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(57) ABSTRACT 

Dominant-negative alleles of human mismatch repair genes 
can be used to generate hypermutable cells and organisms. 
By introducing these genes into mammalian cells new cell 
lines with novel and useful properties can be prepared more 
efficiently than by relying on the natural rate of mutation or 
introduction of mutations by chemical mutagens. These 
methods are useful for generating novel and highly active 
antimicrobial molecules as well as Superior antimicrobial 
agents from pre-existing chemicals. These methods are also 
useful for generating cell lines expressing novel antimicro 
bials that are useful for pharmaceutical manufacturing. 
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METHODS FOR ISOLATING NOVEL 
ANTIMICROBAL AGENTS FROM 

HYPERMUTABLE MAMMALIAN CELLS 

FIELD OF THE INVENTION 

0001. The present invention is related to the area of 
antimicrobial agents and cellular production of those agents. 
In particular, it is related to the field of identification of novel 
antimicrobial agents by placing mammalian cells under 
Selection in the presence of the microbe. 

BACKGROUND OF THE INVENTION 

0002 For as long as man has shared the planet with 
microorganisms there have been widespread outbreaks of 
infectious disease and Subsequent widespread mortality 
asSociated with it. Although microorganisms and man fre 
quently share a Symbiotic relationship, microorganisms can, 
under Some conditions, lead to Sickness and death. The 
discovery, wide use and dissemination of antibiotics to treat 
microbial infection in both human and animal populations 
over the last one hundred or So years has done much to 
control, and in Some instances, eradicate Some microbes and 
asSociated infectious disease. However, microbes have a 
Strong propensity to evolve and alter their genetic makeup 
when confronted with toxic Substances that place them 
under life and death Selective preSSures. Therefore, emerg 
ing infectious diseases currently pose an important public 
health problem in both developed as well as developing 
countries. Not only have microbes evolved to evade and 
defeat current antibiotic therapeutics, but also there are 
novel and previously unrecognized and/or characterized 
bacterial, fungal, Viral, and parasitic diseases that have 
emerged within the past two decades. Sass, Curr. Opin. in 
Drug Discov. & Develop. 2000, 3(5):646-654. 
0003. Since the accidental discovery of a penicillin 
producing mold by Fleming there has been Steady progreSS 
in Synthesizing, isolating and characterizing new and more 
effective beta-lactam antibiotics. In addition to the great 
Success of the beta-lactam family of antibiotics, the newer 
fluoroquinolones have a broad-spectrum of bactericidal 
activity as well as excellent oral bio-availability, tissue 
penetration and favorable Safety and tolerability profiles. 
King et al., Am. Fam. Physician, 2000, 61, 2741-2748. A 
newly devised four-generation classification of the qui 
nolone drugs accounts for the expanded antimicrobial Spec 
trum of the more recently introduced fluoroquinolones and 
their clinical indications. The So-called first generation 
drugs, which include nalidixic acid, are capable of achieving 
minimal Serum levels. The Second-generation quinolones, 
Such as ciprofloxacin, have an increased gram-negative and 
Systemic activity. The third-generation drugs comprise phar 
maceuticals. Such as levofloxacin and are have significant 
and expanded action against gram-positive bacteria and a 
typical pathogens. Finally, the fourth-generation quinolone 
drugs, which, to date, only includes trovofloxacin, are highly 
active against anaerobes in addition to the activity described 
for the third-generation drugs. Furthermore, the quinolone 
class of anti-microbial drugs can be divided based on their 
pharmacokinetic properties and bioavailability. 

0004 Mammalian epithelial Surfaces are remarkable for 
their ability to provide critical physiologic functions in the 
face of frequent microbial challenges. The fact that these 
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mucosal Surfaces remain infection-free in the normal host 
Suggests that highly effective mechanisms of host defense 
have evolved to protect these environmentally exposed 
tissues. Throughout the animal and plant kingdoms, endog 
enous genetically encoded antimicrobial peptides have been 
shown to be key elements in the response to epithelial 
compromise and microbial invasion. Zasloff, Curr. Opin. 
Immunol., 1992, 4, 3-7; and Bevins, Ciba Found Symp., 
1994, 186, 250-69. In mammals, a variety of such peptides 
have been identified, including the well-characterized 
defensins and cathelicidins and others (andropin, magainin, 
tracheal antimicrobial peptide, and PR-39; see Bevins, Ciba 
Found. Symp., 1994, 186, 250-69 and references therein). A 
major Source of these host defense molecules is circulating 
phagocytic leukocytes. However, more recently, it has been 
shown that resident epithelial cells of the Skin and respira 
tory, alimentary, and genitourinary tracts also synthesize and 
release antimicrobial peptides. Both in vitro and in Vivo data 
Support the hypothesis that these molecules are important 
contributors to intrinsic mucosal immunity. Alterations in 
their level of expression or biologic activity can predispose 
the organism to microbial infection. Huttner et al., Pediatr. 
Res., 1999, 45, 785-94. 
0005 Across the evolutionary scale species from insects 
to mammals to plants defend themselves against invading 
pathogenic microorganisms by utilizing cationic antimicro 
bial peptides that rapidly kill microbes without exerting 
toxicity to the host. Physicochemical peptide-lipid interac 
tions provide attractive mechanisms for innate immunity as 
discussed below. Many of these peptides form cationic 
amphipathic Secondary Structures, typically alpha-helices 
and beta-sheets, which can Selectively interact with anionic 
bacterial membranes via electroStatic interactions. Rapid, 
peptide-induced membrane permeabilization and Subse 
quent cellular lysis is the result. Matsuzaki, Biochim. Bio 
phys. Acta, 1999, 1462, 1-10. 
0006 The primary structures of a large number of these 
host-defense peptides have been determined. While there is 
no primary Structure homology, the peptides are character 
ized by a preponderance of cationic and hydrophobic amino 
acids. The Secondary Structures of many of the host-defense 
peptides have been determined by a variety of techniques. 
Sitaram et al., Biochim, Biophys. Acta, 1999, 1462, 29-54. 
The acyclic peptides tend to adopt helical conformation, 
especially in media of low dielectric constant, whereas 
peptides with more than one disulfide bridge adopt beta 
StructureS. 

0007 AS described above, one reason for the rise in 
microbial drug resistance to the first line antimicrobial 
therapies in Standard use today is the inappropriate and 
over-use of prescription antibiotics. Although bacteria are 
the most common organisms to develop drug-resistance, 
there are numerous examples of demonstrated resistance in 
fungi, Viruses, and parasites. The development of a resistant 
phenotype is a complex phenomenon that involves an inter 
action of the microorganism, the environment, and the 
patient, Separately as well as in combination. Sitaram et al., 
Biochim. Biophys. Acta, 1999, 1462, 29-54. The microor 
ganism in question may develop resistance while under 
antibiotic Selection or it may be a characteristic of the 
microbe prior to exposure to a given agent. There are a 
number of mechanisms of resistance to antibiotics that have 
been described, including genes that encode antibiotic resis 
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tance enzymes that are harbored on extrachromosomal plas 
mids as well as DNA elements (e.g. transposable elements) 
that can reside either extra-chromosomally or within the host 
genome. 

0008. Due to the ability of microorganisms to acquire the 
ability to develop resistance to antibiotics there is a need to 
continually develop novel antibiotics. Traditional methods 
to develop novel antibiotics have included medicinal chem 
istry approaches to modify existing antibiotics (Kang et al., 
Bioorg. Med. Chem. Lett., 2000, 10, 95-99) as well as 
isolation of antibiotics from new organisms (Alderson et al., 
Res. Microbiol., 1993, 144, 665-72). Each of these methods, 
however, has limitations. The traditional medicinal chemis 
try approach entails modification of an existing molecule to 
impart a more effective activity. The chemist makes a “best 
guess' as to which parts of the molecule to alter, must then 
devise a Synthetic Strategy, Synthesize the molecule, and 
then have it tested. This approach is laborious, requires large 
numbers of medicinal chemists and frequently results in a 
molecule that is lower in activity than the original antibiotic. 
The Second approach, isolation of novel antimicrobial 
agents, requires Screening large numbers of diverse organ 
isms for novel antimicrobial activity. Then, the activity must 
be isolated from the microorganism. This is not a Small task, 
and frequently takes many years of hard work to isolate the 
active molecule. Even after the molecule is identified, it may 
not be possible for medicinal chemists to effectively devise 
a Synthetic Strategy due to the complexity of the molecule. 
Furthermore, the Synthetic Strategy must allow for a cost 
effective synthesis. Therefore, a method that would allow for 
creation of more effective antibiotics from existing mol 
ecules or allow rapid isolation of novel antimicrobial agents 
is needed to combat the ever-growing list of antibiotic 
resistant organisms. The present invention described herein 
is directed to the use of random genetic mutation of a cell to 
produce novel antibiotics by blocking the endogenous mis 
match repair activity of a host cell. The cell can be a 
mammalian cell that produces an antimicrobial agent natu 
rally, or a cell that is placed under Selective pressure to 
obtain a novel antimicrobial molecule that attacks a specific 
microbe. Moreover, the invention describes methods for 
obtaining enhanced antimicrobial activity of a cell line that 
produces an antimicrobial activity due to recombinant 
expression or as part of the innate capacity of the cell to 
harbor such activity. 
0009. In addition, the generation of genetically altered 
host cells that are capable of Secreting an antimicrobial 
activity, which can be protein or non-protein based, will be 
valuable reagents for manufacturing the entity for clinical 
studies. An embodiment of the invention described herein is 
directed to the creation of genetically altered host cells with 
novel and/or increased antimicrobial production that are 
generated by a method that interferes with the highly ubiq 
uitous and phylogenetically conserved process of mismatch 
repair. 
0.010 The present invention facilitates the generation of 
novel antimicrobial agents and the production of cell lines 
that express elevated levels of antimicrobial activity. Advan 
tages of the present invention are further described in the 
examples and figures described herein. 

SUMMARY OF THE INVENTION 

0.011) One embodiment of the present invention provides 
a method for generating genetically altered mammalian cells 
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and placing the cells under direct microbial Selection as a 
means to isolate novel antimicrobial agents. Another 
embodiment provides a method for identifying novel 
microbe-specific toxic molecules by altering the ability of 
the cell to correct natural defects that occur in the DNA 
during the process of DNA replication. Interference with this 
process, called mismatch repair, leads to genetically dissimi 
lar sibling cells. These genetically dissimilar cells contain 
mutations, ranging from one mutation/genome to two or 
more mutations/genome, offer a rich population of cells 
from which to Select for Specific output traits, Such as the 
novel ability to resist microbial insult. The genetically 
altered cell generated by manipulation of the mismatch 
repair process is then incubated with a microbe that is 
normally toxic to cells. Most of the cells will rapidly lose 
viability and die; however, a subset of resistant cells will 
have the capacity to resist the microbial insult. These cells 
express a molecule, protein or non-protein in Structure, that 
imbues an antimicrobial activity to the newly Selected 
mammalian clones. These newly created cells can be 
expanded in vitro and the new molecule isolated and char 
acterized by standard methods that are well described it the 
art. The novel molecule(s) are then tested for their ability to 
kill or inhibit the growth of the microbe by standard micro 
bial assays that are well described in the art. Finally, the 
novel cell line generated Serves as an additional resource for 
large-scale production of the novel antimicrobial agent for 
use in clinical Studies. The processes described herein are 
applicable to any mammalian cell and any microbe for 
which an antibiotic agent is Sought. 
0012. The invention provides methods for rendering 
mammalian cells hypermutable as a means to generate 
antimicrobial agents. 
0013 The invention also provides methods for generat 
ing genetically altered cell lines that Secrete enhanced 
amounts of a known or novel antimicrobial polypeptide. 
0014. The invention also provides methods for generat 
ing genetically altered cell lines that Secrete enhanced 
amounts of a known or novel antimicrobial non-polypeptide 
based molecule. 

0015 The invention also provides methods for generat 
ing genetically altered cell lines that do not Secrete enhanced 
amounts of an antimicrobial peptide or non-peptide mol 
ecule but rather have a cell-Surface active molecule that 
detoxifies the microbe under test. 

0016. The invention also provides methods for producing 
an enhanced rate of genetic hypermutation in a mammalian 
cell and use of this as the basis to select for microbial 
resistant cell lines. 

0017. The invention also provides methods of mutating a 
known antimicrobial encoding gene of interest in a mam 
malian cell as a means to obtain a molecule with enhanced 
bactericidal activity. 
0018. The invention also provides methods for creating 
genetically altered antimicrobial molecules in Vivo. 
0019. The invention also provides methods for creating 
novel antimicrobial molecules from preexisting antimicro 
bial molecules by altering the innate enzymatic or binding 
ability of the molecules by altering the mismatch repair 
System within the host mammalian cell. 
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0020. The invention also provides methods for creating a 
novel anti-microbial polypeptide or non-polypeptide based 
molecule that has the capacity to bind in an irreversible 
manner to a microbe and thereby block binding of the 
pathogenic microbe to a host target organism and result in 
loss of viability of the microbe. 

0021. The invention also provides methods for creating a 
novel antimicrobial polypeptide or non-polypeptide based 
Small molecule that can block microbial cell growth and/or 
Survival. 

0022. The invention also provides methods for creating a 
novel antimicrobial polypeptide or non-polypeptide based 
biochemical that are able to irreversibly bind to toxic 
chemicals produced by pathogenic microbes. 

0023 The invention also provides methods for creating 
genetically altered antimicrobial molecules, either peptide of 
non-peptide based, that have enhanced pharmacokinetic 
properties in host organisms. 

0024. The invention also provides methods for creating 
genetically altered cell lines that manufacture an antimicro 
bial molecules, either peptide of non-peptide based, for use 
in large-scale production of the antimicrobial agent for 
clinical Studies. 

0.025 These and other aspects of the invention are 
described in the embodiments below. In one embodiment of 
the invention described, a method for making a microbial 
Sensitive mammalian cell microbe resistant by rendering the 
cell line hypermutable is provided. A polynucleotide encod 
ing a dominant negative allele of a mismatch repair gene is 
introduced into an mammalian cell. The cell becomes hyper 
mutable as a result of the introduction of the gene. 

0026. In another embodiment of the invention, an iso 
lated hypermutable cell is provided. The cell comprises a 
dominant negative allele of a mismatch repair gene. The cell 
exhibits an enhanced rate of hypermutation. 

0027. In another embodiment of the invention, an iso 
lated hypermutable cell is provided. The cell comprises a 
dominant negative allele of a mismatch repair gene. The cell 
exhibits an enhanced rate of hypermutation. The populations 
of cells generated by introduction of the mismatch repair 
gene are grown in the presence of microbes that are toxic to 
the wild type non-mutant cells. Cells are Selected that are 
resistant to the microbe and the novel molecule(s) isolated 
and characterized for antimicrobial activity by Standard 
methods well described in the art. 

0028. In another embodiment of the invention, an iso 
lated hypermutable cell is described to create a novel 
antimicrobial molecule from a pre-existing antimicrobial 
molecule by altering the innate enzymatic or binding ability 
of the molecule. 

0029. In another embodiment of the invention, a method 
of creating a novel antimicrobial polypeptide or non 
polypeptide based molecule that has the capacity to bind in 
an irreversible manner to a microbe and thereby block 
binding of the pathogenic microbe to a host target organism 
and result in loss of viability of the microbe. 

0.030. In another embodiment of the invention, a method 
of creating a novel antimicrobial polypeptide or non 
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polypeptide based Small molecule that can block microbial 
cell growth and/or survival is described. 

0031. In another embodiment of the invention, a method 
of creating a novel antimicrobial polypeptide or non 
polypeptide based biochemical that are able to irreversibly 
bind to toxic chemicals produced by pathogenic microbes is 
described. 

0032. In another embodiment of the invention, a method 
is provided for introducing a mutation into a known endog 
enous gene encoding for an antimicrobial polypeptide or a 
non-protein based antimicrobial molecule as a means to 
create a more efficacious antimicrobial. A polynucleotide 
encoding a dominant negative allele of a mismatch repair 
gene is introduced into a cell. The cell becomes hypermut 
able as a result of the introduction of the gene. The cell 
further comprises an antimicrobial gene(s) of interest. The 
cell is grown and tested to determine whether the gene 
encoding for an antimicrobial is altered and whether the 
novel molecule is more active by Standard microbiology 
assays well known in the art. 

0033. In another embodiment of the invention, a gene or 
genes encoding for an antimicrobial molecule is introduced 
into a mammalian cell host that is mismatch repair defective. 
The cell is grown, and then clones are analyzed for enhanced 
antimicrobial characteristics. 

0034. In another embodiment of the invention, a method 
is provided for producing new phenotypes of a cell. A 
polynucleotide encoding a dominant negative allele of a 
mismatch repair gene is introduced into a cell. The cell 
becomes hypermutable as a result of the introduction of the 
gene. The cell is grown and tested for the expression of new 
phenotypes where the phenotype is enhanced Secretion of a 
novel or known antimicrobial polypeptide. 

