
IN VIVO SCREENING MODELS FOR TREATMENT OF ALZHEIMER'S
DISEASE AND OTHER QPCT-RELATED DISORDERS The present
invention relates generally to transgenic animals as
well as methods and compositions for screening and
treating diseases, especially in relation to Qpct . In
particular the invention relates to Qpct (i.e.
glutaminyl peptide cyclotransf erase) , also termed
glutaminyl cyclase (QC, EC 2.3.2.5) that catalyzes the
intramolecular cyclization of Nterminal glutamine
residues into pyroglutamic acid (5-oxoproline, pGlu*)
under liberation of ammonia and the intramolecular
cyclization of N-terminal glutamate residues into
pyroglutamic acid under liberation of water. A QC was
first isolated by Messer from the Latex of the
tropical plant Carica papaya in 1963 (Messer, M . 1963
Nature 4874, 1299) . 24 years later, a corresponding
enzymatic activity was discovered in animal pituitary
(Busby, W . H . J . et al . 1987 J Biol Chem 262,
8532-8536; Fischer, W . H . and Spiess, J . 1987 Proc
Natl Acad Sci U S A 84, 3628-3632) . For the mammalian
QC, the conversion of GIn into pGlu by QC could be
shown for the precursors of TRH and GnRH (Busby, W . H
. J . et al . 1987 J Biol Chem 262, 8532-8536;
Fischer, W . H . and Spiess, J . 1987 Proc Natl Acad
Sci U S A 84, 3628-3632) . In addition, initial
localization experiments of QC revealed a
co-localization with its putative products of
catalysis in bovine pituitary, further improving the
suggested function in peptide hormone synthesis
(Bockers, T . M . et al . 1995 J Neuroendocrinol 7 ,
445-453). In contrast, the physiological function of
the plant QC is less clear. In case of the enzyme from
C . papaya, a role in the plant defense against
pathogenic microorganisms was suggested (El Moussaoui,
A . et al . 2001 Cell MoI Life Sci 58, 556-570).
Putative QCs from other plants were identified by
sequence comparisons recently (Dahl, S . W . et
al.2000 Protein Expr Purif 20, 27-36). The
physiological function of these enzymes, however, is
still ambiguous.The QCs known from plants and animals
show a strict specificity for L-Glutamine in the
N-terminal position of the substrates and their
kinetic behavior was found to obey the
Michaelis-Menten equation (Pohl, T . et al . 1991 Proc
Natl Acad Sci U S A 88, 10059-10063; Consalvo, A . P .
et al . 1988 Anal Biochem 175, 131- 138; Gololobov, M
. Y . et al . 1996 Biol Chem Hoppe Seyler 377,
395-398) . A comparison of the primary structures of
the QCs from C . papaya and that of the highly
conserved QC from mammals, however, did not reveal any
sequence homology (Dahl, S . W . et al. 2000 Protein
Expr Purif 20, 27-36). Whereas the plant QCs appear to
belong to a new enzyme family (Dahl, S . W . et al .
2000 Protein Expr Purif 20, 27-36), the mammalian QCs
were found to have a pronounced sequence homology to
bacterial aminopeptidases (Bateman, R . C . et al .
2001 Biochemistry 40, 11246-11250), leading to the
conclusion that the QCs from plants and animals have
different evolutionary origins. EP 02 011 349.4
discloses polynucleotides encoding insect glutaminyl
cyclase, as well as polypeptides encoded thereby. This
application further provides host cells comprising
expression vectors comprising polynucleotides of the
invention. Isolated polypeptides and host cells
comprising insect QC are useful in methods of
screening for agents that reduce glutaminyl cyclase
activity. Such agents are described as useful as
pesticides . The subject matter of the present
invention is particularly useful in the field of
Qpct-related diseases, one example of those being
Alzheimer's Disease. Alzheimer's disease (AD) is
characterized by abnormal accumulation of
extracellular amyloidotic plaques closely associated
with dystrophic neurones, reactive astrocytes and
microglia (Terry, R . D . and Katzman, R . 1983 Ann
Neurol 14, 497-506; Glenner, G . G . and Wong, C . W .
1984 Biochem Biophys Res Comm 120, 885-890; Intagaki,
S . et al . 1989 J Neuroimmunol 24, 173-182; Funato, H
. et al . 1998 Am J Pathol 152, 983-992; Selkoe, D . J
. 2001 Physiol Rev 81, 741-766) . Amyloid-beta
(abbreviated as A b) peptides are the
primarycomponents of senile plaques and are considered
to be directly involved in the pathogenesis and
progression of AD, a hypothesis supported by genetic
studies (Glenner, G . G . and Wong, C . W . 1984
Biochem Biophys Res Comm 120, 885-890; Borchelt, D . R
. et al. 1996 Neuron 17, 1005-1013; Lemere, C . A . et
al . 1996 Nat Med 2 , 1146-1150; Mann, D . M . and
Iwatsubo, T . 1996 Neurodegeneration 5 , 115-120;
Citron, M . et al . 1997 Nat Med 3 , 67-72; Selkoe, D
. J . 2001 Physiol Rev 81, 741-766) . A b is generated
by proteolytic processing of the b-amyloid precursor
protein (APP) (Rang, J . et al . 1987 Nature 325,
733-736; Selkoe, D . J . 1998 Trends Cell Biol 8 ,
447-453), which is sequentially cleaved by b-secretase
at the N-terminus and by g-secretase at the C-terminus
of A b (Haass, C . and Selkoe, D . J . 1993 Cell 75,
1039-1042; Simons, M . et al. 1996 J Neurosci 16
899-908) . In addition to the dominant A b peptides
starting with L-Asp at the N-terminus (A bl-42/40), a
great heterogeneity of N-terminally truncated forms
occurs in senile plaques. Such shortened peptides are
reported to be more neurotoxic in vitro and to
aggregate more rapidly than the full-length isoforms
(Pike, C . J . et al. 1995 J Biol Chem 270,
23895-23898). N-truncated peptides are known to be
overproduced in early onset familial AD (FAD) subjects
(Saido, T . C . et al . 1995 Neuron 14, 457-466;
Russo, C , et al. 2000 Nature 405, 531-532), to appear
early and to increase with age in Down's syndrome (DS)
brains (Russo, C . et al. 1997 FEBS Lett 409, 411-416,
Russo, C . et al . 2001 Neurobiol Dis 8 , 173-180;
Tekirian, T . L . et al . 1998 J Neuropathol Exp
Neurol 57, 76-94). Finally, their amount reflects the
progressive severity of the disease (Russo, C . et al.
1997 FEBS Lett 409, 411-416; Guntert, A . et al . 2006
Neuroscience 143, 461-475). Additional
post-translational processes may further modify the
N-terminus by isomerization or racemization of the
aspartate at position 1 and 7 and by cyclization of
glutamate at residues 3 and 11.
Pyroglutamatecontaining isoforms at position 3 [pGlu3A
b3-40/42 ] represent the prominent forms
-approximately 50 % of the total A b amount - of the
N-truncated species in senile plaques (Mori, H . et al
. 1992 J Biol Chem 267, 17082-17086, Saido, T . C . et
al . 1995 Neuron 14, 457-466; Russo, C . et al . 1997
FEBS Lett 409, 411-416;Tekirian, T . L . et al. 1998 J
Neuropathol Exp Neurol 57, 76-94; Geddes, J . W . et
al . 1999 Neurobiol Aging 20, 75-79; Harigaya, Y . et
al. 2000 Biochem Biophys Res Commun 276, 422-427) and
they are also present in pre-amyloid lesions
(Lalowski, M . et al . 1996 J Biol Chem 271,
33623-33631). The accumulation of A bN3 (pE) peptides
is likely due to the structural modification that
enhances aggregation and confers resistance to most
aminopeptidases (Saido, T . C . et al . 1995 Neuron
14, 457-466 ; Tekirian, T . L . et al . 1999 J
Neurochem 73, 1584-1589). This evidence provides clues
for a pivotal roe of A bN3 (pE) peptides in AD
pathogenesis. However, relatively little is known
about their neurotoxicity and aggregation properties
(He, W . and Barrow, C . J . 1999 Biochemistry 38,
10871-10877; Tekirian, T . L . et al. 1999 J Neurochem
73, 1584-1589). Moreover, the action of these isoforms
on glial cells and the glial response to these
peptides are completely unknown, although activated
glia is strictly associated to senile plaques and
might actively contribute to the accumulation of
amyloid deposits. In recent 



studies the toxicity, aggregation properties and
catabolism of A bl-42, A bl-40, [pGlu 3 ]A b3-42 ,
[pGlu 3 ]A b3-40 , [pGlu 1 1 ]A bb ll-42 and [pGlull
]A bll-40 peptides were investigated in neuronal and
glial cell cultures, and it was shown that
pyroglutamate modification exacerbates the toxic
properties of A b-peptides and also inhibits their
degradation by cultured astrocytes. Shirotani et al .
investigated the generation of [pGlu ]A b peptides in
primary cortical neurons infected by Sindbis virus in
vitro. They constructed amyloid precursor protein
complementary DNAs, which encoded a potential
precursor for [pGlu ]A b by amino acid substitution
and deletion. For one artificial precursor starting
with a N-terminal glutamine residue instead of
glutamate in the natural precursor, a spontaneous
conversion or an enzymatic conversion by glutaminyl
cyclase to pyroglutamate was suggested. The
cyclization mechanism of N-terminal glutamate at
position 3 in the natural precursor of [pGlu ]A b was
neither determined in vitro, in situ nor in vivo
(Shirotani, K . et al . 2002 NeuroSci Lett 327, 25-
28) .SUMMARY OF THE INVENTION The present invention
comprises methods and compositions for non-human
transgenic, in particular mammal, models for
Qpctrelated diseases. Specifically, the present
invention comprises non-human transgenic animal models
that overexpress Qpct . The present invention further
comprises compositions and methods for screening for
biologically active agents that modulate Qpctrelated
diseases including, but not limited to, Mild Cognitive
Impairment (MCI), Alzheimer's Disease (AD), cerebral
amyloid angiopathy, Lewy body dementia,
neurodegeneration in Down Syndrome, hereditary
cerebral hemorrhage with amyloidosis (Dutch type) ,
Familial Danish Dementia, Familial British Dementia,
ulcer disease and gastric cancer with or w/o
Helicobacter pylori infections, pathogenic psychotic
conditions, schizophrenia, infertility, neoplasia,
inflammatory host responses, cancer, psoriasis,
rheumatoid arthritis, atherosclerosis, restenosis,
lung fibrosis, liver fibrosis, renal fibrosis,
Acquired Immune Deficiency Syndrome, graft rejection,
Chorea Huntington (HD), impaired humoral and
cell-mediated immune responses, leukocyte adhesion and
migration processes in the endothelium, impaired food
intake, sleep-wakefulness, impaired homeostatic
regulation of energy metabolism, impaired autonomic
function, impaired hormonal balance and impaired
regulation of body fluids and the Guam
Parkinson-Dementia complex. Another aspect of the
present invention comprises methods and compositions
for screening for Qpct inhibitors. Additionally, the
present invention comprises methods and compositions
for the treatment and/or prevention of Qpct-related
diseases, particularly methods and compositions that
inhibit or promote Qpct. Accordingly, it is an object
of the invention to provide a transgenic animal, which
overexpresses Qpct.It is another object of the
invention to provide DNA constructs encoding Qpct . It
is an additional object of the invention to provide
DNA constructs encoding Qpct linked to a promoter. It
is a further object of the invention to provide a
non-human transgenic animal model system. It is an
additional object of the invention to provide a
nonhuman transgenic animal model system to study the
in vivo and in vitro regulation and effects of Qpct in
specific tissue types. It was shown by inhibition
studies that human and murine QC are metal-dependent
transferases. QC apoenzyme could be reactivated most
efficiently by zinc ions, and the metal-binding motif
of zinc-dependent aminopeptidases is also present in
human QC. Compounds interacting with the active-site
bound metal are potent inhibitors. Unexpectedly, it
was shown that recombinant human QC as well as
QC-activity from brain extracts catalyze both, the
N-terminal glutaminyl as well as glutamate
cyclization. Most striking is the finding, that
QC-catalyzed Glu^-conversion is favored around pH 6.0
while Gln^-conversion to pGlu-derivatives occurs with
a pH-optimum of around 8.0. Since the formation of
pGlu-A b-related peptides can be suppressed by
inhibition of recombinant human QC and QC-activity
from pig pituitary extracts, the enzyme QC is a target
in drug development for treatment of e.g. Alzheimer's
disease. By administering effectors of QC activity to
a mammal it can be possible to prevent or alleviate or
treat conditions selected from Mild Cognitive
Impairment (MCI), Alzheimer's Disease (AD), cerebral
amyloid angiopathy, Lewy body dementia,
neurodegeneration in Down Syndrome, hereditary
cerebral hemorrhage with amyloidosis (Dutch type) ,
Familial Danish Dementia, Familial British Dementia,
ulcer disease and gastriccancer with or w/o
Helicobacter pylori infections, pathogenic psychotic
conditions, schizophrenia, infertility, neoplasia,
inflammatory host responses, cancer, psoriasis,
rheumatoid arthritis, atherosclerosis, restenosis,
lung fibrosis, liver fibrosis, renal fibrosis,
Acquired Immune Deficiency Syndrome, graft rejection,
Chorea Huntington (HD), impaired humoral and
cell-mediated immune responses, leukocyte adhesion and
migration processes in the endothelium, impaired food
intake, sleepwakefulness, impaired homeostatic
regulation of energy metabolism, impaired autonomic
function, impaired hormonal balance and impaired
regulation of body fluids. Further, by administration
of effectors of QC activity to a mammal it can be
possible to stimulate gastrointestinal tract cell
proliferation, preferably proliferation of gastric
mucosal cells, epithelial cells, acute acid secretion
and the differentiation of acid producing parietal
cells and histaminesecreting enterochromaf fin-like
cells. Furthermore, by administration of effectors of
QC activity to a mammal it can be possible to suppress
the proliferation of myeloid progenitor cells. In
addition, administration of QC inhibitors can lead to
suppression of male fertility. The present invention
provides pharmaceutical compositions for parenteral,
enteral or oral administration, comprising at least
one effector of QC optionally in combination with
customary carriers and/or excipients. BRIEF
DESCRIPTION OF THE FIGURES Further understanding of
these and other aspects of the present invention will
be gained by reference to the figures, which represent
the following:Figure 1 A and B : (A) Map of the
plasmid 'mQC cDNA in vector pPCR Script Cam SK(+) '
showing the presence of the murine Qpct cDNA cassette.
(B) Sequence of the vector backbone - cDNA junction.
Due to the Sphl restriction sequence in the primer
utilized for cloning, an additional ATG was inserted 4
bp upstream of the start codon in vector pPCR Script
Cam SK(+). Figure 2 : Cloning strategy. The Qpct cDNA
was isolated first via Nsil and Notl from the
pPCR-Script Cam SK(+) vector backbone and subcloned
via Pstl and Notl into the pBlueScript SK+ (1 + 2 ) .
Subsequently the cDNA cassette was subcloned via the
restriction sites HindIII and Notl into a plasmid CAG
Pr in pcDNA3 .1 (3 + 4). The resulting 



