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BACKGROUND OF THE INVENTION
The present application claims priority to co-pending U.S. Provisional Patent

Application Serial No. 60/443,681 filed January 30, 2003. The entire text of the above-

referenced disclosure is specifically incorporated herein by reference without disclaimer.
The government may own rights in the present invention pursuant to grant number Grant
No. P60AG17231 from the National Institutes of Health, National Institute on Aging.

1. Field of the Invention

The present invention relates generally to the fields of molecular biology and
medicine. More particularly, the invention relates to arrays of nucleic acids immobilized
on a solid support for selectively monitoring expression of mitochondrial-related genes
from the nuclear and mitochondrial genomes and methods for the use thereof.

2. Deseription of Related Art

Global populations of individuals over the age of 65 have increased, with most
destined to live into their 80s. Given the average survival age of the elderly,
improvements in the health of the elderly are needed or the economy will be faced with a
tremendous burden. The economy will be burdened with special needs for nursing care,
transportation, housing, and medical arrangements. This burden can be reduced by
improving overall health care. Substantial increases in research on diseases of aging are
thus needed. Currently, less than one percent of the 1.14 trillion dollars the U.S. spends
each year on health care goes for research on Alzheimer’s, arthritis, Parkinson’s, prostate
cancer and other age-related diseases. Unless more diseases of aging are delayed or
conquered, mounting bills for illness will swamp even the most robust Medicare
program.

Finding cures and alleviating symptoms of diseases would have a major positive
effect on the economy. According to studies by the Milken Institute, an investment of
175 million dollars in diabetes research now saves 7 billion dollars in medical costs.
Work done by the University of Chicago supports this thinking, with studies reporting
that the economic value of reductions in heart disease in people aged 70 to 80 could

amount to 15 trillion dollars. Also, as exemplified by the work of others, diseases such as
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polio, Alzheimer's and many other aging and age-related diseases can be conquered.
Thus, research can do much to improve the quality of life for the elderly.

A major key to understanding, alleviating, or ameliorating diseases of the aging
population lies in the genetic basis of aging. The sequence of the entire human genome
Anderson et al., 1981) has been completed and will greatly advance the development of
technologies beneficial in understanding the genetic basis of aging. The sequence of the
entire mouse genome has recently been reported and will advance biomedical research on
animal models representative of human diseases (Waterston, et al., 2002). Studies at
UTMB Galveston have recently shown that mitochondrial (mtDNA) is damaged three to
four times more frequently than nuclear DNA by a wide variety of agents, which induce
reactive oxygen species (Mandavilli et al. 2002; Santos et al, 2002; Ballinger et al.,
2000). Thus, mitochondrial DNA and its ability to transcribe mitochondrial specific
genes represent a critical cellular target for reactive oxygen species-induced cell death.

There are two major hypotheses that deal with the role of mitochondrial integrity
and function in aging: firstly, the catastrophic demise of mitochondrial function is a
primary mechanism in aging; and secondly, ROS generated in the mitochondria causes
mitochondrial DNA damage, which in turn causes the release of more ROS, leading to
further mitochondrial decline and age-associated pathologies (Harmon, 1972; Golden and
Melov, 2001; Ames et al., 1993; Finkel and Holbrook, 2000; Beckman and Ames, 1998;
Beckman and Ames, 1999; Zhang et al., 1992).

Therefore, the integrity of the mitochondria is a major factor in the function of
aged tissues, mitochondria-associated diseases, and responses kof the mitochondria to
oxidative stress or inflammatory agents - both environmental and internal. The
mitochondrion provides the energy needed to carry out critical biological functions. Any
factor(s) that disrupt or compromise mitochondrial functions are of importance, because
they relate to diseases including genetic diseases, envirommental toxins, and responses to
hormones and growth factors (Mitochondria and Free radicals in Neurodegenerative
Diseases, 1997).

Most human genes are encoded by the nuclear DNA of the cell, but some are also

found in the mitochondrial DNA. Mitochondria are the "power plants" within each cell
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and provide about 90 percent of the energy necessary for cells — and thus provide tissues,
organs and the body as a whole with energy. Mutations of the mtDNA can cause a wide
range of disorders — from neurodegenerative diseases to diabetes and heart failure.
Scientists also suspect that injury to the genes within the mitochondria may play an
important role in the aging process as well as in chronic degenerative illnesses, such as
Alzbheimer’s Parkinson's and Lou Gehric's disease (Golden and Melov, 2001; Ames et al.,
1993).

In the course of investigating mtDNA deletions in disease it became apparent that
normal individuals can also be heteroplasmic for deleted mtDNA and that the fraction of
deleted DNA increases exponentially with age. These observations raised interest in the
role played by mtDNA mutations in aging. One hypothesis is that continuous oxidative
damage to mtDNA. is responsible for an age-related decline in oxidative phosphorylation
capacity (Golden and Melov, 2001; Finkel and Holbrook, 2001; Ventura et al., 2002).
Whether a causal relationship exists between mtDNA mutations and aging, however,
remains to be established.

What has been lacking in the art is a procedure allowing simultaneous and parallel
determination of the activity of mitochondrial and nuclear genes that make the enzymes
and structural protein of the mitochondrion. Analysis of the mRNA levels of each of
these genes would provide insight as to the overall biochemical phenotype (picture) of
mitochondrial organellogenesis. Procedures have been available to determine the activity
of a limited numbers of genes in one experiment. There are, however, several hundred
mitochondrial-related genes. What is needed, therefore, is a method of analyzing the
expression of these genes, thereby providing insight as to the roles mitochondrial proteins

play in different disease states.

SUMMARY OF THIE INVENTION

The invention overcomes the deficiencies in the art by providing methods and
compositions for assessing the integrity and function of the mitochondria. Thus, the
invention provides arrays comprising nucleic acid molecules comprising a plurality of

sequences, wherein the molecules are immobilized on a solid support and wherein at least
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5% of the immobilized molecules are capable of hybridizing to mitochondrial-related
acid sequences or complements thereof.

In some aspects of the invention, the array may further be defined as comprising
at least 20, at least 40, at least 100, at least 200, or at least 400 nucleic acid molecules. In
other aspects the array of the invention comprises nucleic acid molecules comprising
cDNA sequences. In further aspects of the invention, the nucleic acid molecules may
comprise at least 17 nucleotides. These mitochondrial-related nucleic acid sequences
may, for example, be from a mammal, a primate, a human, a mouse, a yeast, an arthropod
such as a Drosophila, or a nematode such as C. elegans. In certain embodiments of the
invention, at least 25%, at least 35%, at least 50%, at least 75%, at least 85%, at least
95%, or at least 100% of the immobilized molecules are capable of hybridizing to
mitochondrial-related nucleic acid sequences or complements thereof. In still a further
aspect of the invention, at least one of the mitochondrial-related nucleic acid sequences is
encoded by a mitochondrial genome.

In particular aspects of the invention, the immobilized molecules are capable of
hybridizing to at least 5, at least 10, at least 15, at least 30, at least 60, at least 100, or at
least 200 mitochondrial-related nucleic acid sequences or complements thereof. In
further aspects of the invention, the immobilized molecules are capable of hybridizing to
at least 300, at least 500, or at least 1000 mitochondrial-related nucleic acid sequences or
complements thereof. In further aspects of the invention, at least one of the
mitochondrial-related nucleic acid sequences is encoded by a nuclear or mitochondrial
genome. |

In a further aspect, the invention provides a method for measuring the expression
of one or more mitochondrial-related coding sequence in a cell or tissue, the method
comprising: a) contacting an array as described above with a sample of nucleic acids
from the cell or tissue under conditions effective for mRNA or complements thereof from
the cell or tissue to hybridize with the nucleic acid molecules immobilized on the solid
support; and b) detecting the amount of mRNA or complements thereof hybridizing to
mitochondrial-related nucleic acid sequences or complements thereof. In one

embodiment of the invention, the detecting in step (b) may be carried out
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colorimetrically, fluorometrically, or radiometrically. In certain embodiments, the cell
may be a mammal cell, a primate cell, 2 human cell, a mouse cell, or an yeast cell.

In yet another aspect, the invention provides a method of screening an individual
for a disease state associated with altered expression of one or more mitochondrial-
related nucleic acid sequences comprising: a) contacting an array, according to that
described above, with a sample of nucleic acids from the individual under conditions
effective for the mRNA or complements thereof from the individual to hybridize with the
nucleiq acid molecules immobilized on the solid support; b) detecting the amount of
mRNA or complements thereof hybridizing to mitochondrial-related nucleic acid
sequences; and c) screening the individual for a disease state by comparing the
expression of the mitochondrial-related nucleic acid sequences detected with a pattern of
expression of the mitochondrial-related nucleic acid sequences associated with the
disease state. In one embodiment of the invention, the disease state may be selected from
that provided in Table 1. In particular aspects, the disease state is cystic fibrosis,
Alzheimer’s disease, Parkinson's disease, ataxia, Wilson disease, Maple syrup urine
disease, Barth syndrome, Leber's hereditary optic neuropathy, congenital adrenal
hyperplasia diabetes mellitus, multiple sclerosis, or cancer, but is not limited to such.

In one embodiment of the invention, detecting the amount of mRNA or
complements thereof hybridizing to mitochondrial-related nucleic acid sequences may be
carried out colorimetrically, fluorometrically, or radiometrically. In further aspects of the
invention, the individual may be a mammal, a primate, a human, a mouse, an arthropod,
or an nematode but is not limited to such.

In still yet another aspect, the invention provides a method of screening a
compound for its affect on mitochondrial structure and/or function comprising: a)
contacting an array according to that described above, with a sample of nucleic acids
from a cell under conditions effective for the mRNA or complements thersof from the
cell to hybridize with the nucleic acid molecules immobilized on the solid support,
wherein the cell has previously been contacted with the compound under conditions
effective to permit the compound to have an affect on mitochondrial structure and/or

function; b) detecting the amount of mRNA encoded by mitochondrial-related nucleic
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acid sequences or complements thereof that hybridizes with the nucleic acid molecules
immobilized on the solid support; and c) correlating the detected amount of mRNA
encoded by mitochondrial-related nucleic acid molecules or complements thereof with
the affect of the compound mitochondrial structure and/or function.

In one embodiment of the invention, the compound is a small molecule. In
another embodiment of the invention, the compound is formulated in a pharmaceutically
acceptable carrier or diluent. In still another embodiment of the invention, the compound
may be an oxidative stressing agent, an inflammatory agent, or a chemotherapeutic agent.

In still yet another aspect, the present invention provides a method for screening
an individual for reduced mitochondrial function comprising: a) contacting an array
according to that described above, with a sample of nucleic acids from a cell under
conditions effective for the mRINA or complements thereof from the cell to hybridize
with the nucleic acid molecules immobilized on the solid support; b) detecting the
amount of mRNA encoded by mitochondrial-related nucleic acid sequences or
complements thereof that hybridizes with the nucleic acid molecules immobilized on the
solid support; and c) correlating the detected amount of mRNA or complements thereof
with reduced mitochondrial function.

In certain embodiments of the invention, the detecting step as described above
may be carried out colorimetrically, fluorometrically, or radiometrically. In still another
embodiment, the individual is a mammal, a primate, a human, a mouse, an arthropod, or a
nematode.

It is contemplated that any method or composition described herein can be
implemented with respect to any other method or composition described herein. The use
of the word "a" or "an" when used in conjunction with the term "comprising” in the
claims and/or the specification may mean "one," but it is also consistent with the meaning
of "one or more," "at least one," and "one or more than one."

Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that
the detailed description and the specific examples, while indicating specific embodiments

of the invention, are given by way of illustration only, since various changes and
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modifications within the spirit and scope of the invention will become apparent to those

skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to

further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the
detailed description of specific embodiments presented herein.

FIG. 1. DNA microarray generated from PCR™ products using thirteen genes
that code for mitochondrial proteins.

FIG. 2. Map of the Mus musculus mitochondrial DNA showing the location of
the 13 peptides of the OXPHOS complexes.

FIG. 3. Map of the Homo sapien mitochondrial DNA showing the location of the
13 peptides of the OXPHOS complexes.

FIG. 4. The effects of rotenone, an inhibitor of mitochondrial Complex I, on the
expression of mouse mitochondrial genes in AML-12 mouse liver cells in culture.

FIGS. 5A-5B. Analysis of mitochondrial DNA encoded gene expression. FIG.
5A - response to 3-nitropropionic acid, an inhibitor of Complex II - succinic
dehydrogenase. The data show that inhibition of Complex II stimulates the synthesis of
mitochondrial encoded mRNAs and the 23S and 16S ribosomal RNAs. FIG. 5B -
analysis of mitochondrial DNA encoded gene expression in trypanosome infected heart
tissue. The data show a decline in mRNA and ribosomal RNA levels at 37 days post
infection.

FIGS. 6A-6C. Analysis of mitochondrial gene expression in mouse mutants.
FIG. 6A - mitochondrial gene expression in livers of young Snell dwarf mouse mutants.
FIG. 6B - analysis of mitochondrial gene expression in livers of aged Snell dwarf mouse
mutants., FIG. 6C - RT-PCR analysis of Hsd3b5 expression levels in control versus
dwarf Snell mice.

