
METHODS AND COMPOSITIONS FOR DIAGNOSING DISEASE
BACKGROUND OF THE INVENTION Field of the Invention
[0001] The present invention relates to methods and
compositions for diagnosing a disease or disorder in a
subject by introducing into cells of the subject a
diagnostic gene switch construct and monitoring
expression of a reporter gene. The invention further
relates to methods and compositions for monitoring the
progression of a disease or disorder or monitoring the
effectiveness or toxicity of a treatment for a disease
or disorder. Background Art [0002] Diagnostic tests
for the presence of a disease in a subject have long
been in existence, but researchers are constantly
searching for improved tests exhibiting increased
sensitivity (allowing earlier detection) and
specificity (eliminating false positives and false
negatives). Other desired characteristics for
diagnostic tests include ease of use, rapid results,
and the ability to constantly monitor progression of a
disease or the effectiveness of ongoing treatment.
[0003] Thus, there is a need in the art for new
diagnostic methods and compositions that provide these
desired characteristics. SUMMARY OF THE INVENTION
[0004] The present invention is based on a combination
of the specificity and sensitivity provided by the use
of disease specific promoters to detect a disease
coupled with the regulatory control of a
ligand-dependent gene switch system to provide
diagnostic and monitoring methods. The present
invention relates to methods and compositions for
diagnosing a disease or disorder in a subject. The
invention further relates to methods and compositions
for monitoring the progression of a disease or
disorder in a subject or monitoring the effectiveness
or toxicity of an administered treatment for a disease
or disorder in a subject.[0005] One embodiment of the
invention comprises methods of diagnosing a disease or
disorder in a subject, comprising: (a) introducing
into cells of said subject (1) a polynucleotide
encoding a gene switch, said gene switch comprising at
least one transcription factor sequence, wherein said
at least one transcription factor sequence encodes a
ligand-dependent transcription factor, operably linked
to a diagnostic switch promoter, wherein the activity
of the promoter is modulated during said disease or
disorder, and (2) a polynucleotide encoding a reporter
gene linked to a promoter which is activated by said
ligand-dependent transcription factor, to produce
modified cells; (b) administering ligand to said
modified cells; and (c) detecting reporter gene
expression; wherein expression of the reporter gene
indicates that said subject has said disease or
disorder. [0006] In one embodiment, the diagnostic
methods are carried out ex vivo in cells that have
been isolated from said subject. [0007] In one
embodiment, the diagnostic methods are carried out by
introducing the compositions of the invention into
cells that have been isolated from said subject to
produce modified cells, and the modified cells are
re-introduced into said subject. [0008] hi one
embodiment, the diagnostic methods are carried out in
vivo. [0009] hi a further embodiment, the diagnostic
methods are carried out using nonautologous cells,
e.g., cells that are allogeneic or xenogeneic to the
subject, and the modified non-autologous cells are
introduced into the subject. [0010] hi one aspect of
the invention, the gene switch is an ecdysone receptor
(EcR)- based gene switch. [0011] hi one embodiment,
the gene switch comprises a first transcription factor
sequence under the control of a first diagnostic
switch promoter and a second transcription factor
sequence under the control of a second diagnostic
switch promoter, wherein the proteins encoded by said
first transcription factor sequence and said second
transcription factor sequence interact to form a
protein complex which functions as a ligand-dependent
transcription factor. [0012] hi another aspect of the
invention, said first transcription factor sequence
encodes a protein comprising a heterodimer partner and
a transactivation domain and said secondtranscription
factor sequence encodes a protein comprising a DNA
binding domain and a ligand-binding domain. [0013] An
additional embodiment of the invention relates to
methods of monitoring the progression of a disease or
disorder in a subject, comprising: (a) introducing
into cells of said subject (1) a polynucleotide
encoding a gene switch, said gene switch comprising at
least one transcription factor sequence, wherein said
at least one transcription factor sequence encodes a
ligand-dependent transcription factor, operably linked
to a diagnostic switch promoter, wherein the activity
of the promoter is modulated during said disease or
disorder, and (2) a polynucleotide encoding a reporter
gene linked to a promoter which is activated by said
ligand-dependent transcription factor, to produce
modified cells; 



(b) administering ligand to said modified cells; and
(c) detecting reporter gene expression at least twice;
wherein a change in the level of expression of said
reporter gene indicates progression of said disease or
disorder in said subject. [0014] A further embodiment
of the invention relates to methods of monitoring the
effectiveness of a treatment for a disease or disorder
in a subject, comprising: (a) administering said
treatment to said subject; (b) introducing into cells
of said subject (1) a polynucleotide encoding a gene
switch, said gene switch comprising at least one
transcription factor sequence, wherein said at least
one transcription factor sequence encodes a
ligand-dependent transcription factor, operably linked
to a diagnostic switch promoter, wherein the activity
of the promoter is modulated during said disease or
disorder, and (2) a polynucleotide encoding a reporter
gene linked to a promoter which is activated by said
ligand-dependent transcription factor, to produce
modified cells; (c) administering ligand to said
modified cells; and (d) detecting reporter gene
expression at least twice; wherein a change in the
level of expression of said reporter gene indicates
the effectiveness of said treatment. [0015] Another
embodiment of the invention relates to methods of
monitoring the potential toxicity of an administered
treatment for a disease or disorder in a subject,
comprising:- A- (a) administering said treatment to
said subject; (b) introducing into cells of said
subject (1) a polynucleotide encoding a gene switch,
said gene switch comprising at least one transcription
factor sequence, wherein said at least one
transcription factor sequence encodes a
ligand-dependent transcription factor, linked to a
diagnostic switch promoter, wherein the activity of
the promoter is modulated by factors found in cells
that are being exposed to toxic conditions, and (2) a
polynucleotide encoding a reporter gene linked to a
promoter which is activated by said ligand-dependent
transcription factor, to produce modified cells; (c)
administering ligand to said modified cells; and (d)
detecting reporter gene expression at least twice;
wherein a change in the level of expression of said
reporter gene indicates the toxicity of said
treatment. [0016] Another embodiment of the invention
relates to methods of monitoring the level of a factor
that is being administered to a subject for treatment
for a disease or disorder, comprising: (a)
administering said treatment to said subject; (b)
introducing into cells of said subject (1) a
polynucleotide encoding a gene switch, said gene
switch comprising at least one transcription factor
sequence, wherein said at least one transcription
factor sequence encodes a ligand-dependent
transcription factor, linked to a diagnostic switch
promoter, wherein the activity of the promoter is
modulated by said factor that is being administered
for treatment, and (2) a polynucleotide encoding a
reporter gene linked to a promoter which is activated
by said ligand-dependent transcription factor, to
produce modified cells; (c) administering ligand to
said modified cells; and (d) detecting reporter gene
expression; wherein the level of expression of said
reporter gene indicates the level of the factor being
administered for treatment. [0017] In a further
embodiment, each of the methods may be carried out
using nonautologous cells, e.g., cells that are
allogeneic or xenogeneic to the subject, and the
modified non-autologous cells are administered to the
subject.[0018] One embodiment of the invention
comprises methods of detecting transplant rejection in
a subject that has received an organ or tissue
transplant, comprising: (a) introducing into cells of
said organ or tissue transplant (1) a polynucleotide
encoding a gene switch, said gene switch comprising at
least one transcription factor sequence, wherein said
at least one transcription factor sequence encodes a
ligand-dependent transcription factor, operably linked
to a diagnostic switch promoter, wherein the activity
of the promoter is modulated during transplant
rejection, and (2) a polynucleotide encoding a
reporter gene linked to a promoter which is activated
by said ligand-dependent transcription factor, to
produce modified cells; (b) administering ligand to
said modified cells; and (c) detecting reporter gene
expression; wherein expression of the reporter gene
indicates that transplant rejection has been detected.
[0019] An additional embodiment of the invention
relates to methods of monitoring the progression of
transplant rejection in a subject that has received an
organ or tissue transplant, comprising: 



(a) introducing into cells of said organ or tissue
transplant (1) a polynucleotide encoding a gene
switch, said gene switch comprising at least one
transcription factor sequence, wherein said at least
one transcription factor sequence encodes a
ligand-dependent transcription factor, operably linked
to a diagnostic switch promoter, wherein the activity
of the promoter is modulated during transplant
rejection, and (2) a polynucleotide encoding a
reporter gene linked to a promoter which is activated
by said ligand-dependent transcription factor, to
produce modified cells; (b) administering ligand to
said modified cells; and (c) detecting reporter gene
expression at least twice; wherein a change in the
level of expression of said reporter gene indicates
progression of said transplant rejection in said
subject. [0020] In a further embodiment, the methods
of detecting or monitoring transplant rejection may be
carried out by introducing the polynucleotides of the
invention into nonautologous cells, e.g., cells that
are allogeneic or xenogeneic to the organ or tissue
beingtransplanted, and the modified non-autologous
cells are introduced to the organ or tissue prior to
transplantation. [0021] In the methods described
above, in one embodiment, the polynucleotide encoding
the gene switch and the polynucleotide encoding the
reporter gene linked to a promoter are part of one
larger polynucleotide, e.g., a vector. In another
embodiment, the polynucleotide encoding the gene
switch and the polynucleotide encoding the reporter
gene linked to a promoter are separate
polynucleotides. [0022] The invention further relates
to diagnostic gene switch constructs that are useful
in the disclosed methods. [0023] The invention
additionally relates to vectors comprising the
diagnostic gene switch constructs of the invention.
[0024] The invention also relates to kits for carrying
out the methods of the invention, comprising, e.g.,
gene switch constructs, vectors, ligands, etc. In one
embodiment, the kits may comprise cells (e.g.,
autologous or non-autologous cells) that may comprise
the polynucleotides of the invention. BRIEF
DESCRIPTION OF THE DRAWINGS/FIGURES [0025] Figure 1
shows an embodiment of the diagnostic gene switch of
the invention in which two transcription factor
sequences encoding two separate portions of a
liganddependent transcription factor are under the
control of different promoters. "Dx-Switch Components"
represents a gene switch; "AD" represents a
transactivation domain; "DBD" represents a DNA binding
domain; "LBD" represents a ligand binding domain;
"StandardDx-Reporter" represents a reporter gene; and
"Pl" and "P2" represent two different disease- or
disorder-responsive promoters hi an alternative
embodiment of Figure 1, "Pl" is a constitutive
promoter; and "P2" and "P3" are different disease- or
disorder-responsive promoters. [0026] Figure 2 shows
an embodiment of the diagnostic gene switch of the
invention in which two transcription factor sequences
encoding two separate portions of a liganddependent
transcription factor are under the control of
different promoters. "Dx-Switch Components" represents
a gene switch; "AD" represents a transactivation
domain; "DBDA" represents a first DNA binding domain;
"DBD-B" represents a second DNA binding domain; "LBD"
represents a ligand binding domain;
"StandardDx-Reporter- A" representsa first reporter
gene; "StandardDx-Reporter-B" represents a second
reporter gene; and "Pl," "P2," and "P3" represent
three different disease- or disorder-responsive
promoters. In an alternative embodiment of Figure 2,
"Pl" is a constitutive promoter; and "P2" and "P3" are
different disease- or disorder-responsive promoters.
[0027] Figure 3 shows an embodiment of the diagnostic
gene switch of the invention in which two
transcription factor sequences encoding two separate
portions of a liganddependent transcription factor are
under the control of different diagnostic switch
promoters. "Dx-Switch Components" represents a gene
switch; "AD" represents a transactivation domain;
"DBD" represents a DNA binding domain; "LBD"
represents a ligand binding domain;
"StandardDx-Reporter" represents a reporter gene; and
"Pl," "P2," "P3," and "P4" represent four different
disease- or disorder-responsive promoters. [0028]
Figure 4 shows an embodiment of the diagnostic gene
switch of the invention in which two transcription
factor sequences encoding two separate portions of a
liganddependent transcription factor are under the
control of different promoters and a control reporter
gene is present. "Dx-Switch Components" represents a
gene switch; "AD" represents a transactivation domain;
"DBD-A" represents a first DNA binding domain; "DBD-B"
represents a second DNA binding domain; "LBD"
represents a ligand binding domain;
"StandardDx-Reporter- A" represents a first reporter
gene; "Control-Reporter-B" represents a second
reporter gene; and "Pl" and "P2" represent two
different disease- or disorder-responsive promoters;
and "P3" and "P4" represent two different control
promoters. In an alternative embodiment of Figure 4,
"P3" and "P4" are constitutive promoters. [0029]
Figure 5 shows an embodiment of a single promoter
shuttle vector (SEQ ID No.: 5), which includes the
IL-24/mda-7 promoter. Adenovirus produced using this
vector is 



used to transduce cells isolated from lymphatic
samples. [0030] Figure 6 shows an embodiment of a dual
promoter vector (SEQ ID NO.: 6), which includes TRPM4
and TRGCl /TARP promoters. This DNA vector is used to
transduce a prostate biopsy using non-viral
transduction systems. [0031] Figure 7 shows an
embodiment of a single promoter vector (SEQ ED NO.:
7), which includes the ADAM- 17 promoter and the
CD95-ADAM8 dual reporter (SEQ ED NO.: 10).[0032]
Figure 8 shows an embodiment of a dual promoter vector
(SEQ ID NO.: 8), which includes the CXCL9 and SEMA7A
promoters and the CD40-CD3 dual reporter (SEQ ED NO.:
12). [0033] Figure 9 shows an embodiment of a single
promoter vector (SEQ ID NO.: 9), which includes the
ADAM- 17 promoter and the alkaline phosphatase -c
terminal CD40 reporter (SEQ ID NO.: 14). [0034] Figure
10 shows embodiments of the serum-based reporters that
are designed to exhibit no immunogenic profile when
expressed within the human body. These reporters are
made up of human based amino acid sequences that are
present either on the cell surface or within the serum
naturally. Hence, these reporters are not immunogenic
nor are they subject to immune attack when expressed
in the human body hi one embodiment, serum-based
reporters are dual epitope reporter, for e.g.,
CD95-ADAM8 reporter (SEQ ID NOs.: 10-1 1), CD40-CD3
reporter (SEQ ID NOs.: 12-13), CD28-CD3 reporter (SEQ
ID. NOs.: 16-17) and CD28-CD40 reporter (SEQ ED NOs.:
18-19) that allows ELISA based capture and detection.
The designs utilize a signal peptide (Signal P) for
transport into the secretory pathway, followed by
epitopes from cell surface antigens with linkers (L).
In alternative embodiments, different combinations of
linkers and epitopes are used for each design. In
another embodiment, the serum-based reporter is an
alkaline phosphatase reporter, for e.g., alkaline
phosphatase - c terminal CD40 reporter (SEQ ED NOs.:
14-15), that allows immunocapture followed by
enzymatic detection of reporter activity. Alkaline
phosphatase reporters utilize the tissue non specific
alkaline phosphatase for an enzymatic reporter that
can be secreted. An epitope from a cell surface
antigen is included at the carboxy terminus for
immunocapture prior to measurement of alkaline
phosphatase activity. In additional embodiments of
Figure 10, additional alkaline phosphatase reporters
are: alkaline phosphatase - amiono terminal CD40
reporter (SEQ ED NOs.: 20-21) and alkaline phosphatase
- c terminal CD28 reporter (SEQ ED. NOs.: 22-23).
DETAILED DESCRIPTION OF THE INVENTION [0035] The
invention relates to methods and compositions for
using a gene switch for the diagnosis of diseases or
disorders in a subject. The invention further relates
to methodsand compositions for monitoring the
progression of diseases or disorders or the treatment
thereof in a subject. The methods of the invention can
be carried out either ex vivo (by introducing the gene
switch into isolated cells of a subject) or in vivo
(by introducing the gene switch into isolated cells of
a subject and reintroducing the cells to the subject
or by introducing the gene switch directly into cells
of the subject). In another embodiment, the cells
harboring the gene switch may be non-autologous cells
(e.g., allogeneic or xenogeneic cells). The methods of
the invention involve the use of a gene switch in
which expression of a ligand-dependent transcription
factor is under the control of one or more diagnostic
switch promoters. The methods and compositions
described herein provide a highly sensitive and highly
specific diagnostic technique in which the timing of
the diagnostic step is controlled by administration of
ligand to cells comprising the gene switch, permitting
optimal detection of the presence of a disease or
disorder as well as continuous or intermittent
monitoring of the progression of a disease or disorder
or the effectiveness or toxicity of a treatment.
[0036] The following definitions are provided and
should be helpful in understanding the scope and
practice of the present invention. [0037] The term
"isolated" for the purposes of the present invention
designates a biological material (cell, nucleic acid
or protein) that has been removed from its original
environment (the environment in which it is naturally
present). For example, a polynucleotide present in the
natural state in a plant or an animal is not isolated,
however the same polynucleotide separated from the
adjacent nucleic acids in which it is naturally
present, is considered "isolated." [0038] The term
"purified," as applied to biological materials does
not require the material to be present in a form
exhibiting absolute purity, exclusive of the presence
of other compounds. It is rather a relative
definition. [0039] "Nucleic acid," "nucleic acid
molecule," "oligonucleotide," and "polynucleotide" are
used interchangeably and refer to the phosphate ester
polymeric form of ribonucleosides (adenosine,
guanosine, uridine or cytidine; "RNA molecules") or
deoxyribonucleosides (deoxyadenosine, deoxyguanosine,
deoxythymidine, or deoxycytidine; "DNA molecules"), or
any phosphoester analogs thereof, such as
phosphorothioates and thioesters, in either single
stranded form, or a double-stranded helix. Double
stranded DNA-DNA, DNA-RNA and RNA-RNA helices are
possible.The term nucleic acid molecule, and in
particular DNA or RNA molecule, refers only to the
primary and secondary structure of the molecule, and
does not limit it to any 



