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Use of microbial DNA sequences for the iden-
tification of human diseases

Cross Reference to Related Application
5
This application claims the priority of PCT
patent application IB00/01127, filed August 16, 2000, the
disclosure of which is incorporated herein by reference
in its entirety.
10

Technical Field

The present invention relates to the use of a

DNA sequence comprising a fragment of a nucleic acid en-

coding a microbial wvirulence factor as means for the

15 1dentification of a disease or a genetic predisposition

thereof as well as its use for the development of disease
animal models.

Background Art

20 The functional sequences of higher eukaryotes

consist of genetic modules of at least two kinds. Modules

of coding sequence are combined in many ways to produce

proteins, whereas modules of non-coding sequences regu-

'S

late the expression of genes. Some of the mutationg cre-

25 ated duplicates of entire genes, which have then evolved
new functions, while others altered the expression of old
genes by exposing them through gene shuffling to new

regulatory sequences. By these means the human genome as

a whole has evolved to its present day complexity. Since
30 the 3’ untranslated region (3'UTR) and especially the
polyadenylation signal within the 3’ UTR regulate the

translation and expression of a gene, the entire gamut of

molecular perturbations can be accomplished with the
3'UTR as a primary target.

35 There i1s therefore a need for molecular tools

allowing the detection of diseases or a predisposition

thereof caused by mutations within the 3’ UTR.
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Disclosure of the Invention

In the scope of the present invention it was

now found that there are microbial DNA insgsertions in the

3" UTR of human genes which are associated with human

diliseases.

Hence it 1s an object

of the present inven-

tion to provide the use of DNA sequences comprising a

fragment of

microbial virulence factor as means for the identi:

-

a nucleilc acid sequence encoding a putative

f1ca-

tion of diseases caused by bacterial mutations or a ge-

netic predisposition thereof. The

virulence factor

stems

preferably from a intracellular microorgansim and is lo-

cated on a linear or circular chromosome or a plasmid,

more preferably sc

1d virulence factor stems from a micro-

organism which is selected from the group consisting of

Borrelia species, Chlamydia sp.,

dium sp. and Rickettsia.

cleic acid encoding a virulence factor is selected

the group consisting of Seq.
17. Virulence

microorganisms which &

tracellular microonganisms are as well guitable

use 1n the present invention.

method for the i1dentification of a dises

F
p—

factors stemmming from non-intrs

Another object of the present invention is a

FEscherichia sp., Plasmo-

Even more preferably said nu-

fTrom
Id. No. 1 to Seg. Id. No.
cellular

re part of a cluster shared by in-

for the

se or a genetic

predisposition thereof, which comprises in a tissue or

blood sample of a subject or in a

r

fetal neuro~-graft a mu-

tation within a nucleic acid sequence selected from the

group consisting of Seg. Id. No.

1 to Seq. Id. No.

17 and

said sequence 1s inserted in a gene of said subject.

Preferably said sequence 1s inserted in the 3'UTR of said

gene and said mutatlon is found in the polyadenylation

signal of se

1d gene and said muta:

-

tion preferably a:

“fects

the expression of the protein encoded by said gene.

Another object of the

present invention are

transgenic non-human animals, which comprise in their ge-
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nome a partial or complete inactive endogenous gene which

is selected from the group consisting of cannabinoid re-

ceptor 1 gene, MAP 2C gene, apolipoprotein E gene, prese-
nelin 2 gene, integral membrane protein 2B gene, alpha
synuclein gene, oligophrenin 1 gene and myotonin protein

kinase gene. The gene is inactivated due to at least one

mutation in its 3’ untranslated region (3’ UTR) and said

mutation leads to an inhibition or suppression of protein
expression. The term mutation as used herein encompasses

any nucleotide change, insertion or deletion independent

of thelir length that influences the activity, expression

=

or regulation of a gene.

Although in the context of the present inven-

tlon any mutation in the 3’UTR region leading to an inhi-

bition or suppression of protein expression e.g. CBl pro-

tein expression, can be used, preferred are mutations lo-

cated in the sequence following the polvadenylation sig-

nal, more preferably in the polvadenylation signal se-

quence of said gene. Any mutation in the polyadenylation

signal sequence leading to an inactivation of said signal

can be used. The mutation can e.g.be caused by a sequence

of the same or a different microbial species e.g. by gene

conversion or recombination.

The polyvadenylation signal in eukarvotes has

the following conserved sequence: AATAAA.

For the purpose of the present invention any

non-human mammal can be used. Preferred are rodents e.q.

mice or rats, which preferably harbor a homozygous or

heterozygous CBl gene inactivation in thelir genome.

Another object of the present invention is

pr— p—
o

the use of the transgenic animals of the present inven-

tion for the identification of compounds that have an ef-

fect on the activity, expression or regulation of the

gene encoded protein. The animals of the present inven-

g

tion allow the identification of compounds which have a

direct or indirect effect on CBl protein, MAP 2C protein,

Apolipoprotein E, presenilin 2 protein, integral membrane
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protein 2B, alpha synuclein protein, oligophrenin 1 pro-

tein and myotonin protein kinase activity, expression or

regulation. The compound may consist of a multiplicity of

compounds e.g. as obtained from combinatorial chemical

5 libraries. A compound identified by the use of the ani-

mals of the present invention can serve as a lead com-

pound for the development of medicaments to treat e.g.

schizophrenia or other forms of dementia.

Jr—

A further object of the present invention is

10 a method for screening for compounds that have an effect

on the activity, expression or regulation of proteins se-

lected form the group consisting of CBl protein, MAP 2C

protein, Apolipoprotein E, presenilin 2 protein, integral

membrane protein 2B, alpha synuclein protein, oligo-

15 phrenin 1 protein and myotonin protein kinase. Said

method comprises introducing a compound in an transgenic

—

animal of the present invention, preferably in a mouse oOr

a rat, and monitoring e.g. behavioural changes in said

animal. Mice and rats are preferred animals as their ob-
20 S

i,

ervable behavioural changes are considered relevant to
clinical phenomenology. A transgenic animal, which har-

bors one of the above mentioned genes in its genome that

1s inactivated by a mutation in the sequence following

the polyadenylation signal or in the polyadenylation sig-
25 mnal is preferably used in a screening method of the pres-

ent il1nvention since such an animal reflects the situation

found in human subjects suffering e.g. from schizophre-

_

nia, other forms of dementias and other neurological dis-

orders, .

30 In a further aspect the invention provides a

use of a transgenic non-human animal whose genome com-

prises a disruption of the endogenous CBl gene for the

1identification of compounds that have an effect on the

activity, expression or regulation of CBl protein. Any

35 animal comprising a non-functional CBl gene in its genome

1s suitable for such a use, preferably a mouse or a rat.
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Brief Description of the Drawings

The invention will be better understood and

objects other than those set forth above will become ap-

5 parent when consideration is given to

| -

che following de-
tailed description thereof. Such description makes refer-

ence to the annexed drawings, wherein:

Figure 1 shows genetic exposure triggering

gene conversion and further infectious recombination,

1.0 Figure 2a shows genetic exposure leading to

multiple translocations into the human genome and

Figure 2b shows genetic exposure leading to
multiple translocations into the human genome.

15 Modes for Carrying Out the Invention

A gene construct for the production of a

transgenic animal of the present invention, which com-

prises in its genome a partially or completely inacti-

vated gene, can be prepared using standard genetic engi-

20 neering technologies known in the art, such as described

in Maniatis et al., Molecular cloning: A Laboratory Man-
ual, Cold Spring Laboratory, Cold Springs Harbor, N.Y.
The starting material for said construct can be a portion

of e.g. the genomic or cDNA CBl nucleotide seguence. In-

iy

25 troduction of the wanted mutation in e.g. the CBl se-

quence can be done by methods known to a person skilled

in the art e.g. by site directed mutagenesis. The term

mutation as used herein encompasses any nucleotide

change, insertion or deletion independent of their length

30 that influence the activity, expression or regulation of
a gene.

A transgenic animal in accordance with the
present invention can be made using generally known meth-
ods in the field. See, for example, Manipulating the

35 Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., 1986), Knock-out mouse models used

to study neurobiological systems, Critical Reviews in
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Neurobiology, 13 (2), 103-149, (1999). Recombinase de-
pendent knockouts can also be generated, e.g. by homolo-

gous recombination to insert recombinase target sequences

flanking portions of an endogenous gene, such that tissue

g—
—

specific and/or temporal control of inactivation of an

allele can be controlled.

