not
hybridize. Conditions of "very high stringency" are those under which sequences with more than 6% mismatch will not
hybridize.

Immune Stimulatory Composition: A term used herein to mean a composition useful for stimulating or eliciting a specific
immune response (or immunogenic response) in a vertebrate. In some embodiments, the immunogenic response is
protective or provides protective immunity, in that it enables the vertebrate animal to better resist infection with or disease
progression from the organism against which the vaccine is directed.

Without wishing to be bound by a specific theory, it is believed that an immunogenic response may arise from the
generation of an antibody specific to one or more of the epitopes provided in the immune stimulatory composition.
Alternatively, the response may comprise a T-helper or cytotoxic cell-based response to one or more of the epitopes
provided in the immune stimulatory composition. All three of these responses may originate from naive or memory cells.
One specific example of a type of immune stimulatory composition is a vaccine.

In some embodiments, an "effective amount" or "immune-stimulatory amount" of an immune stimulatory composition is
an amount which, when administered to a subject, is sufficient to engender a detectable immune response. Such a response
may comprise, for instance, generation of an antibody specific to one or more of the epitopes provided in the immune
stimulatory composition. Alternatively, the response may comprise a T-helper or CTL-based response to one or more of
the epitopes provided in the immune stimulatory composition. All three of these responses may originate from naive or
memory cells. In other embodiments, a "protective effective amount" of an immune stimulatory composition is an amount
which, when administered to a subject, is sufficient to confer protective immunity upon the subject.

Inhibiting or Treating a Disease: Inhibiting the full development of a disease or condition, for example, in a subject who is
at risk for a disease such as SARS. "Treatment" refers to a therapeutic intervention that ameliorates a sign or symptom of
a disease or pathological condition after it has begun to develop. As used herein, the term "ameliorating," with reference to
a disease, pathological condition or symptom, refers to any observable beneficial effect of the treatment. The beneficial
effect can be evidenced, for example, by a delayed onset of clinical symptoms of the disease in a susceptible subject, a
reduction in severity of some or all clinical symptoms of the disease, a slower progression of the disease, a reduction in
the number of relapses of the disease, an improvement in the overall health or well-being of the subject, or by other
parameters well known in the art that are specific to the particular disease.

Isolated: An "isolated" microorganism (such as a virus, bacterium, fungus, or protozoan) has been substantially separated
or purified away from microorganisms of different types, strains, or species. Microorganisms can be isolated by a variety
of techniques, including serial dilution and culturing.

An "isolated" biological component (such as a nucleic acid molecule, protein or organelle) has been substantially
separated or purified away from other biological components in the cell of the organism in which the component naturally
occurs, such as other chromosomal and extra-chromosomal DNA and RNA, proteins, and organelles. Nucleic acids and
proteins that have been "isolated" include nucleic acids and proteins purified by standard purification methods. The term
also embraces nucleic acids and proteins prepared by recombinant expression in a host cell, as well as chemically
synthesized nucleic acids or proteins, or fragments thereof.

Label: A detectable compound or composition that is conjugated directly or indirectly to another molecule to facilitate
detection of that molecule. Specific, non-limiting examples of labels include fluorescent tags, enzymatic linkages, and
radioactive isotopes.

Nucleic Acid Molecule: A polymeric form of nucleotides, which may include both sense and anti-sense strands of RNA,
cDNA, genomic DNA, and synthetic forms and mixed polymers of the above. A nucleotide refers to a ribonucleotide,



deoxynucleotide or a modified form of either type of nucleotide. A "nucleic acid molecule" as used herein is synonymous
with "nucleic acid" and "polynucleotide." A nucleic acid molecule is usually at least 10 bases in length, unless otherwise
specified. The term includes single- and double-stranded forms of DNA. A polynucleotide may include either or both
naturally occurring and modified nucleotides linked together by naturally occurring and/or non-naturally occurring
nucleotide linkages.

Oligonucleotide: A nucleic acid molecule generally comprising a length of 300 bases or fewer. The term often refers to
single-stranded deoxyribonucleotides, but it can refer as well to single- or double-stranded ribonucleotides, RNA:DNA
hybrids and double-stranded DNAs, among others. The term "oligonucleotide" also includes oligonucleosides (that is, an
oligonucleotide minus the phosphate) and any other organic base polymer. In some examples, oligonucleotides are about
10 to about 90 bases in length, for example, 12, 13, 14, 15, 16, 17, 18, 19 or 20 bases in length. Other oligonucleotides are
about 25, about 30, about 35, about 40, about 45, about 50, about 55, about 60 bases, about 65 bases, about 70 bases,
about 75 bases or about 80 bases in length. Oligonucleotides may be single-stranded, for example, for use as probes or
primers, or may be double-stranded, for example, for use in the construction of a mutant gene. Oligonucleotides can be
either sense or anti-sense oligonucleotides. An oligonucleotide can be modified as discussed above in reference to nucleic
acid molecules. Oligonucleotides can be obtained from existing nucleic acid sources (for example, genomic or cDNA),
but can also be synthetic (for example, produced by laboratory or in vitro oligonucleotide synthesis).

Open Reading Frame (ORF): A series of nucleotide triplets (codons) coding for amino acids without any internal
termination codons. These sequences are usually translatable into a peptide/polypeptide/protein/polyprotein.

Operably Linked: A first nucleic acid sequence is operably linked with a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship with the second nucleic acid sequence. For instance, a
promoter is operably linked to a coding sequence is the promoter affects the transcription or expression of the coding
sequence. Generally, operably linked DNA sequences are contiguous and, where necessary to join two protein coding
regions, in the same reading frame. If introns are present, the operably linked DNA sequences may not be contiguous.

Pharmaceutically Acceptable Carriers: The pharmaceutically acceptable carriers useful in this disclosure are conventional.
Remington's Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co., Easton, Pa., 15th Edition (1975), describes
compositions and formulations suitable for pharmaceutical delivery of one or more therapeutic compounds or molecules,
such as one or more SARS-CoV nucleic acid molecules, proteins or antibodies that bind these proteins, and additional
pharmaceutical agents.

In general, the nature of the carrier will depend on the particular mode of administration being employed. For instance,
parenteral formulations usually comprise injectable fluids that include pharmaceutically and physiologically acceptable
fluids such as water, physiological saline, balanced salt solutions, aqueous dextrose, glycerol or the like as a vehicle. For
solid compositions (for example, powder, pill, tablet, or capsule forms), conventional non-toxic solid carriers can include,
for example, pharmaceutical grades of mannitol, lactose, starch, or magnesium stearate. In addition to biologically-neutral
carriers, pharmaceutical compositions to be administered can contain minor amounts of non-toxic auxiliary substances,
such as wetting or emulsifying agents, preservatives, and pH buffering agents and the like, for example sodium acetate or
sorbitan monolaurate.

Polypeptide: A polymer in which the monomers are amino acid residues which are joined together through amide bonds.
When the amino acids are alpha-amino acids, either the L-optical isomer or the D-optical isomer can be used, the L-
isomers being preferred. The terms "polypeptide" or "protein" as used herein are intended to encompass any amino acid
sequence and include modified sequences such as glycoproteins. The term "polypeptide" is specifically intended to cover
naturally occurring proteins, as well as those which are recombinantly or synthetically produced.

Conservative amino acid substitutions are those substitutions that, when made, least interfere with the properties of the
original protein, that is, the structure and especially the function of the protein is conserved and not significantly changed
by such substitutions. Examples of conservative substitutions are shown below.

TABLE-US-00002 Original Residue Conservative Substitutions Ala Ser Arg Lys Asn GlIn, His Asp Glu Cys Ser Gln Asn
Glu Asp His Asn; Gln Ile Leu, Val Leu Ile; Val Lys Arg; Gln; Glu Met Leu; Ile Phe Met; Leu; Tyr Ser Thr Thr Ser Trp Tyr
Tyr Trp; Phe Val lle; Leu



Conservative substitutions generally maintain (a) the structure of the polypeptide backbone in the area of the substitution,
for example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the molecule at the target site, or (c)
the bulk of the side chain.

The substitutions which in general are expected to produce the greatest changes in protein properties will be non-
conservative, for instance changes in which (a) a hydrophilic residue, for example, seryl or threonyl, is substituted for (or
by) a hydrophobic residue, for example, leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a cysteine or proline is
substituted for (or by) any other residue; (c) a residue having an electropositive side chain, for example, lysyl, arginyl, or
histadyl, is substituted for (or by) an electronegative residue, for example, glutamyl or aspartyl; or (d) a residue having a
bulky side chain, for example, phenylalanine, is substituted for (or by) one not having a side chain, for example, glycine.

Probes and Primers: A probe comprises an isolated nucleic acid attached to a detectable label or other reporter molecule.
Typical labels include radioactive isotopes, enzyme substrates, co-factors, ligands, chemiluminescent or fluorescent
agents, haptens, and enzymes. Methods for labeling and guidance in the choice of labels appropriate for various purposes
are discussed, for example, in Sambrook et al. (ed.), Molecular Cloning: A Laboratory Manual, 2.sup.nd ed., vol. 1 3, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989 and Ausubel et al. Short Protocols in Molecular Biology,
4 sup.th ed., John Wiley & Sons, Inc., 1999.

Primers are short nucleic acid molecules, for instance DNA oligonucleotides 10 nucleotides or more in length, for
example that hybridize to contiguous complementary nucleotides or a sequence to be amplified. Longer DNA
oligonucleotides may be about 15, 20, 25, 30 or 50 nucleotides or more in length. Primers can be annealed to a
complementary target DNA strand by nucleic acid hybridization to form a hybrid between the primer and the target DNA
strand, and then the primer extended along the target DNA strand by a DNA polymerase enzyme. Primer pairs can be used
for amplification of a nucleic acid sequence, for example, by the PCR or other nucleic-acid amplification methods known
in the art, as described above.

Methods for preparing and using nucleic acid probes and primers are described, for example, in Sambrook et al. (ed.),
Molecular Cloning: A Laboratory Manual, 2.sup.nd ed., vol. 1 3, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 1989; Ausubel et al. Short Protocols in Molecular Biology, 4.sup.th ed., John Wiley & Sons, Inc., 1999; and
Innis et al. PCR Protocols, A Guide to Methods and Applications, Academic Press, Inc., San Diego, Calif., 1990.
Amplification primer pairs can be derived from a known sequence, for example, by using computer programs intended for
that purpose such as Primer (Version 0.5, .COPYRGT. 1991, Whitehead Institute for Biomedical Research, Cambridge,
Mass.). One of ordinary skill in the art will appreciate that the specificity of a particular probe or primer increases with its
length. Thus, in order to obtain greater specificity, probes and primers can be selected that comprise at least 20, 25, 30, 35,
40, 45, 50 or more consecutive nucleotides of a target nucleotide sequences.

Protein: A biological molecule, particularly a polypeptide, expressed by a gene and comprised of amino acids. A
"polyprotein" is a protein that, after synthesis, is cleaved to produce several functionally distinct polypeptides.

Purified: The term "purified" does not require absolute purity; rather, it is intended as a relative term. Thus, for example, a
purified protein preparation is one in which the subject protein is more pure than in its natural environment within a cell.
Generally, a protein preparation is purified such that the protein represents at least 50% of the total protein content of the
preparation.

Recombinant Nucleic Acid: A sequence that is not naturally occurring or has a sequence that is made by an artificial
combination of two otherwise separated segments of sequence. This artificial combination is often accomplished by
chemical synthesis or, more commonly, by the artificial manipulation of isolated segments of nucleic acids, for example,
by genetic engineering techniques such as those described in Sambrook et al. (ed.), Molecular Cloning: A Laboratory
Manual, 2.sup.nd ed., vol. 1 3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989. The term
recombinant includes nucleic acids that have been altered solely by addition, substitution, or deletion of a portion of the
nucleic acid.

Sample: A portion, piece, or segment that is representative of a whole. This term encompasses any material, including for
instance samples obtained from an animal, a plant, or the environment.



An "environmental sample" includes a sample obtained from inanimate objects or reservoirs within an indoor or outdoor
environment. Environmental samples include, but are not limited to: soil, water, dust, and air samples; bulk samples,
including building materials, furniture, and landfill contents; and other reservoir samples, such as animal refuse, harvested
grains, and foodstuffs.

A "biological sample" is a sample obtained from a plant or animal subject. As used herein, biological samples include all
samples useful for detection of viral infection in subjects, including, but not limited to: cells, tissues, and bodily fluids,
such as blood; derivatives and fractions of blood (such as serum); extracted galls; biopsied or surgically removed tissue,
including tissues that are, for example, unfixed, frozen, fixed in formalin and/or embedded in paraffin; tears; milk; skin
scrapes; surface washings; urine; sputum; cerebrospinal fluid; prostate fluid; pus; bone marrow aspirates; BAL; saliva;
cervical swabs; vaginal swabs; and oropharyngeal wash.

Sequence Identity: The similarity between two nucleic acid sequences, or two amino acid sequences, is expressed in terms
of the similarity between the sequences, otherwise referred to as sequence identity. Sequence identity is frequently
measured in terms of percentage identity (or similarity or homology); the higher the percentage, the more similar the two
sequences are.

Methods of alignment of sequences for comparison are well known in the art. Various programs and alignment algorithms
are described in: Smith and Waterman (Adv. Appl. Math., 2:482, 1981); Needleman and Wunsch (J. Mol. Biol., 48:443,
1970); Pearson and Lipman (Proc. Natl. Acad. Sci., 85:2444, 1988); Higgins and Sharp (Gene, 73:237 44, 1988); Higgins
and Sharp (CABIOS, 5:151 53, 1989); Corpet et al. (Nuc. Acids Res., 16:10881 90, 1988); Huang et al. (Comp. Appls
Biosci., 8:155 65, 1992); and Pearson et al. (Meth. Mol. Biol., 24:307 31, 1994). Altschul et al. (Nature Genet., 6:119 29,
1994) presents a detailed consideration of sequence alignment methods and homology calculations.

The alignment tools ALIGN (Myers and Miller, CABIOS 4:11 17, 1989) or LFASTA (Pearson and Lipman, 1988) may be
used to perform sequence comparisons (Internet Program.COPYRGT. 1996, W. R. Pearson and the University of Virginia,
"fasta20u63" version 2.0u63, release date December 1996). ALIGN compares entire sequences against one another, while
LFASTA compares regions of local similarity. These alignment tools and their respective tutorials are available on the
Internet at the NCSA website. Alternatively, for comparisons of amino acid sequences of greater than about 30 amino
acids, the "Blast 2 sequences" function can be employed using the default BLOSUMG62 matrix set to default parameters,
(gap existence cost of 11, and a per residue gap cost of 1). When aligning short peptides (fewer than around 30 amino
acids), the alignment should be performed using the "Blast 2 sequences" function, employing the PAM30 matrix set to
default parameters (open gap 9, extension gap 1 penalties). The BLAST sequence comparison system is available, for
instance, from the NCBI web site; see also Altschul et al., J. Mol. Biol., 215:403 10, 1990; Gish. and States, Nature
Genet., 3:266 72, 1993; Madden et al., Meth. Enzymol., 266:131 41, 1996; Altschul et al., Nucleic Acids Res., 25:3389
402, 1997; and Zhang and Madden, Genome Res., 7:649 56, 1997.

Orthologs (equivalent to proteins of other species) of proteins are in some instances characterized by possession of greater
than 75% sequence identity counted over the full-length alignment with the amino acid sequence of specific protein using
ALIGN set to default parameters. Proteins with even greater similarity to a reference sequence will show increasing
percentage identities when assessed by this method, such as at least 80%;, at least 85%, at least 90%, at least 92%, at least
95%, or at least 98% sequence identity. In addition, sequence identity can be compared over the full length of one or both
binding domains of the disclosed fusion proteins.

When significantly less than the entire sequence is being compared for sequence identity, homologous sequences will
typically possess at least 80% sequence identity over short windows of 10 20, and may possess sequence identities of at
least 85%, at least 90%, at least 95%;, or at least 99% depending on their similarity to the reference sequence. Sequence
identity over such short windows can be determined using LFASTA; methods are described at the NCSA website. One of
skill in the art will appreciate that these sequence identity ranges are provided for guidance onlys; it is entirely possible that
strongly significant homologs could be obtained that fall outside of the ranges provided. Similar homology concepts apply
for nucleic acids as are described for protein.

An alternative indication that two nucleic acid molecules are closely related is that the two molecules hybridize to each
other under stringent conditions. Representative hybridization conditions are discussed above.



Nucleic acid sequences that do not show a high degree of identity may nevertheless encode similar amino acid sequences,
due to the degeneracy of the genetic code. It is understood that changes in nucleic acid sequence can be made using this
degeneracy to produce multiple nucleic acid sequences that each encode substantially the same protein.

Specific Binding Agent: An agent that binds substantially only to a defined target. Thus a protein-specific binding agent
binds substantially only the defined protein, or to a specific region within the protein. As used herein, a protein-specific
binding agent includes antibodies and other agents that bind substantially to a specified polypeptide. The antibodies may
be monoclonal or polyclonal antibodies that are specific for the polypeptide, as well as immunologically effective portions
("fragments") thereof.

The determination that a particular agent binds substantially only to a specific polypeptide may readily be made by using
or adapting routine procedures. One suitable in vitro assay makes use of the Western blotting procedure (described in
many standard texts, including Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL, New York, 1999).

Transformed: A "transformed" cell is a cell into which has been introduced a nucleic acid molecule by molecular biology
techniques. The term encompasses all techniques by which a nucleic acid molecule might be introduced into such a cell,
including transfection with viral vectors, transformation with plasmid vectors, and introduction of naked DNA by
electroporation, lipofection, and particle gun acceleration.

Vector: A nucleic acid molecule as introduced into a host cell, thereby producing a transformed host cell. A vector may
include nucleic acid sequences that permit it to replicate in a host cell, such as an origin of replication. A vector may also
include one or more selectable marker genes and other genetic elements known in the art.

Virus: Microscopic infectious organism that reproduces inside living cells. A virus typically consists essentially of a core
of a single nucleic acid surrounded by a protein coat, and has the ability to replicate only inside a living cell. "Viral
replication” is the production of additional virus by the occurrence of at least one viral life cycle. A virus may subvert the
host cells' normal functions, causing the cell to behave in a manner determined by the virus. For example, a viral infection
may result in a cell producing a cytokine, or responding to a cytokine, when the uninfected cell does not normally do so.

"Coronaviruses" are large, enveloped, RNA viruses that cause respiratory and enteric diseases in humans and other
animals. Coronavirus genomes are non-segmented, single-stranded, positive-sense RNA, approximately 27 31 kb in
length. Genomes have a 5' methylated cap and 3' poly-A tail, and function directly as mRNA. Host cell entry occurs via
endocytosis and membrane fusion, and replication occurs in the cytoplasm. Initially, the 5' 20 kb of the positive-sense
genome is translated to produce a viral polymerase, which then produces a full-length negative-sense strand used as a
template to produce subgenomic mRNA as a "nested set" of transcripts. Assembly occurs by budding into the golgi
apparatus, and particles are transported to the surface of the cell and released.

III. Overview of Several Embodiments

A newly isolated human coronavirus (SARS-CoV) is disclosed herein. The entire genomic nucleic acid sequence of this
virus is also provided herein. Also disclosed are the nucleic acid sequences of the SARS-CoV ORFs, and the polypeptide
sequences encoded by these ORFs. Pharmaceutical and immune stimulatory compositions are also disclosed that include
one or more SARS-CoV viral nucleic acids, polypeptides encoded by these viral nucleic acids and antibodies that bind to
a SARS-CoV polypeptide or SARS-CoV polypeptide fragment.