0035) In another embodiment of the invention, a method 
is provided for producing new phenotypes of a cell. A 
polynucleotide encoding a dominant negative allele of a 
mismatch repair gene is introduced into a cell. The cell 
becomes hypermutable as a result of the introduction of the 
gene. The cell is grown and tested for the expression of new 
phenotypes where the phenotype is enhanced Secretion of a 
novel or known antimicrobial non-polypeptide based mol 
ecule. 

0036). In another embodiment of the invention, a method 
is provided for producing new phenotypes of a cell. A 
polynucleotide encoding a dominant negative allele of a 
mismatch repair gene is introduced into a cell. The cell 
becomes hypermutable as a result of the introduction of the 
gene. The cell is grown and tested for the expression of new 
phenotypes where the phenotype is enhanced antimicrobial 
activity of a novel or known antimicrobial polypeptide that 
is not Secreted. 

0037. In another embodiment of the invention, a method 
is provided for producing new phenotypes of a cell. A 
polynucleotide encoding a dominant negative allele of a 
mismatch repair gene is introduced into a cell. The cell 
becomes hypermutable as a result of the introduction of the 
gene. The cell is grown and tested for the expression of new 
phenotypes where the phenotype is enhanced antimicrobial 
activity of a novel or known antimicrobial non-polypeptide 
based molecule that is not Secreted. 
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0.038. In another embodiment of the invention, a method 
is provided for restoring genetic Stability in a cell containing 
a polynucleotide encoding a dominant negative allele of a 
mismatch repair gene. The expression of the dominant 
negative mismatch repair gene is Suppressed and the cell is 
restored to its former genetic Stability. 
0039. In another embodiment of the invention, a method 
is provided for restoring genetic Stability in a cell containing 
a polynucleotide encoding a dominant negative allele of a 
mismatch repair gene and a newly Selected phenotype. The 
expression of the dominant negative mismatch repair gene is 
Suppressed and the cell restores its genetic Stability and the 
new phenotype is stable. 
0040. These and other embodiments of the invention 
provide the art with methods that generate enhanced muta 
bility in cells and animals as well as providing cells and 
animals harboring potentially useful mutations and novel 
protein and non-protein based molecules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 is a representative in situ B-galactosidase 
staining of TK-hPMS2-134 or TKvect cells to measure for 
cells containing genetically altered B-galactosidase genes, 
arrows indicate Blue (B-galactosidase positive) cells. 
0.042 FIG. 2 is a schematic representation of sequence of 
alterations of the B-galactosidase gene produced by expres 
Sion of TK-hPMS2-134 host cells in TK cells. 

0043 FIGS. 3A, 3B and 3C show a representative immu 
noprecipitation of in vitro translated hPMS2 and hMLH1 
proteins. 
0044 FIG. 4 shows representative complementation of 
MMR activity in transduced SH cells. 
004.5 FIG. 5 is a representative photograph of Syrian 
hamster TK-ts 13 cells transfected with a eukaryotic expres 
Sion vector that produces a novel anti-microbial polypeptide. 
0.046 FIG. 6 is a representative graph showing TK 
HPMS-134 transfected TK cells can suppress the growth of 
bacteria in vitro. 

0047 The presented invention is directed to, in part, 
methods for developing hypermutable mammalian cells by 
taking advantage of the conserved mismatch repair proceSS 
of host cells. Mismatched repair proceSS is described in 
several references. Baker et al., Cell, 1995, 82, 309 319; 
Bronner et al., Nature, 1994, 368,258 261; de Wind et al., 
Cell, 1995, 82,321 330; and Drummond et al., Science, 
1995, 268, 1909 1912. Dominant negative alleles of such 
genes, when introduced into cells or transgenic animals, 
increase the rate of Spontaneous mutations by reducing the 
effectiveness of DNA repair and thereby render the cells or 
animals hypermutable. Hypermutable cells or animals can 
then be utilized to develop new mutations in a gene of 
interest or in a gene whose function has not been previously 
described. Blocking mismatch repair in cells Such as, for 
example, mammalian cells or mammalian cells transfected 
with genes encoding for Specific antimicrobial peptides or 
non-peptide based antimicrobials, can enhance the rate of 
mutation within these cells leading to clones that have novel 
or enhanced antimicrobial activity or production and/or cells 
that contain genetically altered antimicrobials with 
enhanced biochemical activity against a range of opportu 
nistic microbes. 
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0048. The process of mismatch repair, also called mis 
match proofreading, is carried out by protein complexes in 
cells ranging from bacteria to mammalian cells. Modrich, 
Science, 1994, 266, 1959 1960. A mismatch repair gene is a 
gene that encodes for one of the proteins of Such a mismatch 
repair complex. Baker et al., Cell, 1995, 82, 309 319; 
Bronner et al., Nature, 1994, 368,258 261; de Wind et al., 
Cell, 1995, 82,321 330; Drummond et al., Science, 1995, 
268, 1909 1912; and Modrich, Science, 1994, 266, 1959 
1960. Although not wanting to be bound by any particular 
theory of mechanism of action, a mismatch repair complex 
is believed to detect distortions of the DNA helix resulting 
from non-complementary pairing of nucleotide bases. The 
non-complementary base on the newer DNA Strand is 
excised, and the excised base is replaced with the appropri 
ate base that is complementary to the older DNA strand. In 
this way, cells eliminate many mutations, which occur as a 
result of mistakes in DNA replication. 

0049) Dominant negative alleles cause a mismatch repair 
defective phenotype even in the presence of a wild-type 
allele in the same cell. An example of a dominant negative 
allele of a mismatch repair gene is the human gene hPMS2 
134, which carries a truncation mutation at codon 134. 
Nicolaides et al., Mol. Cell. Biol., 1998, 18, 1635-1641. The 
mutation causes the product of this gene to abnormally 
terminate at the position of the 134th amino acid, resulting 
in a shortened polypeptide containing the N-terminal 133 
amino acids. Such a mutation causes an increase in the rate 
of mutations that accumulate in cells after DNA replication. 
Expression of a dominant negative allele of a mismatch 
repair gene results in impairment of mismatch repair activ 
ity, even in the presence of the wild-type allele. Any allele, 
which produces Such effect, can be used in this invention. 

0050. Dominant negative alleles of a mismatch repair 
gene can be obtained from the cells of humans, animals, 
yeast, bacteria, or other organisms. Prolla et al., Science, 
1994, 264, 1091 1093; Strand et al., Nature, 1993, 365, 274 
276; and Su et al., J. Biol. Chem., 1988, 263, 6829 6835. 
Screening cells for defective mismatch repair activity can 
identify such alleles. Cells from animals or humans with 
cancer can be Screened for defective mismatch repair. Cells 
from colon cancer patients may be particularly useful. 
Parsons et al., Cell, 1993, 75, 1227 1236; and Papadopoulos 
et al., Science, 1993, 263, 1625 1629. Genomic DNA, 
cDNA, or mRNA from any cell encoding a mismatch repair 
protein can be analyzed for variations from the wild type 
sequence. Perucho, Biol. Chem., 1996, 377, 675 684. Domi 
nant negative alleles of a mismatch repair gene can also be 
created artificially, for example, by producing variants of the 
hPMS2-134 allele or other mismatch repair genes. Various 
techniques of Site-directed mutagenesis can be used. The 
suitability of such alleles, whether natural or artificial, for 
use in generating hypermutable cells or animals can be 
evaluated by testing the mismatch repair activity caused by 
the allele in the presence of one or more wild-type alleles, 
to determine if it is a dominant negative allele. 

0051 A cell or an animal into which a dominant negative 
allele of a mismatch repair gene has been introduced will 
become hypermutable. This means that the Spontaneous 
mutation rate of Such cells or animals is elevated compared 
to cells or animals without Such alleles. The degree of 
elevation of the Spontaneous mutation rate can be at least 
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2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold, 200-fold, 
500-fold, or 1000-fold that of the normal cell or animal. 
0.052 According to one aspect of the invention, a poly 
nucleotide encoding a dominant negative form of a mis 
match repair protein is introduced into a cell. The gene can 
be any dominant negative allele encoding a protein that is 
part of a mismatch repair complex, for example, PMS2, 
PMS1, MLH1, or MSH2. The dominant negative allele can 
be naturally occurring or made in the laboratory. The poly 
nucleotide can be in the form of genomic DNA, cDNA, 
RNA, or a chemically Synthesized polynucleotide. 
0053. The polynucleotide can be cloned into an expres 
Sion vector containing a constitutively active promoter Seg 
ment (such as but not limited to CMV, SV40, Elongation 
Factor or LTR sequences) or to inducible promoter 
sequences such as the steroid inducible plND vector (InVit 
rogen), where the expression of the dominant negative 
mismatch repair gene can be regulated. The polynucleotide 
can be introduced into the cell by transfection. 
0.054 Transfection is any process whereby a polynucle 
otide is introduced into a cell. The process of transfection 
can be carried out in a living animal, e.g., using a vector for 
gene therapy, or it can be carried out in Vitro, e.g., using a 
Suspension of one or more isolated cells in culture. The cell 
can be any type of eukaryotic cell, including, for example, 
cells isolated from humans or other primates, mammals or 
other vertebrates, invertebrates, and Single celled organisms 
Such as protozoa, yeast, or bacteria. 
0055. In general, transfection will be carried out using a 
Suspension of cells, or a Single cell, but other methods can 
also be applied as long as a Sufficient fraction of the treated 
cells or tissue incorporates the polynucleotide So as to allow 
transfected cells to be grown and utilized. The protein 
product of the polynucleotide may be transiently or stably 
expressed in the cell. Techniques for transfection are well 
known and available techniques for introducing polynucle 
otides include but are not limited to electroporation, trans 
duction, cell fusion, the use of calcium chloride, and pack 
aging of the polynucleotide together with lipid for fusion 
with the cells of interest. Once a cell has been transfected 
with the mismatch repair gene, the cell can be grown and 
reproduced in culture. If the transfection is Stable, Such that 
the gene is expressed at a consistent level for many cell 
generations, then a cell line results. 
0056 An isolated cell is a cell obtained from a tissue of 
humans or animals by mechanically Separating out indi 
vidual cells and transferring them to a Suitable cell culture 
medium, either with or without pretreatment of the tissue 
with enzymes, e.g., collagenase or trypsin. Such isolated 
cells are typically cultured in the absence of other types of 
cells. Cells selected for the introduction of a dominant 
negative allele of a mismatch repair gene may be derived 
from a eukaryotic organism in the form of a primary cell 
culture or an immortalized cell line, or may be derived from 
Suspensions of Single-celled organisms. 
0057 The invention described herein is useful for creat 
ing microbial-resistant mammalian cells that Secrete new 
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antimicrobial biochemical agents, either protein or non 
protein in nature. Furthermore, the invention can be applied 
to cell lines that express known antimicrobial agents as a 
means to enhance the biochemical activity of the antimicro 
bial agent. 

0058. Once a transfected cell line has been produced, it 
can be used to generate new mutations in one or more 
gene(s) of interest or in genes that have not been previously 
described. A gene of interest can be any gene naturally 
possessed by the cell line or introduced into the cell line by 
Standard methods known in the art. An advantage of using 
transfected cells or to induce, mutation(s) in a gene or genes 
of interest that encode antimicrobial activity is that the cell 
need not be exposed to mutagenic chemicals or radiation, 
which may have secondary harmful effects, both on the 
object of the exposure and on the workers. Furthermore, it 
has been demonstrated that chemical and physical mutagens 
are base pair specific in the way they alter the Structure of 
DNA; the invention described herein results in mutations 
that are not dependent upon the Specific nucleotide or a 
Specific String of nucleotides and is a truly random genetic 
approach. Therefore, use of the present invention to obtain 
mutations in novel or known antimicrobial genes will be 
much more efficient and have a higher likelihood of Success 
in contrast to conventional mutagenesis with chemical or 
irradiation. Once a new antimicrobial trait is identified in a 
Sibling cell, the dominant negative allele can be removed 
from the cell by a variety of standard methods known in the 
art. For example, the gene can be directly knocked out the 
allele by technologies used by those skilled in the art or use 
of a inducible expression System; the dominant-negative 
allele is driven by a Standard promoter that is regulated by 
inclusion of an inducer, withdrawal of the inducer results in 
attenuation of the expression of the dominant negative 
mismatch repair mutant and a normal DNA repair process 
will ensue. 

0059 New antimicrobial agents are selected from cells 
that have been exposed to the dominant negative mismatch 
repair process followed by incubating the mutant cells in the 
presence of the microbe for which an novel antimicrobial 
agent is Sought. The novel antimicrobial agent is purified by 
Standard methods known to those skilled in the art and 
characterized. The antimicrobial agents are re-screened to 
determine the Specific activity of the novel antimicrobial as 
well as tested against a broad range of microbes to determine 
spectrum of activity. The gene(s) that encode the novel 
antimicrobial are isolated by standard well known methods 
to those in the art. The mutations can be detected by 
analyzing for alterations in the genotype of the cells by 
examining the Sequence of genomic DNA, cDNA, messen 
ger RNA, or amino acids associated with the gene of 
interest. A mutant polypeptide can be detected by identifying 
alterations in electrophoretic mobility, Spectroscopic prop 
erties, or other physical or Structural characteristics of a 
protein encoded by a mutant gene when the cell that has 
undergone alteration encodes a known antimicrobial that is 
altered by the means described in the current invention to 
obtain a more efficacious antimicrobial. Examples of mis 
match repair proteins and nucleic acid Sequences include the 
following: 
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- continued 
citgataattt tag caccoag tatgttittag atgg cagtgg ccacatactt totcagaaac 480 

cittcacatct tdgtoaaggt acaactgtaa citgctittaag attatttaag aatctacctg. 540 

taagaaag.ca gttt tactica actgcaaaaa aatgtaaaga tigaaataaaa aagatccaag 600 

atctoctoat gagctttggit atccittaaac citgacittaag gattgttctitt gtacataaca 660 

aggcagttat ttggcagaaa agcagagtat cagat cacaa gatggct citc atgtcagttc. 720 

tggggactgc tigittatgaac aatatggaat cotttcagta ccactctgaa gaatctoaga 780 

tittatctoag toggatttctt coaaagttgttg atgcagacca citctttcact agtctittcaa 840 

caccagaaag aagtttcatc titcataaaca gtcgaccagt acatcaaaaa gatatottaa 900 

agittaatccg acatcattac aatctgaaat gcctaaagga atctactcgt ttgitatcct g 960 

ttittctittct gaaaatcg at gttcctacag citgatgttga tigtaaattta acaccagata O20 

aaag.ccaagt attattacaa aataaggaat citgttittaat togctott gala aatctgatga O8O 

cg acttgtta to gaccatta cotagtacaa attctitatga aaataataaa acagatgttt 14 O 

cc.gcagct ga catcgttctt agtaaaacag cagaaacaga tigtgctttitt aataaagtgg 200 

aatcatctgg aaagaattat tdaaatgttg atactitcagt cattccattc caaaatgata 260 

tgcataatga t gaatctgga aaaaacactg atgattgttt aaatcaccag ataagtattg 320 

gtgactittgg titatgg to at totagtag tog aaatttctaa cattgataaa alacactalaga 38O 

atgcatttca ggacatttca atgagtaatg tat catggga gaact citcag acggaatata 4 40 

gtaaaacttg ttittataagt toc gttaa.gc acacccagto agaaaatggc aataaag acc 5 OO 

atatagatga gagtggggaa aatgaggaag aag caggtot togaaaactot toggaaattit 560 

citgcagatga gtggag cagg ggaaatatac ttaaaaattic agtgg gagag aatattgaac 62O 

citgttgaaaat tittagt gcct gaaaaaagtt taccatotaa agtaagtaat aataattatc 680 

caatcc ct ga acaaatgaat cittaatgaag attcatotaa caaaaaatca aatgtaatag 740 

ataataaatc toggaaaagtt acagottatg atttacittag caatcgagta atcaagaaac 800 

ccatgtcago aagtgctott tttgttcaag atcatcgtoc toagtttcto atagaaaatc 860 

citaagacitag tittagaggat gcaa.cactac aaattgaaga actgtggaag acattgagtg 920 

aagaggaaaa actgaaatat galagagaagg citactaaaga cittggaacga tacaatagtic 98O 

aaatgaagag agc cattgaa caggagtcac aaatgtcact aaaagatggc agaaaaaaga 2040 

taaaac coac cagcgcatgg aatttggc.cc agaag cacaa gttaaaaacc to attatcta 2100 

atcaiaccalaa acttgatgaa citcct tcagt cocaaattga aaaaagaagg agtcaaaata 2160 

ttaaaatggit acagatcc cc titttctatga aaaacttaaa aataaattitt aagaaacaaa 2220 

acaaagttga cittagaagag aag gatgaac cittgcttgat coacaatcto aggtttcct g 2280 

atgcatggct aatgacatcc aaaacagagg taatgttatt aaatccatat agagtagaag 2340 

aag.ccctgct atttaaaaga cittcttgaga atcataaact tcc to cagag ccactggaaa 2400 

agccaattat gttaacagag agtctttitta atggatctoa ttatttagac gttittatata 2460 

aaatgacago agatgaccaa agatacagtg gatcaactta cct gtctgat cotcgtotta 2520 

cago gaatgg tittcaagata aaattgatac caggagtttcaattact gala aattacittgg 2580 

aaatagaagg aatggctaat tdt citcc.cat totatggagt agcagattta aaagaaattic 2640 

ttaatgctat attaaacaga aatgcaaagg aagtttatga atgtag acct c gcaaagtga 2700 

taagttattt agagggagaa goagtgcg to tatccagaca attacccatg tacttatcaa 2760 
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- continued 
aactcittatc agatgattcc aactittggac agtttgaact gacitacttitt gactitcagoc 960 