The transgenic animals of the present in-

venion are suitable to identify lead compounds that can

serve as a starting point for the development of a me-

dicament to treat e.g. schizophrenia, Alzheimer disease,

p—

Parkinson disease, Myopathy or other forms of dementia.

Screening for such useful compounds typically involves

administering the candidate compound to an animal and

monitoring behavioural changes in said animal. Said be-

havioural changes include for example changes in locomo-

tor activity, stereotypical behaviour, enhanced spatial

memory and disruption of working memory. Also biochemical

or molecularbiological assays can be used in a screening

)
—

test for the identification of active compounds. Such

tests include for example looking for increased or de-

creased expression and/or stability and/or activity of

CBl protein or increased or decreased levels and/or ac-

tivity of messengers such as dynorphin, substance P in

various tissues of the animals at different time points.

At the end of the test the animals are preferably sacri-

ficed to determine for example the effect of the adminis-

terd test compound on the expression level and/or expres-

sion sites of the CBl protein in the brain by for example

in situ techniques.

There are at least three different categories

of compounds that can be screened by a screening test of

the present invention: chemical libraries, natural prod-

uct libraries and combinatorial libraries. Chemical 1i-

bries consist of structural analogs of known compounds.

p—

Natural product libraries are collections of microorgan-

1sm, animals, plants or marine organisms which are used

to create mixtures for screening by for example fermenta-
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tion and extraction of broths from soil, plant or marine

microorganisms oOr

18ms .

bers

extraction of plants or marine organ-

Combinatorial libraries are composed of large num-

of peptides, oligonucleotides or organic compounds

as a mixture. They are relatively easy to prepare by tra-

ditional synthesis methods, PCR or cloning.

only

transgenic anime

ing a protein selected from the group consisting of CBI]

In the above described screening systems not

d .

cransgenic animals of the present invention but any

1 comprising a non-functional gene encod-

protein, MAP 2C protein, Apolipoprotein E, presenilin 2

protein, 1integral membrane protein 2B, alpha synuclein

protein,

oligophrenin 1 protein and myotonin protein ki-

nase.in 1ts genome can be used. The non-functional gene

can pred

one mute

cerably be produced by introduction of at least

tion in the coding-sequence and/or 5’ or

pr:
D

3'regulatory sequences or in an intron of the gene.

Microbial DNA sequence insertions found in

several genes can be used to identify prenatal infectious

diseases,

erably hu

bacterial mutations and other diseases, pref-

Ju—
el

marn diseases, e.g. dementias or a predisposition

thereof. Genes with such insertions are e.g. genes encod-

ing the cannabinoid receptor, the microtubule associated

protein 2C,
cursor protein,

microtubule associs

apolipoprotein B, presenilin 2, amyloid pre-

integral membrane protein 2B, notch 3,

ted protein tau, alpha synuclein and

myotonin protein kinase. Said genes are known to be asso-

ciated with

g

the development or a predisposition for dis-

eases like sgchizophrenia, Parkinson disease, Alzheimer

disease, myopathy,

frontotemporal lobe dementia, heredi-

tary multi-infarct dementia, autosomal dominant Parkinson

Lewy-!

Body dementia,

]

familial British dementia and primary

X~-linked mental retardation. Said microbial DNA seguences

are as well suitable for the detection of a predisposi-

tion or a genetic variation for diseases, the pathologi-

cal manifestation of which is triggerd by medicaments or

drugs like e.g. cannabis. For the above mentioned use se-
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quences encoding microblal virulence factors and harbor-

ing at least one mutation affecting expression, activity

or regulation of proteins encoded by said genes are pre-
ferred.

As already mentioned above the present inven-

tion also concerns methods for the identification of a

disease caused by bacterial mutations or a genetic pre-

disposition thereof. Said methods comprise detecting the

presence in a tissue-or blood sample of a subject a muta-

tion within a nucleic acid sequence selected from the
group comnsisting of Seqg. Id. No.l to Seg. Id. No. 17 and

sald sequence is part of a gene of said subject. The
method of

-

che present invention is e.g. suitable for the

1dentification of one of the above mentioned diseases.

Suitable methods for the identification of

salid diseases or a genetic predisposition thereof in hu-

mans are for example PCR techniques, DNA or gene chips,

hybridisation technigques and Ligases chain reaction
(LCR) .

In a preferred embodiment said method com-
prises the following steps:

1. Blood or Tissue sample

2. DNA extraction

3. Amplification of at least one Sequence se-

lected from the group consisting of Seq.

Id. No. 1 to 17 using flanking oligonu-
cleotide primers

4. Analysis of amplification products by se

gquencing

The sequencing step allows the identification

of mutations present in the insertion sequence of inter-

g

est. The design of the oligonucleotide primers is known

to those skilled in the art and can be done using stan-
dard software.
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Examples

Example 1

Microbial sequences in 3’UTR polyadenylation

regions of schizophrenia and dementia genes harbour
microbial virulence factors and plasmids

DNA from Borrelia burgdorferi, Chlamydia and

other intracellular microbes has inserted into ancestral

3’ polyadenylation sites of the following candidate neu-

rological genes: The central cannabinoid receptor gene

(CBl), Alzheimer disease and other dementia genes, Par-

kinson disease and myotonic dystrophy (see Seq. Id. No. 1

to 17 and Table 1A to 1E). Most insertions originate from

microbial wvirulence factors, transposable elements and

plasmids.

CBl1 and S5HT1E contain related insertions from

B.burgdorferi. The human CBl gene is located at 6gl4,

which has been reported as a candidate region for schizo-

phrenia involving a translocation break-point co-

segregating with schizophrenia, immediately adjacent to

the S5-hydroxytryptamine (5HT1E) gene. The spirochaetal

insertion into S5HTLE originated from a B.burgdorferi vi-

rulence factor, the flagellar basal-body rod protein

(ftbrp), responsible for chemotaxis, locomotion and a sy-
ringe mechanism for injection into cells. Through infec-
tious recombination, B.burgdorferi introduced another
nucleotide sequence containing pll5 and a polyadenylation

site into our ancestral genome. As a result of this re-

combination, pll5 overlaps with fbrp. The fbrp section on

the CB1l gene originates from an ancient 5HT1E receptor

already containing the spirochaetal insertion and not

from a direct transposition of B.burgdorferi onto 6qgl4,

because the first three nucleotides of the overlapping

sequence (see Table 1A) are on 5HTIE, and not on fbrp of

B. burgdorferi. Gene conversion is the most likely ex-

planation since CBl and human 5HT1E, on which fbrp is ab-

sent, are both located in tandem on 6gli4.
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The spirochaetal recombination with pll5 then
led to the introduction of the poly-A signal (AATAAA)

which codes for the translation and genetic expression of

CBl. Being located on an important 3’ regulatory code,

5 whose mutational rate runs slower than the molecular

clock of silent point mutations in protein coding regi-

ons, microbial sequences are thus better protected from
mutations and hence stabilised.

B. burgdorferi and Chlamydia pneumoniae have

10 been detected in post mortem Alzheimer brains. Within the
polyadenylation signal of the candidate gene apolipopro-
tein E (Apo E) epsilon 4 allele, which is a risk factor

for schizophrenia, Alzheimer’s disease, and chlamydial

infection, the possible molecular basis for this - an

15 overlapplng sequence of microbial virulence factors ori-

ginating from the linear chromosome of B.burgdorferi (in-
cluding two copies on plasmids) and the human pathogenic

species Chlamydia pneumoniae (see Table 1B ) were iden-
tified.

20 The origin of new traits through lateral

microbial gene transfer into mammals is still in its in-
fancy and counter-current to the established views of un-

derstanding evolution through mutation and selection of

1]

existing sequences. Instead, multiple infectious recombi-
25 mnations and genetic exposure of preinserted templates

has led to a further spread of Borrelia DNA all over the

human genome. Intriguingly, by a single frame-shift muta-

tion within the original translocase, genomic decay has
apparently incapacitated B. burgdorferi to translocate

30 further genetic templates into its hosts. Resulting from

the same process of genomic decay in plasmids, or alter-
natively, from genetically induced wvariability by viru-
lence factor operons, osp A and B, nucleotide dissimila-
rity between B. burgdorferi and its pre-inserted human
35 templates have occurred. In the case of further infec-

tious recombination with Osp A, this might trigger mis-

match repair mutations within the poly-A signal and a ge-
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netic knock-out of CBl. The transition of the parasite

from arthropod vector to human host i1s accompanied by si-

gnlficant changes in gene expression, which has practical

relevance for prevention, as well. The recently approved

=

- an lmmunogenic

vaccine against Lyme disease consists o:

Osp A, that i1s expressed by the spirochaetal parasite

while in the tick gut, turned off on entry into humans

and then expressed again at a late chronic stage. After

attachment of an infected tick and initiation of a blood

meal, anti-OspA antibodies enter the tick gut and mediate

T

killing of B. burgdorferi.

