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15 FIELD OF THE INVENTION

The present invention relates to the diagnosis and
treatment of diseases of mitochondrial origin. More
specifically, the invention relates to detecting genetic
mutations in mitochondrial cytochrome c¢ oxidase genes as

20 a means for diagnosing Alzheimer’s disease and diabetes
mellitus, and suppressing these same mutations or the
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Alzheimer’s disease (AD) is a progressive
neurodegenerative disorder characterized by loss and/or

15 atrophy of neufons in discrete regions of the brain,
accompanied by extracellular deposits of B-amyloid and
the intracellular accumulation of neurofibrillary
tangles. It is a uniquely human disease, affecting over
13 million pedple worldwide. It is also a uniquely

20 tragic disease. Many individuals who have lived normal,
productive lives are slowly stricken with AD as they
grow older, and the disease gradually robs them of their
memory and other mental faculties. Eventually, they
even cease to recognlze family and loved'ones, and. they

25 often require continuous care until thelr eventual
death. _ _

Alzheimer’s disease is ihcurable.and untreatable,
except symptomatically. Persons suffering from
Alzheimer’s disease may have one of two forms of this

30 disease: "familial" AD or "sporadic" AD.

Familial Alzheimer’s disease accounts for only
about 5 to 10% of all Alzheimer’'s cases and has an
unusually early-onset, generally before the age of
fifty. Familial AD is inherited and follows

35 conventional patterns of mendelian inheritance. This
form of AD has been linked to nuclear chromosomal
abnormalities. |
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examination at autopsy. While attempts have been made to
diagnose Alzheimer’s disease by identifying differences
in certain biological markers, including protease nexin

15 II and apolipoprotein E alleles, this approach has not
been successful. Incomplete penetrance in AD patients
or crossover into normal or other disease populations
makes identification of biological markers an unreliable
method of diagnosis. Moreover, current therapies in

20 clinical evaluation are designed to treat the symptoms
of the disease and not impact the underlying pathology
of AD. These therapies include Cognex, E2020, and other
similar agents known in the field. However, since the
primary etiologic events in AD are not yet known in the

25 art, rational therapies have not been designed.

Parkinson’s disease (PD) is a progressive
neurodegenerative disorder characterized by the loss
and/or atrophy of dopamine-containing neurons in the
pars compacta of the substantia nigra of the brain.

30 Like AD, PD also afflicts the elderly. It is
ckaracterized by bradykinesia (slow movement), rigidity
and a resting tremor. Although L-Dopa treatment reduces
tremors in most patients for a while, ultimately the
tremors become more and more uncontrollable, making it

35 difficult or impossible for patients to even feed

themselves or meet their own basic hygiene needs.



- 30 Li ke AD, PD al so affllcts the elderly. It is characterized by
br adyki nesi a (sl ow novenent), rigidity and a resting trenor. Al though

L- Dopa t WSS r educes trenors in nost patients for a WROTASISN4063mt el v
the trenors beconme nore and nore uncontrol | abl e,
| npossi bl e for patients to even feed thenselves or neet their own basic

hygi ene needs. WO 95/26973
PCT/ US95/ 04063 4 betes [itus is conmpn, de enerallve di sease
affecting 5 to f@ @$@@h@ 1FH€ ﬂ@bﬁzﬁﬂWNPQr#?ﬁéhﬁ diRsaze.

het er ogenoag féictdnde’s ‘iot 110a petrceny gfathe prpylateitn wmtdevémbp@dions
t hat. mat er nal

redifty .l_s. | { L ns are
hi ghly con&?}’ﬁ%ﬁtﬁ nd t erles %eth@%%#e%%é%glic%é% e%\/ﬁ';e]ﬂékyseaés ng first
degr ee r el genetd cofconplonensd MmmhnunﬁﬂqatﬂwnSHUhﬂtPmﬁtﬁﬁnqlreportedly
©$eFeldly %eri%' "% fﬁ&o‘i‘%‘éﬂ@@d&& bl ﬁia%wﬂéoéféio

Alcola

contrlbgt
J.C. an

302: 1178 1180 °(C1991) ; Reny.

It

| nt er nat i okeighi Y Eﬁ"’d’@tﬁ 3213'* aﬁ‘@ﬁt}’@gf{? Aoy yhigh dé}‘é’sd?féﬁ)% %%o%'ﬁet hat

di abet es nJildelage Fmone ﬂ&ﬁ:@te@%éﬁéé Yelasomsiel affidcttedtain related 15

e | e |s est i, nat that forty.omllion j.n V|duals in
< PR e Maselil) B Y, RSO SO SR
patients f@ziopemsm:@p(ﬁui' tdev@lmpusg vditdbetes eweskEdi tussul mle@]:aldm on

smal | rc g [ uaks. ( %+ pr glnsulin
def|C|e(r3?t ?g?l ‘:]agx Al elaer&nyde# M %h’;year Sorre of these

di sorders
the U. S.

|nd|V|dual§16@ﬂ0heﬁq@0bgréb§= ational J. 886-

15

20

25

30

35

890 (199%94). .

Studies have shown that diabetes mellitus may be
preceded by or associated with certain related
disorders. For example, it is estimated that forty
million individuals in the U.S. suffer from late onset
impaired glucose tolerance (IGT). IGT patients fail to
respond to glucose with increased insulin secretlon A
small percentage of IGT individuals (5-10%) progress to
insulin deficient non-insulin dependent diabetes (NIDDM)
each year. Some of these individuals further progress
to insulin dependent diabetes mellitus (IDDM). This
form of NIDDM or IDDM is associated with decreased
release of insulin by pancreatic beta cells and/or a
decreased end-organ response to insulin. Other symptoms
of diabetes mellitus and conditions that precede or are
associated with diabeteés mellitus include: vascular
pathologles, peripheral and sensory neuropathies,
blindness, and deafness. '

The nuclear genome has been the maln focus of the

search for causative genetic mutations for diabetes, AD,

PD. However, despite intense effort, nuclear genes that
segregate with diabetes, AD, PD are rare, such as
mutations in the insulin gene, the insulin receptor
gene, the adenosine deaminase gene and the glucokinase
gene.

making it 35 difficult or
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to insulin dependent diabetes nellitus (IDDM. This form of N DDM or | DDM

I s associ ayrospgs7y decreased rel ease of insulin by pancreatigcRfbdigabs S
and/or a 25 decreased end-organ response to insulin. Qher synptons of

di abetes nellitus and conditions that precede or are associated with
di abetes nellitus include: vascul ar pathgl ogi es, peripheral and sensory
neur opat hi es, blindness, and deafness. 30 The nucl ear genone has been
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. the other not. This suggests that nuclear chromosomal
abnormalities are not the cause of this disease.
Furthermore, it has been shown that the neurotoxin
15 1l-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
induces parkinsonism in animals and man. MPTP is
converted to its active metabolite, MPP+, in dopamine
neurons; it then becomes concentrated in the
mitochondria. The MPP+ then selectively inhibits the
20 enzyme NADH:UBIQUINONE OXIDOREDUCTASE ("Complex I”),
leading to the increased production of free radicals,
reduced production of adenosine triphosphate, and
ultimately, the death of affected dopamine neurons.
In addition, the maternal heredity associated with
25 diabetes mellitus suggests that mitochondrial heredity
might pléy a role. Indeed, a rare form of late-onset
NIDDM associated with nerve deafness appears to
segregate with a point mutation in a mitochondrial tRNA
gene (tRNA!*Y). Individuals carrying this mutation often
30 present with impaired insulin secretion in response to
glucose and are usually given the diagnosis of insulin
dependent diabetes mellitus (IDDM), slowly progressive
IDDM, or insulin deficient non-insulin dependent
diabetes (NIDDM). Although this mutation accounts for
35 1less than 1% of NIDDM cases, it raises the possib..ity
that other mutations in mtDNA may associate with NIDDM.
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13021303 (1990), which finds that patients with _ {
Alzheimer’s disease have reduced cytoghrome c oxidase
activity. The enzyme cytochrome C oxidase (COXY, which
15 makes up part of the mitochondrial electron transport
chain (ETC), is present in normal amounts in AD
patients; however, the catalytic activity of the enzyme
in AD patients and in the brains of AD patients at
autopsy has been found to be abnormally léw. This
20 suggests that the genes for COX in Ab_patients are
defective, leéding to decreased catalytic activity that
in some fashion causes or contributes to the symptoms
that are characteristic of AD. It has also been shown
by Bennett et al., J. Geriatric Psychiatry and Neurology
25 5:93-101 (1992), that when sodium azide, a specific
inhibitor of cytochrome c oxidase (COX) was infused into
rats, the rats suffered impaired memory and learning (a
form of dementia). The rats mimicked the effect of
Alzheimer’'s disease in humans. 1In addition, the sodium
30 azide-tested rats failed to display long term
potentiation,'demonétrating loss of neuronal plasticity.
It has been hypothesized that the reduced cytochrome c.
oxidase éctivity leads to increased intracellular levels
of oxygen free radicals, and that the cumulative effects
35 of free radical-mediated lipid oxidation ultimately
cause the degenerative neurological changes that are
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Clearly then, a reliable diagnosis of AD, PD, and

diabetes mellitus at its earliest stages is critical for

15 efficient and effective intercession and treatment of
their debilitating diseases. There is a need for a
non-invasive diagnostic assay that is reliable at or
before the earliest manifestations of symptoms. There
is also a need for developing therapeutic regimens or

20 drugs for treating both the symptoms and the disease
itself.

fhe identification of diagnostic assays and of

therapeutic regimens or drugs that are useful in the
treatment of disorders associated with mitochondrial

25 defects has historically been hampered by the lack of
.reliable'model systems that could be used in rapid and
informative screening. Animal models do not exist for
many of the diseases that are associated with
mitochondrial gene defects. Appropriate cell culture

30 model systems are either not available, or are difficult
to establish and maintain. Furthermore, even when cell
culture models are available, it is often not possible
to discern whether the mitochondrial or the nuclear
genome is responsible for given phenotype, as

35 mitochondrial functions are often encoded by both
nuclear and mitochondrial genes. It is, therefore, also
not possible to tell whether the apparent effect of a
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particularly unsuitable for screening purposes. In
addition, such transformations have not been done using
cells of the type that are most affected by the disease,

15 making it unclear whether the mitochondrial deficiencies

' observed in the transformants are related to the disease
state being studied. Thus, there is currently a need
for reliable model systems that can be used in rapid and
informative screening of PD, AD and diabetes mellitus.

20 The present invention satisfies these needs for a
useful diagnostic and effective treatment of PD, AD and
diabetes mellitus and provides related advantages, as
well.

25 8 Y OF I
The present invention relates to the identification
of genetic mutations in mitochondrial cytochrome c
oxidase genes which segregate with a disease state, such
as Alzheimer’s disease or diabetes mellitus. The
30 invention provides methods for detecting such mutations
as a diagnostic for Alzheimer'’s disease or diabetes
mellitus, either before or after the onset of clinical
symptoms.
According to an embodiment of the present invention
35 for detecting the preserice of Alzheimer’s disease or
diabetes mellitus, a biological sample containing
mitochondria from a subject is obtained and one or more
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is currently a need for systens that can be used |n r'api d

and |nfor%%1|%Qd%%r¥l§nr@P@ﬁnF¥?3¢{F%ﬂﬁndF§ﬁet§§dnEPﬁPFu§1529f the The
present i nveniytbclirdnef & esxidese negéhief 0and uodbul 2di, agddonl @29nd

effective tregéggr?tsé)f cPCIJDdorf‘vandcodon 74, codon 95, codon 110, and
codon 146 of the cytochrome c oxidase II gene. 1If
desired, the codon of interest can be amplified prior to

15 interrogation.

Preferred methods for interrogating the above
mutations include: (&) hybridization with
oligonucleotide probes, (b) methods based on the
ligation of oligonucleotide sequences that anneal

20 adjacent to one another on target nucleic acids, such as
the ligase chain reaction, (c¢) the polymerase chain
reaction or variants thereof which depend on using sets
of primers, and (d) single nucleotide primer-guided
extension assays. '

25 The present invention also encompasses nucleic acid
sequences which are useful in the above mentioned
diagnostics, namely those which correspond, or are
complementary, to portions of mitochondrial cytochrome c
oxidase gene that contain gene mutations which correlate

30 with the presence of Alzheimer’s disease or diabetes
mellitus. According to one embodiment, the nucleic acid
sequences are labelled with detectable agents.

Preferred detectable agents include radioisotopes (such
as %?P), haptens (such as digoxigenin), biotin, enzymes

35 (such as alkaline phosphatase or horseradish
peroxidase), fluorophores {(such as fluorescein or Texas
Red), or chemilumiphores {such as acridine).
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THE INVﬁ&glgﬁ%%Ee present invention relates to the identification of
genetic ¢ s in mtochondrial cytochrone ¢ oxidase ¢ S

segregate with a disease state, such as Al zheinmer's disease or diabetes
mel litus. The 30 invention provides ng#pods-for detecting such nutations as
a diagnostic for Al zheiner's disease di abetes nellitus, either before or

et vt A8koBRLRLCRL SHBPHTenBBAIRENRY £l glgt%_@mm of the

pr esent invention resence O | Ssease or
di abet es npresenge efphbrbgiver’ §aﬁﬁ§§a§§n9§| Aiapetieso siedddtivs f rom a

subj ect i sp,pBi 8¢ ﬂéﬂlagﬂmﬁﬁé Qé ﬂﬁEérrog&Eé@5E%§9E§e presence of
PCT/ US95/ 04063 élons i n_the sequepce of a m,toChondrial cytochronme c

oxi dase geﬂ€°ﬁﬁ?EhPEB PEFﬁtesIﬂnPﬁrFHEu AEscREOLEANNPHASUGES ©5ji sease or
di abet es neitbthéendsianwthogakedr foek cptochevalecd BXidagens are 5

preferably sjtioned between codon 1 d codaon_415 the cytochrome c
oxi dase | ﬂ@ﬁ%ééﬂﬁ7o€hﬁgtﬁggﬁegsggnwﬁggaﬁg < BESRISE 5&;the cytochrone c
oxi dase | |Ajgheimebf e gdiséasebby, diabetnesamedddtase anet er r ogat ed at one or

mor e of th?ﬁéﬁi*Bﬁ%Egdposbﬁ%gQ§Fetﬁgﬁgnég5ﬁoﬁogﬂg i@lgry%qéﬁigy1&ge codon

193, codon don ronme ene; and codon
20, codon Sechcpuekesns éﬁﬂéﬁd¢1m°éﬁﬁéﬁn¢l apsdbeddes .codon 110 and codon

146 of 1phe cyt ogBegrBifigo¥kbdafigtheryemBodliftent of the present
invention, genetic mutations which cause Alzheimer’s
disease or diabetes mellitus are detected by determining {
the sequence of mitochondrial cytochrome ¢ oxidase genes
from subjects known to have Alzheimérfs_disease or

15 diabetes mellitus, and comparing the sequence to that of
known wild-type mitochondrial cytochrome c oxidase |
genes. Other embodiments of the present invention
pertaiﬁ to suppression of the undesired biological
activity of the mutations. This affords a therapeutic

20 treatment for Alzheimer‘’s disease or diabetes mellitus.
More specifically, one embodiment of the invention
pertains to methods of inhibiting the transcription or
translation of mutant cytochrome c oxidase encoding
genes by contacting the genes with antisense‘Sequences

25 which are specific for mutant sequences and which
hybridize to a target mutant cytochrome c oxidase gene
or messenger RNA transcribed therefrom.

Another embodiment of the invention concerns the
selective introduction of a conjugéte molecule into

30 mitochondria with defective cytochrome c¢ oxidase genes.
The conjugate comprises a targeting molecule conjugated
to a toxin or to an imaging ligand using a linker. The
targeting molecule can be, for example, a lipophilic
cation such as an acridine orange derivative, a

35 rhodamine 123 derivative; or a JC-1 (5,5’,6, 6’'-
tetrachloro-1,1’,3,3’ -tetraethylbenzimidiazolo-
carbocyanine iodide) derivative. The linker can
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protei n proddefects in mitochondrial metabolism. 1In addition, it
provides methods for the use of these model systems for
screening and evaluating drugs and treatments for such
disorders. Moreover, it provides methods for using

15 these model systems to diagnose such disorders.

The present invention further provides for the
transplantation of mitochondria into undifferentiated
germ cells or embryonic cells, thus providing for the
maturation of test animals having mitochondria that have

20 Dbeen wholly or partially derived from cells of a
diseased organism. '

By using these same cultures in screening, it is
also possible to predict which of several possible drugs
or therapies may be best for that particular patient.

25 The present invention also comprises the
transplantation of mitochondria into undifferentiated
germ cells or embryonic cells, to yield organisms having
mitochondria that have been wholly or partially derived
from cells of a diseased organism.

30 Some embodiments of the present invention offer
outstanding opportunities to identify, probe and
characterize defective mitochondrial genes and mutations
thereof that are associated with diabetes mellitus, to
determine their cellular and metabolic phenotypes, and

35 to assess the effects of various drugs and treatment
regimens. In one embodiment, mitochondria from cells of
a diabetes mellitus patient are transferred to
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t he present invention, genetic nutati opg which cause Al zheiner's di sease or
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such as a

| i pophilic catio n acridine orange derivative 5 rhodam ne 123
derivati ve,wicCh they yelates they also are used as methods of q
tetrachl or qilagnosis. - trd¥ askdnpp e zb81 Ts ag 9L Otakenbeeymnane i odi de)

rivative., T nker n . . :
de ative in f%iéuéfipéggentlng with symptoms of late onset

15 diabetes mellitus, and the mitochondria from those cells
are put into immortalized £ cells. Saﬁples of these
cultures are then chemically induced to differentiate
into cells with pancreatic "beta cell-like" properties
(e.g., insulin secretion). 1If the differentiated cells

20 that contain the patient’s mitochondria begin to exhibit
the degenerative phenotype that is characteristic of
late onset diabetes mellitus (e.g., decreased insulin
secretion), this confirms that the mitochondria carry
one or more causative mtDNA mutation. It thus confirms

25 the diagnosis of late onset diabetes mellitus.

The appended claims are hereby incorporated by
reference as a further enumeration of preferred
embodiments.

It is an object of the present invention to

30 identify the structural and genetic basis for the
electron transport dysfunctions that are known to
accompany mitochondrial disease, such as Alzheimer’s
disease or diabetes mellitus. | |

It is another object of the present invention to

35 provide reliable and efficient means for the diagnosis
of Alzheimer’s disease or diabetes mellitus.
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maturation of test aninal s having, mt ndria that have 20 been wholly or
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cells having genomic and mitochondrial DNAs of differing
biological origins.

It also is an object of the present invention to

15 provide a cybrid cell line, comprising cultured immortal
cells having genomic DNA with origins in a neuroblastoma
cell line, and mitochondrial DNA having its origin in a
human tissue sample derived from an individual with a
disorder known to be associated with a mitochondrial

20 defect. _

It is also an object of the present invention to
provide cell lines whose genomic DNA is derived from
cells that maintain a normal pancreatic B cell phenotype
(such as, but not limited to, 8 TC6-F7, HIT, RINmSf, and

25 TC-1 cells) and mitochondrial DNA having its origin in a
human tissue sample derived from an individual with a
disorder known to be associated with a mitochondrial
defect that segregates with late onset diabetes
mellitus. '

30 It is further an object of the present invention to
provide an immortal p° cell line that is
undifferentiated, but is capable of being induced to
differentiate, comprising cultured immortal cells having
genomic DNA with origins in immortalized 8 cells (for

35 example, TCé6-F7, HIT-T15, RINm5f, TC-1, and INS-1
cells), and mitochondrial DNA having its origin in a
human tissue sample derived from an individual with a
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A further object of the present invention is to
provide model systems for the evaluation of therapies {
for effectiveness in treating disorders associated with
mitochondrial defects that segregate with late onset

15 diabetes mellitus.

It is another object of the invention to provide
model systems for the screening of drugs effective in
treating disorders associated with mitochondrial
defects.

20 A further object of the present invention is to
provide model systems for the evaluation of thérapies
for effectiveness in treating disorders associated with
mitochondrial defects.

Another object of the invention is to provide model

25 systems for the diagnosis of disorders associated with
mitochondrial defects.

It is a further object to provide methods for the
construction of the above-mentioned model systems.

An additional object is to provide methods for

30 using these model systems for drug screening, thérapy
evaluation, and diégnosis;

It is a further objéct of the present invention to
provide animal models for diseases that are associated
with mitochondrial defects. These animals models are

35 useful for drug screening, therapy evaluation and
diagnosis.
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Still another advantage of the present invention is
that it provides an effective therapy that addresses the
primary cause of AD or diabetes mellitus, by suppressing
the undesired biological activity of mutations that

15 segregate with Alzheimer’s disease or diabetes mellitus,
or by selectively destroying defective mitochondria.

Another advantage offered by the present invention
is that it for the first time offers stable cultures of
cells that have had their mitochondria transplanted from

20 other cells. Published studies have reported
transplanting mitochondria into fully differentiated
(mature) cells, but these cells are not maintainable,
and eventually the cultures die. In contrast, the
present invention teaches that if mitochondria are

25 transplanted into an immortal, differentiatable cell
line, the transplanted cells are also immortal. It
further teaches the induction of differentiation among a
subpopulation of the immortal culture, which allows for
the same experiments to be done as would otherwise have

30 been possible had the transplant been made directly into
the differentiated cells.

Still another advantage of the present invention is
that it offers model systems that have greater relevance
to the disorder under study. Published articles used

35 osteosarcoma (bone cancer) cells as the recipients of
transplanted mitochondria; however, bone cells are not a
primary site of pathogenesis for the neurological
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10 into neurons. e phenotypic expression of the

mitochondrial defects in this model syétem can thus be
observed in the very cell type that is most affected by (
the disease. '

Other objects and advantages of the invention and
15 alternative embodiments will readily become apparent to
those skilled in the art, particularly after reading the
detailed description, and examples set forth below.

BRIEF DE PTION OF FIG S
20 Figure 1 lists the 5’ end upstream non-coding
region, the complete nucleic acid sequence encoding
mitochondrial cytochrome ¢ oxidase subunit I and the 3°
end downstream non-coding region. (SEQ. ID. NO. 1).
Figure 2 lists the 5’ end non-coding region, the
25 complete nucleic acid sequence of the'mitochondrial
cytochrome ¢ oxidase subunit II coding region and the 3°
end downstream non-coding region. (SEQ. ID. NO. 2).
Figure 3 lists the 5’ end nonééoding région; the
complete nucleic acid sequence of the mitochondrial
30 cytochrome'c oxidase subunit III coding region and the
3’ end downstream'non-coding.region. (SEQ. ID. NO. 3).
" Figure 4 illustrates a reaction scheme for the
preparation of several acridine orange derivatives
useful for the detection and selective destruction of
35 defective mitochondria.
Figures 5-8 illustrate reaction schemes for the
preparation of several JC-1 derivatives useful for the
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Figure 11 is a graph showing that p° cells of the

present invention are dependent on pyruvate, but not
uridine, for growth;

15 Figure 12 is a graph showing that cells exposed to
increasing concentrations of ethidium brgmide for 64
days have increasing quantities of inner mitochondrial
membrane, indicating that such cells have the large,
irregular mitochondria that are characteristic of cells

20 lacking mitochondrial DNA;

Figure 13 is a graph showing that cells treated
with.ethidium bromide for 64 days and then treated with
the cationic dye JC-1 show increased fluorescence,
suggesting that the enlarged mitochondria establish

25 increased transmembrane proton gradients even in the
absence of mitochondrial DNA.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to genetic mutations

30 in mitochondrial cytochrome ¢ oxidase genes which
segregate with diseases such as diabetes mellitus and
Alzheimer’s disease. The invention provides methods for
detecting such mutations, as a diagnostic for these
diseases, either before or after the onset of clinical

35 symptoms. Moreover, the invention also pertains to
suppression of the undesired biological activity of the
mutations aud thus affords a therapeutic treatment for
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earl i est rrafthés?st@ctééuse@f Alboronlpbdves dRisnthirehtionyppbetde Still

Cherapy t norb et FeELEPE i gAERLIS ot tal B bk RGN RERART, O D011V
suppr essi ngandediabees atebl twgiehichcis vrel/lablquaat punbefhae the
segregate Wiin fd\ShdB] FSpChEFaNS OF AbOOP! 2aBRLeL! §;19&3Qy sel ectively

dest royi ng ctive n1to ria. An vanta ere t he present
i nventi o | SYTRERMS ¢ ¥%ra¥$ﬁeP¥?§% ??n%h%f$b¥§ts?ﬁ PﬁtéﬁﬁtGF§§aBV cells

t hat have hggrt{ﬁggeraégmigfﬁki tdpesasegt ed from 20 other cells.
Publ i shed studie ha [anspl an ochon ainto fully
differentiated ( rc ?I ac{i&t?ﬁ %%??sa e“AP ﬁantalnable and
eventual |y mﬁderstandfngdmﬁ the pnaQenSt;nventbonsemt isvémpoernaheaches
L o o SRR el S9EP ohERPSGARE!AlrAThORP0 \AVRABl: co pave, |,
furt herl® eachessane neaming oxs ogererablynaseribedatonghase terms by
those skilled in the art of molecular genetics, unless
defined to the contrary. The techniques employed herein {
are also those that are known to one of ordinary skill
in the art, unless stated otherwise. The references
15 cited herein are incorporated by reference in their
entireties. '
In using the terms "nucleic acid", RNA, DNa, etc.,
we do not mean to limit the chemical structures that can
be used in particular steps. For example, it is well
20 known to those skilled in the art that RNA can generally
be substituted for DNA, and as such, the use of the term
"DNA" should be read by those skilled in the art to
include this substitution. In addition, it is known
that a variety of nucleic acid analogues and derivatives
25 can be made and will hybridize to one another and to DNA
and RNA; and the use of such analogues and derivatives
is also within the scope of the presént invention.
The term "gene" includes cDNAs, RNA, or other
polynucleotides that encode gene products. The term
30 "tissue" includes blood and/or cells isolated or
suspended from solid body mass, as well as the solid
body mass of the various organs. In addition,
"expression" of a ‘gene or nucleic acid encompasses not
only cellular gene expre551on, but also the
35 transcription and translation of nucleic a01d(s) in
cloning systems and in any other context. _"Immortal"
cell lines denotes cell lines that are so denoted by



subpopul ation of the imortal culture, which allows for the sanme

experi menigio édhnehts done as woul d ot herwi se have 30 been pospebiusesiadss he
transpl ant been made directly into the differentiated cells. Still another
advant age of the present invention is that it offers nbdel systens that
have greater relevance to the disorder weder study. Published articles used
35 osteosarconma (bone cancer) cells as the recipients of transplanted

m t ochondr i apetewwsy esf b@@ﬁnaﬁylskﬂlb notr arpr capaple of tleimg hogenesi s

for the neurol o

PCT/ US95/ 040%%3%%‘#5%5&{\%3%43’\/\% ﬁn?ﬁglnl FPaRerss r?ar?tfs t\/’\'/glreg ’ofbf ered. The

present i nvembt chessntkap| terstines, t wbthoutr saoniddcemtget cells for

nltochondrigﬁ?éﬁﬁgiﬁlggi ¥Pe%fa9§ ﬁeleePedEéiggmtggg tbgyswoul d be capable
ratl

of 5 differ on rnto. ce pe that aare prlnarlly a fected in
the di sea®e essertimbby @?Bﬁ?te¢o?fe§3ﬁﬁ¥é°nﬁﬁ pREoshomsrae

m t ochondr i an{ ¢ SEhERALLA PABRENt bpr &n{yr A8SRbANLeE £t Eorewhdld ast oma cell's,
subcul tures of which can be induced to differentiate 10 i nto neurons. The

phenot ypi ¢ RPpFR28Pon of the mitochondrial defects in this nodel system can
t hus be observed Refébenser yocphartigptarhbufifersysmedfifgcreagentishe

di sease. O hely pbl celp-and aduantsges gha! Dhel PURA!| 8 480 skihenl ternative

enbodi nent s V\f:}‘ eCone apparent to thosSe $ki e art,
part|cuIb@IySGEGbaS$eeﬂ|agmehelaenatléatééééﬂlﬁplbﬁ 1éM§QéH9nﬂh¥§ set forth

bel ow. BRI EFgIES(R Fd! DL §FtdHEnELGEEER11 such related materials

that one of ordinary skill in the art would recognize as
being of interest or value in the particular context in
which that discussion is presented. For example, it is

15 often possible to substitute one buffer system or
culture medium for another, such that a different but
known way is used to achieve the same goals as those to
which the use of a suggested method, material or
composition is directed.

20 Although the cells used in one embodiment herein
are neuroblastoma cells, the present invention is not
limited to the use of such cells. Cells from different
species (human, mouse, etc.) or different tissues
{breast epithelium, colon, neuronal tissue, lymphocytes,

25 etc.) are also useful in the present invention.

Segregation of rom xidase Mutations with
Mitochondrial Disease
Cytochrome ¢ oxidase (COX) is an important terminal
30 component of the electron transport chain located in the
mitochondria of eukaryotic cells. Cytochrome c oxidase,
also known as complex IV of the electron transport
chain, is composed of at least thirteen subunits. At
least ten of these subunits are encoded by nuclear
35 genes; the remaining three subunits (I, II, and III) are
encoded by mitochondrial genes. Mitochondrial DNA
(mtDNA) is a small circular DNA molecule that is



20 Figure 1 lists the 5 end upstream non-codi ng region, the conplete
nucl ei ¢ acid sequence encodi ng m tochondrial cytochrone c oxi dase subunit |
and t he 3voesdssd®wnstream non-codi ng region. (SEQ- I D. NO p&truosésiganéxr 2
lists the 5° end non-coding region, the 25 conplete nucleic acid sequence
of the mtochondrial cytochronme c oxidase subunit Il coding region and the
3" end downstream non-coding region. ($Q ID. NO 2). Figure 3 lists the
5' end non-coding region, the conplete nucleic acid sequence of the

m t ochondr i app36ximptetfr affekB dpndase bumamist. | I’IﬂueccmtiDij resgpaiesand t he 3

end downstr g QE%E g illustrates a
reaction SC 8@ Q?B ggﬁbggm&? F'gfalso(( E&sever al Cri gne or ange deri vati ves
useful for th‘énééﬁﬁcﬂ‘bﬁ 4KBNA | candy Ehdxseen: Profedmnsss inglading

m tochondri éhrEégéﬁreécﬁrgmé| hugk&ataaer 8abund®sS oxas fax tie, RiRPpar ation
of several JC-1 derlvatlves useful for the WO 95/ 26973

PCT/ US95P0468% I¥Idetection and sel ective destruction of defective
m tochondria. Figose 8fi she gtBNA presvent uhatunﬁmmuiidnukﬂﬂsve oxygen

consunpti on%g%(’%%sg%ow Eﬁeeép ’iLugloE‘ qk%ryl 1SR TRN ol een %c | ng t hat

u

endogenous ral ~oxi ATOn has Boat
Figure 10 |51uegp£phhgh¢mdngldhaﬂ'etnpuﬂevmeQWIdMMﬁa&mnnaulnhthﬁkhes t he

et topo! SHEB RS RSP LB A bR oport chai

10 individual are known as homoplasmlc Mutations whlch

affect only some copies of mtDNA are known as

heteroplasmic and will vary between d;fferent {

mitochondria in the same individual. It should also be

noted that mostﬂmitochondriélly encoded proteins and all

15 mitochondrially encoded COX proteins afe transcribed
from the heavy strand of mtDNA. The other strand is
called the "light strand, " because mtDNA can be
separated into heavy and light single strands on the
basis of their density.

20 In the present invention, mtDNA from normal
individuals, known Alzheimer’s patients, and known
diabetes mellitus patients are isoléted, élonea and
sequenced. ‘As éxpected; a few nondeleterious'and
apparently random mutations in each gené including some

25 normal genes, are observed. However, in the AD and
diabetes mellitus patients, a small number of _
homoplasmic or heteroplasmic mutatioﬁs at common sites
are noted. For the three mitochondrial COX subunits,
the mutations occurred in one or more of the subunit

30 clones for each individual. Such mutations are
especially observed in the expressed regions of COX
subunits I and II of the mtDNA.

According to the presént invention, such mutations
in COX genes segfegate_with, and are apparently

35 sufficient for, Alzheimer’s disease and diabetes
mellitus. Sporadic AD, which accounts for at least 90%
of all AD patients, and diabetes mellitus are segregated



endogenous el ectron transport chain; Figure 11 is a graph show ng that

[err] cell swobsmhdses present invention are dependent on pyr uvalperndyséndees
uridine, for growth; 15 Figure 12 is a graph showing that cells
exposed to increasing concentrations of ethidiumbrom de for 64 days have

I ncreasing quantities of inner mtochondr2aal menbrane, indicating that such
cells have the large, irregular mtochondria that are characteristic of
cells 20 IackaghnhEbehopdabmﬁcDNAtaﬁﬁgmﬂs)13nfthegptﬂﬂﬁf&ﬂﬂﬁdgﬂt¢ex cells
treated with ghBldipg.broghdeeian 64 dakseifthdfioRdd ea&f'éire#&bét

cationic dye ow i ncreased fluorescence, estin t the enlarged
m tochondrl a bethoPrefigtivenandadéasneostdce of &1@%&1&% frd#FeARS even in
the absence ofnhAi HoaBardsi bl PhusDETAI LED DESCRI PTI ON OF THE | NVENTI ON The

pr esent |nvent|on rel ates t epeti,c nutations 30  in mtoghondri al
cyt ochr ome3c oxi da§i°8én§§d2/ﬁ% radp, éﬁﬁ’Péeﬁ A sinarysared A PNR abet es

gellltus and ﬁbéh&tﬁﬁrfﬂodlaeﬁﬁﬂbefheflmmﬂyudulhyHmmakﬁiﬁﬂﬂdKﬁb Lor ot

etecting suc tatio a t or, ese di ei ther before

or after the 8}‘}?8] S © ;’PFFI 3% g? gggéteg' O&o%ern%"?r??l flfventlon al so

pertains to sdppumested 5§8PhatahddSID@dmbﬂﬁlOdﬁiﬂeniﬁllnd%ﬁxﬂualﬁ

mut ati ons and s.af enhap I ggﬂgg I

PCT/U895/O406§&g§ nﬁeégggﬁggaégshﬁ %¥thﬁthg oes tﬁﬁgﬁﬁﬁﬁgﬁ%fﬁgprOV|de t he

first efféBti o€ APAagABSt FEOB aﬁzﬁéﬁﬁbedsn&ug@meneratwe disease
controls (patients with Huntington's disease,

parasupranuclear palsy, and so forth). Blood samples
were also obtained from a number of diabetes mellitus
patients. After cloning of cytochrome c oxidase (COX)

15 gene fragments, the sequences of multiple clones from
each patient are obtained. Compilation of the sequences
are made, aligned, and compared with published Cambridge
and Genbank sequences (Anderson et al., Nature
290:457-465 (1981)) for known normal human COX genes.

20 The published Cambridge coding sequences are numbered as
follows: COX I is nucleotides 5964 to 7505, COX II is
nucleotides 7646 to 8329, and COX III is nucleotides
9267 to 10052. The corresponding sequences are numbered
as follows according to Anderson’s scheme: COX I is

25 nucleotides 5904 to 7445, COX II is nucleotides 7586 to
8269, and COX III is nucleotides 9207 to 9992. Id. All
reference hereinbelow is made only to the published
Cambridge sequences, though it will be appreciated by
those of skill in the art that the corresponding

30 sequences, following a different numbering scheme,
including Anderson’s, could be used in the invention.

Any variation (mutation, insertibn, or deletion)
from published sequences is verified by replication and
by complementary strand sequencing. Analysis of the

35 variations in known AD patients indicated a several
mutations. Some of the mutations observed are ’‘silent’
mutations resulting in no amino acid changeg in the



and diabetes nellitus which is reliable at or before the earliest
mani festations of AD or diabetes nellitus 5 synptons, it also provides the

first efippgbsree7d herapy for these debilitating di seases. Iwgﬁhlﬁﬁ
facilitate a full and conpl ete understandi ng of the presen nventi on

Is inmportant to note that all terns used herein are intended to have 10
t he sanme nmeaning as generally ascribed4x those terns by those skilled in
the art of nolecul ar genetics, unless defined to the contrary. The

t echni ques. eﬁpfeyeddhpretalﬁre Howevelosa hlgbed ofknRiatiomne of ordinary
skill in the art,,unles ZFst at ed.ot herwi,se, The refetﬁpces 15 cited herein

are |ncorpoPﬁ?§8nByr?§P eﬁBeaWﬁnPhgf?deﬁpﬁngFe§ €using the terns
"nucl ei ¢ actd¥refdindihg, proteinve dn manyndastancesnithe he cheni cal

structures Egg}eﬁﬁﬁpagnysgﬁﬁhg Qgihlephgﬁgégéﬁsals%r %@%m@o it is well 20

known to those s e art tha enerally be substituted for
DNA, andSascepéarmagionad ghanﬁest§Pnth9Nﬂ0Xsﬁ@GNnﬁbe read by t hose skilled

in the art to inghudgrbBheomebet bkilihed: shbundé tI'Ion’fdxi e'x% @ that a
variety of HHC|6IC aci d anal ogues.and derivyatives 2 can be_made and will

hybri di ze t5 EnﬁegﬁﬁPﬁﬁr1BnﬁDtBaE&ﬁPEHdVRHAeSaﬁJ°Fh&hﬁbé“ﬁ*“@uch anal ogues
and deri vat sggien8ealifoani leastt bAesbape pert enpr.esahle idaeantisgon. The term

oroducts, THISRRFRPSd 40 S20EF 7 BREABECHIER, o REFBE Do bl Tl at od or
suspendd@ freausuvent mUU§tmaas obhsewwell aget beldewvied mudyemmas din t he
vari ous orgeaﬁfom?eﬁgfelﬂlo 1tef4P1BASI BF tAE BofCURZYmeUCER,C acid

enconpasses hot on gene expr essi on,
transcrlptlBﬁaﬁﬁaetrﬁﬂ§P§#PBn° ftthPEF@a&cﬁﬁFéPbﬁﬁrved at codon 22 (

to ATC results in a change from the normal hydrophilic
threonine (Thr) to a hydrophobic isoleucine (Ile).

15 Changes of this type in nucleic acid structure,
particularly when occurring in highiy conserved areas,
are known to disrupt or modify enzymatic activity.

As described more fully hereinbelow, each of the
COX genes sequenced shows significant variation from the

20 normal sequence at a number of specific sites, or
mutational "hot spots." Moreover, thesé hot spots
generally fall within particular regions of the.COX
genes. In the first 1,530 bases (510 codons) of COX I,
and in particular between codons 155 and 415, codons

‘25 155, 167, 178, 193, 194 and 415 have a high degree of
mutational similarity in the AD sequences (see Table 1).
In COX II, hot spots occur especially in the region
between codon 20 and codon 150 and in particular at
codons 20, 22, 68, 71, 74, 90, 95, 110 and 146 (see

30 Table 2). In COX III, codons 64, 76, 92, 121, 131, 148,
241 and 247 appear to be highly variable hot spots.

Mutations cbserved in COX I gene of Alzheimer’s patients
Table 1 below is an example of several mutations and the
35 number of times a given mutation is observed in ten
clones of mitochondrial cytbéhrome ¢ oxidase subunit I
(COX I) gene for each of 44 Aizheimer's patients. The



cloning systens and in any other context. "Immortal" cell |ines denotes
cell |ineswbesner®e so denoted by WO 95/ 26973 PCT/US95/04063

PCT/ US95/ 04063 19 persons of ordinary skill, or are capable of being
passaged preferably an indefinite nunber of times, but not |less than ten
times, wthout significant phenotypical apgeration. "[err] cells" are cells
5 essentially depleted of functional mtochondria and/or mtochondrial DNA,
by any net hod mutaftilorfenrliidtiend o ade ARfmitehert$ capar tetativebudf ehe,

nmedi a, reagen I l.ture condifi t | ke [t o] 10
subcl ass of sﬁ?@,ﬁggl ef?ot&%""%ﬁ%in Sd E[Egi'%éerp#]élssm %\g?ggjﬂ%fs ‘6‘3?1& 8§r ggd to
include all sdkie csidomedumkiesy iigidiqatad ke ddterminedyiskal | in the art
voul d 1.ecogNi ZRrABREIRA 0 Flo 't HA dffed Nrddigi A3 ERaHL AL COREEXT 1N
whi ch that discussion Is presented. For exanple, i1t 1s"15 often possible
to substit® eSdrmenufelths &8 or cul ture medium for another, such that a
different but known way is used to achieve the sane goals as those to which
the use of a suggested nmethod, material or conmposition is directed. 20

Al t hough the cells used in one enbodi nent herein are neurobl astoma cells,
the present invention is not limted to the use of such cells. Cells from
different species (human, nouse, etc.) or different tissues (breast
epithelium colon, neuronal tissue, |ynphocytes, 25 etc.) are al so useful
in the present invention. Segregation of Cytochrone C Oxi dase Mutations
with



M tochondri al Di sease Cytochronme c oxidase (COX) is an inportant term nal
30 conponent of the electron transport chain located in the mtochondria
of eukarywelosgesrs! | s. Cytochronme c oxi dase, al so known as porpisesiodoss of t he
el ectron transport chain, is conposed 2fg4at |east thirteen subunits. At

| east ten of these subunits are encoded by nuclear 35 genes; the renmining

three subunits (I, Il, and Il1l1) are encoded by m tochondrial genes.
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basis of their density. 20 In the present invention, ntDNA from

nor mal i ndiwodisaks3 known Al zheiner's patients, and known di aRel6SosRdesi t US
patients are isolated, cloned and sequenced. As expected, a few

nondel eteri ous and apparently random nutations in each gene including sonme
25 normal genes, are observed. However,25n the AD’and di abetes nellitus
patients, a small nunber of honoplasm c or heteroplasm c nutations at
common sites are nbseelvidencéfiebyhTablei focmotdtisnalOXotulapatis,of he

mut ations occabged {5 819%8%_1&8{5 gt et Pﬁd&ﬂ Ukl 3966l 0ney f(irsae‘,acl294 .

i ndi vi dual . Such nutatio are especlrallTy obsérvéd in't he éxpressed regions
of COX subuni@®d|4Bhd || of the mtDNA. According to the present invention
such nutations in COX genes segregate with, and are apparently 35
sufficient_for, Al zheiner's di sease_and_di abetes I.Llituys. Sporadic AD,

whi ch account¥uFdticms| ebgery og? GPX 2B g&PPeHngléh&lﬁFgﬁ es nellitus
are segregat epfatien€s 95/ 26973

PCT/ US95/ 0406 i t.h heteroplasm ¢ tati.on(s) i he _nt.DNA- enc d COX
cubuni ts, Dot EeBTene dpelRuchS haf FRamBter e BpyPaad; IE oA B e anc
di agnosti ¢ of nithbéri ofrt imes seagtvendmdtabaons isebbseryveds in ten Bl ood
and/or brain SRoRLESoR" i D8ENERAFIasnEy PR LaAkaLCHx HaTeA SUThAT. 1
clinically-classified or autopsy conf|¥ne atients, froma nunber of
docunent ekl agéCP®t Ehkdoerer far seach| a€r thei Adi 5iab&n§en'1shmw%ry of AD

or any sign ofnh&liit&£elogy¥ "PLOEEd for the AD patients are relative to
the published Cambridge sequences for normal human COX
II. The_codon number indicated is determined in a
conventional manner from the open reading frame at the
15 5’'-end of the gene.



26

10 of AD) and from age-mat ched neurodegenerative di sease controls (patients
with Huntington's disease, parasupranuclear palsy, and so forth). Blood
sanpl es \WPE5/2693% obt ai ned from a nunmber of di abet'es nell i PCIS9s/64068 S.
After cloning of cytochrome c oxidase (COX) 15 gene fragnents, the
sequences of nultiple clones from each tient are obtained. Conpilation of
t he sequences are made, aligned, and cgﬁar ed with published Canbridge and-
Genbank sequences (Anderson et al., Nature 290:457-465 (1981)) for known
nor mal human COX genes. 20 The published Canbri dge codi ng sequences are

nunbered as follows: COX | is nucleotides 5964 to 7505, COX Il is
nucl eotides 7646 to 8329, and COX Ill is nucleotides 9267 to 10052. The
corresponding seqguences e punhered as follows according to Anderson's
scheme: [[RpqM2] |8l 29 |nbglleo} | dels| $904] 14 [7h44,] ©PX |1 ] |ils| pidTiept i s} 7846 to
8269, 1&:&l (S| pUqTiepyades |3 Jto 2TV a. T AT} TETSTENCS -
her ei nbgde G‘?Lgﬁ, e PP s = cgle- alé S ROl At
will bel® Ea@lﬂ d byltihose¢ [of | s$Kill | {iln [ he lard itihat [tIhelddrf egponfding 30
sequencks, |slsplidail g R|diff [ ¢rlen} Nuip i nb | ycihemd, | | ndl jufi rig Anderspi’ls,
coul d Il wcTr.i-u. N ULE S R ILLd._iHI, TsSEer oot
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expressed protein. However, a nunber of nutations present result in am no

aci d changeso ¢spebfe correspondi ng protein. | n many instancespefifsos/ndoss
correspondi ng am no acid change nmay also lead to 5 conformational changes

to the COX enzyne. In cytochrone ¢ oxidase subunit 1I, for exanple, the
sequence in AD patients varies fromthe pwrmal sequence in at |east one
base per gene. The data is summarized in Table 2 hereinbel ow. Several of
the 10 recunseevidensediy daddes/ed a@he mitatiohab hesuspots of COX
conformation t i f g§§§ﬂg: : r anpl e, tati ogeof the
nor mal ACC ogge?éé a %gﬁiﬁ%%zlgéa resu Téﬁ?h i&bﬂ?%be7??o%§fhgshorwm
hydr ophi | i ¢ @RPe@&mdnd4€Thr) to a hydrophobic isoleucine (I1le). 15 Changes

of this type in nu¢l QaerAehiatliloHallumde REdd CUlied | spabepieccurring in
hi ghly conserved areas, are known _to disrupt or nodi ,enzg ic activity.
As descri Bed VAR LAQRS) Noted A9e ARvPAIST &W%e%@@%’eﬁ%ﬁ gﬁiﬂﬁenc@ﬁrshom

significant exampliegn altr @dddie 446 ipgoR Seqlenqtontal codbderisef specific
sites, or mutational "hat ots. . Noreover, .th s;geperally fal
within parti SP’ﬁlé‘&'or??‘%fﬁé“é%i%ﬁ‘é‘@aﬁln&f{e&%‘?ﬁ&i%gog‘gé%%s (510
codons) of C@X5| inad@X 1 padeiscfloar alandgwn cddorpesbtiomild45incddBns 25
155, 167, 178, , el 63§§ ponal simlarity
in the AD se%ﬁe%%%sa%gégﬁggb?%éﬁﬁaﬁﬁﬁgggkgFﬁ, o?ﬁe d?ggég%%g especially in
the regi 88 bapkEes1yodydrophold cd@Weirsn aldese pipestiiarmatatsamss 20,
22, 68, 71, &b n3@ oYeurl HandvhilAGdESearadhotlabbferVed 1M A6PmAllorcodons

64, 76, 92, 121, 131, 148, 241 and 247 .appear tq be hjghly, varjable hot
spots. Mt at PEHEC Hgérc\?gdpiaﬁ"'e@%sl “é’b‘r?é’ Kf%g'f%? %P%é%q‘%ﬁ'ssTabl el
bel ow i s an @iseplse.of several nutations and the

Table 3 below demonstrates the use of the above

15 mutational hot spots in the diagnosis of Alzheimer’s
disease. For each patient in Table 3, the presence of a
mutation at each of codons 155, 167, 178, 193, 194 and
415 of COX I, and each of codons 20, 22, 68, 71, 74, 95,
110 and 146 of COX II is indicated by a shaded box.

20 Blood samples are obtained and DNA isolated from a
number of living subjects that are either clinically-
classified AD patients ("Blood/AD") or documented age-
matched 'normals’ (elderly individuals with no family
history of AD or any sign of clinical symptoms of AD)

25 {("Blood/Control"). Of the clinically-classified AD
patients ("Blood/AD"), 61% (22 out of 36) have mutations
at one or more of the above hot spots. 36% (13 out of
36) contain no mutations. However, as noted above, the
diagnosis of probable Alzheimer’s disease is presently

30 limited to clinical observation, with definitive
analysis accomplished only by pathological examination
at autopsy. Moreover, of living patients presently
diagnosed as having AD by clinical observation only
about 70 to 80% are confirmed to have AD upon autopsy.

