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Extracellular Aspergillus polypeptides

This application is a non-provisional of U.S. provisional applications Serial No.
60/477,355, filed June 11, 2003 and Serial No. 60/482,451, filed June 26, 2003,

which are hereby incorporated by reference in their entirety.

All patent and non-patent references cited in this application are hereby

incorporated by reference in their entirety.

Field of the invention

The present invention relates to extracellular polypeptides of Aspergillus fumigatus,
to fragments of these polypeptides, to compositions comprising such polypeptides
and fragments and to exposed domains and epitopes of these polypeptides. The
invention also relates to the use of these polypeptides and fragments for
immunisation and for production of antibodies, and to antibodies that recognise and
bind the polypepﬁdes. Furthermore, the invention relates to methods of identifying
binding partners and inhibitors, and to methods of diagnosing Aspergillus infections.

Background of the invention

The rise of diseases that attack the immune system, such as AIDS, and medical
treatments that depress the immune system, such as cancer chemotherapy or organ
transplantation, have resulted in an increase in the death rate caused by fungal
infections. Since the mid-1980's, fungal pathogens have begun to rival their bacterial
counterparts in many different medical settings. Species of the Aspergillus family
account for a substantial number of these fungal infections and in particular
Aspergillus fumigatus has emerged world-wide as a frequent cause of nosocomial
infection in virtually every major medical centre. For almost 30 years, amphotericin B
was the only drug approved for treating serious fungal infections despite significant
kidney toxicity. Azoles were introduced in the 1980s for treating the most common
fungal pathogen, Candida albicans, which is responsible for approximately 50% of
fungal infections. Widespread use of azoles encouraged the development of
resistant strains to this drug. Unfortunately, most currenily marketed azoles are

largely ineffective against the more severe forms of fungal disease, such as

CONFIRMATION COPY
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infections caused by Aspergillus. The increase in drug-resistant strains of fungal
pathogens further underscores the need for new antimicrobial treatments.

Aspergillus fumigatus is a saprophytic fungué found ubiquitously in the environment,
particularly in soil and in water and may be readily found in very large numbers in
hay, grain and decaying organic matter. Aspergillus fumigatus plays an essential
role in recycling environmental carbon and nitrogen. Reservoirs in hospitals and
other institutions include unfiliered air, ventilation systems, contaminated dust during
construction work, carpeting, food, ornamental plants and water and water supply
éystems. It is generally believed that aspergillosis occurs as a consequence of the
exogenous acquisition of spores; they are small enough (2.5-3.0 um) to reach the
alveoli upon inhalation and hardy enough to survive for prolonged periods in fomites.
It remains unclear what the size of the infectious inoculum needs to be, althougﬁ this
probably depends upon the immunological status of the host. There are around 600
recognised species, but only a small number have been identified as pathogenic.
Among these A. fumigatus which causes over 80% of human infections caused by
Aspergillus species. A. fumigatus is an opportunistic pathogen and normal
individuals ére not susceptible to disease except after inhalation of large quantities
of spores. As,bergillus can cause illness in at least three ways: an allergic reaction in
asthmatics (allergic aspergillosis); a colonisation in scarred lung tissue
(aspergilloma); and an invasive infection with pneumonia which can affect the heart,

lungs, brain and kidneys (invasive aspergillosis).

Allergic aspergillosis

in the first type of aspergillosis illness, people with allergic asthma or genetic
predisposition may develop this form of asthma upon becoming sensitised to
Aspergillus species. Asthmatics may find their asthmatic condition aggravated upon
exposure to A. fumigatus. Some people develop allergic bronchopulmonary
aspergillosis (ABPA), a condition in which Aspergillus spores germinate and the
resultant mycelial growth can potentially block the bronchi. Patients may cough up
small, brown plugs of mycelia. There is no invasion of tissue. However, the patient
may suffer lung fibrosis and may, over time, become more susceptible to other lung
diseases. ABPA is currently the most severe allergic pulmonary complication
caused by Aspergillus species. It occurs in patients suffering from atopic asthma or

cystic fibrosis. Another disease entity, related to ABPA only because it is immune-
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mediated, hypersensitivity pneumonitis (also called extrinsic allergic alveolitis) is
often associated with repeated exposure to an identified -- often occupational --

source of high levels of antigen.

Aspergilloma
Aspergilloma, commonly referred to as "fungus ball," occurs in pre-existing

pulmonary cavities that were caused by tuberculosis, sarcoidosis, or other bullous

lung disorders and in chronically obstructed paranasal sinuses.

Invasive aspergillosis (I1A)

invasive aspergiliosis (l1A) is seen in people whose normal immune systems are
compromised by other serious diseases such as leukaemia, lymphoma, carcinoma,
tuberculosis, emphysema, diabetes, HIV/AIDS or by use of immunosuppressive
drugs (often used in connection with 'organ or bone marrow fransplant operations);

~or by large doses of corticosteroids. In A, there is an actual invasion of fung tissue

or skin. Infection can also occur in many organs or fissues, e.g. heart, liver, eye, _

nose, ear and skeletal muscle. Pathologically invasive infections show clear invasion
of the underlying tissue, eventually leading to bloodstream dissemination or
contiguous spread to adjacent structures. The prognosis for IA is serious illness and
death.