Example 2

Lateral gene transfer of B.burgdorferi into
HTI1E, gene conversion and homologous recombilnation with
CB1

On the human CBl gene, located within a can-

didate region for schizophrenia at 6gl4d immediately adja-

cent to the S5HT1E ( 5-hydroxyvtryptamine) gene, a nucleo-

tide sequence of (pllh5) originating from B.burgdorferi
could be 1dentified (Seg. Id. No. 1). Another ancestral

spirochaetal inclusion on S5HTI1E originates from a

B.burgdorferi virulence factor, the flagellar basal-body

rod protein (fbrp). It can still be found within the se-

L=l

rotonin receptor 1E gene (5HTIE) on the mouse (Mus muscu-
lus) and rat (Rattus norvegicus). During phylogeny, mul-

tiple recombinations between the spirochaetal fbrp and

1ts pre-inserted fbrp templates have exposed the identi-
the double

helix, including adjacent non-microbial nucleotides, to

—

cal sequences on the complementary strand on

further recombination all over the human genome and a

clustering of microbial virulence factors from Chlamydia

muridarum iron binding protein, Plasmodium falciparum

rhoptry and Staphylococcus aureus penicilllin binding
protein, a specific gene conversion occured (see Fig. 1

and Fig. 2). Through infectious recombination,
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B.burgdorferi subsequently introduced pll5 into our an-
Cestral genome resulting in a genetic overlap with fbrp.
Contailning the poly-A signal (AATAAA), pll5 thus intro-

duced the code for the translation and actual genetic ex-

5 pression of CBI1.

BExample 3

No point mutationsg within the polyadenvlation
10 signal (AATAAA)

With the introduction and natural selection

of the inserted polyadenylation site, lateral gene trans-

fer have effectively influenced the genetic expression of

h—

CBl. Presenting save havens for microbial DNA there are

15 no point mutations on this important signal, for a change

in the signal would disrupt the genetic expression of

CBl. Suppose the mutually advantageous sequences on the

polyadenylation signals recombine again with slightly

dissimilar spirochaetal strands, the subsegquent mismatch

20 repair mutations will be deleterious for both hoste and

parasites. Being located on an important 3’ regulatory

code, whose mutational rate runs slower than the molecu-

lar clock of silent point mutations in protein coding re-

gions, microbial sequences are thus better protected from

25 mutations and hence stabilised.

Example 4

DNA of B.burgdorferi underlies the schizo-
30 phrenic genotype .

That lateral gene transfer has influenced the

—

evolution of higher eukaryotes, such ag mammals ig coun-

ter-current to established views. B. burgdorferi appears

to be excluded from the benefits of the extensive lateral

35 gene transfer between micro-organisms, however, as an in-

tracellular parasite with an incomplete genome B.

burgdorferi has a direct access to host genes, which it
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exploits for replication, and not to be recognised as

foreign, the spirochete depends on its own sequences

within the human genome. Through molecular mimicry of

fbpr antigens within the host’s CD45 leukocyvte defence

system and a structure homologous to nucleoprotein, B.

burgdorferi might, for example, dispose of a protective

shield at the DNA and protein level, respectively.

Dissimilarity and mismatch mutations between

B. burgdorferi and its pre-inserted human templates may

nevertheless occur, resulting from genetically induced

variability by virulence factor operons, osp A and B, or,
alternatively, from a genomic decay in plasmids (Casjens
et al., Mol. Microbiol. 2000, 35, 490-516) borrelia re-

infection causing putative mutations in AATAAA. Intrigu-

ingly, by a single frame-shift mutation within the origi-

nal translocase, the same process of genomic decay has

apparently incapacitated B. burgdorferi to translocate

further genetic templates into its hosts (Casjens et al.,
Mol. Microbiol. 2000, 35, 490-516). Whereas point-

mutations within the poly-A signal would impair the ge-

|}

netic expression, a change in the adenine content of

polyadenylation tail (Alberts et al., Molecular Biology
of the Cell, 1994, Garland Publishing), would alterna-

tively enhance or reduce the ribosomal translation of

CBl. Several mutations at an early blastular stage can

lead to different (chimeral) expressions of CBl1 (and per-

haps other genes) and account for the reported continuum

1 1]

of major psychoses between schizophrenia and bipolar

manic-depression.

Dissimilarity and infectious recombination

between protein coding sequences of the human chromosome
assocliated protein hCAP and borrelia P115 (63% identities
with P115) could, on the other hand, account for the al-

tered leukocyte chromatin ultra-structure reported in

schizophrenic patients.
Genetic epidemiology which has provided con-

sistent evidence over many years that schizophrenia has a
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genetic component and that this genetic component is com-

plex and polygenic (Riley and McGuffin, Am J Med Genet
2000, 97, 23-44) does not challenge the main tenet of the

present disclosure. The many reported coincident regions

for schizophrenia and the sequences of B. burgdorferi
within the human genome just reflect two different as-

pects of the same phenomenon - infectious recombination

(see Fig. 1 and Fig. 2). Figure 1 shows that multiple re-

combinations between the spirochaetal fbrp and its pre-

inserted fbrp template on ancestral SHT1E exposed the

complementary strand on the double helix, including adja-

cent non-microbial nucleotidesgs, to further recombination

with both microbial and ancestral DNA. This has led to a

gene conversion Lrom 5HT1E onto CBl, which are both loca-

ted adjacent to each other on the 6gl4 candidate region

for schizophrenia. Since the first three nucleotides

(att) can still be found on 5HT1E of the mouse (Mus mu-

sculus) and rat (Rattus norvegicus), but not on fbrp of

Borrelia burgdorferi, the spirochaetal template on the

-

CBl gene origina

tes from ancient 5HTLE already containing

the spirochaetal inclusion, and not from a direct trans-

position of B. burgdorferi onto 6gld. Observe the 'loo-
phole' mutation, inserting an additional adenine into

CBl. Homologous recombination and mismatch-repair mutati-

on between B. burgdorferi pll5 and the borrelia template

ftbrp subsequently introduced the polyadenylation signal

AATAAA, which now encodes the ribosomal translation and

genetic expression of CRI1.

Figures 2a and 2b show that infectious recom-

binations between B.. burgdorferi fbrp and its pre-

inserted fbrp template on ancestral S5HTILE repeatedly ex-

posed the complementary strand on the double helix, in-

cluding adjacent non-microbial nucleotides, to further

recombinations with ancestral DNA. This has occurred be-

———

fore and after the point mutation from adenine to thymin

A-T within the pre-inserted fbrp on S5HTIE. In comparison

to the adjacent non-exposed control sequences of the same
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length (32 base pairs), genetic exposure has thus given

- s

rise to a high number of translocations within the human

genome. Most translocations are, in addition to chromoso-

me X, located on 6g reflecting their original spread from
ancestral 5S5HTI1E on nearby 6glé4. Multiple translocations
into 6g21, 6p2l and Xg28 also point to candidate regions
of major psychoses, that correlate with the highest lod-

score for schizophrenia at 6g2l, the candidate region for

schizophrenia at 6p22 and the candidate region for bipo-

lar manic depression at Xg28.

The phylogenetic trace implies that such re-

combinations have occured over and over again, and that

novel mutations within pre-inserted spirochaetal tem-

plates are likely to occur. The excess of winter-spring

births in sporadic schizophrenia, which follows the

spring-autumn season of tick born infection, and its geo-

g

graphical overlap of the tick vector with areas o:

g—
p—

in-

creased risk for sporadic schizophrenia (Brown, Schizophr
Bull 1994, 20, 755-75) suggests B. burgdorferi as the

prime infectious candidate. Only a few other micro-

organlsms express nucleotide sequences for transplacental

penetration, and fetal infection, which are homologous to

those of their host and thereby not viewed as foreign.

