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MATERIALS AND METHODS RELATING TO PROTEIN AGGREGATION IN

NEURODEGENERATIVE DISEASE

Technical field

The present invention concerns models, materials and methods

relating to the aggregation of proteins associated with

neurodegenerative disease.

Background art

Conditions of dementia such as Alzheimer's disease (AD) are

frequently characterised by a progressive accumulation of

intracellular and/or extracellular deposits of proteinaceous

structures such as p-amyloid plaques and neurofibrillary tangles in

the brains of affected patients. The appearance of these lesions

largely correlates with pathological neurofibrillary degeneration

and brain atrophy, as well as with cognitive impairment (Mukaetova-

Ladinska, E.B. et al. (2000) Am. J. Pathol. Vol. 157, No. 2, 623-

636).

Both neuritic plaques and neurofibrillary tangles contain paired

helical filaments (PHFs), of which a major constituent is the

microtubule-associated protein tau (Wischik et al. (1988) PNAS USA

85, 4506). Plaques also contain extracellular 3-amyloid fibrils

derived from the abnormal processing of amyloid precursor protein

(APP; Kang et al. (1987) Nature 325, 733). An article by Wischik et

al. (in "Neurobiology of Alzheimer's Disease", 2nd Edition (2000)

Eds. Dawbarn, D. and Allen, The Molecular and Cellular

Neurobiology Series, Bios Scientific Publishers, Oxford) discusses

in detail the putative role of tau protein in the pathogenesis of

neurodegenerative dementias.

Studies of Alzheimer's disease indicate that the loss of the normal

form of tau (Mukaetova-Ladinska et al. (1993) Am. J. Pathol., 143,

565; Wischik et al. (1995a) Neurobiol. Ageing, 16: 409; Lai et al.
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(1995b) Neurobiol. Ageing, 16: 433),,accumulation of pathological

PHFs (Mukaetova-Ladinska et al. (1993), loc. cit.; Harrington et al.

(1994a) Dementia, 5, 215; Harrington et al. (1994b) Am. J. Pathol.,

145, 1472; Wischik et al.,(1995a), loc. cit.) and loss of synapses

in the mid-frontal cortex (Terry et al. (1991) Ann. Neurol., 

572) correlate with associated cognitive impairment. Furthermore,

loss of synapses (Terry et al., loc. cit.) and loss of pyramidal

cells (Bondareff et al. (1993) Arch. Gen. Psychiatry, 50: 350) both

correlate with morphometric measures of tau-reactive neurofibrillary

pathology, which parallels, at a molecular level, an almost total

redistribution of the tau protein pool from a soluble to a

polymerised form (PHFs) in Alzheimer's disease (Mukaetova-Ladinska

et al. (1993), loc. cit.; Lai et al. (1995), loc. cit.).

Tau exists in alternatively-spliced isoforms, which contain three or

four copies of a repeat sequence corresponding to the microtubule-

binding domain (Goedert, et al. (1989) EMBO J. 8, 393-399;

Goedert, et al. (1989) Neuron 3, 519-526). Tau in PHFs is

proteolytically processed to a core domain (Wischik, et al.

(1988) Proc. Natl. Acad. Sci. USA 85, 4884-4888; Wischik et al.

PNAS USA 1988, 85:4506-4510); Novak, et al. (1993) EMBO J. 12,

365-370) which is composed of a phase-shifted version of the repeat

domain; only three repeats are involved in the stable tau-tau

interaction (Jakes, et al. (1991) EMBO J. 10, 2725-2729). Once

formed, PHF-like tau aggregates act as seeds for the further capture

and provide a template for proteolytic processing of full-length tau

protein (Wischik et al. 1996 Proc Natl Acad Sci USA 93, 11213-

11218).

In the course of their formation and accumulation, paired helical

filaments (PHFs) first assemble to form amorphous aggregates within

the cytoplasm, probably from early tau oligomers which become

truncated prior to, or in the course of, PHF assembly (Mena, et

al. (1995) Acta Neuropathol. 89, 50-56; Mena, et al. (1996) Acta

Neuropathol. 91, 633-641). These filaments then go on to form

classical intracellular neurofibrillary tangles. In this state, the
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PHFs consist of a core of truncated tau and a fuzzy outer coat

containing full-length tau (Wischik, et al. (1996b) in

"Microtubule-associated proteins: modifications in disease", eds.

Avila, Brandt, R. and Kosik, K. S. (Harwood Academic Publishers,

Amsterdam) pp.185-241)). The assembly process is exponential,

consuming the cellular pool of normal functional tau and inducing

new tau synthesis to make up the deficit (Lai, R. Y. et al.,

(1995), Neurobiology of Ageing, Vol. 16, No. 3, 433-445).

Eventually, functional impairment of the neurone progresses to the

point of cell death, leaving behind an extracellular tangle. Cell

death is highly correlated with the number of extracellular tangles

(Wischik et al. 2000, loc.cit). As tangles are extruded into the

extracellular space, there is progressive loss of the fuzzy outer

coat of the neurone with corresponding loss of N-terminal tau

immunoreactivity, but preservation of tau immunoreactivity

associated with the PHF core (Figure 4a; also Bondareff, W. et al.,

(1994) J. Neuropath. Exper. Neurol., Vol. 53, No. 2, 158-164).

The phase shift which is observed in the repeat domain of tau

incorporated into PHFs suggests that the repeat domain undergoes an

induced conformational change during incorporation into the

filament. During the onset of Alzheimer's disease, it is envisaged

that this conformational change could be initiated by the binding of

tau to a pathological substrate, such as damaged or mutated membrane

proteins (see Figure 19a also Wischik, et al. (1997) in

"Microtubule-associated proteins: modifications in disease", eds.

Avila, Brandt, R. and Kosik, K. S. (Harwood Academic Publishers,

Amsterdam) pp.185-241).

In the case of Alzheimer's disease, current pharmaceutical therapies

are focused on symptomatic treatment of the loss of cholinergic

transmission which results from neurodegeneration (Mayeux, et

al. (1999) New Eng. J. Med. 341, 1670-1679). However, although the

available treatments delay progression of the disease for up to six

to eight months, they do not prevent it. The discovery of drugs

that could prevent the aggregation of tau which leads to
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neurodegeneration would provide a more effective strategy for

prophylaxis or for inhibiting the progression of the disease, which

would not require an immediate knowledge of the diverse upstream

events that initiate the aggregation (Figure 19b).

Protein aggregation assays

Based on the putative model described above, WO 96/30766 describes

an in vitro assay for tau aggregation in which a fragment of tau

corresponding to the core repeat domain, which has been adsorbed to

a solid phase substrate, is able to capture soluble full-length tau

and bind tau with high affinity. This association confers stability

against proteolytic digestion of the aggregated tau molecules. The

process is self-propagating, and can be blocked selectively by

prototype pharmaceutical agents (Wischik, et al. (1996), loc.

cit).

Although the in vitro assay described in WO 96/30766 enables the

identification of inhibitors or modulators of tau-tau association,

the present inventors have also recognized that cell-based models of

Alzheimer's disease-like protein aggregation would be useful. Such

cellular models could be used both in the primary screening of

candidate modulators of tau-tau aggregation, and in the secondary

screening of compounds already identified in the in vitro assay of

WO 96/30766. Furthermore, the demonstration of tau aggregation in

cells could also aid in the identification of normal cellular

substrates which are involved in the initiation of pathological tau

aggregation, which substrates could themselves be targets for

pharmaceutical intervention.

However, numerous papers reporting the expression of various tau

constructs in tissue culture models have failed to demonstrate

aggregation (see e.g. Baum, L. et al., (1995) Mol. Brain Res. 34:1-

17).

These problems can be understood when it is considered that
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aggregation of soluble tau in vitro has so far only been achieved

under non-physiological conditions and at high concentrations

(reviewed in Wischik (2000), loc. cit).

WO 96/30766 also describes two approaches for studying tau

aggregation in a cellular environment. In the first approach, full-

length tau or fragments of tau were stably expressed in cells. In

the second approach, aggregated tau was transiently transfected into

cells by use of lipofectin.

Although both of these approaches are useful for the study of tau-

tau aggregation, they have some limitations. Transfection of

aggregated tau into cells using lipofection is of variable

efficiency, as is the production of aggregated tau itself.

Moreover, the core tau fragment, which is the most efficient seed

for tau aggregation, is found to be toxic when stably expressed in

cells, leading to low expression levels. Thus, constitutive

expression of the truncated tau fragment of the PHF core in

eukaryotic cells is difficult to achieve. Transient expression

systems permit the optimization of expression of tau, but the

inherent toxicity of the fragments renders even these systems

unreliable. Longer fragments of tau are less toxic, but these do

not reliably aggregate when expressed in cells.

Thus it would be desirable for an alternative model system to be

developed, in which the interaction between e.g. tau molecules and

the like could be investigated under physiological conditions, in a

stable and controllable cell line, and which could be used to screen

for potential diagnostic, prognostic or therapeutic agents of

conditions such as Alzheimer's disease.

Animal models

Although in vitro and cell-based assays can be useful tools, animal

models of Alzheimer's disease and related conditions can help to

understand the relationship between the biochemical and pathological



WO 02/059150 PCT/GB02/00005

-6-

changes in the brain and impairment of memory and behavior.

Furthermore, they enable the pathogenesis of the disease process to

be examined in vivo and provide a model in which therapeutic

strategies can be tested.

Specifically, animal models put cell-based systems in a

pharmacokinetic context where, for example, potential therapeutics

can be assessed not just in terms of particular biochemical

activities against protein aggregation, but also in terms of

toxicity, delivery and half-life at the site of action e.g. through

the blood brain barrier.

Notwithstanding this, existing models fail to display the

combination of tangles, plaques and cognitive impairment

characteristic of AD. Aged dogs and non-human primates develop P-

amyloidosis, but tau pathology is not a feature in these animals

(Walker, 1997). Similarly, transgenic mice modeling amyloidosis have

been created, but these fail to exhibit abnormal deposition of tau

(Janus, Chishti, Westaway, 2000). Conversely animal models of tau

pathology fail to demonstrate amyloid pathology. The tangles that

accumulate in the brains of rodents treated with aluminium differ in

their ultrastructure from those found in AD (see above). Filamentous

cytoskeletal changes associated with abnormally phosphorylated tau

have been observed in aged baboons, bears, sheep and goats (Braak,

Braak, Stro-hjohann, 1994; Cork et al., 1988; Nelson, Greenberg, 

Saper, 1994; Nelson Saper, 1995; Roertgen et al., 1996; Schultz et

al., 2000).

Some experiments have implicated links between tau and amyloid in

animal models. Hyperphosphorylated tau accumulates in the

somatodendritic compartment of neurons in rat brains following

chronic intraventricular infusion of okadaic acid, an inhibitor of

protein phosphatase 2A (Arendt, Holzer, Fruth, Brijckner, Gartner,

1995). Furthermore, the okadaic acid treatment also led to the

formation of extracellular deposits of AP and memory impairment. Two

other studies have implicated AB in the accumulation of tau in
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animal models. Microinjections of fibrillar AP in the cortex of aged

rhesus monkeys caused the focal accumulations of intracellular

phosphorylated tau (Geula et al., 1998). This was dependent upon

both age and species; the same result was not observed for rats or

young rhesus monkeys. Secondly, focal deposits of tau have been

observed in mice that were transgenic for APP carrying AD associated

mutations (Sturchler-Pierrat et al., 1997).

The brains of tau-deficient mice appear immunohistochemically normal

and axonal elongation was not affected in cultured neurons (Harada

et al., 1994). However, microtubule stability was decreased and its

organization altered in some small-calibre axons. Furthermore, an

increase in microtubule-associated protein 1A (MAP 1A), which might

compensate for a functional loss of tau in large-calibre axons, was

found. Thus, tau seems to be crucial in the stabilization and

organization of axonal microtubules in cerLain axons. Subsequent

studies have demonstrated that tau-deficient mice exhibit signs

similar to certain symptoms characteristic of frontotemporal

dementia patients, i.e. personality changes

(disinhibition/aggression) and deterioration of memory and executive

function. The mice showed muscle weakness and impaired balance

control, hyperactivity in a novel environment, and impairment in

contextual fear conditioning (Ikegami, Harada, Hirokawa, 2000).

Spatial learning tasks, however, were unaffected in the mice as is

the memory function in FTDP-17 patients.

Although neurofibrillary tangles and phenotypic alterations were not

reported in animals transgenic for 3- or 4-repeat tau isoforms

(Brion, Tremp, Octave, 1999; Gotz et al., 1995), these findings

may reflect low levels of protein expression.

Impaired motor function, in the presence or absence of tauopathy,

has been observed in mice expressing higher levels of human tau

protein (Ishihara et al., 1999; Spittaels et al., 1999). In these

animals the filamentous inclusions did not exhibit the

ultrastructural features of AD PHFs.
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A recent transgenic mouse model expressing human tau with the P301L

mutation develops neurofibrillary tangles, neuronal loss and motor

dysfunction (Lewis et at., 2000). The tau inclusions in these mice

show both straight and twisted ribbon filaments similar to those

found in human patients. Attempts to combine this model with

amyloidosis are underway by crossing these mice with those

transgenic for APP. Other transgenic mouse models are discussed in

US patents 5,912,410 and 5,898,094

Thus it can be seen that existing animal models fail to demonstrate

any pathological evidence that the transgene leads to the

accumulation of truncated tau protein encompassing the PHF domain.

Although filaments are observed in tau carrying the P301L mutation,

this corresponds to a form of tau that causes FTDP-17 and not AD.

To date, no mutation in the tau gene has been identified which

causes AD, and therefore approaches based purely on mutated protein

for effect may be of limited relevance.

More particularly, there has been no clear disclosure of unmutated

tau aggregating in these models, as evidenced by proteolytic

processing to a truncated core fragment corresponding to that found

in the actual AD PHF core. A system in which such proteolytic

processing occurred in a pharmacokinetic context would thus provide

a contribution to the art.

Disclosure of the invention

As discussed above, a conformational change of tau, rather than a

chemical modification, is responsible for the progressive

aggregation of tau molecules and their subsequent polymerization to

form PHFs.

Surprisingly, the present inventors have now found that it is

possible to reproduce this conformational change in a model system

by causing the synthesis of a membrane-localised form of the protein
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of interest, e.g. tau, or fragments thereof containing the core

aggregation domain.

It has been found, unexpectedly, that the association of e.g. tau or

tau fragments with a cellular or organellar membrane, e.g. the

plasma membrane of a cell or the membrane of the endoplasmic

reticulum, can also seed the aggregation of further molecules of tau

or tau fragments, thus propagating the formation of tau-tau

aggregates in a manner somewhat analogous to that observed in the

solid-phase assay system of WO 96/30766. This technique appears to

have wide applicability to proteins involved in protein-aggregation

type diseases.

Although not wishing to be limited by any particular mechanism, it

is proposed by the inventors that the membrane-localised synthesis

of the protein causes the high-affinity capture site of this protein

to become exposed, by physically inducing the conformational change

of tau that occurs upon its binding to a suitable substrate. The

effect of this conformational change may be to create a sufficiently

high local concentration of tau in its seeding conformation that

further aggregation of the protein is promoted. These observations

may have implications for all diseases in which protein aggregation

plays a role.

In various aspects, the present invention provides, methods of

modeling disease-like intracellular aggregation of an appropriate

protein, or a core fragment thereof, the method being characterised

by the step of synthesising a membrane-localised form of a protein

which can initiate such aggregation. Such methods can be used, for

instance, to identify modulators of the aggregation.

In general the membrane-targeted protein will either be one which

actually undergoes the aggregation, although in some cases it will

be one which triggers the aggregation of a second protein type.

Thus, in aspects of the invention there are provided fusion
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polypeptides comprising: an aggregating portion, which is

derived from a protein associated with a disease in which the

protein aggregates or initiates aggregation of protein through an

induced conformational polymerisation interaction, (ii) a

heterologous membrane-localising portion.

In this way, a protein such as tau, or a core fragment of tau, or a

corresponding protein as discussed below, can be synthesised in the

form of a membrane-localized protein, where it can act as a seed for

the intracellular aggregation and proteolytic processing of the

fusion at an appropriate level for modeling aggregation of the

actual protein from which it was derived. It may also seed

aggregation with or between further molecules full-length tau

molecules), thus propagating the formation of protein aggregates.

Cells which express such membrane-associated protein aggregates can

be used as models of disease-related protein aggregation, such as

that observed in the cells of Alzheimer's-like diseases in vivo.

This model system can be used in further studies, such as in

screening assays for potential therapeutic, prognostic or diagnostic

agents, as described in detail below.

Thus one aspect of the present invention there is disclosed a method

of inducing, modeling or controlling aggregation of a protein

associated with a disease in which the protein undergoes an induced

conformational interaction, the method comprising the steps of:

introducing to a membrane, a fusion polypeptide comprising: (i)

an aggregation portion, which is derived from a first protein

associated with a disease in which the protein undergoes an induced

conformational polymerisation interaction, (ii) a heterologous

membrane-localising portion, causing or permitting an induced

conformational polymerisation interaction between the fusion

polypeptide and a further polypeptide, such as to cause aggregation

of the said further polypeptide. Optionally the extent of

aggregation may be monitored.
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In this and other embodiments, the further polypeptide may, for

example, be a further fusion protein, or may result from proteolytic

degradation of the fusion polypeptide such as to yield a second

protein capable of undergoing an induced conformational

polymerisation interaction with said first protein, or may be a

quite different polypeptide.

Thus in a further preferred aspect of the present invention there is

disclosed a method of inducing, modeling or controlling aggregation

of a (second) protein associated with a disease in which the protein

undergoes an induced conformational interaction,

the method comprising the steps of:

introducing to a membrane, a fusion polypeptide comprising: (i)

an aggregation portion, which is derived from a first protein

associated with a disease in which the protein undergoes or

initiates an induced conformational polymerisation interaction, (ii)

a heterologous membrane-localising portion,

contacting the fusion polypeptide with a second protein capable

of undergoing an induced conformational polymerisation interaction

with said first protein, whereby interaction of the second protein

with the membrane localized fusion protein causes aggregation of the

second protein. Optionally the extent of aggregation may be

monitored.

Examples are disclosed below of preferred first and second proteins,

which may be derived from the same or different protein associated

wiLh a disease. In particular, the first protein will be one which

(as a result of an induced conformational change) initiates and\or

participates in the aggregation of further protein which is the same

or different, and the second will be one which actually aggregates

in the relevant disease.

In preferred embodiments there are disclosed cell-based method of

inducing intracellular aggregation of a protein associated with a

disease in which the protein undergoes an induced conformational

interaction e.g. comprising the steps of: introducing into a



-12-

cell, such that it becomes localised at a membrane in the

cell, a fusion polypeptide comprising: an aggregation

portion, which is derived from a first protein associated

with a disease in which the protein undergoes or initiates

an induced conformational polymerisation interaction, (ii)

a heterologous membrane-localising portion, (b)

introducing into the cell, a second protein capable of

undergoing an induced conformational polymerisation

interaction with said first protein, whereby interaction

with the second protein with the localized fusion protein

causes intracellular aggregation and optionally

proteolytic processing of either.

Again, optionally the extent of aggregation and/or

proteolytic processing of the second protein may be

monitored. This may be in the presence of one or more

agents suspected of being capable of modulating g.

inhibiting or reversing) the aggregation.

Generally, speaking the method will be carried out by use

of a nucleic acid encoding the fusion protein and/or the

second protein.