A fourfold increase in IA has been observed in the last 12 years. In 1992, IA was
responsible for approximately 30% of fungal infections in patients dying of cancer,
and it is estimated that |A occurs in 10 to 25% of all leukaemia patients, in whom the
mortality rate is 80 to 90%, even when treated. The average incidence of IA is
estimated to be 5 to 25% in patients with acute leukaemia, 5 to 10% after allogenic
bone marrow transplantation (BMT), and 0.5 to 5% after cytotoxic treatment of blood
diseases or autologous BMT and solid-organ transplantation. IA which follows solid-
organ transplantation is most common in heart-lung transplant patients (19 to 26%)
and is found, in decreasing order, in liver, heart, lung, and kidney recipients (1 to
10%) (Patel and Paya, 1997, Clin. Microbiol. Rev. 10: 86-124). |A also occurs in
patients with nonhematogenous underlying conditions; it is increasingly reported in
AIDS patients 1 to 12%) (Denning et al., 1991, N. Engl. J. Med. 324: 654-662) and is

also a common infectious complication of chronic granulomatous disease (25 to

40%) Four types of IA have been described (Denning, 1998, Clin, Infect. Dis. 26:
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781-805) : (i) acute or chronic pulmonary aspergillosis, the most common form of IA;
(ii) tracheobronchitis and obstructive bronchial disease with various degrees of
invasion of the mucosa and cartilage as well as pseudomembrane formation, seen
predominantly in AIDS patients; (iii) acute invasive rhinosinusitis; and (iv)
disseminated disease commonly involving the brain (10 to 40% in BMT patients)
and other organs (for example, the skin, kidneys, heart, and eyes).

Diagnosis of Aspergillus infections

Unlike bacterial infections, cultures from blood or cerebrospinal fluid and other
sterile body fluids - are rarely positive for Aspergillus species, even in patients with
endocarditis and disseminated disease. Given the ubiquitous nature of the spores,
recovering Aspergillus from cultures of the respiratory tract does not discriminate
between genuine infection, colonization or contamination. A number of clinical
findings may trigger a diagnosis of invasive aspergillosis, such as neutropenic fever
not responding to broad-spectrum antibiotics, the development of new pulmonary
infilirates on chest X-ray and the presence of clinical signs suggestive of invasive
mycosis (e.g. pleuritic chest pain, ‘hemoptysis, etc.). Unfortunately, most of these
triggers have low predictive value. Therefore, the only way to reach a precise and
early diagnosis is to make intense efforts to collect specimens for culture and
histopathological examination (by biopsy or needle aspiration). However, this gold
standard approach involves aggressive procedures (open lung biopsy, brain biopsy,
etc.) that are often preciuded by cytopenia or by the critical condition of the patient.
Hence, definitive diagnosis is infrequently made before fungal proliferation becomes

overwhelming and therapy may no longer be successful.

The detection of anti-Aspergillus antibodies has no place in the diagnosis of
aspergillosis in neutropenic patients and hematopoietic stem cell transplant
recipients because these populations are not cépable of mounting an adequate
antibody response. Diaghostic tools used at the moment are galactomannan
detection (a major cell wall constituent released during growth), high-resolution
pulmonary CT-scanning and detection of aspergillar DNA. Obtaining both high
sensitivity and high selectivity remains a problem, and there is a need for novel

reliable diagnostic markers.
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Currently available anti-Aspergillus agents

The antifungal armamentarium that is currently available for the treatment of
invasive aspergillosis is limited in number. It includes: |

1. The polyene macrolide, amphotericin-B and its lipid-based formulations;

2. the triazole, itraconazole;

3. the fluorinated pyrimidine, 5-fluorocytosine; and

4. the allylamine, terbinafine.

The lack of a highly selective fungal target, not present in other eukaryotic cells, has
for a long time precluded the development of new agents. With the exception of 5-
fluorocytosine, all available agents act by interfering with the structural or functional
integrity of the fungal plasma membrane, either by physical disruption or by blocking
the biosynthesis of membrane sterols. This strategy remains far from ideal since the
non-selective nature of the therapeutic target results in concomitant cross-inhibition

(or toxicity) in mammalian cells.

Treatment with antifungal drugs such as amphotericin-B and/or itraconazole
involves many difficulies. Amphotericin-B, flucytosine and itraconazole are
associated with low success rates and are hampered by serious infusion- or drug-
related toxicity, by hazardous drug-drug interactions, by pharmacokinetic problems
and by the development of resistance. Amphotericin-B has to be given by vein in
large doses. In some patients the treatment can damage kidney and other organs.
The overall success rate of Amphotericin-B therapy for IA is 34%. In addition, most
1A cases occur in spite of empirical administration of Amphotericin-B in response to
a fever unresponsive to antibacterial agents. ltraconazole is generally given orally
(also in large doses, e.g. at least 400 mg daily) and has been used for many years
as a treatment, but even so, mortality is still as high as 85%.

Vaccination

Vaccination may be another approach for combating Aspergillus infections. As
explained above, IA is a severe problem for immunocompromised patients and
especially in neutropenic patients, who have lost all their acquired immune response
and are virtually without memory, Aspergillus infection is lethal in most cases. It
seems that vaccination of these patients prior to immune suppression would not be
a viable strategy. However, vaccination of a bone marrow donor could assist in the

clearance of infection post donation. Also passive immunisation  with
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immunoglobulins may be an option. Until now there have been no extensive
preclinical and/or clinical data available concerning the efficacy of specific
immunoglobulins. However, there are reports from invasive Aspergillosis studies in
mice that show that active vaccination has influence on their mortality rate (Ilto and
Lyons (2002) J. Infect. Dis. 186, 869-871).