With only an incomplete genome at its disposal, B.

burgdorferi exploits and therefore interferes with the

genetic machinery of its host cell for replication
(Fraser et al., Nature 1997, 390, 580-86). If in analogy

to the neurotropic murine leukemia virus, B. burgdorferi

infects oligo-cellular blastulas in early pregnancy, a

horizontal transfection of germ line cells would lead to

=

a vertical transmission of the disease. This, in fact,

occurs during the transmission of B. burgdorferi from the

adult i1xoid tick into eggs and larvae, which can thus be-

come infectious without prior blood meal, and sporadic

prenatal B. burgdorferi infection have indeed been re-

ported in human beings (Steere in Principles and Practice

of Infectious Diseases. Philadelphia: Churchill Living-
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stone, 2000, 2504-2518). By adding genetically vulnerable

cases to the population human germ-line transfection by

B. burgdorferi would thus explain the continued presence

of schizophrenia at high prevalence, despite the fact

that the disease confers reduced procreational fitness

and fertility.

The association between level of cannabis

consumption and development of schizophrenia during a 15-

e,

vear follow-up was studied in a cohort of 45,570 Swedish

conscripts. The relative risk for schizophrenia among

high consumers of cannabis (use on more than fifty occa-

sions) was 6.0 (95% confidence interval 4.0-8.9) compared

with non-users. Persistence of the association after al-

lowance for other psychiatric illness and social back-

ground indicated that cannabis is an independent risk
factor for schizophrenia (Andreasson et al., Lancet 1987
Dec 26; 2 (8574:1483-6).

Example 5

Significant CB1l-D1 protein homology versus

CB1l-D2 nucleotide homology

There are significant homologies, which can-

not be reduced to lateral gene transfer. CB1 shows sig-

nificant homology with the dopamine D1 - a type I G-

protein coupled receptor - at the amino-acid level

(Score = 71.0 bits (171), Expect = 2e~11, Identities =
75/320 (23%), Positives = 137/320 (42%), Gaps = 50/320
(15%) (Online Mendelian Inheritance in Man, OMIM 2000,

Center for Medical Genetics, John Hopkins University

(Baltimore, MD) and National Center for Biotechnology In-

formation, (Bethesda, National Library of Medicine,

2000) . Other homologous proteins comprise G-protein cou-

pled receptors that receive information from outside the

cell, such as olfaction or vision. However, owing to one
specific sequence of 19 homologous base pairs at the nu-

cleotide level, it is the dopamine 2 receptor (D2) - a
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type II G—protéin coupled receptor - which shows signifi-
cant DNA homology to CBl (Score = 37.2 bits (19), Identi-
tiegs = 19/19 (100%). The circumscribed homology between

CBl and the D2 receptor, which is an important pharmacol-

ogical target for the treatment of schizophrenia, encodes

the seventh transmembrane loop which is known for its in-

P

hibitory-mode (i-mode) of metabotropic action. Apart from

a silent point mutation from GTG to GTC in the rat D2 re-

ceptor gene (Rattus norvegicus), which has occurred after

the phylogenetic rat mouse divergence 35 million years

ago, this homologous nucleotide seguence can be found an

all sequenced primate (Macaca mulatta, Cercopithecus

aethiops, H.sapiens; OMIM, 2000) and rodent (Mus muscu-
lus) D2 receptor genes.

An early prenatal event interfering with neu-

ronal migration from inner to outer cortical laminae in

mld pregnancy most likely underlies the consistent pat-

tern of cellular disarray observed in schizophrenic

brains. If the expression of higher levels of CBl within

—

outer cortical compared to inter-cortical lavers (Glass

et al., 1997, Neuroscience, 77, 299-318) resulted from a
CBl mediated migration of neurons, the inter-cortical
disarray could be explained by a knock-out of CB1l, whose

metabotropic i-mode has recently been reported to be cru-

cial for cellular migration (Song and Zhong, Journal of

Pharmacology and Experimental Therapeutics, 2000, 294,

—

204-209). The distribution of CBl, furthermore, exactly

—

fected in
schizophrenia (Schultz and Andreasen, 1999, Lancet, 353,
1425-30) .

mirrors the macro-anatomic regions mainly a:

Through a dysinhibition of the i-mode, spa-

tial memories (hippocampal long-term potentiation) of CB:

knock-out mice are enhanced (Bohme et al., 2000, Neuro-
science, 95, 5-7) and goal directed, temporal memories

decreased. This mnemonic effect, however, not only paral-

lels the pattern of spatio-temporal distortions in

schizophrenia. Despite the fact that patients with Alz-
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heimer’s dementia and tertiary neurosyphilis do halluci-

nate, they apparently do not remember, or reconnect their

hallucinations with a fixed delusion. The difference be-

tween dementia praecox (schizophrenia) and syphilitic de-

mentia is that without memory hallucinations are lost,

and that the thoughts of schizophrenics are flooded with
fixed hallucinations, expanding into overt delusions.

Furthermore, CBl knock-out mice do show reduced explora-

tory, goal-directed behaviours(Steiner et al. Proc. Natl.
Acad. Sci. USA, 2000, 96, 5786-5790); symptoms that ap-

pear to be among the most robust indices in schizophre-

nia. Without time-bridging working memory, no creative

speech and no logical thinking would be possible. A dis-

-

ruption of CBl, which reaches its highest levels in the

left-hemispheric area of Wernicke, would thus account for

the impairment of goal directed behaviour and speech -

the highest form of sequential behaviour in man - being
more stereotyped in schizophrenic patients than in

healthy persons.

[l

xample 6

The phylogenetic traces of microbial inserti-

ons into the human genome were investigated and the gene-

tic mechanism were analysed, by which bacterial wvirulence

factors and mobile elements from intracellular parasites

could disrupt candidate genes for schizophrenia and de-

mentia. This was done by co-incident DNA homology BLAST

searches between neurotropic microorganisms, the central

cannabinoid receptor CBl, and other known dementia genes,

whose complete sequences with 3'UTR and polyadenylation

signals are entered on Gene-Bank databases. Several such

genes have now been characterised including those of

ApoE4 Alzheimer Disease type II (AD2) and presenilin 2
(AD 4). Positional c¢loning and sequencing has also been

carried out in other dementias including Familial British

Dementia (with mutations in the gene for integral membra-
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ne protein 2A), Hereditary Multi-infarct Dementia (Notch-

3 gene), primary X-linked mental retardation (oligo-

phrenin 1 gene), Frontotemporal Lobe Dementia, Autosomal
Dominant Parkinson Lewy-Body Dementia and Familial Par-
kinson disease type I (with mutations in the alpha

synuclein gene). The genomic facilities used are accessi-

ble at Online Mendelian Inheritance of Man (OMIM) and ve-

ry much recommended to anybody interested in applied me-
dical genetics.

While there are shown and described presently
preferred embodiments of the invention, 1t is to be dis-

tinctly understood that the invention is not limited

thereto but may be otherwise variously embodied and prac-

ticed within the scope of the following claims.




CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

20

LT (0€G6G)BIeDRebeelIYIIVLILIVOV.LOLLYYVYYIVYYOLYYOOLDOVLIOY (F8%G) 719/ (weumny) 19D
Z2C eledorebeed [ YOIV ILLYOVLOLILYYYYY.LYYYIOLYYD (AqT) (Z oue)T1dd
Z ,€(072Z28) YUYV ILYYYILOVOOIIOYLIOVY (6TZ8) BIPAWRTUD

TD ®3BWIId TBIJISSOOUR OJUT UOTIRILHSIUT UNIBPTINUW eTPpAURTUD

TZ .£(89%9G) mumuamaeawmaueawmmmmammmuamawweuoaaa (0EVS) (32X) TdD
zZ 1=Jak=te)=121e)=2=1oN A0 0L AMA L ARONMATA A A AR L A PO NATA 4D (dqT) (g°our)1dd
0¢ , €(Z2728) IOVYYYIVYYIOLOVOOLOOYILL (T2zg) PeIpAweTyD

TED USPOI TRIJSSOUR OJUT UOTIRISSIUT BIPAUWRTUD

T » €(09T¥) I¥DDVLIVYYLDLIVYYYYIVYYILLYD (E£€T¥H) (GTTd) eIT3II09 71b9

LLYIVYILLYYYLOVYILLOLLLYDAAY (T oue) TdD
6T LIYOVYLLYYYLOVYDLILOLLLYDA Y /ATILHS
8T G (P €€) LLVIVYLIVVYILOVYOLLOLLLYD (LG6€) (dxqF) eTT™XI04d