FIGS. 7TA- 7D. Analysis of mitochondrial gene expression in heart muscle of
trypanosome infected mice. FIG. 7A — control; FIGS. 7B-7D — three heart muscles from

trypanosome infected mice.
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FIGS. 8A-8D. The effects of 40% TBS thermal injury on mouse liver
mitochondrial function in control (FIG. 8A) and three livers from thermally injured mice
24 hours after burn (FIGS. 8B-8D).

FIG. 9. Array analysis of the expression of the 13 mitochondrial DNA encoded

genes in livers of thermally injured mice.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The present invention overcomes limitations in the art by providing methods and
compositions for determining the integrity and function of the mitochondria. Arrays are
provided that allow simultaneous screening of the expression of mitochondrial-related
coding sequences. The invention thus allows determination of the role of mitochondrial
genes in various disease states. The ability to accumulate gene expression data for the
mitochondria provides a powerful opportunity to assign functional information to genes
of otherwise unknown function. The conceptual basis of the approach is that genes that
contribute to the same biological process will exhibit similar patterns of expression. This
mitochondrial gene array thus provides insight into the development and treatment of

disease states associated with effects on mitochondrial structure and/or function.

A. The Present Invention

Use of arrays, including microarrays and gene chips, provides a promising
approach for uncovering mitochondrial gene function. A major factor in the age-
associated gradual decline of tissue function has been attributed to the reduction or loss of
mitochondrial integrity and function. Furthermore, this has been attributed to the age-
associated increase in oxidative stress that targets mitochondrial DNA and proteins. One
aspect of the present invention is thus to determine the integrity of the mitochondria, both
structure and function, as is indicated by the activity of the genes that code for
mitochondrial enzymes and structural proteins.

Another aspect of the present invention is to identify the genetic expression
patterns that govern aging. The mtDNA array can be used to determine specific patterns

of altered gene expression for mtDNA as well as the nuclear DNA that encodes the
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mitochondrial proteins. In order to achieve this goal, mitochondrial and related nuclear
genes can be used to generate an array of nucleic acids by immobilizing them on a solid
support, including, but not limited to, a microscopic slide or hybridization filter. By
screening a plurality of mitochondrial-related coding sequences (genes) in this manner,
associations between gene expression and various disease states may be determined.

The term "array" as used herein refers to any desired arrangement of a set of
nucleic acids on a solid support. Specifically included within this term are so called
microarrays, gene chips and the like. As used herein, the term "mitochondrial-related"
coding sequence refers to those coding sequences necessary for the proper structure,
assembly, and/or function of mitochondria. Such mitochondrial-related coding sequences
may be found on the nuclear and mitochondrial genomes. The term "plurality of
mitochondrial-related coding sequences" refers to at least 13 mitochondrial encoded
genes, which represents a minimum representative sampling for screening of gene
expression associated with mitochondrial structure and/or function.

Patterns of mitochondrial gene expressions in younger and older animal tissue can
be screened with the invention by including in arrays nucleic acids from genes that are
expressed in different tissues such including, but not limited to, liver, brain, heart,
skeletal and cardiac muscle, spleen, kidney, gut, and blood. The differences in the
expression of the mitochondrial genes in younger and older animals will provide insight
into the regulatory processes of mtDNA in aging.

The arrays provided by the invention can also be used to study young versus aged
tissues in mice, in response to a number of substances, for example, candidate drugs,
inflammatory agents, heavy metals, and major acute phase reactants. The pathways
associated with longevity and the effects of aging in responding to stress can thus be
analyzed. The genes encoding signaling pathway intermediates activated by
mitochondrial damaging agents and the genes targeting these pathways may also be
examined.

The arrays provided by the invention may also be used to identify the effects of
aging on liver, brain, muscle and other tissues as well as various other cells in culture; for

example, to demonstrate that increased ROS due to mitochondrial damage in aged tissues
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may be a basic factor in the persistent activation of signals mediating chronic stress; and
to demonstrate that the response to stress and injury is a major process affected by aging.
Previous studies suggest that each tissue in the body could exhibit specific age-associated
decrements in its ability to manifest specific response(s) to stress. The invention could
thus be used to establish that responses to stress are intrinsic processes affected by aging
even in the absence of disease, but whose decline can be accelerated by environmental
factors and disease.

The arrays of the invention could also be used, for example, to investigate the role
or effect of mitochondrial function in different diseases, including neurodegenerative
diseases (Alzheimer’s and Parkinson’s disease), diabetes mellitus, and others (Table 1).
The arrays may also be used for the development of drugs and evaluation of their effects
on mitochondrial function, and for the identification and detection of modulation of
mitochondrial damage in different disease states. Table 1 lists some of the Mus musculus
and corresponding Homo sapiens mitochondrial genes and the human diseases associated
with specific genetic defects. Accordingly, one aspect of the invention provides an array
comprising nucleic acids corresponding to the accessions listed in Table 1. In one
embodiment of the invention, nucleic acids of at least 5, 10, 13, 15, 20, 30 or 40 or more
of the accessions given in Table 1 are included on an array of the present invention.

In another embodiment of the present invention, it is contemplated that the arrays
may be used to screen "knockout" or "knockin" genes affecting mitochondrial
development or function. Well known technologies such as, but not limited to, the Cre-
lox system, homologous recombination, and interfering RNAs (siRNA, shRNA, RNAi)
are commonly used by those skilled in the art to alter gene expression in animals or cell
lines. The arrays of the present invention could be used to monitor the degree of altered
gene expression which would indicate the success or failure of such experiments. For
instance densitometric or fluorescent analysis of arrays of the present invention could
determine the degree of expression reduction in a shRNA experiment where success or
failure is measured by the degree of gene knockdown. Commonly the number of
interfering RNA molecules hybridizing along a gene sequence determines the degree of

expression reduction which could be compared to controls in an array experiment where

10
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one or more genes could be altered. Therefore in this embodiment the arrays of the
present invention could be used to monitor one or many genes with respect to their
expression levels in gene expression altering experiments.

Overéll, the invention has broad applicability in that it encompasses all factors
that will affect mitochondrial biogenesis and assembly (replication) and mitochondrial

function under any physiological or pathophysiological conditions.
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B. The Mitochondria

1. Role of mitochondrial integrity in tissue function: Critical factors in
mitochondrial dysfunction and decline in tissue function

It has been hypothesized that environmental factors accelerate the intrinsic
processes of aging and the development of the aged phenotype. The overall results of
past studies have suggested that aged tissues exhibit characteristics of chronic stress and a
prolonged recovery from stress challenges. To understand the underlying basis for the
development of these characteristics, the inventors have proposed that mitochondrial
integrity and function may be severely affected in aged tissues due to oxidative
metabolism (stress) which may lead to DNA damage and an increased production of
ROS. Thus, in mitochondrial dysfunction a major factor responsible for many age-
dependent changes is ROS. As a result of these homeostatic changes, there is an increase
in the state of oxidative stress in aged tissues, which produces a chemical effect on the
activity of signaling pathways and stress response genes. The age-associated increase of
the pro-oxidant state based on continued and increased production of ROS by intrinsic
and extrinsic factors enhance biological processes characteristic of chronic stress in aged

tissues, and enhance development of age-associated diseases.

2. Mitochondrial Physiology

One of the primary functions of the mitochondria is the generation of cellular
energy by the process of oxidative phosphorylation (OXPHOS). OXPHOS encompasses
the electron transport chain (ETC) consisting of NADH dehydrogenase (complex I),
succinate dehydrogenase (complex II), cytochrome c-coenzyme Q oxidoreductase
(complex TIT) and cytochrome ¢ oxidase (complex IV). Oxidation of NADH or succinate
by the ETC generates an electrochemical gradient (Ay) across the mitochondrial inner
membrane, which is utilized by the ATP synthase (complex V) to synthesize ATP. This
ATP is exchanged for cytosolic ADP by the adenine nucleotide translocator (ANT).
Inhibition of the ETC results in the accumulation of electrons in the beginning of the
ETC, where they can be transferred directly to O to give superoxide anion (02-).
Mitochondrial O,- is converted to H,O, by superoxide dismutase (MnSOD), and H,0; is
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converted to H,O by glutathione peroxidase (GPx1). The mitochondria is also the
primary decision point for initiating apoptosis. This is mediated by the opening of the
mitochondrial permeability transition pore (mtPTP), which couples the ANT in the inner
membrane with porin (VDAC) in the outer membrane to the pro-apoptotic Bax and anti-
apoptotic Bcl2. Increased mitochondrial Ca™ or ROS and/or decreased Ay or ATP tend
to activate the mtPTP an initiate apoptosis (Wallace, 1999). Most of the above genes are

components of the current microarrays.

3. The Mitechondrial Genome

The mouse (Anderson et al, 1981) and human (Waterston er al., 2002)
mitochondrial genomes consist of a single, circular double stranded DNA molecule of
16,295 and 16,569 base pairs respectively, both of which has been completely sequenced
(FIG.1 and 2). They are present in thousands of copies in most cells and in multiple
copies per mitochondrion. The mouse and human mitochondrial genomes (Tables 2-3)
contain 37 genes, 28 of which are encoded on one of the strands of DNA and 9 encoded
on the other. Of these genes, 24 encode RNAs (Table 3) of two types, ribosomal RNAs
required for synthesis of mitochondrial proteins involved in cellular oxidative
phosphorylation, and 22 amino acid carrying transfer RNAs (tRNA). The mitochondrial
genome thus encodes only a small proportion of the proteins required for its specific
functions; the bulk of the mitochondrial polypeptides are encoded by nuclear genes and
are synthesized on cytoplasmic ribosomes before being imported into the mitochondria;
examples of these genes may be found in Table 1 and on the internet on websites such as
the National Center for Biotechnology Information (NCBI) website and GenomeWeb.
The mitochondrial genoms resembles that of a bacterium in that the genes have no
introns, and that there is a very high percentage of coding DNA (about 93% of the
genome is transcribed as opposed to about 3% of the nuclear genome) and a lack of

repeated DNA sequences.
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Table 2

Homo sapiens mitochondrion, complete genome

Location Strand Length Gene Product
3308..4264 + 319 ND1 NADH dehydrogenase subunit 1
4471..5514 + 348 ND2 NADH dehydrogenase subunit 2
5905..7446 + 414 COx1 Cytochrome c oxidase subunit I
7587..8270 + 228 COox2 Cytochrome ¢ oxidase subunit IT
8367..8573 + 69 ATPS8 ATP synthase FO subunit 8
8528..9208 + 227 ATP6 ATP synthase FO subunit 6
9208..9988 + 260 COX3 Cytochrome c oxidase subunit ITI
10060..10405 + 115 ND3 NADH dehydrogenase subunit 3
10471..10767 + 99 ND4L NADH dehydrogenase subunit 4L
10761..12138  + 459 ND4 NADH dehydrogenase subunit 4
12338..14149 + 604 ND5 NADH dehydrogenase subunit 5
14150..14674 - 175 ND6 NADH dehydrogenase subunit 6
14748..15882  + 378 CYTB  Cytochromeb

Mus musculus mitochondrion, complete genome
Location Strand Length Gene Product
2760..3707 + 316 ND1 NADH dehydrogenase subunit 1
3914..4951 + 346 ND2 NADH dehydrogenase subunit 2
5328..6872 + 515 COX1 Cytochrome ¢ oxidase subunit I
7013..7696 + 228 COX2 Cytochrome ¢ oxidase subunit IT
7766..7969 + 68 ATP8 ATP synthase FO subunit 8
7927..8607 + 227 ATP6 ATP synthase FO subunit 6
8607..9390 + 261 COX3 Cytochrome ¢ oxidase subunit III
9459..9803 + 115 ND3 NADH dehydrogenase subunit 3
9874..10167 + 98 ND4L NADH dehydrogenase subunit 4L
10161..11538 + 459 ND4 NADH dehydrogenase subunit 4
11736..13559 + 608 ND5 NADH dehydrogenase subunit 5
13546..14064 - 173 ND6 NADH dehydrogenase subunit 6
14139..15282 + 381 CYTB Cytochrome b
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TABLE 3
Mus musculus Homo sapiens

24 RNA Genes 24 RNA Genes
Ribosomal RNAs Ribosomal RNAs
Location Product Location Product
650..1603 + 128 ribosomal RNA 650..1603 + 128 ribosomal RNA
1673..3230 + 16S ribosomal RNA 1673..3230 + 168 ribosomal RNA
Transfer RNAs Transfer RNAs
Location Product Location Product
1..68 + {RNA-Phe 579..649 + tRNA-Phe
1025..1093 + tRNA-Val 1604..1672 + tRNA-Val
2676..2750 + tRNA-Leu 3231..3305 + tRNA-Leu
3706..3774 + tRNA-Ile 4264..4332 + tRNA-Ile
3772..3842 - tRNA-Gln 4330..4401 - tRNA-GIn
3845..3913 + tRNA-Met 4403..4470 + tRNA-Met
4950..5016 + {RNA-Trp 5513..5580 + tRNA-Trp
5018..5086 - tRNA-Ala 5588..5656 - tRNA-Ala
5089..5159 - fRNA-Asn 5658..5730 - tRNA-Asn
5192..5257 - tRNA-Cys 5762..5827 - tRNA-Cys
5260..5326 - tRNA-Tyr 5827..5892 - tRNA-Tyr
6869..6939 - tRNA-Ser 7446..7517 - tRNA-Ser
6942..7011 + tRNA-Asp 7519..7586 + tRNA-Asp
7700..7764 + tRNA-Lys 8296..8365 + tRNA-Lys
9391..9458 + t{RNA-Gly 9992..10059 + tRNA-Gly
9805..9872 + tRNA-Arg 10406..10470 + tRNA-Arg
11539..11606 + tRNA-His 12139..12207 + tRNA-His
11607..11665 + tRNA-Ser 12208..12266 + {RNA-Ser
11665..11735 + tRNA-Leu 12267..12337 + tRNA-Leu
14065..14133 - tRNA-Glu 14675..14743 - tRNA-Glu
15238..15349 + tRNA-Thr 15889..15954 + tRNA-Thr
15350..15416 - tRNA-Pro 15956..16024 - tRNA-Pro
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4. Mitochondrial DNA Mutations

Mitochondrial DNA mutations that develop during the course of a lifetime are
called somatic mutations. The accumulation of somatic mutations might help explain
how people who were born with mtDNA mutations often become ill after a delay of years
or even decades. It is hypothesized that the buildup of random, somatic mutations
depresses energy production and cause mitochondrial dysfunction that results in a decline
in tissue function. This decline in the activity of proteins of the electron transport
complexes involved in energy production within the mitochondria could be an important
coniributor to aging as well as to various age-related degenerative diseases. The
characteristic hallmark of disease — a worsening over time — is thought to occur because
Jong-term effects on certain tissues such as brain and muscle leads to progressive disease.