Targets
As A. fumigatus is becoming a major fungal pathogen of humans there is an urgent

need for identification of suitable biochemical targets in A. fumigatus and for the
discovery and development of new effective antifungal agents active against such
biochemical targets. Recently, the A. fumigatus genome was aﬁalysed by random
shotgun DNA sequencing. By sequence comparison with Candida albicans genes
known to be essential for survival, a large number of potentially essential A.
fumigatus genes was identified (WO 02/086090). Such genes may potentially be
interesting drug targets, but information on structure, function or cellular localisation

of most of the encoded gene products is not yet available.

Summary of the invention

In a main aspect, the present application relates to extracellular polypeptides of A.
fumigatus. In the context of this application, an ‘extracellular polypeptide’ is defined
as a polypeptide which is entirely or partially (i.e. part of the polypeptide chain or
part of the population of polypeptide molecules) localised outside the plasma
membrane of a fungal cell. Thus, extracellular polypeptides include plasma-
membrane polypeptides which have extracellular parts, cell-wall polypeptides,
periplasmic polypeptides, secreted polypeptides and all other polypeptides that are
fully or partially exposed to or released into the space outside the plasma
membrane. Extracellular polypeptides furthermore include all polypeptides or
polypeptide fragments that can be found in cell-wall, cell-surface-exposed and
diffusate fractions isolated as described herein.

Extracellular polypeptides are attractive targets for antifungal therapy and/or
diagnosis since the exposure of such polypeptides to the extracellular space means
that compounds that interact with these peptides (e.g. compounds used to prevent,
treat or diagnose fungal infections) often do not need to pass through the plasma
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membrane to be effective. This is a considerable advantage as the plasm>a

membrane constitutes a major barrier for most types of compounds.

Extracellular localisation of a fungal protein can usually not be predicted from its
amino-acid sequence. The presence of a signal sequence mediating entrance of
protein into the secretory pathway can be predicted with a high degree of certainty,
but many proteins carrying such sequences remain intracellular, in compartments
such as the endoplasmic reticulum, the Golgi complex, endosomes and lysosomes.

Very little is known about sorting signals in A. fumigatus.

In principle, localisation of A. fumigatus proteins could be inferred from a known
localisation of homologous proteins in other fungi, such as Saccharomyces
cerevisiae or the pathogenic yeast Candida albicans, which are much better
characterised than A. fumigatus. However, in practice, such predictions are highly
uncertain. A recently performed genetic screening for putative exported C. albicans
proteins identified a number of such proteins whose closest homologue was an
intracellular protein (Monteoliva et al. (2002) Eukaryotic Cell 1, 514-525). Thué, even
with the genome sequence of A. fumigatus available, it is not easy to predict which
polypeptides can be found extracellularly.

The inventors have isolated and analysed cell-wall-, cell-surface-exposed- and
diffusate fractions of A. fumigatus and thus determined extracellular localisation of
the following polypeptides:

1. The polypeptide set forth in SEQ ID NO:1. This polypeptide has not previously
been detected in A. fumigatus, as it was only previously proposed as a putative
gene product on the basis of a nucleotide sequencé. It is herein proposed to name
this polypeptide Cssl, for Conidial Surface and Secreted protein I.

2. Hydrophobin (SEQ ID NO:2). Previously described in Parta et al. (1994) Infect.
Immun. 62, 4389-4395.

3. GAPDH-B, glyceraldehyde 3-phosphate dehydrogenase (SEQ ID NO:3). A 172
amino-acid fragment of this sequence has been described in the NCBI database
under accession number AAL25819 (SEQ ID NO:35). However, the full-length
polypeptide has not been described previously.
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4. enolase (SEQ ID NO: 4). Described in the NCB! database under accession
number AAK49451. .

S. catalase B (SEQ ID NO:5). Described in the NCB! database under accession
number AAB71223 and in Calera et al. (1997) Infect. Immun. 65, 4718-4724.

6. catalase A (SEQ ID NO:6). Described in the NCBI database under accession
number U87630.

7. isopropylmalate dehydrogenase B (IMDH B) (SEQ ID NO: 36). This A. fumigatus
polypeptide has not been described previously.

For several of these polypeptides, no localisation was known previously. For all
polypeptides, novel polypeptide fragments that are useful in prevention, therapy or
diagnosis of Aspergillus infections were identified by the inventors. Several of these

fragments are relatively accessible from the extracellular space or released into it.

In a first main aspect, the invention relates to the polypeptide set forth in SEQ ID
NO:3 and variants and fragments thereof, with the proviso that the fragment does
not consist of the sequence set forth in SEQ ID NO:35.

In another main aspect, the invention relates to the polypeptide set forth in SEQ ID
NO: 36 and variants and fragments thereof.

In a further main aspect, the invention relates to polypeptide fragments which are
derived from the polypeptides set forth in SEQ ID NOs: 1-6 and 36, and comprise
one or more amino-acid residues from the sequences set forth in SEQ ID NOs:7-34
and 37. The invention also relates to variants of these polypeptide fragments.