In one embodiment, a method is provided for detecting the presence of SARS-CoV in a sample. This method includes
contacting the sample with a pair of nucleic acid primers that hybridize to a SARS-CoV nucleic acid, wherein at least one
primer is 5'-end labeled with a reporter dye, amplifying the SARS-CoV nucleic acid or a fragment thereof from the
sample utilizing the pair of nucleic acid primers, electrophoresing the amplified products, and detecting the 5'-end labeled
reporter dye, thereby detecting a SARS-CoV. In a specific, non-limiting example, the amplification utilizes RT-PCR. In a
further specific example of the provided method, at least one of the nucleic acid primers that hybridize to a SARS-CoV
nucleic acid includes a sequence as set forth in any one of SEQ ID NOs: 13 15.



In another example of the provided method, detecting the presence of SARS-CoV in a sample includes contacting the
sample with a pair of nucleic acid primers that hybridize to a SARS-CoV nucleic acid, amplifying the SARS-CoV nucleic
acid or a fragment thereof from the sample utilizing the pair of nucleic acid primers, adding to the amplified SARS-CoV
nucleic acid or the fragment thereof a TagMan SARS-CoV probe that hybridizes to the SARS-CoV nucleic acid, wherein
the TagMan SARS-CoV probe is labeled with a 5'-reporter dye and a 3'-quencher dye, performing one or more additional
rounds of amplification, and detecting fluorescence of the 5'-reporter dye, thereby detecting a SARS-CoV. In a specific,
non-limiting example, the amplification utilizes RT-PCR. In a further specific example of the provided method, at least
one of the nucleic acid primers that hybridize to a SARS-CoV nucleic acid and/or the TagMan SARS-CoV probe that
hybridizes to the SARS-CoV nucleic acid includes a sequence as set forth in any one of SEQ ID NOs: 16 33.

In another embodiment, a method is provided for detecting a SARS-CoV in a biological sample that contains antibodies.
This method includes contacting the biological sample with a SARS-CoV-specific antigen, wherein the antigen includes a
SARS-CoV organism and determining whether a binding reaction occurs between the SARS-CoV-specific antigen and an
antibody in the biological sample if such is present, thereby detecting SARS-CoV.

In a further embodiment, a method is provided for detecting a SARS-CoV in a biological sample that contains
polypeptides and/or fragments thereof. This method includes contacting the biological sample with a SARS-CoV-specific
antibody and determining whether a binding reaction occurs between the SARS-CoV-specific antibody and a SARS-CoV
polypeptide or fragment thereof in the biological sample if such is present, thereby detecting SARS-CoV. In a specific,
non-limiting example, determining whether a binding reaction occurs between the SARS-CoV-specific antibody and a
SARS-CoV polypeptide or fragment thereof is carried out in situ or in a tissue sample. In a further specific example,
determining whether a binding reaction occurs between the SARS-CoV-specific antibody and a SARS-CoV polypeptide
or fragment thereof includes an immunohistochemical assay.

An additional embodiment includes a kit for detecting a SARS-CoV in a sample, including a pair of nucleic acid primers
that hybridize under stringent conditions to a SARS-CoV nucleic acid, wherein one primer is 5'-end labeled with a
reporter dye. In a specific, non-limiting example, at least one of the nucleic acid primers that hybridize to a SARS-CoV
nucleic acid includes a sequence as set forth in any one of SEQ ID NOs: 13 15.

Another example of the provided kit includes a pair of nucleic acid primers that hybridize under high stringency
conditions to a SARS-CoV nucleic acid and a TagMan SARS-CoV probe that hybridizes to the SARS-CoV nucleic acid,
wherein the TagMan SARS-CoV probe is labeled with a 5'-reporter dye and a 3'-quencher dye. In a specific, non-limiting
example, at least one of the nucleic acid primers that hybridize to a SARS-CoV nucleic acid and/or the TagMan SARS-
CoV probe that hybridizes to the SARS-CoV nucleic acid includes a sequence as set forth in any one of SEQ ID NOs: 16
33.

Also disclosed herein is a composition including an isolated SARS-CoV organism. In one embodiment, the isolated
SARS-CoV organism is an inactive isolated SARS-CoV organism. In another embodiment, the composition includes at
least one component selected from the group consisting of pharmaceutically acceptable carriers, adjuvants and
combinations of two or more thereof. In yet another embodiment, the composition is introduced into a subject, thereby
eliciting an immune response against a SARS-CoV antigenic epitope in a subject.

IV. SARS-CoV Nucleotide and Amino Acid Sequences

The current disclosure provides an isolated SARS-CoV genome, isolated SARS-CoV polypeptides, and isolated nucleic
acid molecules encoding the same. In one embodiment, the isolated SARS-CoV genome has a sequence as shown in SEQ
ID NO: 1 or an equivalent thereof. Polynucleotides encoding a SARS-CoV polypeptide (encoded by an ORF from within
the genome) are also provided, and are termed SARS-CoV nucleic acid molecules. These nucleic acid molecules include
DNA, cDNA and RNA sequences which encode a SARS-CoV polypeptide. Specific, non-limiting examples of a SARS-
CoV nucleic acid molecule encoding an ORF are nucleic acid 265 to nucleic acid 13,398 of SEQ ID NO: 1 (encoding
SARS-CoV 1a, SEQ ID NO: 2), nucleic acid 13,398 to 21,482 of SEQ ID NO: 1 (encoding SARS-CoV 1b, SEQ ID NO:
3), nucleic acid 21,492 to 25,256 of SEQ ID NO: 1 (encoding SARS-CoV S, SEQ ID NO: 4), nucleic acid 25,268 to
26,089 of SEQ ID NO: 1 (encoding SARS-CoV X1, SEQ ID NO: 5), nucleic acid 25,689 to 26,150 of SEQ ID NO: 1
(encoding SARS-CoV X2, SEQ ID NO: 6), nucleic acid 26,117 to 26,344 of SEQ ID NO: 1 (encoding SARS-CoV E,
SEQ ID NO: 7), nucleic acid 26,398 to 27,060 of SEQ ID NO: 1 (encoding SARS-CoV M, SEQ ID NO: 8), nucleic acid



27,074 to 27,262 of SEQ ID NO: 1 (encoding SARS-CoV X3, SEQ ID NO: 9), nucleic acid 27,273 to 27,638 of SEQ ID
NO: 1 (encoding SARS-CoV X4, SEQ ID NO: 10), nucleic acid 27,864 to 28,115 of SEQ ID NO: 1 (encoding SARS-
CoV X5, SEQ ID NO: 11), and nucleic acid 28,120 to 29,385 of SEQ ID NO: 1 (encoding SARS-CoV N, SEQ ID NO:
12).

Oligonucleotide primers and probes derived from the SARS-CoV genome (SEQ ID NO: 1) are also encompassed within
the scope of the present disclosure. Such oligonucleotide primers and probes may comprise a sequence of at least about 15
consecutive nucleotides of the SARS-CoV nucleic acid sequence, such as at least about 20, 25, 30, 35, 40, 45, or 50 or
more consecutive nucleotides. These primers and probes may be obtained from any region of the disclosed SARS-CoV
genome (SEQ ID NO: 1), including particularly from any of the ORFs disclosed herein. Specific, non-limiting examples
of oligonucleotide primers derived from the SARS-CoV genome (SEQ ID NO: 1) include: Cor-p-F2 (SEQ ID NO: 13),
Cor-p-F3 (SEQ ID NO: 14), Cor-p-R1 (SEQ ID NO: 15), SARSI-F (SEQ ID NO: 16), SARS1-R (SEQ ID NO: 17),
SARS2-F (SEQ ID NO: 19), SARS2-R (SEQ ID NO: 20), SARS3-F (SEQ ID NO: 22), SARS3-R (SEQ ID NO: 23), N3-
F (SEQ ID NO: 25), N3-R (SEQ ID NO: 26), 3'NTR-F (SEQ ID NO: 28), 3'NTR-R (SEQ ID NO: 29), M-F (SEQ ID NO:
31), and M-R (SEQ ID NO: 32). Specific, non-limiting examples of oligonucleotide probes derived from the SARS-CoV
genome (SEQ ID NO: 1) include: SARS1-P (SEQ ID NO: 18), SARS2-P (SEQ ID NO: 21), SARS3-P (SEQ ID NO: 24),
N3-P (SEQ ID NO: 27), 3'NTR-P (SEQ ID NO: 30), and M-P (SEQ ID NO: 33).

Nucleic acid molecules encoding a SARS-CoV polypeptide can be operatively linked to regulatory sequences or elements.
Regulatory sequences or elements include, but are not limited to promoters, enhancers, transcription terminators, a start
codon (for example, ATG), stop codons, and the like.

Additionally, nucleic acid molecules encoding a SARS-CoV polypeptide can be inserted into an expression vector.
Specific, non-limiting examples of vectors include, plasmids, bacteriophages, cosmids, animal viruses and yeast artificial
chromosomes (YACs) (Burke et al., Science 236:806 12, 1987). Such vectors may then be introduced into a variety of
hosts including somatic cells, and simple or complex organisms, such as bacteria, fungi (Timberlake and Marshall,
Science 244:1313 17, 1989), invertebrates, plants (Gasser et al., Plant Cell 1:15 24, 1989), and animals (Pursel et al.,
Science 244:1281 88, 1989).

Transformation of a host cell with an expression vector carrying a nucleic acid molecule encoding a SARS-CoV
polypeptide may be carried out by conventional techniques, as are well known to those skilled in the art. By way of
example, where the host is prokaryotic, such as E. coli, competent cells that are capable of DNA uptake can be prepared
from cells harvested after exponential growth phase and subsequently treated by the CaCl.sub.2 method using procedures
well known in the art. Alternatively, MgCl.sub.2 or RbCl can be used. Transformation can also be performed after forming
a protoplast of the host cell if desired, or by electroporation.

When the host is a eukaryote, methods of transfection of DNA, such as calcium phosphate coprecipitates, conventional
mechanical procedures such as microinjection, electroporation, insertion of a plasmid encased in liposomes, or virus
vectors, may be used. Eukaryotic cells can also be cotransformed with SARS-CoV nucleic acid molecules, and a second
foreign DNA molecule encoding a selectable phenotype, such as the herpes simplex thymidine kinase gene. Another
method is to use a eukaryotic viral vector, such as simian virus 40 or bovine papilloma virus, to transiently infect or
transform eukaryotic cells and express the protein (see, for example, Eukaryotic Viral Vectors, Cold Spring Harbor
Laboratory, Gluzman ed., 1982).

The SARS-CoV polypeptides of this disclosure include proteins encoded by any of the ORFs disclosed herein, and
equivalents thereof. Specific, non-limiting examples of SARS-CoV proteins are provided in SEQ ID NOs: 2 12. Fusion
proteins are also contemplated that include a heterologous amino acid sequence chemically linked to a SARS-CoV
polypeptide. Exemplary heterologous sequences include short amino acid sequence tags (such as six histidine residues), as
well a fusion of other proteins (such as c-myc or green fluorescent protein fusions). Epitopes of the SARS-CoV proteins,
that are recognized by an antibody or that bind the major histocompatibility complex, and can be used to induce a SARS-
CoV-specific immune response, are also encompassed by this disclosure.

Methods for expressing large amounts of protein from a cloned gene introduced into E. coli may be utilized for the
purification and functional analysis of proteins. For example, fusion proteins consisting of amino terminal peptides



encoded by a portion of the E. coli lacZ or trpE gene linked to SARS-CoV proteins may be used to prepare polyclonal and
monoclonal antibodies against these proteins.

Intact native protein may also be produced in E. coli in large amounts for functional studies. Methods and plasmid vectors
for producing fusion proteins and intact native proteins in bacteria are described by Sambrook et al. (ed.), Molecular
Cloning: A Laboratory Manual, 2.sup.nd ed., vol. 1 3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
1989. Such fusion proteins may be made in large amounts, are easy to purify, and can be used to elicit antibody response.
Native proteins can be produced in bacteria by placing a strong, regulated promoter and an efficient ribosome-binding site
upstream of the cloned gene. If low levels of protein are produced, additional steps may be taken to increase protein
production; if high levels of protein are produced, purification is relatively easy. Suitable methods are presented by
Sambrook et al. (ed.), Molecular Cloning: A Laboratory Manual, 2.sup.nd ed., vol. 1 3, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1989, and are well known in the art. Often, proteins expressed at high levels are found in
insoluble inclusion bodies. Methods for extracting proteins from these aggregates are described by Sambrook et al. (ed.),
Molecular Cloning: A Laboratory Manual, 2.sup.nd ed., vol. 1 3, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 1989.

Isolation and purification of recombinantly expressed proteins may be carried out by conventional means including
preparative chromatography and immunological separations. Additionally, the proteins can be chemically synthesized by
any of a number of manual or automated methods of synthesis known in the art.

V. Specific Binding Agents

The disclosure provides specific binding agents that bind to SARS-CoV polypeptides disclosed herein. The binding agent
may be useful for purifying and detecting the polypeptides, as well as for detection and diagnosis of SARS-CoV.
Examples of the binding agents are a polyclonal or monoclonal antibody, and fragments thereof, that bind to any of the
SARS-CoV polypeptides disclosed herein.

Monoclonal or polyclonal antibodies may be raised to recognize a SARS-CoV polypeptide described herein, or a fragment
or variant thereof. Optimally, antibodies raised against these polypeptides would specifically detect the polypeptide with
which the antibodies are generated. That is, antibodies raised against a specific SARS-CoV polypeptide will recognize and
bind that polypeptide, and will not substantially recognize or bind to other polypeptides or antigens. The determination
that an antibody specifically binds to a target polypeptide is made by any one of a number of standard immunoassay
methods; for instance, the Western blotting technique (Sambrook et al. (ed.), Molecular Cloning: A Laboratory Manual,
2.sup.nd ed., vol. 1 3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989).

Substantially pure SARS-CoV recombinant polypeptide antigens suitable for use as immunogen may be isolated from the
transformed cells described above, using methods well known in the art. Monoclonal or polyclonal antibodies to the
antigens may then be prepared.

Monoclonal antibodies to the polypeptides can be prepared from murine hybridomas according to the classic method of
Kohler & Milstein (Nature 256:495 97, 1975), or a derivative method thereof. Briefly, a mouse is repetitively inoculated
with a few micrograms of the selected protein immunogen (for example, a polypeptide comprising at least one SARS-
CoV-specific epitope, a portion of a polypeptide comprising at least one SARS-CoV-specific epitope, or a synthetic
peptide comprising at least one SARS-CoV-specific epitope) over a period of a few weeks. The mouse is then sacrificed,
and the antibody-producing cells of the spleen isolated. The spleen cells are fused by means of polyethylene glycol with
mouse myeloma cells, and the excess unfused cells destroyed by growth of the system on selective media comprising
aminopterin (HAT media). The successfully fused cells are diluted and aliquots of the dilution placed in wells of a
microtiter plate where growth of the culture is continued. Antibody-producing clones are identified by detection of
antibody in the supernatant fluid of the wells by immunoassay procedures, such as ELISA, as originally described by
Engvall (Meth. Enzymol., 70:419 39, 1980), or a derivative method thereof. Selected positive clones can be expanded and
their monoclonal antibody product harvested for use. Detailed procedures for monoclonal antibody production are
described in Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL, New York, 1999.

Polyclonal antiserum containing antibodies can be prepared by immunizing suitable animals with a polypeptide
comprising at least one SARS-CoV-specific epitope, a portion of a polypeptide comprising at least one SARS-CoV-



specific epitope, or a synthetic peptide comprising at least one SARS-CoV-specific epitope, which can be unmodified or
modified, to enhance immunogenicity.

Effective antibody production (whether monoclonal or polyclonal) is affected by many factors related both to the antigen
and the host species. For example, small molecules tend to be less immunogenic than others and may require the use of
carriers and adjuvant. Also, host animals vary in response to site of inoculations and dose, with either inadequate or
excessive doses of antigen resulting in low titer antisera. Small doses (ng level) of antigen administered at multiple
intradermal sites appear to be most reliable. An effective immunization protocol for rabbits can be found in Vaitukaitis et
al. (J. Clin. Endocrinol. Metab., 33:988 91, 1971).

Booster injections can be given at regular intervals, and antiserum harvested when the antibody titer thereof, as
determined semi-quantitatively, for example, by double immunodiffusion in agar against known concentrations of the
antigen, begins to fall. See, for example, Ouchterlony et al., Handbook of Experimental Immunology, Wier, D. (ed.),
Chapter 19, Blackwell, 1973. A plateau concentration of antibody is usually in the range of 0.1 to 0.2 mg/ml of serum
(about 12 .mu.M). Affinity of the antisera for the antigen is determined by preparing competitive binding curves, as
described, for example, by Fisher (Manual of Clinical Immunology, Ch. 42, 1980).

Antibody fragments may be used in place of whole antibodies and may be readily expressed in prokaryotic host cells.
Methods of making and using immunologically effective portions of monoclonal antibodies, also referred to as "antibody
fragments," are well known and include those described in Better & Horowitz, Methods Enzymol. 178:476 96, 1989;
Glockshuber et al., Biochemistry 29:1362 67, 1990; and U.S. Pat. No. 5,648,237 (Expression of Functional Antibody
Fragments); U.S. Pat. No. 4,946,778 (Single Polypeptide Chain Binding Molecules); and U.S. Pat. No. 5,455,030
(Immunotherapy Using Single Chain Polypeptide Binding Molecules), and references cited therein. Conditions whereby a
polypeptide/binding agent complex can form, as well as assays for the detection of the formation of a polypeptide/binding
agent complex and quantitation of binding affinities of the binding agent and polypeptide, are standard in the art. Such
assays can include, but are not limited to, Western blotting, immunoprecipitation, immunofluorescence,
immunocytochemistry, immunohistochemistry, fluorescence activated cell sorting (FACS), fluorescence in situ
hybridization (FISH), immunomagnetic assays, ELISA, ELISPOT (Coligan et al., Current Protocols in Immunology,
Wiley, NY, 1995), agglutination assays, flocculation assays, cell panning, and the like, as are well known to one of skill in
the art.

Binding agents of this disclosure can be bound to a substrate (for example, beads, tubes, slides, plates, nitrocellulose
sheets, and the like) or conjugated with a detectable moiety, or both bound and conjugated. The detectable moieties
contemplated for the present disclosure can include, but are not limited to, an immunofluorescent moiety (for example,
fluorescein, rhodamine), a radioactive moiety (for example, .sup.32P, .sup.125I, .sup.35S), an enzyme moiety (for
example, horseradish peroxidase, alkaline phosphatase), a colloidal gold moiety, and a biotin moiety. Such conjugation
techniques are standard in the art (for example, see Harlow and Lane, Using Antibodies: A Laboratory Manual, CSHL,
New York, 1999; Yang et al., Nature, 382:319 24, 1996).

VI. Detection and Diagnosis of SARS-CoV
A. Nucleic Acid Based Methods of Detection and Diagnosis

A major application of the SARS-CoV sequence information presented herein is in the area of detection and diagnostic
testing for SARS-CoV infection. Methods for screening a subject to determine if the subject has been or is currently
infected with SARS-CoV are disclosed herein.

One such method includes providing a sample, which sample includes a nucleic acid such as DNA or RNA, and providing
an assay for detecting in the sample the presence of a SARS-CoV nucleic acid molecule. Suitable samples include all
biological samples useful for detection of viral infection in subjects, including, but not limited to, cells, tissues (for
example, lung and kidney), bodily fluids (for example, blood, serum, urine, saliva, sputum, and cerebrospinal fluid), bone
marrow aspirates, BAL, and oropharyngeal wash. Additional suitable samples include all environmental samples useful
for detection of viral presence in the environment, including, but not limited to, a sample obtained from inanimate objects
or reservoirs within an indoor or outdoor environment. The detection in the sample of a SARS-CoV nucleic acid molecule
may be performed by a number of methodologies, non-limiting examples of which are outlined below.