particular tertiary forms. Thus, this term includes
double-stranded DNA found, inter alia, in linear or
circular DNA molecules (e.g., restriction fragments),
plasmids, supercoiled DNA and chromosomes. In
discussing the structure of particular double-stranded
DNA molecules, sequences may be described herein
according to the normal convention of giving only the
sequence in the 5' to 3' direction along the
non-transcribed strand of DNA (i.e., the strand having
a sequence homologous to the mRNA). A "recombinant DNA
molecule" is a DNA molecule that has undergone a
molecular biological manipulation. DNA includes, but
is not limited to, cDNA, genomic DNA, plasmid DNA,
synthetic DNA, and semi-synthetic DNA. [0040] The term
"fragment," as applied to polynucleotide sequences,
refers to a nucleotide sequence of reduced length
relative to the reference nucleic acid and comprising,
over the common portion, a nucleotide sequence
identical to the reference nucleic acid. Such a
nucleic acid fragment according to the invention may
be, where appropriate, included in a larger
polynucleotide of which it is a constituent. Such
fragments comprise, or alternatively consist of,
oligonucleotides ranging in length from at least 6, 8,
9, 10, 12, 15, 18, 20, 21, 22, 23, 24, 25, 30, 39, 40,
42, 45, 48, 50, 51, 54, 57, 60, 63, 66, 70, 75, 78,
80, 90, 100, 105, 120, 135, 150, 200, 300, 500, 720,
900, 1000, 1500, 2000, 3000, 4000, 5000, or more
consecutive nucleotides of a nucleic acid according to
the invention. [0041] As used herein, an "isolated
nucleic acid fragment" refers to a polymer of RNA or
DNA that is single- or double-stranded, optionally
containing synthetic, non-natural or altered
nucleotide bases. An isolated nucleic acid fragment in
the form of a polymer of DNA may be comprised of one
or more segments of cDNA, genomic DNA or synthetic
DNA. [0042] A "gene" refers to a polynucleotide
comprising nucleotides that encode a functional
molecule, including functional molecules produced by
transcription only (e.g., a bioactive RNA species) or
by transcription and translation (e.g., a
polypeptide). The term "gene" encompasses cDNA and
genomic DNA nucleic acids. "Gene" also refers to a
nucleic acid fragment that expresses a specific RNA,
protein or polypeptide, including regulatory sequences
preceding (5' non-coding sequences) and following (3
non-codingsequences) the coding sequence. "Native
gene" refers to a gene as found in nature with its own
regulatory sequences. "Chimeric gene" refers to any
gene that is not a native gene, comprising regulatory
and/or coding sequences that are not found together in
nature. Accordingly, a chimeric gene may comprise
regulatory sequences and coding sequences that are
derived from different sources, or regulatory
sequences and coding sequences derived from the same
source, but arranged in a manner different than that
found in nature. A chimeric gene may comprise coding
sequences derived from different sources and/or
regulatory sequences derived from different sources.
"Endogenous gene" refers to a native gene in its
natural location in the genome of an organism. A
"foreign" gene or "heterologous" gene refers to a gene
not normally found in the host organism, but that is
introduced into the host organism by gene transfer.
Foreign genes can comprise native genes inserted into
a non-native organism, or chimeric genes. A
"transgene" is a gene that has been introduced into
the genome by a transformation procedure. [0043]
"Heterologous DNA" refers to DNA not naturally located
in the cell, or in a chromosomal site of the cell. The
heterologous DNA may include a gene foreign to the
cell. [0044] The term "genome" includes chromosomal as
well as mitochondrial, chloroplast and viral DNA or
RNA. [0045] A nucleic acid molecule is "hybridizable"
to another nucleic acid molecule, such as a cDNA,
genomic DNA, or RNA, when a single stranded form of
the nucleic acid molecule can anneal to the other
nucleic acid molecule under the appropriate conditions
of temperature and solution ionic strength.
Hybridization and washing conditions are well known
and exemplified in Sambrook et al. in Molecular
Cloning: A Laboratory Manual, Second Edition, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor
(1989), particularly Chapter 11 and Table 11.1 therein
(entirely incorporated herein by reference). The
conditions of temperature and ionic strength determine
the "stringency" of the hybridization. [0046]
Stringency conditions can be adjusted to screen for
moderately similar fragments, such as homologous
sequences from distantly related organisms, to highly
similar fragments, such as genes that duplicate
functional enzymes from closely related organisms. For
preliminary screening for homologous nucleic acids,
low stringency hybridization conditions, corresponding
to a Tn, of 55, can be used, e.g., 5X SSC, 0.1%SDS,
0.25% milk, and no formamide; or 30% formamide, 5X
SSC, 0.5% SDS. Moderate stringency hybridization
conditions correspond to a higher Tm, e.g., 40%
formamide, with 5X or 6X SSC. High stringency
hybridization conditions correspond to the highest Tm,
e.g., 50% formamide, 5X or 6X SSC. [0047]
Hybridization requires that the two nucleic acids
contain complementary sequences, although depending on
the stringency of the hybridization, mismatches
between bases are possible. The term "complementary"
is used to describe the relationship between
nucleotide bases that are capable of hybridizing to
one another. For 



example, with respect to DNA, adenosine is
complementary to thymine and cytosine is complementary
to guanine. Accordingly, the present invention also
includes isolated nucleic acid fragments that are
complementary to the complete sequences as disclosed
or used herein as well as those substantially similar
nucleic acid sequences. [0048] hi one embodiment of
the invention, polynucleotides are detected by
employing hybridization conditions comprising a
hybridization step at Tn, of 55C, and utilizing
conditions as set forth above. In other embodiments,
the Tm is 60C, 630C, or 65C. [0049] Post-hybridization
washes also determine stringency conditions. One set
of conditions uses a series of washes starting with 6X
SSC, 0.5% SDS at room temperature for 15 minutes
(min), then repeated with 2X SSC, 0.5% SDS at 45C for
30 min, and then repeated twice with 0.2X SSC, 0.5%
SDS at 50C for 30 min. A preferred set of stringent
conditions uses higher temperatures in which the
washes are identical to those above except for the
temperature of the final two 30 min washes in 0.2X
SSC, 0.5% SDS is increased to 60C. Another preferred
set of highly stringent conditions uses two final
washes in 0.1X SSC, 0.1% SDS at 65C. [0050] The
appropriate stringency for hybridizing nucleic acids
depends on the length of the nucleic acids and the
degree of complementation, variables well known in the
art. The greater the degree of similarity or homology
between two nucleotide sequences, the greater the
value of Tn, for hybrids of nucleic acids having those
sequences. The relative stability (corresponding to
higher Tm) of nucleic acid hybridizations decreases in
the following order: RNA:RNA, DNA:RNA, DNA:DNA. For
hybrids of greater than 100 nucleotides in length,
equations for calculating Tm have been derived (see
Sambrook et al, supra, 9.50-0.51). For hybridization
with shorter nucleic acids, i.e., oligonucleotides,the
position of mismatches becomes more important, and the
length of the oligonucleotide determines its
specificity (see Sambrook et ah, supra, 11.7-1 1.8).
[0051] In one embodiment of the invention,
polynucleotides are detected by employing
hybridization conditions comprising a hybridization
step in less than 500 mM salt and at least 37C, and a
washing step in 2X SSPE at a temperature of at least
63C. hi another embodiment, the hybridization
conditions comprise less than 200 mM salt and at least
37C for the hybridization step hi a further
embodiment, the hybridization conditions comprise 2X
SSPE and 63C for both the hybridization and washing
steps. [0052] hi another embodiment, the length for a
hybridizable nucleic acid is at least about 10
nucleotides. Preferably a minimum length for a
hybridizable nucleic acid is at least about 15
nucleotides; e.g., at least about 20 nucleotides;
e.g., at least 30 nucleotides. Furthermore, the
skilled artisan will recognize that the temperature
and wash solution salt concentration may be adjusted
as necessary according to factors such as length of
the probe. [0053] The term "probe" refers to a
single-stranded nucleic acid molecule that can base
pair with a complementary single stranded target
nucleic acid to form a double-stranded molecule.
[0054] As used herein, the term "oligonucleotide"
refers to a short nucleic acid that is hybridizable to
a genomic DNA molecule, a cDNA molecule, a plasmid DNA
or an mRNA molecule. Oligonucleotides can be labeled,
e.g., with 32P-nucleotides or nucleotides to which a
label, such as biotin, has been covalently conjugated.
A labeled oligonucleotide can be used as a probe to
detect the presence of a nucleic acid.
Oligonucleotides (one or both of which may be labeled)
can be used as PCR primers, either for cloning full
length or a fragment of a nucleic acid, for DNA
sequencing, or to detect the presence of a nucleic
acid. An oligonucleotide can also be used to form a
triple helix with a DNA molecule. Generally,
oligonucleotides are prepared synthetically,
preferably on a nucleic acid synthesizer. Accordingly,
oligonucleotides can be prepared with non-naturally
occurring phosphoester analog bonds, such as thioester
bonds, etc. [0055] A "primer" refers to an
oligonucleotide that hybridizes to a target nucleic
acid sequence to create a double stranded nucleic acid
region that can serve as an initiation point for DNA
synthesis under suitable conditions. Such primers may
be used in a polymerase chain reaction or for DNA
sequencing.[0056] "Polymerase chain reaction" is
abbreviated PCR and refers to an in vitro method for
enzymatically amplifying specific nucleic acid
sequences. PCR involves a repetitive series of
temperature cycles with each cycle comprising three
stages: denaturation of the template nucleic acid to
separate the strands of the target molecule, annealing
a single stranded PCR oligonucleotide primer to the
template nucleic acid, and extension of the annealed
primer(s) by DNA polymerase. PCR provides a means to
detect the presence of the target molecule and, under
quantitative or semi-quantitative conditions, to
determine the relative amount of that target molecule
within the starting pool of nucleic acids. [0057]
"Reverse transcription-polymerase chain reaction" is
abbreviated RT-PCR and refers to an in vitro method
for enzymatically producing a target cDNA molecule or
molecules from an RNA molecule or molecules, followed
by enzymatic amplification of a specific nucleic acid
sequence or sequences within the target cDNA molecule
or molecules as described above. RT-PCR also provides
a means to detect the presence of the target molecule
and, under quantitative or semi-quantitative
conditions, to determine the relative amount of that
target molecule within the starting pool of nucleic
acids. 



[0058] A DNA "coding sequence" refers to a
double-stranded DNA sequence that encodes a
polypeptide and can be transcribed and translated into
a polypeptide in a cell in vitro or in vivo when
placed under the control of suitable regulatory
sequences. "Suitable regulatory sequences" refers to
nucleotide sequences located upstream (5' non-coding
sequences), within, or downstream (31non-coding
sequences) of a coding sequence, and which influence
the transcription, RNA processing or stability, or
translation of the associated coding sequence.
Regulatory sequences may include promoters,
translation leader sequences, introns, polyadenylation
recognition sequences, RNA processing sites, effector
binding sites and stem-loop structures. The boundaries
of the coding sequence are determined by a start codon
at the 5' (amino) terminus and a translation stop
codon at the 3' (carboxyl) terminus. A coding sequence
can include, but is not limited to, prokaryotic
sequences, cDNA from mRNA, genomic DNA sequences, and
even synthetic DNA sequences. If the coding sequence
is intended for expression in a eukaryotic cell, a
polyadenylation signal and transcription termination
sequence will usually be located 3' to the coding
sequence. [0059] "Open reading frame" is abbreviated
ORF and refers to a length of nucleic acid sequence,
either DNA, cDNA or RNA, that comprises a translation
start signal orinitiation codon, such as an ATG or
AUG, and a termination codon and can be potentially
translated into a polypeptide sequence. [0060] The
term "head-to-head" is used herein to describe the
orientation of two polynucleotide sequences in
relation to each other. Two polynucleotides are
positioned in a head-to-head orientation when the 5'
end of the coding strand of one polynucleotide is
adjacent to the 5' end of the coding strand of the
other polynucleotide, whereby the direction of
transcription of each polynucleotide proceeds away
from the 5' end of the other polynucleotide. The term
"head-to-head" may be abbreviated (5')-to-(5') and may
also be indicated by the symbols (< >) or
(3'<-5'5'->3'). [0061] The term "tail-to-tail" is used
herein to describe the orientation of two
polynucleotide sequences in relation to each other.
Two polynucleotides are positioned in a tail-to-tail
orientation when the 3' end of the coding strand of
one polynucleotide is adjacent to the 3' end of the
coding strand of the other polynucleotide, whereby the
direction of transcription of each polynucleotide
proceeds toward the other polynucleotide. The term
"tail-to-tail" may be abbreviated (3')-to-(3') and may
also be indicated by the symbols ((r) -) or
(5'-"3'3'<- 5'). [0062] The term "head-to-tail" is
used herein to describe the orientation of two
polynucleotide sequences in relation to each other.
Two polynucleotides are positioned in a head-to-tail
orientation when the 5' end of the coding strand of
one polynucleotide is adjacent to the 3' end of the
coding strand of the other polynucleotide, whereby the
direction of transcription of each polynucleotide
proceeds in the same direction as that of the other
polynucleotide. The term "head-to-tail" may be
abbreviated (5')-to-(3') and may also be indicated by
the symbols ((r) ->) or (5'->q '5'->3'). [0063] The
term "downstream" refers to a nucleotide sequence that
is located 3' to a reference nucleotide sequence. In
particular, downstream nucleotide sequences generally
relate to sequences that follow the starting point of
transcription. For example, the translation initiation
codon of a gene is located downstream of the start
site of transcription. [0064] The term "upstream"
refers to a nucleotide sequence that is located 5' to
a reference nucleotide sequence. In particular,
upstream nucleotide sequences generally relate to
sequences that are located on the 5' side of a coding
sequence or starting point oftranscription. For
example, most promoters are located upstream of the
start site of transcription. [0065] The terms
"restriction endonuclease" and "restriction enzyme"
are used interchangeably and refer to an enzyme that
binds and cuts within a specific nucleotide sequence
within double stranded DNA. [0066] "Homologous
recombination" refers to the insertion of a foreign
DNA sequence into another DNA molecule, e.g.,
insertion of a vector in a chromosome. Preferably, the
vector targets a specific chromosomal site for
homologous recombination. For specific homologous
recombination, the vector will contain sufficiently
long regions of homology to sequences of the
chromosome to allow complementary binding and
incorporation of the vector into the chromosome.
Longer regions of homology, and greater degrees of
sequence similarity, may increase the efficiency of
homologous recombination. [0067] Several methods known
in the art may be used to propagate a polynucleotide
according to the invention. Once a suitable host
system and growth conditions are established,
recombinant expression vectors can be propagated and
prepared in quantity. As described herein, the
expression vectors which can be used include, but are
not limited to, the following vectors or their
derivatives: human or animal viruses such as vaccinia
virus or adenovirus; insect viruses such as
baculovirus; yeast vectors; bacteriophage vectors
(e.g., lambda), and plasmid and cosmid DNA vectors, to
name but a few. [0068] A "vector" refers to any
vehicle for the cloning of and/or transfer of a
nucleic acid into a host cell. A vector may be a
replicon to which another DNA segment may be attached
so as to bring about the replication of the attached
segment. A "replicon" refers 