Some preferred aspects and embodiments of the present

invention will now be described in more detail.

According to the invention there is also provided a method

of inducing or modeling the pathological state of an

aggregating disease protein (ADP) which is associated with

a disease state in which the ADP aggregates pathologically

through an induced conformational polymerisation

interaction, the method comprising the steps of:

providing a membrane-localisable fusion protein

comprising:
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an aggregating portion, which is derived from

the ADP, or from a protein which initiates pathological

aggregation of the ADP;

(ii) a heterologous membrane-localising portion;

and

introducing it into a membrane.

According to the invention there is also provided a method

for identifying a modulator of aggregation of an

aggregating disease protein (ADP) which is associated with

a disease state in which the ADP aggregates pathologically

through an induced conformational polymerisation

interaction, which method comprises:

performing a method according to the invention in

the presence of an agent suspected of being capable of

modulating the aggregation;

monitoring the extent of aggregation,

optionally;

correlating the extent of aggregation with the

modulatory activity of the agent, and optionally; and

comparing the result obtained in the presence of

the agent with the result obtained in the absence of the

agent.

According to the invention there is also provided an

isolated nucleic acid molecule comprising a chimeric

nucleotide sequence encoding a membrane-localisable fusion

protein having:

an aggregating portion, which is derived from an

aggregating disease protein (ADP) which is associated with

a disease state in which the ADP aggregates pathologically

through an induced conformational polymerisation

interaction; and

(ii) a heterologous membrane-localising portion.
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According to the invention there is also provided a

process for producing a nucleic acid according to the

invention comprising the step of ligating a nucleic acid

encoding the aggregating portion to a nucleic acid

encoding the heterologous membrane-localising portion;

and wherein the nucleic acid encoding the

heterologous membrane-localising portion is part of a

recombinant vector into which the nucleic acid encoding

the aggregating portion is inserted.

t0

According to the invention there is also provided a

recombinant vector which comprises the nucleic acid

according to the invention wherein the nucleic acid is

optionally operably linked to a promoter for transcription

in a host cell, wherein the promoter is optionally an

inducible promoter.

According to the invention there is also provided a method

which comprises the step of introducing the vector

according to the invention into a host cell.

According to the invention there is also provided a host

cell containing or transformed with a heterologous vector

according to the invention.

According to the invention there is also provided a method

of preparing a transgenic non-human animal model with

enhanced or accelerated pathology for the disease state in

which an aggregating disease protein (ADP) aggregates

pathologically, which method comprises the step of

introducing into a fertilized egg of the animal a vector

according to the invention.

According to the invention there is also provided a

transgenic non-human animal which includes within a

plurality of its cells a promoter operably linked to a
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nucleotide sequence encoding a membrane-localisable fusion

protein comprising:

an aggregating portion, which is derived from an

aggregating disease protein (ADP) which is associated with

a disease state in which the ADP aggregates pathologically

through an induced conformational polymerisation

interaction; and

(ii) a heterologous membrane-localising portion.

According to the invention there is also provided a cell

or tissue sample of the animal according to the invention

comprising a promoter operably linked to a nucleotide

sequence encoding the membrane-localisable fusion protein.

According to the invention there is also provided an

isolated fusion protein which is encoded by the chimeric

nucleotide sequence according to the invention.

According to the invention there is also provided a method

of making the protein according to the invention, which

method comprises the step of causing or allowing

expression from a nucleic acid according to the invention

in a suitable host cell.

According to the invention there is also provided a method

of inducing in the transgenic non-human animal according

to the invention a disease state in which the aggregating

disease protein (ADP) aggregates pathologically, which

method comprises causing or allowing expression of the

nucleotide sequence encoding the membrane-localisable

fusion protein.

According to the invention there is also provided a method

for screening for an agent for use as a therapeutic,

prognostic or diagnostic agent in a disease state in which
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an aggregating disease protein (ADP) aggregates

pathologically, comprising carrying out a method according

to the invention in the presence of an agent suspected of

being capable of modulating the aggregation.

According to the invention there is also provided a method

for producing an agent for use as a therapeutic,

prognostic or diagnostic agent in a disease state in which

an ADP aggregates pathologically, which method comprises:

carrying out a method according to the invention

to identify the agent;

(ii) providing the agent in isolated form; and

(iii) optionally formulating the agent as a

composition for use in the treatment of the disease state.

According to the invention there is also provided a method

for the treatment or prophylaxis of a disease state in

which an ADP aggregates pathologically, which method

comprises:

producing an agent by a method according to the

invention; and

(ii) administering a therapeutically effective amount

of said agent to a patient in the need of the same.

Throughout this specification the word "comprise", or

variations such as "comprises" or "comprising", will be

understood to imply the inclusion of a stated element,

integer or step, or group of elements, integers or steps,

but not the exclusion of any other element, integer or

step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices,

articles or the like which has been included in the

present specification is solely for the purpose of

providing a context for the present invention. It is not

to be taken as an admission that any or all of these
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matters form part of the prior art base or were common

general knowledge in the field relevant to the present

invention as it existed before the priority date of each

claim of this application.

Diseases and proteins

As stated above, the invention may employ any protein

which is associated with a disease in which the protein

undergoes an induced conformational polymerisation

interaction i.e one in which a conformational change of

the protein seeds the binding and aggregation of further

protein molecules in a self-propagating manner. Once

nucleation is initiated, an aggregation cascade may ensue

which involves the induced conformational polymerisation

of further protein molecules, which conformational change

may render the aggregates more resistant to further

proteolysis. The protein aggregates thus formed are

thought to be a proximal cause of neurodegeneration,

clinical dementia, and other pathological symptoms of this

group of diseases. Purely for brevity, this group
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of conditions may be referred to herein as "Alzheimer's disease-

like" conditions.

Preferred embodiments of the invention are based on tau protein.

Where used herein, the term "tau protein" refers generally to any

protein of the tau protein family. Tau proteins are characterised

as being one among a larger number of protein families which co-

purify with microtubules during repeated cycles of assembly and

disassembly (Shelanski et al. (1973) Proc. Natl. Acad. Sci. USA,

70., 765-768), and are known as microtubule-associated-proteins

(MAPs). Members of the tau family share the common features of

having a characteristic N-terminal segment, sequences of

approximately 50 amino acids inserted in the N-terminal segment,

which are developmentally regulated in the brain, a characteristic

tandem repeat region consisting of 3 or 4 tandem repeats of 31-32

amino acids, and a C-terminal tail. The term is thus exemplified

by, but not limited to, tau molecules which form PHFs (and,

ultimately, neurofibrillary tangles) in Alzheimer's disease brains.

Indeed, PHFs accumulate in the somatodendritic compartment, where

the predominant microtubule-associated protein is MAP2 (Matus, A.,

in "'Microtubules" [Hyams and Lloyd, eds.] pp 155-166, John Wiley and

Sons, NY). MAP2 isoforms are almost identical to tau protein in the

tandem repeat region, but differ substantially both in the sequence

and extent of the N-terminal domain (Figures 7 and 8; Kindler and

Garner (1994) Mol. Brain Res. 26, 218-224). Nevertheless,

aggregation in the tandem-repeat region is not selective for the

specific tau core amino acid sequence. Thus it will be appreciated

that any discussion herein in relation to tau-tau aggregation should

be taken as relating also to tau-MAP2 aggregation and MAP2-MAP2

aggregation.

Figure 20 shows a Table listing various other disease-associated

aggregating proteins which may be used in the present invention. In

each case the disease or diseases in which the initiation of

aggregation and\or mutation of the protein(s) may play a role is

also listed. The domain or mutation responsible for the disease
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activity is listed, and at least all or part of this minimal portion

of the protein would preferably be encompassed by the protein used

in the invention as the membrane-targeted 'capture' or 'seeding'

protein.

As can be seen from the table, example diseases which are

characterised by pathological protein aggregation include motor

neurone disease and Lewy body disease. Furthermore, the

pathogenesis of neurodegenerative disorders such as Pick's disease

and Progressive Supranuclear Palsy appears to correlate with an

accumulation of pathological truncated tau aggregates in the dentate

gyrus and stellate pyramidal cells of the neocortex, respectively

(Wischik et al. 2000, loc. cit).

In certain preferred embodiments, the invention employs proteins

which may be involved in the initiation stages of diseases of the

type discussed herein. For example, in Wischik, et al. (1997)

[supra] a variety of membrane proteins which may be involved in the

initiation of tau capture and anyloid protein precursor in AD are

discussed. These include presenilins and mitochondrial proteins

such as core protein 2 of the bc enzyme complex (CP2), ATP-synthase

subunit 9 (ATP S-9) and porin. Thus preferred embodiments of the

invention may utilize membrane-targeted proteins including those

regions of these molecules shown in the Table in Figure 21.

Thus it will be appreciated, in the light of the above discussion,

(and except where context requires otherwise) where the embodiments

of the invention are described with respect to tau protein or tau-

like proteins MAP2) the description should be taken as

applying equally to the other proteins discussed above P-

amyloid, synuclein, prion, appropriate mitochondrial protein etc.)

or other proteins which may initiate or undergo a similar

pathological aggregation by virtue of conformational change in a

domain critical for propagation of the aggregation, or which imparts

proteolytic stability to the aggregate this formed (article by

Wischik et al. (in "Neurobiology of Alzheimer's Disease", 2nd
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Edition (2000) Eds. Dawbarn, D. and Allen, The Molecular and

Cellular Neurobiology Series, Bios Scientific Publishers, Oxford).

All such proteins may be referred to herein as "aggregating disease

proteins."

Likewise, where mention is made herein of "tau-tau aggregation", or

the like, this may also be taken to be applicable to other

"aggregating-protein aggregation", such as P-amyloid aggregation,

prion aggregation and synuclein aggregation etc. Likewise "tau

proteolytic degradation" and so on.

Proteins for use in the methods described above may, where

appropriate in the study of tau-tau binding) be isolated from

brain tissues by methods known to those skilled in the art, for

instance as described in the respective references. Soluble tau can

be isolated either from human brain tissues, or from animal brain

tissues, with a postmortem delay of less than 24 hours (see Wischik

et al. (1988); (1995a), loc. cit.). Microtubule proteins can be

obtained by three cycles of temperature-dependent assembly-

disassembly according to Shelanski et al. (1973, loc. cit.).

Lipofection of the proteins may be carried out analogously to the

methods described in W096/30766. More preferably the production of

e.g. tau proteins and fragments thereof will be achieved by

conventional recombinant DNA technology as described below.

Fragments, derivatives and controls

There is no requirement that the invention employ full-length

protein; indeed this may be undesirable in certain contexts.

Equally, the protein used may include an extended N- or C-terminus.

As shown in the Examples hereinafter, the nature of the aggregating

portion of the fusion may be such that appropriate levels of

aggregation (and possible proteolytic processing) are achieved even

in the absence of further molecules.
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Alternatively or additionally, further molecules full length

disease protein molecules) may be provided which participate in the

aggregation.

In preferred embodiments of the present invention, the fusion

polypeptide, as synthesized in either the cell-based method or the

in vitro method described herein, comprises or consists essentially

of a truncated fragment. Such a fragment will generally be a "core

fragment" which term refers to that part of the protein that is able

to bind to further protein (which may be same or different) to

initiate or propagate aggregation. In the case of disease proteins

which aggregate, such core fragments are also likely to be those

which contribute to the proteolytic stability of the aggregate.

Thus, for example, a "tau core fragment" is a tau fragment

comprising a truncated tau protein sequence derived from the tandem

repeat region ("core tandem repeat domain") and, which, in the

appropriate conditions, is capable of binding to the tandem repeat

region of a further tau protein or a MAP2 protein with high

affinity.

Where the fusion polypeptide is derived from tau, the truncated

fragment may preferably comprise a fragment from about 186-296

extending to about 390-441 of the full-length protein, more

preferably any of the following portions: 186 to 390 or 391 or 441;

296 to 390 or 391 or 441 (see Figures 5 and 10). In the Examples

hereinafter, the ligation of the tau fragment to the signal sequence

destroyed amino acids 186-189, so that the starting amino acid was

equivalent to 190.

In the case of APP (amyloid precursor protein), for instance,

expression of a fragment of the APP that encompasses the AP domain

of 1-40 or 1-42 amino acids as a fusion protein, may be preferred.

Other core fragments may be based e.g. on the domains discussed with

reference to Figures 20 and 21.
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The total length of the fusion polypeptide may be any which is

appropriate to the assay and aggregation disease protein core

fragment being used, but will generally be greater than 30, 40, 

60, 70, 80, 90, 100, 200, or 500 amino acids in length.

In all instances herein where a named protein core fragment)

or a recited nucleic acid sequence is discussed, a derivative or

other variant of the corresponding reference protein (or nucleic

acid) may be used as appropriate, provided that it retains

appropriate characteristics of the reference sequence. Such

derivatives will also share sequence identity with the reference

sequence.

In principle, a derivative may be a chemical derivative which may be

prepared from the functional groups occurring as side chains on the

residues or the NB or C-terminal groups, by means known in the art.

These derivatives may include aliphatic esters of the carboxyl

groups, amides of the carboxyl groups by reaction with ammonia or

with primary or secondary amines, N-acyl derivatives of free amino

groups of the amino acid residues formed with acyl moieties (e.g.

alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free

hydroxyl groups (for example that of seryl- or threonyl residues)

formed with acyl moieties.

More commonly the derivative will be one by way of amino acid

insertion, deletion, or addition of the reference sequence. For

example, a tau protein, or tau core fragment, derivative will

comprise at least a partial amino acid sequence resembling the

tandem repeat region of the tau proteins, but in which one or more

of the amino acids of the natural tau or its fragments have been

replaced or deleted, or into which other amino acids have been

inserted.

Such changes may be made to enhance or ablate binding activity (the

latter case being useful for control experiments). Controls may
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contain deletions of sequences or domains to see what effect on

aggregation these may have.

Preferred derivatives may be those which incorporate mutations

corresponding to those known or suspected to be associated with the

disease state. These may include changes corresponding to P301S

within the tau sequence (see Fig Other mutations include G272V,

G389R, P301L, N279K, S305N, V337M, G272V, K280A, R406W (see also

Wischik et al, 2000, supra).

Other preferred derivatives may include tandem repeats of the core-

fragments discussed above, or binding domains within those

fragments.

Yet further derivatives may be based on chimeric products based on

multiple, related, disease proteins in which their sequences are

mixed or combined. For example restriction enzyme fragments of tau

could be ligated together with fragments of MAP2 or even of an

unrelated gene to generate recombinant derivatives. An alternative

strategy for modifying the core fragments would employ PCR as

described by Ho et al., 1989, Gene 77, 51-59 or DNA shuffling

(Crameri et al., 1998 Nature 391).

Membrane localizing sequence

The heterologous membrane-localising or targeting portion of the

fusion may be any appropriate signal sequence from any suitable

protein e.g. a signal sequence deriving from rat albumin.

Alternatively it may be a modified sequence derived from a native

localizing portion. However, in each case it will be a sequence

which does not occur 'naturally' with the aggregation portion. The

presence of a signal sequence on a protein will direct the nascent

polypeptide\ribosome complex to the ER membrane where it may be

inserted into it. Translocation across the membrane of the ER, and

into the ER lumen, may then occur depending on the hydrophobicity of

the protein.
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The signal sequence may, depending on the chosen host cell for

expression of a membrane-localized form of the protein, be a

prokaryotic signal sequence e.g. an alkaline phosphatase,

penicillinase, Ipp, or heat-stable enterotoxin II leader. For yeast

expression the signal sequence may be, the yeast invertase

leader, alpha factor leader (including Saccharomyces and

Kluyveromyces a-factor leaders, the latter being described in U.S.

Patent No. 5,010,182), or acid phosphatase leader, the C. albicans

glucoamylase leader (EP 362,179), or the signal described in WO

90/13646. In mammalian cell expression, a mammalian signal sequence

such as that from rat albumin may be used, or alternatively a viral

leader sequence may be employed.

This membrane localising portion may also include a membrane anchor

sequence and/or a stop-transfer sequence. Generally this may be

preferred for proteins, the intrinsic (hydrophobic) properties of

which, may otherwise lead them to be secreted or located extra-

cellularly, when fused with a signal peptide. A membrane anchor

domain can be incorporated to prevent the entire protein from being

translocated into the lumen of the ER and ultimately secreted. In

general the protein must be oriented on the cytosolic surface of any

protein with which it is associated such that it can interact with

exogenous protein in the cytoplasm.

Other binding partners

In one aspect of the invention, the membrane-localized expression of

a protein such as tau or a core fragment of tau can be used to

screen for specific binding partners of that protein or fragment,

e.g. proteins other than tau or the core fragment of tau which can

bind to the membrane-localised form of tau or a fragment thereof.

Thus, the present invention also relates to methods of screening for

specific binding partners of the protein tau) of interest,

comprising causing or allowing the membrane-localized expression of
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the protein, contacting that protein with one or more potential

binding partners, and determining whether or not the potential

binding partner has bound to the membrane-localized protein.

The detection of binding between the protein of interest and a

potential binding partner may be carried out using any suitable

method, as described in detail above.

The method may include the further step of recovering the specific

binding partner thus identified.

In this way, the present invention enables the identification of

specific binding partners of proteins such as tau, which may

represent further pathological binding partners of such proteins in

Alzheimer's disease-like aggregates.

Use of nucleic acid constructs

In one preferred embodiment the (bound) fusion polypeptide (of step

above is introduced into the cell by expression therein under

the transcriptional control of a constitutive promoter, while the

second ('free') protein (of step (b))is introduced by expression

therein under the transcriptional control of an inducible promoter,

in the presence of the appropriate inducing agent. Alternatively,

in the reverse, the and proteins may be expressed inducibly

and constitutively respectively.

This system can be used to control the level or timing of

aggregation in the cell.

Particularly preferred is the following configuration for a cell-

based tau-tau binding assay: A tau fragment corresponding to the

truncated tau unit of the core PHF is constitutively expressed in a

membrane-localised form in a host cell, so as to expose the high

affinity tau-tau binding site within the tandem repeat region, and

at a level which does not kill the cells i.e. in a stable cell
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line. The tau fragment is preferably longer than the core repeat

domain fragment (suitably amino acid residues 186-390 or 186-441 of

full-length tau), which is able to achieve a balance between

aggregation and toxicity.

Nucleic acids of, or for use in, the present invention may be

provided isolated and/or purified from their natural environment, in

substantially pure or homogeneous form, or free or substantially

free of other nucleic acids of the species of origin. Where used

herein, the term "isolated" encompasses all of these possibilities.

A nucleic acid acid encoding the fusion polypeptide will be at least

partially synthetic in that it will comprise nucleic acid sequences

which are not found together in nature (do not run contiguously) but

which have been ligated or otherwise combined artificially.

Nucleic acid according to the present invention may be in the form

of, or derived from, cDNA, RNA, genomic DNA and modified nucleic

acids or nucleic acid analogs. Where a DNA sequence is specified,

e.g. with reference to a figure, unless context requires otherwise

the RNA equivalent, with U substituted for T where it occurs, is

encompassed.

In particular, nucleic acids may comprise, consist or consist

essentially of any of the sequences disclosed herein (which may be a

gene, a genomic clone or other sequence, a cDNA, or an ORF or exon

of any of these etc.) Where a nucleic acid (or nucleotide sequence)

of the invention is referred to herein, the complement of that

nucleic acid (or nucleotide sequence) will also be embraced by the

invention. The 'complement' in each case is the same length as the

reference, but is 100% complementary thereto whereby by each

nucleotide is base paired to its counterpart i.e. G to C, and A to T

or U.