In one embodiment, detecting in the sample the presence of a SARS-CoV nucleic acid molecule includes the amplification
of a SARS-CoV nucleic acid sequence (or a fragment thereof). Any nucleic acid amplification method can be used. In one
specific, non-limiting example, PCR is used to amplify the SARS-CoV nucleic acid sequence(s). In another non-limiting
example, RT-PCR can be used to amplify the SARS-CoV nucleic acid sequences. In an additional non-limiting example,
transcription-mediated amplification can be used to amplify the SARS-CoV nucleic acid sequences.

In some embodiments, a pair of SARS-CoV-specific primers are utilized in the amplification reaction. One or both of the
primers can be end-labeled (for example, radiolabeled, fluoresceinated, or biotinylated). In one specific, non-limiting
example, at least one of the primers is 5'-end labeled with the reporter dye 6-carboxyfluorescein (6-FAM). The pair of
primers includes an upstream primer (which binds 5' to the downstream primer) and a downstream primer (which binds 3'
to the upstream primer). In one embodiment, either the upstream primer or the downstream primer is labeled. Specific,
non-limiting examples of SARS-CoV-specific primers include, but are not limited to: Cor-p-F2 (SEQ ID NO: 13), Cor-p-
F3 (SEQ ID NO: 14), Cor-p-R1 (SEQ ID NO: 15), SARS1-F (SEQ ID NO: 16), SARS1-R (SEQ ID NO: 17), SARS2-F
(SEQ ID NO: 19), SARS2-R (SEQ ID NO: 20), SARS3-F (SEQ ID NO: 22), SARS3-R (SEQ ID NO: 23), N3-F (SEQ ID
NO: 25),N3-R (SEQ ID NO: 26), 3'NTR-F (SEQ ID NO: 28), 3'NTR-R (SEQ ID NO: 29), M-F (SEQ ID NO: 31), and
M-R (SEQ ID NO: 32). Additional primer pairs can be generated, for instance, to amplify any of the specific ORFs
described herein, using well known primer design principles and methods.

In one specific, non-limiting example, electrophoresis is used to detect amplified SARS-CoV-specific sequences.
Electrophoresis can be automated using many methods well know in the art. In one embodiment, a genetic analyzer is
used, such as an ABI 3100 Prism Genetic Analyzer (PE Applied Biosystems, Foster City, Calif.), wherein the bands are
analyzed using GeneScan software (PE Applied Biosystems, Foster City, Calif.).

In another specific, non-limiting example, hybridization assays are used to detect amplified SARS-CoV-specific sequences
using distinguishing oligonucleotide probes. Such probes include "TagMan" probes. TagMan probes consist of an
oligonucleotide with a reporter at the 5'-end and a quencher at the 3'-end. In one specific, non-limiting example, the
reporter is 6-FAM and the quencher is Blackhole Quencher (Biosearch Tech., Inc., Novato, Calif.). When the probe is
intact, the proximity of the reporter to the quencher results in suppression of reporter fluorescence, primarily by
fluorescence resonance energy transfer. If the target of interest is present, the TagMan probe specifically hybridizes
between the forward and reverse primer sites during the PCR annealing step. In the process of PCR elongation, the 5'-3'
nucleolytic activity of the Taqg DNA polymerase cleaves the hybridized probe between the reporter and the quencher. The
probe fragments are then displaced from the target, and polymerization of the strand continues. Taq DNA polymerase does
not cleave non-hybridized probe, and cleaves the hybridized probe only during polymerization. The 3'-end of the probe is
blocked to prevent extension of the probe during PCR. The 5'-3' nuclease cleavage of the hybridized probe occurs in every
cycle and does not interfere with the exponential accumulation of PCR product. Accumulation of PCR products is
detected directly by monitoring the increase in fluorescence of the released reporter. The increase in fluorescence signal is
detected only if the target sequence is complementary to the probe and is amplified during PCR. Therefore, non-specific
amplification is not detected. SARS-CoV-specific TagMan probes of the present disclosure include, but are not limited to:
SARS1-P (SEQ ID NO: 18), SARS2-P (SEQ ID NO: 21), SARS3-P (SEQ ID NO: 24), N3-P (SEQ ID NO: 27), 3'NTR-P
(SEQ ID NO: 30), and M-P (SEQ ID NO: 33), and hybridization assays include, but are not limited to, a real-time RT-
PCR assay.

B. Protein Based Methods of Detection and Diagnosis

The present disclosure further provides methods of detecting a SARS-CoV antigen in a sample, and/or diagnosing SARS-
CoV infection in a subject by detecting a SARS-CoV antigen. Examples of such methods comprise contacting the sample
with a SARS-CoV-specific binding agent under conditions whereby an antigen/binding agent complex can form; and
detecting formation of the complex, thereby detecting SARS-CoV antigen in a sample and/or diagnosing SARS-CoV
infection in a subject. It is contemplated that at least certain antigens will be on an intact SARS-CoV virion, will be a
SARS-CoV-encoded protein displayed on the surface of a SARS-CoV-infected cell expressing the antigen, or will be a
fragment of the antigen. Contemplated samples subject to analysis by these methods can comprise any sample, such as a
clinical sample, useful for detection of viral infection in a subject.



Methods for detecting antigens in a sample are discussed, for example, in Ausubel et al. Short Protocols in Molecular
Biology, 4.sup.th ed., John Wiley & Sons, Inc., 1999. Enzyme immunoassays such as IFA, ELISA and immunoblotting
can be readily adapted to accomplish the detection of SARS-CoV antigens according to the methods of this disclosure. An
ELISA method effective for the detection of soluble SARS-CoV antigens is the direct competitive ELISA. This method is
most useful when a specific SARS-CoV antibody and purified SARS-CoV antigen are available. Briefly: 1) coat a
substrate (for example, a microtiter plate) with a sample suspected of containing a SARS-CoV antigen; 2) contact the
bound SARS-CoV antigen with a SARS-CoV-specific antibody bound to a detectable moiety (for example, horseradish
peroxidase enzyme or alkaline phosphatase enzyme); 3) add purified inhibitor SARS-CoV antigen; 4) contact the above
with the substrate for the enzyme; and 5) observe/measure inhibition of color change or fluorescence and quantitate
antigen concentration (for example, using a microtiter plate reader).

An additional ELISA method effective for the detection of soluble SARS-CoV antigens is the antibody-sandwich ELISA.
This method is frequently more sensitive in detecting antigen than the direct competitive ELISA method. Briefly: 1) coat a
substrate (for example, a microtiter plate) with a SARS-CoV-specific antibody; 2) contact the bound SARS-CoV antibody
with a sample suspected of containing a SARS-CoV antigen; 3) contact the above with SARS-CoV-specific antibody
bound to a detectable moiety (for example, horseradish peroxidase enzyme or alkaline phosphatase enzyme); 4) contact
the above with the substrate for the enzyme; and 5) observe/measure color change or fluorescence and quantitate antigen
concentration (for example, using a microtiter plate reader).

An ELISA method effective for the detection of cell-surface SARS-CoV antigens is the direct cellular ELISA. Briefly,
cells suspected of exhibiting a cell-surface SARS-CoV antigen are fixed (for example, using glutaraldehyde) and
incubated with a SARS-CoV-specific antibody bound to a detectable moiety (for example, horseradish peroxidase enzyme
or alkaline phosphatase enzyme). Following a wash to remove unbound antibody, substrate for the enzyme is added and
color change or fluorescence is observed/measured.

The present disclosure further provides methods of detecting a SARS-CoV-reactive antibody in a sample, and/or
diagnosing SARS-CoV infection in a subject by detecting a SARS-CoV-reactive antibody. Examples of such methods
comprise contacting the sample with a SARS-CoV polypeptide of this disclosure under conditions whereby a polypeptide/
antibody complex can form; and detecting formation of the complex, thereby detecting SARS-CoV antibody in a sample
and/or diagnosing SARS-CoV infection in a subject. Contemplated samples subject to analysis by these methods can
comprise any sample, such as a clinical sample, as described herein as being useful for detection of viral infection in a
subject.

Methods for detecting antibodies in a sample are discussed, for example, in Ausubel et al. Short Protocols in Molecular
Biology, 4.sup.th ed., John Wiley & Sons, Inc., 1999. Enzyme immunoassays such as IFA, ELISA and immunoblotting
can be readily adapted to accomplish the detection of SARS-CoV antibodies according to the methods of this disclosure.
An ELISA method effective for the detection of specific SARS-CoV antibodies is the indirect ELISA method. Briefly: 1)
bind a SARS-CoV polypeptide to a substrate (for example, a microtiter plate; 2) contact the bound polypeptide with a
sample suspected of containing SARS-CoV antibody; 3) contact the above with a secondary antibody bound to a
detectable moiety which is reactive with the bound antibody (for example, horseradish peroxidase enzyme or alkaline
phosphatase enzyme); 4) contact the above with the substrate for the enzyme; and 5) observe/measure color change or
fluorescence.

Another immunologic technique that can be useful in the detection of SARS-CoV antibodies uses monoclonal antibodies
for detection of antibodies specifically reactive with SARS-CoV polypeptides in a competitive inhibition assay. Briefly, a
sample suspected of containing SARS-CoV antibodies is contacted with a SARS-CoV polypeptide of this disclosure
which is bound to a substrate (for example, a microtiter plate). Excess sample is thoroughly washed away. A labeled (for
example, enzyme-linked, fluorescent, radioactive, and the like) monoclonal antibody specific for the SARS-CoV
polypeptide is then contacted with any previously formed polypeptide-antibody complexes and the amount of monoclonal
antibody binding is measured. The amount of inhibition of monoclonal antibody binding is measured relative to a control
(no monoclonal antibody), allowing for detection and measurement of antibody in the sample. The degree of monoclonal
antibody inhibition can be a very specific assay for detecting SARS-CoV. Monoclonal antibodies can also be used for
direct detection of SARS-CoV in cells or tissue samples by, for example, IFA analysis according to standard methods.



As a further example, a micro-agglutination test can be used to detect the presence of SARS-CoV antibodies in a sample.
Briefly, latex beads, red blood cells or other agglutinable particles are coated with a SARS-CoV polypeptide of this
disclosure and mixed with a sample, such that antibodies in the sample that are specifically reactive with the antigen
crosslink with the antigen, causing agglutination. The agglutinated polypeptide-antibody complexes form a precipitate,
visible with the naked eye or measurable by spectrophotometer. In a modification of the above test, SARS-CoV-specific
antibodies of this disclosure can be bound to the agglutinable particles and SARS-CoV antigen in the sample thereby
detected.

VII. Pharmaceutical and Immune Stimulatory Compositions and Uses Thereof

Pharmaceutical compositions including SARS-CoV nucleic acid sequences, SARS-CoV polypeptides, or antibodies that
bind these polypeptides, are also encompassed by the present disclosure. These pharmaceutical compositions include a
therapeutically effective amount of one or more SARS-CoV polypeptides, one or more nucleic acid molecules encoding a
SARS-CoV polypeptide, or an antibody that binds a SARS-CoV polypeptide, in conjunction with a pharmaceutically
acceptable carrier.

Disclosed herein are substances suitable for use as immune stimulatory compositions for the inhibition or treatment of
SARS. Particular immune stimulatory compositions are directed against SARS-CoV, and include antigens obtained from
SARS-CoV. In one embodiment, an immune stimulatory composition contains attenuated SARS-CoV. Methods of viral
attenuation are well know in the art, and include, but are not limited to, high serial passage (for example, in susceptible
host cells under specific environmental conditions to select for attenuated virions), exposure to a mutagenic agent (for
example, a chemical mutagen or radiation), genetic engineering using recombinant DNA technology (for example, using
gene replacement or gene knockout to disable one or more viral genes), or some combination thereof.

In another embodiment, the immune stimulatory composition contains inactivated SARS-CoV. Methods of viral
inactivation are well known in the art, and include, but are not limited to, heat and chemicals (for example,
formalin, .beta.-propiolactone, and ehtylenimines).

In yet another embodiment, the immune stimulatory composition contains a nucleic acid vector that includes SARS-CoV
nucleic acid molecules described herein, or that includes a nucleic acid sequence encoding an immunogenic polypeptide

or polypeptide fragment of SARS-CoV or derived from SARS-CoV, such as a polypeptide that encodes a surface protein
of SARS-CoV.

In a further embodiment, the immune stimulatory composition contains a SARS-CoV subunit, such as glycoprotein, major
capsid protein, or other gene products found to elicit humoral and/or cell mediated immune responses.

The provided immune stimulatory SARS-CoV polypeptides, constructs or vectors encoding such polypeptides, are
combined with a pharmaceutically acceptable carrier or vehicle for administration as an immune stimulatory composition
to human or animal subjects. In some embodiments, more than one immune stimulatory SARS-CoV polypeptide may be
combined to form a single preparation.

The immunogenic formulations may be conveniently presented in unit dosage form and prepared using conventional
pharmaceutical techniques. Such techniques include the step of bringing into association the active ingredient and the
pharmaceutical carrier(s) or excipient(s). In general, the formulations are prepared by uniformly and intimately bringing
into association the active ingredient with liquid carriers. Formulations suitable for parenteral administration include
aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes
which render the formulation isotonic with the blood of the intended recipient; and aqueous and non-aqueous sterile
suspensions which may include suspending agents and thickening agents. The formulations may be presented in unit-dose
or multi-dose containers, for example, sealed ampules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of a sterile liquid carrier, for example, water for injections, immediately prior to use.
Extemporaneous injection solutions and suspensions may be prepared from sterile powders, granules and tablets
commonly used by one of ordinary skill in the art.



In certain embodiments, unit dosage formulations are those containing a dose or unit, or an appropriate fraction thereof, of
the administered ingredient. It should be understood that in addition to the ingredients particularly mentioned above,
formulations encompassed herein may include other agents commonly used by one of ordinary skill in the art.

The compositions provided herein, including those for use as immune stimulatory compositions, may be administered
through different routes, such as oral, including buccal and sublingual, rectal, parenteral, aerosol, nasal, intramuscular,
subcutaneous, intradermal, and topical. They may be administered in different forms, including but not limited to
solutions, emulsions and suspensions, microspheres, particles, microparticles, nanoparticles, and liposomes.

The volume of administration will vary depending on the route of administration. By way of example, intramuscular
injections may range from about 0.1 ml to about 1.0 ml. Those of ordinary skill in the art will know appropriate volumes
for different routes of administration.

A relatively recent development in the field of immune stimulatory compounds (for example, vaccines) is the direct
injection of nucleic acid molecules encoding peptide antigens (broadly described in Janeway & Travers, Immunobiology:
The Immune System In Health and Disease, page 13.25, Garland Publishing, Inc., New York, 1997; and McDonnell &
Askari, N. Engl. J. Med. 334:42 45, 1996). Vectors that include nucleic acid molecules described herein, or that include a
nucleic acid sequence encoding an immunogenic SARS-CoV polypeptide may be utilized in such DNA vaccination
methods.

Thus, the term "immune stimulatory composition" as used herein also includes nucleic acid vaccines in which a nucleic
acid molecule encoding a SARS-CoV polypeptide is administered to a subject in a pharmaceutical composition. For
genetic immunization, suitable delivery methods known to those skilled in the art include direct injection of plasmid DNA
into muscles (Wolff et al., Hum. Mol. Genet. 1:363, 1992), delivery of DNA complexed with specific protein carriers (Wu
et al., J. Biol. Chem. 264:16985, 1989), co-precipitation of DNA with calcium phosphate (Benvenisty and Reshef, Proc.
Natl. Acad. Sci. 83:9551, 1986), encapsulation of DNA in liposomes (Kaneda et al., Science 243:375, 1989), particle
bombardment (Tang et al., Nature 356:152, 1992; Eisenbraun et al., DNA Cell Biol. 12:791, 1993), and in vivo infection
using cloned retroviral vectors (Seeger et al., Proc. Natl. Acad. Sci. 81:5849, 1984). Similarly, nucleic acid vaccine
preparations can be administered via viral carrier.

The amount of immunostimulatory compound in each dose of an immune stimulatory composition is selected as an
amount that induces an immunostimulatory or immunoprotective response without significant, adverse side effects. Such
amount will vary depending upon which specific immunogen is employed and how it is presented. Initial injections may
range from about 1 .mu.g to about 1 mg, with some embodiments having a range of about 10 .mu.g to about 800 .mu.g,
and still other embodiments a range of from about 25 .mu.g to about 500 .mu.g. Following an initial administration of the
immune stimulatory composition, subjects may receive one or several booster administrations, adequately spaced. Booster
administrations may range from about 1 .mu.g to about 1 mg, with other embodiments having a range of about 10 .mu.g to
about 750 .mu.g, and still others a range of about 50 .mu.g to about 500 .mu.g. Periodic boosters at intervals of 1 5 years,
for instance three years, may be desirable to maintain the desired levels of protective immunity.

It is also contemplated that the provided immunostimulatory molecules and compositions can be administered to a subject
indirectly, by first stimulating a cell in vitro, which stimulated cell is thereafter administered to the subject to elicit an
immune response. Additionally, the pharmaceutical or immune stimulatory compositions or methods of treatment may be
administered in combination with other therapeutic treatments.

VIII. Kits

Also provided herein are kits useful in the detection and/or diagnosis of SARS-CoV. This includes kits for use with
nucleic acid and protein detection methods, such as those disclosed herein.

The SARS-CoV-specific oligonucleotide primers and probes described herein can be supplied in the form of a kit for use

in detection of SARS-CoV. In such a kit, an appropriate amount of one or more of the oligonucleotides is provided in one
or more containers, or held on a substrate. An oligonucleotide primer or probe can be provided in an aqueous solution or

as a freeze-dried or lyophilized powder, for instance. The container(s) in which the oligonucleotide(s) are supplied can be
any conventional container that is capable of holding the supplied form, for instance, microfuge tubes, ampoules, or



bottles. In some applications, pairs of primers are provided in pre-measured single use amounts in individual (typically
disposable) tubes or equivalent containers. With such an arrangement, the sample to be tested for the presence of a SARS-
CoV nucleic acid can be added to the individual tubes and amplification carried out directly.

The amount of each oligonucleotide supplied in the kit can be any appropriate amount, and can depend on the market to
which the product is directed. For instance, if the kit is adapted for research or clinical use, the amount of each
oligonucleotide primer provided would likely be an amount sufficient to prime several PCR amplification reactions.
General guidelines for determining appropriate amounts can be found, for example, in Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001; Ausubel et al.
(eds.), Short Protocols in Molecular Biology, John Wiley and Sons, New York, N.Y., 1999; and Innis et al., PCR
Applications, Protocols for Functional Genomics, Academic Press, Inc., San Diego, Calif., 1999. A kit can include more
than two primers, in order to facilitate the amplification of a larger number of SARS-CoV nucleotide sequences.

In some embodiments, kits also include one or more reagents necessary to carry out in vitro amplification reactions,
including DNA sample preparation reagents, appropriate buffers (for example, polymerase buffer), salts (for example,
magnesium chloride), and deoxyribonucleotides (ANTPs).

Kits can include either labeled or unlabeled oligonucleotide primers and/or probes for use in detection of SARS-CoV
nucleotide sequences. The appropriate sequences for such a probe will be any sequence that falls between the annealing
sites of the two provided oligonucleotide primers, such that the sequence that the probe is complementary to is amplified
during the amplification reaction.

One or more control sequences for use in the amplification reactions also can be supplied in the kit. In other particular
embodiments, the kit includes equipment, reagents, and instructions for extracting and/or purifying nucleotides from a
sample.