to any genetic element (e.g., plasmid, phage, cosmid,
chromosome, virus) that functions as an autonomous
unit of DNA replication in vivo, i.e., capable of
replication under its own control. The term "vector"
includes both viral and nonviral vehicles for
introducing the nucleic acid into a cell in vitro, ex
vivo or in vivo. A large number of vectors known in
the art may be used to manipulate nucleic acids,
incorporate response elements and promoters into
genes, etc. Possible vectors include, for example,
plasmids or modified viruses including, for example
bacteriophages such as lambda derivatives, or plasmids
such as pBR322 or pUC plasmid derivatives, or the
Bluescript vector. Another example of vectors that are
useful in the present invention is the UltraVector(tm)
Production System (Intrexon Corp., Blacksburg, VA) as
described in WO 2007/038276, incorporated hereinby
reference. For example, the insertion of the DNA
fragments corresponding to response elements and
promoters into a suitable vector can be accomplished
by ligating the appropriate DNA fragments into a
chosen vector that has complementary cohesive termini.
Alternatively, the ends of the DNA molecules may be
enzymatically modified or any site may be produced by
ligating nucleotide sequences (linkers) into the DNA
termini. Such vectors may be engineered to contain
selectable marker genes that provide for the selection
of cells that have incorporated the marker into the
cellular genome. Such markers allow identification
and/or selection of host cells that incorporate and
express the proteins encoded by the marker. [0069]
Viral vectors, and particularly retroviral vectors,
have been used in a wide variety of gene delivery
applications in cells, as well as living animal
subjects. Viral vectors that can be used include, but
are not limited to, retrovirus, adeno-associated
virus, pox, baculovirus, vaccinia, herpes simplex,
Epstein-Barr, adenovirus, geminivirus, and
caulimovirus vectors. Non-viral vectors include
plasmids, liposomes, electrically charged lipids
(cytofectins), DNA-protein complexes, and biopolymers.
hi addition to a nucleic acid, a vector may also
comprise one or more regulatory regions, and/or
selectable markers useful in selecting, measuring, and
monitoring nucleic acid transfer results (transfer to
which tissues, duration of expression, etc.). [0070]
The term "plasmid" refers to an extra-chromosomal
element often carrying a gene that is not part of the
central metabolism of the cell, and usually in the
form of circular double-stranded DNA molecules. Such
elements may be autonomously replicating sequences,
genome integrating sequences, phage or nucleotide
sequences, linear, circular, or supercoiled, of a
single- or double-stranded DNA or RNA, derived from
any source, in which a number of nucleotide sequences
have been joined or recombined into a unique
construction which is capable of introducing a
promoter fragment and DNA sequence for a selected gene
product along with appropriate 3' untranslated
sequence into a cell. [0071] A "cloning vector" refers
to a "replicon," which is a unit length of a nucleic
acid, preferably DNA, that replicates sequentially and
which comprises an origin of replication, such as a
plasmid, phage or cosmid, to which another nucleic
acid segment may be attached so as to bring about the
replication of the attached segment. Cloning vectors
may be capable of replication in one cell type and
expression in another ("shuttle vector"). Cloning
vectors may comprise one or more sequences that can be
used forselection of cells comprising the vector
and/or one or more multiple cloning sites for
insertion of sequences of interest. The term
"expression vector" refers to a vector, plasmid or
vehicle designed to enable the expression of an
inserted nucleic acid sequence following
transformation into the host. The cloned gene, i.e.,
the inserted nucleic acid sequence, is usually placed
under the control of control elements such as a
promoter, a minimal promoter, an enhancer, or the
like. Initiation control regions or promoters, which
are useful to drive expression of a nucleic acid in
the desired host cell are numerous and familiar to
those skilled in the art. Virtually any promoter
capable of driving expression of these genes can be
used in an expression vector, including but not
limited to, viral promoters, bacterial promoters,
animal promoters, mammalian promoters, synthetic
promoters, constitutive promoters, tissue specific
promoters, pathogenesis or disease related promoters,
developmental specific promoters, inducible promoters,
light regulated promoters; CYCl, HIS3, GALl, GAL4,
GALlO, ADHl, PGK, PH05, GAPDH, ADCl, TRPl, URA3, LEU2,
ENO, TPI, alkaline phosphatase promoters (useful for
expression in Saccharomyces); AOXl promoter (useful
for expression in Pichia); b-lactamase, lac, ara, tet,
trp, IPj IPR, T7, tac, and trc promoters (useful for
expression in Escherichia coli); light regulated-,
seed specific-, pollen specific-, ovary specific-,
cauliflower mosaic virus 35S, CMV 35S minimal, cassava
vein mosaic virus (CsVMV), chlorophyll a/b binding
protein, ribulose 1,5-bisphosphate carboxylase,
shoot-specific, root specific, chitinase, stress
inducible, rice tungro bacilliform virus, plant
super-promoter, potato leucine aminopeptidase, nitrate
reductase, mannopine synthase, nopaline synthase,
ubiquitin, zein protein, and anthocyanin promoters
(useful for expression in plant cells); animal and
mammalian promoters known in the art including, but
are not limited to, the SV40 early (SV40e) promoter
region, the promoter contained in the 3' long terminal
repeat (LTR) of Rous sarcoma virus (RSV), the
promoters of the ElA or major late promoter (MLP)
genes of adenoviruses (Ad), the cytomegalovirus (CMV)
early promoter, the herpes simplex virus (HSV)
thymidine kinase (TK) promoter, a baculovirus IEl
promoter, an elongation factor 



1 alpha (EFl) promoter, a phosphoglycerate kinase
(PGK) promoter, a ubiquitin (Ubc) promoter, an albumin
promoter, the regulatory sequences of the mouse
metallothionein-L promoter and transcriptional control
regions, the ubiquitous promoters (HPRT, vimentin,
a-actin, tubulin and the like), the promoters of the
intermediate filaments (desmin,neurofilaments,
keratin, GFAP, and the like), the promoters of
therapeutic genes (of the MDR, CFTR or factor VIII
type, and the like), pathogenesis or disease
related-promoters, and promoters that exhibit tissue
specificity and have been utilized in transgenic
animals, such as the elastase I gene control region
which is active in pancreatic acinar cells; insulin
gene control region active in pancreatic beta cells,
immunoglobulin gene control region active in lymphoid
cells, mouse mammary tumor virus control region active
in testicular, breast, lymphoid and mast cells;
albumin gene, Apo AI and Apo All control regions
active in liver, alpha-fetoprotein gene control region
active in liver, alpha 1-antitrypsin gene control
region active in the liver, beta-globin gene control
region active in myeloid cells, myelin basic protein
gene control region active in oligodendrocyte cells in
the brain, myosin light chain-2 gene control region
active in skeletal muscle, and gonadotropic releasing
hormone gene control region active in the
hypothalamus, pyruvate kinase promoter, villin
promoter, promoter of the fatty acid binding
intestinal protein, promoter of the smooth muscle cell
a-actin, and the like. In addition, these expression
sequences may be modified by addition of enhancer or
regulatory sequences and the like. [0073] Vectors may
be introduced into the desired host cells by methods
known in the art, e.g., transfection, electroporation,
microinjection, transduction, cell fusion, DEAE
dextran, calcium phosphate precipitation, lipofection
(lysosome fusion), use of a gene gun, or a DNA vector
transporter (see, e.g., Wu et al, J. Biol. Chem.
267:963 (1992); Wu et al., J. Biol. Chem. 263:14621
(1988); and Hartmut et al., Canadian Patent
Application No. 2,012,31 1). [0074] A polynucleotide
according to the invention can also be introduced in
vivo by lipofection. For the past decade, there has
been increasing use of liposomes for encapsulation and
transfection of nucleic acids in vitro. Synthetic
cationic lipids designed to limit the difficulties and
dangers encountered with liposome-mediated
transfection can be used to prepare liposomes for in
vivo transfection of a gene encoding a marker (Feigner
et al., Proc. Natl. Acad. Sci. USA. 84:7413 (1987);
Mackey et al., Proc. Natl. Acad. Sci. USA 85:8021
(1988); and Ulmer et al., Science 259:1745 (1993)).
The use of cationic lipids may promote encapsulation
of negatively charged nucleic acids, and also promote
fusion with negatively charged cell membranes (Feigner
et al., Science 337:387 (1989)). Particularly useful
lipid compounds and compositions for transfer of
nucleic acids are described in WO95/18863, WO96/17823
and U.S. 5,459,127. The use oflipofection to introduce
exogenous genes into the specific organs in vivo has
certain practical advantages. Molecular targeting of
liposomes to specific cells represents one area of
benefit. It is clear that directing transfection to
particular cell types would be particularly preferred
in a tissue with cellular heterogeneity, such as
pancreas, liver, kidney, and the brain. Lipids may be
chemically coupled to other molecules for the purpose
of targeting (Mackey et al. 1988, supra). Targeted
peptides, e.g., hormones or neurotransmitters, and
proteins such as antibodies, or non-peptide molecules
could be coupled to liposomes chemically. [0075] Other
molecules are also useful for facilitating
transfection of a nucleic acid in vivo, such as a
cationic oligopeptide {e.g., WO95/21931), peptides
derived from DNA binding proteins {e.g., WO96/25508),
or a cationic polymer {e.g., WO95/21931). [0076] It is
also possible to introduce a vector in vivo as a naked
DNA plasmid (see U.S. Patent Nos. 5,693,622, 5,589,466
and 5,580,859). Receptor-mediated DNA delivery
approaches can also be used (Curiel et al, Hum. Gene
Ther. 3:147 (1992); and Wu et al, J. Biol Chem.
262:4429 (1987)). [0077] The term "transfection"
refers to the uptake of exogenous or heterologous RNA
or DNA by a cell. A cell has been "transfected" by
exogenous or heterologous RNA or DNA when such RNA or
DNA has been introduced inside the cell. A cell has
been "transformed" by exogenous or heterologous RNA or
DNA when the transfected RNA or DNA effects a
phenotypic change. The transforming RNA or DNA can be
integrated (covalently linked) into chromosomal DNA
making up the genome of the cell. [0078]
"Transformation" refers to the transfer of a nucleic
acid fragment into the genome of a host organism,
resulting in genetically stable inheritance. Host
organisms containing the transformed nucleic acid
fragments are referred to as "transgenic" or
"recombinant" or "transformed" organisms. [0079] hi
addition, the recombinant vector comprising a
polynucleotide according to the invention may include
one or more origins for replication in the cellular
hosts in which their amplification or their expression
is sought, markers or selectable markers. [0080] The
term "selectable marker" refers to an identifying
factor, usually an antibiotic or chemical resistance
gene, that is able to be selected for based upon the
marker gene's effect, i.e., resistance to an
antibiotic, resistance to a herbicide, colorimetric
markers, enzymes, fluorescent markers, and the like,
wherein the effect is used to track theinheritance of
a nucleic acid of interest and/or to identify a cell
or organism that has inherited the nucleic acid of
interest. Examples of selectable marker genes known
and used in the art include: genes providing
resistance to ampicillin, streptomycin, 



gentamycin, kanamycin, hygromycin, bialaphos
herbicide, sulfonamide, and the like; and genes that
are used as phenotypic markers, i.e., anthocyanin
regulatory genes, isopentanyl transferase gene, and
the like. [0081] The term "reporter gene" refers to a
nucleic acid encoding an identifying factor that is
able to be identified based upon the reporter gene's
effect, wherein the effect is used to track the
inheritance of a nucleic acid of interest, to identify
a cell or organism that has inherited the nucleic acid
of interest, and/or to measure gene expression
induction or transcription. Examples of reporter genes
known and used in the art include: luciferase (Luc),
green fluorescent protein (GFP), chloramphenicol
acetyltransferase (CAT), b- galactosidase (LacZ),
b-glucuronidase (Gus), and the like. Selectable marker
genes may also be considered reporter genes. [0082]
"Promoter and "promoter sequence" are used
interchangeably and refer to a DNA sequence capable of
controlling the transcription of a nucleic acid.
Promoters may be derived in their entirety from a
native gene, or be composed of different elements
derived from different promoters found in nature, or
even comprise synthetic DNA segments. It is understood
by those skilled in the art that different promoters
may direct the expression of a gene in different
tissues or cell types, or at different stages of
development, or in response to different environmental
or physiological conditions. Promoters that cause a
gene to be expressed in most cell types at most times
are commonly referred to as "constitutive promoters."
Promoters that cause a gene to be expressed in a
specific cell type are commonly referred to as
"cell-specific promoters" or "tissue-specific
promoters." Promoters that cause a gene to be
expressed at a specific stage of development or cell
differentiation are commonly referred to as
"developmentally-specific promoters" or "cell
differentiation-specific promoters." Promoters that
are induced and cause a gene to be expressed following
exposure or treatment of the cell with an agent,
biological molecule, chemical, ligand, light, or the
like that induces the promoter are commonly referred
to as "inducible promoters" or "regulatable
promoters." It is further recognized that since in
most cases the exact boundaries of regulatory
sequences have not been completely defined, DNA
fragments of different lengths may have identical
promoter activity.[0083] The promoter sequence is
typically bounded at its 3' terminus by the
transcription initiation site and extends upstream (5'
direction) to include the minimum number of bases or
elements necessary to initiate transcription at levels
detectable above background. Within the promoter
sequence will be found a transcription initiation site
(conveniently defined for example, by mapping with
nuclease Sl), as well as protein binding domains
(consensus sequences) responsible for the binding of
transcription factors that recruit RNA
polymerase-mediated transcription. [0084] "Diagnostic
switch promoter" refers to a promoter the activity of
which is modulated by a factor in a manner that can be
used as a diagnostic in the present invention. The
term encompasses promoters that increase or decrease
expression of a coding sequence during a disease or
disorder as a change in promoter activity in either
direction will be diagnostic. The term includes,
without limitation, disease-specific promoters,
promoters responsive to particular physiological or
pathological conditions, and promoters responsive to
specific biological molecules. Diagnostic switch
promoters can comprise the sequence of naturally
occurring promoters, modified sequences derived from
naturally occurring promoters, or synthetic sequences
(e.g., insertion of a response element into a promoter
sequence to alter the responsiveness of the promoter).
[0085] A "coding sequence" is a DNA sequence that
encodes a polypeptide or a RNA (e.g., a functional
RNA). [0086] A coding sequence is "under the control"
of transcriptional and translational control sequences
in a cell when RNA polymerase transcribes the coding
sequence into RNA. If the coding sequence is a protein
coding sequence, the primary RNA transcript is then
further processed (e.g., trans-RNA spliced (if the
coding sequence contains introns) and polyadenylated),
exported to the cytoplasm, and translated into the
protein encoded by the coding sequence.
Non-protein-coding bioactive RNA species (including,
but not limited to RNAi or microRNAs) can be
functional in the nucleus as a primary transcript, a
spliced transcript (with or without polyadenylation),
and/or an excised intron; or can exert bioactivity in
extra-nuclear cellular regions as any RNA form that is
exported from the nucleus. [0087] "Transcriptional and
translational control sequences" refer to DNA
regulatory sequences, such as promoters, enhancers,
terminators, and the like, that provide for
theexpression of a coding sequence in a host cell. In
eukaryotic cells, polyadenylation signals are control
sequences. [0088] The term "response element" refers
to one or more cis-acting DNA elements which confer
responsiveness on a promoter mediated through
interaction with the DNAbinding domains of a
transcription factor. This DNA element may be either
palindromic (perfect or imperfect) in its sequence or
composed of sequence motifs or half sites separated by
a variable number of nucleotides. The half sites can
be similar or identical and arranged as either direct
or inverted repeats or as a single half site or
multimers of adjacent half sites in tandem. The
response element may comprise a minimal promoter
isolated from different organisms depending upon the
nature of the cell or organism into 



which the response element will be incorporated. The
DNA binding domain of the transcription factor binds,
in the presence or absence of a ligand, to the DNA
sequence of a response element to initiate or suppress
transcription of downstream gene(s) under the
regulation of this response element. Examples of DNA
sequences for response elements of the natural
ecdysone receptor include: RRGG/TTCANTGAC/ACYY (SEQ ID
NO: 1) (see Cherbas et. al, Genes Dev. 5:120 (1991));
AGGTCAN(n)AGGTCA, where N(n) can be one or more spacer
nucleotides (SEQ DD NO: 2) (see D'Avino et al., MoI.
Cell. Endocrinol. 113:1 (1995)); and GGGTTGAATGAATTT
(SEQ ID NO: 3) (see Antoniewski et al., MoI. Cell
Biol. 14:4465 (1994)). [0089] The term "operably
linked" refers to the association of nucleic acid
sequences on a single nucleic acid fragment so that
the function of one is affected by the other. For
example, a promoter is operably linked with a coding
sequence when it is capable of affecting the
expression of that coding sequence (i.e., that the
coding sequence is under the transcriptional control
of the promoter). Coding sequences can be operably
linked to regulatory sequences in sense or antisense
orientation. [0090] The term "expression" as used
herein refers to the production of RNA (e.g., sense
RNA, antisense RNA, microRNA, messenger RNA,
heterologous nuclear RNA, ribosomal RNA, small
interfering RNA, ribozymes, etc.) by transcription of
a nucleic acid or polynucleotide. Expression may also
include translation of mRNA into a protein or
polypeptide. [0091] The terms "cassette," "expression
cassette" and "gene expression cassette" refer to a
segment of DNA that can be inserted into a nucleic
acid or polynucleotide at specificrestriction sites or
by homologous recombination. The segment of DNA
comprises a polynucleotide that encodes a polypeptide
of interest, and the cassette and restriction sites
are designed to ensure insertion of the cassette in
the proper reading frame for transcription and
translation. "Transformation cassette" refers to a
specific vector comprising a polynucleotide that
encodes a polypeptide of interest and having elements
in addition to the polynucleotide that facilitate
transformation of a particular host cell. Cassettes,
expression cassettes, gene expression cassettes and
transformation cassettes of the invention may also
comprise elements that allow for enhanced expression
of a polynucleotide encoding a polypeptide of interest
in a host cell. These elements may include, but are
not limited to: a promoter, a minimal promoter, an
enhancer, a response element, a terminator sequence, a
polyadenylation sequence, and the like. [0092] For
purposes of this invention, the term "gene switch"
refers to the combination of a response element
associated with a promoter, and a ligand-dependent
transcription factor-based system which, in the
presence of one or more ligands, modulates the
expression of a gene into which the response element
and promoter are incorporated. [0093] The term
"ecdysone-based," with respect to a gene switch,
refers to a gene switch comprising at least a
functional part of a naturally occurring or synthetic
ecdysone receptor ligand binding domain and which
regulates gene expression in response to a ligand that
binds to the ecdysone receptor ligand binding domain.
[0094] The terms "modulate" and "modulates" mean to
induce, reduce or inhibit nucleic acid or gene
expression, resulting in the respective induction,
reduction or inhibition of protein or polypeptide
production. [0095] The polynucleotides or vectors
according to the invention may further comprise at
least one promoter suitable for driving expression of
a gene in a host cell. [0096] Enhancers that may be
used in embodiments of the invention include but are
not limited to: an SV40 enhancer, a cytomegalovirus
(CMV) enhancer, an elongation factor 1 (EFl) enhancer,
yeast enhancers, viral gene enhancers, and the like.
[0097] Termination control regions, i.e., terminator
or polyadenylation sequences, may also be derived from
various genes native to the preferred hosts.
Optionally, a termination site may be unnecessary,
however, it is most preferred if included. In a one
embodiment of the invention, the termination control
region may be comprised or be derived from a synthetic
sequence, synthetic polyadenylation signal, an SV40
latepolyadenylation signal, an SV40 polyadenylation
signal, a bovine growth hormone (BGH) polyadenylation
signal, viral terminator sequences, or the like.
[0098] The terms "3' non-coding sequences" or "3'
untranslated region (UTR)" refer to DNA sequences
located downstream (3') of a coding sequence and may
comprise polyadenylation [poly(A)] recognition
sequences and other sequences encoding regulatory
signals capable of affecting mRNA processing or gene
expression. The polyadenylation signal is usually
characterized by affecting the addition of
polyadenylic acid tracts to the 3' end of the mRNA
precursor. [0099] "Regulatory region" refers to a
nucleic acid sequence that regulates the expression of
a second nucleic acid sequence. A regulatory region
may include sequences which are naturally responsible
for expressing a particular nucleic acid (a homologous
region) or may include sequences of a different origin
that are responsible for expressing different proteins
or even synthetic proteins (a heterologous region). In
particular, the sequences can be sequences of
prokaryotic, eukaryotic, or viral genes or derived
sequences that stimulate or repress transcription of a
gene in a specific or non-specific manner and in an
inducible or non-inducible manner. Regulatory regions
include origins of replication, 