agtatatgaa attggatatt gcagoagtica gagcc cittaa cctttitt cag g gttctgttg O20 

aagataccac toggctdtcag totctggctg. ccttgctgaa taagtgtaaa accoctoaag O8O 

gacaaag act tottalaccag toggattaa.gc agcct citcat ggataagaac agaatagagg 14 O 

agagattgaa tittagtggaa gottttgtag aagatgcaga attgagg cag actttacaag 200 

aagatttact tcgtogatto coagatctta accgacittgc caagaagttt caaagacaag 260 

cagdaaactt acaagattgt taccg actict atcagggitat aaatcaacta cctaatgtta 320 

tacaggctict ggaaaaac at gaaggaaaac accagaaatt attgttggca gttitttgttga 38O 

citccitcttac to atctitcgt totgacttct coaagtttca ggaaatgata gaaacaactt 4 40 

tagatatgga toaggtggala aaccatgaat to cittgtaaa accitt cattt gatcc taatc 5 OO 

toagtgaatt aagagaaata atgaatgact toggaaaagaa gatgcagtoa acattaataa 560 

gtgcagccag agatcttggc titggaccctg gcaaacagat taaactggat to cagtgcac 62O 

agtttggata ttacttitcgt gta acctgta aggaagaaaa agticcitt.cgt aacaataaaa 680 

actittagtac totagatato cagaagaatg gtgttaaatt taccalacago: aaattgacitt 740 

citttaaatga agagtatacc aaaaataaaa cagaatatga agaagcc cag gatgc cattg 800 

ttaaagaaat tdtcaatatt tottcaggct atgtagalacc aatgcagaca citcaatgatg 860 

tgttagctica gctagatgct gttgtcagct ttgct cacgt gtcaaatgga gcaccitgttc 920 

catatgtacg accago catt ttggagaaag gacaaggaag aattatatta aaa.gcatcca 98O 

ggcatgcttg togttgaagtt caagatgaaa ttgcatttat toctaatgac gtatactittg 2040 

aaaaagataa acagatgttc. cacat catta citggc.cccaa tatgg gaggit aaatcaa.cat 2100 

atattogaca aactggggtg atagtactica togcc caaat tdggtgttitt gtgccatgtg 2160 

agtcagcaga agtgtc.catt gtggactgca tottagc.ccg agtaggggct ggtgacagt c 2220 

aattgaaagg agt citccacg titcatggctgaaatgttgga aacto cittct atccticaggt 2280 

citgcaaccaa agattcatta ataatcatag atgaattggg aagaggaact tctacctacg 2340 

atggatttgg gttagcatgg gctatatoag aatacattgc aacaaagatt gotgctttitt 2400 

gcatgtttgc aaccoattitt catgaactta citgccittggc caatcagata ccaactgtta 2460 

ataatctaca totcacagoa citcaccactg aag agacctt aactatgctt tatcaggtga 2520 

agaaaggtgt citgtgatcaa agttittggga titcatgttgc agagcttgct aattitcc cita 2580 

agcatgtaat agagtgtgct aaacagaaag ccctggaact to aggagttt cagtatattg 2640 

gagaatc.gca aggatatgat atcatggaac cagcago aaa gaagtgctat citggaaagag 2700 

agcaaggtga aaaaattatt caggagttcc tdtccalaggt gaaacaaatg cccitt tact g 2760 

aaatgtcaga agaaaa.catc acaataaagt taaaa.cagot aaaagctgaa gtaatagdala 2820 

agaataatag citttgtaaat gaaatcattt cacgaataaa agttactacg tdaaaaatcc 2880 

cagtaatgga atgaaggtaa tattgataag citattgttctg taatagittitt atattgttitt 2940 

atattaacco tttittccata gtgttaactg. tcagtg.ccca taggctatoa acttaataag 3000 

atatttagta atatttitact ttgaggacat tittcaaagat ttittattittgaaaaatgaga 3060 

gctgtaactg agg actgttt gcaattgaca taggcaataa taagtgatgt gctgaattitt 3120 

ataaataaaa toatgtagtt totgg 31.45 

MLH1 (human) (SEQ ID NO: 15) 
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- continued 
tgtaccc.ccc ggagaaggat catta accitc act agtgttt tagt citcca ggaagaaatt 1560 

aatgag cagg gacatgaggit totcc.gggag atgttgcata accactcct t c gtgggctdt 1620 

gtgaatccitc agtgggccitt g g cacagoat caaaccaagt tataccttct caacaccacc 1680 

aag cittagtg aagaactgtt citaccagata citcatttatg attittgccaa ttittggtgtt 1740 

citcaggittat cqgagccago accgctottt gaccttgcca tacttgcctt agatagtcca 1800 

gag agtggct ggacagagga agatggtocc aaagaaggac ttgctgaata cattgttgag 1860 

tittctgaaga agaaggctga gatgcttgca gactatttct citttggaaat tdatgaggaa 1920 

gggalacct ga ttggattacc cctitctgatt gacaactato td.ccc.cctitt gagggact g 1980 

ccitatctt.ca ttctitcg act agccactgag gtgaattggg acgaagaaaa gaatgttitt 2040 

gaaag.cctica gtaaagaatg cqctatottc tatto catcc ggaag cagta catat citgag 2100 

gagtcg acco totcaggcca gcagagtgaa gtgcc togct coatt.ccaaa citcctggaag 2160 

tgg actgtgg aacacattgt citataaag.cc ttgcgctcac acattctgcc toctaaacat 2220 

ttcacagaag atggaaatat cotgcagott gctaacctgc citgatctata caaagttctitt 2280 

gag aggtgtt aaatatggitt atttatgcac tatgg gatgt gttcttctitt citctgtatto 2340 

cgatacaaag togttgtatica aagtgttgata tacaaagtgt accalacataa gtgttggtag 2400 

cacttaag ac titatacttgc cittctgatag tattoctitta tacacagtgg attgattata 2460 

aataaataga tigtgtc.ttaa cata 2484 

hPMS2-134 (human) (SEQ ID NO: 17) 
MERAESSSTE PAKAIKPIDR KSWHOICSGQ WWLSLSTAVK ELVENSLDAG ATNIDLKLKD 60 

YGVDLIEWSD NGCGVEEENF EGLTLKHHTS KIQEFADLTQ WETFGFRGEA LSSLCALSDW 120 

TISTCHASAK WGT 133 

hPMS2-134 (human cDNA) (SEQ ID NO: 18) 
c gaggcggat cqggtgttgc atc catggag cqagctdaga gctic gagtac agaacct gct 60 

aaggccatca aacctattga toggaagttca gtc.catcaga tittgctotgg gcaggtggta 120 

citgagtictaa goactg.cggit aaaggagitta gtagaaaa.ca gtctggatgc tiggtgcc act 180 

aatattgatc taaagcttaa goactatoga gtggatctta ttgaagtttc agacaatgga 240 

tgtggggtag aagaagaaaa citt.cgaaggc tita actctga aac at cacac atctaagatt 300 

caag agtttg cc gacctaac to aggttgaa acttittggct titcgggggga agctotgagc 360 

to actttgttg cactgagciga tigtcaccatt totacct gcc acgcatcggc galaggttgga 420 

acttga 426 

0060. The above disclosure generally describes the 
present invention. A more complete understanding can be 
obtained by reference to the following Specific examples, 
which are provided herein for purposes of illustration only, 
and are not intended to limit the Scope of the invention. 

EXAMPLES 

Example 1 

hPMS2-134 Encodes a Dominant Negative 
Mismatch Repair Protein 

0061 A profound defect in MMR was found in the 
normal cells of two HNPCC patients. That this defect was 
operative in Vivo was demonstrated by the widespread 

presence of microSatellite instability in non neoplastic cells 
of Such patients. One of the two patients had a germ line 
truncating mutation of the hPMS2 gene at codon 134 (the 
hPMS2 134 mutation), while the other patient had a small 
germ line deletion within the hMLH1 gene. Leach et al., 
Cell, 1993, 75, 1215 1225. These data contradicted the two 
hit model generally believed to explain the biochemical and 
biological features of HNPCC patients. The basis for this 
MMR deficiency in the normal cells of these patients was 
unclear, and Several potential explanations were offered. For 
example, it was possible that the Second allele of the relevant 
MMR gene was inactivated in the germ line of these patients 
through an undiscovered mechanism, or that unknown muta 
tions of other genes involved in the MMR process were 
present that cooperated with the known germ line mutation. 
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It is clear from knock out experiments in mice that MMR 
deficiency is compatible with normal growth and develop 
ment, Supporting these possibilities. Edelmann et al., Cell, 
1996, 85, 1125 1134. Alternatively, it was possible that the 
mutant alleles exerted a dominant-negative effect, resulting 
in MMR deficiency even in the presence of the wild type 
allele of the corresponding MMR gene and all other genes 
involved in the MMR process. To distinguish between these 
possibilities, the truncated polypeptide encoded by the 
hPMS2 134 mutation was expressed in an MMR proficient 
cell line its affect on MMR activity was analyzed. The 
results showed that this mutant could indeed exert a domi 
nant-negative effect, resulting in biochemical and genetic 
manifestations of MMR deficiency. One embodiment of the 
present invention is demonstrated in Table 1, where a Syrian 
hamster fibroblast cell line (TK) was transfected with an 
expression vector containing the hPMS2-134 (TK-PMS2 
134) or the empty expression vector (TKvect), which also 
contains the NEO gene as a selectable marker. TK-PMS2 
134 cells were determined to be stably expressing the gene 
via western blot analysis (data not shown). Nuclear lysates 
from hPMS2-134 and control cells were measured for the 
ability to correct mismatched DNA substrates. As shown in 
Table 1, TK-PMS2-134 cells had a dramatic decrease in 
repair activity while TKvect control cells were able to repair 
mismatched DNA duplexes at a rate of ~40 fmol/15 minutes 
(p<0.01). 

TABLE 1. 

Relative endogenous MMR activity of MMR-proficient cells 
expressing an ectopically expressed morphogene or an 

empty expression vector 

5' DNA Repair activity of G/T mismatch 
Cell Lines (fmol/15 minutes) 

TKvect 

1. 3.5 
2 2.9 
3 5.5 

TK-PMS2-134 

1. O 
2 O 
3 0.5 

0062) These data show that the expression of the 
TK-PMS2-134 results in suppressed MMR of a host organ 
ism and allows for an enhanced mutation rate of genetic loci 
with each mitosis. 

Example 2 

hPMS2-134 Can Alter Genes. In Vivo 

0.063 An example of the ability to alter mismatch repair 
comes from experiments using manipulation of mismatch 
repair TK cells (described above) that expressed the 
TK-hPMS2-134 mutant were used by transfection of the 
mammalian expression construct containing a defective 
f-galactosidase gene (referred to as pCAR-OF) which was 
transfected into TK-hPMS2-134 or TKvect cells as 
described above. The pCAR OF vector consists of a B-ga 
lactosidase gene containing a 29-basepair poly-CA tract 
inserted at the 5' end of its coding region, which causes the 
wild-type reading frame to shift out-of-frame. This chimeric 
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gene is cloned into the pCEP4, which contains the consti 
tutively active cytomegalovirus (CMV) promoter upstream 
of the cloning site and also contains the hygromycin 
resistance gene that allows for Selection of cells containing 
this vector. The pCAR-OF reporter cannot generate B-ga 
lactosidase activity unless a frame-restoring mutation (i.e., 
insertion or deletion) arises following transfection into a 
host. Another reporter vector called pCAR-IF contains a 
B-galactosidase in which a 27-bp poly-CA repeat was cloned 
into the same site as the pCAR-OF gene, but it is biologi 
cally active because the removal of a single repeat restores 
the open reading frame and produces a functional chimeric 
f-galactosidase polypeptide (not shown). In these experi 
ments, TK-hPMS2-134 and TKvect cells were transfected 
with the pCAR-OF reporter vector and selected for 17 days 
in neomycin plus hygromycin Selection medium. After the 
17 days, resistant colonies were Stained for B-galactosidase 
production to determine the number of clones containing a 
genetically altered B-galactosidase gene. All conditions pro 
duced a relatively equal number of neomycin/hygromycin 
resistant cells, however, only the cells expressing the 
TK-hPMS2-134 contained a Subset of clones that were 
positive for 3-galactosidase activity. Representative results 
are shown in Table 2, which shows the data from these 
experiments where cell colonies were Stained in Situ for 
B-galactosidase activity and Scored for activity. Cells were 
Scored positive if the colonies turned blue in the presence of 
X-gal Substrate and Scored negative if colonies remained 
white. Analysis of triplicate experiments showed that a 
Significant increase in the number of functional B-galactosi 
dase positive cells was found in the TK-hPMS2-134 cul 
tures, while no f-galactosidase positive cells were Seen in 
the control TKvect cells. 

TABLE 2 

Number of TKmorph and TKvect cells containing 
functional B-galactosidase activity 

% Clones with 
Cells White Colonies Blue Colonies altered B-gal 

Tkvect 65 +/- 9 O Of65 = 0% 
TK-PMS2-134 40 -f- 12 28 -f- 4 28/68 = 41% 

0.064 TK-PMS2-134 40+/-12 28+/-4 28/68=41% 
TK-PMS2-134/pCAR-OF clones that were pooled and 
expanded also showed a number of cells that contained a 
functional B-galactosidase gene. No B-galactosidase posi 
tive cells were observed in TKvect cells transfected with the 
pCAR-OF vector. These data are shown in FIG. 1 where the 
dark Staining in panel B represent B-galactosidase positive 
cells present in the TK-PMS2-134/pCAR-OF cultures while 
none are found in the TKVect cells grown under Similar 
conditions (panel A). These data demonstrate the ability of 
the mutant mismatch repair gene, hPMS2-134, to generate 
gene alterations in Vivo, which allows for the rapidScreening 
of clones with altered polypeptides exhibiting new bio 
chemical features. 

0065. To confirm that alterations within the nucleotide 
Sequences of the 3-galactosidase gene was indeed respon 
Sible for the in Vivo B-galactosidase activity present in 
TK-hPMS2-134 clones, RNA was isolated from 
TK-hPMS2-134/pCAR-OF and TKvect/pCAR-OF and the 
B-galactosidase mRNA primary Structure was examined by 
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reverse transcriptase polymerase chain reaction (RT-PCR) 
amplification and Sequencing. Sequence analysis of B-ga 
lactosidase message from TKVect cells found no structural 
alterations in the input gene Sequence. Analysis of the 
B-galactosidase message from TK-hPMS-134 cells found 
Several changes within the coding Sequences of the gene. 
These Sequence alterations included insertion and deletions 
of the poly CA tract in the amino terminus as expected. 
Other alterations included insertions of Sequences outside of 
the polyCA repeat as well as a Series of Single base alter 
ations contained throughout the length of the gene. 
0.066 A Summary of the genetic alterations are given in 
FIG. 2 where a Schematic representation of the B-galactosi 
dase gene is shown with the regions and types of genetic 
alterations depicted below. 
0067 Plasmids. The full length wild type hPMS2 clDNA 
was obtained from a human Hela cDNA library as described 
in Strand et al., Nature, 1993, 365, 274 276, which is 
incorporated herein by reference in its entirety. An hPMS2 
cDNA containing a termination codon at amino acid 134 
was obtained via RT PCR from the patient in which the 
mutation was discovered. Nicolaides et al., Mol. Cell. Biol., 
1998, 18, 1635-1641, which is incorporated herein by ref 
erence in its entirety. The cDNA fragments were cloned into 
the BamHI site into the pSG5 vector, which contains an 
SV40 promoter followed by an SV40 polyadenylation sig 
nal. Nicolaides et al., Genomics, 1995, 29, 329 334, which 
is incorporated herein by reference in its entirety. The pCAR 
reporter vectors described in FIG. 1 were constructed as 
described in Palombo et al., Nature, 1994, 36,417, which is 
incorporated herein by reference in its entirety. 
0068 B-galactosidase assay. Seventeen days following 
transfection with pCAR, B-galactosidase assays were per 
formed using 20 tug of protein in 45 mM 2 mercaptoethanol, 
1 mM MgCl, 0.1 M NaPO and 0.6 mg/ml Chlorophenol 
red B-D galatopyranoside (CPRG, Boehringer Mannheim). 
Reactions were incubated for 1 hour, terminated by the 
addition of 0.5 M NaCO, and analyzed by spectrophotom 
etry at 576 nm. Nicolaides et al., Mol. Cell. Biol., 1998, 18, 
1635-1641. For in Situ B-galactosidase Staining, cells were 
fixed in 1% glutaraldehyde in PBS and incubated in 0.15 M 
NaCl, 1 mM MgCl, 3.3 mM K Fe(CN), 3.3 mM 
KFe(CN), 0.2%xGal for 2 hours at 37° C. 

