
METHODS AND REAGENTS FOR TREATMENT AND DIAGNOSIS OF
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benefit of U.S. Provisional Application Nos.
60/650,078 (filed February 14, 2005), 60/717,861
(filed September 16, 2005), 60/715,503 (filed
September 9, 2005), and 60/735,697 (filed November 9,
2005), the entire contents of which are incorporated
herein by reference. STATEMENT ASTO RIGHTS TO
INVENTIONS MADE UNDER FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT [0002] Work described in this application
has been supported, in part, by NIH Eye Institute
grant EYl 1515. The U.S. Government may have certain
rights in the invention. BACKGROUND OF THE INVENTION
[0003] Age-related macular degeneration (AMD) is the
leading cause of irreversible vision loss in the
developed world (for reviews see Zarbin, 1998, 2004;
Klein et al., 2004; Ambati et al., 2003; de Jong,
2004; van Leeuwen et al., 2003) affecting
approximately 15% of individuals over the age of 60.
An estimated 600 million individuals are in this age
demographic. The prevalence of AMD increases with age;
mild, or early forms occur in nearly 30%, and advanced
forms in about 7%, of the population that is 75 years
and older (Klein et al., 1992; Vingerling et al.,
1995a, 1995b). Clinically, AMD is characterized by a
progressive loss of central vision attributable to
degenerative changes that occur in the macula, a
specialized region of the neural retina and underlying
tissues. In the most severe, or exudative, form of the
disease neovascular fronds derived from the choroidal
vasculature breach Bruch's membrane and the retinal
pigment epithelium (RPE) typically leading to
detachment and subsequent degeneration of the retina.
[0004] AMD, a late-onset complex disorder, appears to
be caused and/or modulated by a combination of genetic
and environmental factors (Seddon and Chen, 2004; Tuo
et al., 2004; Klein and Francis, 2003). Familial
aggregation studies have estimated the genetic
component to be primarily involved in as much as 25%
of the disorder (Klaver et al., 1998a). According to
the prevailing hypothesis, the majority of AMD cases
is not a collection of multiple singlegene disorders,
but instead represents a quantitative phenotype, an
expression of interactionof multiple susceptibility
loci. The number of loci involved, the attributable
risk conferred, and the interactions between various
loci remain obscure. [0005] Linkage and candidate gene
screening analyses have provided limited insight into
the genetics of AMD. Reliable association of one gene
with increased risk, ABCA4 (Allikmets et al., 1997)
and one gene with decreased risk, ApoE4 (Klaver et
al., 1998b, Souied et al., 1998) forAMD have been
reported, hi addition, several groups have reported
results of genome-wide linkage analyses (reviewed in
Tuo et al., 2004; Weeks et al., 2004). Linkage of one
family with AMD phenotype to a specific chromosomal
region, Iq25-q31 (ARMDl) has been documented (Klein et
al., 1998). HEMICENTIN-1 has been suggested to be the
causal gene (Schultz et al., 2003) although its role
has not been reliably confirmed. The identification of
overlapping loci on chromosome Iq in several studies
(Weeks et al., 2001; Iyengar et al., 2003; Weeks et
al., 2004) suggests that this locus may harbor
AMDassociated gene(s). [0006] Recent studies of
drusen, the hallmark ocular lesions associated with
the onset of AMD, have implicated a role for
inflammation and other immune-mediated processes, in
particular complement activation, in the etiology of
early and late forms of AMD (Hageman et al., 1999,
2001; Mullins et al., 2000, 2001; Russell et al.,
2000; Anderson et al., 2002, 2004; Johnson et al.,
2000, 2001; Crabb et al., 2002; Ambati et al., 2003;
Penfold et al., 2001; Espinosa-Heidman et al., 2003).
These studies have revealed the terminal pathway
complement components (C5, C6, C7, C8 and C9) and
activation-specific complement protein fragments of
the terminal pathway (C3b, iC3b, C3dg and C5b-9) as
well as various complement pathway regulators and
inhibitors (including Factor H, Factor I, Factor D,
CD55 and CD59) within drusen, along Bruch's membrane
(an extracellular layer comprised of elastin and
collagen that separates the RPE and the choroid) and
within RPE cells overlying drusen (Johnson et al.,
2000, 2001; Mullins et al. 2000, 2001; Crabb et al.,
2002). Many of these drusen-associated molecules are
circulating plasma proteins previously thought to be
synthesized primarily by the liver. Interestingly,
many also appear to be synthesized locally by RPE
and/or choroidal cells. [0007] Activation of the
complement system plays a key role in normal host
defense and in the response to injury (Kinoshita,
1991). Inappropriate activation and/or control of this
system, often caused by mutations in specific
complement-associated genes, can contribute to
autoimmune sequelae and local tissue destruction
(Holers, 2003; Liszewski and Atkinson, 1991; Morgan
and Walport, 1991; Shen and Meri, 2003), as has been
shown inatherosclerosis (Torzewski et al., 1997;
Niculescu et al., 1999), Alzheimer's disease (Akiyama
et al., 2000) and glomerulonephritis (Schwertz et al.,
2001). [0008] Membranoproliferative glomerulonephritis
type 2 (MPGN II) is a rare disease that is associated
with uncontrolled systemic activation of the
alternative pathway of the complement cascade. The
disease is characterized by the deposition of abnormal
electrondense material comprised of C3 and C3c,
proteins involved in the alternative pathway of
complement, within the renal glomerular basement
membrane, which eventually leads to renal failure.
Interestingly, many patients with MPGNII develop
macular drusen, RPE detachments and choroidal
neovascular membranes that are clinically and
compositionally indistinguishable from those that form
in AMD, although they are often detected in the second
decade of life (Mullins et al., 2001; O'Brien et al.,
1993; Huang et al., 2003; Colville et al., 2003;
Duvall-Young et al., 1989a, 1989b; Raines et al.,
1989; Leys et al., 1990; McAvoy and Silvestri, 2004;
Bennett et al., 1989; Orth and Ritz, 1998; Habib et
al., 1975). [0009] In most patients with MPGNII, the
inability to regulate the complement cascade is
mediated by an autoantibody directed against C3bBb.
Other MPGN II patients, however, harbor mutations in
Factor H (AuIt et al., 1997; Dragon-Durey et al.,
2004) a major inhibitor of the alternative complement
pathway. A point mutation in Factor H (Il 166R) causes
MPGNII in the Yorkshire pig (Jansen et al., 1998) and
Factor H deficient mice develop severe
glomerulonephritis (Pickering et al., 2002). Moreover,
affected individuals within some extended families
with MPGNIII, a related disorder, show linkage to
chromosome lq31-32 (Neary et al., 2002) a region that
overlaps a locus that has been identified in
genome-wide linkage studies for AMD (see above). This
particular locus contains a number of complement
pathway-associated genes. One group of these genes,
referred to as the regulators of complement activation
(RCA) gene cluster, contains the genes that encode
Factor H, five Factor H-related genes (CFHRl, CFHR2,
CFHR3, CFHR4 and CFHR5), and the beta subunit of
coagulation factor XIII. A second cluster of
complement pathwayassociated genes, including C4BPA,
C4BPB, C4BPAL2, DAF (CD55) CRl, CR2, CRlL and MCP
(CD46) lies immediately adjacent to the Iq25-31 locus.
BRIEF SUMMARY OF THE INVENTION [0010] The invention
relates to polymorphisms and haplotypes in the
complement Factor H gene that are associated with
development of age-related macular degeneration (AMD)
and membranoproliferative glomerulonephritis type 2
(MPGNII). The invention also relates topolymorphisms
and haplotypes in the complement Factor H-related 5
(CFHR5) genes that are associated with development of
AMD and MPGNII. The invention provides methods of
diagnosing, monitoring, and treating these and other
diseases. [001 1] In one aspect, the invention
provides a diagnostic method for determining a
subject's propensity to develop age-related macular
degeneration (AMD), comprising detecting the presence
or absence of a variation or variations at polymorphic
site or polymorphic sites of the Factor H gene. In one
embodiment, the invention provides methods of
diagnosing an increased susceptibility to developing
AMD involving detecting the presence or absence of a
polymorphism in the Factor H gene of an individual.
The methods may include obtaining the DNA from an
individual and analyzing the DNA from the individual
to determine whether the DNA contains a polymorphism
in the Factor H gene. Certain polymorphisms indicate
the individual has an increased susceptibility to
developing AMD relative to a control population.
Certain polymorphisms indicate the individual has a
reduced likelihood of developing AMD. Certain
polymorphisms indicate the individual has neither an
increased nor a reduced likeluVood of developing AMD.
[0012] In one embodiment, a method of diagnosing a
propensity to develop age-related macular degeneration
(AMD) in a subject involves obtaining a sample of DNA
from the subject and detecting in the DNA of the
patient the presence or absence of a polymorphism
associated with development of AMD, the presence of
the polymorphism being an indication that the subject
has an increased propensity to develop AMD and the
absence of the polymorphism being an indication that
the subject has a reduced propensity to develop AMD.
[0013] In a related aspect, the invention provides
methods of diagnosing susceptibility to developing AMD
involving determining an individual's Factor H
haplotype. The methods include obtaining the DNA from
an individual and analyzing the DNA of the individual
to determine their Factor H haplotype. Certain
haplotypes (risk haplotypes) indicate the individual
has an increased susceptibility to develop AMD.
Certain haplotypes (protective haplotypes) indicate
the individual has a decreased susceptibility to
develop AMD. Certain haplotypes (neutral haplotypes)
indicate the individual has neither an increased nor a
reduced likelihood of developing AMD. [0014] In a
related embodiment the presence or absence of a
variation at a polymorphic site of the Factor H gene
is determined by analysis of a gene product, such as
an RNA or a Factor H protein (e.g., protein isoform)
encoded by the gene. Expression of a variant protein
is an indication of a variation in the Factor H gene
and can indicate an increased or reducedpropensity to
develop AMD. Proteins can be detected using
immunoassays and other methods. [0015] In another
related aspect, the invention provides methods of
diagnosing susceptibility to developing AMD or other
diseases by detecting a variant Factor H polypeptide
in a biological sample of an individual. In one
embodiment, an antibody-based assay is used to
diagnose AMD or other diseases in an individual by
contacting a biological sample, e.g., a serum sample,
of the individual with the antibody and detecting the
presence 



or absence of the variant Factor H polypeptide. In an
embodiment, the antibody specifically interacts with
an epitope specific to a variant Factor H polypeptide
(i.e., not found in the wild-type Factor H
polypeptide). In an embodiment, a separation-based
assay (e.g., PAGE) is used to diagnose AMD or other
diseases in an individual by detecting the presence or
absence of the variant Factor H polypeptide in a
biological sample, e.g., a serum sample, of the
individual. [0016] In one aspect, the invention
provides methods of treating an individual with AMD
(e.g., an individual in whom a polymorphism or
haplotype indicative of elevated risk of developing
symptomatic AMD is detected) or other disease
involving a variant Factor H gene by modulating the
type and/or amount of systemic and/or ocular levels of
Factor H. The Factor Hpolypeptide may be a wild-type
Factor H polypeptide or a variant Factor H
polypeptide. The Factor H polypeptide may be a Factor
H polypeptide with a sequence encoded by neutral or
protective alleles rather than alleles associated with
a risk haplotype. In one embodiment, the method
includes administering to the individual a Factor H
polypeptide in an amount effective to reduce a symptom
of the disease. In one embodiment, the method includes
administering to an individual a Factor H polypeptide
in an amount effective to reduce the propensity to
develop symptoms of the disease and delay development
or progression of the disease. In one embodiment, the
method includes administering blood that contains
Factor H. In one embodiment, the methods include
administering a nucleic acid (e.g., transgene)
including a nucleotide sequence encoding a Factor H
polypeptide. In one embodiment, the methods include
administering cells that express a Factor H
polypeptide. [0017] In one aspect, the invention
provides methods of treating an individual with AMD
(e.g., an individual in whom a polymorphism or
haplotype indicative of elevated risk of developing
symptomatic AMD is detected) or other disease
involving a variant Factor H gene. In one embodiment,
the method includes administering to the patient an
agent that decreases the amount of a variant Factor H
or expression of a gene encoding Factor H in anamount
effective to reduce a symptom of the disease in the
patient. In a related embodiment a therapeutic amount
of an inhibitor (e.g., inactivator) of the variant
Factor H polypeptide in the individual is
administered. [001 8] In one embodiment an inhibitory
nucleic acid (e.g., an RNA complementary to at least a
portion of the nucleotide sequence of the variant
Factor H polypeptide) in the individual is
administered. In one embodiment, purified anti-sense
RNA complementary to RNA encoding a variant Factor H
polypeptide is administered. [001 9] In another
embodiment a therapeutic amount of an anti-CFH
antibody sufficient to partially inactivate the
variant Factor H polypeptide in the individual is
administered. [0020] In another embodiment, the
individual is treated to remove deleterious forms of
Factor H from blood (e.g., by plasmapheresis,
antibody-directed plasmapheresis, or complexing with a
Factor H binding moiety, e.g., heparin). [0021] In one
aspect, the invention provides purified DNA encoding a
variant Factor H polypeptide, purified RNA encoding a
variant Factor H polypeptide, purified anti-sense RNA
complementary to the RNA encoding a variant Factor H
polypeptide, and purified variant Factor H
polypeptide. In a related aspect, the invention
provides nucleic acids for expressing wild-type or
variant Factor H polypeptides or biologically active
fragments of Factor H. [0022] In one aspect, the
invention provides gene therapy vectors comprising
nucleic acid encoding the Factor H polypeptide. The
vector may include a promoter that drives expression
of the Factor H gene in multiple cell types.
Alternatively, the vector may include a promoter that
drives expression of the Factor H gene only in
specific cell types, for example, in cells of the
retina or in cells of the kidney. In an aspect,
pharmaceutical compositions are provided containing a
gene therapy vector encoding a Factor H protein and a
pharmaceutically acceptable excipient, where the
composition is free of pathogens and suitable for
administration to a human patient. In one embodiment
the encoded Factor H polypeptide is a protective
variant. [0023] In one aspect, the invention provides
a composition containing recombinant or purified
Factor H polypeptide, where the polypeptide is a
protective variant. [0024] In a related aspect, the
invention provides a pharmaceutical composition
containing recombinant or purified Factor H
polypeptide and a pharmaceutically acceptable
excipient, where the composition is free of pathogens
and suitable for administration to a human patient. In
one embodiment the encoded Factor H polypeptide has
the wild-type sequence, hi one embodiment the encoded
Factor H polypeptide is a protective variant.[0025] In
one aspect, the invention provides antibodies that
specifically interact with a variant Factor H
polypeptide but not with a wild-type Factor H
polypeptide. These antibodies may be polyclonal or
monoclonal and may be obtained by subtractive
techniques. These antibodies may be sufficient to
inactivate a variant Factor H polypeptide. In a
related aspect, the invention provides pharmaceutical
compositions containing an anti-Factor H antibody and
a pharmaceutically acceptable excipient, where the
composition is free of pathogens and suitable for
administration to a human patient. [0026] In one
aspect, the invention provides methods for identifying
variant Factor H proteins associated with increased or
reduced risk of developing AMD. In one embodiment, the
invention provides a method of identifying a
protective Factor H protein by (a) identifying an
individual as having a protective haplotype and (b)
determining the amino acid sequence(s) of Factor H
encoded in the genome of the individual, where a
protective Factor H protein is encoded by an allele
having a protective haplotype. In one embodiment, the
invention provides a method of identifying a neutral
Factor H protein by (a) identifying an individual as
having a neutral haplotype and (b) determining the
amino acid sequence(s) of Factor H encoded in the
genome of the individual, where a neutral Factor H
protein is encoded by an allele having a neutral
haplotype. In a related embodiment, the invention
provides a method of identifying a variant form of
Factor H associated with decreased risk of developing
AMD comprising (a) identifying an individual as having
a haplotype or diplotype associated with a decreased
risk of developing AMD; (b) obtaining genomic DNA or
RNA from the individual; and (c) determining the amino
acid sequence(s) of the Factor H encoded in the
individual's genome, where a protective Factor H
protein is encoded by an allele having a haplotype
associated with a decreased risk of developing AMD. In
an embodiment, the protective or neutral Factor H
proteins do not have the amino acid sequence of the
wild-type Factor H polypeptide. [0027] In a related
method, a form of Factor H associated with increased
risk of developing AMD is identified by (a)
identifying an individual as having a risk haplotype
and (b) determining the amino acid sequence(s) of
Factor H encoded in the genome of the individual,
where a risk Factor H protein is encoded by an allele
having a risk haplotype. hi a related embodiment, the
invention provides as method of identifying a variant
form of Factor H associated with increased risk of
developing AMD comprising (a) identifying an
individual as having a haplotype or diplotype
associated with an increased risk of developing AMD;
(b) obtaining genomic DNA or RNA from the individual;
and (c) determining the amino acidsequence(s) of the
Factor H encoded in the individual's genome, where a
risk Factor H protein is encoded by an allele having a
haplotype associated with an increased risk of
developing AMD. In an embodiment, the risk Factor H
proteins do not have the amino acid sequence of the
wild-type Factor H polypeptide. [0028] In one aspect,
the invention provides methods of diagnosing a
propensity or susceptibility to develop AMD or other
diseases by detecting the ratio of full-length Factor
H to truncated Factor H in a biological sample of a
patient. In one embodiment, a method of diagnosing a
propensity or susceptibility to develop AMD in a
subject involves obtaining a sample of RNA from the
subject and detecting in the RNA of the patient the
ratio of expression of exon 10 (i.e., full-length
Factor H) to exon 10A (i.e., truncated Factor H), the
increase in ratio being an indication that the subject
has an increased propensity or susceptibility to
develop AMD and the decrease in ratio being an
indication that the subject has a reduced propensity
or susceptibility to develop AMD. In one embodiment, a
method of diagnosing a propensity or susceptibility to
develop AMD in a subject involves obtaining a sample
of protein from the subject and detecting in the
protein of the patient the ratio of expression of
full-length Factor H to truncated Factor H, the
increase in ratio being an indication that the subject
has an increased propensity or susceptibility to
develop AMD and the decrease in ratio being an
indication that the subject has a reduced propensity
or susceptibility to develop AMD. [0029] In one
aspect, the invention provides cells containing
recombinant or purified nucleic acid encoding a Factor
H protein or fragment thereof, e.g., a nucleic acid
derived from the Factor H gene. The cells may be
bacterial or yeast, or any other cell useful for
research and drug development. Thus, the invention
provides an isolated host cell or cell line expressing
a recombinant variant human Factor H. hi an
embodiment, the variant is a risk variant and has a
histidine at amino acid position 402. hi an
embodiment, the variant is a protective variant and
has isoleucine at amino acid position 62. hi an
embodiment, the variant is a neutral variant. In an
embodiment, the risk, protective or neutral variant
Factor H proteins do not have the amino acid sequence
of the wild-type Factor H polypeptide. [0030] hi one
aspect, the invention provides transgenic non-human
animals whose somatic and germ cells contain a
transgene encoding a human variant Factor H
polypeptide. Transgenic animals of the invention are
used as models for AMD and for screening for agents
useful in treating AMD. The animal may be a mouse, a
worm, or any other animal useful for research and drug
development (such as recombinant production of Factor
H). In anembodiment, the Factor H is a variant human
Factor H, wherein said variant has isoleucine amino
acid 62 or has histidine at amino acid 402. [003 1] In
one aspect, the invention provides methods of
screening for polymorphic sites linked to polymorphic
sites in the Factor H gene described in TABLES IA, IB
and 1C. These methods involve identifying a
polymorphic site in a gene that is linked to a
polymorphic site in the Factor H gene, wherein the
polymorphic form of the polymorphic site in the Factor
H gene is associated AMD, and determining haplotypes
in a population of individuals to indicate whether the
linked polymorphic site has a polymorphic form in
equilibrium disequilibrium with the polymorphic form
of the Factor H gene that associates with the AMD
phenotype. 



[0032] In one aspect, the invention provides
diagnostic, therapeutic and screening methods for
MPGNII, carried out as described above for AMD. [0033]
In one aspect, the invention provides a diagnostic
method for determining a subject's propensity to
develop AMD or MPGNII, comprising detecting the
presence or absence of a variation or variations at
polymorphic site or polymorphic sites of the CFHR5
gene. In one embodiment, the invention provides
methods of diagnosing an increased susceptibility to
developing AMD or MPGNII involving detecting the
presence or absence of a polymorphism in the CFHR5
gene of an individual. The methods may include
obtaining the DNA from an individual and analyzing the
DNA from the individual to determine whether the DNA
contains a polymorphism in the CFHR5 gene. Certain
polymorphisms indicate the individual has an increased
susceptibility to developing AMD or MPGNII. Certain
polymorphisms indicate the individual has a reduced
likelihood of developing AMD or MPGNII. Certain
polymorphisms indicate the individual has neither an
increased nor a reduced likelihood of developing AMD
or MPGNII. [0034] In one embodiment, a method of
diagnosing a propensity to develop AMD or MPGNII in a
subject involves obtaining a sample of DNA from the
subject and detecting in the DNA of the patient the
presence or absence of a polymorphism associated with
development of AMD or MPGNII, the presence of the
polymorphism being an indication that the subject has
an increased propensity to develop AMD or MPGNII and
the absence of the polymorphism being an indication
that the subject has a reduced propensity to develop
AMD or MPGNII. [0035] In a related embodiment the
presence or absence of a variation at a polymorphic
site of the CFHR5 gene is determined by analysis of a
gene product, such as an RNA or a CFHR5protein (e.g.,
protein isoform) encoded by the gene. Expression of a
variant protein is an indication of a variation in the
CFHR5 gene and can indicate an increased or reduced
propensity to develop AMD or MPGNII. Proteins can be
detected using immunoassays and other methods. [0036]
In a related, aspect, the invention provides methods
of diagnosing susceptibility to developing AMD or
MPGNII involving determining an individual's CFHR5
haplotype. The methods include obtaining the DNA from
an individual and analyzing the DNA of the individual
to determine their CFHR5 haplotype. Certain haplotypes
(risk haplotypes) indicate the individual has an
increased susceptibility to develop AMD or MPGNII
relative to a control population. Certain haplotypes
(protective haplotypes) indicate the individual has an
decreased susceptibility to develop AMD or MPGNII.
Certain haplotypes (neutral haplotypes) indicate the
individual has neither an increased nor a reduced
likelihood of developing AMD or MPGNII. [0037] In
another related, aspect, the invention provides
methods of diagnosing susceptibility to developing AMD
or MPGNII or other diseases by detecting a variant
CFHR5 polypeptide in a biological sample of an
individual. In one embodiment, an antibody-based assay
is used to diagnose AMD or MPGNII or other diseases in
an individual by contacting a biological sample, e.g.,
a serum sample, of the individual with the antibody
and detecting the presence or absence of the variant
CFHR5 polypeptide. In an embodiment, the antibody
specifically interacts with an epitope specific to a
variant CFHR5 polypeptide (i.e., not found in the
wildtype CFHR5 polypeptide). In an embodiment, a
separation-based assay (e.g., PAGE) is used to
diagnose MPGNII or other diseases in an individual by
detecting the presence or absence of the variant CFHR5
polypeptide in a biological sample, e.g., a serum
sample, of the individual. Various types of
immunoassay formats can be used to assay CFH or CFHR5
polypeptide or protein in a sample. These include
sandwich ELISA, radioimmunoassay, fluoroimmunoassay,
inmunohistochemistry assay, dot-blot, dip-stick and
Western Blot. [0038] In one aspect, the invention
provides methods of treating an individual with or at
risk for AMD or MPGNII (e.g., an individual in whom a
polymorphism or haplotype indicative of elevated risk
of developing symptomatic AMD or MPGNII is detected)
or other disease involving a variant CFHR5 gene by
modulating the type and/or amount of systemic and/or
renal levels of CFHR5. The CFHR5 polypeptide may be a
CFHR5 polypeptide encoded by neutral or protective
alleles rather than alleles associated with a risk
haplotype. In one embodiment, the method includes
administering to the individual a CFHR5 polypeptide in
anamount effective to reduce a symptom of the disease.
In one embodiment, the method includes administering
to an individual a CFHR5 polypeptide in an amount
effective to reduce the propensity to develop symptoms
of the disease and delay development or progression of
the disease. In one embodiment, the method includes
administering blood, which contains CFHR5. In one
embodiment, the methods include administering a
nucleic acid (e.g., transgene) including a nucleotide
sequence encoding a CFHR5 polypeptide. [0039] In one
aspect, the invention provides methods of treating an
individual with AMD or MPGNII (e.g., an individual in
whom a polymorphism or haplotype indicative of
elevated risk of developing symptomatic AMD or MPGNII
is detected) or other disease involving a variant
CFHR5 gene. In one embodiment, the method includes
administering to the patient an agent that decreases
the amount of a variant CFHR5 or expression of a gene
encoding CFHR5 in an amount effective to reduce a
symptom of the disease in the patient. The CFHR5
polypeptide may be a wild-type CFHR5 polypeptide or a
variant CFHR5 polypeptide. [0040] In one embodiment an
inhibitory nucleic acid (e.g., an RNA complementary to
at least a portion of the nucleotide sequence of the
variant CFHR5 polypeptide) in the individual is
administered. In one embodiment, purified anti-sense
RNA complementary to RNA encoding a variant CFHR5
polypeptide is administered. [0041] In another
embodiment a therapeutic amount of an anti-CFHR5
antibody sufficient to partially inactivate the
variant CFHR5 polypeptide in the individual is
administered. [0042] hi a related embodiment a
therapeutic amount of an inhibitor (e.g., inactivator)
of the variant CFHR5 polypeptide in the individual is
administered. [0043] In another embodiment, the
individual is treated to remove deleterious forms of
CFHR5 from blood (e.g., by plasmapheresis,
antibody-directed plasmapheresis, or complexing with a
CFHR5 binding moiety, e.g., heparin). [0044] In one
aspect, the invention provides purified DNA encoding a
variant CFHR5 polypeptide, purified RNA encoding a
variant CFHR5 polypeptide, purified anti-sense RNA
complementary to the RNA encoding a variant CFHR5
polypeptide, and purified variant CFHR5 polypeptide.
In a related aspect, the invention provides nucleic
acids for expressing wild-type or variant CFHR5
polypeptides or biologically active fragments of
CFHR5. [0045] In one aspect, the invention provides
gene therapy vectors comprising nucleic acid encoding
the CFHR5 polypeptide. The vector may include a
promoter that drives expression of the CFHR5 gene in
multiple cell types. Alternatively, the vector may
include a promoterthat drives expression of the CFHR5
gene only in specific cell types, for example, in
cells of the retina or cells of the kidney (e.g.,
endothelial cells, mesangial cells, podocytes). In an
aspect, pharmaceutical compositions are provided
containing a gene therapy vector encoding a CFHR5
protein and a pharmaceutically acceptable excipient,
where the composition is free of pathogens and
suitable for administration to a human patient. In one
embodiment the encoded CFHR5 polypeptide is a
protective variant. [0046] In one aspect, the
invention provides a composition containing
recombinant or purified CFHR5 polypeptide, where the
polypeptide is a protective variant. [0047] In a
related aspect, the invention provides a
pharmaceutical composition containing recombinant or
purified CFHR5 polypeptide and a pharmaceutically
acceptable excipient, where the composition is free of
pathogens and suitable for administration to a human
patient. In one embodiment the encoded CFHR5
polypeptide has the wild-type sequence. In one
embodiment the encoded CFHR5 polypeptide is a
protective variant. [0048] In one aspect, the
invention provides antibodies that specifically
interact with a variant CFHR5 polypeptide but not with
a wild-type CFHR5 polypeptide. These antibodies may be
polyclonal or monoclonal and may be obtained by
subtractive techniques. These antibodies may be
sufficient to inactivate a variant CFHR5 polypeptide.
In a related aspect, the invention provides
pharmaceutical compositions containing an anti-CFHR5
antibody and a pharmaceutically acceptable excipient,
where the composition is free of pathogens and
suitable for administration to a human patient. [0049]
In one aspect, the invention provides methods for
identifying variant CFHR5 proteins associated with
increased or reduced risk of developing AMD or MPGNII.
In one embodiment, the invention provides a method of
identifying a protective CFHR5 protein by (a)
identifying an individual as having a protective
haplotype and (b) determining the amino acid
sequence(s) of CFHR5 encoded in the genome of the
individual, where a protective CFHR5 protein is
encoded by an allele having a protective haplotype. In
one embodiment, the invention provides a method of
identifying a neutral CFHR5 protein by (a) identifying
an individual as having a neutral haplotype and (b)
determining the amino acid sequence(s) of CFHR5
encoded in the genome of the individual, where a
neutral CFHR5 protein is encoded by an allele having a
neutral haplotype. In a related embodiment, the
invention provides as method of identifying a variant
form of CFHR5 associated with decreased risk of
developing AMD or MPGNII comprising (a) identifying an
individual as having a haplotype or diplotype
associated with a decreased risk of developing AMD or
MPGNII; (b) obtaining genomicDNA, or RNA, from the
individual; and (c) determining the amino acid
sequence(s) of the CFHR5 encoded in the individual's
genome, where a protective CFHR5 protein is encoded by
an allele having a haplotype associated with a
decreased risk of developing AMD or MPGNII. In an
embodiment, the protective or neutral CFHR5 proteins
do not have the amino acid sequence of the wild-type
CFHR5 polypeptide. [0050] In a related method, a form
of CFHR5 associated with increased risk of developing
AMD or MPGNII is identified by (a) identifying an
individual as having a risk haplotype and (b)
determining the amino acid sequence(s) of CFHR5
encoded in the genome of the individual, where a risk
CFHR5 protein is encoded by an allele having a risk
haplotype. In a related embodiment, the invention
provides as method of identifying a variant form of
CFHR5 associated with increased risk of developing AMD
or MPGNII comprising (a) identifying an individual as
having a haplotype or diplotype associated with an
increased risk of developing AMD or MPGNII; (b)
obtaining genomic DNA or RNA from the individual; 