RNA splice sites, promoters, enhancers,
transcriptional termination sequences, and signal
sequences which direct the polypeptide into the
secretory pathways of the target cell. [0100] A
regulatory region from a "heterologous source" refers
to a regulatory region that is not naturally
associated with the expressed nucleic acid. Included
among the heterologous regulatory regions are
regulatory regions from a different species,
regulatory regions from a different gene, hybrid
regulatory sequences, and regulatory sequences which
do not occur in nature, but which are designed by one
having ordinary skill in the art. [0101] "RNA
transcript" refers to the product resulting from RNA
polymerase-catalyzed transcription of a DNA sequence.
When the RNA transcript is a perfect complementary
copy of the DNA sequence, it is referred to as the
primary transcript or it may be a RNA sequence derived
from post-transcriptional processing of the primary
transcript and is referred to as the mature RNA.
"Messenger RNA (mRNA)" refers to the RNA that is
without introns and that can be translated into
protein by the cell. "cDNA" refers to a
double-stranded DNA that is complementary to and
derived from mRNA. "Sense" RNA refers to RNA
transcript that includes the mRNA and so can be
translated into protein bythe cell. "Antisense RNA"
refers to a RNA transcript that is complementary to
all or part of a target primary transcript or mRNA and
that blocks the expression of a target gene. The
complementarity of an antisense RNA may be with any
part of the specific gene transcript, i.e., at the 5'
non-coding sequence, 3' non-coding sequence, or the
coding sequence. "Functional RNA" refers to antisense
RNA, ribozyme RNA, or other RNA that is not translated
yet has an effect on cellular processes. [0102]
"Polypeptide," "peptide" and "protein" are used
interchangeably and refer to a polymeric compound
comprised of covalently linked amino acid residues.
[0103] An "isolated polypeptide," "isolated peptide"
or "isolated protein" refer to a polypeptide or
protein that is substantially free of those compounds
that are normally associated therewith in its natural
state {e.g., other proteins or polypeptides, nucleic
acids, carbohydrates, lipids). "Isolated" is not meant
to exclude artificial or synthetic mixtures with other
compounds, or the presence of impurities which do not
interfere with biological activity, and which may be
present, for example, due to incomplete purification,
addition of stabilizers, or compounding into a
pharmaceutically acceptable preparation. [0104] A
"substitution mutant polypeptide" or a "substitution
mutant" will be understood to mean a mutant
polypeptide comprising a substitution of at least one
wild-type or naturally occurring amino acid with a
different amino acid relative to the wild-type or
naturally occurring polypeptide. A substitution mutant
polypeptide may comprise only one wild-type or
naturally occurring amino acid substitution and may be
referred to as a "point mutant" or a "single point
mutant" polypeptide. Alternatively, a substitution
mutant polypeptide may comprise a substitution of two
or more wild-type or naturally occurring amino acids
with two or more amino acids relative to the wild-type
or naturally occurring polypeptide. According to the
invention, a Group H nuclear receptor ligand binding
domain polypeptide comprising a substitution mutation
comprises a substitution of at least one wild-type or
naturally occurring amino acid with a different amino
acid relative to the wild-type or naturally occurring
Group H nuclear receptor ligand binding domain
polypeptide. [0105] When the substitution mutant
polypeptide comprises a substitution of two or more
wild-type or naturally occurring amino acids, this
substitution may comprise either an equivalent number
of wild-type or naturally occurring amino acids
deleted for thesubstitution, i.e., 2 wild-type or
naturally occurring amino acids replaced with 2
non-wildtype or non-naturally occurring amino acids,
or a non-equivalent number of wild-type amino acids
deleted for the substitution, i.e., 2 wild-type amino
acids replaced with 1 nonwild- type amino acid (a
substitution+deletion mutation), or 2 wild-type amino
acids replaced with 3 non-wild-type amino acids (a
substitution+insertion mutation). [0106] Substitution
mutants may be described using an abbreviated
nomenclature system to indicate the amino acid residue
and number replaced within the reference polypeptide
sequence and the new substituted amino acid residue.
For example, a substitution mutant in which the
twentieth (20th) amino acid residue of a polypeptide
is substituted may be abbreviated as "x20z", wherein
"x" is the amino acid to be replaced, "20" is the
amino acid residue position or number within the
polypeptide, and "z" is the new substituted amino
acid. Therefore, a substitution mutant abbreviated
interchangeably as "E20A" or "Glu20Ala" indicates that
the mutant comprises an alanine residue (commonly
abbreviated in the art as "A" or "Ala") in place of
the glutamic acid (commonly abbreviated in the art as
"E" or "GIu") at position 20 of the polypeptide.
[0107] A substitution mutation may be made by any
technique for mutagenesis known in the art, including
but not limited to, in vitro site-directed mutagenesis
(Hutchinson et al, J. Biol. Chem. 253:6551 (1978);
Zoller et al, DNA 3:479 (1984); Oliphant et al, Gene
44:\11 (1986); Hutchinson et al, Proc. Natl. Acad.
Sci. USA 83:710 (1986)), use of TAB(r) linkers
(Pharmacia), restriction endonuclease
digestion/fragment deletion and substitution,
PCR-mediated/oligonucleotide-directed mutagenesis, and
the like. PCRbased techniques are preferred for
site-directed mutagenesis (see Higuchi, 1989, "Using 



PCR to Engineer DNA", in PCR Technology: Principles
and Applications for DNA Amplification, H. Erlich,
ed., Stockton Press, Chapter 6, pp. 61-70). [0108] The
term "fragment," as applied to a polypeptide, refers
to a polypeptide whose amino acid sequence is shorter
than that of the reference polypeptide and which
comprises, over the entire portion with these
reference polypeptides, an identical amino acid
sequence. Such fragments may, where appropriate, be
included in a larger polypeptide of which they are a
part. Such fragments of a polypeptide according to the
invention may have a length of at least 2, 3, 4, 5, 6,
8, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26,
30, 35, 40, 45, 50, 100, 200, 240, or 300 or more
amino acids.[0109] A "variant" of a polypeptide or
protein refers to any analogue, fragment, derivative,
or mutant which is derived from a polypeptide or
protein and which retains at least one biological
property of the polypeptide or protein. Different
variants of the polypeptide or protein may exist in
nature. These variants may be allelic variations
characterized by differences in the nucleotide
sequences of the structural gene coding for the
protein, or may involve differential splicing or
post-translational modification. The skilled artisan
can produce variants having single or multiple amino
acid substitutions, deletions, additions, or
replacements. These variants may include, inter alia:
(a) variants in which one or more amino acid residues
are substituted with conservative or nonconservative
amino acids, (b) variants in which one or more amino
acids are added to the polypeptide or protein, (c)
variants in which one or more of the amino acids
includes a substituent group, and (d) variants in
which the polypeptide or protein is fused with another
polypeptide such as serum albumin. The techniques for
obtaining these variants, including genetic
(suppressions, deletions, mutations, etc.), chemical,
and enzymatic techniques, are known to persons having
ordinary skill in the art. hi one embodiment, a
variant polypeptide comprises at least about 14 amino
acids. [0110] The term "homology" refers to the
percent of identity between two polynucleotide or two
polypeptide moieties. The correspondence between the
sequence from one moiety to another can be determined
by techniques known to the art. For example, homology
can be determined by a direct comparison of the
sequence information between two polypeptide molecules
by aligning the sequence information and using readily
available computer programs. Alternatively, homology
can be determined by hybridization of polynucleotides
under conditions that form stable duplexes between
homologous regions, followed by digestion with
single-stranded-specific nuclease(s) and size
determination of the digested fragments. [0111] As
used herein, the term "homologous" in all its
grammatical forms and spelling variations refers to
the relationship between proteins that possess a
"common evolutionary origin," including proteins from
superfamilies (e.g., the immunoglobulin superfamily)
and homologous proteins from different species (e.g.,
myosin light chain, etc.) (Reeck et ah, Cell 50:667
(1987)). Such proteins (and their encoding genes) have
sequence homology, as reflected by their high degree
of sequence similarity. However, in common usage and
in the present application, the term "homologous,"
when modifiedwith an adverb such as "highly," may
refer to sequence similarity and not a common
evolutionary origin. [0112] Accordingly, the term
"sequence similarity" in all its grammatical forms
refers to the degree of identity or correspondence
between nucleic acid or amino acid sequences of
proteins that may or may not share a common
evolutionary origin (see Reeck et al, Cell 50:667
(1987)). In one embodiment, two DNA sequences are
"substantially homologous" or "substantially similar"
when at least about 50% (e.g., at least about 75%,
90%, or 95%) of the nucleotides match over the defined
length of the DNA sequences. Sequences that are
substantially homologous can be identified by
comparing the sequences using standard software
available in sequence data banks, or in a Southern
hybridization experiment under, for example, stringent
conditions as defined for that particular system.
Defining appropriate hybridization conditions is
within the skill of the art (see e.g., Sambrook et
al., 1989, supra). [0113] As used herein,
"substantially similar" refers to nucleic acid
fragments wherein changes in one or more nucleotide
bases results in substitution of one or more amino
acids, but do not affect the functional properties of
the protein encoded by the DNA sequence.
"Substantially similar" also refers to nucleic acid
fragments wherein changes in one or more nucleotide
bases do not affect the ability of the nucleic acid
fragment to mediate alteration of gene expression by
antisense or co-suppression technology. "Substantially
similar" also refers to modifications of the nucleic
acid fragments of the present invention such as
deletion or insertion of one or more nucleotide bases
that do not substantially affect the functional
properties of the resulting transcript. It is
therefore understood that the invention encompasses
more than the specific exemplary sequences. Each of
the proposed modifications is well within the routine
skill in the art, as is determination of retention of
biological activity of the encoded products. [0114]
Moreover, the skilled artisan recognizes that
substantially similar sequences encompassed by this
invention are also defined by their ability to
hybridize, under stringent conditions (0.1X SSC, 0.1%
SDS, 65C and washed with 2X SSC, 0.1% SDS followed by
0.1X SSC, 0.1% SDS), with the sequences exemplified
herein. Substantially 



similar nucleic acid fragments of the present
invention are those nucleic acid fragments whose DNA
sequences are at least about 70%, 80%, 90% or 95%
identical to the DNA sequence of the nucleic acid
fragments reported herein.[0115] Two amino acid
sequences are "substantially homologous" or
"substantially similar" when greater than about 40% of
the amino acids are identical, or greater than 60% are
similar (functionally identical). Preferably, the
similar or homologous sequences are identified by
alignment using, for example, the GCG (Genetics
Computer Group, Program Manual for the GCG Package,
Version 7, Madison, Wisconsin) pileup program. [0116]
The term "corresponding to" is used herein to refer to
similar or homologous sequences, whether the exact
position is identical or different from the molecule
to which the similarity or homology is measured. A
nucleic acid or amino acid sequence alignment may
include spaces. Thus, the term "corresponding to"
refers to the sequence similarity, and not the
numbering of the amino acid residues or nucleotide
bases. [0117] A "substantial portion" of an amino acid
or nucleotide sequence comprises enough of the amino
acid sequence of a polypeptide or the nucleotide
sequence of a gene to putatively identify that
polypeptide or gene, either by manual evaluation of
the sequence by one skilled in the art, or by
computer-automated sequence comparison and
identification using algorithms such as BLAST (Basic
Local Alignment Search Tool; Altschul et al, J. MoI.
Biol. 275:403 (1993)); available at
ncbi.nhn.nih.gov/BLAST/). In general, a sequence often
or more contiguous amino acids or thirty or more
nucleotides is necessary in order to putatively
identify a polypeptide or nucleic acid sequence as
homologous to a known protein or gene. Moreover, with
respect to nucleotide sequences, gene specific
oligonucleotide probes comprising 20-30 contiguous
nucleotides may be used in sequence-dependent methods
of gene identification (e.g., Southern hybridization)
and isolation (e.g., in situ hybridization of
bacterial colonies or bacteriophage plaques) hi
addition, short oligonucleotides of 12-15 bases may be
used as amplification primers in PCR in order to
obtain a particular nucleic acid fragment comprising
the primers. Accordingly, a "substantial portion" of a
nucleotide sequence comprises enough of the sequence
to specifically identify and/or isolate a nucleic acid
fragment comprising the sequence. [0118] The term
"percent identity," as known in the art, is a
relationship between two or more polypeptide sequences
or two or more polynucleotide sequences, as determined
by comparing the sequences hi the art, "identity" also
means the degree of sequence relatedness between
polypeptide or polynucleotide sequences, as the case
may be, as determined by the match between strings of
such sequences. "Identity" and "similarity"can be
readily calculated by known methods, including but not
limited to those described in: Computational Molecular
Biology (Lesk, A. M., ed.) Oxford University Press,
New York (1988); Biocomputing: Informatics and Genome
Projects (Smith, D. W., ed.) Academic Press, New York
(1993); Computer Analysis of Sequence Data, Part I
(Griffin, A. M., and Griffin, H. G., eds.) Humana
Press, New Jersey (1994); Sequence Analysis in
Molecular Biology (von Heinje, G., ed.) Academic Press
(1987); and Sequence Analysis Primer (Gribskov, M. and
Devereux, J., eds.) Stockton Press, New York (1991).
Preferred methods to determine identity are designed
to give the best match between the sequences tested.
Methods to determine identity and similarity are
codified in publicly available computer programs.
Sequence alignments and percent identity calculations
may be performed using sequence analysis software such
as the Megalign program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc., Madison,
WI). Multiple alignment of the sequences may be
performed using the Clustal method of alignment
(Higgins et al, CABIOS. 5:151 (1989)) with the default
parameters (GAP PENALTY=IO, GAP LENGTH PENALTY=IO).
Default parameters for pairwise alignments using the
Clustal method may be selected: KTUPLE 1, GAP
PENALTY=3, WIND0W=5 and DIAGONALS SAVED=5. [0119] The
term "sequence analysis software" refers to any
computer algorithm or software program that is useful
for the analysis of nucleotide or amino acid
sequences. "Sequence analysis software" may be
commercially available or independently developed.
Typical sequence analysis software includes, but is
not limited to, the GCG suite of programs (Wisconsin
Package Version 9.0, Genetics Computer Group (GCG),
Madison, WI), BLASTP, BLASTN, BLASTX (Altschul et al.,
J. MoI. Biol. 275:403 (1990)), and DNASTAR (DNASTAR,
Inc. 1228 S. Park St. Madison, WI 53715 USA). Within
the context of this application it will be understood
that where sequence analysis software is used for
analysis, that the results of the analysis will be
based on the "default values" of the program
referenced, unless otherwise specified. As used herein
"default values" will mean any set of values or
parameters which originally load with the software
when first initialized. [0120] "Chemically
synthesized," as related to a sequence of DNA, means
that the component nucleotides were assembled in
vitro. Manual chemical synthesis of DNA may be
accomplished using well-established procedures, or
automated chemical synthesis canbe performed using one
of a number of commercially available machines.
Accordingly, the genes can be tailored for optimal
gene expression based on optimization of nucleotide
sequence to reflect the codon bias of the host cell.
The skilled artisan appreciates the likelihood of
successful gene expression if codon usage is biased
towards those codons 



