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(57) 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 com-
positions are also provided, along with methods of their use.
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CORONAVIRUS ISOLATED FROM HUMANS

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.

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 coro-
navirus. More particularly, it relates to an isolated coronavi-
rus genome, isolated coronavirus proteins, and isolated
nucleic acid molecules encoding the same. The disclosure
further relates to methods of detecting a severe acute respi-
ratory syndrome-associated coronavirus and compositions
comprising immunogenic coronavirus compounds.

BACKGROUND

The coronaviruses (order Nidovirales, family Coronaviri-
dae, genus Coronavirus) are a diverse group of large, envel-
oped, 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 (ORFla and ORF1b) yielding an RNA
polymerase and a nested set of subgenomic mRNAs encod-
ing 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 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 Coro-
navirus 229E (HCoV-229E), canine coronavirus (CCoV),
feline infectious peritonitis virus (FIPV), porcine transmis-
sible gastroenteritis virus (TGEV), porcine epidemic diar-
rhea virus (PEDV), human coronavirus OC43 (HcoV-
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0C43), bovine  coronavirus (BCoV), porcine
hemagglutinating encephalomyelitis virus (HEV), rat sialo-
dacryoadenitis 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 Infec-
tions, Volume 1 Virology, 9% 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 incor-
rect 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. Coronavi-
ruses 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 PEDYV, 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 incom-
plete or short lived. Coronavirus infection in animals can
cause severe enteric or respiratory disease. Vaccination has
been used successfully to prevent and control some coro-
navirus 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 Virol-
ogy, 9" 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 syn-
drome” (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.
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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 use-
ful 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 anti-
body 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 descrip-
tion 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 (x40). FIG. 1B is a photomicrograph
of infected Vero E6 cells reacting with the serum of a
convalescent SARS patient in an indirect fluorescent anti-
body (IFA) assay (x400).

FIGS. 2A-B are electronmicrographs illustrating ultra-
structural characteristics of the SARS-associated coronavi-
rus (SARS-CoV). FIG. 2A is a thin-section electron-micro-
scopical 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 cen-
ter. 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 nucleo-
capsid-like structure and club-shaped surface projections
surrounding the periphery of the particle. Bars: 100 nm.

FIG. 3 is an estimated maximum parsimony tree illustrat-
ing putative phylogenetic relationships between SARS-CoV
and other human and animal coronaviruses. Phylogenetic
relationships are based on sequence alignment of 405 nucle-
otides 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
HeoV-229E, CCoV, FIPV, TGEV, PEDV, HcoV-OC43,
BCoV, HEV, SDAV, MHV, 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 coronavi-
ruses. Amino acid sequences of the indicated SARS-CoV
proteins were compared with those from reference viruses
representing each species in the three groups of coronavi-
ruses 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 bron-
chitis 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
(7224675); group 2: HCoV-OC43 (M76373, 114643,
M93390); HEV (AY078417); rat coronavirus (AF207551)].
Sequence alignments and neighbor-joining trees were gen-
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erated 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 (x50). 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 (x250). Syncytial cells show no
conspicuous viral inclusions. FIG. 5C is a photomicrograph
of immunohistochemically stained SARS-CoV-infected
cells (x250). Membranous and cytoplasmic immunostaining
of'individual and syncytial Vero E6 cells was achieved using
feline anti-FIPV-1 ascitic fluid. Immunoalkaline phos-
phatase with naphthol-fast red substrate and hematoxylin
counter stain was used.

FIG. 6A-B are electronmicrographs illustrating ultra-
structural 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°). Bars: FIG. 6A, 1 um; 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 polypro-
teins, and those ORFs encoding the S, E, M, and N structural
proteins, are indicated. Vertical position of the boxes indi-
cates 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 indi-
cated. Lengths and map locations of the 3'-coterminal
mRNAs expressed by the SARS-CoV are indicated, as
predicted by identification of conserved transcriptional regu-
latory 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:
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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 la (encoded by nucleic acid 265 to
nucleic acid 13,398 of SEQ ID NO: 1). 5

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 15
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 20
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). 25

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 XS5 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 40
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. 45

30

35

DETAILED DESCRIPTION OF SEVERAL

EMBODIMENTS
1. Abbreviations 30
M: coronavirus membrane protein
N: coronavirus nucleoprotein 355
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 60
TRS: transcriptional regulatory sequence

II. Terms

Unless otherwise noted, technical terms are used accord- 65
ing to conventional usage. Definitions of common terms in
molecular biology may be found in Benjamin Lewin, Genes

6

Vil, 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 approxi-
mate, 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 refer-
ences 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. (Nar.
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.
5,744311; 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™ 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.
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Antibody: A protein (or protein complex) that includes
one or more polypeptides substantially encoded by immu-
noglobulin 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 vari-
able 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, 1gG, 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) and “variable heavy chain” (V) 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 frag-
ments are defined as follows: (1) Fab, the fragment which
contains a monovalent antigen-binding fragment of an anti-
body 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'),, the fragment of
the antibody obtained by treating whole antibody with the
enzyme pepsin without subsequent reduction; (4) F(ab'),, 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 contain-
ing 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 mak-
ing 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 deriva-
tive 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
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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, trans-
lation, and the like.

Physical methods of detecting the binding of complemen-
tary 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 detec-
tion 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,,) at
which 50% of the oligomer is melted from its target. A
higher T,, means a stronger or more stable complex relative
to a complex with a lower T,,.

c¢DNA (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,, of
their molecular weight. By using gels with different con-
centrations 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 hybrid-
ize by hydrogen bonding, which includes Watson-Crick,
Hoogsteen or reversed Hoogsteen hydrogen bonding,
between complementary bases. Generally, nucleic acid con-
sists of nitrogenous bases that are either pyrimidines (cy-
tosine (C), uracil (U), and thymine (T)) or purines (adenine
(A) and guanine (G)). These nitrogenous bases form hydro-
gen 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