Example 3 

hPMS2-134 Causes a Defect in MMR Activity 

0069. The differences in B-galactosidase activity between 
PMS2 WT and PMS2 134 transfected cells can be due to the 
PMS2 134 protein disturbing MMR activity resulting in a 
higher frequency of mutation within the pCAR OF reporter 
and re establishing the ORF. To directly test whether MMR 
was altered, a biochemical assay for MMR with the indi 
vidual clones described in Example 1 was employed. 
Nuclear extracts were prepared from the clones and incu 
bated with heteroduplex Substrates containing either a /CAA 
insertion deletion or a G/T mismatch under conditions 
described previously. The /CA\ and G/T heteroduplexes 
were used to test repair from the 3' and 5' directions, 
respectively. There was a dramatic difference between the 
PMS2-134 expressing clones and the other clones in these 
assays (Table 3). 
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TABLE 3 

MMR activity of nuclear extracts from SH clones or pooled culturesa 

Cell Amt of repaired substrate (fmol/15 min 

clonesb 
PMS2 
NOT 

Clone A 10.2 3.5 
Clone B 12.7 2.9 
Clone C 13.5 5.5 
PMS2 

Clone A 2.8 2.2 
Clone B 5.7 4.8 
Clone c 4.7 2.9 
PMS2 
134 

Clone A 2.5 O.O 
Clone B 2.4 O.O 
Clone C 5.0 0.5 
Pooled 
cultures 

PMS2- 2O7 2.37 O.37 3.45 1.35 2.77 - 1.37 
NOT O.09 
PMS2- 1.65 1.86 - 0.57 1.13 - 0.23 1.23 - 0.65 
WT O.94 
PMS2- 0.14 + O.O. O.O 131 O.66 O.O. O.O 
134 O.2 

aThe extracts were tested for MMR activity with 24 fmol of heteroduplex. 
bThese data represent similar results derived from more than five indepen 
dent experiments. 

0070 While all clones repaired substrates from the 3' 
direction (CA\ heteroduplex), cells expressing the PMS2 
134 polypeptide had very little 5' repair activity. A similar 
directional defect in mismatch repair was evident with 
pooled clones resulting from PMS2 134 transfection, or 
when the heteroduplex contained a 2 4 base pair loop, 
examples of which are shown in Table 3. A small decrease 
in MMR activity was observed in the 3'/CA\ PMS2-WT 
repair assays, perhaps a result of interference in the bio 
chemical assays by over-expression of the PMS2 protein. No 
significant activity was caused by PMS2-WT in the in situ 
B-galactosidase assays, a result more likely to reflect the in 
vivo condition. 

0071 Biochemical assays for mismatch repair. MMR 
activity in nuclear extracts was performed as described, 
using 24 finol of substrate, in Bronner et al., Nature, 1994, 
368,258 261 and Nicolaides et al., Mol. Cell. Biol., 1998, 
18, 1635-1641, each of which is incorporated herein by 
reference in its entirety. Complementation assays were done 
by adding ~100 ng of purified MutL" or MutS" components 
to 100 lug of nuclear extract, adjusting the final KCl con 
centration to 100 mM. Bevins, Ciba Found. Symp., 1994, 
186, 250-69 and Alderson et al., Res. Microbiol., 1993, 144, 
665-72. The substrates used in these experiments contain a 
strand break 181 nucleotides 5' or 125 nucleotides 3' to the 
mismatch. Values represent experiments performed at least 
in duplicate. 
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Example 4 

C-Terminus of hPMS2 Mediates Interaction 
Between hPMS2 and hMLH1. 

0072) To elucidate the mechanism by which hPMS2 134 
affected MMR, the interaction between hPMS2 and hMLH1 
was analyzed. Previous studies have shown that these two 
proteins dimerize to form a functionally active complex. 
Bronner et al., Nature, 1994, 368, 258 261. Proteins were 
Synthesized in vitro using reticulocyte lysates, employing 
RNA generated from cloned templates. The full length 
hMLH1 and hPMS2 proteins bound to each other and were 
co precipitated with antibodies to either protein, as expected 
(data not shown). To determine the domain of hPMS2 that 
bound to hMLH1, the amino terminus (codons 1-134), 
containing the most highly conserved domain among mutL 
proteins (Su et al., J. Biol. Chem., 1988, 263, 6829 6835 and 
Edelmann et al., Cell, 1996, 85, 1125 1134), and the car 
boxyl terminus (codons 135-862) were separately cloned 
and proteins produced in vitro in coupled transcription 
translation reactions. FIGS. 3A, 3B, and 3C show a repre 
sentative immunoprecipitation of in vitro-translated hPMS2 
and hMLH1 proteins. FIG. 3A shows labeled (indicated by 
an asterisk) or unlabelled proteins incubated with an anti 
body to the C-terminus of hPMS2 in lanes 1 to 3 and to 
hMLH1 in lanes 4 to 6. Lane 7 contains a nonprogrammed 
reticulocyte lysate. PMS2-135 contains codons 135 to 862 
of hPMS2. The major translation products of hPMS2 and 
hMLH1 are indicated. FIG. 3B shows labeled hPMS2-134 
(containing codons 1-134 of hPMS2) incubated in the pres 
ence or absence of unlabelled hMLH1 plus an antibody to 
hMLH1 (lanes 1 and 2, respectively). Lane 3 contains lysate 
from a nonprogrammed reticulolysate. FIG. 3C shows 
labeled proteins incubated with an antibody to the N termi 
nus of hPMS2. Lane 6 contains a nonprogrammed reticu 
locyte lysate. In both panels A and B, autoradiographs of 
immunoprecipitated products are shown. When a 35S 
labelled, full-length hMLH1 protein (FIG. 3A, lane 5) was 
mixed with the unlabelled carboxyl terminal hPMS2 
polypeptide, a monoclonal antibody (mAb) to the carboxyl 
terminus of hPMS2 efficiently immunoprecipitated the 
labeled hMLH1 protein (lane 1). No hMLH1 protein was 
precipitated in the absence of hPMS2 (lane 2). Conversely, 
when the 35S labelled carboxyl terminus of hPMS2 (lane 3) 
was incubated with unlabelled, full length hMLH1 protein, 
an anti hMLH1 mAb precipitated the hPMS2 polypeptide 
(lane 4). In the absence of the unlabelled hMLH1 protein, no 
hPMS2 protein was precipitated by this mAb (lane 6). The 
Same antibody failed to immunoprecipitate the amino ter 
minus of hPMS2 (amino acids 1134) when mixed with 
unlabelled MLH1 protein (FIG. 3B, lane 1). This finding 
was corroborated by the converse experiment in which 
radiolabelled hPMS2-134 (FIG. 3C, lane 1) was unable to 
coprecipitate radiolabelled MLH1 when precipitations were 
done using an N terminal hPMS2 antibody (FIG. 3C, lane 
2) while this antibody was shown to be able to coprecipitate 
MLH1 when mixed with wild type hPMS2 (FIG. 3C, lane 
4). 
0073. The initial steps of MMR are dependent on two 
protein complexes, called MutS" and MutL". Drummond et 
al., Science, 1995, 268, 1909 1912. As the amino terminus 
of hPMS2 did not mediate binding of hPMS2 to hMLH1, it 
was of interest to determine whether it might instead medi 
ate the interaction between the MutL" complex (comprised 
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of hMLH1 and hPMS2) and the MutS" complex (comprised 
of MSH2 and GTBP). Because previous studies have dem 
onstrated that MSH2 and the MutL" components do not 
associate in Solution, direct hPMS2-134:MutS" interaction 
was unable to be assayed. A different approach was used to 
address this issue, and attempted to complement nuclear 
extracts from the various SH cell lines with MutS" or MutL". 
If the truncated protein present in the PMS2-134 expressing 
SH cells was binding to MutS" and lowering its effective 
concentration in the extract, then adding intact MutS" should 
rescue the MMR defect in Such extracts. FIG. 4 shows 
complementation of MMR activity in transduced SH cells. 
Lysates from pooled clones stably transduced with PMS2 
NOT, PMS2-WT, or PMS2-134 were complemented with 
purified MutS" or MutL" MMR components by using the 5' 
G/T heteroduplex substrate. The values are presented as the 
percentage of repair activity in each case compared to that 
in lysates complemented with both purified MutL" and 
MutS" components to normalize for repair efficiency in the 
different lysate backgrounds. The values shown represent 
the average of at least three different determinations. Puri 
fied MutS" added to such extracts had no effect (FIG. 4). In 
contrast, addition of intact MutL" to the extract completely 
restored directional repair to the extracts from PMS2-134 
cells (FIG. 4). 
0074 The results described above lead to several con 
clusions. First, expression of the amino terminus of hPMS2 
results in an increase in microSatellite instability, consistent 
with a replication error (RER) phenotype. That this elevated 
microsatellite instability is due to MMR deficiency was 
proven by evaluation of extracts from Stably transduced 
cells. Interestingly, the expression of PMS2-134 resulted in 
a polar defect in MMR, which was only observed using 
heteroduplexes designed to test repair from the 5' direction 
(no significant defect in repair from the 3' direction was 
observed in the same extracts). Interestingly, cells deficient 
in hMLH1 also have a polar defect in MMR, but in this case 
preferentially affecting repair from the 3' direction. Huttner 
et al., Pediatr. Res., 1999, 45, 785-94. It is known from 
previous Studies in both prokaryotes and eukaryotes that the 
Separate enzymatic components mediate repair from the two 
different directions. Our results indicate a model in which 5' 
repair is primarily dependent on hPMS2 while 3' repair is 
primarily dependent on hMLH1. It is easy to envision how 
the dimeric complex between PMS2 and MLH1 might set up 
this directionality. The combined results also demonstrate 
that a defect in directional MMR is sufficient to produce a 
RER+phenotype. 
0075) The dominant-negative function of the PMS2-134 
polypeptide can result from its binding to MLH1 and 
consequent inhibition of MutL" function. This is based in 
part on the fact that the most highly conserved domain of the 
PMS2 gene is located in its amino terminus, and the only 
known biochemical partner for PMS2 is MLH1. The binding 
Studies revealed, however, that the carboxyl terminus of 
PMS2, rather than the highly conserved amino terminus, 
actually mediated binding to MLH1. This result is consistent 
with those recently obtained in S. cerevisciae, in which the 
MLH 1 interacting domain of PMS1 (the yeast homolog of 
human PMS2) was localized to its carboxyl terminus. Leach 
et al., Cell, 1993, 75, 1215 1225. The add back experiments 
additionally showed that the hPMS2-134 mutant was not 
likely to mediate an interaction with the MutS" complex 
(FIG. 4). The hPMS2-134 polypeptide does not inhibit the 
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initial steps in MMR, but rather interacts with and inhibits 
a downstream component of the pathway, perhaps a nuclease 
required for repair from the 5' direction. 
0076) The demonstration that the hPMS2-134 mutation 
can confer a dominant-negative MMR defect to transfected 
cells helps to explain the phenotype of the kindred in which 
this mutant was discovered. Three individuals from this 
kindred were found to carry the mutation, a father and his 
two children. Both children exhibited microsatellite insta 
bility in their normal tissues and both developed tumors at 
an early age, while the father had no evidence of microSat 
ellite instability in his normal cells and was completely 
healthy at age 35. The only difference known to us with 
respect to the MMR genes in this family is that the father's 
mutant allele was expressed at lower levels than the Wild 
type allele as assessed by sequencing of RT PCR products of 
RNA from lymphocytes. The children expressed both alleles 
at approximately equal levels. The dominant negative 
attribute of the hPMS2-134 mutant may only be manifest 
when it is present at Sufficient concentrations (at least 
equimolar) thus, explaining the absence of MMR deficiency 
in the father. The reason for the differential expression of the 
hPMS2-134 allele in this kindred is not clear, though 
imprinting is a possibility. AScertainment of additional, 
larger kindreds with Such mutations will facilitate the inves 
tigation of this issue. 
0077 Western blots. Equal number of cells were lysed 
directly in lysis buffer (60 mM Tris, pH 6.8, 2% SDS, 10% 
glycerol, 0.1 M 2 mercaptoethanol, 0.001% bromophenol 
blue) and boiled for 5 minutes. Lysate proteins were sepa 
rated by electrophoresis on 4 12% Tris glycine gels (for 
analysis of full length hPMS2) or 4 20% Tris glycine gels 
(for analysis of hPMS2-134). Gels were electroblotted onto 
Immobilon P (Millipore) in 48 mM Tris base, 40 mM 
glycine, 0.0375% SDS, 20% methanol and blocked over 
night at 4°C. in Tris buffered saline plus 0.05% Tween 20 
and 5% condensed milk. Filters were probed with a poly 
clonal antibody generated against residues 2-20 of hPMS2 
(Santa Cruz, Biotechnology, Inc.) and a horseradish peroxi 
dase conjugated goat anti rabbit Secondary antibody, using 
chemiluminescence for detection (Pierce). 
0078. In vitro translation. Linear DNA fragments con 
taining hPMS2 and hMLH1 cDNA sequences were prepared 
by PCR, incorporating Sequences for in vitro transcription 
and translation in the sense primer. A full length hMLH1 
fragment was prepared using the Sense primer 5' ggatc 
ctaatacgacticactatagggaga ccaccatgtcgttcgtggcaggg 3' (SEQ 
ID NO:1) (codons 1-6) and the antisense primer 5' taagtct 
taagtgctaccaac 3' (SEQ ID NO:2) (located in the 3' untrans 
lated region, nt 2411 2433), using a wild type HMLH1 
cDNA clone as template. A full length hPMS2 fragment was 
prepared with the Sense primer 5'ggatcctaatacgacticactatagg 
gag accaccatggaacaattgcctg.cgg 3' (SEQ ID NO:3) (codons 
1-6) and the antisense primer 5' aggttagtgaagactctgtc. 3' 
(SEQ ID NO:4) (located in 3' untranslated region, nt 2670 
2690) using a cloned hPMS2 cDNA as template. A fragment 
encoding the amino terminal 134 amino acids of hPMS2 was 
prepared using the same Sense primer and the antisense 
primer 5' agtcgagttccaacct tcg3' (SEQ ID NO:5). A fragment 
containing codons 135-862 of hPMS 135 was generated 
using the Sense primer 5' ggatcctaatacgacticactatagg 
gagaccaccatgatgtttgatcacaatgg 3' (SEQ ID NO:6) (codons 
135-141) and the same antisense primer as that used for the 
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full length hPMS2 protein. These fragments were used to 
produce proteins via the coupled transcription translation 
System (Promega). The reactions were Supplemented with 
35S labelled methionine or unlabelled methionine, as indi 
cated in the text. The PMS135 and hMLH1 proteins could 
not be simultaneously radiolabelled and immunoprecipitated 
because of their similar molecular weights precluded reso 
lution. Lower molecular weight bands are presumed to be 
degradation products and/or polypeptides translated from 
alternative internal methionines. 

0079 Immunoprecipitation. Immunoprecipitations were 
performed on in vitro translated proteins by mixing the 
translation reactions with 1 lug of the MLH1 specific mono 
clonal antibody (mAB) MLH14 (Oncogene Science, Inc.), a 
polyclonal antibody generated to codons 2-20 of hPMS2 
described above, or a polyclonal antibody generated to 
codons 843-862 of hPMS2 (Santa Cruz Biotechnology, Inc.) 
in 400:1 of EBC buffer (50 mM Tris, pH 7.5, 0.1 M NaCl, 
0.5% NP40). After incubation for 1 hour at 4°C., protein A 
Sepharose (Sigma) was added to a final concentration of 
10% and reactions were incubated at 4 C. for 1 hour. 
Proteins bound to protein A were washed five times in EBC 
and Separated by electrophoresis on 4.20% Tris glycine gels, 
which were then dried and autoradiographed. 