favored by the host. Determination of preferred codons
can be based on a survey of genes derived from the
host cell where sequence information is available.
[0121] As used herein, two or more individually
operable gene regulation systems are said to be
"orthogonal" when; a) modulation of each of the given
systems by its respective ligand, at a chosen
concentration, results in a measurable change in the
magnitude of expression of the gene of that system,
and b) the change is statistically significantly
different than the change in expression of all other
systems simultaneously operable in the cell, tissue,
or organism, regardless of the simultaneity or
sequentially of the actual modulation. Preferably,
modulation of each individually operable gene
regulation system effects a change in gene expression
at least 2-fold greater than all other operable
systems in the cell, tissue, or organism, e.g., at
least 5-fold, 10-fold, 100-fold, or 500-fold greater.
Ideally, modulation of each of the given systems by
its respective ligand at a chosen concentration
results in a measurable change in the magnitude of
expression of the gene of that system and no
measurable change in expression of all other systems
operable in the cell, tissue, or organism h such cases
the multiple inducible gene regulation system is said
to be "fully orthogonal." The present invention is
useful to search for orthogonal ligands and orthogonal
receptor-based gene expression systems such as those
described in US 2002/01 10861 Al, which is
incorporated herein by reference in its entirety.
[0122] The term "exogenous gene" means a gene foreign
to the subject, that is, a gene which is introduced
into the subject through a transformation process, an
unmutated version of an endogenous mutated gene or a
mutated version of an endogenous unmutated gene. The
method of transformation is not critical to this
invention and may be any method suitable for the
subject known to those in the art. Exogenous genes can
be either natural or synthetic genes and therapeutic
genes which are introduced into the subject in the
form of DNA or RNA which may function through a DNA
intermediate such as by reverse transcriptase. Such
genes can be introduced into target cells, directly
introduced into the subject, or indirectly introduced
by the transfer of transformed cells into thesubject.
The term "therapeutic gene" means a gene which imparts
a beneficial function to the host cell in which such
gene is expressed. [0123] The term "ecdysone receptor
complex" generally refers to a heterodimeric protein
complex having at least two members of the nuclear
receptor family, ecdysone receptor ("EcR") and
ultraspiracle ("USP") proteins (see Yao et al, Nature
366:476 (1993)); Yao et al., Cell 77:63 (1992)). The
functional EcR complex may also include additional
protein(s) such as immunophilins. Additional members
of the nuclear receptor family of proteins, known as
transcriptional factors (such as DHR38, betaFTZ-1 or
other insect homologs), may also be ligand dependent
or independent partners for EcR and/or USP. The EcR
complex can also be a heterodimer of EcR protein and
the vertebrate homolog of ultraspiracle protein,
retinoic acid-X-receptor ("RXR") protein. The term EcR
complex also encompasses homodimer complexes of the
EcR protein or USP. [0124] An EcR complex can be
activated by an active ecdysteroid or non-steroidal
ligand bound to one of the proteins of the complex,
inclusive of EcR, but not excluding other proteins of
the complex. As used herein, the term "ligand," as
applied to EcR-based gene switches, describes small
and soluble molecules having the capability of
activating a gene switch to stimulate expression of a
polypeptide encoded therein. Examples of ligands
include, without limitation, an ecdysteroid, such as
ecdysone, 20-hydroxyecdysone, ponasterone A,
muristerone A, and the like, 9-cis-retinoic acid,
synthetic analogs of retinoic acid,
N,N'-diacylhydrazines such as those disclosed in U.S.
Patent Nos. 6,013,836; 5,1 17,057; 5,530,028; and
5,378,726 and U.S. Published Application Nos.
2005/0209283 and 2006/0020146; oxadiazolines as
described in U.S. Published Application No.
2004/0171651; dibenzoylalkyl cyanohydrazines such as
those disclosed in European Application No. 461,809;
N-alkyl-N,N'-diaroylhydrazines such as those disclosed
in U.S. Patent No. 5,225,443;
N-acyl-N-alkylcarbonylhydrazines such as those
disclosed in European Application No. 234,994;
N-aroyl-N-alkyl-N'-aroylhydrazines such as those
described in U.S. Patent No. 4,985,461; amidoketones
such as those described in U.S. Published Application
No. 2004/0049037; each of which is incorporated herein
by reference and other similar materials including
3,5-di-tert-butyl-4-hydroxy-N-isobutylbenzamide,
8-O-acetylharpagide, oxysterols, 22(R)
hydroxycholesterol, 24(S) hydroxycholesterol,
25-epoxycholesterol, T0901317,
5-alpha-6-alpha-epoxycholesterol- 3-sulfate (ECHS),
7-ketocholesterol-3-sulfate, famesol, bile acids,
1,1-biphosphonateesters, juvenile hormone III, and the
like. Examples of diacylhydrazine ligands useful in
the present invention include RG-1 15819
(3,5-Dimethyl-benzoic acid N-(l-ethyl-2,2-
dimethyl-propyl)-N'-(2-methyl-3-methoxy-benzoyl)-hydra
zide), RG-1 15830 (3,5- Dimethyl-benzoic acid N-(l- t
rt-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-
hydrazide), and RG-1 15932 (( )-3,5-Dimethyl-benzoic
acid N-(l-ter t-butyl-butyl)-N'-(2-
ethyl-3-methoxy-benzoyl)-hydrazide). See U.S.
Application No. 12/155,111. [0125] The EcR complex
includes proteins which are members of the nuclear
receptor superfamily wherein all members are
characterized by the presence of an amino-terminal
transactivation domain ("TA"), a DNA binding domain
("DBD"), and a ligand binding domain ("LBD") separated
by a hinge region. Some members of the family may also



have another transactivation domain on the
carboxy-terminal side of the LBD. The DBD is
characterized by the presence of two cysteine zinc
fingers between which are two amino acid motifs, the
P-box and the D-box, which confer specificity for
ecdysone response elements. These domains may be
either native, modified, or chimeras of different
domains of heterologous receptor proteins. [0126] The
DNA sequences making up the exogenous gene, the
response element, and the EcR complex may be
incorporated into archaebacteria, procaryotic cells
such as Escherichia coli, Bacillus subtilis, or other
enterobacteria, or eucaryotic cells such as plant or
animal cells. However, because many of the proteins
expressed by the gene are processed incorrectly in
bacteria, eucaryotic cells are preferred. The cells
may be in the form of single cells or multicellular
organisms. The nucleotide sequences for the exogenous
gene, the response element, and the receptor complex
can also be incorporated as RNA molecules, preferably
in the form of functional viral RNAs such as tobacco
mosaic virus. Of the eucaryotic cells, vertebrate
cells are preferred because they naturally lack the
molecules which confer responses to the ligands of
this invention for the EcR. As a result, they are
"substantially insensitive" to the ligands of this
invention. Thus, the ligands useful in this invention
will have negligible physiological or other effects on
transformed cells, or the whole organism. Therefore,
cells can grow and express the desired product,
substantially unaffected by the presence of the ligand
itself. [0127] The term "subject" means an intact
insect, plant or animal. It is also anticipated that
the ligands will work equally well when the subject is
a fungus or yeast. When thesubject is an intact
animal, preferably the animal is a vertebrate, most
preferably a mammal. EcR ligands, when used with the
EcR complex which in turn is bound to the response
element linked to an exogenous gene (e.g., a reporter
gene), provide the means for external temporal
regulation of expression of the exogenous gene. The
order in which the various components bind to each
other, that is, ligand to receptor complex and
receptor complex to response element, is not critical.
Typically, modulation of expression of the exogenous
gene is in response to the binding of the EcR complex
to a specific control, or regulatory, DNA element. The
EcR protein, like other members of the nuclear
receptor family, possesses at least three domains, a
transactivation domain, a DNA binding domain, and a
ligand binding domain. This receptor, like a subset of
the nuclear receptor family, also possesses less
well-defined regions responsible for
heterodimerization properties. Binding of the ligand
to the ligand binding domain of EcR protein, after
heterodimerization with USP or RXR protein, enables
the DNA binding domains of the heterodimeric proteins
to bind to the response element in an activated form,
thus resulting in expression or suppression of the
exogenous gene. This mechanism does not exclude the
potential for ligand binding to either EcR or USP, and
the resulting formation of active homodimer complexes
(e.g. EcR+EcR or USP+USP). In one embodiment, one or
more of the receptor domains can be varied producing a
chimeric gene switch. Typically, one or more of the
three domains may be chosen from a source different
than the source of the other domains so that the
chimeric receptor is optimized in the chosen host cell
or organism for transactivating activity,
complementary binding of the ligand, and recognition
of a specific response element. In addition, the
response element itself can be modified or substituted
with response elements for other DNA binding protein
domains such as the GAL-4 protein from yeast (see
Sadowski et al, Nature 555:563 (1988) or LexA protein
from E. coli (see Brent et al, Cell 43:729 (1985)) to
accommodate chimeric EcR complexes. Another advantage
of chimeric systems is that they allow choice of a
promoter used to drive the exogenous gene according to
a desired end result. Such double control can be
particularly important in areas of gene therapy,
especially when cytotoxic proteins are produced,
because both the timing of expression as well as the
cells wherein expression occurs can be controlled.
When exogenous genes, operatively linked to a suitable
promoter, are introduced into the cells of the
subject,expression of the exogenous genes is
controlled by the presence of the ligand of this
invention. Promoters may be constitutively or
inducibly regulated or may be tissuespecific (that is,
expressed only in a particular type of cell) or
specific to certain developmental stages of the
organism. [0129] Numerous genomic and cDNA nucleic
acid sequences coding for a variety of polypeptides,
such as transcription factors and reporter genes, are
well known in the art. Those skilled in the art have
access to nucleic acid sequence information for
virtually all known genes and can either obtain the
nucleic acid molecule directly from a public
depository, the institution that published the
sequence, or employ routine methods to prepare the
molecule. [0130] For in vivo use, the ligands
described herein may be taken up in pharmaceutically
acceptable carriers, such as, for example, solutions,
suspensions, tablets, capsules, ointments, elixirs,
and injectable compositions. Pharmaceutical
compositions may contain from 0.01 % to 99% by weight
of the ligand. Compositions may be either in single or
multiple dose forms. The amount of ligand in any
particular pharmaceutical composition will depend upon
the effective dose, that is, the dose required to
elicit the desired gene expression or suppression. 



[0131] Suitable routes of administering the
pharmaceutical preparations include oral, rectal,
topical (including dermal, buccal and sublingual),
vaginal, parenteral (including subcutaneous,
intramuscular, intravenous, intradermal, intrathecal
and epidural) and by naso-gastric tube. It will be
understood by those skilled in the art that the
preferred route of administration will depend upon the
condition being diagnosed and may vary with factors
such as the condition of the recipient. [0132] One
embodiment of the invention comprises methods of
diagnosing a disease or disorder in a subject,
comprising: (a) introducing into cells of said subject
(1) a polynucleotide encoding a gene switch, said gene
switch comprising at least one transcription factor
sequence, wherein said at least one transcription
factor sequence encodes a ligand-dependent
transcription factor, operably linked to a diagnostic
switch promoter, wherein the activity of the promoter
is modulated during said disease or disorder, and (2)
a polynucleotide encoding a reporter gene linked to a
promoter which is activated by said ligand-dependent
transcription factor, to produce modified cells;(b)
administering ligand to said modified cells; and (c)
detecting reporter gene expression; wherein expression
of the reporter gene indicates that said subject has
said disease, disorder, or condition. [0133] In one
embodiment, the diagnostic methods are carried out ex
vivo in cells that have been isolated from said
subject. [0134] In one embodiment, the diagnostic
methods are carried out by introducing the
compositions of the invention into cells that have
been isolated from said subject to produce modified
cells, and the modified cells are re-introduced into
said subject. [0135] In one embodiment, the diagnostic
methods are carried out in vivo. [0136] In a different
embodiment, the diagnostic methods may be carried out
using nonautologous cells, e.g., cells that are
allogeneic or xenogeneic to the subject, instead of
autologous cells from the subject. The polynucleotides
may be introduced into the nonautologous cells ex vivo
to produce modified cells and the modified cells may
then be introduced into the subject. The non-auto
logous cells may be any cells that are viable after
transplantation into a subject, including, without
limitation, stem cells (such as embryonic stem cells
or hematopoietic stem cells) and fibroblasts. [0137]
One embodiment of the invention relates to methods of
diagnosing a disease or disorder in a subject,
comprising: (a) introducing into non-autologous cells
(1) a polynucleotide encoding a gene switch, said gene
switch comprising at least one transcription factor
sequence, wherein said at least one transcription
factor sequence encodes a ligand-dependent
transcription factor, operably linked to a diagnostic
switch promoter, wherein the activity of the promoter
is modulated during said disease or disorder, and (2)
a polynucleotide encoding a reporter gene linked to a
promoter which is activated by said ligand-dependent
transcription factor, to produce modified cells; (b)
introducing said modified cells into said subject; (c)
administering ligand to said modified cells; and (d)
detecting reporter gene expression; wherein expression
of said reporter gene indicates that said subject has
said disease or disorder.[0138] In one embodiment, the
polynucleotide encoding the gene switch and the
polynucleotide encoding the reporter gene linked to a
promoter are part of one larger polynucleotide, e.g.,
a vector. In another embodiment, the polynucleotide
encoding the gene switch and the polynucleotide
encoding the reporter gene linked to a promoter are
separate polynucleotides. [0139] The subject on which
the diagnostic methods are carried out may be any
subject for which a diagnosis is desired. For example,
the subject may be one that is exhibiting one or more
symptoms of a disease or disorder. The subject may
also be one that is predisposed to a disease or
disorder, e.g., due to genetics, family history, or
environmental exposure. The subject may be a member of
the general public, e.g., as part of a screening for
the prevalence of a disease or disorder in a
population. [0140] The disease or disorder to be
diagnosed by the methods of the invention may be any
disease or disorder for which one or more diagnostic
switch promoters are available. Examples of diseases
or disorders which may be diagnosed by the methods of
the invention include, without limitation,
hyperproliferative diseases (e.g., cancer),
cardiovascular diseases, neural diseases, autoimmune
diseases, graft versus host disease, transplant
rejection, bone diseases, gastrointestinal diseases,
blood diseases, metabolic diseases, inflammatory
diseases, and infections. [0141] One embodiment of the
invention relates to methods of preparing modified
cells for diagnosing a disease or disorder in a
subject, comprising introducing into cells of said
subject (1) a polynucleotide encoding a gene switch,
said gene switch comprising at least one transcription
factor sequence, wherein said at least one
transcription factor sequence encodes a
ligand-dependent transcription factor, operably linked
to a diagnostic switch promoter, wherein the activity
of the promoter is modulated during said disease or 



disorder, and (2) a polynucleotide encoding a reporter
gene linked to a promoter which is activated by said
ligand-dependent transcription factor, to produce
modified cells. [0142] Another embodiment of the
invention relates to methods of diagnosing a disease
or disorder in a subject, comprising: (a)
administering ligand to modified cells of said
subject; and (b) detecting reporter gene expression;
wherein expression of said reporter gene indicates
that said subject has said disease or disorder,
andwherein said modified cells of said subject
comprise (1) a polynucleotide encoding a gene switch,
said gene switch comprising at least one transcription
factor sequence, wherein said at least one
transcription factor sequence encodes a
liganddependent transcription factor, operably linked
to a diagnostic switch promoter, wherein the activity
of the promoter is modulated during said disease or
disorder, and (2) a polynucleotide encoding a reporter
gene linked to a promoter which is activated by said
ligand-dependent transcription factor. [0143] The
diagnostic switch promoters of the invention may be
any promoter that is useful for diagnosing a specific
disease or disorder, monitoring the progression of a
disease, or monitoring the effectiveness or toxicity
of a treatment. Examples include, without limitation,
promoters of genes that exhibit increased or decreased
expression only during a specific disease or disorder
and promoters of genes that exhibit increased or
decreased expression under specific cell conditions
(e.g., proliferation, apoptosis, change in pH,
oxidation state, oxygen level) hi some embodiments
where the gene switch comprises more than one
transcription factor sequence, the specificity of the
diagnostic methods can be increased by combining a
disease- or condition-specific promoter with a tissue-
or cell type-specific promoter to limit the tissues in
which a diagnostic measurement occurs. Thus, tissue-
or cell type-specific promoters are encompassed within
the definition of diagnostic switch promoter. [0144]
As an example of disease-specific promoters, useful
promoters for diagnosing cancer include the promoters
of oncogenes. Examples of classes of oncogenes
include, but are not limited to, growth factors,
growth factor receptors, protein kinases, programmed
cell death regulators and transcription factors.
Specific examples of oncogenes include, but are not
limited to, sis, erb B, erb B-2, ras, abl, myc and
bcl-2 and TERT. Examples of other cancer-related genes
include tumor associated antigen genes and other genes
that are overexpressed in neoplastic cells (e.g.,
MAGE-I, carcinoembryonic antigen, tyrosinase, prostate
specific antigen, prostate specific membrane antigen,
p53, MUC-I, MUC-2, MUC-4, HER-2/neu, T/Tn, MART-I,
gplOO, GM2, Tn, sTn, and Thompson-Friedenreich antigen
(TF)). [0145] Examples of promoter sequences and other
regulatory elements (e.g., enhancers) that are known
in the art and are useful as diagnostic switch
promoters in the present invention are disclosed in
the references listed in Tables 1 and 2, along with
thedisease/disorder (Table 1) or tissue specificity
(Table 2) associated with each promoter. The promoter
sequences disclosed in these references are herein
incorporated by reference in their entirety. Table
1Centrifugal Filter This application claims priority
of U.S. Patent Application Serial No. 11/903,577 filed
September 24, 2007, the disclosure of which is
incorporated herein by reference. BACKGROUND OF THE
INVENTION Centrifugal filters may be used to separate
biological substances such as an antibody enzyme,
nucleic acid and protein for the purpose of
concentration, desalting, purification, and
fractionation. These devices are most commonly used in
centrifugal-separator instruments, which may consist
of a fixed-angle-rotor configuration or a swing- or
variable-angle-rotor configuration. The speed of the
filtering process and the recovery of retentate sample
are highly valued by customers. Sample recovery values
higher than 85% are usually obtained by removing the
membrane capsule (sample holder) and reverse spinning
it in a receiver tube. Such devices are typically used
to concentrate urine, serum, plasma and cerebrospinal
fluid. For example, the measurement of specific
proteins in urine can be important for the diagnosis
and management of various disease states, yet the
content of these proteins in urine is often too small
to be detected without first concentrating the
proteins . Conventional devices generally include a
housing having a sample reservoir, a filter sealed in
the housing so that the sample must past through the
filter when subject to a driving force (such as
centrifugation) , and a collection chamber for
collecting the concentrated sample. 