35 Tierney, M.C. et al., Neurology 38:359-364 (1988). The
remaining 20 to 30% are incorrectly diagnosed as having
AD, while they actually have another condition such as



35 nunber of tinmes a given nutation is observed in ten clones of
m tochondrial cytochronme c¢ oxidase subunit | (COX I) gene for each of 44

Al zhei nerwe 98/26978nt s. The WD 95/ 26973 PCT/US95/04063
PCT/ US95/ 04063 23 nutations listed for the AD patients are relative to the
publ i shed Canbri dge sequences for normal human COX |. The codon nunber

indicated is determned in a conventi o@8 manner fromthe open reading
frame at the 5 5'-end of the %MS WO _95/ 26973 )
2 4 senile dementia gpwyoBady VeplietyzeBigk’s

PCTf US95504§§§e£§eAsp£faéi§9§&du@yeé[ﬁ bb&ldy, "Hhat sengbrbal SpBLS, OfltCOXI in
AD patients, are codon 94 apd 415._ 5. M
observed i nt®XP % 1B?tA@kﬂb$ﬂ%§1§aﬁﬁtPﬁﬁ?gngﬁgFe°§ E@Fo%& n exanpl e
of several meplesnSaheﬂ fhamnhﬂbfngoélinmealmygclass&ﬁﬁedlQD is observed
gone' 1 or® odeREoTtheTRh MG ch o BORLPFTSr 08 ABY | HAMBR, &l 104 (57 i he
AD patlentscqm%raEYaxeﬂeltolsh@apaglfgheGOESQGnldge sequences for normal
human COX Of the living documented age-matched normals
(Blood/Control) only 1 out of 14 (7%) had a single hot
spot mutation;_ Moreover, it is noted that this
10 individual is 65 years old and may yet develop symptoms
of AD. |
Brain samples are also harvested and DNA isolated
from a number of deceased patients that are confirmed to
have AD upon patholdgical examination at autopsy
15 ("Brain/AD") or deceased documented age matched
 'normals’ (elderly individuals with no family history of
AD, no sign of clinical symptoms of AD during life, and
no sign of AD upon pathological examination at autopsy)
(*Brain/Control"). Brain samples are also harvested and
20 DNA isoclated from a number of deceased patients that are
diagnosed upon autopsy to have other degenerative
neurologic disorders selected from Huntington'’s disease
("Brain/Hb"), non-specific degenerative disease
("Brain/NSD"), parasupranuclear palsy ("Brain/PSP"),
25 Pick’s disease (Brain/Picks"), Hallervorden Spatz
| ("Brain/HSP"\ diffuse Lewy body disease ("Brain/DLBD"),
atypical tangles ("Brain/AT"), argyrophylllc grains
("Brain/AG"), senile dementla of the Lewy body variety
(*Brain/LBV")
30 Results from the DNA isolated from brain samples
clearly illustrate the specificity of the diagnostic
technique of the present invention. Of the brain
samples taken from individuals with pathologically
confirmed AD,'83%_(10'or 12) contained one or more hot
35 spot mutations. Of the two remaining individuals (BA
and DE), BA demonstrated mutations at COX I codons 170
and 276 and COX II codon 26, while DE demonstrated



1. The codon nunber indicated is determned in a conventional manner from
t he open rWORS§9Brane at the 15 5' -end of the gene. WO IBCTESISA4063

PCT/ US95/ 04063 26 [err] WD 95/ 26973

PCT/ US95/ 04063 2 7 As evidenced by Table 2, the nutational hot spots of COX
Il in AD patients are codons 20, 22, 68, 291, 74, 90, 95, 110 and 146. At
each nmutational hot spot, the speC|f| c 5 vari atl ons noted in AD patients

appear uni vemMALLONS, Ate GO%) T CQdO o 3G FOX GEK $odeRe%fer nal codon i s
t hr eoni ne; ea@t&fdmglej,AB. IBQEDERIYES td §RE@AA44S hBoWEX1kseodes

for al ani ne. Si t| the aronptjic phenyl al apni ne codon
repl aces theo%}% érrbﬁ‘?gg?sfte'uc‘?% 'leéesf)%%ltf‘?’é H’ﬁaati ons do
not occur raﬁdmrh;almd aa:ree foaind ixereant a in newclnl motatnkonsl ogi cal patients

whi ch do ot haveﬂ zatag ;qi%dt %éettq'fee ?"ﬁl'fdd}apglﬂé«'% ﬁ?ﬁﬁgt es the use

of the abdve mut at’1 on I agnosi s o eimer's
di sease. For n@amwlmmcemaqrdm,e @ly he of snbEldr eonteinednaat each of

codons 155, 1l64g %7%:utja%%or;194 ﬁﬁ% Allﬁxpéuc@.{eé c1dd @ﬁshds?sgﬁeg%S o£0, 22,
68, 71, 74, 95, "110 and I's indcated a shade :
the present :anentlon J.s specific to AD Moreover,

pathologists involved with the autopsy of one of the two
10 individuals (SC) are unable to definitively clearly
differentiate the dementia with argyrophyllic grains
from AD. Finally, one cannot rule out the possibility
that the other individual (KI) would have manifested
symptoms of AD if the individual had not succumbed to
15 Para-Supranuclear Palsy.



20 - Blood sanples are obtained and DNA isol ated froma nunber of
living subjects that are either clinically- classified AD patients :

(" Bl ood/wdy3r26973 docunment ed age- matched 'nornmals' (el der | PCT/REISNMBEIal s with
no famly history of AD or any sign of clinical synptons of AD) 25

("Blood/ Control ™). O the clinicall y-s’lﬂssi fied AD patients ("Bl ood/ AD"),
61% (22 out of 36) have nutations at one or nore of the above hot spots.
36% (13 out of 36) contain no nutations. However, as noted above, the

di agnosi s of probabl’e Al zheinmer's disease is presently 30 limted to
clinical observation, with definitive analysis acconplished only by

pat hol ogi cal exam nation at autopsy. Mreover, of living patients presently

di agnoge GVCTTg 78 -t atobservatTomonty—=about 73_‘(?—%?@ &€ ,
confi vlg. AD autopisy. 35 Tierney, MC. et al., MNeuwrolpgy . . .
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of AD. Brain sanples are also harvested and DNA isol ated froma nunber of
deceased weobwrd®3 that are confirmed to have AD upon pat hol B§FE$S04063
exam nation at autopsy 15 ("Brain/AD') or deceased docunented age natched
‘normal s' (elderly individuals with no famly history of AD, no sign of
clinical synptons of AD during life, and np si gn of AD upon pat hol ogi cal
exam nation at autopsy) ("Brain/Control ; Brain sanples are al so harvested
and 20 DNA isolated froma nunber of deceased patients that are di agnosed
upon autopsy to have ot her degenerative neurol ogic disorders selected from
Huntington's di sease ("Brain/HD"), non-specific degenerative di sease

("Brain/ NSD"),@[J SURLgEucTear pal sy ( Bral N7 PSP ), 25 PICK 5 ai sease
(Brain/Picks")¥ 3451 e|>Vi iden : Spatz ("Brain/HSP"), diffuse Lewy'body disedase
("Brain/ DLBD' . wpug_q tangtes—(Brairn/ AT, argyropnytiic: grarns
("Brain/ AG'"), @ntxl a of the Lewy body variety (° Btal nf LBV'). 30
Results from ated—fronrborar T sanptres ttearty Tt ustTate t1he
specificity of-—t.ilg di @%stlc technl que of the pr esent |nvenf|pn O the
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WD 95/ 26973

PCT/ US95/ GgB@sneds[ err| WD 95/ 26973 PCT/US95/04063

PCT/ US95/ 04063 34 The invention also includes the i soI ated nucl eoti de
sequences which correspond to or are 033)1 enentary to portions of

m tochondri al cytochrone c oxi dase gen whi ch contain gene nutations that
correlate with the 5 presence of Al zheiner's disease or diabetes nellitus.
The isol ated nucl eoti de sequences which contain gene nutations include COX
| nucl eotides 5964 to 7505, COX Il nucleotides 7646 to 8329 and COX I
nucl eotides 9267 to 10052. 10 Diagnostic Detection of diseases of

M tochondrial Oigin: Acco , base changes in
the mtochondrial COX gene ad , dgtected and used as |15 a diagnostic for
di seases of mtochondrial pgtgHi—suegh—as—Alzherrer—s—dHsease and di abetes
mellitus. A variety of tecpsi avai | abl e for isollati ng DNA and RNA
and for detecting nutation — _ H-06 gl COX genes. 20
A nunber of sanple preparaj bﬁi'(-'get @ are avail able for] isolating DNA and
RNA from patient blood sam ELT- m a bl ood sanple is
obtai ned by cell lysis fol gyﬁdgi algdEi treatnent..
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Oten, there are nmultiple copies of RNA nessage per DNA. 25 Accordingly, it
I's useful fromthe standpoint of detection sensitivity to have a sanple

pr epar at Weh9§R69130col whi ch isol ates both forns of nucl ei ¢ RIS95H4063

nucl eic acid may be isol ated by guani di um i sot hi ocyanat e/ phenol - chl or of or m
extraction, or by 30 proteinase K/ phenol-chloroformtreatnment. Comrercially
avai | abl e sanpl e preparati on net hods s¥h as those from Q agen Inc.
(Chatsworth, CA) can also be utilized.. As discussed nore fully hereinbel ow,

nut ati ons can b&hgetiaMeation ALsq dncdudas whe igrlaredoreclepkided 35

probes conts@qgie&@e@omi@m@_oh@fsﬁdm M8 ¥y Uie cAnFreddAOLPpndsi al
di seases can be heterogggsnif Qs essgg£ﬁxnh the nufation and the nornm
sequence) gortlﬂBsggﬁz fochondrial cy rome C oxidase genes

PCT/ US95104@63h3 Tomtain igenes emuratieons qimt idatrelatreagitle iependi ng on
t he detecti t ho f ter \Ny.h8. . i by .conparing the
anount gf ?%g%ﬁgﬁéér% %&@%%gﬁfr@%ﬁ?t%%é%%ééﬂ o%i]tsh%u%brnnl or
- wi | d-type Fher diselatedanusilecsiide: seguanees athidth eontatingend ul |y
her ei nbel o i3 ' : {4 iqﬂﬁxi t he
m tochondr%t%%@%%@%i@ggiﬁg%gﬁiﬁdc utgbe?%?r' exanpl e,
cl oni ng an@%@?&ﬁéﬁ?g?sf@ [tioy $32%h 3 Q% Frik Imptlenisides 9267 tie
pol ynmer ase 1@lp&i2n reacti on and vari ations thereof, use of single nucleotide

prineri ui ded extension assays, hybridization techniques using
peci fic oligonucl eotides and sandw ch hybri di zati on net hods.

target-
Diagnostic Detection of diseases of Mitochondrial
Origin: {
According to the present invention, base changes in '

the mitochondrial COX genes can be detected and used as

15 a diagnostic for diseases of mitochondrial origin, such
as Alzheimer’'s disease and diabetes mellitus. A variety
of techniques are available for isolating DNA and RNA
and for detecting mutations in the isolated
mitochondrial COX genes.

20 A number of sample preparation methods are
available for isolating DNA and RNA from paﬁient blood
samples. For example, the DNA from a blood sample is
obtained by cell lysis following alkali treatment.
Often, there are multiple copies of RNA message per DNA.
25 Accordingly, it is useful from the standpoint of

detection sensitivity to have a sample preparation
protocol which isolates both forms of nucleic acid.
Total nucleic acid may be isolated by guanidium:
isothiocyanate/phenol-chloroform extraction, or by
30 proteinase K/phenol-dhlordform treatment. Commercially
available sample'preparé:ion methods such as those from
Qiagen Inc. (Chatsworth, CA) can also be utilized.
As discussed more fully hereinbelow, mutations can
be detected by hybridization with one or more labelled
35 probes containing complements of the mutations. Since
mitochondrial diseases éan be heteroplasmic (possessing
both the mutation and the normal sequence) a



15 Cl oni ng and sequenci ng of the COX genes can serve to detect

mut at i ons Wo 9s2s9%nt sanpl es. Sequenci ng can be carried out PCTAS5/04063
comerci ally avail abl e aut onat ed sequencers utilizing fluorescently

| abel l ed priners. An alternate sequencing strategy is the "sequencing by 20
hybri di zati on" met hod usi ng hi gh density3®ligonucleotide arrays on silicon
chi ps (Fodor et al., Nature 364:555-556 (1993); Pease et al., Proc. Natl.
Acad. Sci. USAan8itstie5026 serdoduarkdtaindarg|neasixer tdependingadnl | ed
target nucl ei6oagktenenehAhtinag) A ST dxasm &, aoph ifLcation of the

target genes Uusing uorescent Yy labelled priners, are h dlzed with a
chi p cont ai npﬁﬁa&r@ byt comparisg fheuamesintyat \wianabr re8fons of

conpl ement ar mhyankt brobe e ¢dle FR@URIC Eroh e e Sutbithdly Sy bki T zeyHen
patterns are 30 usetul for reassenbling the original target DNA sequence.

Mut at i onaP aR¥ 9§|s can al so be carried out by nmethods based on |igation of
ol i gonucl eot i de saquardiesywaifc it emhndaiuesynead aioussidomote t fukhgh ot her

35 g 60- 569
(l989); LandfsrearodioW. cars Beh;lable, 3ok Mlediome W\ Siedifty 2
Proc. Natl. mosatisps. in ther miitechondsdad 0K qeresd) ; m@amtetstwmr oc.
Natl. Acad. §etho§§ iﬁ%ﬁ%@ (%%Qi)e&au@wsenr&%g{ hd WedEdtc fhg achment

occurs only wh t nucleo i des,"are corr base- pai red. The Ligase
Chai n Re&etléﬁgeEERP °@h ﬁﬂﬁé?eﬁhe‘Fﬁ%ﬁ%% Q&HEP hAee¥2sRse for
target chain reactlon and variations thereof, use of single

nucleotide primer-guided extension assays, hybridization
techniques using target-specific oligonucleotides and
sandwich hybridization methods.

15 Cloning and sequencing of the COX genes can serve
to detect mutations in patient samples. Sequencing can
be carried out with commercially available automated
sequencers utilizing fluorescently labelled primers. An
alternate sequencing strategy is the "sequencing by

20 hybridization” method using high density oligonucleotide
arrays on silicon chips (Fodor et al., Nature
364:555-556 (1993); Pease et al., Proc. Natl. Acad, Sci.
UsSA, 91:5022-5026 (1994). For example,
fluorescently-labelled target nucleic acid generated,

25 for example from PCR amplification of the target genes
using fluorescently labelled primers, are hybridized
with a chip containing a set of short oligonucleotides
which probe regions of complementarily with the target
sequence. The resulting hybridization patterns are

30 useful for reassembling the original target DNA
sequence.

Mutational analysis can also be carried out by
methods based on ligation of oligonucleotide sequences
which anneal immediately adjacent to each other on a

35 target DNA or RNA molecule (Wu and Wallace, Genomics
4:560-569 (1989); Landren et al., Sgience 241:1077-1080

(1988) ; Nickerson et al., Proc. Natl. Acad. Sci.



g%ﬁrgfég SRENji s pﬂnistSheeuHﬁrﬂeghu iedeltl for interrogating nutation |oci.
e

e e dre CtIO permt the ligation reaction to be
conduct ew gh !"L rany, F., PCR Methods apgraiesbdessi ons 10
1:5-16 (1991)). AnaIyS|s 0 nutations in DNA can al so be carried out
by using the pol ynerase chaln reaction (PCR) and vari ations thereof.

M smat ches can be detected by conpetitig/e oligonucl eotide primng under

hybri di zati on 15 conditi ons where binding of the perfectly matched priner
is favoreds¢csbR3-852al (19bi0tl;. BArady, Res PYOR4ANELAAAA(ED8BAL. I n the
anplificatggn f t atipn . syst el ( ) are
desi gned tgghéég %ggf gi¥9%g§ g,ggggﬁ gr%%s@ \?\il‘l"t(%'ha %t%é%ﬁ%es ei t her
i nt er nal zoccurSapnimeWEenrébﬁdeéleNéwpéﬁqg;dﬂs anngornanuiy' Res.

17:2503- 25h8561889)2d. Un@sé apgaaB' t:ﬁhancwé@ctﬂl%ﬁ ()Y, thaderfectly
anneal ed oI| nucleo unctio rinmer for the PCR reaction, thus

provi di Ag ¥t Pﬁ@ﬁ Bi‘edFQEFf“ﬁFﬁégiSnTﬁgt IgRs%o o taRPetut ant sequences.
25 Camplyficgtdonl yisspattibalaplyjasefulafor dnterrerfatiafy out using

singl e nucle p r-g e mhere the specific
|ncgrporatwgg;EgSPhg°§grre?bgbgégvgggg %Fa%%§%§ytt %q%kﬂlty of the
DNA pol ynepesaitSytheechigatibn, réan&mpnsta @@40@M§u§uﬁﬁnwlﬁh)Hﬁghnwwﬁny et
al., Proc. d. A : 3 )) Angt her pri ner
ext ensi on gé?%hgem%? (B§??nxé ? %§ guantrrrcar "OT - et e f?lasny by

si mul t AReodisPy Bnt@PPaYdti ng both wil d-type and nutant nucl eoti des, is

di scl osed in comaam?sma Hf%oﬁﬂteﬂhta@abh@atlwmﬁ@@aai Mo 3 08/ 410, 658,

filed on March,?2 gQg entltleg " Etlplexed ri;ner Extension Met hods”
and [err] carrie ¥ using the polymerase chain reaction (PCR)

and variations thereof. Mlsmatches can be detected by
competitive oligonucleotide priming under hybridization

15 conditions where bihding of the perfectly matched primer
is favored (Gibbs et al., Nucl. Acids. Res. 17:2437-2448
(1989)). In the amplification refractory mutation
system technique (ARMS), primers are desigﬁed to have
perfect matches or mismatches with target sequences

20 either internal or at the 3’ residue (Newton et al.,
Nucl. Acids. Res. 17:2503-2516 (1989)). Under
appropriate conditions, only the perfectly annealed
oligonucleotide functions as a primer for the PCR
reaction, thus providing a method of discrimination

25 between normal and mutant sequences.

Genotyping analysis of the COX genes can also be
carried out using single nucleotide primer-guided
extension assays, where the specific ihcorpofation of
the correct base is provided by the high fidelity of the

30 DNA polymerase (Syvanen et al., Genomics 8:684-692
(1990) ; Kuppuswamy et al., Proc., Natl. Acad. Sci. U.S.A,
88:1143-1147 (1991)). Another pfimer extension assay,
which allows for the quantification of heteroplasmy by
simultaneously interrogating both wild-type and mutant

35 nucleotides, is disclosed in co-pending U.S. patent
application Serial No. ___ , filed on March 24, 1995,
‘entitled "Multiplexed Primer Extension Methods" and
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nam ng Eoi WORSBFI®BNd Sounitra Ghosh as inventors, the discl oror/essafoswdsi ch
is hereby incorporated by reference. Detection of single base nmutations in
target nucleic acids can be conveniently acconplished by 5 differenti al
hybri di zati on techni ques using target-sp2&eific oligonucleotides (Suggs et
al., Proc. Natl. Acad. Sci. 78:6613-6617 (1981); Conner et al., Proc. Natl.
Acad. Sci. StaRiism i Fedly, aS4l Soumitata Ghysit as\athvenwods, Sthe

86: 6230- 6234 4; : t4ﬂggi§g | S basi s
of the hi ghefilt%%g%r{%rafbi%ﬁl?;éorﬂfg ?Iheefgﬂﬁelfflect |y rrlgat%%%gi&or%%fegpgéegbnpar ed
to the mi smat ched Dgt&sEdonTiE Bingle Rase MBI IvhsiBalAEIetarried out in

iSfi I ter- bfllsé\ricfl%ﬁﬁéﬁfaci:d% \WairC Ibet fb%dvfﬁr@.%nﬂmaﬁb gﬁ®tﬁ;€if§h@d%' mm_bidl i zed on
nitroc ul.qse or nyl.o .anes. and pr.obed with ol igonucl eotide
probes. ARy GF%%ﬁgePﬁéﬁﬁ %ﬁﬁ%ﬁﬁ%ﬁﬁ'%ﬂ?f THRAIURS Y ¥ ed, i ncl uding

Sout her n bl otargeiteispelcitfic '‘oldyeamelabitidesot Sugyd udt aanl hybPrdézat i on

sol id suppor se dw_ch ) iz gt d.on, -b 0 sil{con

chi p- based arN R Aca g p¥g§§§€F%§%¢fdPZa i’oh Torha §?éAéiéfternative
strategy i nv@Exn @tdet | Scia @O% 2FEr@8Dy( MWW oFriKbredi 2kt i on
methods. |n ehice Siatlconcaldlc sBilave A didahd Ypmdapy mlgot arget 25
nucl ei ¢ aci ds  are_separat edg 1rom non- honol ogous RNA usi ng a comon
capture 8Pi g&¥3EPeGy | FULAHORS Bred HRIAF[T PB U

DS e el IAGARCN

Rasify Hfete’®ed by
speci fic ol i gaghereehedmal RabildagebMitHe pfdally ahetchedhereBesur e
oligonucleotggeio%%gr%% @@“ﬁﬂé H@%&a'&ﬂgénﬂ¥égéé%rﬂfﬁéahybridization
reactions may be carried out in a filter-based format,
in which the target nucleic acids are immobilized on
15 nitrocellulose or nylon membranes and probed with
oligonucleotide probes. Any of the known hybridization
formats may be used, including Southern blots, slot
blots, "reverse" dot blots, solution hybridization,
solid support based sandwich hybridization, bead-based,
20 silicon chip-based and microtiter well-based
hybridization formats.
‘An alternative strategy involves detection of the
COX genes by sandwich hybridization methods. 1In this
strategy, the mutant and wild-type (normal) target
25 nucleic acids are separated from non-homologous DNA/RNA
using a common capture oligonucleotide immobilized on a
solid support and detected by specific oligonucleotide
probes tagged with reporter labels. The capture
oligonucleotides can be immobilized on microtitre plate
30 wells or on beads (Gingeras et al., J. Infect. Dis.
164:1066-1074 (1991); Richman et al., Proc. Natl. Acad.
Sci. 88:11241-11245 (1991)). '
While radio-isotopic labeled detection
oligonucleotide probes are highly sensitive,
35 non-isotopic labels are preferred due to concerns about
handling and disposal of radiocactivity. A number of
strategies are available for detecting target nucleic



30 wells or on beads (G ngeras et al., J. Infect. Dis. 164:1066-1074
(1991); Richman et al., Proc. Natl. Acad. Sci. 88:11241-11245 (1991)).
Wil e radi o-isotopic | abel ed detection oligonucl eotide. probes are highly
sensiti vBO98SH3n-i sotopic | abels are preferred due to cof&& t
handl i ng and di sposal of radioactivity.- A nunber of strategies are

avail abl e for detecting target nucleic WO 95/ 26973

PCT/ US95/ 04063 38 aci ds by non-isotopi%sneans-(whtthews et al., Anal.

Bi ochem, 169:.1-25 (11988)) . The non-is i et ection h may be direct
or indirecBSiffe Vngﬂopé&goﬁé’ipé'& SR 8‘&%&5%%’%&% r% 1% 5 the

ol i gonucl e@iicgthem.oba 6i9s 1c@5al (A98i8) )| .abdhee chanitisatdpixt etetectigmnd such
as digoxig%gkgohPHQ&.g% i Yl cﬁowﬂayfgk he hybridization step, the
target - probe dupl ex'is detected by an antibody- or streptavidin-enzyme
conpl ex. Enzymg‘h@omﬁwy%wqwtﬂ@n BRIy ids gene bl horheradi sh

per oxi dase +3ad Akkpinuea ePtaTR Prave i@ @dAldmillAr dvei Iestwieh hwd, the
Geni us[err] detection system (Boehringer .Mannhei s especially useful for
nut at i onal ]héﬁ’&ﬁ%@ walil 'ﬁ(?né}'l%ﬁx’@@’jbn .éyl'ﬁ?§ HfF+Ret et hod
uses 15 di Felilowing the! hybrddifzat ildre stepporuin andrget {prdlse and i s
D root  det SUBLSR it SIS R Y. 3, YT IR opor -l aber ed o
ol i gonucl esttirgéptaviigimrenzyme? Conipdlex c - |IBEngymes «ommonky assédiein or
10 DNA diagnostics are horseradish peroxidase and alkaline
phosphatase. One particular indirect method, the _
Genius™ detection system (Boehringer Mannheim) is |
especially useful for mutational analysis of the
mitochondrial COX genes. This indirect method uses
15 digoxigenin as the tag for the oligonucleotide probe and
is detected by an anti-digoxigenin-antibody-alkaline
phosphatase conjugate.
Direct detection methods.inciude the use of
fluorophor-labeled oligonucleotides, lanthanide
20 chelate-labeled oligonucleotides or
oligonucleotide-enzyme conjugates. Examples of
fluorophor labels are fluorescein, rhodamine and
phthalocyanine dyes. Examples of lanthanide chelates
include complexes of Eu** and Tb*. Directly labeled
25 oligonucleotide-enzyme conjﬁgates are preferred for
detecting point mutations when using target-specific
oligonucleotides as they provide'very high sensitivities
of detection.
Oligonucleotide-enzyme conjugates can be prepared

30 by a number of methods (Jablonski et al., Nucl. Acids
Reg., 14:6115-6128 (1986); Li et al., Nggl. Acids Res.
15:5275-5287 (1987); Ghosh et al., Bioconjugate Qhem= 1:

71-76 (1990)), and alkaline phosphatése is the enzyme of
choice for obtaining high sensitivities of detection.

35 The detection of target nucleic acids using these
conjugates can be carried out by filter hybridization



ol i gonucl eoti de-enzynme conj ugates. Exanpl es of fluorophor |abels are

fl uor esceiwo 9s/pgddm M ne and pht hal ocyani ne dyes. Exanpl es of PCIAISHSOH06E
chel ates i nclude conpl exes of [err] and [err]. Directly | abeled 25

ol i gonucl eoti de-enzynme conjugates are preferred for detecting point

nut ati ons when using target-specific ol i3gonucl eotides as they provide very
high sensitivities of detection. Oigonucleotide-enzyne conju ates can be
prepared 30 hgthodsinberbpfbeadrbased)adndwikh bybaiidizafdion Adishdiires.

14: 6115- 6128, 1986) i cLns A6L0S 4RES - 435: (5_%‘95)5287 (1987); Ghosh
, Bi oconj Uga e—%%%ﬁélgé—sﬁbgg—rjgg%§‘ alin osphag ase
the enzyme of choPeeesbionhefi hhagPRPEA 48 §FtWMP@sW°&E’B@c¥’F§1 X%SI §I'he

detection ofyfhargsi1owchg E%ﬁbééhéﬁl Ngrbieraddedjsegaipes c deterttian | ed out
by filter_hybridization

PCT/ US95/ 94063 BY ﬁ%%ﬂﬁa§189r69g3eaﬁchEé&1§§ﬁ8ﬁ¢59W$ﬁ&n%m%ﬁuuon (1shii et
al ., Bioconipeesphéheiinagingsd: SRelhbpes) pr béoedni dabeflst.,he probe | abe

may be acco shed by h PRL.O ry+k t
detection 5n$§£%§€éﬂ?or%d%%ggagﬁgﬁﬂ ?n?E ?g??§ﬁa§gﬁﬁf?ﬂtﬂgﬁpSﬁg§§hor
i magi ng. ForthQIEQroenbymelﬁuChbé$sh°€§?§é§P§h Pergdidags iFody or

streptavidi ny pesgnt op pRoLEAREABE  CHRLER $4CRhen detedstad Py per oxi dase or
al kal i ne hosphatase I s_t e detec ed b ti For
f1 uor oph:b$ oPNFYRRRAA| HEaRAel aF@rI bEPEOPRPE P svj:lér‘?[ %’é‘% %}?g%a‘tfe
measur ed w thasees] r eiligeesaeher sighhllsomay beotieasured edahved node
spectrofluorimeters with or without time-resolved mode
or using automated microtitre plate readers. With
enzyme labels, detection is by color or dye deposition
15 (p-nitrophenyl phosphate or S5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium for alkaline phosphatase
and 3,3’-diaminobenzidine-NiCl, for horseradish
peroxidase), fluorescence (e.g. 4-methyl umbelliferyl
phosphate for alkaline phosphatase) or chemiluminescence
20 (the alkaline phosphatase dioxetane substrates LumiPhos
530 from Lumigen Inc., Detroit MI or AMPPD and CSPD from
Tropix, Inc.). Chemiluminescent detection may be
carried out with X-ray or polaroid film or by using
single photon counting luminometers. This is the
25 preferred detection format for alkaline phosphatase
labelled pxrobes.

The oligonucleotide probes for detection preferably
range in size between 10 and 100 bases, more preferably
between 15 and 30 bases in length. Examples of such

30 nucleotide probes are found below in Tables 4 and 5.
Tables 4 and 5 »—ovide representative sequences of
probes for deteccing AD mutations in COX genes and
representative antisense sequences. In order to obtain
the required target discrimination using the detection

35 oligonucleotide probes, the hybridization reactions are
preferably run between 20°C and 60°C, and more
preferably between 30°C and 55°C. As known to those



or using automated mcrotitre plate readers. Wth enzyne | abels, detection
is by color or dye deposition 15 (p-nitrophenyl phosphate or '
5- br ono- W@ ps/269%3 3- i ndol yl phosphate/ nitroblue tetrazoli Uniéﬂﬁss%}okﬁdgi ne
phosphat ase and 3, 3" -di am nobenzidine-[err] for horseradi sh peroxidase),
fluorescence (e.g. 4-nethyl unbelliferyl phosphate for alkaline

phosphat ase) or chem | um nescence 20 @bhe al kal i ne phosphat ase di oxet ane
substrates Lum Phos 530 from Lumigen Inc., Detroit M or AMPPD and CSPD
from Tropi xekikked imrkhe |amt nceprimaliedbscirbminayiba batweed out with

X-ray or p ik T4 ' i d p C Eng4l Wm noneters.
This is t héﬁ%ﬁ% e?%ﬁrg%s‘g%%%%?%‘%%ng? ?g}r‘og? kg#?%!éﬂ%ﬁog hat ase

| abel | ed prRARARUHHERY | (i fSMRRT TR (wod/ 9B sabt cepnoanprationsl y range
in size betoweindlusivh 6P fmreinide’n PERé esebl NgbrEWegRshasand 30 bases
in length. Exanples of such 30 nucleotide probes are found bel ow in Tabl es
4 and 5. Tables 4 and 5 --ovide representative sequences of probes for
detecting AD nutations in COX genes and representative anti sense sequences.
In order to obtain the required target discrimnation using the detection
35 oligonucl eotide probes, the hybridization reactions are preferably run
between [err] and [err], and nore preferably between [err] and [err]. As
known to those WD 95/ 26973

PCT/ US95/ 04063 40 skilled in the art, optinmal discrimnation between
perfect and m smat ched dupl exes can be obtained by manipul ating the
tenperature and/or salt concentrations



or inclusion of formam de in the stringency washes. WO 95/ 26973

PCT/ US95/ OWE6es/26973] er r | WD 95/ 26973 PCT/US95/04063

PCT/ US95/ 04063 42 [err] WD 95/ 26973

PCT/ US95/ 04063 43 As an alternative to detection of nmutations in the
nucl ei c acids associated with the COX ggngs, it is also possible to analyze
the protein products of the COX genes. In particular, point nutations in
cytochrone ¢ 5 oxidase subunits 1 and 2 are expected to alter the structure
of the proteins for mhlch these gene encode. These altered proteins
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nonocl onal antlbodlei QJH apred Gl sslok gﬁe 10
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- by expressing regions of the mtochondrial genone containing point

mut ati ons. More particularly, as discussed, for exanple, in PCT/US93/ 10072,
vari ant Y¥PPHe8973 des from point 20 nutations in cytochr onePCT/HRIHES
subunits 1 and 2 can be used to immr};ie an ani mal for the production of

pol ycl onal antiserum For exanple, a®™®conbinantly produced fragnent of a
vari ant pol ypeptide can be injected into a nouse along wth an adjuvant so
as to 25 generate an i mmune response. Mirine inmunogl obulins which bind the
reconbi nant fragnent with a binding affinity of at least 1 x 107 [err] can
be harvested fr9n1tnq‘|rny ; ea S br ) may be further
purified by afflﬁﬁ%[t 'a el &) deli ti onal |y, spl een
cells are harvegied D )

bank of anti body-seq
screened for cl gnes
reconbi nantly pgodug
[err].Mre specifica
vari ant pol ypepyideq
PCT/ US95/ 04063 Wi
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S’ - ATATTOATAATTGTTGTAGATGAAATTG-3 ¢

S* -CGTTTGGTATTGGGTTATGGC-3°
5 -TGAAAGGTGATANGCTCTTCTATGA-3* -

¢ -mm'tmnm'nucm- 3

5 -m-mmﬁmmmm-i'

5’ -CGTAGTCGGTGTACTCGTAGGTT-3

S¢ - TTTGATGGTAAGGGAGGGATC- 3°

S* ~-GGAGAMITAGGETACTGTATT -3’
5’ -GGCGATGACCACTAGGATGAT-3’

$° -CTAGGATGATGGCGGGCA-3

$* -GATAGGAGAAGT!
5’ -GGCGOGCAGGATAGTTCA-3"

Antisense Probes -- DNA ang RNA detection of sense sme :
WILD-TYPR
$?! ~GATAGAGGAGACACCTGCTAGGT=3*
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formed froma variety of different polynucleotides (genom c or cDNA, RNA,
synt het i cWE195@6%3c| eot i des, etc.) as well as by a variety obPcTiUSSsmaest

t echni ques. 10 The DNA'sequences can be expressed in hosts after the
sequences have been operably linked to (i.e., positioned to ensure the
functioning of) an expression control sdguence. These expression vectors
are typically replicable in the host organisns either as 15 epi sones or as

an integral part ¥ ¥Mmeahee¥nehi¥AoSOndrFteRAloNCHF ARt ions dasitdie vect or s
can contai n setP&id Odcids k@sSotLatied WRthethebadRd geelsSt HACUE i

i st h i i St t it t ti d/ | ti
0t hoco. cel PRevRFEYE Tans Ty es PRE) nbSrPEh DroBRkt e fioh s COR,r ther O
detai |l s can denésundinnpakrSic®harpt pdibnt4mifdrions Ral wytaodniomdes encodi ng
a variantspxgﬁggggéd g@gi£€ciu%ﬁdsgqgggggﬁgéggggf%%iIi%@&etEkgnscription
S |

(expression sequences) and translation : Seduences such
that the enceercturspebttiie proteinsi fopr whichdthesesgenet iemeaste .such

pol ynucl eot ifigssd SaVEdted éiné h?vé‘fiangofaoﬁ?lﬁ%lt‘ideél)'cQa@%um eoti des

can include a pronoter, a transcription terninaiion site (paly nyl ation
site in eukaﬁ%éi?%ﬁ%x%ﬁ%é%?%ﬂ F3spE§Paxe 3ankiggtandng AgPRGisrad, and,
optional ly, stitvdbdiesrctift specipicakdyyaetaecexphesprodudest of ahd

o okaryatd ¢ REHEE Feft 38 ot FooFS, oF BrRRBCERRe b fhoiag -6k Behe ©
present invegenems. Mutrted geme ghrodubbstalsai tabl bef uaseds&o ncl ude
baci 111, SUCHun BACT drh5a B4 DS Ushe 3008 0EE o6 b8 BBGLELHIe2e: such as
al nonel l a, Serrati1a, and various PSseudononas
antibodies. Recombinantly produced peptides can also be
used to generate polyclonal antibodies. These peptides

15 may represent small fragments of gene products produced
by expressing regions of the mitochondrial genome
containing point mutations.

More particularly, as discussed, for example, in
PCT/US93/10072, variant polypeptides from point

20 mutations in cytochrome ¢ oxidase subunits 1 and 2 can
be used to immunize an animal for the production of
polyclonal antiserum. For example, a recombinantly
produced fragment of a variant polypeptide can be
injected into a mouse along with an adjuvant so as to

25 generate an immune response. Murine immunoglobulins
which bind the recombinant fragment with a binding
affinity of at least 1 x 107 M can be harvested from
the immunized mouse as an antiserum, and may be further
purified by affinity chromatography or other means.

30 Additionally, spleen cells are harvested from the mouse
and fused to myeloma cells to produce a bank of
antibody-secreting hybridoma cells. The bank of
hybridomas can be screened for clones that secrete
immunoglobulins which bind the recombinantly produced

35 fragment with an affinity of at least 1 x 10° M. More
specifically, immunoglobulins that selectively bind to
the variant polypeptides but poorly or not at all to
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species. In these prokaryotic hosts one can al so nake expression vectors,
whi ch WiWP9Re7%al |y contai n expression control sequencesPCBMSASOM06X Wi t h
the host cell (e.g. an origin of replication). In addition, any 5 nunber of
a variety of well-known pronoters will be present, such as the |actose
pronoter system a tryptophan (Trp) pf8noter system a beta-|actanmase
pronoter system or a pronoter systemf on1ga?ge,lanbda. The pronoters wl |
typicalIy'Yk#ﬁ?%ﬂpﬁnﬁﬁigﬂﬁﬁﬁﬁdQ% ¥t i BPEFy=t t R1BREEpRYaPER-sequence, and
havel rit bosm@ot ﬁw&m?yﬂﬁenﬁp?umel sl?;éoéi%saefl_xsy aegeéﬁ&hgaﬁ'fng and t
conpletin ranscripti n ranslation.. £ cro such .as yeast,
may al so g%yli?%’e‘iorf%rc%ﬁ;r@sg?%n.°§a%%ﬁ%+5ﬁ§c%§18g‘¥pﬁg gﬁéﬁi 4Bfe host, with

15 suit abl ehe/ecavianthabuy wopresbdetypent polypeptidess, such as pronoters,
| ncl udigig 3- phogphpg] ¥ C2& S kiniene 8" cblBl e Sb¥CRLK LG LEAGY TS, and an
origin of replication, termnallon sequences, etc. as desifed. In addition
t o ni cr oorepprestingeiihel desired svrriant pelypeptidesaganl be be used to

express anfhphédl Ueforh Ne @in@@gtéﬁ'eéiﬁfei'éﬂtpﬁéi hichB¥eRlegn. Eukaryotic
cells are actual] n'géeferred ecause, a pu itabl.e host cell |ines

nber of s
capabl e of 'SRRPR} i SRRt anSYRHREFLS R %3°BH€ﬁeBEQQP5pe&tFn the art,
and i ncl udgs téel PSasHey cl Yatrieep, of adi Pierént tethnlines. Hela cells,

these E8ITs cantinPihcsEmeieed ofione srottdnetc s R00ER 8RR 0 g1 n of
repl i cati ovhe asequences , have cdhéenceperabllyndinkedr fo3@ii.ef.or mat i on
processi Ngy§i{ Efonéd oo 2enE0POSCHE PiREt Moning of) an expression {
control sequence. These expression vectors are ‘
typically replicable in the host organisms either as
15 episomes or as an integral part of the host chromosomal
DNA. Commonly, expression vectors can contain selection

markers (e.g., markers based on tetrdcyclinic resistance
or hygromycin resistance) to permit detection and/or
selection of those cells transformed with the desired

20 DNA sequences. Further details can be found in U.S.
Patent No. 4,704,362. | |

‘Polynucleotides encoding a variant polypeptide may

include sequences that facilitate transcription
(expression sequences) and translation of the coding

25 sequences such that the encoded polypeptide product is
produced. Construction of such polynucleotides is well
known in the art. For example, such polynucleotides can
include a promoter, a'transcription termination site
{(polyadenylation site in eﬁkaryotic expression hosts), a

30 ribosome binding éite, and, optionally, an enhancer for
use in eukarybtic expression hosts, and, optioﬁally,
sequenées necessary for replication of a vector.

E. coli is one prokaryotic host useful particularly

for cloning DNA sequences of the present invention.

35 Other microbial hosts suitable for use include bacilli,
such as Bacillus subtilus, and other enterobacteriaceae,
such as Salmonella, Serratia, and various Pseudomonas



sites, RNA splice sites, polyadenylation sites, and transcri ptional
t er m nat or woessnpesm3es. Preferred expression control sequencespeErgsdsfoddedt €r S
derived from i munogl obulin genes, SV40, Adenovirus, Bovine Papillom 35
Virus, and so forth. The vectors containing the DNA segnents of interest
(e.g., polypeptides encoding a variant @8 ypeptide) can be transferred into
t he host WO 95/ 26973
PCT/ US95/ 0408gedtesel | Ihythebe- knokaryothicdbosusi cmey gan edpndigke on the
type of cell np. a tion is

Jkéf €§Bn 58&t8§§ %ﬁlcﬁ b&iﬂ”h?gﬁ@%ﬂ%? l?ﬂﬁ%fﬁ:

comonly utiTl aryofic ce as calci osphat e
t r eat ment ore§P§%$$b%Br§PPBﬁ°$ ﬁﬁ9u5§°&§eG°W@FQ&h¥9'W&ﬂhlﬂbﬁ healk s. The

rrf‘t |h0d Llendsaélﬁeké geaslhl Mrigzhhéff eeplliabicadnlf. t asl dddit i Chazan be
utilized in di osi wou se a carrier,

conpar t ment af? ﬁrt8§r§c¥?§éeFX 8?0?3&2 %Pgﬁgn?ﬁ Wﬁ%?(ﬁ'%ﬁ%%&Qﬁwnajners 10
wherein a fipsésent} asueh aaythenilactosei paxbinptleabayatedA gpr obes. O her

cont ai ners H€§¥59§éﬁ£H é@ggf E?OHSQE?I &gt%ﬁérgp%@ %?ﬁ%d@iﬂg { he | abel ed

probes, suc cont &l Ners ey cont ai n
restriction pnquesr bystems erca, progetmer syistiem $xiom phags dramkids. use.

Therapeuti ¢ %ﬁ@%ﬁsa&teésfhﬁﬁsE@%amyoeeaewlalenge@ﬁoéuppr essing the

effects of t tations rou antisense techndl ogy provi des an
ef fecti vEOt hepﬁbgn%mwééhs@ ePeRREBEHSREMPRC or | ayiec ¥ ko sqmennd

di abet es nelbif@sngMithel SeklienBeahotbr' anhimpaese’ for initiating and
completing transcription and translation.
Other microbes, such as yeast, may also be used for

expression. Saccharomyces can be a suitable host, with
15 suitable vectors having expression control sequences,
such as promoters, including 3-phosphoglycerate kinase
or other glycolytic enzymes, and an origin of
replication, termination sequences, etc. as desired.
In addition to microorganisms, mammalian tissue
20 cell culture may also be used to express and produce the
polypeptides of the present invention. Eukaryotic cells
are actually preferred, because a number of suitable
host cell lines capable of secreting intact human
proteins have been developed in the art, and include the
25 CHO cell lines, various COS cell lines, Hela cells,
myeloma cell lines, Jurkat cells, and so forth.
Expression vectors for these cells can include
expression control sequences, such as an origin of
replication, a promoter, an enhancer, and necessary
30 information processing sites, such as ribosome binding
sites, RNA splice sites, polyadenylation sites, and
transcriptional terminator sequences. Preferred
expression control sequences are promoters derived from
immunoglobulin genes, SV40, Adenovirus, Bovine Papilloma
35 Virus, and so forth. The vectors containing the DNA
segments of interest (e.g., polypeptides encoding a
. variant polypeptide) can be transferred into the host



t herapi es targeting nessenger RNA (nRNA) or nucl ear DNA. Hel ene et al.,

Bi ochem Bi ophys. Acta 1049:99-125 25 (1990). The di agnostic test of the
present W@AS26978n i s useful for determi ning which of the POFAISHENI6D Or

di abetes nellitus nutations exist in a particular patient; this allows for
"custont treatnment of the patient with antisense oligonucleotides only for
the 30 detected nutations. This pati ef6-specific antisense therapy is al so

novel, and minim zes the exposure of the, patient t.o any unnecessary
anti sense Tret e UTeHl threwngprthods  cWiiGR ¥REY dRPeRRingeRBethe

~oligonucl egjpéleot scolbuldBthdtse PRoOE Sexample| nghtcibmsthasggedeDNA or RNA
Yy son CLEke DL DAL | NGuRNth 1 s £YPLEXeb2 BEbkBMYYLE HaRgsl een
PCT/ US95/ ity dilldiun phosphate otheatmentt oraeyeptiroporbaionheory, it

has beeg qﬁ%}Lgéﬁfggérggrtékﬁuggs¢éffﬁi%§ ﬁggggts of nmutations in the
cytochrone oxI dase gene arise fromthe production of the radi cals due to
faults 5 in theTke cnetked ilendpoitsehfi readhdyetpethe Sprmudnmtiope radical s

i s expect ege toede 1Y | RhiNE cHENSE| aEiYikadViRVaQhghbBikack sakpMachani sns
for suppresslrgbnu ations,in mtochondria. The destiuctlve effect of the AD
and di abet’ekt WPULR| FPRRAEL SRt A THELEH COTBRRFBABEEL6%PHaER genes i s

pref er abl yreesieedinrcbbsen comfinemeny canéi senmorel tgntatheesi de agents.
a0 ISR SRR Exh A S DAY BlpPhfy, RipLabebetabaizm i on Wi
DNA probes. Other containers may contain reagents
useful in the localization of the labeled probes, such {
as enzyme substrates. Still other containers may
contain restriction enzymes, buffers etc., together with
15 instructions for use.

Therapeutic tr t of Di of Mitochondrial
Origin: |
Suppressing the effects of the mutations through

20 antisense technology provides an effective therapy for
diseases of mitochondrial origin, such as AD and
diabetes mellitus. Much is known about ‘antisense’
therapies targeting messenger RNA (mRNA) or nuclear DNA.
Hélené et al., Biochem. Biophys. Acta 1049:99-125

25 (1990). The diagnostic test of the preéent invention is
useful for determining which of the specific AD or
diabetes mellitus mutations exist in.a particuiar
patient; this allows for "custom" treatment of the
patient with antisense oligonucleotides only for the

30 detected mutations. This patient-specific antisense
therapy is also novel,'and'minimizés the exposure of the
patient to any unnecessary antisense therapeutic
treatment. As used herein, an "antisense"
oligonucleotide is one that base pairs with single

35 stranded DNA or RNA by Watson-Crick base pairing and
with duplex target DNA via Hoogsteen hydrogen bonds.



15 stranded DNA during transcription, or both. 1In a preferred enbodi nent,
ant i sense YHQ2H26973 ar get nessenger RNA coding for the nut at eBCESOS M6 e C
oxi dase gene(s). Since the sequences of both the DNA and the nRNA are the
sanme, it is not necessary to determine accurately the 20 precise target to
account for the desired effect. Procedufds for inhibiting gene expression

in cell culture and.in vivo can be found,_ for exanple, in C F. Bennett, et
al . J. Liposone PMELhout geighingm)to e deidnresgBy Pagtighlagat ure, 363: 260

(19335- 25 theory%ﬂtitém'%émwf@mtd@ tﬁet aﬁ?flt Hésaﬁﬁ&'tix%ermnSt r at]g: a
hi g egree o ar eutic specificity. This allows_the conbination o
two or nore eaéﬁéj%n:eshsr%c t%ﬁ%‘b’e?ﬂé) R Arhe hégﬁﬂér?ﬁnﬁe? RELHBEE Bflfeased

cyt ot oxi ¢ efdride . fridmisshevmrodugaiorndf | sheli ngdbsalisadud0toh&audg st wo or
nore nmutati WL @HeNgs. i.S pr rak I Ler o0 treat

t he mul ti65|tol g'r}?rruétﬂa% i ons” si rr_ul'i%%gsoéjgs?{ %Jél?\ coﬁ%:én%gkgft% %ge%g?%’sent

di agnosti c tfaeae #ﬁ@%rkﬁcﬁ?‘ﬂ%ﬂt?fgtﬁ@n@e spesplativaer appeciaddits in

treatment resf ijidwbt GHdE KNEDSE i edRaniBthat ESPSsABbPEEBEnEN @ patient.
This patient-specific t herj:t[g/ circupvents the need for 'broad spectrum
antisense t AN stth g™ C}tﬁﬁ‘iﬁ‘ e nutations. The WD 95/ 26973

PCT/ US95/ 04063 48&rmndesttidt ivie |ebfecvsdf ythé eRDNBAE, dvabBtksss chance for
esis of proteins is

Eﬁi(loﬁgﬁllt%ﬁeeff C%‘fusa%qecsﬁogg%ri[r?rclf%g]clé%’%"%ﬁ?ie(ég %EJ: 35?i38§?gaﬁgl ogues or

expressi on gorefienahly reduced or eliminated using antisense
oligonucleotide agents. Such antisense agents target
mitochondrial DNA, by triplex formation with
double-stranded DNA, by duplex formation with single-

15 stranded DNA during transcription, or both. In a
preferred embodiment, antisense agents target messenger
RNA coding for the mutated cytochrome c oxidase gene(s).
Since the sequences of both the DNA and the mRNA are the
same, it is not necessary to determine accurately the

20 precise target to account for the desired effect.
Procedures for inhibiting gene expression in cell
culture and in vivo can be found, for example, in C.F.
Bennett, et al. J. Liposome Res., 3:85 (1993) and C.
Wahlestedt, et al. Nature, 363:260 (1993).

25 Antisense oligonucleotide therapeutic agents
demonstrate a high degree of pharmaceutical specificity.
This allows the combination of two or more antisense
therapeutics at the same time, without increased
cytotoxic effects. Thus, when a patient is diagnosed as

30 having two or more mutations in COX genes, the therapy
is preferably tailored to treat the multiple mutations
simultaneously. When combined with the present
diagnostic test; this approach to "patient-specific
therapy" results in treatment restricted to the specific

35 mutations detected in a patient. This patient-specific
therapy circumvents the need for ’‘broad spectrum’
antisense treatment using all possible mutations. The



These nethods entail introducing into the cell a nucleic acid sufficiently
conplenentary in sequence so as to specifically hybridize to the target
gene or ‘YB’?#@Z’? In the event that the gene is tafgeted, PEBYTSIS40630ds 10
can be extrenely efficient since only a few copies per cell are required to
achi eve conpl ete inhibition. Antisense nethodol ogy inhibits the nornal
processing, translation or half-llfe G@ the target nmessage. Such methods
are wel | knq¥m he_ar sense and tripl ex

e, s
rethods gerie egR it vieohccoPely neRpatmeRty | with Lret,chancen o
reIat|veIyfahot¢xn¢|gb@ucéﬁﬁecds, although | onger sequences can be used to

hi hi bi t 8o ' h or
bonucl ef ¢ acioroetied s THRLEEE PheBinPRRgILIRE BEREKINGCIST)
dupl ex or threhglx vh%Huﬂﬂeofaﬁ@b@sﬁnpﬁoﬁrERMAnlephys|ologlcal t enper at ur es
and salg C&T@ﬁﬁﬁﬁéﬂéé%@ﬁeét %gfﬂ&guééSBrbéxﬁEEEbEbﬁ”EbﬁsEQﬁEE%”E”tary or

sequence specific to specifi di ze to 3et nucl ei ¢ aci d.
d i gonucl ebR¢ER QE?#%Q@tﬁ%t§h¥f+%F€ @uanSchFEQetFﬁ|§e pedi Aucilejcar e

pr e}‘ er abgya@f)@tﬁuﬁfhéﬂeﬁ@lﬁUﬁd::ﬁp]aeldéﬁthﬁ?glnnﬁfé@éhe‘eebabhh @Bﬁut 1]9| to 20OI
nucl eoti des_I| on VEer ridjiza icity is._no i nfl uence
by I ength %%%cb §%$g¥eg?%%fl ﬁ%lt?ogégbﬁég§ﬁ§ 8F§8y85 58 mpﬁﬁiﬁenced by
such factols GbeGEYG@MtEhatamuetgenprLﬁatgrgeqadncehesethethbdgonucleot|de
Such Pré Noeh 9o Al Mehe1 ¥ OPEiLTe Eeseﬁ&eaaﬂitgag B8 BUBIRE! peget erm ned

by one who IS s he art an exa
“ol i gonucl e®t+HeaBs %%ﬁ%bﬁ%@stgséﬁhlﬁveoﬁﬁ@?%ﬁﬁﬁ mphh BpESBBs in Tables 4 and
5 can al soahe; #kbl Ae EROASTOSY PHRIbSLEOEREDnofaeChREcessing, {

translation or half-life of the target message. Such
methods are well known to one skilled in the art.