Kits for the detection of SARS-CoV antigen include for instance at least one SARS-CoV antigen-specific binding agent
(for example, a polyclonal or monoclonal antibody or antibody fragment). The kits may also include means for detecting
antigen:specific binding agent complexes, for instance the specific binding agent may be detectably labeled. If the specific
binding agent is not labeled, it may be detected by second antibodies or protein A, for example, which may also be
provided in some kits in one or more separate containers. Such techniques are well known.

Another example of an assay kit provided herein is a recombinant SARS-CoV-specific polypeptide (or fragment thereof)
as an antigen and an enzyme-conjugated anti-human antibody as a second antibody. Examples of such kits also can
include one or more enzymatic substrates. Such kits can be used to test if a sample from a subject contains antibodies
against a SARS-CoV-specific protein.

The subject matter of the present disclosure is further illustrated by the following non-limiting Examples.

EXAMPLES

Example 1

Isolation and Characterization of SARS-CoV

Virus Isolation and Ultrastructural Characterization

This example describes the original isolation and characterization of a new human coronavirus from patients with SARS.
A variety of clinical specimens (blood, serum, material from oropharyngeal swabs or washings, material from
nasopharyngeal swabs, and tissues of major organs collected at autopsy) from patients meeting the case definition of
SARS were sent to the Centers for Disease Control and Prevention (CDC) as part of the etiologic investigation of SARS.
These samples were inoculated onto a number of continuous cell lines, including Vero E6, NCI-H292, MDCK, LLC-

MK?2, and B95-8 cells, and into suckling ICR mice by the intracranial and intraperitoneal routes. All cultures were
observed daily for CPE. Maintenance medium was replenished at day seven, and cultures were terminated fourteen days



after inoculation. Any cultures exhibiting identifiable CPE were subjected to several procedures to identify the cause of
the effect. Suckling mice were observed daily for fourteen days, and any sick or dead mice were further tested by
preparing a brain suspension that was filtered and subcultured. Mice that remained well after fourteen days were killed,
and their test results were recorded as negative.

Two cell lines, Vero E6 cells and NCI-H292 cells, inoculated with oropharyngeal specimens from Patient 16 (a 46 year
old male physician with an epidemiologic link to a hospital with multiple SARS patients) initially showed CPE (Table 1)

TABLE-US-00003 TABLE 1 Specimens from patients with SARS that were positive for SARS-CoV by one or more
methods*. Exposure Findings Patient and on Chest Hospital- Serologic No. Setting Age/Sex Radiograph ization Results
Specimen Isolation RT-PCR 1 Singapore, 53 yr/F Pneumonia Yes + Nasal, - Not done hospital oropharyngeal swabs
2.dagger. Hong 36 yr/F Pneumonia Yes + Nasal, swab - Not done Kong, hotel 3 Hong 22 yr/M Pneumonia Yes + Swab - -
Kong, hotel 4.dagger. Hong 39 yr/M Pneumonia Yes + Nasal, - - Kong, pharyngeal hotel swab 5 Hong 49 Yr/M
Pneumonia Yes Not done Sputum + + Kong, hotel 6.dagger-dbl. Hong 46 yr/M Pneumonia Yes + Kidney, lung, +.sctn. +
Kong, bronchoalveolar hotel lavage 7 Vietnam, Adult/ Pneumonia Yes - Oropharyngeal + + hospital unknown wash 8
Vietnam, Adult/ Pneumonia Yes - Oropharyngeal - + hospital unknown wash 9 Vietnam, Adult/ Pneumonia Yes -
Oropharyngeal - + hospital unknown wash 10 Vietnam, Adult/ Pneumonia Yes - Oropharyngeal - + hospital unknown
wash 11 Vietnam, Adult/ Pneumonia Yes - Oropharyngeal - + hospital unknown wash 12 Vietnam, Adult/ Pneumonia Yes
- Oropharyngeal - + hospital unknown wash 13 Vietnam, Adult/ Pneumonia Yes - Oropharyngeal + + hospital unknown
wash 14 Vietnam, Adult/ Pneumonia Yes - Oropharyngeal - + hospital unknown wash 15 Vietnam, Adult/ Pneumonia Yes
- Oropharyngeal - + hospital unknown wash 16 Vietnam, 46 yr/M Pneumonia Yes + Nasal, + + hospital oropharyngeal
swabs 17 Canada, 43 yr/M Pneumonia Yes Not done Lung, bone - family marrow 18 Taiwan, 51 yr/F Pneumonia Yes -
Sputum - + family 19 Hong Adult/F Pneumonia Yes + Oropharyngeal - + Kong, wash hotel *Plus signs denote positive
results, and minus signs negative results. The serologic and RT-PCR assays were not necessarily performed on samples
obtained at the same time. .dagger.This was a late specimen, antibody positive at first sample. .dagger-dbl.Travel included
China, Hong Kong (hotel), and Hanoi (the patient was the index patient in the French Hospital). .sctn.Isolation was from
the kidney only. Isolation was from the oropharyngeal only.

The CPE in the Vero EG6 cells was first noted on the fifth day post-inoculation; it was focal, with cell rounding and a
refractive appearance in the affected cells that was soon followed by cell detachment (FIG. 1A). The CPE spread quickly
to involve the entire cell monolayer within 24 to 48 hours. Subculture of material after preparation of a master seed stock
(used for subsequent antigen production) resulted in the rapid appearance of CPE, as noted above, and in complete
destruction of the monolayer in the inoculated flasks within 48 hours. Similar CPE was also noted in four additional
cultures: three cultures of respiratory specimens (two oropharyngeal washes and one sputum specimen) and one culture of
a suspension of kidney tissue obtained at autopsy. In these specimens, the initial CPE was observed between day two and
day four and, as noted above, the CPE rapidly progressed to involve the entire cell monolayer.

Tissue culture samples showing CPE were prepared for electron-microscopical examination. Negative-stain electron-
microscopical specimens were prepared by drying culture supernatant, mixed 1:1 with 2.5% paraformaldehyde, onto
Formvarcarbon-coated grids and staining with 2% methylamine tungstate. Thin-section electron-microscopical specimens
were prepared by fixing a washed cell pellet with 2.5% glutaraldehyde and embedding the cell pellet in epoxy resin. In
addition, a master seed stock was prepared from the remaining culture supernatant and cells by freeze-thawing the culture
flask, clarifying the thawed contents by centrifugation at 1000.times.g, and dispensing the supernatant into aliquots stored
in gas phase over liquid nitrogen. The master seed stock was subcultured into 850-cm.sup.2 roller bottles of Vero E6 cells
for the preparation of formalin-fixed positive control cells for immunohistochemical analysis, mixed with normal Vero E6
cells, and gamma-irradiated for preparation of spot slides for IFA tests or extracted with detergent and gamma-irradiated
for use as an ELISA antigen for antibody tests.

Examination of CPE-positive Vero E6 cells by thin-section electron microscopy revealed characteristic coronavirus
particles within the cisternae of the rough endoplasmic reticulum and in vesicles (FIG. 2A) (Becker et al., J. Virol. 1:1019
27,1967; Oshiro et al. J. Gen. Virol. 12:161 8, 1971). Extracellular particles were found in large clusters and adhering to
the surface of the plasma membrane. Negative-stain electron microscopy identified coronavirus particles, 80 to 140 nm in
diameter, with 20- to 40-nm complex surface projections surrounding the periphery (FIG. 2B). Hemagglutinin esterase-
type glycoprotein projections were not seen.



The isolation and growth of a human-derived coronavirus in Vero E6 cells were unexpected. The previously known
human coronaviruses are notably fastidious, preferring select cell lines, organ culture, or suckling mice for propagation.
The only human or animal coronavirus which has been shown to grow in Vero E6 cells is PEDV, and it requires the
addition of trypsin to culture medium for growth in the cells. Moreover, PEDV adapted to growth in Vero E6 cells results
in a strikingly different CPE, with cytoplasmic vacuoles and the formation of large syncytia. Syncytial cells were only
observed occasionally in monolayers of Vero E6 cells infected with the SARS-CoV; they clearly do not represent the
dominant CPE.

Reverse Transcription-Polymerase Chain Reaction and Sequencing

For RT-PCR assays, cell-culture supernatants were placed in lysis buffer. RNA extracts were prepared from 100 .mu.l of
each specimen (or culture supernatant) with the automated NucliSens extraction system (bioMerieux, Durham, N.C.).
Initially, degenerate, inosine-containing primers IN-2 (+) 55GGGTTGGGACTA TCCTAAGTGTGA3' (SEQ ID NO: 34)
and IN-4 (-) STAACACACAACICCATCA TCA3' (SEQ ID NO: 35) were designed to anneal to sites encoding conserved
amino acid motifs that were identified on the basis of alignments of available coronavirus ORFla, ORF1b, S, HE, M, and
N gene sequences. Additional, SARS-specific, primers Cor-p-F2 (+) 5SSCTAACATGCTTAGGATAATGG?3' (SEQ ID NO:
13), Cor-p-F3 (+) 5'GCCTCTCTTGTTCTTGCTCGC3' (SEQ ID NO: 14), and Cor-p-R1 (-)
5'CAGGTAAGCGTAAAACTCATC3 (SEQ ID NO: 15) were designed as sequences were generated from RT-PCR
products amplified with the degenerate primers. These SARS-specific primers were used to test patient specimens for
SARS (see below). Primers used for specific amplification of human metapneumovirus have been described by Falsey et
al. (J. Infect. Dis. 87:785 90, 2003).

For RT-PCR products of less than 3 kb, cDNA was synthesized in a 20 .mu.l reaction mixture containing 500 ng of RNA,
200 U of Superscript. TM. II reverse transcriptase (Invitrogen Life Technologies, Carlsbad, Calif.), 40 U of RNasin
(Promega Corp., Madison, Wis.), 100 mM each dNTP (Roche Molecular Biochemicals, Indianapolis, Ind.), 4 .mu.l of
5.times. reaction buffer (Invitrogen Life Technologies, Carlsbad, Calif.), and 200 pmol of the reverse primer. The reaction
mixture, except for the reverse transcriptase, was heated to 70.degree. C. for 2 minutes, cooled to 4.degree. C. for 5
minutes and then heated to 42.degree. C. in a thermocycler. The mixture was held at 42.degree. C. for 4 minutes, and then
the reverse transcriptase was added, and the reactions were incubated at 42.degree. C. for 45 minutes. Two microliters of
the cDNA reaction was used in a 50 .mu.l PCR reaction containing 67 mM Tris-HCI (pH 8.8), 1 mM each primer, 17 mM
ammonium sulfate, 6 mM EDTA, 2 mM MgCl.sub.2, 200 mM each dNTP, and 2.5 U of Taq DNA polymerase (Roche
Molecular Biochemicals, Indianapolis, Ind.). The thermocycler program for the PCR consisted of 40 cycles of
denaturation at 95.degree. C. for 30 seconds, annealing at 42.degree. C. for 30 seconds, and extension at 65.degree. C. for
30 seconds. For SARS-CoV-specific primers, the annealing temperature was increased to 55.degree. C.

For amplification of fragments longer than 3 kb, regions of the genome between sections of known sequence were
amplified by means of a long RT-PCR protocol and SARS-CoV-specific primers. First-strand cDNA synthesis was
performed at 42.degree. C. or 50.degree. C. using Superscript. TM. II RNase H reverse transcriptase (Invitrogen Life
Technologies, Carlsbad, Calif.) according to the manufacturer's instructions with minor modifications. Coronavirus-
specific primers (500 ng) and SARS-CoV RNA (350 ng) were combined with the PCR Nucleotide Mix (Roche Molecular
Biochemicals, Indianapolis, Ind.), heated for 1 minute at 94.degree. C., and cooled to 4.degree. C. in a thermocycler. The
5.times. first-strand buffer, dithiothreitol (Invitrogen Life Technologies, Carlsbad, Calif.), and Protector RNase Inhibitor
(Roche Molecular Biochemicals, Indianapolis, Ind.) were added, and the samples were incubated at 42.degree. C. or
50.degree. C. for 2 minutes. After reverse transcriptase (200 U) was added, the samples were incubated at 42.degree. C. or
50.degree. C. for 1.5 to 2 hours. Samples were inactivated at 70.degree. C. for 15 minutes and subsequently treated with 2
U of RNase H (Roche Molecular Biochemicals, Indianapolis, Ind.) at 37.degree. C. for 30 minutes. Long RT-PCR
amplification of 5- to 8-kb fragments was performed using Taq Plus Precision (Stratagene, La Jolla, Calif.) and AmpliWax
PCR Gem 100 beads (Applied Biosystems; Foster City, Calif.) for "hot start" PCR with the following thermocycling
parameters: denaturation at 94.degree. C. for 1 minute followed by 35 cycles of 94.degree. C. for 30 seconds, 55.degree.
C. for 30 seconds, an increase of 0.4 degrees per second up to 72.degree. C., and 72.degree. C. for 7 to 10 minutes, with a
final extension at 72.degree. C. for 10 minutes. RT-PCR products were separated by electrophoresis on 0.9% agarose TAE
gels and purified by use of a QIAquick Gel Extraction Kit (Qiagen, Inc., Santa Clarita, Calif.).



In all cases, the RT-PCR products were gel-isolated and purified for sequencing by means of a QIAquick Gel Extraction
kit (Qiagen, Inc., Santa Clarita, Calif.). Both strands were sequenced by automated methods, using fluorescent dideoxy-
chain terminators (Applied Biosystems; Foster City, Calif.).

The sequence of the leader was obtained from the subgenomic mRNA coding for the N gene and from the 5' terminus of
genomic RNA. The 5' rapid amplification of cDNA ends (RACE) technique (Harcourt et al., Virology 271:334 49, 2000)
was used with reverse primers specific for the N gene or for the 5' untranslated region. RACE products were either
sequenced directly or were cloned into a plasmid vector before sequencing. A primer that was specific for the leader of
SARS-CoV was used to amplify the region between the 5'-terminus of the genome and known sequences in the rep gene.
The 3'-terminus of the genome was amplified for sequencing by use of an oligo-(dT) primer and primers specific for the N
gene.

Once the complete SARS-CoV genomic sequence had been determined, it was confirmed by sequencing a series of
independently amplified RT-PCR products spanning the entire genome. Positive- and negative-sense sequencing primers,
at intervals of approximately 300 nt, were used to generate a confirmatory sequence with an average redundancy of 9.1.
The confirmatory sequence was identical to the original sequence. The genomic sequence (SEQ ID NO: 1) was published
in the GenBank sequence database (Accession No. AY278741) on Apr. 21, 2003.

Sequence Analysis

Predicted amino acid sequences were compared with those from reference viruses representing each species for which
complete genomic sequence information was available: group 1 representatives included human coronavirus 229E
(GenBank Accession No. AF304460), porcine epidemic diarrhea virus (GenBank Accession No. AF353511), and
transmissible gastroenteritis virus (GenBank Accession No. AF271965); group 2 representatives included bovine
coronavirus (GenBank Accession No. AF220295) and mouse hepatitis virus (GenBank Accession No. AF201929); group
3 was represented by infectious bronchitis virus (GenBank Accession No. M95169). Sequences for representative strains
of other coronavirus species for which partial sequence information was available were included for some of the structural
protein comparisons: group 1 representative strains included canine coronavirus (GenBank Accession No. D13096), feline
coronavirus (GenBank Accession No. AY204704), and porcine respiratory coronavirus (GenBank Accession No.
724675); and group 2 representatives included three strains of human coronavirus OC43 (GenBank Accession Nos.
M76373,L.14643 and M93390), porcine hemagglutinating encephalomyelitis virus (GenBank Accession No. AY078417),
and rat coronavirus (GenBank Accession No. AF207551).

Partial nucleotide sequences of the polymerase gene were aligned with published coronavirus sequences, using CLUSTAL
W for Unix (version 1.7; Thompson et al., Nucleic Acids Res. 22:4673 80, 1994). Phylogenetic trees were computed by
maximum parsimony, distance, and maximum likelihood-based criteria analysis with PAUP (version 4.0.d10; Swofford
ed., Phylogenetic Analysis using Parsimony and other Methods, Sinauer Associates, Sunderland, Mass.). When compared
with other human and animal coronaviruses, the nucleotide and deduced amino acid sequence from this region had
similarity scores ranging from 0.56 to 0.63 and from 0.57 to 0.74, respectively. The highest sequence similarity was
obtained with group II coronaviruses. The maximum-parsimony tree obtained from the nucleotide-sequence alignment is
shown in FIG. 3. Bootstrap analyses of the internal nodes at the internal branches of the tree provided strong evidence that
the SARS-CoV is genetically distinct from other known coronaviruses.

Microarray analyses (using a long oligonucleotide DNA microarray with array elements derived from highly conserved
regions within viral families) of samples from infected and uninfected cell cultures gave a positive signal for a group of
eight oligonucleotides derived from two virus families: Coronaviridae and Astroviridae (Wang et al., PNAS 99:15687 92,
2002). All of the astroviruses and two of the coronavirus oligonucleotides share a consensus sequence motif that maps to
the extreme 3'-end of astroviruses and two members of the coronavirus family: avian infectious bronchitis and turkey
coronavirus (Jonassen et al., J. Gen. Virol. 79:715 8, 1998). Results were consistent with the identity of the isolate as a
coronavirus.

Additional sequence alignments and neighbor-joining trees were generated by using ClustalX (Thompson et al., Nucleic
Acids Res. 25:4876 82, 1997), version 1.83, with the Gonnet protein comparison matrix. The resulting trees were adjusted
for final output by using treetool version 2.0.1. Uncorrected pairwise distances were calculated from the aligned sequences
by using the Distances program from the Wisconsin Sequence Analysis Package, version 10.2 (Accelrys, Burlington,



Mass.). Distances were converted to percent identity by subtracting from 100. The amino acid sequences for three well-
defined enzymatic proteins encoded by the rep gene and the four major structural proteins of SARS-CoV were compared
with those from representative viruses for each of the species of coronavirus for which complete genomic sequence
information was available (FIG. 4, Table 2). The topologies of the resulting phylograms are remarkably similar (FIG. 4).
For each protein analyzed, the species formed monophyletic clusters consistent with the established taxonomic groups. In
all cases, SARS-CoV sequences segregated into a fourth, well-resolved branch. These clusters were supported by
bootstrap values above 90% (1000 replicates). Consistent with pairwise comparisons between the previously characterized
coronavirus species (Table 2), there was greater sequence conservation in the enzymatic proteins (3CL.sup.pro,
polymerase (POL), and helicase (HEL)) than among the structural proteins (S, E, M, and N). These results indicate that
SARS-CoV is not closely related to any of the previously characterized coronaviruses and forms a distinct group within
the genus Coronavirus.

TABLE-US-00004 TABLE 2 Pairwise amino acid identities of coronavirus proteins. Group Virus 3CLPRO POL HEL S E
M N Pairwise Amino Acid Identity (Percent) G1 HCoV-229E 40.1 58.8 59.7 23.9 22.7 28.8 23.0 PEDV 44.4 59.5 61.7
21.717.631.822.6 TGEV 44.0 59.4 61.220.6 22.4 30.0 25.6 G2 BCoV 48.8 66.3 68.3 27.1 20.0 39.7 31.9 MHV 49.2
66.567.326.521.139.033.0G31IBV 41.362.558.621.818.427.224.0 Predicted Protein Length (aa) SARS-CoV 306
932 601 1255 76 221 422 CoV Range 302 307 923 940 506 600 1173 1452 76 108 225 262 377 454

Example 2
Detection of SARS-CoV in a Subject
This example demonstrates the detection of SARS-CoV in patient specimens using SARS-CoV-specific primers.