Examples of some of the devices that are commercially
available include Microcon(tm)-type devices available
from Millipore Corporation, in which a circular
membrane is diecut, positioned, and clamped in place
using a silicone gasket. Ultraf ree(tm)-type devices
are also commercially available, in which a
rectangular membrane die-cut, positioned, and
adhesively bonded in place. An underdrain sleeve is
press fitted in place to secure the membrane in place.
However, the sleeves may crack and leak, which may be
caused by stresses that occur at the knit line.Another
representative device is disclosed in U.S. Patent No.
5,647,990 to Vassarotti. Vassarotti discloses a
centrifugal filter device wherein the filter is
arranged in a sidewall of the filtration chamber, and
a concentrate pocket is arranged in a bottom wall of
the filtration chamber. Upon the application of
centrifugal force, a force vector is created acting on
the macromolecules in the sample and sweeping the
filter surface, the causing the macromolecules to be
collected in the concentrate pocket away from the
filter surface . Still another representative device
is shown in U.S. Patent No. 4,722 ,792 to Miyagi et
al., which discloses a centrifugal filter wherein a
filter film is disposed between a sample chamber and a
filter chamber in a inclined or parallel manner to an
axis of the filter so that regardless of whether the
filter is used in an angle rotor type or swing rotor
type centrifuge, the filter is positioned, during
operation, so as to be inclined or parallel to the
centrifugal force to reduce clogging . However,
conventional devices suffer from various drawbacks,
including lower than desired recovery, filtration
speed, and/or high price. It would be desirable to
provide a filtration device, such as a centrifugal
filtration devices, that provides improved recovery
and fast filtration times at a competitive price.
SUMMARY OF THE INVENTION The problems of the prior art
have been overcome by the present invention, which
provides a filtration device particularly suited for
concentration of liquid samples, particularly
biomolecules, and a method of concentrating,
desalting, purifying and/or fractionating liquid
samples. More specifically, in certain embodiments the
device includes a housing having a sample reservoir,
and two substantially vertically oriented and spaced
apart membranes disposed in the housing. An underdrain
is associated with each membrane suchthat fluid
passing through each membrane flows through a
respective underdrain into a filtrate collection
chamber. The fluid that does not pass through the
membrane is collected in the retentate collection
chamber, and can be recovered such as by a reverse
spinning step, achieving recoveries greater than about
90%. The substantially vertical orientation of the
membranes increases the available membrane area by at
least 2.7 times the area available in a conventional
MICROCON(tm) filter device. The two-panel
configuration also maintains more available membrane
area in use during the last stages of filtration than
a one-panel configuration. Active membrane area is
needed the most during the last stages of filtration,
when the retentate sample becomes more concentrated
and membrane surface fouling increases, membrane
interior fouling increases, and the fluid height
decreases. The device housing is preferably made of a
low-cost material, has low specific protein binding
qualities, and is disposable. A filtration device of
this type is typically used in the following manner: 1
. Insert the sample-holder reservoir into a vial. 2 .
Pipette solution into the sample-holder reservoir
(e.g. 0.5 m l maximum volume), without touching the
membrane with the pipette tip. 3 . Place the assembly
in a compatible centrifuge and counterbalance the
rotor with a similar device. 



4 . Spin the device using the supplier's "Centrifugal
Guidelines" for the correct spin times and speeds. 5 .
Remove the assembly from the centrifuge. Separate the
vial from the sample-holder reservoir. 6 . Place the
sample-holder reservoir upside down in a new vial
without allowing any of the retentate to fall out,
then spin the assembly for e.g. 3 minutes at 1000 x G
(or pulse briefly) to transfer the concentrate to the
vial. 7 . Remove the assembly from the centrifuge.
Separate the sample-holder reservoir from the vial.
Snap thesealing cap onto the vial, and store the
product in a responsible manner for later use. Generic
Process Flow Diagram for Centrifugal Filtration. 1.
Insert the sample-holder reservoir into a vial. 2.
Pipette solution into the sam ple-holder reservoir
(0.5 ml maximum volume), without touching the membrane
with the pipette tip. 3. Place the assembly in a com
patible centrifijge and counterbalance the rotor with
a similar device. 4. Spin the device using the
supplier's "Centrifijgal Guidelines" for the correct
spin times and speeds. 5. Remove the assembly from the
ceptitfuge. Separate the vial from the sample-holder
reservoir. 6. Place the sample-holder reservoir upside
down in a new vial without allowing any of the
reteptate to fell out, then spin the assembly for 3
minutes at 1000 x G (or pulse briefly) to transfer the
contentrate to the vial. 7. Remove the assembly from
the centrifuge. Separate the sampleholder reservoir
from the vial. Snap the sealing cap onto the vial, and
store the product in a responsible manner for later
use. In certain embodiments a filtration device holder
such as vial is provided, such that the filtration
device (sample ilder) can b e positioned in one
orientation in the device ilder for sample
concentration, and can b e positioned in iother
orientation (inverted) in the device holder for sample
icovery . BRIEF DESCRIPTION OF THE DRAWINGS Figure 1
is a vertical oriented, cross-sectional side view : a
filter housing in accordance with certain embodiments;
Figure 2 is an angular oriented, cross-sectional front
view of a filter housing in accordance with certain
embodiments; Figure 3 is an isometric oriented,
exploded view of a filter housing in accordance with
certain embodiments; Figure 4 is an isometric view of
the interior surface of a side panel of a filter
housing in accordance with certain embodiments ;
Figure 5 is an isometric view of the exterior surface
of the side panel of Figure 4 ; Figure 6 is a vertical
oriented, cross-sectional view of a side panel of the
filter housing in accordance with certain embodiments
; Figure 7 is a vertical oriented, cross-sectional
view of a device holder or vial in accordance with
certain embodiments ; Figure 8 is an angular oriented,
cross-sectional view of a device holder, which shows a
filtration device containing the maximum volume of a
retentate fluid and filtrate fluid in a spin mode in
accordance with certain embodiments; Figure 9 is an
angular oriented, cross-sectional view of a device
holder containing a filtration device in a reversespin
mode in accordance with certain embodiments; Figure 10
is a schematic diagram showing a position of the
device holder during the molding process; Figure 11 is
an isometric view of a textured underdrain design in
accordance with certain embodiments; Figure 12 is an
isometric view a textured underdrain design having
diagonal-oriented flow channels in accordance with
certain embodiments; 



Figure 13 is an isometric view of a textured
underdrain design having raised cylindrical
protrusions, which form flow channels in accordance
with certain embodiments; Figure 14 is an isometric
view of a textured underdrain design having raised
polygon protrusions, which form flow channels in
accordance with certain embodiments;Figure 15 is a
plot of the results of water flow performance testing
of a device made using five different membrane-device
configurations (3kDa MWCO, 1OkDa MWCO, 3OkDa MWCO, 50
kDa MWCO and 10OkDa MWCO) in accordance with certain
embodiments ; Figure 16 shows plots of the water
retentate volumes for 3OkDa MWCO and 5OkDa MWCO
devices and comparable Microcon(tm) devices as a
function of spinning time at 14,000Gs; Figure 17 is a
plot showing that the typical values of airflow
leakage for acceptable devices made with all five
membrane-device configurations were less than 0.35
cubic centimeters (cc) per minute; Figure 18 is a plot
showing that the overmolding process successfully
bonded the two panels into a single device in a manner
that demonstrated acceptable pressure integrity;
Figure 19 is a plot showing that the levels of average
protein passage (proteins that should not pass) were
less than 5%, which is considered to be an acceptable
level of performance; Figure 20 is a plot showing that
the average protein that was recovered was greater
than 90% for the devices that were tested, which is
considered to be an acceptable level of performance;
Figure 21 is a plot showing that the average total
volume of sample that was recovered for these devices
was greater than 98% when the reverse spin procedure
was used; Figure 22 is a plot showing that the results
of the average dead-stop volume that were measured
when these devices were spun for 10 minutes; Figure 23
is a bottom view of the overmolded jacket, which
describes the relative proportions of the wide flange
feature compared to the overall geometry of the sample
holder; Figure 24 is a side view of the overmolded
jacket, which describes the relative proportions of
the wide flange feature compared to the overall
geometry of the sample holder;Figure 25 is a side view
of sample holder, which describes location of the
drain holes and the space needed between the wide
flanges to ensure adequate drainage of filtrate during
spinning operations; Figure 26 is an isometric view of
the core pin used as part of the process to overmold
two panels into one device; and Figure 27 is an
isometric view of the heat seal nest, which includes
alignment slots for the panel. DETAILED DESCRIPTION OF
THE INVENTION Turning first to Figure 1 , there is
shown filter device 10. The device 10 includes a
sample reservoir 11 to receive an unfiltered sample,
and first and second membranes 12A and 12B each
arranged on a side wall of the device 10 as shown. A
retentate chamber 14 defining a dead-stop volume is
provided below the membranes 12A and 12B. A collection
tip 30 (Figure 2 ) that is generally arc-shaped and
protrudes outwardly from the bottom perimeter of the
device may be provided to localize the dead-stop
volume at the centerline of the device, and
subsequently reduce variability of the dead-stop
volume as the angle of orientation in a centrifuge
changes. Preferably the device 10 is made of a solid
material that is liquid impermeable, has low protein
binding characteristics, and is sufficiently strong to
withstand the gravitational forces (Gs) applied during
centrifugation. Suitable materials include acrylic,
CYROLITE G20 HiFIo resin, ESTAR HN631 resin and KRATON
polymers. The side panels 15A, 15B (Figure 3 ) in
particular can be made of a clear plastic material
which enables an operator or user to see into the
interior cavity of 



the device so as to determine the fluid levels prior
to, and after the filtration process. Preferably the
device 10 is formed by attaching two flat sheet
membranes to side panels 15A, 15B (Figure 3), which
are then overmolded into a device housing. Side panel
15A (Figure 4 ) includes an underdrain support 16 that
supports themembrane and provides fluid communication
to the retentate chamber 14. For example, the
underdrain support 16 can include a series of spaced
longitudinal grooves, channels, or surface textures
that are located beneath the membrane to capture
filtrate as it passes through the membrane and direct
it towards the drain holes and into a receiver vial.
Side panel 15B is similarly configured. Each membrane
is sealed to a respective side panel 15A, 15B so that
only fluid passing through the membrane can exit the
drain holes of the device located in the side panels.
In certain embodiments, each membrane 12A, 12B is
coextensive with a respective underdrain support 16
and is sealed thereto. The geometry of the underdrain
is intended to support the membrane and keep it as
flat as possible, while allowing sufficient open space
underneath the membrane to enable fluid to flow and
pass through the drain holes 18 of the device. It is
preferred that hydraulic fluid resistance be kept as
low as possible. Figures 11,12,13 and 14 show examples
of suitable textured surface patterns of the
underdrain, such as raised cylindrical protrusions 16
(figure 13) or multi-faceted columns that protrude up
from the back side of the panel. The top surface of
the protrusions contact and support the membrane at
intervals, which minimize in-plane stretching of the
membrane during the high pressures that are generated
during centrifugal spinning operations. These also
support the membrane and allow fluids to flow
underneath the membrane and out through the drain
holes 18. When the underdrain geometry inadequately
supports the membrane, the pores of the membrane may
stretch, and become elongated. These enlarged pores
sizes then compromise the retentive characteristics of
the membrane. The embodiment of Figure 11 is a series
of raised irregular shapes 16. The embodiment of
Figure 12 is a criss-cross pattern forming raised
parallelograms 16. The embodiment of Figure 14 is a
hexagonal pattern of raised protrusions 16 that may
also be used to form an underdrain structure.
Thoseskilled in the art will appreciate that these
patterns are examples only and that other suitable
patterns are within the scope of the present
invention. Suitable membranes include microporous and
ultraporous membranes, the latter being useful for
ultrafiltration. Regenerated cellulose ultrafiltration
membranes (e.g., "Ultracel Amicon YM" and "Ultracel
PL" membranes available from Millipore Corporation of
Bedford, Mass.) are well-suited for devices targeted
for concentrating or desalting extremely dilute or
hydrophobic sample liquids. The use of a hydrophilic
membrane having a "tight" microstructure promotes good
retention with low adsorption of protein, DNA, and
other macromolecules . Polyethersulfone
ultrafiltration membranes (e.g., "Amicon PM" and
"Biomax PB" also available from Millipore Corporation)
, or other like membrane having an "open"
microstructure suitable for rapid separation, are
better-suited for devices targeted for concentrating
and desalting more concentrated sample liquids, such
as serum, plasma, and conditioned tissue culture.
Preferably each membrane 12A, 12B (Figure 1 ) is
oriented at a slight angle with respect to the
longitudinal centerline of the device 10, such that
the top of each membrane is spaced from the
longitudinal centerline a distance greater than the
bottom of the membrane. A funnel-shaped configuration
is formed. So positioning each membrane takes
advantage of tangential flow effects during
centrifugation . An angle greater than about 0  and
less than about 5, preferably about 3, has been found
to be suitable. 



The tapered, side-by-side two membrane design also has
an inherent self-cleaning feature, reducing the amount
of membrane fouling during centrifugation. The
tapered, side-by-side design also enables pipette tips
to easily fit into the sample holder from the top and
reach down to the bottom of the device. Typically a
user of this device would use: a ) pipette tip to
extract the desired retentate volume that has
accumulated in the bottom of thedevice, or b ) reverse
spin the device in a vial or similar holder. The space
at the bottom of the device which contains the
retentate sample is usually referred to as the
dead-stop volume . As seen in Figures 3 and 5 , each
of the side panels 15A, 15B includes one or more drain
holes 18 that are in fluid communication with the
retentate chamber 14 and enable filtrate to pass
through the device housing 10 for collection in
another housing such as a vial 75 (Figure 7 ) . In the
embodiment shown, four such drain holes are
illustrated in each of the two panels, although the
invention is not to be so limited. Each drain hole 18
is preferably located at the bottom of a respective
underdrain groove or channel and is preferably
substantially circular in cross-section. The drain
holes should be located a sufficient distance from the
side edges of the panels 15A, 15B so that the holes
are not constricted or otherwise deleteriously altered
during a heat seal operation that can be used during
manufacture of the device. Preferably the drain holes
18 are equally spaced from one another and are
co-linear. The side panels 15A, 15B are preferably
identical and are configured to snap fit or press fit
into one another. Preferably a labyrinth seal is used
to seal the side panels to one another. To that end,
an exemplary labyrinth seal is a rib-in-groove
configuration, wherein each side panel includes a
groove 19 formed along one inner edge thereof, and a
rib 20 formed along the other inner edge thereof
(Figure 4 ) . The groove 19 and rib 20 are configured
such that when side panel 15A is brought into
alignment with side panel 15B, the rib 19 of side
panel 15A and the groove 20 of side panel 15B engage,
as do the rib 19 of side panel 15B and the groove 20
of side panel 15A, to lock the side panels together.
This labyrinth configuration helps to ensure that the
panels are symmetrically aligned prior to overmolding
and throughout the overmolding process; it assists in
retention onto a mold core and thus facilitates
automated assembly and makes the assemblyprocess more
resistant to machine faults. The labyrinth alignment
also functions as a plastic flow trap, preventing the
overmolded material from ingressing into the sample
volume. The groove 19 can include one or more portions
with a deeper recess, each of which receives a
corresponding portion on the groove with a higher
protrusion, to facilitate the snap-fit between the two
panels. Those skilled in the art will appreciate that
other designs to create a snap fit or press fit and a
seal are within the spirit and scope of the invention,
such as a series of spaced protrusions mating with a
series of spaced wells . Alignment dowels 86 and 87
Figure 3 ) are integrally molded into the exterior
surface of each panel to enable panels to precisely
register into an alignment hole in the nest fixtures
that are used to hold the device in place during
membrane attachment and automated pick-and-placement .
An automated process can be used to move the panels
into a membrane attachment module, membrane alignment
module, overmold module, and in-process quality
inspection modules. One of the dowels is designed to
fix the panels in place in a nest 108 (figure 27),
while a second dowel 87 allows the panel to grow in
one direction due to thermal expansion effects that
may occur during processing. The dowels also provide a
fingergrip feature that enables operators to
comfortably hold the device while wearing elastomeric
gloves that may have been treated with water or a
cleaning solvent, and may still be wet 