pTG-CAG-mQC consists of the Qpct cDNA cassette under
the control of a ubiquitously expressing CAG promoter
and the BGH polyA signal . Figure 3 : Restriction map
of the transgenic construct plasmid pTG-CAG-mQC and
its restriction analysis. (A) The sequenced regions
are labelled as narrow lines (SEQ ID No: 1 and 2 ) .
The binding sites of the genotyping primers and the
restriction sites of the enzymes used in the
restriction analysis are indicated in the plasmid map.
The position of the genotyping primers (CAG-Pr-Fl and
GX1675-TOR1-FF) are shown as grey arrows (B, C ) . All
DNA digests resulted in the expected fragment sizes as
predicted in the table M : MassRuler DNA-Ladder Mix
(GeneRuler; MBI) . Figure 4 : Testing the sensitivity
of the screening PCR. The optimised PCR screen was
conducted using serial dilutions of the pTG-CAG-mQC
plasmid in H2O (- WT DNA) or in 150 mg genomic
wild-type DNA (+ WT DNA). The equivalent of 0.1, 1 and
10 copies of the transgenic vector per mouse genome
were tested. PCR amplification of the transgenic DNA
with the primer pair CAG-Pr- F1/GX1675 yielded a 1585
bp product. Wild-type genomic DNA (WT) and H2O () were
included as negative controls. M :lkb DNA ladder ( New
England Biolabs, NEB) .Figure 5 : Preparation and
validation of the pTG-CAG-mQC transgenic construct.
(A) Plasmid card of the vector pTG-CAG-mQC indicating
the restriction sites of Sail and DraIII and the
binding sites for the screening primers. (B)
Dralll/Sall restriction of pTG-CAGmQC (1) and the
isolated transgenic construct (2) . M : lkb DNA ladder
(New England Biolabs, NEB) Figure 6 : Pronuclei
microinjections. (A) Oocyte before injection. The male
pronucleus is clearly visible. (B) Oocyte after
injection. The male pronucleus is clearly enlarged,
demonstrating the successful injection. Figure 7 :
Screening for founders. The PCR result for the last
born 19 pups is shown. PCR with the primers
CAG-Pr-Fl/GX1675-TORl-FF (transgene PCR; 1.6 kb) and
with the primer pair BGH-Fl/CAG-Pr-R2 (head-to-tail
PCR; 0.8 kb) was performed with genomic DNA from the F
O generation. Positive control (+) for the transgene
PCR was the plasmid pTG-CAG-mQC, diluted with
wild-type genomic DNA. The quality of the DNA was
confirmed by a control PCR amplifying a 431 bp
wild-type signal. Positive control (TG) for the
head-to-tail PCR was the genomic DNA of a transgenic
line with same promoter-polyA signal sequences giving
rise to a 1.3 kb PCR product. Negative control was
wild-type DNA (WT) . As an additional negative control
H O () was used. M : 100 bp DNA-Ladder (New England
Biolabs, NEB) Figure 8 : Genotyping of Fl generation .
The PCR result of 17 pups is shown as an example. PCR
with primers CAG-Pr-Fl/GX1675-TORl-FF (transgene PCR;
1.6 kb) was performed with genomic DNA from the F l
generation. Positive control (+) for the transgene PCR
was the plasmid pTG-CAG-mQC, diluted with wild-type
genomic DNA. Negative control was wildtype DNA (WT) .
As an additional negative control H2O (0) was used.
Ml: 100 bp DNA-Ladder (NEB)Figure 9 9A: Standard curve
of pyroglutamyl-beta-naphthylamine, prepared using a
Merck-Hitachi L-6210 HPLC system equipped with a Merck
RP18-LiChrocart 125-4 column. The compound was
detected by absorption at 280 nm. 9B: Determination of
QC-activity in brain tissue of a QCtransgenic mouse
(in triplicates, left row) and wildtype littermates
(in triplicates, right row) by HPLC-detection of
pyroglutamyl-beta-naphthylamine as product from the
QC-mediated cyclization of
glutaminyl-beta-naphthylamine . The slopes of the
regression curves correspond to the initial velocity
of QCcatalyzed product formation. Prior to plotting,
the area units (read-out HPLC) were converted into a
concentration using a standard curve of
pyroglutamyl-beta-naphthylamine . Figure 10:
Evaluation of QC-transcript using PCR and real time
PCR 1OA: QC activity in EDTA plasma, liver and brain
referred to volume (plasma) or wet weight (tissue) ,
determined by quantification of
pyroglutamyl-beta-naphthylamine using HPLC. 1OB: QC
activity in EDTA plasma, liver and brain referred
protein content . 1OC: Qualitative PCR of mouse QC
from generated cDNA of brain (a) , liver (b) and
kidney (c) from two transgenic QC-mice (QC) and
controls (WT) . 10D: Quantitative real time RT-PCR
using cDNA from brain, liver and kidney of QC
transgenic (QC, N=2) mice and control (WT, N=2) mice
as a template. Figure 11: QC activity in brain
homogenate of a transgenic mouse (hQC-line 53 No. 27,
squares) and a non- transgenic littermate (hQC-line 53
No. 25, circles). Activity was determined using an
assay, which is based on detection and quantification
of pyroglutamyl-beta-naphthylamine using HPLC. The
higher slope incase of the transgenic animal proves
expression of the transgene (human QC) . Figure 12 :
QC activity in brain homogenate of a transgenic mouse
(hQC-line 53 No. 27, squares) and a non- transgenic
littermate (hQC-line 53 No. 25, circles). Activity was
determined using an assay, which is based on
fluorometric detection of QC activity. The higher
slope in case of the transgenic animal proves
expression of the transgene QC. Figure 13 : Comparison
of QC-activity in the brain homogenates of transgenic
mice expressing human QC neuron- specifically driven
by the Thy-1 promotor (Line 53, Line 37 and Line 43)
or murine QC ubiquitously (pbdl7E3) . A ) Comparison
of QC-activity in brain samples of animals of
different founder lines. Obviously, only hQC
transgenic animals displayed significant QC-activity,
not the non-transgenic littermates, proving that the
transgene mediates the raise in QC activity. B ) on
the basis of these results, human QC-transgenic
founder Line 53 was selected, displaying the highest
QC activity in the brain sample. Figure 14 :
Western-Blot analysis of brain homogenates of
different transgenic animals. A primary polyclonal
antibody was used, detecting murine and human QC. The
results reflect the analysis of QC activity exactly.
Highest QC immunoreactivity was obtained in transgenic
animals of line 53. Only a faint staining was observed
in pbdl7E3 mice. The migration of QC is shown by the
positive control, recombinant human QC. Lines: 1 :
Standard Proteins, 2 : hQC-Line 53 No. 23 (tg,
female), 3 : hQC-Line 53 No. 25 (ntg, female), 4 :
hQC-Line 53 No. 27 (tg, female), 5 : hQC-Line 37 No.
43 (tg, female), 6 : hQC-Line 37 No. 43 Nr. 34 (ntg,
male), 7 : hQC-Line 37 No. 43 Nr. 57 (tg, female), 8 :
hQC-Line 43 No. 31 (tg, female), 9 : hQC-Line 43 No.
36 (ntg, male), 10: hQC-Line 43 Nr. 32 (tg, male), 11:
hQC, Positive control [40ng], lines 12-15: PBD17E3 12:
No. 7936 tg, 13: Nr. 8860 tg, 14: Nr. 8862 tg, 15: Nr.
8863 tgFigure 15 : Schematic representation of the
Plasmid used for generation of transgenic mice
overexpressing human QC neuronspecif ically . Figure
16: Analytical restriction digestion of the generated
plasmid vector. The fragment with a size of 7929 was
used for microinjection. Lanes : 1 , Hind III -
Ladder; 2 , pUC18-mThyl-hQC / Not I / Pvu I (7929bp +
1443bp + 896 bp) ; 3 , Pst I - Ladder; 



4 , PCR: pUC18-mThyl-hQC 27 ng (1316 bp) ; 5 , PCR:
pUC18-mThyl-hQC 27 ng + 100 ng gDNA (1316 bp) ; 6 ,
PCR: 100 ng gDNA; 7 , PCR: Non template control; 8 , 1
kb Ladder Figure 17 : Quantitative determination of
transcript levels of human QC (real-time PCR) of three
different founder lines. The levels are depicted as
relative values compared with a standard, GAPDH
(Glyceraldehyd-3-Phosphate Dehydrogenase) . Highest
transcript levels were determined with line 53, which
also displayed the highest QC activity. Other objects,
advantages and features of the invention will become
apparent upon consideration of the following detailed
description . DETAILED DESCRIPTION OF THE INVENTION
The present invention comprises methods and
compositions for the generation of a transgenic animal
model for the study of Qpct-related diseases and the
transgenic non-human animal per se. The present
invention specifically comprises methods and
compositions for generating a transgenic animal model
that overexpresses glutaminyl-peptide cyclotransf
erase enzyme (Qpct) and the transgenic non-human
animal per se. The present invention further comprises
methods and compositions for testing Qpct inhibitors
and promoters and methods of prevention/treatment and
pharmaceutical compositions with Qpct
inhibitors/promoters .The present invention also
provides a new method for the treatment of Mild
Cognitive Impairment (MCI), Alzheimer's disease,
Familial Danish Dementia, Familial British Dementia
and neurodegeneration in Down Syndrome. The N-termini
of the amyloid b-peptides deposited in Alzheimer's
disease and Down syndrome brain, and the amyloid
peptides ADan and ABri deposited in Familial Danish
Dementia and Familial British Dementia as well, bear
pyroglutamic acid. The pGlu formation is an important
event in the development and progression in the
disease, since the modified amyloid b-peptides, ADan
and ABri show an enhanced tendency to amyloid
aggregation and toxicity, likely worsening the onset
and progression of the disease. (Russo, C . et al .
2002 J Neurochem 82, 1480-1489; Ghiso, J . et al .
2001 Amyloid 8 , 277- 284) . In contrast, in the
natural Ab-peptides (3-40/42), glutamic acid is
present as an N-terminal amino acid. DEFINITIONS The
term "transgene" means a segment of DNA that has been
incorporated into a host genome or is capable of
autonomous replication in a host cell and is capable
of causing the expression of one or more cellular
products. Exemplary transgenes will provide the host
cell, or animals developed therefrom, with a novel
phenotype relative to the corresponding
non-transformed cell or animal. The term "transgenic
animal" means a non-human animal, usually a mammal,
having a non-endogenous nucleic acid sequence present
as an extrachromosomal element in a portion of its
cells or stably integrated into its germ line DNA. The
term "construct" means a recombinant nucleic acid,
generally recombinant DNA, that has been generated for
the purpose of the expression of a specific nucleotide
sequence (s), or is to be used in the construction of
other recombinant nucleotidesequences. The recombinant
nucleic acid can encode e.g. a chimeric or humanized
polypeptide. Polypeptide here pertains to all possible
amino acid sequences comprising more than 10 amino
acids. The term "operably linked" means that a DNA
sequence and a regulatory sequence (s) are connected
in such a way as to permit gene expression when the
appropriate molecules (e.g., transcriptional activator
proteins) are bound to the regulatory sequence (s) .
The term "operatively inserted" means that a
nucleotide sequence of interest is positioned adjacent
a nucleotide sequence that directs transcription and
translation of the introduced nucleotide sequence of
interest. Transgenes The Qpct polynucleotides
comprising the transgene of the present invention
include Qpct cDNA and shall also include modified Qpct
cDNA. As used herein, a "modification" of a nucleic
acid can include one or several nucleotide additions,
deletions, or substitutions with respect to a
reference sequence. A modification of a nucleic acid
can include substitutions that do not change the
encoded amino acid sequence due to the degeneracy of
the genetic code, or which result in a conservative
substitution. Such modifications can correspond to
variations that are made deliberately, such as the
addition of a Poly A tail, or variations which occur
as mutations during nucleic acid replication. As
employed herein, the term "substantially the same
nucleotide sequence" refers to DNA having sufficient
identity to the reference polynucleotide, such that it
will hybridize to the reference nucleotide under
moderately stringent, or higher stringency,
hybridization conditions. DNA having "substantially
the same nucleotide sequence" as the reference
nucleotidesequence, can have an identity ranging from
at least 60% to at least 95% with respect to the
reference nucleotide sequence. The phrase "moderately
stringent hybridization" refers to conditions that
permit a target-nucleic acid to bind a complementary
nucleic acid. The hybridized nucleic acids will
generally have an identity within a range of at least
about 60% to at least about 95%. Moderately stringent
conditions are conditions equivalent to hybridization
in 50% formamide, 5x Denhart 's solution, 5x saline
sodium phosphate EDTA buffer (SSPE), 0.2% SDS
(Aldrich) at about 42C, followed by washing in 0.2x
SSPE, 0.2% SDS (Aldrich), at about 42 C . High
stringency hybridization refers to conditions that
permit hybridization of only those nucleic acid
sequences that form stable hybrids in 0.018M NaCl at
about 65 C , for example, if a hybrid is not stable in
0.018M NaCl at about 65 C , it will not be stable
under high stringency conditions, as contemplated
herein. High stringency conditions can be provided,
for example, by hybridization in 50% formamide, 5x
Denhart 's solution, 5x SSPE, 0.2% SDS at about 42 C ,
followed by washing in 0 .Ix SSPE, and 0.1% SDS at
about 65 C . Other suitable moderate stringency and
high stringency hybridization buffers and conditions
are well known to those of skill in the art and are
described, for example, in Sambrook et al ., Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring
Harbor Press, Plainview, N .Y . (1989); and Ausubel et
al . (Current Protocols in Molecular Biology
(Supplement 47), John Wiley & Sons, New York (1999)).
The amino acid sequence encoded by the transgene of
the present invention can be a Qpct sequence from a
human or the Qpct homologue from any species,
preferably from a murine species. The amino acid
sequence encoded by the transgene of the present
invention can also be a fragment of the Qpct amino
acid sequence so long as the fragment retains some or
all of the function of the full-length Qpct sequence.
The sequence may also be amodified Qpct sequence.
Individual substitutions, deletions or additions,
which alter, add or delete a single amino acid or a
small percentage of amino acids (typically less than
10%, more typically less than 5%, and still more
typically less than 1%.) 



A "modification" of the amino acid sequence
encompasses conservative substitutions of the amino
acid sequence. Conservative substitution tables
providing functionally similar amino acids are well
known in the art. The following six groups each
contain amino acids that are conservative
substitutions for one another: 1 ) Alanine (A), Serine
(S), Threonine (T); 2 ) Aspartic acid (D), Glutamic
acid (E); 3 ) Asparagine (N) , Glutamine (Q) ; 4 )
Arginine (R), Lysine (K); 5 ) Isoleucine (1), Leucine
(L), Methionine (M), Valine (V); and 6 ) Phenylalanine
(F) , Tyrosine (Y) , Tryptophan (W) . Other minor
modifications are included within the sequence so long
as the polypeptide retains some or all of the
structural and/or functional characteristics of a Qpct
polypeptide. Exemplary structural or functional
characteristics include sequence identity or
substantial similarity, antibody reactivity, the
presence of conserved structural domains such as RNA
binding domains or acidic domains. DNA Constructs and
Vectors The invention further provides a DNA construct
comprising the Qpct transgene as described above. As
used herein, the term "DNA construct" refers to a
specific arrangement of genetic elements in a DNA
molecule. In addition to human Qpct, or mutant forms
thereof, the invention also provides a DNA construct
using polypeptides from other species as well as Qpct
mutant non-human mammals expressing BACEl from
non-human species. If desired, the DNA constructs can
be engineered to be operatively linked to appropriate
expression elements such as promoters or enhancers to
allow expression of a genetic element in the DNA
construct in an appropriate cell or tissue. The useof
the expression control mechanisms allows for the
targeted delivery and expression of the gene of
interest. For example, the constructs of the present
invention may be constructed using an expression
cassette which includes in the 5 '-3' direction of
transcription, a transcriptional and translational
initiation region associated with gene expression in
brain tissue, DNA encoding a mutant or wild-type Qpct
protein, and a transcriptional and translational
termination region functional in the host animal. One
or more introns also can be present. The
transcriptional initiation region can be endogenous to
the host animal or foreign or exogenous to the host
animal. The DNA constructs described herein, may be
incorporated into vectors for propagation or
transfection into appropriate cells to generate Qpct
overexpressing mutant non-human mammals and are also
comprised by the present invention. One skilled in the
art can select a vector based on desired properties,
for example, for production of a vector in a
particular cell such as a mammalian cell or a
bacterial cell. Vectors can contain a regulatory
element that provides tissue specific or inducible
expression of an operatively linked nucleic acid. One
skilled in the art can readily determine an
appropriate tissue-specific promoter or enhancer that
allows expression of Qpct polypeptides in a desired
tissue. It should be noted that tissue-specific
expression as described herein does not require a
complete absence of expression in tissues other than
the preferred tissue. Instead, "cell-specific" or
"tissue-specific" expression refers to a majority of
the expression of a particular gene of interest in the
preferred cell type or tissue. Any of a variety of
inducible promoters or enhancers can also be included
in the vector for expression of a Qpct polypeptide or
nucleic acid that can be regulated. Such inducible
systems, include, for example, tetracycline inducible
System (Gossen & Bizard, Proc. Natl. Acad. Sci. USA,
89:5547-5551 (1992); Gossen et al., Science,
268:17664769 (1995); Clontech, Palo Alto,Calif.);
metallothionein promoter induced by heavy metals;
insect steroid hormone responsive to ecdysone or
related steroids such as muristerone (No et al .,
Proc. Natl. Acad. Sci. USA, 93:3346-3351 (1996); Yao
et al ., Nature, 366:476-479 (1993); Invitrogen,
Carlsbad, Calif.); mouse mammary tumor virus (MMTV)
induced by steroids such as glucocorticoid and
estrogen (Lee et al ., Nature, 294:228-232 (1981); and
heat shock promoters inducible by temperature changes;
the rat neuron specific enolase gene promoter
(Forss-Petter, et al ., Neuron 5 ; 197-197 (1990));
the human b-actin gene promoter (Ray, et al ., Genes
and Development (1991) 5:2265-2273); the human
platelet derived growth factor B (PDGF-B) chain gene
promoter (Sasahara, et al., Cell (1991) 64:217-227);
the rat sodium channel gene promoter (Maue, et al .,
Neuron (1990) 4:223-231); the human copper-zinc
superoxide dismutase gene promoter (Ceballos-Picot, et
al., Brain Res. (1991) 552:198-214); and promoters for
members of the mammalian POU-domain regulatory gene
family (Xi et al., (1989) Nature 340:35-42).
Regulatory elements, including promoters or enhancers,
can be constitutive or regulated, depending upon the
nature of the regulation, and can be regulated in a
variety of tissues, or one or a few specific tissues.
The regulatory sequences or regulatory elements are
operatively linked to one of the polynucleotide
sequences of the invention such that the physical and
functional relationship between the polynucleotide
sequence and the regulatory sequence allows
transcription of the polynucleotide sequence. Vectors
useful for expression in eukaryotic cells can include,
for example, regulatory elements including the CAG
promoter, the SV40 early promoter, the cytomegalovirus
(CMV) promoter, the mouse mammary tumor virus (MMTV)
steroid-inducible promoter, Pgtf, Moloney marine
leukemia virus (MMLV) promoter, thy-1 promoter and the
like. If desired, the vector can contain a selectable
marker. A s used herein, a "selectable marker" refers
to a genetic element that provides a selectable
phenotype to a cell in which the selectable marker has
been introduced. A selectable marker isgenerally a
gene whose gene product provides resistance to an
agent that inhibits cell growth or kills a cell. A
variety of selectable markers can be used in the DNA
constructs of the invention, including, for example,
Neo, Hyg, hisD, Gpt and BIe genes, as described, for
example in Ausubel et al . (Current Protocols in
Molecular Biology (Supplement 47), John Wiley & Sons,
New York (1999)) and U.S. Patent No. 5,981,830. Drugs
useful for selecting for the presence of a selectable
marker include, for example, G418 for Neo, hygromycin
for Hyg, histidinol for hisD, xanthine for Gpt, and
bleomycin for BIe (see Ausubel et al, supra, (1999);
U.S. Patent No. 5,981,830). DNA constructs of the
invention can incorporate a positive selectable
marker, a negative selectable marker, or both (see,
for example, U.S. Patent No. 5,981,830). Non-Human
Transgenic Animals The invention primarily provides a
non-human transgenic animal whose genome comprises a
transgene encoding a Qpct polypeptide. The DNA
fragment can be integrated into the genome of a
transgenic animal by any method known to those skilled
in the art. The DNA molecule containing the desired
gene sequence can be introduced into pluripotent
cells, such as ES cells, by any method that will
permit the introduced molecule to undergo 