15 Antisense and triplex methods generally involve the
treatment of cells or tissues with a relatively short
oligonucleotide, although longer sequences can be used
to achieve inhibition. The oligonucléotide can be
either deoxyribo- or ribonucleic acid and must be of

20 sufficient length to form a stable duplex or triplex
with the'target RNA or DNA at physiological temperatures
and salt concentrations. It should also be sufficiently
complementary or sequence specific to specifically
hybridize to the target nucleic acid. Oligonucleotide

25 lengths sufficient to achieve this spec1f1c1ty are
preferably about 10 to 60 nucleotides long, more
preferably about 10 to 20 nucleotides 1qﬁg. However,
hybridization specificity is not only influenced by
length and physiological cohditibns but may also be

30 influenced by such factors as GC content and the primary
sequence of the ollgonucleotlde Such principles are
well known in the art and can be routlnely determined by
one who is skilled in the art.

As an example,.many of the oligonucleotide

35 sequences used in connection with probes in Tables 4 and

5 can also be used as antisense agents for AD, directed



WD 95/ 26973 PCT/ US95/ 04063
49 to ei t h&WO 9326918 t ochondri al DNA or resultant nessenger RNACT/HSS5/04063
range of antisense sequences can be designed for a given nutation. For
exanple, 5 oligonucleotide sequences can be selected fromthe follow ng
list to function as RNA and DNA anti sens%®®sequences for the nutant

m t ochondri al gene COX1, Codon 193. As can_be seen ernut ati ons can be
generat ed fofCaeifheetther ad taghandrinl JaWe axy lfqﬂl-ﬁ&ﬂrlﬁhg“%ﬁ%eBge§nd
truncating thga'.3 end, extending the 5 end, or extending the 3' end. Both
i ght chain and hga\é% chain nt can .be targeted. O her vca#i ations such as
truncating the 5 eahd TeRgR: 2 ARG SRS ences, G PRy the 5 end
and extendi ndeslignad €na, aagdvbmmﬁctalmg:rt he For eaxhmpille ext endi ng the 3

;e)ggm gf(teegdl nghpﬁug%g%?gaﬁgg\?yﬁx aln nfulé\&% ‘?g?]%}&ype sequencéet hsggel D NO

7 _ AAT £cAEoREaIAETE SECEOAERITEGECOC 3 RMe rand PR aAft L9EmPe nt DNA,
mut ant Sequeee eﬁE@sl @o&lothélmutait- M Edeortidi A gddd A6¥1 T(doddn25 3
truncation: SE ' - AAT CAC AGC AGC CCT "ACT TCTCSEQIDNO 67

5'- AATCACA@S@AGCCCTACTTCTSEQIDNO 68 5' - AAT CAC AGC AGC CCT ACT
TC 30 SEQ I D NO ag9can be séeh, C@»@rﬁ@a&%r@&a‘i@%é’ gérietdt ) £gP a

S -AAT C%‘, Aggleegegc-rutant agtllgelﬁce) by trun%atlng %Ahe A$QC ébhca LT AC
truncating the ’3 end, extending the 5’ end, or
extending the 3’ end. Both light chain and heavy chain
mtDNA can be targeted. Other variations such as
truncating the 5’ end and truncating the 3’ end,

15 extending the 5’ end and extending the 3’ end, and
truncating the 5’ end and extending the 3’ end,
extending the 5’ end and truncating the 3’ end, and so
forth are possible.

20 Antigene to heavy chain mtDNA, wild-type sequence:
SEQ ID NO: 7 5’ -AAT CAC AGC AGT CCT ACT TCT CC

Antigene to heavy chain mtDNA, mutant seguence:

SEQ ID NO: 21 5’ -AAT CAC AGC AGC CCT ACT TCT CC
25
3’ tzuncation:
SEQ ID NO: 66 §7-AAT CAC AGC AGC CCT ACT TCT C
SEQ ID NO: 67 5’ -AAT CAC AGC AGC CCT ACT TCT
SEQ ID NO: 68 5/ -AAT CAC AGC AGC CCT ACT TC
30 SEQ ID NO: 69 5'-AAT CAC AGC AGC CCT ACT T
SEQ ID NO: 70 5 -AART CAC AGC AGC CCT ACT
SEQ ID No: 71 57-AAT CAC AGC AGC CCT AC
SEQ ID NO: 72 §’-ART CAC AGC AGC CCT A
35 5* truncation:
SEQ ID NO: 73 5*-AT CAC AGC AGC CCT ACT TCT CC
SEQ ID NO: 74 5’-T CAC AGC AGC CCT ACT TCT CC
SEQ ID NO: 75 5'-CAC AGC AGC CCT ACT TCT CC
SEQ ID NO: 76 5¢-AC AGC AGC CCT ACT TCT CC
40 SEQ ID No: 77 5’/-C AGC AGC CCT ACT TCT CC

SEQ ID NO: 78 5¢-AGC AGC CCT ACT TCT CC



SEQ ID NO 72 5' - AAT CAC AGC AGC CCT A 35 5" truncation: SEQID
NO 73 5'- AT CAC AGC AGC CCT ACT TCT CC SEQ ID NG 74 5'-T CAC ACGC
AGC CCT wolskes73CC SEQ I D NO 75 5' - CAC AGC AGC CCT ACchrgsesoanssQ | D
NO 76 5' - AC AGC AGC CCT ACT TCT CC 40 SEQ ID NGO 77 5'-C AGC ACGC
CCT ACT TCT CC SEQ ID NO 78 5' - AGC AGC CCT ACT TCT CC WD 95/ 26973
7

PCT/ US95/ 04063 50 3' and 5' truncati ons0SEQ | D NO 9 5'-AT CAC AGC
AGC CCT ACT TCT C SEQ ID NO 80 - 5'-T CAC AGC AGC CCT ACT TCT SEQ I D
NO 81 5' ACAadaprCea@erder: ACT TC5 SEQ ID NO 82 5'-AC AGC
AGC CCT ACEEQ IB'N@NtP 3' et effs Fh ASEASE OCRIBCTSRT C 5'-C CGI' CCT AAT CAC
AGC AGC CCEeAQP mMCETeCCT ABC-T CAC SEC)AGD D AGATCT 5'-CGI CCT AAT CAC AGC
AGC CCT ACEEdQGD MOCTeIATC TGT-G accSha@ £€r ACr T85 5'-GI' CCT AAT CAC AGC
AGC CCT sACEed Gb ¥cCTsAATC TGET-AEABd Bed\Cer &6T T 5' -T CCT AAT CAC AGC AGC
CCT ACT TCT CCT ATC TCT SEQ I D NGO 87 5'-CCT AAT CAC AGC AGC CCT ACT
TCT CCT ATC TCT s2Egal $ (kienSdn 5'-CT AAT CAC AGC AGC CCT "ACT TCT CCT
TCICT SN, B ol 2l TE7 ASRATC TCT 15
5' exten3| Ndaxhen& oy Qe BGE al frc ,§_ErQ | D NO 90
AT CACCA G;’%?’ g -A%%ATCACAGC
AGC CCT A = AGC AGC CCT
ACT TCT ccfEH"ﬁ:"Q ?"D NO 921C : ARCXSF ACT TCT CCT
ATC SEQ ID NOY 88 CT AAT CAC AGC AGC CCT ACT TCT CCT ATC TCT
SEQ ID NO: 8% 5'-T MM._CT ATC TCT
15 _, o
5’ sxtension, 3’ extension, or both, keeping length constant: ‘
SEQ ID NO: 90 5/-C CGT CCT AAT CAC AGC AGC CCT ACT TCT CC
SEQ ID NO: 91 5/-CGT CCT AAT CAC AGC AGC CCT ACT TCT CCT
SEQ ID NO: 92 5’-GT CCT AAT CAC AGC AGC CCT ACT TCT CCT A
20 SEQ ID No: 93 S¢-T CCT AAT CAC AGC AGC CCT ACT TCT CCT AT
SEQ ID NO: 94 §*-CCT AAT_CAC AGC AGG CCT ACT TCT CCT ATC
. SEQ ID NO: 95 5/-CT AAT CAC AGC AGC CCT ACT TCT CCT ATC T
SEQ ID NO: 96 5’-T AAT CAC AGC AGC CCT ACT TCT CCT ATC TC
SEQ ID NO: 97 5’ -AAT CAC AGC AGC CCT ACT TCT CCT ATC TCT
25 |
Anti e to light i wild-tvpe se ca:
SEQ ID NO: 98 3'-TTA GTG TCG TCA GGA TGA AGA GG
Antigene to light chain tant se a3
30 SEQ ID NO: 99 3’-TTA GTG TCG TCC GGA TGA AGA GG

5§’ truncation:

SEQ ID NO: 100 3’'-TTA GTG TCG TCC GGA TGA AGA G
SEQ ID NO: 101 3'-TTA GTG TCG TCC GGA TGA AGA
35 SEQ ID NO: 102 3’-TTA GTG TCG TCC GGA TGA AG
SEQ ID NO: 103 3/-TTA GTG TCG TCC GGA TGA A
SEQ ID NO: 104 3’'-TTA GTG TCG TCC GGA TGA
SEQ ID NO: 105 3’-TTA GTG TCG TCC GGA TG
SEQ ID NO: 106 3’-TTA GTG TCG TCC GGA T
40
3’ truncation:
SEQ ID NO: 107 3/-TA GTG TCG TCC GGA TGA AGA GG
SEQ ID NO: 108 3'-A GTG TCG TCC GGA TGA AGA GG
SEQ ID NO: 109 3/-GTG TCG TCC GGA TGA AGA GG
45 SEQ ID NO: 110 3/-T¢ TCG TCC GGA TGA AGA GG
SEQ ID NO: 111  3’-G TCG TCC GGA TGA AGA GG
SEQ ID NO: 112 3’ -TCG TCC GGA TGA AGA GG

3’ and 5’ truncation: _
50 SEQ ID NO: 113 3'-TA GTG TCG TCC GGA TGA AGA G



SEQ I D NO 95 5'-CT AAT CAC AGC AGC CCT ACT TCT CCT ATC T SEQ I D NO
96 5woMsA6d73CAC AGC AGC CCT ACT TCT CCT ATC TC SEQ | D »XxruS9%104063
5' - AAT CAC AGC AGC CCT ACT TCT CCT ATC TCT 25 Antigene to light chain

nt DNA. wi | d-type sequence: SEQ ID NO 98 - 3'-TTA GIG TCG TCA GGA TGA
AGA GG Antigene to light chain nt DNA, m#ant sequence: 30 SEQ ID NO 99
3'-TTA GIG TCG TCC GGA TGA AGA GG 5' truncation: SEQ ID NO. 100 3'-TTA
GTG TCG TCC EFNITEA: AGA G SEQA EFNEFC Y GCA TGARSATTA GTG TCG TCC GGA TGA
AGA 35  SEQSFDINGC: H32 3" FTGTTER TSFEFORCISATEE GGA TGA AG SEQ | D NO 103
3'-TTA GIG T&® TEBOGGAS TGA A’ -SEJICDreqOscH Jgr A 3'-TTA GIG TCG TCC GGA TGA
SEQ I D NO 105 3'-TTA GIG TCG TCC GGA TG SEQ I D NO 106 3'-TTA
GTG TCG TE8C GCGA T34@ad's’téxeesdbhon: SEQ | D NO 107 3'-TA GIG TCG TCC
GGA TGA AGA &¥3 TEQol DiNO 168-6 cea e@ 182 GFE TEEGCEGACHSA AGAcAGAREEEHEQ | D
NO 109 sEp 165K6: 16 TCC3 Globa oA ARATECretb ree SE0TED Al cei 1e aca 3' - TG

TCG TCC CGA LA 1h®0: Gles SEQ bR M Qealdth ore redd Tob kbl Glon @k ThaaddGA GG SEQ
12N 112 sy xdolGnTCC 6 J&%HW ST kol iRacf0  SEQ 1D
PCT/ US95/ 840%?3@‘:“308 A0, iﬁ% o T b A RS s 8 se0 10 00

115 A GTG TCG TCC GGA TGA AGA GGA TAG AGA

§¢ extension, 3’ extension, or both, keeping length constant:
15 SEQ ID NO: 124 3’'-G GCA GGA TTA CG_TC A TGA AGA GG

SEQ ID NO: 125 3’-GCA GGA TTA GTG TCG TCC GGA TGA AGA GGA
SEQ ID NO: 126 3/-CA GGA TTA GTG TCG TCC GGA TGA AGA GGA T
SEQ ID NO: 127 3’-A GGA TTA GTG TCG TCC GGA TGA AGA GGA TA
SEQ ID NO: 128 3'-GGA T TG _TCG _TCC GGA TGA A TAG

20 SEQ 1D NO: 129 3'-GA TTA GTG TCG TCC GGA TGA AGA GGA TAG A
SEQ ID NO: 130 3*~-A TTA GTG TCG TCC GGA TGA AGA GGA TAG AG
SEQ ID NO: 131 3'-TTA GYC TCG TCC GGA TGA AGA GGA TAG AGA

The composition of the antisense or triplex

25 oligonucleotides can also influence the efficiency of
inhibition. For example, it is preferable to use
oligonucleotides that are resistant to degradation by
the action of endogenous nucleases. Nuclease resistance
will confer a longer in wvivo half-life to the

30 oligonucleotide thus increasing its efficacy and
reducing the required dose. Greater efficacy may also
be obtained by modifying the oligonucleotide so that it
is more permeable to cell membranes. Such modifications
are well known in the art and include the alteration of

35 the negatively charged phosphate backbone bases, or
modification of the sequences at the 5’ or 3’ terminus
with agents such as intercalators and crosslinking
molecules. Specific examples of such modifications
include oligonucleotide analogs that contain

40 methylphosphonate (Miller, P.S., Biotechnology,
2:358-362 (1991)), phosphorothiocate (Stein, Science
261:1004-1011 {1993)) and phosphorodithiocate linkages

(Brill, W. K-D., J. Am. Chem. §oc.,_ 111:2322 (1989)).



SEQ I D NO 116 3'-TG TCG TCC GGA TGA A 5 3" and 5 extension: SEQ
ID NO 117 3'-G GCA GGA TTA GIG TCG TCC GGA TGA AGA GGA TAG AGA SEQ I D
NO 118 WOMR6933A GGA TTA GIG TCG TCC GGA TGA AGA GGA TAGPUBAISSEIgH06D NO

119 3'-CA GGA TTA GI TCG TCC GGA TGA AGA GGA TAG AGA SEQ ID NO 120

3'-A GGA TTA GIG TCG TCC GGA TGA AGA GGA TAG AGA 10 SEQ ID NO 121

3'-GGA TTA GIG TCG TCC GGA TGA AGA GGARTAG AGA SEQ | D NO 122 3'-GA TTA

GIG TCG TCC GGA TCA AGA GGA TAG AGA SE %I %é\lo A TTA GIG TCG TCC
GGA TGA AGRTEEX FABeAcRLS: Jé;ia&%ﬁ ’e‘?%"chRPS o?xb%ff 28 K¥8ht ng | engt h
constant: FuchSE@ IaDﬁwyah%e b&k&@&rﬁ@éﬁﬁmma@cm TGA AGA GG

3 Ch Goa THARLAENTES e -GReted 3RS i3 o Tameeetst ) oo 1ra

GTG TCG Tcaw@meﬁ@cmeu -GG eEAaRedndn ettt osl: zas{zaaaﬂmm YCG TCC GGA

TGA AGA o T TGA AGA GGA
TAG A SEO ES%%"%Q'?O%%@ ?B %ﬂf’%k%& 1%(? 9(réAe' sA@rlCGiA %A g’%&%@ AG SEQ I D
NO 131  knowprkoGtdomesskid hesexion 186 3L THRN cBAPEREti on of
the anti sergRcAfildiity REfHrded ll:ﬂpﬂilfé %ﬁum@g@ra@éﬁ@s } ntheepgegébe

ef ficiency I nhi bition | e £ e to use
ol i gonucl e & ﬁﬂ’cesarcénrg‘ﬁ &g%[) %I(l?’tﬁ]t}f J'Efg‘iﬁ-%’f%&’ Yhe action of
endogenous mwmldmdemaveﬁmma/ﬂi |drouppd ein achesger in vivo

hal - ligfee 113 aﬂl&ose%gfi tdﬂ, *l*iﬁc'tﬂ?ée@éf Oi%éeqng%{‘égécy and

redu0|ng the require |cacy may arned by
nmodi fyi ng tehd -olbyy@dkarleédriiane so that it is nmore permeable to cell

menbranes.  Such REdly iGRidO MetHddd HrowD M £1k e ddn ddflgbNBe Ude the
alteration of 35 the negatively charged hos éi(a backbone, bases, or

modi f i cat i o1FeS Hh& Ehdde Antipense ¢* miRbiPikiegePfsasuch as
i ntercal at Qfa&«gzwl iiclssld Fdi) mactdmpfw,ewéwoﬁawheéming‘uch

nDd|f|(¥g| htisense nucleic acids can be employed to express

protein or antisernse méssage to reduce the expression of
the target nucleic acid and therefore its activity.
Such vectors are known or can be constructed by those
skilled in the art and should contain all exptession

20 elements necessary to achieve the desired transcription
of the antisense or triplex sequences. Other beneficial
characteristics can also be'contained within the vectors
such as mechanisms for recovery of the nucleic acids in
a different form. Phagemids are a specific example of

25 such beneficial vectors because they can be used either
as plasmids or as bacteriophage vectors. Examples of
other vectors include viruses, such as bacteriocphages,
baculoviruses and retroviruses, cosmids, plasmids,
liposomes and other recombination vectors. The vectors

30 can also contain elements for use in either procaryotic
or eukaryotic host systems. One of ordinary skill in
the art will know which host systems are éompatible with
a particular veétor.

The vectors can be introduced into cells or tissues

35 by any one of a variety of known methods within the art.

Such methods are described for example in Sambrook et

1., Molecular Cloning: A Laboratory Manual, Cold Spring



I ncl ude ol i gonucl eoti de anal ogs that contain 40 nethyl phosphonate (Ml ler,
P.S., Biotwoesasergy, 2:358-362 (1991)), phosphorothioate (StrormusesSoswsce
261: 1004- 1011 (1993)) and phosphorodithioate |inkages (Brill, W K-D., J.
Am Chem Soc., 111:2322 (1989)). WO 95/ 26973

PCT/ US95/ 04063 52 Ot her types of |inkages3and nodifications exist as mell,
such as a pol yam de backbone in peptide nucleic acids (N elson et al.

Sci ence 254: Haghor1 H8bpyatosymdewaYorkat 1AM, whiclrets dtrexrly Lett .

31:2385- 23884 ﬁé%%sb}caéeaabpﬁ%tf%ﬁ%émmlmwgme& agy Wwel | as others

known to those skilled kn e art. In addition to the speC|f|C|ty af f orded

by the anti s&HEEER a5t RUar Jlologhn JRhn (WeleY sttty
nodi fied by kager, pgaatua@réeam wasfatsr)c,t wariath qrs)lamsa méfwye 10 nol ecul es

whi ch cov Ientl link. t uenc al k Recombi nant
met hods k%omﬁ DERTPR a&F? Pgh ?5 8 USe§%F é%ﬁh *%éfﬁi ﬂ§gﬁ§e or
triplex inhi bkampieof stabdegetr menau@nacmdanaﬁeabmpqneilpqiﬁcﬂzon,

cont ai ni ng_ 191 cBRLLBERSEIRC LGS (ATELTICAN AR BB A eXpLESE. POt el

or antisense nmessa 0 reduce the f8re33|on 0 rget nuc éic acid
and therefor§€CF91§ct|€PF§058G§h°@e macdied o AR oY SRRt ruct ed by

those skill leEErbhge%&aQnQd%B%ﬂa%e‘éo'E:tv%'xn tHd SLHYESS i@ nethSISNT S
necessar e e the desired transcription of the aqe%sense or triplex

sequencei ¥ éF—' hp AREAREES! CORATaEE: Aok FIOL N A SLED AN AL SAER vi t hi
the vectors seehiagsnecHigheds efEidienyeicanfalldte buladistiLimed ddae Nto

their infectious nature. Moreover, viruses are very

specialized and typically infect and propagate in
specific cell types. Thus, their natural specificity

15 can be used to target the antisense vectors to specific
cell types in vivo or within a tissue or mixed culture
of cells. Viral vectors can also be modified with
specific receptors or ligands to alter target
specificity through receptor mediated events.

20 A specific example of a viral vector for
introducing and expressing antisense nucleic acids is
the adenovirus derived vector Adencp53TX. This vector
expresses a herpes virus thymidine kinase (TX) gene for
either positive or negative selection and an expression

25 cassette for desired recombinant sequences such as
antisense sequences. This vector can be used to infect
cells including most cancers of epithelial origin, glial
cells and other cell types. This vector as well as
others that exhibit similar desired functions can be

30 used to treat a mixed population of cells to selectively
express the antisense sequence of interest. A mixed
population of cells can include, for example, in vitro
or ex vivo culture of cells, a tissue or a human
subject.

35 Additional features may be added to the vector to
ensure its safety and/or enhance its therapeutic
efficacy. Such features include, for example, markers



a different form Phagem ds are a specific exanple of 25 such benefici al
vectors because they can be used either as plasm ds or as bacteriophage
vect or s. WOHR69Bs of ot her vectors include viruses, such ®2CTxssse4a6d8phages,

bacul oviruses and retroviruses, cosmds, plasmds, |iposones and ot her
reconbi nati on vectors. The vectors 30 can also contain elenents for use in
ei ther procaryotic or eukaryotic host B¢stens. One of ordinary skill in the
art will know which host systens are conpatible with a particular vector.
The vect or £hath 9R0 ke r P itRIAETeLY oFeteck Rgaiust pgedhs one of a

variety of jewudtdetwinds thd hidedmeimdnit ﬂ@@snﬁtﬂﬁdéxﬂﬁﬁléeéﬁrsﬁ@ﬁ for

gﬁ?rﬁlge | n\ﬂs:)ar%%()oj( etseall.ect{\ébrll e“?auzl']?err ngnégg Tﬁ\ &gggr § Or%lg/g%-r/ Usgg;)|02063

53 Harbor lsiratuhat ddnveds kse(risaﬂz)vmmmd: theh&hebblouﬂ:or por at ed by
referen nd LIy LWS bel o} e ol ogy,
John chsgy éar’qug(:)ns al tblrr#) gikfw# ﬁﬁééef{}g%/b%eﬁg%ﬁg E{/

i ncor por at ethish risiEection qanabﬁn¢ﬂnﬁr¢ @dbec$%$ee¥hnpreVldeable or
transi ent tir?dl?é:ﬁ&ié Oéhléﬁ@fa%&éh EAECAAADRI S8R OF aﬁélbméee&gon Wi th

reconbi nant_vira vec ors. Introduction of nucleic acyds. by infection
of fers seveFygh Glgkan RRFUESR thaler1f; el %?‘HBH%! 1OUGAFEADRBNC] udes
their use lék-:b@é hehde Vpﬁédh@éldnuﬂfaﬂt VEoifté t bPJEhe Hr gh8L eéétsreaﬁy can al so

Speci aliOoPERSIAT ATy o e LhMLEF oear EorRaehom LT CReE [ypes.
Thus, thei roeatxir al Mopsovér cifgatures that limit expression to
particular cell types can also be included. Such ' {
features include, for example, promoter and expression
elements that are specific for the desired cell type.

15 The present invention also proﬁides methods for the
selective destruction of defective mitochondria. Since
the mitochondrial genome is heterbplasmic (i.e. it
contains mutated and normai_DNA), this will leave intact
mitochondria carrying normal or wild-type DNA and these

20 normal mitochondria will repopulate the targeted tissue,
normalizing mitochondrial function.' This can be
accomplished by identifying unique characteristics of
mitochondria cafrying mutéted DNA, designing a small
molecule that is directed at one or more of these unique

25 characteristics, and conjugating a mitochondrial toxin
to this small molecule. Thus, a "targeting molecule" is
any molecule that'selectively accumulates in
mitochondria having defective cytochrome c oxidase
activity, and includes acridine orange derivatives and

30 JC-1 derivatives as discussed hereinbelow.

"Mitochondrial toxins" are molecules that destroy or
disable the selected mitochondria, and include
phosphate, thiophosphate, dinitrophenol, maleimide and
antisense oligonucleotides such as those discussed

35 above. The'toxin will be concentrated within the
defective mitochondria by the targeting molecule and
will disable or destroy selectively the defective



15 can be used to target the antisense vectors to specific cell types in

Vi vo or wwm9srea7y i ssue or mxed culture of cells. Viral veBCOUSIHM6N| SO
be nodified with specific receptors or ligands to alter target specificity
t hrough receptor nedi ated events. 20 - A specific exanple of a viral
vector for introducing and expressing afAbi sense nucleic acids is the
adenovirus derived vector Adenop53TX. This vector expresses a herpes virus
t hyni di ne kimigsshondrigene The moleculeosayibe 8r A€§AVRBve sel ection and an

expr essi on %%e&&%ﬂdﬁéprt%ﬁ redl {@§088hHaghtEQUEBRRSS HBMRVRY alld sense

sequences. Thi's vector can sed to infect cells |n¢luding nost cancers
of epithel i dts @TATET %@ design Jrke PR ?°B§F|SPsbe§La$hﬂg vEctor as wel |
as oéhers ff%ﬁaéﬁ&?éﬂi?fﬁﬁﬁ|éﬂn%&§éted fomat i oThecahetndécal ddektape treat a
m xed popu ion of cells to selectivel X S he gat.i sequence of
interest.>A t}?’é?Frboté?ﬁ alﬁﬁe%’fn%etp?ggg%%gi %{éﬁuggg ES%Qéxglg I g,e i%n vitro or
ex vivo cul tsulsstafatoel for a mitscrondr ahepeaifip) epgymgsor Addi ti ona

features . he Al {0 4064 ot Blvhde STSERB; LbooFALRRY 1a5ge enhance It

t her apeutic 915 eatures nclude, for exanple, narKers WO
95/ 26973 depends upon the chemical nature of phe/ CBYIEEAHS3 54 that can

be used to nggaldyed Yasel €5kiR0MhASthé ekb§ui pbrehed vift Rheheleastage nant
virus. An exanpl e of such éhne ative selection na keE is.th% TK gene
descri bekP aRRREesRt RRFRrsPe RIS L8 Fﬁ@cﬁﬂ%Fﬁl89i&n5 §&ncycl ovir .

Negative sel@stédive mhtschioidriaeehe byxin is cleaved from the
targeting molecule, activating the toxin.
Mitochondria with defective cytochrome ¢ oxidase
activity exhibit impaired electron transport, leading to
15 decreased synthesis of adenosine triphosphate and
general bioenergetic failure. As a consequence,
mitochondria carrying mutated DNA will become enlarged
and the intramitochondrial membrane potential increases.
Enlarged mitochondria have increased levels of
20 cardiolipin and other negatively charged phospholipids.
The acridine orange derivative 1l0N-nonylacridine orange
(NAO) binds relatively specifically to cardiolipin and
accumulates in dysfunctional mitochondria. The
accumulation of NAO and other chemical derivatives of
25 acridine orange, including but not limited to those with
aliphatic chains of variable length attached to the ring
nitrogen of acridine ofange {[3,6-bis (dimethyl-amino)
acridinel), such as 10N-pentylacridine orange, 10N-
octylacridine orange, and dodecylacridine orange, is
30 independent of the mitochondrial transmembrane
potential. Maftah et al., Biochemical and Biophysical
Research Communications 164 (1):185-190 (1989)). At

concentrations up to 1 uM, NAO and its derivatives can
be used to target other molecules to the inner

35 mitochondrial matrix. If the NAO is chemically linked
to a mitochondrial toxin such as phosphate,
thiophosphgte, dinitrophenol, maleimide and antisense




whi ch infection can be controlled because it provides inducible suicide

t hrough the addition of antibiotics. Such protection ensures that if, for
exanpl e, woes6973ns ari se t hat produce nutant forns of the RCTBS9SMeBEOr oOr
10 antisense sequence, cellular transformation will not occur. Mbreover,
features that linmt expression to particular cell types can also be

i ncl uded. Such features include, for ex@nple, pronoter and expr essi on

el ements that are specific for the desired cell type. The present
i nventi on Sldbopueliepsd des. hdden Fitashondeia ﬁ&cwr@sxaw@goﬁh@f defective

m t ochondr o -#liReR HoRirTial10 Teaad! Icainjg@w@ den e esOPb@EINELYI - €. it

. cont ai ns 6{’1??;[9; nd normal IZ})%@q T#ﬁ%@dﬁa\gﬁﬁl ct mht og ondrliaI
carrying n n tochondria w

repogul at eddm;eetnhmgettmdzst |(53Es-u]§),,;momm iazdgite td;ml-wmhrivésf?mm?wh gh@ S

can be i.she nti of .m_tochondria

carryi ng‘ &C&fw%é‘ésg’ é@%ﬁ%&%ﬁcecuﬁé ﬁfa%gagx et at one or

mor e of theh&mwmtqmszﬁmmterGMﬁw ethddkonEEBS et henst ochondri al

toxin 1o ! sy &7AldsdTar UideohNUs Al cidid YarledDigELAs , | RaGMYs ! cCul @

t hat sel ectlve accunmul ates in mtochon avi ng defective cytochronme c
oxi dase acmchimma lh&oF&s acri di ne orange derivatives and 30 JC-1

derivatives as dickivEed Y el keisvdimddd pr](mgglpi-eégpgt ns" are nol ecul es
that destra or d| sabl e sel ecte mtocr?glﬁl a, and incl ude hosphate
t hi ophd<ph R Ut 5&% rmAINRIGh A 3R PERBHUE %tldes such

as those dlca‘:‘cmmm Iswdin\as p'Biqre:tmnyenle gl Xoratttachéddtai then t he

def ective i é.&c q]f{(}rd%,{)é;.é @%ﬁﬁﬂf‘é '&%f@é ofd Shaffcy 1) disable or o

destroy sele
derlvatlzed with carboxylic acid, hydroxyl, sulfhydryl,

amino or 51m11ar,groups to accept any mitochondrial

15 toxin. 1In other embodiments, additional sites of
attachment of the ﬁitoqhondrial toxin_té acridine orange
and acridine orange derivatives are selected. For
example, the 10?N-(10-hydr6xy-lfdecyl)-3,6-_
bis(dimethylamino)acridine bromide salt may be prepared

20 and further derivatized to 10—N¥(104phosphoryl-1-decyl)—

o 3,6-bis(dimethylamino) acridine chloride salt or 10-N-
(10-thiophosphoryl-1-decyl) -3, 6- _
bis (dimethylamino)acridine chloride salt. Alternately,
10-N-(11-undecanoi¢ acid)-3,6-bis(dimethylamiho)acridine

25 bromide salt may'be prepared and further derivatized to
10-N- (11-undecan-1l-oic acid 2,4-dihitrophenyl ester) -
3,6-bis(dimethy1amin§) acridine bromide salt. Upon
cleavage, the phosphate, thiphospate or dinitrophenol
levels selectlvely increase within defective

30 mitochondria and destroy them. The functlonallzatlon
and covalent attachmént of the toxin does not need to
depend on subsequent release of the:toxin by cleavage of
the NAO from the toxin, if the attachment point on the
toxin is non-interfering with the function of the toxin

35 within the mitochondria. o

Several examples of the preparation of acridine

orange derivatives are summarized in Figure 4 and in
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m t ochondr VO 9%R@®73%v| ecul e nay be an active mtochondrial toRCFGSISP4063
conjugated form However, it is preferred to design the nolecule such that

it is inactive in its conjugated form The chem cal |inkage 5 between the
targeting nolecule and the toxin may be @’substrate for a

m t ochondri a- cific r.sepnsitiv 0 redox.cl eav qgi ce of the
| i nkage depen%‘ga stfg%%ﬂgﬁgégf ﬂﬁfﬁ?‘ggé"{"he E’&P&é't M3 FHnd

toxin and thearecgpermiered as khewnl9avage~205knddedblnCmme g .conj ugat e
I's concentrated i d drica ved from
oh 0 GLAEL el ARHORTE R RTB R Lyt [T

the targeting nol oxI n. ective
cytochrone ¢ taxgh@ecb@mgestyneﬁhebintrnpatpeuoaﬂ@eaﬂomenkawgport | eadi ng

to 15 decrg asg&éa@wfsaée%aééﬁeétweteyeaea%ﬁ\teecaeﬁhaﬁw al
bi oenergetic

| ure a_conse &Pi n% g hondri,a carr nmut at ed, DNA
will becone eﬂ¢%¥©§ﬁyandD?%%c¥%%?% LPABRALES| CREABRSND jused
I ncreases. Eni@r@@zdl J.mir':]QﬁhﬁdSldh%ﬂdhﬁaZF mégbeaﬁedpbeéﬁlgia(lf. ZQ'h@a it@likdepi N
and ot her nega |ve char phos | pi.ds. The acridine orange derivative
10N- nonyl acr i Gn %t?ﬂﬁﬁ»lﬁlﬁﬁga#gﬁaﬁ?vggﬁ PREErPCEa yt%§ cardiolipin
and accunularmsgamrﬂqs$umkt1nandenthechbhdchandfha ateaﬂaﬂab&omhm= NAO and
ot her ch c es (o] t limted
Lo those 10 ¢ PEtoR Bhbich £o B BEROARERSC1ABIERsE N RIB, Ws BY, |
ni trogen of a@thwhmomeamg@x;@%sg éﬁﬁeqﬁﬁneth9ltaﬁnﬁvabGBM@ ne]), such as
10N- pent yl acrpgh &yer P RNGE11 1DNbrossy| 2841 €ha8eOBaRERL 13RI mI RSREWHAG DI Ne
orange, 1s will accumulate lipophilic cations. According to an
embodiment of the present invention, these lipophilic
15 cations are conjugated to mitochondrial toxins and used
to destroy defective mitochondria that possess increased
transmembrane potentials. Rhodamine-123 the hydrated

form of which is as follows:

20

Rhodamine 123 hydrate

25 has been used extensively to monitor mitochondrial
membrane potential and can conjugate to mitochondrial
toxins to concentrate toxins within the mitochondria.
The compound 5,5’,6, 6'-tetrachloro-1,1’,3,3/-
tetraethylbenzimidiazolo-carbocyanine iodide (JC-1) also

30 accumulates in mitochondria dependent upon the
transmembrane potential. When JC-1 exceeds a critical
concentration, J-aggregates form in the mitochondrial
matrix, and their size causes these JC-1 J-aggregates to
diffuse slowly out of the mitochondria (Reers et al.,

35 Biochemistry, 30(18):4480-4486 (1991)). JC-1 may be
chemically conjugated to a mitochondrial toxin,
producing a long-lived toxic compound to mitochondria



30 independent of the mitochondrial transnenbrane potential. Maftah et

al ., hen.cal and Bi ophysi cal Research Communi cations 164 (1):185-190
(1989))Q%R?&H§H entrations up to 1 [err], NAO and its der??ﬁﬂ#@é@mfﬁn be
used to target other nolecules to the inner 35 mtochondrial matrix. If the
NAO is chemcally linked to a nitochoggrial toxi n such as phosphat e,
t hi ophosphat e, dinitrophenol, nmaleim and anti sense WO 95/ 26973

PCT/ US95/ 040 h
NAG- 1 ¢ oc R T 5, p%g%%%gﬁéaﬁﬁ nshdfSrdhbBRRRAE 81 EEIR W T oyed
AIternatelwormﬂlrmiﬁpchm@@nxaat|ons (3- IO[err]) NAO and its derivatives

inhibit 5 el ecigop:thagReo by Ad&ihydackyaLEi8AL1[ 8Fbl ts;en%nert and
di srupt reﬁglrat|on Nhftah et al FEBS Letter 236- 240 (1990).

At these c¥ t%n??%??%%%e RO FanFP¥eheRE YaFtFﬁﬁgnanﬁéBGFdlng to an
enbodi nent clfémidLl peretey 40 theveotlosubthetternamueeey ey taki phatic or

h ch h. h h
i trogen’ oFSbe | Ehn SHiRgE B8 HEAT aBFhEaLD Bl PRRERRRRR BT ony! | ¢ aci d.
hydr oxyl, Snamhgdryéd imtootbe minbthpngrmapswheracthptdaay ageatchondri al
15 toxin. U?Qtéfé 683°Qt”@HéSco@QﬂéhtOgékaéhgsﬁtoan&Eiggggnk of the

m t ochondr & ?0 actrdine orange an or an erivatives are
sel ect ed. Foximxwihphin the metepbqndﬁyarwh9r§ agcyxyrgsethe

bi s(di ypt haéeﬁe&)éffeét ne ﬂ]’.@&H&ti@élyﬁaihéefﬁh@ﬁibﬁﬂlZQa%@.an urt her
derlvatlzed Océga eg ‘a Qgg h°r¥"% ecyt%Xln does not need to
depend on subsequent release of the toxin by cleavage of (
the JC-1 from the active agent, if the attachment point
on the active species is non-interfering with the

15 function of the toxin within the mitochondria.

Figures 5, 6 and 7 outline the functionalization of
JC-1 by several different methods. Examples IX(g)-IX(f)
hereinbelow illustrate an oxygen functionality, but the
same can be accomplished with a nitrogen, sulfur or

20 carboxylic acid functionality.

By utilizing the quasi-symmetrical nature of JC-1,
a new chemical entity may be synthesized that is'"half"
JC-1 and contains a functional group capable of being
used as a point for covalent attachment of another

25 chemical entity to the JC-1 subunit. The existence of
the JC-1 subunit facilitates seléctive'transport of the
whole molecule to the mitochondria where, if desired,
enzymes effect cleavage of the JC-1 subunit from the
toxin, allowing it to exert the desired effect.

30 Alternatively, the functionalization and covalent
attachment of the toxin does not need to depend on
subsequent release of the toxin by cleavage of the JC-1
subunit from the toxin, if the attachment point on the
toxin is non-interfering with the function of the active

35 agent within the mitochondria.

Figure 8 outlines the synthe81s of a functionalized
"half" JC-1 subunit by several different methods. The



3, 6-bi s(di net hyl am no) acridine chloride salt or 10-N-

(10-t hi oph¥O9Ba6978 - 1- decyl ) - 3, 6- bi s(di met hyl ami no) acri di ne RSAVER9SE63al t .
Alternately, 10-N-(li-undecanoic acid)- 3, 6-big(di methyl am no)acridi ne 25
bromi de salt may be prepared and further_ derivatized to

10- N- (11- undecan- 1-oi ¢ acid 2, 4-di ni trophenyl ester)-

3, 6-bis(dinethyl am no) acridine bromde salt.. Upon cleavage, the

phosphat e, tﬁF%ﬁ%g"BﬁPé 8? BRfi FFEbN@nSF‘ef“é\?@Ilss SRS Vit Y ihditase within
def ecti ve 30hetépoabtonr incergosasedoynt hée JTd founcthadnf ixti on and

coval ent att f the.toxi o] t.Q, ent
rel ease of t eP€§§§ﬁ8b ?ﬁé%vésgagaﬁ%ﬁg hﬁ%ﬁ?&bﬁ?ﬁﬁ?ﬁ%%%é%hi ?ﬁgy
attachnent poumbepnof hiinbing Btratagisscsuch a§ vt Fakiad @avardadg t he

toxin 35 gt 8Nyt BEALEGARPREY! 8n BR¥CHRE jG¥AMRICTWIle @Y GRATAL! On Of
acridi ne orange derjvatives are summarized in Figure 4 and in \O
05/ 26973 . carboxylic acid to form an ester Wlt%dhﬂsm?ﬁs#@anpl es

I X(a)-1X(f) Aeteragelowi) bhepymagdihigcal 19hked! @ P@plidd Sbtweddi@e t 0 tho
e skilled in_the art. Still other odigen s _af th% resqn Ilinve tion
t ar get chang‘gé fn"""fl et Pht aﬁi"’f‘OChEﬁﬁFFaP ﬁ?&?ﬁgéﬁg 8 ot@ﬁ't ;? He 5D
defective cythobeoski@lediﬂaséhacchemﬁptrpebﬁcpkbpawﬂnqmﬂﬂdgnasuinions
e Pecfo sl eIl W bRLIEACUeh SEENCRRS BObEce e ke of
m t ochondri abietagigabystndies andt dRcpuAp. eASexi .t ATHGIr Urethansse in
size due to g¥EQChERIEBoRamXa82S8ndCEATESNatRe estRRS TR .ahiley et
al., Proc. Nat’l, Acad, Sci. USA, 88:3671-3675 (1991)).
As noted hereinabove, mitochondria carrying mutated
15 cytochrome ¢ oxidase genes have increased levels of
cardiolipin and other negatively charged phospholipids
as well as increased mitochondrial membrane potential.
As a result, the mitochondria selectively accumulate
targeting molecules, including acridine orange
20 derivatives and lipophilic cations such as rhodamine-123
and JC-1 derivatives. 1In addition to sélectively
introducing toxins into the mitochondria, such targeting
molecules can also selectively introduce imaging
ligands, which can form the basis of effective in vive
25 and in vitro diagnostic strategies. Such strategies
include magnetic resonance imaging (MRI), single photon
emission computed topography (SPECT), and positron
emission tomography (PET). Preferred imaging ligands
for the practice of the present invention include
30 radioisotopes (such as 2*I, 121, ®f, N, %0, *C, **"™Tc,
7Ga and so forth), haptens (such as digoxigenin),
biotin, enzymes (such as alkaline phosphatase or
horseradish peroxidase), fluorophores (such as
fluorescein lanthanide chelates, or Texas Red®), and
35 gadolinium chelates for MRI applications. Saha et al.,

Seminars in Nuclear Medicine, 4:324-349 (1994).



potential will increase and these defective mtochondria will accumulate

l'i pophilic cations. According to an enbodi ment of the present invention,
these |i pW@#si2699315 cations are conjugated to m tochondri alpctvosesesosnd used
to destroy defective mtochondria that possess increased transnenbrane
~potentials. Rhodam ne-123 the hydrated formof which is as follows: [err] =
25 has been used extensively to nonitoré®itochondrial menbrane potenti al

and can conjugate to mitochondrial toxins to concentrate toxins within the
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to°a m tochondria

JC-1 may be chem cal &conj ugat ed oxi 1, prod‘uci ng a
| ong- i ved Eortdreenpdiser: @ perdodosdr sgveralphoanrEoz®ells having

oo (oAtEcoduEtlaiing uguenisd, Cyssemmiiio e SUAN il 110 1
nor L M€ SRgdel ey 40 bl i it s st onel aralb K9 the Jc,
subuni t. Dehmvanyst grehtetekhant kel lsawdthoulte stitdl rAGHEhdribe .
preferenpi alphy LERREPALLCErbA! fabRed b UM 1 A I Shial 208t
activated cell sorter (FACS) such as that sold by Becton
Dickinson. Threshold limits can be established for the
FACS using cells with wild-type mitochondria.
Similarly, in an in vivo diagnosis, a térgeting molecule
15 such as an acridine orange or JC-1 derivative is
labelled with **Tc, F or '*I as an imaging ligand.
This labelled targeting molecule is introduced into the
bloodstream of a patient. After a period of several
hours, the labelled-targéting molecule accumulates in
20 those tissues having mitochondria with cytochrome-
oxidase-defective genes. Such tissués can be directly
imaged using posit;on-sensitive'imagihg équipment.
Selective destruction of defective mitochondria is
also achieved by using ribozymes. Ribozymes are a class
25 of RNA molecules that catalyze strand scission of RNA
molecules independent of cellular proteins.
Specificaliy; ribozymes may be directed to hybridize and
cleave target mitochondrial mRNA molecules. The cleaved
target RNA cannot be translated, thereby preventing
30 synthesis of essential proteins which are critical for
mitochondrial function. The therapeutic application
thus involves designing a ribozyme which'incofporates
the catalytic center nucleotides necessary for function
and targeting it to mRNA molecules which encode for
35 dysfunctional COX subunits. The ribozymes may be
chemically synthesized and delivered to cells or they
can be expressed from an expression vector following



may be cl eaved at the covalent attachnent to release a toxin within the

m tochondrwiesesm it exerts the 10 desired effect. Alternatpegtios;
functionalization and coval ent attachnent of the toxin does not nee

depend on subsequent rel ease of the toxin by cleavage of the JC I frontthe
active agent, if the attachnment point onélhe active species is
non-interfering with the 15 function of the toxin within the mtochondri a.
Figures 5, 6edtlie? perimamenthed wrarisdealt ztata',nsf@:ttihih.l bThexapyais
different ne LoXaHRl | £l emRRagxyogen
functional i t;tz/:m%sp the@%gen%ﬂc;ég@bge;icgc%r%phﬁ 3}&@?\; th a dr‘?%r%%en sgl fur or
20 car boxyl i énadedertiye addachpndsiat i|izing the quasi-symetrical nature
of JG1, a new chenical entity may be synthesi zed that is "half" JC1 and
contains a fun | gf, eing used as 2 or covalent
attachment or=amrotH P tfrer oo ettt . Fe=<H jojeiaim &ledi st ence

of the JC1 ggggghp_ﬂggaﬂ;ggﬁggggelectlve transport of t he mhole nol ecul e
to the mtochondri re s{he JC 1
subunit fromthe %ﬂ%ﬁs floow ngﬁ'et%qglg exeﬁaﬁﬁ;&% re ¥ﬂg§?ﬂ %

Al ternativel ;Exouheeﬂascamdn&heznamr@m@mn@msetq%blmtbf the toxin
does not neeg;tad %B%%‘iamfr%ﬂp%%‘ﬂté?“céﬁ'se%éﬁbéé}? TPy £ e@yage of

the JC-1 subunit fromt t oXI n attachment point on the toxin is
non-i nt etPer LAGEFRtRTERe KNSt BHR dft tagsliac eienge a #4R AR ¢ he
ni tochondri a.(1688Yr, € c¥editleld homanN@elNd ek ncONKICl008l i-223E hal "
Il subunlthB&a%egggggngE%%Legglq% hodd % repopulated these
cells with mitochondria from foreign cells.
Transformants with various mitochondrial donors
15 exhibited respiratory phenotypes distinct from the host

and recipient cells, indicating that the genotypes of

the mitochondrial and nuclear genomes, or their
interaction, play a role in the respiratory competence
of cells. Chomyn et al. (Chomyn, A., et al., Mol. Cell

20 Biol., 11:2236-2244 (1991)) repopulated p°206 cells with
mitochondria derived from myoblasts of patients carrying
MELAS-causing mutations in the mitochondrial gene for
tRNA'®, The transformed cells were deficient in protein
synthesis and respiration, mimicking muscle-biopsy cells

25 from MELAS patients. More recently, Chomyn et al.
(Chomyn, A., et al., Am. J. Hum. Genet., 54:966-974
(1994)) reported the use of blood platelets as a source
of mitochondrial denors for repopulation of p°® cells.