The SARS-specific primers Cor-p-F2 (SEQ ID NO: 13), Cor-p-F3 (SEQ ID NO: 14) and Cor-p-R1 (SEQ ID NO: 15)
were used to test patient specimens for SARS. One primer for each set was 5'-end-labeled with 6-FAM to facilitate
GeneScan analysis. One-step amplification reactions were performed with the Access RT-PCR System (Promega,
Madison, Wis.) as described by Falsey et al., J. Infect. Dis. 87:785 90, 2003. Positive and negative RT-PCR controls,
containing standardized viral RNA extracts, and nuclease-free water were included in each run. Amplified 6-FAM-labeled
products were analyzed by capillary electrophoresis on an ABI 3100 Prism Genetic Analyzer with GeneScan software
(version 3.1.2; Applied Biosystems; Foster City, Calif.). Specimens were considered positive for SARS-CoV if the
amplification products were within one nucleotide of the expected product size (368 nucleotides for Cor-p-F2 or Cor-p-R1
and 348 nucleotides for Cor-p-F3 or Cor-p-R1) for both specific primer sets, as confirmed by a second PCR reaction from
another aliquot of RNA extract in a separate laboratory. Where DNA yield was sufficient, the amplified products were also
sequenced. Additionally, as described above, microarray-based detection of SARS-CoV in patient specimens was carried
out (Wang et al., PNAS 99:15687 92, 2002 and Bohlander et al., Genomics 13:1322 24, 1992).

Example 3

Immunohistochemical and Histopathological Analysis, and Electron-Microscopical Analysis of Bronchoalveolar Lavage
Fluid

This example illustrates immunohistochemical, histopathological and electron-microscopical analysis of Vero E6 cells
infected with the SARS-CoV and tissue samples from SARS patients.

Formalin-fixed, paraffin-embedded Vero E6 cells infected with the SARS-CoV and tissues obtained from patients with
SARS were stained with hematoxylin and eosin and various immunohistochemical stains. Immunohistochemical assays
were based on a method described previously for hantavirus (Zaki et al., Amer. J. Pathol. 146:552 79, 1995). Briefly,
4-.mu.m sections were deparaffinized, rehydrated, and digested in Proteinase K for 15 minutes. Slides were then incubated
for 60 minutes at room temperature with monoclonal antibodies, polyclonal antiserum or ascitic fluids derived from
animal species with reactivities to various known coronaviruses, and with a convalescent-phase serum specimen from a
patient with SARS.

Optimal dilutions of the primary antibodies were determined by titration experiments with coronavirus-infected cells from
patients with SARS and with noninfected cells or, when available, with concentrations recommended by the



manufacturers. After sequential application of the appropriate biotinylated link antibody, avidin-alkaline phosphatase
complex, and naphthol-fast red substrate, sections were counterstained in Mayer's hematoxylin and mounted with aqueous
mounting medium. The following antibody and tissue controls were used: serum specimens from noninfected animals,
various coronavirus-infected cell cultures and animal tissues, noninfected cell cultures, and normal human and animal
tissues. Tissues from patients were also tested by immunohistochemical assays for various other viral and bacterial
pulmonary pathogens. In addition, a BAL specimen was available from one patient for thin-section electron-microscopical
evaluation.

Lung tissues were obtained from the autopsy of three patients and by open lung biopsy of one patient, 14 19 days
following onset of SARS symptoms. Confirmatory laboratory evidence of infection with coronavirus was available for
two patients (patients 6 and 17) and included PCR amplification of coronavirus nucleic acids from tissues, viral isolation
from BAL fluid or detection of serum antibodies reactive with coronavirus (Table 1). For two patients, no samples were
available for molecular, cell culture, or serological analysis; however, both patients met the CDC definition for probable
SARS cases and had strong epidemiologic links with laboratory-confirmed SARS cases. Histopathologic evaluation of
lung tissues of the four patients showed diffuse alveolar damage at various levels of progression and severity. Changes
included hyaline membrane formation, interstitial mononuclear inflammatory infiltrates, and desquamation of
pneumocytes in alveolar spaces (FIG. 5A). Other findings identified in some patients included focal intraalveolar
hemorrhage, necrotic inflammatory debris in small airways, and organizing pneumonia. Multinucleated syncytial cells
were identified in the intraalveolar spaces of two patients who died 14 and 17 days, respectively, after onset of illness.
These cells contained abundant vacuolated cytoplasm with cleaved and convoluted nuclei. No obvious intranuclear or
intracytoplasmic viral inclusions were identified (FIG. 5B), and electron-microscopical examination of a limited number
of these syncytial cells revealed no coronavirus particles. No definitive immunostaining was identified in tissues from
SARS patients with the use of a battery of immunohistochemical stains reactive with coronaviruses from antigenic groups
I, II, and III. In addition, no staining of patient tissues was identified with the use of immunohistochemical stains for
influenzaviruses A and B, adenoviruses, Hendra and Nipah viruses, human metapneumovirus, respiratory syncytial virus,
measles virus, Mycoplasma pneumoniae, and Chlamydia pneumoniae.

Evaluation of Vero E6 cells infected with coronavirus isolated from a patient with SARS revealed viral CPE that included
occasional multinucleated syncytial cells but no obvious viral inclusions (FIG. 5C). Immunohistochemical assays with
various antibodies reactive with coronaviruses from antigenic group I, including HCoV-229E, FIPV and TGEV, and with
an immune serum specimen from a patient with SARS, demonstrated strong cytoplasmic and membranous staining of
infected cells (FIG. 5C and Table 3); however, cross-reactivity with the same immune human serum sample and FIPV
antigen was not observed. No staining was identified with any of several monoclonal or polyclonal antibodies reactive
with coronaviruses in antigenic group II (HCoV-OC43, BCoV and MHV) or group III (TCoV and IBV-Avian). Electron
microscopical examination of a BAL fluid from one patient revealed many coronavirus-infected cells (FIGS. 6A B).

TABLE-US-00005 TABLE 3 Immunohistochemical reactivities of various polyclonal group I anti- coronavirus reference
antiserum samples with a coronavirus isolated from a patient with SARS and with selected antigenic group I
coronaviruses. Immunohistochemical reactivity of antiserum with coronavirus-infected culture cells HCoV-229E SARS-
CoV (mouse 3T3- FIPV-1 Antiserum (Vero E6) hAPN) (BHK-fAPN) Convalescent- + + - phase SARS (patient 3) Guinea
pig anti- + + - HCoV-229E Rabbit anti- + + + HCoV-229E Feline anti- + + + FIPV-1 Porcine anti- + - + TGEV

Example 4
SARS-CoV Serologic Analysis
This example illustrates representative methods of performing serological analysis of SARS-CoV.

Spot slides were prepared by applying 15 .mu.l of the suspension of gamma-irradiated mixed infected and noninfected
cells onto 12-well Teflon-coated slides. Slides were allowed to air dry before being fixed in acetone. Slides were then
stored at -70.degree. C. until used for IFA tests (Wulff and Lange, Bull. WHO 52:429 36, 1975). An ELISA antigen was
prepared by detergent extraction and subsequent gamma irradiation of infected Vero E6 cells (Ksiazek et al., J. Infect. Dis.
179 (suppl. 1):S191 8, 1999). The optimal dilution (1:1000) for the use of this antigen was determined by checkerboard
titration against SARS patient serum from the convalescent phase; a control antigen, similarly prepared from uninfected
Vero E6 cells, was used to control for specific reactivity of tested sera. The conjugates used were goat antihuman IgG,



IgA, and IgM conjugated to fluorescein isothiocyanate and horseradish peroxidase (Kirkegaard and Perry, Gaithersburg,
Md.), for the IFA test and ELISA, respectively. Specificity and cross-reactivity of a variety of serum samples to the newly
identified virus were evaluated by using the tests described herein. For this evaluation, serum from SARS patients in
Singapore, Bangkok and Hong Kong was used, along with serum from healthy blood donors from the CDC serum bank
and from persons infected with known human coronavirus (human coronaviruses OC43 and 229E) (samples provided by
E. Walsh and A. Falsey, University of Rochester School of Medicine and Dentistry, Rochester, N.Y.).

Spot slides with infected cells reacted with serum from patients with probable SARS in the convalescent phase (FIG. 1B).
Screening of a panel of serum from patients with suspected SARS from Hong Kong, Bangkok, Singapore as well as the
United States showed a high level of specific reaction with infected cells, and conversion from negative to positive
reactivity or diagnostic rises in the IFA test by a factor of four. Similarly, tests of these same serum samples with the
ELISA antigen showed high specific signal in the convalescent-phase samples and conversion from negative to positive
antibody reactivity or diagnostic increases in titer (Table 4).

TABLE-US-00006 TABLE 4 Results of serological testing with both IFA assay and ELISA in SARS patients tested
against the newly isolated human coronavirus. Source Serum No. Days After Onset ELISA Titer* IFA Titer* Hong Kong
1.1 4 <100 <25 Hong Kong 1.2 13 .gtoreq.6400 1600 Hong Kong 2.1 11 400 100 Hong Kong 2.2 16 1600 200 Hong
Kong 3.1 7 <100 <25 Hong Kong 3.2 17 .gtoreq.6400 800 Hong Kong 4.1 8 <100 <25 Hong Kong 4.2 13 1600 50 Hong
Kong 5.1 10 100 <25 Hong Kong 5.2 17 .gtoreq.6400 1600 Hong Kong 6.1 12 1600 200 Hong Kong 6.2 20 .gtoreq.6400
6400 Hong Kong 7.1 17 400 50 Hong Kong 7.2 24 .gtoreq.6400 3200 Hong Kong 8.1 3 <100 <25 Hong Kong 8.2

15 .gtoreq.6400 200 Hong Kong 9.1 5 <100 <25 (Hanoi) Hong Kong 9.2 11 .gtoreq.6400 1600 Bangkok 1.1 2 <100 <25
Bangkok 1.2 4 <100 <25 Bangkok 1.3 7 <100 <25 Bangkok 1.4 15 1600 200 United States 1.1 2 <100 <25 United States
1.2 6 400 50 United States 1.3 13 .gtoreq.6400 800 Singapore 1.1 2 100 <25 Singapore 1.2 11 .gtoreq.6400 800 Singapore
2.1 6 100 <25 Singapore 2.2 25 .gtoreq.6400 400 Singapore 3.1 6 100 <25 Singapore 3.2 14 .gtoreq.6400 400 Singapore
4.1 5100 <25 Singapore 4.2 16 1600 400 *Reciprocal of dilution

Information from the limited numbers of samples tested suggests that antibody is first detectable by IFA assay and ELISA
between one and two weeks after the onset of symptoms in the patient. IFA testing and ELISA of a panel of 384 randomly
selected serum samples (from U.S. blood donors) were negative for antibodies to the new coronavirus, with the exception
of one specimen that had minimal reactivity on ELISA. A panel of paired human serum samples with diagnostic increases
(by a factor of four or more) in antibody (with very high titers to the homologous viral antigen in the convalescent-phase
serum) to the two known human coronaviruses, OC43 (13 pairs) and 229E (14 pairs), showed no reactivity in either acute-
or convalescent-phase serum with the newly isolated coronavirus by either the IFA test or the ELISA.

Example 5
Poly(A).sup.+ RNA Isolation and Northern Hybridization

This example illustrates a representative method of Northern hybrididization to detect SARS-CoV messages in Vero E6
cells.

Total RNA from infected or uninfected Vero E6 cells was isolated with Trizol reagent (Invitrogen Life Technologies,
Carlsbad, Calif.) used according to the manufacturer's recommendations. Poly(A).sup.+ RNA was isolated from total
RNA by use of the Oligotex Direct mRNA Kit (Qiagen, Inc., Santa Clarita, Calif.), following the instructions for the batch
protocol, followed by ethanol precipitation. RNA isolated from 1 cm.sup.2 of cells was separated by electrophoresis on a
0.9% agarose gel containing 3.7% formaldehyde, followed by partial alkaline hydrolysis (Ausubel et al. eds. Current
Protocols in Molecular Biology, vol. 1, John Wiley & Sons, Inc., NY, N.Y., Ch. 4.9, 1996). RNA was transferred to a
nylon membrane (Roche Molecular Biochemicals, Indianapolis, Ind.) by vacuum blotting (Bio-Rad, Hercules, Calif.) and
fixed by UV cross-linking. The DNA template for probe synthesis was generated by RT-PCR amplification of SARS-CoV
nt 29,083 to 29,608 (SEQ ID NO: 1), by using a reverse primer containing a T7 RNA polymerase promoter to facilitate
generation of a negative-sense riboprobe. In vitro transcription of the digoxigenin-labeled riboprobe, hybridization, and
detection of the bands were carried out with the digoxigenin system by using manufacturer's recommended procedures
(Roche Molecular Biochemicals, Indianapolis, Ind.). Signals were visualized by chemiluminescence and detected with x-
ray film.



Example 6
SARS-CoV Genome Organization
This example illustrates the genomic organization of the SARS-CoV genome, including the location of SARS-CoV ORFs.

The genome of SARS-CoV is a 29,727-nucleotide, polyadenylated RNA, and 41% of the residues are G or C (range for
published coronavirus complete genome sequences, 37% to 42%). The genomic organization is typical of coronaviruses,
having the characteristic gene order [5'-replicase (rep), spike (S), envelope (E), membrane (M), nucleocapsid (N)-3'] and
short untranslated regions at both termini (FIG. 7A, Table 5). The SARS-CoV rep gene, which comprises approximately
two-thirds of the genome, encodes two polyproteins (encoded by ORF1la and ORF1b) that undergo co-translational
proteolytic processing. There are four ORFs downstream of rep that encode the structural proteins, S, E, M, and N, which
are common to all known coronaviruses. The hemagglutinin-esterase gene, which is present between ORF1b and S in
group 2 and some group 3 coronaviruses (Lai and Holmes, in Fields Virology, eds. Knipe and Howley, Lippincott
Williams and Wilkins, New York, 4.sup.th edition, 2001, Ch. 35), was not found in SARS-CoV.

Coronaviruses also encode a number of non-structural proteins that are located between S and E, between M and N, or
downstream of N. These non-structural proteins, which vary widely among the different coronavirus species, are of
unknown function and are dispensable for virus replication (Lai and Holmes, in Fields Virology, eds. Knipe and Howley,
Lippincott Williams and Wilkins, New York, 4.sup.th edition, 2001, Ch. 35). The genome of SARS-CoV contains ORFs
for five non-structural proteins of greater than 50 amino acids (FIG. 7B, Table 5). Two overlapping ORFs encoding
proteins of 274 and 154 amino acids (termed X1 (SEQ ID NO: 5) and X2 (SEQ ID NO: 6), respectively) are located
between S (SEQ ID NO: 4) and E (SEQ ID NO: 7). Three additional non-structural genes, X3 (SEQ ID NO: 9), X4 (SEQ
ID NO: 10), and X5 (SEQ ID NO: 11) (encoding proteins of 63, 122, and 84 amino acids, respectively), are located
between M (SEQ ID NO: 8) and N (SEQ ID NO: 12). In addition to the five ORFs encoding the non-structural proteins
described above, there are also two smaller ORFs between M and N, encoding proteins of less than 50 amino acids.
Searches of the GenBank database (BLAST and FastA) indicated that there is no significant sequence similarity between
these non-structural proteins of SARS-CoV and any other proteins.

The coronavirus rep gene products are translated from genomic RNA, but the remaining viral proteins are translated from
subgenomic mRNAs that form a 3'-coterminal nested set, each with a 5'-end derived from the genomic 5'-leader sequence.
The coronavirus subgenomic mRNAs are synthesized through a discontinuous transcription process, the mechanism of
which has not been unequivocally established (Lai and Holmes, in Fields Virology, eds. Knipe and Howley, Lippincott
Williams and Wilkins, New York, 4.sup.th edition, 2001, Ch. 35; Sawicki and Sawicki, Adv. Exp. Med. Biol. 440:215 19,
1998). The SARS-CoV leader sequence was mapped by comparing the sequence of 5'-RACE products synthesized from
the N gene mRNA with those synthesized from genomic RNA. A sequence, AAACGAAC (nucleotides 65 72 of SEQ ID
NO: 1), was identified immediately upstream of the site where the N gene mRNA and genomic sequences diverged. This
sequence was also present upstream of ORF1a and immediately upstream of five other ORFs (Table 5), suggesting that it
functions as the conserved core of the transcriptional regulatory sequence (TRS).

In addition to the site at the 5'-terminus of the genome, the TRS conserved core sequence appears six times in the
remainder of the genome. The positions of the TRS in the genome of SARS-CoV predict that subgenomic mRNAs of 8.3,
45,34,2.5,2.0,and 1.7 kb, not including the poly(A) tail, should be produced (FIGS. 7A B, Table 5). At least five
subgenomic mRNAs were detected by Northern hybridization of RNA from SARS-CoV-infected cells, using a probe
derived from the 3'-untranslated region (FIG. 7C). The calculated sizes of the five predominant bands correspond to the
sizes of five of the predicted subgenomic mRNAs of SARS-CoV; the possibility that other, low-abundance mRNAs are
present cannot be excluded. By analogy with other coronaviruses (Lai and Holmes, in Fields Virology, eds. Knipe and
Howley, Lippincott Williams and Wilkins, New York, 4.sup.th edition, 2001, Ch. 35), the 8.3-kb and 1.7-kb subgenomic
mRNAs are monocistronic, directing translation of S and N, respectively, whereas multiple proteins are translated from
the 4.5-kb (X1, X2, and E), 3.4-kb (M and X3), and 2.5-kb (X4 and X5) mRNAs. A consensus TRS is not found directly
upstream of the ORF encoding the predicted E protein, and a monocistronic mRNA that would be predicted to code for E
could not be clearly identified by Northern blot analysis. It is possible that the 3.6-kb band contains more than one mRNA
species or that the monocistronic mRNA for E is a low-abundance message.



TABLE-US-00007 TABLE 5 Locations of SARS-CoV ORFs and sizes of proteins and mRNAs Genome Location
Predicted Size ORF TRS.sup.a ORF Start ORF End Protein (aa) mRNA (nt).sup.b 1a 72 265 13,398 4,378 29,727 1b
13,398 21,482 2,695 S 21,491 21,492 25,256 1,255 8,308 .sup.c X1 25,265 25,268 26,089 274 4,534 .sup.c X2 25,689
26,150 154 E 26,117 26,344 76 M 26,353 26,398 27,060 221 3,446.sup.c X3 27,074 27,262 63 X4 27,272 27,273 27,638
122 2,527 sup.c X5 27,778 27,864 28,115 84 2,021 .sup.d N 28,111 28,120 29,385 422 1,688.sup.c .sup.aThe location is
the 3'-most nucleotide in the consensus TRS, AAACGAAC. .sup.bNot including poly(A). Predicted size is based on the
position of the conserved TRS. .sup.cCorresponding mRNA detected by Northern blot analysis (FIG. 7C) .sup.dNo
mRNA corresponding to utilization of this consensus TRS was detected by Northern blot analysis (FIG. 7C)

Example 7
Real-Time RT-PCR Assay for SARS-CoV Detection

This example demonstrates the use of SARS-CoV-specific primers and probes in a real-time RT-PCR assay to detect
SARS-CoV in patient specimens.

A variant of the real-time format, based on TagMan probe hydrolysis technology (Applied Biosystems, Foster City,
Calif.), was used to analyze a total of 340 clinical specimens collected from 246 persons with confirmed or suspected
SARS-CoV infection. Specimens included oro- and nasopharyngeal swabs (dry and in viral transport media), sputa, nasal
aspirates and washes, BAL, and lung tissue specimens collected at autopsy.

Nucleic Acid Extraction

SARS-CoV nucleic acids were recovered from clinical specimens using the automated NucliSens extraction system
(bioMerieux, Durham, N.C.). Following manufacturer's instructions, specimens received in NucliSens lysis buffer were
incubated at 37.degree. C. for 30 min with intermittent mixing, and 50 .mu.L of silica suspension, provided in the
extraction kit, was added and mixed. The contents of the tube were then transferred to a nucleic acid extraction cartridge
and processed on an extractor workstation. Approximately 40 50 .mu.L of total nucleic acid eluate was recovered into
nuclease-free vials and either tested immediately or stored at -70.degree. C.