The invention also relates to exposed domains and epitopes which are comprised
within or comprise part of the polypeptides or polypeptide fragments of the invention.

Furthermore, the invention relates to compositions comprising one or more

extracellular Aspergillus polypeptides or polypeptide fragments of the invention.

The techniques that were used by the inventors in the identification of polypeptides
in the different cell-wall-, cell-surface-exposed and/or diffusate fractions favour
identification of highly expressed proteins. Thus, the polypeptides that were
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identified are relatively abundant. This, added to the determination that they are
exposed to the extracellular environment of the cell, make them highly suitable as
biochemical targets or diagnostic markers. Thus, the identification of these
polypeptides in these fractions by the inventors formed the basis for the
developmént of methods aimed at prevention, treatment and/or diagnosis of

Aspergillus infections.

Accordingly, in a main aspect, the invention relates to use of polypeptides or
fragments of the invention for generating a medicament. Preferably, a medicament
that can be used for the immunisation or vaccination of a mammal, preferably a

human being, preferably to generate a protective immune response.

_Furthermore, in another main aspect, the invention relates to methods of raising

antibodies against these polypeptides or fragments thereof in non-human mammals.

The invention also, in a further main aspect, relates to antibodies capable of binding
an extracellular Aspergillus fumigatus polypeptide selected from the group
consisting of isopropylmalate dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID

‘NO:1), hydrophobin (SEQ ID NO:2), GAPDH-B (SEQ ID-NO:3), and catalase A

(SEQ ID NO:6). Use of such antibodies for the manufacture of a medicament for
tfreatment or prevention of infection with Aspergillus is also an aspect of the
invention. Thus, the invention also relates to pharmaceutical compositions

comprising antibodies of the invention and a pharmaceutically-acceptable carrier.

Moreover, the invention relates to methods of treating or preventing Aspergillus
fumigatus infections and/or other fungal infections comprising the step of

administering antibodies of the invention to an individual in need thereof.

Furthermore, the invention relates to methods for screening for binding pariners
and/or inhibitors of these extracellular polypeptides, to methods for screening for
antifungal agents and to methods aimed at diagnosing Aspergillus infections.
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Detailed description of the invention

Definitions

‘A fragment’ or ‘polypeptide fragment' is defined as a non-full-length part of a

polypeptide. The length of fragments may vary from 2 amino-acid residues to the
full-length polypeptide minus one amino-acid residue. Preferably, fragments are less
than 100 amino acids, such as less than 50 amino acids, e.g. less than 40 amino
acids, such as less than 30 amino acids, e.g. less than 25 amino acids, such as less
than 20 amino acids in length. Thus, for example fragments can be
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19 or 20 amino acids in length. In further
embodiments, fragments comprise more than 5 amino acids, such as more than 9
amino acids, e.g. more than 10 amino acids, such as more than 15 amino acids, e.g.
more than 20 amino acids, such as more than 30 amino acids. Expressed in another
way, a fragment consists of a part of an amino-acid sequence which is less than
100% in length as compared to the full-length polypeptide. The length of the
fragment can be less than 50%, such as less than 25%, such as less than 10% of
the length of the fulllength polypeptide. In other embodiments, the length of the
fragment can be more than 5%, such as more than 10%, such as more than 25% of
the length of the full-length polypeptide.

‘Variants’ of a given polypeptide or fragment are polypeptides or peptides that
display a certain degree of sequence identity to said polypeptide or fragment.
Variants preferably have at least 75% sequence identity, for example at least 80%
sequence identity, such as at least 85% sequence identity, for example at least 90%
sequence identity, such as at least 91% sequence identity, such as at least 92%
sequence identity, for example at least 93% sequence identity, such as at least 94%
sequence identity, for example at least 95% sequence identity, such as at least 96%
sequence identity, for example at least 97% sequence identity, such as at least 98%
sequence identity, for example 99% sequence identity with the given polypeptide or
fragment. Sequence identity is determined with any of the algorithms GAP,
BESTFIT, or FASTA in the Wisconsin Genetics Software Package Release 7.0,
using default gap weights.

Preferred variants of a given polypeptide or fragment are variants in which all amino-
acid substitutions between the variant and the given polypeptide or fragment are
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'cqnservative substitutions. Conservative amino-acid substitutions refer fo the
interchangeability of residues having similar éide chains. For example, a group of
amino acids having aliphatic side chains is glycine, alanine, valine, leucine, and
isoleucine; a group of amino acids having aliphatic-hydroxyl side chains is serine
and threonine, a group of amino acids having amide-containing side chains is
asparagine and glutamine; a group of amino acids having aromatic side chains is
phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side
chains is lysine, arginine, and histidine; and a group of amino acids having sulfur-
containing side chains is cysteine and methionine. Preferred conservative amino-
acids substitution groups are: valine-leucine-isoleucine, phenylalanine-tyrosine,

lysine-arginine, alanine-valine, and asparagine-glutamine.

Variants of a polypeptide or of a fragment thereof also include forms of the
polypeptide or fragment wherein one or more amino acids have been deleted or
inserted. Preferably, less than 5, such as less than 4, e.g. less than 3, such as less
than 2, e.g. only one amino acid has been inserted or deleted. ‘Variants’ of a
polypeptide or of a fragment thereof also include forms of these polypeptides or
fragments modified by post-translational modifications of the amino-acid sequence.
Also included are fusion proteins wherein the given polypeptide or fragment thereof
has been fused (on the gene level or post-transiationally) to another peptide or

polypeptide.