during handling. The protruding dowels also help
prevent the device from accidentally slipping out of a
user's hands. Figure 3 shows that an overmolding
process is used to manufacture the device 10. The side
panels 15A, 15B may also include a top molded flange
17 and side flanges 110 that helps mechanically
capture the overmolded jacket onto the panels. The
flange 17 and flange 110 form an anchors that are used
to secure the panels to the overmolded plastic thus
forming an integral and robust device. This improves
resistance to hoopstress failures and device-burst
pressures. Indeed, the saiddevice has been shown to
withstand pressures greater than about 250 psi (Figure
18), well above the 30 to 80 psi necessary for
effective operation. Preferably the panels are made of
a polymer that has a higher melt temperature than the
melt temperature of the overmolded material. These
materials may include: polystyrene, acrylics, styrene
butadiene copolymers, styrene acrylonitriles, CYROLITE
G20 HiFIo resin, ESTAR HN631 resin and KRATON
polymers. These materials enable the over molding
process to be more robust such that thermal heat
transfer into the premolded material does not lead to
thermal distortion of the premolded parts geometry,
which compromises the device's overall form, fit, and
function. The over-molded jacket 111 (Figure 3 ) may
include an integrated wide flange 88 to help keep the
cross-section of the walls of the vial in a circular
shape during centrifugation . The jacket attaches the
two panels together by a combination of thermal fusion
of the thermoplastic materials and mechanical
interlock of the panel's flanges 17 and flanges 110.
The jacket begins at the top of the sample holder 89
(Figure 1), where fluids are added to the device and
where a vial cap 80 (Figure 7 & 8 ) is used to close
the device such as during centrifugal spinning. The
inner diameter of the jacket 89 (Figure 1 ) is formed
in a continuous fashion around one core pin 102
(Figure 26 ) which helps ensure acceptable dimensional
control of the cap seal 81 (Figures 7 & 8 ) . A split
parting line was used on the outer surface 91 (Figure
1 ) along the device's longitudinal axis, but was not
used along the inner diameter in order to prevent
"parting-line misalignments". Parting line
misalignments usually occur when molds are designed to
open in two halves. Eliminating the split-parting line
on the inner diameter of the overmold helps ensure
that undesirable gaps between the cap and the device
do not occur. The absence of these gaps help to ensure
the acceptable form, fit and function of the fluid
seal at the sample holder and vial cap.The jacket
includes an overmolded material that maintains the
same diameter from the top 112 of the sample holder
(Figure 2 ) to the bottom edge 113. The bottom edge of
the jacket includes a integrated wide flange 88
(Figure 3 ) that mechanically contacts the inner
diameter of the receiver vial 85 (Figure 7), and holds
up the sample holder in the vial. This feature
facilitates high speed spinning operations in a
centrifuge by distributing the loads or stresses
generated by the device into the shoulder of a
receiver vial. Figures 23 and 24 show the relative
proportions of the integrated wide flange feature 88
compared to the overall geometry of the sample holder.
The side view shows that the width of the wide flange
feature 88 (Figure 24) (e.g., 0.250 inch) is wider
than the width of the overmold seal 115 (e.g., 0.144
inch), which fuses the two panels together into one
device. The width of the wide flange 88 needs to be at
least 65% of the outer diameter of the sample holder
116 (Figure 24) to ensure that stresses are adequately
distributed and transferred to the support rim of the
vial 85 (Figure 7 ) . The width of the wide flange 88
should not be more than least 80% of the outer
diameter of the sample holder because there must be
enough space 117 (Figure 25) for filtrate to drain out
of the drain holes 18 . The transition 118 of the wide
flange feature 88 (Figure 25) begins at a location on
the overmold seal 119 which is 



approximately equal to one half the diameter of the
device. The transition curves from the overmold seal
are intentionally gradual so as to minimize stress
concentrations. The outer diameter of the wide flange
feature 88 is the same as the outer diameter at the
top rim of the sample holder. This feature enables the
sample holder to be inverted and spun in the same
receiver vial as shown in Figure 9 . The wide flange
88 provides enough material support to keep the device
in place during centrifugal spin operations that may
be equal to and greater than 10,000Gs. Experiments
have shown that the flared feature enabled devices to
be spunat centrifugal spin loads as high as 16,000Gs
for one hour without damage. When the flared feature
was not used, some devices plastically deformed and
collapsed into the bottom of the receiver vial.
Failure analysis of devices showed that the flared
geometry was needed to keep the walls of the vial as
circular as possible, and also distribute the contact
stress between the device and the support rim 85 of
the vials below the plastic yield stress of the vial.
The wall thickness of the overmolded wall at the top
of the device 89 (Figure 1 ) needs to be sufficiently
thick in order to prevent splitting fractures due to
stresses that are generated by the vial cap 80 during
centrifugal-spin processes. A suitable thickness is
0.044 inches. When a vial cap 80 is pressed onto the
sample holder to establish a liquid seal, hoop
stresses are generated. When devices are spun in a
centrifuge at speeds that generate 16,000Gs or more,
the mass of the cap combined with the snap-fit feature
create tensilehoop stresses in the sample holder. If
these stresses are high enough, the side wall of the
sample holder fractures along the knit line. The knit
line refers to the joint where the two or more melt
flows of plastic meet and are fused together during
the overmold process. The overmolded jacket 111
(Figure 3 ) may be made using different colorant
additives which enable different device configurations
to be differentiated by means of color. In order to
ensure that devices do not fracture, the wall of the
sample holder must be thick enough to prevent the: a )
elastic deformation that would enable caps to open -
which is undesirable, and b ) plastic deformation and
rupture that would allow leakage of the sample fluid -
which is also undesirable. For the low-protein-binding
material of choice - styrene butadiene copolymer - a
wall thickness of at least 0.035 inch was found to be
suitable . When the wall thickness 89 (Figure 1 ) is
increased, the internal volume (Figure 1 ) of the
sample holder is reduced to undesirable levels. Sample
volumes of less than 0.45ul arecommercially
undesirable. Having a device that has a sample volume
up to 0 .5ul is considered to be desirable and of
strategic commercial value. In some test cases,
increasing the temperature of the mold base from 90 0
F to 125F was used during overmolding to more
effectively fuse the knit lines together and achieve
greater strength. Care must be taken to ensure that
any additional heat used does not cause the bottom of
the panels to melt and collapse - which is
undesirable. The two panels of the device need to be
thick enough and stiff enough to support the overmold
pressure at the nose of the panels and at the center
of the panels. Experiments using current geometry and
styrene-butadiene material revealed that a wall
thickness of at least 0.0585 inch was needed to
prevent unacceptable deformation and collapse. This
thickness and a suitable wall strength was needed even
though the panels were supported by a steel-core pin
102 (Figure 26) during the process of overmolding
panels into the completed device. The surface of the
pin that is closest to the membrane surface 103 was
relieved to ensure that the membrane never comes into
contact with the core pin 102 (figure 26) . The
retentive layer of the membranes can be damaged when
the membrane comes into contact with core pins and can
be scratched as the parts are 



ejected from the overmold. To prevent membranes from
being pulled away from panels and scratched by the
surface of the core pin 102, the pin was fabricated
with vent holes 104 that enable air from the mold
cavity to be evacuated through the center of the core
pin. This unique core pin design enables the
overmolding of devices in a manner that does not over
pressurize and blow the attached membrane off of the
panels. Special attention must be given to the design
of cooling ports in the overmolded cavity. During some
experiments it was observed that when the temperature
of the overmold material, as measured by the
temperature of the base mold at 90 0 F , was increased
by only 35 degrees F to 125F, the additional heatthat
flowed into the panels caused them to begin melting
and collapsing onto the core pin. In the most extreme
cases the pre-molded panels deformed enough to
completely close off the drain holes. In some cases
the heat effects were sufficient to allow panels to
slightly move away from the overmolded cavity and
allow plastic leak and to flow over the exterior wall
of the panel. In some cases the leakage was small
enough that the devices were still of good quality. In
the worst cases the plastic flowed all the way up to
the drain holes and partially filled them. This was
considered to be undesirable because the flow through
the drain holes was restricted. The adverse affects of
heat on the pre-molded panel can be overcome by
improving thermal cooling of the mold cavity and core
pin, and by using a valve gate at the plastic
injection port 92 (Figures 1 & 23) instead of using
narrowedge gates. Narrow edge gates create high levels
of shear flow in the plastic, which generate more
heat. These shear flows can be reduced by using a
valve gate, which has a larger cross-sectional flow
area. This increased area reduces shear heating
affects and enables the overmolded cavity to be more
easily filled. Valve gates are using in injection
molds to direct the flow of melted plastic polymer
from the hot runner into the mold cavity. To achieve
the best molding results, this flow of polymer should
be directed towards a solid surface in the mold cavity
such as a core pin 95 (Figure 10) and 105 (Figure 26)
. This flow needs to be broken up into turbulent
swirls to prevent material flow marks and jetting,
which could roughen the surface of finished parts .
The adverse affects of overmolding heat can also be
overcome by placing cooling lines closer to the part's
surface and by including thermal cooling lines in the
core pin. This can usually be accomplished by using
typical cooling fluids such as water or propylene
glycol solutions. The adverse affects of heat can also
be overcome by using mold inserts that that have
higher values of thermalconductivity. Materials that
have a higher thermal conductivity will enable heat to
be drawn away from parts more effectively than when
materials having a lower thermal conductivity are
used. These inserts are usually fastened into the mold
cavity, and help transfer heat away from a premold
more effectively that when one type of steel is used.
Typically inserts can be made using metals, such as
beryllium, copper and aluminum. Figure 10 shows how
leakage that may occur in the nose of the panel can be
overcome by adding a protrusion 93 on the outer
surface of the panel, which acts as a seal. This seal
feature can be integrally molded into the panel's
outer surface and functions like a mechanical O- Ring
seal. When the overmolded cavity is closed over the
panels, the cavity wall makes intimate contact with
the integrally-molded-seal feature. This seal helps
prevent leakage of plastic into the drain holes 18 of
the sample holder. Preferably the core pin 102 (Figure
26) is made of a harden steel material. Although using
a core pin made of P20 steel, hardened to a Rockwell
hardness of 32-34 Rc, may be adequate to successfully
make a small number of devices, the 



core pin may ultimately deform, which compromises the
housingburst strength of devices as measured by
housing-burst pressure. Accordingly, preferably the
core-pin material is an H13 steel hardened to a
Rockwell hardness of 53-54 Rc, which is more durable.
Thus, the material hardness and geometry of the
core-pin design need to be carefully controlled to
successfully make devices on a commercial scale. It is
also very important to control the following factors
during the overmolding process so as to ensure that a
good device is made: A . The design and shape of the
core pin must hold the panels securely in such a way
that the core pins surface 103 (Figure 26 ) does not
come into contact with and damage the membrane's
retentive surface.B . The design, shape, and selection
of materials for the core pin must ensure that
adequate cooling is achieved during continuous molding
operations . An inadequate cooling will result in
thermal deformation of panels. C . The design, shape
and selection of materials for the core pin must also
ensure that undesirable deflections do not occur doing
continuous molding operations. Stiffness was
successfully achieved by including into the core pin's
design support grips 106, which stiffened the overall
design and reduced lateral deflections. The end 105 of
the core pin 102 must be strong enough and stiff
enough to push the nose of the panels into the
overmolded and properly seat the panels into the mold
cavity 96 so as to prevent the panels from being
pushed away from the injection-valve gate 97 during
overmolding. D . The clearance 98 (Figure 10) between
the support alignment dowels in the premolded panels
and the recess 99 in the overmolded panel must be
minimized. This is needed to prevent the panels from
moving away from the injection-valve gate during over
mold operations. E . The clearance gap 100 (Figure 10)
between the premolded panels and over mold cavity must
be carefully controlled and kept to a minimum in order
to prevent undesirable leakage of the overmolded
material along the exterior wall of panels. F . The
dimensions of the seal interface between the panels
and the overmold cavity must be very carefully
controlled to ensure good shut-off qualities, which
will prevent plastic leakage into the drain holes 18
(Figure 3 ) and into the membrane area 12A and 12B
(Figure 1 ) . G . Adjusting the process parameters
used for overmolding may provide incremental
improvements toward preventing undesirable leakage of
polymer material across the seal interface between
panels and the overmold cavity. These process
parameters consist of: a ) resin stop temperature
during molding, b ) temperature of the mold base, and
c )use of back pressure during molding. However,
making adjustments to these process parameters is not
a substitute for properly dimensioning the seal
interface between panels and the overmold cavity. H .
The size and shape of the core pin must ensure that
there is sufficient clearance between the surfaces 103
(Figure 26) of the core pin 102 and the membranes 12A
and 12B (Figure 1 ) that are attached to the panels,
so as to ensure that the two do not come into contact
during the overmolding process. Any contact may result
in serious damage to the retentive layer of the
membrane, which may compromise the overall performance
of the device. I . The size and shape of the core pin
must also ensure that there is a recess pocket 107
(Figure 26) with sufficient clearance at the tip 105
of the core pin 102 to support the dome feature 25
(Figure 1 & 6 ) that is integrally molded into the tip
of each panel. To make good pre-molded panels, an
injection mold valve gate needs to be positioned at
the nose 92 (Figure 23) of the panels near the drain
holes to ensure the best structural 



integrity of the overall device. Placing the valve at
the nose of panels enables plastic material flow into
the mold and preferentially positions the material
knit lines in the underdrain structure, and not across
the area where the membrane is attached. Allowing the
knit lines to occur at the membrane attachment site
compromises the devices retention performance. Heating
processes used to attach the membrane material can
cause the knit lines to open in an undesirable way,
which allows fluids to leak around the seal. The
membrane coupons are die-cut using an automated,
matched die set in order to achieve the
coupon-to-coupon dimensional accuracy that is needed.
The process of automated die cutting,
pick-and-placement, and heat sealing of coupons is
very important to the manufacture of these devices .
Automated processes help reduce surface damage that
can occurto the retentative layer of the membrane
coupons. Automated processing also helps to reduce the
labor content of manufacturing these devices compared
to using manual manufacturing processes. The adverse
effects of operator to operator variability are also
reduced when automated manufacturing processes are
used. The top edge 89 (Figure 1 ) of the sample holder
device should be specifically designed to form a
continuous rim during overmolding. The inner diameter
90 of the sample holder must be formed on one core pin
102 (Figure 26), which ensures that one smooth and
consistent sealing surface is formed. This ensures
that a good sealing qualities are achieved between the
sample holder and the vial cap. Since the overmolded
design requires that a split mold can be used, the
parting line for the mold halves should be positioned
90 degrees away from the plastic knit lines. This
design helps to prevent the alignment of residual
molding stresses, knitlines, and parting lines. This
feature enables the samples holder to sustain higher
stresses during centrifugal spinning. Higher stress
capabilities enable higher spin speeds to be used,
which enable shorter filtration times to be achieved.
These combined features provide a unique value
proposition to customers. A labyrinth seal feature 19
and 20 (Figure 4 ) is specifically designed into the
edge of each panel to: a ) facilitate alignment o f
the two panels 15A and 15B (Figure 3 ) during
assembly, and b ) control and prevent the undesirable
ingression of plastic during overmolding. As mentioned
above, an exemplary labyrinth seal feature includes a
raised geometry on one side of the panel's center line
20 (Figure 4 ) and an identical recessed geometry 19
(Figure 4 ) on the other side of the centerline. The
shape of this feature is preferably symmetric about
the center axis of the panels, which enables one mold
cavity to make the two panels that will be assembles
into one device. This helps reduce the cost of having
to mold two separate panels to achieve the same
assembly. The seal feature also creates a tortuous
path between the inner volumeof two assembled panels
and the outer space surrounding the panels . The
tortuous path helps seal off the edge of the panels
when the overmold is closed, which enable the overmold
plastic to flow and seal the two panels together. This
tortuous path helps prevent the overmold plastic from
flowing into the inner volume of the sample holder.
The shape and location of the drain holes 18 on the
panels were specifically designed to help achieve the
low variations in dead-stop volumes, acceptable fluid
flow, and acceptable mold durability. The core pins
used to form the drain holes were designed with a 5
degree draft on each side. This draft improves the
pin' s strength and enable the pins to easily separate
from the molded panels. The draft also creates a
tapered hole, such that the more open side of the hole
was placed on the inner portion of the panels. The
drain holes are still substantially circular in
cross-section. The hole narrows as fluid moves out
toward the discharge surface and out of the device.
The tapered hole helps improve the fluid flow through
the drain holes by making use of vena contracta 