Thus the invention also relates, in a further aspect, to a nucleic

acid molecule which comprises a nucleotide sequence encoding a
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fusion protein discussed above e.g. a aggregating disease protein or

its core tandem repeat domain a protein or fragment thereof

that is implicated in a neurodegenerative disorder such as

Alzheimer's disease) linked to a signal sequence and, if necessary,

a sequence encoding a membrane anchor domain or a stop-transfer

sequence, whereby the encoded polypeptide will become inserted into

the ER membrane.

The nucleic acid molecule encoding the protein of interest linked to

the signal sequence may optionally also include an exogenous 3'UTR

sequence, e.g. a sequence derived from rat globin. The nature of

the 3'UTR appears to influence the efficiency of targeting of a

protein to the ER in cells, and the 3'UTR sequence can thus be

selected accordingly (Partridge, et al. (1999) Cytotechnology

30, 37-47).

As described above, the nucleic acids may encode derivatives or

other variants sharing homology with the reference sequences in

question. Preferably, the nucleic acid and/or amino acid sequence in

question would share about 50%, or 60%, or 70%, or 80% identity,

most preferably at least about 90%, 95%, 96%, 97%, 98% or 99% of the

sequence upon which the variant is based. Similarity or homology

may be as defined and determined by the TBLASTN program, of Altschul

et al. (1990) J. Mol. Biol. 215: 403-10, which is in standard use in

the art, or, and this may be preferred, the standard program

BestFit, which is part of the Wisconsin Package, Version 8,

September 1994, (Genetics Computer Group, 575 Science Drive,

Madison, Wisconsin, USA, Wisconsin 53711) using the default

parameters. One common formula for calculating the stringency

conditions required to achieve hybridization between nucleic acid

molecules of a specified sequence homology is: Tm 81.50C 16.6Log

0.41 G+C) 0.63 formamide) 600/#bp in duplex.

Nucleic acid sequences which encode a polypeptide or peptide linked

to a signal sequence in accordance with the present invention can be

readily prepared by the skilled person using the information and
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references contained herein and techniques known in the art (for

example, see Sambrook, Fritsch and Maniatis, "Molecular Cloning, A

Laboratory Manual", Cold Spring Harbor Laboratory Press, 1989, and

Ausubel et al., Short Protocols in Molecular Biology, John Wiley and

Sons, 1992). These techniques include the use of the polymerase

chain reaction (PCR) to amplify samples of the relevant nucleic

acid, e.g. from genomic sources, (ii) chemical synthesis, or (iii)

preparation of cDNA sequences. The nucleic acid thus prepared can

then be linked to a sequence encoding a suitable signal peptide, or

can be inserted into a vector construct which includes such a signal

peptide-encoding sequence. Other methods suitable for adaptation to

the synthesis of the membrane-localized protein in recombinant

vertebrate cell culture are described in Gething et al., Nature,

293:620-695 (1981); Mantel et al., Nature, 281:40-46 (1979); EP

117,060; and EP 117,058.

DNA encoding e.g. tau core fragments may be generated and used in

any suitable way known to those of skilled in the art, including by

taking encoding DNA, identifying suitable restriction enzyme

recognition sites either side of the portion to be expressed, and

cutting out said portion from the DNA. Modifications to the protein

tau)-encoding sequences can be made, e.g. using site directed

mutagenesis.

Constructs

In the cell-based assay embodiments of the present invention, the

construction of a membrane-localized form of the protein of

interest, e.g. tau or a fragment of tau, can be achieved by causing

or allowing the expression in a cell of an expression construct or

vector, which comprises nucleic acid encoding the given protein

linked to a signal sequence and, where required, an anchor or stop-

transfer sequence, and which optionally also includes an exogenous

3'UTR sequence.

In general, nucleic acid encoding the signal sequence to which the



WO 02/059150 PCT/GB02/00005

-24-

nascent protein molecule is linked may be a component of the vector

itself, or it may be a part of the exogenous protein-encoding DNA

that is inserted into the vector.

The construct may include any other regulatory sequences or

structural elements as would commonly be included in such a system,

and as is described below. As well as the signal sequence, the

vector components will usually include, but are not limited to, one

or more of an origin of replication, one or more marker genes, an

enhancer element, a promoter, and a transcription termination

sequence. Construction of suitable vectors containing one or more of

these components employs standard ligation techniques which are

known to the skilled artisan.

Nucleic acid sequences which enable a vector to replicate in one or

more selected host cells are well known for a variety of bacteria,

yeast, and viruses. For Example, various viral origins 

polyoma, adenovirus, VSV or BPV) are useful for cloning vectors in

mammalian cells.

Particularly preferred is an expression vector comprising a nucleic

acid as described herein. The vector may, for example, be in the

form of a plasmid, cosmid, viral particle, phage, or any other

suitable vector or construct which can be taken up by a cell and

used to express a membrane-localised form of the aggregating disease

protein, e.g. tau or tau core fragment.

Expression vectors usually contain a promoter which is operably

linked to the protein-encoding nucleic acid sequence of interest, so

as to direct mRNA synthesis. Promoters recognized by a variety of

potential host cells are well known. "Operably linked" means joined

as part of the same nucleic acid molecule, suitably positioned and

oriented for transcription to be initiated from the promoter. DNA

operably linked to a promoter is "under transcriptional control" of

the promoter. Transcription from vectors in mammalian host cells is

controlled, for example, by promoters obtained from the genomes of
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viruses such as polyoma virus, fowlpox virus, adenovirus (such as

Adenovirus bovine papilloma virus, avian sarcoma virus,

cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 

from heterologous mammalian promoters, e.g. the actin

promoter or an immunoglobulin promoter, and from heat-shock

promoters, provided such promoters are compatible with the host cell

systems.

Expression vectors used in eukaryotic host cells (yeast, fungi,

insect, plant, animal, human, or nucleated cells from other

multicellular organisms) will also contain sequences necessary for

the termination of transcription and for stabilizing the mRNA.

The promoter may be "inducible" which is to say, as is well

understood by those skilled in the art, expression is "switched on"

or increased in response to an applied stimulus. The nature of the

stimulus varies between promoters. Some inducible promoters cause

little or undetectable levels of expression (or no expression) in

the absence of the appropriate stimulus. Other inducible promoters

cause detectable constitutive expression in the absence of the

stimulus. Whatever the level of expression is in the absence of the

stimulus, expression from any inducible promoter is increased in the

presence of the correct stimulus. In experiments below, a Lac

inducible promoter has been used.

Expression vectors of the invention may also contain one or more

selection genes. Typical selection genes encode proteins that (a)

confer resistance to antibiotics or other toxins e.g. ampicillin,

neomycin, methotrexate, or tetracycline, complement auxotrophic

deficiencies, or supply critical nutrients not available from

complex media, the gene encoding D-alanine racemase for

Bacilli. An example of suitable selectable markers for mammalian

cells are those that enable the identification of cells competent to

take up the given membrane-targeted protein-encoding nucleic acid,

such as DHFR or thymidine kinase. An appropriate host cell, when

wild-type DHFR is employed, is the CHO cell line deficient in DHFR
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activity, prepared and propagated as described by Urlaub et al.,

Proc. Natl. Acad Sci USA 77:4216 (1980). A suitable selection gene

for use in yeast is the trpl gene present in the yeast plasmid Rp7

[Stinchcomb et al., Nature, 282:39 (1979); Kingsman et al., Gene,

7:141 (1979); Tschemper et al., Gene, 10:157 (1980)]. The trpl gene

provides a selection marker for a mutant strain of yeast which lacks

the ability to grow in tryptophan, for example, ATCC: No. 44076 or

PEP4-1 [Jones, Genetics, 85:12 (1977)].

Transformation

The method referred to above may therefore further include

introducing the nucleic acid into a host cell. The introduction,

which may (particularly for in vitro introduction) be generally

referred to without limitation as "transformation", may employ any

available technique. For eukaryotic cells, suitable techniques may

include calcium phosphate transfection, DEAE-Dextran,

electroporation, liposome-mediated transfection and transduction

using retrovirus or other virus, e.g. vaccinia or, for insect cells,

baculovirus.

The calcium treatment employing calcium chloride, as described in

Sambrook et al., supra, or electroporation is generally used for

prokaryotes or other cells that contain substantial cell-wall

barriers. Infection with Agrobacterium tumefaciens is used for

transformation of certain plant cells, as described by Shaw et al.,

Gene, 23:315 (1983) and WO 89/05859 published 29 June 1989.

For mammalian cells without such cell walls, the calcium phosphate

precipitation method of Graham and van der Eb, Virology 52:456-457

(1978) can be employed. General aspects of mammalian cell host

system transformations have been described in U.S. Patent No.

4,399,216. Transformations into yeast are typically carried out

according to the method of Van Solingen et al., J. Bact., 130:946

(1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA), 76:3829

(1979). However, other methods for introducing DNA into cells, such
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as by nuclear microinjection, electroporation, bacterial protoplast

fusion with intact cells, or polycations, e.g, polybrene,

polyornithine, may also be used. For various techniques for

transforming mammalian cells, see Keown et al., Methods in

Enzymology, 185:527 537 (1990) and Mansour et al., Nature 336:348-

352 (1988).

Host cells

Suitable host cells for use in the invention may include bacteria,

eukaryotic cells such as mammalian and yeast cells, and baculovirus

systems.

Mammalian cell lines available in the art for expression of a

heterologous polypeptide include fibroblast 3T6 cells, HeLa cells,

baby hamster kidney cells, COS cells, monkey kidney CV1 line

transformed by SV40 (COS-7, ATCC CRL 1651), Chinese hamster ovary

cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA

77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod.

23:243-251 (1980)); human lung cells (W138, ATCC CCL 75); human

liver cells (Hep G2, HB 8065); mouse mammary tumour cells (MMT

060562, ATCC CCL51); and many others. Preferred may be any of the

range of well known neuroblastomal cell lines e.g. N2A, N1E, 

Suitable prokaryotic hosts include but are not limited to

eubacteria, such as Gram-negative or Gram-positive organisms, for

example, Enterobacteriaceae such as E. coli. Various E. coli strains

are publicly available, such as E. coli K12 strain MM294 (ATCC

31,446); E. coli X1776 (ATCC 31,537); E. coli strain W3110 (ATCC

27,325) and K5 772 (ATCC 53,635). Eukaryotic microbes such as

filamentous fungi or yeast are also suitable cloning or expression

hosts for vectors. Saccharomyces cerevisiae is a commonly used

lower eukaryotic host microorganism. The selection of the

appropriate host cell is deemed to be within the skill in the art.

In a further aspect, the present invention provides a host cell
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containing heterologous nucleic acid of the invention as described

above. The nucleic acid of the invention may be integrated into the

genome chromosome) of the host cell. Integration may be

promoted by inclusion of sequences which promote recombination with

the genome, in accordance with standard techniques. Alternatively,

the nucleic acid may be on an extrachromosomal vector within the

cell, or otherwise identifiably heterologous or foreign to the cell.

Generally the cell line will be capable of expressing a membrane-

localised form of a protein such as tau or derivative thereof, the

cell line being transformed with nucleic acid encoding the protein

or derivative thereof. Preferred cell-lines may be based on the

fibroblast cell line, e.g. 3T6.

Expression products

Host cells transfected or transformed with expression or cloning

vectors described herein for the production of the membrane-

localized protein may be cultured in conventional nutrient media

modified as appropriate for inducing promoters, selecting

transformants, or amplifying the genes encoding the desired

sequences. The culture conditions, such as media, temperature, pH

and the like, can be selected by the skilled artisan without undue

experimentation. In general, principles, protocols, and practical

techniques for maximizing the productivity of cell cultures can be

found in "Mammalian Cell Biotechnology: a Practical Approach", M.

Butler, ed. JRL Press, (1991) and Sambrook et al, supra.

Gene expression can be confirmed in a sample directly, for example,

by conventional Southern blotting, Northern blotting to quantitate

the transcription of mRNA [Thomas, Proc. Natl Acad Sci. USA,

77:5201-5205 (1980)], dot blotting (DNA analysis), or in situ

hybridization, using an appropriately labeled probe, based on the

sequence of the aggregating disease protein. Alternatively,

antibodies may be employed that can recognize specific duplexes,

including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or

DNA-protein duplexes.
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Gene expression, alternatively, may be measured by immunological

methods such as immunohistochemical staining of cells or tissue

sections, and assay of cell culture, to quantitate directly the

expression of gene product. Antibodies useful for

immunohistochemical staining and/or assay of sample fluids may be

either monoclonal or polyclonal, and may be prepared in any mammal.

Conveniently, the antibodies may be prepared against a native

sequence of the aggregating disease polypeptide.

Thus one aspect of the present invention entails causing or allowing

expression from the nucleic acids discussed herein, e.g. by

culturing host cells (which may include cells actually transformed,

although more likely the cells will be descendants of the

transformed cells) under conditions for expression of the gene, so

that the encoded polypeptide (or peptide) is produced.

The present invention also encompasses a method of making a

membrane-localized polypeptide or peptide of the preceding aspect,

the method including expression from nucleic acid as described

above. As an alternative to growing in a culture a host cell which

contains such a vector, under appropriate conditions which cause or

allow expression of the polypeptide, the polypeptides and peptides

may be expressed in an in vitro system, such as a reticulocyte

lysate system, as described herein.

Generally, following production by expression, the encoded fusion

polypeptide will be utilised in the environment of the cells in

which it is expressed, i.e. without isolating it from the membranes

in which it is localised. In this way, as discussed above, it has

surprisingly been found by the present inventors, the membrane-

localized form of the protein can be used to seed the aggregation of

further protein molecules in a manner which mimics Alzheimer's

disease-like protein aggregation. Thus, cells displaying membrane-

localised Alzheimer's disease-like protein aggregates in their

membranes ER membranes) can be used in further screening
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Nevertheless, polypeptides of the invention may be isolated and/or

purified from the host cell and/or culture medium, either in the

form of a membrane fraction, or isolated from the membranes

themselves, as the case may be. Proteins may be purified to

essential homogeneity by known methods such as, for example, by

centrifugation at different velocities, by precipitation with

ammonium sulphate, by dialysis (at normal pressure or at reduced

pressure), by preparative isoelectric focusing, by preparative gel

electrophoresis or by various chromatographic methods such as gel

filtration, high performance liquid chromatography (HPLC), ion

exchange chromatography, reverse phase chromatography and affinity

chromatography on Sepharose(TM) Blue CL-6B or on carrier-bound

monoclonal antibodies).

Thus the invention relates, in a further aspect, to a polypeptide

encoded by a nucleic acid as provided in a preceding aspect e.g. a

polypeptide or fragment thereof, (for instance based on tau or a

core fragment of tau) linked to a signal peptide and (if necessary)

an anchor and/or stop-transfer sequence. In a preferred embodiment,

the polypeptide comprises aggregating disease protein e.g. tau

protein, or a derivative thereof. More preferably, the protein

comprises a tau core fragment, as described above.

In vitro model

The membrane-localised form of the protein of interest described

above may be used in in vitro models.

For example it could be used analogously to the tau fragment used in

the assay of WO 96/30766 which is incorporated herein by cross

reference. As described above, in this assay for tau aggregation

and inhibitors thereof a fragment of tau corresponding to the core

repeat domain is adsorbed to a solid phase substrate. This is able

to capture soluble full-length tau and bind tau with high affinity.
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The combination of these two strategies (membrane localisation, in

vitro solid phase) may be advantageous in certain contexts.

As a further alternative to the cell-based methods described above,

the modeling method can be performed in vitro, by causing the

expression in an in vitro protein-expression system of a membrane-

localised form of the protein of interest. For instance, an in

vitro medium containing microsomes (which can be easily produced by

fragmentation of the endoplasmic reticulum), ribosomes, tRNA

molecules, and mRNA encoding the protein or protein fragment of

interest linked to a signal sequence, as well as any other soluble

factors required for protein synthesis and translccation, could be

used to synthesise a membrane-bound form of the protein. Here, in a

similar way to the cell-based system described above, ribosomes

would become attached to the microsomal membrane (which is

equivalent to the ER membrane of the cell-based system) and cause

the synthesis of the encoded polypeptide molecule.

In this latter embodiment, however, the construct which encodes the

aggregating disease protein, the signal sequence and the anchor

and/or stop transfer sequences (if required), are all preferably

designed in such a way that the majority of the encoded protein

molecule, when inserted into the microsomal membrane, projects from

the cytosolic surface of the membrane rather than into the lumen.

In this way, the protein molecule will be accessible both to further

protein molecules (so allowing Alzheimer's disease-like aggregation

to occur at the cytosolic surface of the microsome), and to test

agents in a screening assay to screen for potential inhibitors or

modulators of such aggregation.

The skilled person will be familiar with the design of suitable

constructs in order to achieve desired protein topologies. Further

discussion of this point will be given below.

Thus, the common feature linking the cell-based and in vitro model

systems provided herein is the synthesis of a membrane-localised
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form of the aggregating disease protein or protein fragment. This

common feature gives rise to a method of generating a seed molecule,

which can propagate the aggregation of further protein molecules in

a manner which mimics the pathological aggregation of proteins such

as tau during the formation of e.g. neurofibrillary tangles.

Detection of induced polymerization interaction

In various embodiments, the progress aggregation (or modulation of

aggregation) may be detected directly or indirectly by monitoring

the concentration or level any one or more of the following species:

an aggregate of the fusion and\or second protein based on

sedimentation co-efficients), or a proteolytic fragment of either of

these (which will generally increase with aggregation); a species

corresponding to the non-aggregated fusion polypeptide and\or second

protein (which may decrease).

Thus, as exemplified with particular tau fusions and proteins (based

on 40kDa 190-441 fragment and T40), aggregation can be monitored on

the basis of increasing levels of a 25 kDa processed species,

derived from both the fusion and longer proteins (see Figure 1).

It may be desirable that the second ('free') protein used in method

is labeled, or otherwise distinguishable from the membrane-bound

protein, e.g. immunologically distinct, to assist in detecting the

degree of aggregation of the protein molecules.

For instance, the free form of the aggregating disease protein may

be linked to a reporter molecule. The term "reporter molecule", as

used in the present specification, is intended to mean a molecule

which, by its chemical nature, provides an analytically-detectable

signal that allows the detection of antigen-bound antibody.

Detection should preferably be quantifiable, to allow determination

of the amount of antigen in the sample; this may be calculated in

absolute terms, or may be performed in comparison with a standard

(or series of standards) containing a known normal level of antigen.
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Examples are well known to those skilled in the art e.g. enzymes or

fluorophores.

Thus the free form of the protein may be directly modified (e.g.

marked with a radioactive or enzymatically-detectable label) or

conjugated to a fluorophore) in a domain of the molecule, for

example the N-terminal segment, which is known not to be involved in

the high affinity tau-tau binding site, so that it thereby functions

both as the ligand in the tau-tau binding assay, and as the reporter

molecule.

Where antibodies or fragments thereof are used in embodiments of the

method of the present invention may be produced by conventional

techniques. Polyclonal antibodies may raised e.g. by injecting the

corresponding tau antigen into an animal, preferably a rabbit, and

recovering the antiserum by immunoaffinity purification, in which

the polyclonal antibody is passed over a column to which the antigen

is bound and is then eluted in a conventional manner. Preferably

the invention will use monoclonal antibodies which are selective to

tau epitopes may be prepared by the method of Kohler and Milstein.