Example 5 

Syrian Hamster Tk-ts-13 Cells Produce a Novel 
Anti-Microbial Polypeptide can Suppress the 

Growth of Bacillus Subtilis 

0080. The feasibility of creating microbial-resistant 
mammalian cells is demonstrated as follows. Syrian Ham 
ster TK fibroblasts were transfected with a mammalian 
expression vector containing a novel anti-microbial 
polypeptide called mlg1 or the empty expression vector 
called pSg. When cells expressing the mlg polypeptide 
(referred to as TK-mlg1) were grown in the presence of 
Bacillus Subtilis, these cells were able to suppress the growth 
of the microbes and allow the TK host to remain viable in 
contrast to TK cells transfected with the empty vector 
(TK=psg), which all died from the toxic effects that Bacillus 
Subtilis has on mammalian cells. FIG. 5 shows a photograph 
of TK-mlg1 and TK=psg cultures grown in the presence of 
Bacillus for 4 days. Syrian hamster Tk-ts 13 cells were 
transfected with a eukaryotic expression vector that pro 
duces a novel antimicrobial polypeptide referred to as mlg1 
(Panel A) or the expression vector lacking an inserted cDNA 
for expression (TK=psg, Panel B). Cells were plated at a 
density of 5x10 cells/ml in a 10 cm falcon pyrogenic-free 
petri dish in growth medium for 24 hours and then inocu 
lated with 10:1 of an exponentially growing culture of 
Bacillus Subtilis. Cultures were then incubated for 4 days at 
which time Bacilli grow and begin to lyse the Tk-ts 13 
parental culture as shown in panel B (indicated by arrows), 
while cells expressing the anti-microbial mlglpolypeptide 
(Panel A) remain viable in the presence of Bacillus (small 
granular structures present in panels A and B). These data 
demonstrate the feasibility of cells to Survive in the presence 
of Bacillus contamination when they produce an anti-mi 
crobial agent. These data show that antimicrobial producing 
mammalian cells are capable of growing and Surviving in 
the presence of toxic microbes. 
0081 Cell lines and transfection. Syrian Hamster fibro 
blast Tk ts13 cells were obtained from ATCC and cultured 
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as described. Modrich, Science, 1994,266, 1959 1960. Sta 
bly transfected cell lines expressing hPMS2 were created by 
cotransfection of the PMS2 expression vectors and the 
pI HLA plasmid encoding the hygromycin resistance gene at 
a ratio of 3:1 (pCAR:pLHL4) and selected with hygromycin. 
Stably transfected cell lines containing pCAR reporters were 
generated by co transfection of pCAR vectors together with 
either pNTK plasmid encoding the neomycin resistance 
plasmid or with pl HLA. All transfections were performed 
using calcium phosphate as previously described in 
Modrich, Science, 1994, 266, 1959 1960, which is incorpo 
rated herein by reference in its entirety. 

Example 6 

TK-hPMS2-134 Cells can Suppress the Growth of 
Escherichia coli In Vitro 

0082) While TK-hPMS2-134 TK-ts13 cells have been 
previously shown to be capable of altering genes in vivo 
(refer to Table 2 and FIG. 1), the ability to generate 
“naturally microbial-resistant” clones has not been reported 
in the literature. To generate microbial-resistant TK cells, 
TK-tS13 cells constitutively expressing the a dominant 
negative mismatch repair gene, TK-hPMS2-134 or the 
empty vector (TKvect) that have been in culture for >3 
months (-60 passages) were seeded at 5x10 cells/ml in 
Dulbelcco's Modified Eagles Medium (DMEM) plus 10% 
fetal bovine serum (FBS) and plated into 10 cm dishes 
(Falcon) in duplicate. These cells were grown overnight at 
37° C. in 5% CO2 to allow cells to adhere to the plastic. The 
next day, TK cultures were inoculated with 10:1 of an 
exponentially growing culture of Escherichia coli. Cultures 
were then grown at 37 C. in 5% CO2 and observed on day 
7 and 14 for microbial-resistant cell clones; these cells 
appear as clones of cells Surrounded by “cleared’ areas on 
the plate. At day 7, all cells in the control transfected TKvect 
culture were dead, while a Subset of cells were viable in the 
TK-hPMS2-134 transfected cultures. At day 14, there were 
no clones in the control transfected TKvect cultures, while 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 18 
<210> SEQ ID NO 1 
&2 11s LENGTH 52 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 
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there were 34 and 40 Escherichia coli-resistant colonies 
formed in the TK-hPMS2-134 transfected cultures. Growing 
clones from each dish were then pooled as individual 
cultures and grown to confluence. These cultures were 
named TK-hPMS2-134 (R1) and TK-hPMS2-134 (R2). Cul 
tures were cured of Escherichia coli by the addition of 1 
mg/ml G418, in which the TK-hPMS2-134 cells are resistant 
due to expression of the neomycin-resistance gene contained 
on the mammalian expression vector used to generate the 
cells. 

0083) TKvect, TK-hPMS2-134 (R1) and TK-hPMS2-134 
(R2) cells were plated at 5x10 cell/ml in 10 mls and plated 
into 10 cm dishes in duplicate. The next day, 10:1 of a 
logarithmic Stage Escherichia coli culture was added to each 
TK culture and cultures were grown for 48 hours at 37 C. 
in 5% CO. An aliquot of Supernatant from each culture was 
harvested immediately after inoculation to establish a base 
line density of bacteria for each culture. After 48 hours, 2 ml 
of Supernatant were harvested from each culture as well as 
from uninfected TK cultures. One ml of each Supernatant 
was then analyzed by a spectrophotometer at an OD6% to 
measure for bacterial density. Supernatants from uninfected 
cultures were used as a blank to correct for background. AS 
shown in FIG. 6, bacterial growth was significantly Sup 
pressed in TK-hPMS2-134 (R1) and TK-hPMS2-134 (R2) 
cultures in contrast to TKvect control cells. These data 
demonstrate the feasibility of using a dominant-negative 
mismatch repair mutant hPMS2-134 on mammalian cells to 
produce genetically altered clones capable of producing a 
molecule(s) that can Suppress microbial growth. 
0084. As those skilled in the art will appreciate, numer 
ous changes and modifications may be made to the preferred 
embodiments of the invention without departing from the 
spirit of the invention. It is intended that all such variations 
fall within the scope of the invention. In addition, the entire 
disclosure of each publication cited herein is hereby incor 
porated herein by reference. 

<223> OTHER INFORMATION: Description of Artificial Sequence: oligonu 
cleotide primer 

<400 SEQUENCE: 1 

ggatcctaat acgactic act at agg gagac caccatgtcg titcgtggcag gg 52 

<210> SEQ ID NO 2 
<211& LENGTH: 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: oligonu 
cleotide 
primer 
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-continued 

<400 SEQUENCE: 2 

taagtc.ttaa gtgctaccala c 21 

<210> SEQ ID NO 3 
&2 11s LENGTH 53 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: oligonu 

cleotide 
primer 

<400 SEQUENCE: 3 

ggat.cctaat acg act cact atagg gagac caccatogaa caattgcct g c gg 53 

<210> SEQ ID NO 4 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: oligonu 

cleotide 
primer 

<400 SEQUENCE: 4 

aggittagtga agacitctgtc 20 

<210 SEQ ID NO 5 
&211's LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<400 SEQUENCE: 5 

agtcgagttc caacctitcg 19 

<210> SEQ ID NO 6 
&2 11s LENGTH 54 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<400 SEQUENCE: 6 

ggat.cctaat acg act cact atagg gagac caccatogatg tittgatcaca atgg 54 

<210 SEQ ID NO 7 
&2 11s LENGTH 859 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 7 

Met Glu Gln Thr Glu Gly Val Ser Thr Glu Cys Ala Lys Ala Ile Lys 
1 5 10 15 

Pro Ile Asp Gly Lys Ser Val His Glin Ile Cys Ser Gly Glin Val Ile 
2O 25 30 

Leu Ser Lieu Ser Thr Ala Wall Lys Glu Lieu. Ile Glu Asn. Ser Val Asp 
35 40 45 

Ala Gly Ala Thir Thr Ile Asp Leu Arg Lieu Lys Asp Tyr Gly Val Asp 
5 O 55 60 
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-continued 

Lieu. Ile Glu Val Ser Asp Asin Gly Cys Gly Val Glu Glu Glu Asn. Phe 
65 70 75 8O 

Glu Gly Lieu Ala Leu Lys His His Thr Ser Lys Ile Glin Glu Phe Ala 
85 90 95 

Asp Leu Thr Glin Val Glu Thir Phe Gly Phe Arg Gly Glu Ala Leu Ser 
100 105 110 

Ser Leu Cys Ala Leu Ser Asp Val Thr Ile Ser Thr Cys His Gly Ser 
115 120 125 

Ala Ser Val Gly Thr Arg Lieu Val Phe Asp His Asn Gly Lys Ile Thr 
130 135 1 4 0 

Gln Lys Thr Pro Tyr Pro Arg Pro Lys Gly. Thir Thr Val Ser Val Glin 
145 15 O 155 160 

His Leu Phe Tyr Thr Leu Pro Val Arg Tyr Lys Glu Phe Glin Arg Asn 
1.65 170 175 

Ile Lys Lys Glu Tyr Ser Lys Met Val Glin Val Lieu Glin Ala Tyr Cys 
18O 185 190 

Ile Ile Ser Ala Gly Val Arg Val Ser Cys Thr Asn. Glin Leu Gly Glin 
195 200 2O5 

Gly Lys Arg His Ala Val Val Cys Thr Ser Gly Thr Ser Gly Met Lys 
210 215 220 

Glu Asn. Ile Gly Ser Val Phe Gly Glin Lys Glin Leu Glin Ser Lieu. Ile 
225 230 235 240 

Pro Phe Val Glin Leu Pro Pro Ser Asp Ala Val Cys Glu Glu Tyr Gly 
245 250 255 

Leu Ser Thr Ser Gly Arg His Lys Thr Phe Ser Thr Phe Arg Ala Ser 
260 265 27 O 

Phe His Ser Ala Arg Thr Ala Pro Gly Gly Val Glin Gln Thr Gly Ser 
275 280 285 

Phe Ser Ser Ser Ile Arg Gly Pro Val Thr Glin Glin Arg Ser Leu Ser 
29 O 295 3OO 

Leu Ser Met Arg Phe Tyr His Met Tyr Asn Arg His Glin Tyr Pro Phe 
305 310 315 320 

Val Val Leu Asn Val Ser Val Asp Ser Glu Cys Val Asp Ile Asin Val 
325 330 335 

Thr Pro Asp Lys Arg Glin Ile Leu Lieu Glin Glu Glu Lys Lieu Lleu Lieu 
340 345 350 

Ala Val Lieu Lys Thr Ser Lieu. Ile Gly Met Phe Asp Ser Asp Ala Asn 
355 360 365 

Lys Lieu. Asn Val Asn Glin Glin Pro Leu Lieu. Asp Val Glu Gly Asn Lieu 
370 375 38O 

Wall Lys Lieu. His Thr Ala Glu Lieu Glu Lys Pro Val Pro Gly Lys Glin 
385 390 395 400 

Asp Asn. Ser Pro Ser Lieu Lys Ser Thr Ala Asp Glu Lys Arg Val Ala 
405 410 415 

Ser Ile Ser Arg Lieu Arg Glu Ala Phe Ser Lieu. His Pro Thr Lys Glu 
420 425 430 

Ile Lys Ser Arg Gly Pro Glu Thr Ala Glu Leu Thr Arg Ser Phe Pro 
435 4 40 4 45 

Ser Glu Lys Arg Gly Val Leu Ser Ser Tyr Pro Ser Asp Val Ile Ser 
450 455 460 

Tyr Arg Gly Lieu Arg Gly Ser Glin Asp Llys Lieu Val Ser Pro Thr Asp 



US 2003/0186441 A1 Oct. 2, 2003 
22 

-continued 

465 470 475 480 

Ser Pro Gly Asp Cys Met Asp Arg Glu Lys Ile Glu Lys Asp Ser Gly 
485 490 495 

Leu Ser Ser Thr Ser Ala Gly Ser Glu Glu Glu Phe Ser Thr Pro Glu 
5 OO 505 510 

Val Ala Ser Ser Phe Ser Ser Asp Tyr Asn Val Ser Ser Leu Glu Asp 
515 52O 525 

Arg Pro Ser Glin Glu Thir Ile Asn. Cys Gly Asp Lieu. Asp Cys Arg Pro 
530 535 540 

Pro Gly Thr Gly Glin Ser Lieu Lys Pro Glu Asp His Gly Tyr Glin Cys 
545 550 555 560 

Lys Ala Lieu Pro Leu Ala Arg Lieu Ser Pro Thr Asn Ala Lys Arg Phe 
565 570 575 

Lys Thr Glu Glu Arg Pro Ser Asn. Wall Asn. Ile Ser Glin Arg Lieu Pro 
58O 585 59 O 

Gly Pro Glin Ser Thr Ser Ala Ala Glu Val Asp Val Ala Ile Lys Met 
595 600 605 

Asn Lys Arg Ile Val Lieu Lleu Glu Phe Ser Lieu Ser Ser Lieu Ala Lys 
610 615 62O 

Arg Met Lys Glin Leu Gln His Lieu Lys Ala Glin Asn Lys His Glu Lieu 
625 630 635 640 

Ser Tyr Arg Lys Phe Arg Ala Lys Ile Cys Pro Gly Glu Asn. Glin Ala 
645 650 655 

Ala Glu Asp Glu Lieu Arg Lys Glu Ile Ser Lys Ser Met Phe Ala Glu 
660 665 670 

Met Glu Ile Leu Gly Glin Phe Asn Leu Gly Phe Ile Val Thr Lys Leu 
675 680 685 

Lys Glu Asp Leu Phe Lieu Val Asp Gln His Ala Ala Asp Glu Lys Tyr 
69 O. 695 7 OO 

Asn Phe Glu Met Leu Glin Glin His Thr Val Lieu Glin Ala Glin Arg Lieu 
705 710 715 720 

Ile Thr Pro Glin Thr Lieu. Asn Lieu. Thir Ala Wall Asn. Glu Ala Wall Leu 
725 730 735 

Ile Glu Asn Lieu Glu Ile Phe Arg Lys Asn Gly Phe Asp Phe Val Ile 
740 745 750 

Asp Glu Asp Ala Pro Val Thr Glu Arg Ala Lys Lieu. Ile Ser Lieu Pro 
755 760 765 

Thir Ser Lys Asn Trp Thr Phe Gly Pro Glin Asp Ile Asp Glu Lieu. Ile 
770 775 78O 

Phe Met Leu Ser Asp Ser Pro Gly Val Met Cys Arg Pro Ser Arg Val 
785 790 795 8OO 

Arg Gln Met Phe Ala Ser Arg Ala Cys Arg Lys Ser Wal Met Ile Gly 
805 810 815 

Thr Ala Lieu. Asn Ala Ser Glu Met Lys Lys Lieu. Ile Thr His Met Gly 
820 825 830 

Glu Met Asp His Pro Trp Asn Cys Pro His Gly Arg Pro Thr Met Arg 
835 840 845 

His Val Ala Asn Lieu. Asp Wal Ile Ser Glin Asn 
85 O 855 

<210 SEQ ID NO 8 
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-continued 

aactgagtta cagaaaattt agggccaaga tittgcc.ctgg agaaaaccala gcago agaag 216 O 

atgaactcag aaaagagatt agtaaatcga t gtttgcaga gatggagatc ttgggtoagt 2220 

ttaacctggg atttatagta accaaactgaaag agg acct cittcc togt g gaccago atg 228O 

citgcggatga gaagtacaac tittgagatgc tigcagoagca cacggtgctic caggcgcaga 234. O 

ggct catcac acco cagact citgaacttaa citgctgtcaa toaa.gct gta citgatagaaa 24 OO 

atctggaaat attcagaaag aatggctttg actttgtcat tdatgaggat gcticcagtca 2460 

citgaaagggc taaattgatt to cittaccala citagtaaaaa citggacctitt go accc.caag 252O 

atatagatga act gatctitt atgttaagtg acagocctgg ggtocatgtgc cqgcc ct cac 258O 

gagt cagaca gatgtttgct tccagagcct gtcggaagttc agtgatgatt goaacgg.cgc 264 O 

tdaatgcgag cqagatgaag aagct catca cccacatggg tagatggac caccoct gga 27 OO 

actgcc ccca cqgcaggcca accatgaggc acgttgccaa totggatgtc atctotcaga 276 O. 

actgacacac cccittgtagc atagagttta ttacagattg titcggtttgc aaagaga agg 282O 

ttittaagtaa totgattatc gttgtacaaa aattagcatg citgctittaat gtactggatc 2880 

catttaaaag cagtgttaag goagg catga tiggagtgttc citctagotca gct acttggg 2.940 

tgatcc.ggtg ggagct catg tdagcc.cagg actittgagac cactc.cgagc cacattcatg 3OOO 

agacitcaatt caaggacaaa aaaaaaaaga tatttittgaa gocttittaaa aaaaaa 3056 

<210 SEQ ID NO 9 
&211's LENGTH 862 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 9 