TeuUSTS ¥-AT0d JO UOTIONPOIJUT PUR THD-IHS TEIISSOOUER O3JUT SUOTIRILHOIUT BITSOIIOT PUZ ¥ 3IST

T
YINHSHJAOZIHDS
{1 =21ded,
SAUDAH B
"ON "pTI -bss spousnbasg ws TuURrbHIO SDUSH

ST

01



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

9

87
1€t

,S{(GZ796L) YLV LYYV IDIYOLLLL (2796 L) ¢ SUOSOUIOIYD umTpouseTd
 E(277 ) LOLLYOCLY YV I VY Z.LOL (GZ¥) reIl prtuserd »TTOUCWTES
S (0LSE) LOLINYOVILYYYIVYVIOLYDLLIL (LTGE) ddvy

pPTuseTd sigesodsuril UMTINWTIYdA] BTTOUCWIRS PUB UOTISNTOUT WNIRAIDTRI WNTPOUSEBTd S®BY 3INg BTITeIIOd ON

Ot

6¢C

21

8¢C
8¢

L.C
0§

(II-UuTXeou asesjoaxd) T °dA] \8SEOSTP $,IBWISUZTY (dd¥) NINIOEd VOSHNDTEHd CIOTANWY

, £{GT90T) IVYLYVYDILVIVYYLOVIV (66S0T) UOTID9IUTDI

(dbs) wvITsIIOg
» €{L99T) BYYLYYILYIVYLOVLY (TGOT) Z Sd
E(PTO90T) YVYIVYOLVYIVYLOVLY (66G0T) (dbs) eTTSII09g

UOTADDIUTSI BITSIIOH A UOTIR]

- Pe3DTPaId 8TTISsSod pur Z UTTTUsSSId UTYITM pejlexbHeiutl uTrejoxd HUTUIsAob AQTTTgeids (dbs) TasixopbHang rIiTexioyg

(ya¥) py °dA3 ©se9sSTp S,I9WTeYTY - (ZSd) T NITINISHEd

; S{97GTT) VILILVOVYYYVYYLLI (09GTT) (00T dwod) eTI®II09g

;€(0CT8) YOLILVOVYYYVYVLILL (90T8) (gxoe) vTTSIIOg

S1030®'3F 9DUSTNITA A SUOTIRINW PalDTpaId - UOTIDSIJUT BITOIIO]

;€ (L2977 ) eDLILVOVYYIVYLLIOY (TT9%) 7 ody
LIVYYYVIYY LIS (*due) g ody
;S (670T) LIVOVYYIVYLLIOV (E90T) eTpAWRTYUD

GT

01



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

22

(nN®3 UTe30xd Pej3BTIDOSSE STNUNIOIDTW J10F ousb) VIINIWHCI HE0T TVHOIWIILOINONI

€q , £(6G6G6C) DYIVVOIYYVYLYYIDD (§PS2) (¥IQD) WNTPTIISOTD
AL  €(LG97) YYILIOYVIVVOIVYILYY (T79%) (Ou3u) OTICTIA
G¢ £ (8908) DYYLIOVIVYOOYYYIYYLYDD (8%08) TIWHA

UOTIASSUT UMTPTIISOLD PUR JIOJDBIF 9DOUSUSTNITA BISTOUD OTIqTA SBY 3ng ‘umrTpowsetd IO BITOIIOH ON

(eusb ¢ HOLON) VILNIWIC ILOYVINT-IITNN XUVILICEISH

LT G (€£8) VOVYYVYVIOVIOVYVIYYYD (TOT) (esx1) eTTsxIod

9 € (9999) VOVYYYIOVIOVYYIVYYD (8599) T NHAO

PsSe1eY3UAS YNU-3~-TAueydoldiri woxJg UOTSNTOUT TISFIOPHINGg ®BITSOIIOH

(TNH3O) T uTtusaydobTITO

8 G (8G9Y) DYYLYVYVYILYOVLLIDLLLLLIVY (Z89%) (Tdus3d) umTpowseTd
743 A E(E0TT) KAV AVAVAATAT AP A A4 P P P P (€80T) (dsumz) umTpowseTd
TG E(LZE6) OYVIVYYYYIYYYLLL (z1€6) pTwseTd 9¢ dT eITaxIOY
L G (Z€08T) IOYYLYVYYVY LI IIL (8708T) PTwseTd gzdl eTT9II0Y
€€ » €(8LLT) LOVVYILVYYYYLYVYLLLOLLLLLLYYD (E€GLT) aga

utejoxd DBuTpurlq I03deDal R SORIANS O3TOZOIBW IolLfrw umiedIOoTRF UNTPOUSETI PUR

9edT “‘GZdI SpPTWs®Td IvSUTT TI8FIOopbang erTeilxog (susbH gz urejoxd sUBRIqUISU Texbajut) YIGNIWNIC HSILIYY TYIIINYA

A S (PPETTT) YIVYYIVYYIOOVOLLL  (09€THT) (uTe30oad TedT389Ul0dAL)

ST

07

S



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

23

1T
ct
01
6V

AHLYIOAW
2T OTqed
, € (8L8) LLODIVILYYYYYILYYILYY (098) (uTeloxd snTTd) BIYDTISYDSH
 £(8260T)  OHIVIIVVYYYIVYLIYY (€T60T) pTuseTd untpowseTd
G (8996) IVDIYYYYYLVYIVYL (€896) pTuseTd ,TdT eTITS1I09
€ (TL6) LIDDIVOIVYYYYINVINYL  (2S6) | TeUSTS v ATod pag
T - ad ST

uTel0axd snITd TIOO BTUDTISYDSH pur PTUSRTA umiedrdorTel umrtpourseTd ‘LTAdT pruseTd Ie9UTT TISIIOpHIng BITOIIOg

Lt

9¢
9¢

(eusb ureronuls evudie) (TAd) I HJIAL TYITINVI ‘ISVIASIA NOSNINYVA

+S(0T8ET) DLIVIVYIVYVYV.LYYOV (GZ8BET) 9¢dT eTTsxI0d
, £(9€GT) DLILYIVY LYY LYVOY (TZST) Teubts Q7T
¥ ATod puy
ad'1dd

9¢dl PTUSRTIA JIRSUTIT WOIJF UOTSNTOUT TIDIFIOPHING BITSIIOL
(susb uteionuds eydrie) (Qd1Idd) ACOod AMIT INYNINOA TYHOSOLAY
ASVHSIA NOSNIXMYVE ¢

€ (1T6C2) LVIVYYYLYVLOYLIOD(9L2C) $6TSd pPTuseld "ydeis

,C(T622) INILYYYYIYYIOVLOD (9L.22) neI, dvi

PTwsSeTd ©0UR]ISTSS8I DTIOTITIUR SnaIne sSnddod0TAUdels seY 3ng ‘umTpouseTd I0 BITS9II0d ON



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

N7
7474

N7
a7

17
G1
07

24

7l
6¢

8¢
€1

, €(98%) LLIVLLIVOVYVOYYLY  (0L%) UnNIedIDTRI UMTPOWSeTd

' E(ELLT) 20013 LLIVLLLYOVYYOVYIYY (8FLT) rTUSRSsSeTeyl~-g

; E(P8¢) TYYYYLOYLLLIYOYYOLOLL (79¢€) (Ddso) eTT9II09g

, E(SLLT) YYYYYLOVLLLIY VYO LILLY (PGLT) UTqoTf -¢g Tewiou
S (Z€TT) IVVYLLIVIODLY (CHFTT) (ATYAdO) rTTDIX0Y
;G (G89T7¢7) IYLLILVOVYVYYYLYY (00LCET) RTISAIDYOTYH

" (EGLT) PALVYYYLLIVIOLYDbI®  ©OB31e03ILVILLIVIOVYVYYYLYY (TTLT)

(LELT - 9€ELT) ©2Ts =beaesTd Y-ATod

UTOTH-¢ TewIoN

eTWoRSSeTRYl~-( SnsIsA uTeyd utqoTb~g

(TT swosouoayd) uTqoTb~g

SNOIIMHSNI IVIHOdOIN ¥04d SIOULNOD - SHNAD NIFO0TID

Q1T STAdeL

, G{9€£GE) IDDDODOYYYIILYYOID (TGSE) RTPAWRTYUD
(E{6LTC) ILDDDOOVYYLILYYODDODL (2977) (Md-3W)
1RO R RLAAAARA IR0 NS (-oue ‘JId-3IR)