affects . Vena contracta effects describe laminar
fluid flow through an orifice, where Bernoulli's
equation predicts that the cross-sectional area of the
fluid stream narrows or necks down as a Newtonian
fluid passes through an orifice. Fluid flow becomes
more efficient when the surface of the hole follows
the streamline of the fluid flow. Less flow separation
occurs, which reduces occurrences of
recirculating-fluid flows. Reducing recirculating
fluid flows can help reduce the formation of entrained
gas bubbles in the fluid stream, which can lead to
foaming. Foaming of the filtrate in the receiving vial
is undesirable because it can cause fluid to wick back
into the sample holder when the centrifuge stops. The
retentate chamber 14 (Figure 4 ) defines a dead-stop
volume where retentate sample is collected and can be
recovered. Preferably the retentate chamber includes a
three dimensional discontinuity that protruded out of
the interiorwall, such as a mound-shaped protrusion 25
(e.g., Figure 4 & 6 ) , to help localize the dead-stop
volume at the centerline of the device, and reduce
variability of the dead-stop volume as the angle of
orientation in the centrifuge changes. More
specifically, the funnel-shaped configuration at the
bottom of the sample holder and the discontinuity
assist in localizing the retentate fluid into a
smaller space at the bottom of the dead-stop volume.
Localizing this fluid into a smaller space facilitates
the more complete removal of fluid from the device
when a pipette is used. If this geometry were not used
in the device, a user would have to move a pipettor
back and forth across the bottom of the dead-stop
volume using one or more passes. In addition, the
funnel-shaped configuration and the discontinuity also
reduce the variation in the dead-stop volume that
occurs when the sample holder is oriented at different
angles in the centrifuge. The height and shape of the
discontinuity 25, such as a mound-shaped protrusion,
was determined as follows. The sample holder was
placed in a receiver tube, and oriented differently in
two degrees of freedom. In the first of these degrees
of freedom, the center-line axis of the device was
aligned with the orientation of a fixed-angle rotor
used in centrifugation . Typically the fixed angles
are between 35 and 45 degrees from the vertical
position. Through trial and error, an optimum height
and shape of the discontinuity was determined which
achieved the least variation in dead-stop volume . In
the second degree of freedom, the sample holder was
placed in a receiver tube and placed in a fixed-angle
rotor. Under these conditions the sample holder could
still be rotated on its center-line axis at an
infinite number of angles between 1  and 360.
Therefore, two of the most extreme orientations were
chosen; a ) a front orientation where the two membrane
planes are positioned as vertically as possible, and b
) a side orientation where the two membrane planes are
positioned as closely as possible to the rotorangle,
which typically may be between 35 and 45 degrees.
Again through trial and error, a height and shape of
the protrusion was determined which achieves the least
variation in dead-stop volume. One suitable height of
the tear-drop shape 25 is 0.020 inches . Table 2
summarizes the results of tests which compared the
performance of a centrifugal device in accordance with
certain embodiments of the present invention with a
conventional Millipore Microcon (r) device. Two
different membrane configurations were considered for
this test: 3OkDa membrane, and 5OkDa membrane. The
results showed that the present devices filtered the
water much faster than the Microcon (r) devices, as
expected because of the increased available membrane
area. The plots showed that the Microcon (r) devices
continued to filter water until the dryness condition
was reached where no water remains upstream of the
filter. The 



present devices continued to filter water until the
designed dead stop volume was reached. These data
demonstrate that the present device can be used to
filter and concentrate samples to a specific dead stop
volume without having to worry about filtering to
dryness, which can compromise sample recovery. In
certain embodiments, the retentate is recovered using
a reverse-spin operation, wherein the device 10
(Figure 9 ) is placed in a device holder 75 such as a
vial or other suitable housing in an inverted manner,
and is subject to a driving force such as
centrifugation, forcing the retentate fluid from the
retentate chamber 1 4 and into the device holder 75.
As best seen in Figure 9 , the device holder 75 is
preferably cylindrical in cross-section, with a
diameter wide enough to accommodate the filter device
10 in both a forward-spin mode (Figure 8 ) and a
reverse-spin mode (Figure 9 ) . Preferably the filter
device 10 fits snuggly within the device holder 75.
The device holder 10 can include a shoulder 85, which
is preferably annular, and serves to form a smaller
inner diameter portion of the holder 75 so as to
provide a stop,limiting the extent to which the filter
device is insertable into the holder 10 (in either the
spin mode or reverse spin mode) . Thus, in the spin
mode of Figure 8 , the top flange 76 of the filter
device 10 remains outside of the holder 75, and in the
reverse spin mode of Figure, the bottom portion of the
device 10 remains outside of the holder 75 as shown.
When the filter device 10 is so positioned in the
device holder 75, sufficient volume 77 below the
filter device 10 should remain to receive sufficient
liquid product obtained during a reverse spin
operation. The design and shape of the shoulder within
the vial is very important to the form fit and
function of the device. The highest levels of
centrifugal loading can be achieved when a continuous
circumferential ring 85 design is used. When a
discontinuous shoulder design is used, lower levels of
centrifugal loading are possible. This lower capacity
reduces the ability to perform filtering operations at
higher speeds in the centrifuge. The device holder or
receiver vial preferably includes a cap 80, which can
be integrally mounted to the holder 10 as shown. The
cap should be dimensioned to both cap the device
holder 75 when the filter device 10 is not positioned
in the holder, and to cap the filter device 10 when it
is positioned in the holder in the spin mode as shown
in Figure 8 . To that end, the cap 80 can include a
first smaller cylindrical portion 81 that has an outer
diameter slightly smaller than the inner diameter of
both the device holder top and the filter device top,
and a second larger cylindrical portion 82 that has an
outer diameter larger than the outer diameter of the
first smaller cylindrical portion 81. The diameter of
the larger cylindrical portion 82 (Figure 9 ) is
preferably still small enough to fit inside the device
holder 75 (Figure 7), but is large enough so as not to
fit inside the filter device 10 (Figure 8 ) .
Preferably there is a recessed volume of revolution 90
(Figure 1 ) formed into the inner diameter of the
sample holder 10. This recess forms a pocket,
whichfacilitates the insertion, retention of, and
snapfit of the vial cap 80. Centrifugation times are
not particularly limited, and generally span between
about 1 minute and 10 minutes. The filtration device
and the device holder 75 can be provided to the
end-user in a packaged kit form, together with
instructions for assembly and use. In certain
embodiments, sample recovery can be accomplished by
inserting a pipettor and tip into the housing, and
more specifically, into the retentate chamber 14, and
removing the filtrate therefrom. A suitable process
for manufacturing devices in accordance with certain
embodiments is as follows: 1 ) Mold panels in advance.
2 ) Die-cut membrane coupons from membrane roll stock.



3 ) Position coupons onto panels and in place on the
panels using heat, pressure, and time. 4 ) Visually
inspect the resulting subassembly to ensure proper
alignment of coupons on the panels, overall quality of
the coupon attachment, and the absence of dirt and
foreign debris. 5 ) Place the panel-subassemblies into
the A 96 (Figure 10) and B (Figure 10) cavities of the
over mold. 6 ) Close both the A and B sides of the
over mold so as to bring the panels into contact and
seal the labyrinth edge of the panels . 7 ) Insert the
core pin into the overmold cavity in such a manner
that: a ) the panels are pushed into the bottom of the
over mold and fixed in place, b ) the attached
membrane coupons are not damaged, and c ) the
dimension requirements of the finish device are
maintained . 8 ) Inject the over mold plastic into the
mold cavity. 9 ) Open the over mold and withdraw for
device from mold cavities in A and B . 10) Eject the
device from the core pin.11) Verify the integrity of
the membrane attachment process using a
gas-pressure-decay instrument. 12) Transport devices
to an instrument and successfully pad print graduation
marks onto the side of the device. 13) Package the
device into a suitably designed flexible pouch and
carton. A suitable process to concentrate samples
using the device includes the following: 1 ) Remove
the sample holder device and receiver vial from their
packages. 2 ) Insert the sample holder device into a
receiver vial . 3 ) Pipette the sample solution into
the sample holder reservoir (e.g., 0.5ml maximum
value), without touching the membrane with the pipette
tip. Pull cap that is attached to the receiver vial
over the sample holder device, and snapfit into place
so as to ensure a good seal between the cap and the
sample holder . 4 ) Place the sample holder device and
reservoir into a compatible centrifuge and be careful
to counterbalance the rotor with a similar device. 5 )
Spin the device in the centrifuge using the supplier's
"Centrifugal Guidelines" for the correct spin times
and speeds for the application. 6 ) After completing
this spinning process, remove the sample holder and
reservoir from the centrifuge. Separate the vial from
the sample holder device by lifting it up and out of
the reservoir without spilling the contents of the
sample holder or reservoir. 7 ) Place the sample
holder reservoir upside down in a new receiver vial
without allowing any of the retentate volume 14 to
fall out or be lost. Spin thesample holder and vial
assembly for three minutes at 100OxGs (or pulse
briefly) to transfer the concentrate to the vial. 8 )
Remove the sample holder and vial from the centrifuge.
Separate the sample holder device from the vial. Snap
the cap on to the receiver vial, and store the product
in a responsible manner for later use . Figure 15 and
Table 1 show the results of water flow performance
testing using the aforementioned filtering process.
These results demonstrate that the devices
successfully filtered the water sample as intended,
and concentrated the sample to a specific dead-stop
volume. The devices do not allow the sample to filter
to dryness . Instead 



of filtering to dryness, the sample is concentrated
into the dead-stop volume at the bottom of the sample
holder device and the retentate can be removed using a
pipette or a reverse spin operation. The data also
show that the more open membrane structures, such as
the IOOK devices, have a faster flow rate than devices
having less open membrane structure such as devices
containing membrane having 3kDa MWCO. The ability to
concentrate sample solutions to a known concentration
volume or dead stop volume without the risk of drying
the sample delivers important value to users. Using
this device, customers are able to concentrate their
samples in a robust manner which does not require them
to continuously monitor the concentration process.
Essentially, they can turn on the centrifuge for a
specified period of time, walk away, and know with
confidence that their samples will be concentrated as
desired. When other devices are used which do not have
a dead stop feature, users take the risk of drying out
their samples which can compromise the usefulness of
the sample and the subsequent analyses .Table 1 . Data
that supports Figure 15, which demonstrated water flow
performance of Amicon Ultra 0.5ml device made at PTI,
using membranes having five different (3kDa, 1OkDa,
3OkDa, 5OkDa & 10OkDa) values of molecular weight
cutoffs (MWCO) . These results demonstrate that the
vast majority of the devices that were made delivered
the levels of performance that were targeted. In most
cases the recovery of protein was greater than 90%. In
the cases where protein recoveries were less than 90%,
an analysis of the devices indicated that the
retentive layer of membrane had been damaged. In some
cases the damage occurred due to contact between the
membrane andthe core pin. In some cases the membrane
coupons were improperly aligned on the panels to the
attachment process, which allowed protein leakage to
occur. In other cases the damage may have occurred due
to manual handling at the site where the membrane was
attached or at the site where overmolding was done .
Figure 16 clearly shows that the device filters water
much faster than the Microcon (r) type device. The
data also show that the device spends filters sample
fluids to a known dead stop volume which helps to
prevent dry out conditions, whereas the Microcon
device allows sample volumes to be filtered to
dryness, which in most cases is undesirable. Figures
17 through 22 present the results of tests that were
done on devices that were made using pilot molds for
the panels that consisted of one 4-cavity mold, which
was used to simulate as closely as possible a
production molding tool. Similarly the pilot overmold
tool consisted of one 2-cavity mold, which was used to
simulate as closely as possible the production tooling
with the exception of the panel handling system. For
pilot operations the panels were manually loaded into
the overmold tool by hand, whereas in production
operations panels would be loaded in to the production
molds using robotics. These figures present the
results of performance testing on samples of the
devices that were made using pilot molds. Tests were
done on devices that represent the five
membranesdevice configurations that are of interest.
The testing consisted of: a ) air leak tests, b )
percentage of protein passage, c ) percentage of
proteins recovered, d ) dead-stop volume after 10
minutes of spinning at 14,000Gs, e ) total volume of
sample recovered, and f ) housing burst pressure.Table
2 The membranes of interest were attached to the pilot
panels and were later over molded into devices. These
devices were then tested for seal integrity using a
pressure-leak tester. Air pressure of 30 psi was
applied to the devices and the leakage rate of air
across the membrane was measured. Figure 17 shows that
all five of the different membrane-panel
configurations demonstrated acceptable
membrane-attachment integrity. These panels were then
carefully packaged and 



shipped to the molding facility for final overmolding
into devices . Figure 17 also shows that the typical
values of airflow leakage were less than 0.35 cubic
centimeters (cc) per minute. This limit, for accepting
and rejecting parts was determined by evaluating the
results of more than n=5 0 devices that were
determined to be acceptable, as measured by acceptable
protein retention performance. This limit represents
the upper control limit (three standard deviations
above the average value) of the population of samples.
Figure 18 shows that the overmolding process
successfully bonded the two panels into a single
device in a manner that demonstrated acceptable
pressure integrity. The data show that the average
housing-burst pressure for n=100 devices that were
made using all five of the membranes of interests or
greater than 250 psi. 'At least n=20 devices were
tested using each ofthe membrane-panel configurations
(3kDa MWCO, 1OkDa MWCO, 3OkDa MWCO, 5OkDa MWCO &
10OkDa MWCO) . Figure 19 shows that the levels of
average protein passage (proteins that should not
pass) were less than 5%, which is considered to be an
acceptable level of performance. At least n=24 devices
were tested using each of the five different
membrane-panel configurations. Figure 20 shows that
the average protein that was recovered was greater
than 90% for the devices that were tested. At least
n=24 devices were tested using each of the five
different membrane-panel configurations. Figure 21
shows that the average total volume of sample that was
recovered for these devices was greater than 98% when
the reverse spin procedure was used. At least n=24
devices were tested using each of the five different
membrane-panel configurations . Figure 22 shows the
results of the average dead-stop volume that was
measured when these devices were centrifuged for 10
minutes time. The results show that three of the
membrane-device configurations (3OkDa MWCO, 5OkDa MWCO
& 10OkDa MWCO) were able to achieve dead-stop volumes
within 10 minutes. Two of the membrane-device
configurations (3kDa MWCO & 1OkDa MWCO) did not filter
down to their dead-stop volumes within 10 minutes. As
expected these two membranes have a much tighter
membrane structure and the other three membranes, and
require more time to filter the same volume of fluid.
Devices that are made using 3K MWCO membranes will
typically require at least 16 minutes to achieve dead
stop volumes of 20 mL when filtering typical protein
solutions . Devices that are made using 1OK MWCO
membranes will typically require at least 12 minutes
to achieve dead stop volumes of 20 mL when filtering
typical protein solutions .What is claimed is: 1 . A
filtration device, comprising a housing, said housing
having a sample reservoir, a filtrate chamber, and a
pair of spaced membranes sealingly positioned between
said sample reservoir and said filtrate chamber,
wherein each said membrane is oriented at an angle of
greater than about 0  and less than about 5  from the
vertical centerline of said housing. 2 . The
filtration device of claim 1 , wherein each said
membrane is oriented at an angle of from about 1  to
about 5  from the vertical centerline of said housing
. 3 . The device of claim 1 , wherein said housing
further comprises a dead-stop volume chamber at the
bottom of the sample holder volume. 4 . The device of
claim 3 , wherein said dead-stop volume chamber
comprises a discontinuity. 5 . The device of claim 1 ,
wherein each of said membranes is supported on a
panel. 6 . The device of claim 5 , wherein each said
panel has an exterior wall and two or more cylindrical
protrusions 



on said exterior wall. 7 . The device of claim 5 ,
wherein each panel has one or more fluid drain holes,
which have a draft angle between zero and 5. 8 . The
device of claim 5 , wherein said panels surround an
overmolded jacket which has a flange at the downstream
end thereof. 9 . The device of claim 1 , wherein said
housing further comprises an integral flange at the
top of the housing . 10. The device of claim 9 ,
further comprising a recessed volume of revolution
formed into the inner diameter of said flange.11. The
device of claim 1 , wherein said housing comprises a
pair of panels each supporting one of said membranes,
said panels being attached to one another at
attachment surfaces, and wherein said membranes are
supported by said panels at an angle between 1  and 5
from said attachment surfaces. 12. The device of claim
11, wherein said attachments surfaces comprise a
labyrinth configuration seal. 13. The device of claim
11, wherein each said panel has a longitudinal
centerline, and comprises a raised portion on one side
of said centerline and a recessed portion on the other
side of said centerline, and wherein the recessed
portion on one said panel receives the raised portion
on the other said panel in interlocking engagement.
14. The device of claim 8 , wherein said overmolded
jacket comprises a colorant additive to enable
different configurations of devices to be identified
visually and differentiated. 15. The device of claim 5
, wherein said panels are made of a polymer selected
from the group consisting of poly styrenes, styrene
butadiene co-polymers, acrylics, polycarbonates, and
styrene acrylonitriles . 16. A filtration device,
comprising a central jacket and first and second side
panels interlocked together around said jacket, each
of said side panels comprising a membrane sealed
thereto. 17. The filtration device of claim 16,
wherein each of said side panels comprises an
underdrain and a plurality of drain holes. 18. The
filtration device of claim 16, wherein each of said
plurality of drain holes has a draft angle of between
0 and 5. 19. The filtration device of claim 16,
wherein said side panels and jacket together define a
samplereservoir, a filtrate chamber, and a dead-stop
volume chamber. 20. In combination, a filtration
device and vial, said filtration device comprising a
central jacket and first and second side panels
interlocked together around said jacket, each of said
side panels comprising a membrane sealed thereto; said
vial comprising an interior volume configured to
receive said filtration device in a first orientation
effective for concentrating sample in said sample
chamber when subjected to a driving force, and in a
second orientation effective for recovering
concentrated sample when subjected to a driving force
. 21. The combination of claim 20, wherein said vial
comprises an annular shoulder in said interior volume,
and wherein the diameter of said interior shoulder is
smaller than the external diameter of said filtration
device, whereby said filtration device abuts against
said shoulder when in either of said first or second
orientations. 