An ‘exposed domain’ is defined as a part of a polypeptide that is exposed to the
external environment. Secreted or released parts of polypeptides, which are not cell-
associated, are examples of exposed domains. Exposed domains can also be found
in polypeptides that are cell-associated. This can e.g. be determined by protease
treatment as described herein in the Examples. l.e. an exposed domain of a
polypeptide is a part of the polypeptide which is more accessible for proteases, such
as trypsin or chymotrypsin, than other parts of the same polypeptide, and can be
released from cellular association by protease freatment without disrupting the
integrity of the cell. Surface exposure of a domain can also be determined using
indirect immunofluorescence analysis, e.g. as described by Sanjuan et al. (1996)
Microbiology 142, 2255-2262. Exposed domains of plasma-membrane-associated
polypeptides are parts of such polypeptides that are located immediately adjacent to
membrane-spanning regions and are located on the extracellular side of the plasma
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membrane. An exposed domain can be flanked on both or on only one side by a
membrane-spanning region. Membrane-spanning regions can be predicted by a ‘
variety of methods, reviewed in Moller et al. (2001) Bioinformatics 17, 646-653. In a
preferred embodiment, an exposed domain of a plasma-membrane-associated
polypeptide is a part of a polypeptide located on the extracellular side of the plasma
membrane, immediately adjacent to a membrane-spanning region (transmembrane
helix) as predicted by the TMHMM program 2.0 (Krogh et al. (2001) J. Mol. Biol.
305, 567-580.

‘Epitope’ in this context covers any part of a polypeptide capable of being
recognised by an antibody or functional equivalent thereof. Epitopes may consist of
a stretch of consecutive amino-acid residues or of non-consecutive parts of a
polypeptide. Typically, an epitope consists of 2-20 amino acids, such as 3-10 amino
acids, preferably 3-8 amino acids, such as 3,4,5,6,7 or 8 amino acids.

‘Expression vector’ refers to a plasmid or phage or virus, for producing a polypeptide
from a polynucleotide sequence. An expression vector comprises an expression
construct, comprising an assembly of (1) a genetic element or elements having a
regulatory role in gene expression, for example, promoters or enhancers, (2) a
structural or coding sequence which is transcribed into mRNA and translated into
protein, and which is operably linked to the elements of (1); and (3) appropriate

transcription initiation and termination sequences.

“Vaccine' is used to indicate a composition capable of inducing a protective immune

response against a microorganism in a human being or animal.

‘Protective immune response’ is used to indicate an immune response
(humoral/antibody and/or cellular) inducing memory in an organism, resulting in the
infectious agent, being met by a secondary rather than a primary response, thus

reducing its impact on the host organism.

A ‘binding partner’ of a polypeptide refers to a molecule that can bind to said
polypeptide. Such binding can be indirect, through another molecule, but is
preferably direct. A binding partner can be any type of molecule, such as e.g. small

hydrophobic molecules or e.g. a cellular or extracellular macromolecule, such as a
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protein, a carbohydrate or a nucleic acid. Preferred types of binding partners include

antibodies, ligands or inhibitors.
The term ‘plurality’ indicates more than one, preferably more than 10.

‘Secreted’ in the present context refers to soluble polypeptides or fragments thereof
that are not cell-associated and thus in principle diffuse freely in the surrounding
medium. This includes fragments of polypeptides that are released from cellular

association, for instance through proteolysis.

The term ‘indicator moiety’ covers a molecuie or a complex of molecules that can be
detected or generates a detectable signal. Preferably, the indicator moiety is an
antibody or includes an antibody molecule. Thus, a preferred indicator moiety is an
antibody coupled to a detectable substance. The detectable substance can in some

embodiments comprise a second antibody.

‘Host-derived molecule’ or ‘host molecule’ refers to a molecule which is normally
found in a host organism that can be infected with A. fumigatus. A host-derived
molecule is preferably a host polypeptide, preferably a human polypeptide.
Examples of host-derived molecules that interact with pathogenic fungi are serum
albumin and transferrin, fibrinogen, complement fragment C3d, complement
fragment iC3b, laminin, fibronectin, entactin, vitroﬁectin, mannan adhesins, epithelial

binding lectin-like protein, and agglutinin-like proteins.

The term ‘antibodies’ when used herein is intended to cover antibodies as well as
functional equivalents thereof. Thus, this includes polyclonal antibodies, monoclonal
antibodies (mAbs) ) derived from any species including but not limited to mouse, rat,
hamster, rabbit and lama, human, humanised or chimeric antibodies, single-chain
antibodies, and also Fab fragments, F(ab’), fragments, fragments produced by a
Fab expression library, anti-idiotypic antibodies, hybrids comprising antibody
fragments, and epitope-binding fragments of any of the these. The term also

includes mixtures of monoclonal antibodies.