Other factors believed to contribute to the decline in mitochondrial energy
production and its associated age-related diseases are, long-term exposure to certain
environmental toxins, and accumulated somatic mutations. Mitochondria generate
oxygen-free radicals that scientists believe may attack mitochondria and mutate mtDNA.
Thus, somatic mutations of mtDNA contribute to the more common signs of aging (loss
of strength, endurance, memory, hearing and vision) and some mtDNA mutations have
been reported to increase with the age of the heart, skeletal muscle, liver, and brain
regions controlling memory and motion (Melov et al., 2000). Few of these mutations can
be detected before the age of 30 or 40, but they increase exponentially with age after that.

Current theories propose that progressive age-associated declines in tissue
function are caused by changes in biological processes that occur in the absence of
disease, and that wear and tear are major factors that accelerate this decline in tissue
function. Thus, it is important to demonstrate that the development of certain intrinsic
biological processes may be the basis for the gradual ags-associated decline in tissue
function, and ultimately for organ failure and death, and that environmental insults are
important factors which may accelerate the gradual decline in tissue function. The
etiologic agents that bring about homeostatic changes that occur in aged cells and tissues,

include factors that generate reactive oxygen species (ROS), such as cytokines and
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oxidative phosphorylation. It is hypothesized that a gradual decline in tissue function is
caused by the increase in the pro-oxidant state of aged tissues. Furthermore, this may be
due to an elevated intrinsic oxidative stress that is mitochondrially derived, which causes
an overall increase in the pro-oxidant state of aged tissues, and that such extrinsic factors
as mitochondrial damaging agents intensify this pro-oxidant state. The working
hypothesis states that aging increases the activity of stress factors (e.g., cytokines, ROS),
and that stabilization of this new level of activity produces chronic stress in aged tissues

(Papaconstantinou, 1994; Saito et al., 2001; Hsieh ef al., 2002).

5. Mitochondrial genes in degenerative diseases and aging
i) Mitochondrial Diseases

It is becoming increasingly apparent that mitochondrial dysfunction is a central
factor in degenerative diseases and aging. The present invention ﬁrovides a tool for
identifying mitochondrial genes involved in aging and age-related diseases, but is not
limited to such. Mitochondrial diseases have been associated with both mtDNA and
nuclear DNA (nDNA) mutations. MtDNA base substitution mutations resulting in
maternally inherited diseases can affect the structure and function of proteins and protein
synthesis (mutations of rRNAs and tRNAs).

In comparison with the nuclear genome, the mitochondrial genome is a small
target for mutation (about 1/200,000 of the size of the nuclear genome). Thus, the
proportion of clinical disease due to mutations in the mitochondrial genome might
therefore be expected to be extremely low. However, due to the large amounts of non-
coding DNA in the nuclear genome, most mutations in the nuclear genome do not cause
diseases. In contrast, the bulk of the mitochondrial genome is composed of coding
sequence and mutation rates in mitochondrial genes are thought to be about 10 times
higher than those in the nuclear genome, likely because of the close proximity of the
mtDNA to oxidative reactions; the number of replications is higher; and mtDNA
replication is more error-prone. Accordingly, mutation in the mitochondrial genome isa

significant contributor to human disease.
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Mitochondrial diseases can be caused by the same types of mutations that cause
disorders of the nuclear genome i e., base substitutions, insertions, deletions and
rearrangements resulting in missense or non-sense transcripts. An important aspect of the
molecular pathology of mtDNA disorders, however, is whether every mtDNA molecule
carries the causative mutation (homoplasmy) or whether the cell contains a mixed
population of normal and mutant mitochondria (heteroplasmy). Where heteroplasmy
occurs, the disease phenotype may therefore depend on the proportion of abnormal
mtDNA in some critical tissue. Also, this proportion can be very different in rﬁother and
child because of the random segregation of mtDNA molecules at cell division.

The idea that defects in mitochondrial respiratory chain function might be the
basis of disease has been considered for some time but it was not until 1983 that
molecular analysis of mtDNA provided the first direct evidence for mtDNA mutations in
neurological disorders, notably Leber’s hereditary optic neuropathy. An example of a
pathogenic mDNA missense mutation is the ND6 gene mutation at nucleotide pair (np)
14459, which causes Leber’s hereditary optic neuropathy (LHON) and/or dystonia. The
np 14459 mutation results in a marked complex I defect, and the segregation of the
heteroplasmic mutation generates the two phenotypes along the same maternal lineage
(Jun et al., 1994; Jun et al., 1996).

A relatively severe mitochondrial protein synthesis disease is caused by the np
8344 mutation in the tRNALys gene resulting in myoclonic epilepsy and ragged red fiber
(MERRF) disease. Mitochondrial myopathy with ragged red muscle fibers (RRFs) and
abnormal mitochondria is a common feature of severe mitochondrial disease. A delayed
onset and progressive course are common features of mtDNA diseases (Wallace ez al.,
1988; Shoffner ez al., 1990). The severity as well as temporal characteristics of mtDNA
mutations is illustrated by some of the most catastrophic diseases in which a the nt 4336
mutation in the tRNA®™ gene is associated with late-onset Alzheimer (AD) and
Parkinson Disease (PD) (Shoffner et. al., 1993).

Degenerative diseases can also be caused by rearrangements in the mtDNA.
Spontaneous mtDNA deletions often present with chronic progressive external

ophthalmoplegia (CPEO) and mitochondrial myopathy, together with an array of other
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symptoms (Shoffner et. al., 1989). Maternal-inherited mtDNA rearrangement diseases
are more rare.

Mitochondrial function also declines with age in the post-mitotic tissues of
normal individuals. This is associated with the accumulation of somatic mtDNA
rearrangement mutations in tissues such as skeletal muscle and brain (Corral-Debrinski
etal., 1991; Corral-Debrinski et al., 1992a; Corral-Debrinski et al., 1992b; Corral-

- Debrinski et al., 1994; Horton et al., 1995; Melov et al., 1995). This same age-related
accumulation of mtDNA rearrangements is seen in other multi-cellular animals including
the mouse, where the accumulation of mtDNA damage is retarded by dietary restriction
(Melov et al., 1997). Some examples of human disorders that can be caused by

mutations in the mtDNA are listed in Table 1.

ii) Aging and Age-Related Diseases

Several factors could cause mitochondrial energy production to decline with age
even in people who start off with healthy mitochondrial and nuclear genes. Long-term
exposure to certain environmental toxins is one such factor. Many of the most potent
toxins known, play a role in inhibiting the mitochondria. Another factor could be the
lifelong accumulation of somatic mitochondrial DNA mutations. The mitochondrial
theory of aging holds that as an individual lives and produces ATP, the mitochondria
generates oxygen free radicals that inexorably attack and mutate the mitochondrial DNA.
This random accumulation of somatic mitochondrial DNA mutations in people who
began life with healthy mitochondrial genes would ultimately reduce energy output
below needed levels in one or more tissues if the individuals lived long enough. In so
doing, the somatic mutations and mitochondrial inhibition could contribute to common
signs of normal aging, such as loss of memory, hearing, vision, strength and stamina. In
people whose energy output was already compromised (whether by inherited
mitochondrial or nuclear mutations or by toxins or other factors), the resulting somatic
mtDNA injury would push energy output below desirable levels more quickly. These

individuals would then display symptoms earlier and would progress to full-blown
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disease more rapidly than would people who initially had no deficits in their energy
production capacity.

There is a plethora of evidence that energy production declines and somatic
mtDNA mutation increases as humans grow older. Work by many groups has shown that
the activity of at least one respiratory chain complex, and possibly another, falls with age
in the brain, skeletal muscle, and the heart and liver. Further, various rearrangement
mutations in mtDNA have been found to increase with age in many tissues-especially in
the brain (most notably in regions controlling memory and motion). Rearrangement
mutations have also been shown to accumulate with age in the mtDNA of skeletal
muscle, heart muscle, skin and other tissues. Certain base-substitution mutations that
have been implicated in inherited mtDNA diseases may accumulate as well. All of these
reports agree that few mutations reach detectable levels before age 30 or 40, but they
increase exponentially after that. Studies of aging muscle attribute some of this increase

to selective amplification of mitochondrial DNAs from which regions have been deleted.

C. Arrays for Analysis of Mitochondrial-Related Gene Expression

The mitochondrial array is a complex resource that requires basic information and
knowledge of procedures for constructing the genetic (DNA) sequences
(components/targets) of each spot on the microarray; the preparation of DNA-probes
needed to detect the mitochondrial gene products and the analysis of the resultant
intensities of hybridization to the microarray chip. The arrays provided by the present
invention have the potential to identify all of several hundred known mitochondrial genes
identified. Further, additional genes may be added as desired and when they are
identified.

The recent sequencing of the entire yeast, human, and mouse genomes has
provided information on all of the mitochondrial genes of these organisms. This database
has been used to search the mouse, rat and human genome databases for homologous
genes. All of the known mitochondrial genes for mouse, rat and human have been
identified. This information can be used for the construction of arrays for these species in

accordance with the invention. In principle, DNA sequences representing all of the
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mitochondrial-related genes of an organism can be placed on a solid support and used as
hybridization substrates to quantify the expression of the genes represented in a complex
mRNA sample in accordance with the invention. Thus, the present invention provides a
DNA microarray of mitochondrial and nuclear mitochondrial genes. The mitochondrial
gene array will play a crucial role in the analysis of mitochondrially associated diseases,
both genetic and epigenetic; it will provide the resources needed to develop drugs and
pharmaceuticals to counteract such diseases; it will provide information on whether drugs
affect mitochondrial function; and it will provide information on how toxic factors,
hormones, growth factors, nutritional factors and stress factors affect mitochondrial
function.

1. DNA Arrays

DNA array technology provides a means of rapidly screening a large number of
DNA samples for their ability to hybridize to a variety of single or denatured double
stranded DNA targets immobilized on a solid substrate. Techniques available include
chip-based DNA technologies, such as those described by Hacia et al. (1996) and
Shoemaker et al. (1996). These techniques involve quantitative methods for analyzing
large numbers of genes rapidly and accurately. The technology capitalizes on the
complementary binding properties of single stranded DNA to screen DNA samples by
hybridization (Pease et al., 1994; Fodor et al,, 1991). Basically, a DNA array consists of
a solid substrate upon which an array of single or denatured double stranded DNA
molecules (targets) have been immobilized.

For screening, the array may be contacted with labeled single stranded DNA
probes which are allowed to hybridize under stringent conditions. The array is then
scanned to determine which probes have hybridized. In a particular embodiment of the
instant invention, an array would comprise targets specific for mitochondrial genes. In
the context of this embodiment, such targets could include synthesized oligonucleotides,
double stranded cDNA, genomic DNA, plasmid and PCR products, yeast artificial
chromosomes (YACs), bacterial artificial chromosomes (BACs), chromosomal markers

or other constructs a person of ordinary skill would recognize as being able to selectively
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hybridize to the mRNA or complements thereof of a mitochondrial-related coding
sequence.

A variety of DNA array formats have been described, for example U.S. Patents
5,861,242 and 5,578,832, which are expressly incorporated herein by reference. A means
for applying the disclosed methods to the construction of such an array would be clear to
one of ordinary skill in the art. In brief, in one embodiment of the invention, the basic
structure of an array may comprise: (1) an excitation source; (2) an array of targets; (3) a
labeled nucleic acid sample; and (4) a detector for recognizing bound nucleic acids. Such
an array will typically include a suitable solid support for immobilizing the targets.