recombination at its regions of homology. Techniques
that can be used include, but are not limited to,
calcium phosphate/DNA coprecipitates, microinjection
of DNA into the nucleus, electroporation, bacterial
protoplast fusion with intact cells, transf ection,
and polycations, (e.g., polybrene, polyornithine,
etc.) The DNA can be single or double stranded DNA,
linear or circular. (See for example, Hogan et al .,
Manipulating the Mouse Embryo: A Laboratory Manual
Cold Spring Harbor Laboratory (198 6); Hogan et al .,
Manipulating the Mouse Embryo: A Laboratory Manual,
second ed., Cold Spring Harbor Laboratory (1994), U.S.
Patent Nos. 5,602,299; 5,175,384; 6,066,778; 4,873,191
and 6,037,521; retrovirus mediated gene transfer into
germ lines (Van der Putten et al ., Proc. Natl. Acad.
Sci. USA 82:6148-6152 (1985)); gene targeting in
embryonic stem cells (Thompson et al ., Cell
56:313-321 (1989)); electroporation ofembryos (Lo, MoI
Cell. Biol. 3:1803-1814 (1983)); and spermmediated
gene transfer (Lavitrano et al ., Cell 57:717-723
(1989) ). For example, the zygote is a good target for
microinjection, and methods of microinjecting zygotes
are well known (see US 4 , 873, 191) . Embryonal cells
at various developmental stages can also be used to
introduce transgenes for the production of transgenic
animals. Different methods are used depending on the
stage of development of the embryonal cell. Such
transfected embryonic stem (ES) cells can thereafter
colonize an embryo following their introduction into
the blastocoele of a blastocyst-stage embryo and
contribute to the germ line of the resulting chimeric
animal (reviewed in Jaenisch, Science 240:1468-1474
(1988)). Prior to the introduction of transfected ES
cells into the blastocoele, the transfected ES cells
can be subjected to various selection protocols to
enrich the proportion of ES cells that have integrated
the transgene if the transgene provides a means for
such selection. Alternatively, PCR can be used to
screen for ES cells that have integrated the
transgene. In addition, retroviral infection can also
be used to introduce transgenes into a non-human
animal. The developing non-human embryo can be
cultured in vitro to the blastocyst stage. During this
time, the blastomeres can be targets for retroviral
infection (Janenich, Proc. Nati. Acad. Sci. USA
73:1260-1264 (1976)). Efficient infection of the
blastomeres is obtained by enzymatic treatment to
remove the zona pellucida (Hogan et al ., supra, 1986)
. The viral vector system used to introduce the
transgene is typically a replication-defective
retrovirus carrying the transgene (Jahner et al .,
Proc. Natl. Acad Sci. USA 82:6927-6931 (1985); Van der
Putten et al ., Proc. Natl. Acad Sci. USA 82:6148-6152
(1985)). Transfection is easily and efficiently
obtained by culturing the blastomeres on a monolayer
of virus-producing cells (Van der Putten, supra, 1985;
Stewart et al., EMBO J . 6:383-388 (1987)).
Alternatively, infection canbe performed at a later
stage. Virus or virus-producing cells can be injected
into the blastocoele (Jahner D . et al ., Nature
298:623-628 (1982)). Most of the founders will be
mosaic for the transgene since incorporation occurs
only in a subset of cells, which form the transgenic
animal. Further, the founder can contain various
retroviral insertions of the transgene at different
positions in the genome, which generally will
segregate in the offspring. In addition, transgenes
may be introduced into the germline by intrauterine
retroviral infection of the mid-gestation embryo
(Jahner et al ., supra, 1982). Additional means of
using retroviruses or retroviral vectors to create
transgenic animals known to those of skill in the art
involves the micro-injection of retroviral particles
or mitomycin C-treated cells producing retrovirus into
the perivitelline space of fertilized eggs or early
embryos (WO 90/08832 (1990); Haskell and Bowen, MaI.
Reprod. Dev. 40:386 (1995)) . Any other technology to
introduce transgenes into a non-human animal, e.g. the
knock-in or the rescue technologies can also be used
to solve the problem of the present invention. The
knock-in technology is well known in the art as
described e.g. in Casas et al. (2004) Am J Pathol 165,
1289-1300. Once the founder animals are produced, they
can be bred, inbred, outbred, or crossbred to produce
colonies of the particular animal. Examples of such
breeding strategies include, but are not limited to:
outbreeding of founder animals with more than one
integration site in order to establish separate lines;
inbreeding of separate lines in order to produce
compound transgenics that express the transgene at
higher levels because of the effects of additive
expression of each transgene; crossing of heterozygous
transgenic mice to produce mice homozygous for a given
integration site in order to both augment expression
and eliminate the need for screening of animals by DNA
analysis; crossing of separate homozygous lines to
produce compound heterozygous or homozygous lines;
breeding animals to different inbred genetic
backgrounds so as to examine effects ofmodifying
alleles on expression of the transgene and the effects
of expression. The transgenic animals are screened and
evaluated to select those animals having the phenotype
of interest. Initial screening can be performed using,
for example, Southern blot analysis or PCR techniques
to analyze animal tissues to verify that integration
of the transgene has taken place. The level of mRNA
expression of the transgene in the tissues of the
transgenic animals can also be assessed using
techniques which include, but are not limited to,
Northern blot analysis of tissue samples obtained from
the animal, in situ hybridization analysis, and
reverse transcriptase-PCR (rt-PCR) . Samples of the
suitable tissues can be evaluated immunocytochemically
using antibodies specific for Qpct or with a tag such
as EGFP. The transgenic non-human mammals can be
further characterized to identify those animals having
a phenotype useful in methods of the invention. In
particular, transgenic non-human mammals
overexpressing Qpct can be screened using the methods
disclosed herein. For example, tissue sections can be
viewed under a fluorescent microscope for die present
of fluorescence, indicating the presence of the
reporter gene. Another method to affect tissue
specific expression of the Qpct protein is through the
use of tissue-specific promoters. Nonlimiting examples
of suitable tissue-specific promoters include the
albumin promoter (liver-specific; Pinkert et al .,
(1987) Genes Dev. 1:268-277); lymphoid-specif ic
promoters (Calame and Eaton (1988) Adv. Immunol.
43:235-275), in particular promoters of T cell
receptors (Winoto and Baltimore (1989) EMBO J . 8:729-
733) and immunoglobulins (Banerji et al ., (1983) Cell
33:729- 740; Queen and Baltimore (1983) Cell
33:741-748), neuronspecific promoters (e.g., the
neurofilament promoter, the Thy-1 promoter or the
Bri-protein promoter; Sturchler-Pierrat et al .,
(1997) Proc. Natl. Acad Sci. USA 94:13287-13292, Byrne
and Ruddle (1989) PNAS 86:5473-5477),
pancreas-specific promoters (Edlund et al ., (1985)
Science 230:912-916), cardiac specific expression
(alpha myosin heavy chain promoter, Subramaniam, A
,Jones WK, Gulick J , Wert S , Neumann J , and Robbins
J . Tissuespecific regulation of the alpha-myosin
heavy chain gene promoter in transgenic mice. J Biol
Chem 266: 24613-24620, 1991.), and mammary
gland-specific promoters (e.g., milk whey 



promoter; U.S. Patent No. 4,873,316 and European
Application Publication No. 264,166). The invention
further provides an isolated cell containing a DNA
construct of the invention. The DNA construct can be
introduced into a cell by any of the well-known
transfection methods (Sambrook et al ., Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring
Harbor Press, Plainview, N .Y . (1989); Ausubel et al
., supra, (1999)). Alternatively, the cell can be
obtained by isolating a cell from a mutant non-human
mammal created as described herein. Thus, the
invention provides a cell isolated from a Qpct mutant
non-human mammal of the invention, in particular, a
Qpct mutant mouse. The cells can be obtained from a
homozygous Qpct mutant non-human mammal such as a
mouse or a heterozygous Qpct mutant non-human mammal
such as a mouse. Effectors Effectors, as that term is
used herein, are defined as molecules that bind to
enzymes and increase ( promote) or decrease (_
inhibit) their activity in vitro and/or in vivo. Some
enzymes have binding sites for molecules that affect
their catalytic activity; a stimulator molecule is
called an activator. Enzymes may even have multiple
sites for recognizing more than one activator or
inhibitor. Enzymes can detect concentrations of a
variety of molecules and use that information to vary
their own activities. Effectors can modulate enzymatic
activity because enzymes can assume both active and
inactive conformations: activators are positive
effectors, inhibitors are negative effectors.
Effectors act not only at the active sites of enzymes,
but also at regulatory sites, or allosteric sites,
terms used to emphasize that the regulatory site is an
element of the enzyme distinct from the catalytic site
and to differentiate this form ofregulation from
competition between substrates and inhibitors at the
catalytic site (Darnell, J., Lodish, H . and
Baltimore, D . 1990, Molecular Cell Biology 2"d
Edition, Scientific American Books, New York, page 63)
. Peptides If peptides or amino acids are mentioned in
the present invention, each amino acid residue is
represented by a oneletter or a three-letter
designation, corresponding to the trivial name of the
amino acid, in accordance with the following
conventional list: Amino Acid One-Letter Symbol
Three-Letter Symbol Alanine A Ala Arginine R Arg
Asparagine N Asn Aspartic acid D Asp Cysteine C Cys
Glutamine Q GIn Glutamic acid E GIu Glycine G GIy
Histidine H His Isoleucine I H e Leucine L Leu Lysine
K Lys Methionine M Met Phenylalanine F Phe Proline P
Pro Serine S Ser Threonine T Thr Tryptophan W Trp
Tyrosine Y Tyr Valine V VaI QC The terms "QC" or
"Qpct" as used herein are both intended to refer to
the same and comprise glutaminyl cyclase (QC) ,i .e
.glutaminyl-peptidecyclotransf erase (EC 2.3.2.5.) and
QC-like enzymes. QC and QC-like enzymes have identical
or similar enzymatic activity, further defined as QC
activity. In this regard, QC-like enzymes can
fundamentally differ in their molecular structure from
QC. The term "QC activity" as used herein is defined
as intramolecular cyclization of N-terminal glutamine
residues into pyroglutamic acid (pGlu*) or of
N-terminal L-homoglutamine or L- b-homoglutamine to a
cyclic pyro-homoglutamine derivative under liberation
of ammonia. See schemes 1 and 2 .Scheme 1: Cyclization
of glutamine by QC Scheme 2 : Cyclization of
L-homoglutamine by QC The term "EC" as used herein
comprises the side activity of QC and QC-like enzymes
as glutamate cyclase (EC) , further defined as EC
activity. The term "EC activity" as used herein is
defined as intramolecular cyclization of N-terminal
glutamate residues into pyroglutamic acid (pGlu*) by
QC. See scheme 3 . The term "metal-dependent enzyme"
as used herein is defined as enzyme (s) that require a
bound metal ion in order to fulfiltheir catalytic
function and/or require a bound metal ion in order to
form the catalytically active structure. Scheme 3 :
N-terminal cyclization of glutamyl peptides by QC (EC)
The term "Qpct-related disease" as used herein refers
to all those diseases, disorders or conditions that
are modulated by Qpct. Assays and Identification of
Therapeutic Agents The methods and compositions of the
present invention are particularly useful in the
evaluation of effectors of Qpct and for the
development of drugs and therapeutic agents for the
treatment and prevention of amyloid-associated
diseases such as Mild Cognitive Impairment,
Alzheimer's disease, neurodegeneration in Down
Syndrome, Familial Danish Dementia and Familial
British Dementia. The transgenic animal or the cells
of the transgenic animal of the invention can be used
in a variety of screening assays. For example, any of
a variety of potential agents suspected of affecting
Qpct and amyloid accumulation, as well as the
appropriate antagonists and blocking therapeutic
agents, can be screened by administration to the
transgenic animal and assessing the effect of these
agents upon the function and phenotype of the cells
and on the (neurological) phenotype of the transgenic
animals.Behavioral studies may also be used to test
potential therapeutic agents, such as those studies
designed to assess motor skills, learning and memory
deficits. An example of such a test is the Morris
Water maze (Morris (1981) Learn Motivat 12:239-260) .
Additionally, behavioral studies may include
evaluations of locomotor activity such as with the
rotor-rod and the open field. The methods of the
invention can advantageously use cells isolated from a
homozygous or heterozygous Qpct mutant non-human
mammal, to study amyloid accumulation as well as to
test potential therapeutic compounds. The methods of
the invention can also be used with cells expressing
Qpct such as a transfected cell line. A cell
overexpressing Qpct can be used in an in vitro method
to screen compounds as potential therapeutic agents
for treating A b associated disease. In such a method,
a compound is contacted with a cell overexpressing
Qpct, a transfected cell or a cell derived from a Qpct
mutant non-human animal, and screened for alterations
in a phenotype associated with expression of Qpct. 