‘Isolated’ used in connection with polypeptides and polynucleotides disclosed herein

refers to these having been identified and separated -and/or recovered from a
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component of .its natural environment. Contaminant components of its natural
environment are materials that would typically interfere with diagnostic or
therapeutic uses for the polypeptide, and may include enzymes, hormones, and
other proteinaceous or non-proteinaceous solutes. '

Polypeptides of the invention

Fragments of extracellular Aspergillus polypeptides

The analysis of three different Aspergillus fractions (diffusate, cell;surface-exposed
and cell wall) that was performed by the inventors led to the identification of different
types and numbers of fragments from the same polypeptides for each of the
fractions. For example, as is described in Example 1, five Cssl peptides were
identified in the cell-wall fraction while only one was identified in diffusate and cell-
surface-exposed fractions. This difference may indicate structural features of the
protein. Without being limited to a specific theory, a possible explanation for this is
that a portion of Cssl can be cleaved from the cell wall, releasing one part of the
protein into the surrounding milieu, while the remainder of the protein remains
embedded in the cell wall. Similarly, although other explanations are possible, the
fact that only one peptide is detected in cell-surface fractions may suggest that an
area of the protein comprising that peptide is exposed while the remainder of the
protein is not. Even regions of a polypeptide which are not embedded in other
cellular structures such as the cell wall, may still contain parts that are more
accessible than other parts. For instance, the surface of a polypeptide may be more
accessible than parts of the polypeptide which are buried within a tertiary protein
structure. Protease treatment may also identify such protein surface regions.

Thus, the inventors have identified protein regions of particular interest. Exposed
domains are, due to their accessibility, particularly attractive targets for diagnosis or
for antifungal treatment. Moreover, exposed polypeptide fragments or domains are
likely to contribute to, or comprise epitopes, and thus be highly suitable for antibody
recognition. For many of the applications described below, it can be advantageous
to work with fragments that are larger than the ones that were identified by the
inventors. This can in particular be the case for methods of identifying binding
pariners and methods for raising antibodies, such as immunisation, which
sometimes do not work well with small fragments.
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In a main aspect, the invention relates to fragments of extracellular Aspergillus
polypeptides that comprise exposed domains and/or epitopes. The invention also
relates to the full-length GAPDH-B polypeptide (SEQ ID NO: 3) and to the full- Iength

- isopropylmalate dehydrogenase B polypeptide (SEQ ID NO:36).

Accordingly, in a main aspect, the invention relates to an Aspergillus polypeptide
selected from the group of

fragments of SEQ ID NO:1 of less than 259 amino-acid residues in length, such as
less than 200, preferably less than 150, such as less than 100, e.g. less than 30,
such as less than 25 amino-acid residues in length comprisihg one or more residues
of the amino-acid sequences set forth in SEQ ID NO:7,8,17,26,28,29 énd/or 30 and

variants of said fragments;

fragments of SEQ ID NO:2 of less than 106 amino-acid residues in length, such as
less than 75, preferably less than 50, such as less than 25 residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ 1D
NO:9,10;18 and/or 19 and variants of said fragments;

polypeptides comprising SEQ ID NO:3, fragments thereof and variants thereof, with
the proviso that if the polypeptide is a fragment of SEQ ID NO:3, that this fragment
is not the fragment set forth in SEQ 1D NO:35;

fragments of SEQ ID NO:4 of less than 437 amino-acid residues in length, such as
less than 200, preferably less than 100, such as less than 75, e.g. less than 50,
such as less than 25 amino-acid residues in length comprising one or more residues
of the amino-acid sequences set forth in. SEQ ID NO:13,14,23,24 and/or 25 and

variants of said fragments;

fragments of SEQ ID NO:5 of less than 727 amino-acid residues in length, e.g. less
than 400, such as less than 200, preferably less than 100, such as less than 75, e.g.
less than 50, such as less than 25 amino-acid residues in length Comprising one or
more residues of the amino-acid sequences set forth in SEQ ID NO:15,16 and/or 27

and variants of said fragments;
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fragments of SEQ ID NO:6 of less than 748 amino-acid residues in length, e.g. less
than 400, such as less than 200, preferably less than 100, such as less than 75, e.g.
less than 50, such as less than 25 amino-acid residues in length comprising one or
more residues of the amino-acid sequences set forth in SEQ ID NO:34 and variants

of said fragments;
and
polypeptides comprising SEQ ID NO:36, fragments thereof and variants thereof.

in a preferred embodiment, the above fragments comprise one or more residues of
the amino-acid sequences set forth in SEQ ID NOs: 7-27 and 37. In a more
preferred embodiment, the fragments comprise one or more residues of the amino-
acid sequences set forth in SEQ ID NOs: 7-16. In another more preferred
embodiment, the fragments comprise one or more residues of the amino-acid
sequénces set forth in SEQ ID NOs: 17-25 and/or SEQ ID NO:14. In yet another
more preferred embodiment, the fragments comprise one or more residues of the
amino-acid sequences set forth in SEQ ID NO: 18, 19, 26, 27, and/or 37.

Further preferred polypeptides are fragments of SEQ ID NO:1 of less than 259
amino-acid residues in length, such as less than 200, preferably less than 150, such
as less than 100, e.g. less than 50, such as less than 25 amino-acid residues in
length comprising one or more residues of the amino-acid sequences set forth in
SEQ ID NO:7,8,17,26,28,29 and/or 30, such as one or more residues of the amino-
acid sequences set forth in SEQ ID NO:7, e.g. one or more residues of the amino-
acid sequence set forth in SEQ ID NO:8, such as one or more residues of the
amino-acid sequences set forth in SEQ ID NO:17, e.g. one or more residues of the
amino-acid sequence set forth in SEQ ID NO:26, such as one or more residues of
the amino-acid sequences set forth in SEQ ID NO:28, e.g. one or more residues of
the amino-acid sequence set forth in SEQ ID NO:29, such as one or more residues
of the amino-acid sequences set forth in SEQ ID NO:30. .