G (LLT) LODDDOVYVYIYYDOOOL (T67T) (dxq3) eTT®xI0g

(Md-3H) ©SBUTY UT930Xd UTUOJ0AU UrUMY OJUT UOTILILSIUT WNIRPTIINW RIPAWERTYD PUR TISIIOPHING BITOIIOY

LVHAHY LETdIEL ¥ YL

' e

"AHAOULSAQ DINOLOAN

Gl

Ot



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

25

"UOTIBTIRA PRONPUT ATTEDTISUSD JO usbhTiur ‘Y ursj3oxd sovIINS I93Nn0 & (Ydso) 'q BIT3IX09g

[ITo0 0T wsTurygOau @.@.G”._uhm\ﬂm ‘STXRI0oWaD  JUsSuI=A0W ARTNTI=20RIgXs JIOF HHH@DO,HQ POl Teseq H.@HH@.@@HM

"uoTyoelurt

: (dzq3) "q erTexxod

* JUSWDAOUL

TeTnTTe0RIJUT puR YN 03 oTqrsuocdsax uTejoxd poleTOOSSE SWOSOWOJIYD Ueumy 03 pajeTax : (GTTd) TI9II0pHINg BIT2II0Y

M aelslslelsls

BAHODORBOH] D21212000073D D10200HeDD

16H603006eb BADHYVILIOD IVILVYYIIILD
YYOYOOLIDD LODOIYIOLD DIDLIDIIYD
LODLOOLIDD LIOYOIOVYVLD IDLIOVYILLD
¥IDLIDYDID ¥HILIDIOIIL DLIDIDIVYD
OYDLIIDDIOY DODDDIOHIYY DHVYIDDIVID
YOOLLOEDDD DJDLIOVIIOY HYYIIVIIYD
YOODOLODILY LHTYOIODLID IYIHIDINDD

SNOILLYHSNI FIVICOUDIN YIHLO ANV SHOLOVYI HONTEIQUIA

BIOVOHLOIOV VVYIVYOLLLD I99LHo000D
D000 00b06 31000063720 2206 eID6H
DYDLOOLOOD YOOYDILOLOL LODDILIILLD
LILOVDI0D00 DIOLIIYIOOD DODDLIDIED
YYOLODOVOY DOLODDDOLLD DYYIVYIDIDD
DODLYOYDOY DOLDOYIDOD DILIDDIDIOYYD

DOOYYLLODY D20DLILODD OYDIDYDLID

7S
187
|RA7
19¢
10¢
17

181

IOILLOOLOL DOLLOLVYDOY DVODLIOO09D TCT

LODVYLIOODD LOIDOODOVY DLDOYYIOVD

19

YYOVDIODLD JLDOIOHLIODIS HBaeonorddde evbhebHehbHedad vbeordpodody HBOHID3aoIde T

9V

41 9Tded

i pue I-0

SID]AST ©Sed

aeddn UT UTJOTH-0 ,£ UTYITM (80LTZ1T) Tebisdq UMTIPOUSRTd SNSIDA SID]10T 9Sed IaMOT UT (855000 N) UTRYD UTGOTH-D

(9T swosouwoxIy>) UTqOTH-»

S1

O1



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

26

' SUTD

-0xd TeOTI8yjodAy DUTPNTOUT ¢ SWOSOWOIUD WIOI ssouanbss Tersasss :ursjoxd zosanoaxd pToTAWE UTYITM T U

NTpowuseTd

"UOT3IRIY

~susd 83AD0IY1AID I0TF , ¢ (087) VIDLIOVYVYIVYYOLY (792) ureioxad pojetoosse Axadoyx :7g) utTylzTm umIedToTed u

nIpowuseTd

"¥Nu utresjoxdoydsoyd :S9TISS UTOTH ) UTYITM T9HIB UMTPOUSeTd

"UOTIDSIUT PpUR SDUsI|Ype JIeInTIad J0J o7qTisuodsaax :urajoxd sniTtd TTOD BTYDTISYUDSH

‘oSeI9IsURI) Y SWAZUSO0D JO 3TUNNS TTRWS: (¥IJ3D) TIMOUTISLTSq WNTIPTIISOTD

"UT30xd TedT3syaocdAy :sruocumsud eTPAWMRTUD

‘utrej3oaxd astaxenoydsoyd :3d-23W UTYITM "W eTRAWRTYD

*STOASDT UOIT MOT JO SISTIIRG 180U

03 uT2j30xd BUuTpuTld UOIT :TdD UTYITM (dJT) WUnIeptiInuw eTpAWeTY) ¥ UuITsjoxd oorians xaino : (vdso) Ttutaeb

95e19YluAs ¥NY—~-3 TAuerydoldAIll : (¥sSIl) g

Lzd ursj3o0xadodTT sorgyans : (AdTTs) (g

98RPYUIUAS aj3rTApTINn opnesd : (snd) g

QUIODISANA0

eTT21I0d
PTT21I109

RTI2I.I09

eTT2IIOd

'SUTOORA BITDIIOYE IO

19bxe], "UTqOTH) Jo 23TS abearsdTd V-ATod ,¢ woxy auelsTtp ITed sseq 87 {D urtsjoxd sorians I93n0 : (DAso) g ©ITSIIOd

"UTJOTH) FO 81Ts abearaTd ¥-~-ATod,¢ 03 Jusodoelpe ATojetpsuwmT ‘oseawxsad oprtidadohHTTO : (ATYddO) e

"DURIUISW JO UOTIRSTTTAR]S JX0J UT=230ad HButursnohb AJTTIgels : (dBs) g

"swoualb noybnoayl soTdod snoboTowoy STATIITNW YITM SNDOT @dusi1odwod: (20T durod)

"UTS]0Id SD2URISTSSI SUTARTITIOR: (gI0®R)

"uTrsS30xd S0rIIANS DOTISUSL-TIuUr ‘ (ggdT "o°T ’‘spTwseTd uo sopusnbss snobojouoy) g utajzoxdodrT: (g dTT)

Q o 4 Qq

"Aepop dDTwousbH Jo ATnsax oYl bursaqg ‘T dnoab ‘gz 9zTS prTuseTd IeaUTT uo susbopnesd : (1-8zdl ptwseTd)

RTT2IIO0

eTT2II0g

eITaxI0g
rTT9IIOH
eTToII0d

eTT2I1I0d

51

01



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

27

" gausb

S1PPTPURD TedTHOoToINsU I9Yjo pue TdD FO INO YDOUy B UT JTNSSI ‘pTuWERSSeTRY] UI UTOTH JO INO-3DO0uy OT3suUsb ayj

03 AboTeur UT ‘3UbTW suoTIeINW ITedaX YDIRWSTW (VIVWIVY "2 °T) AITIBTTWISSTP JO SSBD dYl U °2UTJUODISI 03 YNJ TE

~TQOIDTW UC S3I9X9 TRULTS UOTIRTAUIPRATOA sS3T pur Tg) UOTIORIIAR BY] SoOsSTSeydws S0USIANDDOBI STYL ‘90TM] PaIINIDO0

SARY JSNW SOPTIOSTONU WNTILPTINW D FO SUOTIISSUT uspusdspuT Jng ‘TeoTIuspT ISOWTR ’'Tg) 21X pue Td) Ueumy UTYITM

"AeI 8yl JO TTel UOT3eTAUSPRATOd ,¢ 8yl JO HBUTUS]3IOYS B 0] PIa] JUSIUOD SUTUSPR Yl IO uoTionpax v ybnoryjy sey o5

031 ¥ WOXJ uoTiejinuw jutod ¥ *TgD OIUT SUTUSPE TRUOCTITPPE UR pPoalIasur sey ATedsI~-UolBWSTW TRUOTIRUTAWODSI 31Ul SI0N

"TdD OJUT VYVYVLIVVY TRUDTS UOTIBTAUSPRATOA oYUl pPaonpoxluT sey HTIHSG TeIissoue woxi HBurjeurbrao diql oie7dwsl ©TTSI

~I0q 9Y3 pur GTTd TIaJIOopbang - g ussmisd UOTIPUTJWODISI SNOHOTOWOH °SUOTIBINU WOIJ SUOTSNTOUT TRIJOIDTW aYl S3097

—0Jd SpOod Juepunpail-uou asoym ‘TeubTs uoTieTAuspreArod 8yl uwo suoTjejnu jutod OU ATTRWIOU IR 9IDYL 'SID]IST 958D