The changes in A b production in the cellular assay
and the transgenic animal can be assessed by methods
well known to those skilled in the art. A Qpct fusion
polypeptide such as Qpct can be particularly useful
for such screening methods since the expression of
Qpct can be monitored by fluorescence intensity. Other
exemplary fusion polypeptides include other
fluorescent proteins, or modifications thereof,
glutathione S transferase (GST) , maltose binding
protein, poly His, and the like, or any type of
epitope tag. Such fusion polypeptides can be detected,
for example, using antibodies specific to the fusion
polypeptides. The fusion polypeptides can be an entire
polypeptide or a functional portion thereof so long as
the functional portion retains desired properties, for
example, antibody binding activity or fluorescence
activity.The invention further provides a method of
identifying a potential therapeutic agent for use in
treating the diseases as mentioned above. The method
includes the steps of contacting a cell containing a
DNA construct comprising polynucleotides encoding a
Qpct polypeptide with a compound and screening the
cell for decreased Qpct production, thereby
identifying a potential therapeutic agent for use in
treating Qpct-related diseases. The cell can be
isolated from a transgenic non-human mammal having
nucleated cells containing the Qpct DNA construct.
Alternatively, the cell can contain a DNA construct
comprising a nucleic acid encoding a green fluorescent
protein fusion, or other fusion polypeptide, with a
Qpct polypeptide. Additionally, cells expressing a
Qpct polypeptide can be used in a preliminary screen
to identify compounds as potential therapeutic agents
having activity that alters a phenotype associated
with Qpct expression. As with in vivo screens using
Qpct mutant non-human mammals, an appropriate control
cell can be used to compare the results of the screen.
The effectiveness of compounds identified by an
initial in vitro screen using cells expressing Qpct
can be further tested in vivo using the invention Qpct
mutant non-human mammals, if desired. Thus, the
invention provides methods of screening a large number
of compounds using a cell-based assay, for example,
using high throughput screening, as well as methods of
further testing compounds as therapeutic agents in an
animal model of Ab-related disorders . QC is involved
in the formation of pyroglutamic acid that favors the
aggregation of amyloid b-peptides. Thus, an inhibition
of QC leads to a prevention of the precipitation of
the plaque-forming [pGlu3]Ab3-40/42/43 or [pGlu11
]Abll-40/42/43, causing the onset and progression of
Alzheimer's disease and Down Syndrome, independently
of the mechanism by which cyclization occurs.
Glutamate is found in positions 3 , 11 and 22 of the
amyloid b- peptide. Among them the mutation from
glutamic acid (E) toglutamine (Q) in position 22
(corresponds to amino acid 693 of the amyloid
precursor protein APP770, Swissprot entry: P05067) has
been described as the so-called Dutch type
cerebroarterial amyloidosis mutation. The b-amyloid
peptides with a pyroglutamic acid residue in position
3 , 11 and/or 22 have been described to be more
cytotoxic and hydrophobic than A bl-40/4243 (Saido T
.C . 2000 Medical Hypotheses 54(3): 427-429). The
multiple N-terminal variations can be generated by the
b- secretase enzyme b-site amyloid precursor
protein-cleaving enzyme (BACE) at different sites
(Huse J .T . et al . 2002 Biol. Chem. 277 (18):
16278-16284), and/or by aminopeptidase processing.
There had been no experimental evidence supporting the
enzymatic conversion of Glu 1-peptides into
pGlu-peptides by an unknown glutamyl cyclase (EC)
(Garden, R . W., Moroz, T . P., Gleeson, J . M.,
Floyd, P . D., Li, L . J., Rubakhin, S . S., and
Sweedler, J . V . (1999) J Neurochem 72, 676-681;
Hosoda R . et al . (1998) J Neuropathol Exp Neurol.
57, 1089-1095) . No such enzyme activity had been
identified, capable of cyclizing Glu 1-peptides, which
are protonated N-terminally and possess a negatively
charged GIu 1 g-carboxylate moiety under mildly
alkaline or neutral pHconditions . QC-activity against
Gln 1-substrates is dramatically reduced below pH 7 .0
. In contrast, it appears that Glu 1-conversion can
occur at acidic reaction conditions (e.g. Iwatsubo,
T., Saido, T . C , Mann, D . M., Lee, V . M., and
Trojanowski, J . Q . (1996) Am J Pathol 149,
1823-1830) . Earlier, it was investigated whether QC
is able to recognize and to turnover amyloid- b
derived peptides under mildly acidic conditions (WO
2004/098625) . Therefore, the peptides [Gln 3 ]Abllla,
A b3-lla, [GIn 3 ]A b3-lla, A b3-21a, [GIn 3 ]A b3-21a
and [Gln 3 ]A b3-40 as potential substrates of the
enzyme weresynthesized and investigated. These
sequences were chosen for mimicking natural
N-terminally and C-terminally truncated [GIu^] A b
peptides and [GIn^] A b peptides which could occur due
to posttranslational Glu-amidation . It was shown that
papaya and human QC catalyze both glutaminyl and
glutamyl cyclization. Apparently, the primary
physiological function of QC is to finish hormone
maturation in endocrine cells by glutamine cyclization
prior or during the hormone secretion process. Such
secretory vesicles are known to be acidic in pH. Thus,
a side activity of the enzyme in the narrow pH-range
from 5.0 to 7.0 could be its newly discovered glutamyl
cyclase activity cyclizing also Glu-A b peptides.
However, due to the much slower occurring
Glu-cyclization compared to GInconversion, it is
questionable whether the glutamyl cyclization plays a
significant physiological role. In the pathology of
neurodegenerative disorders, however, the glutamyl
cyclization is of relevance. Investigating the
pH-dependency of this enzymatic reaction, it has been
shown that the unprotonated N-terminus was essential
for the cyclization of GIn -peptides and accordingly
that the pKa-value of the substrate was identical to
the pKa-value for QC-catalysis . Thus, QC stabilizes
the intramolecular nucleophilic attack of the
unprotonated CC-amino moiety on the g- carbonyl
carbon. In contrast to the monovalent charge present
on N-terminal glutamine containing peptides, the
N-terminal Glu-residue in Glu-containing peptides is
predominantly bivalently charged at neutral pH.
Glutamate exhibits pKa -values of about 4.2 and 7.5
for the g-carboxylic and for the CC-amino moiety,
respectively, i.e. at neutral pH and above, although
the a-amino nitrogen is in part or fully unprotonated
and nucleophilic, the g-carboxylic group is
unprotonated, and so exercising no electrophilic
carbonyl activity. Hence, intramolecular cyclization
is impossible .However, in the pH-range of about
5.2-6.5, between their respective pKa -values, the two
functional groups are present both in non-ionized
forms, in concentrations of about 1-10% (- NH2) or
10-1% (-C00H) of total N-terminal Glu-containing
peptide. As a result, over a mildly acidic pH-range
species of N-terminal Glu-peptides are present which
carry both groups uncharged, and, therefore, it is
possible that QC could stabilize the intermediate of
intramolecular cyclization into the pGlupeptide, i.e.
if the g-carboxylic group is protonated, the carbonyl
carbon is electrophilic enough to allow nucleophilic 



attack by the unprotonated a-amino group. At this pH
the hydroxyl ion functions as a leaving group. These
assumptions are corroborated by the pH-dependence data
obtained for the QC catalyzed conversion of Glu- bNA.
In contrast to glutamine conversion of Gln- bNA by QC,
the pH-optimum of catalysis shifts to the acidic range
around pH 6.0, i.e. the pH-range, in which substrate
molecule species are simultaneously abundant carrying
a protonated g-carboxyl and unprotonated a-amino
group. Furthermore, the kinetically determined
pKa-value of 7.55 +/- 0.02 is in excellent agreement
with that of the a-amino group of Glu- b3NA,
determined by titration (7.57 + _ 0.05).
Physiologically, at pH 6.0 the second-order rate
constant (or specificity constant, c a-| -/K]y[) of
the QC-catalyzed glutamate cyclization might be in the
range of l*10 5 - l*10 6 fold slower than the one for
glutamine cyclization. However, the nonenzymatic
turnover of both model substrates Glu- bNA and GIn-
bNA is negligible, being conform with the observed
negligible pGlu-peptide formation. Hence, for the
pGlu-f ormation by QC an acceleration of at least 108
can be estimated from the ratio of the enzymatic
versus non-enzymatic rate constants (comparing the
second-order rate constants for the enzyme catalysis
with the respective nonenzymatic cyclization
first-order rate constants the catalytic proficiency
factor is 109-10 10 M 1 for the GIn- and the
Glu-conversion, respectively) . The conclusion from
these data is, that in vivo only an enzymatic path
resulting pGluformations seems conceivable.Since QC is
highly abundant in the brain and taking into account
the high turnover rate of 0 .9 min 1 recently found
for the maturation of 30 mM of (GIn-) TRH-like peptide
(Prokal, L., Prokai-Tatrai, K., Ouyang, X., Kim, H .
S., Wu, W . M., Zharikova, A., and Bodor, N . (1999) J
Med Chem 42, 4563-4571), one can predict a cyclization
half-life of about 100 hours for an appropriate
glutamate-substrate, if similar reaction conditions
are provided. Moreover, given compartmentalization and
localization of brain QC/EC in the secretory pathway,
the actual in vivo enzyme and substrate concentrations
and reaction conditions might be even more favorable
for the enzymatic cyclization in the intact cell. And,
if N-terminal GIu is transformed to GIn a much more
rapid pGlu-f ormation mediated by QC could be
expected. In vitro, both reactions were suppressed by
applying inhibitors of QC/EC-activity . In summary, it
was shown that human QC, which is highly abundant in
the brain, is likely a catalyst of the formation of
the amyloidogenic pGlu-A b peptides from Glu-A b and
Gln-A b precursors, which make up more than 50% of the
plaque deposits found in Alzheimer's disease. These
findings identify QC/EC as a player in senile plaque
formation and thus as a novel drug target in the
treatment of Alzheimer's disease, neurodegeneration in
Down Sydrome, Famlilial Danish Dementia and Familial
British Dementia. In a preferred embodiment, the
present invention provides the use of
activity-decreasing effectors of QC and EC, as
selected with use of the present inventive animal
model, for the suppression of pGlu-Amyloid peptide
formation in Mild Cognitive Impairment, Alzheimer's
disease, Down Sydrome, Famlilial Danish Dementia and
Familial British Dementia. In a further embodiment,
the present invention provides the use of
activity-increasing effectors of QC, as selected with
use of the present inventive animal model, for the
stimulation of gastrointestinal tract cell
proliferation, especially gastric mucosal cell
proliferation, epithelial cell proliferation,
thedifferentiation of acid-producing parietal cells
and histaminesecreting enterochromaf fin-like (ECL)
cells, and the expression of genes associated with
histamine synthesis and storage in ECL cells, as well
as for the stimulation of acute acid secretion in
mammals by maintaining or increasing the concentration
of active [pGlu-L] -Gastrin. In a further embodiment,
the present invention provides the use of activity
decreasing effectors of QC, as selected with use of
the present inventive animal model, for the treatment
of duodenal ulcer disease and gastric cancer with or
without Helicobacter pylori in mammals by decreasing
the conversion rate of inactive [GIn ]Gastrin to
active [pGlu-L] Gastrin . Neurotensin (NT) is a
neuropeptide implicated in the pathophysiology of
schizophrenia that specifically modulates
neurotransmitter systems previously demonstrated to be
misregulated in this disorder. Clinical studies in
which cerebrospinal fluid (CSF) NT concentrations have
been measured revealed a subset of schizophrenic
patients with decreased CSF NT concentrations that are
restored by effective antipsychotic drug treatment.
Considerable evidence also exists concordant with the
involvement of NT systems in the mechanism of action
of antipsychotic drugs. The behavioural and
biochemical effects of centrally administered NT
remarkably resemble those of systemically administered
antipsychotic drugs, and antipsychotic drugs increase
NT neurotransmission. This concatenation of findings
led to the hypothesis that NT functions as an
endogenous antipsychotic. Moreover, typical and
atypical antipsychotic drugs differentially alter NT
neurotransmission in nigrostriatal and mesolimbic
dopamine terminal regions, and these effects are
predictive of side effect liability and efficacy,
respectively (Binder, E . B . et al. 2001 Biol
Psychiatry 50 856-872) . In another embodiment, the
present invention provides the use of activity
increasing effectors of QC, as selected with use of
the present inventive animal model, for the
preparation ofantipsychotic drugs and/or for the
treatment of schizophrenia in mammals. The effectors
of QC either maintain or increase the concentration of
active [pGlu-L] neurotensin . Fertilization promoting
peptide (FPP) , a tripeptide related to thyrotrophin
releasing hormone (TRH) , is found in seminal plasma.
Recent evidence obtained in vitro and in vivo showed
that FPP plays an important role in regulating sperm
fertility. Specifically, FPP initially stimulates nonf
ertilizing (incapacitated) spermatozoa to "switch on"
and become fertile more quickly, but then arrests
capacitation so that spermatozoa do not undergo
spontaneous acrosome loss and therefore do not lose
fertilizing potential. These responses are mimicked,
and indeed augmented, by adenosine, known to regulate
the adenylyl cyclase (AC) /cAMP signal transduction
pathway. Both FPP and adenosine have been shown to
stimulate cAMP production in incapacitated cells but
inhibit it in capacitated cells, with FPP receptors
somehow interacting with adenosine receptors and G
proteins to achieve regulation of AC. These events
affect the tyrosine phosphorylation state of various
proteins, some being important in the initial
"switching on", and others possibly being involved in
the acrosome reaction itself. Calcitonin and
angiotensin II, also found in seminal plasma, have
similar effects in vitro on incapacitated spermatozoa
and can augment responses to FPP. These molecules have
similar effects in vivo, affecting fertility by
stimulating and then maintaining fertilizing
potential. Either reductions in the availability of
FPP, adenosine, calcitonin, and angiotensin II or
defects in their receptors contribute to male
infertility (Fraser, L .R . and 



Adeoya-Osiguwa, S . A . 2001 Vitam Horm 63, 1-28). In
a further embodiment, the present invention provides
the use of activity-lowering effectors of QC, as
selected with the present inventive animal model, for
the preparation of fertilization prohibitive drugs
and/or to reduce the fertility in mammals. The
activity lowering effectors of QC decrease the
concentration of active [pGlu^JFPP, leading to a
prevention of sperm capacitation and deactivation of
sperm cells. In contrastit could be shown that
activity-increasing effectors of QC are able to
stimulate fertility in males and to treat infertility.
In another embodiment, the present invention provides
the use of effectors of QC, as selected with use of
the present inventive animal model, for the
preparation of a medicament for the treatment of
pathophysiological conditions, such as suppression of
proliferation of myeloid progenitor cells, neoplasia,
inflammatory host responses, cancer, malign
metastasis, melanoma, psoriasis, rheumatoid arthritis,
atherosclerosis, lung fibrosis, liver fibrosis, renal
fibrosis, graft rejection, acquired immune deficiency
syndrom, impaired humoral and cellmediated immunity
responses, leukocyte adhesion and migration processes
at the endothelium. In a further embodiment, the
present invention provides the use of effectors of QC,
as selected with use of the present inventive animal
model, for the preparation of a medicament for the
treatment of impaired food intake and
sleep-wakefulness, impaired homeostatic regulation of
energy metabolism, impaired autonomic function,
impaired hormonal balance and impaired regulation of
body fluids. Polyglutamine expansions in several
proteins lead to neurodegenerative disorders, such as
Chorea Huntington, Parkinson disease and Kennedy's
disease. The mechanism therefore remains largely
unknown. The biochemical properties of polyglutamine
repeats suggest one possible explanation: endolytic
cleavage at a glutaminyl-glutaminyl bond followed by
pyroglutamate formation may contribute to the
pathogenesis through augmenting the catabolic
stability, hydrophobicity, amyloidogenicity, and
neurotoxicity of the polyglutaminyl proteins (Saido, T
.C .; Med Hypotheses (2000) Mar; 54 (3) :427-9) . In a
further embodiment, the present invention therefore
provides the use of effectors of QC, as selected with
the present inventive animal model, for the
preparation of amedicament for the treatment of
Parkinson disease and Huntington's disease. In another
embodiment, the present invention provides a general
way to reduce or inhibit the enzymatic activity of QC
by using the test agent selected above. Inhibition of
a mammalian QC was only detected initially for 1 ,
10-phenanthroline and reduced 6-methylpterin (Busby, W
. H . J . et al. 1987 J Biol Chem 262, 8532-8536).
EDTA did not inhibit QC, thus it was concluded that QC
is not a metal-dependent enzyme (Busby, W . H . J . et
al, 1987 J Biol Chem 262, 8532-8536, Bateman, R.C.J,
et al . 2001 Biochemistry 40, 11246-11250, Booth, R .E
. et al. 2004 BMC Biology 2). However, it was shown,
that human QC and other animal QCs are metal-dependent
enzymes, as revealed by the inhibition characteristics
of QC by 1 , 10- phenanthroline, dipicolinic acid,
8-hydroxy-quinoline and other chelators and by the
reactivation of QC by transition metal ions. Finally,
the metal dependence is outlined by a sequence
comparison to other metal-dependent enzymes, showing a
conservation of the chelating amino acid residues also
in human QC. The interaction of compounds with the
active-site bound metal ion represents a general way
to reduce or inhibit QC activity. Preferred for the
use in the above-described screening methods are
mammalian QC, in particular human or murine QC, or
Papaya QC. Especially preferred is mammalian QC, since
the effectors identified by these screening methods
shall be used for the treatment of diseases in
mammals, especially in humans. Also provided are
non-human transgenic animals wherein the transgene
encodes an isoenzyme of Qpct . These isoenzymes having
significant sequence similarity to glutaminyl cyclase
are proteins (Qpctl's) from human (further named as
human isoQC) (GenBank accession no. NM_017659), mouse
(GenBank accession no. NM 027455), Macaca fascicularis
(GenBankaccession no. AB168255), Macaca mulatta
(GenBank accession no. XM_001110995) , cat (GenBank
accession no. XM_541552), rat (GenBank accession no.
XM_001066591) , cow (GenBank accession no. BT026254)
or an analogue thereof having at least 50% / 75%
sequence identity / similarity, preferably 70% / 85%
sequence identity / similarity, most preferably 90% /
95% sequence identity / similarity. The sequences are
given in SEQ. ID NOS: 15 to 25. Further disclosed are
nucleic acid sequences coding for these proteins (SEQ.
ID NOS: 26 to 36) . Preferred according to the present
invention are Qpctl's selected from the group
consisting of human Qpctl including isoforms and
spliceforms thereof, given in SEQ. ID NOS: 15 to 17,
24 and 25; rat (SEQ. ID NO: 21) and mouse (SEQ. ID NO:
22) . More preferred according to the present
invention are Qpctl's selected from the group
consisting of human Qpctl including isoforms, given in
SEQ. ID NOS: 15 to 17; and mouse (SEQ. ID NO: 22) .
Most preferred according to the present invention are
Qpctl's selected from the group consisting of human
(SEQ. ID NO: 15), and mouse (SEQ. ID NO: 22) . In this
regard, specific reference is made to US 60/846,244
for specific further disclosure of the Qpct-isoenzymes
. This application is incorporated herein by
reference. The agents selected by the above-described
screening methods can work by decreasing the
conversion of at least one substrate of QC (negative
effectors, inhibitors) , or by increasing the
conversion of at least one substrate of QC (positive
effectors, activators) .The compounds of the present
invention can be converted into acid addition salts,
especially pharmaceutically acceptable acid addition
salts. The salts of the compounds of the invention may
be in the form of inorganic or organic salts. The
compounds of the present invention can be converted
into and used as acid addition salts, especially
pharmaceutically acceptable acid addition salts. The
pharmaceutically acceptable salt generally takes a
form in which a basic side chain is protonated with an
inorganic or organic acid. Representative organic or
inorganic acids include hydrochloric, hydrobromic,
perchloric, sulfuric, nitric, phosphoric, acetic,
propionic, glycolic, lactic, succinic, maleic,
fumaric, malic, tartaric, citric, benzoic, mandelic,
methanesulf onic, hydroxyethanesulf onic, benzenesulf
onic, oxalic, pamoic, 2- naphthalenesulf onic,
p-toluenesulf onic, cyclohexanesulf amic, salicylic,
saccharinic or trif luoroacetic acid. All
pharmaceutically acceptable acid addition salt forms
of the compounds of the present invention are intended
to be embraced by the scope of this invention. In view
of the close relationship between the free compounds
and the compounds in the form of their salts, whenever
a compound is referred to in this context, a
corresponding salt is also 