In particular embodiments of the invention, a nucleic acid probe may be tagged or
labeled with a detectable label, for example, an isotope, fluorophore or any other type of
label. The target mucleic acid may be immobilized onto a solid support that also supports
a phototransducer and related detection circuitry. Alternatively, a gene target may be
immobilized onto a membrane or filter that is then attached to a microchip or to a
detector surface. In a further embodiment, the immobilized target may be tagged or
labeled with a substance that emits a detectable or altered signal when combined with the
nucleic acid probe. The tagged or labeled species may, for example, be fluorescent,
phosphorescent, or otherwise luminescent, or it may emit Raman energy or it may absorb
energy. When the probes selectively bind to a targeted species, a signal can be generated
that is detected by the chip. The signal may then be processed in several ways,
depending on the nature of the signal.

DNA targets may be directly or indirectly immobilized onto a solid support. The
ability to directly synthesize on or attach polynucleotide probes to solid substrates is well
known in the art (see U.S. Patents 5,837,832 and 5,837,360, both of which are expressly
incorporated by reference). A variety of methods have been utilized to either
permanently or removably attach probes to a target/substrate (Stripping and reprobing of
targets). Exemplary methods include: the immobilization of biotinylated nucleic acid
molecules to avidin/streptavidin coated supports (Holmstrom, 1993), the direct covalent
attachment of short, 5'-phosphorylated primers to chemically modified polystyrene plates

(Rasmussen et al., 1991), or the precoating of polystyrene or glass solid phases with
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poly-L-Lys or poly L-Lys, Phe, followed by the covalent attachment of either amino- or
sulfhydryl-modified oligonucleotides using bi-functional crosslinking reagents (Running
et al., 1990; Newton et al., 1993). When immobilized onto a substrate, targets are
stabilized and therefore may be used repeatedly. In general terms, hybridization may be
performed on an immobilized nucleic acid target molecule that is attached to a solid
surface such as nitrocellulose, nylon membrane or glass. Numerous other matrix
materials may be used, including, but not limited to, reinforced nitrocellulose membrane,
activated quartz, activated glass, polyvinylidene difluoride (PVDF) membrane,
polystyrene substrates, polyacrylamide-based substrate, other polymers such as
poly(vinyl chloride), poly(methyl methacrylate), poly(dimethyl siloxane), photopolymers
(which contain photoreactive species such as nitrenes, carbenes and ketyl radicals capable
of forming covalent links with target molecules on substrates such as membranes, glass
slides or beads).

Binding of probe to a selected support may be accomplished by any means. For
example, DNA is commonly bound to glass by first silanizing the glass surface, then
activating with carbodimide or glutaraldehyde. Alternative procedures may use reagents
such as 3-glycidoxypropylirimethoxysilane (GOP) or aminopropyltrimethoxysilane
(APTS) with DNA linked via amino linkers incorporated either at the 3' or 5' end of the
molecule during DNA synthesis. DNA may be bound directly to membranes using
ultraviolet radiation. With nylon membranes, the DNA probes are spotted onto the
membranes. A UV light source (Stratalinker,™ Stratagene, La Jolla, Ca.) is used to
irradiate DNA spots and induce cross-linking. An alternative method for cross-linking
involves baking the spotted membranes at 80°C for two hours in vacuum.

Specific DNA targets may first be immobilized onto a membrane and then
attached to a membrane in contact with a transducer detection surface. This method
avoids binding the target onto the transducer and may be desirable for large-scale
production. Membranes particularly suitable for this application include nitrocellulose
membrane (e.g., from BioRad, Hercules, CA) or polyvinylidene difluoride (PVDF)
(BioRad, Hercules, CA) or nylon membrane (Zeta-Probe, BioRad) or polystyrene base
substrates (DNA.BIND™ Costar, Cambridge, MA).
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2. Solid and Liquid Phase Array Assays

Genetic sequence analysis can be performed with solution and solid phase assays.
These two assay formats are used individually or in combination in genetic analysis, gene
expression and in infectious organism detection. Currently, genetic sequence analysis
uses these two formats directly on a sample or with prepared sample DNA or RNA
labeled by any one from a long list of labeling reactions. These include, 5'-Nuclease
Digestion, Cleavase/Invader, Rolling Circle, and NASBA amplification systems to name
a few. Epoch Biosciences has developed a powerful chemistry-based technology that can
be integrated into both of these formats, using any of the amplification reactions to
substantially improve their performance. These two formats include the popular
homogeneous solution phase and the solid phase micro-array assays, which will be used
in examples to demonstrate the technology's ability to substantially improve sensitivity
and specificity of these assays.

Hybridization-based assays in modern biology require oligonucleotides that base
pair (i.e., hybridize) with a nucleic acid sequence that is complementary to the
oligonucleotide. Complementation is determined by the formation of specific hydrogen
bonds between nucleotide bases of the two strands such that only the base pairs adenine-
thymine, adenine-uracil, and guanine-cytosine form hydrogen bonds, giving sequence
specificity to the double stranded duplex.

In duplex formation between an oligonucleotide and another nucleic acid
molecule, the stability of the duplexes is a function of its length, number of specific (i.e.,
A-T, A-U, G- C) hydrogen bonded base pairs, and the base composition (ratio of G-C
to A-T or A-U base pairs), since G-C base pairs provide a greater contribution to the
stability of the duplex than does A-T or A-U base pairs. The quantitative measurement of
a duplex's stability is expressed by its free energy (AG). Often a duplex's stability 18
measured using melting temperature (Tm) - the temperafure at which one-half the
duplexes have dissociated into single strands. Although AG is a more correct and
universal measurement of duplex stability, the use of Tms in the laboratory are frequently

used due to ease of measurement. Routine comparisons using Tm are an economical and
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sufficient way to compare this association strength characteristic, but is dependent on the
nature and concentration of cations in the hybridization buffer. While many of the
diagrams and charts in the site will use Tm rather than AG, these values were generated
using constant parameters of 1X PCR buffer and 1pm primer

Arrays in accordance with the invention may be composed of a grid of hundreds
or thousands or more of individual DNA targets arranged in discrete spots on a nylon
membrane or glass slide or similar support surface and may include all mitochondrial-
related coding sequences that have been identified, or a selected sampling of these. A
sample of single stranded nucleotide can be exposed to a support surface, and targets
attached to the support surface hybridize with their complementary strands in the sample.
The resulting duplexes can be detected, for example, by radioactivity, fluorescence, or
similar methods, and the strength of the signal from each spot can be measured. An
advantage of the arrays of the invention is that a nucleic acid sample can be probed to

detect the expression levels of many genes simultaneously.

D. Mitochondrial Nucleic Acids/Oligenucleotides

The present invention provides, in one embodiment, arrays of nucleic acid
sequences immobilized on a solid support that selectively hybridize to expression
products of mitochondrial-related coding sequences. Such mitochondrial-related coding
sequences have been identified and include, for example, a coding sequence from the
human or mouse mitochondrial genome. Sequences from the mouse rhitochondrial
genome are given, for example, by SEQ ID NO:1 to SEQ ID NO:13 herein.

Nucleic acids bound to a solid support may correspond to an entire coding
sequence, or any other fragment thereof set forth herein. The term, "nucleic acid," as
used herein, refers to either DNA or RNA. The nucleic acid may be derived from
genomic RNA as ¢DNA, i.e., cloned directly from the genome of mitochondria; cDNA
may also be assembled from synthetic oligonucleotide segments. The nucleic acids used
with the present invention may be isolated free of total viral nucleic acid.

The term "coding sequence" as used herein refers to a nucleic acid which encodes

a protein or polypeptide, including a gene or cDNA. In other aspects of the invention, the
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term, "coding sequence" is meant to include mitochondrial genes (i.e., genes which reside
in the mitochondria of a cell) as well as nuclear genes which are involved in
mitochondrial structure, in mitochondrial function, or in both mitochondrial structure and
mitochondrial function. Suitable genes include for example, yeast mitochondrial-related
genes, C. elegans (nematode) mitochondrial-related genes, Drosophila mitochondrial-
related genes, rat mitochondrial-related genes, mouse mitochondrial-related genes, and
human mitochondrial-related genes. Many of the genes are known and are available at
GenBank (a general database available on the internet at the National Institutes of Health
website) and MitBase (see e.g., a database for mitochondrial related genes available on
the internet). Other coding sequences can be readily identified by screening libraries
based on homologies to known mitochondrial-related genes of other species. Some
particularly suitable mitochondrial-related genes are set forth in the examples of this
application.

Allowing for the degeneracy of the genetic code, sequences that have at least
about 50%, usually at least about 60%, more usually about 70%, most usually about 80%,
preferably at least about 90% and most preferably about 95% of nucleotides that are
identical to a mitochondrial-related coding sequence may also be functionally defined as
sequences that are capable of hybridizing to the mRNA or complement thereof of a
mitochondrial-related coding sequence under standard conditions.

Each of the foregoing is included within all aspects of the following description.
In the present invention, cDNA segments may also be used that are reverse transcribed
from genomic RNA (referred to as "DNA"). As used herein, the term "oligonucleotide"
refers to an RNA or DNA molecule that may be isolated free of other RNA or DNA of a
particular species. "Isolated substantially away from other coding sequences" means that
the sequence forms the significant part of the RNA or DNA segrment and that the segment
does not contain large portions of naturally-occurring coding RNA or DNA, such as large
fragments or other functional genes or cDNA noncoding regions. Of course, this refers to
the oligonucleotide as originally isolated, and does not exclude genes or coding regions

later added to it by the hand of man.
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Suitable relatively stringent hybridization conditions for selective hybridizations
will be well known to those of skill in the art. The nucleic acid segments used with the
present invention, regardless of the length of the sequence itself, may be combined with
other RNA or DNA sequences, such that their overall length may vary considerably. It is
therefore contemplated that a nucleic acid fragment of almost any length may be
employed, with the total length preferably being limited by the ease of preparation and
use in the intended recombinant DNA protocol.

For example, nucleic acid fragments may be prepared that include a short
contiguous stretch identical to or complementary to a mitochondrial-related coding
sequence, or the mRNA thereof, such as about 10-20 or about 20-30 nucleotides and that
are up to about 300 nucleotides being preferred in certain cases. Other stretches of
contiguous sequence that may be identical or complementary to any such sequences,
including about 100, 200, 400, 800, or 1200 nucleotides, as well as the full length of the
coding sequence or cDNA thereof. All that is necessary of such sequences is that
selective hybridization for nucleic acids of mitochondrial-related coding sequences be
carried out. The minimum length of nucleic acids capable of use in this regard will thus
be known to those of skill in the art.

In principle, these oligonucleotide sequences can all selectively hybridize to a
single gene such as a mitochondrial-related gene.  Typically, however, the
oligonucleotide sequences can be chosen such that at least one of the oligonucleotide
sequences hybridizes to a first gene and at least one other of the oligonucleotide
sequences hybridizes to a second, different gene.

As indicated above, the array can include a plurality of oligonucleotide sequences.
For example, the array can include at least 5 oligonucleotide sequences, and each of the 5
oligonucleotide sequences can selectively hybridize to genes. In this case, a first
oligonucleotide sequence would selectively hybridize to a first geme; a second
oligonucleotide sequence would selectively hybridize to a second gene; a third
oligonucleotide sequence would selectively hybridize to a third gene; a fourth

oligonucleotide sequence would selectively hybridize to a fourth gene; and a fifth
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oligonucleotide sequence would selectively hybridize to a fifth gene, and each of the first,

second, third, fourth and fifth genes would be different from one another.

1. Oligonucleotide Probes and Primers

The various probes and targets used with the present invention may be of
any suitable length. Naturally, the present invention encompasses use of RNA and DNA
segments that are complementary, or essentially complementary, to a mitochondrial-
related coding sequence. Nucleic acid sequences that are " complementary" are those
that are capable of base-pairing according to the standard Watson-Crick complementary
rules. As used herein, the term "complementary sequences" means nucleic acid
sequences that are substantially complementary, as may be assessed by the same
nucleotide comparison set forth above, or as defined as being capable of hybridizing to a
mitochondrial-related coding sequence, including the mRNA and ¢DNA thereof, under
relatively stringent conditions such as those described herein. Such sequences may

encode the entire sequence of the mitochondrial coding sequence or fragments thereof.
Alternatively, the hybridizing segments may be shorter oligonucleotides.
Sequences of 17 bases long should occur only once in the human genome and, therefore,
suffice to specify a unique target sequence. Although shorter oligomers are easier to
make and increase in vivo accessibility, numerous other factors are involved in
determining the specificity of hybridization. Both binding affinity and sequence
specificity of an oligonucleotide to its complementary target increases with increasing
length. Oligonucleotide targets may also be attached to substrates such that each target
selectively hybridizes to a separate region along a single gene for the purposes of
identification and detection of gene mutations including, rearrangements, deletions,
insertions, or single nucleotide polymorphisms (SNP) based on reduced probe signal

compared to normal control signals.