However, the techniques for mitochondrial

30 transformation of human cells described above allow only
limited short term studies. Care has to be taken in
growing cultures since transformed, undifferentiated
cells containing wild-type mtDNA are healthier than
those containing mutant mtDNA and therefore have a

35 propagative advantage in culture. Over the course of
several generations, cells with wild-type mtDNA would
dominate the cellular population (i.e., mutant mtDNA
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attachnment of the active chem cal species is via the heteroatom
incorporﬁ&ﬁﬁm' the JCG-1 or "half" JC1 structure.- This a y be
acconpl i she E&sany nunber of linking strategies such as E§§?§§§Q§G§B
advantage 5 of a functionality on the active nolecule (such as a carboxylic
acid to forman ester with the oxygengf the altered JC-1) or by using a

| inker to space between the JCG1 and the toxin. These strategies are well
known to tgegedskel bedectelihagaiasitst andoicellep oG itiiagnanitaced or

| abel I'i ng nnb Xgles'yibh ﬁeggrter functions for biological studies and

i ncl ude esP&EP, aWP&&, Petf8he, urea, sul fonam de,. and sul fonate ester
(S.T. Smiley etIal addRrdon,Nahel vaAuadofSthe pevidis3@al-130AMg991)). As
noted her e, Babgyenedl 1 3HINAA' bachRkeY iy Al sbe DLURCNL 2ty dase

genes have i ncrease ) cardi-ol1prn and other negatively rged

phosphoBi pags thesgecelds incwhishdpathogenediisofdha &%@?ﬂﬁ%rﬂts al. As a

resul t, thexpreasaandr Fadrsekamples! ¢ lcHcmyrar 261, et el eC s,

i ncl udi ng acridi ne_orange 20 derivatives aqq E%Egghilic cations such as

r hodani ne- £23Hufy Genetda, p¢43008s974) 11334 QEHERFIARRMA | nt r oduci ng

t oxi nz i nt eellle Eislt thogébﬁ%emcbft a:cigetdmaﬁglaetﬂﬁm c£§f31]£181|<ﬁ) sel ectively

i ntroduce | LN l,gands, [ can.formthe. basi ective in vivo 25

and in vitbgagkagﬁ5§gp5‘stygﬁegﬂ s A3 + Fﬁ?ﬁ ﬁ%iﬂﬁﬁgfdﬂk magneti c

resonaidfe pattdengs( N8 thasi il afflecten the dxiadm endmustteopoyr aphy

(SPECT), a Siatr WSS ﬁH@ﬁ . r ygcYol | i gands

for the pr%%ﬁggelegfggﬁg%rﬁ%?gﬁf nvglﬁiﬂ% i nc-%deﬁg’séx%r; | orl1 sot oap}ghs (such

as [err] [®@athogeaesdst dnx PpnengsddSs (such as di goxi genin), (
The present invention overcomes these two serious

limitations. First, by introducing mitochondria from

15 diseased cells into an undifferentiated, immortal cell
line, it is possible to maintain the transformants in
culture almost indefinitely. Although it would be
possible to study and use the undifferentiated cells
themselves, it is preferred to take a sample of such

20 cells, and then induce them to differentiate into the
cell type that they are destined to become. For
example, for neurodegenerative disease, cultures of

. primary neurons or neuroblastoma cell lines are
preferred because these can be terminally differentiated

25 after transfer of mtDNA with phorbol esters, growth
factors and retinoic acid. Transfer of mtDNA into these
cells results in cells that carry mutant mitochondrial
mtDNA and which differentiate into post-mitotic cells
with a neuronal or neuronal-like phenotype.

30 Post-mitotic cells with a neuronal phenotype have
several advantages over other cells. Obviously, these
cells are closer to the phenotype of cells affected in
neurodegenerative disease. Since these cells are not
actively dividing, the'propagative advantage of cells

35 containing wild-type mtDNA is not a significant problem
during the test period (i.e., cells containing mutant
mtDNA are not selected against in tissue cultures).



biotin, enzynmes (such as al kal i ne phosphatase or horseradi sh peroxi dase),
fl uor ophowaspesizgomah as fl uorescei n | ant hani de chel ates, or TecEesdsad@s, and
35 gadoliniumchelates for MRl applications. Saha et al., Seminars in

Nucl ear Medi ci ne, 4:324-349 (1994). WD 95/ 26973

PCT/ US95/ 04063 60 As an exanple of an ié3vitro diagnosis, a targeting

nol ecul e, such as an acridine orange or JC-1 derivative, is |labelled with
quoresceinA&sqy1Whﬁnﬁ3q;mﬂQﬁmﬁy diffendnrtiatedar ghesageadlecake is

| ntroduced |G,y Ny R R urd ss;if'?%-lodl\ﬁt?&ié”€e§ﬁ§ haééuﬁul?étgafnﬁtfahl&r obl ast

culture. After a perlo seve avi ng tochondria with
defective cyntdd¥ @HeX td)ﬁlciaslé-fg%rﬁﬁa%e}’éc@i‘%%‘lnfleab§6FBlFF\§9I &Bel | ed

agr g%lengem&ﬁ{aﬁc?%% fbﬁ&ﬂ&l‘g?tﬂicgaﬁ@ﬂt.&ﬂénwwhl §n&\téﬁ§ﬂhg$ﬂﬁﬁleﬂhh00 hondri a.
s are then washed and sorted in or esgenc ated cel

sorter (FPACSUUHEas | 4ﬁﬁrlﬁﬁ Eﬂ%t%ﬁ?fff ?%égﬂ %hWéERSﬁ ﬁ s can

ge elst albl | shies furictdon Fa%@ansummms im thiochemigad eventkondri a.

imlarly, in . an in vivo. n05|s nol ecul e 15 such as an

acri di ne” or I %ﬁt?ﬂflw%éhéﬁki 3%?# e?%iggmnth [err] og@éerr] as an

i magi ng |igand. Triss, absined® ane@é.ta dgniotest fizon Sukiyrss into the

bl oodst rea%c"@i’?tﬂ&m s A4 ez{eti’rcg&ﬂﬁ@% SE€YE' phnbgUpsrmika | abelled

targeting accunu ates I n e ti1ssues_having mtqchondria
with cytidthranlyshd el changad iR Hendiitephantridheg®Rahena™irect | y

i maged usi Nng-RA Ly Qﬁmﬁﬁlﬁhe/efumaﬂagquf@eeﬂb oBemgebetendednuiuct i on of
defective mtochondrja is
dysfunction in neurons and cells.
Mitochondria to be transferred to construct model
systems in accordance with the present invention can be
15 isolated from virtually any tissue or cell source. Cell
cultures of all types could potentially be used, as
could cells from any tissue. However, fibroblasts,
brain tissue, myoblasts and platelets are preferred
sources of donor mitochondria. Platelets are the most
20 preferred, in part because of their ready abundance, and
their lack of nuclear DNA. This preference is not meant
to constitute a limitation on the range of cell types
that may be used as donor sources.
Recipient cells useful to construct models in
25 accordance with the present invention are
undifferentiated cells of any type, but immortalized
cell lines, particularly cancerous cell lines, are
preferred, because of their growth characteristics.
Many such cell lines are commercially available, and new
30 ones can be isoléted and rendered immortal by methods
that are well known in the art. Although cultured cell
lines are preferred, it is also possible that cells from
another individual, e.g., an unaffected close blood
relative, are useful; this could have certain advantages
35 in ruling out non-mitochondrial effects. In any event,
it is most preférred to use recipient cells that can be
induced to differentiate by the addition of particular



al so achi eved by using ribozymes. Ri bozynmes are a class 25 of RNA

nol ecul es that catal yze strand scission of RNA nol ecul es i ndependent of

cel I ul arg'gRhedsgs. Specifically, ribozymes may be di recte %& | ze and
cl eave tgraget mgt ochondri al nRNA nol ecul es. The cl eaved tarc{get cannot
be translated, thereby preventing 30 synthesis of essential proteins which
are critical for m tochondrial functigy The therapeutic application thus

i nvol ves designing a ribozyme which incorporates the catalytic center

nucl eotldeéhaﬂseaiarm §o1, hambh@e aggowthdEhicteris, erdTRNd Dl ecul es whi ch
encode for éz nctlonal gubun its. The riboz S n%¥ be chemcally
syntheS|zeH ﬁac FePed FSmBSFP UZE ¢ FEPOSHF L %ﬁ%ggg%kP BN

expr essi onageut. VL. kaHhauubg, et¥D)95hAGetion signals.

PCT/ US95/ 04063 p 0 ansgie e Therapy is
t hus provi ded bgét QSPscﬁgggg?%%gvg %%fQ§Ut%%FE t(aeéﬂg I ve
nltochoﬁdrsalestedlBubhrthﬂu Ahewaarnboél§°ﬂbpawﬁ¢d&86¢,h§mngeued with
Mt ochondr aﬁhgeaﬁeeb%uemg@sther type! %hh@g i@ m@p@%xﬁk@%r e 5{) DNA™)

fromcells transform.ng those cells with nitoc m ot her

cells haveaﬁééﬁt?épéptéﬂsﬁﬁsﬁﬁelﬁélvFﬁPéﬁﬁtur§°r R R lhrdl, Sci ence,
246: 500- 50gont82drt iageabadlbu far ﬁéhlr&lb@ﬁ.lﬁ:kallg dilddiseld @/Hdt -ake3B human
ost eosar conma cellgg and hentregﬁ ceIIs W th mtochondria from
foreign cePPEOCHPERS: WAREnMILRF §FP éhoﬁﬁqzﬁ s 15

exhi bi ted neapbb&aetymphea&ﬁyﬂésgélarsnmbstr@methmﬁedn
In the examples below, mitochondria have been
isolated by an adaptation of the method of Chomyn (
(Chomyn, A., et al. Am__g;_ggmé_ggnggé 54:966-974
(1994)). However, it is not necessary that this
15 particular method be used. Other methods, are easily
substituted. The only requirement is that the
mitochondria be substantially purified from the source
cells and that the source cells be sufficiently
disrupted that there is little likelihood that the
20 source cells will grow and proliferate in the culture
vessels to which the mitochondria are added for
transformation. |
In the examples, the mitochondrial DNA (mtDNA) of
the target cells is removed by treatment with ethidium
25 bromide.. Presumably, this works by interfering with
transcription or replication of the mitochondrial
genome, and/or by interfering with mRNA translation.
The mitochondria are thus rendered unable to replicate
~and/or produce proteins required for electron transport,
30 and the mitochondria shut down, apparently permanently.
However, it is important to note that it is not
necessary for the purposes of this invention to use any
particular method to remove the mitochondria or
mitochondrial DNA. .
35 Model systems made and used according to the
present invention irrespective of whether the disease of
interest is known to be caused by mitochondrial



and recipient cells, indicating that the genotypes of the mtochondrial and
nucl ear gBQI269730r their interaction, play a role in the rBEHUSIN03063
conpet ence of cells. Chonyn et al. (Chonyn, A, et al., MIl. Cell 20

Biol., 11:2236-2244 (1991)) repopul at ed err] cells with mtochondria
derived from myobl asts of patients carr§Png MELAS-causing nutations in the

o1 of oi - synEHEBTEERR) 48 AL IO USRI LT HEE oL SBBEySLePPESSES 1 rom
MELAS pati erire a Mymptoac s It;he Cancsraasea,t aﬁbe iého?ﬂﬁtl:ed w1|ﬁh a: Am J.
Hum GCenet 54..966- 974 4 t he e 0 Q ate ets as a
sour ce of m’p[r gf‘}(ﬁ?c?ﬁlé 08'63:09 t)l?eor ’r ep%%%’l a?]r- 2OF %nc‘éﬂzg.g wever, the
t echni ques &@ﬂaununshmnhtaﬂtni)dnseaﬁﬁ(nrﬁmladd:mlhunanheeube déscri bed

above al lsow Qi ytgtte‘?& ?@%’ﬁ?fﬁ,ﬁ??r‘g@éﬁt hgﬁ {?]:?Snt @gen in

gI‘OWI ng cuI tures si'nce tr entiate s cont ai ni ng
Wil d-type mdoermiaeahathes a HhiFears Ham AR FPFECHRERAt nt DNA and

therefore haMezh¥nddilzPaisdate ﬁ@wﬁﬂﬁzlﬁhé%éﬁ?é of Yre pbesequrse of
sever al generatlons cells with wild-type nt DNA d domi nate the cellul ar

popul ation GPVENEIQR-ant nt DNA WO 95/ 26973
PCT / US95/ 04063 Geraddiﬁn:rs,eIaacﬁrmhgigauhbstpramhteihsenbﬂbai hsng nut at ed

o) r o] | .pes is
furt he\rAqubl m 15"& aﬁ’se "@yvagebwna {Eoﬂ%& %%%Q%,Q Eéf éﬁ?ﬁgéésc% in
whi ch pat hogdvieh §h§‘ nitoahicgsinia |k@\@<m@sﬁwﬂl¢ode§aahpt eitChanpat
(Chonyn, A g£h i3lited ' 'donceivably there are disorders wherein

there are structural or morphological defects or
anomalies, and the model systems of the present

15 invention are of value, for example, to find drugs that
can address that particular aspect of the disease. 1In
addition, there are certain individuals that have or are
suspected of having extraordinarily effective or
efficient mitochondrial function, and the model systems

20 of the present invention may be of value in studying
such mitochondria. In addition, it may be desirable to
put known normal mitochondria into cell lines having
disease characteristics, in order to rule out the
possibility that mitochondrial defects contribute to

25 pathogenesis. All of these and similar uses are within
the scope of the present invention, and the use of the
phrase "mitochondrial defect" herein should not be
construed to exclude such embodiments.

Determining the molecular switch that converts

30 individuals from IGT to NIDDM would be of enormous
medical significance. Having the ability to identify
those individuals with a predisposition to convert from
IGT to diabetes mellitus would be an advance in the
diagnosis of late onset diabetes mellitus. Being able

35 to prevent conversion of IGT to late onset diabetes
mellitus would represent a major therapeutic advance.



J. Hum Genet., 54:966-974 (1994)) used osteosarcona cells as the recipient
of mtochondria fromcells of a MERRF patient. Yet the nmjor inpact of
MERRF onwbdsppesi ents is that it affects the brain and nuegiraosesodvss'se
encephal onyopat hy and nyopathy. There is no known pat hogenesis in bone
cells. The present invention overcones these two serious limtations.

First, by introducing mtochondria fro6615 diseased cells into an

undi fferentiated, imortal cell line, it is possible to maintain the
transformants i Gendtia defieaks imddie miteghondrial ggenes vencadbngpossi bl e
to study angusemidimdtidl fder e Iﬁé&f&iltsramﬁivasamtma peeferred to

take a sanmple of such 2Q cel]s, d then induce themto differentiate into

the cell ty‘ﬁlé’q]’f’i’zﬁd tifeyFhe es"b‘é'sql} % LRI - oxEhpse, geRetic
neur Odegeneieﬁtddtes MeBedsad @l tperurbationsryf neii onsretefgur obl ast oma

cell es are prefer hec the e can terﬁ1 ally differentiated 25
after t% rﬂrfé\l,&‘l atr?;cy ’%%‘f e:'rrébteyb? R Y%E%‘/%?s gnd retinoic:
acid. Tr ansafdanua‘lna Wﬂphnspha‘use(m)l s theuhainisowrtesof hfwelarry nut ant

m t ochondrigl,. rgéinggyi éﬂéd&ééf”fg%#éﬁéhé”to post-mitotic cells with a

neur onal or neur notype Post-mtotic cells with a

. neuronal phenot Jfhe zagal bikar ATRrlevels. drep; ousl y,
these cell y@algdd Qs_ee[népbztﬂwiﬂwr&am 8 DRpadréd]| exﬁé@beI'lsm of
neurode eneratlve dlse s i nc ese, cells ‘are nof agtive di vidi ng, the
pr opagat | & ﬁ-n%‘{s;rﬁ%?ﬁ?ﬁe%&?ﬁ t§peerrenPeds not a

signifi cantalnlr thamda.nr léigeﬂdua iredheaswixkl i £rom IET|Socababevesyg nut ant
M DNA are r%t?etllsietltf"sc.t ed M&:setd iﬁéééééjeafgléyffgéed muscle (the

major insulin-sensitive tissue) and pancreatid beta
cells (insulin secreting cells). These target tissues

15 contain non-dividing terminally differentiated cells
that are susceptible to accumulation of mtDNA mutations.
Achieving a threshold level of mutations in mtDNA in
pancreatic beta cells could precipitate a drop in
insulin secretion, providing a molecular mechanism for

20 the switch in disease phenotype from IGT to diabetes
mellitus. In addition, a similar mechanism may
precipitate a loss of insulin responsivity in muscle.
- Certain critical enzymes in the metabolism of
glucose (hexokinases) and insulin secretion require ATP

25 for proper function. Hexokinases and in particular
glucokinase are bound to porin, a voltage dependent
anion channel, located within the outer mitochondrial
membrane. Porin, in turn, is apposed to the adenine
nucleotide translocator of the inner mitochondrial

30 membrane. ngether these protein complexes form a
conduit for delivery of ATP from the inner mitochondrial
matrix to hexokinases bound to the outer membrane and
for return of ADP generated by catalytic activity of
these kinases. The ATP used by mitochondrial bound

35 hexokinases is derived from the mitochondrial matrix and
not the cytoplasm. Hexokinases require mitochondrial
ATP for activation.
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Al so, wheWwoes2eTal |y differentiated, these cells are stabl BCT/S2M4063 €.
Post-mitotic cells accunul ate nutant nt DNA over their life span in culture,
resulting in enhanced bioenergetic failure with increasing tine in 5
culture. This leads to an exacerbation 87 nitochondrial dysfunction and

alterations in biochem cal events gﬁc])qs' stent with bi oenerg ti¢c failure.
Thus, using [err|Theforegaingand YIRS sI8FCHIPREPY REuFdfs or
neur obl ast onegveaitdidi A& R var idusinehlysd smeht s hBsgasti intkaded to

m t ochondri al genone and clqgsely mmcs t functian .

m t ochondri gfe gﬁ‘&%ﬁq o?fi'%‘% VSHRAE PR %‘gﬁ %@gﬁffoggoggifi%&?ggﬁge

transf err ed themsmist r RHoswdkilled cin the aarbrdfinveleruharhgepesdest

i nvention c | t ' n ' : S0 e. Cell
cul tur es%of aéa%‘?%‘éllxgnedslségéo% p%%%gélﬂa&?c?ﬁéeﬂﬁge%?&géﬁggﬁleg ggl‘#‘sﬂf Fgl% any

ti ssue. Howscape fafhrtde oresen; anventieR: myobl asts and platelets are
preferred sources of donor mitochondria. Platelets are the nost 20
preferred, in part because of their ready abundance, and their |ack of

nucl ear DNAE eference is not neant to constitute a limtation on the
range of celpefitpiasi drimtofirybtsevisttiorss donor sources. Recipient cells

usef ul 'ﬁj&nconstruct nodel s in 25 accordance with the present invention are
undi ffe tiated cells of any type, but immortalized cell |ines,

particul arly cander®B8SCet 1130 %, sediuprehberide, bbEau¥eseivfei r grow h

characteristics. Many %Lghﬁ’l I Jkié'l_ -gre comercially available, and new
30 ones can be isolated an reﬁ)ere i mortal by mnethods
SDS = sodium dodecyl sulfate _
BSA = bovine serum albumin, fraction IV
15 probe = a labelled nucleic acid, generally a
. single-stranded oligonucleotide, which is
complementary to the DNA target
immobilized on the membrane. The probe
may be labelled with radioisctopes (such
20 as *pP), haptens (such as digoxigenin),
biotin, enzymes (such as alkaline
phosphatase or horseradish peroxidase),
fluorophores (such as fluorescein or
Texas Red), or chemilumiphores (such as
25 acridine).
PCR = polymerase chain reaction, as described by
Erlich et al., Nature 331:461-462 (1988)
hereby incorporated by reference.

BOM&MMM

Reagents. Cell culture media were purchased from Gibco
BRL {(Gaithersburg, MD). 5,5’,6,6’-tetrachloro-1,1/,3,3’
-tetrdethylbenzimidazolo-carbocyanine iodide (JC-1) and
nonyl acridine orange were obtained from Molecular

35 Bioprobes (Eugene, OR). Unless otherwise indicated, all
other reagents were from Sigma Chemical Co. (St. Louis,
Missouri).



that are well known in the art. Al t hough cultured cell lines are preferred,
it is also possible that cells fromanother individual, e.g., an unaffected

cl ose bl qrsbogigbati ve, are useful; this could have certai nﬁqy@; g 35in
ruling out non-mtochondrial effects. In any event, it is nos rred to
use recipient cells that can be induced'to differentiate by the addition of
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PCT/ US95/ 04063 64 chemi cal (e.g., hornones, growh factors, etc.) or

~physi cal (Q.‘dll, culturient msww&ﬁmwﬂ@témwmﬁl&y Jgradiation,

Cel ott ed_ Sith S A nERREEE- ;G E S5 ol 487 S EeHe S P o) the

type that iin lmﬂiberdm:mt yxmd:zﬂ:]qd HBegdet ‘ex] nedidins etDMEM) ndi vi dual s. For

g)s(gggl St ed vmp?ﬁ'wé{ rial Qicﬁ:fl{eﬁt rﬁ%geét}!r(c}g&é"féé ﬂLl% neurojE#atst g;rg cel |

| i nes ar®e rmu"pr(é‘?@r)r:e@eﬂwlﬂﬁé-fbx Ayl Jowy, strepicomy@in a(hlve been

i solated b 1 1 m10d c§5 @ aEpESh findl .. Am
J. Hum Geﬁlgt%hq Eﬁ%dg?aqr 199%“‘3:9H8mev er, it is no%gc%&%?yi?ﬁat this
e

15 parti cui>f4 Mg CQret hdls OTReE &oshe@tsubstituted. The
only requi rigi@tivatd hiie HES mﬂm@&md:rha&:é& i byttt cat yapoyified from

t he source cells d e o | | ffi entl di srupted that
there is Iif at"‘l'"éq 6hlf’el hodd ttri}? efget 3553@% i VWH“XE; Fdw and
prol i f &lat ®MEM mas @licasre Q?&;SEREMI dedn alted-'han simedoReMI aiare added for
known to inhibit production of mitochondrial DNA (mtDNA)
in depleted (p°) cell lines (Van Den Bogert, C. et al., (

J. of Cellular Physiol., 152:632-638 (1992)).

15 Oxygen COnéumption Measurements. Cells were trypsinized
from a 75 cm® flask, rinsed one time with HBSS (Hanks
Balanced Salt Solution, Gibco BRL), resuspended at 2.0 X
10”7 cell/ml in HBSS, and maintained at 37° C. An 80 ul
cell suspension sample was_introduced into a Haas

20 stirred polarographic microchamber (Haas, R. H. et al.,
Biochem. Med., 32:138-143 (1984)) in a final volume of
330 ul in HBSS. Oxygen consumption was measured by a
Yellow Springs Clark oxygen electrode No. 5531 and
monitor No. 5300 (Yellow Springs, OH) at 37°C. Oxygen

25 utilization was calculated as described by Estabrook

(Methods of Enzvmol., 10:41-47 (1967)).

Enzymatic Assays and Protein Determinations.
Citrate synthase activity was determined using samples
30 of 2 X 10° cells incubated at 30°C in a cuvette
containing 0.04% triton X-100, 0.1 mM
5,5’-dithio-big(2-nitrobenzoic) acid, 980 ul of 100 mM
tris pH 8.0 for 3 minutes prior to the assay. To
initiate the reaction, 10 ul of acetyl CoA and
35 oxaloacetic acid to final concentrations of 50 uM and
500 uM, respectively, were added. The cuvette was mixed
by inversion and the increase in absorbance at 412 nm
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wher ei n mg/ml) for three minutes at 30°C prior to measurement of

enzymatic rates. The assay reaction was initiated by
the addition of reduced cytochrome ¢ to the cuvette,
which was inverted twice. The change in absorbance at

15 550 nm was measured continuously for 90 seconds. The
fully oxidized absorbance value was determined by the
addition of a few grains of ferricyanide to the cuvette.
Rates were obtained at various cell concentrations to
validate that the assay was in a linear range.

20 Non-enzymatic background activity was determined by
pre~-incubation of the cells with 1 mM potassium cyanide
{KCN) prior to determination of the rate constant.
Cyanide sensitive complex IV activity was calculated as
a first-order rate constant after subtraction of

25 Dbackground activity. Complex II activity was assayed by
adding the cells to a cuvette containing assay buffer
(10 mM succinate, 35 mM potassium phosphate, pH 7.2, 200
pg/ml n-dodecyl-beta-D- maltoside, 1 mM KCN, 5 mM MgCl,,
1 uM rotenone and 1 uM antimycin A). Assay volume was

30 adjusted to a volume of 887 with assay buffer. After
incubation at 30°¢ C. for 10 minutes, 100 ul of 0.6 mM
2, 6-dichorophenolindophenol {(DCIP), as the final
electron acceptor, was added for one minute for
temperature equilibration. Three ul of a 20 mM solution

35 of the syntlretic ubiquinone analog, Q1 (Intermediate
electron acceptor), was added to initiate the reduction
of DCIP. The change in absorbance at 600nm for 1-3
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protein  complex I (NADH:ubiquinone oxidoreductage) activities
were determined essentially as described in Parker, et ' |

' . J, Neurol., 26:719-723 (1989), except that
cells rather than isolated mitochondria were assayed.

15 Membranes were lyséd by incubation of cells at 2 X 10°¢
cells/ml with 0.005 % digitonin in Hank’s buffered salts
plus 5 mM EDTA (HBSS/EDTA) for 20 seconds at 23°C. The
solubilization was stopped by addition of 50 volumes of
cold HBSS/EDTA. The lysed cells were centrifuged at

20 14,000 g for 10 minutes at 4°C. The pellet was diluted
to approximately 1 mg/ml protein in HBSS/EDTA with 1 uM
leupeptin, 1 uM pepstatin and 100 uM PMSF. Prior to
complex I assays a 200 ul aliquot of protein suspénsion
in a 1.5 ml eppendorf tube was sonicated for 6 minutes

25 in an ice packed cup horn sonicator (Heat Systems-
Ultrasonics model W225) at 50 % duty cycle. The complex
I assay reaction was initiated by the addition of 3 ul
of 20 mM ubiquinone-1'in ethanol to 10 ul of 10mM NADH
(in assay buffer), and 30-100 ug of protein in a 1 ml

30 total volume of assay buffer (25 mM potassium phosphate,
pPH 8.0, 0.25 mM EDTA, and 1.5 mM'potassium cyanide) in a
1 ml cuvette that had been pre- -incubated at 30° C for 3
minutes. The change in absorbance at 340 nm was
measured for 120 seconds after which 5 ul of 500 uM

35 rotenone in ethanol was added and the ébsorbance change
was measured for another 120 seconds, to determine the
rotenone sensitive Complex I activity. Complex I



5 conplex and ultimately a drop in the production of adenosine triphosphate
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m tochondrial intracellular ATP | evels drop, glucose transport into cells
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mechani smmay precipitate a loss of insulin responsivity in nmuscle. Certain
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Toget her _these Qtein_c | exes forma conduit for delivery of ATP from
t he innetltom' f‘ggﬁg’ﬁ%ﬁdglw’%gfri X to hexoki nases bound to the outer nmenbrane

and for retuisn5df, 6ABP -gertgraattdedne- Iod: ‘al 343 ‘c- tattrattyy benninedrzadees. The
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m tochondrial matrix and not the cytopl asm i nases require .
mi t ochondr i aloXATEef dd #&/midt ifeF sixty minutes at 37°C., with CO,, in

a 100 nanoliter volume of HBSS. The medium was decanted
15 and the cells rinsed three times with 200 pl of HBSS and
left in 100 ul HBSS. Dye uptake was measured using a
Millipore Cytofluor No. 2350 fluorescence measurement
system {(Bedford, MA). Filter sets used for JC-1 and
nonyl acridine orange were 485 nm (excitation) and 530
20 nm (emission). Bandwidths for the 485 nm, and 530 nm
filters were 20 nm, and 25 nm respectively. Dye uptake
by the cells was optimized for incubation time,
concentration, and cell number, and shown to be linear

with respect to cell number under the conditions chosen

25 (manuscript in preparation). To define non-specific
uptake of the mitochondrial membrane potential sensitive
dye (JC-1), carbonyl cyanide m-chlorophenyl hydrazone
(CCCP, 5 uM) was added concurrently with JC-1 to
uncouple electron transport and dissipate the

30 mitochondrial membrane potential (Johnson, L. V. et al.,
J. of Cell Bjol., 88:526-535 (1981)).

In some experiments, dye uptake was also
quantitated by fluorescence activated cell sorting
(FACS-Scan, Becton-Dickinson) using dye concentrations

35 and incubation times described above. Growing cells
‘were trypsinized from a 75 cm® flask, rinsed one time
with PBS + 1-mg/m1 glucose, resuspended in the same
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an emission filter of 530 nm and a bandwidth of 42 nm.

10 Slot blot analysis of mtDNA. Total DNA from 10’ SH-SYSY
parental and p° cell isolates was isolated by a Qiagen
Kit (Chatsworth, CA) and.quantitated'by absorbance at
260 nm and by agarose gel electrophoresis. Various
amounts of total DNA were denatured by treatment with

15 0.2 N NaOH in 100 pul volume at 65°C for 30 minutes. The
sample was neutralized with 100 ul of 2 M NH,OAc. The
DNA was vacuum blotted onto a Zeta probe membrane
(Bio-Rad, Richmond, CA), and was wetted with 10X SSC
(1.89 M sodium chloride, 188 mM sodium citrate, pH 7.0).

20 The membrane was then exposed to UV light (254 nm, 125
mJoule) and incubated with blocking buffer (0.2%
I-Block, 0.5X SSC, 0.1% Tween-20) for 30 minutes at
ambient temperature. The membrane was washed with
hybridization buffer {5X SSC, 1% SDS, 0.5% BSA) in an

25 open small volume plastic dish.

Alkaline phosphatase-oligo conjugates were prepared

as described by Ghosh (Bioconijugate Chem., 1:71-76
(1990)). Ten mls of hybridization buffer containing 2
pmol/ml of AP-oligo conjugate against the COX I subunit,

30 specific for human mtDNA (CGTTTGGTATTGGGTTATGGC), was
layered on the membrane and incubated for 60 minutes at
42°C. The membrane was washed three times with buffer
1(1X ssC, 0.1% SDS, 5 minutes at RT), one time with
buffer 2 (0.5X SSC, 0.1% SDS, three minutes at 50°C),

35 one time with buffer 3(1X S8SC, 1% triton X-100, three
minutes at RT), one time with buffer 4 (1X SSC for ten
minutes at RT) and finally one time briefly with



Reagents. Cell culture nedia were purchased from G bco BRL (Gaithersburg,
MD). 5,5',6 0V@9ISR@3 achloro-1,1',3,3" -tetraethyl benzi m dazol ECTAISYHG4PERI ne
i odide (JC-1) and nonyl acridine orange were obtained from Ml ecul ar 35

Bi oprobes (Eugene, OR). Unless otherw se indicated, all other reagents were
from Si gma Chemical Co. (St. Louis, Mssot#i). WO 95/26973

PCT/ US95/ 04063 68_ Cel | SYSY n robl as S. | er,
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over RPM %64%£0w% n?gﬁgé EFQ% ?iétﬂ%§hc§§tghﬁﬁggft€%b uct
nltochondrlaIWEFMP%??ER@)aFntHGpﬁéﬂéthEPr] cell lines (Van Den Bogert, C.

et al., J. of Cellular Physiol., 152:632-638 (1992)). 15 Oxygen
Cbnsunption Measurenents. Cells were trypsinized froma 75 cnR fl ask
rinsed one tinme with HBSS (Hanks Bal anced Salt Sol ution, G bco BRL),
resuspended at 2.0 X [err] ceII/n1 | NEXIEMBLEalid mai ntained at [err] C  An

o0 Let) oE8) & S ERELRLOM, AN 1 Jenb T Ol 8 ERIRRER S
(1984)) in a final DN yneobtamed[ﬁmp AR pBESenORygad EEPTUASTION was
measured DY aa)zheimer’s (normal) individuals. Age-matched normal
individuals and AD patients classified as probable AD by
NINCDS criteria (McKann et al., Neuréiogx 34:939-944
15 (1984)) are used.
For blood samples, 6 ml samples are drawn, added to
18 ml of dextrane solution (3% dextrane, average MW =
250,000 kiloDaltons (kDa), 0.9% sodium chloride, 1 mM
ethylenedinitrilo tetraacetate, mixed and maintained at
20 room temperature for 40 minutes without agitation to
allow erythrocytes to sediment.
The plasma and leukocyte fraction is transferred to
a centrifuge tube and leukocytes are collected by
centrifugation at 14,000 x g for 5 minutes. The
25 leukocyte pellet is resuspended in 3.8 ml of water and
vortexed for 10 seconds to lyse remaining erythrocytes.
1.2 ml of 0.6 M sodium chloride is added and the sample
is again centrifuged at 14,000 x g for 5 minutes to
collect the leukocytes. The leukocyte pellet is
30 resuspended in 0.4 ml of a solution containing 0.9%
sodium chloride/1mM ethylenedinitrilo tetraacetate and
stored at ~-80°C.
Total cellular DNA is isolated from 0.2 ml of the
frozen leukocyte sample. The frozen leukocytes are
35 thawed, then collected by centrifugation at 14,000 x g
in a microcentrifuge for 5 minutes. The cell pellet is
washed three times with 0.8 ml of Dulbecco’s Phosphate



Yel | ow Springs O ark okygen el ectrode No. 5531 and nonitor No. 5300 (Yell ow
Springs, OH) at [err]. Oxygen 25 utilization was cal cul ated as descri bed by

Est abr oakoedfdorpds of Enzynol ., 10:41-47 (1967)). Enzynat perrisssmseszand
Protein Determnations. Citrate synthase activity was determ ned using

sanples 30 of 2 X 105 cells incubated at [err] in a cuvette containing
0.04%triton X-100, 0.1 mM 5,5" -di t hi obi s(2-nitrobenzoic) acid, 980 [err]
of 100 mMMtris pH 8.0 for 3 mnutes prior to the assay. To initiate the
reaction, Befferefl Salanet {PBSoAGAhdo3babrahtardeis: aam¢ to fina

concent  at 498hnB oBfeke theadeaaRal ot %'.‘L]andr egngCt, 4 Added. The
cuvette was m xe I nNVer si on an increase 'i'n sor ance at 412 nm
WO 95/ 2697%4040AJ) and resuspended in 0.3 ml water. p Eheydeykparess9 was

recorded fgke?1{8ed uaasn Tbeoseagtbﬁnlo% buawwm(aaaédyﬂ s time period
(Shepherd, D & g i in_En z¥ %%ﬁll 5§H§} q9)) . .Conplex IV

(cyt ochPon8UtEBkE5e ﬁnﬁe onfrERe Flﬁguc &8 5 activities
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i ncubati onpwe! Bupedndeant- et rbnEteresiaded @ %1@%m) for three mnutes at
[err] eror to neasurenent of enzymatic rates. The assay reaction was

initiat@d ByCTRECRRTLENGR BPbFeGBée&W?‘SEﬁ@oﬁé’lGet ¥t G &t €L whi ch was
inverted tphefolTehlepafigem M13ahjoshdnewide with chloroform. DNA

is precipitated by addition of 0.03 ml of SM sodium B |
chloride and 0.7 ml of 100% ethanol to the sample.
Following incubation at -80°C, the precipitated DNA is
15 collected by centrifugation at 14,000 x g for 15
minutes. The DNA pellet is washed with 0.8 ml of 80%
ethanol, briefly dried, then'resuspended in 0.2-0.4 ml
of TE buffer (10mM Tris-HCl, pH 7.5, 1 wM EDTA). The
DNA concentration is determined by UV absorption at 260
20 nm.

As an alternative method for isolation of DNA from
blood, 5 ml blood samples are drawn and added to
Accuspin™ Tubes (12 ml or 50 ml capacity, Sigma _
Diagnostics, St. Louis, MO), prepared according to the

25 manufacturer’s instructions and containing Histopagque™
separation medium. The tubes are centrifuged at 1,000 x
g for 10 minutes. The plasma and leukocyte fraction is
transferred to a centrifuge tube containing 1 ml of TE
buffer, and leukocytes are collected by centrifugation

30 at 2,500 rpm for 10 minutes. The leukocyte pellet is
resuspended in 5 ml TE buffer and 0.2 ml of 20% SDS and
0.1 ml of Proteinase K at 20 mg/ml are added. After
incubation at 37°C for four hours while shaking the
lysate is extracted twice with phenol and twice with

35 chloroform:isoamyl alcohol (24:1). DNA is precipitated
by addition of 1/10 volume 3.0 M sodium acetate (pH 5.0)
and 2 volumes of ethanol. Following incubation at -20°C



15 550 nm was neasured continuously for 90 seconds. The fully oxidized

absor banceyyakp@syas determ ned by the addition of a few gr 'c‘lﬁs%m 106
ferricyani de to the cuvette. Rates were obtained at variousate 3

concentrations to validate that the assay was in a |inear range. 20
Non-enzymati c background activity was dejgrm ned by pre-incubation of the
cells with 1 nM potassium cyanide (KCN) prior to determnation of the rate
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assay bufferahaOr&/b’hspendaat ¢n 851FW.Romds Sifumepasifieat e, The DNA 200 [err]

v dotecyl - bok g BanTBbL 9348, hoFKGMeqd s ke e 01 ot heping ond, 1

[err] antinyCli say “vol ume was 2 Vol urfe” of " 887 with
assay bufBer. ° Af For bmedbasamples. [&prt]alccefldmlar MANAIties, igoatedr] of

0.6 M 2, 6- deBfar gRhegob p? aRBeRe £ebZeh) pradd he dduid ﬁi@%ff&gﬁcceptor,

was added for one minuté for tenperature equilibration. Three r] of a 20
mM sol uti on ]3531§f tf-ﬁéﬂ@yﬁﬁh@#seébﬂaﬁpnénaléﬁa slounge (honegeRiRer

el ecL ronbacw Pireex, VAR addadoQO#nnntsl-st)chmarleﬂuﬁ ipmMbfoDAYEidhe change
i n absorbanc
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75 o < RS B ELAE RFCaBY RouERBR ARG T RHORRYCC o ¥
of the glass rod. The braln homogenate is transferred
to an incubation tube and placed at 45-50°C for 30-60
minutes. After the addition of 5 ml of sterile water,
15 the homogenate is extracted with phenol/chloroform two
to three times, then twice with chloroform. DNA is
precipitated by mixing the extracted sample with 1/20x
volume of 5§ M NaCl and 2.5x volumes of 200 proof ethanol
and placed at -20°C. DNA is pelleted by centrifugation
20 at 6,000 x g for 15 minutes. The DNA pellet is washed
with 10ml of 80% ethanol, briefly dried, and resuspended
in 200-400 pl of TE buffer. The DNA concentration is
determined by UV absorption at 260 nm.
The target cytochrome ¢ oxidase gene sequences are
25 amplified by Polymerase Chain Reaction (PCR) (Erlich et
al., Nature 331:461-462 (1988)). Primers are designed
using the published Cambridge sequences for normal human
COX genes. Primers are specific for COX gene sequences
located approximately 100 nucleotides upstream and
30 downstream of the mitochondrial COX genes encoding
subunits I, II, and III. Primers have the following
sequences: COX I-forward primer
{5’ -CAATATGAAAATCACCTCGGAGC-3’) (SEQ. ID. NO. 132), COX
-I- reverse primer (5’-TTAGCCTATAATTTAACTTTGAC-3’) (SEQ.
35 ID. NO. 133), COX II-forward primer (5’-
CAAGCCAACCCCATGEGCCTCC-3') (SEQ. ID. NO. 134), COX
II-reverse primer (5’-AGTATTTAGTTGGGGCATTTCAC-3') (SEQ.



was cal cul ated by subtracting nal onat e-inhi bited background. Al enzymatic
activiti r§73normal lzed to total cellular protein as determ ned by the
Lowy ne o#;’( ¥ Biol. Chem, 193:265-275 (1951)). 10 Co 9504063

( NADH: ubi qui none oxi doreductase) activities were determ ned essentially as
- described in Parker, et al., Am J. Neggol., 26:719-723 (1989), except that
cells rather than isolated mtochondria were assayed. 15 Menbranes were

| ysed by i Rgibaid o) caidd B Lotrwdrd lpEahés/ N1 with 0.005 %digitonin
in Hank's DUTfered salt's plus 5 mv EDTA (HESS] EDTA)_for 20 seconds at
[err]. The oI RSAATEGTAN TEACERM AT By~ Ak {$8Q- oFP 5090l 238/ of col d
HBSS/ EDTA. co¥e 1nsatvistds pieinee e(8 1+ TTASTACTARSGCTAGEAGGeTEOs 10 mi nut es

at [err]. %p Ae J2 jJuted to approximately 1 ng/m protein in
HBSS/ EDTA v 1 ‘r-H 1 e’p‘ti n, 1 [err] pepstatin and 100 [err] PMNSF.
Prior t@& conpl exPrimesssaren dEmicakly Synthesbiedrostng su€pehenen in a

1.5 mM epp f tgigy@.fe | ' 1N an ice packed cup
~horn soni cg?'l'gfrg (q%yat ) ystesrsrls%{ﬁn?gls%%%% nr%%%gg nét 50 % duty cycle.
The conpl eMarlborgughadAlorriv Gene i ageembler HaNA thesbzes Al of 20 nM

-ubi qui none- | p ¥Rl a0 lut 1 1R AP Bt 4 ﬂ&&@éeﬁ\*’%ﬁé ReSaMigyEser). and
30-100 [erri of roteir}li- a ¢ ct: tal, vol une o assal'gﬁféfer (25 nM

1 nl, 30, .
pot assi um Y- piiewky synthesizes Primers are\ieBrakertfdcyani de) in

a 1 m ouveiding readmdrachnb deydroseidec Ubpopith bizédr and Ghpi £ Bedi Byt es. The
Corr of "sobmns e din R ER A [ Bhe sl W e abeor bance change
was measur @iduechowidgy RO sdRigertavay diEr neataldg #otenone sensitive (
Conpl ex | aG}igdg4-019° P/ Na |concentration is determined by UV
absorption at 260 nm. _ '
15 Alternatively, primers are chemically synthesized
using an ABl 394 DNA/RNA Synthesizer (Applied
Biosystems, Inc., Foster City, CA) using standard beta-
cyanoethylphosphoramidite chemistry. Without cleavage
of the trityl group, the primers are deprotected with
20 ammonium hydroxide and .purified using Oligonucleotide
Purification Cartridges (Applied Biosysﬁems, Inc.,
Foster City, CA). The DNA concentration is determined
by UV absorption at 260 nm.
Amplification is performed using 0.5-1.0 ug DNA in
25 a reaction volume of 50-100 ul containing 10mM Tris-HCl
pH 8.3-9.5, 50 mM potassium chloride, 1-4 mM magnesium
- chloride, 200 pgM each of 4ATP, 4CTP, 4GTP, and dTTP
("amplification cocktail"), 200 ng each of the
appropriate COX forward and reverse primers and 5 units
30 of AmpliTaqg Polymerase (Perkin-Elmer Corporation;
catalog # N801-0060).
Amplification using the GeneAmp PCR System 9600
(Perkin Elmer Corporation) is allowed to proceed for one
cycle at 95°C for 10 seconds, 25 cycles at 95°C for 1
35 minute, 60°C for 1 minute, 72°C for 1 minute, one cycle
at 72°C for 4 minutes, after which the samples are
cooled to 4°C. Five separate amplification reactions
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activity vwwoedpd7sed as the total rate (wthout rotenone) - gcindoshsics
(with rotenone). The rates are calculated fromthe nmaxi numlinear portion

of the curve using 6.81 [err] as the conbi'ned NADH QL extinction 5
coefficient at 340 nm Dye Uptake. Cells7were plated in 96 well mcroplates
at 4-50 x 103 cells/well overnight. Mediumwas decanted and the cells

ri nsed once wirehpeBSSrmede foal leaicke patli@rnithanshteatvi¢ytochrome c

5,5,6,6'-te ubuhitd 3 L0 JH 5 jne
I odi de (JC 1&%%Q g(rg ) o%tﬁon)ﬁ-f%%gi | nyeil orangfeﬂé(il e%r?'ﬁ% ?%fﬁé‘?xty

mnutes at [ 8AFPlesyfcr pach) patient:@ad AUty axg FRIneBIANd The
BSS and Lol o o Lo e e e ok o e M1 11 por e
g???f?ﬂgr ﬁo?d§g§6°PlEJFQLHQEB@éngééér d%%ﬂnéﬁ%?" cﬁ%é ih». Filtgr
sets used fowolGmésand 000% eatwaindilne orange were 485 nm (excitation) and
om and 25 nm r oo uE: Fob gibnyeleaticn By taet s BepiEhdfiny ) O rere 20
i ncubation t cestrdéngendenyi driedndriefilynumesuspenfathoan 4® bk ¢f near
breparat | on) TE P e B e “rerbr ane
pot ent i alOserd SRMPYEOKy 8E( 3&-1) "MOALEHIAT CHARING mfe HBRFAIKY hydr azone
(CCCP, 5 [ermbhuedsvadéed spRens’ Hakborilladbokatbry, weesipl e miEcigon
transport and dissipatent e 3d: T 0ondel ol d NS ROF YAl {dgpnson.
o 'Qavelength UV light. Bands of the expected lengths
(approximately 1,700 bp for COX I, 900 bp for COX II and
15 1,000 bp for COX III) are excised from the gel. The gel
containing the DNA is minced into small pieces and
placed into a microcentrifuge tube. 0.3 ml of 1 M sodium
chloride is added to the gel fragments and the sample is
frozen at -80°C, then thawed and incubated at 50°C for
20 15-20 minutes. Agarose is sedimented by centrifugation
at 14,000 x g for 5 minutes, the supernatant containing
the DNA is transferred to a new vial and the DNA
fragments are collected by ethanol precipitation.
The amplified DNA fragments are cloned into the
25 plasmid pCRII (Invitrogen Corp., San Diego, CA) using
the TA-Cloning Kit (Invitrogen Corp., San Diego, CA;
catalog # K2000-01). Ligations are performed in a
reaction volume of 11 pul containing 1-5 ul of PCR
amplification product, 2 ul of plasmid (50 ng), 1 pl of
30 10x ligation buffer and 1 ul of T4 DNA Ligase (4 units).
Ligation reactions are incubated at 10-12°C for 15-16
hours.
Vector-ligated PCR fragments are transformed into
competent E. coli cells of the strains XL1-Blue MRF’,
35 XL2-Blue MRF’' and SURE (Stratagene, San Diego, CAa).
Transformed cells are spread onto LB-agar plates
containing ampicillin (50 ug/ml), kanamycin (50 ug/ml),



J. of Cell Biol., 88:526-535 (1981)). In sone experinents, dye uptake was
al so quantitated by fluorescence activated cell sorting (FACS-Scan,

Bect on- Dwakesneen3) usi ng dye concentrati ons 35 and ‘i ncubat i pgfrnis9805063
descri bed above. G owing cells were trypsinized froma 75 [err] flask,
rinsed one time with PBS + 1 ng/m glucose, resuspended in the same WO
95/ 26973 78 PCT/ US95/ 04063 72 buffer,
split into separate tubes, treated and incubated with dye. After

i ncubat i on,IRTG @@qp;mle%-é}nuhm@baeﬁommgmer 320 ugfwlbksandhe

I ncubation m UM MRP ;Qfﬁmt ed,T@%im/ﬂﬁ@%fsf'éer@éeleﬁsuspended in 2
m 5 of PBS + ng/ n ucose .and the cel]s were held on ice prior to FACS
anal ysi s. “ﬁ@ iged &y % l%‘?j TARNIRG IVECHRF r 11 cEPRRiBAERCEN

excitation widi athedfE A& NNkl fira X1ows | for feddprdetedBlonnvand a
bandwi dth of 42 nm__10" ]rS ot blwcl? naI% %of nt DNA. Total DNA from 107
&9 X

SH- SYSY ar%?ﬁoé'fbm & | ?Sol_ ated by a Q agen Kit
(Chat sworth, CAMut e rwhite e:tblgnm(nmmemt%Ofom eadhby agarose gel

el ectr ophor. t egdh .y treatnment
with 15 Osg H %O?ﬂkg% err %&f)re%t i err aﬂrgning{lg The '
sanpl e was pReASnge Qf i erneRs [@ﬁ?r‘bfuﬁlw[@$?edm§1mvvas vacuum

bl ot t ed Ontdkﬁv?éi 3 FBP Ren TR ﬁ@é@l@aﬁ@hd&mﬁ@m@é\) @Hé vvas vvetted

W th 10X SSC 89 M sodi um chl ori de, 188 n1\/|s](_)d|um itrate,
The e RAE SRALALT cFa degiengos facatad confeaiifataly
i ncubat ed vna-mmlmmdletg:iﬂési aupgfrédm | ami cddwnée bealSEE 00X Ygdnesn- 20) for
30 m nutes éﬁcodlng subunits I, II and III. The sequences of the '
primers are as follows: COX I-forward primer
(5’ -AGGCCTAACCCCTGTC-3') (SEQ. ID. NO. 138), COX
15 I-reverse primer (5’-GGCCATGGGGTTGGC-3’) (SEQ. ID. NO.
139), COX II-forward primer (5’ -AGGTATTAGAAAAACCA-3’)
(SEQ. ID. NO. 140), COX II-reverse primer
(5’ ATCTTTAACTTAAAAGG) (SEQ. ID. NO. 141), COX
I1I-forward primer (5’-GCCTTAATCCAAGCC-3’) (SEQ. ID. NO.
20 142), COX IIIreverse primer (5'-GAATGTTGTCAAAACTAG-3')
(SEQ. ID. NO. 143)

DNA samples from lysed cell supernatants are used
as templates for PCR ampllflcatlon. Individual colonies
are selected and incubated overnight at 37°C with

25 shaking (225 rpm) in LB-broth containing ampicillin and
kanamycin. 100-200 ul of each culture is centrifuged at
14,000 x g for 2 minutes. The cell pellet is
resuspended'in 5-10 pl of water, then lysed by
incubation in a boiling water bath for 5 minutes.

30 Cellular debris is removed by centrifugation at 14,000 x

-g for 2 minutes.