Met Glu Arg Ala Glu Ser Ser Ser Thr Glu Pro Ala Lys Ala Ile Lys 
1 5 10 15 

Pro Ile Asp Arg Lys Ser Val His Glin Ile Cys Ser Gly Glin Val Val 
2O 25 30 

Leu Ser Lieu Ser Thr Ala Wall Lys Glu Lieu Val Glu Asn. Ser Lieu. Asp 
35 40 45 

Ala Gly Ala Thr Asn. Ile Asp Leu Lys Lieu Lys Asp Tyr Gly Val Asp 
5 O 55 60 

Lieu. Ile Glu Val Ser Asp Asin Gly Cys Gly Val Glu Glu Glu Asn. Phe 
65 70 75 8O 

Glu Gly Lieu. Thir Lieu Lys His His Thr Ser Lys Ile Glin Glu Phe Ala 
85 90 95 

Asp Leu Thr Glin Val Glu Thir Phe Gly Phe Arg Gly Glu Ala Leu Ser 
100 105 110 

Ser Leu Cys Ala Leu Ser Asp Val Thr Ile Ser Thr Cys His Ala Ser 
115 120 125 

Ala Lys Val Gly Thr Arg Lieu Met Phe Asp His Asn Gly Lys Ile Ile 
130 135 1 4 0 

Gln Lys Thr Pro Tyr Pro Arg Pro Arg Gly. Thir Thr Val Ser Val Glin 
145 15 O 155 160 

Gln Leu Phe Ser Thr Leu Pro Val Arg His Lys Glu Phe Glin Arg Asn 
1.65 170 175 

Ile Lys Lys Glu Tyr Ala Lys Met Val Glin Val Lieu. His Ala Tyr Cys 
18O 185 190 
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Ile Ile Ser Ala Gly Ile Arg Val Ser Cys Thr Asn. Glin Leu Gly Glin 
195 200 2O5 

Gly Lys Arg Gln Pro Val Val Cys Thr Gly Gly Ser Pro Ser Ile Lys 
210 215 220 

Glu Asn. Ile Gly Ser Val Phe Gly Glin Lys Glin Leu Glin Ser Lieu. Ile 
225 230 235 240 

Pro Phe Val Glin Leu Pro Pro Ser Asp Ser Val Cys Glu Glu Tyr Gly 
245 250 255 

Leu Ser Cys Ser Asp Ala Lieu. His Asn Lieu Phe Tyr Ile Ser Gly Phe 
260 265 27 O 

Ile Ser Glin Cys Thr His Gly Val Gly Arg Ser Ser Thr Asp Arg Glin 
275 280 285 

Phe Phe Phe Ile Asn Arg Arg Pro Cys Asp Pro Ala Lys Val Cys Arg 
29 O 295 3OO 

Leu Val Asin Glu Val Tyr His Met Tyr Asn Arg His Glin Tyr Pro Phe 
305 310 315 320 

Val Val Lieu. Asn. Ile Ser Val Asp Ser Glu Cys Val Asp Ile Asn Val 
325 330 335 

Thr Pro Asp Lys Arg Glin Ile Leu Lieu Glin Glu Glu Lys Lieu Lleu Lieu 
340 345 350 

Ala Val Lieu Lys Thr Ser Lieu. Ile Gly Met Phe Asp Ser Asp Wall Asn 
355 360 365 

Lys Lieu. Asn Val Ser Glin Glin Pro Leu Lieu. Asp Val Glu Gly Asn Lieu 
370 375 380 

Ile Lys Met His Ala Ala Asp Leu Glu Lys Pro Met Val Glu Lys Glin 
385 390 395 400 

Asp Glin Ser Pro Ser Lieu Arg Thr Gly Glu Glu Lys Lys Asp Wal Ser 
405 410 415 

Ile Ser Arg Lieu Arg Glu Ala Phe Ser Lieu Arg His Thr Thr Glu Asn 
420 425 430 

Lys Pro His Ser Pro Lys Thr Pro Glu Pro Arg Arg Ser Pro Leu Gly 
435 4 40 4 45 

Glin Lys Arg Gly Met Leu Ser Ser Ser Thir Ser Gly Ala Ile Ser Asp 
450 455 460 

Lys Gly Val Lieu Arg Pro Gln Lys Glu Ala Val Ser Ser Ser His Gly 
465 470 475 480 

Pro Ser Asp Pro Thr Asp Arg Ala Glu Val Glu Lys Asp Ser Gly. His 
485 490 495 

Gly Ser Thr Ser Val Asp Ser Glu Gly Phe Ser Ile Pro Asp Thr Gly 
5 OO 505 510 

Ser His Cys Ser Ser Glu Tyr Ala Ala Ser Ser Pro Gly Asp Arg Gly 
515 52O 525 

Ser Glin Glu His Val Asp Ser Glin Glu Lys Ala Pro Glu Thir Asp Asp 
530 535 540 

Ser Phe Ser Asp Val Asp Cys His Ser Asn Glin Glu Asp Thr Gly Cys 
545 550 555 560 

Lys Phe Arg Val Leu Pro Gln Pro Thr Asn Leu Ala Thr Pro Asn Thr 
565 570 575 

Lys Arg Phe Lys Lys Glu Glu Ile Leu Ser Ser Ser Asp Ile Cys Glin 
58O 585 59 O 

Lys Lieu Val Asn. Thr Glin Asp Met Ser Ala Ser Glin Val Asp Wall Ala 
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595 600 605 

Val Lys Ile Asn Lys Lys Val Val Pro Leu Asp Phe Ser Met Ser Ser 
610 615 62O 

Leu Ala Lys Arg Ile Lys Glin Lieu. His His Glu Ala Glin Glin Ser Glu 
625 630 635 640 

Gly Glu Glin Asn Tyr Arg Lys Phe Arg Ala Lys Ile Cys Pro Gly Glu 
645 650 655 

Asn Glin Ala Ala Glu Asp Glu Lieu Arg Lys Glu Ile Ser Lys Thr Met 
660 665 670 

Phe Ala Glu Met Glu Ile Ile Gly Glin Phe Asn Leu Gly Phe Ile Ile 
675 680 685 

Thr Lys Lieu. Asn. Glu Asp Ile Phe Ile Val Asp Gln His Ala Thr Asp 
69 O. 695 7 OO 

Glu Lys Tyr Asn Phe Glu Met Leu Gln Gln His Thr Val Leu Glin Gly 
705 710 715 720 

Glin Arg Lieu. Ile Ala Pro Glin Thr Lieu. Asn Lieu. Thr Ala Wall Asn. Glu 
725 730 735 

Ala Val Lieu. Ile Glu Asn Lieu Glu Ile Phe Arg Lys Asn Gly Phe Asp 
740 745 750 

Phe Val Ile Asp Glu Asn Ala Pro Val Thr Glu Arg Ala Lys Lieu. Ile 
755 760 765 

Ser Leu Pro Thr Ser Lys Asn Trp Thr Phe Gly Pro Gln Asp Val Asp 
770 775 78O 

Glu Leu Ile Phe Met Leu Ser Asp Ser Pro Gly Val Met Cys Arg Pro 
785 790 795 8OO 

Ser Arg Val Lys Glin Met Phe Ala Ser Arg Ala Cys Arg Lys Ser Val 
805 810 815 

Met Ile Gly. Thr Ala Leu Asn Thr Ser Glu Met Lys Lys Leu Ile Thr 
820 825 830 

His Met Gly Glu Met Asp His Pro Trp Asn Cys Pro His Gly Arg Pro 
835 840 845 

Thr Met Arg His Ile Ala Asn Lieu Gly Val Ile Ser Glin Asn 
85 O 855 860 

<210> SEQ ID NO 10 
&2 11s LENGTH 27.71 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 10 

c gaggcggat cqggtgttgc atc catggag cqagctdaga gctic gagtac agaacct gct 60 

aaggccatca aacctattga toggaagttca gtc.catcaga tittgctotgg gcaggtggta 120 

citgagtictaa goactg.cggit aaaggagitta gtagaaaa.ca gtctggatgc tiggtgcc act 18O 

aatattgatc taaagcttaa goactatoga gtggatctta ttgaagtttc agacaatgga 240 

tgtggggtag aagaagaaaa citt.cgaaggc tita actctga aac at cacac atctaagatt 3OO 

caag agtttg cc gacctaac to aggttgaa acttittggct titcgggggga agctotgagc 360 

to actttgttg cactgagciga tigtcaccatt totacct gcc acgcatcggc galaggttgga 420 

actcgact ga t gtttgatca caatgggaaa attatccaga aaa.ccc.ccta ccc.ccgc.ccc 480 

agagggiacca cagtcagogt gcago agitta tttitccacac tacct gtgc g c catalaggaa 540 
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<210> SEQ ID NO 11 
&2 11s LENGTH 932 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 11 

Met Lys Glin Leu Pro Ala Ala Thr Val Arg Lieu Lleu Ser Ser Ser Glin 
1 5 10 15 

Ile Ile Thr Ser Val Val Ser Val Val Lys Glu Lieu. Ile Glu Asn Ser 
2O 25 30 

Leu Asp Ala Gly Ala Thr Ser Val Asp Wall Lys Lieu Glu Asn Tyr Gly 
35 40 45 

Phe Asp Lys Ile Glu Val Arg Asp Asn Gly Glu Gly Ile Lys Ala Wal 
5 O 55 60 

Asp Ala Pro Val Met Ala Met Lys Tyr Tyr Thr Ser Lys Ile Asin Ser 
65 70 75 8O 

His Glu Asp Leu Glu Asn Lieu. Thir Thr Tyr Gly Phe Arg Gly Glu Ala 
85 90 95 

Leu Gly Ser Ile Cys Cys Ile Ala Glu Val Leu Ile Thr Thr Arg Thr 
100 105 110 

Ala Ala Asp Asn. Phe Ser Thr Glin Tyr Val Lieu. Asp Gly Ser Gly His 
115 120 125 

Ile Leu Ser Gln Lys Pro Ser His Leu Gly Glin Gly Thr Thr Val Thr 
130 135 1 4 0 

Ala Lieu Arg Lieu Phe Lys Asn Lieu Pro Val Arg Lys Glin Phe Tyr Ser 
145 15 O 155 160 

Thr Ala Lys Lys Cys Lys Asp Glu Ile Lys Lys Ile Glin Asp Leu Lieu 
1.65 170 175 

Met Ser Phe Gly Ile Leu Lys Pro Asp Leu Arg Ile Val Phe Val His 
18O 185 190 

Asn Lys Ala Val Ile Trp Glin Lys Ser Arg Val Ser Asp His Lys Met 
195 200 2O5 

Ala Leu Met Ser Val Leu Gly. Thr Ala Val Met Asn Asn Met Glu Ser 
210 215 220 

Phe Glin Tyr His Ser Glu Glu Ser Glin Ile Tyr Leu Ser Gly Phe Leu 
225 230 235 240 

Pro Lys Cys Asp Ala Asp His Ser Phe Thr Ser Leu Ser Thr Pro Glu 
245 250 255 

Arg Ser Phe Ile Phe Ile Asn. Ser Arg Pro Wal His Gln Lys Asp Ile 
260 265 27 O 

Leu Lys Lieu. Ile Arg His His Tyr Asn Lieu Lys Cys Lieu Lys Glu Ser 
275 280 285 

Thr Arg Leu Tyr Pro Val Phe Phe Leu Lys Ile Asp Val Pro Thr Ala 
29 O 295 3OO 

Asp Wall Asp Val Asn Lieu. Thr Pro Asp Llys Ser Glin Val Lieu Lieu Glin 
305 310 315 320 

Asn Lys Glu Ser Val Lieu. Ile Ala Lieu Glu Asn Lieu Met Thir Thr Cys 
325 330 335 

Tyr Gly Pro Leu Pro Ser Thr Asn Ser Tyr Glu Asn Asn Lys Thr Asp 
340 345 350 

Val Ser Ala Ala Asp Ile Val Lieu Ser Lys Thr Ala Glu Thir Asp Val 
355 360 365 
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Leu Phe Asn Lys Val Glu Ser Ser Gly Lys Asn Tyr Ser Asn. Wall Asp 
370 375 38O 

Thr Ser Val Ile Pro Phe Glin Asn Asp Met His Asn Asp Glu Ser Gly 
385 390 395 400 

Lys Asn. Thir Asp Asp Cys Lieu. Asn His Glin Ile Ser Ile Gly Asp Phe 
405 410 415 

Gly Tyr Gly His Cys Ser Ser Glu Ile Ser Asn. Ile Asp Lys Asn Thr 
420 425 430 

Lys Asn Ala Phe Glin Asp Ile Ser Met Ser Asn. Wal Ser Trp Glu Asn 
435 4 40 4 45 

Ser Glin Thr Glu Tyr Ser Lys Thr Cys Phe Ile Ser Ser Val Lys His 
450 455 460 

Thr Glin Ser Glu Asn Gly Asn Lys Asp His Ile Asp Glu Ser Gly Glu 
465 470 475 480 

Asn Glu Glu Glu Ala Gly Lieu Glu Asn. Ser Ser Glu Ile Ser Ala Asp 
485 490 495 

Glu Trp Ser Arg Gly Asn. Ile Leu Lys Asn. Ser Val Gly Glu Asn. Ile 
5 OO 505 510 

Glu Pro Wall Lys Ile Leu Val Pro Glu Lys Ser Leu Pro Cys Llys Val 
515 52O 525 

Ser Asn. Asn. Asn Tyr Pro Ile Pro Glu Gln Met Asn Lieu. Asn. Glu Asp 
530 535 540 

Ser Cys Asn Lys Lys Ser Asn. Wall Ile Asp Asn Lys Ser Gly Lys Wall 
545 550 555 560 

Thr Ala Tyr Asp Leu Lleu Ser Asn Arg Val Ile Lys Lys Pro Met Ser 
565 570 575 

Ala Ser Ala Lieu Phe Val Glin Asp His Arg Pro Glin Phe Lieu. Ile Glu 
58O 585 59 O 

Asn Pro Lys Thr Ser Lieu Glu Asp Ala Thr Lieu Glin Ile Glu Glu Lieu 
595 600 605 

Trp Llys Thr Lieu Ser Glu Glu Glu Lys Lieu Lys Tyr Glu Glu Lys Ala 
610 615 62O 

Thr Lys Asp Leu Glu Arg Tyr Asn. Ser Gln Met Lys Arg Ala Ile Glu 
625 630 635 640 

Glin Glu Ser Glin Met Ser Lieu Lys Asp Gly Arg Lys Lys Ile Llys Pro 
645 650 655 

Thir Ser Ala Trp Asn Lieu Ala Glin Lys His Lys Lieu Lys Thr Ser Lieu 
660 665 670 

Ser Asn Glin Pro Lys Lieu. Asp Glu Lieu Lieu Glin Ser Glin Ile Glu Lys 
675 680 685 

Arg Arg Ser Glin Asn Ile Lys Met Val Glin Ile Pro Phe Ser Met Lys 
69 O. 695 7 OO 

Asn Lieu Lys Ile Asn. Phe Lys Lys Glin Asn Lys Val Asp Leu Glu Glu 
705 710 715 720 

Lys Asp Glu Pro Cys Lieu. Ile His Asn Lieu Arg Phe Pro Asp Ala Trp 
725 730 735 

Leu Met Thr Ser Lys Thr Glu Val Met Leu Leu Asn Pro Tyr Arg Val 
740 745 750 

Glu Glu Ala Lieu Lleu Phe Lys Arg Lieu Lieu Glu Asn His Lys Lieu Pro 
755 760 765 
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Ala Glu Pro Leu Glu Lys Pro Ile Met Leu Thr Glu Ser Leu Phe Asn 
770 775 78O 

Gly Ser His Tyr Lieu. Asp Wall Leu Tyr Lys Met Thr Ala Asp Asp Glin 
785 790 795 8OO 

Arg Tyr Ser Gly Ser Thr Tyr Lieu Ser Asp Pro Arg Lieu. Thir Ala Asn 
805 810 815 

Gly Phe Lys Ile Lys Leu Ile Pro Gly Val Ser Ile Thr Glu Asn Tyr 
820 825 830 

Leu Glu Ile Glu Gly Met Ala Asn. Cys Lieu Pro Phe Tyr Gly Val Ala 
835 840 845 

Asp Leu Lys Glu Ile Lieu. Asn Ala Ile Lieu. Asn Arg Asn Ala Lys Glu 
85 O 855 860 

Val Tyr Glu Cys Arg Pro Arg Lys Val Ile Ser Tyr Lieu Glu Gly Glu 
865 870 875 88O 