46



WO 2004/066823 PCT/US2004/002535

E. Assaying for Relative Expression of Mitochondrial-Related Coding

Sequences

The present invention, in various embodiments, involves assaying for gene
expression. There are a wide vaﬁety of methods for assessing gene expression, most
which are reliant on hybrdization analysis. In specific embodiments, template-based
amplification methods are used to generate (quantitatively) detectable amounts of gene
products, which are assessed in various manners. The following techniques and reagents
will be useful in accordance with the present invention.

Nucleic acids used for screening may be isolated from cells contained in a
biological sample, according to standard methodologies (Sambrook efal., 1989 and
2001). The nucleic acid may be genomic DNA or RNA or fractionated or whole cell
RNA. Where RNA is used, it may be desired to convert the RNA to a complementary
DNA using reverse transcriptase (RT). In one embodiment, the RNA is mRNA and is
used directly as the template for probe construction. In others, mRNA is first converted
to a complementary DNA sequence (cDNA) and this product is amplified according to
protocols described below.

As used herein, "hybridization", "hybridizes" or "capable of hybridizing" is
understood to mean the forming of a double or triple stranded molecule or a molecule
with partial double or triple stranded nature. The term "anneal” as used herein is
synonymous with "hybridize." The term "hybridization", "hybridize(s)" or "capable of
hybridizing" encompasses the terms "stringent condition(s)" or "high stringency" and the
terms "low stringency" or "low stringency condition(s)."

The phrase, "selectively hybridizing to" refers to a nucleic acid that hybridizes,
duplexss, or binds only to a particular targst DNA or RNA sequence when the target
sequences are present in a preparation of DNA or RNA. By selectively hybridizing, it is
meant that a nucleic acid molecule binds to a given target in a manner that is detectable in
a different manner from non-target sequence under moderate, or more preferably under
high, stringency conditions of hybridization. Proper annealing conditions depend, for
example, upon a nucleic acid molecule’s length, base composition, and the number of

mismatches and their position on the molecule, and must often be determined
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empirically. For discuséions of nucleic acid molecule (probe) design and annealing
conditions, see, for example, Sambrook et al., (1989 and 2001).

As used herein "stringent condition(s)" or "high stringency" are those conditions
that allow hybridization between or within one or more nucleic acid strand(s) containing
complementary sequence(s), but precludes hybridization of random sequences. Stringent
conditions tolerate little, if any, mismatch between a nucleic acid and a target strand.
Such conditions are well known to those of ordinary skill in the art, and are preferred for
applications requiring high selectivity. Non-limiting applications include isolating a
nucleic acid, such as a gene or a nucleic acid segment thereof, or detecting at least one
specific mRNA transcript or a nucleic acid segment thereof, and the like.

Stringent conditions may comprise low salt and/or high temperature conditions,
such as provided by about 0.02 M to about 0.15 M NaCl at temperatures of about 50°C to
about 70°C. It is understood that the temperature and ionic strength of a desired
stringency are determined in part by the length of the particular nucleic acid(s), the length
and nucleobase content of the target sequence(s), the charge composition of the nucleic
acid(s), and to the presence or concentration of formamide, tetramethylammonium
chloride or other solvent(s) in a hybridization mixture.

High stringency hybridization conditions are selected at about 5° C lower than the
thermal melting point — Tm — for the specific sequence at a defined ionic strength and
pH. The Tm is the temperature (under defined ionic strength and pH) at which 50% of
the target sequence hybridizes to a perfectly matched probe. As other factors may
significantly affect the stringency of hybridization, including, among others, base
composition and size of complementary strands, the presence of organic solvents, iLe.,
salt or formamide concentration, and the extent of base mismatching, the combination of
parameters is more important than the absolute measure of any one. High stringency may
be attained, for example, by overnight hybridization at about 68°C in a 6X 55C solution,
washing at room temperature with a 6X SSC solution, followed by washing at about 68°C
in a 6X SSC solution then in a 0.6X SSX solution or using commercially available

proprietary hybridization solutions such as that offered by ClonTech™.

48



WO 2004/066823 PCT/US2004/002535

Hybridization with moderate stringency may be attained, for example, by: (1)
filter pre-hybridizing and hybridizing with a solution of 3X sodium chloride, sodium
citrate (SSC), 50% formamide, 0.1M Tris buffer at pH 7.5, 5X Denhart’s solution; (2)
pre-hybridization at 37° C for 4 hours; (3) hybridization at 37°C with amount of labeled
probe equal to 3,000,000 cpm total for 16 hours; (4) wash in 2X SSC and 0.1% SDS
solution; (5) wash 4X for 1 minute each at room temperature and 4X for 30 minutes each;
and (6) dry and expose to film.

It is also understood that the ranges, compositions and conditions for
hybridization are mentioned by way of non-limiting examples only, and that the desired
stringency for a particular hybridization reaction is often determined empirically by
comparison to one or more positive or negative controls. Depending on the application
envisioned it is preferred to employ varying conditions of hybridization to achieve
varying degrees of selectivity of a nucleic acid towards a target sequence. In a non-
limiting example, identification or isolation of a related target nucleic acid that does not
hybridize to a nucleic acid under stringent conditions may be achieved by hybridization
at low temperature and/or high ionic strength. Such conditions are termed "low
stringency" or "low stringency conditions", and non-limiting examples of low stringency
include hybridization performed at about 0.15 M to about 0.9 M NaCl at a temperature
range of about 20°C to about 50°C. Of course, it is within the skill of one in the art to
further modify the low or high stringency conditions to suite a particular application.

Generally, nucleic acid sequences suitable for use in the arrays of the present
invention (i.e., those oligonucleotide sequences that selectively hybridize to
mitochondrial-related genes) can be identified by comparing portions of a mitochondrial-
related gene’s sequence to other known sequences (e.g., to the other sequences described
in GenBank) until a portion that is unique to the mitochondrial-related gene is identified.
This can be done using conventional methods and is preferably carried out with the aid of
a computer program, such as the BLAST program. Once such a unique portion of the
mitochondrial-related gene is identified, flanking primers can be prepared and targets
corresponding to the unique portion can be produced using, for example, conventional

PCR techniques. This method of identification, preparation of flanking primers, and
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preparation of oligonucleotides is repeated for each of the mitochondrial-related genes of
interest.

Once the oligonucleotide target sequences corresponding to the mitochondrial-
related genes of interest are prepared, they can be used to make an array. Arrays can be
made by immobilizing (e.g., covalently binding) each of the nucleic acids targets at a
specific, localized, and different region of a solid support. As described herein, these
arrays can be used to determine the expression of one or more mitochondrial-related
genes in a cell line, in a tissue or tissues of interest. The method may involve contacting
the array with a sample of material from cells or tissues under conditions effective for the
expression products of mitochondrial-related genes to hybridize to the immobilized
oligonucleotide target sequences. Illustratively, isostopic or fluorometric detection can
be effected by labeling the material from cells or tissue with a radioisotope which will be
incorporated into the probe during or after reverse transcriptase (RT) reaction or
fluorescent labeled nucleotide (A,T,C,G,U) (e.g., flourescein), washing non-hybridized
material from the array after hybridization is permitted to take place, and detecting
whether a ‘(labeled) mitochondrial-related gene transcripts hybridized to a particular
target using, for example, phosphorimagers or laser scanners for detection of label and
the knowledge of where in the array the particular oligonucleotide was immobilized. The
arrays of the present invention can be used for a variety of other applications related to

mitochondrial structure, function, and mutations as described herein.

F. Screening For Modulatoers of Mitochondrial Function

The present invention further comprises methods for identifying modulators of the
mitochondrial structure and/or function. These assays may comprise random screening
of large libraries of candidate substances; alternatively, the assays may be used to focus
on particular classes of compounds selected with an eye towards structural aftributes that
are believed to make them more likely to modulate the function or expression of
mitochondrial genes.

To identify a modulator, one generally may determine the expression or activity

of a mitochondrial gene in the presence and absence of the candidate substance, a
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modulator defined as any substance that alters function or expression. Assays may be
conducted in cell free systems, in isolated cells, or in organisms including transgenic
animals. It will, of course, be understood that all the screening methods of the present
invention are useful in themselves notwithstanding the fact that effective candidates may
not be found. The invention provides methods for screening for such candidates, not
solely methods of finding them.

As used herein, the term "candidate substance" refers to any molecule that may
potentially inhibit or enhance activity or expression of a mitochondrial or mitochondrial
related gene. The candidate substance may be a protein or fragment thereof, a small
molecule, a nucleic acid molecule or expression construct. It may be that the most useful
pharmacological compounds will be compounds that are structurally related to a
mitochondrial gene or a binding partner or substrate therefore. Using lead compounds to
help develop improved compounds is know as "rational drug design" and includes not
only comparisons with known inhibitors and activators, but predictions relating to the
structure of target molecules.

The goal of rational drug design is to produce structural analogs of biologically
active polypeptides or target compounds. By creating such analogs, it is possible to
fashion drugs, which are more active or stable than the natural molecules, which have
different susceptibility to alteration or which may affect the function of various other
molecules. In one approach, one would generate a three-dimensional structure for a
target “ molecule, or a fragment thereof. This could be accomplished by x-ray
crystallography, computer modeling or by a combination of both approaches.

It also is possible to use antibodies to ascertain the structure of a target compound
activator or inhibitor. In principle, this approach yields a pharmacore upon which
subsequent drug design can be based. It is possible to bypass protein crystallography
altogether by generating anti-idiotypic antibodies to a functional, pharmacologically
active antibody. As a mirror image of a mirror image, the binding site of anti-idiotype
would be expected to be an analog of the original antigen. The anti-idiotype could then
be used to identify and isolate peptides from banks of chemically- or biologically-

produced peptides. Selected peptides would then serve as the pharmacore. Anti-

51



WO 2004/066823 PCT/US2004/002535

idiotypes may be generated using the methods described herein for producing antibodies,
using an antibody as the antigen.

On the other hand, one may simply acquire, from various commercial sources,
small molecule libraries that are believed to meet the basic criteria for useful drugs in an
effort to "brute force" the identification of useful compounds. Screening of such
libraries, including combinatorially generated libraries (e.g., peptide libraries), is a rapid
and efficient way to screen large number of related (and unrelated) compounds for
activity. Combinatorial approaches also lend themselves to rapid evolution of potential
drugs by the creation of second, third and fourth generation compounds modeled of
active, but otherwise undesirable compounds.

Candidate compounds may include fragments or parts of naturally-occurring
compounds, or may be found as active combinations of known compounds, which are
otherwise inactive. It is proposed that compounds isolated from natural sources, such as
animals, bacten'a; fungi, plant sources, including leaves and bark, and marine samples
may be assayed as candidates for the presence of potentially useful pharmaceutical
agents. It will be understood that the pharmaceutical agents to be screened could also be
derived or synthesized from chemical compositions or man-made compounds. Thus, it is
understood that the candidate substance identified by the present invention may be
peptide, polypeptide, polynucleotide, small molecule inhibitors or any other compounds
that may be designed through rational drug design starting from known inhibitors or
stimulators.

Other suitable modulators include RNA interference molecules, antisense
molecules, ribozymes, and antibodies (including single chain antibodies), each of which
would be specific for the target molecule. Such compounds are described in greater
detail elsewhere in this document. For example, an antisense molecule that bound to a
translational or transcriptional start site, or splice junctions, would be an ideal candidate
inhibitor.

In addition to the modulating compounds initially identified, the inventors also
contemplate that other sterically similar compounds may be formulated to mimic the key

portions of the structure of the modulators. Such compounds, which may include
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peptidomimetics of peptide modulators, may be used in the same manner as the initial

modulators.

G. Examples

The following examples are included to demonstrate preferred embodiments of
the invention. It should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques discovered by the inventor
to function well in the practice of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in the art should, in light of the
present disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result without

departing from the spirit and scope of the invention.

EXAMPLE 1
Capability and Feasibility Studies

In order to demonstrate the capability of the present invention, a DNA microarray
was generated from PCR products using thirteen genes that code for the mitochondrial
proteins (FIG. 1). These genes were attached to nylon membranes by cross linking with
UV radiation.

Positions #1 to #13 on array 1 (young) and array 2 (aged) contain the 13
mitochondrial gene targets. A hybridization study was carried out using samples from
young vs aged mouse livers. The samples were labeled by reverse transcriptase
incorporation of radiolabeled nucleotides and the results were observed by
autoradiography. Intense and specific hybridization signals were detected at all positions
indicating levels of transcript abundance.

The data showed a successful hybridization of a limited set of mitochondrial

genes on the test array.
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EXAMPLE 2
Location of Mus Musculus and Homo sapiens Mitochondrial Peptides and Proteins

FIGs. 2 and 3, are maps of the human and mouse (Mus musculus) mitochondrial
genomes which show the location of the 13 peptides of the OXPHOS complexes, 22
tRNAs, and 2 rRNAs that are encoded by the mitochondrial genome, and that were used,
in part, to prepare an array of the present invention.

Table 2 shows the location of the Mus Musculus and Homo sapien mitochondrial
proteins (13 polypeptides). It gives their location (nucleotides), strand, length of
polypeptide (number of amino acids) name of the gene, and the protein products which
was used in part as targets for an array of the present invention. Table 3 shows the
location of the Mus musculus and Homo sapiens mitochondrial 125 and 16S ribosomal
RNAs and 22 tRNA.