Primers and Probes

Multiple primer and probe sets were designed from the SARS-CoV polymerase 1b (nucleic acid 13,398 to 21,482 of SEQ
ID NO: 1) and nucleocapsid gene (nucleic acid 28,120 to 29,385 of SEQ ID NO: 1) sequences by using Primer Express
software version 1.5 or 2.0.0 (Applied Biosystems, Foster City, Calif.) with the following default settings: primer melting
temperature (T.sub.M) set at 60.degree. C.; probe T.sub.M set at 10.degree. C. greater than the primers at approximately
70.degree. C.; and no guanidine residues permitted at the 5' probe termini. All primers and probes were synthesized by
standard phosphoramidite chemistry techniques. TagMan probes were labeled at the 5'-end with the reporter 6-FAM and at
the 3'-end with the quencher Blackhole Quencher 1 (Biosearch Technologies, Inc., Novato, Calif.). Optimal primer and
probe concentrations were determined by cross-titration of serial twofold dilutions of each primer against a constant
amount of purified SARS-CoV RNA. Primer and probe concentrations that gave the highest amplification efficiencies
were selected for further study (Table 6).

TABLE-US-00008 TABLE 6 Primers and probes used for real-time RT-PCR assays.sup.a Genomic Assay ID Primer/
probe Sequence Region Primary diagnostic assay SARS1 F CATGTGTGGCGGCTCACTATAT (SEQ ID NO: 16) RNA
Pol R GACACTATTAGCATAAGCAGTTGTAGCA (SEQ ID NO: 17) PTTAAACCAGGTGGAACATCATCCGGTG
(SEQ ID NO: 18) SARS2 F GGAGCCTTGAATACACCCAAAG (SEQ ID NO: 19) Nucleocapsid R
GCACGGTGGCAGCATTG (SEQ ID NO: 20) P CCACATTGGCACCCGCAATCC (SEQ ID NO: 21) SARS3 F
CAAACATTGGCCGCAAATT (SEQ ID NO: 22) Nucleocapsid R CAATGCGTGACATTCCAAAGA (SEQ ID NO: 23)
P CACAATTTGCTCCAAGTGCCTCTGCA (SEQ ID NO: 24) To confirm positive results N3 F
GAAGTACCATCTGGGGCTGAG (SEQ ID NO: 25) Nucleocapsid R CCGAAGAGCTACCCGACG (SEQ ID NO: 26) P
CTCTTTCATTTTGCCGTCACCACCAC (SEQ ID NO: 27) 3'-NTR F AGCTCTCCCTAGCATTATTCACTG (SEQ ID
NO: 28) 3'-NTR R CACCACATTTTCATCGAGGC (SEQ ID NO: 29) P TACCCTCGATCGTACTCCGCGT (SEQ ID
NO: 30) M F TGTAGGCACTGATTCAGGTTTTG (SEQ ID NO: 31) M protein R CGGCGTGGTCTGTATTTAATTTA



(SEQ ID NO: 32) PCTGCATACAACCGCTACCGTATTGGAA (SEQ ID NO: 33) .sup.aRT-PCR, reverse transcription-
polymerase chain reaction; F, forward primer; R, reverse primer; P, probe; NTR, nontranslated region.

Real-Time RT-PCR Assay

The real-time RT-PCR assay was performed by using the Real-Time One-Step RT-PCR Master Mix (Applied Biosystems,
Foster City, Calif.). Each 25-.mu.L reaction mixture contained 12.5 .mu.L of 2.times. Master Mix, 0.625 .mu.L of the
40.times. MultiScribe and RNase Inhibitor mix, 0.25 .mu.L of 10 .mu.M probe, 0.25 .mu.L each of 50 .mu.M forward and
reverse primers, 6.125 .mu.L of nuclease-free water, and 5 .mu.L of nucleic acid extract. Amplification was carried out in
96-well plates on an iCycler iQ Real-Time Detection System (Bio-Rad, Hercules, Calif.). Thermocycling conditions
consisted of 30 minutes at 48.degree. C. for reverse transcription, 10 minutes at 95.degree. C. for activation of the
AmpliTaq Gold DNA polymerase, and 45 cycles of 15 seconds at 95.degree. C. and 1 minute at 60.degree. C. Each run
included one SARS-CoV genomic template control and at least two no-template controls for the extraction (to check for
contamination during sample processing) and one no-template control for the PCR-amplification step. As a control for
PCR inhibitors, and to monitor nucleic acid extraction efficiency, each sample was tested by real-time RT-PCR for the
presence of the human ribonuclease (RNase) P gene (GenBank Accession No. NM.sub.--006413) by using the following
primers and probe: forward primer 5'-AGATTTGGACCTGCGAGCG-3' (SEQ ID NO: 36); reverse primer 5'-
GAGCGGCTGTCTCCACAAGT-3' (SEQ ID NO: 37); probe 5'-TTCTGACC TGAAGGCTCTGCGCG-3' (SEQ ID NO:
38). The assay reaction was performed identically to that described above except that primer concentrations used were

30 .mu.M each. Fluorescence measurements were taken and the threshold cycle (C.sub.T) value for each sample was
calculated by determining the point at which fluorescence exceeded a threshold limit set at the mean plus 10 standard
deviations above the baseline. A test result was considered positive if two or more of the SARS genomic targets showed
positive results (C.sub.T.ltoreq.45 cycles) and all positive and negative control reactions gave expected values.

While this disclosure has been described with an emphasis upon preferred embodiments, it will be obvious to those of
ordinary skill in the art that variations and equivalents of the preferred embodiments may be used and it is intended that
the disclosure may be practiced otherwise than as specifically described herein. Accordingly, this disclosure includes all
modifications encompassed within the spirit and scope of the disclosure as defined by the claims below.

SEQUENCE LISTINGS

38129727DNACoronavirusmisc_feature(265).(13398)ORF la ttattaggtt ttacctace caggaaaage caaccaacet cgatetetig tagatetgit 60ctctaaacga actitaaaat clglgtaget glegelegge tgeatgecta glgeacetac 120geagtataaa caataatana Uttactgte gligacaaga aacgagtaac teglecetet 180tctgeagact gettacggt legteegtgt tgeagtegat cateageata cetagettte
240gtecgggtgt gaccganagg taagatggag ageetigiic ttgglgteaa cgagaaaaca 300cacgtecaac teagiitgec Igtecticag gitagagacg tgctaglgeg tggetteggg 360gactelglgg aagaggeect ateggaggea cglgaacace caaaaatgg cactigiggt 420ctaglagage tgganaaagg cglactgece cagetigaac ageeetatgt giicattaaa 480cgitelgatg celtaageac caateacgge cacaaggteg
ttgagetggt tgeaganatg S40gacggeattc agtacggleg tageggtata acactgggag tacteglgee acatglggge 600gaaaccecaa tigeataceg caatglictt clicglaaga acggtaataa gggageeggt 660ggicataget atggeatega tetaaagtet tatgactiag glgacgaget tggeactgat 720cceatlgaag attatgaaca aaactggaac actaagealg geagleglge acteegtgaa 780ctcactegty ageteaatgg
aggtgcagte actegetatg tegacaacaa ttctgtgge 840ccagatgggt accetettga ttgeatcaaa gatttteteg cacgegegeg caagteaatg 900tgeactcttt cegaacaact tgattacate gagtegaaga gaggtgteta ctgetgecgt 960gaccatgage atgaaattge ctggticact gagegetetg ataagageta cgageaccag 1020acaccctteg anattaagag tgecaagaaa tttgacactt tcanagggga atgeccaaag
1080tttgtgtttc ctetta; © c: tgagggtt teatggggeg tatacgetet gtgtaceetg ttgeatetee acaggagtgt 1200aacaatatge acttgtetac cttgatgaaa tgtaatcatt gegatgaagt ttcatggeag 1260acgtgegact ttctgaaage cactigtgaa cattgtggea ctgaaaattt agttattgaa 1320ggacctacta catgtgggta cetacctact aatgetgtag tgaaaatgee
atgteetgee 1380tgte cagagatigg acctgage caa ceacteanac 1440atigaaacte gactecgean grgagglage actagatgtt iggageetg tgtgtitgee 1500ttgttgeet getataataa gegtgeetac tgggticete glgetagtge tgatattgee 1560tcaggecata ctggeattac tegtgacaat gtggagacet tgaatgagga leteetigag 1620atactgagte glgaacgtgt taacattaac
atigtiggeg attticattt gaatgaagag 1680gttgecatea ittggeate tietetget tetacaaglg ctttattga cactatanag 1740aglettgatt acaagletit casaaccatt gitgagleet geggtaacta tasagitace 1800aagggaaage ceglaaaagg tgctiggaac atiggacaac agagateagt taacacea 1860ctgltggtt ticceteaca ggetgelggt gitatcagat caatttitge gegeacactt 1920gatgeagea accactcaat
tectgattg caaagageag ctgteaccat actigatggt 1980attictgaac agteattacg tetigtegac gecatggitt atactteaga cetgetcace 2040aacaggtea tattatgee atatgtaact gglgglettg tacaacagac ticteagteg 2100ugtetaate titgggeac tactgiigaa aaacteagge ctatctitga atggatigag 2160gegaaactta glgeaggagt tgaatitcte aaggatgett gggagatict caaatticte 2220attacaggty
ttttgacat cgteaagggt canatacagg tigeticaga taacatcaag 2280gattgtgtaa aatgeticat 1gatgigit aacaaggeac tegaaatglg catigatcaa 2340gicactateg ctggegeana gligegatea cleaactiag glgaagiett catcgetcaa tttaccgtea gigtatacgt agetgeaact acteatgect 2460cttaaggeac canaagaagt aacetictt gaagglgatt cacatgacac agtacttace
2520tctgaggagy g ttgttctcaa gaacggtgaa ctegaageac tegagacgee cgtigatage 2580tteacaaatg gagetategt tggeacacca gietgtgtaa atggecteat getcttagag 2640attaaggaca aagaacaata ctgegeattg teteetggtt tactggetac aaacaatgte 2700tttegettaa aagggggtee accaattaaa ggtgtaacct ttggagaaga tactgtitgg 2760gaagttcaag gitacaagaa tgtgagaate acatttgage

t gtgaatcc glacegangt tactgagtt 2880pcalglgii tagcagag e gtglgaag acttacaac cagictga ttccttace 2940zacal gggla Hgalctiga 1EagtEgagt glagetacat ctactat (gatgatget 3000ggtgangasa acttcate acgtatghat gttt accctceaga (gaggoagsa 3060gaggacgatg cagaglglga ggdagaaga
atigatgana cetgtgaaca tgagtacggt 3120acagaggatg attateaagg (etecetelg gaatiigglg celeagelga aacagticga 3180gigaggaag aagangagga agactggelg gatgatacta clgageaate agagatigag 3240ccagaaccag aacctacace (gaagaace:
taaatgetge taacatacac clgaaacalg glgglegtgt ageaggteea 3420cteancaagg caaceanlgg lgecalgean aaggagaglg algattacat taagetaat 3480ggccetetta caglaggagg gletiglig cittctggac ataatcttge taagaagtgt 3540ctgealglig ttggacetaa cetaaatgea gglgaggaca lecageltet taaggeagea 3600tatgaaaatt leaattcaca ggacatciia ctigeaceat lgligleage aggeatattt
3660ggtgctaaac cacticagte Utacaagty tgeglgcaga cggiicgtac acagetttat 3720atigeagtea atgacaaage tetitatgag caggttgtea tggattatct tgataacetg 3780aageetagag 1ggangeace taaacaagag gageeacean acacagaaga ticeaaaact 3840gaggagaaat cigteglaca gaagectgle gatgigaage caaaaattaa ggeetgeatt 3900gatgagetta ceacaacact ggaagaaact aagitictta
ceaataagit actettgttt 3960getgatatca atggtaaget ttaccatgat teicagaaca tgettagagg tgaagatatg 40201ctiteettg agaaggatge accitacalg glagglgalg tatcactag tggtgatate 4080actigleitg taataccelc caaaaagget ggtggeacta clgagatget cleaagaget 4140ugaaganag tgccagiiga tgagtatata accacgtace clggacaagg aigtgetggt 4200tatacactg aggaagetaa gactgetett
aaganatgea aatctgeatt ttatgtacta 4260cettcagaag cacctaatge taaggaagag attctaggaa clgtatcctg gaatttgaga 4320gaaatgettg cteatgetga agagacaaga aaattaatge ctatatgeat ggatgttaga 4380gecataatgg caaccatcea acgtaaglat asaggaatta aaaticaaga gggeategtt 4440gactatggty rccgancu ctittatact agtaaagage ctgtagettc tattattacg 4500aagetgaact
ctetanatga gecgetigte acaatgeca tggttatgt gacacatggt 4560tttaatctty aagaggetge gegetgtatg cgictetta aagetectge cgtagtgtea 4620gtatcatcac cagatgetgt tactacatat aatggatace teacttegte atcaaagaca 4680tctgaggage actttgtaga aacagltict tggetggct cttacagaga tiggtectat 4740tcaggacage glacagagtt aggtgtigaa ttcttaage glggtgacaa aatigtgtac
4800cacactetgg agageceegt cgagiticat ctigacggtg aggttetttc acttgacaaa 4860ctaaagagte tettateeet gegggagatt aagactataa, 2 getiglggat atgtetatga catatggaca geagtitggt 4980ccaacatact tggatgetee tgatgtiaca aaaattasac cleatgtaaa teatgagget S040aagactttct tigtactace tagigatgac acactacgta
gtgaageitt cgagtactac 5100catactettg atgagaglit tcliggtagg tacatgtelg ctitaaacea cacaaagaza 5160tggaaattic cleaagitgg tggitiaact tcaatiaaal gggetgataa caatigitat 5220ugtelagty Uttattage acticaacag cligaaglea aaticaatge accageactt 5280caagageett attatagage ceglgelggt gatgetgeta actiuglge acte 5340gettacagta ataaaactgt tggegagett
getgatgtea gagaaactat gaceeatett S400ctacageatg ctaattigga atctgeaaag cgagitctia atgigglgtg taaacatigt 5460ggteaganaa clactacett aacgggtgta gaagetgiga tgtatatggg tactetatet S520tatgataatc ttaagacagg tgitecatt ceatgtgtat glggtegtga tgetacacaa S580tatctagtac aacaagagle Hetitgtt atgatgletg caccacetge tgagtataaa S640ttacageaag glacattett
atgigegaat gagtacactg glaactatca gigtggteat S700tacacteata taactgetaa gagaceete lateglattg acggagetea cettacaaag S760atglcagagt acaaaggace aglgactgat gittictaca aggaaacate tacactaca 5820aceatcaage clgtgtegta taaactegat ggagitactt acacagagat tgaaccaana S880Uggatgggt altataaaaa ggataatget lactatacag ageageetat agacctigta
5940ccaactcaac cattaccaaa tgegagtttt gataatttca aactcacatg ttctaacaca ()OUUMdmgcl atgatttaaa tcaaatgaca ggcttcacaa agecagettc 1chg1ncm 6060tctgteacat tettcecaga cttg: Ad(ggc gmamgxgg ctattgacta tagacactat 6120|cagcgugu tcanganagg tgctanatta ctgcataage caattgtitg geacattaac 6180caggetacaa ceaagacaac gttcaaacca aacacttggt
gtttacgttg tetttggagt 6240 g ttcattt gaagttct gtagaaga ¢ agga 6300atggacaate ttgettgtga aagt ctt: atga aggtgttana gtaacacaag agttaggtca tgaggatctt 6480atggctgett atgtgga
ageatt accattaaga aac 6540gcctiagett traaaacaat tgecactcat getatigelg caattzatag tgiicetigg 6600agtaaaatt (gecttatgt cag ac agt accaaticta gaattagage tteactacet 6780acaactattg
ctaaaaatag tgttaagagt sttgctazat tatglitgga taccggeatt 6840aatatetga agicaceeaa atttetaaa tigticacaa tegeatgtg getattattg 6900taAgtAI! geitaggtic tetaatetgt gtaactgets cltiggtat actetatct 6960:muugam ctecttetia tigtaatgge gltagagaat tgtatetta tiegtetaae 7020gtactacta tggattictg tgaaggtict titeetigea geattigt aagtggatta 7080gacteectty
atiettatee agetettgaa aceattcagg tgacgattte atcgtacaag 7140ctagactiga caatittagg tetggecget gagtgggtit tggeatatat gtigticaca 7200aaattctt attiattagg tetticaget ataatgeagg tgtictitgg ctattttget 7260agtcatitea tcageaattc tiggeleatg tggiitatea tagtattgt acaaatggea 7320ccegittetg caatggiiag gatgtacate tetttgett ctttetacta catatggaag 7380agetatgtic
atatcatgga tggtigeacc tettegactt geatgatgtg ctataagege 7440aatcgtgeca cacgegitga glgtacaact atigliaatg geatgaagag atctitetat 7500gtctatgeaa alggaggecg tggetictge aagacteaca atiggaattg tetcaattgt 7560gacacatttt geactggtag tacattcatt agtgatgaag tigetegtga titgteacte 7620cagiitaaaa gaccaateaa ceclactgac cagieategt atatgliga tagtgget
7680gtgaaaaatg gegegettca cetetacttt gacaaggetg gtcaaaagac ctatgagaga 7740catccgetet cecattttgt caatttagac aatttgagag ctaacaacac taaaggttca 7800ctgectatta atgteatagt tttgatgge aagtecaaat gegacgagte tgettetaag 7860tctgcttetg (gmchcaﬂ tcagetgatg tgecaaccta ttctgttget tgaccaagtt 7920cttgtatcag acgttggaga tagtactgaa gtttecgtta agatgtitga
tgettatgte 7980gacacetttt c: ctit tagtgttect a'g,d c ttaaggeact tgttgetaca 8040gctcacageg agttageaaa gggtgtaget ttagatggtg tectttetac attegtgtea 8100gctger \ggatgttat tgaatgtete 8160: a tttcatgete 8220: aata aggttg: -atgacgeee agagatettg
‘gegeatgtat tgactgtaat 8280g a agleacaatg ticacteat ctggaatgta 8340anagactaca tgtetttate tgaacagelg cgtasacaaa ticgtagtge tgecaagaag 8400aacaac ctigtget acaactagac aggtigteaa tgte: geg tgglangalt gitagtactt gitttaact tatgetiaag 8520gecacattat tgtgegtict tgetgeattg
gittgttata tegitatgee agtacataca xsxonnyu.m atgatggtta cacaaatgaa atcattggtt acaaagecat leaggatggt 8640gleactegtg acatcattic tactgatgat tgtitgeaa ataaacatge tggittigac 8700geatggiita gecageglgg tggticatac asanatgaca aaagetgece tgtagtaget 8760getat agagagal tggliteata glgectgget taccgggtac tglgetgaga 8820geaateaatg glgactictt
gealtticta celegtgtt ttagtgetgt tegeaacatt 8880tgetacacac cticeaaact caltgaglat agigalittg clacctetge tgegtictt 8940getgetgagt glacaattit taaggatget atgggeaaac clgtgecata tigitatgac 9000actaatitge tagagggtic tatttettat agtgagettc glecagacac tegitatgtg 9060cttatggatg gttcateat acagltteet aacactiace tggaggette tgttagagta 9120gtaacaactt
tgatgetga glactglaga catggtacat gegaaaggte agaagtaggt 9180atttgeetat claceagleg tagatgggtt citaataatg ageattacag agetetatca 9240ggagiittet glggigiiga tgegatgaat cteatageta acatetttac tectetigtg 9300caacelgtgg gtgctitaga tgtgtetget eagtagleg cleglggtat tattgecata 9360tggtgactt ggetgeeta ctactitatg aaatteagac gigiitiigg gagtacaae
9420catgttgttg ctgctaatge actittgitt ttgatgtett teactatact ctgtetggta 9480ccagettaca gettttgee gggagtetac teagtetttt acttgtactt gacattetat 9540ttcaccaatg atgttteatt cttggeteac cttcaatggt ttgecatgtt ttctectatt 9600gtgccttttt ggataacage aatctatgta tictgtattt ctctgaagea ctgecattgg 9660ttctttaaca actatcttag gaaaagagte atgtttaatg gagttacatt tagtaccttc
9720gaggaggetg ctitggtac ctittigetc aacaaggaaa tgtacctaaa atigegtage 9780gagacactgt tgecacttac acagtataac agglatettg cletatataa caagtacaag 9840tatttcagty gageettaga tactaccage tatcglgaag cagettgetg ccacttagea 9900aaggctetaa atgactitag caactcaget getgatgtic tetaccaace accacagaca 9960tcaatcactt ctgetgtict geagaglggt ttaggaaaa
tggeaticee gteaggeana 10020gtigaagget geatggtaca agtaacetgt ggaactacaa clettaatgg atiglggttg 10080gatgacacag tatactgtee aagacatgte attigeacag cagaagacat gettaateet 10140aactatgaag atetgetcat tegeanatee aaccataget tietigttea ggetggeaat 10200gttcaacttc gigtatigg ceattetatg caaaattgte tgettagget taaagttgat 10260actictaace ctaagacace
caaglatana tgleegta tecaacetgg teaaacattt 10320teagitetag catgetacaa tggticacea telggtglit atcagtatge catgagacet 10380aatcatacca ttasagglic ticettaat ggatcatglg glagigligg tttaacatt 10440gattatgatt geglgtetit clgetatatg catcatatgg ageticeaae aggagtacac 10500getggtactg acttagaagg tasatictat ggtecatitg tgacagaca aactgeacag
10560getgeaggta cagacacaac cataacatta aatglitigg catggetgta tgetgetgtt 10620atcaatggtg ataggtaglt tettaataga tteaceacta ctitgaatga ctttaactt 10680gtggeaatga aglacaacta tgaacctitg acacaagate atgtigacat attgggacet 10740ctttctgete anacaggaat tgeegletta gatatgigtg ctgettigaa agagetgetg 10800cagaatggta tgaatggteg tactatcett ggtageacta
tittagaaga tgagittaca 10860ccattigatg tgtiagaca atgetetggt gitacetice aaggtaagit caagaaaatt 10920gttaaggeca cleateatt gatgetitta actttetiga catcactatt gattetigtt 10980caaagtacac agtggleact giutictit gittacgaga atgettictt gecatttact 11040ctiggtatta tggeaattge tgeatgigct atgetgettg taageataa geacgeattc 11100gtgetigt ttetgttace tetetigea
acagttgett actttaatat ggtetacatg 11160cctgetaget gggtgatgeg tatcatgaca tggettgaat tggetgacac tagettgtet 11220ggttatagge ttaaggattg tgttatgtat gettcagett tagttttget tattetcatg 11280acagetegea ctgtttatga tgatgetget agacgtgtit ggacactgat gaatgtcatt 11340acacttgttt acaaagteta ctatggtaat getttagate aagetattte catgtgggee 11400ttagttattt ctgtaaccte
taactatict gtgtegtta cgactatcat gttttaget 11460agagetatag tgtitgtatg tgtigagtat tacccatigt tatttattac tggeaacace 11520tacagtgta teatgettgt tattgittc taggetatt gitgetgetg ctactttgge 11580cttttctgtt tacteaaceg ttacttcagg cttactett gtgtttatga ctactiggte 11640tctacacaag aatttageta tatgaactce caggggettt tgecteetaa gagtagtatt 11700gatgetttca
agetiaacat taagligtig ggtattggag gtanaccatg tatcaagett 11760getactgtac agtetaaaat gtetgacgta aagtgeacat ctgtggtact geteteggtt 11820cttcaacaac ttagagtaga gteatetict aaattgtggg cacaatgtgt acaactecac 11880aatgatatte tettgeaaa agacacaact gaagetttcg agaagatggt tietettttg 11940tctgtittge tatceatgea gegtaetgta gacattaata ggtigtgega ggasatgete
12000gataacegtg ctactetica ggetatiget teagaatita gitctitace atcatatgee 12060gettatgeea cigeceagga ggectatgag caggelglag claatgglea ttetgaagte 12120gtetcanan agttaaagaa atettigaat glggetanat clgagiiiga ceglgatget 12180gecatgeaac geaagligga aaagatggea galcaggeta tgacecanat glacaaacag 12240gcaagatelg aggacaagag ggeaaaagta
actagtgeta tgeaaacaat getettcact 12300atgettagga agetigataa tgatgeactt ancaacatta teaacaatge gegtgatggt 123601gtgtteeac teaacateat accattgact acageageea aacteatggt igtigtecet 12420gattatggta cetacaagaa cactigigat getaacacet ttacatatge atetgeacte 12480tgggaaatee ageangitgt tgatgeggat ageaagatig ticaactiag tgaaattaac 12540atggacaatt
caceanaltt ggetiggeet cltatigtta cagetetaag agecaactea 12600getgttaaac tacagaataa tgaactgagt ceaglageac tacgacagat giectgtgeg 12660getggtacca cacaaacage tgtactgat gacaatgeac tigectacta taacaatteg 12720aagggaggta gettiglget ggeattacta teagaceace aagateteaa atgggetaga 12780tceetaaga gigatgglac agglacaatt tacacagaac tggaaecace
ttgtaggtt 12840gttacagaca caccaaaagg gectaaagty aaatactigt acticateaa aggettaaac 12900aacctaaata gaggtatggt getgggeagt tagetgeta caglacgtet teaggetgga 12960aatgetacag aagtacetge caattcaact grgetticet tetgtgetit tgcagtagac 13020cctgetaaag catataagga ttacctagea agtggaggac aaccaatcac caactgtgtg 13080aagatgtigt gtacacacac tggtacagga
caggeaatta ctgtaacace agaagetaac 13140atggaccaag agicctttgg tggtactica tgtgtetgt attgtagatg ccacatigac 13200catceaaatc ctasaggatt cigtgacttg aaaggtaagt acgtecaaat acctaccact 13260tgtgetaatg acccagtgge tttacactt agaaacacag tetgtacegt ctgeggaatg 13320tggasagett atggetgtag tigtgaccaa clecgegaac cetigatgea gietgeggat 13380gcatcaacgt
tttaaacgg gttgeggty taaglgeage cegtettaca cegtgeggea 13440caggeactag tactgatgte gtetacaggg cltitgatat tacaacgaa aaagitgetg 13500gttigeana giicetaaaa actaattget glegettcea ggagaaggat gaggaaggea 13560atitattaga ctettacttt glagitaaga gecatactat gletaactac caacatgaag 13620agactatita taacttggtt asagatigle cageggtige tgtecatgac tittcaagt
13680uagagtaga tggtgacatg glaceacata tateacglea gegletaact aaatacacaa 13740tggetgattt agictatget clacgteatt gatgaggg taatigtgat acattaaaag 13800aaatactcgt cacatacaat tgetglgatg algattattt caataagaag gattggtatg 13860acticgtaga gaatectgac atettacgeg tatatgetaa cttaggigag cglgtacgee 13920aatcattatt aaagactgta caatictgeg algetatgeg
tgatgeagge attgtaggeg 13980tactgacatt agataateag gatcitaatg ggaactggta cgatticggt gatttegtac 14040aagtageace aggetgegga giicetatty tggaticata tiacteattg ctgatgecea 14100tcetcacttt gactagggea iggetgetg agleccatat ggatgetgat ctegeaaaac 14160cactiattaa glgggattig clgaaatatg attttacgga agagagactt tgteteticg 14220accgttattt taatatigg
‘gaccagacat accatcecaa tgtattaac tgittggatg 14280ataggtgtat cettcatigt geaaactita atggtiatt tictactgtg titceaccta 14340caagiittgg accactagta agaaaaatat tiglagalgg tgticettt gitgtttcaa 14400ctggatacea titegigag taggagicg tacataatca ggatgtaaac tacataget 14460cgegteteag tticaaggaa ciittagigt atgetgetga tecagetatg catgeagett 14520ctggeaattt
attgetagat anacgeacta catgetttte agtagetgea ctaacaaaca 14580atgttgettt teanactgte anacceggta attttaataa agacttttat gactttgetg 14640tgtetaaagg titctttaag gaaggaagtt ctgttgaact aaaacacttc tectttgete 14700aggatggean cgetgetate agtgattatg actattatcg ttataatetg ccaacaatgt 14760gtgatatcag acaactecta ttcgtagttg aagtigitga taaatacttt gattgttacg
14820atggtegety tattaatgee aaccaagtaa tegttaacaa tetggataaa teagetgtt 14880tcecatttan taaatggggt anggetagac tattatga cteaatgagt tatgaggate 14940aagatgeact titegegtat actaagegta atgteateee tactataact caatgaate 15000ttaagtatge