Ala Val Arg Lieu Ser Arg Glin Leu Pro Met Tyr Lieu Ser Lys Glu Asp 
885 890 895 

Ile Glin Asp Ile Ile Tyr Arg Met Lys His Glin Phe Gly Asn. Glu Ile 
9 OO 905 910 

Lys Glu Cys Val His Gly Arg Pro Phe Phe His His Leu Thr Tyr Leu 
915 920 925 

Pro Gu Thir Thr 
930 

<210> SEQ ID NO 12 
&2 11s LENGTH 3063 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 12 

ggcacgagtg gctgcttgcg gctagtggat ggtaattgcc toccitc.gc.gc tag cago aag 60 

citgctotgtt aaaag.cgaaa atgaaacaat tdcctg.cggc aac agttcga citcctttcaa 120 

gttcto agat catcactitcg gtggtoagtg ttgtaaaaga gct tattgaa aactccttgg 18O 

atgctggtgc cacaag.cgta gatgttaaac to gagaacta toggatttgat aaaattgagg 240 

tgc.gagataa cqgggagggit atcaaggctg ttgatgcacc tigtaatggca atgaagtact 3OO 

acaccitcaaa aataaatagt catgaagatc ttgaaaattt gacaacttac ggitttitcgtg 360 

gagaagccitt goggtoaatt tottgtatag citgaggittitt aattacaiaca agaacggctg 420 

citgata attt tag cacccag tatgttittag atggcagtgg ccacatactt totcagaaac 480 

cittcacatct tdgtoaaggt acaactgtaa citgctittaag attatttaag aatctacctg 540 

taagaaag.ca gttt tactica actgcaaaaa aatgtaaaga tigaaataaaa aagatccaag 600 

atctoctoat gagctttggit atccittaaac citgacittaag gattgttctitt gtacataaca 660 

aggcagttat ttggcagaaa agcagagtat cagat cacaa gatggct citc atgtcagttc 720 

tggggactgc tigittatgaac aatatggaat cotttcagta ccactctgaa gaatctoaga 78O 

tittatctoag toggatttctt coaaagttgttg atgcagacca citctttcact agtctittcaa 840 

caccagaaag aagttt catc titcataaa.ca gtc gaccagt acatcaaaaa gatat cittaa 9 OO 

agittaatccg acatcattac aatctgaaat gcctaaagga atctactcgt ttgitatcctg 96.O 

ttittctittct gaaaatcg at gttcctacag citgatgttga tigtaaattta acaccagata 1020 

aaag.ccaagt attattacaa aataaggaat citgttittaat togctott gala aatctgatga 1080 
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cg acttgtta to gaccatta cotagtacaa attctitatga aaataataaa acagatgttt 14 O 

cc.gcagct ga catcgttctt agtaaaacag cagaaacaga tigtgctttitt aataaagtgg 200 

aatcatctgg aaagaattat tdaaatgttg atactitcagt cattccattc caaaatgata 260 

tgcataatga t gaatctgga aaaaacactg atgattgttt aaatcaccag ataagtattg 320 

gtgactittgg titatgg to at totagtag tog aaatttctaa cattgataaa alacactalaga 38O 

atgcatttca ggacatttca atgagtaatg tat catggga gaact citcag acggaatata 4 40 

gtaaaacttg ttittataagt toc gttaa.gc acacccagto agaaaatggc aataaag acc 5 OO 

atatagatga gagtggggaa aatgaggaag aag caggtot togaaaactot toggaaattit 560 

citgcagatga gtggag cagg ggaaatatac ttaaaaattic agtgg gagag aatattgaac 62O 

citgttgaaaat tittagt gcct gaaaaaagtt taccatotaa agtaagtaat aataattatc 680 

caatcc ct ga acaaatgaat cittaatgaag attcatotaa caaaaaatca aatgtaatag 740 

ataataaatc toggaaaagtt acagottatg atttacittag caatcgagta atcaagaaac 800 

ccatgtcago aagtgctott tttgttcaag atcatcgtoc toagtttcto atagaaaatc 860 

citaagacitag tittagaggat gcaa.cactac aaattgaaga actgtggaag acattgagtg 920 

aagaggaaaa actgaaatat galagagaagg citactaaaga cittggaacga tacaatagtic 98O 

aaatgaagag agc cattgaa caggagtcac aaatgtcact aaaagatggc agaaaaaaga 20 40 

taaaac coac cagcgcatgg aatttggc.cc agaag cacaa gttaaaaacc to attatcta 2100 

atcaiaccalaa acttgatgaa citcct tcagt cocaaattga aaaaagaagg agtcaaaata 216 O 

ttaaaatggit acagatcc cc titttctatga aaaacttaaa aataaattitt aagaaacaaa 2220 

acaaagttga cittagaagag aag gatgaac cittgcttgat coacaatcto aggtttcctg 228O 

atgcatggct aatgacatcc aaaacagagg taatgttatt aaatccatat agagtagaag 234. O 

aag.ccctgct atttaaaaga cittcttgaga atcataaact tcc to cagag ccactggaaa 24 OO 

agccaattat gttaacagag agtctttitta atggatctoa ttatttagac gttittatata 2460 

aaatgacago agatgaccaa agatacagtg gatcaactta cct gtctgat cotcgtotta 252O 

cago gaatgg tittcaagata aaattgatac caggagtttcaattact gala aattacittgg 258O 

aaatagaagg aatggctaat tdt citcc.cat totatggagt agcagattta aaagaaattic 264 O 

ttaatgctat attaaacaga aatgcaaagg aagtttatga atgtag acct c gcaaagtga 27 OO 

taagttattt agagggagaa goagtgcg to tatccagaca attacccatg tacttatcaa 276 O. 

aagaggacat coaaga catt atctacagaa taag cacca gtttggaaat galaattaaag 282O 

agtgttgttca taggtogcc.ca tttitttcatc atttaaccta tottccagaa actacatgat 2880 

taaatatgtt taagaagatt agttaccatt galaattggitt citgtcatalaa acago at gag 2.940 

totggittitta aattatctitt gtattatgtg tdacatggitt attttittaaa tdaggattoa 3OOO 

citg acttgtt tittatattga aaaaagttcc acg tattgta gaaaacgitaa ataaactaat 3060 

aac 3063 

<210> SEQ ID NO 13 
&2 11s LENGTH 934 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 13 
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Met Ala Val Glin Pro Lys Glu Thir Lieu Glin Leu Glu Ser Ala Ala Glu 
1 5 10 15 

Val Gly Phe Val Arg Phe Phe Glin Gly Met Pro Glu Lys Pro Thr Thr 
2O 25 30 

Thr Val Arg Lieu Phe Asp Arg Gly Asp Phe Tyr Thr Ala His Gly Glu 
35 40 45 

Asp Ala Lieu Lieu Ala Ala Arg Glu Val Phe Lys Thr Glin Gly Val Ile 
5 O 55 60 

Lys Tyr Met Gly Pro Ala Gly Ala Lys Asn Lieu Glin Ser Val Val Lieu 
65 70 75 8O 

Ser Lys Met Asn. Phe Glu Ser Phe Wall Lys Asp Leu Lleu Lieu Val Arg 
85 90 95 

Glin Tyr Arg Val Glu Val Tyr Lys Asn Arg Ala Gly Asn Lys Ala Ser 
100 105 110 

Lys Glu Asn Asp Trp Tyr Lieu Ala Tyr Lys Ala Ser Pro Gly Asn Lieu 
115 120 125 

Ser Glin Phe Glu Asp Ile Lieu Phe Gly Asn. Asn Asp Met Ser Ala Ser 
130 135 1 4 0 

Ile Gly Val Val Gly Val Lys Met Ser Ala Val Asp Gly Glin Arg Glin 
145 15 O 155 160 

Val Gly Val Gly Tyr Val Asp Ser Ile Glin Arg Lys Lieu Gly Lieu. Cys 
1.65 170 175 

Glu Phe Pro Asp Asn Asp Gln Phe Ser Asn Leu Glu Ala Leu Leu Ile 
18O 185 190 

Glin Ile Gly Pro Lys Glu Cys Val Lieu Pro Gly Gly Glu Thir Ala Gly 
195 200 2O5 

Asp Met Gly Lys Lieu Arg Glin Ile Ile Glin Arg Gly Gly Ile Lieu. Ile 
210 215 220 

Thr Glu Arg Lys Lys Ala Asp Phe Ser Thr Lys Asp Ile Tyr Glin Asp 
225 230 235 240 

Lieu. Asn Arg Lieu Lleu Lys Gly Lys Lys Gly Glu Gln Met Asn. Ser Ala 
245 250 255 

Wall Leu Pro Glu Met Glu Asn Glin Wall Ala Wal Ser Ser Leu Ser Ala 
260 265 27 O 

Val Ile Llys Phe Leu Glu Lieu Lleu Ser Asp Asp Ser Asn. Phe Gly Glin 
275 280 285 

Phe Glu Leu Thir Thr Phe Asp Phe Ser Glin Tyr Met Lys Leu Asp Ile 
29 O 295 3OO 

Ala Ala Val Arg Ala Lieu. Asn Lieu Phe Glin Gly Ser Val Glu Asp Thr 
305 310 315 320 

Thr Gly Ser Glin Ser Lieu Ala Ala Lieu Lieu. Asn Lys Cys Lys Thr Pro 
325 330 335 

Glin Gly Glin Arg Lieu Val Asn Glin Trp Ile Lys Glin Pro Leu Met Asp 
340 345 350 

Lys Asn Arg Ile Glu Glu Arg Lieu. Asn Lieu Val Glu Ala Phe Val Glu 
355 360 365 

Asp Ala Glu Lieu Arg Glin Thr Lieu Glin Glu Asp Leu Lleu Arg Arg Phe 
370 375 38O 

Pro Asp Lieu. Asn Arg Lieu Ala Lys Llys Phe Glin Arg Glin Ala Ala Asn 
385 390 395 400 
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Leu Glin Asp Cys Tyr Arg Lieu. Tyr Glin Gly Ile Asn Glin Leu Pro Asn 
405 410 415 

Val Ile Glin Ala Leu Glu Lys His Glu Gly Lys His Gln Lys Lieu Lieu 
420 425 430 

Leu Ala Val Phe Val Thr Pro Leu Thr Asp Leu Arg Ser Asp Phe Ser 
435 4 40 4 45 

Lys Phe Glin Glu Met Ile Glu Thir Thr Leu Asp Met Asp Glin Val Glu 
450 455 460 

Asn His Glu Phe Leu Val Lys Pro Ser Phe Asp Pro Asn Lieu Ser Glu 
465 470 475 480 

Leu Arg Glu Ile Met Asn Asp Leu Glu Lys Lys Met Glin Ser Thr Lieu 
485 490 495 

Ile Ser Ala Ala Arg Asp Leu Gly Lieu. Asp Pro Gly Lys Glin Ile Lys 
5 OO 505 510 

Leu Asp Ser Ser Ala Glin Phe Gly Tyr Tyr Phe Arg Val Thr Cys Lys 
515 52O 525 

Glu Glu Lys Val Lieu Arg Asn. Asn Lys Asn. Phe Ser Thr Val Asp Ile 
530 535 540 

Glin Lys Asn Gly Val Lys Phe Thr Asn. Ser Lys Lieu. Thir Ser Lieu. Asn 
545 550 555 560 

Glu Glu Tyr Thr Lys Asn Lys Thr Glu Tyr Glu Glu Ala Glin Asp Ala 
565 570 575 

Ile Val Lys Glu Ile Val Asn Ile Ser Ser Gly Tyr Val Glu Pro Met 
58O 585 590 

Glin Thr Lieu. Asn Asp Wall Leu Ala Glin Lieu. Asp Ala Val Val Ser Phe 
595 600 605 

Ala His Val Ser Asn Gly Ala Pro Val Pro Tyr Val Arg Pro Ala Ile 
610 615 62O 

Leu Glu Lys Gly Glin Gly Arg Ile Ile Leu Lys Ala Ser Arg His Ala 
625 630 635 640 

Cys Val Glu Val Glin Asp Glu Ile Ala Phe Ile Pro Asn Asp Val Tyr 
645 650 655 

Phe Glu Lys Asp Lys Gln Met Phe His Ile Ile Thr Gly Pro Asn Met 
660 665 670 

Gly Gly Lys Ser Thr Tyr Ile Arg Glin Thr Gly Val Ile Val Leu Met 
675 680 685 

Ala Glin Ile Gly Cys Phe Val Pro Cys Glu Ser Ala Glu Val Ser Ile 
69 O. 695 7 OO 

Val Asp Cys Ile Leu Ala Arg Val Gly Ala Gly Asp Ser Glin Lieu Lys 
705 710 715 720 

Gly Val Ser Thr Phe Met Ala Glu Met Leu Glu Thr Ala Ser Ile Leu 
725 730 735 

Arg Ser Ala Thr Lys Asp Ser Lieu. Ile Ile Ile Asp Glu Lieu Gly Arg 
740 745 750 

Gly Thr Ser Thr Tyr Asp Gly Phe Gly Leu Ala Trp Ala Ile Ser Glu 
755 760 765 

Tyr Ile Ala Thr Lys Ile Gly Ala Phe Cys Met Phe Ala Thr His Phe 
770 775 78O 

His Glu Lieu. Thir Ala Lieu Ala Asn Glin Ile Pro Thr Val Asn. Asn Lieu 
785 790 795 8OO 

His Val Thr Ala Leu Thir Thr Glu Glu Thr Leu Thr Met Leu Tyr Glin 
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805 810 815 

Wall Lys Lys Gly Val Cys Asp Glin Ser Phe Gly Ile His Wall Ala Glu 
820 825 830 

Leu Ala Asn. Phe Pro Lys His Val Ile Glu Cys Ala Lys Glin Lys Ala 
835 840 845 

Leu Glu Lieu Glu Glu Phe Glin Tyr Ile Gly Glu Ser Glin Gly Tyr Asp 
85 O 855 860 

Ile Met Glu Pro Ala Ala Lys Lys Cys Tyr Lieu Glu Arg Glu Glin Gly 
865 870 875 88O 

Glu Lys Ile Ile Glin Glu Phe Leu Ser Lys Val Lys Gln Met Pro Phe 
885 890 895 

Thr Glu Met Ser Glu Glu Asn. Ile Thir Ile Lys Lieu Lys Glin Leu Lys 
9 OO 905 910 

Ala Glu Val Ile Ala Lys Asn. Asn. Ser Phe Val Asn. Glu Ile Ile Ser 
915 920 925 

Arg Ile Llys Val Thr Thr 
930 

<210> SEQ ID NO 14 
&2 11s LENGTH 31.45 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 14 

gg.cgggaaac agcttagtgg gtgtgggg to go.gcatttitc ttcaaccagg aggtgaggag 60 

gtttcgaCat gg.cggtgcag ccgaaggaga C gctgcagtt ggaga.gc.gcg gcc gaggtog 120 

gctt.cgtgcg cittctttcag g g catgcc.gg agaagcc.gac caccacagt g c gcctttitcg 18O 

accgggg.cga Cttctatacg gcgcacgg.cg aggacgc.gct gctggcc.gcc cqggaggtgt 240 

tdaag accoa gggggtgatc aagtacatgg gg.ccggcagg agcaaagaat citgcagagtg 3OO 

ttgttgcttag taaaatgaat tittgaatctt ttgtaaaaga tottcttctg gttctgtcagt 360 

atagagttga agtttataag aatagagctg gaaataaggc atccaaggag aatgattggit 420 

atttgg cata taaggcttct cotggcaatc. tctotcagtt togaag acatt citctittggta 480 

acaatgatat gtcagottcc attggtgttg toggtgttaa aatgtcc.gca gttgatggcc 540 

agagacaggit toggagttggg tatgtggatt coatacagag gaalactagga citgttgttgaat 600 

toccitgataa toatcagttc. tccaatcttg aggct citcct catccagatt gaccalaagg 660 

aatgttgttitt accoggagga gag actoctog gagacatggg gaaactgaga cagataattic 720 

aaagaggagg aattctgatc acagaaagaa aaaaagctga cittitt.ccaca aaaga cattt 78O 

atcagg acct caa.ccggttg ttgaaaggca aaaagggaga gcagatgaat agtgctgitat 840 

tgcc agaaat ggagaatcag gttgcagttt catcactgtc. tcc.ggtaatc aagtttittag 9 OO 

aactcittatc agatgattcc aactittggac agtttgaact gacitacttitt gactitcagoc 96.O 

agtatatgaa attggatatt gcagoagtica gagcc cittaa cctttitt cag g gttctgttg 1020 

aagataccac toggctdtcag totctggctg. ccttgctgaa taagtgtaaa accoctoaag 1080 

gacaaag act tottalaccag toggattaa.gc agcct citcat ggataagaac agaatagagg 1140 

agagattgaa tittagtggaa gottttgtag aagatgcaga attgagg cag actttacaag 1200 

aagatttact tcgtogatto coagatctta accgacittgc caagaagttt caaagacaag 1260 
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cagdaaactt acaagattgt taccg actict atcagggitat aaatcaacta cctaatgtta 320 

tacaggctict ggaaaaac at gaaggaaaac accagaaatt attgttggca gttitttgttga 38O 

citccitcttac to atctitcgt totgacttct coaagtttca ggaaatgata gaaacaactt 4 40 

tagatatgga toaggtggala aaccatgaat to cittgtaaa accitt cattt gatcc taatc 5 OO 

toagtgaatt aagagaaata atgaatgact toggaaaagaa gatgcagtoa acattaataa 560 

gtgcagccag agatcttggc titggaccctg gcaaacagat taaactggat to cagtgcac 62O 

agtttggata ttacttitcgt gta acctgta aggaagaaaa agticcitt.cgt aacaataaaa 680 

actittagtac totagatato cagaagaatg gtgttaaatt taccalacago: aaattgacitt 740 

citttaaatga agagtatacc aaaaataaaa cagaatatga agaagcc cag gatgc cattg 800 

ttaaagaaat tdtcaatatt tottcaggct atgtagalacc aatgcagaca citcaatgatg 860 

tgttagctica gctagatgct gttgtcagct ttgct cacgt gtcaaatgga gcaccitgttc 920 

catatgtacg accago catt ttggagaaag gacaaggaag aattatatta aaa.gcatcca 98O 

ggcatgcttg togttgaagtt caagatgaaa ttgcatttat toctaatgac gtatactittg 20 40 

aaaaagataa acagatgttc. cacat catta citggc.cccaa tatgg gaggit aaatcaacat 2100 

atattogaca aactggggtg atagtactica togcc caaat tdggtgttitt gtgccatgtg 216 O 

agtcagcaga agtgtc.catt gtggactgca tottagc.ccg agtaggggct ggtgacagtic 2220 

aattgaaagg agt citccacg titcatggctgaaatgttgga aacto cittct atccticaggt 228O 

citgcaaccaa agattcatta ataatcatag atgaattggg aag aggaact tctacctacg 2340 

atggatttgg gttagcatgg gctatatoag aatacattgc aacaaagatt gotgctttitt 24 OO 

gcatgtttgc aaccoattitt catgaactta citgccittggc caatcagata ccaactgtta 2460 

ataatctaca totcacagoa citcaccactg aagagacctt aactatoctit tat caggtoga 252O 

agaaaggtgt citgtgatcaa agttittggga titcatgttgc agagcttgct aattitcc cta 258O 

agcatgtaat agagtgtgct aaacagaaag ccctggaact to aggagttt cagtatattg 264 O 

gagaatc.gca aggatatgat atcatggaac cagcago aaa gaagtgctat citggaaagag 27 OO 

agcaaggtga aaaaattatt caggagttcc tdtccalaggt gaaacaaatg cccitt tactg 276 O. 