. Further preferred polypeptides are fragments of SEQ ID NO:2 of less than 106

amino-acid residues in length, such as less than 75, preferably less than 50, such as

less than 25 residues in length comprising one or more residues of the amino-acid
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sequences set forth in SEQ 1D NO:9,10,18 and/or 19, such as one or more residues
of the amino-acid sequences set forth in SEQ ID NO:9, e.g. one or more residues of
the amino-acid sequence set forth in SEQ ID NO:10, such as one or more residues
of the amino-acid sequences set forth in SEQ ID NO:18, e.g. one or more res_‘idues
of the amino-acid sequence set forth in SEQ 1D NO:19.

Preferred polypeptides include fragments of SEQ ID NO:3, with the proviso that if
the polypeptide is a fragment of SEQ ID NO:3, that this fragment is not the fragment
set forth in SEQ ID NO:35. Preferred are fragments of SEQ ID NO:3 of less than
171 amino acids in length, such as less than 150, preferably less than 100, such as
less than 75, e.g. less than 50, such as less than 25 amino-acid residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ ID
NO:11,12,20,21,22,31,32 and/or 33, such as one or more residues of the amino-
acid sequences set forth in SEQ ID NO:11, e.g. one or more residues of the amino-
acid sequence set forth in SEQ ID NO:12, such as one or more residues of the
amino-acid sequences set forth in SEQ ID NO:20, e.g. one or more residues of the
amino-acid sequence set forth in SEQ ID NO:21, such as one or more residues of
the amino-acid sequences set forth in SEQ ID NO:22, e.g. one or more residues of
the amino-acid sequence set forth in SEQ ID NO:31, such as one or more residues
of the amino-acid sequences set forth in SEQ ID NO:32, e.g. one or more residues
of the amino-acid sequence set forth in SEQ ID NO:33. Other preferred fragments of
SEQ ID. NO:3 are fragment between 173 residues and 317 residues in length,
comprising one or more residues of the amino-acid sequences set forth in SEQ ID
NO:11,12,20,21 and/or 22 or variants of said fragments.

Further preferred polypeptides are fragments of SEQ ID NO:4 of less than 437
amino-acid residues in length, such as less than 200, preferably less than 100, such
as less than 75, e.g. less than 50, such as less than 25 amino-acid residues, in
length comprising one or more residues of the am.ino-acid sequences set forth in
SEQ ID NO:13,14,23,24 and/or 25, such as one or more residues of the amino-acid
sequences set forth in SEQ ID NO:13, e.g. one or more residues of the amino-acid
sequence set forth in SEQ ID NO:14, such as one or more residues of the amino-
acid sequences set forth in SEQ ID NO:23, e.g. one or more residues of the amino-
acid sequence set forth in SEQ ID NO:24, such as one or more residues of the
amino-acid sequences set forth in SEQ ID NO:25.
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Further preferred polypeptides are fragments of SEQ ID NO:5 of less than 727
amino-acid residues in length, e.g. less than 400, such as less than 200, preferably
less than 100, such as less than 75, e.g. less than 50, such as less than 25 amino-
acid residues in length comprising one or more residues of the amino-acid
sequences set forth in SEQ 1D NO:15,16 and/or 27, such as one or more residues of
the amino-acid sequences set forth in SEQ ID NO:15, e.g. one or more residues of
the amino-acid sequence set forth in SEQ ID NO:16, such as one or more residues
of the amino-acid sequences set forth in SEQ ID NO:27.

Further preferred polypeptides are fragments of SEQ ID NO:6 of less than 748
amino-acid residues in length, e.g. less than 400, such as less than 200, preferably
less than 100, such as less than 75, e.g. less than 50, such as less than 25 amino-
acid residues in length comprising one or more residues of the amino-acid
sequences set forth in SEQ 1D NO:34.

Preferred polypeptides include polypeptides comprising or consisting of SEQ ID
NO:36. Further preferred are fragments of SEQ ID NO:36, of less than 367 amino
acid residues in length, such as less than 200, preferably less than 100, such as
less than 75, e.g. less than 50, such as less than 25 amino-acid residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ ID
NO:37. In one embodiment, X, in SEQ ID NO:36 and SEQ ID NO: 37 is a serine. In
another embodiment, X4 in SEQ ID NO:36 and SEQ ID NO: 37 is an alanine. In a
further embodiment, X, in SEQ ID NO:36 and SEQ ID NO: 37 is a leucine. In
another embodiment, X, in SEQ ID NO:36 and SEQ ID NO: 37 is an isoleucine.
Thus, different sequence embodiments for SEQ ID NO: 37 and the equivalent part
of SEQ ID NO:36 include LAAELALR, LSAELALR, LAAEIALR, LSAEIALR.

Preferably, the above defined polypeptide fragments of SEQ ID NOs:1-6 and 36
comprise more than one residue of the specified amino-acid sequence, such as
2,3,4,5,6,7,8 or 9 residues of the specified amino-acid sequence. A non-limiting
example of such a preferred fragment is a fragment of SEQ ID NO:1 comprising 9
residues of the amino-acid sequence set forth in SEQ ID NO:7. Most preferably, the
above polypeptide fragments comprise all residues of the specified amino-acid

sequence. A non-limiting example of a most preferred fragment is a fragment of
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SEQ ID NO:1 comprising all 16 residues of the amino-acid sequence set forth in
SEQ ID NO:7.