Amplification of the cloned DNA samples is
performed in a reaction volume of 10 pl containing
amplification cocktail, 40 ng each of the appropriate

35 (CO0X-S forward and reverse primers and 0.25 units of
AnpliTag Polymerase Ampllflcatlon is performed for one
cycle at 95-C for 10 seconds, 25 cycles at 95°C for 1



anbi ent tenperature. The nenbrane was washed with hybridization buffer (5X

SSC, 1% SDwyo §5:46%938SA) in an 25 open small volunme pl astic di pbrrosdsfqabéine
phosphat ase-ol i go conjugates were prepared as described by Ghosh

(Bi oconjugate Chem, 1:71-76 (1990)). Ten ms of hybridization buffer
containing 2 pnol/m of AP-oligo conjugata against the COX | subunit, 30
specific for human nt DNA ( CGTTTGGTATTGGGITATGEC), was | ayered on the
menbr ane and mimubef e¢4 fOr £60 I miteteat 7RECr EorThe mimntrean @nth cowdstd

three tinmes wih,buffersl (1 9 , Lou tIgE)RPq_%%' W th
buffer 2 (0.%&58 C(:’J’ Oﬁé%éDéétsﬁfggAé‘nﬁongtegssgts%glr trgi?’\)to,oal% one-ti rre"_Idvm h

buf fer 3(1X S&e anglyzednbX-hovizeontad apayese selRelechreprhanesiis.h
buffer 4 (1X SSC for ten mnutes at RT) and finally one tinme briefly with
WD 95/ 26973 PCT/ US95/ 04063 73

devel oprren% buffer (50 MM [err], 1 nﬁ%l’g I&H 9.5). The nenbrane was

devel oped with LunseghenciBgclf egytockromeionoxidiswa(TdxX)s, génds as per
manuf act ures procegur €s: s TQwHU | h a r ur,ye of 5
known quantities o fﬁ?‘iﬁ% ﬁngoﬁgé#%ﬁén%hghgo@# §8.§1‘t§ \r/%g%eg"lt%t t&d at the
same tinme. BE@brainedl1ds describedi dn Brampleningsofisolateld wsding dhiedase
genes DNA is | : ye : rs - Ahsl ' mal )
i ndi vi dual s. %gée%hn%g%‘fégﬂforﬁ%Pﬁ?ﬁd?&?égglg:saftén A ri:pa(:t%’ii ent sd%naés'siéfgl}{ d as

(

e

probabl e ¥ PYieFRCORALrP¥ekhe PiRRmid Kita(Qiagen, oChgssyersdy. & 15
(1984)) are usgfalog # 12145). Plasmid DNA is purified from 50 ml

bacterial cultures. For the Stratagene protocol
*Procedure for Midi Columns," steps 10-12 of the kit
protocol are replaced with a precipitation step using 2

15 volumes of 100% ethanol at -20°C, centrifugation at
6,000 x g for 15 minutes, a wash step using 80% ethanol
and resuspension of the DNA sample in 100 ul TE buffer.
DNA concentration is determined by horizontal agarose
gel electrophoresis, or by UV absorption at 260nm.

20 Sequencing reactions using double-stranded plasmid
DNA are performed using the Sequenase Kit (United States
Biochemical Corp., Cleveland, OH; catalog # 70770}, the
BaseStation T7 Kit (Millipore Corp.; catalog #
MBBLSEQO01), the Vent Sequencing Kit (Millipore Corp:

25 catalog # MBBLVENOl), the AmpliTaq Cycle Sequencing Kit
(Perkin Elmer Corp.; catalog # N808-0110) and the Taqg
DNA Sequencing Kit (Boehringer Mannheim). The DNA
sequences are detected by fluorescence using the
BaseStation Automated DNA Sequencer (Millipore Corp.).

30 For gene walking experiments, fluorescent
oligonucleotide primers are synthesized on the Cyclone
Plus DNA Synthesizer (Millipore Corp.} or the
GeneAssembler DNA Synthesizer (Pharmacia LKB
Biotechnology, Inc.) utilizing _

35 beta-cyanoethylphosphoramidite chemistry. The following
primer sequences are prepared from the published
Cambridge sequences of the COX genes for subunits I, II,



For bl ood sanples, 6 m sanpl es are drawn, added to 18 m of dextrane
solution (3% dextrane, average MW= 250, 000 kil oDaltons (kDa), 0.9% sodi um

chl ori dewobsaddrgt hyl enedinitril o tetraacetate, m xed and g@rﬁfsw at 20
roomtenperature for 40 mnutes without agitation to allow erythrocytes to

sedi nent. The plasma and | eukocyte fraction is transferred to a centrifuge
tube and | eukocytes are collected by gantrifugation at 14,000 x g for 5

m nutes. The 25 | eukocyte pellet is resuspended in 3.8 nl of water and
vort exed fandlmlsecﬁﬁdh Emubxeece&maum NFlevoptemiosy tflorkestedln of 0.6 M

sodi um chI e |fu ed.at 14,000 x g
for 5 m nu o éoPlg' S-P?ﬁg f:g Ir ﬁl‘?‘ﬁg%rﬁk %1 % S s 30
resuspendeamndloe4 Phagymagigo LB Bno@emmm.o oz s\odqe;mg:hl oride/l mv

et hyl enedi .“LhEE-bhﬁcEat &ﬁaEﬁEatlSs%”Qt%bob‘id a%ttJrr&rt@d DiY aé};tir-‘tﬂ;lz enlﬂ UDNA I'S

I solated fromOQ frozen | eukocyte sa kocyt es

are 35 Phaf@d, It Ré‘ﬁ“‘@b’lll éét sHRABECEE Ao’ t (ﬂFQ}OC;Ik % n
m crocentriphgge tox I Eswm&ea (*s'heme:lqu:ﬂdcaM@wasmc:hrm tndnes W th

gC?’ / Usggf Ogégge'cggéﬁf:[f EFéE‘hgél i‘Re - W@bq_%@fsat ori SEQ (FP-

Technol ogi N9. 146); COANd bslimecd N5Y-CTTOTICEACECTIH-3'4. OEEBR.) I

oo Sbenaetig.nayd ; Toolerbrinlis |(Sukaptardcadoret ) 20, 0 00 T of

10% sodi um suspensi on, | ncu ting the

sanpl ed0f Oa:DlONﬁI nd#83 ;i FOX Boprimgrat(s’ 'EMAT;QHP&AGGAGC -3/
(SEQ. ID. NO. 149); COX I primer?7

(5'-FCATCCTATCATCTGTAGG-3') (SEQ. ID. NO. 150); COX II ‘
primerl (5'-FAGGTATTAGAAAAACCA-3') (SEQ. ID. NO. 151);
COX II primer2 (5’-FTAACTAATACTAACATCT-3’) (SEQ. ID. NO.

15 152); COX II primer3 (5’-FTGCGACTCCTTGAC-3’) (SEQ. ID.
NO. 153); COX III primerl (5’-FGCCTTAATCCAAGCC-3’) (SEQ.’
ID. NO. 154); COX III primer2 (5’-CAATGATGGCGCGATG-3')
(SEQ. ID. NO. 155); COX III primer3 (5’-
FCCGTATTACTCGCATCAGG-3‘) (SEQ. ID. NO. 156); COX III

20 primers4 (5'-FCCGACGGCATCTACGGC-3’) (SEQ. ID. NO. 157).
Primers are deprotected and 'purified as described above.
DNA concentration is determined by UV absorption at 260

nm.
Sequencing reactions are performed according to

25 manufacturer’s instructions except for the following
modification: 1) the reactions are terminated and
reduced in volume by heating the samples without capping
to 94°C for 5 minutes, after which 4 ul of stop dye (3
mg/ml dextran blue, 95%-99% formamide; as formulated by

30 Millipore Corp.) are added; 2) the temperatufe cycles
performed for the AmpliTag Cycle Sequencing Kit
reactions, the Vent Séquencing kit reactions, and the
Taqg Sequence Kit consist of one cycle at 95°C for 10
seconds, 30 cycles at 95°C for.ZO seconds, at 44°C for

35 20 seconds and at 72°C for 20 seconds followed by a.
reduction in volume by heating withoﬁt capping to 94°C
for 5 minutes before adding 4 ul of stop dye.



the sanples conme to roomtenperature, cellular debris is pelleted by
centrifugaW®9s/2697314, 000 x g for 5 minutes. The supernatant PET/USEENRbEY I ed
to a clean 10 mcrocentrifuge tube and extracted twice with 0.5 m of

phenol : chl oroform (1: 1) and twice with chloroform DNA is precipitated by
addition of 0.03 ml of 5M sodium chlorid&land 0.7 m of 100% et hanol to the
sanple. Follow ng incubation at | %@% the precipitated DNA is 15

col  ected by cent rE¥eRfEPRRCERSES gey FB?1¥§1ﬁ1ﬁE?e§erfﬁ6mBNA pellet is
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alternatlvelﬁaQMnhéew {Muirdpmmecﬁof®MVfroﬂequend;ng gelel azre sanples are
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fraction is tra r a centrjfuge CcoQ talnlgg TE buffer
and | eukocyt e3nGrBRAYRR 1Bty Pkl phed jaRTBR14ge 1B SBGermf 10

m nutes. The metkolone el tisd dériﬁé@sﬁeqdeﬂcenaﬁenhofédbu‘hﬁer and 0.2 m
of 20% SDS. and O Pr ot ei nase. K a nm ., are _added. After

m f
O cobat o ot med by SelSaiaiC s Mne DupFifhe PE&ATERC 0 | £ Lot act od
twice with phenol Zsmdanvalemmati s protedetrer fivrsseqyenaioghthe( 20X1) .

DNA is preci é&g;dﬁy %ﬁo?@g%?%w 1 '!:' éoﬁ %ﬁgd;ggggegt ate (pH

5.0) and 2 v unes oW Nng ation
obtained as described in Example is isolated using the

Plasmid Quik™ Plasmid Purification Kit with Midi Columns

15 (Qiagen, Chatsworth, CA) Plasmid DNA is purified from 35
ml bacterial cultures. The isolated DNA is resuspended
in 100 ul TE buffer. DNA concentrations are determined
by OD(260) absorption.

As an alternative method, sequencing reactions

20 using double stranded plasmid DNA are performed using
the Prism™ Ready Reaction DyeDeoxy™ Terminator Cycle
Sequencing Kit (Applied Biosystems, Inc., Foster City,
CA). The DNA sequences are detected by fluorescence
using the ABI 373A Automated DNA Sequencer (Applied

25 Biosystems, Inc., Foster City, CA). For gene walking
experiments, oligonucleotide primers are synthesized on
the ABI 394 DNA/RNA Synthesizer (Applied Biosystems,
Inc., Poster City, CA) using standard beta-
cyanoethylphosphoramidite chemistry. The following

30 primer sequences are prepared from the published
Cambridge sequences of the COX genes for subunits I, II,

and III:

COX1 primerili {5‘-TGCTTCACTCAGCC-3') (SEQ. ID. NO. 158);

COX1 primerlSF (5'-AGGCCTAACCCCTGTA-3’) (SEQ. ID. NO. 159);
35 COX1 primerllX (5’-AGTCCAATGCTTCACTCA-3’) (SEQ. ID. NO. 160);

COX1 primerl2 (5'-GCTATAGTGGAGGC-3‘) (SEQ. ID. NOo. 161);

COX1 primerl2A (5’-CTCCTACTCCTGCTCGCA-3¢) (SEQ. ID. NO. 162);

COX1 primeri2X (5/-TCCTGCTCGCATCTGCTA-3') (SEQ. ID. NO. 163);
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overnight, the precipitated DNA is collected by centrifugation, washed with
70% et harwb 9sgor®f |y dri ed, and resuspended in 0.1-0.2 nl pérBesndbdser. The
DNA concentration is determ ned by UV absorption at 260 nm 5 For
brain sanples, total cellular DNAis isolated fromO0.1-0.2 grans of frozen
brain tissue. The frozen brain tissue 82 placed into a glass dounce

honogeni zer (Pyrex, VWR catal og #7726-S) containing 3 m of lysis buffer
(50MM Tri s- %63, PRHiNeriZKX (H0-GROFTASFACTELTECRA N E (SBRY IR. 9. M&H)t hi ot hreitol
1% sodi um deakacytimentid alse -CArACGAGEATRC®{3¢) neaaa. Kp.amd. lesngeni zed with a few
strokes of édyg ﬁﬁ&ﬂzpqyj'ét@z@éﬁd&rmemt Qsté? Zbangl.eigpd to an

i ncubati on &s#arPf"e rg%,@c(gd ?ﬂ%ﬁéﬂ%ﬂﬁﬂ tgﬁ “gf tfg.”t he addition

of 5 mi eenﬁtf i S extracted Wt H
phenol / ¢ Io?‘B‘floPYﬁ“t% t &' £ FrRTCRATASEACT RS R HEdoform DNA is

preci pi t at eePRIyPrAmerhtX® K6’ '@?‘Fﬁm'r%@%'?h) 1(P!9x IPo| ¥ 169) 5 M Nadl
and 2.5x votexieprixer20d (sr earAcAGTEIGOMACHd’ | (BBQd 0. F@s 1Fo) DNA is pel | et ed

by ﬁegtr! Iﬁe@iﬂ im@®1 16 @dlﬁ@rxc@n&@érc&am Ngkes 0. The. %peldl et .2 So 400
washed W | S in
ECC%F r:m(erﬁcé EkIA El& 3‘351 ( il? 'ﬁ% (:1‘

[err] concent ratl on | S detﬁ Absor ption at

260 nm I'thec‘?’ﬂ'r B’é’tme&’f%hr(%n@sﬁh%ﬁhﬁwﬁgﬁ? e Eﬁ% z}Pe ¥s 161 i fied by
Pol yner ase 9@ Briueze2s d ' (FRARRCERATETRARCCaB ' Ja| (SEQNIP:r#O-3314Ui61- 462 (,1988)).
Primers arecai8spgivest12Ci 11§’ {TOACRCENTABRROCTRIGHN- B )y (S8R LEPCRE. f1BS) :nor nal
human COX gemaspritidri®es (8F SsatpRTACTATITArCE A 3L N@BRRC QL NRES 1resAt ed
appr oxi mat ebyyy C%P;n{é'i%@qfsbdé‘érce-?ﬁdﬁé@&-%m? ko, SRYNRb! &37) pf the
m tOChOTQr'@ P ?onéjﬂcgﬂscmrm-s') (SEQ. ID. MO. 178); (
coxi pr:l.mer13cxx (5’ -GTCTAGGGTGTAGCCTGAGAA-3’) (SEQ. ID. NO. 179);
COX1 primer14C (5’-GGGTTCGATTCCTTCC-3') (SEQ. ID. NO. 180);
COX1 primer14CN (5'-TGGATTGAAACCAGC-3’) (SEQ. ID. NO. 181);
COX1 primer14CX (5’-GTTGGCTTGAAACCAGCTT-3’) (SEQ. ID. NO. 182);
20 COX2 primer2l (S’-TCATAACTTTGTCGTC-3‘) (SEQ. ID. NO. 183);
COX2 primer21lN (5‘-CATTTCATAACTTTGTCGTC-3’) (SEQ. ID. NO. 184);
COX2 primer21NA (5’-AGGTATTAGAAAAACCA-3’) (SEQ. ID. NO. 185);
COX2 primer21NB (5'-ARGGTATTAGAAAAACC-3" (SEQ. ID. NO. 186);
COX2 primer2lX (5‘-TTCATAACTTTGTCGTCAA-3‘) (SEQ. ID. NO. 187);
25 COX2 primer2FSF (5’-AAGGTATTAGAAARACC-3/) (SEQ. ID. NO. 188);
COX2 primer2SFA (5'-CCATGGCCTCCATGACTT-3’) (SEQ. ID. NO. 189);
COX2 primer22 (5'-TGGTACTGAACCTACG-3’) (SEQ. ID. NO. 190);
COX2 primer22A (5‘-ACAGACGAGGTCAACGAT-3') (SEQ. ID. NO. 191);
COX2 primer22X (5’-CATAACAGACGAGGTCAA-3’) (SEQ. ID. NO. 192);
30 COX2 primer21C (5’-AGTTGAAGATTAGTCC-3’) (SEQ. ID. NO. 193);
COX2 primer21CN (5'-TAGGAGTTGAAGATTAGTCC-3’) (SEQ. ID. NO. 194);
COX2 primer21CX (5'-TGAAGATAAGTCCGCCGTA-3') (SEQ. ID. NO. 195);
COX2 primer22C (5'-GTTAATGCTAAGTTAGC-3‘) (SEQ. ID. NO. 196);
COX2 primer22CXX (5'-AAGGTTAATGCTAAGTTAGCTT-3') (SEQ. ID. NO. 197);
35 COX3 primer3l (5’-AAGCCTCTACCTGC-3') (SEQ.ID. NO. 198);
COX3 primer3iN (5’-CTTAATCCAAGCCTACG-3’) (SEQ. ID. NO. 199);
COX2 primex32 (5’-AACAGGCATCACCC-3’) (S8EQ. ID. NO. 200);
COX3 primer32A (5’-CATCCGTATTACTCGCATCA-3’) (SEQ. ID. NO. 201);
COX3 primer31C (5'-GATGCGAGTAATACG-3') (SERQ. ID, NO. 202);
40 COX3 primer31CX (5'-GATGCGAGTAATACGGAT-3') (SEQ. ID. NO. 203);
COX3 primer32C (5’-AATTGGAAGTTAACGG-3‘) (SEQ. ID. NO. 204);
COX3 primer32CX (5'-AATTGGAAGTTAACGGTA-3’) (SEQ. ID. NO. 205);
COX2 primer32CXX (S’'-GTCAAAACTAGTTAATTGGAA-3’) (SEQ. ID. NO. 206) ;.




subunits I, Il, and I'll. Primers have the follow ng sequences: COX
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[1-forward primer (5 - CAAGCCAACCCCATGECCTCC-3') (SEQ ID. NO 134), COX
Il1-reverse primer (5 -AGIATTTAGITGGGGCATERICAC-3') ( SEQ WO 95/ 26973

PCT/ US95/ 04063 76 I D. NO. 135), COX III-forward priner

(5' - ACAATTCTAATTCEFQEENEIAGCEeacE i008SEQrel PerfiOornldd )gcda@ding -teviehse

primer (5'-TIAGE éﬁ%?] PACPRLGE3 ohs( SEQg)! hé%{g Primers
are chemcally s;é%tz esl zeéegél ng gt&‘%’lsdne &luesl,gtléé% yn %less?azne‘% (MI11lipore
Cor por at i on, SREEEBEPOBHRLYRAF areaPeforaeseMiing e HBE FEHA data

(Pharnmaci a) gbihbathenbaha- axanget By seFesaler afdite drfiaddy. Newy
synt hesi zed ﬁrlners are deprotected 10 usi ng anmmoni um hydr oxi de, .

| yophi | i z&d NAUIgAFPFi 8@ Sgamp- AB1. oFamteth Ot offdphy SSHETHARS LKB
Bi ot echnol oggel 8CarePpgephtedy actdrdingaleg thel haiftfFadtijre A

concentration is.determ ned by UV _absorption at m_,15

A ternat [ vel BPeftFRERETRRE" b xPrase) Ren ol S FdMRpe, Famen ety rua
Synt hesi zer ¢Appl indiBidupidt 485 seguencedost SheCixegulCAngIFOK) st andard
bet a- cyanoe h L 6lis heglzs AR I f trityl
group, the p%?ﬁgggeggegggg&g?ggfgds\%ht E%Ba%%%%'ﬁ% es%ér%. purified

OXI
usi ng O }§ontiaresidge pPeAMenesti oMutatirnggdd CASHIddEVmdBRFUSRCE | nC. |

are noted and confirmed by sequence of the complementary
DNA strand.
Mutations in each COX gene for each individual are
compiled. Comparisons of mutations between normal and
15 AD patients are made and summarized in Tables 1 and 2.

EXAMPLE III
Detection of COX mutations by hybridization without
prior amplification

20 This example illustrates taking test sample blood,
blotting the DNA, and detecting by oligonucleotide
hybridization in a dot blot format. This example uses
two probes to determine the presence of the abnormal
mutation at codon 74 of the COX II gene (see Table 1) in

25 mitochondrial DNA of Alzheimer’s patients. This example
utilizes a dot-blot format for hybridization, however,
other known hybridization formats, such as Southern
blots, slot blots, "reverse® dot blots, solution
hybridization, solid support based sandwich

30 hybridization, bead-based, silicon chip-based and
microtiter well-based hybridization formats can also be
used.



Foster City, CA). The DNA concentration is determ ned by UV absorption at
260 nm Anplification is perfornmed using 0.5-1.0 [err] DNA in 25 a reaction
vol une oWOBS2690 [err] containing 10nMM Tris-HCL pH 8. 3- 9. PCTRIS9MMOEDt asSi um
chloride, 1-4 nmM magnesi um chloride, 200 [err] each of dATP, dCTP, dGIP

and dTTP ("anplification cocktail"), 200 ng each of the appropriate COX
forward and reverse prinmers and 5 uni t8430 of Anpli Tag Pol ynerase

(Per ki n- El mer Cbrporation catalog # N801 0060 : Aﬁp|lflcatIOQ using the

GeneArrp PC2SRELL C5 o 238 vi!- BEXUNACLS QG ok &4 o pr oceed

for one cyainpdadess | for 10 seconds 25 cycles at [err] for 1 35 mnute,
[err] for n1nute [err] for 1 mnute, one cycle at [err] for 4 m nutes,
after which the sanples are cooled to [err]. Five separate anplification

reactions WOWoI6TIdod is taken from the patient. The blood
PCT/ US9% Oﬁ%ﬁﬂe&f‘rﬁﬂfréﬁ%f Yohisthd &étéeﬁtlf&@ &40 Q?{&OE rome ¢
te eac

oxi dase “subun he r lons are conplete, e sanples each
pati ent andinguhatied @t amhisni-ePRPIMU ¢r|%enp¢@dnwentx preC|pitated

at [err] bynidifees QSB"I&}REEE‘ dd1k v ddgiFadd Méﬂﬂsunaﬁalaéhseuﬁed 2 vol umes
of 100% et hanol . _The Ilflcatl uct i.s_.pell eted
centri f ugatd™®h DNR i e B iRiXEHTe 8, '%é?f'ge}af ﬁ% g\fr%‘f’tit ‘Bﬂg?er and
purified byp:regrasited geyla eﬁmmrﬂmeslmmlﬁspbeoahqnoab thal ecul ar
0 orhntio, R Tl pea A 4 07K T Dary R 21 Y 4900) Dl 1
Sodium Citrate, pH 7.0) for five minutes to neutralize
the membrane, then rinsed for five minutes in 1 X SSC. ‘
For storage, if any, membranes are air-dried and sealed.
In preparation for hybridization, membranes are rinsed
15 in 1 x SSC, 1% sbs. | |
Alternative'ly, 1-10 mls of whole blood is
fractionated by standard methods, and the white cell
layer ("buffy coat") is separated. The white cells are
lysed, digested, and the DNA extracted by conventional
20 methods (organic extraction, non-organic extraction, or
solid phase). The DNA is quantitated by'UV absorption
or fluorescent dye techniques. Standardized amounts of
DNA (0.1-5 ug) are denatured in base, and blotted onto
membranes. The membranes are then rinsed.
25 Alternative methods of preparing cellular or
mitochondrial DNA, such as isolation of mitochondria by
mild cellular lysis and centrifugation, may also be
used.

30 Hybridization tection:

For examples of synthesis, labelling, use, and
detection of oligonucleotide probes, see
"Oligonucleotides and Analogues: A Practical Approach",
F. Eckstein, ed., Oxford University Press (1992); and

35 r"Synthetic Chemistry of Oligonucleotides and Analogs",
S. Agrawal, ed., Humana Press (1993), which are
incorporated herein by reference.



wavel ength WV |ight. Bands of the expected | engths (approximately 1,700 bp
for COX |, WOOm/28973f or COX |l and 15 1,000 bp for COX I11) arRCEN89S#4063f r om
the gel. The gel containing the DNAis mnced into snall pieces and pl aced
into a mcrocentrifuge tube. 0.3 m of 1 Msodiumchloride is added to the
gel fragnents and the sanple is frozen a85[err], then thawed and i ncubat ed
at [err] for 20 15-20_m nutes. _Agarose_is sedi ngnted q%ggentrifugation at

14,000 x g for 5 APnEPd8 epREPLEEMRACHT oo nif (HePhRB BRVERGnst erred
to a new vi akhandolllewidhs beaggetites are caxddct exr®MATRE her®w!GPprecTi tati on.
The anmplifie ra ts.are o] i A6 4t pl.asm I
(I'nvitrogen %E;é,CESa Egaég.ot?”OK{d‘ug'?ﬂg %éi&r}%@zegmﬂéﬁfc %ig‘%gen
Corp., San DREGoCTCAATEaGECog (SERROTP.ONO. [2at imputwantrle. perforned in a
reaction yolune o 1 I o antAe 1 R f@%ﬁfgg] product, 2
[err] of él asmd %g% gg')t?eg&@r ?Tx'aggkgga 10x ﬁ‘fg_at?cirﬁr?ébu er and 1 [err] of
T4 DNA Li gasBUFataany s embraaesoFonsadaiag drliqrimAamples [ef (PNAor
15-16 hours. g¥ech9brhdgaead iBCEa&raqqr&.nt oritl GndnAE{Or T8 chy b D £aE@et ent E.
coli cells of ,tgebstral,géqxu- |l ue, MRF' ., 35 XL2-Bl.ue NRF _and SL@E
(Strat agene, W% 8g¥iLlBrFYPE: REOPE ndthe QUREL, WL T thRy RIA(RFPRE agar
pl at es cont apftegnanniveilll,i RheSeéamer memkiranek amaambs thytafidiezed / m ), WO
95/ 26973 . . - p 04 | PTG
(I sopr op3P- 3SBTRRPEARAEY: B PaROLREToRSS 87 SRY TR Rt a-
[err]/ni). The bl Betwekempdel otheemegbiranese otidii simokud ideeil HYNA hare| oni ng
vector in coghhpate@briefly (10-60 minutes) in 1 x SSC, 1% SDS,
then prehybridized and blocked in 5 x SSC, 1% SDS, 0.5%
casein, for 30-60 minutes at hybridization temperature
15 (35-60°C, depending on which probe is used). Fresh
hybridization solution containing probe (0.1-10 nM,
ideally 2-3 nM) is added to the membrane, followed by
hybridization at appropriate temperature for 15-60
minutes. The membrane is washed in 1 x SSC, 1% SDS, 1-3
20 times at 45-60°C for 5-10 minutes each (depending on
probe used), then 1-2 times in 1 x SSC at ambient
temperature. The hybridized probe is then detected by
appropriate means.
The average proportion of AD COX gene to wild-type
25 gene in the same patient can be determined by the ratio
of the signal of the AD probe to the normal probe. This
is a semiquantitative measure of % heteroplasmy in the
AD patient and can be correlated to the severity of the
disease.
30 The above and other probes for alteration and
quantitation of wild-type and mutant DNA éamples are
listed in Tables 4 and 5 hereinabove.



with the E. coli cells allows for easy detection of 5 reconbinant clones,
which are white. Miultiple white colonies are selected for each patient and
COX subuwiaioszaer3scr eened by PCR for the presence of a cor rreIuses®fss usi ng
nested prinmers derived fromthe published Canbri dge sequences. The 10
prinmers are specific for sequences | ocated approxi mately 40-60 nucl eoti des
upstream and downstream of COX genes dﬂ&oding subunits I, Il and Ill. The
sequences of the priners are as follows: COX |-forward primer '
(5' - AGGCCTAACCCCTGTC 3') (SEQ | D.EXRMPRBGIV COX 15 |-reverse primer

(5' - GCOCCATCOF I da ¥ oh Jof T m.mnaa@ hm.aauaemr ¢wRthBBE

(5" - AGGTATTAGAAAAACCA-3') (SEQ. gr)' fl:lé.l Il-reverse primner

(5" ATCTTTAACTTAAAAGGH) (SEQ I -forward priner

(5' - GCCTTAATCCAAGCC- 3ipt(-BEQt ldatd&(ﬁmiﬂ oﬂMAmA IwitrleV8p sprobeser
(5" - GAALGGITGTCAAAACTAG 3') (SEQ ID. NO. 143) DNA sanples fromlysed cel
supernatants are used as tenplates for PCR anplification. |ndividual
colonies are seE@aﬁeexampheuﬂﬂiﬂa&raﬂﬂawdqpqcQﬁoqenﬁ]CQKtmuﬁﬁtimwking (225

rom in LB HLCRA Ci n 00-2QQ [err] of each
culture |sh§2%%%'fugeg @égﬁf€ﬂ§§ o orqgiﬁ?n3§ggfaqﬁé ce?ﬁ pellet is

r esuspendeFERFENLE) ArEr PFePRI/Z &S %lor%‘ét?v{%ﬁsed by incubation in a boiling
wat er bat h4fx®p 52@ W/R8 - B%;Ln@eldetﬂxﬁr atiezhmil&li(snsmrrp\@ py/¢entrifugation

at 14,Q00 X g T m _nu Anp, the cl oned. DNA sanples is

per f or rhd Pﬁ’ Y&”ﬁ% oéfp‘;f() aﬁ% ardf i fi cation

cocktail, sm@h&ad1uﬁ sﬂezuaﬁpmqprandefﬂEt@BEdSthmbugmdOamd-meverse

primers and 9138 U G eaA RldmEdhridY B g VB '8t S per formed
-20°C in 50-ml conical tubes ‘

DNA is denatured by addlng TE to the sample for a

15 final volume of 90 ul. 10 ul of 2 N NaOH is then added
and the sample vo:texéd, incubated at 65°C for 30
minutes, and then put on ice. The sample is neutralized
with 100 pl of 2 M ammonium acetate.. -

A Wet,piece of nitrocellulose or nylon is cut to

20 fit the slot-blot apparatus according to the
manufacturer’s directions, and the denatured samples are
loaded. The nucleic acids are fixed to the filter by
baking at 80°C under vacuum for 1 hr or exposing to UV
light (254 nm). The filter is prehybridized for 10-30

25 minutes in ~5 mls of 1X BP, 5X SSPE, 1% SDS at the
Eemperature to be used for the hybridization incubation.
For 15-30-base probes, the range of hybridization
temperatures is between 35-60°C. For shorter probes or
probes with low G-C content, a lower temperature is

30 used. At least 2 X 10° cpm of detection oligonucleotide
per ml of hybridization solution is added. The filter
is double sealed in Scotchpak™ heat sealable pouches
(Kapak Corporation) and incubated for 90 min. The
filter is washed 3 times at room temperature with

35 5-minute washes of 20X SSPE : 3M NaCl, 0.02M EDTA, 0.2
Sodium Phospate, pH 7.4, 1% SDS on a platform shaker.
For higher stringency, the filter can be washed once at



cycle at [err] for 10 seconds, 25 cycles at [err] for 1 WD 95/ 26973
PCT/ US95/ Owoad8r2¢e¥3mi nute, [err] for 1 mnute, [err] for 1 mBCRESISHMSE3
cooled to [err], using the GeneAnP PCR System 9600. PCR products are
anal yzed by horizontal agarose gel electrophoresis. 5

EXAMPLE || Sequencing of cytochrone ¢ oxBdase (COX) genes Pl asnmid DNA

contai ning the COX gene inserts is obtained as described in Example I is
i sol at ed usi vdret Fybmigkization HeImaraf LS i Pt¥ i $5R%: i bk RPP ?SFrétagene,

D145y . P s | o e Y ur s For the

St r at agene pP@tRo%m' I§r'£c'e7cﬂj|€ wigh I\?rrhiirgﬁrfﬁﬂw}sl,’ln%tiﬁge?%i (132T8f O'[ he Ei t

g{ ﬁ;ﬁg?l aar[ee{sﬁua_lnmcwtﬁﬁéf lfjanmnxiig;ﬁc:?ﬂoittaatog'em, s:tc.ampausé nghe atﬁounifuaﬁs of 100%
usi ng 80%t5et %ﬁgﬁeta%}t_reecﬁfgé sivolﬁlguoq" t%og“%iﬁl%sgﬁrrp jgt?ln%g?'lé??}é@%ﬂ step
QFLLEFprEfésiS, or tn”if}k:g:gfétion at %ﬁiﬁﬁﬁw ggntal aggégagng?Lg
Sequenase Kt (Uniied SRHSE 1SR GHo RN Db oY S EPEve Ahcenery it al og #

70770), the BaseStati oRyikh KlkdiMrd igltsspKat Ps¢ - SEigongcFedBBESEQDL), the

Vent Sequencing Kit (MIlipore Corp: 25 catalog # MBBLVENO1l), the Anpli Taq
cycl e Sedfencing Kit (rﬁﬁ%iﬁﬁégﬁnﬁfaﬁﬁim; catal og # N808-0110) and the Tagq

DNA Sequencing Kit (Boehringer Mannheim . The DNA sequences are detected by
f1uorescence USim%ﬂfEEexample illustrates detection of COX mutations
by slot-blot detection of DNA with alkaline phosphatase-
oligonucleotide conjugate probes, using either a color
15 reagent or a chemiluminescent reagent. The reagents are
prepared as follows:
Color reagent: For the color reagent, the following are
mixed together, fresh 0.16 mg/ml
5-bromo-4-chloro-3-indolyl phosphate (BCIP), 0.17 mg/ml
20 nitroblue tetrazolium (NBT) in 100 mM NaCl, 100 mM Tris.
HCl, 5 mM MgCl, and 0.1 mM ZnCl,, pH 9.5.
Chemiluminescent reagent: For the chemiluminescent
reagent, the following are mixed together, 250 uM
3-adamantyl 4-methoxy 4-{(2-phospho)phenyl dioxetane
25 (AMPPD), (Tropix Inc., Bedford, MA) in 100 mM
diethanolamine-HCl, 1 mM MgCl, pH 9.5, or:prefomulated
dioxetane substrate Lumiphos™ 530 (Lumigen, Inc.,
Southfield, MI).
DNA target (o.oi-so fmol) is immobilized on a nylon
30 membrane as described above. The nylon membrane is
incubated in blocking buffer (0.2% I-Block (Tropix,
Inc.), 0.5X SSC, 0.1% Tween 20) for 30 min. at room
temperature with shaking. The filter is then
prehybridized in hybridization solution (5X SSC, 0.5%
35 BSA, 1% SDS) for 30 minutes at the hybridization
temperature (37-60°C) in a sealable bag using 50-100 ul
of hybridization solution per cm of membrane. The



BaseSt ati on Aut omat ed DNA Sequencer (M I lipore Corp.). 30 For gene wal ki ng

experinents, fluorescent oligonucleotide priners are synthesized on the

Cycl one Rigus2e998 Synt hesizer (M1 lipore Corp.) or .the GCenaaagssibosiss DNA

Synt hesi zer (Pharnmaci a LKB Bi ot echnol ogy, Inc.) utilizing 35

bet a- cyanoet hyl phosphoram dite chem stry. The follow ng priner sequences

are prepared fromthe published Canbrigge sequences of the COX genes for

subunits I, 11, WD 95/ 26973

PCT/US95/04@&$ﬂ$@nmm$Inamo“ﬁdiandthrxﬁiiyrquhedﬂimwwﬁrme fl uorescein

ami di te, AaJa;ra{m i buiEdd UOfﬂ%'d&;{Wé?ﬁéﬁb%d&ﬁ& £8aLgeci a LKB
ste

Bi ot echnol 0 el ng 1 nt roduced, i n p_of autonated DNA

synt hesi s: % @axg aprﬁlmah qenCenAgas IR A 3n (Seph | D. NO. 144) ;

Eigx IF pri may ﬁ%ﬁﬁ@?ﬁ%@i@%& &nd (ﬁli%ll l\Fb1uve e'LflSs)o ﬂzlx hlpéwerB
CCTGGA rrer

(5 - CTTeTTaRAamane. (Afsen ndubating fﬁ%iaﬁ%o §iee at the

(5' - FCATAT hy®AAdiGEEidn) dﬂﬁiéréﬂhrd[ﬁiﬂ%DagrEétidﬁ)(&h¢wmembﬁane

(5" FOATOCTATCARBREFRSS 5P 3 e g Glhnediding S 547 ot

(5' - FAGGTA o 8 tzlq:n N asn,) 0 33K SPShiembiaf

(5" - FTAACT Ay jn)ta(t%l%pad 2 h\Yra sty téni?é atd®Pe | luPRATEYy3
(5" - FTGCGACTCCTTGAC—Q | 153) 1 pr ner |

(5' - FGRETTARFGEARCHY. on csemrafsase '@@P# 1305%F) nEpp 10

(5" - CAATGARIGUEEEATGiligh-1SER1UtioM\Q s hadmiovddDand |tipis netep (Ps-
FCCEWATTAC¥2%2§53§33th AS%%? Ifﬂen waé%fa sé})%ion (1X SsSC) added
and then agitated at the wash temperature for 10
minutes. Wash-2 solution is removed and immediate
15 detection is done by color. _

Detection by color is done by immersing the
membrane fully in color reagent, and incubating at
20-37°C until color development is adequate. When color
development is adequate, the development is quenched by

20 washing in water.

-For chemiluminescent detection, the following wash
steps are performed after the hybridization step (see
above). Thus, the membrane is washed for 10 min. with
wash-1 solution at room temperature, followed by two 3-5

25 min. washes at 50-60°C with wash-3 solution (0.5X SSC,
0.1% SDS). The membrane is then washed once with wash-4
solution (1X SSC, 1% Triton X 100) at room temperature
for 10 min., followed by a 10 min. wash at room
temperature with wash-2 solution. The membrane is then

30 rinsed briefly (~1 min.) with wash-5 solution (50mM
NaHCO,/1mM MgCl,, pH 9.5).

Detection by chemiluminescence is done by immersing
the membrane in luminescent reagent, using 25—50 ul

- solution/cm?® of membrane. Kodak XAR-5 £ilm (or -

35 equivalent} emission maximum is at 477 nm) is exposed in
a light-tight cassette for 1-24 hours, and the film
developed.



20 prinmer4d (5 - FCCGACGGCATCTACGEC-3") (SEQ ID. NO 157). Priners are
deprotectwibommgopauri fi ed as descri bed above. DNA concentr at POIVUSS5/04063
determ ned by UV absorption at 260 nm Sequencing reactions are perfornmed
according to 25 manufacturer's instructions except for the foll ow ng

nmodi fication: 1) the reactions are ternmBAated and reduced in vol ume by
heating the sanples wthout capping to [err] for 5 mnutes, after which 4
[err] of stop dye (3 ng/m dextran & BN 99% f or mani de; as fornul at ed
by 30 MIlipor en@%ra%r)ioai %@Qﬁﬁﬂm@aéi&sw vieiexeien naaformed for
the Ampli Ta Cycle equencing Kit reactions, the Vent Sequencing kit
reactions, 9quence Kit consist of one cycle at [err] for 10
seconds, 30 cycl el&naé dxedniglé onmbtsmoaslscahingear]:eéar samp2e s€conds and

at [err] econds foll u [

wi t hout ap&?]ﬁbgoqso %rzﬁﬁ?’f]cﬁggﬂ@? %l“éél%%?%% é9t¥§£ g?r ?y E%?tigg%d e.

WO 95/269W3COX gene by polymerase chain reactlon PTRUSOBAAA063 81

El ect r ophor r tf nd
Basest at | on T e oy G B e e A

Aut omat ed DN@SECQ%&@FO‘( I\#CPmﬁﬁ)fe Corp.). Sequencing gels are 5 prepared
according to the manufacturer's specifications. An average of ten different
cl ones from eac |nd|V|duaI |s seq -nced The k€ | ting COX sequences are
allgnedléhd B e R 3 BdeS%edti®Nces. Mitations in the
derived sequence mmaewq&mbmrmb Jiﬂakamnfrometlhbypaﬁieqhencﬂ'hg bleodar i ant

region. is lysed, and the DNA prepared for PCR by using
procedures described in Example I.

15 Amplification of Target COX genes by P se Chain
Reaction, and Blotting onto Membranes:

The treated DNA from the test sample is amplified
using procedures described in Example I. After
amplification, the DNA is denatured, and blotted

20 directly onto prewashed.nylon membranes, in multiple
aliquots. The membranes are rinsed in 10 x SSC for five
minutes to neutralize the membrane, then rinsed for five
minutes in 1 X SSC. For storage, if any, membranes are
air-dried and sealed. In preparation for hybridization,

25 membranes are rinsed in 1 x SSC, 1% SDS.

Hybridization and Detection:

Hybridization and detection of the amplified genes
are accomplished as detailed in Example III.

30 Although the invention has been described with
reference to the disclosed embodiments, those skilled in
the art will readily appreciate that the specific
examples provided herein are only illustrative of the
invention and not limitative thereof. It should be

35 understood that various modifications can be made
without departing from the scope of the invention.



As an alternative procedure for sequencing the COX genes, plasm d DNA
contai ning the COX gene inserts obtained as described in Exanple | is

i sol at eW&?ﬁ'ﬁ{fﬁ he Plasmid Quik[err] Plasmid Purificati onPREUSHFQ4863\ di
Colums 15 (Q agen, Chatsworth, CA) Plasmd DNA is purified from 35 ni
bacterial cultures. The isolated DNA is resuspended in 100 [err] TE buffer.
DNA concentrations are determ ned by éﬂ*ZGO) absorption. As an alternative
nmet hod, sequenci ng reactions 20 % ' JggQE%e stranded plasm d DNA are
performed using the Prisnferr] Recééfﬂ% ti'on DyeDeoxy[err] Term nator
Cycl e Sequenci ng Ki SydthesisdoBi Angisense Oligoniicieetidesy, CA). The DNA

sequences are d b C ' h JgC YA ted DNA
Seguencer (Appls%gﬁggg?B*gégg?gﬁé?g?n??gibgg%gr%aﬁiﬁdiféfpﬁﬁk%gagene

wal ki ng expbperBAramidirgokasrdoPNaeOFr RNAr syathegia neiinge@mo®ihe ABl 394
DNA/ RNAs Sy pivie s{athe6ABBY 88eBeABISYREE tol Prepares it iddnge CA) UsIi Ng |

standard beia— cganoethélghgsghora_,dlte chem stry. The follow ng 30

primer seqBth8e@eEBe pFBRSPEY Pﬁﬂﬁg%ﬁg EGBEFgﬁeEdéﬂﬂﬁqqnﬁ?Géﬁuéhces of the
COX genes Goraﬁdbumihrelusba,aBPdngEVeaOK%qmﬂuMeﬂéupqz%fEGCITEéFTFgGCEE?')
SEQ ID. L -158) 5. COX1, prinmer (5 s -3 . . ) .
(15953; 35 g%&‘ﬁﬁi) ﬁégg?fﬁt%%‘s”ﬁ&;’fi&&?é&égggﬁ%%m ?r .e€ él%\lfo 160):
COX1 pri mefh2 (BorGEPRTAGEGCEAGEOMeY) syBEResib, N@Pmol®l)scal@Xl pri nerl 2A

(5 - TR OTRREARRRE F 325 b, fre) Berkid pi: WS 3

PCT/ US95/ 0B84 Ighlutidine for oxidation of phosphoramidite and
Beaucage reagent for preparation of the phosphorothioate ‘
oligomers. Cleavage from the solid support and
deprotection are carried out using ammonium hydroxide

15 under standard conditions. Purification'is carried out
via reverse phase HPLC and quantification and
identification is performed by UV absorption
measurements at 260nm, and maSS spectrometry.

20 EXAMPLE VII
 Inhibition of Mutant Mitochondria in Cell Culture
Antisense phosphorothioate oligomer complementary
to the COX gene mutant at codon 193 and thus non-
complementary to wild-type COX gene mutant RNA is added
25 to fresh medium containing Lipofectin® Gibco BRL
(Gaithersburg, MD) at a concentration of 10 ug/ml to
make final concentrations of 0.1, 0.33, 1, 3.3, and 10
uM. These are incubated for 15 minutes then applied to
the cell culture. The culture is allowed to incubate
30 for 24 hours and the cells are harvested and the DNA
isolated and sequenced as in previous examples.
Quantitative analysis results shows a decrease in mutant
COX DNA to a level of less than 1% of total COX.
_ The antisense phosphorothioate oligomer non-
35 complementary to the COX gene mutant at codon 193 and
non-complementary to wild-type COX is added to fresh
medium containing lipofectin at a concentration of 10



COXL pri mer 12XX (5' - CTOCTACTCCTGCTOGCA-3')  (SEQ ID. NO 164); COX1

primerl 3 ( GEATTCG—3 ) (SEQ ID. NO 165); coXl pri

(5' - CCTACCA 6’&%& (SEQ ID. NO 166); COX1 prinerlsﬁa)"g&'“‘“"
(5'-TCCTACCAGGCTTCGGAA3) (SEQ ID. NO 167): 5 GCOXL prinerl4

(5' - CCTATCAATAGGAGC-3') (SEQ ID. NO 168); COX1 pri merl 4XX

(5' - GTCCTATCAATAGGAGCTGTA-3' ) (SEQ ID. NO. 169): COXL prinerl|C

(5 - CTAGAGTCIEMOGS dalSMind D coidertifie: SRMIopro0Er | VO, 1, 3.3,

(5" AGTCTACSRRGO0T i gm0 i oayad 1557 15 Ot BRfes Fhsm || o

(5' - AGGAGACAGPPIGRASEICTAL' c)e](]SI‘ﬂi)lﬁt[re NO.The Juloaxe psi adilbREd to

(8 - TOACCATARERTASSR %‘é%@ R e T B HEErERter, g

(5" - GACCAﬁAC@h@T@W@@Qla@g Gequengesl agein PYRYiGUEnEXABRLes.
(5" - CCTCCTAT hHEES+hDi veSkRall 1é\|Qes11717ﬁs dRowé®do PaesReLSEN I n
(5' - GTGTA TAGG 3 (SEQ NO. 178); COX1 pri mer| 3CXX
(5' - GTCTAGGGTHFE E&EC@%@R}%’ ) (SEQ. ID. NO. 179); COX1 prinerl 4C
(5' - GGGTTCGATTCCTTCC-3') (SEQ ID. NO. 180); COX1 primerl 4CN

(5' - TGGATTGAAACCAGC-3') (SEQ I D. %& XL primerl 4CX

(5' - GTTGGCTTGAACCAGCTT-3')  (SEQ | 13? 20 COX2 pri mer 2|

(5' - TCATARCTTTGTCGTCINBEBISE@N [of, Mubantts 34 tadndriaciz| Kivo

5' - CATTTCATAACTT I i ;
§5 - AGGTATTA eg(aéé% ifte @Eﬁsi&% DFi %g'rgﬁlﬁwé pex
(5 - - AAGGTATT AGRNRAACT e 5 @revdoussy]  andded afepPer xstandard

Eg X;ggﬁ% H’;@E@Gg%% ) ix% s ID.tdNQ ﬂ@@dm:?ﬁls@@dglégz’?r 2FSF
Ghv 5‘ VVALL” nmer

(5' - CCATGGOCPEEA tf}’lﬁahpr@ ]ﬁ’éﬁn‘%@%‘?ﬁ" reppepared as

(5' - TGGTAGTG%aEmch :)n (E3EZ@pleD. VINO cdfifl) eméi@rpr t cem@dnt COX

(5 AR hapdeiGei NG, 058 Pall 5992801 e
(5' - AGTTGAAGATITAGREG- 3'To (gs@gp Iﬂbls\lcadnl stame WVniarelmnpl in 5uL

5' - TAGGAGIT
T o et ot e S sy

(5' - GTTAATGCTRAGRIAGEX geresidjA |<‘=}‘_1)1d N@n'l%yplementary to wild-type
20 COX gene RNA. To group 6 is administered ICV wvehicle

only. Dosing is performed once a day for ten days. The
animals are sacrificed and samples of brain tissue
collected. This tissue is treated as previously
described and the DNA isoclated and quantitatively

25 analyzed as in previous examples. Results show a
decrease in mutant COX DNA to a level of less than 1% of
total COX for the antisense treated group and no
decrease for the control group.

30 EXAMPLE IX
Agents for the Detection and
Selective Destruction of Defective Mitochondria

a. P rati f 10-N-(10-Hydroxy-1-decyl)-3,6-
bis{dimethylamino}acridine bromide salt

35 3,6-bis{(dimethylaminoc)acridine (1.0 millimole) is
dissolved in DMF (100 mL) containing 1.1 equivalent of
tertiary amine base. To this is added 10-hydroxy-1-



COX2 primer22CXX (5' - AAGGTTAATGCTAAGTTAGCTT-3') (SEQ ID. NO. 197); 35
COX3 primer3l (5'-AAGCCTCTACCTGC-3') (SEQ ID. NO. 198): COX3 primer3I N

(5'-CTWACGS') (SEQ ID. NO. 199); COX3 pri ner 05104
(5 - CCC-3') (SEQ ID. NO. 200): COX3 pri mer 324 T/USIS04063
(5' - CATCCGTATTACTCGCATCA-3') (SEQ |ID. NO. 201); COX3 prinmer3lC

(5' - GATGOGAGTAATACG 3') (SEQ I D. NOS%IOZ) 40 COX3 pri mer 3l CX
(5' - GATGOGAGTAATACGGAT-3') (SEQ ID 203); COX3 pri mer32C

(5 - AATTCEYURT Qﬂ?ﬁ%@ 15'%Q11£Paoi\9 2844 ; tl@Xﬁ;ﬁEhPEf?@Cﬁeated
(5'-AATTGGAAG'|'TAACGGTA— d CSE%OJTJ 208) . COX3_pr T mer 32CXX

(5 -GT rky Thg) shows\gp gBenayning

PCT/ ]EJS95/ %%@(WMﬁmEl rdbneé) etmerfeageﬂoﬁcﬁsrdbamefio t he

manuf acturer: s .in e and sequence analysis are

perform&*d"’Hkq‘n"g}'1 ?PEJZ%M]\‘)‘{;%W %T#)%@foig d Anal ysis Software and the

Sequencs &)M&dmmMiMramJ(ﬂ&ine Fostisolated OA)75Sequencing gels are

pr epar ed Lol 5¥E o the manufacturer's specifications. An average of ten
ones Tro

different "¢ m each individual is sequenced. The resulting COX
sequences are aligned and conpared W th the publlshed 10 Canbri dge

sequence. ﬁAﬂeﬂpﬁgﬁgfgtiér gy cgngLrned by
sequence of th%)co i COX gene for
each |nd|V|duaF4§i&£H$§§ﬂ S . = +oRs—=bet ween normal and
15 ADymtients ra&m#ﬁnh*nyﬁkdxynmﬁdecyﬂ)ﬂBTGbIes 1 and 2. EXAMPLE ||

Det ecti on 10f s R 410 FicVRIALT £216 9R1 14 1A8YE) PEL L1 8EBY LElcat i on
in pyridine (100 mL) To this is added 2-(W,N-
dlmethylamlno) -4- n1trophenyl phosphate (1.1 millimole)
according to the procedure of Taguchi ( Chem. Pharm.