and (c) determining the amino acid sequence(s) of the
CFHR5 encoded in the individual's genome, where a risk
CFHR5 protein is encoded by an allele having a
haplotype associated with an increased risk of
developing AMD or MPGNII. In an embodiment, the risk
CFHR5 proteins do not have the amino acid sequence of
the wild-type CFHR5 polypeptide. [0051] In one aspect,
the invention provides cells containing recombinant or
purified nucleic acid derived from the CFHR5 gene. The
cells may be bacterial or yeast, or any other cell
useful for research and drug development. Thus, the
invention provides an isolated host cell or cell line
expressing a recombinant variant human CFHR5. In an
embodiment, the CFHR5 variant is a risk variant and
has a serine at amino acid position 46. IQan
embodiment, the CFHR5 variant is a neutral variant. In
an embodiment, the risk, protective or neutral variant
CFHR5 proteins does not have the amino acid sequence
of the wild-type CFHR5 polypeptide. [0052] In one
aspect, the invention provides transgenic non-human
animals whose somatic and germ cells contain a
transgene encoding a human variant CFHR5 polypeptide.
Transgenic animals of the invention are used as models
for AMD or MPGNII and for screening for agents useful
in treating AMD or MPGNII. The animal may be a mouse,
a worm, or any other animal useful for research and
drug development (such as recombinant production of
CFHR5). In an embodiment, the CFHR5 is a variant human
CFHR5, wherein said CFHR5 variant has serine at amino
acid 46. [0053] n one aspect, the invention provides
methods of screening for polymorphic sites linked to
polymorphic sites in the CFHR5 gene described in TABLE
14 or TABLE 15.These methods involve identifying a
polymorphic site in a gene that is linked to a
polymorphic site in the CFHR5 gene, wherein the
polymorphic form of the polymorphic site in the CFHR5
gene is associated with AMD or MPGNII, and determining
haplotypes in a population of individuals to indicate
whether the linked polymorphic site has a polymorphic
form in equilibrium disequilibrium with the
polymorphic form of the CFHR5 gene that associates
with the AMD or MPGNII phenotype. [0054] In one
aspect, the invention provides kits for analysis of a
Factor H haplotype. The kits may be used for diagnosis
of AMD in a patient. The kits may include one or more
Factor H Factor H allele-specific oligonucleotides
(e.g., allele-specific primers or probes), or
antibodies that specifically recognize the Factor H
polypeptide. The Factor H allele-specific
oligonucleotides may include sequences derived from
the coding (exons) or non-coding (promoter, 5'
untranslated, introns or 3' untranslated) region of
the Factor H gene. The Factor H-specific antibodies
may recognize the normal or wild-type H polypeptide or
variant Factor H polypeptides in which one or more
non-synonymous single nucleotide polymorphisms (SNPs)
are present in the Factor H coding region. The kits
may be used to diagnose AMD, as well as other diseases
associated with SNPs in the Factor H gene, such as
MPGNII. The kits may include instead, or in addition,
one or more Factor H-Related 5 (CFHR5) allele-specific
oligonucleotides (e.g., primers and probes), or
antibodies that specifically recognize the CFHR5
polypeptide. The CFHR5 allele-specific primers and
Factor H-related 5 allele-specific oligonucleotides
may include sequences derived from the coding (exons)
or non-coding (promoter, 5' untranslated, introns or
3' untranslated) region of the Factor H-related 5
gene. The Factor H-related 5-specific antibodies may
recognize the normal or wild-type H polypeptide or
variant Factor H-related 5 polypeptides in which one
or more non-synonymous single nucleotide polymorphisms
(SNPs) are present in the Factor Hrelated 5 coding
region. [0055] hi one embodiment the kit contains
probes or primers that distinguish alleles at a
polymorphic site listed in TABLE IA, TABLE IB and/or
TABLE 1C. In an embodiment the probes are primers for
nucleic acid amplification of a region spanning a
Factor H gene polymorphic site listed in TABLE IA,
TABLE IB and/or TABLE 1C. In an embodiment the kit has
probes or primers that distinguish alleles at more
than one polymorphic site listed in TABLE IA, TABLE IB
and/or TABLE 1C. In an embodiment the kit has probes
or primers that distinguish alleles at more than one
polymorphic site, where the polymorphic site includes:
(a) rs529825; (b) rs800292; (c) rs3766404; (d) rs10l
147; (e) rs10l 170; (f)rs203674; (g) at least one of
rs529825 and rs800292; (h) at least one of rs10 l 147,
rs10l 170 and rs203674; (i) at least one of rs529825
and rs800292; and rs3766404; and at least one of
rs1061147, rsl061170 and rs203674; or Q) at least
rs529825, rs800292, rs3766404, rsl061170 and rs203674.
[0056] In a related embodiment the kit has probes or
primers that distinguish alleles at more than one
polymorphic site, where the polymorphic site includes:
(a) rs529825; (b) rs800292; (c) intron 2 (IVS2 or
insTT) (d) rs3766404; (e) rs1061 147; (f) rs10bl 170;
(g) exon 10A; (h) rs203674; (i) rs375046; ) rs529825
and rs800292; (k) at least two or three of rs10 l 147,
rs1061 170 and rs203674; (1) at least one of rs529825
and rs800292; and intron 2; and rs3766404; and at
least one of rs10l 147, rs10l 170 and rs203674; and
exon 10A; and, rs375046; (m) at least rs529825;
rs800292; intron 2; rs3766404; rsl061170; exon 10A;
rs203674; and rs375046; (n) at least two, or at least
three, or at least four of rs529825, rs800292, intron
2; rs3766404, rsl061170, exon 10A, rs203674, and
rs375046; (o) exon 22 (1210); or (p) exon 22 (1210) in
combination with any aforementioned variation or set
of variations (a-o). In an embodiment the kit has
probes or primers that distinguish alleles at one or
both of rs460897 and rs4601 84. In an embodiment the
kit has probes or primers that distinguish alleles at
more than one polymorphic site, where the polymorphic
sites are selected from: (a) rs3753394; (b) rs529825;
(c) rs800292; (d) intron 2 (IVS2 or insTT); (e)
rs3766404; (f) rs1061147; (g) rsl061170; (h)
rs2274700; (i) rs203674; (j) rs3753396; and (k)
rs1065489. [0057] In one embodiment the kit contains,
instead of, or in addition to, the probes described
above, probes, primers, antibodies and the like that
distinguish polymorphic sites in the CFHR5 gene. In a
one aspect, the invention provides kits for the
diagnosis of AMD or MPGNII in a patient based on
variation in the CFHR5 gene. The kits may include one
or more CFHR5-specific probes or CFHR5 allele-specific
oligonucleotides, or antibodies that specifically
recognize the CFHR5 polypeptide. The CFHR5-specific
primers and CFHR5 allele-specific oligonucleotides may
include sequences derived from the coding (exons) or
non-coding (promoter, 5' untranslated, introns or 3'
untranslated) region of the CFHR5 gene. The
CFHR5-specific antibodies may recognize the normal or
wild-type CFHR5 polypeptide or variant CFHR5
polypeptides in which one or more non-synonymous
single nucleotide polymorphisms (SNPs) are present in
the CFHR5 coding region. The kits may be used to
diagnose AMD or MPGNII, as well as other diseases
associated with SNPs in the CFHR5 gene.[0058] In one
embodiment the kit contains probes or primers that
distinguish alleles at a polymorphic site listed in
TABLE 14 or TABLE 15. In an embodiment the probes are
primers for nucleic acid amplification of a region
spanning a CFHR5 gene polymorphic site listed in TABLE
14 or TABLE 15. In an embodiment the kit has probes or
primers that distinguish alleles at more than one
polymorphic site listed in TABLE 14 or TABLE 15. In an
embodiment the kit comprises probes or primers that
distinguish alleles one, two or all of the following
polymorphic sites: rs9427661 (-249T>C); rs9427662
(-20T>C); and rsl2097550 (P46S). [0059] In one
embodiment the kit contains probes or primers that
distinguish alleles at a polymorphic site in the CFH
gene and at a polymorphic site in a CFHR gene, such as
CFHR5. [0060] i one aspect, the invention provides
devices for determining a subject's haplotype. The
devices are useful for, for example, the diagnosis of
AMD or other diseases in a patient. In one embodiment
the device contains probes or primers that distinguish
alleles at a polymorphic site listed in TABLE IA, IB
and/or 1C. In an embodiment the probes are primers for
nucleic acid amplification of a region spanning a
Factor H gene polymorphic site listed in TABLE IA, IB
and/or 1C. In an embodiment the device has probes or
primers that distinguish alleles at more than one
polymorphic site listed in TABLE IA, IB and/or 1C. In
an embodiment the device has probes or primers that
distinguish alleles at more than one polymorphic site,
where the polymorphic site includes (a) rs529825; (b)
rs800292; (c) rs3766404; (d) rs1061147; (e) rsl061170;
(f) rs203674; (g) at least one of rs529825 and
rs800292; (h) at least one of rs1061 147, rs10l 170
and rs203674; (i) at least one of rs529825 and
rs800292; and rs3766404; and at least one of rs10l
147, rs10l 170 and rs203674; or (j) at least rs529825,
rs800292, rs3766404, rs10l 170 and rs203674. [0061]
The kits described above and their contents may also
be used to identity a propensity to develop MPGNII or
to determine a Factor H haplotype for any purpose.
[0062] In a related embodiment the device has probes
or primers that distinguish alleles at more than one
polymorphic site, where the polymorphic site includes:
(a) rs529825; (b) rs800292; (c) intron 2 (IVS2 or
insTT) (d) rs3766404; (e) rs10l 147; (f) rs10 l 170;
(g) exon 10A; (h) rs203674; (i) rs375046; (j) rs529825
and rs800292; (k) at least two or three of rs10l 147,
rs10l 170 and rs203674; (1) at least one of rs529825
and rs800292; and intron 2; and rs3766404; and at
least one of rs10l 147, rs10l 170 and rs203674; and
exon 10A; and rs375046; (m) at least rs529825;
rs800292; intron 2; rs3766404; rs10l 170; exon 10A;
rs203674; and rs375046; (n) at least two, or at least
three, or at least four of rs529825; rs800292; intron
2; rs3766404; rs10l 170; exon 10A; rs203674; and
rs375046; (o) exon 22 (1210); or (p) exon 22 (1210) in
combination with any aforementioned variation or set
of variations (a-o). In an embodiment the device has
probes or primers that distinguish alleles at one or
both of rs460897 and rs4601 84. In an embodiment the
device has probes or primers that distinguish alleles
at more than one polymorphic site, where the
polymorphic sites are selected from: (a) rs3753394;
(b) rs529825; (c) rs800292; (d) intron 2 (IVS2 or
insTT); (e) rs3766404; (f) rs1061147; (g) rsl061170;
(h) rs2274700; (i) rs203674; (j) rs3753396; and (k)
rs1065489. In an embodiment the device has probes or
primers that distinguish alleles at more than one
polymorphic site, where the polymorphic sites are
selected from: (a) rs3753394; (b) rs529825; (c)
rs800292; (d) intron 2 (IVS2 or insTT); (e) rs3766404;
(f) rs1061147; (g) rs1061170; (h) rs2274700; (i)
rs203674; (j) rs3753396; and (k) rs1065489. [0063] In
a one aspect, the invention provides devices for the
diagnosis of AMD or MPGNII in a patient. In one
embodiment the device contains probes or primers that
distinguish alleles at a polymorphic site listed in
TABLE 14 or TABLE 15. hi an embodiment the probes are
primers for nucleic acid amplification of a region
spanning a 



CFHR5 gene polymorphic site listed in TABLE 14 or
TABLE 15. In an embodiment the device has probes or
primers that distinguish alleles at more than one
polymorphic site listed in TABLE 14 or TABLE 15.
Devices of the invention may contain probes or primers
that distinguish between both Factor H and CHFR5
variants, including any combination of the sites
described above and elsewhere in this disclosure.
[0064] The devices described above and their contents
may also be used to identity a propensity to develop
MPGNII or to determine a Factor H haplotype for any
purpose. [0065] In one embodiment the device contains,
instead of, or in addition to, the probes or primers
described above, probes, primers, antibodies and the
like that distinguish polymorphic sites in the CFHR5
gene, hi a one aspect, the invention provides devices
for the diagnosis of AMD or MPGNII in a patient based
on variation in the CFHR5 gene. The devices may
include one or more CFHR5-specific probes or CFHR5
allele-specific oligonucleotides, or antibodies that
specifically recognize the CFHR5 polypeptide. The
CFHR5-specific primers and CFHR5 allele-specific
oligonucleotides may include sequences derived from
the coding (exons) or non-coding (promoter, 5'
untranslated, introns or 3' untranslated) region of
the CFHR5 gene. The CFHR5-specific antibodies may
recognize the normal or wild-type CFHR5 polypeptide or
variant CFHR5 polypeptides in which one ormore
non-synonymous single nucleotide polymorphisms (SNPs)
are present in the CFHR5 coding region. The devices
may be used to diagnose AMD or MPGNII, as well as
other diseases associated with SNPs in the CFHR5 gene.
[0066] In one embodiment the device contains probes or
primers that distinguish alleles at a polymorphic site
listed in TABLE 14 or TABLE 15. In an embodiment the
probes are primers for nucleic acid amplification of a
region spanning a CFHR5 gene polymorphic site listed
in TABLE 14 or TABLE 15. In an embodiment the device
has probes or primers that distinguish alleles at more
than one polymorphic site listed in TABLE 14 or TABLE
15. In an embodiment the kit comprises probes or
primers that distinguish alleles one, two or all of
the following polymorphic sites: rs9427661 (-249T>C);
rs9427662 (-20T>C); and rsl2097550 (P46S). [0067] In
one embodiment the device contains probes or primers
that distinguish alleles at a polymorphic site in the
CFH gene and at a polymorphic site in a CFHR gene,
such as CFHR5. [0068] Additional aspects of the
invention will be apparent upon reading the entire
disclosure. BRIEF DESCR1PTION OF THE FIGURES [0069]
FIGURES 1A-1L show the immunolocalization of Factor H
(Figs. 1A-1H) and the terminal complement complex
(C5b-9) (Figs. II- IL) in the human retinal pigmented
epithelium. Abbreviations: (RPE)-choroid (Chor)
complex; Bruch's membrane (BM); Retina (Ret); Drusen
(Dr). [0070] FIGURE 2 shows RT-PCR analysis of Factor
H gene expression (CFH and the truncated form HFLl)
using RNA extracted from the human eye. [0071] FIGURE
3 is a diagram of the human Factor H gene showing the
approximate locations of 12 SNPs used in the analysis,
the 22 exons of the Factor H gene, the 20 short
consensus repeats (SCRs), the binding sites for
pathogens and other substrates, and the linkage
disequilibrium (LD) blocks. The diagram, showing all
22 exons of CFH (but not introns) is not drawn to
scale. [0072] FIGURE 4 is a haplotype network diagram
of human Factor H gene SNPs showing the relationship
between the risk (filled-in circles), protective
(lined circles), neutral (open circles) and ancestral
(indicated) haplotypes and the relative frequency of
the haplotypes, as indicated by the sizes and
positions of the circles.[0073] FIGURE 5 shows an
association analysis of human Factor H gene haplotypes
and diplotypes. Eight informative SNPs were analyzed
for pairwise linkage disequilibrium in AMD cases and
controls. The nucleotide on the coding strand at the
indicated polymorphic sites is shown, except for IYSl,
where the nucleotide on the non-coding strand is
shown. [0074] FIGURE 6 shows the 3926 base nucleotide
sequence of the reference form of human Factor H cDNA
(GenBank accession number Y00716 [SEQ ID NO:1]). The
ATG initiation codon begins at nucleotide position 74
and the TAG termination codon ends at nucleotide
position 3769. [0075] FIGURE 7 shows the polypeptide
sequence encoded by SEQ ID NO: 1 (GenBank accession
number Y00716 [SEQ ID NO:2]). The 1231 amino acid
Factor H polypeptide includes an 18 amino acid
N-terminal signal peptide. [0076] FIGURE 8 shows the
1658 base nucleotide sequence of the reference form of
HFLl, the truncated form of the human Factor H
(GenBank accession number X07523 [SEQ ID NO:3]). The
ATG initiation codon begins at nucleotide position 74
and the TGA termination codon ends at nucleotide
position 1423. [0077] FIGURE 9 shows the polypeptide
sequence of the reference form of HFLl encoded by SEQ
ID NO:3 (GenBank accession number X07523 [SEQ ID
NO:4]). The 449 amino acid HFLl polypeptide includes
an 18 amino acid N-terminal signal peptide. [0078]
FIGURE 10 shows the polypeptide sequence of an
exemplary protective variant of human Factor H [SEQ ID
NO:5]. This protective variant Factor H polypeptide
has a isoleucine at amino acid position 62 and a
tyrosine at amino acid position 402 (indicated in
bold). [0079] FIGURE 11 shows the polypeptide sequence
of an exemplary protective variant of HFLl, the
truncated form of human Factor H (SEQ ID NO:6). This
protective variant truncated Factor H polypeptide has
a isoleucine at amino acid position 62 and tyrosine at
amino acid position 402 (indicated in bold). [0080]
FIGURE 12 shows marked glomerular hypercellularity
with dense intramembranous deposits that cause
capillary wall thickening in a patient with MPGNII, as
viewed by (A) light microscopy and (B) electron
microscopy. The deposits can form a segmental,
discontinuous or diffuse pattern in the lamina densa
of the glomerular basement membrane (GBM). By light
microscopy, they are eosinophilic and retractile,
stain brightly with periodic acid-Schiff and are
highly osmophilic, which explains their electron-dense
appearance (A). Even by electron microscopy the
deposits lack substructure and appear asvery dark
homogeneous smudges (B). The exact composition of
dense deposits remains unknown (bar, 5 mm). [0081]
FIGURE 13 is a diagram showing the activation and
regulation of the alternative pathway of the
complement cascade, which is systematically activated
at a high level in patients with AMD and MPGNII. The
alternative pathway of the complement cascade is
systematically activated at a high level in patients
with MPGN II/DDD. Normally, continuous low-level
activation of C3 occurs by a process of spontaneous
hydrolysis known as tick-over. C3 hydrolysis is
associated with a large conformational protein change
shown at the top of the diagram. The conformational
change makes C3(H20) similar to C3b, a C3 cleavage
product. The initial convertase, C3(H2O)Bb, activates
C3 to form C3b. Although C3b has a fleeting half-life,
if it binds to IgG, cells or basement membranes, it is
protected from immediate inactivation. (C3b)2-IgG
complexes form in the fluid phase and bind properdin
(P), which facilitates factor B binding and the
generation of C3bBb, the convertase of the alternative
pathway, shown here as a Bb(C3b)2-IgG-properdin
complex. The amplification loop is depicted by the
arrows. C3NeF prolongs the half-life of C3 convertase
and is shown in the inset. One mechanism to degrade C3
convertase is through its interaction with complement
Factor H (CFH), shown at the bottom right as fH.
Deficiency of and mutations in Factor H are associated
with MPGN II/DDD. [0082] FIGURE 14 is a diagram
showing the organization of the
regulators-ofcomplement- activation (RCA) gene cluster
on chromosome Iq32 and the arrangement of
approximately 60-amino acid domains known as short
consensus repeats (SCRs) in complement Factor H (CFH),
Factor H-Like 1 (CFHLl) and Factor H-Related 1, 2, 3,
4 and 5 (CFHRl, CFHR2, CFHR3, CFHR4 and CFHR5). CFH
has 20 SCRs. The interacting partners with some of
these SCRs has been determined and is shown on the top
right (CRP, C reactive protein; Hep, heparin).
Complement factor H-like 1 (CFHL1) is a splice isoform
of CFH, while complement factor H-related proteins 1-5
(CFHRl -5) are each encoded by a unique gene
(CFHRl-5). The SCRs of CFHRl-5 are similar to some of
the SCRs in CFH, as denoted by the numbers in the
ovals. For example, CFHR5 has 9 SCRs, with the first
two being similar to SCRs 6 and 7 of Factor H and
therefore having CRP and heparin binding properties.
SCRs5-7 of CFHR5 have the numbers 12-14 within the
corresponding ovals because these SCRs are similar to
SCRs 12-14 of Factor H and have C3b and heparin
binding properties.[0083] FIGURE 15 shows a linkage
disequilibrium plot indicating that A307A and Y402H
are in linkage disequilibrium in Factor H and -249T>C
and -20T>C are in linkage disequilibrium in CFHR5.
[0084] FIGURE 16 shows the 2821 base nucleotide
sequence of the reference form of human CFHR5 (GenBank
accession number AF295327 [SEQ ID NO:7]. The ATG
initiation codon begins at nucleotide position 94 and
the TGA termination codon ends at nucleotide position
1803. [0085] FIGURE 17 shows the polypeptide sequence
encoded by SEQ ID NO:7 (GenBank accession number AAKl
5619 [SEQ ID NO:8]. The 569 amino acid CFHR5
polypeptide includes an 18 amino acid N-terminal
signal peptide. [0086] FIGURE 18 shows genomic
duplications in the genes for CFH and the Factor
Hrelated proteins. Exons are indicated as vertical
lines. Regions labeled with the same letter (e.g., A,
A1, and A") have substantially identical sequences.
DETAILED DESCR1PTION OF THE INVENTION I . INTRODUCTION
[0087] The invention provides a collection of
polymorphisms and haplotypes comprised of multiple
variations in the Factor H gene, and in Factor
H-related genes such as Factor HRelated 5 gene. These
polymorphisms and haplotypes are associated with age
related macular degeneration (AMD) and other Factor
H-related conditions. Certain of these polymorphisms
and haplotypes result in variant Factor H
polypeptides. Detection of these and other
polymorphisms and sets of polymorphisms (e.g.,
haplotypes) is useful in designing 