cattagtgea aagaatagag clegeaceg! agetggtgte tetatetgta 15060gtactatgac aaatagacag tieateaga aattatigaa gleaatagee geeactagag 15120gagetactgt gglaattgga acaageaagt ttacgglgg clggeataat atgitanaaa 15180ctgiitacag tgatgtagaa actecacace atgggitg ggattatcea aaatgigaca 15240gagecatgee taacatgett aggataatgg cetetetigt tettgetege
aaacataaca 15300cttgetgtaa cttatcacac cgittctaca ggttagetaa cgaglgtgeg caaglattaa 15360gtgagatggt catgtetgge ggeteactat atgttaaace aggtggaaca teatceggtg 15420atgetacaac tgettatget aatagtgtet taacatug teaagetgtt acagecaatg 15480taaatgeact tettteaact gatggtaata agatagelga caaglatgle cgeaatetac 15540aacacagget ctatgagtgt ctetatagaa
atagggatgt tgateatgaa ttcgtggatg 15600agitttacge ttacetgegt anacattict ccatgatgat tettictgat gatgeegitg 156601gtgetataa cagtaactat geggeicaag glitaglage tageattaag aactitaagg 15720cagtictita ttatcaaaat aatgtgtica tgletgagge aaaatgiigg actgagactg 15780acettactaa aggacctea gaatiitget cacageatac aatgetagit aaacaaggag 15840atgatiacgt
glacetgect tacceagate catcaagaat attaggegea geetgtittg 15900tcgatgatat tgicaaaaca gatggtacac tatgatiga aaggticgtg teactggeta 15960tgatgetta cocacttaca aaacatceta atcaggagta tgetgatgte tticacttgt 16020atttacaata cattagaaag ttacatgatg agettactgg ceacatgtg gacatgtatt 16080ccgtaatget aactaatgat aacaccteac ggtactggga acctgaglit tatgagecta
16140tgtac: atacagt ttgeaggetg taggtgettg tgtattgtge aattcacaga 16200cticacttcg tgeggtgee tgtattagga gaccaticct atgtigeaag tgetgetatg 16260accatgteat ticaacatca cacaaattag tgitgletgt taatcectat gittgeaatg 16320ccecagty tgatgteact gatgtgacac aactgtatet aggaggtatg agetattatt 16380geaagteaca taagecteee attagittic cattatgtee
taatggicag gittitggtt 16440tatacanana cacatgtgta ggeagtgaca atgteactga clicaatgeg atageaacat 16500gtgattggac taatgetgge gattacatac tgecaacac Ugtactgag agacteaage 165601ttegeage aganacgete aaagecactg aggaaacatt taagetgtea tatggtatig 16620ctactgtacg cgaagtacte telgacagag aatigeatet ticatgggag gitgganaac 16680ctagaccace attgaacaga
aactatgtet ttactggtta ceglgtaact aaanatagta 16740aagtacagat tggagagtac acciitgana aaggtgacta tgglgatget gligtgtaca 16800gaggtactac gacatacaag lgaatgltg glgattactt tgtgtigaca tetcacactg 16860tatgecact tagtgeacct actetaglge cacaagagea clatgigaga attactgget 16920tgtacceaac acteaacate teagatgagt tctageaa tgtigeaat (alcanaagg
16980tcggeatgea anagtactet acactceaag gaccacelgg tactggtaag agteattttg 17040ceatcggact tgetetetat tacceatetg ctegeatagt gtatacggea tgetetcatg 17100cagetgtiga tgecctatgt gaaaaggeat tagaatattt geecatagat aaatgtagta 17160gaateatacc tgegegtgeg cgeglagagt gittigataa attcanagtg aattcaacac 17220tagaacagta tgtittetge actgtaaatg cattgecaga