15 Bull., 23:1586 (1975), and the mixture is stirred under
a nitrogen atmosphere. When monitorigg by TLC showed no

remaining 10-N- (10-hydroxy-1-decyl)-3,6-
bis(dimethylamino)acridine, the reaction is worked up
according to Taguchi and the 10-N-(10-phosphoryl-1-

20 decyl)-3;6-bis(dimethylamino)acridine is isolated (0.75

millimoles).
c. Preparation of 10-N-(10-thiophosphoryl-i- 1) -
3,6-bis(dim lamino)acridine i a
25 10-N- (10-hydroxy-1-decyl) -3, 6~

bis (dimethylamino)acridine (1.0 millimole) is dissolved
in DMF (100 mL). To this is added triimidazolyl-1-
phosphine sulfide (1.1 millimole) according to the
procedure of Eckstein (Journal of the American Chemical

30 Society, 92:4718, (1970)) and the mixture stirred under
a nitrogen atmosphere. When monitoring by TLC shows no
remaining 10-N-(lo-Hydrdxy-l-decyl)-3,6-
bis(dimethylamino)acridine, the reaction is worked up
according to Eckstein and the 10-N- (10-thiophosphoryl-1-

35 decyl)-3,6-bis(dimethylamino)acridine is isolated (0.75
millimoles).



20 This exanple illustrates taking test sanple blood, blotting the
DNA, and de¢y&edreess PY ol i gonucl eotide hybridization in a dot &%9%

Thi s exanple uses two probes to determ ne the presence of the abnor na
mutation at codon 74 of the COX Il gene (see Table 1) in 25 m tochondri al
DNA of Al zheiner's patients. This exanpl g@sutilizes a dot-blot format for
hybri di zati on, however, other known hybridization formats, such as Southern

-blots, slot bdots, préwaedssEon solid
support based sandw ¢ 30 ' ' L con chi p-based and
mcrotiter well - baSeRrFARERR ESFHALRSRRONEEE WO

95/ 26973 3,6- Bls(dlmethylamlno)acrldlne (PCW/HSQ&A&@Q&B 84 Sanpl e
Preparati on t t a I od is

t aken fromt%gp \gen(?r&dn'_ 5)%%03%1.8 m'ggd%\ny’?g?g Qﬁﬁedwﬁ'.?. ?Ilrer%‘%of 0.5-1
N NaOH, arfd |@dm@oacaxdafﬂmbnmlbw@lal urBdf bhet @hxFQ-rFV\éﬁty m nut es

to lyse cell %?M%ﬂ& OIS, WHQH H&HﬁééffnénByDR‘ﬁC ERewal youre is then

blotted directly onto prewashed_nyl on nenb I.n multiple aliquots. The
10 menbr anes %ﬁ@?#ﬁ#ﬁ&mﬁqﬁrhiﬁ&d%ﬁﬁ?%ﬁ SmkPﬂbﬁFrlél§§ NFBSdFGﬁFGlPPate pH

7.0) for_f'\{elxénséﬁ&ﬁdt&dle&ﬁéaimﬂ?-(ﬁf-xﬁﬁﬂb&nbﬂﬁﬁlctB&ﬁldb!-B$gd_fgr f:jve
mnutes in t if.an mepbr S Jar, r-dried an
sealed. In pr%’p%égt‘?%ﬁwg :\’ﬁf%ili%ﬁjz%ﬂl nlsnkﬁ%iiﬁgg égé%i nsed 15 in 1 X
SSC, 1% SOS. milkimskeskly, 1-10 ms of whole blood is

e. Preparati of 10-N-(131- ecyl-2,4-dinjtrophenyl
urethane) -3, 6-bis(dimethylamino ridine bromide
salt

15 10-N-{11-Undecanoic acid)-3,6-

bis (dimethylamino)acridine (1.0 millimole) is dissolved
in THF (100 mL). To this is added 2,4-dinitrophenol
(1.1 millimole) and diphenylphosphoryl azide (1.1
millimole), and the mixture is stirred while heating to

20 70°C. When monitoring by TLC shows no remaining 10-N-
(11-undecanoic acid)~-3,6-bis{dimethylamino) -acridine,
the reaction is cooled and the 10-N-(ll-undecyl-2,4-
dinitrophenyl urethane) -3, 6-~bis{dimethylamino)acridine
is isolated {(0.75 millimoles).

25
£. Preparation of 10-N- -undecan-l1-oic acid 2.4-
initr 1l ester) - -bisg (dimethvlamino) acridine
bromide salt

10-N- (11-undecanocic acid)-3,6-

30 bis(dimethylamino)acridine (1.0 millimole) is dissolved
in DMF (100 mL). To this is added 2,4-dinitrophenol
(1.1 millimole), dicyclohexylcarbodimide (1.1 millimole)
and hydroxybenztriazole (1.1 millimole), and the mixture
is stirred. When monitoring by TLC shows no remaining

35 10-N-(ll-undecanoic acid)-3,6-bis{dimethylamino) -
acridine, the reaction is cooled and the 10-N-{11-
undecan-1l-oic acid 2,4-dintrophenyl ester)-3,6-



fracti onated by standard nmethods, and the white cell layer ("buffy coat")
is separated. The white cells are |ysed, digested, and the DNA extracted by
convent i ONQI9526973et hods (organi c extraction, non-orfgani c ePCTAISHSBIGS OF
solid phase). The DNA is quantitated by. UV absorption or fluorescent dye
techni ques. Standardi zed anounts of DNA (0.1-5 [err]) are denatured in
base, and blotted onto nenbranes. The rfbranes are then rinsed. 25
Al ternative net ods reparin el lul,ar ,or _.mtochondrial DNA, such as

i sol ati on oP1fil 6@ﬁ5ﬁ¥?g$1§9 %&%&BFI&Paﬂqq&§§$4MﬂP(xﬁnrlfugatlon may
al so be usemill@mbiiks)di zati on and Detection: For exanples of synthesis,
Iabelling use, and detection of oligonucleotide probes, see

"d igonucl eoti des and Analogues A Practlcal Approach" F. Eckstein, ed.,
Oxford Universitg -} 3 hyds g c ({1t ry of

A i gonuckeoti desAéegﬁ ogg‘ h§ ﬁ?g,%%& RIess (1993), which

are |ncorporated hereln y refere
31g st $addi ng t he

lemical  Socd o Ja €D
Eol : gwt ng )semgenws anaeuth%éECdéE%G%-ﬁt%E -&TC@CC (SEQ( ItD nl\l)O é4)
Wi e).a mut ant ) .
~ For detggtl H&YSEQXEPtQFPaﬁ a?ﬁ&eaﬂecgﬁg N&ﬁhﬂiﬂ AR
- cont ai ni ng éuhylcarehsﬁuwmaSeohtDNmoace hmbwuﬁukﬂiéladﬁa&ﬂddﬂtldme

Terbr ango! S alKpabdiseednt! bBebBB 1t dobtRReP WA nedtS Y Y MLl AP

at 160°C. The reaction is worked up as described in

Yamamoto et al. and the product isolated. (
h. Preparati of N'-(2- (o) -l-eth -JC-1
15 N'-(2-hydroxyethy1)-JC-1 (1.0 millimole) is

dissolved in pyridine'(loo mL). To this is added 2-
(N,N-dimethylamino) -4-nitrophenyl phosphate (1.1
millimole) according to the procedure of Taguchi (Chem.
Pharm. Bull., 23, 1586 (1975), and the mixture is

20 stirred under a nitrogen atmosphere. When monitoring by
TLC shows no remaining 10-N- (10-hydroxy-1l-decyl)-3,6-
bis(dimethylamino)acridine, the reaction is worked up
according to Taguéhi_and bis N’-(2-phosphoryl-1-ethyl)
JC-1 was isolated (0.75 millimoles).

25

EXAMPLE X.
Preparation of immortalized p° cell lines
In order to produce cell lines expressing

mitochondrial-DNA mutations that could be propagated and

30 maintained in an undifferentiated state, and which could
then undergo terminal differentiation, neuroblastoma
cells were depleted of mitochondrial DNA, and
mitochondria isclated from platelets of an AD patlent
were placed into those cells.

35 In order to convert them into p° cells, SH-SY5Y
neurcblastoma cells (Biedler, J. L. et al., Cancer Res.,
38:3751-3757 (1978)) were cultured in the presence of



Alternatively, the sanme nenbrane can be hybridi zed 10 sequentially with

bot h probegoxsgdedme results conpared. For exanple, the nmenbrige--Yolkdss
i rmobilized DNA are hydrated briefly (10-60 minutes) in 1 x SSC, 1% SD!

t hen prehybridi zed and bl ocked in 5 x SSC,” 1% SDS, 0.5% casein, for 30-60
m nutes at hybridization tenperature 15 9®rr], depending on which probe is
used). Fresh hybridi zation solution containing probe (0.1-10 nM ideally

2-3 nM is aetbddium heowdder i, viaoiviowge ddryiddsrotli zime oh3at7@ppropri ate

) . e : . 5
eI el Sa By SR oy S gl 1 0%
1-2 tinmes i nThexceddsawexshPassagesh &AL d'eethe 3D riRR ABRAbR o¥BSi s t hen
detected by gpAhgRd averfEandayble ediatitund ruHiide coicht £A¥igase to
ol vpe 20 SEIC Rablhe AT Balh e 30 PP ALDCg b (gt To of the
neasure of %weekerophanoyiceable ARljatdfitimgraetrh ateroetateddtatt he
O BB 33, amya e U SR ESPoB e (oL 0]
and 5 her ei nsbody. were\\expseegor® the various concentrations for
T 95/ OIS BecENBRE g 10 606 s edy yugdhra o
[err] prdBes45 days or 64 days 5.0 ug/ml ethidium bromide (EtBr)
were designated p° 33/5, p° 45/5 and p° 64/5,
respectively.
Production of respiration deficient mutants was
monitored by cyanide inhibitable O, utilization. It was
15 observed that oxygen utilization declined as a function
of time and ethidium bromide concentration and was
undetectable after 64 days of exposure to 5.0 ug/ml
concentration of ethidium bromide, as shown in FIG. 9
(see also Table 6). Oxygen utilization was determined
20 polarographically in cells treated for either 33 days
(closed circles) or 64 days (open circles) with varying
concentrations of EtBr. Nonspecific O, consumption was
determined in the presence of 1 mM KCN and was
subtracted from measured total rates. Data are shown
25 S.E.M. for at least 2 independent experiments.
The effectiveness of ethidium bromide in shutting
down electron transport was confirmed by treating cells
for 64 days with EtBr at various concentrations, and
then measuring oxygen consumption in the presence of
30 specific inhibitors of complex I (rotenone), complex III
{antimycin), and complex IV (cyanide). As shown in FIG.
10, treatment with ethidium bromide at 5 ug/ml resulted
in suppression of virtually all oxygen utilization that
was sensitive to either complex I inhibition or complex
35 III inhibition (FIG. 10). Data are shown S.E.M. for at
least 2 independent experiments. Complex II enzyme
activity was less perturbed, since none of its subunits



5 This exanple illustrates detection of COX nutations by slot-blot
detection of DNA with [err] probes. The reagents are prepared as foll ows:
4AxBP: 2%woMsmgefdovi ne serum al bumin (BSA), 2% (wv) 10 PCT/US95/04063

pol yvi nyl pyrrolidone (PVP, MIl. W.: 40,000) is dissolved in sterile H20
and filtered through 0.22-[err] cellul ose acetate nenbranes (Corning) and
stored at [err] in 50-m conical tubes96DNA is denatured by adding TE to
the sanple for a 15 final volune of 90 [err]. 10 [err] of 2 N NaCH is then
added and tre saasded oyt edddchandrialePNA, [and |itsrpBoteinstase and then

cetate. A w@ﬁﬁ?ﬁ%‘? e rééﬁ”*’@?“éd‘ ScFees gy eRRY I

sl ot - bl ot ndyiid afhe” nﬁﬁ&fléctlﬁlrér fungtienalogtatehd t he
geﬂatur efl f&%ﬂﬂll%&'l edﬁ%@*%ﬁ%@'ﬁ@@%ﬁrﬁ? rﬁé%ﬂﬂxténb 2?2 Ilfn)er _brK
aking a err acuum f or r xp.05| n e
filter i%s p‘}'r’é:t%?&ﬁ YSRGS HAS FORPaTAbR oo Li/ 18( BP, 5X SSPE,

1% SDS at SI-hes&!tsainmy]aIs,;r douto dﬁtnmédcbyta@tqnmaltehylbu%l imupation. For
15- 30- base 1d'e '@ 8; b en
[err]. For s or te%f pér]obes or preo%/eé;{év&' '}é Jgén?éﬁ%ﬁe ?s ﬁé&"e

t enper at ur SUrpIEing aincentiy eas;terchdqd)eomgmdemtmean andgbhacl eot i de

per m of féyszl%ﬂ %&g&ltd&n Wy fhd gk aSpfioebbR. seal ed in

Scot chpak[ e heat seal abl e pouche Kap Oor poraton).and | ncubated for

90 mi n1°Then? iaRRAT§NE g G R 189 ﬁ%@“%gt ¥ doraneppered id virpesteds. i nut e
washes of a&%&ossmi eraszg”aG mitdPHrkdy¥a &F pSedlus Rpgoate, pH 7.4, 1%

SDS on a PlALL R SPkRe O FAAETE AIALAGS Se dO8ELLhLE 2N e washed

direct measurement of the activities of complex IV,
Complex II, and citrate synthetase (Table 6); note that
15 complex IV activity for both the p° 64/5 cells and p°
33/5 cells were virtually undetectable.
p° cells were cultured in SH-SYSY medium
supplemented with uridine (50 ug/ml) and pyfuvate (100
pg/ml) in order to support growth (King, M. P. et al.,
20 Science, 246:500-503 (1989)). As shown in FIG. 11, p° 64
days/5 pg/ml ethidium bromide ("p° 64/5") propagated in
the presence of 100 ug/ml pyruvate (closed squares) or
both pyruvate and uridine (open circles) thrived, but p°
64/5 cells pléced in media containing 50 pg/ml uridine
25 (open squares) or no addition (open triangles) did not.
Parental SH-SYSY (solid circles) were grown as a
positive control with no addition (solid circles), and
not surprisingly, grew the best. Each point represents
the average cell number/well of triplicate wells in a 24
30 well plate. The generation time for SH-SYSY was 24
hours in normal medium;'this_compared to 48 hours for p°
64/5 cells in medium containing pyruvate. The p° 64/5
cells reached the same final density as the parental
line. Uridine alone, like cells that received no
35 addition, did not sﬁpport growth of p° cells and cell
death was noted after three days'bf plating.



WD 95/ 26973 PCT/ US95/ 04063 87 t he
hybri di zatyon erature in 1X SSPE, 1% SDS for 1 mnute. ‘BSygddshggesOn | S
by autoradlogP%p y on Kodak XAR filmat [err] with an inten?%fylng screen.
To estimate the anount of target, conmpare’ the amobunt of 5 target detected
by visual conparison with hybridization gfandards of known concentrati on.

B. Detection of RNA/DNA by slot-blot analysis with al kaline

DPFSphatase-oligomhelabﬁudtyiaf pyruvate alwneligad e prodets ghoswtexanpl e

il lustrates detectian X, mut at i ons R e | W th
al kal i ne phodBfAfaLes 8‘}‘9 ofrBEl (?&zlyg"g éé%}}ﬁdga oelbgpﬁ%éeis,&&éﬁgg(%ﬁ?%ﬁ a

col or 15 reagesenaial thede movicesyathesizgaft uwidineageay sstidl peepar ed
as follows: reagept e I en ollqm&ﬁ I, M xed
t oget her, frggkqgélgiégrﬁeg?%r%§0§§€cﬁ%g%gag-?%Hg%%ﬁc%Fosphatgiag%F%,
0.17 ny/ B 20EnmtDYB bast beea; Ghown GBPRUSE WUIRNRYXOUTOPRY FRis. HO

5 mM[err] apdn@rl AMVeéelrisoPit8s5(xEhgNELUALNES Seienkesd@ats : Sowr-ddse
chem | um nescent reagent, the foll ow ng are m xed together, 250 [err]
3-adamantyl 41888Adxy 4- (2- phospho) phenyl di oxetane 25 (AMPPD), (Tropi x
Inc., Bedford, MARaiteslQF mevéiretioandron rcheH@®, phemvityper wexe 9.5, or

o SRR, B el P keI 68 060, by ana
menbr ane18s dedtniriag dmoweidime/pymivateriseficient selection
medium. The viability dependence on uridine and pyruvate
appeared within 2-3 weeks when most cells died. The very
few surviving cells were then sub-cultured and
designated as revertants. Reversion frequency as
15 measured by survival under these conditions was 1 x 107°
for p° 33/5 clones and 1 x 10" for p° 64/5 at 3 weeks
(Table 6). The very few surviving cells were
subcultured. Activities of complex II, complex IV,
citrate synthase and O, utilization returned to control
20 levels in these subcultures, indicating that estimation
of reversion by survival in selection medium was
paraileled by return of ETC activity (Table 6).



-incubated in blocking buffer (0.2%1-Block (Tropix, Inc.), O5X SSC, 0.1%
Tween 20) for 30 mn. at roomtenperature with shaking. The filter is then
pr ehybr i cwees2éos hybri di zati on solution (5X SSC, 0.5% 35 ?éB"%{%‘gEGS% for
30 mnutes at the hybridization tenperature [err] in a sea si ng
50-100 Al of hybridization solution peg ¢cm of nmenbrane. The WD 95/ 26973
PCT/ US95/ 04063 88 sol ution is removed @8 bri efly washed in warm

hybri di zati on buffer. The conjugate probe is then added to give a final
concentration of 2-5 nMin fresh hybridization solution and final vol une of
50-100 4/cnR 5 of nenbrgpe. After ipcubating for 30 mnutes at the

hybri di zation tegnperaturfg with agithtion, the nenbrane is transferred to a
wash tray contaijning 1. @ m of prehpated wash-i solution (I X SSC, 0.1%
SDS)/[err] of ey ane d agitated] at the wash tenperature (usually 10

opti mum hybri di Zai§ on t erature nus [err]) for*10 minutes. Wash-1
solution is remjvé@d and ghis step i repeated once nore. Then wash-2
solution (1X SSQ) eadded fnd jhen gojtated at the wash tenperature for 10
mnutes. Wash-2 [s@®tiofis benoveslf and i medi ate 15 detection is done by
col or.- Detectiorn By®col i sTdone bl i mersing the nmenbrane fully in color
reagent, and .indqubating gt [err] unkil color developnent is adequate. Wien
col or devel opnerft i s adgqpuate, the devel opnent is quenched by 20 mashlng
in water. For cherri‘luum' gceg,t er@ctlon the foll ow ng wash
ow o ~
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steps are perforned after the hybridization step (see above). Thus, the
menbrane | wowsidgers for 10 min. wth wash-1 solution at room pefpsssaiabéc
followed by two 3-5 25 mn. washes at [err] with wash-3 solution (0. 5X
SSC, 0.1% SDS). The nmenbrane is then washed once with wash-4 solution (1X
SSC, 1% Triton X 100) at roomtenperatur@sfor 10 mn., followed by a 10
mn. wash at roomtenperature with wash-2 solution. The nenbrane is then 30
rinsed briefly (-Bimding wi theshl®rescenondysontnyéackidpre9. 5).

Det ecti on by 5¥EH§ SORE [ L h ng in
| um nescent rea é u5|é% 25- é%sl sol%%?o g?r?95¥ Ee%%?gﬁg 8 Kodak
XAR- 5 fHln((ﬁuQEFIQRuﬁﬁ&#%#&deﬁh%%9@#@%3&*Hﬂﬁ??§ 50494 AAYSisaBxposed in

a |ight-tightsgaaseid erf@r 12 24 Asedy, wad dpéhtotnkd davekopedl WO
95/ 26973 IS95/.04063_ 89 MPLE V

Det ecti on bf TEEXRAZRSThLHLILANTTS iRIRTFTA %ﬁd2h§b$‘ SRt BPFhi € tkanpl e
I lustrates takimgurs trasionsanpltthefadd bt bonl, oﬁrkpﬂg/m@] Dbylaaprifiineg a

section of a specific a o] ), and
detecting t heé® %ﬂ%ﬁ i on‘g:%%l? g%lﬂyuscl é%(gmgb%?d#g% ?gﬁggngggiﬁgﬁ bl ot
format. 10 Sdmfiae @repshewn ;e aﬂ‘cbmmwflgii otxprpimgnbsexrbtbed is taken
fromthe pat '&Hndblgf %icﬁn' Y s@thedNibhPPa O PREPEERAGECLIRGR by Using

procedures descri
10 selectlvely to cardlollpln, an inner mitochondrial

membrane lipid, its uptake correlates with the number

and size of the mitochondria (Leprat, P., et al., Exp.
Cell Reg., 186:130-137 (1990)). The data shown in FIG.
12 suggest that the ethidium bromide treated cells have

15 increasing quantities of inner mitochondrial membrane,
which would be expected, since cells lacking
mitochondrial DNA have been observed to have large,
irregular mitochondria {(Morais, R., et al., In Vitro
Cell. and Devel. Biol., 21:649-658 (1988)).

20 Similarly, as shown in FIG. 13, binding of the
cationic dye JC-1 was also increased in ethidium
bromide-treated cells. Measurements were made by
fluorescent plate reader in 96 well microplates as
described using 16 uM JC-1, and non-specific uptake was

25 measured by concurrent addition of 5 uM CCCP. Cells were
plated at 2 x 10* cells per well 24 hours prior to the
addition of dye, and measurements were made as described
above. Data are shown as the mean of 8 experiments 1
SD. Since JC-1 is known to equilibrate across the

30 mitochondrial membrane as a function of the
transmembrane electrical potential (Ehrenberg, B., et

1., Biophysical J., 53:785-794 (1988)), the data shown
in FIG. 13 indicate that the enlarged mitochondria -
expected in cells lacking mtDNA are able to establish

35 increased transmembrane proton gradients, despite the
lack of mitochondrial DNA, and despite the resulting
lack of complex IV activity. This is consistent with



15 Anmplification of Target COX genes by Pol ynerase Chain Reaction. and
Blotting onto Menbranes: The treated DNA fromthe test sanple is anplified
usi ng prYease%e8x described in Exanple |. After anplificat PEVUSIIMMOENA i s
denatured, and blotted 20 directly onto prewashed. nyl on nenbranes, in
multiple aliquots. The nenbranes are yinsed in 10 x SSC for five mnutes to
neutralize the nmenbrane, then rinsed ¥ five minutes in 1 X SSC. For

storage, i n anes_are ajr-drie eal ed Pre ation for
hybrldlzal?Qﬁl3%@é$i§ﬁw%ﬁﬁ£@%ﬁ% éfﬁ@gﬁan3§9§3§ge ofaggg Hgﬁ%Fdlzatlon and
Det ect i on: (sgdrakibve) i on and detection of the anplified genes are
acconpl i shed a RaPp! nvention
has been descr?ﬁggéwn é?%eﬁ%f%nce ?gﬁ%%rm%?gg OE 361%g %fléthose

skill ed inladle BERNA | totah PNy mre&taeeteﬁafrﬁmeug‘p'@eatecl SHanpl es

provi degl he¥ey Nedl Bs ObE YSH.1S¥YSTraé1YE kpbbEd aaseathgalaﬁdb%hlhbm tative
t hereof . | shoul be 35 under stood . t hat vg hous ations can be made
e

wi t hout d tYhPRYR AL R %?EEEPEﬁaFﬁ%nlﬂ t FGAT g5PNAg ¥ s
PCT/ US95/ Ot By £6d ED{ANREL hériBybl dvesing of Bqualaameuﬁtsgoﬁuouaptldes

or RNA synie SeBRTRERa R cfodr otk S8Lke | EEABEFBIRRRIRRTC ' o pr epare
ant i sense mityocellulesespemboanes; t andchybrnidieednwish(¥P-C, A, G and U)
are uspgl afaKELELY SRt PR BpEC: FLEPLEbe. SH-SYSY p° cells had less
than one mtDNA/cell when compared to a standard curve
based on the known quantities of COX I gene (data not (
shown). This is essentially a finding of no detectable
mtDNA, establishinglconclusively that these cells were
15 in the p° state.
The foregoing results suggest that the
concentration of EtBr used to achieve the b° phenotype
appears to be cell type specific. The parental
neuroblastoma cell line needed high'doses_of EtBr (5
20 pg/ml) for long periods to induce the p° phenotype;
dosages needed were 10 and 100 times greater than that
need to produce p° fibroblast (Leprat, P;, et al., Exp.
Cell Res., 186:130-137 (1990)) and p° osteosarcoma cells
(King et al., Science, 246:500-503 (1989)),
25 respectively. SH-SYSY cells may have high resistance to
EtBr-induced toxicity. Of course, titrating the amount
of ethidium bromide and the time needed for a given new
type-of cell is well within the average skill in the
art. . '
30 It is important to note that in the case of
neuroblastoma cells, once the p° phenotype appeared,
continued treatment was necessary to obtain an
acceptably low reversion rate, reversion being defined
as the reappearahce of the wild type phenotype when p°
35 cells are grown without supplemented pyruvate. High
reversion rates of p° cells fused with donor platelets
would result in false positives during cybrid colony



Applied Biosystens Division/Perkin Elner, Foster Cty, CA. For routine

ol i gonmer sysd@fhes | [err]Jnmole scale 10 syntheses reacti onspafRsésifanscd
out utilizing [err] for oxidation of the phosphoram dite and Beaucage

reagent for preparation of the phosphorothioate oligoners. C eavage from
the solid support and deprotection are cggxried out using amoni um hydr oxi de
15 under standard conditions. Purification is carried out via reverse phase
HPLC and quardeXdatatoron aut aclesptdblatlevel sopeléosneHalyohd absorption

measurenents at._ 2 ) S N3 r _
EXAVPLE M | ﬁnen‘f%‘?%gcﬂl & d’hﬁ?i’%ﬁ %I%%é&%r%@ate%g &192%5, 194 B B Rt i sense
phosphor ot hi dxteatmenfonrerAgsimpl eletermining t wbatGlugehdonuednt at codon 193

and thus non-e IR A e dded el @%%g@n@iwi NEnENAvEFagdded 25

to fresh nmedium_contalning Lipofectinf[err co BRL (Galthersburg, M) at
a concent riat igHIf WD §he 13r% 0 make final concentrations of 0.1, 0.33, 1,
3.3, and 10 [err]. These are incubated for 15 mnutes then applied to the
cell culture. The culture is allowed %ggkgﬁuggte 30 for 24 hours and the
cells are harvested and the DNA i sol & d“*sequenced as in previous
exanpl es. Quantitati vbiffiakpatiatdon of the\smmoitalegzsecedlsut ant COX DNA

o : :
() Borey st LES AL BTl LA (g S e e ey 0oL e
non- conpllgrembanbalo egter t (A Chet raderrroyphorbal nddragetakeai ni ng
| i pofectin atppn)CQRceitdiin Fhdiodd. AMDS/ 2B97Geeks of treatment
PCT/ US95/ 04063 L. ,
with 16 uM TPA or 1 uM retinoic acid, the p° cells
expressed long neurites with secretory granules typical
of differentiating neuroblastoma cells. Thus, in
15 contrast to the situation with p° cells derived from
myoblasts, these neuroblastoma derived p° cells
apparently retain the ability to differentiate as judged
by morphologic criteria (Herzberg, N. H. et al.,
Biochim. et Biophys. Acta, 1181:63-67 (1993)). This
20 indicates that proteins encoded by the nuclear genes,
essential to signal transduction and differentiation,

are functional and not affected by EtBr treatment.

EXAMPLE XII
25 Preparation of AD and PD Cybrids
p° 64/5 neuroblastoma cells were transformed with
platelets from twelve Alzheimer’s disease, three
Parkinson disease and two age-matched control patients
creating what are termed cybrid cells (¢).

30 Platelets from AD and PD patients carrying
mitochondria with single or multiple mutations in mtDNA
encoding for ETC subunits, and from control (normal)
patients, were isolated from 10 ml of whole blood drawn
into an Becton Dickinson (Rutherford, NJ) Vacutainer

35 containing anticoagulant (acid citrate dextrose}.
Samples of control SH-SYSY cells were treated similarly.
The samples were transferred into Accuspin tubes {(Sigma)



91 [err] to make final concentrations of 0.1, 0.33, 1, 3.3, and 10 [err]
these are incubated for. 15 mnutes then applied to the cell culture. The
cul ture iwoaskesmd to i ncubate for 24 hours and the cells scendsstvpes ed and
5 the DNA isolated and sequenced as in previous exanples. Quantitative

anal ysis results showed no decrease in nutant COX DNA. EXAMPLE VIII1 10

I nhibition of Mutant Mtochondria in vVaiea M ce are divided into six groups
of 10 animals per group. The aninmals are housed and fed as per .standard
protocol s. Tweyr dayers of histopamue JSdgoa) aud mmt'sugqmdsqmotmt hi oat e

ol I gonuc eohs e B’ 8021680%%. 15l 36ihd Sdrigh BT € Mine GAIREPTEIATY (O

nmut ant COX gene RNA, respect] Fﬁ In 5
[err]. To §PB&AiBing hekPnpipEedetaCRnd FompRuGlea elrmphches
phosphor ot hwaat eseuageauc treehs@enae& dQNEi%ER Mcllumds) SRIIERE drK gene RNA

:321 Elogt g%n% tWH‘L7§ %ggl %Srcg)é gﬁ’"ﬁ%& &%Oecﬁfr"f%r ten days.

The ani rral srasaspandeﬂl dadDNEM wdiftghl s mMf EDTA n fussicre mmi:lmn:)t ed Th| S

tissue is treate rgﬁs? gg&ghnggskagﬁgliﬁﬂmkr$¥u¥;§§§%

quantitativel y 25 ana as 1 n previous exa
in nmutant CoX Chonys et| adel(Chpmyas s At haﬁ!tl%lof:

treated grodp.agd- 994d3§@ga§? f0r°t@@129n&é9é 9&&89ed39rom cultP e .
EXAMPLE_I X Agents fqr_the Detecthn ag FSe ective Destruction of Defective

M t ochordr i R13tes F’FEB‘aFEﬁ’Pél’rnof rigsR WS- HiMesey 2RdddRally 6-
bi s(di met hy resuspeadeddine fasddndmedduin. p° cells (4 x 10°, clone

p° 64/5.0) were combined with platelets (1 x 107 (
platelets or 1 x 10° platelets) in two mls of fusion

15 decrease
ti sense

medium and incubated 10 minutes at 37°C. Negative

15 controls were p° cells without added platelets and

| platelets without added p° cells. The cell mixture was

centrifuged at 300 x g for 10 minutes,'resupended in 57
ml of fusion medium. Polyethylene glycol (70% w/v PEG
1000, J.T. Baker,_McGraw Park, Il1) in fusion medium was

20 added to the cells to a achieve a final volume of 200 ml
(final PEG concentration, 50%). Cells were incubated
for 1.5 minutes at room temperature then diluted to a
final volume of 10 mls with warm normal p° cell medium
and allowed to recover for 10 minutes at 37°C. The

25 fused cells were plated in 75 cm? flasks. The medium was
changed on following day.

The cells were allowed to reéover in p° medium for
one week with medium changes every 2 days. Transformed -
cells (cybrids) fepopulated with exogenous platelet

30 mitochondria were selected by culturing in media lacking
pyruvate and uridine with 10% dialyzed heat-inactivated
FBS which removes residual uridine. These conditions
were designed so that only repopulated cells could
survive. The efficiency of transformation varied

35 between 1 and 2% as judged by the number of surviving
cells. Approximately 1 X 10° fused cells were plated
sparsely onto a 15 cm. tissue culture dish.



35 3, 6-bi s(di net hylam no)acridine (1.0 mllinole) is dissolved in DVF
(100 nL) cwoewe9m3g 1.1 equivalent of tertiary am ne base. Tect/iosss/id4663added
10- hydr oxy- 1- WO 95/ 26973

PCT/ US95/ 04063 92 bronp decane (1.1 millinole), and the nmixture is heated
to reflux. Wen monitoring by TLC shows ¥ remai ni ng

3, 6- bi s(di et hyl am nq)acridine, the reaction is cooled and the

10- N- (10- hydr oxy- IT 8d Fgloniag ARPERYEY| AnFRos a¥erlipnatteri $beat ed

f) 0. (73 m L Ihl lrrqxﬁq-)lalb fus:.%rﬁ.pﬁl@éééw o t!lQe I\bﬂ@upa@éahgévérélaacyb);e% 6-
IS I ne a | ne C
10- N- ( 10- %da@aﬂlvecéc‘dﬁ &(&32\% ﬁy|(&~rﬁ o) 1R$% (PR (209 il 1 nol e)

i s di ssol ved spormariebusl i J:ﬂaﬁfem:tjed dlondni shoslddbade 2appedired in

di met hyl arg n to the
procedur ergof q")F’aegsuechl q:?Iﬁseem Phar %%Iﬁh&é%%g(gégg}gﬂgd t he
m xture is smerscemdjrhierthﬁ Minansfornatioepiéith YRENAnon| ndtpajobdrieC
showed no rengj ﬁéﬂac Qw@eﬁjr cﬂff@%ﬁﬁaéﬁ@ns in the genes

bi s(di met hyl am n reaction i s work up according to Taguchi
and the 10- NSTE® pﬁﬂ?’rﬁm& @@e"’tﬁ&ﬂl}e@“@%l S(dl net hyl ami no) acri di ne

is isolat eﬂ (0.75 HhBtlH itHY efdterog ené?i@aéxgaww:ﬁ cells (buék phaﬁle) g
sait o5 10" Wb SRRtated Hemadnons, F 1o WErS (BFARERYFST ABfact i dine.
(1.0 mllinmolemsayediftaolamwbliex OViar{d IV rdgt ity hasdi somgdadedd with
triimdazol yIcémplex I and IV activity from the parental SH-SYSY

cells (Table 7). The complex IV defect associated with

brain and blood of Alzheimer’s disease (Parker, W. D.,

15 et. al., Neurology, 40:1302-1303 (1990)) was
successfully transferred to p° 64/5 neuroblastoma cells.



phosphi ne sulfide (1.1 mllinole) according to the procedure of Eckstein
(Journal of the Anerican Chem cal 30 Sqchejy, 92:4718, (1970)) and the

m xture sMO8Ender a nitrogen at m)saﬁqr . When: noni t or iPCTNIBes/d4063 Shows
no remai ni ng 10- N-(10- Hydr oxy-| -decyl ) -3, 6- bi s(di met hyl am no)acridine, the
reaction is worked up according to Eckstein and the :

10- N- (10-t hi opho$phoryl § - 35 decyl)-3, 6-bis(di nethyl am no)acridine is
isolated (0.75 m!Ilinol gs). WO 95/ 26973
PCT/ US95/ 04063 93 d. r'epa?:atéow of 10- B (&)-undecanoic acid)-3. 6-
bi s(di met hyl ani np) acri difne bRor d& salt 3%- ls(di net hyl ami no)acridine (1.0
mllinmole) is digsolvedfin QNFL1@D nm). T ghis is added | 1-bronmo 5
undecanoic acid {1.1 n!ll i not'ej—amd the nixtwje is heated to reflux. Wen
nonitoring by TLEC shOV\g no reme neng 3, G-Msg(i met hyl am no) acri di ne, the
reaction is cool pd andafhe 18- N (T1-undec&nhof¥d aci d) - 3, 6-
bi s(di net hyl ani np) acridifne iT i%orated (05710 nillinoles). e.
Preparation of 1pP-N-(1l1fundecyl -2. 4-dinitrophgnyl
ur et hane) - 3. 6- bi p(di-et Ryl anf!né) aBy i Qi e By orfijde 15
10- N- (11- Undecanpi caci @) -'3,6- =bi ﬁ]dgmhg ailno)acridine (1.0 mllinole)
i's dissolved in [Tk 1 . To iS Y JHdBY 2, 4-di ni trophenol (1.1
mllinmole) and dj phehytghosphoryl azide (1.1 fillinole), and the m xture is
stirred while hehtimg O 20 [err]. - Wen nonijtoring by TLC shows no
remai ni ng 10- N- ;Ei%gna canoi ¢ acid)-3, 6-bi s(4li net hyl am no) - acri di ne,
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the reaction is cooled and the 10-N-(11-undecyl -2, 4- dinitrophenyl

ur et hane) - W@9%26871i net hyl am no)acridine is isolated (0.75 nPciriusss/emss 25
f. Preparation of 10-N-(11-undecan-1-o0ic acid 2.4- dinitrophenyl
ester)-3.6-bi s(di met hyl am no) acri di ne brom de salt 10-N-(il-undecanoic
acid)-3,6- 30 bis(dinethylanno)acridiffX1.0 niIIinDIe) is dissolved in
DMF (100 nL). To_ this is added 2, 4-di nitrophenol m |

di cycl ohexyl Ehedlk Rhase phithe it edﬂﬂth?HF%x?6@ﬁ2§PPaz&ﬁg#@flf

mllinole), aih YrD#DLEINTE] Si&ker IeshmplenTVOSheoLENg bytI-Cribews no
{he reacti on THE AISHATHAFEIEG 4¥ (A1 Stindebah. SOBPLLEcT qaskect™ | I ¢
2, 4- di nt r opheapdocdsttemd Wi tth the M2 2693 3blood of Parkinson’s

PT/ USSS! G406 gl US| AIBS R4 e yratapbafod( fe 148 || 0! ).
procedur e ofnﬁnﬁﬂhﬂﬁﬁ&ﬁm&ﬂceﬁiEJeHThﬁcﬁVQ¥E9€h@ﬂfég}t!B§|é#y56f J&pean,

46: 1509- 11 (1Rinat chd®dbrlrro é%}kﬁﬂ&éo up\t&ambw aﬁa wbasﬁ#@mt hyl)

benzi m dazole s heated wth anlllne and orth n?te at err] To
this is addeddst&qxmatly CORRAR i é"na‘hdnbo?% Y’a‘l"rYac'EP%tE SRESheating is
conti nued at 1[seﬂraitedr Froreatid Gulk phusechad sdmikacrvatdesn Kaganoto et

(gnghé‘rsbghpmdu ﬁv1 a}; %¥ee ofr eapf‘lgtigﬂ. OfTQ:iLg may reflect

various degrees of heteroplasmy within the clones. The
complex IV activities of the bulk phase for yYaAD#2418
were monitored for three weeks, consisting of three cell
passages, and they continued to be stable. Thus the

15 defect transferred appears to be stably
maintained for at least three cell passages and is
probably permanent.

Since the fused cells displayed a specific decrease
in complex I and IV enzymatic activity that is

20 characteristic of AD and PD neuronal cells, these
procedures provide a cellular model (AD and PD cybrid
cells) for further study of a major biochemical and
genetic defect found in the blood and brain of AD and PD
patients.

25

. EXAMPLE XIII
Screening of Drugs and Treatments Using AD Cybrids
The AD cybrid cells constitute a new and unique
cellular model system.

30 To use this system to screen for drugs that are
potentially useful in treating AD, the AD cybrids are
grown in the presence of agents known or suspected of
having the ability to ameliorate the electron transport
deficit in AD patients, or the cellular degeneration

35 that apparently results from that deficit.
Alternatively, screening can be done in a completely
empirical manner, and compounds for screenipg can be



15 N - (2-hydroxyethyl)-JC1 (1.0 mllinole) is dissolved in pyridine

(100 m.). To this is added 2- (N, N-di net hyl am no)-4-nitrophenyl phosphate

(1.1 m| Wod¥28978ccording to the procedure of Taguchi (Cheper/bSssiodnssBul | - .

23, 1586 (1975), and the mxture is 20 stirred under a nitrogen

at nosphere. Wen nonitoring by TLC shows no remaini ng

10- N- (10- hydr oxy- 1-decyl ) - 3, 6- bi s(di eyl am no)acridine, the reaction is

wor ked up according to Taguchi_and bis- N -(2-phosphoryl-1-ethyl) JCG1 was

i sol ated (®eARGReT iFo|xaRdom £ 1oMm\gseC avg lei anywherenbnt thezed [err] -

cel | |ines worlet.demrcthodilaeitidivd NES € RGRSe| Flle TeyBEN@Rdijal - DNA

nmut ati ons that could be propagated and 30 naintained in" an undifferentiated

state, and EF FHIEF ¢ ‘Uﬁ%é}%o‘?fb? rﬁ%aﬁ’mﬁﬁ"?‘f‘%ﬁ?%nt?ﬁt swhRjeqkur obl ast oma

cel l's wer e tthem dtcecbtifertype ol imit fiéhtsndvitaninendei aotBerat ed from

pl at el etgs @c%eaél tient were placed into those cells. 35 I n order
themin

to convert 0 [err] cells, SH SY5Y neurobl astona cells (Biedler, J.
L. et al., CancAftew a izt pLteratres) witkh e cgivem ecompothd, pr esence

of WO 9%/m6tidated cybrid cultures are test%d' fo det EE%QSQS/ 04063 95
et hi di um b_rtg}r%de far .var,yl_r{_giF perll ods of -time (30-7 .ay_s? and at varying
concentrat i 1 EF aF T iter qelatd velte the LPhaaytviey ey week, and the
medi a was aimngated) aybridlaymt #5lhistingldy UAdmEAREE & B & ONgs Bndi gher
than thgse n[e%%tgése%dc% CaesI lthdoesaet r?ie‘fjlsfc;[reirbezd tl'Pef?’ein_abbve . In
addition to measuring COX activity, treatéd and
untreated cybrid controls observed mic__ros_copically to
determine if the addition of the chemical agent has
diminished the morpholog_ical changes characteristic of
15 AD or PD. If treated cells exhibit an increase in COX
activity and/or decrease in morpholo'g___i_'cal' degradation
‘relative to untreated cybrids, the compound or compounds
used in the treatment warrant further 'study to evaluate
their potential effectiveness as _drugs fdr treating AD.
20 In addition, such positive results suggest that other
similar chemical structures be screened for such
activity.



meeks.-A noticeable fall off in growh rate occurred at approxi mately 33
days. Cel IWDi9526978hosen for further study were exposed to tIECIVUSISOYES3
concentrations for either 33 or 64 days. Cell lines treated for 33 days, 10
45 days or 64 days 5.0 [err] ethidiumbromde (EtBr) were designated [err]
33/5, [err] 45/5 and [err] 64/5, respecfti®Vely. Production of respiration
deficient mutants was nonitored by cyanide inhibitable [err] utilization.
It was 15 observed that oxygen uti|EZXAMPEE &4 i ned as a function of time
and et hi di um broni de concentration qnﬂ oysridelet ectabl e after 64 days of
exposure to 5.0 [er concentratlo i.di um br as shown in FIG 9
(see al so Table 6). &aﬁg@ﬁnﬁﬁﬂ F? %@tdé#’é‘?ﬁl%ﬁfgf(?rpol arographi cal |y
in cells treabrdtiactdohhef 8RedAps c@blrdsl@ad Glatedt orfrwn Ctia@lémpsen
circles) t r ent 1. -mNUUSRSEF onsunptlon
was deter#ngld¥ﬁ ¥%%gl%g§§e%cggéFQ%gn%%ﬁéa Wa's subéé§:°c§f§6%1neasured
total rates.fpaed withshbenp2x&sl s mesgrlhedlehgvez cneapédnde D
experiments. c¥Be; 4kl eCel¥aBASSrOinl hdlu RyaTidE e itldd NSl

CJ r E %ﬂi Wt %iBr at

el ectron transport was confirned treatin cel for
vari ous concéﬁt@ﬁ?FBh?edaﬂH°Yﬁenaﬁ§a§ﬁﬁﬂﬁg ébﬁﬁﬁﬁﬁ%Qiﬁﬁrﬁ$ﬁe

presence of zaeasageaf by méhhbdbodés@i'lbéﬂlpb&évhoﬁfsqgeﬁQﬂQﬂhléSOWp' ex Il
(antlnyﬁ#g gglex IV (cyanide). As shown in FIG 10, treatnment with
roﬁ?ﬁ 5?

ethidiu “Perr] resulted in suppression of virtually all oxygen
utilization that was sensitive to either conplex | inhibition or conplex 35
11T inhibitig g 10). Data are shown S EEM for at |east 2

i ndependent experinents. Conplex || enzynme activity was |ess perturbed,

si nce none ofomparigpnnpfsComplex I and Complex IV Act1v1ty in
Control and Parkinson’s Digease brid

15

Cybrid Complex I Complex IV
nmol/min/mg sec/mg

SH-SYS5Y 28.2 0.120
Control 1 27.7 0.135

20 Control 2 : 24.1 0.154
Mean 26.7 0.136
Parkinson’s Disease 1 18.3 0.11¢0

25 Parkinson’s Disease 2 10.2 : 0.103
Parkinson’s Disease 3 15.9 0.188
Mean 14.8 0.134

30



WD 95/ 26973 PCT/ US95/ 04063 96 are
encoded by mtochondrial DNA and its proteins are apparently normally
transporgg9dsageds i nserted into the enlarged nmitochondria Of’C‘iﬁI@ﬂmﬁ@J s in a
functional state. Simlarly, activity of the mtochondrial matrix enzyne 5
citrate synthase, was conparable in parental and [err] SH SY5Y cells, but
decreased by approximately 50%in [ergygg 64/5 cells. The unresponsiveness
of this enzyne is not surprising since it is encoded by nucl ear genes, and
its expression shoul’d not be affeEKAaMPRE XKVDNA depletion. 10 It apparently

Lor] cel s in & funct PERRRTaPAPe SETADCEvbRed NadaBLa" 0T, o0 0 G ot
measur enent of Imeamether téemsodimentpl kDY, ofompteghohdraad fromr at e

synt het ase ; éﬁ%fé t g;&g s ACHI YLk of.both the [err]
64/ 5 cellédégég%éyﬁ%n . égﬁ?écmer'f@??%ﬁé?#§;§n§%¥g%¥%%|%? [err] cells
wer e CLﬁtLﬁ¥EBl¢|mntéﬁ%nﬂ$m%nL&#%%@p?%ﬂ@@%@ﬂ ¥hCOXi arfe (50 [err]) and
pyruvate (i{Q0rdMliddd iMtd'&ieImadDs SUPPOAELAGOM RobKiBJanMnal.. et al ., 20

oS b I OSPALR ANy S e, by ot abks: ChgoYner |
pyruvate (&b oB@dcellagtage pridovashyd bpt sadineuladage fepmnther cles)
25 (open LutAggn oes o s hA6Ghahl Phlhd  oBhaGR narsapgFibry ¢
SH—SYSNO(smd¢rbs¢¢m¢es§hew¢mdyyb®mahscelbesareveeesadrapaWtbhand addi tion
(1o e nyEhEciroR0e WSS BKII 0 yrodl oy LbeiRSEs 160 Jeled, rorrosents
in a manner such as that described hereinabove. ‘
Determining the appropriate duration and concentrations
for ethidium bromide treatment may require the sacrifice
15 of several embryos for Southern analysis to assure that
mitochondrial function has been lost.
Then, cells so treated are re-populated with
exogenous mitochondria isolated from the platelets of an
AD affected patient, the preparation of which is
20 described in Example XII above. One or more of the
resulting cybrid cells are then implanted into the
uterus of a pseudopregnant female by microinjection into
the fallopian tubes. At the end of gestation, the COX
activity of blood cells from one or more of the progeny
25 is tested to confirm that the mitochondria behave as
those of an AD patient. The presence of the AD COX gene
defect can also be confirmed by DNA sequence analysis.

30
EXAMPLE XVI
Screening of Drugs and Treatments Using AD Cybrid
Animals
Known or unknown agents are delivered to the cybrid
35 animals, and agents that rescue the disease phenotype or
protect against the deleterious consequences associated
with the disease phenotype are selected for further



30 well plate. The geheration time for SH SYSY was 24 hours in normnal

medi um t RySogsysar ed to 48 hours for p 64/5 cells in nedi uRceRZHSHHOE30
pyruvate. The [err] 64/5 cells reached the sane final density as the

parental line. Uridine alone, like cells that received no 35 addition, did
not support growth of [err] cells and cebd death was noted after three days
of plating. WO 95/ 26973

PCT/U895/O4Q§eu&F déepateht iyl odrpgsufaretheonrenamentpeoift growt h indi cates

that the enzy i hvdy dehydrogenase, essential to de novo
synt hesi s of $%§ 895?%?&5? be active in [err] cells of the present
i nvention. Depl etImra@dl)tlle\hﬁehhs guch 3BoRAUIENSIARE MYiCRLAStEuxot r ophy

in other [ergl,oglls ééi’é@%&sf{r&hnGhéEealannmﬁibeaﬁa u2bl 30 232dnl989)) .