and performing diagnostic assays for AMD.
Polymorphisms and sets of polymorphisms can be
detected by analysis of nucleic acids, by analysis of
polypeptides encoded by Factor H coding sequences
(including polypeptides encoded by splice variants),
or by other means known in the art. Analysis of such
polymorphisms and haplotypes is also useful in
designing prophylactic and therapeutic regimes for
AMD. [0088] Factor H is a multifunctional protein that
functions as a key regulator of the complement system.
See Zipfel, 2001, "Factor H and disease: a complement
regulator affects vital body functions" Semin Thromb
Hemost. 27:191-9. The Factor H protein activities
include: (1) binding to C-reactive protein (CRP), (2)
binding to C3b, (3) binding to heparin, (4) binding to
sialic acid; (5) binding to endothelial cell surfaces,
(6) binding to cellularintegrin receptors (7) binding
to pathogens, including microbes (see FIGURE 3), and
(8) C3b co-factor activity. The Factor H gene, known
as HFl, CFH and HF, is located on human chromosome 1,
at position Iq32. The Iq32 particular locus contains a
number of complement pathway-associated genes. One
group of these genes, referred to as the regulators of
complement activation (RCA) gene cluster, contains the
genes that encode Factor H, five Factor H-related
genes (FHR-I, FHR-2, FHR-3, FHR-4 and FHR-5 or CFHRl,
CFHR2, CFHR3, CFHR4 and CFHR5, respectively), and the
gene encoding the beta subunit of coagulation factor
XIII. The Factor H and Factor H related genes is
composed almost entirely of short consensus repeats
(SCRs). Factor H and FHL1 are composed of SCRs 1-20
and 1-7, respectively. FHR-I, FHR-2, FHR-3, FHR-4 and
FHR-5 are composed of 5, 4, 5, 5 and 8 SCRs,
respectively (see FIGURE 14). The order of genes, from
centromere to telomere is FH/FHL1, FHR-3, FHR-I,
FHR-4, FHR-2 and FHR-5. Factor H Gene [0089] . The
reference form of human Factor H cDNA (SEQ ID NO:1)
(see Ripoche et al., 1988, Biochem J 249:593-602) and
genomic sequences have been determined. The Factor H
cDNA encodes a polypeptide 123 1 amino acids in length
(SEQ ID NO:2) having an apparent molecular weight of
155 kDa. There is an alternatively spliced form of
Factor H is known as FHL-I (and also has been referred
to as HFLl or CFHT). FHL-I (SEQ ID NO:3) corresponds
essentially to exons 1 through 9 of Factor H (see
Ripoche et al., 1988, Biochem J 249:593-602). The FHL1
cDNA encodes a polypeptide 449 amino acids in length
(SEQ ID NO:4) having an apparent molecular weight of
45-50 kDA. The first 445 amino acids of FHl and FHL1
are identical, with FHL1 having a unique C-terminal 4
amino acids (exon 10A). The alternative exon 10A is
located in the intron between exon 9 and exon 10. cDNA
and amino acid sequence data for human Factor H and
FHL1 are found in the EMBL/GenBank Data Libraries
under accession numbers Y00716 and X07523,
respectively. The 3926 base nucleotide sequence of the
reference form of human Factor H cDNA (GenBank
accession number Y00716 [SEQ ID NO:1]) is shown in
FIGURE 6, and the polypeptide sequence encoded by SEQ
ID NO:1 (GenBank accession number Y00716 [SEQ ID
NO:2]) is shown in FIGURE 7. The 1658 base nucleotide
sequence of the reference form of HFLl, the truncated
form of the human Factor H (GenBank accession number
X07523 [SEQ ID NO:3]) is shown in FIGURE 8, and the
polypeptide sequence encoded by SEQ ID NO:3 (GenBank
accession number X07523 [SEQ ID NO:4]) is shown in
FIGURE 9. The Factor H genesequence (150626 bases in
length) is found under GenBank accession number
AL049744. The Factor H promoter is located 5' to the
coding region of the Factor H gene. FHR-I Gene [0090]
The FHR-I gene is also known as CHFRl, CFHLl, CFHL,
FHRl and HFLl. The reference form of human HFR-I cDNA
(see Estaller et al., 1991, J Immunol. 146:3190- 3196)
and genomic sequences have been determined. The FHR-I
cDNA encodes a polypeptide 330 amino acids in length
having an predicted molecular weight of 39 kDa. cDNA
and amino acid sequence data for human FHR-I are found
in the EMBL/GenBank Data Libraries under accession
number M65292. The FHR-I gene sequence is found under
GenBank accession number AL049741 . FHR-2 Gene [0091]
The FHR-2 gene is also known as CHFR2, CFHL2, FHR2 and
HFL3. The reference form of human HFR-2 cDNA (see
Strausberg et al., Proc. Natl. Acad. Sd USA
99:16899-16903) and genomic sequences have been
determined. The FHR-2 cDNA encodes a polypeptide 270
amino acids in length having a predicted molecular
weight of 3 1 kDa. cDNA and amino acid sequence data
for human FHR-2 are found in the EMBL/GenBank Data
Libraries under accession number BC022283. The FHR-2
gene sequence is found under GenBank accession number
ALl 3941 8. FHR-3 Gene [0092] The FHR-3 gene is also
known as CFHR3, CFHLS, FHR3 and HLF4. The reference
form of human HFR-3 cDNA (see Strausberg et al., Proc.
Natl. Acad. Sd USA 99:16899-16903) and genomic
sequences have been determined. The FHR-3 cDNA encodes
a polypeptide 330 amino acids in length having a
predicted molecular weight of 38 kDa. cDNA and amino
acid sequence data for human FHR-3 are found in the
EMBL/GenBank Data Libraries under accession number
BC058009. The FHR-3 gene sequence is found under
GenBank accession number AL049741. FHR-4 Gene [0093]
The FHR-4 gene is also known as CFHR4, CFHL4 and FHR4.
The reference form of human HFR-4 cDNA (see Skerka et
al., 1991, J. Biol. Chem. 272:5627-5634) and
genomicsequences have been determined. The FHR-4 cDNA
encodes a polypeptide 331 amino acids in length having
a predicted molecular weight of 38 kDa. cDNA and amino
acid sequence data for human FHR-4 are found in the
EMBL/GenBank Data Libraries under accession number
X98337. The FHR-4 gene sequence is found under GenBank
accession numbers AF190816 (5' end), AL139418 (31end)
and BX248415. FHR-5 Gene [0094] The FHR-5 gene is also
known as CFHR5, CFHL5 and FHR5. The reference form of
human CFHR5 cDNA (SEQ ID NO:83) (see McRae et al.,
2001, J. Biol.Chem. 276:6747- 6754) and genomic
sequences have been determined. The CFHR5 cDNA encodes
a polypeptide 569 amino acids in length (SEQ ID NO:8)
having an apparent molecular weight of 65 kDa. cDNA
and amino acid sequence data for human CFHR5 are found
in the EMBL/GenBank Data Libraries under accession
number AF295327. The 2821 base nucleotide sequence of
the reference form of human CFHR5 (GenBank accession
number AF295327 [SEQ ID NO:7] is shown in FIGURE 16,
and the polypeptide sequence encoded by SEQ ID NO:7
(GenBank accession number AAK15619 [SEQ ID NO:8] is
shown in FIGURE 17. The CFHR5 gene sequence is found
under GenBank accession numbers AL139418 (5' end) and
AL353809 (3' end). The FHR-5 promoter is located 5' to
the coding region of the CFHR5 gene. II. DEFINITIONS
[0095] The following definitions are provided to aid
in understanding the invention. Unless otherwise
defined, all terms of art, notations and other
scientific or medical terms or terminology used herein
are intended to have the meanings commonly understood
by those of skill in the arts of medicine and
molecular biology. In some cases, terms with commonly
understood meanings are defined herein for clarity
and/or for ready reference, and the inclusion of such
definitions herein should not be assumed to represent
a substantial difference over what is generally
understood in the art. [0096] A "nucleic acid",
"polynucleotide" or "oligonucleotide" is a polymeric
form of nucleotides of any length, may be DNA or RNA,
and may be single- or double-stranded. Nucleic acids
may include promoters or other regulatory sequences.
Oligonucleotides are usually prepared by synthetic
means. Nucleic acids include segments of DNA, or their
complements spanning or flanking any one of the
polymorphic sites shown in TABLE IA,TABLE IB and/or
TABLE 1C or otherwise known in the Factor H gene. The
segments are usually between 5 and 100 contiguous
bases, and often range from a lower limit of 5, 10,
12, 15, 20, or 25 nucleotides to an upper limit of 10,
15, 20, 25, 30, 50 or 100 nucleotides (where the upper
limit is greater than the lower limit). Nucleic acids
between 5-10, 5-20, 10-20, 12- 30, 15-30, 10-50, 20-50
or 20-100 bases are common. The polymorphic site can
occur within any position of the segment. A reference
to the sequence of one strand of a double-stranded
nucleic acid defines the complementary sequence and
except where otherwise clear from context, a reference
to one strand of a nucleic acid also refers to its
complement. For certain applications, nucleic acid
(e.g., RNA) molecules may be modified to increase
intracellular stability and half-life. Possible
modifications include, but are not limited to, the use
of phosphorothioate or 2'-O-methyl rather than
phosphodiesterase linkages within the backbone of the
molecule. Modified nucleic acids include peptide
nucleic acids (PNAs) and nucleic acids with
nontraditional bases such as inosine, queosine and
wybutosine and acetyl-, methyl- , thio- and similarly
modified forms of adenine, cytidine, guanine, thymine,
and uridine which are not as easily recognized by
endogenous endonucleases. [0097] "Hybridization
probes" are nucleic acids capable of binding in a
base-specific manner to a complementary strand of
nucleic acid. Such probes include nucleic acids and
peptide nucleic acids (Nielsen et al., 1991).
Hybridization may be performed under stringent
conditions which are known in the art. For example,
see, e.g., Berger and Kimmel (1987) Methods In
Enzymology, Vol. 152: Guide To Molecular Cloning
Techniques, San Diego: Academic Press, Inc.; Sambrook
et al. (1989) Molecular Cloning: A Laboratory Manual,
2nd Ed., VoIs. 1-3, Cold Spring Harbor Laboratory;
Sambook (2001) 3rd Edition; Rychlik, W. and Rhoads,
R.E., 1989, Nucl. Acids Res. 17, 8543; Mueller, P.R.
et al. (1993) In: Current Protocols in Molecular
Biology 15.5, Greene Publishing Associates, Inc. and
John Wiley and Sons, New York; and Anderson and Young,
Quantitative Filter Hybridization in Nucleic Acid
Hybridization (1985)). As used herein, the term
"probe" includes primers. Probes and primers are
sometimes referred to as "oligonucleotides." [0098]
The term "primer" refers to a single-stranded
oligonucleotide capable of acting as a point of
initiation of template-directed DNA synthesis under
appropriate conditions, in an appropriate buffer and
at a suitable temperature. The appropriate length of a
primer depends on the intended use of the primer but
typically ranges from 15 to 30 nucleotides. A primer
sequence need not be exactly complementary to a
template but must be sufficiently complementary to
hybridize with a template. The term "primer site"
refers to the area of thetarget DNA to which a primer
hybridizes. The term "primer pair" means a set of
primers 



including a 5' upstream primer, which hybridizes to
the 5' end of the DNA sequence to be amplified and a
3' downstream primer, which hybridizes to the
complement of the 31end of the sequence to be
amplified. [0099] Exemplary hybridization conditions
for short probes and primers is about 5 to 12 degrees
C below the calculated Tm. Formulas for calculating Tm
are known and include: Tm 40C x (number of G's and C s
in the primer) + 2C x (number of A' s and T' s in the
primer) for oligos <14 bases and assumes a reaction is
carried out in the presence of 5OmM monovalent
cations. For longer oligos, the following formula can
be used: Tm = 64.90C + 41C x (number of G's and C s in
the primer- 16.4)/N, where N is the length of the
primer. Another commonly used formula takes into
account the salt concentration of the reaction
(Rychlik, supra, Sambrook, supra, Mueller, supra.): Tm
= 81.5C + 16.6C x (logl0[Na+] + [K+]) + 0.41 C x (%GC)
- 675/N, where N is the number of nucleotides in the
oligo. The aforementioned formulae provide a starting
point for certain applications; however, the design of
particular probes and primers may take into account
additional or different factors. Methods for design of
probes and primers for use in the methods of the
invention are well known in the art. [0100] The terms
"risk," "protective," and "neutral" are used to
describe variations, SNPS, haplotypes, diplotypes, and
proteins in a population encoded by genes
characterized by such patterns of variations. A risk
haplotype is an allelic form of a gene, herein Factor
H or a Factor H-related gene, comprising at least one
variant polymorphism, and preferably a set of variant
polymorphisms, associated with increased risk for
developing AMD. The term "variant" when used in
reference to a Factor H or Factor H-related gene,
refers to a nucleotide sequence in which the sequence
differs from the sequence most prevalent in a
population, herein humans of European- American
descent. The variant polymorphisms can be in the
coding or non-coding portions of the gene. An example
of a risk Factor H haplotype is the allele of the
Factor H gene encoding histidine at amino acid 402
and/or cysteine at amino acid 1210. The risk haplotype
can be naturally occurring or can be synthesized by
recombinant techniques. A protective haplotype is an
allelic form of a gene, herein Factor H or a Factor
H-related gene, comprising at least one variant
polymorphism, and preferably a set of variant
polymorphisms, associated with decreased risk of
developing AMD. For example, one protective Factor H
haplotype has an allele of the Factor H gene encoding
isoleucine at amino acid 62. The protective haplotype
can be naturally occurring or synthesized by
recombinanttechniques. A neutral haplotype is an
allelic form of a gene, herein Factor H or a Factor
Hrelated gene, that does not contain a variant
polymorphism associated in a population or ethnic
group with either increased or decreased risk of
developing AMD. It will be clear from the following
discussion that a protein encoded in a "neutral"
haplotype may be protective when administered to a
patient in need of treatment or prophylaxis for AMD or
other conditions. That is, both "neutral" and
"protective" forms of CFH or CFHR5 can provide
therapeutic benefit when admininstered to, for
example, a subject with AMD or risk for developing
AMD, and thus can "protect" the subject from disease.
[0101] The term "wild-type" refers to a nucleic acid
or polypeptide in which the sequence is a form
prevalent in a population, herein humans of
European-American descent (approximately 40%
prevalence; see FIGURE 5). For purposes of this
disclosure, a "wildtype" Factor H protein has the
sequence of SEQ ID NO:2 (FIGURE 7), except that the
amino acid at position 402 is tyrosine (Y; [SEQ ID
NO:337]). For purposes of this disclosure, a Factor H
gene encoding a wild-type Factor H protein has the
sequence of SEQ ID NO:1 (FIGURE 6), except that the
codon beginning at base 1277, corresponding to the
amino acid at position 402 encodes tyrosine (TAT [SEQ
ID NO:336]). [01 02] The term "variant" when used in
reference to a Factor H or Factor H-related
polypeptide, refers to a polypeptide in which the
sequence differs from the normal or wildtype sequence
at a position that changes the amino acid sequence of
the encoded polypeptide. For example, some variations
or substitutions in the nucleotide sequence of Factor
H gene alter a codon so that a different amino acid is
encoded (for example and not for limitation, having an
alternative allele at one or more of 162V, Y402H,
D936E) resulting in a variant polypeptide. Variant
polypeptides can be associated with risk (e.g., having
histidine at position 402), associated with protection
(e.g., having isoleucine at position 62), or can be
encoded by a neutral haplotype (e.g., having aspartic
acid at position 936). Variant CFHR5 polypeptides can
be associated with risk (e.g., having serine at
position 46), associated with protection, or can be
neutral. [01 03] The term "reference" when referring
to a Factor H polypeptide means a polypeptide in which
the amino acid sequence is identical to the sequence
described by Ripoche et al., 1988, Biochem J.
249:593-602) for full-length (FHl, SEQ ID NO:2) or
truncated (FHL1, SEQ ID NO:4) human Factor H. The term
"reference" when referring to a CFHR5 polypeptide
means a polypeptide in which the amino acid sequence
is identical to the sequence described by McRae et
al., 2001, J. Biol.Chem. 276:6747-6754) for
full-lengthhuman CFHR5 (SEQ IDNO:8). The first
identified allelic form is arbitrarily designated the
reference form or allele; other allelic forms are
designated as alternative or variant alleles.
Wild-type and variant forms may have substantial
sequence identity with the reference form (e.g., the
wild-type or variant form may be identical to the
reference form at at least 90% of the amino acid
positions of the wild-type or variant, sometimes at
least 95% of the positions and sometimes at least 98%
or 99% of the positions). A variant may differ from a
reference form in certain regions of the protein due
to a frameshift mutation or splice variation. [0104]
The term "polymorphism" refers to the occurrence of
two or more genetically determined alternative
sequences or alleles in a population. A "polymorphic
site" is the locus at which sequence divergence
occurs. Polymorphic sites have at least two alleles. A
diallelic polymorphism has two alleles. A triallelic
polymorphism has three alleles. Diploid organisms may
be homozygous or heterozygous for allelic forms. A
polymorphic site may be as small as one base pair.
Examples of polymorphic sites include: restriction
fragment length polymorphisms (RFLPs); variable number
of tandem repeats (VNTRs); hypervariable regions;
minisatellites; dinucleotide repeats; trinucleotide
repeats; tetranucleotide repeats; and simple sequence
repeats. As used herein, reference to a "polymorphism"
can encompass a set of polymorphisms (i.e., a
haplotype). [0105] A "single nucleotide polymorphism
(SNP)" occurs at a polymorphic site occupied by a
single nucleotide, which is the site of variation
between allelic sequences. The site is usually
preceded by and followed by highly conserved sequences
of the allele. A SNP usually arises due to
substitution of one nucleotide for another at the
polymorphic site. Replacement of one purine by another
purine or one pyrimidine by another pyrimidine is
called a transition. Replacement of a purine by a
pyrimidine or vice versa is called a transversion. A
synonymous SNP refers to a substitution of one
nucleotide for another in the coding region that does
not change the amino acid sequence of the encoded
polypeptide. A non-synonymous SNP refers to a
substitution of one nucleotide for another in the
coding region that changes the amino acid sequence of
the encoded polypeptide. A SNP may also arise from a
deletion or an insertion of a nucleotide or
nucleotides relative to a reference allele. [0106] A
"set" of polymorphisms means more than one
polymorphism, e.g., at least 2, at least 3, at least
4, at least 5 at least 6, or more than 6 of the
polymorphisms shown in TABLE IA, TABLE IB and/or TABLE
1C or otherwise known in the Factor H gene or other
gene.[0107] The term "haplotype" refers to the
designation of a set of polymorphisms or alleles of
polymorphic sites within a gene of an individual. For
example, a "112" Factor H haplotype refers to the
Factor H gene comprising allele 1 at each of the first
two polymorphic sites and allele 2 at the third
polymorphic site. A "diplotype" is a haplotype pair.
[0108] An "isolated" nucleic acid means a nucleic acid
species that is the predominant species present in a
composition. Isolated means the nucleic acid is
separated from at least one compound with which it is
associated in nature. A purified nucleic acid
comprises (on a molar basis) at least about 50, 80 or
90 percent of all macromolecular species present.
[0109] Two amino acid sequences are considered to have
"substantial identity" when they are at least about
80% identical, preferably at least about 90%
identical, more preferably at least about 95%, at
least about 98% identical or at least about 99%
identical. Percentage sequence identity is typically
calculated by determining the optimal alignment
between two sequences and comparing the two sequences.
Optimal alignment of sequences may be conducted by
inspection, or using the local homology algorithm of
Smith and Waterman, 1981, Adv. Appl. Math. 2: 482,
using the homology alignment algorithm of Needleman
and Wunsch, 1970, J. MoI. Biol. 48: 443, using the
search for similarity method of Pearson and Lipman,
1988, Proc. Natl. Acad. ScL U.S.A. 85: 2444, by
computerized implementations of these algorithms
(e.g., in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison,
Wis.) using default parameters for amino acid
comparisons (e.g., for gapscoring, etc.). It is
sometimes desirable to describe sequence identity
between two sequences in reference to a particular
length or region (e.g., two sequences may be described
as having at least 95% identity over a length of at
least 500 basepairs). Usually the length will be at
least about 50, 100, 200, 300, 400, 500, 600, 700,
800, 900 or 1000 amino acids, or the full length of
the reference protein. Two amino acid sequences can
also be considered to have substantial identity if
they differ by 1, 2, or 3 residues, or by from 2-20
residues, 2-10 residues, 3-20 residues, or 3-10
residues. [0110] "Linkage" describes the tendency of
genes, alleles, loci or genetic markers to be
inherited together as a result of their location on
the same chromosome. Linkage can be measured by
percent recombination between the two genes, alleles,
loci or genetic markers. Typically, loci occurring
within a 50 centimorgan (cM) distance of each other
are linked. Linked markers may occur within the same
gene or gene cluster. "Linkage disequilibrium" or
"allelic association" means the preferential
association of a particular allele or genetic marker
with a specific allele or genetic marker at a nearby
chromosomal location more frequentlythan expected by
chance for any particular allele frequency in the
population. A marker in linkage disequilibrium can be
particularly useful in detecting susceptibility to
disease, even if the marker itself does not cause the
disease. [01 11] The terms "diagnose" and "diagnosis"
refer to the ability to determine whether an
individual has the propensity to develop disease
(including with or without signs or 



symptoms). Diagnosis of propensity to develop disease
can also be called "screening" and, as used herein,
the terms diagnosis and screening are used
interchangeably. It will be appreciated that having an
increased or decreased propensity to developing a
condition refers to the likelihood of developing the
condition relative to individuals in the population
without the condition. III. TABLES [01 12] Certain
tables referred to herein are provided following the
Examples, infra. The following descriptions are
provided to assist the reader: [0113] TABLES 1A-IC
show human Factor H gene polymorphisms and their
association with age-related macular degeneration.
(IA) The dbSNP no., location, sequences of the coding
(top, 5' to 3' direction) and non-coding (bottom)
strands spanning the polymorphisms, amino acid
changes, allele frequencies for the control and AMD
cases, and c2 and P-values for 1 SNPs in the human
Factor H gene are shown. (IB) The dbSNP no.,
interrogated sequences, corresponding nucleotide in
the chimp Factor H gene, location, amino acid changes,
and sets of primers and probes for 11 SNPs in the
human Factor H gene are shown. (1C) The location,
sequences spanning the polymorphisms, amino acid
position and amino acid change, if any, for 14 SNPs in
the human Factor H gene that are not found in the
dbSNP database are shown. [0114] TABLE 2 shows a
haplotype analysis of eight SNPs in the human Factor H
gene in a cohort of AMD cases and controls. [0115]
TABLE 3 shows a haplotype analysis of six SNPs in the
human Factor H gene and their association with AMD.
[0116] TABLE 4 shows the association of 11 human
Factor H gene SNPs with age-related macular
degeneration. [0117] TABLE 5 shows the primers used
for SSCP, DHPLC and DNA sequencing analysis for human
Factor H. [0118] TABLE 6 shows genotyping data of AMD
patients and controls.[0119] TABLE 7 shows the
frequency of an at-risk haplotype in various ethnic
groups. [0120] TABLE 8 shows several Factor H
diplotypes. Common risk and protective diplotypes are
indicated. [0121] TABLE 9 shows the sequences of
primers used to amplify the Factor H coding sequence.
[0122] TABLE 10 shows the sequences of primers used to
amplify the CFHR5 coding sequence. [0123] TABLE 11
shows an analysis of Factor H SNPs in 22 MPGNII
patients. [0124] TABLE 12 shows a comparison of Factor
H SNP frequencies in 22 MPGNII patients and
AMD-negative, ethnically matched controls. [0125]
TABLE 13 lists Factor H SNPs associated with MPGNII
and their related SCR. [0126] TABLE 14 shows an
analysis of CFHR5 SNPs in 22 MPGNII patients. [0127]
TABLE 15 shows a comparison of CFHR5 SNP frequencies
in 22 MPGNII patients and AMD-negative, ethnically
matched controls. [0128] TABLE 16 shows exemplary
allele-specific probes (16A) and primers (16B) useful
for detecting polymorphisms in the Factor H gene. IV.
COMPLEMENT FACTOR H POLYMORPHISMS [0129] In one
aspect, the invention provides new diagnostic,
treatment and drug screening methods related to the
discovery that polymorphic sites in the Complement
Factor H (HFl) gene are associated with susceptibility
to and development of AMD. [0130] Factor H
polymorphisms associated with AMD were identified as
described in Example 1, by examining the coding and
adjacent intronic regions of Factor H (including exon
10A, which is transcribed for the Factor H isoform
FHL1) for variants using SSCP analysis, DHPLC
analysis, and direct sequencing, according to standard
protocols. Remaining polymorphisms were typed by the
5' nuclease (Taqman, ABI) methodology. Taqman
genotyping and association analysis were performed as
described (Gold et al., 2004). Primers for SSCP and
DNA sequencing analyses were designed to amplify each
exon and its adjacent intronic regions using MacVector
software. PCR-derived amplicons were screened for
sequence variation by SSCP and DHPLC according to
standard protocols. AU changes detected by SSCP and
DHPLC were confirmed by bidirectional sequencing
according to standard protocols. Statistical analyses
were performed using chi-square (c2) and Fisher's
exact tests (P values).[0131] Two independent groups
of AMD cases and age-matched controls were used. All
participating individuals were of European-American
descent, over the age of 60 and enrolled under
IRB-approved protocols following informed consent.
These groups were comprised of 352 unrelated patients
with clinically documented AMD (mean age 79.5  7.8
years) and 113 unrelated, control patients (mean age
78.4 + 7.4 years; matched by age and ethnicity) from
the University of Iowa, and 550 unrelated patients
with clinically documented AMD (mean age 71.32 + 8.9
years) and 275 unrelated, matched by age and
ethnicity, controls (mean age 68.84 + 8.6 years) from
Columbia University. Patients were examined by
indirect ophthalmoscopy and slit-lamp microscopy by
retina fellowship-trained ophthalmologists. [0132]
Fundas photographs were graded according to a
standardized, international classification system
(Bird et al., 1995). Control patients were selected
and included if they did not exhibit any
distinguishing signs of macular disease or have a
known family history of AMD. The AMD patients were
subdivided into phenotypic categories: early AMD
(ARM), geographic atrophy (GA), and exudative (CNV)
AMD, based upon the classification of their most
severe eye at the time of their entry into the study.
The University of Iowa ARM and GA cases were further
subdivided into distinct phenotypes (RPE changes
alone, >10 macular hard drusen, macular soft drusen,
BB (cuticular) drusen, PED, "Cherokee" atrophy,
peninsular geographic atrophy and pattern geographic
atrophy). The earliest documentable phenotype for all
cases was also recorded and employed in the analyses.
[0133] As shown in TABLE IA, a highly significant
association of polymorphic sites in the Factor H gene
with AMD was found in an examination of two
independent cohorts that together included
approximately 900 AMD cases and 400 matched controls.
Sixteen (16) polymorphisms in the Factor H gene are
listed in TABLES IA- IB. Of these twelve (12) are
found in the SNP database (dbSNP) which may be found
in the National Center for Biotechnology Information
(NCBI). The dbSNP is a collection of SNPs in the human
Factor H gene which are dispersed among the 22 coding
exons of the Factor H gene and among the promoter, the
5' untranslated region, the introns, and the 3'
untranslated region of the Factor H gene. Listed below
are the accession numbers for 379 SNPs in the human
Factor H gene that are found in the dbSNP database.
These SNPs can be used in carrying out methods of the
invention. TABLE AREPLIKIN PEPTIDES AND USES THEREOF
[0001] This application claims priority to U.S.
Provisional Appln. Ser. No. 60/653,083, filed February
16, 2005, and is a continuation-in-part of U.S. Appln.
Ser. No. 11/1 16,203, filed April 28, 2005, which
claims priority to U.S. Provisional Appln. Ser. No.
60/565,847, filed April 28, 2004, and is a
continuation-in-part of U.S. Appln. Ser. No.
10/860,050, filed June 4, 2004, which claims priority
to U.S. Provisional Applns. 60/531,686, filed February
23, 2003, 60/504,958, filed September 23, 2003, and
60/476,186, filed June 6, 2003, and is a
continuation-in-part of U.S. Appln. Ser. No.
10/189,437, filed July 8, 2002, which is a
continuation-in-part of U.S. Appln. Ser. No.
10/105,232, filed March 26, 2002, which is a
continuation-in-part of U.S. Appln. Ser. No.
09/984,057, filed October 26, 2001, which claims
priority from U.S. Provisional Applns. 60/303,396,
filed July 9, 2001, and 60/278,761, filed March 27,
2001 . Each of the foregoing applications is
incorporated herein by reference. Technical Field of
the Invention [0002] This invention relates generally
to two newly discovered classes of peptides that share
structural characteristics and the use of
bioinformatics to search databases of amino acids,
nucleic acids and other biological information to
identify shared structural characteristics. Replikins
are a newly discovered class of peptides that share
structural characteristics and have been correlated
with rapid replication of viruses and organisms.
Replikin Scaffolds are a sub-set of the class of
Replikin peptides. Exoskeleton Scaffolds are another
newly discovered class of peptides that share
structural characteristics and have been correlated
with a decrease in replication. Background of the
Invention [0003] Rapid replication is characteristic
of virulence in certain bacteria, viruses and
malignancies, but no chemistry common to rapid
replication in different organisms has been described.
The inventors have found a family of conserved small
protein sequences related to rapid replication,
Replikins. Such Replikins offer new targets for
developing effective detection methods and therapies.
There is a need in the art for methods of identifying
patterns of amino acids such as Replikins.
Bioinformatic Identification of Amino Acid Sequences
[0004] Identification of amino acid sequences, nucleic
acid sequences and other biological structures may be
aided with the implementation of bioinformatics.
Publicly available databases containing amino acid and
nucleic acid sequence information maybe searched to
identify and define Replikins, Replikin Scaffolds and
Exoskeleton Scaffolds within representative proteins
or protein fragments or genomes or genome fragments.
[0005] Databases of amino acids and proteins are
maintained by a variety of research organizations,
including, for example, the National Center for
Biotechnology Information (NCBI) at the U.S. National
Library of Medicine, and the Influenza Sequence
Database at the Los Alamos National Laboratory. These
databases are typically accessible via the Internet
through web pages that provide a researcher with
capabilities to search for and retrieve specific
proteins. Amino Acid Search Tools [0006] As is known
in the art, databases of proteins and amino acids may
be searched using a variety of database tools and
search engines. Using these publicly 