Suitable monoclonal antibodies to tau epitopes can be modified by

known methods to provide Fab fragments or (Fab')2 fragments,

chimeric, humanised or single chain antibody embodiments.

Antibodies according to the present invention may be modified in a

number of ways. Indeed the term "antibody" should be construed as

covering any binding substance having a binding domain with the

required specificity. Thus the invention covers antibody fragments,

derivatives, functional equivalents and homologues of antibodies,

including synthetic molecules and molecules whose shape mimics that

of an antibody enabling it to bind an antigen or epitope.

Generally speaking, where antibodies are employed for detection, the

antibody may carry a reporter molecule. Alternatively, detection of

binding may be performed by use of a second antibody capable of

binding to a first unlabelled, tau-specific antibody. In this case,

the second antibody is linked to a reporter molecule.
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Antibodies may be used in any immunoassay system known in the art,

including, but not limited to: radioimmunoassays, "sandwich" assays,

enzyme-linked immunosorbent assays (ELISA); fluorescent immuno-

assays, protein A immunoassays, etc. Typically, an immunoblot

method is used. Preferably the immunoassay is performed in the

solid phase, as would be well known to the skilled person. For

instance, an antibody may be adsorbed to e.g. an assay column, and

the cellular sample may then be washed through the column under

conditions suitable for enabling binding to the solid-phase antibody

of any aggregate of the protein of interest, e.g a tau-tau

aggregate, which is present in the membrane of the cell. Excess

reagent is washed away, and the binding of aggregated protein to the

column can then be detected by any suitable means, e.g. as

exemplified above and below.

Preferred monoclonal antibodies are as follows:

Those which recognise the N-terminal or C-terminal of the tau

epitope permit measuring of binding between truncated and full-

length tau species. Especially useful are antibodies recognising

human-specific epitopes. One such monoclonal antibody (designated

27/499) recognises a human-specific epitope located in the region

between Gly-16 and Gln-26 of tau, and thereby permits measurement of

binding between full-length tau species, provided one is derived

from a non-human source (Lai (1995); "The role of abnormal

phosphorylation of tau protein in the development of neurofibrillary

pathology in Alzheimer's disease", PhD Thesis, University of

Cambridge).

Those which recognise the core tau fragment truncated at Glu-391.

An example is mAb 423 (Novak et al. (1993), loc. cit.). This

antibody enables detection of the binding of a truncated core tau

fragment terminating at Glu-391 to a similar fragment terminating at

Ala-390, which is not recognised by mAb 423. This truncation occurs

naturally in the course of PHF assembly in Alzheimer's disease (Mena
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et al. (1995), (1996), loc. cit.; Novak et al. (1993), loc. cit.;

Mena et al. (1991), loc. cit.). Additionally, when tau is bound via

the repeat domain in vitro, digestion with a protease pronase)

generates a fragment detectable by mAb 423 (see Wischik et al, 1996,

loc cit). Figure 17 shows various tau-derived species which may

generated in an assay according to the present invention, and the

approximate truncation point in each. mAb 423 may thus be used to

demonstrate that the molecular conformation of the tau-tau binding

interaction generated in a membrane-localised model system as

provided herein corresponds to that which occurs pathologically in

the brain, and hence that such model systems according to the

present invention represent viable models of Alzheimer's disease-

like protein aggregation.

Those which recognise a generic tau epitope in the repeat domain.

A preferred embodiment utilises an antibody MAb 7.51). Where

tau-MAP2 or MAP2-MAP2 aggregation is to be detected, an antibody

which detects a generic MAP2 epitope could be used. Antibody 7.51

recognises a generic tau epitope located in the antepenultimate

repeat of tau (Novak et al. (1991) Proc. Natl. Acad. Sci. USA, 88,

5837-5841), which is occluded when tau is bound in a PHF-like

immunochemical configuration but can be exposed after formic acid

treatment (Harrington et al. 1990), (1991), loc. cit.; Wischik et

al. (1995a), loc. cit.). Normal soluble tau, or tau bound to

microtubules, can be detected using mAb 7.51 without formic acid

treatment (Harrington et al. (1991), loc. cit.; Wischik et al.

(1995a), loc. cit.). Binding of full-length tau in the tau-tau

binding assay is associated with partial occlusion of the mAb 7.51

epitope.

Antibody 27/342 recognises a non-species specific generic tau

epitope located between Ser-208 and Ser238 which is partially

occluded in the course of the tau-tau interaction (Lai, loc. cit.).

The binding sites of some monoclonal antibodies are shown in Figure

4.
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Screening for Modulators and inhibitors

As described above, the invention is preferably concerned with use

of a nucleic acid molecule, polypeptide or derivative thereof, a

host cell, or an in vitro protein expression system, as provided

herein, in a method of modeling Alzheimer's disease-like protein

aggregation. Methods of the invention may include the steps of

causing the expression of the nucleic acid molecule in a cell-based

or microsome-based expression system, so that the encoded

polypeptide becomes localized in a membrane the ER membrane)

of the cell, or in the microsomal membrane, respectively.

In a preferred aspect, there is disclosed a method of identifying a

therapeutic agent for treatment of a disease as discussed herein,

which method comprises the step of providing the fusion polypeptide

(and preferably, the second protein discussed above) and contacting

the membrane-localized protein with test substances which are

suspected of being inhibitors or modulators of the disease

associated protein aggregation. In particular, the fusion

polypeptides as produced by the modeling methods described above can

be used to investigate and screen for potential inhibitors or

modulators of Alzheimer's disease-like protein aggregation, such as

pathological tau-tau association.

Thus the various methods described above may comprise the further

steps of contacting the fusion polypeptide and\or the second

protein with one or more agents which it is desired to assess for

ability to modulate or inhibit the aggregation; monitoring the

extent of aggregation, and optionally correlating the extent of

aggregation with the modulatory activity of the agent(s).

Thus a method of identifying a modulator of (preferably

intracellular) aggregation of a protein associated with a disease in

which the protein undergoes an induced conformational interaction,

may comprise performing a method for inducing aggregation as
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described above in the presence of one or more agents suspected of

being capable of modulating inhibiting or reversing) the

aggregation. The degree of aggregation (and optionally proteolytic

processing) may be observed in the presence or absence of the agent,

and the relative values correlated with its activity as a modulator.

Preferably, where the screening method employs cells which express a

membrane-localised form of the protein of interest, such as tau,

these may comprise, cells from a neuronal cell line, e.g. a

neuroblastoma cell line, or cells from a fibroblast cell line. In a

preferred embodiment, the cells are from a fibroblast 3T6 cell line.

In one embodiment, the present invention relates to a method of

screening for agents which are capable of modulating or inhibiting

Alzheimer's disease-like protein aggregation, e.g. pathological tau-

tau association, the method comprising:

causing or allowing the synthesis of a membrane-localised form

of the aggregating disease protein tau or MAP2), or a core

fragment thereof the core tandem repeat domain of tau or

MAP2);

contacting said fusion polypeptide or derivative with:

one or more agents suspected of being capable of modulating or

inhibiting aggregation of the aggregating disease protein molecules,

and

a further aggregating disease protein or core fragment thereof,

which is capable of binding to the membrane-associated protein of

step and

detecting the binding, if any, of the protein of step 

with the fusion polypeptide of step 

The tau-like protein used in step (2B) above may, in certain

embodiments, be a "free" form of the protein, which term is used

herein to distinguish it from the membrane-bound aggregating disease

protein of step However, "free" is not intended to exclude the

possibility that the aggregating disease protein is complexed with,

or otherwise associated with, other molecules or moieties such as
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carbohydrate moieties or other peptides.

For example, a test substance may be added to a cellular system as

described above, and the cells incubated for a period of time

sufficient to allow binding and to demonstrate inhibition of

binding. The bound tau complex can then be detected, e.g. using a

suitably-labeled antibody such as MAb 7.51 in an immunoblot of total

cell extract, or any other suitable detection method. If desired,

the membrane-bound tau protein can be distinguished from aggregated

free tau protein, for example by terminating the sequence of the

membrane-bound tau protein at amino aid 390. The aggregated free

tau will be proteolytically cleaved at amino acid Gly 391, which can

be detected by an antibody specific top that epitope MAb 423).

Where a screening method is employed for this purpose, i.e. for the

identification of modulatory/inhibitory compounds, a non-competitive

or competitive assay may be used. For instance, in a competitive

assay of the type well known in the art, the effect of a known

inhibitor or modulator on Alzheimer's disease-like aggregation can

be compared in the presence or absence of further test substances or

agents, to determine the ability of the test substance to compete

with the known inhibitor/modulator for binding to the protein of

interest.

Choice of test compound

Compounds which are tested may be any which it is desired to assess

for the relevant activity

The methods can serve either as primary screens, in order to

identify new inhibitors/modulators, or as secondary screens in order

to study known inhibitors/modulators in further detail.

Agents may be natural or synthetic chemical compounds. Antibodies

which recognise an Alzheimer's disease-like protein aggregate and/or

which modulate Alzheimer's disease-like protein aggregation form one
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class of putative inhibitory or modulatory compounds with respect to

the aggregation process. More usually, relatively small chemical

compounds, preferably which are capable of crossing the blood-brain

barrier, will be tested.

The skilled person will appreciate that the amount of test substance

or compound which is added in a screening assay according to this

aspect of the invention will normally be determined by trial and

error depending upon the type of compound used. It may be selected

to be a level which could realistically be used in therapeutic

context i.e. would be non-lethal to a patient.

Specificity of inhibition

Screening methods according to this aspect of the present invention

may be used to screen for compounds which demonstrate the properties

of selective competitive inhibition of pathological Alzheimer's

disease-like protein aggregation tau-tau or tau-MAP2 binding),

without interference with the normal binding of e.g. tau or MAP2 to

tubulin via the same region of the molecule (see WO 96/30766).

A suitable method for determining any possible interference of the

binding of tau, MAP2 or a derivative thereof to tubulin by potential

inhibitors/modulators of Alzheimer's disease-like protein

aggregation, comprises contacting a preparation of depolymerised

tubulin/MAP2 or taxol-stabilised microtubules with an agent

suspected of being capable of modulating or inhibiting tau-tau or

tau-MAP2 association, along with a protein or derivative thereof as

mentioned above in step followed by detection of the tau-

tubulin or MAP2-tubulin binding. Tau-tubulin binding could also, for

example, be demonstrated by a normal cytoskeletal distribution, as

described in e.g. WO 96/30766.

Methods for the preparation of tubulin proteins or fragments

thereof, possibly in combination with binding partners, are known in

the art and are described e.g. by Slobada et al. (1976, in: Cell
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Spring Laboratory, Cold Spring Harbor, New York, pp 1171-1212).

Cell viability

Where the method utilizes a cell-based system, it may further

include the step of testing the viability of the cells expressing

the membrane-localised aggregating disease protein, e.g. by use of a

lactate dehydrogenase assay kit (Sigma).

In the case where tau-tau, tau-MAP2 or MAP2-MAP2 aggregation is

being investigated (see above, under 'specificity'), this step may

also provide an indication of any interference by the test agent of

the binding of tau or MAP2 to tubulin, since inhibition or

interference of tau-tubulin or MAP2-tubulin binding will correlate

to some extent with a decreased ability of the cells to divide, and

thus with decreased cell viability.

Therapeutics and modes of administration

Performance of a screening assay method according to the various

aspects above may be followed by isolation and/or manufacture and/or

use of a compound, substance or molecule which tests positive for

ability to interfere with or modulate disease related protein

aggregation.

The compounds thus identified may be formulated into compositions

for use in the diagnosis, prognosis or therapeutic treatment of

Alzheimer's disease or the like (indeed any condition in which

Alzheimer's disease-like protein aggregation occurs). Thus, the

present invention also extends, in further aspects, to

pharmaceutical formulations comprising one or more inhibitory or

modulatory compound as obtainable by a screening method as provided

herein.

Following the identification of a substance or agent which modulates
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or affects such protein aggregation, the substance or agent may be

investigated further. Other candidate inhibitory/modulatory

compounds may be based on modelling the 3-dimensional structure of a

polypeptide or peptide fragment and using rational drug design to

provide potential inhibitor compounds with particular molecular

shape, size and charge characteristics. Thus the present invention

provides the use of an agent as identified using a screening method

provided herein, or a derivative, active portion, analogue, variant

or mimetic thereof which is able to inhibit or modulate Alzheimer's

disease-like protein aggregation, in screening for, or designing,

further inhibitors/modulators of Alzheimer's disease-like

aggregation.

A compound which has been identified as described above, may be

manufactured and/or may be used in the preparation, i.e. the

manufacture or formulaLion, of a composition such as a medicament,

pharmaceutical composition or drug. These may be administered to

individuals.

Generally, an inhibitor or modulator according to the present

invention is provided in an isolated and/or purified form, i.e.

substantially pure. This may include being in a composition where

it represents at least about 90% active ingredient, more preferably

at least about 95%, more preferably at least about 98%. Such a

composition may, however, include inert carrier materials or other

pharmaceutically and physiologically-acceptable excipients. As

noted below, a composition according to the present invention may

include in addition to an inhibitory/modulatory compound as

disclosed, one or more other molecules of therapeutic use.

In this way, a substance according to the present invention, such as

an inhibitor of tau-tau aggregation or other such Alzheimer's

disease-like protein aggregation, may be provided for use in a

method of treatment of the human or animal body of a condition in

which Alzheimer's disease-like protein aggregation occurs.
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The present invention thus extends, in various aspects, to a

pharmaceutical composition, medicament, drug or other composition

comprising a substance of the invention as described above, a method

comprising administration of such a composition to a patient, e.g.

for treatment or prophylaxis of Alzheimer's disease or an

Alzheimer's disease-like condition, use of such a substance in the

manufacture of a composition for administration, e.g. for treating

Alzheimer's disease or similar treatment, and a method of making a

pharmaceutical composition comprising admixing such a substance with

a pharmaceutically acceptable excipient etc. as discussed below.

In particular the invention provides a method of modulating

Alzheimer's disease-like protein aggregation in a cell, comprising

administering an agent which inhibits or otherwise modulates such

aggregation, the method therefore being useful in the treatment of

Alzheimer's disease or other diseases or disorders in which

Alzheimer's disease-like protein aggregation is implicated. The

invention further provides a method of treating an Alzheimer's

disease-like condition, which includes administering to a patient an

agent which interferes with or otherwise modulates Alzheimer's

disease-like aggregation of proteins.

Whether it is a polypeptide, antibody, peptide, nucleic acid

molecule, small molecule, mimetic or other pharmaceutically-useful

compound according to the present invention that is to be given to

an individual, administration is preferably in a "prophylactically

effective amount" or a "therapeutically effective amount" (as the

case may be, although prophylaxis may be considered therapy), this

being sufficient to show benefit to the individual. The actual

amount administered, and rate and time-course of administration,

will depend on the nature and severity of what is being treated.

Prescription of treatment, e.g. decisions on dosage etc, is within

the responsibility of general practitioners and other medical

doctors.

A composition may be administered alone or in combination with other
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treatments, either simultaneously or sequentially dependent upon the

condition to be treated.

Pharmaceutical compositions according to the present invention, and

for use in accordance with the present invention, may include, in

addition to active ingredient, a pharmaceutically acceptable

excipient, carrier, buffer, stabiliser or other materials well known

to those skilled in the art. Such materials should be non-toxic and

should not interfere with the efficacy of the active ingredient.

The precise nature of the carrier or other material will depend on

the route of administration, which may be oral, or by injection,

e.g. cutaneous, subcutaneous or intravenous.

Pharmaceutical compositions for oral administration may be in

tablet, capsule, powder or liquid form. A tablet may include a

solid carrier such as gelatin or an adjuvant. Liquid pharmaceutical

compositions generally include a liquid carrier such as water,

petroleum, animal or vegetable oils, mineral oil or synthetic oil.

Physiological saline solution, dextrose or other saccharide solution

or glycols such as ethylene glycol, propylene glycol or polyethylene

glycol may be included.

For intravenous, cutaneous or subcutaneous injection, or injection

at the site of affliction, the active ingredient will be in the form

of a parenterally acceptable aqueous solution which is pyrogen-free

and has suitable pH, isotonicity and stability. Those of relevant

skill in the art are well able to prepare suitable solutions using,

for example, isotonic vehicles such as Sodium Chloride Injection,

Ringer's Injection, Lactated Ringer's Injection. Preservatives,

stabilisers, buffers, antioxidants and/or other additives may be

included, as required.

Examples of techniques and protocols mentioned above can be found in

Remington's Pharmaceutical Sciences, 1 6
th edition, Osol, A. (ed),

1980.
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The agent may be administered in a localised manner to the brain or

other desired site, or it may be delivered systemically in a manner

such that it targets the brain or other cells. For instance,

targeting therapies may be used to deliver the active agent more

specifically to certain types of cell, by the use of targeting

systems such as antibody or cell-specific ligands. Targeting may be

desirable for a variety of reasons, for example if the agent is

unacceptably toxic, or if it would otherwise require too high a

dosage, or if it would not otherwise be able to enter the target

cells.

Instead of administering these agents directly, they may be

administered in a precursor form, for conversion to the active form

by an activating agent produced in, or targeted to, the cells to be

treated.

An agent which is able to interfere with Alzheimer's disease-like

protein aggregation may be provided in a kit, e.g. sealed in a

suitable container which protects its contents from the external

environment. Such a kit may include instructions for use.

Animals

Although much of the forgoing discussion has been concerned with

cell-line or in vitro-based assays, the invention disclosed herein

has particular utility in animal-based assays.

Thus host cells according to the present invention may be comprised

in a transgenic animal, and the present invention further provides a

transgenic animal, comprising cells which express a fusion

polypeptide according to a preceding aspect, such as a membrane-

localised form of the tau core fragment. Such animals may be

prepared and\or used in analogous manner to those discussed in US

5,912,410 and 5,898,094 which disclosures are incorporated herein by

cross-reference.
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The transgenic organisms of the invention all include within a

plurality of their cells a cloned recombinant or synthetic DNA

sequence which is believed to relate to the pathogenesis of a

disease of protein aggregation. More specifically, the transgenic

organisms contain specific sequences of exogenous genetic material,

such as the sequences described above in detail which are comprised

of a tissue specific promoter sequence and a sequence which encodes

for production of a membrane targeted protein. Since it is possible

to produce transgenic organisms of the invention utilizing one or

more of the above-described sequences, a general description will be

given of the production of transgenic organisms by referring

generally to exogenous genetic material. This general description

can be adapted by those skilled in the art in order to incorporate

the above-described specific DNA sequences into organisms and obtain

expression of those sequences utilizing the methods and materials

described below. For more details regarding the production of

transgenic organisms, and specifically transgenic mice, refer to

U.S. Pat. No. 4,873,191, issued Oct. 10, 1989 (incorporated herein

by reference to disclose methods producing transgenic mice), and to

the numerous scientific publications referred to and cited therein.

The exogenous genetic material may be placed in either the male or

female pronucleus of the zygote. More preferably, it is placed in

the male pronucleus as soon as possible after the sperm enters the

egg. In other words, right after the formation of the male

pronucleus when the pronuclei are clearly defined and are well

separated, each being located near the zygote membrane. The male

pronucleus of a fertilized mouse egg is the preferred site for

addition of the exogenous genetic material of the present invention.