EXAMPLE 3
Effects of Rotenone on Expression of Mouse Mitochondria Genes

The effects of rotenone, an inhibitor of mitochondrial Complex I, on the
expression of mouse mitochondrial genes in AML-12 mouse liver cells in culture were
examined (FIG. 4; Table 4). The microarrays show the mRNAs whose pool levels are
up-regulated. Spots A1-G11 represent mitochondrial related nuclear encoded genes;
spots G12-H12 represent the 13 genes encoded by mitochondrial DNA. It should be
noted that in subsequent microarray designs (constructions) the mitochondrial DNA
encoded genes G12-H12 were removed from the filters and arrayed separately. Thus, the
G12-H12 spots were replaced with nuclear encoded genes. The following data suggest
that the a number of genes are up-regulated in response to rotenone treatment: All, ATP
synthase lipid binding proteins; B8, ADP, ATP carrier protein; B9, cytochrome C oxidase
chain V1Ia; D12, chaperonin 10; E12, pyruvate carboxylase; H7, Complex I Protein
Dehydrogenase chain 3. E4 and ES5 represent the 23S and 16S mitochondrial ribosomal
RNAs. The data also suggest that inhibition of Complex I may stimulate the production
of mRNAs of Complex I proteins (H7, H10), suggesting a compensatory response to the
inhibitor.
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EXAMPLE 4
Effects of 3-Nitropropionic Acid and Trypanosome Infection on Expression of
Mitochondrial Genes
Analysis of mitochondrial DNA encoded gene expression in response to 3-
5 nitropropionic acid (3NPA), an inhibitor of Complex II - succinic dehydrogenase was
performed (FIG. 5A, Table!5). The 3 NPA treatments were at 6, 12 and 26 hours. The
data showed that inhibition of Complex II stimulates the synthesis of mitochondrial
encoded mRNAs and the 23S and 16S ribosomal RNAs.
In an example of overall gene down-regulation an analysis of mitochondrial DNA
10  encoded gene expression in trypanosome infected heart tissue was also performed (FIG.
5B, Table 5). These data showed a decline in mRINA and ribosomal RNA levels at 37

days post infection.
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EXAMPLE 5
Mitochondrial Gene Expression In Livers of Young and Aged Snell Dwarf Mouse
Mutants

Analysis of mitochondrial gene expression in livers of young Snell dwarf mouse
mutants and aged Snell dwarf mouse mutants was performed (FIG. 6A, FIG. 6B, Table
6). The Snell dwarf mouse served as a genetic model of longevity because of its
increased life-span (40%). These analyses of mitochondrial gene expression were
designed to determine whether there are specific changes or differences in mitochondrial
gene expression associated with longevity. Differences in mitochondrial gene activity in
livers of 4 young control, and 4 young (long-lived) Snell dwarf mouse mutants were
observed. The mitochondrial genes that change in the young dwarfs are: A2 - acyl CoA
dehydrogenase; AS - 5-aminolevulinate synthase; D8 - 3-beta hydroxy-5-ene-steroid
dehydrogenase (Hsd3b1); D11, heat shock protein 70; E4 - carbonyl reductase (NADPH);
F6 - sterol carrier protein X; G8 - 3-beta hydroxy-5-ene-steroid dehydrogenase (Hsd3b5).
G7 - GAPDH served as a positive control.

The differences in mitochondrial gene activity in livers of 3 aged controls and 3
aged long-lived Snell dwarf mouse mutants were also analyzed. The mitochondrial genes
that change in the aged dwarfs are: A2, acyl-CoA dehydrogenase; A5 - S-aminolevulinate
synthase; E4 - carbonyl reductase (NADPH); F6 - sterol carrier protein X; and G8 -
Hsd3b5.

Overall, the data suggest that there are major differences in steroid metabolism
between aged control and aged long-lived dwarf mutants. FIG. 6C shows RT-PCR
analysis of Hsd3b5 (G8) expression levels in the control versus dwarf Snell mice. mRNA
levels confirmed that the levels of this gene are significantly decreased in the liver

mitochondria of the aged dwarf.
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EXAMPLE 6
Mitochondrial Gene Expression In Heart Muscle Of Trypanosome Infected Mice

Trypanosome infections are chronic, and long aﬁér the initial infection the
parasite accumulates in the heart and other organs. In the heart the parasite causes severe
cardiovascular disease that results in heart failure. Thus, mitochondrial gene expression
in heart muscle of trypanosome infected mice was analyzed (FIGS. 7A-7D, Table 7).
The microarray for this analysis is composed of 96 genes of nuclear origin. The 13 genes
encoded by the mitochondrial DNA were removed from the microarray and treated
separately (see FIG. 5B, Table 5). The microarray analysis shows mRNA levels in a 4-

month old mouse heart mitochondria 3 days postinfection and 37 days postinfection.

‘When normalized to GAPDH (G7) and B-actin (HS) the data show an overall decrease in

mitochondrial gene expression after 37 days postinfection.  This decrease in
mitochondrial function is a basic factor in trypanosome mediated cardiovascular

pathology and ultimately leads to heart failure.
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EXAMPLE 7
Effects Of TBS Thermal Injury On Mouse Liver Mitochondrial Function

The effects of 40% TBS thermal injury on mouse liver mitochondrial function
were examined (FIGS. 8A-8D, Table 7). In addition to a control (A), three livers from
thermally injured mice 24 hours after bumn were analyzed (B-D). The boxes indicate
changes in levels of gene expression due to thermal injury. Some of the changes
observed are as follows: A6 - aldehyde dehydrogenase (NAD")2; A8 - ADP/ATP carrier
protein, fibroblast isoform 2; ; A9 - MER 5 protein; A10 - H+ transporting ATP synthase
chain o; B8 - cytochrome c oxidase chain IV;; D6 - hydroxymethyl butyrly-CoA
synthase; F7 - super oxide dismustase (Mn); H6, cytochrome oxidase subunit Vb; HS, B-
actin.

A microarray analysis of the expression of the 13 mitochondrial DNA encoded
genes in livers of thermally injured mice was performed. FIG. 9 provides the results of
the analysis of 3 individual mice 24 hours after thermal injury. The data clearly showed
that expression of mitochondrial DNA encoded mRNAs is not affected by thermal injury.
I, control; II-IV, 24 hours after thermal injury.

EXAMPLE 8
Human Mitochondrial Microarray

In order to further demonstrate the capability of the present invention, a human
DNA microarray was generated from PCR products using human cDNAs that code for
mitochondrial proteins. These cDNAs were cloned into the pCR2.1 vector (Invitrogen).
The genes were then attached to nylon membranes by cross linking with UV radiation
and a hybridization study was conducted. The samples were labeled by reverse
transcriptase incorporation of radiolabeled nucleotides and the results were observed by
autoradiography. Intense and specific hybridization signals for specific target genes were
detected at a number of positions indicating levels of transcript abundance. The data
demonstrate successful and selective hybridization of human mitochondrial-related genes
on the array. Table 8 represents an array of nuclear encoded genes for mitochondrial

proteins and Table 9 represents an array of mitochondria encoded genes.
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All of the compositions and/or methods and/or apparatus disclosed and claimed
herein can be made and executed without undue experimentation in light of the present
disclosure. While the compositions and methods of this invention have been described in
terms of preferred embodiments, it will be apparent to those of skill in the art that
variations may be applied to the compositions and/or methods and/or apparatus and in the
steps or in the sequence of steps of the method described herein without departing from
the concept, spirit and scopé of the invention. More specifically, it will be apparent that
certain agents which are both chemically and physiologically related may be substituted
for the agents described herein while the same or similar results would be achieved. All
such similar substitutes and modifications apparent to those skilled in the art are deemed
to be within the spirit, scope and concept of the invention as defined by the appended

claims.
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10.

11.

CLAIMS
An array comprising nucleic acid molecules comprising a plurality of sequences,
wherein the molecules are immobilized on a solid support and wherein at least 5%
of the immobilized molecules are capable of hybridizing to mitochondrial-related

nucleic acid sequences or complements thereof.

The array of claim 1, further defined as comprising at least 20 nucleic acid

molecules.

The array of claim 1, further defined as comprising at least 40 nucleic acid

molecules.

The array of claim 1, further defined as comprising at least 100 nucleic acid

molecules.

The array of claim 1, further defined as comprising at least 200 nucleic acid

molecules.

The array of claim 1, further defined as comprising at least 400 nucleic acid

molecules.

The array of claim 1, wherein said nucleic acid molecules comprise cDNA

sequences.

The array of claim 1, wherein each of said nucleic acid molecules comprises at

least 17 nucleotides.

The array of claim 1, wherein the mitochondrial-related nucleic acid sequences

are from a mammal.

The array of claim 9, wherein the mitochondrial-related nucleic acid sequences

are from a primate.

The array of claim 9, wherein the mitochondrial-related nucleic acid sequences

are from a human.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The array of claim 9, wherein the mitochondrial-related nucleic acid sequences

are from a yeast.

The array of claim 9, wherein the mitochondrial-related nucleic acid sequences

are from a mouse.

The array of claim 9, wherein the mitochondrial-related nucleic acid sequences

are from Drosophila.

The array of claim 9, wherein the mitochondrial-related nucleic acid sequences

are from the nematode, C. elegans.

The array of claim 1, wherein at least 25% of the immobilized molecules are
capable of hybridizing to mitochondrial-related nucleic acid sequences or

complements thereof.

The array of claim 1, wherein at least 35% of the immobilized molecules are
capable of hybridizing to mitochondrial-related nucleic acid sequences or

complements thereof.

The array of claim 1, wherein at least 50% of the immobilized molecules are
capable of hybridizing to mitochondrial-related nucleic acid sequences or

complements thereof.

The array of claim 1, wherein at least 75% of the immobilized molecules are
capable of hybridizing to mitochondrial-related nucleic acid sequences or

complements thereof.

The array of claim 1, wherein at least 85% of the immobilized molecules are
capable of hybridizing to mitochondrial-related nucleic acid sequences or

complements thereof.

The array of claim 1, wherein at least 95% of the immobilized molecules are
capable of hybridizing to mitochondrial-related nucleic acid sequences or

complements thereof.
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22.

23.

24.

25.

26.

27.

28.

29.

30.
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The array of claim 1, wherein 100% of the immobilized molecules are capable of

hybridizing to mitochondrial-related nucleic acid sequences or complements

thereof.

The array of claim 1, wherein at least one of said mitochondrial-related nucleic

acid sequences is encoded by a mitochondrial genome.

The array of claim 1,

wherein the immobilized molecules are capable

hybridizing to at least 5 mitochondrial-related nucleic acid sequences

complements thereof.

The array of claim 1,
hybridizing to at least

complements thereof.

The array of claim 1,
hybridizing to at least

complements thereof.

The array of claim 1,
hybridizing to at least

complements thereof.

The array of claim 1,
hybridizing to at least

complements thereof.

The array of claim 1,
hybridizing to at least

complements thereof.

The array of claim 1,
hybridizing to at least

complements thereof.

wherein the immobilized molecules are capable

10 mitochondrial-related nucleic acid sequences

wherein the immobilized molecules are capable

13 mitochondrial-related nucleic acid sequences

wherein the immobilized molecules are capable

20 mitochondrial-related nucleic acid sequences

wherein the immobilized molecules are capable

30 mitochondrial-related nucleic acid sequences

wherein the immobilized molecules are capable

60 mitochondrial-related nucleic acid sequences

wherein the immobilized molecules are capable

100 mitochondrial-related nucleic acid sequences
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

The array of claim 1, wherein the immobilized molecules are capable of
hybridizing to at least 200 mitochondrial-related nucleic acid sequences or

complements thereof.

The array of claim 1, wherein the immobilized molecules are capable of
hybridizing to at least 300, at least 500, or at least 1000 mitochondrial-related

nucleic acid sequences or complements thereof.

The array of claim 1, wherein at least one of said mitochondrial-related nucleic

acid sequences is encoded by a nuclear genome.

The array of claim 1, wherein at least one of said mitochondrial-related nucleic

acid sequences is encoded by a mitochondrial genome.

A method for measuring the expression of one or more mitochondrial-related

coding sequence in a cell or tissue, said method comprising:

a) contacting an array according to claim 1 with a sample of nucleic
acids from the cell or tissue under conditions effective for mRNA
or complements thereof from said cell or tissue to hybridize with

the nucleic acid molecules immobilized on the solid support; and

b) detecting the amount of mRNA or complements thereof
hybridizing to mitochondrial-related nucleic acid sequences or

complements thereof.

The method of claim 35, wherein said detecting is carried out colorimetrically,

fluorometrically, or radiometrically.

The method of claim 35, wherein the cell is a mammal cell.
The method of claim 35, wherein the cell is a primate cell.
The method of claim 35, wherein the cell is a human cell.

The method of claim 35, wherein the cell is a mouse cell.
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41.

42.

43.

44.

45.

46.

47.

48.

49.

The method of claim 35, wherein the cell is a yeast cell.