ascaactget gacatigag 17280(Cigalga aatcclatg getactaat agactigag (gHgteaat gotagacttc 17340gigoaanaca clacglctat aiiggegalc etgetcaatt accagoccce cgeacaltge 17400gactaaage cacaclagaa ceagaatat tasltcagt gtgcagactt atgaasaca 17460tagetccaga calgicet ggaactigte geogtige tectganatt ggacactg 17520tgagtgett agtiatgac
aataagetaa aag 17640 gotgttttta 17700tctcacctia taaticacag aacgetgtag cltcanaaat citaggatg cotacgeaga 17760ctgtigattc atcacagget tetgaatatg actatgteat attacacaa actactgaaa
17820cageacacte tgtaatgte aaccgetica atgtggetat cacaagggca aaaattggea 17880gtgcat aatgictgat agagatctit atgacasact geaatitaca agictagaaa 17940taccacglcg caatgtgget acattacaag cagaaaatgt aactggactt ttaaggact 18000gtaglaagat cattactggt cticatecta cacaggeace tacacacelc agegiigata 18060taaagticaa gactgaagga algiglig acataceagg
cataccaaag gacatgacet 18120acegtagact catcllatg atgggtiica anatgaatta ceaagleaat ggitacceta 18180atatgiitat caccegegaa gaagetatie gleacgticg tgegtggatt ggettigatg 18240tagagggetg teatgeaact agagatgetg tgggtactaa cetacctete cagetaggat 18300ttictacagg tgitaactta glagetgtac cgactggtta tgtigacact ganaataaca 18360cagaaticac cagagttaat
‘geanaacete caccaggtga ceagtitaaa catettatac 18420cacteatgta taaaggettg ccetggaalg tagtgegtat taagatagta cazatgetca 18480gtgatacact gaaaggattg teagacagag legtgticgt cettigegeg catggetttg 18540agetiacate aatgaagtac ttigieaaga tiggacetga aagaacglgt tetetgtgty 18600acanacgtge aactigettt tetacticat cagatactta tgeetgetgg aatcattetg
18660tgggtittga ctatgtetat aacceatta tgatigatgt teageaglgg ggetttacgg 18720gtaacctica gagtaaceat gaccaacalt geeagglaca tggaaatgea catgiggeta 18780gigtgatge tateatgact agatgittag caglecatga gigtitgtt aagegegttg 18840attggtetgt tgaataceet attataggag atgaactgag gettaatict gettgeagaa 18900aagtacaaca caggliglg aagietgeat tgetigetga
taagtttcea gticttcatg 18960acattggaaa tecanaggct atcaaglgty tgecteagee tgaagtagaa tggaagitct 19020acgatgetca gecatgtagt gacaaagett acaaaataga ggagetetic tattctiatg 19080ctacacatca cgataaattc actgatgelg tgtitgtt tggaatigt aacgtigate 19140gttacceage caatgeaatt gigtgtaggt tigacacaag agectigica aacttgaact 19200taccaggetg tgatggtegt
agtttgtatg tgaataagea tgcattecac actccagett 19260tcgataaaag tgcatitact aatttanage aattgecttt ctittactat tetgatagte 19320ctigtgagte teatggeana caagtagtgt cggatatiga ttatgticea cteaaatetg 19380ctacgtgtat tacacgatge aatttaggtg gigctgtitg cagacaccat geanatgagt 19440accgacagta cttggatgea tataatatga tgattictge tggatttage ctatggattt 19500ac
tgatactiat aacciglgga atacatitac caggtacag agittagaaa 19560atgiggetta taatgiglt aataaaggac acttgalgg acacgeegee gaageacctg 19620tccatcat taataatget gittacacaa agglagatgg tatigatglg gagatctg 19680aaaataagac aacacticet gitaatgitg cattigaget tgggetaag ctaacatta 19740aaccaglgee agagattaag atactcaata attiggglgt gatateget getaatactg
19800taatetggga clacaaaaga gaageceeag cacatgtate tacaataggt gtetgeacaa 19860tgactgacat tgecaagana celactgaga glgetiglic ticacttact glettgtitg 19920atggtagagt ggaaggacag glagacetit tagaaacge ceglaatggt gitttaataa 1980cagaaggtic agleaaaggt claacacelt caaagggace ageacaaget agegleaatg 20040gagicacatt aatlggagaa leagtaaaaa
cacagittaa ctactitaag aaagtagacg 20100gcattattca acagtigeet gaaacctact tactcagag cagagactta gaggatttta 20160ageceagate acaaatggaa actgactiic legagelege tatggatgaa ticatacage 20220gatataaget cgagggetat gecticgaac acategiita tggagattic agteatggac 20280aacttggegg teticattta atgatagget tagecaageg cleacaagat teaceactta 20340aattagagga
tttatceet atggacagea cagigaaaaa tacticata acagatgege 20400aaacaggtic atcanaatgt gigigitetg tgatigatet ttactigat gactgteg 20460agataataaa gleacaagat tigteagtga tticaaaagt ggleaaggit acaattgact 20520atgetganat tieaticatg clitggtgta aggatggaca tgtigaaace tictacecan 20580aactacaage aagicaageg tggeaaceag glgligegat geetaactig tacaagatge
20640aaagaatget tettgaaaag tgtgacetic agaatiatgg tgaaaatget ghtataccaa 20700aaggaataat gatgaatgte geaaagtata cleaactgty tcaatactta aatacactta 20760ctitagetgt accetacaac atgagagita tieactitgg tgetggetet gataaaggag 20820ttgeaccagg tacagetglg cleagacaat ggttgecaac tggeacacta ctigtegatt 20880cagatettaa tgacticgte tecgacgeag attetacttt
aattggagac tgtgeaacag 20940tz aacagageat tettggaatg 21120ctgaccttta caagettatg ggecatict catgglggac agetttgtt acaaatgtaa 21180atgeatcate atcggaagea
tttaatlg gegetaacta tetiggeaag ceganggaac atce 21300aguigictic clatteact ttgacatga geasattice (ettaaatta agaggaactg 21360ctglaatgtc tctiaaggag aatcaaaica algatalgat tattelct clgganaaag 21420gtaggetiat cattagagaa aacaacagag glgguiic aagigatatt cligtaaca
21480actaaacgaa catgiitatt tictiattat tettactet cactagtggt aglgacettg 21540accggtgeac cactitigat gaigicaag cteetaatta cactcaacat acticateta 21600igageggegt tactateet gatgaaaltt Uagalcaga cactettiat taacteagg 21660atttattict tecattttat tetaatgtta caggettica tactattaat catacgtitg 21720geaacectgt catacetitt aaggalggta Ualtiige tgecacagag
anatcaaatg 21780tgleegtgg tggattut getictacea tgaacaacaa gleacagleg gigatiatta 21840ttaacaatic tactaatgtt gltatacgag catglaactt tgaattgtat gacaaccett 21900tetttgetgt ttctaaacee atgggtacac agacacatac latgatatte gataatgeat 21960ttaattgeac tticgagtac atatetgatg cetttteget tgatgtitea gaaaagteag 22020gtaattitan acactiacga gagiiiglgt taaaaataa
agatgggtt ctetatgttt 22080ataagggeta tcaacctata gatglagiic glgatetacc letggtitt aacactitga 22 140aacctattit taagitgeet cliggtatta acattacaaa Uttagagee attctiacag 22200cctttteace tgelcaagac attigggeea cgleagetge ageetatitt giiggetatt 22260taaagecaac tacatitatg cleaaglatg atgaaaalgg tacaatcaca gatgetgtg 22320attgttctca aaatceactt getgaactca
aatgetetgt taagagettt gagattgaca 22380aaggaattta ceagacctet aatttcaggg ttgticectc aggagatgtt gtgagatice 22440ctaatattac asactiglgt cotittggag aggtitttaa tgetactaaa tteccttctg 22500tctatgeatg ggagagaaaa aaaatticta atigigitge tgattactct gtgetctaca 22560acteaacatt tiittcaace tttaaglget atggegttic tgecactaag tigaatgate 22620tttgettete caatgtctat
geagatictt tigtagteaa gggagatgat gtaagacaaa 22680tagegecagy acaaactggt ghattgetg attataatta taaattgeca gatgatitea 22740tgggttgtet cettgettgg aatactagga acattgatge tacticaact getaattata 22800attataaata taggtaictt agacatggea agettaggec cittgagaga gacatatcta 22860atgtgecttt cloceotgat geaaacctt geaceeeace tgetcttaat tgtattgge
22920cattanatga tatggltt tacaccacta clggeatigg claccaacet tacagagit 22980taglactitc (tigaactt tanatgeac cggecacggt tgtggacca asattatcea 23040ctgacetiat taagaaccag tgtgicaatt aallita tggactcact getactggtg 23100tgitaactee ettcaaag agatticaac catticaaca attiggecgt gatgittetg 23160atttcactga ticegiicga galcetaaaa calctgaaat attagacatt
teacettget 23220ctittggggg tglaagtgta attacacely gaacaaatge tcatelgaa gligetgtic 23280ttatcaaga Igtiaactge actgatglit clacageaat teatgeagat caacteacac 23340cagetiggeg catatattet actgganaca atglaticea gacteaagea geetgletta 23400taggagetga geatglegac actictiatg aglgegacat ectatigga getggeatit 23460gtgetagtta ceatacagtt tettattac
glagtactag ceananatet attgtggett 23520atactatgle ttaggtget gatagticaa tgettacte taataacace atigetatac 23580ctactaactt tteaattage attactacag aagtaatgee tgtictatg getaaaacet 23640cegtagatig taatatgtac atetgeggag atictactga atgtgetaat tigetetee 23700aatatggtag ctittgeaca caactaaate glgeactete aggtattget getgaacagg 23760atcgeaacac
acglgaaglg ttegeteaag tcanacaaat glacaaaace ceaactitga 23820aatattttgg tggiittaat tttcacaaa tattacctga ccctetasag ccaactaaga 23880ggtetittat tgaggactlg clelitaata aggtgacact cgelgatget geetteatga 23940ageaatatgg cgaatgecta ggigatatia atgetagaga etcatiigt gegeagaagt 24000tcaatggact tacagigtig ceacetelge teactgatga tatgattget geetacactg
24060ctgctetagt tagtggtact gecactgetg gatggacatt tggtgetgee getgetette 24120aaataccttt tgetatgeaa atggeatata ggticaatgg cattggagtt acccaaaatg 24180tctctatga gaaccaaaaa caaatcgeca accaatttaa caaggegatt agteaaatte 24240aagaatcact tacaacaaca taactgeat lgggeaaget geaagacgit gitaaccaga 24300atgeteaage attaaacaca ctigitaaac aacttagete
taattttggt geaatitcan 24360gtgtgetana tgatatcett tegegactlg ataaagtcga ggeggaggta canatigaca 24420 ggttaattac aggeagactt caaagectic asacctatgt aacacaacaa ctaatcaggg 24480ctgetgaaat cagggetict getas agagttgac ttitglggaa agggetacca cettatglee tee 4600cageccegea tggtgtigte
ticctacatg teacglatgt gecatcecag gagaggaact 24660tcaccacage gecageaatt tgicatgaag geaaageata cticeetegt gaaggtttt 24720ugtgitaa tggeactict lggtitatta cacagaggaa clictttet ceacanataa 24780Hactacaga caatacaltt gicicaggaa aigigatgt cgitattgee atcattaaca 24840acacagiita (gatcetelg caacelgage tegactc: zuaaga.\g.-g clggacaagt
24900acttcanana teatacatca ceagalglig aletiggega catticagge attaacgett 24960ctgteglean caticanaaa gasatigace gecteaatga gglegetana aatttanatg 25020aateactcat (gacetican gaatigggaa aatatgagea atatattaaa tggectiggt 25080atgitigget cggeticatt gelggactaa ttgecategt catggitaca atettgettt 25140gugeatgac tagitgiige agligectea agggteatg
clettgtggt tettgetgea 25200agttgatga ggatgactct gageeagiic leaagggtet caaatiacat tacacataaa 25260cgaactiatg galitgitta tgagatttt tactettgga leaattactg cacagecagt 25320aaagatigac aatgeticte clgeaagtac tgticatget acageaacga taccgetaca 25380ageetcacte cettteggat ggetigtiat tggegtigea ttetigetg titteagag 25440cgetaccaaa ataatigege
tcaataaaag atggeageta gecetttata agggeticea 25500gticatiige aatttactge tgetatttgt taccatetat teacatetit tgetigiege 255601geaggtatg gaggegeaat tittglacet clatgectig atatattitc tacaatgeat 25620caacgeatgt agaattatta tgagatglig gettigiigg aaglgeanat ccaagaacee 25680attactitat gatgecaact actitglitg clggeacaca cataactalg actactgtat 25740accatataac
agtgteacag atacaatigt cgitactgaa ggigacggea tttcaacace 25800aaaactcana gaagactace aaattggleg tatictgag gataggeact caggtgitaa 25860agactatgle gitglacatg getatticac cgaagtitac taccagettg agletacaca 25920aattactaca gacactggta tigaaaatgc tacatictic atctitaaca agettgttaa 25980agacceaceg aatgtgeaaa tacacacaat cgacggetct tcaggagtig
ctaatccage 26040aatggatcea atttatgatg agecgacgac gactactage glgectitgt aageacaaga 26100aagtgagtac gaactiatgt actcatiegt teggaagaa acaggtacgt taatagttaa 261 60tagegtactt cittetig ctitegtggt aticttgeta gleacactag ceatcettac 26220tgegeticga tgtgtgegt actgetgeaa tattgttaac gtgagttag taaaaccaac 26280ggtitacgtc tactegegty taaaaatct
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110Tyr Phe Leu Gln Cys Tle Asn Ala Cys Arg Tle Tle Met Arg Cys Trp 115 120 125Leu Cys Trp Lys Cys Lys Ser Lys Asn Pro Leu Leu Tyr Asp Ala Asn 130 135 140Tyr Phe Val Cys Trp His Thr His Asn Tyr Asp Tyr Cys Ile Pro Tyr145 150 155 160Asn Ser Val Thr Asp Thr Ile Val Val Thr Glu Gly Asp Gly Tle Ser 165 170 175Thr Pro Lys
Leu Lys Glu Asp Tyr Gln Tle Gly Gly Tyr Ser Glu Asp 180 185 190Arg His Ser Gly Val Lys Asp Tyr Val Val Val His Gly Tyr Phe Thr 195 200 205Glu Val Tyr Tyr Gln Leu Glu Ser Thr Gln Ile Thr Thr Asp Thr Gly 210 215 2201le Glu Asn Ala Thr Phe Phe Tle Phe Asn Lys Leu Val Lys Asp Pro225 230 235 240Pro Asn Val Gln Ile His Thr
Ile Asp Gly Ser Ser Gly Val Ala Asn 245 250 255Pro Ala Met Asp Pro Ile Tyr Asp Glu Pro Thr Thr Thr Thr Ser Val 260 265 270Pro Leu6154PRTCoronavirus 6Met Met Pro Thr Thr Leu Phe Ala Gly Thr His Ile Thr Met Thr Thrl 5 10 15Val Tyr His Ile Thr Val Ser Gln Ile Gln Leu Ser Leu Leu Lys Val 20 25 30Thr Ala Phe Gln His Gln
Asn Ser Lys Lys Thr Thr Lys Leu Val Val 35 40 451le Leu Arg Ile Gly Thr Gln Val Leu Lys Thr Met Ser Leu Tyr Met 50 55 60Ala Ile Ser Pro Lys Phe Thr Thr Ser Leu Ser Leu His Lys Leu Leu65 70 75 80GIn Thr Leu Val Leu Lys Met Leu His Ser Ser Ser Leu Thr Ser Leu 85 90 95Leu Lys Thr His Arg Met Cys Lys Tyr Thr Gln Ser Thr
Ala Leu GIn 100 105 110Glu Leu Leu Ile Gln Gln Trp Ile Gln Phe Met Met Ser Arg Arg Arg 115 120 125Leu Leu Ala Cys Leu Cys Lys His Lys Lys Val Ser Thr Asn Leu Cys 130 135 140Thr His Ser Phe Arg Lys Lys Gln Val Arg145 150776PRTCoronavirus 7Met Tyr Ser Phe Val Ser Glu Glu Thr Gly Thr Leu Ile Val Asn Serl 5 10
15Val Leu Leu Phe Leu Ala Phe Val Val Phe Leu Leu Val Thr Leu Ala 20 25 301le Leu Thr Ala Leu Arg Leu Cys Ala Tyr Cys Cys Asn Tle Val Asn 35 40 45Val Ser Leu Val Lys Pro Thr Val Tyr Val Tyr Ser Arg Val Lys Asn 50 55 60Leu Asn Ser Ser Glu Gly Val Pro Asp Leu Leu Val65 70 758221PRTCoronavirus 8Met Ala Asp Asn Gly
Thr Tle Thr Val Glu Glu Leu Lys Gln Leu Leul 5 10 15Glu Gln Trp Asn Leu Val Tle Gly Phe Leu Phe Leu Ala Trp Ile Met 20 25 30Leu Leu Gln Phe Ala Tyr Ser Asn Arg Asn Arg Phe Leu Tyr Ile Tle 35 40 45Lys Leu Val Phe Leu Trp Leu Leu Trp Pro Val Thr Leu Ala Cys Phe 50 55 60Val Leu Ala Ala Val Tyr Arg Tle Asn Trp Val Thr Gly
Gly Tle Ala65 70 75 80lle Ala Met Ala Cys Ile Val Gly Leu Met Trp Leu Ser Tyr Phe Val 85 90 95Ala Ser Phe Arg Leu Phe Ala Arg Thr Arg Ser Met Trp Ser Phe Asn 100 105 110Pro Glu Thr Asn Ile Leu Leu Asn Val Pro Leu Arg Gly Thr Ile Val 115 120 125Thr Arg Pro Leu Met Glu Ser Glu Leu Val Ile Gly Ala Val Tle Ile 130 135
140Arg Gly His Leu Arg Met Ala Gly His Pro Leu Gly Arg Cys Asp lle145 150 155 160Lys Asp Leu Pro Lys Glu Ile Thr Val Ala Thr Ser Arg Thr Leu Ser 165 170 175Tyr Tyr Lys Leu Gly Ala Ser Gln Arg Val Gly Thr Asp Ser Gly Phe 180 185 190Ala Ala Tyr Asn Arg Tyr Arg Ile Gly Asn Tyr Lys Leu Asn Thr Asp 195 200 205His Ala
Gly Ser Asn Asp Asn Ile Ala Leu Leu Val Gln 210 215 220963PRTCoronavirus 9Met Phe His Leu Val Asp Phe Gln Val Thr Ile Ala Glu lle Leu Tlel 5 10 151le Ile Met Arg Thr Phe Arg Ile Ala Ile Trp Asn Leu Asp Val Ile 20 25 301le Ser Ser Ile Val Arg GIn Leu Phe Lys Pro Leu Thr Lys Lys Asn 35 40 45Tyr Ser Glu Leu Asp Asp Glu Glu
Pro Met Glu Leu Asp Tyr Pro 50 55 6010122PRTCoronavirus 10Met Lys Ile Ile Leu Phe Leu Thr Leu Ile Val Phe Thr Ser Cys Glul 5 10 15Leu Tyr His Tyr Gln Glu Cys Val Arg Gly Thr Thr Val Leu Leu Lys 20 25 30Glu Pro Cys Pro Ser Gly Thr Tyr Glu Gly Asn Ser Pro Phe His Pro 35 40 45Leu Ala Asp Asn Lys Phe Ala Leu Thr Cys
Thr Ser Thr His Phe Ala 50 55 60Phe Ala Cys Ala Asp Gly Thr Arg His Thr Tyr Gln Leu Arg Ala Arg65 70 75 80Ser Val Ser Pro Lys Leu Phe Tle Arg Gln Glu Glu Val Gln GIn Glu 85 90 95Leu Tyr Ser Pro Leu Phe Leu Tle Val Ala Ala Leu Val Phe Leu Tle 100 105 110Leu Cys Phe Thr Tle Lys Arg Lys Thr Glu 115
1201184PRTCoronavirus 11Met Cys Leu Lys Ile Leu Val Arg Tyr Asn Thr Arg Gly Asn Thr Tyrl 5 10 15Ser Thr Ala Trp Leu Cys Ala Leu Gly Lys Val Leu Pro Phe His Arg 20 25 30Trp His Thr Met Val Gln Thr Cys Thr Pro Asn Val Thr Ile Asn Cys 35 40 45GIn Asp Pro Ala Gly Gly Ala Leu Tle Ala Arg Cys Trp Tyr Leu His 50 55
60Glu Gly His Gln Thr Ala Ala Phe Arg Asp Val Leu Val Val Leu Asn65 70 75 80Lys Arg Thr Asn12422PRTCoronavirus 12Met Ser Asp Asn Gly Pro Gln Ser Asn Gln Arg Ser Ala Pro Arg Ilel 5 10 15Thr Phe Gly Gly Pro Thr Asp Ser Thr Asp Asn Asn Gln Asn Gly Gly 20 25 30Arg Asn Gly Ala Arg Pro Lys Gln Arg Arg Pro Gln Gly
Leu Pro Asn 35 40 45Asn Thr Ala Ser Trp Phe Thr Ala Leu Thr Gln His Gly Lys Glu Glu 50 55 60Leu Arg Phe Pro Arg Gly Gln Gly Val Pro Ile Asn Thr Asn Ser Gly65 70 75 80Pro Asp Asp Gln Ile Gly Tyr Tyr Arg Arg Ala Thr Arg Arg Val Arg 85 90 95Gly Gly Asp Gly Lys Met Lys Glu Leu Ser Pro Arg Trp Tyr Phe Tyr 100 105
110Tyr Leu Gly Thr Gly Pro Glu Ala Ser Leu Pro Tyr Gly Ala Asn Lys 115 120 125Glu Gly Ile Val Trp Val Ala Thr Glu Gly Ala Leu Asn Thr Pro Lys 130 135 140Asp His lle Gly Thr Arg Asn Pro Asn Asn Asn Ala Ala Thr Val Leul45 150 155 160GIn Leu Pro Gln Gly Thr Thr Leu Pro Lys Gly Phe Tyr Ala Glu Gly 165 170 175Ser Arg
Gly Gly Ser Gln Ala Ser Ser Arg Ser Ser Ser Arg Ser Arg 180 185 190Gly Asn Ser Arg Asn Ser Thr Pro Gly Ser Ser Arg Gly Asn Ser Pro 195 200 205Ala Arg Met Ala Ser Gly Gly Gly Glu Thr Ala Leu Ala Leu Leu Leu 210 215 220Leu Asp Arg Leu Asn Gln Leu Glu Ser Lys Val Ser Gly Lys Gly GIn225 230 235 240GIn Gin Gln Gly
Gln Thr Val Thr Lys Lys Ser Ala Ala Glu Ala Ser 243 250 255Lys Lys Pro Arg Gln Lys Arg Thr Ala Thr Lys Gln Tyr Asn Val Thr 260 2635 270Gln Ala Phe Gly Arg Arg Gly Pro Glu GIn Thr Gln Gly Asn Phe Gly 275 280 285Asp Gln Asp Leu Ile Arg Gin Gly Thr Asp Tyr Lys His Trp Pro Gin 290 295 300lle Ala Gln Phe Ala Pro Ser Ala
Ser Ala Phe Phe Gly Met Ser Arg305 310 315 3201le Gly Met Glu Val Thr Pro Ser Gly Thr Trp Leu Thr Tyr His Gly 325 330 335Ala Tle Lys Leu Asp Asp Lys Asp Pro Gln Phe Lys Asp Asn Val Tle 340 345 350Leu Leu Asn Lys His Tle Asp Ala Tyr Lys Thr Phe Pro Pro Thr Glu 355 360 363Pro Lys Lys Asp Lys Lys Lys Lys Thr Asp Glu
Ala Gln Pro Leu Pro 370 375 380GIn Arg Gln Lys Lys Gl Pro The Val Thr Leu Leu Pro Ala Ala Asp385 390 395 4(!!)Mu Asp Asp Phe Ser Arg Gln Leu Gln Asn Ser Met Ser Gy Ala Ser 405 410 415Ala Asp Ser Thr Gln Ala 420132 IDNAAxtifical SequenceSynthetic oligonucleotide. 13ctaacatget taggataatg g 211421 DNAArifcial
ttettgeteg ¢ 211521DNAAtificial S taaaacteat ¢ 211622DNAAtificial S gecteactat at 221728DNAArtificial SequenceSynthetic oligonucleotide. 17gacactatta geataageag ttgtagea

281827DNAAtificial i tggaacatea tecggt 271922DNAAtificial i i atacaccean ag 22201 7DNAAtificial

ageattg 172121DNAArtificial SequenceSynthetic oligonucleotide.

2]1ccacattgge acccgeaate ¢ 212219DNA Artificial SequenceSynthetic oligonucleotide. 22caaacattgg ccgcaaatt
192321DNA Artificial SequenceSynthetic oligonucleotide. 23caatgcgtga cattccaaag a 212426DNA Artificial
SequenceSynthetic oligonucleotide. 24cacaatttgc tccaagtgec tctgea 262521DNA Artificial SequenceSynthetic
oligonucleotide. 25gaagtaccat ctggggctga g 212618DNA Artificial SequenceSynthetic oligonucleotide. 26ccgaagagct
acccgacg 182726DNA Artificial SequenceSynthetic oligonucleotide. 27ctctttcatt ttgccgtcac caccac 262824DNA Artificial
SequenceSynthetic oligonucleotide. 28agctctcect agcattattc actg 242920DNA Artificial SequenceSynthetic
oligonucleotide. 29caccacattt tcatcgagge 203022DNA Artificial SequenceSynthetic oligonucleotide. 30taccctcgat
cgtactccge gt 223123DNA Artificial SequenceSynthetic oligonucleotide. 31tgtaggcact gattcaggtt ttg 233223DNA Artificial
SequenceSynthetic oligonucleotide. 32cggcgtggtc tgtatttaat tta 233327DNA Artificial SequenceSynthetic oligonucleotide.
33ctgcatacaa ccgetaccegt attggaa 273424DNA Artificial SequenceSynthetic oligonucleotide. 34gggttgggac tatcctaagt gtga
243521DNA Artificial SequenceSynthetic oligonucleotide. 35taacacacaa cnccatcatc a 213619DNA Artificial
SequenceSynthetic oligonucleotide. 36agatttggac ctgcgageg 193720DNA Artificial SequenceSynthetic oligonucleotide.
37gagcggctgt ctccacaagt 203823DNA Artificial SequenceSynthetic oligonucleotide. 38ttctgacctg aaggctetge geg 23
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