It is most preferred that the exogenous genetic material be added to

the male DNA complement of the zygote prior to its being processed

by the ovum nucleus or the zygote female pronucleus. It is thought

that the ovum nucleus or female pronucleus release molecules which

affect the male DNA complement, perhaps by replacing the protamines

of the male DNA with histones, thereby facilitating the combination
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of the female and male DNA complements to form the diploid zygote.

Thus, it is preferred that the exogenous genetic material be added

to the male complement of DNA or any other complement of DNA prior

to its being affected by the female pronucleus. For example, the

exogenous genetic material is added to the early male pronucleus, as

soon as possible after the formation of the male pronucleus, which

is when the male and female pronuclei are well separated and both

are located close to the cell membrane. Alternatively, the exogenous

genetic material could be added to the nucleus of the sperm after it

has been induced to undergo decondensation. Sperm containing the

exogenous genetic material could then be added to the ovum or the

decondensed sperm could be added to the ovum with the exogenous

genetic material being added as soon as possible thereafter.

For the purposes of this invention a zygote is essentially the

formation of a diploid cell which is capable of developing into a

complete organism. Generally, the zygote will be comprised of an egg

containing a nucleus formed, either naturally or artificially, by

the fusion of two haploid nuclei from a gamete or gametes. Thus, the

gamete nuclei must be ones which are naturally compatible, i.e.,

ones which result in a viable zygote capable of undergoing

differentiation and developing into a functioning organism.

Generally, a euploid zygote is preferred. If an aneuploid zygote is

obtained, then the number of chromosomes should not vary by more

than one with respect to the euploid number of the organism from

which either gamete originated.

In addition to similar biological considerations, physical ones also

govern the amount of exogenous genetic material which can be added

to the nucleus of the zygote or to the genetic material which forms

a part of the zygote nucleus. If no genetic material is removed,

then the amount of exogenous genetic material which can be added is

limited by the amount which will be absorbed without being

physically disruptive. Generally, the volume of exogenous genetic

material inserted will not exceed about 10 picoliters. The physical
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effects of addition must not be so great as to physically destroy

the viability of the zygote. The biological limit of the number and

variety of DNA sequences will vary depending upon the particular

zygote and functions of the exogenous genetic material and will be

readily apparent to one skilled in the art, because the genetic

material, including the exogenous genetic material, of the resulting

zygote must be biologically capable of initiating and maintaining

the differentiation and development of the zygote into a functional

organism.

The number of copies of the DNA sequences which are added to the

zygote is dependent upon the total amount of exogenous genetic

material added and will be the amount which enables the genetic

transformation to occur. Theoretically only one copy is required;

however, generally, numerous copies are utilized, for example,

1,000-20,000 copies of a gene, in order to insure that one copy is

functional. As regards the present invention, there is generally an

advantage to having more than one functioning copy of each of the

inserted exogenous DNA sequences to enhance the phenotypic

expression of the exogenous DNA sequences.

Any technique which allows for the addition of the exogenous genetic

material into nucleic genetic material can be utilized so long as it

is not destructive to the cell, nuclear membrane or other existing

cellular or genetic structures. The exogenous genetic material is

preferentially inserted into the nucleic genetic material by

microinjection. Microinjection of cells and cellular structures is

known and is used in the art.

Thus the present invention provides methods in which cloned

recombinant DNA sequences encoding appropriate merrmrane targeting

sequences may be injected into fertilized mammalian eggs (preferably

mouse eggs). The injected eggs are implanted in pseudo pregnant

females and are grown to term to provide transgenic mice whose cells

express proteins related to the pathology of the relevant disease.

The injected sequences are constructed having promoter sequences
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connected so as to express the desired protein in specific tissues

of the transgenic mammal (most notably in nerve tissue). Suitably,

the vector is adapted for neurone-specific expression to produce

Alzheimer's Disease-like aggregation such as is now known to occur

in the human brain. Examples may include the prion specific

promoter of Lewis et al (2000) or the neurospecific enolase promoter

e.g. of Thunecke et al (2000).

Non-human animals of the invention may be homozygous or heterozygous

for the fusion polypeptide. Mammalian animals include non-human

primates, rodents, rabbits, sheep, cattle, goats, pigs. Rodents

include mice, rats, and guinea pigs. Specifically provided are:

Methods of preparing a transgenic animal model with enhanced or

accelerated pathology for a disease of protein aggregation and the

transgenic animal made by such methods.

Methods of producing an Fi generation by crossing a founder

animal of either sex (Fo generation) with an animal which is non-

transgenic in respect of the proteins discussed herein, and is

preferably wild-type). The offspring (F1 generation) may then be

screened and those which carry a transgene resulting in an enhanced

pathology for the disease, are selected.

SMethods of producing an F2 generation by crossing 2 F2 animals of

appropriate sex. The offspring (F2 generation) may then be screened

and those which carry a transgene in the appropriate dosage (i.e.

hetero or homozygous) resulting in an enhanced pathology for the

disease, are selected.

-A method of modulating the disease phenotype of a transgenic

animal model, and the transgenic organism with the modulated

phenotype, as described above.

Transgenic non-human mammals of the invention may thus be used for

experimental purposes in studying Alzheimer's-like diseases, and in

the development of therapies designed to alleviate the symptoms or

progression of such conditions. By "experimental" it is meant

permissible for use in animal experimentation or testing purposes
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under prevailing legislation applicable to the research facility

where such experimentation occurs.

The animal may be used to screen for or test potential diagnostic,

therapeutic or prognostic agents of Alzheimer's disease-like protein

aggregation (see below for further discussion). This aspect of the

invention thus provides an animal model which can aid in the

investigation of Alzheimer's disease and Alzheimer's disease-like

conditions. In the in vivo model system, the Alzheimer's disease-

like condition is induced in the animal by causing or allowing a

membrane-localised Alzheimer's disease-like protein aggregate to be

synthesised in the cells. Using this model system, a compound

suspected of having a therapeutic effect in relation to Alzheimer's

disease or an Alzheimer's disease-like condition can be administered

to the animal, and any effects on the condition improvements

in symptoms, or any other suitable indicator) can be studied. In

particular, the transgenic mammals of the present invention are

useful in determining the effectiveness of pharmaceutical drugs with

respect to their ability to decrease the amount of aggregates which

form within the brain of the animal. These aggregates may be

measured by biochemical and\or histological techniques used in

measurements of AD in humans (see e.g. Mukaetova-Ladinska, E.B. et

al. (2000) loc cit.).

Most preferably the aggregation (or inhibition thereof) is assessed

by the production (or inhibition, or abolition, of production) of

truncated fragments of tau resulting from proteolytic processing

e.g. of endogenous, full length, tau. In preferred embodiments the

aggregation of tau is evidenced by proteolytic processing to a

truncated core fragment corresponding to that found in the actual AD

PHF core. However the production of any one or more other fragments

which are diagnostic products or bi-products of this process may

also be used.

The mammals are thus useful in testing the efficacy of such drugs,

in a pharmacokinetic context, in preventing the formation or
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reducing the amount of aggregation formed as well as eliminating or

reducing aggregation already formed.

Generally speaking, a drug to be tested is administered to a control

animal or group of animals which are not the transgenic animals of

the invention and simultaneously to transgenic animals of the

invention. The drug is preferably continuously administered over a

period of time which is normally sufficient to effect the formation

of aggregates in the brain of the animal. After administering the

drug for a sufficient period of time the control animal(s) along

with the transgenic animal(s) are sacrificed. Examination of the

brain of the animals is made as described above.

In such a system, the effect of a potential inhibitor or modulator

of protein aggregation can be determined or detected as described

above e.g. by immunoassay, for instance to observe the inhibition

of the formation of tau, or tau-like aggregates such as those

detected in human brain tissue by the methods of e.g. Wischik et al.

(1995; loc. cit.), Lai et al. (1995; loc. cit.), or Mukaetova (2000;

loc. cit.) in which measurement of aggregated forms of tau protein

is undertaken in brain tissues.

For instance, the production of aggregates within cells may be

visualized histologically and by electron microscopy, and the

prevention of these aggregates similarly assessed.

By comparing the amount of aggregate deposit within the control

animal(s) to the amount of deposit within the transgenic mammal(s)

of the invention a determination can be made with respect to the

effectiveness of the drug. Comparative drug testing protocols known

to those skilled in the art can he used in connection with the

transgenic mammals of the invention in order to test drugs. The

final intracellular concentration of the drug may be selected to be

appropriate to the precise disease protein and drug in question, but

may be in a range which will ultimately be appropriate for clinincal

usage in terms of toxicity, uptake etc. 1 [IM ImM more
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preferably 4 600 giM).

The in vivo screening assay of the invention need not directly

measure the degree of inhibition of, or modulation of, Alzheimer's

disease-like protein aggregation caused by the compound being

tested. Instead the downstream effect on the pathological condition

itself, e.g. Alzheimer's disease, may be measured. For instance, it

would be anticipated that there would be behavioral effects in the

animals, such as defects of movement, power or tone, abnormal

reflexes, evidence of defective memory or response to environmental

cues.

In that the transgenic animals of the invention can be used to test

the efficacy of drugs with respect to preventing disease-associated

protein aggregation, the animals are valuable research tools with

respect to allowing researchers to test the efficacy of such drugs

in treating diseases such as Alzheimer's disease. If preferred, in

all cases, the transgenic animal assay may be run in parallel with,

or subsequent to, an in vitro or cell-based assay, e.g. according to

preceding aspects of the present invention, in order to confirm that

any effect on the condition itself is as a result of the inhibition

of Alzheimer's disease-like protein aggregation and not merely a

general toxic effect.

Thus, as is described in detail above, the present invention relates

inter alia to the use of a nucleic acid molecule, polypeptide or

derivative thereof, a host cell, a transgenic animal or an in vitro

membrane-localized model system, all as provided herein, in methods

of screening for test substances having an inhibitory or modulatory

effect on Alzheimer's disease-like protein aggregation. In further

aspects, the present invention extends to inhibitory or modulatory

compounds obtainable using a screening method of a preceding aspect.

Various further aspects and embodiments of the present invention

will be apparent to those skilled in the art in view of the present

disclosure. Certain aspects and embodiments of the invention will
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now be illustrated by way of example only, and with reference to the

following Figures and Examples.

Figures

Figure 1 shows a diagrammatic illustration of an assay according to

the invention as described in Example 1 (cell based) and Example 3

(animal model)

Assay based on constitutive expression of membrane-targeted

sequence alone, in this case a Signal Sequence plus truncated tau

(SStaul90-441). The membrane associated molecules combine leading to

formation of a 25 kD fragment. As shown in Figure 17(a) the 25 kD

fragment contains immunoreactivity associated with the repeat domain

and the C-terminus, but not an epitope located between residues 208

238. The fragment length is 175 residues and the likely N-

terminal cleavage site is at residue -266, the phase-shifted N-

terminus of the first repeat found in tau protein isolated from the

PHF-core.

Assay based on second protein (T40 full-length tau), the

proteolytic cleavage of which is "seeded" by the presence of low

background levels of SStaul90-441 which is targeted to the

endoplasmic reticulum by the signal sequence. T40 induced by IPTG is

bound to the SStaul90-441 species either at the membrane or after

release of the SStaul90-441-derived aggregate into the cytosol. This

captured T40 is now further processed first to give rise to

increased levels of a species with gel mobility and immunoreactivity

identical to that of the SStaul90-441-derived species. It is then

further processed through the same pathway to generate increased

levels of the 25 kD degradation product. Tau aggregation inhibitors

block T40-derived production of the 25 kD fragment in the presence

of IPTG.

Assay based on second cleavage pattern of SStaul90-441. In this

case the membrane-associated molecules combine in a slightly
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different manner through the repeat region to give rise to three

further truncation products (seen in Figure 17(a)) with gel

mobilities 30 kD (~200 residues), 18 kD (-125 residues) and 12/14 kD

residues).

Assay based on constitutive expression and aggregation of

SStaul90-390. In this case, proteolytic processing gives rise to a

single predominant species with gel mobility of 18 kD (-125

residues). This arises by aggregation of SStaul90-390 molecules

through the repeat domain, giving rise to a proteolytically

protected fragment derived entirely from the repeat domain (ie -266

~390). In a variant of the repeat domain binding pattern,

illustrated in Figure a slightly different 18 kD species

could arise by association of SStaul90-390 with low background

levels of T40, to give rise to a fragment equivalent to 4-repeats in

length (ie -125 residues), but extending by the equivalent of 1

repeat beyond 390 within the C-terminal tail of the molecule (ie

-295 -422). In a different scheme illustrated in Figure 16d, small

quantities of a fragment consisting of only 3 repeats (ie 

residues) are able to form minority dimeric forms with atypical gel

mobility corresponding to ~19/22 kD.

Assay based on constitutive expression of SStau296-390 in the

presence of background T40. In this case, two predominant species

are formed, one of 12/14 kD corresponding to the SStau296-390

fragment itself, and a further species with gel mobility of 18 kD.

The latter cannot be a degradation product of SStau296-390. It is

also unlikely to be a major form of the dimer (see Figure 16d) which

has a predominant gel mobility corresponding to 24 kD. Therefore,

the 18 kD is most likely to arise by truncation of T40 which has

been captured by an SStau296-390 aggregate. This species again

corresponds to the equivalent of 4 repeats (ie -125 residues), and

could arise through two possible binding interactions between 

and the SStau296-390 aggregate as shown. In this model the rate

limiting step for the formation of the 18 kD species from T40 may be

the determined by the amount of aggregating, truncated, tau in the
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system.

Assay based on constitutive expression of SSttau296-390 within

the transgenic mouse brain. As in the system described in the

predominant product is not the SStau296-390 itself, but a higher

molecular weight species of 18 kD. For the reasons discussed above,

this is unlikely to be a dimer cr a degradation product of the

SStau296-390 species introduced into the animal transgenically.

Rather, it is most likely to arise by the capture and proteolytic

processing of endogenous mouse tau. In this case, the mouse brain is

known to express only the 3-repeat isoform. The 18 kD fragment

generated in this case is most likely to be the form with the C-

terminal extension giving rise to a species the equivalent of 4

repeats in length (~125 residues, or the fragment between residues

-266 and -422 in the 3-repeat isoform). However, a slightly

different binding pattern is also possible, in which the extension

is into the N-terminus (ie the fragment between residues -235 and

-390 in the 3-repeat isoform).

Figure 2. The inhibitory activities of thionine, chlorpromazine and

tacrine were compared in the membrane-targeted cell model

(production of 25 kD species). There is a clear distinction between

active and inactive compounds (see Example 2).

Figure 3. The data from Figure 2 was analysed in greater detail

mathematically using a standard inhibitory model, and a numerical

procedure (Gauss-Newton method) to solve for KI. The data could be

approximated very closely by assuming a Kd value for tau-tau binding

within the cell of ~500 nM, and a corresponding KI value of ~33 nM.

The significance of these values can be understood by comparing with

what is known of the influence of phosphorylation on tau-tau binding

in vitro (see Wischik, et al. (1997) loc cit).

Figure 4 shows a schematic illustration of the structure of a

paired helical filament (top) and the immunochemistry of

neurofibrillary tangles during progression of Alzheimer's disease
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(bottom). Figure 4 shows a schematic illustration of the binding

sites of various monoclonal antibodies to different forms of N- and

C-truncated tau.

Figure 5 shows the nucleotide and predicted amino acid sequences

of a human tau protein isoform. The sequence was deduced from cDNA

clone htau40. Figure 5 shows the sequences of some of the

constructs of the present invention.

Figure 6 shows constructs used for microinjection to prepare

transgenic mice. These are Thyl-sstau296-390, and (ii) Thyl-

sstaul86-441. Figure 6 shows construct Thyl-SStau296-390 in more

detail. This was cloned into the Thy-I expression vector and was

then microinjected into fertilized oocytes of NMRI mice using

methods from: "Manipulating the mouse embryo", a laboratory manual,

second edition, Cold Spring Harbour Press, CSH, N.Y. Hogan, D.,

Beddington, Costantini, Lacy, editors, 1994).

Figure 7 shows a schematic representation of tau, MAP2 (adult form),

MAP2C (juvenile form) and high molecular weight tau (found in the

PNS and neuroblastoma cell lines). These proteins share similar

microtubule-binding domains, but differ substantially in sequence

and extent of the N-terminal projection domain. The juvenile forms

of tau and MAP2 have only 3 of the tandem repeats. A 4-repeat form

of MAP2 also exists.

Figure 8 shows sequence differences in the tandem repeat region of

human tau (upper line) and human MAP2 (lower line). Vertical arrows

show the limits of the truncated PHF-core fragment terminating at

Glu-391, and the tubulin-binding segments are shown underlined.

Figure 9 shows a construct according to one embodiment of the

present invention. The signal sequence of rat albumin was

inserted in front of the start codon of the cDNA encoding rabbit

globin to achieve membrane targeting of the globin mRNA. Figure

9(b)shows a fragment of the human tau cDNA encoding amino acids
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190-441 was inserted to replace part of the globin sequence, to

effect expression of a tau fragment with an N-terminal signal

sequence. The globin 5' and 3' UTRs were retained in the construct.

Figure 10 shows a summary of tau fragments of the present invention

which were expressed in host cells. Three fragments of tau, all

containing the core aggregation domain, were expressed with N-

terminal signal sequences. For comparison, soluble forms of two of

the fragments were also expressed, as well as full-length tau.

Figure 11 shows the localization of SStaul90-390 after stable

transfection of 3T6 cells. 3T6 cells isolated as stable clones

after transfection with a cDNA encoding amino acids 190-390 of the

longest isoform of human tau linked to an N-terminal signal sequence

were incubated with 5 mM sodium butyrate for 20 h to increase

protein expression, fixed with parafomaldehyde and labeled with mAb

7.51 directed against the repeat domain of tau. These cells show

similar tau morphology to cells expressing SStaul90-441, but cells

isolated after stable transfection with SStaul90-390 consistently

showed higher levels of expression of the tau fragment, with a

higher proportion showing large tau aggregates (see Example 1).

Figure 12 shows a Northern blot analysis of wild-type and

transgenic mouse line 1 RNA with a specific probe showing a

high expression level of transgenic RNA in transgenic mouse line 1.

S26 control shows same loading amounts (see Example 3).

Figure 13 shows purification of the SStau290-391 by

immunoprecipitation using mAb 7.51. 0.lg mouse brain was homogenized

using 500 pl lysis buffer (150mM NaCl, 0.01%SDS, 0.1% NP40, 

Tris, 100pg/ml PMSF, ImM DTT, lZg/ml Leupeptin). The suspension was

then sonicated on ice for Imin and spun down with a benchtop

(Eppendorf) centrifuge at 14,000rpm for 4min. This leads to the "Sl"

supernatant fraction. The first immunoprecipitation was undertaken

using mAb 342 to deplete the preparation of endogenous mouse tau.

The S1 fraction was incubated with 1/10 volume of antibody 342
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incubated for 2h at 4°C with rocking, then 100pl of ProteinA

sepharose beads (10% v/v in lysis buffer) were added, incubated for

1h at 40C, centrifuged with a benchtop centrifuge at 14,000rpm for

Supernatant was taken for further immunoprecipitation using

mAb 7.51. 1/10 v/v of 7.51 was added, incubated for 2h at 40C with

rocking. 40pl of ProteinA sepharose beads were added, incubated for

1h at 4°C, centrifuged for 15sec at 14000rpm, washed 3 times with

the above mentioned lysis buffer. Then, 30pl of laemmli sample

buffer was added, heated to 850C for 5min, centrifuged for 

Supernatant was then loaded onto 15% SDS-Page gel. The IP751 lanes

indicate a difference at -12-14 kD corresponding to presence of the

SStau290-391 protein product in a transgenic animal from line 1. The

dark background at higher molecular weight is due to presence of

endogenous mouse immunoglobulins detected in the course of

development of the immunoblot (see Example 3).