A method of screening an individual for a disease state associated with altered
expression of one or more mitochondrial-related nucleic acid sequences

comprising:

a) contacting an array according to claim 1 with a sample of nucleic
acids from the individual under conditions effective for the mRNA
or complements thereof from said individual to hybridize with the

nucleic acid molecules immobilized on the solid support;

b) detecting the amount of mRNA or complements thereof

hybridizing to mitochondrial-related nucleic acid sequences; and

c) screening the individual for a disease state by comparing the
expression of said mitochondrial-related nucleic acid sequences
detected with a pattern of expression of said mitochondrial-related

nucleic acid sequences associated with said disease state.

The method of claim 42, wherein said disease state is a disease state as listed in
Table 1.

The method of claim 43, wherein the disease state is cystic fibrosis, Alzheimer’s

disease, Parkinson's disease, ataxia, diabetes mellitus, multiple sclerosis or cancer.

The method of claim 42, wherein said detecting is carried out colorimetrically,

fluorometrically, or radiometrically.

The method of claim 42, wherein the individual is a mammal.
The method of claim 42, wherein the individual is a primate.
The method of claim 42, wherein the individual is a human.

The method of claim 42, wherein the individual is a mouse.
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54.

55.

56.
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The method of claim 42, wherein the individual is a an arthropod.

The method of claim 42, wherein the individual is a nematode.

A method of screening a compound for its affect on mitochondrial structure

and/or function comprising;:

a)

b)

contécting an array according to claim 1 with a sample of nucleic
acids from a cell under conditions effective for the mRNA or
complements thereof from said cell to hybridize with the nucleic
acid molecules immobilized on the solid support, wherein the cell
has previously been contacted with said compound under
conditions effective to permit the compound to have an affect on

mitochondrial structure and/or function;

detecting the amount of mRNA encoded by mitochondrial-related
nucleic acid sequences or complements thereof that hybridizes
with the nucleic acid molecules immobilized on the solid support;

and

correlating the detected amount of mRNA encoded by
mitochondrial-related nucleic acid molecules or complements
thereof with the affect of the compound mitochondrial structure

and/or function.

The method of claim 52, wherein the compound is a small molecule.

The method of claim 52, wherein the compound is formulated in a

pharmaceutically acceptable carrier or diluent.

The method of claim 52, wherein the compound is an oxidative stressing agent or

an inflammatory agent.

The method of claim 52, wherein the compound is a chemotherapeutic agent.
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57.

58.

59.

60.

61.

62.

63.

64.

65.

The method of claim 52, wherein said detecting is carried out colorimetrically,

fluorometrically, or radiometrically.

A method for screening an individual for reduced mitochondrial function

comprising:

a) contacting an array according to claim 1 with a sample of nucleic
acids from a cell under conditions effective for the mRNA or
complements thereof from said cell to hybridize with the nucleic

acid molecules immobilized on the solid support;

b) detecting the amount of mRNA encoded by mitochondrial-related
nucleic acid sequences or complements thereof that hybridizes
with the nucleic acid molecules immobilized on the solid support;

and

) correlating the detected amount of mRNA or complements thereof

with reduced mitochondrial function.

The method of claim 58, wherein said detecting is carried out colorimetrically,

fluorometrically, or radiometrically.

The method of claim 58, wherein the individual is a mammal.
The method of claim 58, wherein the individual is a primate.
The method of claim 58, wherein the individual is a human.
The method of claim 58, wherein the individual is a mouse.
The method of claim 58, wherein the individual is an arthropod.

The method of claim 58, wherein the individual is a nematode.
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<110>

<120>

<130>
<140>
<141>

<150>
<151>

SEQUENCE LISTING
PAPACONSTANTINOU, JOHN
DEFORD, JAMES
GERSTNER, ARPAD

METHODS AND COMPOSITIONS FOR ANALYSIS OF
MITOCHONDRIAL-RELATED GENE EXPRESSION

CLFR:021WO
UNKNOWN

2004-01-29

60/443,681
2003-01-30

<160> 13

<170>

<210> 1

<211> 948
<212> DNA
<213>

<400> 1

attaatatcc
gaacgcaaaa
ggcattttac
ttaacaacct
agtctatgag
tttattttag
aactccaaat
gtaaccatag
acacttatta
atatgattta
gaatcagaat
tttatagcag
ggacccctat
ctactactat
caacttatac
catatttectt

<210> 2
<211> 1038
<212> DNA

PatentIn Ver. 2

Mus musculus

taacactcct
tcttagggta
aaccatttgc
ctatatcctt
ttcecectace
caacatctag
actcactatt
ctattatcct
caacccaaga
tctcaaccct
tagtatcagg
agtacactaa
actatatcaa
catcaacatt
atcttctatg
taccaatttt

<213> Mus musculus

<400> 2

ataaatccta
atatccagca
atccccatac
gtcacacaag
ctaggaacat

tcacccttge
ccaacctaat
taatcaacaa
caacagcctce
gaatatttca

.1

cgtcecccatt
catacaacta
agacgccata
atttattatt
aataccacac
cctatcagtt
cggagcttta
tttatcagtt
acacatatga
agcagaaaca
gtttaacgta
cattattcta
tttaccagaa
cctatggatc
aaaaaacttt
tacagcggga

catcatctac
actaatatga
aaaaaaccca
aataattatc
acaacaaaca

ctaatcgcca
cgaaaaggcc
aaattattta
gcacctaccc
ccattaatta
tactccattc
cgagcegtag
ctattaataa
ttacttetge
aaccgggcce
gaatacgcag
ataaacgcce
ctctactcaa
cgagcatctt
ctacccctaa
gtaccaccat

ttcacaatct
gtaggcctag
cgatcaactg
ctcectggceca
aacggtctta

-1-

tagccttcct
ctaacattgt
taaaagaacc
tatcactcac
atttaaacct
tatgatcagg
cccaaacaat
atggatccta
cagcctgacc
ccttecgacct
ccggeccatt
taacaactat
ctaacttcat
atccacgctt
cactagcatt
acatatag

tecttaggtcec
aattcagccet
aagcagcaac
tcgtactcaa
tcecttaacat

PCT/US2004/002535

aacattagta
tggtccatac
aatacgccct
actagcatta
agggatttta
atgagcctca
ttcatatgaa
ctctctacaa
catagccata
gacagaagga
cgcgttatte
tatctteccta
aatagaagct
ccgttacgat
atgtatgtga

tgtaatcaca
actagcaatt
aaaatacttc
ctataaacaa
aacattaata

60

120
180
240
300
360
420
480
540
600
660
720
780
840
200
948

60

120
180
240
300
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gccctatcceca
gggatcccac
attttaattc
tctattttca
tattcatcaa
actctactca
ctaaataact
ctaactataa
ttaccaaaat
ctcatagcaa
tcactaacaa
aaacccaacc
ccccaactaa

<210> 3

<211l> 1545
<212> DNA
<213>

<400> 3

atgttcatta
ctatteggag
ttaggtcaac
catgecttttg
tgacttgtcc
agtttttgac
ggagcaggaa
gcatcagtag
gcaattaatt
actccactat
gtgctagceg
gatccegetg
ccagaagttt
tactccggaa
ggctttectag
acacgagctt
tttagctgac
gccttaggcet
tcatcecttg
ctatcaatgg
tcaggcttca
gtaaacataa
tcagactace
tcactaacag
gaagtaatat
ccatatcaca

<210> 4

<211> 684
<212> DNA
<213>

<400> 4

taaaactagg
tgcacatagg
aaatttaccc
taggggcatg
ttgcccacat
acctcataat
ctataaccat
tctcactgat
gaattatcat
taatagctct
tatttccaac
taatattttc
ttacctag

Mus musculus

atcgttgatt
cctgagcggg
caggtgcact
ttataatttt
cactaataat
tcectaccacc
caggatgaac
acctaacaat
ttattaccac
ttgtctgatce
caggcattac
gaggagggga
atattcttat
aaaaagaacc
gctttattgt
getttacatce
ttgcaaccct
ttattttett
acatcgtgcet
gagcagtgtt
ccctagatga
cattcttcce
cagatgctta
ctgttcteat
cagtatcgta
cattcgagga

Mus musculus

cctecgecccea
acttattctt
gctactcaac
aggaggactt
aggatgaata
ctatattatt
caactcaatc
attactatcc
cacagaactt
actaaaccta
caacaataac
caccctagcet

attctcaacc
aatagtgggt
tttaggagat
cttcatagta
cggagcccca
atcatttcte
agtctaccca
tttectcectt
tattatcaac
cgtacttatt
tatactacta
cccaattctce
cctcececagga
ttteggctat
atgagcccac
agccactata
acacggaggt
atttacagtt
tcacgataca
tgctatcata
cacatgagca
tcaacatttc
caccacatga
catgatcttt
tgcttcaaca
accaacctat

ttccacttct
cttacatgac
tctactatca
aaccaaacac
ttagcaattc
cttacagceccce
tcacttctat
ctaggaggcc
ataaaaaaca
ttcttttata
tcaaaaataa
atcataagca

aatcacaaag
actgcactaa
gaccaaattt
ataccaataa
gatatagecat
cttcteetag
cctctagecg
catttagctg
atgaaacccc
acagccgtac
acagaccgca
taccagcatc
tttggaatta
ataggaatag
cacatattca
attatcgcaa
aatattaaat
ggtggtctaa
tactatgtag
gcaggatttg
aaagcccact
ctgggecttt
aacactgtct
ataatttgag
aatttagaat
gtaaaagtaa

PCT/US2004/002535

gattaccaga
aaaaaattgc
ttttaatact
aaatacgaaa
ttccttacaa
ctatattcat
gaaataaaac
ttccaccact
actgtctaat
ttegectaat
taactcacca
caataaccct

atatcggaac
gtattttaat
acaatgttat
taattggagg
tcccacgaat
catcatcaat
gaaatccagt
gagtgtcatc
cagccataac
tgctcectatt
acctaaacac
tgttctgatt
tttcacatgt
tatgagcaat
cagtaggatt
ttcctacegg
gatctccage
ccggaattgt
tagcccattt
ttcactgatt
tcgceccatcat
caggaatacc
cttectatagg
aggecctttge
gacttecatgg
aataa

agtaactcaa
tccectatcea
agcaattact
aattatagcc
cccatcceccete
agcacttata
tccagcaata
aacaggattc
tatagcaaca
ttattccact
aacaaaaact
acccctagcece

cctctatcta
tcgagcagaa
cgtaactgcc
ctttggaaac
aaataatata
agtagaagca
ccatgcagga
tattttaggt
acagtatcaa
atcactacca
aactttettt
ctttgggcac
agttacttac
aatgtctatt
agatgtagac
tgtcaaagta
tatactatga
tttatccaac
ccactatgtt
cccattattt
attcgtagga
acgacgctac
atcatttatt
ttcaaaacga
ctgecccteca

360
420
480
540
600
660
720
780
840
900
960
1020
1038

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1545

atggcctace cattccaact tggtctacaa gacgccacat cccctattat agaagagcta 60
ataaatttcc atgatcacac actaataatt gttttcctaa ttagctcctt agtcctectat 120

2-
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atcatctcgc
gttgaaacca
ctacgcatte
gggcaccaat
tatataatcc
cgagtegttce
cactcatgag
caagcaacag
ggatctaacc
aactgatctg

<210> 5

<211l> 204
<212> DNA
<213>

<400> 5

atgccacaac
tttatcttat
tcactaacaa
cctecattecat

<210> 6

<211> 681
<212> DNA
<213>

<400> 6

atgaacgaaa
gtagccatca
cgtcteccatt
cacacaccaa
tcaacaaatc
aatctaagta
ctaaaaagct
cttattatta
acagctaaca
ttaataaata
attctagaat
tatctacatg

<210> 7

<211l> 784
<212> DNA
<213>

<400> 7

atgacccacc
gcettttecag
acactattaa
gtaattcgtg
tatggtataa
ttctatcatt
atttcaccac

taatattaac
tttgaactat
tatatataat
gatactgaag
caacaaacga
tgccaataga
cagtccccte
taacatcaaa
atagctttat
cttcaataat

Mus musculus

tagatacatc
ttcaactaaa
ccataaaagt
taccccaaca

Mus wmusculus

atctatttgc
ttatatttece
ctttccaaca
aaggacgaac
tecctaggect
tagccattcc
cacttgccca
ttgaaacaat
ttactgcagg
ttagcccacce
ttgcagtagc
ataatacata

Mus musculus

aaactcatgc
ccctecttet
ccettggect
aaggaaccta
ttctattcat
ctagcctegt
ttaaccctcet

aacaaaacta
tctaccagct
agacgaaatc
ctacgaatat
cctaaaacct
acttccaatc
cctaggactt
ccgaccaggg
gcccattgte
ttaa

acacatacaa
gtaatcctta
aacaaccccg
actgactatg
ggtgaactac
cgtatattaa
aaaactgatg
ttattctatg
ctagaaatgg