aaatgtcaga agaaaa.catc acaataaagt taaaa.cagot aaaagctgaa gtaatagdaa 282O 

agaataatag citttgtaaat gaaatcattt cac gaataaa agttacitacg tdaaaaatcc 2880 

cagtaatgga atgaaggtaa tattgataag citattgtctg. taatagttitt atattgttitt 2.940 

atattaacco tttittccata gtgttaactg. tcagtg.ccca taggctatoa acttaataag 3OOO 

atatttagta atatttitact ttgaggacat tittcaaagat ttittattittgaaaaatgaga 3060 

gctgtaactg agg actgttt gcaattgaca taggcaataa taagtgatgt gctgaattitt 312 O 

ataaataaaa toatgtagtt totgg 31.45 

<210 SEQ ID NO 15 
&2 11s LENGTH 756 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 15 

Met Ser Phe Val Ala Gly Val Ile Arg Arg Leu Asp Glu Thr Val Val 
1 5 10 15 

Asn Arg Ile Ala Ala Gly Glu Val Ile Glin Arg Pro Ala Asn Ala Ile 
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2O 25 30 

Lys Glu Met Ile Glu Asn. Cys Lieu. Asp Ala Lys Ser Thr Ser Ile Glin 
35 40 45 

Val Ile Wall Lys Glu Gly Gly Lieu Lys Lieu. Ile Glin Ile Glin Asp Asn 
5 O 55 60 

Gly Thr Gly Ile Arg Lys Glu Asp Lieu. Asp Ile Val Cys Glu Arg Phe 
65 70 75 8O 

Thir Thr Ser Lys Leu Glin Ser Phe Glu Asp Leu Ala Ser Ile Ser Thr 
85 90 95 

Tyr Gly Phe Arg Gly Glu Ala Lieu Ala Ser Ile Ser His Val Ala His 
100 105 110 

Val Thir Ile Thir Thr Lys Thr Ala Asp Gly Lys Cys Ala Tyr Arg Ala 
115 120 125 

Ser Tyr Ser Asp Gly Lys Lieu Lys Ala Pro Pro Llys Pro Cys Ala Gly 
130 135 1 4 0 

Asn Glin Gly. Thr Glin Ile Thr Val Glu Asp Leu Phe Tyr Asn Ile Ala 
145 15 O 155 160 

Thr Arg Arg Lys Ala Lieu Lys Asn Pro Ser Glu Glu Tyr Gly Lys Ile 
1.65 170 175 

Leu Glu Val Val Gly Arg Tyr Ser Val His Asn Ala Gly Ile Ser Phe 
18O 185 190 

Ser Val Lys Lys Glin Gly Glu Thr Val Ala Asp Val Arg Thr Leu Pro 
195 200 2O5 

Asn Ala Ser Thr Val Asp Asn. Ile Arg Ser Ile Phe Gly Asn Ala Val 
210 215 220 

Ser Arg Glu Lieu. Ile Glu Ile Gly Cys Glu Asp Lys Thr Lieu Ala Phe 
225 230 235 240 

Lys Met Asn Gly Tyr Ile Ser Asn Ala Asn Tyr Ser Wall Lys Lys Cys 
245 250 255 

Ile Phe Leu Leu Phe Ile Asn His Arg Leu Val Glu Ser Thr Ser Leu 
260 265 27 O 

Arg Lys Ala Ile Glu Thr Val Tyr Ala Ala Tyr Lieu Pro Lys Asn Thr 
275 280 285 

His Pro Phe Leu Tyr Leu Ser Leu Glu Ile Ser Pro Gln Asn Val Asp 
29 O 295 3OO 

Val Asn Val His Pro Thr Lys His Glu Val His Phe Leu. His Glu Glu 
305 310 315 320 

Ser Ile Leu Glu Arg Val Glin Gln His Ile Glu Ser Lys Lieu Lieu Gly 
325 330 335 

Ser Asn Ser Ser Arg Met Tyr Phe Thr Glin Thr Leu Leu Pro Gly Leu 
340 345 350 

Ala Gly Pro Ser Gly Glu Met Val Lys Ser Thr Thr Ser Leu Thir Ser 
355 360 365 

Ser Ser Thr Ser Gly Ser Ser Asp Llys Val Tyr Ala His Glin Met Val 
370 375 38O 

Arg Thr Asp Ser Arg Glu Glin Lys Lieu. Asp Ala Phe Leu Gln Pro Leu 
385 390 395 400 

Ser Lys Pro Leu Ser Ser Glin Pro Glin Ala Ile Val Thr Glu Asp Lys 
405 410 415 

Thr Asp Ile Ser Ser Gly Arg Ala Arg Glin Glin Asp Glu Glu Met Lieu 
420 425 430 
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Glu Lieu Pro Ala Pro Ala Glu Val Ala Ala Lys Asn Glin Ser Lieu Glu 
435 4 40 4 45 

Gly Asp Thr Thr Lys Gly. Thir Ser Glu Met Ser Glu Lys Arg Gly Pro 
450 455 460 

Thir Ser Ser Asn. Pro Arg Lys Arg His Arg Glu Asp Ser Asp Val Glu 
465 470 475 480 

Met Val Glu Asp Asp Ser Arg Lys Glu Met Thr Ala Ala Cys Thr Pro 
485 490 495 

Arg Arg Arg Ile Ile Asn Lieu. Thir Ser Val Lieu Ser Leu Glin Glu Glu 
5 OO 505 510 

Ile Asn. Glu Glin Gly His Glu Val Lieu Arg Glu Met Lieu. His Asn His 
515 52O 525 

Ser Phe Val Gly Cys Val Asn Pro Gln Trp Ala Leu Ala Glin His Glin 
530 535 540 

Thr Lys Lieu. Tyr Lieu Lieu. Asn. Thir Thr Lys Lieu Ser Glu Glu Lieu Phe 
545 550 555 560 

Tyr Glin Ile Lieu. Ile Tyr Asp Phe Ala Asn. Phe Gly Val Lieu Arg Lieu 
565 570 575 

Ser Glu Pro Ala Pro Leu Phe Asp Leu Ala Met Leu Ala Lieu. Asp Ser 
58O 585 59 O 

Pro Glu Ser Gly Trp Thr Glu Glu Asp Gly Pro Lys Glu Gly Lieu Ala 
595 600 605 

Glu Tyr Ile Val Glu Phe Leu Lys Lys Lys Ala Glu Met Leu Ala Asp 
610 615 62O 

Tyr Phe Ser Lieu Glu Ile Asp Glu Glu Gly Asn Lieu. Ile Gly Lieu Pro 
625 630 635 640 

Leu Lieu. Ile Asp Asn Tyr Val Pro Pro Leu Glu Gly Lieu Pro Ile Phe 
645 650 655 

Ile Leu Arg Lieu Ala Thr Glu Val Asn Trp Asp Glu Glu Lys Glu Cys 
660 665 670 

Phe Glu Ser Lieu Ser Lys Glu Cys Ala Met Phe Tyr Ser Ile Arg Lys 
675 680 685 

Gln Tyr Ile Ser Glu Glu Ser Thr Leu Ser Gly Glin Gln Ser Glu Val 
69 O. 695 7 OO 

Pro Gly Ser Ile Pro Asn Ser Trp Llys Trp Thr Val Glu His Ile Val 
705 710 715 720 

Tyr Lys Ala Leu Arg Ser His Ile Leu Pro Pro Lys His Phe Thr Glu 
725 730 735 

Asp Gly Asn. Ile Leu Gln Leu Ala Asn Lieu Pro Asp Leu Tyr Lys Val 
740 745 750 

Phe Glu Arg Cys 
755 

<210> SEQ ID NO 16 
<211& LENGTH 2484 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 16 

cittggctott citggcgc.caa aatgtcgttc gtggcagggg ttattoggcg gctggac gag 60 

acagtggtga accgcatcgc gg.cgggggaa gttatccago ggc.ca.gctaa togctato aaa. 120 
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cacttaag ac titatacttgc cittctgatag tattoctitta tacacagtgg attgattata 2460 

aataaataga tigtgtc.ttaa cata 2484 

<210 SEQ ID NO 17 
&2 11s LENGTH 133 

&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 17 

Met Glu Arg Ala Glu Ser Ser Ser Thr Glu Pro Ala Lys Ala Ile Lys 
1 5 10 15 

Pro Ile Asp Arg Lys Ser Val His Glin Ile Cys Ser Gly Glin Val Val 
2O 25 30 

Leu Ser Lieu Ser Thr Ala Wall Lys Glu Lieu Val Glu Asn. Ser Lieu. Asp 
35 40 45 

Ala Gly Ala Thr Asn. Ile Asp Leu Lys Lieu Lys Asp Tyr Gly Val Asp 
5 O 55 60 

Lieu. Ile Glu Val Ser Asp Asin Gly Cys Gly Val Glu Glu Glu Asn. Phe 
65 70 75 8O 

Glu Gly Lieu. Thir Lieu Lys His His Thr Ser Lys Ile Glin Glu Phe Ala 
85 90 95 

Asp Leu Thr Glin Val Glu Thir Phe Gly Phe Arg Gly Glu Ala Leu Ser 
100 105 110 

Ser Leu Cys Ala Leu Ser Asp Val Thr Ile Ser Thr Cys His Ala Ser 
115 120 125 

Ala Lys Val Gly Thr 
130 

<210> SEQ ID NO 18 
<211& LENGTH 426 

&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 18 

c gaggcggat cqggtgttgc atc catggag cqagctdaga gctic gagtac agaacct gct 60 

aaggccatca aacctattga toggaagttca gtc.catcaga tittgctotgg gcaggtggta 120 

citgagtictaa goactg.cggit aaaggagitta gtagaaaa.ca gtctggatgc tiggtgcc act 18O 

aatattgatc taaagcttaa goactatoga gtggatctta ttgaagtttc agacaatgga 240 

tgtggggtag aagaagaaaa citt.cgaaggc tita actctga aac at cacac atctaagatt 3OO 

caag agtttg cc gacctaac to aggttgaa acttittggct titcgggggga agctotgagc 360 

to actttgttg cactgagciga tigtcaccatt totacct gcc acgcatcggc galaggttgga 420 

acttga 426 
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What is claimed is: 
1. A method for making a mammalian cell hypermutable, 

comprising: 
introducing into Said mammalian cell a polynucleotide 

comprising a dominant-negative allele of a mismatch 
repair gene, whereby Said cell becomes hypermutable. 

2. The method of claim 1 wherein said polynucleotide is 
introduced into Said cell by transfection in Vitro. 

3. The method of claim 1, wherein said polynucleotide is 
introduced into Said cell by transfection of an adherent cell 
in vitro. 

4. The method of claim 1 wherein said mismatch repair 
gene is PMS2. 

5. The method of claim 1 wherein said mismatch repair 
gene is human PMS2. 

6. The method of claim 1 wherein said mismatch repair 
gene is human MLH1. 

7. The method of claim 1 wherein said mismatch repair 
gene is human PMS1. 

8. The method of claim 1 wherein said mismatch repair 
gene is human MSH2. 

9. The method of claim 4 wherein said allele comprises a 
truncation mutation. 

10. The method of claim 4 wherein said allele comprises 
a truncation mutation at codon 134. 

11. The method of claim 9 wherein said truncation muta 
tion is a thymidine at nucleotide 424 of wild-type PMS2. 

12. A homogeneous composition comprising a cultured, 
hypermutable, mammalian cell comprising a dominant 
negative allele of a mismatch repair gene. 

13. The composition of claim 12 wherein said mismatch 
repair gene is PMS2. 

14. The composition of claim 12 wherein said mismatch 
repair gene is human PMS2. 

15. The composition of claim 12 wherein said mismatch 
repair gene is human MLH1. 

16. The composition of claim 12 wherein said mismatch 
repair gene is human PMS1. 

17. The composition of claim 12 wherein said mismatch 
repair gene is human MSH2. 

18. The composition of claim 12 wherein said cell 
expresses a protein consisting of the first 133 amino acids of 
hPMS2. 

19. A method for obtaining a mammalian cell that is 
resistant to a Selected microbe comprising: 

growing a culture of mammalian cells wherein Said cells 
have a dominant-negative allele of a mismatch repair 
gene, 

exposing Said cells to Said Selected microbe; and 
Selecting Said mammalian cell that is resistant to Said 

Selected microbe. 
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20. The method of claim 19 wherein said hypermutable 
cell is Selected for resistance to a gram-negative microbe. 

21. The method of claim 19 wherein said hypermutable 
cell is Selected for resistance to a gram-positive microbe. 

22. The method of claim 19 wherein said hypermutable 
cell is Selected for resistance to a protozoan. 

23. The method of claim 19 wherein said hypermutable 
cell is Selected for resistance to a bacteria. 

24. The method of claim 19 wherein said hypermutable 
cell is Selected for resistance to a fungi. 

25. The method of claim 19 wherein said step of selecting 
for microbial resistance comprises isolating and testing 
conditioned medium from Said hypermutable cell. 

26. A method for obtaining a cell comprising a mutation 
in a gene encoding an antimicrobial activity comprising: 

growing a culture of mammalian cells having Said gene 
encoding Said antimicrobial activity, and a dominant 
negative allele of a mismatch repair gene, 

Selecting a cell comprising Said antimicrobial activity; and 
determining whether Said gene comprises a mutation. 
27. The method of claim 26 wherein said hypermutable 

cell is Selected for resistance to a gram-negative microbe. 
28. The method of claim 26 wherein said hypermutable 

cell is Selected for resistance to a gram-positive microbe. 
29. The method of claim 26 wherein said hypermutable 

cell is Selected for resistance to a protozoan. 
30. The method of claim 26 wherein said hypermutable 

cell is Selected for resistance to a bacteria. 
31. The method of claim 26 wherein said hypermutable 

cell is Selected for resistance to a fungi. 
32. The method of claim 26 wherein said step of selecting 

a cell for antimicrobial activity comprises isolating and 
testing conditioned medium from Said hypermutable cell. 

33. The method of claim 26 wherein said step of exam 
ining Said cell to determine whether Said gene comprises a 
mutation comprises analyzing a nucleotide Sequence of Said 
gene. 

34. The method of claim 26 wherein said step of exam 
ining Said cell to determine whether Said gene comprises a 
mutation comprises analyzing mRNA transcribed from Said 
gene. 

35. The method of claim 26 wherein said step of exam 
ining Said cell to determine whether Said gene comprises a 
mutation comprises analyzing a protein encoded by Said 
gene. 

36. The method of claim 26 wherein said step of exam 
ining Said cell to determine whether Said gene comprises a 
mutation comprises analyzing the phenotype of Said gene. 
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