Figure 14 shows the S1 fraction prepared in lysis buffer as

indicated above without immunoprecipitation. Immunoblotting using

mAb 7.51 revealed in addition to the -12-14 kD band corresponding to

the transgene a new more prominent species with gel mobility -18 kD.

This was seen in all line 1 individuals to varying degrees according

to the age of the animal up to 15 months. Three are shown of ages 

months, 4 months and 4 months respectively. Epitope mapping (not

shown) demonstrated that the 18 kD species was recognised recognised

by mAb 7.51 (epitope in the repeat domain) and a polyclonal

antiserum K9JA ("DAKO also recognising epitopes located in the

repeat domain of tau). The 18 kD species was not recognised by the

C-terminal polyclonal antiserum T46.1 or mAb 342, which recognises

an epitope located between residues 208 238. The 18 kD species

cannot arise as a degradation of product of the transgene product,

nor can it arise as a dimer of SStau296-390. The 18 kD species is

therefore likely to be generated by aggregation-dependent

proteolytic processing of endogenous mouse brain tau as shown in

Figure 1.

Figure 15 shows two dimensional gel electrophoresis (2DE), silver
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stain and immunoblotting. 500mg of mouse brain was homogenized in

2ml of lysis buffer (see above), sonicated on ice, centriguged at

14000rpm. The S1 fraction was taken and boiled for 5min at 950 C,

centrifuged at 14000rpm for 5min, supernatant was taken and

concentrated 10-fold using a centricon3000. 20% of this protein

suspension was loaded onto a 2-DE gel. 1 s t dimension isoelectric

focusing, 2 nd dimension 15% SDS-PAGE. Gels were silver stained and in

parallel gels were run under same conditions and blotted, then

incubated with 7.51 antibody (see above). The black arrows show the

12-14 kD gene product and a doublet corresponding to the 18 kD

species. In addition there is an as yet uncharacterised smear of

lower gel mobility which also distinguished the transgenic animal

from the wild-type. This smear is likely to contain several higher

molecular weight tau products also derived from endogenous mouse

tau. Other isolated higher molecular weight tau-immunoreactive spots

are also variably observed, depending preparative protocol used

(see Example 3).

Figure 16 shows the results obtained with the various cell lines of

Example 1.

Figure 16 shows an analysis of cells expressing tau fragments by

immunoblotting. Cells stably expressing tau fragments, and also

expressing full-length tau under the control of an IPTG-inducible

promoter, were incubated with 5 mM IPTG or 5 mM sodium butyrate for

24 h before analysis on 15% SDS gels followed by immunoblotting with

the mAb 7.51, which binds to an epitope in the repeat domain of tau.

The SStaul90-441 protein has an apparent RMM of ~40K on gels, and is

degraded to a fragment of -25K. In contrast the soluble taul86-441

fragment and soluble T40 show different degradation profiles.

Induction of full-length tau in cells expressing SStaul90-441

causes increased appearance the 40K, 25K proteins, and possibly a

small amount of a 30K fragment. Increasing expression of the

transfected protein by addition of sodium butyrate also

increases the amount of both fragments, and induces the appearance

of the 30K fragment.
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In Figure 16(b) The SStaul90-390 protein has an apparent RMM of

with a small amount of a degradation product at -18K.

Induction of full-length tau causes a slight increase in the amount

of the 30K protein. Butyrate treatment causes a larger increase in

the amount of the 30K fragment, and also increases the amount of the

18 kD fragment. This pattern of degradation is not seen for the

soluble 186-391 fragment or the full length 

Figure 16 shows an analysis of cells expressing tau fragments by

immunoblotting. Cells stably expressing the tau fragment SStau296-

390 and also expressing full-length tau under the control of an

IPTG-inducible promotor, were incubated with 5 mM IPTG or 5 mM

sodium butyrate for 24 h before analysis on 15% SDS gels

followed by immunoblotting with mAb 7.51, which binds an epitope in

the repeat domain of tau. The unlabelled lane shows only a minor

band with gel mobility corresponding to 18 kD. The lane designated

shows a prominent gel band with mobility corresponding to 18 kD

and a minor band corresponding to 14 kD. The lane designated "I"

shows a minor band with gel mobility corresponding to 18 kD. The

derivation of the 18 kD band in this cell system is explained in

Figure As the tau fragment SStau296-390 has gel mobility of

-14 kD, the 18 kD species cannot arise as a degradation of product

of the introduced tau fragment, nor is there evidence of formation

of the 24 kD dimer seen e.g. in Figure 16(d).

Figure 16 shows how the tau dGAE fragment (residues 297 391)

expressed bacterially in vitro aggregates spontaneously to form a

series of higher order oligomers, of which the major form has gel

mobility -24 kD. There are minor atypical oligomers with gel

mobility -19/22 kD, which are most likely to be partially degraded

forms of the dimer.

Figure 16(e) left hand panel replicates the effect shown in 

wherein IPTG gives rise to increased levels of 25K, 30K and 

proteins, for comparison. The same experiment conducted in the
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presence of thionine blocks production of the 25K protein, and also

reduces production of the 30K protein. Thionine does not, however,

reduce detected levels of the 25K and 30K bands seen with butyrate.

Therefore thionine is shown to block the capture and processing of

full length tau that gives rise to the 25K band.

Figure 17 shows the proteolytic processing of SStaul90-441.

Cells expressing SStaul90-441 and induced to express full-length tau

by treatment with IPTG (right-hand lane) were analysed with four

antibodies recognising epitopes located along the length of tau. The

gel shows analysis using mAb 7.51, which recognises the repeat

domain of tau, reveal all of the tau fragments which contain the

core aggregation domain. The remaining columns show a summary of the

reactivity of the mAb 7.51 positive fragments with throe other

antibodies. The results are also shown in a schematic representation

of the fragments produced by processing of full-length tau and

SStaul90-441. Only full-length tau is recognised by all four

antibodies. A fragment slightly larger than the SStaul90-441 is

produced by N-terminal truncation of full-length tau. Two fragments

smaller than SStaul90-441 are produced by either N-terminal or C-

terminal processing. The two smallest fragments only react with the

antibody to the core domain, demonstrating proteolytic stability of

this domain. Figure 17 shows the proteolytic processing of

SStaul90-390. Cells expressing SStaul90-390 and treated with sodium

butyrate (right-hand lane) produce SStaul90-390 and a single

proteolytic product of ~18 kD. As shown on the table and

schematically at the right, the 18 kD species is immunoreactive only

with mAb 7.51. The probable boundaries of the fragment are shown on

the right, with reasons indicated described in Figure 1.

Figure 18 shows the sedimentation of tau aggregates from cell

extracts. Cells expressing SStaul90-441 or SStau 190-390,

and induced to express full-length tau, were homogenised and spun at

720g for 3 min to produce a post-nuclear supernatant (pns). The pns

was spun at 12,000g for 2 min to sediment membranes and large

aggregates, and the supernatant from this spin was spun at 200,000g
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for 22 min. The same analysis was performed on pns that had been

treated with C.1% Triton X-100 to solubilise membrane proteins.

Comparison of the 12K supernatants without and with detergent (lanes

3, 7) shows that more protein is present in the supernatant after

detergent extraction. In both cases, a significant amount of

protein also appears in the pellet (lanes Centrifugation of

the 12K supernatants at 200Kg sediments the remaining protein (lanes

6, 

Figure 19 shows a conceptual scheme wherein critical nucleating

factors provide a 'seed' which initiates tau capture, which then

becomes autocatalytic. Figure 19 (b)shows a putative pathogenic

model of Alzheimer's disease. Tau aggregation is a proximal process

prior to failure of axonal transport and consequent neuronal death.

The tau aggregation cascade can be triggered either by a

seeding/nucleation event arising from upstream changes or from

primary mutations in the tau gene.

Figure 20 shows a table listing proteins which play a role in

diseases of protein aggregation. Also listed are the diseases

themselves, the aggregating domain and/or mutation believed to be

involved, and the putative (maximum) fibril subunit size. One or

more literature references for each protein is given.

Figure 21 Sequence analysis of proteins in the PHF-core preparation

after removal of acid-soluble PHF-tau. The residue was solubilised

according to the scrapie-fibril protocol of Stahl et al (1990,

Biochemistry 29, 8879-8884). Yields are given for a typical

preparation from a single AD brain. The protein fragments and

corresponding residues identified as copurifying with PHF-core tau

protein in bands of apparent gel mobility are shown in kD. The non-

tau proteins copurifying in the form of SDS- and electrophoresis-

resistant complexes are: ubiquitin, porin and core-protein-2 of

mitochondrial complex III ATP-synthase subunit 9 ("ATP-

was found in a form which Co-purified with the AP protein of

plaques. Porin sequences were also identified from Asp-N and CNBr**
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digests of the 34 kD species.

Examples

Example 1 production of membrane bound protein

Introduction

An mRNA for a protein that is normally translated on free ribosomes

can be targeted to membrane-bound ribosomes by inclusion of a signal

sequence (SS) of a secreted protein; the nature of the 3'UTR also

influences the efficiency of the targeting (Partridge, et al.

(1999) Cytotechnology 30, 37-47). A protein that is normally

soluble can therefore become inserted into the membrane of the

endoplasmic reticulum. The present inventors have used this

approach to construct a membrane-associated form of tau that creates

the localised concentration of tau needed to promote aggregation.

Cell lines stably expressing these membrane-associated forms of tau

show evidence of tau aggregation and proteolytic processing by the

criteria of histology, sedimentation of insoluble forms of tau

protein from cell extracts and analysis of proteolytic products by

immunoblotting.

Overview of expression system

The expression system used for production of membrane associated tau

fragments is summarised in Figure 9. The system is based on the

observation that rabbit globin mRNA is translated on membrane-bound

ribosomes if the signal sequence of rat albumin is inserted at the

end of the cDNA (Partridge, et al., loc. cit.). The vector

previously described for expression of globin (Figure 9a) was

modified to incorporate fragments of the tau sequence downstream of

the signal sequence, while at the same time maintaining the globin

3'UTR (Figure 9b).
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Three truncation mutants of tau (amino acids 296-390, 190-441 and

190-390), referred to as SStau296-390, SStaul90-441 and 

390, respectively, were expressed using this system. The structures

of these mutants, together with full-length tau and the equivalent

soluble tau fragments used as controls, are summarized in Figures 

and 10. The proteins were expressed constitutively in 3T6 cells that

also express the full-length tau sequence under the control of an

IPTG-inducible promoter.

Construction of SStau constructs.

pcKSSGG as shown in Figure 9a and described by Partridge et al

(1999) loc cit.

PCR-based mutagenesis on pcKSSGG to introduce an Agel site at the

globin start codon to make pcKSSGGAgeI.

forward primer: 5'-gccttttcaccggtgcatctgtcca-3'

reverse primer: 5'-tggacagatgcaccggtgaaaaggc-3'

cDNA (see Goedert et al, 1989 Neurone 3, 519-526).

pcKSStaul90-441

PCR-based mutagenesis on htau40 to introduce an Agel site at

nucleotide 1128 of htau40 (amino acid 186). Fragment cut with EcoRI

(cuts the tau sequence beyond the stop codon), blunted, then with

AgeI, ligated into pcKSSGGAgeI cut with BamHI, blunted, then AgeI to

make pcKSStaul90-441. The ligation destroys the tau sequence

between amino acids 186-189, so amino acid 190 is the start of the

tau sequence.

forward primer: 5'-tctggtgaaccggtaaaatacgggg-3'

reverse primer: 5'-ccccgtattttaccggaacaccaga-3'
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pcKSStaul90-390

PCR-based mutagenesis on pcKSStaul90-441 to introduce a BamHI site

and stop codon at nucleotide 1740 (terminates the tau sequence at

amino acid 390). Fragment cut with Agel and BamHI and ligated into

pcKSSGGAgeI at the same sites to make pcKSStaul90-390.

forward primer: 5'-cttgtactcgagctacgccccgtgg-3'

reverse primer: 5'-cggggcgtaggataagtacaagtcg-3'

pcKSStau296-390

PCR-based mutagenesis on pcKSStaul90-390 to introduce an Agel site

at nucleotide 1450 (amino acid 293) of pcKSStaul90-390. Fragment

cut with Agel and BamHI and ligated into pcKSSGGAgeI at the same

sites to make pcKSStau290-390.

forward primer: 5'-ggctcaccggttaatatcaaac-3'

reverse primer: 5'-gtttgatattaaccggtgagcc-3'

These constructs are in the expression vector pcDNA3.1, which

contains the G418 resistance marker. All were subcloned in the

pcDNA3.1zeo vector, which contains the zeocin resistance marker, for

transfection into the T40 inducible cell line.

Construction of T40 inducible construct

This was based on the Stratagene system (Catalog No. 217450) in

which a p3'SS vector (constitutively expressing the lac I gene, and

selected for using hygromycin) is used in conjunction with

pOPRSVICAT (which includes the strong RSV promoter with operator

sequences from the Lac operon, and is selected for with neomycin)

Briefly, the two vectors are incorporated into cells, such as 3T3 or

3T6 fibroblasts. The repression of the operon by lac I is relieved
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by the addition of IPTG. To prepare the T40 construct, the tau

protein fragment was cloned into the pOPRSVICAT vector (which

contains a NotI site) according to the manufacturer's instructions.

Results

The cells were analyzed by immunofluorescence labeling using an

antibody directed against the core aggregation domain, mAb 7.51

(Novak, et al. (1991) Proc. Natl. Acad. Sci. USA 88, 5837-5841).

By way of control, stably transfected 3T3 cells expressing the

soluble tau fragment 186-441 were fixed with two different fixation

conditions paraformaldehyde or glutaraldehyde and Triton X-

100 and labeled with mAb 7.51 directed against the repeat domain of

tau. After paraformaldehyde fixation, labeling for tau was diffuse

throughout the cytoplasm (s previously reported by Schliwa et al.,

1981, PNAS USA 78:1037-1041), whereas cells fixed in glutaraldehyde

and Triton X-100 show labeling of the tau along microtubules. This

labeling pattern was typical for soluble fragments of tau; evidence

of tau aggregation is, however, not observed.

3T6 Cells stably transfected and expressing the membrane-targeted

minimum aggregation domain, SStau296-390, were incubated with 5 mM

sodium butyrate for 20 h to increase protein expression and fixed in

paraformaldehyde. These became labeled by mAb 7.51 throughout the

cytoplasm in a reticular pattern consistent with association with

the endoplasmic reticulum (not shown). However, this protein was

only expressed to detectable levels in a small proportion of the

cells and aggregation of the protein was rarely seen.

In contrast, labeling of cells stably transfected with and

expressing SStaul90-441 or SStaul90-390 reveals large aggregates,

some of which have a linear appearance. These aggregates were often

clustered in the perinuclear area, and sometimes have a filamentous

form (Figure 11).

The proportion of cells expressing these aggregates is increased by
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addition of sodium butyrate, which increases the expression level of

the protein (Gorman, et al. (1983) Nuc. Acids Res. 11, 7631-

7648; Kruh, J. (1982) Mol. Cell. Biochem. 42, 65-82), but aggregates

can also be found in cells expressing the protein constitutively.

Cells stably transfected with and expressing SStaul90-390 were also

fixed in glutaraldehyde in the presence of 0.2% Triton X-100 before

labeling with 7.51. This fixation protocol allows visualization of

microtubule-bcund tau protein, but aggregates of tau are also seen,

demonstrating that they are stable to detergent extraction i.e.

their stability per se is not dependent on membrane association (not

shown).

Proteins expressed in these cell lines have been analyzed by

immunoblottinc with mAb 7.51, and the effect of tau induction and

butyrate treatment examined, compared to cell lines expressing full-

length tau and soluble fragments of tau.

The SStaul90-441 protein analyzed by immunoblotting with the mAb

7.51 has an apparent RMM of ~40K and shows a characteristic

degradation product at ~25K, and a less prominent product at 

The expression level of the protein can be increased by treatment

with sodium butyrate, which increases the amount of all three

products (Figure 16). Butyrate also occasionally induces the

appearance of two smaller products at -18 and -14K (see Figure 17).

Induction of full-length tau protein in the presence of SStaul90-441

increases the amount of products at 30K, and 25K, but there is no

appearance of smaller products (Figure 16a).

Thus, considering Figure 16a, when the effects of butyrate and IPTG

induction are compared, butyrate is seen to act non-specifically to

increase production of constitutively expressed incorporated gene

products (by a mechanism which is not well understood). This serves

as a control for IPTG induction, which specifically induces only

full-length tau. In the first panel, the effects on expression of
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the non-membrane targeted 186-441 fragment after treatment with

butyrate or IPTG are compared. Butyrate produces more of the

186-441 fragment, and a closely related presumed truncation product,

but IPTG does not.

In the third panel, the same conditions are examined in cells simply

expressing inducible T40 under IPTG control as described previously.

Here, only IPTG produces increased levels of T40, and approx.

kD spontaneous degradation products. Butyrate has no effect.

The middle panel shows the effect of both induction methods in cells

which express both SS 190-441 constitutively and T 40 under an IPTG-

inducible promoter. Without induction, there are low levels of 

and the characteristic 40 kD and 25 kD bands derived from SS190-441.

Butyrate induces a higher level of the 40, 30 kD and 25 kD

bands. Induction of T40 by IPTG which has no effect on

constitutive expression of the 40 kD band, generates higher levels

of both the 40 kD and 25 kD species through an aggregation dependent

mechanism (see Figure Therefore, induced T40 is being processed

through the 40 kD pathway to give rise to the 25 kD truncation

product, provided there are pre-existing low levels of SS 190-441.

Considering Figure 16b, the SStaul90-390 protein analyzed by

immunoblotting with the mAb 7.51 has an apparent RMM of 30K and

shows a degradation product at -18K, which approximately corresponds

to the size of the minimum aggregation domain of PHFs. Expression

level of the protein and its characteristic 18 kD degradation

product is substantially increased by treatment with sodium

butyrate. Once again, the equivalent soluble tau fragment is not

degraded in the same way and does not cause production of the 18 kD

degradation product i.e. induction of full-length tau protein in the

presence of SStaul90-390 slightly increases the amount of 

protein, but there is no increased appearance of the smaller product

(Figure 16b).

In both cases, the degradation pattern seen for the membrane-
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targeted tau fragments is different from that seen for the

equivalent soluble protein. The membrane-targeted proteins can be

degraded to a -12 14 K fragment equivalent to the core domain of

PHFs (see e.g. Fig The aggregation of the tau fragments

induced by membrane association is therefore conferring proteolytic

stability to the core domain, as seen in PHFs.

Full-length tau protein which is induced in the absence of a

membrane-localised tau fragment shows some degradation to a fragment

of ~45K, but there is no production of smaller fragments. The

enhanced production of smaller tau fragments seen when full-length

tau is expressed with the SStaul90-441 (Figure 16a) demonstrates

processing of tau induced by interaction with the SStaul90-441

aggregates.