available tools, patterns of amino acids may be
described and located in many different proteins
corresponding to many different organisms. Several
methods and techniques are available by which patterns
of amino acids may be described. One popular format is
the PROSITE pattern. A PROSITE pattern description may
be assembled according to the following rules: (1) The
standard International Union of Pure and Applied
Chemistry (IUPAC) one-letter codes for the amino acids
are used (see FIG. 12). (2) The symbol 'x' is used for
a position where any amino acid is accepted. (3)
Ambiguities are indicated by listing the acceptable
amino acids for a given position, between square
parentheses '[ ]'. For example: [ALT] would stand for
Alanine or Leucine or Threonine. (4) Ambiguities are
also indicated by listing between a pair of curly
brackets '{ }' the amino acids that are not accepted
at a given position. For example: {AM} stands for any
amino acid except Alanine and Methionine. (5) Each
element in a pattern is separated from its neighbor by
a '-'. (6) Repetition of an element of the pattern can
be indicated by following that element with a
numerical value or a numerical range between
parentheses. Examples: x(3) corresponds to x-x-x,
x(2,4) corresponds to x-x or x-x-x or x-x-x-x.(7) When
a pattern is restricted to either the N- or C-terminal
of a sequence, that pattern either starts with a '<'
symbol or respectively ends with a '>' symbol. (8) A
period ends the pattern. [0007] Examples of PROSITE
patterns include: PA [AC]-x-V-x(4)-{ED}. This pattern
is translated as: [Alanine or Cysteine] -any- Valine
-any-any-any-any-{any but Glutamic Acid or Aspartic
Acid} PA <A-x-[ST](2)-x(0,l)-V. This pattern, which
must be in the Nterminal of the sequence ('<'), is
translated as: Alanine -any-[Serine or Threonine]-[
Serine or Threonine] -(any or none)-Valine. [0008]
Another popular format for describing amino acid
sequence patterns is the regular expression format
that is familiar to computer scientists. In computer
science, regular expressions are typically used to
describe patterns of characters for which finite
automata can be automatically constructed to recognize
tokens in a language. Possibly the most notable
regular expression search tool is the Unix utility
grep. [0009] In the context of describing amino acid
sequence patterns, a simplified set of regular
expression capabilities is typically employed. Amino
acid sequence patterns defined by these simple regular
expression rules end up looking quite similar to
PROSITE patterns, both in appearance and in result. A
regular expression description for an amino acid
sequence may be created according to the following
rules: (1) Use capital letters for amino acid residues
and put a "-" between two amino acids (not required).
(2) Use "[. ..]" for a choice of multiple amino acids
in a particular position. [LIVM] means that any one of
the amino acids L, I, V, or M can be in that position.
(3) Use "{...}" to exclude amino acids, Thus, {CF}
means C and F should not be in that particular
position. In some systems, the exclusion capability
can be specified with a "L" character. For example, LG
would represent all amino acids except Glycine, and
[LILMV] would represents all amino acids except I, L,
M, and V. (4) Use "x" or "X" for a position that can
be any amino acid. (5) Use "(n)", where n is a number,
for multiple positions. For example, x(3) is the same
as "xxx".(6) Use "(nl,n2)" for multiple or variable
positions. Thus, x(l,4) represents "x" or "xx" or
"xxx" or "xxxx". (7) Use the symbol ">" at the
beginning or end of the pattern to require the pattern
to match the N or C terminus. For example, ">MDEL"
finds only sequences that start with MDEL. "DEL>"
finds only sequences that end with DEL. [00010] The
regular expression, "[LIVM]-[VIC]-X
(2)-G-[DENQTA]-x-[GAC]-x (2)-[LIVMFY](4)-x (2)-G"
illustrates a 17 amino acid peptide that has: an L, I,
V, or M at position 1; a V, I, or C at position 2; any
residue at positions 3 and 4; a G at position 5 and so
on .... [00011] Other similar formats are in use as
well. For example, the Basic Local Alignment Search
Tool (BLAST) is a well-known system available on the
Internet, which provides tools for rapid searching of
nucleotide and protein databases. BLAST accepts input
sequences in three formats: FASTA sequence format,
NCBI Accession numbers, or GenBank sequence numbers.
However, these formats are even simpler in structure
than regular expressions or PROSITE patterns. An
example sequence in FASTA format is:
>gi|532319|pir|TVFV2E|TVFV2E envelope protein
ELRLRYCAPAGFALLKCNDADYDGFKTNCSNVSVVHCTNLMNTTVTT
GLLLNGSYSENRT
QIWQKHRTSNDSALILLNKHYNLTVTCKRPGNKTVLPVTIMAGLVFHS
QKYNLRLRQAWC
HFPSNWKGAWKEVKEEIVNLPKERYRGTNDPKRIFFQRQWGDPETANL
WFNCHGEFFYCK
MDWFLNYLNNLTVDADHNECKNTSGTKSGNKRAPGPCVQRTYVACHI
RSVIIWLETISKK
TYAPPREGHLECTSTVTGMTVELNYIPKNRTNVTLSPQIESIWAAELDRY
KLVEITPIGF
APTEVRRYTGGHERQKRVPFVXXXXXXXXXXXXXXXXXXXXXXVQS
QHLLAGILQQQKNL LAAVEAQQQMLKLTIWGVK [00012] Features of
the BLAST system include sequence comparison
algorithms that are used to search sequence databases
for regions of local alignments in order to
detectrelationships among sequences which share
regions of similarity. However, the BLAST tools are
limited in terms of the structure of amino acid
sequences that can be discovered and located. For
example, BLAST is not capable of searching for a
sequence that has "at least one lysine residue located
six to ten amino acid residues from a second lysine
residue," as required by a Replikin pattern, for
example. Nor is BLAST capable of searching for amino
acid sequences that contain a specified percentage or
concentration of a particular amino acid, such as a
sequence that has "at least 6% lysine residues." Need
for Replikin Search Tools [00013] As can be seen from
its definition, a Replikin pattern description cannot
be represented as a single linear sequence of amino
acids. Thus, PROSITE patterns and regular expressions,
both of which are well suited to describing ordered
strings obtained by following logical set-constructive
operations such as negation, union and concatenation,
are inadequate for describing Replikin patterns.
[00014] In contrast to linear sequences of amino
acids, a Replikin pattern is characterized by
attributes of amino acids that transcend simple
contiguous ordering. In particular, the requirement
that a Replikin pattern contain at least 6% lysine
residues, without more, means that the actual
placement of lysine residues in a Replikin pattern is
relatively unrestricted. Thus, in general, it is not
possible to represent a Replikin pattern description
using a single PROSITE pattern or a single regular
expression. [00015] Accordingly, there is a need in
the art for a system and method to scan a given amino
acid sequence and identify and count all instances of
a Replikin pattern. Similarly, there is a need in the
art for a system and method to search protein
databases and amino acid databases for amino acid
sequences that match a Replikin pattern. Additionally,
there is a need in the art for a generalized search
tool that permits researchers to locate amino acid
sequences of arbitrary specified length that includes
any desired combination of the following
characteristics: (1) a first amino acid residue
located more than N positions and less than M
positions away from a second amino acid residue; (2) a
third amino acid residue located anywhere in the
sequence; and (3) the sequence contains at least R
percent of an amino acid residue. Finally, the
shortcomings of the prior art are even more evident in
research areas relating to disease prediction and
treatment. There is a significant need in the art for
a system to predict in advance the occurrence of
disease (for example, to predict strain-specific
influenzaepidemics) and similarly to enable synthetic
vaccines to be designed based on amino acid sequences
or amino acid motifs that are discovered to be
conserved over time and which have not been previously
detectable by prior art methods of searching proteins
and amino acid sequences. SUMMARY OF THE INVENTION
[00016] The present invention provides a method for
identifying nucleotide or amino acid sequences that
include a Replikin sequence. The method is referred to
herein as a 3-point-recognition method. By use of the
"3-point recognition" method, peptides comprising from
7 to about 50 amino acids including (1) at least one
lysine residue located six to ten amino acid residues
from a second lysine residue; (2) at least one
histidine residue; and (3) at least 6% lysine residues
and having replication, transformation, or redox
functions may be identified. [00017] An aspect of the
present invention provides a method of identifying a
Replikin Scaffold in a virus or organism comprising
identifying a series of Replikin Scaffold peptides
comprising about 16 to about 30 amino acids comprising
(1) a terminal lysine and a lysine immediately
adjacent to said terminal lysine; (2) a terminal
histidine and a histidine immediately adjacent to said
terminal histidine, (3) a lysine 



within about 6 to about 10 amino acids from another
lysine; and (4) at least 6% lysines. [00018] An aspect
of the invention may provide a method of identifying a
Replikin Scaffold peptide in a virus or organism
comprising about 16 to about 30 amino acids comprising
(1) a terminal lysine and a lysine immediately
adjacent to the terminal lysine; (2) a terminal
histidine and a histidine immediately adjacent to the
terminal histidine, (3) a lysine within about 6 to
about 10 amino acids from another lysine; and (4) at
least 6% lysines. [00019] An aspect of the invention
may also provide a method of making a preventive or
therapeutic virus vaccine comprising identifying a
Replikin Scaffold comprising about 16 to about 30
amino acids and synthesizing said Replikin Scaffold as
a preventive or therapeutic virus vaccine wherein said
Replikin Scaffold further comprises: (1) a terminal
lysine and a lysine immediately adjacent to the
terminal lysine; (2) a terminal histidine and a
histidine immediately adjacent to the terminal
histidine; (3) a lysine within about 6 to about 10
amino acids from another lysine; and (4) at least 6%
lysines. The Replikin Scaffold may contain influenza
virus peptide Replikins. A Replikin Scaffold may
further comprise a group of Replikins comprising :(1)
a terminal lysine and a lysine immediately adjacent to
the terminal lysine; (2) a terminal histidine and a
histidine immediately adjacent to the terminal
histidine; (3) a lysine within about 6 to about 10
amino acids from another lysine; and (4) at least 6%
lysines. [00020] An aspect of the invention may
provide a method of identifying an Exoskeleton
Scaffold wherein a Replikin Scaffold is identified in
a first strain of virus or organism and the
Exoskeleton Scaffold is identified in a later-arising
strain of said virus or organism wherein said
Exoskeleton Scaffold comprises an amino acid sequence
comprising the same number of amino acids as the
Replikin Scaffold and further comprising (1) two
terminal lysines, (2) two terminal histidines, and (3)
no lysine within about 6 to about 10 amino acids from
another lysine. [00021] In an aspect of the invention
an isolated or synthesized influenza virus peptide is
provided with from 7 to about 50 amino acids, at least
one lysine residue located six to ten residues from a
second lysine residue, at least one histidine residue
and at least 6% lysine residues. In a further aspect
the peptide comprises a terminal lysine. In yet a
further aspect the peptide is present in an emerging
strain of influenza virus such as the influenza virus
strain H5N1. [00022] In another aspect of the
invention an isolated or synthesized influenza virus
peptide is provided comprising the H5N1 peptide
KKNSTYPTIKRSYNNTNQEDLLVLWGIHH. [00023] In another
aspect of the invention, an isolated or synthesized
influenza virus peptide is provided having about 16 to
about 30 amino acids; a terminal lysine and a lysine
immediately adjacent to the terminal lysine; a
terminal histidine and a histidine immediately
adjacent to the terminal histidine; a lysine within
about 6 to about 10 amino acids from another lysine;
and at least 6% lysines. [00024] In another aspect of
the invention, a preventive or therapeutic virus
vaccine is provided having at least one isolated or
synthesized peptide of influenza virus with at least
one lysine residue located six to ten residues from a
second lysine residue; at least one histidine residue;
and at least 6% lysine residues. In a further aspect
of the invention the isolated or synthesized peptide
is present in an emerging strain of influenza virus or
is present in an H5N1 strain of influenza virus.
[00025] In yet a further aspect of the invention, a
preventive or therapeutic virus vaccine comprises the
peptide KKNSTYPTIKRSYNNTNQEDLLVLWGIHH
havingalternatively a synthetic UTOPE tail, an
adjuvant, or a combination thereof. In yet a further
aspect, the preventive or therapeutic virus vaccine
comprises a pharmaceutically acceptable carrier.
[00026] In a further aspect of the invention the
preventive or therapeutic virus vaccine comprises the
peptide KKNSTYPTIKRSYNNTNQEDLLVLWGIHHKKKKHKKKKKHKKLH.
[00027] In yet another aspect of the invention a
method of stimulating the immune system of a subject
to produce antibodies to influenza virus is provided
comprising administering an effective amount of at
least one isolated or synthesized influenza virus
Replikin peptide comprising from 7 to about 50 amino
acids comprising (1) at least one lysine residue
located six to ten amino acid residues from a second
lysine residue; (2) at least one histidine residue;
and (3) at least 6% lysine residues. [00028] In a
further aspect, in the method of stimulating the
immune system the administered Replikin peptide may
further comprise a pharmaceutically acceptable carrier
and/or adjuvant and prevent or treat an influenza
infection. The method of stimulating the immune system
may further comprise an isolated or synthesized
influenza virus peptide present in an emerging virus
or present in an H5N1 strain of influenza virus. The
method may further comprise administration of the
peptide KKNSTYPTIKRSYNNTNQEDLLVLWGIHHKKKKHKKKKKHKKLH.
[00029] An aspect of the invention may also provide a
method comprising: applying a plurality of criteria to
data representing protein sequences; based on the
criteria, identifying an arbitrary sub-sequence within
the protein sequences; and outputting the identified
sub-sequence to a data file; wherein the criteria
include: a set {a}of amino acids to be included in the
sub-sequence; a set {b} of amino acids to be excluded
from the sub-sequence; and a minimum and a maximum
permissible gap between members of sets {a} and {b}.
Within the method the protein sequences may be
obtained via a network. An aspect of the invention may
further comprise a machine-readable medium storing
computer-executable instructions to perform such a
method. [00030] An aspect of the invention may further
provide a method comprising applying a plurality of
criteria to data representing protein sequences; based
on the criteria, identifying a sub-sequence within the
protein sequences, the identified sub sequence having
a predetermined allowed range of distance between
lysine amino acids thereof, and a predetermined
allowed range of distance between a histidine amino
acidand a farthest Lysine acid thereof; and outputting
an identified sub-sequence to a data file. The protein
sequences may be obtained via a network. A
machine-readable medium storing computer-executable
instructions may perform such a method. BRIEF
DESCRIPTION OF THE DRAWINGS [00031] Figure 1 is a bar
graph depicting the frequency of occurrence of
Replikins in various organisms. [00032] Figure 2 is a
graph depicting the percentage of malignin per
milligram total membrane protein during anaerobic
replication of glioblastoma cells. [00033] Figure 3 is
a bar graph showing amount of antimalignin antibody
produced in response to exposure to the recognin
16-mer. [00034] Figure 4A is a photograph of a blood
smear taken with ordinary and fluorescent light.
Figure 4B is a photograph of a blood smear taken with
ordinary and fluorescent light illustrating the
presence of two leukemia cells. Figure 4C is a
photograph of a dense layer of glioma cells in the
presence of antimalignin antibody. Figure 4D and
Figure 4E are photographs of the layer of cells in
Figure 4C taken at 30 and 45 minutes following
addition of antimalignin antibody. [00035] Figure 4F
is a bar graph showing the inhibition of growth of
small cell lung carcinoma cells in vitro by
antimalignin antibody. [00036] Figure 5 is a plot of
the amount of antimalignin antibody present in the
serum of patients with benign or malignant breast
disease pre-and post surgery. [00037] Figure 6 is a
box diagram depicting an aspect of the invention
wherein a computer is used to carry out the
3-point-recognition method of identifying Replikin
sequences. [00038] Figure 7 is a graph showing the
concentration of Replikins observed in hemagglutinin
of influenza B and influenza A strain, HlNl, on a year
by year basis from 1940 through 2001. [00039] Figure 8
is a graph of the Replikin concentration observed in
hemagglutinin of influenza A strains, H2N2 and H3N2,
as well as an emerging strain defined by its
constituent Replikins, designated H3N2(R), on a year
by year basis from 1950 to 2001. [00040] Figure 9 is a
graph depicting the Replikin count per year for
several virus strains, including the coronavirus
nucleocapsid Replikin, from 1917 to 2002. [00041]
Figure 10 is a chart depicting the mean Replikin count
per year for nucleocapsid coronavirus isolates.[00042]
Figure 11 is a chart depicting the Replikin count per
year for H5N1 Hemagglutinins. [00043] Figure 12 is a
conversion table that enables amino acids to be
encoded as single alphabetic characters according to a
standard supplied by the International Union of Pure
and Applied Chemistry (IUPAC). [00044] Figure 13 is a
printout of a human cancer protein obtained by
searching a protein database maintained by the
National Center for Biotechnology Information (NCBI).
[00045] Figure 14 is a conversion table illustrating a
correspondence between nucleic acid base triplets and
amino acids. [00046] Figure 15 is a graph illustrating
a rapid increase in the concentration of Replikin
patterns in the hemagglutinin protein of the H5N1
strain of influenza prior to the outbreak of three
"Bird Flu" epidemics. Figure 15 illustrates that
increasing replikin concentration ('Replikin Count')
of hemagglutinin protein of H5N1 preceded three 'Bird
Flu' Epidemics. In H5N1 influenza, the increasing
strain-specific replikin concentration (Replikin
Count, Means+/-SD) 1995 to 1997 preceded the Hong Kong
H5N1 epidemic of 1997 (El); the increase from 1999 to
2001 preceded the epidemic of 2001 (E2); and the
increase from 2002 to 2004 preceded the epidemic in
2004 (E3). The decline in 1999 occurred with the
massive culling of poultry in response to the El
epidemic in Hong Kong. 



[00047] Figure 16 is a table illustrating selected
examples of Replikin patterns that have been found in
various organisms. [00048] Figure 17 is a high-level
block diagram of a computer system incorporating a
system and method for identifying Replikin patterns in
amino acid sequences, in accordance with an aspect of
the present invention. [00049] Figure 18 is a simple
flow chart illustrating a general method for locating
a Replikin pattern in a sequence of amino acids,
according to an aspect of the present invention.
[00050] Figure 19 is a flow chart illustrating a
generalized method for locating a plurality of
Replikin-like patterns in a sequence of amino acids,
according to an aspect of the present
invention.[00051] Figure 20 is a source code listing
containing a procedure for discovering Replikin
patterns in a sequence of amino acids, in accordance
with an aspect of the present invention. [00052]
Figure 2 1 is a table illustrating Replikin Scaffolds
occurring in substantially fixed amino acid positions
in different proteins. [00053] Figure 22 is a
simplified block diagram of a computer system platform
useful with the present invention. DETAILED
DESCRIPTION OF THE INVENTION Definitions [00054] As
used herein, the term "peptide" or "protein" refers to
a compound of two or more amino acids in which the
carboxyl group of one is united with an amino group of
another, forming a peptide bond. The term peptide is
also used to denote the amino acid sequence encoding
such a compound. As used herein, "isolated" or
"synthesized" peptide or biologically active portion
thereof refers to a peptide that is after purification
substantially free of cellular material or other
contaminating proteins or peptides from the cell or
tissue source from which the peptide is derived, or
substantially free from chemical precursors or other
chemicals when chemically synthesized by any method,
or substantially free from contaminating peptides when
synthesized by recombinant gene techniques. [00055] As
used herein, a Replikin peptide or Replikin protein is
an amino acid sequence having 7 to about 50 amino
acids comprising: (1) at least one lysine residue
located six to ten amino acid residues from a second
lysine residue; (2) at least one histidine residue;
(3) at least 6% lysine residues. Similarly, a Replikin
sequence is the amino acid sequence encoding such a
peptide or protein. [00056] As used herein, an
"earlier-arising" virus or organism is a specimen of a
virus or organism collected from a natural source of
the virus or organism on a date prior to the date on
which another specimen of the virus or organism was
collected. A "later-arising" virus or organism is a
specimen of a virus or organism collected from a
natural source of the virus or organism on a date
subsequent to the date on which another specimen of
the virus or organism was collected. I l[00057] As
used herein, "emerging strain" as used herein refers
to a strain of a virus, bacterium, fungus, or other
organism identified as having an increased increasing
concentration of Replikin sequences in one or more of
its protein sequences relative to the concentration of
Replikins in other strains of such organism. The
increase or increasing concentration of Replikins
occurs over a period of at least about six months, and
preferably over a period of at least about one year,
most preferably over a period of at least about three
years or more, for example, in influenza virus, but
may be a much shorter period of time for bacteria and
other organisms. [00058] As used herein, "mutation"
refers to change in this structure and properties of
an organism caused by substitution of amino acids. In
contrast, the term "conservation" as used herein,
refers to conservation of particular amino acids due
to lack of substitution. [00059] As used herein,
"replikin count" refers to the number of replikins per
100 amino acids in a protein or organism. A higher
replikin count in a first strain of virus or organism
has been found to correlate with more rapid
replication of the first virus or organism as compared
to a second, earlier- or later-arising strain of the
virus or organism having a lower replikin count.
[00060] As used herein "Replikin Scaffold" refers to a
series of conserved Replikin peptides wherein each of
said Replikin peptide sequences comprises about 16 to
about 30 amino acids and further comprises: (1) a
terminal lysine; (2) a terminal histidine and a
histidine immediately adjacent to the terminal
histidine; (3) a lysine within 6 to 10 amino acid
residues from another lysine; and (4) about 6% lysine.
"Replikin Scaffold" peptides may comprise an
additional lysine immediately adjacent to the terminal
lysine. "Replikin Scaffold" also refers to an
individual member or a plurality of members of a
series of a "Replikin Scaffold." Identification of
Replikins [00061] The identification of a new family
of small peptides related to the phenomenon of rapid
replication, referred to herein as Replikins, provides
targets for detection of pathogens in a sample and
developing therapies, including vaccine development.
In general, knowledge of and identification of this
family of peptides enables development of effective
therapies and vaccines for any organism that harbors
Replikins. Identification of this family of peptides
also provides for the detection of viruses and virus
vaccine development.[00062] For example,
identification of this family of peptides provides for
the detection of influenza virus and provides new
targets for influenza treatment and vaccines including
treatment and vaccines for influenza H5N1 . Further
examples provided by the identification of this family
of peptides include the detection of infectious
disease Replikins, cancer immune Replikins and
structural protein Replikins. [00063] Rapid
replication is characteristic of virulence in certain
bacteria, viruses and malignancies, but no chemistry
common to rapid replication in different organisms has
been described. We have found a family of conserved
small protein sequences related to rapid replication,
which we have named Replikins. Such Replikins offer
new targets for developing effective detection methods
and therapies. The first Replikin found was the glioma
Replikin, which was identified in brain glioblastoma
multiforme (glioma) cell protein, called malignin.
[00064] Hydrolysis and mass spectrometry of malignin
revealed the novel 16-mer peptide sequence which
contains the glioma Replikin. This Replikin was not
found in databases for the normal healthy human genome
and therefore appeared to be derived from some source
outside the body. [00065] We have devised an algorithm
to search for the glioma Replikin or homologue
thereof. Homologues were not common in over 4,000
protein sequences, but were found, surprisingly, in
all tumor viruses, and in the replicating proteins of
algae, plants, fungi, viruses and bacteria. [00066] We
have identified that both 1) Replikin concentration
(number of Replikins per 100 amino acids) and 2)
Replikin composition correlate with the functional
phenomenon of rapid replication. These relationships
provide functional basis for the determination that
Replikins are related quantitatively as well as
qualitatively to the rate of replication. [00067] The
first functional basis for Replikins role to rapid
replication was discovered by the Applicants in glioma
replication. The fact that glioma malignin was found
to be enriched ten-fold compared to the five-fold
increase in cell number and membrane protein
concentration in rapid replication of glioma cells
suggests an integral relationship of the Replikins to
replication. When the glioma Replikin was synthesized
in vitro and administered as a synthetic vaccine to
rabbits, abundant antimalignin antibody was produced.
This establishes the antigenic basis of the
antimalignin antibody in serum (AMAS) test, and
provides the first potential synthetic cancervaccine
and the prototype for Replikin vaccines in other
organisms. With the demonstration of this natural
immune relationship of the Replikins to replication
and this natural immune response to cancer Replikins,
which overrides cell type, based upon the shared
specificity of cancer Replikins and rapid replication,
both passive augmentation of this immunity with
antimalignin antibody and active augmentation with
synthetic Replikin vaccines now is possible. [00068]
The relationship between the presence of antimalignin
antibody and survival in patients was shown in a study
of 8,090 serum specimens from cancer patients. The
study showed that the concentration of antimalignin
antibody increases with age, as the incidence of
cancer in the population increases, and increases
further two to three-fold in early malignancy,
regardless of cell type. In vitro, the antimalignin
antibody is cytotoxic to cancer cells at picograms
(femtomoles) per cancer cell, and in vivo the
concentration of antimalignin antibody relates
quantitatively to the survival of cancer patients. As
shown in glioma cells, the stage in cancer at which
cells have only been transformed to the immortal
malignant state but remain quiescent or dormant, now
can be distinguished from the more active
life-threatening replicating state, which is
characterized by the increased concentration of
Replikins. In addition, clues to the viral
pathogenesis of cancer may be found in the fact that
glioma glycoprotein 1OB has a 50% reduction in
carbohydrate residues when compared to the normal 1OB.
This reduction is associated with virus entry in other
instances, and so may be evidence of the attachment of
virus for the delivery of virus Replikins to the 1OB
of glial cells as a step in the transformation to the
malignant state. [00069] Our study concerning
influenza virus hemagglutinin protein sequences and
influenza epidemiology over the past 100 years has
provided a second functional basis 