intended, provided such is possible or appropriate
under the circumstances . Where the compounds
according to this invention have at least one chiral
center, they may accordingly exist as enantiomers.
Where the compounds possess two or more chiral
centers, they may additionally exist as diastereomers
. It is to be understood that all such isomers and
mixtures thereof are encompassed within the scope of
the present invention. Furthermore, some of the
crystalline forms of the compounds may exist as
polymorphs and as such are intended to be included in
the present invention. In addition, some of the
compounds may form solvates with water(i.e. hydrates)
or common organic solvents, and such solvates are also
intended to be encompassed within the scope of this
invention . The compounds, including their salts, can
also be obtained in the form of their hydrates, or
include other solvents used for their crystallization.
In a further embodiment, the present invention
provides a method of preventing or treating a
condition mediated by modulation of the QC enzyme
activity in a subject in need thereof which comprises
administering any of the compounds of the present
invention or pharmaceutical compositions thereof in a
quantity and dosing regimen therapeutically effective
to treat the condition. Additionally, the present
invention includes the use of the compounds of this
invention, and their corresponding pharmaceutically
acceptable acid addition salt forms, for the
preparation of a medicament for the prevention or
treatment of a condition mediated by modulation of the
QC activity in a subject. The compound may be
administered to a patient by any conventional route of
administration, including, but not limited to,
intravenous, oral, subcutaneous, intramuscular,
intradermal, parenteral and combinations thereof. In a
further preferred form of implementation, the
invention relates to pharmaceutical compositions, that
is to say, medicaments, that contain at least one
compound of the invention or salts thereof, optionally
in combination with one or more pharmaceutically
acceptable carriers and/or solvents. The
pharmaceutical compositions may, for example, be in
the form of parenteral or enteral formulations and
contain appropriate carriers, or they may be in the
form of oral formulations that may contain appropriate
carriers suitable for oral administration. Preferably,
they are in the form of oral formulations .The
effectors of QC activity administered according to the
invention may be employed in pharmaceutically
administrable formulations or formulation complexes as
inhibitors or in combination with inhibitors,
substrates, pseudosubstrates, inhibitors of QC
expression, binding proteins or antibodies of those
enzyme proteins that reduce the QC protein
concentration in mammals. The compounds of the
invention make it possible to adjust treatment
individually to patients and diseases, it being
possible, in particular, to avoid individual
intolerances, allergies and side-effects. The
compounds also exhibit differing degrees of activity
as a function of time. The physician providing
treatment is thereby given the opportunity to respond
differently to the individual situation of patients:
he is able to adjust precisely, on the one hand, the
speed of the onset of action and, on the other hand,
the duration of action and especially the intensity of
action . A preferred treatment method according to the
invention represents a new approach for the prevention
or treatment of a condition mediated by modulation of
the QC enzyme activity in mammals. It is
advantageously simple, susceptible of commercial
application and suitable for use, especially in the
treatment of diseases that are based on unbalanced
concentration of physiological active QC substrates in
mammals and especially in human medicine. The
compounds may be advantageously administered, for
example, in the form of pharmaceutical preparations
that contain the active ingredient in combination with
customary additives like diluents, excipients and/or
carriers known from the prior art. For example, they
can be administered parenterally (for example i.v. in
physiological saline solution) or enterally (for
example orally, formulated with customary carriers) .
Depending on their endogenous stability and their
bioavailability, one or more doses of the compounds
can be givenper day in order to achieve the desired
normalisation of the blood glucose values. For
example, such a dosage range in humans may be in the
range of from about 0.01 mg to 250.0 mg per day,
preferably in the range of about 0.01 to 100 mg of
compound per kilogram of body weight. By administering
effectors of QC activity to a mammal it could be
possible to prevent or alleviate or treat conditions
selected from Mild Cognitive Impairment, Alzheimer's
disease, Down Syndrome, Familial Danish Dementia,
Familial British Dementia, Huntington' s Disease,
ulcer disease and gastric cancer with or w/o
Helicobacter pylori infections, pathogenic psychotic
conditions, schizophrenia, infertility, neoplasia,
inflammatory host responses, cancer, psoriasis,
rheumatoid arthritis, atherosclerosis, restenosis,
lung fibrosis, liver fibrosis, renal fibrosis, graft
rejection, acquired immune deficiency syndrome,
impaired humoral and cell-mediated immune responses,
leukocyte adhesion and migration processes in the
endothelium, impaired food intake, sleep-wakefulness,
impaired homeostatic regulation of energy metabolism,
impaired autonomic function, impaired hormonal balance
and impaired regulation of body fluids . Further, by
administering effectors of QC activity to a mammal it
could be possible to stimulate gastrointestinal tract
cell proliferation, preferably proliferation of
gastric mucosal cells, epithelial cells, acute acid
secretion and the differentiation of acid producing
parietal cells and histaminesecreting enterochromaf
fin-like cells. In addition, administration of QC
inhibitors to mammals may lead to a loss of sperm cell
function thus suppressing male fertility. Thus, the
prevent invention provides a method for the regulation
and control of male fertility and the use of activity
lowering effectors of QC for the preparation of
contraceptive medicaments for males.Furthermore, by
administering effectors of QC activity to a mammal it
may be possible to suppress the proliferation of
myeloid progenitor cells. The compounds used according
to the invention can accordingly be converted in a
manner known per se into conventional formulations,
such as, for example, tablets, capsules, dragees,
pills, suppositories, granules, aerosols, syrups,
liquid, solid and cream-like emulsions and suspensions
and solutions, using inert, non-toxic,
pharmaceutically suitable carriers and additives or
solvents. In each of those formulations, the
therapeutically effective compounds are preferably
present in a concentration of approximately from 0.1
to 80 % by weight, more preferably from 1 to 50 % by
weight, of the total mixture, that is to say, in
amounts sufficient for the mentioned dosage latitude
to be obtained. The substances can be used as
medicaments in the form of 



dragees, capsules, bitable capsules, tablets, drops,
syrups or also as suppositories or as nasal sprays.
The formulations may be advantageously prepared, for
example, by extending the active ingredient with
solvents and/or carriers, optionally with the use of
emulsifiers and/or dispersants, it being possible, for
example, in the case where water is used as diluent,
for organic solvents to be optionally used as
auxiliary solvents . Examples of excipients useful in
connection with the present invention include: water,
non-toxic organic solvents, such as paraffins (for
example natural oil fractions) , vegetable oils (for
example rapeseed oil, groundnut oil, sesame oil),
alcohols (for example ethyl alcohol, glycerol) ,
glycols (for example propylene glycol, polyethylene
glycol) ; solid carriers, such as, for example,
natural powdered minerals (for example highly
dispersed silica, silicates), sugars (for example raw
sugar, lactose and dextrose) ; emulsifiers, such as
non-ionic and anionic emulsifiers (for example
polyoxyethylene fatty acidesters, polyoxyethylene
fatty alcohol ethers, alkylsulphonates and
arylsulphonates) , dispersants (for example lignin,
sulphite liquors, methylcellulose, starch and
polyvinylpyrrolidone) and lubricants (for example
magnesium stearate, talcum, stearic acid and sodium
lauryl sulphate) and optionally flavourings.
Administration may be carried out in the usual manner,
preferably enterally or parenterally, especially
orally. In the case of enteral administration, tablets
may contain in addition to the mentioned carriers
further additives such as sodium citrate, calcium
carbonate and calcium phosphate, together with various
additives, such as starch, preferably potato starch,
gelatin and the like. Furthermore, lubricants, such as
magnesium stearate, sodium lauryl sulphate and talcum,
can be used concomitantly for tabletting. In the case
of aqueous suspensions and/or elixirs intended for
oral administration, various taste correctives or
colourings can be added to the active ingredients in
addition to the above-mentioned excipients. In the
case of parenteral administration, solutions of the
active ingredients using suitable liquid carriers can
be employed. In general, it has been found
advantageous to administer, in the case of intravenous
administration, amounts of approximately from 0.01 to
2.0 mg/kg, preferably approximately from 0.01 to 1.0
mg/kg, of body weight per day to obtain effective
results and, in the case of enteral administration,
the dosage is approximately from 0.01 to 2 mg/kg,
preferably approximately from 0.01 to 1 mg/kg, of body
weight per day. It may nevertheless be necessary in
some cases to deviate from the stated amounts,
depending upon the body weight of the experimental
animal or the patient or upon the type of
administration route, but also on the basis of the
species of animal and its individual response to the
medicament or the interval at which administration is
carried out. Accordingly, it may be sufficient in some
cases to use less than the abovementioned minimum
amount, while, in other cases, the mentionedupper
limit will have to be exceeded. In cases where
relatively large amounts are being administered, it
may be advisable to divide those amounts into several
single doses over the day. For administration in human
medicine, the same dosage latitude is provided. The
above remarks apply analogously in that case. For
examples of pharmaceutical formulations, specific
reference is made to the examples of WO 2004/098625,
pages 50-52, which are incorporated herein by
reference in their entirety. The above disclosure
describes the present invention in general. A more
complete understanding can be obtained by reference to
the following examples. These examples are described
solely for purposes of illustration and are not
intended to limit the scope of the invention. Although
specific terms have been employed herein, such terms
are intended in a descriptive sense and not for
purposes of limitation. Reference Example 1:
Preparation of Human and Papaya QC Host strains and
media Pichia pastoris strain X33 (AOXl, AOX2), used
for the expression of human QC was grown, transformed
and analyzed according to the manufacturer's
instructions (Invitrogen) . The media required for P .
pastoris, i.e. buffered glycerol (BMGY) complex or
methanol (BMMY) complex medium, and the fermentation
basal salts medium were prepared according to the
manufacturer's recommendations. Molecular cloning of
plasmid vectors encoding the human QC All cloning
procedures were done applying standard molecular
biology techniques. For expression in yeast, the
vector pPICZCCB (Invitrogen) was used. The pQE-31
vector (Qiagen) was used to express the human QC in E
. coll. The cDNA of the mature QC starting with codon
38 was fused in frame with the plasmid encoded
bxhistidine tag. After amplification utilizing the
primers pQCyc-1 and pQCyc-2 (WO 2004/098625) and
subcloning, the fragment was inserted into the
expression vector employing the restriction sites of
Sphl and Hindlll.Transformation of P . pastoris and
mini-scale expression Plasmid DNA was amplified in E .
coli JM109 and purified according to the
recommendations of the manufacturer (Qiagen) . In the
expression plasmid used, pPICZCCB, three restriction
sites are provided for linearization. Since Sacl and
BstXI cut within the QC cDNA, Pmel was chosen for
linearization. 20-30 mg plasmid DNA was linearized
with Pmel, precipitated by ethanol, and dissolved in
sterile, deionized water. 10 mg of the DNA was then
applied for transformation of competent P . pastoris
cells by electroporation according to the
manufacturer's instructions (BioRad) . Selection was
done an plates containing 150 mg/ml Zeocin. One
transformation using the linearized plasmid yielded
several hundred transf ormants . In order to test the
recombinant yeast clones for QC expression,
recombinants were grown for 24 h in 10 ml conical
tubes containing 2 ml BMGY. Afterwards, the yeast was
centrifuged and resuspended in 2 ml BMMY containing
0.5 % methanol. This concentration was maintained by
addition of methanol every 24 h up to 72 h .
Subsequently, QC activity in the supernatant was
determined. The presence of the fusion protein was
confirmed by western blot analysis using an antibody
directed against the bxhistidine tag (Qiagen) . Clones
that displayed the highest QC activity were chosen for
further experiments and fermentation. Large-scale
expression in a fermenter Expression of the QC was
performed in a 5 1 reactor (Biostat B , B . Braun
biotech) , essentially as described in the "Pichia
fermentation process guidelines" (Invitrogen) .
Briefly, the cells were grown in the fermentation
basal salts medium supplemented with trace salts, and
with glycerol as the sole carbon source (pH 5.5) .
During an initial batch phase for about 24 h and a
subsequent fed-batch phase for about 5 h , cell mass
was accumulated. Once a cell wet weight of 200 g/1 was
achieved, induction of QC expression was performed
using methanol applying a three-step feeding profile
for an entire fermentation time of approximately 60 h
. Subsequently, cells were removed from
theQC-containing supernatant by centrifugation at
6000xg, 4C for 15 min. The pH was adjusted to 6.8 by
addition of NaOH, and the resultant turbid solution
was centrifuged again at 37000xg, 4C for 40 min. In
cases of continued turbidity, an additional filtration
step was applied using a cellulose membrane (pore 