Rat es of reversion from err enotype were_determned b Iatln 2 X
106 cel | 5 nf@rM?@Fﬂtlﬂiﬂésl?e%ﬁ’delbhEuﬁgg?FﬁS PhenOtaPRe Ay gt ’

deficient selggihon fREl &éleiféﬁwuébcbnbﬁqdeaeadea@eo@:riame&hmramhe
pyr uvat e appear ed wt

ells d| ew
sur vi vi ng cé@%%e%é?épﬂ %BB cugPﬁﬁhagﬁﬁ Sd?@?&ngp S re?%ﬁé %J
Reversi on freguebed as ﬁ5tena$aleﬁrb;tmantsvibruhdehenm@séauﬂkﬁqaaﬁm;was 1
X 10-5 for [err] 33/5 clones and 1 x [err] for [err] 64/5 at 3 weeks (Table
6). The very few surviving cells were subcultured Activities of conplex
|1, conpl@x IV, citrate synthase a#&XHMBLEH XMI] i zation returned to contro

20 levels in these subcul tures, indi galadpukddrat estimation of reversion by
survival in selection medium was

DNA Extraction From Blood Samples _
Blood samples (7- 8 ml) from 14 NIDDM patients are

15 collected in EDTA Vacutainer tubes (Scientific Products,
Waukegan Park, IL). The blood samples are spun for 10
minutes at 2500 rpm at 4°C. The buffy coat con;aining
white blood cells and platelets is removed. Five
milliliters of TE buffer (10 mM Tris HCl, 1 mM EDTA, pH

20 7.5) are added to the buffy coat. This mixture is spun
for 10 minutes at 2500 rpm and 4°C. The supernatant is
removed and 5 ml of TE buffer, 200 ul of 20% SDS and 100
pl of proteinase K (400 ug/ml final concentration) is
added to the pellet. This mixture is incubated for 4

25 hours at 37°C with continuous shaking. DNA is extracted
by 2 washes with phenol followed by two washes with
chloroform: isoamyl alcohol (24:1). After each wash the
solution is mixed, settled for 5 minutes and spun for 7
minutes at room temperature at 7000 rpm. The genomic

30 DNA is precipitated'by adding 1/10 volume of 3M sodium
acetate and 2 volumes of 100% ethanol. The DNA is spun
for 20 minutes at 4°C and the supernatant is removed.
Ethanol (70%) is then added; the mixture is spun briefly
and the supernatant is discarded. The dry pellet is

35 resuspended in TE buffer and stored at 4 °C until use.
The DNA is quantitated by Axo absorbance of a 1: 50
dllutlon



paralleled by return of ETC activity (Table 6). WO 95/ 26973

PCT/ US9S/ 04063 [err] WD 95/ 26973

PCT/ US95wo3289799 Bi ndi ng of the fluorescent dye nonyl acr iPdiTVEESOS04063 €, Was
greatly increased in SH SY5Y cells as a function of ethidi um brom de
exposure for 64 days, as shown in FIG 12. Assay was perforned in 96 well 5
m croplates; cells were plated at 2 ®XYQrr] cells per well 24 hours prior
to the addition of 1 [err] nonyl acridine orange. Measurenents were nade as
descri bed DNAS2QURRGIDE ¢ shown as the mean of 8 experinents the standard

devi ation. tSi nqqlé;@aglfgfgtr :Tdé}ﬁ&}ﬁfcﬁﬁg? lb;»fmaéf gcgéeil@éft,;cég _g?édj[ ﬁl i pin,
an inner mtaqchondria rane |ipid, S ake corréelates w e
Unber an@TELEIRA @ Fiteh s dereethei Befefagbire. SacBtmle ros.
186: 130- 137. ( F2%¥B¥nid DNA dadrecsiming | thd-| DX Idese gimsért Badbt agnethi di um
brom de treat I |{ncreasd pties of 4 nn. 1 §{ gchondri al
rorr arte, A PN i i T e (e Ned [ugind chl ELa B I D
have been tide \RihamichRurifiqpsion rkbulwithiMbdhoPfetvmngorais, R, et
al., In Viigo sl cridesal, @o! prdskid B8 {495821£ic8 from

Simlarly, as show 1n FIG 13, binding of the ?c‘gt Loni ¢ dye JC-1 was al so
i ncr eased 3% &k RasLAR AL FHdurest e TR  380latefl WA BNt s were nmade by
resuspended in 100 pl TE buffer. The DNA is quantitated

10 by A, absorbance of a 1:50 dilution.
Sequencing reactions using double stranded plasmid

DNA are performed using the Prism"_Ready Reaction ‘
DyeDeoxy™ Terminator Cycle Sequencing Kit (Applied
Biosystems Division, Perkin Elmer Corp., Foster City,
15 CA). The DNA Sequenceé are detected by fluorescence
using the ABI 373A Automated DNA Sequencer (Applied
Biosystems Division, Perkin Elmer Corp., Foster City,
CA). For gene walking experiments, oligonucleotide
primers are synthesized on the ABI 394 DNA/RNA
20 Synthesizer using standard beta-
cyanoethylphosphoramidite chemistry.
The following primer Sequences'are prepared from
the published sequences of the COX genes for subunits I,
II, and III:
25 COX1 primer 11 (5’-TGCTTCACTCAGCC-3');
COX1 primer 1SF (5’-AGGCCTAACCCCTGTA-3');
COX1 primer 11X (S’-AGTCCAATGCTTCACTCA-3');
COX1 primer 12 (5’-GCTATAGTGGAGGC-3');
COX1 primer 12A (5'-CTCCTACTCCTGCTCGCA-3');
30 COX1 primer 12X'(5'—TCCTGCTCGCATCTGCTA-B');
COX1 primer 12XX (5’-CTCCTACTCCTGCTCGCA-3');
COX1 primer 13 (5’'-CCTACCAGGATTCG-3');
COX1 primer 13A (5'-CCTACCAGGCTTCGGAA-3');
COX1 primer 13X (5'-TCCTACCAGGCTTCGGAA-3');
35 COX1l primer 14 (5’-CCTATCAATAGGAGC-3'); |
COX1 primer 14XX (5’'-GTCCTATCAATAGGAGCTGTA-3');
COX1 primer 11C (5’-GTAGAGTGTGCAACC-3');



fluorescent plate reader in 96 well mcroplates as described using 16 [err]
JC 1, and Qeyysmgesi f1c uptake was 25 neasured by concurrent pefipkdspdoddl O
[err] CCCP. Cells were plated at 2 x 104 cells per well 24 hours prior to
the addition of dye, and nmeasurenents weré nade as descri bed above. Data
are shown as the nean of 8 experinments {e{r] SD. Since JC-1 is known to
equilibrate across the 30 mtochondrial nenbrane as a function of the

t ransnmenbr aneoxl estimenl 1poens i abTCEACEGREGETCB-3/¢; al ., Bi ophysical J.,
53: 785-794 ( 3) %hg i PV hadigate t hat the enl arged

m tochondri a be%%lé | n%?l ggl g‘%ﬁ%@?ﬁﬁé&%r@%& Ee; t)d establish 35

i ncreased t reoXiepmimere pLOXHn (5t :MEGAGRCAGETELTAGEAGTRAaSK Jof i t ochondri al
DNA, and deséb%le ﬁ:liﬁuéf &i gg. J.ééﬁﬂéc@g@@ﬁ-g*cby:,a@t;l vity. This is
consistent wt WO 95/ 26973 '

PCT/ US95/94 062X 1 r imer cba@h v 63’ + RERECASEATRAABRETAGEARIBNE for ange upt ake
(see above).cdw: pfimad ek hes  contcatatcoartirarctha-genr;] cells |ack

MO 0t 2R ween e LSt el (LOMMMRRRHCSSS )3 SYOY cell s or S SYov
[err], and ntOXA peimenal yexed(Hy-EDETAGCATEAGARTAGG-Eqlal anpunts of DNA
and hybr 1 0f S g T B8 P GG e A A B T S S [err)
cells hdd | (X2 tpminee nM4MAlTEtGCRRTAGRTREETEACt3  Aist andard curve based
on the knowrb(%@;}g,_j.{d"@]_s L5 | - PeBRTTERARCARECSROWY) . This is essentially
a finding of no detectable
COX1 primer 14CX (5’-GTTGGCTTGAAACCAGCTT-3');
COX2 primer 21 (5'-TCATAACTTTGTCGTC-3');
COX2 primer 21N (5’ -CATTTCATAACTTTGTCGTC-3');
15 COX2 primer 21NA (5'~AGGTATTAGAAAAACCA-3');
COX2primer 21X (5’-TTCATAACTTTGTCGTCAA-3');
COX2 primer 2FSF (5'-AAGGTATTAGAAAAACC-3');
COX2 primer 2SFA (5'-CCATGGCCTCCATGACTT-3');
COX2 primer 22 (5‘-TGGTACTGAACCTACG-3');
20 COX2 primer 22A (5’-ACAGACGAGGTCAACGAT-3’);
COX2 primer 22X (5’-CATAACAGACGAGGTCAA-3');
COX2 primer 21C (5’-AGTTGAAGATTAGTCC-3');
COX2 primer 21CN (5’'-TAGGAGTTGAAGATTAGTCC-3');
COX2 primer 21CX (5’-TGAAGATAAGTCCGCCGTA-3’);
25 COX2 primer 22C (5’-GTTAATGCTAAGTTAGC-3’);
Cox2 primer 22CXX (5’ -AAGGTTAATGCTAAGTTAGCTT-3')
COX3 primer 31 (5’-AAGCCTCTACCTGC-3');
COX3 primer 31N (5’'-CTTAATCCAAGCCTACG-3'};
COX3 primer 32 (5’-AACAGGCATCACCC-3');
30 COX3 primer 32A (5’-CATCCGTATTACTCGCATCA-3');
COX3 primer 31C (5’-GATGCGAGTAATACG-3’);
COC3 primer 31CX (5‘-GATGCGAGTAATACGGAT-3');
COX3 primer 32C (5’ -AATTGGAAGTTAACGG-3'};
COX3 primer 32CX (5'-AATTGGAAGTTAACGGTA-3');
35 COX3 primer 32CXX (5’-GTCAAAACTAGTTAATTGGAA-3');




nt DNA, establi shing cdnclusively that these cells were 15 in the [err]
state. The foregoing results suggest that the concentration of EtBr used to

achi eve whospens ] phenotype appears to be cell type speci pgrysddioedr ent al
neur obl astoma cell |ine needed high doses of EtBr (5 20 [err] for long

periods to induce the [err] phenotype; dosages needed were 10 and 100 tines
greater than that need to produce [ewnd fibroblast (Leprat, P., et al.,
[err] Cell Res., 186:130-137 (1990)) and [err] osteosarcona cells (King et
al ., Science, 84Guéfieing3reae8ibhs Are pexfeciedelaccdidifS¥taaliles nay have
hi gh resi BL- & s 0X1.Ci T Va: it t i ng the anount
of Jot hi di UARRESSFdEeL g Pﬂgu?ﬁ%ﬁé&ed*&ggﬁ?ﬁ oranis, nflépe of cell is
wel | wit heaquancayapadyeiri prei performed ugdng the ABI 273Ppdlatt to note

that in thgigaseish BAH' ABhAFEeERSEELWare0Rasd e BRI/ Pe appeared,
continued treatnent m%s necezzgrx,tg gbtaln an acgggF%R%¥ | ow_ reversion
rate, PevNR¥IEGACBEI AGTAWArRedARPILRE PRFYELSRR: LidH S4aN mifeFitifbe
ﬂheﬂotypesm@aa berpl ,3Foscel! gigye gRIWN SeguemicinigpjelEriws pyruvate.
i gh reversion_r

]
10 VoL 8L Bkl oo b phU I G A L o1 el
PCT/ US95/ aa0&getagesefetenodifferanteclapes Ifavwel esich dglintiduaine
eter o o k" chEehcle seheeveduatisl eocnladidiald sl dEla Mol 1.
aver agf and compared with the published sequence. Differences
in the derived sequence from the published sequence are
noted and confirmed by sequence of the complementary DNA ‘
strand. :
Five individuals with late onset diabetes had
15 mutations in the genes encoding for COX subunit 1 and 2
(Table 9). These mutations are not seen in neurologic
(Alzheimer’s, Parkinson's, Huntington’s, Diffuse Lewy
Body, Senile Dementia of the Lewy Body type, Halvordan
Spatz, Parasupranuclear Palsy, and other neurologic
20 diseases) or aged controls.



5 skill in the art. EXAMPLE XI Differentiation of the immortal [err] cells
The [err] WEO952698re i nduced to differentiate using 10 phor RCT/GSI5/64063
(12-0-tetradecanoyl phorbol -13-acetate, TPA) or growth factors. After two
weeks of treatnment with 16 [err] TPA or 1 [err] retinoic acid, the [err]
cel |'s expressed | ong neurites with seckkt ory granules typical of
differentiating neuroblastoma cells. '@us in 15 contrast to the situation
with [err] cells derived from nyobl € t%hese neurobl ast oma deri ved [err]

or phoPeRe AFA L, (b Mg orig ‘eSS oSt ohe bt anh, biakergs

1181:63-67 (1993)). This 20 indicates that ga%%e#ns encoded by the nucl ear
genes, essential to signal transduction and entiation, are functional
and not affected by EtBr treatnent. dégm\fPLE X1 . cox I Preparation
of AD and PD Cybrids [err] 64/5 neurobl astoma ceIIs were transfornmed with

platelets fromtwel ve Al zhei ngygs di sease, {§fee Parl nson di seagggand two

age- Mahet AL ladPrd i ents afgati ng what gge termagycybrid cel Iﬂe[err] 30

Pl at elndysnd qmpAD and PD pati emfic carryi ng grAochondidee Wt h si ngirg or
mul tiple nutations in ntDNA encoding for ETC subunits, and from control

( nor mMgdphsettd Eriminoveseid sol atyge from 10 nmipkeé whol e:lld ood drawnvia@ito an
Bect oMuBlarid DN (Rut herford, At Vacut ai neTTR5 cont&@ithi ng ant i cGxFul ant
(acid citrate dextrose). Sanples of control SH SY5Y cells were treated
si m | #dvierithe sanples were transferred into Accuspin tubes (Sigm)

KE 2 1 2 2
RI 5 4 3 3
DA - T - 1 -
WO - 2 - -
PO - - 1 1

Numbers above indicate the number of times a given base change was
observed in the ten clones that were sequenced for each diabetic
patient. The base changes are differences in the observed
sequence relative to the published sequence for human
mitochondrial COX subunits. The codon number was determined from
the beginning of the open reading frame of the 5’-end of the gene.



WO 95/ 26973 - ' PCT/ US95/ 04063 102 over
| ayers of Bégé&@gque (Sigma) and centrifuged for 10 mnutes at 1000 x g at
roonytenﬂg > The buffy coat containing both platel et sPERUSAHIMOGIC| ear
| ynphocytes was isol ated, resuspended in five volunmes of PBS and 5
centrifuged at 1700 x g for 10 ninutei 4decanted and resuspended in DVEM
with 5 mM EDTA (fusion nmedium. Trans 8rnation was acconplished by a

modi ficati @mgChonyn et al (Chonyn, A, et al., An J. Hum Genet.,

54: 966- 974 ). [err] cells were renoved fromculture 10 plates with
trypsin, rinsed two tines, and finally resuspended in fusion nedium [err]
cells (4 xwé021a6mene [err] 64/5.0) were conbined with platelets (1 x [err]
platelets or 1 x [err] platelets) in two ms of fusion nmedium and incubated
10 minutes at [err]. Negative 15 controls were [err] cells w thout added
pl atel etts and pl at el eAs meithbdufoaddetelcting atld preHendeelds M xture was

centrifyge g Lar Lnutes, .resupended .in 57 m_ of fusion

medi um EPoﬂ%g?lﬁgplgﬁ)e‘sgf{%%SF%%?g&) %/ \gul’gé&c%oo&on?n&s%é:me MHEREY Park, 11 )
in fusidn @&diumwas 20 added to the cells to a achieve a final volune of
200 m gfinal PEG concentrghio )94 | 84 . L.oeu for 1.5 mnutes
at roomaterrperature t hen d??ut ;bdbggl/%l?ﬁgl_ﬁt%éﬁéb%% ?%fn $ with warm
normal Perr] cell nedFORFaABiRG BiEgchondxdia fromsaid mMuhkestat [err].
The 25 Bused cells wemadplated in 75 [err] flasks. The nedi um was changed
on follgw ng day. The Cellgémere all oned. to rggﬁigr in [err] mediumfor one

week wifh nedi um changes efdry PYRFECIFT 1RE agk| pre(BYBALdOR

repopul 8ted with exogénothepbegaknte3df & tnitbahdnidrisdr eyt by (
culturigg in media | agkph93age gene which correlates with the

10 presence of Alzheimer'’'s disease.

1 2. A method according to claim 1 wherein at

2 least one mutation exists between codon 155 and codon
3 415 of the cytochrome c oxidase I gene.

3. A method according to claim 2 wherein at
least one mutation in the cytochrome c oxidase I gene
exists at a codon selected from the group consisting of
codon 155, codon 167, codon 178, codon 193, codon 194,
and codon 415.

m b WD

4, - A method according to claim 1 wherein at
least one mutation exists between codon 20 and codon 150
of the cytochrome c oxidase II gene.

5. : A method according to claim 4 wherein at
least one mutation in the cytochrome ¢ oxidase II gene
exists at a codon selected from the group consisting of
codon 20, codon 22, codon 68, codon 71, codon 74, codon
90, codon 95, codon 110, and codon 146.

[§ 2 I~ S PN I S I

6. ' A method according to claim 1 wherein the
presence of at least one mutation in the sequence of a

* c L M S *




pyruvate and uridine with 10% di al yzed heat -i nacti vated FBS whi ch renoves
resi dual ury@b&ggerhese conditions were designed so that onl pcraResbdess €d
cells could survive. The efficiency of transformation varied 35 between 1
and 2% as judged by the nunber of surviving cells. Approximately 1 X 103
fused cells were plated sparsely onto ai1is cm tissue culture dish. WO
95/ 26973 PCT/ US95/ 04063 103

| sol at ed 8ol mtteshapdedadd cytbehfromeclks cfitdasd lgeneaiis alefemsninedBaged on

t he calcuhatg&bgg&ggﬁkggnraggi 35§§?ﬂa$£§ﬂﬁfﬁéﬂﬁ§°ﬂégy] 64/ 5.0 [err] less

t han one Sporntaneous reverted Clone appeared in 5 these
cultures. The aerobic phenotype is partially rescued by the transfornmation
wi th mt DNA of m tochondhi getRbdY aldd: Wd heisagif ivndrdphions in the

genes encodi ng for COX _(disease phenog%Fe ., Both the het erogeneous
sur vi vi ng2cePEFESEBGRK Ofhate ) eaftands SRS R Akerd
propagat ed andtaghandeiblr cytorhevme andxidard igdney i devaRrinedwi t h

I I d LV actiyity f h tal SH SYSY cell Table 7). Th
conpl ex | ef"‘Sgisées""%stéégég s&i%‘c%ﬁ%b%%{oﬁ:éﬁﬂae 50 gf% Zhel nga s d sease
Parker, W D., 15 et. dh}), hethodsgjpa 80 2 e3 3L o=t0iany) ) o
guggeggfugly §E Le dibe k " r 0 d e : igﬁé95/26973
01i88aLeikbEihe %%f%ggg /tg:%G%tH[rge?ﬁ Raffddri to

1014
7 another on target nucleic acids;

8 (b) the polymerase chain reaction or

8 wvariants thereof which depend on using sets of primers;
10 and

11 (c) single nucleotide primer-guided

12 extension assays.

1 8. A method according to claim 7 wherein the
2 ligation method is the ligase chain reaction.

1 9, A method of according to claim 7 wherein of
the sets of primers used, one is fully complementary and
the other contains a mismatch.

1 10, A method according to claim 9 wherein the
mismatch is either internal or at the 3’ end of the sets

W N

of primers used.

11. A method according to claim 1 wherein said
mitochondrial cytochrome ¢ oxidase gene is amplified

using a method selected from the group of PCR, RT-PCR
and in vitro DNA replication.

W R

12. The method of claim 1, wherein said mutation
is interrogated by means of a probe comprising a
nucleotide sequence complementary to either of the sense
and anti-sense strands of a mitochondrial cytochrome c

n & W B

oxidase gene.

e



-~ WO 95/ 26973 PCT/ US95/ 04063 105 The
bul k phase of the three patients [err] AD#2330, [err] AD#2418 and

[ err] ADHWORS28%3 | ower conplex |V specific activities. Thecavssgssefi cit
was 27.8% The conplex | defect associated with the brain and bl ood of
Par ki nson's 5 di sease al so was successfully transferred to [err] 64/5
neurobl astoma cells. The average defid§ twas 44.5% The age- matched

control_ cyhbrids, [err] Con#0Q49. an er r] Con#0064, had nornmal conplex | and
1V activi th’* The cl oﬁ‘]&ei q%ﬁ%c?éjrio]rﬁ’t‘%el%ul‘ﬁh%%%’é 8a34dsPEPPEr val ues,

but 10 hawed wids gh réegicre csmpleneaitary Odiishetyensé! 868 ¥acious degrees

of hetefo LAt : x_ IV activities_of the bul k
phase %r%ﬁ%%ﬁ% m%fe&negﬁot?%gbef%é)ﬁ%?ee%e%\%%ﬁg? lé’o"ﬁgli Eg?ng of three
cel| pdss&reyp &fct t hey continued to be stable. Thus the 15 defect
transfeyred appears t%)becoﬁ&plj}ggr'aiég@é,pep% prc@a%ﬁef?? thpggncel |

I t ed celTs

passages and is proba per manent. Since e fus |spPayed a

speci f i dethe£99h |angd |codrp (41305 e ccHeeshrenet@at is 20
char acter itidasy 1ARerie: RIadeuronal cells, these procedures provide a
cybri

b1 ocherl cal and genet it (AR 4 PIIR (e (M ol LFABRROTLAD and PD

bi ochem cal and genet
pat i entds. REIMEXAMPLE0ddn 9Br emdory 95, Rroden 2w Tt &ad nesdsn Usaeg AD

Oybr i dy Thee AR MRSk & ddal 2 gk and uni que

14. A method of detecting the genetic mutations
which cause Alzheimer’s disease, comprising the steps
of: ' .

‘a) ' determining the sequence of
mitochondrial cytochrome ¢ oxidase genes from
subjects-known to have Alzheimer’s disease.

b) cémparing said sequence to that of
known wild-type mitochondrial cytochrome ¢
oxidase genes; and

W 00 J 6 B B W NN

)
o

¢) identifying recurrent mutations in
said subjects.

[
¥}

15. ' The method of claim 14, wherein said known
wild-type mitochondrial cytochrome ¢ oxidase genes are
selected from

[SEQ ID NO 1]

[SEQ ID NO 2], and

[SEQ ID NO 3]

(o AW ¥ B S VR S I S

l6. Isolated nucleotide sequences which
correspond to or are_comPIEmentary to portions of
mitochondrial cytochrome ¢ oxidase genes, wherein said
sequences contain gene mutations which correlate with

(¥ 2 B~ S VS B S B T

the presence of Alzheimer’s disease.

R 00 0



cel lul ar nodel system 30 To use this systemto screen for drugs that
are potentydldspegssef ul in treating AD, the AD cybrids are grgwiussdnldsd
presence of agents known or suspected of having the ability to aneliorate
the el ectron transport deficit in AD patients, or the cellular degeneration
35 that apparently results fromthat defigit. Alternatively, screening can
be done in a conpletely enpirical manner, and conpounds for screening can
be WO D5/26973 _The isolated nucleotide sequence oECELES®6/164063 106
sel ected at randomfromthose availab a kN 1sd. her

al ternat i4e WIS ‘Q?%W{’?leg%?i%r‘fl@%a??ﬁ&{?ﬁeg%gggégcg 8*‘%8\#%%%%% g’%;%hof
conmpounds3 oto ST8)BCtCOXEDI t D64E heo §3p8sonf CA¥t Eldnnucleotidiess 9267 ot her
5 treatngptstoﬁiaféza.period of treatnent with a given conpound, the
treated cybrid cultures are tested to determine their COX activity relative
to the COX activity of untreated cybrid control sanples and normal cells,
using 10 qret{ds such apnhé hpssl dessrhelebel aenabauencen ofddiliaion 160
measuring COX actjvity, treaied &nd unt r eat ed cy?r%d ﬁOﬁfrok% gbserved

mi cr oscop? cafheren jEatd ni felated \BeqUEREREnaBF LARSHER ¥4 adent has

di m ni shefl tder&oFabDé ogyént . changes characteristic of 15 AD or PD.  |If
treated cells exhibit an increase in COX activity and/ or decrease in

mor phol ogi cal degradation relative to untreated cybrids, the conpound or
conpoundsl uskdl. i n the tThatisolavedraunclégtifier seguenceo ofy flade Lbhei r

potential, ef LieCllVENess3a5eHLH0Sp18T afbat! 1BYs8Pected from the group
' 3 of radioisotopes, haptens, biotin, enzymes, fluorophores
4 or chemilumiphores.

1 20. The isolated nucleotide sequence of claim 16,

2 wherein said detectable agent is selected from the group

3 of 3p, digoxigenin, rhodamine, alkaline phosphatase,

4 horseradish peroxidase, fluorescein and acridine.

1 21. A method for.inhibiting the transcription or

2 translation of mutant cytochrome c oxidase encoding

3 genes, comprising the steps of:

4 | a) contacting said genes with antisense

5 sequences which are specific to said mutant

6 sequences; and

7 b) allowing hybridization between said

8 target mutant cytochrome c oxidase gene and

9 said antisense sequences under conditions
10 under which said antisense sequences bind to
11 and inhibit transcription or translation of
12 said target mutant cytochrome c¢ oxidase genes
13 without preventing transcription or
14 translation of wild-type cytochrome c oxidase
15 genes.

1 22, | The method of claim 21 wherein Alzheimer’s

2 disease or diabetes mellitus is treated and wherein said

L



20 In addition, such positive results suggest that other simlar chem cal
structures be screened for such activity. WO 95/ 26973

PCT/ US95/we 041369397 EXAMPLE XI'V PD Cybrids In a manner suchpgg, 3
described for construction of the AD cybrids, platelets frompatients 5

wi th Parkinson's di sease and age-matched controls are fused with the [err]
cell s described above, creating PD cyprgds. C ones of individual cybrids
are then isolated as descri bed above, and their Conplex | activities are
measur ed byyhechndmedesoxidedepgenESusbytaintmhsatﬁonspwﬂ¢aﬁé(ar Table 8

Compat | §0mBte EBLAY LefBeCAMLEH tHe Grbtp' bein Qontrol and Parkinson s

D sease Cy Conpl ex | Conpl ex
|V nnnl5n1n/ng (a}eepdgnsLESysgodon 167, codon 178, codon 28. 2

0.120 CGgnt19k, lcodon 194, and codon 415 &f the cytochrome Q 135 20

Control _2 24. 1 0.154 Mean

26.7 ! oxidase § gepep aRdnson's Disease 1 18. 3

0.110 26  Parkinson' $bDi sedst 20, codon 22, &8ddn 68, codon 710. 103
Eirglnsgn éogéﬁeafe gigan380, codo&598, codon 110, agdlggd%%?q46
10 of the cytochrome c¢ oxidase II gene.

23. A probe for detection of a disease state

associated with one or more mutations in mitochondrial

cytochrome ¢ oxidase genes comprising a nucleotide | ‘
sequence complementary to either of the sense and anti-

sense strands of said one or more mutatlons in sald

(s )TN W 1 I~ S VI 8 B S

mitochondrial cytochrome c oxidase genes.

24. The probe of claim 23 wherein said probe
includes a regioh complementary to the sense and anti-
sense strands of one or more codons selected from the
group of: | |

(a) codon 155, codon 167, codon 178, codon
193, codon 194, and codon 415 of the cytochrome c
oxidase I gene;'and

(b) codon 20, codon 22, codon 68, codon 71,
codon 74, codon 20, codon 95, codon 110, and codon 146
of the cytochrome c oxidase II gene.

W O J 0 Ul & W N P
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25. A kit comprising a probe for detection of an
Alzheimer’s disease or diabetes mellitus genotype, said
probe comprising a nucleotide sequence complementary to
either of the sense and anti-sense strands of a

ok w NN

mitochondrial cytochrome c oxidase gene.

26. The kit of claim 28, wherein said probe
includes a region complementary to the sense and anti-
sense strands of one or more codons selected from the

TV SEN

group of:
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EXAVMPLE XwaPesasardat i on of AD Cybrid Aninmals I n anot her enboBCTEN®5/04063DNA oOr
m tochondria from di seased AD patients carrying specific nultiple or 5
single nmutations in genes encoding for COX are introduced into aninals,
creating a nosaic animal. A freshly fetiflized nmouse enbryo, at about the 3
to 10 cell stage, is sged by saline | avage fromthe fallopian tubes of a
pregnant®nouse. Under &24i SCELR| dA°10°RRcP0LEdpe CORE LidivitRPAR cel | s are
t eased a@ar193ancbma’19eateﬂdv\bgaonth%dgbﬁ bhencge g ochriomdiee a [err]h
state, in a [ su S t descri bed herei nabove. Determ ning the
approprigteo%gagg?oﬁ g%%gbo%% ntrations for ethidiumbromde treatnent may
require 8he sacrifice {B) ofodenecal eaBono22focoSont §8nn cadany$ils to assure
that m tochoggtl aby f UBGELANGHASCEEER 58St codBRN116E! hadS @dddRAliut ar e
re-popul ated with exogenous nitochondria i'solated fromthe platelets of an
AD af f ek? edobakhentYtorarere par akxidases IkhP€Re-s 20 described i n Exanpl e
XI'l above. One or nore of the resulting cybrid cells are then inpl anted
into the uterus of a pseudopregnant fenale, m croi nj.ection into the

fall opi ah tfibes. At th% ghﬁgﬁ? BE%?aF?BR?sPEé°EEﬁ°EP AP of bl ood cells

f rom one2 oramwi sende t beqpengesywRbchsaresspdctifiiconb mutiamat t he

m t ochongr i S..thos t] T c f the AD COX
gene. der ot roe iy Enée ' 85E8aet GEREE B2 hithnt THERERSER. tuf),

transcribed therefrom, said antisense sequences adapted

to bind to and inhibit transcription or translation of

said target mutant cytochrome c oxidase genes without
preventing transcription or translation of wild-type

o g3 0 U b

cytochrome c oxidase genes.
28. The therapeutic composition of claim 27,
wherein a disease sgselected from the group of Alzheimer’s
disease and diabetes mellitus is treated and wherein
said cytochrome ¢ oxidase genes contain mutations at one
or more codons selected from the group of:

{a) codon 155, codon 167, codon 178, codon
193, codon 194, and codon 415 of the cytochrome c
oxidase I gene; and

{b} codon 20, codon 22, codon 68, codon 71,
codon 74, codon 90, codon 95, codon 110, and codon 146
of the cytochrome ¢ oxidase II gene.

W 0 < oUW N
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29. A method for detecting the presence of a
disease of mitochondrial origin in a subject, comprising
the steps of:

a) obtaining a biological sample
containing mitochondria from said subject;
and

b) interrogating at least one variant
polypepﬁide, arising from one or more

W 0O 30N W W R

mutations in one or more subunits of

I



EXAMPLE XVI Screening of Drugs and Treatnents Using AD Cybrid Ani mals Known
or unknown agents are delivered to the cybrid 35 aninals, and agents that
rescue tskingense phenotype or protect agai nst the del et aidrass®s04063
consequences associated with the di sease phenotype are selected for further
W05/ 26973 ‘ PCT/ US95/ 04063 109
study as potential drugs for the treat2ent of Al zheiner's D sease. In
addition, cells such as neurons and nyobl asts can be isolated fromthese
ani mal 30and used to ‘switechdndpialgepteochiramer esouddase dienesse phenot ype

or project against t eLEL NgSEeHERRES RGIcAt ilily the di sease
phenot%fe. Such agen?ghgﬁéoagﬁggth%g ?Erthgﬁgs 3%?e§°§§%%6?§%ﬁzﬂ
treatn%gts for Al zhei #&Pe88€k sease. 10 - EXAMPLE XVI
D abetes DNA Extraction From Bl ood Sanpl es Bl ood sanples (7- 8 ml) from 14
NIDDNIpatiSQts are 15 ollecheg ig ESTA V utabner.tubes‘# lentific
Producty, $¥8ukegan PafR® PEFROFHRILFBEMs4rpl ¥QeXLE Fart 8FF8A nut es at
2500 r po-ais| seléctdefbonf gheogroupnodi Alzheiimetre sbidimdasal landand

pl atel ets | e ' Ll LLtgr byf.f r4s HC1, 1 mM
EDTA, p Zﬂfa}ﬁ%@%rge%g%é‘gs%h héh%gf ?"‘;}eéggg n Er‘ﬁi ghr%g%% l?ggtl sfi spun for 10
m nut es¢atug$ng mpnoghdnadr aptibhdiegpernprirclonale gpkddosti®ss nl of TE
buffer, 200 [err] of 20% SDS and 100 [err] of proteinase K (400 [err] fina
concentiatggn) S ' '

A riboiyme adapted to hybridize to and cleave
2 mitochondrial mRNA molecules that encode for mutant
3 cytochrome ¢ oxidase subunits. o ‘

32. A method for éelectiveiy introducing a
conjugate molecule into mitochondria with defective
cytochrome c oxidase genes comprising:

a) providing a conjugate molecule that is
selectively introduced into said mutated mitochondria,
said conjugate molecule comprising a targeting molecule
conjugated to a toxin or to an'imaging ligand by a
linker; and '

TR T T R N A N

b) contacting said mutant mitochondria with

1 said conjugate molecule.

(o]

33. The method of claim 32, wherein said
targeting molecule is a 1ipophi1ic cation selected from
the group consisting of acridine orange derivatives and
JC-1 derivatives.

[ S VO 8 B

34. The method of claim 32, wherein said linker
contains a functional group selected from ester, ether,
thioether, phosphorodiester, thiophosphorodiester,

B WD P

carbonate, carbamate, hydrazone, oxime, amino and amide.

35. The method of claim 32, wherein said
targeting molecule and linker comprise a 10-N-(R,-X)-3,6-

3 bis(dimethylamino)acridine derivative wherein R; is an
e —
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added to the pellet. This m xture is incubated for 4 25 hours at [err]

wi th cont waiestsezhaki ng. DNA is extracted by 2 washes w th poEmshsideéd owed
by two washes with chloroform isoamyl alcohol (24:1). After each wash the
solution is nmixed, settled for 5 nminutes and spun for 7 minutes at room
tenperature at 7000 rpm The genonmic 382BNA is precipitated by adding 1/10
vol ume of 3M sodi um acetate and 2 vol unes of 100% et hanol. The DNA is spun
for 20 nfnupdéiPRatfer gFoHRdCPREAINARENETSM S5 & &bwarbamsarmnd (¥0% is

t hen addgd,1&hStﬂh&h&&etbStﬁEU&ebhhﬁ%hyc&%%dﬂ“%ﬁﬂﬂﬁgf&ﬂ%ﬁﬁez?%éﬂ pear ded.
The dry gelle s 35 reg ép%nded hn TE buff and stor [err] C unti
use. The®DNAPRsi§uSRtPELEEERPM EPP] IZBYR: BEnESTHT a SEBKF «di | ut i on. VO
95/ 269737 thloether, phosphorodiester, thiophd3phdisiii/est#a3, 110 DNA

lified
SeqUeNC 89 calbiohPh{oLaFKABRRLC e, BEER ARG SRS UM 1 ¢

and cl oned S8 arple asm ai ni ng
the COX gene inserts obtained 5 as described in Exanple | is isolated using
the Plasqi dzguikferr] E‘hésﬂééhgarbi" e%h&nsﬁ'tv)ﬂéz‘éﬁ’i daiCp! ums (Q agen,
Chatsmorth CA). Plasmd I's purifi from 3 bacterial cultures. The

i sol at ed? DmargelaégasﬁeﬁesalpnleoeeFGFFFdTEr&m ft&e orRrDGen St fiiend | t at ed

10 by [errbrabepibaneoesf of +hblafliihet 128. aBaquenai,ng reactions using
doubl e stranded plasm d DNA are perforned using the Prisnferr] Ready

Reaction DyeDeoxy[err] Term nator Cycle Sequencing Kit (Applied Biosystens
Di vi si on} P27ki n El ner TBer pethédsoér clatim, 32, wherein said target

2 molecule is a JC-1 derivative, and wherein said linker
comprises a group selected from ester, ether, thioether,
phosphorodiester, thiophosphorodiester, carbonate,

mo W

carbamate, hydrazone, oxime, amino and amide.

38. The method of claim 37 wherein the linker is
attached to said JC-1 derivative wvia substitution of at
least one of the four chlorine atoms at the 5, 5/, 6 and

W N

6’ carbon positions of the JC-1 derivative.

39. The method of claim 37, wherein said linker
is attached to the JC-1 derivative via substitution of
the terminal carbon hydrogen of at least one of the four
ethyl groups at the 1,1’,3 and 3’ positions of the JC-1
derivative.

n & W NP

40. The method of claim 37, wherein said linker

N M

is attached to the JC-1 derivative via substitution of
3 one of the olefinic hydrogens of the JC-1 derivative.

1 41. The method of claim 37, wherein said linker
2 further comprises an alkyl group of 2-20 carbon atoms.

1 42. ' The method of claim 32 wherein said imaging
2 ligand is selected from the group of radioisotopes,
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15 CA). The DNA sequences are detected by fluorescence using the ABI 373A
Aut omat ed DNA Sequencer (Applied Bi osystens Division, Perkin El nmer Corp.,
Foster Gwbwsn69%3. For gene wal ki ng experinents, oligonucpepiusisodaés Ner s
are synthesized on the ABI 394 DNA/RNA 20 Synthesizer using standard beta-
cyanoet hyl phosphoram dite chem stry. The foll ow ng priner sequences are
prepared fromthe published sequenced2® the COX genes for subunits I, Il

and I'I'l: 25 COX1 primer 11 (5'-TGCTTCACTCAGCC-3'); COX1 priner 1SF

(5' - AGRCChaRtEDETGhACT iR, EDEYmes el YO GBNOYEIT GBAATGCTTCACTCA- 3' ) ;. COX1L
primer 412 dnemiGahd \GGC-3"); COX1 primer 12A

(5" - CTCCTACTCCTCGCT -3'); 30 COX1 priner 12X (5'-TCCTGCTCGCATCTGCTA-3');

COX1 primer 12XX (5'- CTCCTACTCCTGCTCGCA-3'); COX1 primer 13
(5 - CCEACQBGGATTCG-the(ﬁaﬁhdﬂldﬁﬂcﬂéﬂh(éh -WHIrE GBI GEdtn 313, CCKl

(5 oCPATSAAPREC A BRABKPARA B yiha ta D spheagbrera. 3 )

COX1 pr3i mand 12l nidrAGaEr GHEd/AeDE 3’ 9 igonww) et 2659iids . .
PCT/ US95/ 04063 111 COX1 primer 11CN (5'- GTCTACGGAGGCTCC 3'); COXL pri mer
|1 CX (5' - AGGTCTACGGAGGCTCCA-3'); COX1_primer 11CXX

(5' - AG@AG&GACCTGCTAG@FGM@t)talcmlcsMwé#nfzc (5' - CCATACCTATGTATCC-3'); 5
COX1 primer 12CA (5'- TCACACGATAAACCCTAGGAA-3' ) ;

45, The immortal p° cell line of claim 44, wherein
2 said cell line is a p° form of an immortal neural cell
3 line. . _ ‘

1 4s6. The immortal p° cell line of claim 44 wherein
2 said cell line is undifferentiated.

1 47. The undifferentiated immortal b°_ce11 line of
2 claim 46 wherein said cell line is capable of being
3 induced to differentiate.

1 48. The immortal p° cell line of claim 47, wherein
2 said cell line is a p° form of a neurqblastoma cell line.

1 49. The p° cell line of claim 48, wherein said
cell line is a p° form of neurcblastoma cell line SH-

3 SY&Y.

1 50. A cybrid cell line, comprising: cultured

2 immortal cells'having'genomic and mitochondrial DNAs of

3 differing biological 6rigins.

51. The cybrid cell line of claim'so, wherein
said genomic DNA has its origin in an immoftal p° cell
.line, and said mitochondrial DNA has its origin in é
~human tissue sample.

ORI SR
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COX1 prinmer 12CX (5" - GACCATACCTATGIATCCAA-3'); COX1 primer 13C

(5' - CCTCCTwis¥sleso3- 3' ) ; COX1 priner 13CN (5" - GTGTAGCCT GAGAATRERUSY51040630X1
primer 13CXX (5'-GICTAGGGTGTAGCCTGAGAA-3'); 10 COX1 prinmer 14C

(5' - GGGTTCGATTCCTTCC-3'); COX1 primer 14CN (5' - TGGATTGAAACCAGC-3'); COX
primer 14CX (5'-GTTGECTTGAAACCAGCTT 3')1280X2 priner 21

(5" - TCATAACTTTGTCGTC—3 COX2 prinmer_ 21N (5' - CATTTCATAACTTTGICGIC-3'); 15
COX2 prinkr PANA (5' - TTerrdAneth- 3ine obxgdaimes021wherein

(5 - TTCAT;AA(EJT@T&H&Mc%ﬁA LEX24 PEi 893. 2hSKn( an %@@E&E&W 3);

COX2 priner @ 2SFA CCATGACT COx2
08 T A e o 1Ee 1 mzﬂtﬁwe? “Saddnle’ aEhbaten EreuregAtos ) |

COX2 prl ner 2HEében€dd! GﬂAthhbnﬁ@X&lpDNﬁElha%l@ts origin
(5' - AGTTGAAGATTA X2 21CN (5 - TAGGAGTTGAAGATTAGICC 3')
COX2 primer X e e e e A-3'): 25 COX2 prinmer 22C

(5 - GTTAATGCTAAGTTAGC— 3'); COX2 primer 22CXX (5' - AAGGTTAATGCTAAGITAGCTT-3' )

COX3 5°
(5' - RaAN O o Ammg%%réﬁg gg;g% BF R 2 2hsmsd Y. 30 0ox3
prlner SZA (%al@!ﬁ%ﬂiﬁﬁﬁ#ﬁ@ﬁtﬁ%ﬁ#t?@gofta@tﬂ@ ?ﬁl%e¥1%§C?s a p° form

(5" - CATCEAGTAA AdnBoblaskdna PEeTEr 1846X (5 - GATGCGAGTAATACGGAT- 3" ) ;  COX3
prinmer 32C (5' - AATTGGAAGITAACGG 3'); COX3 primer 32CX

(5" - AATTGGAAGTTAACGGTA-3'); 35 COX3 primer 32CXX
(5" - GTCAMAAGEAGTTAATTC e 3eyYbrid cell line of claim 53, wherein

2 said neuroblastoma cell line is derived from the
3 neurocblastoma cell line SH-SYSY.

55. The cybrid cell line of claim 51, wherein
said human tissue sample is derived from a patient
having a disease that is associated with mitochondrial

B W

defects.

56. The cybrid cell line of claim 52, wherein
said human tissue sample is derived from a patient
having a disease that is associated with mitochondrial
defects.

S W oN R

57. The cybrid cell line of claim 52, wherein
said undifferentiated immortal p° cell line is a p° form
of a neuroblastoma cell line and said human tissue
sample is derived from a patient having a neurological
disease that is associated with mitochondrial defects.

(6 I N VO R N T

58. The cybrid cell line of claim 51 wherein said
human tissue sample is from a patient having a disorder
selected from the group consisting of Alzheimer’s
Disease, Parkinson’s Disease, Huntington’s disease,
dystonia, Leber’s hereditary optic neuropathy,
schizophrenia, myoclonic-epilepsy-lactic-acidosis -and-

O Ul b W N
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WD 95/ 26973 PCT/ US95/ 04063 112
Sequenci ng reactions are perforned according to the nmanufacturer's

i nst rucwomsse9:l ect r ophoresi s and sequence anal ysis are [reoTiusose463isi ng t he
ABlI 373A Data Col Il ection and Anal ysis Software and the Sequence 5 Navi gator.
Software (Applied Biosystens Division, Perkin Elmer Corp., Foster Cty,

CA). Sequencing gels are prepared acde®f ding to the manufacturer's
specifications. An average of ten differept clones fron1each i ndi vidual is .
sequen’l:eo?tlfm%e QERAS hg TRk WEREAPRES - 2P 2l aPPYnERIISAar8dconpared with the’
publ i sgeds e ddher MERRF) N t he derived sequence fromthe published
sequence are noted and confirned by sequence of the conplementary DNA
strand. Five individuals with | ate onset diabetes had 15 nutations in the
genes encsgli ng for (e scydomid dehhdlﬂnéTGﬁleléim 5Reswheweadni ons are not

[ H f L
Body, en.%‘q‘?d%%fﬁ%%‘ﬁ%@éiem‘ﬁﬁfﬁm Fe3f AL AL h e Bnioc Low
Parasdbraﬁﬁdekwobiﬁsﬁom%wﬁﬁ¥%r%#nﬂ ¥ capg Gﬁééabég?noﬁlégﬁe controls.

WO 95/26%#nple is from a patient havzn? a disorder sBEEcHS@5£@4R63 113
Table 9 M tochondrlal COX Mut at Tha gg Sgate to Lat e, Onset Di abet es
Codon 2 &€ |group con31st1ngb& imer seage, Par énson s 146

Nor mal 6 ampigesse d Huntindtdn’s dlseaseLEﬂystonih; Leber's Ile
"7 hereditary optic neuropathy, schizophrenia,
8 mitochondrial encephalopathy-lactic-acidogis -and-stroke
9 (MELAS), and myoclonic-epilepsy-ragged-red-fiber -- ‘
10 syndrome (MERRF).

1 60. The cybrid cell line of claim 52, wherein

2 said undifferentiated immortal p° cell line is a p° form

3 of neuroblastoma cell line SH-SYSY and said human tissue

4 sample is from a patient having Alzheimer’s Disease.

1 61. A differentiated cybrid cell line resulting

2 from .nduction of differentiation in cellé of the cybrid

cell iine of claim 52.

1 62. " A method of constructing a cybrid cell line,

2 comprising the steps of:

3 - a.) treating an immortal cell line with a

4 chemical agent capable of irreversibly

5 disabling mitochondrial electron

6 tfansport and thus converting said cell
-7 line into an immortal p° cell line; and

8 b.) transfecting said immortal p° cell line

9 with isolated mitochondria to form said
10 cybrid cell line.

1 63. The method of claim 62, wherein said immortal

2 cell line is undifferentiated, but capable of being

3 induced to differentiate.
A RN




Nor mal DNA GIC CTA ACC ATT (bserved

am no aci dwo 95/26¢7 Phe Ile Val Mt anectiees/io4063
ATC TTA TCC GIT Patient KE

1 2 2 R 5 4 3
3 DA - 128 1 - WO

2 - PO 1

Nunbers abov@indi cate The mebbed of cladm é2g|w@#raayesamﬁuysQ&ﬁtQﬁBerved
in the tef chonsshdfdhiyeife Sﬁﬂf‘fﬂf@é EPbmeacBadiabe! kadRA ite)pe The base

changes are differences,in t observed sequence relative to the published
sequgnce~3ora$§}%ﬁF?@t%k%Bnﬂr isorepr sagEnrtatedn¥Witydn nunber was

determ ned faiDredhendetandefeet .t he open reading frame of the 5 -end of

t he gene. WO 95/ 26973 _

PCT/ US95/ 04063 114 CLAIMS W claim 1 1. A nmethod for detecting
the presences®f 2 Al zheThermethiodeafeclaim 62bj wheredanpaiid mhemieadt eps 3

of: 4 a b|olog|cal sanple 5

contalnlng m %ondrla ron1sa|§hs j ect; and 7

b) |nterrogat|ng at | east one nutation 8 In the sequence of a
m tochondy i agg Cyt 0Chr ong Rethod of cons@r@étgﬂ§90939§dw@b§|1 9, at es Wi th
t he 10 resence of AIz ei mer' s di sease. t hod
accor di ncf t oc‘?ﬂ‘%‘ﬂﬁg NGHehei preps ot:

a.) treating an immortal neuroblastoma cell
line with ethidium bromide to irreversibly disable
mitochondrial electron transport and thus convert said
cell line into an immortal p° neuroblastoma cell line;
and

b.) transfecting said immortal p°

O ® 3 & N & W

neuroblastoma cell line with mitochondria isolated from
10 tissue of a patient afflicted with a disorder selected
11 from the group consisting of Alzheimer’s Disease,

12 Parkinson’s Disease, Huntington’s disease, dystonia,

13 Leber’s hereditary optic neuropathy, schizophrenia,

14 myoclonic-epilepsy-lactic-acidosis -and-stroke (MELAS),
15 and myoclonic-épilepsy—ragged-red-fiber --syndrome

16 (MERRF), to form said cybrid cell line.

67. " A method for evaluating a compound for
potential utility in the treatment of a disorder that is
associated with mitochondrial defects, comprising the
steps of:

a.) contacting a predetermined quantity of
the test compound with cultured immortal cybrid cells
having genomic DNA originating from an immortal p° cell
line and mitochondrial DNA originating from tissue of a

W O 3 6 1 i W N M

patient having a disease that is associated with
mitochondrial defects; and

e
o
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2 |l east one nutation exists between codon 155 and codon 3 415 of the
cytochrone c oxidase | gene. 1 3. A nethod according to claim?2
wher ei n w0 982¢9zast one nutation in the cytochronme- ¢ oxi dapeTiysgsioneé3s exi sts
at a codon selected fromthe group consisting of 4 codon 155, codon 167,

codon 178, codon 193, codon 194, 5 and codon 415. 1 4. A net hod
according to claim1l wherein at 2 | eds26 one nutation exists between codon
20 and codon 150 3 of the cytochrome c oxidase Il gene. 1 5. A

met hodlaccor di ng to "&-di Mepsyring @ Rhenotypic creattit e saidn the

Cyt OCRIROMRhy®d daSa d ItHitNa 83 FPicdtediby SO MBESERELEr{4PM the group
consi sting."of 4 codon 20, codon 22, codon 68, codon 71, codon 74, codon 5
90, cddon ectd@ 10, and codon 146. 1 6. - . A et hod according to
cl ai mk wherein the Z.pr estiatd idhialg |witsther eatdit ttd | witat nekbencequence of
aferr '

/ . . .
PCT/ U§1§5/ @&%@6%Eﬁqa@a?&$dﬂfalc%%%r%%d FHRTER %%ﬁ%m?s det er m ned

" by 4 Myeor imbreatdion heint Hooltihpee o atonkr gl obekls thaving A net hod
accor di-ng .ts ' 1 SSLH i efsnes: of e pytation in the
sequeﬁlicj; cr)l#ﬁgaéﬂrgat%lc onc??:: géégitsésﬁ one ¢ o&ivgg%%ﬂggén%a}?gfﬁe erm ned 4

usi ng ket Howkioaties tthpty (thia asppuidh has pptential utility imetheds based

on thed i gatdmedt &OId0 Elfidede, sequences that anneal adjacent to one
7 anot her on target nucleic acids; 8 (b) the polymerase chain
reaction or

1 68. A method for evaluating a compouhd for potential

2 utility in the treatment of a disorder that is ‘
3 associated with mitochondrial defects according to claim
4 67, comprising the'steps of: |
5 a.) inducing the differentiation of cultured
6 undifferentiated immortal éybrid cells having genomic
7 DNA originating from an immprtal p° cell line and
8 mitochondrial DNA originating from tissue of a patient
9 having a disease that is associated with mitochondrial
10 defects; and |
11 b.) contacting a predetermined quantity of
12 the test compound with said differentiated cybrid cells;
13 and | | '
14 © c.) measuring a phenotypic trait in said
15 differentiated cybrid cells that is affected by said
16 mitochondrial defect; and
17 d.) establishing whether and to what extent
18 said drug is capable of causing said trait to become
19 more similar to those of control cells having
20 mitochondria that lack said defect, which capability
21 indicates that the compound has potential utility in the
22 treatment of said disorder.