The degradation products produced in cells expressing SStaul90-441

have been analyzed using antibodies specific for epitopes which are

both NB and C-terminal to the aggregation domain. This analysis

shows that the protein undergoes both N- and C-terminal truncations

(Figure 17). The smallest fragment produced only reacts with the

antibody against the core domain of PHFs and is of a similar size

(~12-14K). The tau protein in these cells, therefore, appears to be

undergoing PHF-like processing to the core fragment.

Both of the SStau proteins, together with their degradation

products, can be sedimented from cell extracts even in the presence

of the detergent Triton X-100, suggesting that the protein is

aggregated rather than being associated with membranes(Figure 18). A

fraction of the protein sediments at relatively low speed (12,000g),

and the remainder behaves as particles with an S value of at least

but does not sediment at 300S, consistent with aggregation to a

complex of MW -l-2x10 6

These results indicate the following pathway of events: aggregation,

which is initially seeded by the- membrane-localised protein, occurs

at the cytosolic surface of the ER. The protein is cleaved at its
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N-terminus to remove the signal sequence, and this form is then free

to appear as aggregates in the cytosol or as a microtubule-bound

protein if aggregation has not occurred. Membrane-targeting of the

tau-like protein, as taught herein, facilitates the capture of full-

length tau which is, for instance, produced under the control of an

inducible promoter. Further full-length tau is then channeled into

the same proteolytic processing pathway, as indicated by production

of the 25kD unit after induction of full-length tau (Figure 1).

Conclusion

Expressing a fragment of tau as a membrane-localised protein has

overcome the barrier to aggregation in cells which is found using

soluble proteins. The SS190-390 fragment, for example, is

efficiently processed to shorter fragments including the 12-14K

fragment, which is similar to that found in the core of PHFs.

The inventors have thus discovered that a signal sequence can be

used to create a membrane-localised form of tau, that tau fragments

thus expressed as membrane-localised proteins will form aggregates

and that these tau aggregates have a proteolytically-stable core

which is comparable to that in PHFs, both in relation to its size

and to the presence of the 7.51 epitope. The inventors have also

identified that the appearance of processed fragments is increased

after induction of full-length tau protein, proving that there is

capture of soluble tau into aggregates.

Thus, tau aggregation and processing have been achieved in cells,

and the aggregates can be analyzed in assays to test for compounds

which inhibit or modulate the aggregation.

Example 2 screening inhibitors

Cells expressing the SS190-441 fragment as well as inducible 

under IPTG control were plated in 6 well dishes. One day after

plating experimental drugs were added at indicated concentrations
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and 9 h later, IPTG was added at 5mM. 15h after IPTG addition,

cells were washed with PBS then solubilised in gel buffer. Samples

were separated by SDS-PAGE and immunoblotted using antibody 7.51.

induction in these cells leads to an increase in degradation

products (as shown in Figure 1, and Figure 16c). The effect of the

experimental drugs on this increase was analysed by quantification

of the immunoblots.

Figure 2 shows how the inhibitory activities of thionine,

chlorpromazine and tacrine were compared in the membrane-targeted

cell model. There is a clear distinction between active and

inactive compounds. The data was analysed in greater detail

mathematically using a standard inhibitory model (Figure 3).

The values which the model yields are consistent with those which

would be expected for an in vivo system in which the Lau was

phosphorylated, giving a resulting reduction in its binding

affinity, and a concomitant increase in the apparent inhibitory

potency of tau aggregation inhibitors.

This demonstrates the utility of the present invention in screening

for inhibitors of the aggregation phenomena of proteins which

undergo an induced conformation polymerisation in neuropathological

disease. In particular the aggregation can be modified by

aggregation inhibitors and their activity can be monitored by

production of characteristic degradation products.

Example 3 preparation and use of transgenic animal

Transgenic animals were prepared as follows.

Animals:

To obtain a great number of fertilized oozytes, 4 week old NMRI mice

are treated with gonadotrophins to induce superovulation. Pregnant

mare's serum (PMS) is used to mimic follicle-stimulating hormone
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(FSH) and human chorionic gonadotropin (hCG) is used to mimic

luteinizing hormone PMS is administered intraperitoneally 2

days before mating and hCG is administered 46 hours later. After

administration of hCG the female mice are mated with stud males. On

the same day 10 week old NMRI mice are mated with vasectomized

males, to obtain foster mothers for the reimplantation of the

injected oocytes. Fertilized oocytes are collected from mice with

copulation plug the following morning.

Collection of oozytes:

The mice are sacrificed by cervical dislocation and the oviduct is

dissected. Newly ovulated oozytes, surrounded by cumulus cells, are

found in the upper pan of the oviduct ampulla). One oviduct at a

time is transfered into a petridish containing M2 medium and

hyaloronidase. With a pair of watchmakers forceps the oocytes can be

released from the oviduct. The hyaloronidase separates the eggs from

the cumulus cells. The oocytes are then separated from any other

cells and material in two successive cleaning steps through M2

medium. Until needed the oocytes are stored in M16 medium at 370 C in

a 5% CO2 incubator.

When collected the oocytes are in an early pronuclear stage wherein

the male and female pronuclei arc separated and distinguishable from

the cytoplasm.

Preparation of the DNA construct for microinjection (see Figure 6):

The constructs contain an appropriate cDNA under the regulation of

the ThyI-promoter which directs transgene expression to the brain.

The plasmids were extracted from the host bacteria and purified by

Qiagen Plasmid Purification Kit (sold by Qiagen, Hilden, Germany).

The constructs were linearized with an appropriate endonuclease

(Notl). The desired fragment was isolated from agarose gel by using

QiaquickTM Gel Extraction Kit (sold by Qiagen, Hilden, Germany). The

constructs were diluted to 2 ng/pl in microinjection buffer.



WO 02/059150 PCT/GB02/00005

-72-

Microinjection:

One micromanipulator is mounted on each side of an inverted

microscope stage; one micromanipulator controls the holding pipette

and the other the injection pipette. The eggs are placed in a

depression slide injection chamber with M2 medium covered with

paraffin oil. One egg is positioned on the holding pipette and the

male pronucleus is injected with the injection pipette containing

the DNA solution. After injection the oocytes arc again cultured in

MI6 medium at 37°C in a 5% CO2 incubator until retransfer.

Retransfer:

Pseudopregnant mice are anesthetized and the intact injected oocytes

are retransferred into the oviduct of the mouse (10-15 oocytes into

one oviduct). These foster mothers carried the implantated embryos

to term.

Identification of transgenic mice:

Two different approaches to identify transgenic animals were used.

PCR:

Transgenic mice were detected with PCR using transgene specific

primers.

Thy 1F2: gCA ggA ggT gCT CAg ggA CAg c

TautxR: CAC TgC CgC CTC CCg ggA CgT g

This primer combination yields a 415 bp PCR fragment only in mice

carrying the ThyI-sstau296-390 transgene and a 711bp PCR fragment in

the mice carrying the Thyl-sstaul86-441 transgene.

Genomic DNA was prepared from 0.5 cm mouse tail using DNeasy TM Tissue
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Kit (Qiagen. Hilden. Germany)

Southern Blot

10 Lg genomic DNA of PCR positive tested animals were digested with

EcoRl and electrophoresed on an 1% agarose gel. Southern blots were

prepared and hybridized with 2 32P-labeled fragments from the

promoter. These were obtained by digestion with XbaI and NcoI. The

endogenous signal can be compared with the transgene signal to

estimate the copy number.

In order to test the mode of integration the genomic DNA was

digested with Xbal. Founder 1 and Fl animals showed single

integration. Founder 86 and Fl animals showed double integration and

could be split into two independent lines.

Blots were hybridized at 65°C for 20 hours and washed at 650C 2x 1

hour.

RNA expression

To study RNA expression Northern blot analysis has been done. RNA

was prepared of whole brain using TrizolTM (Gibco BRL, Paisley,

Scotland). 20 pg RNA was electrophoresed and blotted. Hybridisation

was performed against a 247bp PCR fragment. Primers were transgene

specific: glob578-597 (AAg AAC AAT CAA ggg T CC CC), oligo20 (ATT

Agg CAA CAT CCA TCA TAA ACC).

Blots were hybridized at 65°C for 20 hours and washed at 65°C 2x 1

hour.

Figures 12-15 show the results obtained with the mouse model and

describe how an 18 kD species is generated by aggregation-dependent

proteolytic processing of endogenous mouse brain tau through a

pathway believed to correspond to that given in Figure 1(E).
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

i. A method of inducing or modeling the pathological

state of an aggregating disease protein (ADP) which is

associated with a disease state in which the ADP

aggregates pathologically through an induced

conformational polymerisation interaction, the method

comprising the steps of:

providing a membrane-localisable fusion protein

comprising:

an aggregating portion, which is derived from

the ADP, or from a protein which initiates pathological

aggregation of the ADP;

(ii) a heterologous membrane-localising portion;

and

introducing it into a membrane.

2. A method as claimed in claim 1 wherein the

aggregating portion of the fusion protein is derived from

the ADP, and wherein membrane-localisation of the fusion

protein causes the high-affinity capture site of the ADP

protein to become exposed such that aggregation of further

ADP is promoted, and pathological aggregation of the ADP

in the disease state leads to proteolytic processing of

the ADP to a core domain fragment.

3. A method as claimed in any one of the preceding

claims wherein the aggregation of the ADP in the disease

state is associated with neurodegeneration and/or clinical

dementia.

4. A method as claimed in claim 2 wherein the

aggregating portion comprises at least the core fragment

of the ADP.



A method as claimed in claim 2 wherein the

aggregating portion consists essentially of the core

fragment of the ADP.

6. A method as claimed in any one of the preceding

claims wherein the membrane localising portion includes a

membrane anchor sequence and/or a stop-transfer sequence.

7. A method as claimed in any one of the preceding

claims wherein the disease is selected from Pick's

disease, Progressive Supranuclear Palsy, and Alzheimer's

disease.

8. A method as claimed in any one of the preceding

claims wherein the ADP is tau protein.

9. A method as claimed in claim 8 wherein the

aggregating portion of the fusion protein comprises a core

fragment of tau, which fragment of tau extends from amino

acids 186-296 to 390-441 of the full-length tau protein

shown in Fig 

A method as claimed in claim 9 wherein the

aggregating portion of the fusion protein consists of

amino acid residues 296-390, 190-441 or 190-390 of the

full-length protein.

11. A method as claimed in any one of claims 2 to 10 for

screening for a specific binding partner of the ADP high-

affinity capture site, the method comprising the steps of:

providing the fusion protein in membrane

localised form;

contacting the fusion protein with one or more

potential binding partners;

wherein said contacting step is intracellular and

the binding partner is present within the cell;
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determining whether or not the potential binding

partner binds to the fusion protein.

12. A method as claimed in any one of claims 1 to 10 for

inducing aggregation of ADP molecules, the method

comprising the steps of:

providing the fusion protein in membrane

localised form;

causing or permitting an induced conformational

polymerisation interaction between the fusion protein and

a further ADP molecule which is ADP or further fusion

proteins; and

optionally monitoring extent of aggregation of

the further ADP molecule.

13. A method as claimed in claim 12 wherein the membrane

is a cell membrane and the aggregation occurs

intracellularly

14. A method as claimed in claim 13 wherein step (a)

consists either of:

introducing the fusion protein into a cell, such that

it becomes membrane localised at a membrane in the cell;

or

expressing nucleic acid encoding the fusion protein

in the cell and becomes membrane localised at a membrane

in the cell.

A method as claimed in claim 14 wherein the further

ADP molecule is full length, soluble ADP which is native

to the cell

16. A method as claimed in claim 13 or claim 14 wherein

the further ADP molecule is heterologous to the cell and

the method comprises the step of expressing nucleic acid

encoding the further ADP molecule in the cell.
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17. A method as claimed in claim 16 wherein the fusion

protein is expressed under the transcriptional control of

a constitutive promoter, and the further ADP molecule is

expressed under the transcriptional control of an

inducible promoter in the presence of the appropriate

inducing agent.

18. A method as claimed in claim 16 or claim 17 wherein

the further ADP molecule is full length, soluble ADP.

19. A method as claimed in claim 16 or claim 18 wherein

the further ADP molecule incorporates mutations into the

ADP corresponding to those known or suspected to be

associated with the disease state.

A method as claimed in any one of claims 12 to 19

wherein the aggregation is monitored by monitoring the

concentration or level any of one or more of the following

species:

non-aggregated fusion protein and/or further ADP

molecule;

(ii) an aggregate of the fusion protein and/or

further ADP molecule; and

(iii) a proteolytic fragment of the fusion protein

and/or further ADP molecule resulting from aggregation

thereof.

21. A method as claimed in claim 20 wherein the ADP is

tau, and the aggregation is monitored on the basis of

increasing levels of an approximately 18 or 25 kDa

fragment of tau.

22. A method as claimed in claim 20 or claim 21 wherein

the monitoring step comprises use of an antibody specific

for any of:

the fusion protein;
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(ii) the further ADP molecule; or

S(iii) a proteolytic fragment of the fusion protein

and/or further ADP molecule resulting from aggregation

C- thereof.

23. A method as claimed in claim 22 wherein fusion

protein is immunologically distinct from the further ADP

protein, and the ADP is tau, and the antibody is selected

(C from a monoclonal antibody which:

is specific for a human-specific epitope located

in the region between Gly-16 and Gln-26 of tau;

(ii) is specific for the core tau fragment truncated

at Glu-391;

(iii) is specific for a generic tau epitope in the

repeat domain; or

(iv) is specific for a non-species specific generic

tau epitope located between Ser-208 and Ser-238.

24. A method for identifying a modulator of aggregation

of an aggregating disease protein (ADP) which is

associated with a disease state in which the ADP

aggregates pathologically through an induced

conformational polymerisation interaction, which method

comprises:

performing a method as claimed in any one of

claims 12 to 23 in the presence of an agent suspected of

being capable of modulating the aggregation;

monitoring the extent of aggregation,

optionally;

correlating the extent of aggregation with the

modulatory activity of the agent, and optionally; and

comparing the result obtained in the presence of

the agent with the result obtained in the absence of the

agent.
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A method as claimed in claim 24 which is performed

intracellularly.

26. A method as claimed in claim 25 wherein the cell is

from a neuronal cell line or a fibroblast cell line.

27. A method as claimed in claim 25 wherein the cell is

comprised within a transgenic animal, and wherein the

agent is administered to the animal.

28. An isolated nucleic acid molecule comprising a

chimeric nucleotide sequence encoding a membrane-

localisable fusion protein having:

an aggregating portion, which is derived from an

aggregating disease protein (ADP) which is associated with

a disease state in which the ADP aggregates pathologically

through an induced conformational polymerisation

interaction; and

(ii) a heterologous membrane-localising portion.

29. A nucleic acid as claimed in claim 28 wherein the

chimeric nucleotide sequence includes an exogenous 3'UTR

sequence, and

wherein the membrane-localising portion comprises a

signal sequence and optionally a sequence encoding a

membrane anchor domain or a stop-transfer sequence.

A nucleic acid as claimed in claim 28 or claim 29

wherein the aggregating portion nucleotide sequence

encodes tau, or a core fragment of tau.

31. A nucleic acid as claimed in claim 30 wherein the

aggregating portion nucleotide sequence encodes a

truncated fragment of tau extending from between amino

acids 186-296 to 390-441 of the full-length protein.



32. A nucleic acid as claimed in claim 31 wherein the

Saggregating portion nucleotide sequence encodes amino

acids 296-390, 190-441 or 190-390.

(N

33. A process for producing a nucleic acid as claimed in

any one of claims 28 to 32 comprising the step of ligating

M a nucleic acid encoding the aggregating portion to a

nucleic acid encoding the heterologous membrane-localising

c' portion;

and wherein the nucleic acid encoding the

C-i heterologous membrane-localising portion is part of a

recombinant vector into which the nucleic acid encoding

the aggregating portion is inserted.

34. A recombinant vector which comprises the nucleic acid

of any one of claims 28 to 32 wherein the nucleic acid is

optionally operably linked to a promoter for transcription

in a host cell, wherein the promoter is optionally an

inducible promoter.

A vector as claimed in claim 34 wherein the promoter

selectred from:

a tissue specific promoter; the prion specific

promoter; or

the neurospecific enolase promoter.

36. A method which comprises the step of introducing the

vector of claim 34 or claim 35 into a host cell.

37. A host cell containing or transformed with a

heterologous vector of claim 34 or claim 

38. A method of preparing a transgenic non-human animal

model with enhanced or accelerated pathology for the

disease state in which an aggregating disease protein

(ADP) aggregates pathologically, which method comprises
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1 the step of introducing into a fertilized egg of the

Sanimal a vector as claimed in either claim 34 or claim 

i 39. A transgenic non-human animal which includes within a

plurality of its cells a promoter operably linked to a

nucleotide sequence encoding a membrane-localisable fusion

Sprotein comprising:

S(i) an aggregating portion, which is derived from an

C0 aggregating disease protein (ADP) which is associated with

S 10 a disease state in which the ADP aggregates pathologically

eC through an induced conformational polymerisation

interaction; and

(ii) a heterologous membrane-localising portion.

40. A cell or tissue sample of the animal of claim 39

comprising a promoter operably linked to a nucleotide

sequence encoding the membrane-localisable fusion protein.

41. A method, animal or sample as claimed in any one of

claims 38 to 40 wherein the animal is a rodent.

42. An isolated fusion protein which is encoded by the

chimeric nucleotide sequence of any one of claims 28 to

32.

43. A method of making the protein of claim 42, which

method comprises the step of causing or allowing

expression from a nucleic acid of any one of claims 28 to

32 in a suitable host cell.

44. A method of inducing in the transgenic non-human

animal of claim 39 a disease state in which the

aggregating disease protein (ADP) aggregates

pathologically, which method comprises causing or allowing

expression of the nucleotide sequence encoding the

membrane-localisable fusion protein.
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A method for screening for an agent for use as a

therapeutic, prognostic or diagnostic agent in a disease

state in which an aggregating disease protein (ADP)

aggregates pathologically, comprising carrying out a

method as claimed in claim 44 in the presence of an agent

suspected of being capable of modulating the aggregation.

46. A method as claimed in claim 27 or claim 45 wherein

the agent is capable of crossing the blood-brain barrier.

47. A method as claimed in any one of claims 27, 45 or 46

wherein any of the following is determined within the

brain of the animal:

the extent of proteolytic processing of the ADP,

(ii) the ability of the agent to decrease the amount

of ADP aggregates which form; and

(iii) the ability of the agent to eliminate or reduce

the level of ADP aggregate already formed.

48. A method for producing an agent for use as a

therapeutic, prognostic or diagnostic agent in a disease

state in which an ADP aggregates pathologically, which

method comprises:

carrying out a method as claimed in any one of

claims 24 to 27 or claims 45 to 47 to identify the agent;

(ii) providing the agent in isolated form; and

(iii) optionally formulating the agent as a

composition for use in the treatment of the disease state.

49. A method for the treatment or prophylaxis of a

disease state in which an ADP aggregates pathologically,

which method comprises:

producing an agent by a method as claimed in

claim 48; and
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(ii) administering a therapeutically effective amount

of said agent to a patient in the need of the same.

A method or animal as claimed in any one of claims 12

to 20, 24 to 27, 44 to 49 wherein the ADP is tau and the

disease state corresponds to Alzheimer's disease.