I2MOT UT SSPTIOSTONU TRTJOIDTUW~UOU PUR ’‘8skd IJaddn UT PoiRDTPUT 818 SISPTI0STONU TRICOIDTU JO I9IsurI)] oUH Tex

~23T 8Y3l wIoy buTjieutbTIo sated sseg '8sSeOSTP urwny Jo 30dsioy OT38usb , € 9yl UTYITM SIOJDBI SDOUSTNITA TRTUOIDTH

"UOTAR]

—0X BTTabeTI UT POSATOAUT XSTAWOD SWAZUSD IDSLIONPSIOPTXO SUOUTINDIN-HIVYN HBuTjedoTsuerl-+eN : (0OU3U) SRISTOYD OTIJTA

* AUDSWIUOT

-TAUS 1S07 UT SsS8JX3S DTJOWSO JO UOTIONPaX 3yl I0J IXs9ixodsueil auTejlaq-sauTToId :uTtqoTbhb) UT TIMozemord BTISIIDYDTY

"IIT OseIdWATOd ¥YNY:UTCOTH) erTwseSSETRU] UT *J UNTPOWS®RTJ

'PUTpUTY I03d803X

S2]1eTpPaw S931AD0OIUlAIS PB1O1IUT JO 3/dRIIANS 3Yj uo utrsloxd pspoosus-umiaedIdTes umIipowseTd : (Tdwuszd) I wuntpowseTd

"2bels Tenxes HUuTanp pessaadXs ‘UrTe30xd 20RIANS 23ToZoxsaw Jolew: (dsumi) *J uMTpousSeTd

G1

01



CA 02418087 2003-01-31

PCT/IB01/00189

WO 02/14546

SS
91

5¢
£C
Ve

poHOdY TBeI]SodUur O3UT UOT3IRILSIJIUT oeTucumasud BTPAWRTUD

LIVYYYYILYYLILO (-oue) m ody
€ (P2) LIVYYYYILYYLILIO(TT) (gdTT) eTT®xxod
pogoOdyY TeIQSedur UTUITM P8l1raIDOIUT UTL30Id 8deIJINS TISFIOPHING BITSIIOH
(za¥) z odA3 esedTp S,I8WTBUZIY (E OdY¥) I NIHLOYJO4ITIOAY
YILNIWEA

dT7 SsTdelL &I

(£690%) S SAAAAARAAA SN 40 (6990F) uoTaoejurax (AdTTs) evTII=®I1I0d
(929Z) & IHILYYYYILVYYYVYOUYDLOVYYY (S$92Z) (snd) eTTs1I0d
(€G9€) € IDIVYVYLYVYVYYDOVILOVYYY (FESE) DZAYR 0T

9SBJIOYJUAS SJRTAPTINOPNSSd WOII UOTSNTOUT TIIIOPHINg BTTSIIOY

(DZAYH) DZ uTejloxd po3lrTOOSSE STNANIOIDTH

,€(89GL) IVIVLOLIVYYLVIVY (€GGL) (T-8CdTl "o T:spTuseTd) ®BTITS1X04

, G (€T2) YLIVYYIOLIYYIVY.LY (622) (¥dso) [TUTIed erTTaxxod G

, G (SZ) YLIVYYLDLIVYIVYIY (T%) (vdso) TaszaophbHing erIaxxog

TBUSTS ¥v~ATod TgD urumy JO PTWSETAd IO JIOJDBI ODUSTNITA A SUOTIRINU pajloTpeld - UOTIJDSJUT BITeIIOH PIE



CA 02418087 2003-01-31

WO 02/14546

<110>

<120>

<130>

<140>
<141>

<150>
<]151>

<160>

<170>

<210>

<211>

<212>

<213>

<400>

SEQUENCE LISTING

Fritzsche, Markus

Use of microbial DNA sequences for the identification
of diseases

Seg. Listing to file 04037PCl
PCT/IB0O0/01127

2000-08-16

56

PatentIn Ver. 2.1

1

28

DNA

Borrelia burgdorferi

1

gattcaaata aaaattctaa attaccat

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

<400>

2
22
DNA

Chlamydia pneumoniae

2

agttacctgg actcaaataa aa

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

<400>

3
14
DNA

Borrelia burgdorferi

3

gtttaataaa aatt

<210>
<211>

4
15
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<212> DNA

<213> Chlamydia pneumoniae

<400> 4
agtttaataa agatt

<210> 5
<211> 16
<212> DNA

<213> Borrelia burgdorferi

<400> 5

atactaatat caataa

<210> 6
<211> 18
<212> DNA

<213> Plasmodium falciparum

<400> 6
ttttcatgta aataaata

<210> 7
<211> 17
<212> DNA

<213> Borrelia burgdorferi

<400> 7/

tttaaataaa aataagt

<210> 8
<211> 25
<212> DNA

<213> Plasmodium falciparum

<400> 8
gattttttct ttagataaaa ataag

<210> 9
<211> 16
<212> DNA

<213> Borrelia burgdorferi
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<400> 9

acaataaata atattc 16

<210> 10
<211> 16
<212> DNA

<213> Borrelia burgdorferi

<400> 10

taataataaa aatcat 16

<210> 11

<211> 19

<212> DNA

<213> Escherichia coli

<400> 11
aataataaaa atcatgctt 19

<210> 12
<211> 16
<212> DNA

<213> Plasmodium falciparum

<400> 172

aataataaaa atcatg 16

<210> 13
<211> 18
<212> DNA

<213> Borrelia burgdorferil

<400> 13
tceggaataa aaggcececct 18

<210> 14
<211> 16
<212> DNA

<213> Chlamydia muridarum

<400> 14
gcgaataaaa ggccct 16
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<210> 15

<211> 16

<212> DNA

<213> Rickettsia prowazekii

<400> 15
aataaaaaac atttat 16

<210> 16
<211> 20
<212> DNA

<213> Borrelia burgdorferi

<400> 16

aaactcagaa aataaaatgt 20

<210> 17
<211> 20
<212> DNA

<213> Borrelia burgdorferu

<400> 17
caaaataaag tagtaaaaga 20

<210> 18

<211> 24

<212> DNA

<213> Borrelia burgdorferi

<400> 18
catttecttca actaaattaa catt 24

<210> 109

<211> 27

<212> DNA

<213> Homo sapiens

<400> 19
attcatttct tcaactaaat taacatt 277

<210> 20
<211> 22
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<212> DNA
<213> Chlamydia sp.

<400> 20
ttacctggac tcaaataaaa gt 22

<210> 21
<211> 36
<212> DNA

<213> Rattus norvegilicus

<400> 21
ttacctggaa tcaaataaaa gttctagatt atcacg 36

<210> 22
<211> 38
<212> DNA

<213> ancestor rodent

<400> 22

gaatcaaata aaaattctag attaccatga agaacata 38

<210> 23
<211> 17
<212> DNA

<213> Borrelia garinii

<400> 23
ataataattc taaatta 17

<210> 24

<211> 17

<212> DNA

<213> Borrelia burgdorferi

<400> 24
ataataattc taaatta 177

<210> 25

<211> 16

<212> DNA

<213> Borrella sp.
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<400>

25

aatataaatt ctatat

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

<400>

26
14
DNA

ancestor human

26

gtttaataaa aatt

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

<400>

27

17

DNA

Homo sapiens

27

agtttaataa agattca

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

<400>

28
15
DNA

Borrelia sp.

28

tttaaaaaag attca

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

<400>

29
17
DNA

Homo sapiens

29

atactaatat caataaa

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

<400>

30
17
DNA

Borrelia burgdorferi

30

atactaatat caataat
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<210>
<211>
<212>
<213>

<400>

31
24
DNA

Homo sapiens

31

ttttcatgta aataaataca ttct

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

<400>

32
17
DNA

Plasmodium falciparum

32

tttcaggtaa ataaata

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

<400>

33
26
DNA

Homo saplens

33

gattttttct ttaaataaaa ataagt

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

<400>

34
21
DNA

Plasmodium falciparum

34

tttttttttt aaataaaaat a

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

<400>

35
21
DNA

Homo sapilens

35

cctaataaag gaatagttaa cC

<210>

36

<211> 16
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<212> DNA
<213> Homo

<400> 36
gctagtaata

<210> 37
<211> 16
<212> DNA

<213> Homo

<400> 37

acaataaata

<210> 38
<211> 18
<212> DNA
<213> Homo

<400> 38

tccggaataa

<210> 398
<211> 18
<21.2> DNA

<213> HoOomo

<400> 39

tcgcgaataa

<210> 40
<211> 43
<212> DNA

<213> Homo

<4(Q> 40

aataaaaaac

<210> 41
<211> 12
<212> DNA

saplens

aaatat

saplens

atattc

sapliens

aaggccct

sapiens

aaggeccect

sapliens

atttattttc attgcaatga tgtatttaaa tta

<213> Borrelia sp.
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<400> 41
atgtatttaa at 12

<210> 42
<211> 22
<212> DNA

<213> Homo sapiens

<400> 42
tttctgaata ttttactaaa aa 22

<210> 43

<211> 21

<212> DNA

<213> Borrelia sp.