for the relations of Replikins to rapid replication.
Only serological hemagglutinin and antibody
classification, but no strain-specific conserved
peptide sequences have previously been described in
influenza. Further, no changes in concentration and
composition of any strain-specific peptide sequences
have been described previously that correlate with
epidemiologically documented epidemics or rapid
replication. In this study, a four to ten-fold
increase in the concentration of strain-specific
influenza Replikins in one of each of the four major
strains, influenza B, (A)HINl, (A)H2N2 and, (A)H3N2 is
shown to relate to influenza epidemics caused by each
strain from 1902 to 2001.[00070] We then showed that
these increases in concentration are due to the
reappearance of at least one specific Replikin
composition from 1 to up to 64 years after its
disappearance, plus the emergence of new
strain-specific Replikin compositions. Previously, no
strain-specific chemical structures were known with
which to predict the strains that would predominate in
coming influenza seasons, nor to devise annual
mixtures of whole-virus strains for vaccines. The
recent sharp increase in H3N2 Replikin concentration
(1997 to 2000), the largest in H3N2's history, and the
reappearance of specific Replikin compositions that
were last seen in the high mortality H3N2 pandemic of
1968, and in the two high mortality epidemics of 1975
and 1977, but were absent for 20-25 years, together
may be a warning of coming epidemics. This high degree
of conservation of Replikin structures observed,
whereby the identical structure can persist for 100
years, or reappear after an absence of from one to 64
years, indicate that what was previously thought to be
change due to random substitution of amino acids in
influenza proteins is more likely to be change due to
an organized process of conservation of Replikins.
[00071] The conservation of Replikins is not unique to
influenza virus but was also observed in other
sources, for example in foot and mouth disease virus,
type 0, HIV tat, and wheat. [00072] A third functional
basis for Replikins' role in rapid replication is seen
in the increase in rapid replication in HIV. Replikin
concentration was shown to be related to rapid
replication in HIV. We found the Replikin
concentration in the slow growing low-titre strain of
HIV (NSl, "Bru"), which is prevalent in early stage
infection, to be one-sixth of the Replikin
concentration in the rapidly-growing high-titre strain
of HIV (SI, "Lai")(prevalent in late stage HIV
infection). [00073] Further examples demonstrate the
relationship of Replikins to rapid replication. In the
"replicating protein," of tomato leaf curl gemini
virus, which devastates tomato crops, the first 161
amino acids, the sequence that has been shown to bind
to DNA, was shown to contain five Replikins. In
malaria, legendary for rapid replication when
trypanosomes are released from the liver in the tens
of thousands from one trypanosome, multiple, novel,
almost 'flamboyant' Replikin structures have been
found with concentrations of up to 36 overlapping
Replikins per 100 amino acids. [00074] The
conservation of any structure is critical to whether
that structure provides a stable invariant target to
attack and destroy or to stimulate. When a structureis
tied in some way to a basic survival mechanism of the
organism, the structures tend to be conserved. A
varying structure provides an inconstant target, which
is a good strategy for avoiding attackers, such as
antibodies that have been generated specifically
against the prior structure and thus are ineffective
against the modified form. This strategy is used by
influenza virus, for example, so that a previous
vaccine may be quite ineffective against the current
virulent virus. Replikins as Stable Targets for
Treatment [00075] Both bacteria and HIV have both
Replikin and non-Replikin amino acids. In HIV, for
example, there has been a recent increase in
drug-resistance from 9% to 13% due to mutation, that
is, substitution of amino acids not essential to the
definition of the Replikin structure. (See detailed
analysis of TAT protein of HIV discussed herein). In
bacteria, the development of 'resistant strains' is
due to a similar mechanism. However, we have found
that Replikin structures do not mutate or change to
the same degree as non Replikin amino acids (see also
discussion of foot and mouth disease virus
conservation of Replikins discussed herein; further
see discussion of conservation of coronavirus
Replikins discussed herein). The Replikin structures,
as opposed to the non-Replikin structures are
conserved and thus provide new constant targets for
treatment. [00076] Certain structures too closely
related to survival functions apparently cannot change
constantly. Because an essential component of the
Replikin structure is histidine (h), which is know for
its frequent binding to metal groups in redox enzymes
and probable source of energy needed for replication,
and since this histidine structure remains constant,
this structure remains all the more attractive a
target for destruction or stimulation. [00077] From a
proteomic point of view, the inventors' construction
of a template based on the newly determined glioma
peptide sequence led them to the discovery of a wide
class of proteins with related conserved structures
and a particular function, in this case replication.
Examples of the increase in Replikin concentration
with virulence of a disease include, influenza, HIV,
cancer and tomato leaf curl virus. This newly
recognized class of structures is related to the
phenomenon of rapid replication in organisms as
diverse as influenza, yeast, algae, plants, the gemini
curl leaf tomato virus, HIV and cancer.[00078]
Replikin concentration and composition provide new
quantitative methods to detect and control the process
of replication, which is central to the survival and
dominance of each biological population. The sharing
of immunological specificity by diverse members of the
class, as demonstrated with antimalignin antibody for
the glioma and related cancer Replikins, suggests that
B cells and their product antibodies may recognize
Replikins by means of a similar recognition language,
[00079] Examples of peptide sequences of cancer
Replikins or as containing a Replikin, i.e., a
homologue of the glioma peptide, kagvaflhkk, may be
found in such cancers of, but not limited to, the
lung, brain, liver, soft-tissue, salivary gland,
nasopharynx, esophagus, stomach, colon, rectum,
gallbladder, breast, prostate, uterus, cervix,
bladder, eye, forms of melanoma, lymphoma, leukemia,
and kidney. [00080] Replikins provide for: 1)
detection of pathogens by qualitative and quantitative
determinations of Replikins; 2) treatment and control
of a broad range of diseases in which rapid
replication is a key factor by targeting native
Replikins and by using synthetic Replikins as
vaccines; and 3) fostering increased growth rates of
algal and plant foods. [00081] The first Replikin
sequence to be identified was the cancer cell Replikin
found in a brain cancer protein, malignin, which was
demonstrated to be enriched ten fold during rapid
anaerobic replication of glioblastoma multiforme
(glioma) cells. (Figure 2) Malignin is a 10KDa portion
of the 250 KDa glycoprotein 1OB, which was isolated in
vivo and in vitro from membranes of glioblastoma
multiforme (glioma) cells. Hydrolysis and mass
spectroscopy of malignin revealed a 16-mer peptide
sequence, ykagvaflhkkndide (SEQ ID NO:4), which is
referred to herein as the glioma Replikin and which
includes the shorter peptide, kagvaflhkk (SEQ ID NO:
1), both of which apparently are absent in the normal
human genome.Table 1 16-mer peptide sequence
YKAGVAFLHKKNDIDE obtained from malignin by hydrolysis
and mass spectrometry [00082] When the 16-mer glioma
Replikin was synthesized and injected as a synthetic
vaccine into rabbits, abundant antimalignin antibody
was produced. (Bogoch et al., Cancer Detection and
Prevention, 26 (Suppl. 1): 402 (2002)). The
concentration of antimalignin antibody in serum in
vivo has been shown to relate quantitatively to the
survival of cancer patients. (Bogoch et al., Protides
of Biological Fluids, 3 1:739-747 (1984). In vitro
antimalignin antibodies have been shown to be
cytotoxic to cancer cells at a concentration of
picograms (femtomolar) per cancer cell. (Bogoch et
al., Cancer Detection and Prevention, 26 (Suppl. 1):
402 (2002).[00083] Studies carried out by the
inventors showed that the glioma Replikin is not
represented in the normal healthy human genome.
Consequently, a search for the origin and possible
homologues of the Replikin sequence was undertaken by
analysis of published sequences of various organisms.
[00084] By using the 16-mer glioma Replikin sequence
as a template and constructing a recognition proteomic
system to visually scan the amino acid sequences of
proteins of several different organisms, a new class
of peptides, the Replikins, was identified. The
present invention provides a method for identifying
nucleotide or amino acid sequences that include a
Replikin sequence. The method is referred to herein as
a 3-point-recognition method. The three point
recognition method comprises: a peptide from 7 to
about 50 amino acids including (1) at least one lysine
residue located six to ten amino acid residues from a
second lysine residue; (2) at least one histidine
residue; and (3) at least 6% lysine residues.
(Replikin). These peptides or proteins constitute a
new class of peptides in species including algae,
yeast, fungi, amoebae, bacteria, plant, virus and
cancer proteins having replication, transformation, or
redox functions. Replikin peptides have been found to
be concentrated in larger 'replicating' and
'transforming' proteins (so designated by their
investigators, See Table 2) and cancer cell proteins.
No sequences were found to be identical to the
malignin 16-mer peptide. [00085] The present invention
further provides a method for identifying nucleotide
or amino acid sequences that include a Replikin
sequence comprising from 7 to about 50 amino acids
including (1) at least one first lysine located at
either terminus of the isolated or synthesized
peptide, (2) a second lysine located six to ten
residues from the first lysine residue; (3) at least
one histidine; and (4) at least 6% lysines. In another
aspect of the invention the isolated or synthesized
peptides are influenza virus peptides. In yet another
aspect of the invention, the isolated or synthesized
peptides are H5N1 



influenza virus peptides.Table 2 Examples of Replikins
in various organisms - prototype: Glioma Replikin*
KAGVAFLHKK (SEQ ID NO:!)[00086] Identification of an
amino acid sequence as a Replikin or as containing a
Replikin, i.e., a homologue of the glioma peptide,
kagvaflhkk, requires that the three following
requirements be met. According to the three point
recognition system the sequences have three elements:
(1) at least one lysine residue located six to ten
residues from another lysine residue; (2) at least one
histidine residue; and (3) a composition of at least
6% lysine within an amino acid sequence of 7 to about
50 residues. An exemplary non-limiting Replikin
comprises a terminal lysine. [00087] Databases were
searched using the National Library of Medicine
keyword "PubMed" descriptor for protein sequences
containing Replikin sequences. Over 4,000 protein
sequences were visually examined for homologues.
Sequences of all individual proteins within each group
of PubMed-classified proteins were visually scanned
for peptides meeting the three above-listed
requirements. An infrequent occurrence of homologues
was observed in "virus peptides" as a whole (1.5%)
(N=953), and in other peptides not designated as
associated with malignant transformation or
replication such as "brain peptides" and
"neuropeptides" (together 8.5%) (N=845). However,
surprisingly, homologues were significantly more
frequently identified in large "replicating proteins,"
which were identified as having an established
function inreplication in bacteria, algae, and
viruses. Even more surprising was the finding that
Replikin homologues occurred in 100% of "tumor
viruses" (N=250), in 97% of "cancer proteins" (N=401),
and in 85% of "transforming viruses" (N=248). These
results suggest that there are shared properties of
cancer pathogenesis regardless of cell type and
suggest a role of viruses in carcinogenesis, i.e.,
conversion of cells from a transformed albeit dormant
state to a more virulent actively replicating state.
[00088] Homologues of the following amino acid
sequence, kagvaflhkk, as defined by the three point
recognition method, were found in such viruses, or
viral peptides, as, but not limited to, adenovirus,
lentivirus, a-virus, retrovirus, andeno-associated
virus, human immunodeficiency virus, hepatitis virus,
influenza virus, maize streak virus, herpes virus,
bovine herpes virus, feline immunodeficiency virus,
foot and mouth disease virus, small pox virus, rous
sarcoma virus, neuroblastoma RAS viral oncogene,
polyamavirus, sindbis, human papilloma virus,
myelomonocytic tumor virus, murine acute leukemia,
T-cell lymphotropic virus, and tomato leaf curl virus.
[00089] Furthermore, homologues of the amino acid
sequence kagvafhkk are present in known classes of
coronavirus, which are members of a family of
enveloped viruses that replicate in the cytoplasm of
host cells. Additionally, the homologue of the amino
acid sequence kagvatlhkk is present in the recently
identified class of coronavirus responsible for severe
acute respiratory syndrome, or SARS. The replikin is
located in the nucleocapsid whole protein sequence of
the SARS coronavirus. In addition, the location of the
replikins is present in other members of the
coronavirus class and, more specifically, are also
present in the nucleocapsid protein sequences from
these coronaviruses. [00090] Replikins are present in
such bacteria as, but not limited to, Acetobacter,
Achromobacter, Actinomyces, Aerobacter, Alcaligenes,
Arthrobacter, Azotobacter, Bacillus, Brevibacterium,
Chainia, Clostridium, Corynebacterium, Erwinia,
Escheria, Lebsiella, Lactobacillus, Haemophilus,
Flavobacterium, Methylomonas, Micrococcus,
Mycobacterium, Micronomspora, Mycoplasma, Neisseria,
Nocardia, Proteus, Pseudomonas, Rhizobium, Salmonella,
Serratia, Staphylococcus, Streptocossus, Streptomyces,
Streptosporangium, Strepto-virticillium, Vibrio
peptide, and Xanthomas. Replikins are present in such
fungi as, but not limited to, Penicillium, Diseula,
Ophiostoma novo-ulim, Mycophycophta, Phytophthora
infestans, Absidia, Aspergillus, Candida,
Cephalosporium, Fusarium, Hansenula, Mucor,
Paecilomyces, Pichia,Rhizopus, Torulopsis,
Trichoderma, and Erysiphe. Replikins are present in
such yeast as, but not limited to, Saccharomyces,
Cryptococcus, including Cryptococcusneoformas,
Schizo-saccharomyces, and Oryza. Replikins are present
in algae such as, but not limited to, Caldophera,
Isolepisprolifera, Chondrus, Gracilaria, Gelidium,
Caulerpa, Laurencia, Cladophexa, Sargassum,
Penicillos, Halimeda, Laminaria, Fucus, Ascophyllum,
Undari, Rhodymenia, Macrocystis, Eucheuma, Ahnfeltia,
and Pteroclasia. Replikins are present in amoeba such
as, but not limited to, Entamoeba (including Entamoeba
invadens), Amoebidae, Acanthamoeba and Naegleria.
Replikins are present in plants such as, but not
limited to, Arabidopsis, wheat, rice, and maize.
Auxiliary Specifications [00091] To permit
classification of subtypes of Replikins, additional or
"auxiliary specifications" to the basic
"3-point-recognition" requirements may be added: (a)
on a structural basis, such as the common occurrence
of adjacent di- and polylysines in cancer cell
proteins (e.g., transforming protein P21B(K-RAS 2B),
lung, Table 2, SEQ ID NO: 89), and other adjacent
di-amino acids in TOLL-like receptors, or b) on a
functional basis, such as exhibiting ATPase, tyrosine
kinase or redox activity as seen in Table 2.
Functional Derivatives [00092] "Functional
derivatives" of the Replikins as described herein are
fragments, variants, analogs, or chemical derivatives
of the Replikins, which retain at least a portion of
the immunological cross reactivity with an antibody
specific for the Replikin. A fragment of the Replikin
peptide refers to any subset of the molecule. Variant
peptides may be made by direct chemical synthesis, for
example, using methods well known in the art. An
analog of a Replikin to a non-natural protein
substantially similar to either the entire protein or
a fragment thereof. Chemical derivatives of a Replikin
contain additional chemical moieties not normally a
part of the peptide or peptide fragment. Replikins and
Replication [00093] As seen in Figure 2, during
anaerobic respiration when the rate of cell
replication is increased, malignin is enriched. That
is, malignin is found to increase not simply in
proportion to the increase in cell number and total
membrane proteins, but is enriched as much as ten-fold
in concentration, starting with 3% at rest and
reaching30% of total membrane protein. This clear
demonstration of a marked increase in Replikin
concentration with glioma cell replication points to,
and is consistent with, the presence of Replikins
identified with the 3-point recognition method in
various organisms. For example, Replikins were
identified in such proteins as "Saccharomyces
cerevisiae replication binding protein" (SEQ ID NO: 2)
(hsikrelgiifdk); the "replication associated protein A
of maize streak virus" (SEQ ID NO: 8) (kyivcareahk)
and (SEQ ID NO: 9) (kekkpskdeimrdiish); the
"replicationassociated protein of Staphylococcus
aureus" (SEQ ID NO: 10) (kkektthnk); the "DNA
replication protein of bovine herpes virus 4" (SEQ ID
NO: 11) (hkinitngqk); and the "Mealigrid herpes virus
1 replication binding protein" (SEQ ID NO: 12)
(hkdlyrllmk). Previous studies of tomato leaf curl
gemini virus show that the regulation of virus
accumulation appears to involve binding of amino acids
1-160 of the "replicating protein" of that virus to
leaf DNA and to other replication protein molecules
during virus replication. Analysis of this sequence
showed that amino acids 1-135 of this "replicating
protein" contain a replikin count (concentration) as
high as 20.7 (see section on tomato leaf curl Gemini
virus.) [00094] Table 2 shows that Replikin-containing
proteins also are associated frequently with redox
functions, and protein synthesis or elongation, as
well as with cell replication. The association with
metal-based redox functions, the enrichment of the
Replikin-containing glioma malignin concentration
during anaerobic replication, and the cytotoxicity of
antimalignin at low concentrations (picograms/cell)
(Figure 4C- 4F), all suggest that the Replikins are
related to central respiratory survival functions,
have been found less often subjected to the mutations
characteristic of non-Replikin amino acids. Replikins
in Influenza Epidemics [00095] Of particular interest,
it was observed that at least one Replikin per 100
amino acids was found to be present in the
hemagglutinin proteins of almost all of the individual
strains of influenza viruses examined. The Replikin
sequences that were observed to occur in the
hemagglutinin proteins of isolates of each of the four
prevalent strains of influenza virus, influenza
B5HlNl, H2N2, and H3N2, for each year that amino acid
sequence data are available (1902-2001), are shown in
Tables 3, 4, 5 and 6. [00096] Both the concentration
and type, i.e., composition of Replikins observed,
were found to relate to the occurrence of influenza
pandemics and epidemics. Theconcentration of Replikins
in influenza viruses was examined by visually scanning
the hemagglutinin amino acid sequences published in
the National Library of Medicine "PubMed" data base
for influenza strains isolated world wide from human
and animal reservoirs year by year over the past
century, i.e., 1900 to 2001. These Replikin
concentrations (number of Replikins per 100 amino
acids, mean +/- SD) were then plotted for each strain.
[00097] The concentration of Replikins was found to
directly relate to the occurrence of influenza
pandemics and epidemics. The concentration of
Replikins found in influenza B hemagglutinin and
influenza A strain, HlNl, is shown in Figure 7, and
the concentration of Replikins found in the two other
common influenza virus A strains, H2N2 and H3N2 is
shown in Figure 8 (H2N2, H3N2). The data in Figure 8
also demonstrate an emerging new strain of influenza
virus as defined by its constituent Replikins
(H3N2(R)). [00098] Each influenza A strain has been
responsible for one pandemic: in 1918, 1957, and 1968,
respectively. The data in Figures 7 and 8 show that at
least one Replikin per 100 amino acids is present in
each of the influenza hemagglutinin proteins 



of all isolates of the four common influenza viruses
examined, suggesting a function for Replikins in the
maintenance of survival levels of replication. In the
1990s, during the decline of the H3N2 strain, there
were no Replikins in many isolates of H3N2, but a high
concentration of new Replikins appeared in H3N2
isolates, which define the emergence of the H3N2(R)
strain. See Tables 3, 4, 5 and 6.09425.47376 Table 3
Replikin Sequences present in hemagglutinins of
Influenza B viruses in each year for which amino acid
sequences were available (1940-2001). Influenza B
Replikins Year Detected in Influenza B strain Peak in
Figure 7: kshfanlk (SEQ ID NO: 104)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
kshfanlkgtk (SEQ IDNO: 105)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
kshfanlkgtktrgklcpk(SEQ IDNO: 106)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
hekygglnk (SEQ ID NO: 107)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
hekygglnksk (SEQ ID NO: 108)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
hekygglnkskpyytgehak (SEQ ID NO: 109)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
hakaigncpiwvk (SEQ ID NO: 110)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
hakaigncpiwvktplklangtk (SEQ IDNO: 111)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
hakaigncpiwvktplklangtkyrppak (SEQ IDNO: 112)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
hakaigncp wvktplklangtkyrppakllk (SEQ IDNO: 113)
1940,43,51,59,75,76,77,89,90,93,97,98,99,00,01
k(a/v)silhevk (SEQ ID NO: 119) 1940, 59, 90,93
kvwcasgrskvikgslpligeadclh (SEQ ID NO: 123) 1940,43,
59,75,76,77,89,90, 98,99,00 kpyytgehak (SEQ ID NO:
124) 1940, 59, 89,90,93,97,98, 0 1 hgvavaadlkstqeaink
(SEQ ID NO: 128) 1940, 59, 00
hgvavaadlkstqeainkdtistqeaink (SEQ ID NO: 129)
194009425.47376 hsdneiqmvklygdsk (SEQ ID NO: 116)
hsdneiqdkmvklygdskpqk (SEQ ID NO: 117)
kygglpkskpyytgeh (SEQ ID NO: 122) kcmgtipsakasilhevk
(SEQ ID NO: 125) 1943, 75,76,77, 93 klygdskpqkftssa
pgvtth (SEQ ID NO: 130) 1943, 75,76,77, 93,97, OO
hsdnetqmaklygdskpqk (SEQIDNO: 131) 1943, 75,76,77, 93
hfanlkgtqtrgk (SEQ ID NO: 132) 1959 hfanlkgtktrgk
(SEQIDNO: 114) 1976, 89,90, 99,00,01 hfanlkgtktrgklcpk
(SEQIDNO: 115) 1976, 90 00,01 kprsalkckgfh (SEQ ID NO:
133) 1988 kctgtipsakaslhevk (SEQIDNO: 121) 1993
hnvipaekapggpyk (SEQ ID NO: 126) 1993,97, OO
hsdnetqmaklygdsk (SEQ ID NO: 127) 1993,97, OO
hsdneiqmvklygdskpqk (SEQIDNO: 118) 1997,98, 00
kctgtipsakasilh (SEQIDNO: 120) 2000
kskpyytgehakai(g/a)ncpiwvk (SEQ ID NO: 134) 2000 1.
Influenza B has not been responsible for any human
pandemic. 2. Abbreviation for years: e.g., "43" =
1943, "01" = 2001. 3. The first year that a given
Replikin appears is indicated at the beginning of the
series of years in which that Replikin has been found.
4. Overlapping Replikin sequences are listed
separately. 5. Return of replikins, absent for several
years, in the two years before the epidemic of 1977,
underlined, correlates with increased total Replikin
concentration (Replikin Count = number of Replikins
per 100 amino acid residues). See Figure 7.09425.47376
Table 4 HlNl Replikin Sequences present in HINI
hemagglutinins of Influenza viruses in each year for
which amino acid sequences were available (1918-2000)
HlNl ReplikinYear Detected in Influenza HlNl Strain
Peak in Figure7 : Pi El EU, 12, 1 ElA )
hp(v/i)tigecpkyv(r/k)(s/t)(t/a)k (SEQ ID NO: 135)
1918,25.28.30.31.35.47.48.51.52.55.56.57.59.63.77.79.8
0.81.85.87,88,89,91.92,95.96.97.98.99,0O
hdsnvknly(e/g)kv(k/r)(n/s)ql(k/r)nnak (SEQ ID NO: 136)
1918, 28,30,31 77,79,80, 88, 91, 95, 98
hdsnvknly(e/g)kv(k/r)(n/s)qlk (SEQ ID NO: 137) 1918.
28,30,31, 77,79,80, 88, 91, 95, 98
hkc(nn/dd)(a/t/e)cmesv(r/k)ngtydypkyseesklnre(e/k)idgv
k (SEQ ID NO: 138) 1918. 30, 35, 77, 80, 98
hkc(nn/dd)(a/t/e)cmesv(r/k)ngtydypkyseesk (SEQ ID NO:
139) 1918. 30, 35, 77, 80, 98
hqn(e/g)qgsgyaadqkstqnai(d/n)gitnkvnsviekmntqftavgkefh
klek (SEQ ID NO: 140) 1918, 28,30,31,35, 59, 79, 95
hqn(e/g)qgsgyaadqkstqnai(d/n)gitnkvnsviek (SEQ ID NO:
141) 1918, 28,30,31,35, 59, 79, 95
hqn(e/g)qgsgyaadqkstqnai(d/n)gitnk (SEQ ID NO: 142)
1918. 28,30,31,35, 59, 79, 95 kfeifpktsswpnh (SEQ ID
NO: 143) 1918. 77
kg(n/s/t)sypkl(n/s)ksy(v/t)nnkgkevlvlwgvh (SEQ ID NO:
144) 1918. 35, 77, 96 ksy(v/t)nnkgkevlvlwgvh (SEQ ID
NO: 145) 1918. 35, 77, 96
hkcnnecmesvkngtydypkyseesklnrekidgvk (SEQ ID NO: 146)
1928, 3 95 hkcnnecmesvkngtydypkyseesk (SEQ ID NO: 147)
1928, 31, 9955 hkcnnecmesvkngtydypk (SEQ ID NO: 148)
1928, 3 9955 hkcnnecmesvk (SEQ ID NO: 149) 1928, 31
9955 hngkssfy(k/r)nllwlt(e/g)knglypnlsksyvnnkek (SEQ
ID NO: 150) 1928, 9955,, 0000
hngkssfy(k/r)nllwlt(e/g)knglypnlsksyvnnk (SEQ ID NO:
151) 1928, H , 9955,, 0000REPLIKIN PEPTIDES AND USES
THEREOF [0001] This application claims priority to
U.S. Provisional Appln. Ser. No. 60/653,083, filed
February 16, 2005, and is a continuation-in-part of
U.S. Appln. Ser. No. 11/1 16,203, filed April 28,
2005, which claims priority to U.S. Provisional Appln.
Ser. No. 60/565,847, filed April 28, 2004, and is a
continuation-in-part of U.S. Appln. Ser. No.
10/860,050, filed June 4, 2004, which claims priority
to U.S. Provisional Applns. 60/531,686, filed February
23, 2003, 60/504,958, filed September 23, 2003, and
60/476,186, filed June 6, 2003, and is a
continuation-in-part of U.S. Appln. Ser. No.
10/189,437, filed July 8, 2002, which is a
continuation-in-part of U.S. Appln. Ser. No.
10/105,232, filed March 26, 2002, which is a
continuation-in-part of U.S. Appln. Ser. No.
09/984,057, filed October 26, 2001, which claims
priority from U.S. Provisional Applns. 60/303,396,
filed July 9, 2001, and 60/278,761, filed March 27,
2001 . Each of the foregoing applications is
incorporated herein by reference. Technical Field of
the Invention [0002] This invention relates generally
to two newly discovered classes of peptides that share
structural characteristics and the use of
bioinformatics to search databases of amino acids,
nucleic acids and other biological information to
identify shared structural characteristics. Replikins
are a newly discovered class of peptides that share
structural characteristics and have been correlated
with rapid replication of viruses and organisms.
Replikin Scaffolds are a sub-set of the class of
Replikin peptides. Exoskeleton Scaffolds are another
newly discovered class of peptides that share
structural characteristics and have been correlated
with a decrease in replication. Background of the
Invention [0003] Rapid replication is characteristic
of virulence in certain bacteria, viruses and
malignancies, but no chemistry common to rapid
replication in different organisms has been described.
The inventors have found a family of conserved small
protein sequences related to rapid replication,
Replikins. Such Replikins offer new targets for
developing effective detection methods and therapies.
There is a need in the art for methods of identifying
patterns of amino acids such as Replikins.
Bioinformatic Identification of Amino Acid Sequences
[0004] Identification of amino acid sequences, nucleic
acid sequences and other biological structures may be
aided with the implementation of bioinformatics.
Publicly available databases containing amino acid and
nucleic acid sequence information maybe searched to
identify and define Replikins, Replikin Scaffolds and
Exoskeleton Scaffolds within representative proteins
or protein fragments or genomes or genome fragments.
[0005] Databases of amino acids and proteins are
maintained by a variety of research organizations,
including, for example, the National Center for
Biotechnology Information (NCBI) at the U.S. National
Library of Medicine, and the Influenza Sequence
Database at the Los Alamos National Laboratory. These
databases are typically accessible via the Internet
through web pages that provide a researcher with
capabilities to search for and retrieve specific
proteins. Amino Acid Search Tools [0006] As is known
in the art, databases of proteins and amino acids may
be searched using a variety of database tools and
search engines. Using these publicly available tools,
patterns of amino acids may be described and located
in many different proteins corresponding to many
different organisms. Several methods and techniques
are available by which patterns of amino acids may be
described. One popular format is the PROSITE pattern.
A PROSITE pattern description may be assembled
according to the following rules: (1) The standard
International Union of Pure and Applied Chemistry
(IUPAC) one-letter codes for the amino acids are used
(see FIG. 12). (2) The symbol 'x' is used for a
position where any amino acid is accepted. (3)
Ambiguities are indicated by listing the acceptable
amino acids for a given position, between square
parentheses '[ ]'. For example: [ALT] would stand for
Alanine or Leucine or Threonine. (4) Ambiguities are
also indicated by listing between a pair of curly
brackets '{ }' the amino acids that are not accepted
at a given position. For example: {AM} stands for any
amino acid except Alanine and Methionine. (5) Each
element in a pattern is separated from its neighbor by
a '-'. (6) Repetition of an element of the pattern can
be indicated by following that element with a
numerical value or a numerical range between
parentheses. Examples: x(3) corresponds to x-x-x,
x(2,4) corresponds to x-x or x-x-x or x-x-x-x.(7) When
a pattern is restricted to either the N- or C-terminal
of a sequence, that pattern either starts with a '<'
symbol or respectively ends with a '>' 