1 69. A method for the diagnosis of disorders that are
associated with mitochondrial defects, comprising the
3 steps of:

R



9 variants thereof which depend on using sets of prinmers; 10 and 11
(c) singWOoAsR49&dt i de prinmer-guided 12 extension assays. 1PCIUS9504063 A
met hod according to claim 7 wherein the 2 ligation nethod is the |igase

chain reaction. 1 9. A met hod of according to claim7 wherein of 2
the sets of priners used, one S fullyléﬂhplenentary and 3 the other
contains a msmatch. 1 thod according to claim9 wherein

the 2 mi ématch is eithér |HF5Q%9149 o 1 PRUIGRF A BHeleSisad of priners
used. 1 sllsample coﬁtmmeg mwcjjd}giﬁm-clamdn 1 wherein said 2
m tochondri al cytochroge,c OXId ene | Jlfled u5|n a met hod
sel ected“fromthe grougea @R %%r{*?o ?ﬁ'l?? 'gb?l cation.
12. 7 Immomeaﬂo¢°o¢ebla|uo1fonmecybu1dacélﬁsbaam6h 2 is |nterrogated
by neansgof a probe co [ C ntary to

4 %po)l ﬁfe’&%x&% p%féﬂran?jﬁ@*f& YR fr CIMPs &

ei t her e sense 4 and anti1-sen m tochondrial cytochrone
c 5 oxi d3secybxad Feddp t amD1g5FgggnQﬂ by the mitochondrial defect

PCT/ US9§b04Q§§oJelﬁcéd ¥#ith the diBFrde kad Sfscrtddrg Jli’elﬁ@ef.@sﬂeﬁal d probe

2 includes reglogsconplenentary to the sense and anti - sense strands of
one or foret@8doAS%el ected fromthe 4 group of: 5 (a) codon
155, codan 167, codon 87§, estaddliGhify wietherd Whidinsysoitdncdlbsof the

CytOCthQE gxhibit said trait as do cells of patients suffering
14 from said disorder, which indicates the presence of the
15 disorder in said patient.

1 70. A method for the diagnosis of disorders that are
2 associated with mitochondrial defects according to claim
3 69, comprising the steps of:
4 a.) obtaining from a patient a biological
5 sample containing mitochondria; and
6 b.) transferring said mitochondria into
7 undifferentiated immortal p° cells to form cybrid cells;
8 and '
9 c.) inducing said cybrid cells to
10 differentiate; and
11 d.) measuring one or more phenotypic trait in
12 said differentiated cybrid cells that is caused by the
13 mitochondrial defect associated with the disorder or
14 disorders being tested for; and
15 e.) establishing whether said cybrid cells
16 exhibit said trait as do cells of patients suffering
17 from said disorder, which indicates the presence of the
18 disorder in said patient.

71. A cybrid animal comprising: a multicellular,
2 non-human animal, having genomic and mitochondrial DNAs
of differing biological origins.
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7 oxi dase | gene; and 8 (b) codon 20, codon 22, codon 68, codon
71, 9 codon 74, codon 90, codon 95, codon 110, and codon 146 10 of the

cyt ochr owo gs269m3dase |1 gene. 1 14, A method of defcavgsosgadse
genetic nutations 2 which cause Al zheiner's di sease, conprising the steps 3
of : 4 a) determning the sequence of 5

m tochondrial cytochronme c oxi dase géﬁﬁ% fromo6 subj ects known
to have Al zheiner's disease. 7 ~b) _conparing said sequence
to thatlof7®- - A metdednofi PEePFBHENGi 8 oc¥brddi animpdechrone ¢ 9

oxi dasey gefsipr féhd Oche steps of: c) identifying recurrent nutations

in 11 sai d subjec gg ngthod of claim 14,
wher ei P sai d known 2 %il d- ?%Laﬁ+?%cﬁ%hHY?ﬁ?ccﬁF fr 5F¥8Mc&oxi dase genes are
3 sel ec4 edmiY oieel 1 GEY ) Dxcbi@-ﬂt]lmﬁn[ﬂfﬁth N&nd], and 6 [SEQ ID NO 3] 1 16.

bort Lors of C':f%tifﬁh “m&%ﬁ %ﬁg %&g&@gggégg ggﬁggzawﬁsﬁe?ﬁ' o Z;y ‘e
X
o sl gt sy bt » ol
ob) SihEchds re &q

PCT/ US /1 17. i 5ol at ed nucleoti de s&quence of claim
16 2 wh® cheebh® FP Yefie TRATR (S'H"sdare COX | nucl eoti des 5964
9 c.) transfecting said immortal p° cell line

10 with mitochondria isolated ftom another cell source, to
11 produce said cybrid animal.

73. A method for evaluating a compound for potential
utility in the treatment of a disorder that is
associated with mitochondrial defects, comprising the
steps of : _ .

a.) contacting a predetermined quantity of
the test compound with a cybrid animal of claim 71; and

b.) measuring or observing one or more
phenotypic trait in said cybrid animal that is affected
by said mitochondrial defect; and

c.) establishing whether and to what extent
said drug is capable of causing said trait or traits to

W @ 3 6O B b W N
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become more similar to those of control animals having
mitochondria that lack said defect, which capability

[N
W

indicates that said compound has potential utility in

"
>

the treatment of said disorder.

N
n

74. A cybrid cell line, comprising: cultured
cells having genomic and mitochondrial nucleic acids of
differing biological origins, wherein either the
mitochondrial or the genomic nucleic acid is derived
from an individual exhibiting symptoms of late onset
diabetes mellitus or at risk for developing symptoms for

S oy o WD

late onset diabetes mellitus.
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3 to 7505, COX Il 7646 to 8329 or COX Il nucl eotides 9267 4 to 10052. 1
18. WO19826938| at ed nucl eoti de sequence of claim 16 2 WrOTAISYSB4I68

i sol ated sequences are |abelled with a 3 detectable agent. 1 19.

The isol ated nucl eotide sequence of claim16, 2 wherein said detectable
agent is selected fron1the group 3 of rldf oi sot opes, haptens, biotin

enzynes, quorophores or chem | um phores. 1_ 20. The isol ated
nucl eoti de seuence of i9§%¥?é r%&?@s%fdcﬁé%@cFéblBhagéﬁp i s

sel ect ed 2 r gaidheypmid Jﬁb ciiiacie’rhs}} di goxi geni n, rhodam ne, alkali ne2
phosphat ase, 4 horsera fluorescein,and_acr e. 1 1
A nethod%for |nh|b|t|ng eq$$ %ﬁénﬁl ?F%ﬁtift?ﬁﬁglgfl El‘gf?'ﬂn‘}faant
cyt ochr ofe owidh dasthemiczadi r@@@mbmr@ileongerhengt sasdotell or

a) contagct |dgqlsqlqlégeiqﬁ§,vgt’p EEELELSQ@.%% .5 and . sequences which are
specific to said nutant eque nces; and 7 b)

al | owi ng hybr|dlzatlonhmﬁ\ﬁ§§¥§§ﬁQF¥Pg said p° ‘celilardgae mitdnt cyt ochrone

c oxidaseg 9&@%E§Héé9m1tochondr1afﬁﬁ(téﬁﬁ|§£ﬂ§9c§8ﬁ98n66§luﬂ§ﬁé condi tions
10 under which said anti sense sequences bind to

and inhibit transcription or translation of 12 _ sald target
mut ant cyt odér.one ¢ oxiThas eydaries df3 claim 75, whd\témUQai)deSﬁéhﬂﬂl

i tace 5 @10 ot ce11 1ine 1s \GPNYALISMELY RANPGSIISOET B
Al zhei mep' sbglmgse@si@qu d:lqabietfé@mtlmaufs is treated and wherein said
[err]

1 77. The cybrid of claim 75, wherein said cybrid
2 cell line is immortal.

1 78. The cybrid of claim 77, wherein cybrid cell
line is undifferentiated, but capable of being induced

w N

to differentiate.

79. A cybrid cell line according to claim 75,
wherein the parental cell or cell line is selected from
the group consisting of: a zygote, an embryonic cell
capable of differentiating and giving rise to a tissue
or an individual, a germ cell line, a pancreatic 8 cell
or cell line, a fat cell or cell line, a muscle cell or
cell line, and an insulin-responsive cell other than a

W 3 60 W N R

pancreatic 8 cell line, a fat.cell, or a muscle cell.

80. A method for evaluating a compound for utility in
the diagnosis or treatment of diabetes mellitus, said
method comprising:

a.) contacting a predetermined quantity of
said compound with cultured cybrid cells having genomic
DNA originaﬁing from a p° cell line and mitochondrial DNA
originating from tissue of a human having a disorder
that is associated with late onset diabetes mellitus;
and

W © 3 0 U W W N R
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WD 95/ 26973 PCT/ US95/ 04063 118 3
cytochrone c oxi dase genes contain nutations at one or 4 nore codons

sel ect edWO 9m6973¢ group of: 5 (a) codon 155, aeciwwsssMdosscodon
178, codon 6 193, codon 194, and codon 415 of the cytochronme c¢ 7 oxidase |
gene; and 8 (b) codon 20, codon 22, codon 68, codon 71, 9 codon
74, codon 90, codon 95, codon 110 an#3Bodon 146 10 of the cytochrone c

oxi dase Il gene. 1 23. probe for detection of a disease state 2
associ aPed with one oP: ﬁnr@eﬁﬁPSEPSné PREROLYPGn Fadit dreydsichr one ¢

oxi dasg1geagbridnpelisnghatntisl affedted byqwaice mivudmmYiay to either of
t he se ? ggtl- 5 sense strands of said one or nore nutations in said 6
nitochggdr ar-e ytochrome c oxi dase genes. 1 24: The probe of claim
23 wherein said probe 2 includes a region conplenentary to the sense and

() codbn 122, “codon PoyetBBqoachBERIRETER" ARITF e, MRS ot "uts”
of the Eytééﬁloﬁéné ¥soimmasEal.gene; and 8 -~ (b) codon 20, codon
22, codon 68, codon 71, 9 codon 74, codon 90, cOdon 95 codon 110, and
codon 146 of the cytochro oxi dase LI gene. A kit

conpri s?ng%g probe fo F@egeéﬁr F"_ai“é tAng, & FEF“P?uﬁﬁdsé&re i%® di abet es

mel |itug ganmnipy,1aatde3dmaghes¢snandstmga&mammle&tud&t&&&uence
conplengntag¥l%§PoéeggggrmgghE§ c8$§§§s§ﬁ% antl-sense strands of a 5

m t ochondri a hrone The kit of claim 28,
wher ei n4said probe a.) inducing the dlfferentlatlon of cultured

5 undifferentiated cybrid cells having genomic DNA

6 originating from a p° cell line and mitochondrial DNA ‘
7 originating from tissue of a human havihg a disorder
8 that is associated with late onset diabetes mellitus;
9 and .
10 b.) contacting a predetermined quantity of
11 said compound with said differentiated cybrid cells; and
12 c.) measuring a phenotyplc trait in said

13 dlfferentlated cybrid cells that is affected by said
14 mitochondrial defect.

83. A method according to claim 82, wherein said
p° cell line is immoxrtal.

1 84. - A method for detecting the pfesence of a

2 human disease of mitochondrial origin comprising:

3 a) obtaining a blologlcal sample containing
4 mitochondria from said human; and

5 b) determining the presence of at least one
6 mitochondrial mutation or gene which correlates with the
7 disease. ' |

1 8s. A method acéording to claim 84 wherein said

2 at least one mitochondrial mutation or gene is a

3 mutation in a cytochrome c oxidase gene.

* [ L M - *



2 includes a region conplementary to the sense and anti- 3 sense strands of

one or norwoepesyd sel ected fromthe 4 group of: [err] WPODUSIED4063
PCT/ US95/ 04063 [err] 5 (a) codon 155, coan 167, codon 178,
codon 6 193, codon 194, and codon 415 of the cytochrone ¢ 7 oxidase | gene;
and 8 (b) codon 20, codon 2231codon 68, codon 71, 9 codon 74,
codon 90, codon 95, codon 110, and codgon 146 1Q of the tochro C OX|dase
|l gene. 1 8¢, 3\mﬁéh@éeéﬁpérééﬁﬁb§Ptﬁ&?%ﬂnﬁﬁl Srpin i sense
iﬁ?:ﬁ?cﬁésﬁﬁfﬁ‘?%@ §Qeséiéetéabﬂgb£aﬂma$@1m&h@(I?aseape dask genes or

nscri be erefrom said antisense sequences
adapt ed 53todbﬁhﬁt?§ %ﬁéiFﬁH?blt transcription or translation o? 6 said

target nutant cytochronme c oxi dase genes without 7 preventing transcription

or transl ft i 82 of wld- Lyﬁgsgggyggggggqmtgxlcq%ﬁ %%”%ezjﬁn?asal The

t her apeut nposition—o rein a di sease se ected‘%ron1the
group of 2l ziretaeibm 2ndasewtechromei gherddans Igenes i at @redPBnd wherein

4 said cy OCﬂ]EggECSaBALad@;iegeeasfs»%t {ne P a5 Olcalb e codons

sel ected codon codon

178, codo# 71893, C9@§§n1194 cadancdddn 4’951°6’f 1%e C‘t];é?‘r?dcﬂ% 461% %‘{l dase |

ggggn 320' 59 ﬁhe Sgtoché‘ofnéég e&dgasam g@@@waaﬁ cumnn ARB, amiten 72, 10
, CO
6 8non Bafocg on 71€0c8 o%; A,a@% on(yb:h%odon 95, codon

7 110, and codon 146 of the cytochrome c oxidase II gene.

88. An isolated nucleotide sequence which is at
least partially complementary to a mitochondrial DNA
sequence containing at least one mutation which
correlates with the presence of a human disease of

(61N VS B S B

mitochondrial origin.

89. The isolated nucleotide sequence of claim 88,
wherein said mitochondrial DNA segquence contains at
least one mutation selected from the group consisting of
mutations in COX I nucleotides 5964 to 7505, and COX II
nucleotides 7646 to 8329

(3 " S VO I N R =

90. The isolated nucleotide sequence of claim
88, wherein said human disease of mitochondrial origin
is selected from diabetes mellitus and Alzheimer'’s

LN VR S

disease.

91. The isolated nucleotide sequence of claim 90,
wherein said mitochondrial DNA sequence contains at
least one mutation selected from the group consisting of
mutations between codon 155 and codon 415 in the
cytochrome ¢ oxidase I gene and codon 20 and codon 146
in the cytochrome c oxidase II gene.
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11 of the cytochrone ¢ oxidase II gene. 1 29. A met hod for

detecti t he presence of a 2 disease of mtochondrial origin in a subject,
conpri sir%%ﬂf’ﬁé steps of: 4 a) obtaini A’g" i cal
sanple 5 contai ning mtochondria fromsaid subject; 6

and 7 b) interrogaHj at | east one variant 8

pol ypeptide, arising fromone or nore mut ati ons in one or

nore suburg4 s of -4 ' .
BB}O RN eSHked nucleotide sequence of clai

PCT/ US95/ 63 120 10 | . rial “cytochronme C 3x?éése genes,
11 2 whereighiggi¢ gitochendyiah RPN spe@ience epntaigsiat

di seasey heaift one mutatiorBfdiash At Cd ks, séheeetd sabfl gheease 2 is
selected fromthe grqu,oftégthéner' di sease and 3 di_abetes nellitus and
sai d mft at9APR SMRHT R P ?%i?é%nn PR L 7 anfPEORI 2480r pol ycl ona

anti bod excodon 3123, codon A 94 pamdrecadiant £1S t of hyhei dytcechpomadec| eave 2
m t ochaondrj_al od ta cykochr Cc oxi dase
subuni EE; Afudf;g%\wi ?A&é%rﬁ%t%@? ?&'seﬁ?%%%lvﬁe?y ?%?%%déérngﬁgg conj ugat e
nol ecul®e iTkt.0 gada ithdréedan (90 detedon \25 3 egdonhibfe andxfddes genes
COMPri & NGiag! of the cytockiome R Wklidde ropuugate mlecule that is 5

selectively intro Into sald nutated mtochondria, 6 said conjugate
nol ecul e conprising a targeting nolecule 7 conjugated to a toxin or to an

i magi na | igmnd by a & Imédesd Gdinhibiting the transcription or
2 translation of one or more mutant cytochrome ¢ oxidase-
encoding nucleic acids comprising: ‘
a) contacting said gene or genes with
antisense sequences specific to said mutant sequence or
sequences; and.
b) allowing hybridization between said target
mutant cytochrome c oxidase gene or genes and said

O 0 6 b W

antisense sequence or sequences.

94. A method according to claim 93, wherein
hybridization is performed under conditions wherein the
antisense sequence or sequences bind to and inhibit
transcription or translation of said target mutant
cytochrome ¢ oxidase gene or genes without preventing
transcription or translation of wild-type cytochrome c
oxidase genes or other mitochondrial genes.
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9 b) contacting said nutant mtochondria with 10 said

conjugate wowmpes. 1 33. The met hod of claim 32, Wih9hsdshided 2
targeting nolecule is a lipophilic cati on selected from 3 the group
consi sting of acridine orange deri vat| asmd 4 JC-1 derivatives. 1 34.

The nethod of claim 32, wherein said I|nk 2 contains a functional group
sel ected fromester, ether, 3 thioether, phosphorodi ester,

t hi ophosphorodi ester, 4 carbonate, caFisURRte, hydrazone, oxime, am no and
am de. 1 350x I 5/-ENDh®NredDIed REGIONAIGUDIRG REBEON:ISD6s0505215428p P tanag

nmol ecul e ands.l. hﬁﬂgqqfoncms&@oﬁerr] 3 bis (dimethylam no) acridine
derivative 5r] s an WO 95/ 26973

PCT/ US95/ 040 12 ‘4 a'I [ phatlc group containing fromb5 to 20 carbons, and X
5 is attached to the term nal carbon of the al kane group 6 and is sel ected
fromthe gr RIpAGAGGESTRA CCEETRIFTTTAGART BRAChAGTCOARBEGHTEOACRAASS! er

t hi ophosphoradiresicer, cA&A-ccacdammmat e, car bamate, hydrazone, oxinme, am no and
am de. 1 36. The net hod of claim 32, vvherei n said 2 targeti ng

mol ecul e is 2@1% ‘F'g'.t ?g féa‘&”bé'f‘?cﬂr&%prf@[?%&'siéan &Ic ﬂf‘z( IGX@E}?‘IE%
rhodam ne 1 an ai ere| n said
target 2 nol FRulRE €2 TTj‘Cmic §8F iR TSR Gcanwg?eq it 85§ &cf‘lcfﬁ?ef" % A6npri ses
a group sel ECCelTT ASH EBt BFC GRE SR, GG {CHE FRA 55 ARoSPhEED fFs ¢ GAC
t hi ophosphor@¢i a8t GAC ArGr §ThATE,GTS ACR IGEENTATE GCh YIPTag@TH &TA AIMEBTC ATcno and
amde. 1 3&Ta 6TA ATATNe AT RoA e cémicarIrrnveet eiae e cirh rde@Y ceS c2a
attached 10 54 fhrd Gud @7 EXAGAY Ay 8cd RS ddUbhO R’ a2 anc aTa ace TTC
TGA CTC TTA CCT CCC TCT CTC CTA CTC CTG CTC GCA TCT GCT ATA GTG GAG
GCC GGA GCA GGA ACA GGT TGA ACA GTC TAC CCT CCC TTA GCA GGG AAC TAC
TCC CAC CCT GGA GCC TCC GTA GAC CTA ACC ATC TTC TCC TTA CAC CTA GCA
GGT GTC TCC TCT ATC TTA GGG GCC ATC AAT TTC ATC ACA ACA ATT ATC AAT
ATA AAA CCC CCT GCC ATA ACC CAA TAC CAA ACG CCC CTC TTC GTC TGA TCC
GTC CTA ATC ACA GCA GTC CTA CTT CTC CTA TCT CTC CCA GTC CTA GCT GCT
GGC ATC ACT ATA CTA CTA ACA GAC CGC AAC CTC AAC ACC ACC TTC TTC GAC
CCC GCC GGA GGA GGA GAC CCC ATT CTA TAC CAA CAC CTA TTC TGA TTT TTC
GGT CAC CCT GAA GTT TAT ATT CTT ATC CTA CCA GGC TTC GGA ATA ATC TCC
CAT ATT GTA ACT TAC TAC TCC GGA AAA AAA GAA CCA TTT GGA TAC ATA GGT
ATG GTC TGA GCT ATG ATA TCA ATT GGA TTC CTA GGG TTT ATC GTG TGA GCA
CAC CAT ATA TTT ACA GTA GGA ATA GAC GTA GAC ACA CGA GCA TAT TTC ACC
TCC GCT ACC ATA ATC ATC GCT ATC CCC ACC GGC GTC AAA GTA TTT AGC TGA
CTC GCC ACA CTC CAC GGA AGC AAT ATG AAA TGA TCT GCT GCA GTG CTC TGA
GCC CTA GGA TTC ATC m CTT TTC ACC GTA GGT GGC CTG ACT GGC ATT GTA
TTA GCA AAC TCA TCA CTA GAC ATC GTA CTA CAC GAC ACG TAC TAC GTT GTA
GCC CAC TTC CAC TAT GTC CTA TCA ATA GGA GCT GTA TTT GCC ATC ATA GGA
GGC TTC ATT CAC TGA TTT CCC CTA TTC TCA GGC TAC ACC CTA GAC CAA ACC
TAC GCC AAA ATC CAT TTC ACT ATC ATA TTC ATC GGC GTA RAAT CTA ACT TTC
TTC CCA CAA CAC TTT CTC GGC CTA TCC GGA ATG CCC CGA CGT TAC TCG GAC
TAC CCC GAT GCA TAC ACC ACA TGA AAC ATC CTA TCA TCT GTA GGC TCA TTC
ATT TCT CTA ACA GCA GTA ATA TTA ATA ATT TTC ATG ATT TGA GAA GCC TTC
GCT TCG AAG CGA AAA GTC CTA ATA GTA GAA GAAR CCC TCC ATA AAC CTG GAG
TGA CTA TAT GGA TGC CCC CCA CCC TAC CAC ACA TTC GAA GAA CCC GTA TAC
ATA AAA TCT AGA

CAAAAAAGGA AGGAATCGAA CCC CCCAAAG CTGGTTTCAA GCCAACCCCA
TGGCCTCCAT GACTTTTTCA AAAAGGTATT AGAAAAACCA TTTCATAACT TTGTCAAAGT
TAAATTATAG GCTAA-3'



3 least one of the four chlorine atons at the 5, 5, 6 and 4 6' carbon

posi tions wh9s/ked73C-1 derivative. 1 39. The met hod SCTAISO4 8068 »
wherein said linker 2 is attached to the JC-1 derivative via substitution
of 3 the term nal carbon hydrogen of at |east one of the four 4 ethyl
groups at the 1,1',3 and 3' positionsz?f e JC-1 5 derivative. 1 40.

The nethod of claim 37, wherein said l!e Is attached to the JC 1
derivative via substitution of 3 oneF3fFURH@ oI efinic hydrogens of the JCG1
derivative. €C0X 415’ -END NON-THRING: REGIONGf CQIINCNREZZONvIeaceB8Iv s d@Bdbd)i, nkay 2
further conprimesnan-cebkyd resroip of 2-20 carbon atoms. 1 42. The
nmet hod of cl g*d;n 32.4perg n said imaging 2 ligand is selected fromthe group
of radioi sot opes, V\D 95/ 26973

PCT/ US95/ 04063 122 apt en biotin, enzynes, fluorophores or 4

chem | um phére%GGT&Tmﬁé CCA“TT%TWFH% TOETCHAACT TPAATFASAGI n said toxin is
2 sel ect ed GETAMATEED MFATATETTR hi ophosphat e, di ni trophenol 3 and nal ei m de
and antisense oligonucleic acids. 1 44. An imortal [err] ceI I

!siaung cél I 45A’1’G GCA CATTEEAidl‘ED&@bﬂQidr] cﬁ?'chA:chAEG@f AehrafdB 4:6'1‘ zﬂ‘&g 46
The i mmrta Eferr] ce?‘jlrré A O{‘a%'fal m \ﬁhgr%ﬂl%ex éfglEdM Fclélﬂ‘ A'fv”l
undi f f er ent F&t &dc 9™ §7° cra “TaT CFRSTINTTY CER AP 8?%&“:?‘%9’% G T cel |

i ne of 2 cPAT ACZAATATSITFASGATI GER|JAG| Eide ATA FFApAGT E&TEf TAeRAT AFCi ABRIced to
di fferenti ate¢ GCC ATC ATC CTA GTC CTC ATC GCC CTC CCA TCC CTA CGC ATC CTT TAC

ATA ACA GAC GAG GTC AAC GAT CCC TCC CTT ACC ATC AAA TCA ATT GGC CAC
CAA TGG TAC TGA ACC TAC GAG TAC ACC GAC TAC GGC GGA CTA ATC TTC AAC
TCC TAC ATA CTT CCC CCA TTA TTC CTA GAA CCA GGC GAC CTG CGA CTC CTT
GAC GTT GAC AAT CGA GTA GTA CTC CCG ATT GAA GCC CCC ATT CGT ATA ATA
ATT ACA TCA CAA GAC GTC TTG CAC TCA TGA GCT GTC CCC ACA TTA GGC TTA
AAA ACA GAT GCA ATT CCC GGA CGT CTA AAC CAA ACC ACT TTC ACC GCT ACA
CGA CCG GGG GTA TAC TAC GGT CAA TGC TCT GAA ATC TGT GGA GCA AAC CAC
AGT TTC ATG CCC ATC GTC CTA GAA TTA ATT CCC CTA AAA ATC TTT GAA ATA
GGG CCC GTA TTT ACC CTA TAG

CACCCCCTCT ACCCCCTCTA GAGCCCACTG TAAAGCTAAC TTAGCATTAA C
CTTTTAAGT TAAAGATTAA GAGAACCAAC ACCTGTTTAC AGTGAAATGC-3’



1 48. The imortal [err] cell line of claim47, wherein 2 said cell

line is a wergshsd?9r m of a neuroblastoma cell line. 1 49. PpPCcTUSISMB6S err ]
cell Iine of claim48, wherein said 2 cell lineis a [err] form of
neurobl astoma cell line SH 3 SY5Y. 1 50. A cybrid cell line,

conprising: cultured 2 inmmortal cell gt]a\.'l gg genomi ¢ and m tochondri al
DNAs of 3 differing biological origins: The cybrid cell Iine
of claimb50, wherein 2 said genomc lDmlklﬁia'-’s its origin in an inmortal
[err] cell &osl ITE 5’ an (ENBaREN-TOD INGH BEGITONA | CONING RESION S 9267 1952 N{( 2854 human

ti ssue sanpl 9@1:26&7-%01:1»:@ REGION

PCT/ US95/ 040 QD@ The cybrid cell line of claimb50, wherein
2 said genoniC has |ts originin an undifferentiated 3 imuortal [err]
cell line that is capable of being induced to 4 differentiate, and said

m t ochondr i &4’ -BRECIFASCE CTTMICGAN SFCIACTTRUTATAFTESUBSTRFIFES 1 53,
The cybri d ceccTéeace BFARCACATR 52, wherein 2 said undifferentiated i nmort al

[err] cell line is a [err] form3 of a neuroblastona cell line. 1 54.
ghe Cygr;d Cﬁi&h 3 Chal r&?%edﬂ’@ﬂf%& Rz airfl mUéc@éolAaat@umT@zeldccl ine is
erive romt he u e
cybrid cell ﬂp‘néc’btsgg (?E\ c'gﬁt'r%&ﬁ%cfcg#]c QJTR A@ﬁ‘éﬁr}c’t %Gc i Gcrgpf‘e S der| ved
froma pati €M AR IFFIRACATEE STARFG FLE GTE ATA GTh HECH tcﬁ' Mothodsti al 4
defects. 1 @B ACC ATA TAFhGAR \IGA| TRCC 6FF GATN@TRACR | GEANERR mﬁmqﬁeil‘hc CAA
GGC CAC CAC ACA CCA CCT GTC CAA AAA GGC CTT CGA TAC GGG ATA ATC CTA

TTT ATT ACC TCA GAA GTT TTT TTC TTC GCA GGA TTT TTC TGA GCC TTT TAC
CAC TCC AGC CTA GCC CCT ACC CCC CAA TTA GGA GGG CAC TGG CCC CGA ACA
GGC ATC ACC CCG CTA AAT CCC CTA GAA GTC CCA CTC CTA AAC ACA TCC GTA
TTA CTC GCA TCA GGA GTA TCA ATC ACC TGA GCT CAC CAT AGT CTA ATA GAA
AAC ARC CGA AAC CAA ATA ATT CAA GCA CTG CTT ATT ACA ATT TTA CTG GGT
CTC TAT TTT ACC CTC CT ACAA GCC TCA GAG TAC TTC GAG TCT CCC TTC ACC
ATT TCC GAC GGC ATC TAC GGC TCA ACA TTT TTT GTA GCC ACA GGC TTC CAC
GGA CTT CAC GTC ATT ATT GGC TCA ACT TTC CTC ACT ATC TGC TTC ATC CGC
CAA CTA ATA TTT CAC TTT ACA TCC AAA CAT CAC TTT GGC TTC GAA GCC GCC
GCC TGA TAC TGG CAT TTT GTA GAT GTG GTT TGA CTA TTT CTG TAT GIC TCC
ATC TAT TGA TGA GGG TCT TAC

TCTTTTAGTA TAAATAGTAC CGTTAACTTC CAATT
AACTA GTTTTGACAA CATTCAAAAA AGAGTAATAA ACTTCGCCTT AATTTTAATA
ATCAACACCC-3/



2 said human tissue sanple is derived froma patient 3 having a di sease

that is asmsrzkgg w th mtochondrial 4 defects. 1 .57. PCT/OSYR/05068" | d
cell Iine of claim52, wherein 2 said undifferentiated imortal [err] cell
line is a [err] form3 of a neuroblastoma'cell |ine and said human tissue 4

sanple is derived froma patient ha\y'gyg asneur ological 5 disease that is
associated with mtochondrial defects. 1 58. The cybrid cell Iine
of claimb5 ¢ g ' T, pat i ent having a
di sorder 3} omth‘e group cgnsi stind #r' s 4 Disease,
Par ki nagg?” SN Safls e Hgti-ngt on’ s di Sease—i" OySt O a,~wrebgr s hereditary
optic nedropathy, 6 sohi zophP\‘%‘ili'i“a’!,N nyocl onlc-epi | epsy-ladtic-acidosis

- and- WD 95/ 26973 PCT/ US95/ 04063
124 7 stroke (MELAS), and myocl onic-epil epsy-ragged:re8 8 fiber
--syndronme (MERRF). 1 59. The rid cell Igdne of claimb52, wherein
2 said ungrils gl ed i nmort al cell line ig a [err] form3 of

m5 the grou onsi sting of

?id human tisspye 4 sanple is froma
Al zhei mep' s Di sepse, Pagt ki #Sonys,6 ease, Huntington's disease, dystonia,
Leber's 7 heredi ar%.optic neurjpath schy zophrenia, 8 mtochondrial
encephal opat hy-IléactTc- aci dosi s nP %D 9 (MELAS), and

nyocl oni c- epi | eRby-r agged- r O\ er -- syndrome (MERRF). 1 60.

The cybrid cell

ine of claim52, wherein jd undifferentiated i nmortal
[err] cell lineY}ysyga [err] form o %@
’
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3 of neuroblastoma cell |ine SH SY5Y and said hunman tissue 4 sample is

froma paWees2eavi ng Al zhei ner's Disease. 1 61. A PetiSdsridbdsat ed
cybrid cell line resulting 2 from |nduct|on of differentiation in cells of
the cybrid 3 cell line of claimb52. _p A met hod of constructing
a cybrid cell line, 2 conprising the st s 0 3 a.) treating
an immortal cell line with a 4 chem cal agent capabl e of
irreversibly 5 i ' di sabling mtochondrial electron 6
transport and thus converting said cell 7 line into an
immortal [err] cell line; and 8 b.) transfecting said imorta
[err] cell line 9 with isolated mtochondria to formsaid
10 g a%ybrld cell line. 1 63. The met hod of claim 62,
wherein said i | 2 cell lineis undlffe ntlat but capabl e of belng
3 induced to d enti ate. WD 95/ 26973

PCT/ US95/ 04063 1 4, The net hod clal 62, wherein said

i sol ated 2 mrtozho #a are purified froma patient known to be 3 afflicted

wi th a disorder sociated with a 4 mtochongial defect. 1 65. The
met hod of cl ai 2, wherein said chemcal 2 emt—-s—ahi diuum brom de. 1
66. A ne hod of constructlng cybrid ca&l lines, 2 conprising the
steps of: 3 & ) treating an i tal neuroblastoma cell 4 |ine

W th ethidiun1br mde to irreversibly disabh~

"
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heat

(CH;CO),0
K'CH,C00
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5 mtochondrial electron transport and b@ys nvert said 6 cell line into
an 1 nmor t awolesnégrs neur obl astoma cel | |1 Wef Y &nd s PCTA59%/04063
transfecting said inmortal [err] 9 neuroblastoma cell line with

m t ochondri a isglatgp from 10 tissue of a patient afflicted with a disorder
selected 11 fromghe group consisting of Al zheiner's D sease, 12

Par ki nson' s Di sg \ Huntington's disease, dystonia, 13 Leber's hereditary
optic neuropath gchi zophrenia, 14 nyocl oni c-epil epsy-1actic-acidosis
-and- stroke (MEWAS), 1p and nyocl oni c-epil epsy-ragged-red-fi ber --syndrone
16 (MERRF), foO F Sald cybrid cell line. 1 67. A met hod for
evaluating a conpyund for 2 potential utility in the treatnent of a

di sorder that is associated with mtochondrial defects, conprising the 4
steps of: 5 ) contacting a predeterm ned quantity of 6 the
test conpound wt ed inmmortal cybrid cells 7 having genom c DNA
originating fro n Mmortal [err] cell 8 ine and m tochondrial DNA
originating\fro r%ssue of a 9 patient having a disease that is associated
with 10 m toch§nd@=aN defects; and WD 95/ 26973 .

PCT/ US95/ 04063 11 -b.) measuring a phenotypic trait in said
12 cybrid cell t is affected by said mtochondrial 13 defect; and 14
c.) establishi ether and to what extent 15 said drug is capabl e of

causing said tyajgjto beconme 16 nore simlar to those of control cells
havi ng

heat
—
120, K*CH;C00

Q..
(CH;CO
heat

2

The spmin_lconldbevubdinkngthsmhthamalto 10

Fig. 6



17 mtochondria that |ack said defect7‘ﬁhi capability 18 indicates that
t he conpoulW@9%26%Botential utility in‘the treat nent of s@ctrubesododsr. 1
68. A nethod for evaluating a compound for potential 2 utility in the
treatment of a disorder that is 3 associated with mtochondrial defects

according to claign4 &7, conprising the steps of: 5 a.)

i nducing the diff tiation of cultured 6 undifferentiated imortal cybrid
cell s havi ng gen DNA originating froman imortal [err] cell line and
8 m tochondri al riginating fromtissue of a patient 9 having a disease
that is associate th mtochondrial 10 defects; and 11 b.)
contacting;ﬁ_pfﬁ' ned quantity of 12 the test conpound with said
differentiated cy d cells; 13 and 14 C.) measuring a
phenotypic trait fn said,15 differentiated cybrid cells that is affected by
said 16 m tochondfial derect; and 17 d.) establishing whether

and to what exten® 18 said drug is capable of causing said trait to becone
19 nore simlar tojthose of control cells having 20 mtochondria that |ack
sai d defect, iC pability 21 indicates that the conmpound has potenti al
utility in the tr ?ﬂ\g; of said disorder. 1 69. A nethod for the

di agnosi s of dnga1yrs t are 2 associated with mtochondrial defects,

conprising the 3 ps of: [err] WO 95/ 26973
PCT/ US95/ 04063 '

(CHy00),0

Fig. 7
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127 4 a.) obtaining froma patient a biological 5 sanple
containing mtochondria; and 6 b.) transferring said

m t ochondr i aWOnsR6973 rmortal [err] cells to formcybrid cells; PEHYSE/04063
c.) neasuring a phenotypic trait in said 9 cybrid cells that is caused by
the mtochondrial defect 10 associated with the disorder or disorders being
tested 11 for; and 12 d.) establishing whether said cybrid
cells 13 exhibit said trait as do cells & /pgt3ents suffering 14 fromsaid
di sorder, which indicates the presence of the 15 disorder in said patient.
170. A nethod for the diagnosis of disorders that are 2 associated with

m tochon@ial defects according to claim3 69, conprising the steps of: 4
a.) obtaiging froma patient a biological 5 sanple containing mtochondria;

and 6 b.) transferring said mtochondria into 7

undi ffersgntiated inmmortal [err] cells to formcybrid cells; 8 and 9

C.) induding said cybrid cells to 10 differentiate; and 11 d.)
meadur i ne or nore phenotypic trait in 12 said differentiated cybrid
cel | STTRat &S \¢aused by the 13 mitochondrial defect associated with the

di sordeyg=o§ 14 disorders being tested for; and 15 e.) e

est abl %3 whet her said cybrid cells 16 exhibit said trait as do celus of
pati ent ymelif fering 17 from sai d di sorder, which indicates the presenceg of

the 18gli sggder in said patient. 1 71. A cybrid ani mal conpri € ng:
a multicellular, 2 non-human ani mal, having genom c and m tochondri al g?#E

;3

laced by an alkyl
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3 of differing biological origins. WO 95/ 26973

PCT/ US95/ OWOR8/26@8 1 72. - A nethod of preparing a cyBGTSIYAEs 2
conprising the steps of: 3 a.) isolating enbryonic cells from
a 4 nulticellular, non-human animal; and 5 b.) treating said

enbryonic cells with a 6 chem cal agent capable of irreversibly disabling 7
m tochondrial electron transport, thus converting said 8 cells to a [err]
state; and 9 c.) transfecglfn aid inmmortal [err] cell line 10
with mtochondria isolated from another cel source, to 11 produce said
cybrid animal. 1 73. A nmethod for evaluating a conmpound for potential 2
utility in the treatnment of a disorder that is 3 associated with

m tochondri al defects, conprising the 4 steps of: 5 a.)
contacting a predeternlned quantity of 6 the test conpound with a cybrid
animal of claim71;, and 7 b.) measuring or observing one or
nore 8 phenotypic trait in said cybrid aninmal that is affected 9 by said
m t ochondri al defect; and 10 c.) establishing whether and to
what extent 11 said drug is capable of causing said trait or traits to 12
becone nore simlar to ochondri a that
| ack sai d defect, whichjcapability 14 indicates that said corbound has
potential utility in 15tthe treatnent of saruetrsodddaysi 74. A
cybrid cell line, conprdsing: cultured -9 64days
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2 cells having genom c and mitochondrial nucleic acids of 3 differing

bi ol ogi cal WIS, wherein either the 4 mitochondrial or tHRCEESRSO4053
nucleic acid is derived 5 froman individual exhibiting synptons of |ate
onset 6 diabetes nellitus or at risk for devel oping synptons for 7 |ate

onset diabetes nellitus. WD 95/ 26973

PCT/ US95/ 04063 129 1 75. The cybrid cell line of claim74, wherein
2 said cybrid is made by: 3 104 Y Jtreating a parental cell or
cell Iine 4 with a chem cal agent capable of converting said cell or 5

cell lineinto a [err] cell line; and 6 b.) transfecting said
[err] cell line with 7 isolated mtochondria to formsaid cybrid cell 1ine.
1 76. The cybrid of claim?75, wherein said parental 2 cell or cel
line is undifferentiated, but capable of 3 being induced to differentiate.
1 77. The cybrid of claim75, wherein said cybrid 2 cell line is
imortal. 1 78. The cybrid of claim77, wherein cybrid cell 2 line

is undifferentiated, but capable of being induced 3 to differentiate. 1
79. A cybrd T—CeT T T T2 ToT Tt mgtochat urrﬁ-—ﬁ—wi-req—eq-nLt he parent al
cell or cell linelig selected from3 the groulicasms sti ng of zygote, an
enbryoni c cel & 4 d i fferentiati ng arfl Ryesinetgsw se tof a ti ssue 5

or an indivi dﬁ k line, a pancreatil Guad | 6 Jor cell Iine,
a fat cell OrgCEH scle cell or 7 c&I*FPMY and an T

her m cel

I nsul i n-respogsi v¢ than a
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- 8 pancreatic [err] cell line, a fat cell, or a nuscle cell. 1 80. A method
for evaluﬂ%*#gkﬂa conpound for utility in 2 the diagnosis RCHPSOAWA: of

di abet es 'tus, said 3 nethod congr'sing: 4 a.) contacting
a predeterm ned quantity of 5 said c n%o n ;Ath cultured cybrid cells
havi ng genomc 6 DNA originating froma [err] cell line and m tochondri al
DNA 7 originating fromtissue of a human having a disorder 8 that is
associated with | ate onset diabetes nellitus; 9 and WD 95/ 26973

PCT/ US95/ 04063 130 10 - -b.) neasuring a phenotypic trait in said
11 cybrid cells that is affected by said mtochondrial 12 defect. 1 81.

A nethod according to claim80, wherein the [err] 2 cell line is immortal.
1 82. A nmethod for evaluating a conpound for its 2 utility in the
di agnosis and treatnent of diabetes 3 nellitus, said nethod conprising: 4
a.) inducing the differentiation of cultured 5 undifferentiated cybrid
cells having genomic DNA 6 originating froma [err] cell line and

m tochondrial DNA 7 originating fromtissue of a human having a di sorder 8
that is associated with | ate onset diabetes nellitus; 9 and 10

b.) contacting a pggdggennine quantity of 11 said copmoupd with said
differentiated cybri —] X —— T S phenot ypi c
trait in said 13 differert+aicdysyy eetrs—that—ts—effecked sai d
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14 mtochog grlal defect. 1 83. A nmet hod according to claim 82,
wherein sa ¥Pr] cell lineis imortal. 1 84. A REYURIS04063

detecting the presence of a 2 hunman di sease of mtochondrial origin
conprising: 3 a) obta nznp f 3)| ol og| cal sanple containing 4

m tochondria fromsaid human; and 5 determ ning the
presence of at | east one 6 mtochondri al nutatlon or gene which correl ates
with the 7 disease. 1 _85. A net hod according to claim84 wherein

said 2 at | east one mtochondrial nutation or gene is a 3 nutation in a

cytochronme c oxi dase gene. WO 95/ 26973
PCT/ US95/ 04063 131 1 86. - A net hod according to claim85 wherein the
‘s disease and 3 diabetes nellitus. 1

2 disease is selected from Al zhei ner
87. A nmet hod according to claim86 wherein said 2 nutation in a

cytochrone c oxidase gene is at one or 3 nore codons selected fromthe
group of codon 155, codon 4 167, codon 178, codon 193, codon 194, and codon
415 of 5 the cytochrone ¢ oxidase | gene and codon 20, codon 22, 6 codon
68, codon 71, codon 74, codon 90, codon 95, codon 7 110, and codon 146 of

the cytochronme c oxidase Il gene. 1 88. An isol ated nucl eoti de
sequence which is at 2 least partially conplenentary to a mitochondrial DNA

3 sequence containing at piasL_nne_nuLaL¢iuLJMm ch 4 correlates with the
presence of a human di s¥8§E of 5 nitochondrial origin.

. [ _

€ soof

2 -

g |

2

o 400 b

2

U

€ 300

[]

s

s 200

5 3

£ 100

0 0.1 ’ 0.8 1 5
EtBr (ug/mi)

Fig. 12



1 89. The isol ated nucl eoti de sequence of claim88, 2 wherein said
m t ochondrwels/2843 sequence contains at 3 | east one nut ati onPeTUsesemes r om
t he group consisting of 4 nutations in COX |I. nucl eoti des 5964 to 7505, and
COX I'l 5 nucleotides 7646 to 832911 307 { 3 The i sol ated nucl eoti de
sequence of claim2 88, wherein said human di sease of mtochondrial origin
3 is selected fromdiabetes nellitus and Al zheiner's 4 disease. 1 91

The isol ated nucl eoti de sequence of claim90, 2 wherein said mtochondri al
DNA sequence contains at 3 |least one nutation selected fromthe group
consisting of 4 nutations between codon 155 and codon 415 in the 5
cytochrone ¢ oxidase | gene and codon 20 and codon 146 6 in the cytochrone
c oxidase Il gene. WO 95/ 26973

PCT/ US95/ 04063 132 1 92. The isol ated nucl eoti de sequence of claim
91, 2 wherein said mtochondrial DNA sequence contains at 3 | east one

mut ati on found at a codon selected fromthe 4 group consisting of codon
155, codon 167, codon 178, 5 codon 193, codon 194, and codon 415 of the
cytochrone ¢ 6 oxidase | gene and codon 20, codon 22, codon 68, codon 7 71,
codon 74, codon 90, codon 95, codon 110, and codon 8 146 of the cytochrone
c oxidase Il gene. 1 93. qﬁi Amertrodof—T ot T ng tne transEFiption

or 2 translation of one or e nmutant cytochronme c oxi dase- 3 enfcoding
nucl ei ¢ acids conprising: 4 1 a) contacting said gene or genes

specific to said mutant sequenc

with 5 antisense sequancess
. Q

SpecificFluorescence/
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DIAGNOSIS, THERAPY AND CELLULAR AND ANIMAL MODELS
FOR DISEASES ASSOCIATED WITH MITOCHONDRIAL DEFECTS

This application is a continuation-in-part of co-
pending application Serial No. 08/397,808, filed on
March 3, 1995 for CELLULAR AND ANIMAIL. MODELS FOR DISEASES
ASSOCIATED WITH MITOCHONDRIAI DEFECTS, of co-pending
application Serial No. 08/414,969, filed on March 31,
1995 for MITOCHONDRIAL DNA MUTATIONS THAT SEGREGATE WITH
LATE ONSET DIABETES MELLITUS, of co-pending application
Serial No. 08/413,740 filed on March 30, 1995 for DIAGNOSTIC
AND THERAPEUTIC COMPOSITIONS FOR ALZHEIMER'S DISEASE,
and of co-pending application Serial No. 08/219,842
filed on March 30, 1994 for DIAGNOSTIC AND THERAPEUTIC
COMPOSITIONS FOR ALZHEIMER'’S DISEASE, all of which are

incorporated herein by reference.

FIELD OF THE INVENTION
The present invention relates to the diagnosis and

treatment of diseases of mitochondrial origin. More
specifically, the invention relates to detecting genetic
mutations in mitochondrial cytochrome c oxidase genes as
a means for diagnosing Alzheimer’s.disease and diabetes

mellitus, and suppressing these same mutations or the
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87:8923-8927 (1990); Barany, F., Proc. Natl. Acad. Sci.
88:189-193 (1991))}. Ligase-mediated covalent attachment
occurs only when the oligonucleotides are correctly

base-paired. The Ligase Chain Reaction (LCR), which
utilizes the thermostable Tag ligase for éarget
amplification, is particularly useful for interrogating
mutation loci. The elevated reaction temperatures
permit the ligation reaction to be conducted with high
stringency {(Barany, F., BPCR Methods and Applications
1:5-16 (1991)). '

Analysis of point mutations in DNA can also be carried
out by using the polymerase chain reaction (PCR) and
variations thereof. Mismatches can be detected by
competitive oligonucleotide priming under hybridization
conditions where binding of the perfectly matched primer is
favored (Gibbs et al., Nucl. Acidg. Res. 17:2437-2448
(1989)). 1In the amplification refractory mutation system
technique ({(ARMS), primers are designed to have perfect
matched or mismatches with target sequences either internal
or at the 3’ residue (Newton et al., Nucl. Acids. Res.
17:2503-2516 (1989)). Under appropriate conditions, only
the perfectly annealed oligonucleotide functions as a primer

for the PCR reaction, thus providing a method cf

discrimination between normal and mutant sequences.
Genotyping analysis of the COX genes can also be

carried out using single nucleotide primer-guided

extension assays, where the specifiC'incorporation of

the correct base is provided by the high fidelity of the

DNA polymerase (Syvanen et al., Genomics 8:684-692 (1990);

Kuppuswamy et al., Proc. Natl. Acad. Sci. U.S.A. 88:1143-

1147 (1991)). Another primer extension assay, which allows

for the quantification of heteroplasmy by simultaneously
interrogating both wild-type and mutant nucleotides, is
disclosed in co-pending U.S. patent application Serial No.
08/410,658, filed on March 24, 1995, entitled "Multiplexed
Primer Extension Methods" and
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