PCT/US2004/002535

gcacaataga
tcataattgce
tattaaccgt
aagacctatg
gactgctaga
tttecatctga
ccatcccagg
gccaatgcete
ttccactaaa

tgcacaagaa
tctecectet
taaaaccata
ctttgattca
agttgataac
agacgtectce
ccgactaaat
tgaaatttgt
atatttcgaa

aacatgattt atcacaatta tctcatcaat aattacccta
agtctcatca caaacattcc cactggcacc ttcaccaaaa
aaaaacccct tgagaattaa aatgaacgaa aatctatttg

ataa

ctcattcatt
ttcaatccta
ctgactagtt
atgaacccta
tttaccacat
actatgagct
cttecctteca
tagcctattt
acacttatta
aacagctacc
attaattcaa
a

atatcacata
aacatcaggt
actcaccaat
ccaaggccac
cgtctecggaa
accaacacat
agaagtccca

accccaacaa
ttceccatcecet
aaacttatta
ataattgttt
acatttacac
ggagccgtaa
caaggaactc
attcaaccaa
atacacctaa
attacattta
gcctacgtat

gttaatccaa
ctagtaatat
atcctcacaa
cacactccta
gtatttttet
gatctaggag
ctacttaata

3.

taataggatt
caaaacgcct
tcaaacaaat
ccctaatcat
ctactaccca
ttacaggctt
caatttcact
tggcattagce
tcggaggagce
ttattttact
tcaccctect

gtccatgacc
gatttcacta
tatatcaatg
ttgtacaaaa
ttgcaggatt
gctgectgacc
cttcagtact

cccaatcgtt
aatcaacaac
aatgctaatc
atttattgga
actatccata
ccgacacaaa
aattccaata
agtceggcett
tactctagta
tctactcaca
agtaagccta

attaactgga
taattcaatt
atgacgagac
aggactacga
cttetgageg
tccaacagga
tctagcatca

180
240
300
360
420
480
540
600
660
684

60

120
180
204

60

120
180
240
300
360
420
480
540
600
660
681

60

120
180
240
300
360
420
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ggtgtttcaa
caagccctac
tactttgaaa
actggattcc
cgacaactaa
tactgacatt
tett

<210> 8
<211> 345
<212> DNA

ttacatgagc
taattaccat
catcattctc
atggactcca
aatttcactt
ttgtagacgt

<213> Mus musculus

<400> 8

atcaacctgt
gcattctgac
gaccctacaa
tttctattat
attaaaacct
ctagcatatg

<210> 9

<21l> 294
<212> DNA
<213>

<400> 9

atgccatcta
atatttcget
tttattataa
atcaccttag
tcaaacacgt

<210> 10
<211l> 1378
<212> DNA

acactgttat
tceccccaaat
getetgcecacg
ttgacctaga
ctactataat
aatgaacaca

Mus musculus

ccttettecaa
ctcacctaat
cttcagtaac
ttttcgcage
acggaacaga

<213> Mus musculus

<400> 10

atgctaaaaa
aaaaaaacct
cttctatgac
ctatccacac
caaaaccacce
agcttacaaa
ttatttgaag
gaacgcctaa
ctaattgccc
ttcacaacac
atagcatttc
gttgaagctc
tacggaataa
ttcatcctte
gatttaaaat

ttattcttcc
gaacaaacgt
aaaccgacga
cattaattat
taaaaaaaga
ttctcectaat
caaccttaat
acgcagggat
tcatcttaat
acaccttaga
ttattaaaat
caattgctgg
ttcgcatctce
tctecectatg
cactaatcgce

tcatcatagc
tatactagga
catttcagat
tgtaattatt
cacatcaaaa
aatctgactt

cttcattaat
aaatctgtac
tctaccattc
aattgectett
aattatagcc
aaaaggatta

cctcaccata
atccacatta
ttcectaaac
ctgcgaagca
ttacgtccaa

ctcactaatg
aacctcatat
aaattataaa
tttaacagce
taataacgta
cataaccttt
cccaacactt
ttatttccta
ccaaaaccat
cgcttcatga
accattatat
gtcaataatt
cattattcta
aggaataatt
ctactcctca

cttatagaag
ctttacttca
ggtatctatg
ggatcaacat
catcacttcg
ttecctatacg

attttattat
tcagaagcaa
tcaataaaat
ctacttccecac
tttattctag
gaatgaacag

gcctteteac
ctatgcctgg
tccaactcca
gctgtaggac
aatctcaacc

ctactaccac
agttttctaa
aacttttcaa
tgattactgce
ctacaaaaac
tcagcaactg
attattatta
ttttataccc
gtaggaaccc
tctaacaact
ggagttcacc
ctagcagcta
gacccactaa
ataactagct
gttagccaca

4

gtaaacgaaa
ccatcctceca
gttctacatt
tccttattgt
gatttgaagc
tctccattta

ccctaacgcet
atccatatga
ttttettggt
taccatgagce
tcacaattct
agtaa

tatcacttct
aaggcatagt
taagctccat
tagccectact
tactacaatg

taacctgact
ttagtttaac
atatattctc
cactaatatt
tctacatctc
aactaattat
ccegatgagg
taatcggttc
taaacctcat
tactatggtt
tatgactacc
ttcttctaaa
caaaatatat
caatctgctt
tagcacttgt
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ccacataaat
agcttcagaa
cttcatggcet
ttgcctacta
cgcagcatga
ttgatgagga

aattctagtt
atgecggattc
agcaattaca
aattcaaaca
atctctaggce

agggacactt
attatcctta
accaatcccce
agtaaaagtt
ctaa

atcaagcccet
cagcctaaca
ctcagaccce
aatagctagce
aatactaate
attttatatt
gaaccaaact
tattccactg
aattttatca
ggcatgcata
aaaagcccat
attaggtagt
agcatacccc
acgccaaaca
tattgcatca

480
540
600
660
720
780
784

60

120
180
240
300
345

60

120
180
240
294

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
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atcataatcc
ctcacatcat
actataatca
atagcaagtc
attaccatat
attattacag
aaccatataa
ataattccac

<210> 11
<211> 1824
<212> DNA

aaactccatg
cactcctatt
tggcccgagg
tagctaatct
cattattttc
gtatatactc
ttaacctcca
ttattcttct

<213> Mus musculus

<400> 11

atcaatattt
atttcaatat
aaattctccect
tatataatta
aaaactgact
atacaactct
cttacactat
ttcattggct
cgaacagacg
ggattcattt
attatattct
acaggaaaat
acaccagttt
gtcecgattcce
ggagccctaa
atcattgect
caaccacacc
atatgctctg
aacatcacaa
acaggaatac
acctgcaaca
atgtacagca
atctccatta
agcatctttg
acaataccat
gcactagaac
tccttetcaa
tctcteaace
accatcccaa
aaaggcttaa
ttatactcaa

<210> 12
<211> 519
<212> DNA

tcacaaccte
caaacctaat
tcattattag
caacctggca
ttttctectat
cttcatgata
tcctgattac
gagaaggggt
caaatactgce
tagctatagt
ccaacaacaa
cagcacaatt
cagcactact
acccccteac
ccacattatt
tctctacatce
tagcattcct
gctcaatcat
aaatcatacc
cattcctaac
ccaacgcctg
tacgaatcat
acgaaaatga
caggatttgt
gatttttaaa
taaacaacct
ctttactggg
taagcctaaa
aatcecacctc
ttaaattgta
ttaatctcga

<213> Mus musculus

<400> 12

aagcttcata
ctgcctageca
acttcaaatg
agctctaccce
ttgatcaaac
aatatacata
accctcacac
aactaccagt

aatcttatta
taaacacatc
cctettacce
ctgagtcacc
cctgtttaca
tatacactca
catgcttatce
gggaattata
agccctacaa
ttgattttce
cgacaatcta
tggcctccac
acactcaagt
gactaataat
tacagctatt
aagccaacta
acacatctgt
tcatagcctg
attcacatca
agggttctac
agccctacta
ttacttcgta
cccagaccte
catctcatat
aaccacagcce
aaccataaaa
gtttttccca
aacatcccta
aactcttcac
ctttatatca
gtaa

ggagcaacaa
aactccaact
gtecttccecac
ccttcaatca
tttaccatta
attattacca
acacgagaac
ccaaaactaa

atcttcattc
aacttcccac
ctattaatat
ataaattcaa
tctgtagcececce
gacccaaaca
ctcacctcag
tctttecctac
gcaatcctct
ctaaacataa
attccactta
ccatgactac
acaatagtag
aactttattt
tgtgctctca
ggcctgataa
acccacgcat
gcagacgaac
tcatgcctag
tcaaaagacc
attacactaa
acaataacaa
ataaacccaa
aatattccac
ctaattattt
ctatcaataa
tctattattc
actctecctag
acaaacataa
ttcectaatta
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tactaataat
acgaacggat
ttatagccac
atctaatagg
ttcttatagg
cccaacgcgg
taacactaat
ttacaggcct

ttctactatce
tgtacaccac
tttteccacaa
tagaacttaa
tttttgtcac
tcaatcgatt
ccaacaacat
taattggatg
ataaccgcat
actcatgaga
taggcctatt
catcagcaat
ttgcaggaat
taacaactat
cccaaaacga
tagtgacgct
tcttcaaagce
aagacatccg
taatcggaag
taattattga
tecgccacttce
aaccgegttt
tcaaacgcecct
caaccagcat
cagtattagg
ataaagcaaa
accgcattac
acttgatctg
ccactttaac
acatcatctt

cgcacatggc
ccacagccegt
atgatgactg
agaattattc
aattaacatt
caaactaacc
agcccttcac
gacaatat

cccaatccta
cacatcaatc
taatatagaa
aataagcttc
atgatcaatt
cattaaatat
atttcaactt
atggtacgga
cggagacatc
acttcaacag
aatcgcagct
agaaggccct
tttectactg
actttgccte
catcaaaaaa
aggaataaac
tatactcttt
aaaaatagga
cctegeecte
agcaattaat
tataacagct
tcececececta
agcattcgga
tcecagtcecte
attecctaatce
tccatattca
acccataaaa
gttagaaaaa
aaccaaccaa
aattattatc

960

1020
1080
1140
1200
1260
1320
1378

60
120
180
240
300
360
420
480
540
600
660
720
780
840
9200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1824

atgaataatt atatttttgt tttaagttca ttatttttgg ttggttgtct tgggttagca 60
ttaaagcctt cacctattta tggaggttta ggtttaattg ttagtgggtt tgttggttgt 120

-5-
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ttaatggttt
ggggggatgt
acttggggat
tttttaattt
ggagattggt
gtagcggcaa
gcgggtattt

<210>
<211>
<212>
<213>

13
1144
DNA

<400> 13
atgacaaaca
ctacctgece
ctaatagtcc
acagcctttt
tatatacacg
ggcttatatt
ttegecagtca
tgaggtgcca
gtcgaatgaa
ttccacttca
cacgaaacag
cacccctact
accctagtat
ccactaaaca
ctacgctcaa
ttagccctaa
acacaaattt
caaccagtag
atcatcttaa
ccat

tagggtttgg
tggttgtgtt
ctaactgatt
gtgtgcttaa
tgatgtatga
tatatagttg
ttattattat

Mus musculus

tacgaaaaac
catccaacat
aaatcattac
catcagtaac
caaacggagc
atggatcata
tagccacagce
cagttattac
tttgaggggg
tcttaccatt
gatcaaacaa
atacaatcaa
tatttttccc
ggeccaccceca
tccccaataa
tacctttect
tgtactgaat
aacacccatt
ttcttatacce

tggatcgttt
tggatatacg
aattttgggt
ttattatgat
ggttgatgat
tgctacttga
cgagattact

acacccatta
ttcatcatga
aggtetttte
acacatttgt
ctcaatattt
tacatttata
atttataggc
aaacctccta
cttectcagta
tattatcgceg
cccaacagga
agatatccta
agacatacta
tattaaaccce
actaggaggt
tcatacctca
cctagtagcce
tattatcatt
aatctcagga

ttaggtttaa
actgctatag
tttttagtat
gaagttggag
gttggagtta
atgatggtag
cgagattaa

tttaaaatta
tgaaactttg
ttagccatac
cgagacgtaa
tttatttgcect
gaaacctgaa
tacgtccettce
tecagccatce
gacaaagcca
gccctageaa
ttaaactcag
ggtatcctaa
ggagacccag
gaatgatatt
gtcctagect
aagcaacgaa
aacctactta
ggccaactag
attatcgaag

tagttttttt
ctactgagga
tgggggtgat
taattaatct
tgttggaagg
tagctgggtg

ttaaccacte
ggtceccttet
actacacatc
attacggagtg
tattccttca
acattggagt
catgaggaca
catatattgg
ccttgacccg
tcgttcacct
atgcagataa
tcatattctt
acaactacat
tcctatttge
taatcttatce
gcctaatatt
tcttaacctg
cctceccatcte
acaaaatact
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aatttattta
atatccagag
tatagaggtt
tgatggtttg
agggattggg
atctttgttt

attcattgac
aggagtctgc
agatacaata
actaatccga
totcggacga
acttctactg
aatatcattc
aacaacccta
attecttceget
cctettecte
aattccattt
aattctcata
accagctaat
atacgccatt
tatcctaatt
ccgeccaatce
aattgggggce
atacttctca
aaaattatat

180
240
300
360
420
480
519

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1144
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