width 0 .45 mm ) . Purification of 6 x histidine
tagged QC expressed in P . pastoris The His-tagged QC
was first purified by immobilized metal affinity
chromatography (IMAC) . In a typical purification,
1000 ml of culture supernatant were applied to a
Ni2+-loaded Chelating Sepharose FF column (1.6 x 2 0
cm, Pharmacia), that was equilibrated with 50 mM
phosphate buffer, pH 6.8, containing 750 mM NaCl, at a
flow rate of 5 ml/min. After washing with 10 column
volumes of equilibration buffer and 5 column volumes
of equilibration buffer containing 5 mM histidine, the
bound protein was eluted by a shift to 50 mM phosphate
buffer, pH 6.8, containing 150 mM NaCl and 100 mM
histidine. The resulting eluate was dialyzed against 2
0 mM Bis-Tris/HCI, pH 6.8, at 4C overnight.
Subsequently, the QC was further purified by anion
exchange chromatography an a Mono Q 6 column (BioRad)
, equilibrated with dialysis buffer. The QC-containing
fraction was loaded onto the column using a flow rate
of 4 ml/min. The column was then washed with
equilibration buffer containing 100 mM NaCl. The
elution was performed by two gradients resulting in
equilibration buffer containing 240 mM and 360 mM NaCl
in 30 or 5 column volumes, respectively. Fractions of
6 ml were collected and the purity was analyzed by
SDS-PAGE. Fractions containing homogenous QC were
pooled and concentrated by ultrafiltration. For
long-term storage (-20 0C), glycerol was added to a
final concentration of 50 % . Protein was quantified
according to the methods of Bradford or Gill and von
Hippel (Bradford, M . M . 1976 Anal Biochem 72,
248-254; Gill, S .C . and von Hippel, P .H . 1989 Anal
Biochem 182, 319-326.). Expression and purification of
QC in E . coli The construct encoding the QC was
transformed into M15 cells (Qiagen) and grown an
selective LB agar plates at 37C. Proteinexpression was
carried out in LB medium containing 1 % glucose and 1
% ethanol at room temperature. When the culture
reached an OD60Q of approximately 0.8, expression was
induced with 0,1 mM IPTG overnight. After one cycle of
freezing and thawing, cells were lysed at 4C by
addition of 2.5 mg/ml lysozyme in 50 mM phosphate
buffer, pH 8.0, containing 300 mM NaCl and 2 mM
histidine for approximately 30 min. The solution was
clarified by centrifugation at 37000 xg, 4 0C for 30
min, followed by a filtration applying a glass frit
(DNA separation) and two additional filtration steps
applying cellulose filters for crude and fine
precipitates. The supernatant (approx. 500 ml) was
applied onto a Ni2+-af finity column (1.6 x 2 0 cm) at
a flow rate of 1 ml/min. Elution of QC was carried out
with 50 mM phosphate buffer containing 150 mM NaCl and
100 mM histidine. The QCcontaining fraction was
concentrated by ultrafiltration. Purification of QC
from papaya latex QC from papaya latex was prepared
using the BioCAD 700E (Perseptive Biosystems,
Wiesbaden, Germany) with a modified version of a
previously reported method (Zerhouni, S . et al . 1989
Biochim Biophys Acta 138, 275-290) . 50 g latex was
dissolved in water and centrifugated as described
therein. Inactivation of proteases was performed with
S-methyl methane thiosulf onate, and the resultant
crude extract was dialyzed. After dialysis, the entire
supernatant was loaded onto a (21X2.5 cm i.d.) SP
Sepharose Fast Flow column, equilibrated with 100 mM
sodium acetate buffer, pH 5.0 (flow rate 3 ml/min) .
Elution was performed in three steps by increasing
sodium acetate buffer concentration at a flow rate of
2 ml/min. The first step was a linear gradient from
0.1 to 0.5 M acetate buffer in 0.5 column volumes. The
second step was a linear increase in buffer
concentration from 0.5 to 0.68 M in four column
volumes. During the last elution step, one column
volume of 0.85 M buffer was applied. Fractions (6 ml)
containing the highest enzymatic activity were pooled.
Concentration and buffer changes to 0.02 M Tris/HCI,
pH 8.0 were performed via ultrafiltration (Amicon;
molecular mass cut-off of the membrane 10 kDa)
.Ammonium sulfate was added to the concentrated papaya
enzyme, obtained from the ion exchange chromatography
step to a final concentration of 2 M . This solution
was applied onto a (21X2.5 cm i.d.) Butyl Sepharose 4
Fast Flow column (flow rate 1.3 ml/min) , equilibrated
with 2 M ammonium sulfate, 0,02 M Tris/HCl, pH 8.0.
Elution was performed in three steps with decreasing
concentrations of ammonium sulfate. During the first
step a linear gradient from 2 to 0.6 M ammonium
sulfate, 0.02 M Tris/HCl, pH 8.0 was applied for 0.5
column volumes at a flow rate of 1.3 ml/min. The
second step was a linear gradient from 0.6 to 0 M
ammonium sulfate, 0.02 M Tris/HCl, pH 8.0, in 5 column
volumes at a flow rate of 1.5 ml/min. The last elution
step was carried out by applying 0.02 M Tris/HCl at pH
8.0 for 2 column volumes at a flow rate of 1.5 ml/min.
All fractions containing QC activity were pooled and
concentrated by ultrafiltration. The resultant
homogenous QC was stored at 70C. Final protein
concentrations were determined using the method of
Bradford, compared to a standard curve obtained with
bovine serum albumin. The cDNA sequence of human Qpct
is shown in SEQ ID No: 12, while the protein sequence
is shown in SEQ ID No: 13. Reference Example 2 :
Assays for glutaminyl cyclase activity Fluorometric
assays Measurements were performed with a BioAssay
Reader HTS-7000Plus (Perkin Eimer) or a NovoStar (BMG
Labtechnologies) reader for microplates at 30 0C . QC
activity was evaluated fluorometrically using H-Gln-
bNA. The samples consisted of 0.2 mM fluorogenic
substrate, 0.25 U pyroglutamyl aminopeptidase
(Unizyme, Horsholm, Denmark) in 0.2 M Tris/HCl, pH 8.0
containing 2 0 mM EDTA and an appropriately diluted
aliquot of QC in a final volume of 250 ml .
Excitation/emission wavelengths were 320/410 nm. The
assay reactions were initiated by addition of
glutaminyl cyclase. QC activity was determined from a
standard curve of b- naphthylamine under assay
conditions. One unit is defined as theamount of QC
catalyzing the formation of 1 mmol pGlu- bNA from
HGln- bNA per minute under the described conditions.
In a second fluorometric assay, QC was activity was
determined using H-GIn-AMC as substrate. Reactions
were carried out at 30 0C utilizing the NOVOStar
reader for microplates (BMG labtechnologies) . The
samples consisted of varying concentrations of the
fluorogenic substrate, 0.1 U pyroglutamyl
aminopeptidase (Qiagen) in 0.05 M Tris/HCI, pH 8.0
containing 5 mM EDTA and an appropriately diluted
aliquot of QC in a final volume of 250 ml .
Excitation/emission wavelengths were 380/460 nm. The
assay reactions were initiated by addition of
glutaminyl cyclase. QC activity was determined from a
standard curve of 7- amino-4-methylcoumarin under
assay conditions. The kinetic data were evaluated
using GraFit sofware. Spectrophotometric assay of QC
This novel assay was used to determine the kinetic
parameters for most of the QC substrates. QC activity
was analyzed spectrophotometrically using a continuous
method, that was derived by adapting a previous
discontinuous assay (Bateman, R . C . J . 1989 J
Neurosci Methods 30, 23-28) utilizing glutamate
dehydrogenase as auxiliary enzyme. Samples consisted
of the respective QC substrate, 0.3 mM NADH, 14 mM
CC-ketoglutaric acid and 30 U/ml glutamate
dehydrogenase in a final volume of 250 ml . Reactions
were started by addition of QC and pursued by 



monitoring of the decrease in absorbance at 340 nm for
8-15 min. The initial velocities were evaluated and
the enzymatic activity was determined from a standard
curve of ammonia under assay conditions. All samples
were measured at 30 0C , using either the SPECTRAFIuor
Plus or the Sunrise (both from TECAN) reader for
microplates. Kinetic data was evaluated using GraFit
software. Inhibitor assay For inhibitor testing, the
sample composition was the same as described above,
except for the putative inhibitory compound added. For
a rapid test of QC-inhibition, samples contained 4
mMof the respective inhibitor and a substrate
concentration at 1 K]v[. For detailed investigations
of the inhibition and determination of Kj_-values,
influence of the inhibitor on the auxiliary enzymes
was investigated first. In every case, there was no
influence on either enzyme detected, thus enabling the
reliable determination of the QC inhibition. The
inhibitory constant was evaluated by fitting the set
of progress curves to the general equation for
competitive inhibition using GraFit software .
Reference Example 3 : MALDI-TOF mass spectrometry
Matrix-assisted laser desorption/ionization mass
spectrometry was carried out using the Hewlett-Packard
G2025 LD-TOF System with a linear time of flight
analyzer. The instrument was equipped with a 337 nm
nitrogen laser, a potential acceleration source (5 kV)
and a 1.0 m flight tube. Detector operation was in the
positive-ion mode and signals were recorded and
filtered using LeCroy 9350M digital storage
oscilloscope linked to a personal computer. Samples (5
ml ) were mixed with equal volumes of the matrix
solution. For matrix solution we used DHAP/DAHC,
prepared by solving 30 mg 2 ',6
'-dihydroxyacetophenone (Aldrich) and 44 mg diammonium
hydrogen citrate (Fluka) in 1 ml acetonitrile/0 .1%
TFA in water (1/1, v/v) . A small volume ( 1 ml ) of
the matrix-analyte-mixture was transferred to a probe
tip and immediately evaporated in a vacuum chamber
(Hewlett-Packard G2024A sample prep accessory) to
ensure rapid and homogeneous sample crystallization.
For long-term testing of Glu^-cyclization, A b-derived
peptides were incubated in 100 ml 0.1 M sodium acetate
buffer, pH 5.2 or 0.1 M Bis-Tris buffer, pH 6.5 at 3 0
0C . Peptides were applied in 0.5 mM [A b3-ll a ] or
0.15 mM [A b3-21a] concentrations, and 0.2 U QC was
added all 24 hours. In case of A b3-21a, the assays
contained 1 % DMSO. At different times, samples were
removed from the assay tube, peptides extracted using
ZipTips (Millipore) according to the manufacturer's
recommendations, mixed with matrix solution (1:1 v/v)
and subsequently the massspectra recorded. Negative
controls contained either no QC or heat deactivated
enzyme. For the inhibitor studies the sample
composition was the same as described above, with
exception of the inhibitory compound added (5 mM
benzimidazole or 2 mM 1,10- phenanthroline) .
Reference Example 4: murine Qpct Murine Qpct was
isolated from murine insulinoma cell line b-TC 3 by
RT-PCR using primers derived from a putative murine QC
cDNA, which was deposited in the nucleotide database
as entry AK017598 and sub-cloned into vector pPCR
Script CAM SK(+) (Schilling S . et al.; Biochemistry
44(40) 13415-13424). Murine Qpct as used in the
following examples is comprised in a construct, i.e. a
gene cassette (SEQ ID No:9); the amino acid sequence
is shown in SEQ ID No:10. Cloning of murine QC The
primers for isolation of the open reading frame of mQC
were designed using PubMed nucleotide entry AK017598,
encoding the putative mQC. The primer sequences were
as follows: sense 5 ATATGCATGCATGGCAGGCAGCGAAGACAAGC
(SEQ ID NO:11); antisense 5
ATATAAGCTTTTACAAGTGAAGATATTCCAACACAAAGAC (SEQ ID NO:
12). Total RNA was isolated from murine insulinoma
cell line b-TC 3 cells using the RNeasy Mini Kit
(Qiagen) and reversely transcribed by SuperScriptII
(Invitrogen) . Subsequently, mQC cDNA was amplified on
a 1:12.5 dilution of generated product in a 50 ml
reaction with Herculase Enhanced DNA-Polymerase
(Stratagene) , inserted into the PCR Script CAM
Cloning vector (Stratagene) and verified by
sequencing. The cDNA fragment encoding the mature mQC
was amplified using the primers 5
ATACTCGAGAAAAGAGCCTGGACGCAGGAGAAG (SEQ ID NO:13)
(Xhol, sense) and 5 ATATCTAGATTACAAGTGAAGATATTCCAAC
(SEQ ID NO:14) (XbaI, antisense). The digested
fragment was ligated into the vector pPICZ aB ,
propagated in E . coli and verified by sequencing of
the sense and antisense strand. Finally, the
expression plasmid was linearized using Pmel,
precipitated, and stored at -20 0C .Transformation of
P . pastoris and Mini-Scale Expression of Murine QC
1-2 mg of plasmid DNA were applied for transformation
of competent P . pastoris cells by electroporation
according to the manufacturer's instructions (BioRad)
. Selection was done on plates containing 100 mg/ml
Zeocin. In order to test the recombinant yeast clones
upon mQC expression, recombinants were grown for 24 h
in 10 ml conical tubes containing 2 ml BMGY.
Afterwards, the yeast was centrifuged and resuspended
in 2 ml BMMY containing 0.5 % methanol. This
concentration was maintained by addition of methanol
every 24 h for about 72 h . Subsequently, QC activity
in the supernatant was determined. Clones that
displayed the highest activity were chosen for further
experiments and fermentation. Large Scale Expression
and Purification of Murine QC The expression of mQC
was performed in a 5 L reactor (Biostad B , B . Braun
biotech, Melsungen, Germany) . Fermentation was
carried out in basal salts medium supplemented with
trace salts at pH 5.5. Initially, biomass was
accumulated in a batch and a fed batch phase with
glycerol as the sole carbon source for about 2 8 h .
Expression of mQC was initiated by methanol feeding
according to a three-step profile recommended by
Invitrogen for an entire fermentation time of
approximately 65 h . Subsequently, cells and turbidity
were removed from the mQC-containing supernatant by
two sequential centrifugation steps at 6000 x g and
38000 x g for 15 min and 4 h , respectively. For
purification, the fermentation broth was diluted with
water to a conductivity of about 5 mS/cm and applied
in reversed flow direction (15 mL/min) onto a
Streamline SP XL column (2.5 x 100 cm), equilibrated
with 0.05 M phosphate buffer, pH 6.4. After a washing
step in reversed flow direction with equilibration
buffer for 2 column volumes, proteins were eluted at a
flow rate of 8 mL/min using 0.15 M Tris buffer, pH
7.6, containing 1.5 M NaCl in forward direction.
QC-containing fractions were pooled and ammonium
sulfate added to a final concentration of 1 M . The
resulting solution was applied onto a Butyl Sepharose
FF column (1.6 x 13 cm) at a flow rate of 4 mL/min.
Bound mQC was washed with 0.05 Mphosphate buffer, pH
6.8 containing 0.75 M ammonium sulfate for 5 column
volumes and eluted in reversed flow direction with
0.05 M phosphate buffer, pH 6.8. The fractions
containing mQC were pooled and desalted overnight by
dialysis against 0.025 M Tris, pH 7.5. Afterwards, the
pH was adjusted to 8.0 by addition of NaOH and applied
(4.0 mL/min) onto an Uno Q column (Bio Rad) ,
equilibrated with 0.02 M Tris, pH 8.1. After a washing
step using equilibration buffer, mQC was eluted using
the same buffer containing 0.18 M NaCl. Fractions
exhibiting QC activity were pooled and the pH adjusted
to 7.4 by addition of 1 M Bis-Tris 