51. A method of inducing or modeling the pathological

state of an aggregating disease protein (ADP) which is

associated with a disease state in which the ADP

aggregates pathologically through an induced

conformational polymerisation interaction, substantially

as herein described with reference to any one or more of

the Examples and/or accompanying Figures.

52. A method for identifying a modulator of aggregation

of an aggregating disease protein (ADP) which is

associated with a disease state in which the ADP

aggregates pathologically through an induced

conformational polymerisation interaction, substantially

as herein described with reference to any one or more of

the Examples and/or accompanying Figures.

53. An isolated nucleic acid molecule comprising a

chimeric nucleotide sequence encoding a membrane-

localisable fusion protein, substantially as herein

described with reference to any one or more of the

Examples and/or accompanying Figures.

54. A process for producing a nucleic acid, substantially

as herein described with reference to any one or more of

the Examples and/or accompanying Figures.

A recombinant vector, substantially as herein

described with reference to any one or more of the

Examples and/or accompanying Figures.
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56. A method according to claims 36, 43 and 44,

substantially as herein described with reference to any

one or more of the Examples and/or accompanying Figures.

57. A host cell, substantially as herein described with

reference to any one or more of the Examples and/or

accompanying Figures.

58. A method of preparing a transgenic non-human animal

model, substantially as herein described with reference to

any one or more of the Examples and/or accompanying

Figures.

59. A transgenic non-human animal, substantially as

herein described with reference to any one or more of the

Examples and/or accompanying Figures.

A cell or tissue sample, substantially as herein

described with reference to any one or more of the

Examples and/or accompanying Figures.

61. An isolated fusion protein, substantially as herein

described with reference to any one or more of the

Examples and/or accompanying Figures.

62. A method for screening for an agent for use as a

therapeutic, prognostic or diagnostic agent in a disease

state in which an aggregating disease protein (ADP)

aggregates pathologically, substantially as herein

described with reference to any one or more of the

Examples and/or accompanying Figures.

63. A method for producing an agent for use as a

therapeutic, prognostic or diagnostic agent in a disease

state in which an ADP aggregates pathologically,



substantially as herein described with reference to any

one or more of the Examples and/or accompanying Figures.

64. A method for the treatment or prophylaxis of a

disease state in which an ADP aggregates pathologically,

substantially as herein described with reference to any

one or more of the Examples and/or accompanying Figures.
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ATG GCT GAG CCC CGC CAG GAG TTO GAA GTG ATG GAA GAT CAC GCT COG ACG TAO GGC TTG
Met ala glu pro erg gin gin phe gin val met gin asp his ala gly thr tyr gly leu

1 5
GOG GAO AGO AAA GAT
gly asp arg lys asp

OCT 000 CTG AAA GA-A
ala gly leu lys gin

TOT GAA ACC TOT GAT
ser gin thr ser asp

GAT GAG GGA OCT COO
asp gin gly ala pro

ACC ACA OCT GAA GAA
thr thr ala glu gin

105
CAC GTG ACC CAA OCT
his val thr gin ala

125
AAA 000 AAPOC G0 GCT
lys ala lys gly ala

145
GGO CAG AAG GO CAG
gly gin lys gly gin

105
ACA OCA COO AGO TOT
thr pro pro ser aer

185

CCC TOO COA 000 ACT
gly ser pro gly thr

205

OGO GAG COO AAG AAC
erg glu pro iys lys

225

AGO COO OTO CG ACA
ser erg len gin thr

245

000 TOO ACT GAG AAC
gly ser thr gin asn

AAG OTG GAT OTT AGO
lys len asp len aer

285

COG OGA GGO 000 AOT
pro gly gly gly aer

305

AAG TOT 000 TOA TTA
lye cys gly sec len

325

TOT GAO AAO OTT GAO
ser gin lys lan asp

345

ACC CAC OTO COT 000
thr his Val pro gly

10 15 
CAG G00 000 TAC ACC ATO CAC CAA GAC CAP, GAG GOT OAC ACG OAC
gin gly gly

TOT COO OTG
ser pro len

OCT AAG AGO
ala lys ser

000 AAG CAG
gly lys gin

OCA 000 ATT
ala gly ile

000 AT0 OTO
arg met vai

OAT OOT AAA
asp gly iys

000 AAO 000
ala sn ala

GOT GAA OCT
gly glu pro

000 000 AGO
pro giy ser

GTC GOA GTO
vol ala vol

000 000 OTO
ala pro val

OTG AAG CAC
leu lys his

AAO OTO OAO
an1 Vai gin

GTG CAA ATA
val gin ile

GCO AAC ATO
giy asn ile

TTO AAG GAO
pha lys asp

OGA OOA AAT
gly gly asn

tyr thr met nisa gin asp gin gin gly asp thr asp
30 35 

CAG AGO CCC ACT GAO GAO GGA TOT GAG OAA 000 000
gin thr pro thr glu asp ply ser gin glu pro ply

5o 5E 
ACT OCA ACA 000 GAA OAT OTO ACA OCA 000 TTA OTO
thr pro thr ala gin asp val thr ala pro len vai

70 75 
OCT 000 000 OAO COG CAO ACO GAO ATO OCA GAA GOA
ala ala ala gin pro his thr ginile pro gin gly

90 95 100
GGA GAO ACC COO AGO OTO GAA OAO GAA GOT GOT GOT
gly asp thr pro er iau gin asp gin ala ale gly

110 115 120
AGT AAA AGO AAA GAO GGG ACT GGA AGO GAT GAO AAA
ser lye ser lys asp giy thr giy ser asp asp lys

130 135 140
ACO AAG ATO 000 ACA COG OGG OGA GCA GOC COT OCA
thr lys ils ala thr pro erg gly ala ala pro pro

150 155 160
AGO AGO ATT OCA OCA AAA AGO COG 000 GOT OCA AAG
thr erg ila pro ala iys thr pro pro ala pro iya

170 175 180
OCA AAA TGA GOG OAT COO AGO 000 TAG AGO AGO COG
pro lys sac gly asp erg sec ply tyr ser ear pro

190 195 200
000 TOO 000 AGO 000 TOO OTT OGA AGO OCA CCC ACC
erg ear org thr pro ser leu pro thr pro pro thr

210 215 220
GTO CT ACT OGA COO AAG TOG COO TOT TOO GOC AAG
vol erg thr pro pro lys sac pro ser ser ala iya

230 235 240
COO ATO OCA GAO OTG AAG AAT OTO AAG TOO AAG ATO
pro met pro asp len iys an val lys ear iye le

250 255 260
GAG 000 GGA GO GGG AAG OTO CAG ATA ATT AAT AAG
gin pro gly gly ply iys val gin ile le sn lys

27 0 275 280
TOG AAG TOT 000 TOA AAG OAT AAT ATO AAA GAO OTO
ser lye cys ply ear iys asp aen le lye his 'sal

290 295 300
GTO- TAG AAA OOA GTT GAO OTG AGO AAG GTG ACC TOO
'sal tyr lys pro 'sal asp len sec lys vai thr ser

310 315 320
OAT CAT AAA CCA OGA GOT 000 OAO OTG GAA OTA AAA
his his lys pro giy giy giy gin val gin Val iys

330 335 340
AGA GTO CAG TOG AAG ATT 000 TOO OTO GAO AAT ATO
arg vai gin ser lye le gly ser len asp asn le

350 355 360
AAA AAG AOT OAA ACC CAC AAG OTG AGO TTO COO GAG
lye lye ile gin thr his lys leu thr phe erg gin

Figure 5 a
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365
AAC CCC AAA GCC AAG ACA GAC CAC GGG
asn ala lys aila lys thr asp his gly

385
GGC GAC ACG TCT CCA CGG CAT CTC AGC
gly asp thr aer pro arg his leu ser

405
GAC TCG CCC CAG CTC GCC ACG CTA GCT
asp ser pro gin leu ala thr leu ala

425
TTG TGA
leu 

370
C GAG ATC GTG
ails glu ils vail
390
AAT GTC TCC TCC
sn vail ser ser

410
GAC GAG GTC TCT
asp gilu vail ear
430

375
TAC AAC TCG
tyr lys ser

395
ACC CCC AGC
thr gly ser

415
GCC TOG CTG
ala ear leu

435

380
GOA GTG GTC TOT
pro vail vail ser

400
ATC GAC ATG GTA
ils asp met vail

420
CCC AAG CAG GCT
ala lys gin gly

440

Figure 5a cont..
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square brackets indicates signal sequence
bold indicates tubulin-binding segments

SStaul 86-441

[MKWVTFLLLLFISGSAFSPVKSGDRSGYSSPGSPGTPGSRSRIPSLPTPP
TREPKKVAWVRTPPKSPSSAKSRLQTAPVPMPDLKNVKSKIGSTENLKHQP
GGGKVQI INKKLDLSNVQSKCGSKDNIKHVPGGGSVQIVYKPVDLSKVTSK
CGSLGNIHHKPGGGQVEVKSEKLDFKDRVQSKIGSLDNITHVPGGGNKKIE
THKLTFRENAKAKTDHGAEIVYKSPWSGDTSPRHLSNVSSTGSIDMVDSP
QLATLADEVSASLAKQG L

SSteu186-390

[MKWVTFLLLLFISGSAFSPV/]KSGDRSGYSSPGSPGTPGSRSRTPSLPTPP
TREPKKVAWVRTPPKSPSSAKSRLQTAPVPMPDLKNVKSKIGSTENLKHQP
GGGKVQI INKKLDLSNVQSKCGSKDNIKHVPGGGSVQIWYKPVDLSKVTSK
CGSLGNIHHKPGGGQVEVKSEKLDFKDRVQSKIGSLDNITHVPGGGNKKIE
TH KLTFRENAKAKTDHGA

SStau296-390

EMKWVTFLLLLFI SGSAFSPVNIKHVPGGGSVQIVYKPVDLSKVTSKCGSLG
NIHHKPGGGQVEVKSEKLDFKDRVQSKIGSLDNITHVPGGGN KKI ETHKLTF
RENAKAKTDHGA

Figure 
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C

7

'C,

Figure 6 a



Construct aa296-390 used for DNA microinjection
into fertilized oocytes of mice

xAT
rabbit 1-globin
with intron and poly A

aa 296-390 T1

Prepeptide
rat serum albumin

Th-- expressionsvector



N-terminal projection domnain
MT-binding

domain

441

Tau(CNS)

1 ___687 IznHMW tau(PNS)

1 18271~ MAP2

151 1508 1827
MAP2c



DL K NV KS K IGS TE N
D

tau
MAP2

I K Q GG K Q IN K D S V S C S D

I y K R P L I F K P.

S A N T K I H K

tau
MAP2

tau

I HHK PG GG Q
R R.

338 340 342

KIE V

K L D F KDR V Q S K I G S L D N
EX A V

K L t f ren a k a k t d h g ae
N H R V

tau
MAP2

I T HV PG GG NK KIE TH

A H V DS Q

tau
bP2



CD

b TGA
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full-length tau
(tau4O)

SStau296-390

SStaul9O-441

ty 77 A A

I MEN

SStaul9O-390

taulBB-441

tauiSG-391

P1-F core domain

~Ssignal sequence

Figure 
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FiguTe 11



blot analysis of construct aa296-39O (line 1)

shows high expression level
Northern

wf I

transgenspecific
probe

S26-probe
(control)
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Pre-IP followed by lP7.51 shows
significant difference between wt and tg

at l2kD

1P751 sup wash
wtg91,W wt W tg

37-

Figure 13
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SI fraction from three different mice of
line 1 show I8kD

tgl tg2 tg 3 wt

100 

37-

Figure 14
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2-DE of boiled and concentrated SI from
mouse brain (6months) line 1 (aa296-390)

2-DE silver 2-DE inmmunoblot

Figure 
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a SStaul 9 0-441a tau1 86-441 tau40 

B I B I B I

97 

69 

21.5-

SStau 190-441

1--30K

SStaul 90-390b taul 86-391 tau40 

B I1 81B

215-

SStaul 90-390

Figure 16a and 16b
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SStau296-390
tau4O
B .1

116o-

97-1

66--

21.5-

14.4-

8K

Figure 16c
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In vitro aggregation of
bacterially expressed dGAE

3 34kD

l9kCD

mow, IRD

Figure 16d



2 MjM thionine

I +PTG
-butyrate

66--

31-

1--,*-SStau 190-44 1

~30 Kd band

Kd band

21.5-



WO 02/059150 WO 02/59150PCT/GB02/00005

26/32

SStaul 90-441

SStaU190-390

18K

499 342 1 "91 

-u295 -aa422

Figure 17
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a +Triton X-1lO

4 

21.5-

14.4-

97-
66-A

31-~

21.5-

14.4-

1 2 3 4 5 6 7 8 9 

Tritoii X-1 00

4 4

1 2 3 4 5 6 7 8 9 

Figure 18



Involvement of membrane proteins in the initiation
of tau capture in Al'zheimer's disease, Ta 

Mitoohondrioc

MitochndrionPresenilins®\,

Lysosomnal

products 

abnormally]
phosphorylated.

autocatalytic
propagation

of tau capture

IL

Candidate membrane proteins

oD Amnyloiclprotein C-term APP
precursor AP3

Presenlilins PS1/PS2

Mitochondrial P
proteins Poriri

ATP S-9 Particulate
tau complexes

*~1Ei7

Iiiil~1~~ilPITis
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TAUlMUTATIONS-

APP J'*kTO

ps EDN ,TAU AGGREGAION AOA,~,EL

UPSTREAM
TARGETS

Figure 19b



Diseases of protein aggregation

Protein Disease Aggregating domain and/or mutations Fibri subunif Reference

size (ka

Neumodegenerative disorders

Prion protein Prio proeinPrIon diseases Inherited and sporadic formc~
(OJO, nvCJD, Fatal familial Insomnia, Gerstmnnn-Straussir. PrP-27.30; many mutations
Scheinker syndrome, Kuru) Fibrfllegenic domains: 113-120, 178-191, 202-218

27 Pru-siner (1998)

Gasset et at. (1992)

Tse protein

Amylod lt-protein

Alzheimer's disease, Down's syndrome,
FTDP-17, 090, post-sncephalitic parkinsonism, Pick's
disease. parkinsonism with dementia complex of Guam

Alzheimer's disease, Down's syndrome

Huntingtin H-untington's disease
Ataxins 2, 3, 7) Spinocerebellar alexia (SCAI, 2, 3, 7)
Atrophin Dentarubropallidoluyslan atrophy (DRPLA)
Androgen receptor Spinal and bulbar muscular atrophy

Neuronerpin Famoilial encephalopathy with nouronal inclusion bodies (P812

rz-Synuclein Parkinson's disease, dementia with Lewy bodies, multiple
system atrophy

Cystatin C Hereditary cerebral anglopathy (Icelandic)

Supeoxide dismtase 1 Amnyotrophic lateral sclerosis

Non-neurodegenerative disorders

Inherited and sporadic torms
Truncated tau (lubultn-birrding domain) 297-391
Matations in tau In FTDP-17
Many mutations in presenlin proteins

Inhrited and sporadic: fors
Amyloid It-protein; 1-42(3);
11 mutations in APP in rare families

N-termini of protein with expanded glutamnine repeats
Proteins with expanded glutamrine repeats
Proteins with expanded glutsmine repeats
Proteins with expanded glutamnine repeats

Neureserpin; S49P, 52R

Inherited and sporadic formns

A53T, A20P in rare autosoas-dominant PD familias

Cyntalin C less 10 resitues; L8Q1

SCOt mutations

10-12 Wisehik et at. (1088)

Hutton at at. (1999)
Czech et al. (2000)

4 Glenner Wong, (1984)

Goste et at. (1991)

40 1i lat a, (1097)
Paulson at at. (2000)
Paulson at at. 12000)
Paulson at at. 12000)

57' Davis at at. (18E99

19 Spillnntni at at. (1008)
Pelymeropoulos at at. (1997)

12-13 Abrahamson at at. (1992)

Shibsta at at. (1996)

Garret Gooptu (1998)

Loas at al. (1992)
Carrell Gooptu (1998)
Cenrral Gonptu (1999)

0.5-25 Weslermark at at. 11985)

4.5-10 Westermart at at. (1985)

Haemoglobin

Serpins

Immunoglobotin tight chain

Serum anmytoid A

Sickle cell anaemia
Inctusion body hsemotlysis

al -Antitrypsin deficiency (emphysema, cirrhosis)
Antithrcmbtn deficiency lthromboemboic disease)
Cl-inhibitor deficiency langloedomal

Plasma col dyscrasias (primary systemtc AL amytoidosis)

Reactive, secondary systemic AA aclytoidssis
Chronic inflammatory disease

Haemsglobin beta chain (S)
Many mutations

Mutations
Mulatons
Mutations

tight chain or fragments

Variable N-terminal fragments of SAP

(continued 



continued)

Transthyretin

TJ Gelsolin

0 p2-Microglobulin

o ApolipoprDtein Al

Lysoyme

Amylin (islet amyi polypeptide)

Fibrinogen a-chain

Procalcitonin

Atrial natruretic factor

Insulin

Familial amnyloid polyneuropathy (systemic; FAP 1)

Senile cardiac amyloldosis

Familial amyloidosis Finnish type (FAP IV)

l-aemodialySiS amyli
Prostatic nmyloid

Familial amyloid polyneumopathy (systemic: FAt' 1ll)

Familial visceral amyloidosis

Type 11 diabetes (NIDE)M)

Hlereditary renal amyloldosis

Medullnry carcinoma of thiyroid

Cardiac amyloidosis

Injection Iscalised amyloidosis

Tetramer dissocinted 10 conformationial monomer variant
Many mutations (some not associated with

amyloid; several different types of disease)

Normal transthyretin

Dl187Q lends to truncated 173-225/243

(critical residuen 182-192)

)32-Microglooulin

N-lermlnnl 83-93 residues; G26R, WB50R, Lf0R

Lysozyme or fragments (with or withonut 156T, D67H)

Fragments (critical coro of 20-29): no mutations

Fibringen fragmenta

Caicienin fragments

ANF, no mutants

Insulin

10-14 Gustavaszon et at. (1991)

10-14 Gustavsson etal. (1991)

9.5 Maury Baumannl (1990)

12-25 Gorevic et at. (1995)

S Booth etl 0 (195)

14 Pepys of al. (1993)

3.9 Wesiermark (1999)

7-10 Uemlcftl at at. (1 994)

3.4 Sielten et al. (1079)

3.5 Jehanason et 21. (1 987)

Discite at al. (1950)

Chili at at. (1999)
Other proteins forming amyloid (in vifro) Other proteins
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341327.

26/24

20/18

14/12

PHF-tau

ubiquitin

PHF-tau

ubiquitin

porin

PHF-tau

ubiquitin

core-2

subunit 9

PHF-tau

AB3

Q P G GG KV Q I VY P21

F4 V T L'

Q P G GG KV I VY P251

F v T L'

A' V P T Y D L G"

D29  L K T K E59

vs T L G T V
7

G" A P P Q PQD L E F TK L P G3;

Di I D A K I A At14

HOQVp G GG KISV Q I V/ YK P V DL S KV""_

a 5 H -D S G Y EP V H H Q K L V F F A D Vz4

H'D S G Y EV H L A2

Y'0 E v H Q L P"9

E V H Q I. F'
9

12 T AA F I G AG A A G)

P27 K V Q V YK PV D2"

F V L T G T T 14

12 D T A AK FI G A GAA T V 6

PetI

sulsunit-9-

2.6 FHF-tau

ubiquitin

subunit 9-

25.7TOTAL
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