symbol. (8) A period ends the pattern. [0007] Examples
of PROSITE patterns include: PA [AC]-x-V-x(4)-{ED}.
This pattern is translated as: [Alanine or Cysteine]
-any- Valine -any-any-any-any-{any but Glutamic Acid
or Aspartic Acid} PA <A-x-[ST](2)-x(0,l)-V. This
pattern, which must be in the Nterminal of the
sequence ('<'), is translated as: Alanine -any-[Serine
or Threonine]-[ Serine or Threonine] -(any or
none)-Valine. [0008] Another popular format for
describing amino acid sequence patterns is the regular
expression format that is familiar to computer
scientists. In computer science, regular expressions
are typically used to describe patterns of characters
for which finite automata can be automatically
constructed to recognize tokens in a language.
Possibly the most notable regular expression search
tool is the Unix utility grep. [0009] In the context
of describing amino acid sequence patterns, a
simplified set of regular expression capabilities is
typically employed. Amino acid sequence patterns
defined by these simple regular expression rules end
up looking quite similar to PROSITE patterns, both in
appearance and in result. A regular expression
description for an amino acid sequence may be created
according to the following rules: (1) Use capital
letters for amino acid residues and put a "-" between
two amino acids (not required). (2) Use "[. ..]" for a
choice of multiple amino acids in a particular
position. [LIVM] means that any one of the amino acids
L, I, V, or M can be in that position. (3) Use "{...}"
to exclude amino acids, Thus, {CF} means C and F
should not be in that particular position. In some
systems, the exclusion capability can be specified
with a "L" character. For example, LG would represent
all amino acids except Glycine, and [LILMV] would
represents all amino acids except I, L, M, and V. (4)
Use "x" or "X" for a position that can be any amino
acid. (5) Use "(n)", where n is a number, for multiple
positions. For example, x(3) is the same as "xxx".(6)
Use "(nl,n2)" for multiple or variable positions.
Thus, x(l,4) represents "x" or "xx" or "xxx" or
"xxxx". (7) Use the symbol ">" at the beginning or end
of the pattern to require the pattern to match the N
or C terminus. For example, ">MDEL" finds only
sequences that start with MDEL. "DEL>" finds only
sequences that end with DEL. [00010] The regular
expression, "[LIVM]-[VIC]-X (2)-G-[DENQTA]-x-[GAC]-x
(2)-[LIVMFY](4)-x (2)-G" illustrates a 17 amino acid
peptide that has: an L, I, V, or M at position 1; a V,
I, or C at position 2; any residue at positions 3 and
4; a G at position 5 and so on .... [00011] Other
similar formats are in use as well. For example, the
Basic Local Alignment Search Tool (BLAST) is a
well-known system available on the Internet, which
provides tools for rapid searching of nucleotide and
protein databases. BLAST accepts input sequences in
three formats: FASTA sequence format, NCBI Accession
numbers, or GenBank sequence numbers. However, these
formats are even simpler in structure than regular
expressions or PROSITE patterns. An example sequence
in FASTA format is: >gi|532319|pir|TVFV2E|TVFV2E
envelope protein
ELRLRYCAPAGFALLKCNDADYDGFKTNCSNVSVVHCTNLMNTTVTT
GLLLNGSYSENRT
QIWQKHRTSNDSALILLNKHYNLTVTCKRPGNKTVLPVTIMAGLVFHS
QKYNLRLRQAWC
HFPSNWKGAWKEVKEEIVNLPKERYRGTNDPKRIFFQRQWGDPETANL
WFNCHGEFFYCK
MDWFLNYLNNLTVDADHNECKNTSGTKSGNKRAPGPCVQRTYVACHI
RSVIIWLETISKK
TYAPPREGHLECTSTVTGMTVELNYIPKNRTNVTLSPQIESIWAAELDRY
KLVEITPIGF
APTEVRRYTGGHERQKRVPFVXXXXXXXXXXXXXXXXXXXXXXVQS
QHLLAGILQQQKNL LAAVEAQQQMLKLTIWGVK [00012] Features of
the BLAST system include sequence comparison
algorithms that are used to search sequence databases
for regions of local alignments in order to
detectrelationships among sequences which share
regions of similarity. However, the BLAST tools are
limited in terms of the structure of amino acid
sequences that can be discovered and located. For
example, BLAST is not capable of searching for a
sequence that has "at least one lysine residue located
six to ten amino acid residues from a second lysine
residue," as required by a Replikin pattern, for
example. Nor is BLAST capable of searching for amino
acid sequences that contain a specified percentage or
concentration of a particular amino acid, such as a
sequence that has "at least 6% lysine residues." Need
for Replikin Search Tools [00013] As can be seen from
its definition, a Replikin pattern description cannot
be represented as a single linear sequence of amino
acids. Thus, PROSITE patterns and regular expressions,
both of which are well suited to describing ordered
strings obtained by following logical set-constructive
operations such as negation, union and concatenation,
are inadequate for describing Replikin patterns.
[00014] In contrast to linear sequences of amino
acids, a Replikin pattern is characterized by
attributes of amino acids that transcend simple
contiguous ordering. In particular, the requirement
that a Replikin pattern contain at least 6% lysine
residues, without more, means that the actual
placement of lysine residues in a Replikin pattern is
relatively unrestricted. Thus, in general, it is not
possible to represent a Replikin pattern description
using a single PROSITE pattern or a single regular
expression. [00015] Accordingly, there is a need in
the art for a system and method to scan a given amino
acid sequence and identify and count all instances of
a Replikin pattern. Similarly, there is a need in the
art for a system and method to search protein
databases and amino acid databases for amino acid
sequences that match a Replikin pattern. Additionally,
there is a need in the art for a generalized search
tool that permits researchers to locate amino acid
sequences of arbitrary specified length that includes
any desired combination of the following
characteristics: (1) a first amino acid residue
located more than N positions and less than M
positions away from a second amino acid residue; (2) a
third amino acid residue located anywhere in the
sequence; and (3) the sequence contains at least R
percent of an amino acid residue. Finally, the
shortcomings of the prior art are even more evident in
research areas relating to disease prediction and
treatment. There is a significant need in the art for
a system to predict in advance the occurrence of
disease (for example, to predict strain-specific
influenzaepidemics) and similarly to enable synthetic
vaccines to be designed based on amino acid sequences
or amino acid motifs that are discovered to be
conserved over time and which have not been previously
detectable by prior art methods of searching proteins
and amino acid sequences. SUMMARY OF THE INVENTION
[00016] The present invention provides a method for
identifying nucleotide or amino acid sequences that
include a Replikin sequence. The method is referred to
herein as a 3-point-recognition method. By use of the
"3-point recognition" method, peptides comprising from
7 to about 50 amino acids including (1) at least one
lysine residue located six to ten amino acid residues
from a second lysine residue; (2) at least one
histidine residue; and (3) at least 6% lysine residues
and having replication, transformation, or redox
functions may be identified. [00017] An aspect of the
present invention provides a method of identifying a
Replikin Scaffold in a virus or organism comprising
identifying a series of Replikin Scaffold peptides
comprising about 16 to about 30 amino acids comprising
(1) a terminal lysine and a lysine immediately
adjacent to said terminal lysine; (2) a terminal
histidine and a histidine immediately adjacent to said
terminal histidine, (3) a lysine within about 6 to
about 10 amino acids from another lysine; and (4) at
least 6% lysines. [00018] An aspect of the invention
may provide a method of identifying a Replikin
Scaffold peptide in a virus or organism comprising
about 16 to about 30 amino acids comprising (1) a
terminal lysine and a lysine immediately adjacent to
the terminal lysine; (2) a terminal histidine and a
histidine immediately adjacent to the terminal
histidine, (3) a lysine within about 6 to about 10
amino acids from another lysine; and (4) at least 6%
lysines. [00019] An aspect of the invention may also
provide a method of making a preventive or therapeutic
virus vaccine comprising identifying a Replikin
Scaffold comprising about 16 to about 30 amino acids
and synthesizing said Replikin Scaffold as a
preventive or therapeutic virus vaccine wherein said
Replikin Scaffold further comprises: (1) a terminal
lysine and a lysine immediately adjacent to the
terminal lysine; (2) a terminal histidine and a
histidine immediately adjacent to the terminal
histidine; (3) a lysine within about 6 to about 10
amino acids from another lysine; and (4) at least 6%
lysines. The Replikin Scaffold may contain influenza
virus peptide Replikins. A Replikin Scaffold may
further comprise a group of Replikins comprising :(1)
a terminal lysine and a lysine immediately adjacent to
the terminal lysine; (2) a terminal histidine and a
histidine immediately adjacent to the terminal
histidine; (3) a lysine within about 6 to about 10
amino acids from another lysine; and (4) at least 6%
lysines. [00020] An aspect of the invention may
provide a method of identifying an 



Exoskeleton Scaffold wherein a Replikin Scaffold is
identified in a first strain of virus or organism and
the Exoskeleton Scaffold is identified in a
later-arising strain of said virus or organism wherein
said Exoskeleton Scaffold comprises an amino acid
sequence comprising the same number of amino acids as
the Replikin Scaffold and further comprising (1) two
terminal lysines, (2) two terminal histidines, and (3)
no lysine within about 6 to about 10 amino acids from
another lysine. [00021] In an aspect of the invention
an isolated or synthesized influenza virus peptide is
provided with from 7 to about 50 amino acids, at least
one lysine residue located six to ten residues from a
second lysine residue, at least one histidine residue
and at least 6% lysine residues. In a further aspect
the peptide comprises a terminal lysine. In yet a
further aspect the peptide is present in an emerging
strain of influenza virus such as the influenza virus
strain H5N1. [00022] In another aspect of the
invention an isolated or synthesized influenza virus
peptide is provided comprising the H5N1 peptide
KKNSTYPTIKRSYNNTNQEDLLVLWGIHH. [00023] In another
aspect of the invention, an isolated or synthesized
influenza virus peptide is provided having about 16 to
about 30 amino acids; a terminal lysine and a lysine
immediately adjacent to the terminal lysine; a
terminal histidine and a histidine immediately
adjacent to the terminal histidine; a lysine within
about 6 to about 10 amino acids from another lysine;
and at least 6% lysines. [00024] In another aspect of
the invention, a preventive or therapeutic virus
vaccine is provided having at least one isolated or
synthesized peptide of influenza virus with at least
one lysine residue located six to ten residues from a
second lysine residue; at least one histidine residue;
and at least 6% lysine residues. In a further aspect
of the invention the isolated or synthesized peptide
is present in an emerging strain of influenza virus or
is present in an H5N1 strain of influenza virus.
[00025] In yet a further aspect of the invention, a
preventive or therapeutic virus vaccine comprises the
peptide KKNSTYPTIKRSYNNTNQEDLLVLWGIHH
havingalternatively a synthetic UTOPE tail, an
adjuvant, or a combination thereof. In yet a further
aspect, the preventive or therapeutic virus vaccine
comprises a pharmaceutically acceptable carrier.
[00026] In a further aspect of the invention the
preventive or therapeutic virus vaccine comprises the
peptide KKNSTYPTIKRSYNNTNQEDLLVLWGIHHKKKKHKKKKKHKKLH.
[00027] In yet another aspect of the invention a
method of stimulating the immune system of a subject
to produce antibodies to influenza virus is provided
comprising administering an effective amount of at
least one isolated or synthesized influenza virus
Replikin peptide comprising from 7 to about 50 amino
acids comprising (1) at least one lysine residue
located six to ten amino acid residues from a second
lysine residue; (2) at least one histidine residue;
and (3) at least 6% lysine residues. [00028] In a
further aspect, in the method of stimulating the
immune system the administered Replikin peptide may
further comprise a pharmaceutically acceptable carrier
and/or adjuvant and prevent or treat an influenza
infection. The method of stimulating the immune system
may further comprise an isolated or synthesized
influenza virus peptide present in an emerging virus
or present in an H5N1 strain of influenza virus. The
method may further comprise administration of the
peptide KKNSTYPTIKRSYNNTNQEDLLVLWGIHHKKKKHKKKKKHKKLH.
[00029] An aspect of the invention may also provide a
method comprising: applying a plurality of criteria to
data representing protein sequences; based on the
criteria, identifying an arbitrary sub-sequence within
the protein sequences; and outputting the identified
sub-sequence to a data file; wherein the criteria
include: a set {a}of amino acids to be included in the
sub-sequence; a set {b} of amino acids to be excluded
from the sub-sequence; and a minimum and a maximum
permissible gap between members of sets {a} and {b}.
Within the method the protein sequences may be
obtained via a network. An aspect of the invention may
further comprise a machine-readable medium storing
computer-executable instructions to perform such a
method. [00030] An aspect of the invention may further
provide a method comprising applying a plurality of
criteria to data representing protein sequences; based
on the criteria, identifying a sub-sequence within the
protein sequences, the identified sub sequence having
a predetermined allowed range of distance between
lysine amino acids thereof, and a predetermined
allowed range of distance between a histidine amino
acidand a farthest Lysine acid thereof; and outputting
an identified sub-sequence to a data file. The protein
sequences may be obtained via a network. A
machine-readable medium storing computer-executable
instructions may perform such a method. BRIEF
DESCRIPTION OF THE DRAWINGS [00031] Figure 1 is a bar
graph depicting the frequency of occurrence of
Replikins in various organisms. [00032] Figure 2 is a
graph depicting the percentage of malignin per
milligram total membrane protein during anaerobic
replication of glioblastoma cells. [00033] Figure 3 is
a bar graph showing amount of antimalignin antibody
produced in response to exposure to the recognin
16-mer. [00034] Figure 4A is a photograph of a blood
smear taken with ordinary and fluorescent light.
Figure 4B is a photograph of a blood smear taken with
ordinary and fluorescent light illustrating the
presence of two leukemia cells. Figure 4C is a
photograph of a dense layer of glioma cells in the
presence of antimalignin antibody. Figure 4D and
Figure 4E are photographs of the layer of cells in
Figure 4C taken at 30 and 45 minutes following
addition of antimalignin antibody. [00035] Figure 4F
is a bar graph showing the inhibition of growth of
small cell lung carcinoma cells in vitro by
antimalignin antibody. [00036] Figure 5 is a plot of
the amount of antimalignin antibody present in the
serum of patients with benign or malignant breast
disease pre-and post surgery. [00037] Figure 6 is a
box diagram depicting an aspect of the invention
wherein a computer is used to carry out the
3-point-recognition method of identifying Replikin
sequences. [00038] Figure 7 is a graph showing the
concentration of Replikins observed in hemagglutinin
of influenza B and influenza A strain, HlNl, on a year
by year basis from 1940 through 2001. [00039] Figure 8
is a graph of the Replikin concentration observed in
hemagglutinin of influenza A strains, H2N2 and H3N2,
as well as an emerging strain defined by its
constituent Replikins, designated H3N2(R), on a year
by year basis from 1950 to 2001. [00040] Figure 9 is a
graph depicting the Replikin count per year for
several virus strains, including the coronavirus
nucleocapsid Replikin, from 1917 to 2002. [00041]
Figure 10 is a chart depicting the mean Replikin count
per year for nucleocapsid coronavirus isolates.[00042]
Figure 11 is a chart depicting the Replikin count per
year for H5N1 Hemagglutinins. [00043] Figure 12 is a
conversion table that enables amino acids to be
encoded as single alphabetic characters according to a
standard supplied by the International Union of Pure
and Applied Chemistry (IUPAC). [00044] Figure 13 is a
printout of a human cancer protein obtained by
searching a protein database maintained by the
National Center for Biotechnology Information (NCBI).
[00045] Figure 14 is a conversion table illustrating a
correspondence between nucleic acid base triplets and
amino acids. [00046] Figure 15 is a graph illustrating
a rapid increase in the concentration of Replikin
patterns in the hemagglutinin protein of the H5N1
strain of influenza prior to the outbreak of three
"Bird Flu" epidemics. Figure 15 illustrates that
increasing replikin concentration ('Replikin Count')
of hemagglutinin protein of H5N1 preceded three 'Bird
Flu' Epidemics. In H5N1 influenza, the increasing
strain-specific replikin concentration (Replikin
Count, Means+/-SD) 1995 to 1997 preceded the Hong Kong
H5N1 epidemic of 1997 (El); the increase from 1999 to
2001 preceded the epidemic of 2001 (E2); and the
increase from 2002 to 2004 preceded the epidemic in
2004 (E3). The decline in 1999 occurred with the
massive culling of poultry in response to the El
epidemic in Hong Kong. [00047] Figure 16 is a table
illustrating selected examples of Replikin patterns
that have been found in various organisms. [00048]
Figure 17 is a high-level block diagram of a computer
system incorporating a system and method for
identifying Replikin patterns in amino acid sequences,
in accordance with an aspect of the present invention.
[00049] Figure 18 is a simple flow chart illustrating
a general method for locating a Replikin pattern in a
sequence of amino acids, according to an aspect of the
present invention. [00050] Figure 19 is a flow chart
illustrating a generalized method for locating a
plurality of Replikin-like patterns in a sequence of
amino acids, according to an aspect of the present
invention.[00051] Figure 20 is a source code listing
containing a procedure for discovering Replikin
patterns in a sequence of amino acids, in accordance
with an aspect of the present invention. [00052]
Figure 2 1 is a table illustrating Replikin Scaffolds
occurring in substantially fixed amino acid positions
in different proteins. [00053] Figure 22 is a
simplified block diagram of a computer system platform
useful with the present invention. DETAILED
DESCRIPTION OF THE INVENTION Definitions [00054] As
used herein, the term "peptide" or "protein" refers to
a compound of two 



or more amino acids in which the carboxyl group of one
is united with an amino group of another, forming a
peptide bond. The term peptide is also used to denote
the amino acid sequence encoding such a compound. As
used herein, "isolated" or "synthesized" peptide or
biologically active portion thereof refers to a
peptide that is after purification substantially free
of cellular material or other contaminating proteins
or peptides from the cell or tissue source from which
the peptide is derived, or substantially free from
chemical precursors or other chemicals when chemically
synthesized by any method, or substantially free from
contaminating peptides when synthesized by recombinant
gene techniques. [00055] As used herein, a Replikin
peptide or Replikin protein is an amino acid sequence
having 7 to about 50 amino acids comprising: (1) at
least one lysine residue located six to ten amino acid
residues from a second lysine residue; (2) at least
one histidine residue; (3) at least 6% lysine
residues. Similarly, a Replikin sequence is the amino
acid sequence encoding such a peptide or protein.
[00056] As used herein, an "earlier-arising" virus or
organism is a specimen of a virus or organism
collected from a natural source of the virus or
organism on a date prior to the date on which another
specimen of the virus or organism was collected. A
"later-arising" virus or organism is a specimen of a
virus or organism collected from a natural source of
the virus or organism on a date subsequent to the date
on which another specimen of the virus or organism was
collected. I l[00057] As used herein, "emerging
strain" as used herein refers to a strain of a virus,
bacterium, fungus, or other organism identified as
having an increased increasing concentration of
Replikin sequences in one or more of its protein
sequences relative to the concentration of Replikins
in other strains of such organism. The increase or
increasing concentration of Replikins occurs over a
period of at least about six months, and preferably
over a period of at least about one year, most
preferably over a period of at least about three years
or more, for example, in influenza virus, but may be a
much shorter period of time for bacteria and other
organisms. [00058] As used herein, "mutation" refers
to change in this structure and properties of an
organism caused by substitution of amino acids. In
contrast, the term "conservation" as used herein,
refers to conservation of particular amino acids due
to lack of substitution. [00059] As used herein,
"replikin count" refers to the number of replikins per
100 amino acids in a protein or organism. A higher
replikin count in a first strain of virus or organism
has been found to correlate with more rapid
replication of the first virus or organism as compared
to a second, earlier- or later-arising strain of the
virus or organism having a lower replikin count.
[00060] As used herein "Replikin Scaffold" refers to a
series of conserved Replikin peptides wherein each of
said Replikin peptide sequences comprises about 16 to
about 30 amino acids and further comprises: (1) a
terminal lysine; (2) a terminal histidine and a
histidine immediately adjacent to the terminal
histidine; (3) a lysine within 6 to 10 amino acid
residues from another lysine; and (4) about 6% lysine.
"Replikin Scaffold" peptides may comprise an
additional lysine immediately adjacent to the terminal
lysine. "Replikin Scaffold" also refers to an
individual member or a plurality of members of a
series of a "Replikin Scaffold." Identification of
Replikins [00061] The identification of a new family
of small peptides related to the phenomenon of rapid
replication, referred to herein as Replikins, provides
targets for detection of pathogens in a sample and
developing therapies, including vaccine development.
In general, knowledge of and identification of this
family of peptides enables development of effective
therapies and vaccines for any organism that harbors
Replikins. Identification of this family of peptides
also provides for the detection of viruses and virus
vaccine development.[00062] For example,
identification of this family of peptides provides for
the detection of influenza virus and provides new
targets for influenza treatment and vaccines including
treatment and vaccines for influenza H5N1 . Further
examples provided by the identification of this family
of peptides include the detection of infectious
disease Replikins, cancer immune Replikins and
structural protein Replikins. [00063] Rapid
replication is characteristic of virulence in certain
bacteria, viruses and malignancies, but no chemistry
common to rapid replication in different organisms has
been described. We have found a family of conserved
small protein sequences related to rapid replication,
which we have named Replikins. Such Replikins offer
new targets for developing effective detection methods
and therapies. The first Replikin found was the glioma
Replikin, which was identified in brain glioblastoma
multiforme (glioma) cell protein, called malignin.
[00064] Hydrolysis and mass spectrometry of malignin
revealed the novel 16-mer peptide sequence which
contains the glioma Replikin. This Replikin was not
found in databases for the normal healthy human genome
and therefore appeared to be derived from some source
outside the body. [00065] We have devised an algorithm
to search for the glioma Replikin or homologue
thereof. Homologues were not common in over 4,000
protein sequences, but were found, surprisingly, in
all tumor viruses, and in the replicating proteins of
algae, plants, fungi, viruses and bacteria. [00066] We
have identified that both 1) Replikin concentration
(number of Replikins per 100 amino acids) and 2)
Replikin composition correlate with the functional
phenomenon of rapid replication. These relationships
provide functional basis for the determination that
Replikins are related quantitatively as well as
qualitatively to the rate of replication. [00067] The
first functional basis for Replikins role to rapid
replication was discovered by the Applicants in glioma
replication. The fact that glioma malignin was found
to be enriched ten-fold compared to the five-fold
increase in cell number and membrane protein
concentration in rapid replication of glioma cells
suggests an integral relationship of the Replikins to
replication. When the glioma Replikin was synthesized
in vitro and administered as a synthetic vaccine to
rabbits, abundant antimalignin antibody was produced.
This establishes the antigenic basis of the
antimalignin antibody in serum (AMAS) test, and
provides the first potential synthetic cancervaccine
and the prototype for Replikin vaccines in other
organisms. With the demonstration of this natural
immune relationship of the Replikins to replication
and this natural immune response to cancer Replikins,
which overrides cell type, based upon the shared
specificity of cancer Replikins and rapid replication,
both passive augmentation of this immunity with
antimalignin antibody and active augmentation with
synthetic Replikin vaccines now is possible. [00068]
The relationship between the presence of antimalignin
antibody and survival in patients was shown in a study
of 8,090 serum specimens from cancer patients. The
study showed that the concentration of antimalignin
antibody increases with age, as the incidence of
cancer in the population increases, and increases
further two to three-fold in early malignancy,
regardless of cell type. In vitro, the antimalignin
antibody is cytotoxic to cancer cells at picograms
(femtomoles) per cancer cell, and in vivo the
concentration of antimalignin antibody relates
quantitatively to the survival of cancer patients. As
shown in glioma cells, the stage in cancer at which
cells have only been transformed to the immortal
malignant state but remain quiescent or dormant, now
can be distinguished from the more active
life-threatening replicating state, which is
characterized by the increased concentration of
Replikins. In addition, clues to the viral
pathogenesis of cancer may be found in the fact that
glioma glycoprotein 1OB has a 50% reduction in
carbohydrate residues when compared to the normal 1OB.
This reduction is associated with virus entry in other
instances, and so may be evidence of the attachment of
virus for the delivery of virus Replikins to the 1OB
of glial cells as a step in the transformation to the
malignant state. [00069] Our study concerning
influenza virus hemagglutinin protein sequences and
influenza epidemiology over the past 100 years has
provided a second functional basis for the relations
of Replikins to rapid replication. Only serological
hemagglutinin and antibody classification, but no
strain-specific conserved peptide sequences have
previously been described in influenza. Further, no
changes in concentration and composition of any
strain-specific peptide sequences have been described
previously that correlate with epidemiologically
documented epidemics or rapid replication. In this
study, a four to ten-fold increase in the
concentration of strain-specific influenza Replikins
in one of each of the four major strains, influenza B,
(A)HINl, (A)H2N2 and, (A)H3N2 is shown to relate to
influenza epidemics caused by each strain from 1902 to
2001.[00070] We then showed that these increases in
concentration are due to the reappearance of at least
one specific Replikin composition from 1 to up to 64
years after its disappearance, plus the emergence of
new strain-specific Replikin compositions. Previously,
no strain-specific chemical structures were known with
which to predict the strains that would predominate in
coming influenza seasons, nor to devise annual
mixtures of whole-virus strains for vaccines. The
recent sharp increase in H3N2 Replikin concentration
(1997 to 2000), the largest in H3N2's history, and the
reappearance of specific Replikin compositions that
were last seen in the high mortality H3N2 pandemic of
1968, and in the two high mortality epidemics of 1975
and 1977, but were absent for 20-25 years, together
may be a warning of coming epidemics. This high degree
of conservation of Replikin structures observed,
whereby the identical structure can persist for 100
years, or reappear after an absence of from one to 64
years, 