buffer, pH 6.0. mQC was stable at 4 0C for up to 1
month. For long-term storage at - 2 0 0C , 50 %
glycerol was added. BEST EMBODIMENT FOR CARRYING OUT
THE INVENTION Example 1: Cloning of the transgenic
vector pTG-CAG-mQC The vector 'mQC cDNA in pPCR Script
Cam (mQC KlO' is an aliquot of circular plasmid DNA.
It contains the open reading frame (ORF) of murine
Qpct as shown above using primers containing
additional restriction sites. This amplified cDNA was
inserted into the vector pPCR Script CAM SK( +)
(Stratagene) via the Srfl restriction site (see Figure
IA) . The delivered plasmid was verified by
restriction analysis using Ncol, Notl and Nsil. The
expected digestion profile was obtained and no sign of
degradation was observed. Due to the additional Sphl
restriction site within the 5 '-primer that was used
for ORF isolation, the nucleic acid sequence ATG had
been inserted 4 base pairs downstream of the Qpct
start codon (see figure IB) . If this cDNA cassette is
cloned downstream of a promoter this additional ATG
will lead to a frame shift in the translation.
Therefore the ATG of the Sphl recognition site had to
be removed before the assembly of the promoter and
cDNA in the transgenic vector could occur.For this
purpose, the Qpct cDNA cassette was isolated via the
restriction sites Nsil (5') and Notl (3') and was
inserted within the cloning vector pBlue Script SK+
(Stratagene) , which was linearised using the
restriction enzyme Pstl and Notl (see figure 2 ) . The
religation of the NsiI-/PstI-overhangs led to the
deletion of the intervening ATG leaving the remaining
of the start-ATG of the Qpct-ORF intact. Afterwards
the modified cDNA cassette was isolated via HindIII
and Notl from the pBlue Script SK+ backbone and
inserted into an expression vector already containing
the CAG-promoter and the BGH polyA signal sequences
within the pcDNA3 .1 vector backbone (Invitrogen) (see
figure 2). The resulting plasmid contains the ORF of
the murine glutaminylpeptide cyclotransf erase gene
downstream of the ubiquitously overexpressing CAG
promoter cassette and upstream of the BGH polyA
signal. The transgenic vector was named pTG-CAG-mQC.
The plasmid pTG-CAG-mQC was verified by restriction
analysis (see figure 3 ) and sequencing. The
transgenic construct can be removed from the plasmid
backbone using an ApaLI/ DraIII restriction
double-digest. Example 2 : Sequence verification
Relevant junction regions of the transgenic construct
pTG-CAGmQC were verified by DNA sequencing. Table 1
shows the sequences of the primers used. The obtained
sequences of the cloning junction fragments are shown
below (SEQ ID No: 1 , SEQ ID No: 2 ) . These sequences
confirmed the correct insertion of the Qpct cDNA
cassette . Tab. 1: Sequencing primers Name Sequence
SEQ. ID NO pcDNA3.1-F1 '- GGT TCC GCG CAC ATT TCC CCG
A -S' 3 CAG-Pr-FI 5'- GCT GGT TAT TGT GCT GTC TCA -3'
4 pcDNA3.1-R1 '- GCT TAA TGC GCC GCT ACA -S'
5SUBSTRATE FOR LITHIUM THIN FILM BATTERY Description
Technical Field [0001] The invention relates to the
field of lithium ion-switching devices and more in
particularly to secondary thin film batteries, having
lithium as the mobile ion. Background Art [0002]
Rechargeable batteries - commonly called 'secondary
batteries' - are enjoying increased attention as the
miniaturisation of electronic circuitry makes high
tech appliances more mobile. As users, we expect those
hightech appliances and the battery that powers it: -
to be light in weight, - to keep on operating for a
long period of time without the need to recharge - to
recharge fast - to be able to recharge many times
without the operating period becoming shorter - to be
safe (non-explosive, non-flammable). Of course we
don't want to pay too much for the whole system either
i.e. the total device must be cost effectively
designed and produced. As the rechargeable battery is
one of the important costs of the whole, the battery
should be likewise cheap. [0003] In the competition of
technologies, batteries based on lithium ions are
gaining ground as they fulfil many of the above
requirements. Within the growing class of lithium ion
batteries, the batteries based on solid inorganic
electrolytes enjoy particular attention. This is not
only for the fact that they are inherently safe, but
also because they can achieve a high energy density,
can be charged fast and cycled many times. In addition
there is the hope that they can be made cheap. [0004]
Secondary lithium ion, solid state electrolyte based
batteries can be made in thin film form. Such a thin
film battery - as shown in FIG 1 - inevitably
comprises a substrate 102 on which the battery is
built. If the substrate is not conductive, a first
current collector 104 must be applied first to
thesubstrate 102. On top of that first current
collector, a first electrode 106 is deposited followed
by an inorganic solid state electrolyte 108. An
optional second electrode material 109 covers part of
the electrolyte 108. A current collector 110 collects
the charge, which is transferred by leads 112, 114 to
the load 116 in case the battery 100 is discharging.
The thin films are typically deposited by thin film
fabrication processes such as for example, physical or
chemical vapour deposition (PVD, CVD), plating,
gel-to-sol transforming, atomic layer deposition or
other such processes. [0005] One or both of the
electrodes must act as a reservoir for lithium atoms.
The reservoirs have a different electrochemical
potential relative to lithium, which forces the
lithium to ionise and travel through the electrolyte
to the opposite electrode having a lower
electrochemical potential in order to reach
thermodynamical equilibrium. Let us assume for the
moment that the first electrode 106 acts as the
cathode where the lithium is reduced (Li+ reverts to
Li) when discharging. Hence, electrons flow towards
the cathode upon discharging to compensate the
reducing reaction making this electrode the positive
pole of the power supply upon discharge. Mutatis
mutandis, the second electrode then becomes the anode,
wherein the lithium oxidises upon discharging. The
electrolyte 108 must let the lithium ions pass but
must be impermeable to electrons in order for the
device not to self-discharge. Hence the electrolyte
has a high electron resistivity and a high lithium ion
conductivity. [0006] The cathode material is a
material wherein the lithium atoms are absorbed or
intercalated into the lattice of the material. The
material can be amorphous or crystalline. A typical
example is lithium cobaltate where the amount of
lithium varies from Lii/2CoO2 in the completely
charged state to LiCoq 2when completely discharged.
Crystalline materials are preferred for reaching high
specific cell capacities (up to 69 mAh/cm 2/mm) and
low capacity loss per cycle (see e.g.
'Characterization of Thin-Film Rechargeable Lithium
Batteries with Lithium Cobalt Oxide Cathodes', B.
Wang, J.B. Bates, F.X. Hart, B.C. Sales, R.A. Zuhr,
and J.D. Robertson, Journal of the Electrochemical
Society, 143 (1996) 3203-3213). In order to obtain the
cathode material in a crystalline form high
temperatures (higherthan 500C) are needed either
during the deposition of the electrode material or
thereafter in a separate annealing step. [0007] This
high temperature step excludes the use of materials
with a low softening point for use as a substrate.
Polymer like materials, even high temperature
resistant polymers such as polyimides can not be used.
In practise only two major classes remain: substrates
of a metal or metal alloy with a high melting point
and dielectric materials such as high temperature
quartz, silicon wafers, sapphire, alumina or the like.



[0008] As the latter tend to be expensive and only
lend themselves for batch processing due to their
brittleness, the former metallic type of substrates
are more preferred for ease of processing as they can
be provided on rolls to enable cost effective
roll-to-roll processing. However, when using metals or
metal alloys new and different problems arise: - As
the annealing of the first electrode material normally
has to be performed in air or oxygen, a metal oxide
layer quickly grows between the substrate and the
first electrode material. Metal oxides grow due to the
ionic conduction for oxygen of the metal oxide layer.
So even when the substrate is covered with a metal
oxide layer in order to protect the substrate, oxygen
will reach the metal of the substrate during high
temperature annealing and the metal oxide layer will
further grow. - As lithium is a metal with very high
diffusivity and reactivity, a considerable amount of
it might diffuse into the substrate, or even react
with other elements that are present in the substrate,
during the high temperature annealing step causing a
decrease of the capacity of the battery. Both of these
phenomena impede the use of a metal foil as such for
batteries. The resulting batteries are deficient
because the layers do not stick well to the substrate,
because the electrode becomes lithium deficient,
because the substrate itself becomes brittle due to
the oxide growth and/or lithium diffusion or because
of a combination of all of the above. [0009] In order
to counter these problems several solutions have
already been proposed:- One can use a thick 3 to 5 mm
non-oxidising metal such as platinum, gold or
palladium as a first current collector. However, this
will increase the cost of the battery as these
materials tend to be expensive. - As an alternative,
metals with a high melting temperature such as
zirconium and titanium have been proposed in US
6280875. Such a high melting temperature goes together
with a low oxygen diffusion rate i.e. a slower growth
of the oxygen layer. Ultimately only zirconium turns
out to be useable. - Coating with a metal nitride
layer like e.g. titanium nitride or aluminium nitride
as described in US 7083877. Such metal nitride layers
have a low ion-conductivity for oxygen and are well
resistant to high temperatures. Preferably the nitride
layer is covered with a metal oxide and/or metal
oxynitride layer. The former nitride oxide combination
enhances the insulating properties of the layer, the
latter nitride oxynitride combination are more
resistant to gas and water permeation. A non-oxidising
current collector of e.g gold, platinum, indium tin
oxide remains necessary, as the nitride, oxynitride or
oxide layers are too insulating. Putting the current
collector on top of the first electrode as proposed in
US 7056620. The current collector then has to be open
- like the nerve structure of a leaf - to allow the
lithium ions to reach the second electrode. The first
electrode is then first deposited on the substrate and
subsequently crystallised at high temperature in an
air or oxygen atmosphere. After cooling the open
collector structure is deposited, that on its turn is
covered with the electrolyte. The problem with this
approach is that quite an amount of surface area is
lost to the open electrode. Hence, the area of the
battery must be larger by the amount of electrode area
that is covered by the current collector compared to a
battery of the conventional structure in order to have
the same current output. Producing high efficiency
batteries on metal foils is therefore not
straightforward.Disclosure of Invention [001 1] It is
an object of the invention to provide a thin film
lithium ion switching devices on a metal substrate.
The metal substrate is particularly suited to deposit
such a device on. It is a further object of the
invention to provide such a substrate without the need
of depositing an additional layer to grow the first
electrode on. Another object of the invention is to
provide a metal foil that forms a lithium impermeable
barrier so as to better retain the lithium in the
device and to prevent loss of lithium to the
substrate. In addition it is an object of the
invention to provide such a substrate that also allows
for sufficient electrical conduction thereby
eliminating the need for an additional current
collector. Furthermore, it is an object of the
invention to provide a substrate material that gives
good adhesion of the first electrode to the substrate
and remains flexible at all times. [0012] The thin
film ion-switching device according to the invention
comprises a substrate, a first electrode partly or
wholly covering said substrate, an electrolyte partly
or wholly covering said first electrode, a second
optional electrode covering a part or all of said
electrolyte, and a second current collector in contact
with said second electrode or - in option - said
electrolyte, but not in contact with the first
electrode nor the substrate. Specific of the device is
that the substrate comprises a layer that is directly
useable as a first current collector. The layer is
made of an alloy that comprises three alloy elements
each one of them being present in an appreciable
amount. With an appreciable amount is meant at least
more than 0.5%, preferably more than 1 % by weight of
the total. [001 3] 'Alloy elements' - for the purpose
of this application - are either: > Metals i.e. any
element out of the groups III to VIII B of the
Periodic table of the Elements (columns 3 to 12),
including also the 'poor metals' Al, Ga, In, Tl, Ge,
Sn, Pb, Sb, Bi and also the NA element Mg. > Silicon
that is generally not considered to be a metal but has
considerable influence on the oxidation of the alloy.
[0014] The ionisation reaction of these alloy elements
(Men+ + n e Me) can be ranked in electrochemical
potential with respect to the hydrogen standard
electrode and the one of them that has the highest
electrochemicalpotential will be called the first
metal and is most noble, the one that is the least
noble, has the lowest electrochemical potential and
thus has the highest affinity to oxygen, will be
called the third metal or will be silicon. This makes
the second metal the metal having an intermediate
chemical potential between the first and the third. As
a ranking of nobility of the metals reference is made
to the 'CRC Handbook of Chemistry and Physics' , 67th
edition, page D-151-158. Silicon has a potential of
-0.857 V with respect to the standard hydrogen
electrode ('Electrochemistry of Silicon and its
Oxides', Xiaoge Gregory, Zhong, p. 47, ISBN 030646541
8, Springer, 2001 ) . By appropriate choice of the
alloy elements, an oxide layer forms that acts as a
good diffusion barrier to lithium and at the same time
still allows for sufficient electrical contact with
the first electrode material. An oxide layer that acts
as a good barrier to lithium is a layer that is XRD
amorphous i.e. lacks grain boundaries along which the
lithium could migrate. Electrical contact is ensured
through small localised voids - of the order of
nanometers - in the scale. By preference the layer is
thinner than 200 nm, more preferred is thinner than
100 nm but in any case not thinner than 50 nm. [0015]
An attempt to understand the mechanism - without being
bound by this hypothesis -for the controlled oxide
scale formation can be construed as follows (see e.g.
'Criteria for the formation of protective AI2O3 scales
on Fe-Al and Fe-Cr-Al alloys', Z.G. Zhang, F.
Gesmundo, P.Y. Hou, Y. Niu, Corrosion Science 48
(2006) 741-765): [0016] Growth of an oxide scale on a
metal can occur via two routes: > either the oxygen
will diffuse through the first formed scale towards
the alloy and the scale will continue to grow at the
scale metal or metal alloy interface i.e. from within.
This is called anodic scale growth or internal
oxidation. Or, > the metal will diffuse through the
first formed scale outwardly to the gas phase
interface and the scale will continue to grow on top.
This is called cathodic scale growth or external
oxidation. Metal oxide scale growth is governed by the
balance of these two diffusion processes. For single
metals, one of the two will outbalance the other. Inan
alloy comprising two or more metals, the number of
diffusion processes increases and the oxide scale
formation can go through a number of local equilibria
before a final growth mechanism is reached. For
example when 



two metals are present in an alloy, both can form
their own oxide (each of them inward or outward) and a
mixture of both oxides or the spinel of the metals
will form. The competition between both oxides can
also lead to spatial separation wherein nodules of one
oxide form in a field of the other metal oxide.
However, the oxide of the one metal with the highest
oxygen affinity will prevail provided that enough of
that metal is present in that alloy. Hence, a critical
concentration of the metal with the highest oxygen
affinity must be present before the scale will be
dominated by the oxide of that metal. [0017] When now
three elements are present in the alloy, the alloy
element of the lowest electrochemical potential will
first oxidise and form a layer on the substrate. The
second metal may reduce the critical concentration
needed for establishing a closed external oxide scale
of the third alloy element (being a metal or silicon).
The second metal prevents, by its own internal
oxidation, the continued oxide diffusion into the
alloy, so that the internal oxidation of the third
alloy element is limited and the external oxidation of
the third alloy element will prevail. However, due to
the depletion of the upper layer of the third element
and the blocking of the second metal oxide, the growth
of the third alloy element oxide will be limited. In
this manner, the degradation and continued growth of
the third alloy element oxide can be limited and even
controlled. [001 8] Possible choices of alloy elements
are: For the first metal: one out of the group
consisting of Fe, Ni, Sn, Cu For the second metal: one
out of the group consisting of Cr, Zn, Fe For the
third element: one out of the group consisting of Mg,
Al, Zn, Si. In each combination the order of nobility
must be respected. [001 9] A first preferred
composition of the alloy is when the first metal is
Fe, the second metal is Cr and the third metal is Al.
A preferred composition is when more than 3 % by
weight of Al is present in the alloy. Below this
threshold, the aluminium oxide phases do not grow
sufficiently dense.Even more preferred is when more
than 5% by weight is present. The amount of aluminium
is limited to about 7 wt%. Above that number the alloy
becomes difficult to work. [0020] The amount of Al
needed to form an aluminium oxide scale decreases with
increasing amount of Cr. A Cr content of 19 wt.% or
more is necessary to support aluminium oxide scale
formation when only 5 Wt.% Al is present. The balance
of the alloy is made up of iron Fe. Unintentional
impurities may be present in concentrations below 0.5
wt.%. [0021] An alternative alloy is Ni-Cr-Al which
behaves quite similar to the Fe-Cr-Al described above.
Aluminium is then present in at least 3 wt.%,
preferably more than 4%. Chromium percentage is above
15 %. The balance is made up of nickel and
unintentional impurities. [0022] In any case it is
believed that the third alloy element must have a high
affinity to oxygen. Metals like Al, Mg, Zn, or
alternatively Si are therefore more likely candidates
to form a good scale than e.g. Cr in Fe-Ni-Cr. [0023]
There are however some intentional impurities that
have an extreme influence on the morphology of the
scale formed. These metals are known as 'reactive
elements' and are added to the molten alloy at a very
late stage of the manufacturing process as they are
very oxidising. As an alternative the oxides of these
elements can be added to the molten alloy. The
resulting solid of the latter is known as an 'oxide
dispersion strengthened (ODS)' material. These
'reactive elements' are one or more metals out of the
group comprising yttrium Y, scandium Sc, hafnium Hf,
zirconium Zr, cerium Ce and lanthanum La. Their
influence on the scale formation is perceptible from
concentrations as low as 0.02 wt.%. More than 1.00
wt.% is not needed of these reactive elements. [0024]
Although the true mechanism on how these reactive
elements influence the oxide scale growth are not yet
fully understood, the following is observed (see: The
Isothermal Oxidation behaviour of Fe-Cr-Al and Fe-
Cr-Al-Y alloys at 12000C , F.H. Stott, G.C. Wood and
F. Golightly, Corrosion Science, Vol. 19, p 869, and
'Oxidation behaviour of Kanthal A 1 and Kanthal AF at
1173 K: effect of yttrium alloying addition', R.
Cueff, H.Buscail, E. Caudron, C. Issartel, F. Riffard,
Applied Surface Science 207(2003) 246-254) > The
parabolic growth rate constant of the scale is reduced
strongly by the addition of a reactive element, > The
compressive stresses on the alumina scale that occur
during oxidation of material without reactive elements
do not longer occur. This leads to a flat scale
without ridges that adheres very well to the base
metal and does not exhibit spalling upon bending.
[0025] The oxide layer should be thick enough to block
the lithium from diffusion out. The inventors
estimates that the thickness of the aluminium oxide
layer should be somewhere between 10 and 400 nm, more
preferred being between 50 and 200 nm. Alternatively,
the scale must allow for sufficient electrical contact
with the device. Localised nanoscopic (10 to 500 nm)
voids have been observed in the scale that probably
allow for sufficient electrical contact, although this
should at present be considered a non-binding
hypothesis. [0026] Such alloys, with the addition of
Yttrium, are known as a "Fecralloy(r)", and were
originally developed by the UK Atomic Energy Authority
(Harwell, UK). Various compositions have become
available and are known under different tradenames:
Aluchrom YHf, Aluchrom I SE, Aluchrom Y (by Thyssen
Krupp VDM) or Kanthal AF (by Sandvik), MA956 (by INCO
Alloy international) and others. Known Ni-Cr-Al alloys
are Haynes(r) 214(tm) from Haynes International.
[0027] These alloys can be obtained in the form of
foils in sizes of 10 to 100 mm that can be processed
in a roll-to-roll installation. [0028] However, the
idea of using these alloys is not limited to self
supporting foils. Indeed, the alloy could also be
sputtered onto another low cost carrier (e.g. a
stainless steel foil) from a target containing the
alloy. A layer with the alloy deposition is thus
formed, and the advantageous properties of the alloy
are maintained while the cost is reduced. By
preference a layer of at least 100 nm is needed for at
least the aluminium oxide layer to form. However, a
thickness of 1 mm is more preferred in order not to
have depletion effects.[0029] As second alternative,
the layer could be deposited on e.g. an iron carrier
foil by means of hot dip coating through an
appropriate molten mixture (e.g. Zn - Al) of the
alloy. Alternatively, the metals can be deposited
electrolytically on a carrier metal and subsequently
diffused in a protective atmosphere. [0030] As a
further alternative, the layered stack could also be
deposited on a wire of the appropriate alloy
composition. As an even further alternative, the
battery could be deposited on sintered metal fibre mat
made of a Fe- Cr-Al containing alloy (as available
from NV Bekaert SA). [0031] Upon this substrate having
the contact layer of the advantageous composition a
first electrode is deposited. When this first
electrode is acting as a cathode during discharge it
can be composed out of one material out of the group
of lithium cobaltate, lithium manganate, lithium
nickelate, lithium nickel manganese oxide, lithium
nickel cobalt manganese oxide, lithium nickel cobalt
oxide, lithium vanadium oxide, lithium iron phosphate,
lithium vanadium phosphate, lithium cobalt vanadium
oxide. Most preferred in the field is lithium
cobaltate. Alternatively, when the first electrode is
an anode during discharge it can be made of lithium
titanium oxide or lithium silicon tin oxynitride.
[0032] These ceramic type materials in general have a
very low conductivity and are therefore difficult to
sputter. Even when using RF assisted sputtering, the
deposition rates are low. It has therefore been
suggested in PCT/EP2006/066776 from the same applicant
to use a target with a doping element that is chosen
such that it increases the conductivity of the target
but can not be found back in the deposited material.
However, this method can be used only when the
substrate can be heated at an elevated temperature
(say above the evaporation or sublimation temperature
of the doping element) in order to make the deposited
layer substantially free from the doping element. A
preferred doping element is silver, although tin, zinc
, bismuth, and antimony, can be used equally well. 