<400> 43
ttctgaagat tttactaaaa a 21

<210> 44
<211> 26
<212> DNA

<213> Homo sapiens

<400> 44
aataagaaac atttattttc attgca 26

<210> 45
<211> 17
<212> DNA

<213> Plasmodium falciparum

<400> 45
ataagaaaca tttattt 1.7

<210> 46

<211> 576

<212> DNA

<213> Homo sapiens

<400> 46
actcttctgg tccccacaga ctcagagaga acccaccatg gtgctgtctce ctgceccgacaa 60
gaccaacgtc aaggccdgcct ggggtaaggt cggcgcecgcac gctggcgagt atggtgegga 120
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ggccctggag
cctgagccac

caacgccgtg
cgcgcacaad
gaccctggcce
gttcctggct
ggccatgcectt
cccecegtggt

<210>
<211> 47
<212> DNA

<213> Homo

47

<400> 47
agttacctgg

<210> 48
<211> 18
<212> DNA

aggatgttcc
ggctctgccc
gcgcacgtgg
cttcgggtgg
gcccacctcecce
tctgtgagca
cttgcccectt
ctttgaataa

sapiens

CA 02418087 2003-01-31

tgtccttcecec
aggttaaggg
acgacatgcc
acccggtcaa
ccgccgagtt
ccgtgcectgac
gggcctcccec
agtctgagtg

caccaccaag
ccacggcaag
caacgcgctg
cttcaagctc
cacccctgceg
ctccaaatac

ccagcccectce
ggcdgdc

acctacttcc

aaggtggccg
tccgececctga

ctaagccact

gtgcacgcct

cgttaagctg

ctcececttcee

aatcaaataa aaattctaga ttaccatgaa gaacata

<213> Salmonella typhimurium

<400> 48

tgtaaataaa

<210> 49
<211> 20
<212> DNA
<213> Homo

<400> 49

taataataaa

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

50
14
DNA

<400> 50
gtttaataaa

<210> 5Bl
<211> 16

tacattct

saplens

aatcatgctt

ancestor human

aatt

10

PCT/IB01/00189

cgcacttcga
acgccctgac
gcgacctgca
gcectgetggt
ccctggacaa
gagcctcggt
tgcaccecgta

180
240
300
360
420
4380
540
576

4°7

18

20

14
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<212> DNA

<213> Borrelia sp.

<400> 51

tttaaataaa aataag

<210> 52
<211> 17
<212> DNA

<213> Vibrio cholerae

<400> 52
aataaaggaa tagttaa

<210> 53

<211> 16

<212> DNA

<213> Clostridium sp.

<400> 53

cctaataaag gaatag

<21 0> 54
<211> 20
<212> DNA

<213> Homo sapiens

<400> 54

aaactcagaa aataaaatgt

<210> 55
<211> 12
<212> DNA

<213> Borrelia burgdorferi

<400> 55

cagaagtaaa at

<210> 56
<211> 19
<212> DNA

<213> Homo sapiens
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Claims

1. Use of a DNA sequence comprilsing a frag-
5 ment of a nucleic acid encoding a putative microbial

virulence factor as means for the identification of a

disease caused by mutations or a genetic predisposition

thereof.
2. Use of claim 1 wherein said virulence fac-
10 tor is located on a linear or cirular chromosome oOr a
plasmid.

3. Use of claim 1 or 2 wherein said virulence

factor stems from a intracellular microorganism.

4. Use of claim 1 or 2 wherein said virulence

15 factor stems from a non-intracellular pathogen and is

part of a cluster shared by intracellular microorganisms.

e

5. Use of claim 1 wherein said microorganism

is selected from the group consisting of Borrelia spe-

cies, Chlamydia species, Escherichia sp., Plasmodium spe-
20 cies and Rickettsia species.

grre
a—t

- claims 1 to 5 wherein
sald fragment is selected from the group consisting o:

seg. Id. No. 1 to Seg. Id. No. 17.

6. Use of anyone o:

1]

7. Use of anyone of claims 1 to 4 wherein

25 sald sequence comprises a mutation, either caused by by

the same or a different species, preferably within the
polyvadenylation signal seqguence.

et

8. Use of anyone of claims 1 to 7 wherein
salid disease is a human disease.

30 9. Use of claim 8 wherein said human disease

1s selected from the group consisting of schizophrenia,

Alzheimer disease, Parkinson disease, Myopathy and other

o

p—

forms of dementias.

10. Use of claim 8 wherein said human dilisease

35 constitutes a predisposition or a genetic variation, the

pathological manifestation of which is triggered by me-
dicaments or drugs.
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11. Use of claim 10 wherein said drug is can-
nabis.
12. Use of claim 11 wherein said pathological

manifestation comprises any form of dementia, schizophre-

nia, or related psychatric disorders.

13. A method for the identification of a dis-

ease or a genetic predisposition thereof, which comprises

detecting the presence in a tissue-or blood sample of a

subject a mutation within a nucleic acid sequence se-

lected from the group consisting of Seqg. Id. No.l to Seq.

Id. No. 17 and said sequence is part of a gene of said

anad

subject.

14. The method of claim 13 wherein said tis-

ad
.

sue sample is a foetal graft for neurotransplantation.

15. The method according to claim 13 or 14,

wherein said sequence is inserted in the 3’UTR of said
gene.

16. The method according to anyvone of claims
13 to 15, wherein said mutation is found in the polvade-

nylation signal of said gene.

17. The method according to anyone of claims

13 to 16, wherein said mutation affects the expression o

LD

the protein encoded by said gene.

18. The method according to anyone of claims

13 to 17, wherein said gene is selected from the group

consisting of Cannabinoid receptor 1 gene, MAP 2C gene,

T, 1

apolipoprotein E gene, presenilin 2 gene, integral mem-

brane protein 2B gene, , alpha synuclein gene, oligo-

phrenin 1 gene and myotonin protein kinase gene.

19. A transgenic non human animal whose ge-

nome comprises a partially or completely inactivated en-

dogenous gene as defined in claim 18, wherein said inac-—

tivation is due to at least one mutation in ites 3’ un-

Cranslated region, said mutation leading to inhibition or

suppression of the subsequent gene translation.

20. The transgenic non-human animal of claim

19, wherein the mutation is located in the nucleic acid
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sequence following the polyadenylation signal, more pref-

erably in the polyadenylation sequence of said gene.

-

21. The transgenic non-human animal of claim

20, wherein said mutation is a point mutation.

5 22 . The transgenic non-human animal according

P

to anyone of claims 19 to 21, wherein said animal is a

mammal, 1n particular a rodent.

r— [ ]
= 3

23. The transgenic non-human animal of claim

22, wherein said animal is a mouse Oor a rat.

10 24. The transgenic non-human animal according

to anyone of claims 19 to 23, wherein said inactivation

1s a homozygous or a heterozygous inactivation.

25. Use of a transgenic non-human animal ac-

- ) ]
—

cording to anyone of claims 19 to 24 for the identifica-

15 tion of compounds that have an effect on the activity,

R

the translated protein.

J—

expression or regulation of

26. A method of screening compounds that have

=

an effect on the activity, expression or regulation of a

protein encoded by a gene according to claim 18 compris-

20 1ng introducing a compound in an animal according to any-

—

one of claims 19 to 24 and monitoring behavioural changes

in said animal as compared to a control animal.

27. Use of a transgenic non-human animal

whose genome comprises a non-functional endogenous CB1

=} —

25 gene for the identification of compounds that have an ef-

i

ftect on the activity, expression or regulation of CB1

protein.

28. A DNA and/or RNA chip comprising at least

.-

one of the nucleic acid sequences selected from the group

30 consisting of Seq. Id. No. 1 to Seqg. Id. No. 17.
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