indicate that what was previously thought to be change
due to random substitution of amino acids in influenza
proteins is more likely to be change due to an
organized process of conservation of Replikins.
[00071] The conservation of Replikins is not unique to
influenza virus but was also observed in other
sources, for example in foot and mouth disease virus,
type 0, HIV tat, and wheat. [00072] A third functional
basis for Replikins' role in rapid replication is seen
in the increase in rapid replication in HIV. Replikin
concentration was shown to be related to rapid
replication in HIV. We found the Replikin
concentration in the slow growing low-titre strain of
HIV (NSl, "Bru"), which is prevalent in early stage
infection, to be one-sixth of the Replikin
concentration in the rapidly-growing high-titre strain
of HIV (SI, "Lai")(prevalent in late stage HIV
infection). [00073] Further examples demonstrate the
relationship of Replikins to rapid replication. In the
"replicating protein," of tomato leaf curl gemini
virus, which devastates tomato crops, the first 161
amino acids, the sequence that has been shown to bind
to DNA, was shown to contain five Replikins. In
malaria, legendary for rapid replication when
trypanosomes are released from the liver in the tens
of thousands from one trypanosome, multiple, novel,
almost 'flamboyant' Replikin structures have been
found with concentrations of up to 36 overlapping
Replikins per 100 amino acids. [00074] The
conservation of any structure is critical to whether
that structure provides a stable invariant target to
attack and destroy or to stimulate. When a structureis
tied in some way to a basic survival mechanism of the
organism, the structures tend to be conserved. A
varying structure provides an inconstant target, which
is a good strategy for avoiding attackers, such as
antibodies that have been generated specifically
against the prior structure and thus are ineffective
against the modified form. This strategy is used by
influenza virus, for example, so that a previous
vaccine may be quite ineffective against the current
virulent virus. Replikins as Stable Targets for
Treatment [00075] Both bacteria and HIV have both
Replikin and non-Replikin amino acids. In HIV, for
example, there has been a recent increase in
drug-resistance from 9% to 13% due to mutation, that
is, substitution of amino acids not essential to the
definition of the Replikin structure. (See detailed
analysis of TAT protein of HIV discussed herein). In
bacteria, the development of 'resistant strains' is
due to a similar mechanism. However, we have found
that Replikin structures do not mutate or change to
the same degree as non Replikin amino acids (see also
discussion of foot and mouth disease virus
conservation of Replikins discussed herein; further
see discussion of conservation of coronavirus
Replikins discussed herein). The Replikin structures,
as opposed to the non-Replikin structures are
conserved and thus provide new constant targets for
treatment. [00076] Certain structures too closely
related to survival functions apparently cannot change
constantly. Because an essential component of the
Replikin structure is histidine (h), which is know for
its frequent binding to metal groups in redox enzymes
and probable source of energy needed for replication,
and since this histidine structure remains constant,
this structure remains all the more attractive a
target for destruction or stimulation. [00077] From a
proteomic point of view, the inventors' construction
of a template based on the newly determined glioma
peptide sequence led them to the discovery of a wide
class of proteins with related conserved structures
and a particular function, in this case replication.
Examples of the increase in Replikin concentration
with virulence of a disease include, influenza, HIV,
cancer and tomato leaf curl virus. This newly
recognized class of structures is related to the
phenomenon of rapid replication in organisms as
diverse as influenza, yeast, algae, plants, the gemini
curl leaf tomato virus, HIV and cancer.[00078]
Replikin concentration and composition provide new
quantitative methods to detect and control the process
of replication, which is central to the survival and
dominance of each biological population. The sharing
of immunological specificity by diverse members of the
class, as demonstrated with antimalignin antibody for
the glioma and related cancer Replikins, suggests that
B cells and their product antibodies may recognize
Replikins by means of a similar recognition language,
[00079] Examples of peptide sequences of cancer
Replikins or as containing a Replikin, i.e., a
homologue of the glioma peptide, kagvaflhkk, may be
found in such cancers of, but not limited to, the
lung, brain, liver, soft-tissue, salivary gland,
nasopharynx, esophagus, stomach, colon, rectum,
gallbladder, breast, prostate, uterus, cervix,
bladder, eye, forms of melanoma, lymphoma, leukemia,
and kidney. [00080] Replikins provide for: 1)
detection of pathogens by qualitative and quantitative
determinations of Replikins; 2) treatment and control
of a broad range of diseases in which rapid
replication is a key factor by targeting native
Replikins and by using synthetic Replikins as
vaccines; and 3) fostering increased growth rates of
algal and plant foods. [00081] The first Replikin
sequence to be identified was the cancer cell Replikin
found in a brain cancer protein, malignin, which was
demonstrated to be enriched ten fold during rapid
anaerobic replication of glioblastoma multiforme
(glioma) cells. (Figure 2) Malignin is a 10KDa portion
of the 250 KDa glycoprotein 1OB, which was isolated in
vivo and in vitro from membranes of glioblastoma
multiforme (glioma) cells. Hydrolysis and mass
spectroscopy of malignin revealed a 16-mer peptide
sequence, ykagvaflhkkndide (SEQ ID NO:4), which is
referred to herein as the glioma Replikin and which
includes the shorter peptide, kagvaflhkk (SEQ ID NO:
1), both of which apparently are absent in the normal
human genome.Table 1 16-mer peptide sequence
YKAGVAFLHKKNDIDE obtained from malignin by hydrolysis
and mass spectrometry [00082] When the 16-mer glioma
Replikin was synthesized and injected as a synthetic
vaccine into rabbits, abundant antimalignin antibody
was produced. (Bogoch et al., Cancer Detection and
Prevention, 26 (Suppl. 1): 402 (2002)). The
concentration of antimalignin antibody in serum in
vivo has been shown to relate quantitatively to the
survival of cancer patients. (Bogoch et al., Protides
of Biological Fluids, 3 1:739-747 (1984). In vitro
antimalignin antibodies have been shown to be
cytotoxic to cancer cells at a concentration of
picograms (femtomolar) per cancer cell. (Bogoch et
al., Cancer Detection and Prevention, 26 (Suppl. 1):
402 (2002).[00083] Studies carried out by the
inventors showed that the glioma Replikin is not
represented in the normal healthy human genome.
Consequently, a search for the origin and possible
homologues of the Replikin sequence was undertaken by
analysis of published sequences of various organisms.
[00084] By using the 16-mer glioma Replikin sequence
as a template and constructing a recognition proteomic
system to visually scan the amino acid sequences of
proteins of several different organisms, a new class
of peptides, the Replikins, was identified. The
present invention provides a method for identifying
nucleotide or amino acid sequences that include a
Replikin sequence. The method is referred to herein as
a 3-point-recognition method. The three point
recognition method comprises: a peptide from 7 to
about 50 amino acids including (1) at least one lysine
residue located six to ten amino acid residues from a
second lysine residue; (2) at least one histidine
residue; and (3) at least 6% lysine residues.
(Replikin). These peptides or proteins constitute a
new class of peptides in species including algae,
yeast, fungi, amoebae, bacteria, plant, virus and
cancer proteins having replication, transformation, or
redox functions. Replikin peptides have been found to
be concentrated in larger 'replicating' and
'transforming' proteins (so designated by their
investigators, See Table 2) and cancer cell proteins.
No sequences were found to be identical to the
malignin 16-mer peptide. [00085] The present invention
further provides a method for identifying nucleotide
or amino acid sequences that include a Replikin
sequence comprising from 7 to about 50 amino acids
including (1) at least one first lysine located at
either terminus of the isolated or synthesized
peptide, (2) a second lysine located six to ten
residues from the first lysine residue; (3) at least
one histidine; and (4) at least 6% lysines. In another
aspect of the invention the isolated or synthesized
peptides are influenza virus peptides. In yet another
aspect of the invention, the isolated or synthesized
peptides are H5N1 influenza virus peptides.Table 2
Examples of Replikins in various organisms -
prototype: Glioma Replikin* KAGVAFLHKK (SEQ ID
NO:!)[00086] Identification of an amino acid sequence
as a Replikin or as containing a Replikin, i.e., a
homologue of the glioma peptide, kagvaflhkk, requires
that the three following requirements be met.
According to the three point recognition system the
sequences have three elements: (1) at least one lysine
residue located six to ten residues from another
lysine residue; (2) at least one histidine residue;
and (3) a composition of at least 6% lysine within an
amino acid sequence of 7 to about 50 residues. An
exemplary non-limiting Replikin comprises a terminal
lysine. [00087] Databases were searched using the
National Library of Medicine keyword "PubMed"
descriptor for protein sequences containing Replikin
sequences. Over 4,000 protein sequences were visually
examined for homologues. Sequences of all individual
proteins within each group of PubMed-classified
proteins were visually scanned for peptides meeting
the three above-listed requirements. An infrequent
occurrence of homologues was observed in "virus
peptides" as a whole (1.5%) (N=953), and in other
peptides not designated as associated with malignant
transformation or replication such as "brain peptides"
and "neuropeptides" (together 8.5%) (N=845). However,
surprisingly, homologues were significantly more
frequently identified in large "replicating proteins,"
which were identified as having an established
function inreplication in bacteria, algae, and
viruses. Even more surprising was the finding that 



Replikin homologues occurred in 100% of "tumor
viruses" (N=250), in 97% of "cancer proteins" (N=401),
and in 85% of "transforming viruses" (N=248). These
results suggest that there are shared properties of
cancer pathogenesis regardless of cell type and
suggest a role of viruses in carcinogenesis, i.e.,
conversion of cells from a transformed albeit dormant
state to a more virulent actively replicating state.
[00088] Homologues of the following amino acid
sequence, kagvaflhkk, as defined by the three point
recognition method, were found in such viruses, or
viral peptides, as, but not limited to, adenovirus,
lentivirus, a-virus, retrovirus, andeno-associated
virus, human immunodeficiency virus, hepatitis virus,
influenza virus, maize streak virus, herpes virus,
bovine herpes virus, feline immunodeficiency virus,
foot and mouth disease virus, small pox virus, rous
sarcoma virus, neuroblastoma RAS viral oncogene,
polyamavirus, sindbis, human papilloma virus,
myelomonocytic tumor virus, murine acute leukemia,
T-cell lymphotropic virus, and tomato leaf curl virus.
[00089] Furthermore, homologues of the amino acid
sequence kagvafhkk are present in known classes of
coronavirus, which are members of a family of
enveloped viruses that replicate in the cytoplasm of
host cells. Additionally, the homologue of the amino
acid sequence kagvatlhkk is present in the recently
identified class of coronavirus responsible for severe
acute respiratory syndrome, or SARS. The replikin is
located in the nucleocapsid whole protein sequence of
the SARS coronavirus. In addition, the location of the
replikins is present in other members of the
coronavirus class and, more specifically, are also
present in the nucleocapsid protein sequences from
these coronaviruses. [00090] Replikins are present in
such bacteria as, but not limited to, Acetobacter,
Achromobacter, Actinomyces, Aerobacter, Alcaligenes,
Arthrobacter, Azotobacter, Bacillus, Brevibacterium,
Chainia, Clostridium, Corynebacterium, Erwinia,
Escheria, Lebsiella, Lactobacillus, Haemophilus,
Flavobacterium, Methylomonas, Micrococcus,
Mycobacterium, Micronomspora, Mycoplasma, Neisseria,
Nocardia, Proteus, Pseudomonas, Rhizobium, Salmonella,
Serratia, Staphylococcus, Streptocossus, Streptomyces,
Streptosporangium, Strepto-virticillium, Vibrio
peptide, and Xanthomas. Replikins are present in such
fungi as, but not limited to, Penicillium, Diseula,
Ophiostoma novo-ulim, Mycophycophta, Phytophthora
infestans, Absidia, Aspergillus, Candida,
Cephalosporium, Fusarium, Hansenula, Mucor,
Paecilomyces, Pichia,Rhizopus, Torulopsis,
Trichoderma, and Erysiphe. Replikins are present in
such yeast as, but not limited to, Saccharomyces,
Cryptococcus, including Cryptococcusneoformas,
Schizo-saccharomyces, and Oryza. Replikins are present
in algae such as, but not limited to, Caldophera,
Isolepisprolifera, Chondrus, Gracilaria, Gelidium,
Caulerpa, Laurencia, Cladophexa, Sargassum,
Penicillos, Halimeda, Laminaria, Fucus, Ascophyllum,
Undari, Rhodymenia, Macrocystis, Eucheuma, Ahnfeltia,
and Pteroclasia. Replikins are present in amoeba such
as, but not limited to, Entamoeba (including Entamoeba
invadens), Amoebidae, Acanthamoeba and Naegleria.
Replikins are present in plants such as, but not
limited to, Arabidopsis, wheat, rice, and maize.
Auxiliary Specifications [00091] To permit
classification of subtypes of Replikins, additional or
"auxiliary specifications" to the basic
"3-point-recognition" requirements may be added: (a)
on a structural basis, such as the common occurrence
of adjacent di- and polylysines in cancer cell
proteins (e.g., transforming protein P21B(K-RAS 2B),
lung, Table 2, SEQ ID NO: 89), and other adjacent
di-amino acids in TOLL-like receptors, or b) on a
functional basis, such as exhibiting ATPase, tyrosine
kinase or redox activity as seen in Table 2.
Functional Derivatives [00092] "Functional
derivatives" of the Replikins as described herein are
fragments, variants, analogs, or chemical derivatives
of the Replikins, which retain at least a portion of
the immunological cross reactivity with an antibody
specific for the Replikin. A fragment of the Replikin
peptide refers to any subset of the molecule. Variant
peptides may be made by direct chemical synthesis, for
example, using methods well known in the art. An
analog of a Replikin to a non-natural protein
substantially similar to either the entire protein or
a fragment thereof. Chemical derivatives of a Replikin
contain additional chemical moieties not normally a
part of the peptide or peptide fragment. Replikins and
Replication [00093] As seen in Figure 2, during
anaerobic respiration when the rate of cell
replication is increased, malignin is enriched. That
is, malignin is found to increase not simply in
proportion to the increase in cell number and total
membrane proteins, but is enriched as much as ten-fold
in concentration, starting with 3% at rest and
reaching30% of total membrane protein. This clear
demonstration of a marked increase in Replikin
concentration with glioma cell replication points to,
and is consistent with, the presence of Replikins
identified with the 3-point recognition method in
various organisms. For example, Replikins were
identified in such proteins as "Saccharomyces
cerevisiae replication binding protein" (SEQ ID NO: 2)
(hsikrelgiifdk); the "replication associated protein A
of maize streak virus" (SEQ ID NO: 8) (kyivcareahk)
and (SEQ ID NO: 9) (kekkpskdeimrdiish); the
"replicationassociated protein of Staphylococcus
aureus" (SEQ ID NO: 10) (kkektthnk); the "DNA
replication protein of bovine herpes virus 4" (SEQ ID
NO: 11) (hkinitngqk); and the "Mealigrid herpes virus
1 replication binding protein" (SEQ ID NO: 12)
(hkdlyrllmk). Previous studies of tomato leaf curl
gemini virus show that the regulation of virus
accumulation appears to involve binding of amino acids
1-160 of the "replicating protein" of that virus to
leaf DNA and to other replication protein molecules
during virus replication. Analysis of this sequence
showed that amino acids 1-135 of this "replicating
protein" contain a replikin count (concentration) as
high as 20.7 (see section on tomato leaf curl Gemini
virus.) [00094] Table 2 shows that Replikin-containing
proteins also are associated frequently with redox
functions, and protein synthesis or elongation, as
well as with cell replication. The association with
metal-based redox functions, the enrichment of the
Replikin-containing glioma malignin concentration
during anaerobic replication, and the cytotoxicity of
antimalignin at low concentrations (picograms/cell)
(Figure 4C- 4F), all suggest that the Replikins are
related to central respiratory survival functions,
have been found less often subjected to the mutations
characteristic of non-Replikin amino acids. Replikins
in Influenza Epidemics [00095] Of particular interest,
it was observed that at least one Replikin per 100
amino acids was found to be present in the
hemagglutinin proteins of almost all of the individual
strains of influenza viruses examined. The Replikin
sequences that were observed to occur in the
hemagglutinin proteins of isolates of each of the four
prevalent strains of influenza virus, influenza
B5HlNl, H2N2, and H3N2, for each year that amino acid
sequence data are available (1902-2001), are shown in
Tables 3, 4, 5 and 6. [00096] Both the concentration
and type, i.e., composition of Replikins observed,
were found to relate to the occurrence of influenza
pandemics and epidemics. Theconcentration of Replikins
in influenza viruses was examined by visually scanning
the hemagglutinin amino acid sequences published in
the National Library of Medicine "PubMed" data base
for influenza strains isolated world wide from human
and animal reservoirs year by year over the past
century, i.e., 1900 to 2001. These Replikin
concentrations (number of Replikins per 100 amino
acids, mean +/- SD) were then plotted for each strain.
[00097] The concentration of Replikins was found to
directly relate to the occurrence of influenza
pandemics and epidemics. The concentration of
Replikins found in influenza B hemagglutinin and
influenza A strain, HlNl, is shown in Figure 7, and
the concentration of Replikins found in the two other
common influenza virus A strains, H2N2 and H3N2 is
shown in Figure 8 (H2N2, H3N2). The data in Figure 8
also demonstrate an emerging new strain of influenza
virus as defined by its constituent Replikins
(H3N2(R)). [00098] Each influenza A strain has been
responsible for one pandemic: in 1918, 1957, and 1968,
respectively. The data in Figures 7 and 8 show that at
least one Replikin per 100 amino acids is present in
each of the influenza hemagglutinin proteins of all
isolates of the four common influenza viruses
examined, suggesting a function for Replikins in the
maintenance of survival levels of replication. In the
1990s, during the decline of the H3N2 strain, there
were no Replikins in many isolates of H3N2, but a high
concentration of new Replikins appeared in H3N2
isolates, which define the emergence of the H3N2(R)
strain. See Tables 3, 4, 5 and 6.Table3 k>MULTILAYERED
CONSTRUCTION FOR RESISTOR AND CAPACITOR FORMATION
BACKGROUND OF THE INVENTION Field of the Invention
This invention relates to a multilayered construction
useful for forming capacitors and resistors, on
printed circuit boards, other microelectronic devices,
and the like. The multilayered construction comprises
sequentially attached layers including a first
electrically conductive layer, a first thermosetting
polymer layer, a heat resistant film layer, a second
thermosetting polymer layer, and a nickel-phosphorus
electrical resistance material layer electroplated
onto a second electrically conductive layer.
Description of the Related Art As the circuitry design
of central processing units (CPU) seeks to achieve
increased operational speed, the performance of
integrated circuits becomes ever more important. The
circuitry design of printed circuit boards, which
mount 



these integrated circuits, is also very important.
Capacitors and resistors are common elements on
printed circuit boards and other microelectronic
devices. Capacitors are used to steady the operational
power supply of such devices. A capacitor is a device
used for introducing capacitance into a circuit, and
functions primarily to store electrical energy, block
the flow of direct current, or permit the flow of
alternating current. They comprise a dielectric
material sandwiched between two electrically
conductivemetal layers, such as copper foils. In
general, the dielectric material is coupled to the
electrically conductive metal layers via an adhesive
layer, by lamination, or by vapor deposition.
Heretofore, capacitors arranged on the surface of
printed circuit boards have been common. However, more
recently, capacitors are formed of a thin,
double-sided copper clad laminate within multilayered
circuit board layers thus producing excellent
characteristics. Of these options, it has been
preferred to form printed circuit boards having
embedded capacitors to maximize the surface area of
the circuit board for other purposes. In order to
achieve increased signal transmission speed, printed
circuit board manufacturers generally form printed
circuit boards within such a multilayer structure. The
capacitance of a capacitor depends primarily on the
shape and size of the capacitor layers and the
dielectric constant of the insulating material. There
are various known types of dielectric materials known
in the art. For example, the dielectric material may
be a gas, such as air, a vacuum, a liquid, a solid or
a combination thereof. Each material has its own
particular properties. The performance of conventional
capacitors for use in printed circuit boards has been
limited by factors such as limited minimum thickness
of their dielectric material, which detracts from the
flexibility of the capacitor, the attainable
capacitance, the effect of bond enhancers on the metal
foils, low dielectric constant, and poor dielectric
strength. It is desirable to form a capacitor for
circuit boards having a high dielectric constant and
an extremely thin layer of dielectric material, thus
increasing the capacitance and flexibility of the
capacitor. To optimize the performance of a capacitor,
it is important that the dielectric material employed
have good material properties, exhibiting such
qualities as superior adhesion, highdielectric
strength and good flexibility. However, common
problems frequently associated with extremely thin
dielectric layers are the formation of microscopic
voids or other structural defects and inclusion of
foreign material. These lead to electrical shorts. For
example, U.S. Pat. Nos. 5,155,655 and 5,161,086
describe a method for forming a capacitor wherein a
single sheet of a dielectric material is laminated
together with two conductive foils. Dielectric layers
of this type are highly vulnerable to the formation of
voids, as well as the inclusion of foreign material,
and are time consuming to detect and remedy. U.S.
Patent No. 6,693,793 relates to a structure having a
pair of conductive foils, a pair of thin dielectric
layers, with one dielectric layer on a surface of each
of the foils. The two conductive foils are adhered
together such that the dielectric layers are attached
to one another via an intermediate heat resistant film
layer. This capacitor offer a significant improvement
in performance over prior art capacitors and printed
circuit boards. The thin dielectric layers allow for
higher capacitance, greater heat conductivity and
greater flexibility of the capacitor. The intermediate
heat resistant film layer deters the formation of
electrical shorts between the electrically conductive
foils. It would be desired to form a multilayered
structure which has both capacitive and resistive
elements. The present invention provides such a
multilayered structure for resistor and capacitor
formation. The inventive structure provides high
capacitance, greater heat conductivity, and greater
flexibility, while also incorporating a resistor
element. The multilayered structure includes
sequentially attached layers comprising: a first
electrically conductive layer, a first thermosetting
polymer layer, a heat resistant film layer, a second
thermosetting polymer layer, and a nickel-phosphorus
electrical resistance material layer electroplated
onto a second electrically conductive layer.SUMMARY OF
THE INVENTION The invention provides a multilayered
construction suitable for forming resistors and
capacitors, which multilayered construction comprises
sequentially attached layers comprising: a first
electrically conductive layer, a first thermosetting
polymer layer, a heat resistant film layer, a second
thermosetting polymer layer, and a nickel-phosphorus
electrical resistance material layer electroplated
onto a second electrically conductive layer. The
invention also provides a capacitor which comprises
sequentially attached layers comprising: a first
electrically conductive layer, a first thermosetting
polymer layer, a heat resistant film layer, a second
thermosetting polymer layer, and a nickel-phosphorus
electrical resistance material layer electroplated
onto a second electrically conductive layer. The
invention further provides a method of forming a
multilayered construction which comprises attaching a
first thermosetting polymer layer to a surface of a
first electrically conductive layer; electroplating a
nickel-phosphorus electrical resistance material layer
onto a surface of a second electrically conductive
layer; attaching a second thermosetting polymer layer
to a surface the electrical resistance material layer;
and then attaching the first and second thermosetting
polymer layers to opposite surfaces of a heat
resistant film layer. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a schematic representation of a
multilayered construction according to the invention,
including the following sequentially attached layers:
a first electrically conductive layer, a first
thermosetting polymer layer, a heat resistant film
layer, a second thermosetting polymer layer, and a
nickel-phosphorus electrical resistance material layer
electroplated onto a second electricallyconductive
layer. FIG. 2 is a schematic representation of a
multilayered construction according FIG. 1, wherein an
additional nickel-phosphorus electrical resistance
material layer has been electroplated onto the first
electrically conductive layer such that the additional
nickel-phosphorus electrical resistance material layer
is attached between the first thermosetting polymer
layer and the first electrically conductive layer.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT The
invention relates to a multilayered construction
suitable for forming resistors, capacitors, and the
like. As shown in FIG. 1, the multilayered
construction 1 comprises a sequentially attached
layers comprising a first electrically conductive
layer 2, a first thermosetting polymer layer 4, a heat
resistant film layer 6, a second thermosetting polymer
layer 8, and a nickelphosphorus electrical resistance
material layer 10 electroplated onto a second
electrically conductive layer 12. The first and second
thermosetting polymer layers 4, 8 may be the same or a
different material, and the first and second
electrically conductive layers 2, 12 may be the same
or a different material. In another preferred
embodiment, shown in FIG. 2, the multilayered
construction 1 further comprises an additional
nickel-phosphorus electrical resistance material layer
14 electroplated onto the first electrically
conductive layer 2 such that the additional
nickel-phosphorus electrical resistance material layer
14 is attached between the first thermosetting polymer
layer 4 and the first electrically conductive layer 2.
Thus, as shown in Fig. 2, the layers are sequentially
attached as: a first electrically conductive layer 2,
an additional nickel-phosphorus electrical resistance
material layer 14 electroplated onto thefirst
electrically conductive layer 2, a first thermosetting
polymer layer 4, a heat resistant film layer 6, a
second thermosetting polymer layer 8, and a
nickelphosphorus electrical resistance material layer
10 electroplated onto a second electrically conductive
layer 12. For purposes of this invention, attaching
means any method of appending one layer to the next
layer, non-exclusively including coating, laminating,
sputtering, vapor depositing, electrodeposition,
plating, or evaporating, either simultaneously or
sequentially. The first electrically conductive layer
2 and the second electrically conductive layer 12 are
preferably present in the form of a conductive layer
or foil or the like. In a most preferred embodiment,
they are each present in the form of a foil. Each
electrically conductive layer may comprise either the
same metal or may comprise different metals. The
conductive metals appropriate for the purposes of the
present invention may vary depending on the desired
application. Preferably, the electrically conductive
layers 2, 12 comprise a material selected from the
group consisting of copper, zinc, brass, chrome,
nickel, tin, aluminum, stainless steel, iron, gold,
silver, titanium, platinum and combinations and alloys
thereof. Most preferably, the electrically conductive
layers comprise copper. The electrically conductive
layers preferably have a thickness of from about 0.5
to about 200 microns, more preferably from about 9 to
about 70 microns. The conductive materials used in the
capacitors of this invention may be manufactured with
a shiny side surface and a matte surface. Examples of
such conductive materials are disclosed in U.S. Pat.
No. 5,679,230, which is incorporated herein by
reference. The electrically conductive layers 2, 12
may be provided with a bond enhancing treatment on one
or both sides. One or both sides of the layers may
optionallybe roughened, such as by micro-etching, by
being electrolytically treated to form a roughened
copper deposit, and/or by being electrolytically
treated with a 