[0033] The use of such a target, having an electrical
resistivity of lower than 6000 Wm, or even lower than
1200 Wm while even 120 Wm is considered possible,
leads to an increase of a factor 2 to 20 in deposition
speed.[0034] The need for having a high temperature to
evaporate or sublimate the doping element out of the
deposited first electrode material advantageously goes
together with the high temperature that is needed for
the crystallisation of the first electrode material!
Indeed, the main problem solved by the invention is
associated with this heating step. [0035] The
inventors also found an additional advantage in using
this method of deposition in that the doping element
will not only evaporate or sublimate but also diffuse
into the oxide layer. As the doping element is in
general a well conducting metal, it is thought that it
will likewise help to increase the conductivity of the
oxidised interface between layer and first electrode
material. Doping of an oxide can already have
substantial influence even when minute concentrations
are present. It is believed that concentrations of
less than 0.5% by weight or even less than 0.05% can
have an influence and that the advantages remain as
long as the doping element remains detectable in the
interface layer. The detection limit of very advanced
techniques such as Secondary Ion Mass Spectroscopy in
association with Time-of-Flight isotope detection
(SIMS-TOF) is of the order of magnitude of 107 to 1010
atoms per cm2 of monolayer. Even then it is believed
that the doping element has some influence on the
performance of the interface between layer and first
electrode. [0036] The further layers of the thin film
battery comprise an electrolyte layer made out of one
of the compounds out of the group of lithium
phosphate, lithium phosphorus oxynitride, lithium
niobate, lithium niobium oxynitride, lithium
tantalate, lithium tantalum oxynitride, lithium
tantalum niobium oxynitride, lithium silicate, lithium
aluminum silicate, lithium silicon oxynitride, and
lithium silicon phosphorus oxynitride, lithium
aluminum fluoride, lithium boron oxynitride, lithium
boron phosphorus oxynitride, lithium boron vanadium
oxide, lithium boron selenium oxide, lithium silicon
phosphorous oxysulfide, lithium silicon phosphate,
lanthanum lithium titanate, lanthanum lithium
tatantalate, lanthanum lithium niobate, lithium
titanium aluminium phosphate, lithium aluminium
germanium phosphate, lithium aluminium yttrium
phosphate, a lithium silicosulfide, a lithium
borosulfide, a lithium aluminosulfide, a lithium
phosphosulfide. Lithiumphosphorous oxynitride,
commonly called LiPON, is the most preferred. This
layer is about 0.5 to 3 mm, preferably 1 to 2 mm
thick. [0037] On top of this electrolyte, an optional
second electrode material is deposited. In case the
second electrode is an anode upon discharging, the
material is one chosen out of the group comprising
lithium, carbon, graphite, tin, silicon, silicon tin,
aluminium, silicon tin aluminium, tin antimony,
silicon carbon, silicon cobalt carbon, silicon
titanium nitride, silicon titanium boride, magnesium
silicon. Most preferred is lithium as then the second
electrode material is directly compatible with the
lithium extracted from the first electrode. A
nanometer thin to one micrometer layer of lithium will
suffice. Also preferred is graphite or carbon as a
second electrode. Then the layer thickness must be
thicker in order to absorb the lithium upon charging.
A thickness of 0.5 to 3 mm, or 1 to 2 mm will in
general be enough. In case the second electrode is a
cathode when discharging the following materials can
be used: lithium cobaltate, lithium manganate, lithium
nickelate, lithium nickel manganese oxide, lithium
nickel cobalt manganese oxide, lithium nickel cobalt
oxide, lithium vanadium oxide, lithium iron phosphate,
lithium vanadium phosphate, lithium cobalt vanadium
oxide, lithium titanium oxide, lithium silicon tin
oxynitride, vanadium oxide, titanium sulfate. Most
preferred is lithium cobaltate. This layer is
preferably 0.5 to 3 mm, or 1 to 2 mm thick. [0038] The
stack is finished by applying a second current
collector on top of the second electrode. Typical
material used to this end are gold, platinum,
titanium, copper, nickel, chromium, cobalt indium
oxide, tin oxide, indium tin oxide (ITO) and other
materials. [0039] In the option that there is no
second electrode, the second current collector
directly covers the electrolyte. In that case the
second current collector must be made of a material
that does not react with lithium, as the lithium will
grow between the electrolyte and the current collector
as the battery is being charged. Typical current
collectors that can be used for to this end are
copper, titanium, chromium, nickel, gold, platinum,
palladium, rhodium or ruthenium. Brief Description of
Figures in the Drawings[0040] FIGURE 1 shows a
schematic cross section of a thin film battery. [0041]
FIGURE 2 shows the results of an XPS analysis of a
sample deposited on foil 'A'. [0042] FIGURE 3 shows
the performance of a thin film battery made according
the invention. Mode(s) for Carrying Out the Invention
[0043] On a number of different metal alloy foils a
first electrode material was deposited. The following
compositions of alloys were selected (in % by weight
of the total): DIN refers to the 'Werkstoffnummer',
AISI refers to the 'American Iron and Steel
Institute'. RE are 'reactive elements'. '< 0.30' means
that the element on top of the column is at most the
percent in weight indicated, '19-21 ' means that the
element concentration is between 19 and 2 1 percent by
weight of the total, '> 0.10' indicates the element is
at least the percent in weight indicated. An asterisk
'* ' indicates an actually measured value. 'BaI.'
indicates that - apart from the unintentional
impurities - the remainder of the weight is made up by
iron. The column 'Ph.' refers to the metallurgical
phase the alloy is in: 'F' means 'ferritic' phase, 'A'
stands for 'austenitic' phase. Foil 'A' and 'B' are
from the same supplier, but have obtained a different
type of rolling treatment.The foil thickness varied
between 50 to 130 mm but is not considered relevant
for the invention. The foils were about 5 cm wide. Oil
and grease where removed by acetone cleaning prior to
coating. [0044] The foils were coated with lithium
cobaltate in a roll-to-roll sputter installation. The
foil acts as first current collector, while the
lithium cobaltate acts as the first electrode
material. A lithium cobaltate circular target of
diameter 152 mm (6 inch) was used for this. The
material was silver doped to a conductivity of about
680 Wcm. Lithium in the target was present slightly
above stoichiometry (Li/Co ratio was 1.08). During
sputter deposition, the substrate foil was held at a
temperature of about 580C. About 1kW of DC power was
used in the deposition. During sputtering a 60%Ar -
40%O2 process gas was admitted, while the pressure was
held at about 0.1 Pa. Each point on the foil remained
about 10 minutes under the sputtering plasma while it
progressed from pay-off to wind-up station. Note that
the layer annealed during sputtering because of the
high deposition temperature. [0045] The first
electrode materials were characterised in a number of
ways: the thickness T was determined, the initial
roughness Ra of the foil according ISO 4287 (the
arithmetical mean of the profile over a measuring
length) and the roughness Ra of the layer after
deposition, the Li/Co ratio of the first electrode
material and the silver content in the coating
relative to the number of cobalt atoms Table 2 [0046]
TR' (Too Rough) indicates that the roughness was too
high to be measured. 'N/A' indicates non-available
results.[0047] The roughness measurements learn that
there is no correlation between the surface condition
of the foil and the roughness of the layer deposited
on it. E.g foil 'F' has a low roughness of the foil,
while the layer deposited on it could not be measured.
Oppositely, foil 'C has a high initial roughness, but
the layer deposited on it is exceptionally smooth.
[0048] The Li/Co ratio should be one or slightly above
one for a well performing device. Lower values
indicate that some of the lithium was lost in the
process. As all samples have been deposited under
identical conditions, a loss of lithium can only be
attributed to migration of the lithium into the
substrate. Foils 'D', E' and 'F' all suffer from a
lithium deficiency. 



[0049] The Ag/Co ratio should be as low as possible in
the first electrode material. For foils 'A', 'B', 'C
and 'D' this is definitely the case, while for foil
E', 'F', and 'G' the opposite is true. [0050] Finally
the crystal structure of the UCOO2 was determined
through X-ray diffraction (CuKcci,2 radiation was
used). As discussed in the 'Background of the
invention' it is of prime importance that the first
electrode material is crystallised in order to
function well. A crystallised lattice allows optimal
intercalation/de-intercalation of the lithium. LJCOO2
has a layered structure of rhombohedral symmetry
(space group R 3m). The most prominent reflecting
planes are the (003) and (104) planes. On the
deposited layers, the following phases were found back
('cps' is 'counts per second'): Table 3 Again it is
apparent that foils 'A', 'B', and 'C outperform the
other foils. It are these foils that comprise a metal
with a high affinity to oxygen such as aluminium. The
lithium is not lost to the substrate in foils A, B and
C. No aluminium oxide phases were found back in the
XRD investigations. Infoils D, E, F and H the phases
have a lithium deficit. In E the lithium even forms a
Li2Fe3q s phase with the iron oxide of the foil. Foil
'G' behaves intermediate to both extremes. [0051] In a
further investigation, the composition of the
interface between substrate and first electrode was
determined by means of X-ray Photoemission
Spectroscopy (XPS) on a sample deposited on foil 'A'.
The results are represented in FIGURE 2 where the
abundances of Co, Al, Cr, Fe, C and O (Li was not
traced) as detected are represented in atomic % in
ordinate and the sputter time for pealing off the
deposited layer in seconds. The oxygen binding
configuration can be disentangled in XPS. The oxygen
curve indicated by O(TFA1) is attributed to oxygen
bound in UCOO2, while O(TFA2) is oxygen bound to Al.
It is clear that predominantly an aluminium oxide
layer has formed at the surface of the substrate foil
in competition with a chrome oxide layer. The
aluminium oxide layer is estimated to be about 100 nm
thick. [0052] The same observation was found by means
of SIMS-TOF measurements on a sample deposited on foil
'A. In addition silver was detected in the deposited
layer as well as in the interface between the
deposited layer and the substrate. It turns out that
the intensity of the Ag peak at the interface is
between 2 to 20 times higher as the Ag intensity of
the bulk of the material. [0053] The performance of
the foils was also tested in a wet chemical cell. Only
the first electrodes from foils A, B, C and G turned
out to be useful in a battery. [0054] Based on this a
complete thin film battery was produced departing from
the foil A. On the 420 nm LJCOO2 electrode, a LiPON
1.2 mm thick electrolyte was deposited by RF
sputtering. On top of this, a 500 nm Cu current
collector was deposited. Hence no second electrode was
deposited, and the lithium collects between the LiPON
and Cu upon charging the device. [0055] FIGURE 3 shows
the current I (in mA) and voltage U (in V) measured
over a complete charge/discharge cycle on the device
as a function of time (in minutes). The time slot
indicated by T is a constant current chargingperiod,
while the voltage was measured. Thereafter a constant
voltage of 4.3 V was applied while the current was
monitored. In total about 27 mC of charge was moved in
the device. In region III the open cell voltage was
measured. Finally (region IV) the battery was
discharged at a constant current of -5 mA. It took
about 80 minutes before the voltage dropped below 3.8
V. About 26 mC of charge was recovered.Claims 1. A
thin film lithium ion-switching device comprising a
substrate, a first electrode covering said substrate,
an electrolyte covering said first electrode an
optional second electrode covering said electrolyte,
and a second current collector in contact with said
second electrode or covering said electrolyte,
characterised in that said substrate comprises a layer
useable as a first current collector made of an alloy
comprising at least three metals or silicon, each of
said metals or silicon having a concentration in
excess of one percent by weight of which the first
metal is more noble than the second metal, the second
metal is more noble than the third metal or silicon,
said third metal or silicon being capable of forming
an oxide scale that is a diffusion barrier to lithium.
2. The device according to claim 1 wherein said first
metal is one out of the group of Fe, Ni, Sn, Cu, said
second metal is one out of the group of Cr, Zn, Fe,
said third metal is one out of the group of Mg, Al, Zn
or is Si. 3. The device according to claim 2 wherein
the first metal is Fe, the second metal is Cr, and the
third metal is Al. 4 . The device according to claim 3
wherein the amount of Al is at least 3 % by weight. 5.
The device according to claim 4 wherein the amount of
Al is at least 5 % by weight. 6. The device according
to claim 2 wherein the first metal is Ni, the second
metal is Cr, and the third metal is Al. 7. The device
according to any one of the above claims wherein said
layer further comprises one or more metals out of the
group of Y, Hf, Zr, Ce and La in concentrations of at
least 0.02 percent by weight for improving the
adhesion of said oxide scale to said layer. 8. The
device according to any one of the above claims
wherein said layer further comprises one out of the
group comprising Ag, Bi, Zn, Sn and Sb in a detectable
amount of less than 0.5 % by weight at the interface
between said layer and said first electrode material.
9. The device according to any one of the above claims
wherein said first electrode material is one out of
the group of lithium cobaltate, lithiummanganate,
lithium nickelate, lithium nickel manganese oxide,
lithium nickel cobalt manganese oxide, lithium nickel
cobalt oxide, lithium vanadium oxide, lithium iron
phosphate, lithium vanadium phosphate, lithium cobalt
vanadium oxide, lithium titanium oxide, lithium
silicon tin oxynitride. 10. The device according to
any one of the above claims wherein the electrolyte is
one out of the group of lithium phosphate, lithium
phosphorus oxynitride, lithium niobate, lithium
niobium oxynitride, lithium tantalate, lithium
tantalum oxynitride, lithium tantalum niobium
oxynitride, lithium silicate, lithium aluminum
silicate, lithium silicon oxynitride, and lithium
silicon phosphorus oxynitride, lithium aluminum
fluoride, lithium boron oxynitride, lithium boron
phosphorus oxynitride, lithium boron vanadium oxide,
lithium boron selenium oxide, lithium silicon
phosphorous oxysulfide, lithium silicon phosphate,
lanthanum lithium titanate, lanthanum lithium
tatantalate, lanthanum lithium niobate, lithium
titanium aluminium phosphate, lithium aluminium
germanium phosphate, lithium aluminium yttrium
phosphate, a lithium silicosulfide, a lithium
borosulfide, a lithium aluminosulfide, a lithium
phosphosulfide. 11. The device according to any one of
the above claims wherein said second electrode is one
out of the group of lithium, carbon, graphite, tin,
silicon, silicon tin, aluminium, silicon tin
aluminium, tin antimony, silicon carbon, silicon
cobalt carbon, silicon titanium nitride, silicon
titanium boride, magnesium silicon, lithium cobaltate,
lithium manganate, lithium nickelate, lithium nickel
manganese oxide, lithium nickel cobalt manganese
oxide, lithium nickel cobalt oxide, lithium vanadium
oxide, lithium iron phosphate, lithium vanadium
phosphate, lithium cobalt vanadium oxide, lithium
titanium oxide, lithium silicon tin oxynitride,
vanadium oxide, titanium sulfate. 12. The device
according to any one of claims 1 to 10 wherein said
second electrode is absent and where said second
current collector is one out of the group of Cu, Ti,
Cr, Ni, Au, Pt, Pd, Ru or any other metal that does
not form an alloy with lithium. 