deposition of micro-nodules of a metal or metal alloy
on or in the surface. Such include a treatment with
nickel, chromium, chromates, zinc, and a silane
coupling agent or combinations thereof. The nodules
may comprise the same, or a different metal as the
electrically conductive layers. The nodules are
preferably copper or a copper alloy, and increase
adhesion to the polymer film. Such nodules may be
applied according to a technique described in U.S.
Pat. No. 5,679,230, which is incorporated herein by
reference. In a preferred embodiment, at least one of
the first electrically conductive layer and the second
electrically conductive layer are provided with a bond
enhancing treatment on one or both sides thereof. The
surface microstructure of the electrically conductive
layers may be measured by a profilometer, such as a
Perthometer model M4P or S5P, which is commercially
available from Mahr Feinpruef Corporation of
Cincinnati, Ohio. Topography measurements of the
surface grain structure of peaks and valleys are made
according to industry standard IPC-TM-650 Section
2.2.17 of the Institute for Interconnecting and
Packaging Circuits of 2 115 Sanders Road, Northbrook,
111. 60062. The surface treatments are carried out to
produce a surface structure having peaks and valleys
which produce roughness parameters wherein the
arithmetic average roughness (Ra) ranges from about
0.2 to about 1 microns and the ten point height of
irregularities according to ISO 64287-1 (Rz) surface
roughness may range from about 0.5 mm to about 7 mm,
more preferably from about 0.5 mm to about 5 mm, and
most preferably from about 0.5 mm to 3 mm . The first
thermosetting polymer layer 4 and the second
thermosetting polymer layer 8 may independently
comprise an epoxy, a combination of epoxy and
amaterial which polymerizes with an epoxy, a melamine,
an unsaturated polyester, a urethane, alkyd, a
bis-maleimide triazine, a polyimide, an ester, an
allylated polyphenylene ether (or allyl-polyphenylene
ether) or combinations thereof. The thermosetting
polymer layers 4, 8 are typically in dry, solid form,
and may comprise about 100% of any of the above
compounds, or may comprise mixtures of these
compounds, or may contain other additives. Other
acceptable materials include aromatic thermosetting
co-polyesters such as those described in U.S. Pat.
Nos. 5,439,541 and 5,707,782. Of these materials, the
most preferred dielectric is an epoxy having a glass
transition temperature (Tg) from about 1000C to about
2500C, preferably from about 1500C to about 2000C. The
thermosetting polymer layers 4, 8 may also optionally
comprise a filler material. Preferred fillers
non-exclusively include powdered ferroelectric
materials, barium titanate (BaTiO ), boron nitride,
aluminum oxide, strontium titanate, barium strontium
titanate, and other ceramic fillers and combinations
thereof. If incorporated, a filler is preferably
present in the thermosetting polymer layers in an
amount of from about 5% to about 80% by volume of the
layer, more preferably from about 10% to about 50% by
volume of the layer. Preferably at least one of the
first thermosetting polymer layer 4, the heat
resistant film layer 6, and the second thermosetting
polymer layer 8 comprises such a powdered filler
having a dielectric constant of about 10 or higher. In
addition, either one or both of the thermosetting
polymer layers 4, 8 may contain a dye or pigment to
impart color, alter dielectric opacity or affect
contrast. In one preferred embodiment, the
thermosetting polymer layers 4, 8 are applied to the
electrically conductive layers or heat resistant film
layer as liquid polymer solutions to allow for control
and uniformity of the polymer thickness. The solution
will typically have a viscosity ranging from about 50
to about 35,000 centipoise with a preferred viscosity
in the range of 100 to 27,000 centipoise.The polymer
solution will include from about 10 to about 80% and
preferably 15 to 60 wt % polymer with the remaining
portion of the solution comprising one or more
solvents. Useful solvents include acetone,
methyl-ethyl ketone, Nmethyl pyrrolidone, N, N
dimethylformamide, N, N dimethylacetamide and mixtures
thereof. A most preferred single solvent is
methyl-ethyl ketone. The thermosetting polymer layers
may be also applied to the electrically conductive
layers 2, 12 or heat resistant film layer 6 in the
form of solid sheets. In such an embodiment, the
attaching of the first and second thermosetting
polymer layers to opposite surfaces of the heat
resistant film layer is done by lamination. Lamination
may be conducted in a press at a temperature of from
about 15O0C to about 31O0C, more preferably from about
1600C. to about 2000C. Lamination may be conducted for
from about 30 minute to about 120 minutes, preferably
from about 40 minutes to about 80 minutes. Preferably,
the press is under a vacuum of at least 70 cm (28
inches) of mercury, and maintained at a pressure of
about from about 3.5 kgf/cm2 (50 psi) to about 28
kgf/cm2 (400 psi), preferably from about 4.9 kgf/cm2
(70 psi) to about 14 kgf/cm2 (200 psi). Preferably,
the thermosetting polymer layers 4, 8 have a thickness
of from about 2 to about 200 microns, more preferably
from about 2 to about 100 microns. Preferably the
thermosetting polymer layers have a dielectric
strength of at least about 19,685 volts/mm (500
volts/mil) thickness. The heat resistant film layer 6
preferably comprises a polyethylene terephthalate, a
polyethylene naphthalate, a polyvinyl carbazole, a
polyphenylene sulfide, an aromatic polyamide, a
polyimide, a polyamide-polyimide, a polyether nitrile,
a polyether-ether-ketone, or combinations thereof. It
has a preferred thickness of about 12.5 mm or less.
The combined thickness of the first
thermosettingpolymer layer 4, the heat resistant film
layer 6, and the second thermosetting polymer layer 8
is about 25 mm or less. The heat resistant film layer
6 has a VICAT softening point of about 1500C or higher
as determined by ISO 306. The heat resistant film
layer 6 preferably has a Young's modulus of about 300
kgf/mm2 or more, a tensile strength of about 20
kgf/mm2 or more, an elongation of about 5% or more,
and a higher softening temperature than the laminating
temperature of the first thermosetting polymer layer 4
and the second thermosetting polymer layer 8. The
dielectric constant of each of the first thermosetting
polymer layer 4, the heat resistant film layer 6, and
the second thermosetting polymer layer 8 is about 2.5
or more. The heat resistant film layer 6 preferably
has a dielectric breakdown voltage of at least about
50 volts, more preferably at least about 250 volts,
and most preferably at least about 500 volts. Prior to
attaching the layers to form the multilayered
construction, the heat resistant film layer 6 may have
undergone a bond enhancing treatment which may
comprise a plasma treatment, a corona treatment, a
chemical treatment or combinations thereof. The
nickel-phosphorus electrical resistance material layer
10 is preferably electroplated, using a conventional
electroplating process, onto the second electrically
conductive layer. Electroplating is a technique well
known in the art which is typically conducted by
placing a substrate in a liquid electrolyte solution,
and applying an electrical potential between a
conducting area on the substrate and a counter
electrode in the liquid. A chemical process takes
place resulting in the formation of a layer of
material on the substrate. Electroplating baths used
for the deposition of resistive films typically
operate at a temperature significantly greater than
room temperature, that is, at a temperature in excess
of 100 F (38C). In fact, most baths previously used
todeposit resistive alloy films operate at a
temperature of 150 F (650C) to about 212 F (1000C).
The thickness of the electro-deposited electrical
resistance layer deposited on the conductive layer in
known processes is a function of plating efficiency
which is, in turn, a function of temperature. An
example of a suitable electro-plating bath comprises
an aqueous solution of hypophosphite ions, and in
particular, hypophosphite ions formed from nickel
hypophosphite (Ni(H2PO2)2). Nickel hypophosphite is
easily prepared by the reaction of nickel carbonate
(NiCO ) with hypophosphorous acid (H PO ) . That is,
nickel hypophosphite suitable for electro-deposition
of a nickel-phosphorous electrical resistance layer on
a conductive layer is prepared by forming an aqueous
solution of about one-half mole of nickel carbonate
and one mole of hypophosphorous acid with a limited
amount of water thus producing a crystalline reaction
product which completely dissolves when diluted with
water to a concentration of about 0.67 moles per
liter. The reaction is believed, without intending to
limit the present invention, to proceed according to
the following equation: NiCO3 +2H3PO2 =Ni(H2PO2)2
+CO2+H2O Alternatively, an electroplating bath
comprising hypophosphite ions formed from nickel
hypophosphite can be produced by the reaction of
nickel chloride (NiCl2) and sodium hypophosphite
(NaH2PO2). The reaction equation is hypothesized to
be: NiCl2 +2NaH2PO2 =Ni(H2 PO2)2 +2NaCl Nonetheless,
it may be preferred to employ an electro-plating bath
formed from nickel carbonate and hypophosphorous acid
with nickel-hypophosphite as areaction product since
the reaction produces by-products of carbon dioxide
and water; whereas, an electro-plating bath formed
from nickel chloride and sodium hypophosphite to
produce nickel hypophosphite often produces a
by-product of sodium chloride which must be removed to
prevent undue concentration build up over time in a
continuous process. An electro-plating bath comprising
hypophosphite ions formed from nickel hypophosphite
has been found to be operable at temperatures from
about 20C to 50 C. It may be desirable to operate the
baths at room temperature (2O0C to 25C). Such baths
are effectively 



temperature insensitive. In one preferred embodiment,
the formed electrical resistance material layer
contains up to about 50 percent by weight of
phosphorus. In another preferred embodiment, the
electrical resistance material layer contains up to
about 30 percent by weight of phosphorus. In another
embodiment, the electrical resistance material
comprises from about 30 to about 50 percent by weight
of phosphorus. Another embodiment of the invention
includes an electroplating of the second electrically
conductive layer in a bath comprising an aqueous
solution of a nickel ion source, H3PO3 and H3PO ,
wherein the bath is substantially sulfate and chloride
free. It is known in the art the resistance of the
electrical resistance layer of a circuit board
material is dependent on both the thickness of the
electrical resistance layer and the resistivity of the
material employed therein. As the thickness of the
electrical resistance layer decreases, the resistance
of said layer increases. The electrical resistance
material layer 10 preferably has a resistance ranging
from about 5 ohms/square to about 500 ohms/square,
more preferably, ranging from about 10 ohms/square to
about 300 ohms/square, and most preferably ranging
from about 25 ohms/square to about 250 ohms/square.
The nickelphosphorus electrical resistance material
layer preferably has a thicknessranging from about
0.02 mm to about 0.2 mm more preferably from about
0.03 mm to about 1 mm, and most preferably from about
0.04 mm to about 0.4 mm. In an additional preferred
embodiment, at least the top about ten atomic layers
of the electrical resistance material layer are free
of sulfur. In another preferred embodiment, the
surface of the electrical resistance material layer is
substantially pit free. The optional additional
nickel-phosphorus electrical resistance material layer
14 may be the same or different from the
nickel-phosphorus electrical resistance material layer
10. Preferably these two layers 10, 14 are
substantially the same. The multilayered construction
of the invention comprises sequentially attached
layers of a first electrically conductive layer, a
first thermosetting polymer layer, a heat resistant
film layer, a second thermosetting polymer layer and a
second electrically conductive layer. By sequentially
attached is meant that the layers must be present in
the indicated order; however, other intermediate
layers may optionally be present between the specified
layers. For example, in a preferred embodiment the
multilayered construction further comprises an
additional nickel-phosphorus electrical resistance
material layer electroplated onto the first
electrically conductive layer such that the additional
nickel-phosphorus electrical resistance material layer
is attached between the first thermosetting polymer
layer and the first electrically conductive layer. In
an additional embodiment of the invention (not shown),
the multilayered construction further comprises a
barrier layer adhered between said electrical
resistance material layer 10 and said second
electrically conductive layer 12, wherein said barrier
layer has a thickness of less than about 0.1 mm, is
different in composition from said electrical
resistance material layer, and is capable ofprotecting
said electrical resistance material layer 10 from
attack by alkaline ammoniacal copper etchants. The
barrier layer preferably has a thickness of less then
about 0.1 mm, more preferably ranging from about 50
angstroms to about 0.1 mm, and most preferably from
about 150 angstroms to about 600 angstroms. In a
preferred embodiment, the barrier layer is
electrodeposited using conventional techniques. The
barrier layer can be an inorganic material which has
good etchant selectivity. It is also important that
the material used as the barrier layer have no
substantial detrimental effect on the uniformity of
the resistivity and other functional properties of the
underlying electrical resistance layer. The barrier
layer preferably comprises a material selected from
the group consisting of Ni-Sn, Co-Sn, Cd-Sn, Cd-Ni,
Ni-Cr, Ni-Au, Ni-Pd, Ni-Zn, Sn-Pb, Sn-Zn, Ni, Sn, and
combinations thereof. A preferred barrier layer
comprises Ni-Sn. The multilayered construction of the
invention is preferably used in the formation of a
resistor or capacitor. Such may be used in the
formation of printed circuit boards, electronic
devices, and the like. In a preferred embodiment of
the invention, the preferred capacitance of a
capacitor according to the invention is at least about
100 pF/cm2, more preferably from about 100 pF/cm2 to
about 4,000 pF/cm2. Capacitors of this invention may
be used in a variety of printed circuit applications.
For example, an electrical connection may be present
on the first electrically conductive layer and another
electrical connection to the second electrically
conductive layer. The capacitor may be connected to or
be incorporated into a printed circuit board or other
electronic device or the electronic device may
comprise a printed circuit board comprising the
capacitor. They may be coupled with or embedded within
rigid, flexible or in rigid/flexible electrical
circuits, printed circuit boards or other
microelectronic devices such as chip packages.
Generally, they areused by creating a first circuit
pattern on one or both electrically conductive
material layers. A second circuit pattern may be
applied to the polymer surface either in the form of a
conductive foil, by electrodeposition, by sputtering,
by vapor phase deposition or some other means. In
addition, it may be necessary to generate vias in the
capacitor to electrically connect opposing circuit
layers. Once a capacitor has been formed, circuit
patterns may also be created in the electrically
conductive material layer using known etching
techniques. In etching, a layer of a photo-imageable
resist, dry-film or liquid material is applied to the
conductive foil layer. Using a negative photo pattern,
which is overlaid on the resist, the photoresist is
exposed to actinic radiation such as UV radiation
creating a desired circuit pattern. The imaged
capacitor is then exposed to film developing chemistry
that selectively removes the unwanted unexposed
portions. The capacitor with circuit image is then
contacted with known chemical etchant baths to remove
the exposed conductive layer, leaving the final
desired conductive patterned capacitor. Also, each of
the conductive material layers may optionally be
electrically connected by forming a hole through the
entire capacitor and filling it with a conductive
metal. Lamination steps are preferably conducted at a
minimum of 1500C. The multilayered construction of the
present invention offers a significant improvement in
performance over prior art capacitors and printed
circuit boards. This construction offers better
uniformity, higher capacitance, greater heat
conductivity, and greater flexibility, while also
incorporating a resistor element. The following
non-limiting examples serve to illustrate the
invention.EXAMPLE 1 A 35 mm thick electrodeposited
(ED) copper foil is provided, which foil has a surface
roughness of 3 microns and has been electroplated with
a layer of nickel-phosphorous. The thickness and
composition of the nickel-phosphorous layer is such to
result in an electrical resistance layer of 25
ohms/square. A layer of epoxy resin is applied to one
side of a 12 micron polyamide film with a thickness of
6 microns. On another 35 micron ED copper foil a layer
of epoxy resin is applied to a thickness of 6 microns.
The two coated foils are laminated together with a
sheet of 12 micron polyamide film between the foils
with the resistance layer coming in contact with the
resin coated side of the film. Lamination occurs in a
hydraulic press under 250 psi at 350 0F for 1 hour.
The press chamber is also under a vacuum of 25 mm Hg.
After lamination the combined product is High
Potential Tested to 500 volts to check for possible
shorts. A pattern is etched into the copper surfaces
using industry standard techniques using an alkaline
etchant. This chemistry will etch the copper without
attacking the resistance (Ni-P) layer. A second
imaging process is conducted to form the resistor
pattern by vacuum laminating a photoresist, exposing
and developing it. The photoresist remains on the Ni-P
layer that defines the resistor pattern. The
background Ni-P is removed using an acid etchant (such
as cupric chloride or copper sulfate). The photoresist
is stripped and the circuits are inspected using
automated optical inspection and or electrical test
(including High Potential testing). The circuitized
product goes through a process to prepare the copper
for relamination. This process is a black oxide or an
alternative. The circuitized product is laminated into
a multilayer circuit board and completed using
industry standard techniques.EXAMPLE 2 Example 1 is
repeated except that both sides of the polyamide film
are applied with a copper layer and an electrical
resistance layer, resulting in a two sided resistor
product. EXAMPLE 3 A roll of one ounce copper foil is
cut into foil samples of predetermined sizes. A
predetepnined amount of foil samples are electroplated
with a nickelphosphate electrical resistance material
layer, and a predetermined amount foil samples do not
receive such electroplating. For those foil samples to
be electroplated, a batch process is employed with the
plating cell remaining constant. Mild agitation is
provided in the plating cell by a recirculating pump
to maintain uniform bath composition. The cathode
employed is electro-deposited one ounce copper foil
which is plated on the matte side. The shiny or drum
side of the foil is masked by a rubber coated backing
fixture. The cathode size is 11.5 inches by 14.25
inches. The anode is platinum clad columbium with an
anode to cathode ratio of 1.3 :1. Prior to passing
into the plating cell, the copper foil is immersed in
an aqueous 



hydrochloric acid solution (equal volume) for one
minute. The copper foil is then passed through an
activating solution comprising an aqueous solution of
benzotriazole for 30 seconds prior to passing through
the plating cell. A plating bath is formed which
comprises 0.5 moles per liter of nickel hypophosphite.
The plating bath is made by reacting 20 moles of
nickel carbonate (2508 grams of basic nickel
carbonate, NiCO 2Ni(OH) 4H2O, mol. wt. 376.24) with 40
moles of hypophosphorous acid (8.6 liters of 50% H3PO2
at9,3 M/L diluted with an equal volume of water) and
subsequently diluting the reaction product to 40
liters. The temperature of the plating bath, after
cooling to room temperature, is 23C, the current is 10
amperes, and the plating bath dwell time is 30
seconds. Next the electroplated foil samples and
non-electroplated foil samples each receive a layer of
epoxy resin. A liquid epoxy resin is adjusted to 30%
solids, a viscosity of about 500 centipoises, with MEK
in a stainless steel mixing vat. A doctor blade is
adjusted to produce a wet film of 15 microns in
thickness, resulting in a flexible composite having a
dried polymer film in thickness of about 5 microns. A
continuous liquid head height and volume of dammed
material is maintained on the upstream side of the
doctor blade to maintain a constant flexible composite
film thickness and a film free of included air
bubbles. The solvent is evaporated off and the epoxy
resin is cured in an oven. As the coated foil first
enters the oven, an initial temperature drop should be
anticipated. Once steady state temperatures are
achieved in the oven, film thickness is checked by
taking a foil sample and comparing the coated weight
to the base weight of the foil using the epoxy resin
density to convert from weight to film thickness.
Adjustments to the rate of epoxy resin dispensed and
or doctor blade height over the foil are corrected
based on this measurement. This process is repeated
until the desired film thickness is attained to
produce first and second thermosetting polymer layers
on first and second copper foil layers. A capacitor is
formed by laminating two pieces of epoxy coated foil
to an intermediate heat resistant sheet of an aromatic
polyamide having a thickness of 4 um, Young's modulus
of 1500 kg/mm2, a tensile strength of 40 kg/mm2 and an
elongation of about 20% in 25C. One of the coated
copper foils has beenelectroplated with a
nickel-phosphorus electrical resistance material
layer. Lamination is done in a hydraulic press at 165C
and 10 kgf/cm2 (150 psi) for 60 minutes. The press is
under vacuum of 7 1 cm (28 inches) of mercury. The
capacitor is cut to size and processed to impart a
pattern in the copper. The resulting capacitor is
visually inspected and then electrically tested for
shorting at 500 volts. Resulting capacitor layers have
a capacitance of at least 300 pF/cm2 and a dielectric
breakdown voltage of at least 7.87 x 104 volts/mm
(2000 volts/mil.). EXAMPLE 4 Example 3 is repeated
except both of the copper foils laminated to the heat
resistant sheet have been electroplated with a
nickel-phosphorus electrical resistance material
layer. While the present invention has been
particularly shown and described with reference to
preferred embodiments, it will be readily appreciated
by those of ordinary skill in the art that various
changes and modifications may be made without
departing from the spirit and scope of the invention.
It is intended that the claims be interpreted to cover
the disclosed embodiment, those alternatives which
have been discussed above and all equivalents
thereto.What is claimed is: 1. A multilayered
construction suitable for forming resistors and
capacitors, which multilayered construction comprises
sequentially attached layers comprising: a first
electrically conductive layer, a first thermosetting
polymer layer, a heat resistant film layer, a second
thermosetting polymer layer, and a nickel-phosphorus
electrical resistance material layer electroplated
onto a second electrically conductive layer. 2. The
multilayered construction of claim 1which further
comprises an additional nickel-phosphorus electrical
resistance material layer electroplated onto the first
electrically conductive layer such that the additional
nickelphosphorus electrical resistance material layer
is attached between the first thermosetting polymer
layer and the first electrically conductive layer. 3.
The multilayered construction of claim 1 wherein the
electrical resistance material layer has a resistance
ranging from about 5 ohms/square to about 500
ohms/square. 4. The multilayered construction of claim
1wherein the first electrically conductive layer and
the second electrically conductive layer independently
comprise a material selected from the group consisting
of copper, zinc, brass, chrome, nickel, tin, aluminum,
stainless steel, iron, gold, silver, titanium,
platinum and combinations thereof. 5. The multilayered
construction of claim 1wherein the first electrically
conductive layer and the second electrically
conductive layer comprise copper.6. The multilayered
construction of claim 1wherein the first electrically
conductive layer and the second electrically
conductive layer comprise copper foils having a
surface roughness Rz in the range of from about 0.5 mm
to about 7 mm. 7. The multilayered construction of
claim 1 wherein at least one of the first electrically
conductive layer and the second electrically
conductive layer are provided with a bond enhancing
treatment on one or both sides thereof. 8. The
multilayered construction of claim 1wherein at least
one of the first electrically conductive layer and the
second electrically conductive layer are provided with
a bond enhancing treatment which comprises treatment
with metal nodules, nickel, chromium, chromates, zinc,
a silane coupling agent or combinations thereof. 9.
The multilayered construction of claim 1wherein one or
both of the first thermosetting polymer layer and the
second thermosetting polymer layer comprise an epoxy,
a melamine, an unsaturated polyester, a urethane,
alkyd, a bis-maleimide triazine, a polyimide, an
ester, an allyated polyphenylene ether or combinations
thereof. 10. The multilayered construction of claim 1
wherein the heat resistant film layer comprises a
polyethylene terephthalate, a polyethylene
naphthalate, a polyvinyl carbazole, a polyphenylene
sulfide, an aromatic polyamide, a polyimide, a
polyamide-polyimide, a polyether-nitrile, a
polyether-ether-ketone, or combinations thereof. 11.
The multilayered construction of claim 1wherein the
electrical resistance material layer contains up to
about 30 percent by weight of phosphorus.12. The
multilayered construction of claim 1 wherein at least
the top about ten atomic layers of the electrical
resistance material layer are free of sulfur. 13. The
multilayered construction of claim 1 further
comprising a barrier layer adhered between said
electrical resistance material layer and said second
electrically conductive layer, wherein said barrier
layer has a thickness of less than about 0.1mm, is
different in composition from said electrical
resistance material layer, and is capable of
protecting said electrical resistance material layer
from attack by alkaline ammoniacal copper etchants.
14. A capacitor which comprises sequentially attached
layers comprising: a first electrically conductive
layer, a first thermosetting polymer layer, a heat
resistant film layer, a second thermosetting polymer
layer, and a nickel-phosphorus electrical resistance
material layer electroplated onto a second
electrically conductive layer. 15. The capacitor of
claim 14 which further comprises an additional
nickelphosphorus electrical resistance material layer
electroplated onto the first electrically conductive
layer such that the additional nickel-phosphorus
electrical resistance material layer is attached
between the first thermosetting polymer layer and the
first electrically conductive layer. 16. A printed
circuit board comprising the capacitor of claim 14.
17. An electronic device comprising the printed
circuit board of claim 16. 18. An electronic device
comprising the capacitor of claim 14.19. A method of
forming a multilayered construction which comprises
attaching a first thermosetting polymer layer to a
surface of a first electrically conductive layer;
electroplating a nickel-phosphorus electrical
resistance material layer onto a surface of a second
electrically conductive layer; attaching a second
thermosetting polymer layer to a surface the
electrical resistance material layer; and then
attaching the first and second thermosetting polymer
layers to opposite surfaces of a heat resistant film
layer. 20. The method of claim 19 wherein the
attaching of the first and second thermosetting
polymer layers to opposite surfaces of the heat
resistant film layer is by lamination. 