In one embodiment, the polypeptide of the invention, preferably consists of an
exposed domain, such as domains comprising an amino-acid sequence selected
from the group of SEQ ID NOs: 7-34 and 37, preferably the group of SEQ ID NOs:
7-27 and 37, more preferably the group of SEQ ID NOs:17-27, SEQ ID NO:14 and
SEQ ID NO:37, or variants thereof. An exposed domain may be determined as

described above in the definition section.

Further preferred polypeptides consist of an epitope of a polypeptide selected from
the group of SEQ ID NO:1-6 and 36, comprising at least one amino acid from a
peptide selected from the group of SEQ ID NO: 7-27 and 37, and fragments or
variants of said epitope. In one preferred embodiment, the amino acid residues of
the epitope are consecutive residues from the polypeptide. In another preferred
embodiment, the amino acid residues of the epitope are non-consecutive residues
from the polypeptidé. Further preferred embodiments include more than 1, such as
more than 2, preferably more than 3, such as more than 4 consecutive or non-
consecutive amino acids of the sequences of SEQ ID NO: 7-27 ahd 37. The
invention also relates to use of such epitopes in any of the methods or preferred
methods of the invention.

Fragments that consist or essentially consist of an amino-acid sequence selecied
from the group of SEQ ID NO: 7-34 and 37.

Preferred polypeptides of the invention are fragments of one of the polypeptides set

forth in SEQ ID NO:1-6 and 36 that essentially consist of one of the fragments set
forth in SEQ ID NO:7-34 and 37. ‘Essentially consists of is meant to indicate that
the fragment comprises a substantial part of an amino-acid sequence selected from
the group of SEQ ID NO:7-34 and 37 and in addition to that contains 10 or fewer
flanking residues from the polypeptide on either or both (N-terminal and/or C-
terminal) sides of the smaller fragment. A ‘substantial part’ herein means at least 2,

such as at least 5 amino acids of any of the amino acid sequence set forth in SEQ

ID NO:7-34 and 37. Such a fragment thus overlaps with the corresponding fragment

selected from the group of SEQ ID NO:7-34 and 37. Preferably, the fragment that

essentially consists of any of the amino-acid sequences set forth it SEQ ID NO:7-34
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and 37 comprises the entire amino-acid sequence of that sequence. Thus, a
preferred fragment of the invention is a fragment of one of the polypeptides set forth
in SEQ ID NO:1-6 and 36 that comprises and essentially consists of one of the
fragments set forth in SEQ ID NO:7-34 and 37. Such a fragment is thus larger than
the corresponding fragment selected fljom the group of SEQ ID NO:7-34 and 37.
‘Comprises and essentially consists of' is meant to indicate that the larger fragment
comprises a smaller peptide selected from the group of SEQ ID NO:7-34 and 37 and
in addition to that contains 10 or fewer flanking residues from the polypeptide on
either or both (N-terminal and/or C-terminal) sides of the smaller fragment.
Preferably, the larger fragment contains fewer than 8, such as fewer than 6, e.g.
fewer than 4, e.g. fewer than 3, such as 2 or only 1 residue on one or both sides of

the smaller fragment.

Most preferred polypeptides of the invention are fragments selected from the group
of SEQ ID NO: 7-34 and 37. Thus, such most preferred polypeptides include any of
the fragments from the group of fragments set forth in SEQ ID NO:7-34 and 37,
such as the fragment set forth in SEQ ID NO:7, or the fragment set forth in SEQ ID
NO:8, or the fragment set forth in SEQ ID NO:9, or the fragment set forth in SEQ ID
NO:10, or the fragment set forth in SEQ ID NO:11, or the fragment set forth in SEQ
ID NO:12, or the fragment set forth in SEQ ID NO:13, or the fragment set forth in
SEQ ID NO:14, or the fragment set forth in SEQ ID NO:15, or the fragment set forth
in SEQ ID NO:16, or the fragment set forth in SEQ ID NO:17, or the fragment set
forth in SEQ ID NO:18, or the fragment set forth in SEQ ID NO:19, or the fragment
set forth in SEQ ID NO:20, or the fragment set forth in SEQ ID NO:21, or the
fragment set forth in SEQ ID NO:22, or the fragment set forth in SEQ ID NO:23, or
the fragment set forth in SEQ ID NO:24, or the fragment set forth in SEQ ID NO:25,
or the fragment set forth in SEQ ID NO:26, or the fragment set forth in SEQ 1D
NO:27, or the fragment set forth in SEQ ID NO:28, or the fragment set forth in SEQ
ID NO:29, or the fragment set forth in SEQ ID NO:30, or the fragment set forth in
SEQ ID NO: 31, or the fragment set forth in SEQ ID NO:32, or the fragment set forth
in SEQ ID NO:33, or the fragment set forth in SEQ ID NO:34, or the fragment set
forth in SEQ ID NO:37. The invention also relates to a variant of any of the above
fragments or any other fragment described herein.

Preferably, the fragment is selected from the group of fragments set forth in SEQ ID
NO:7-16 and 37, such as the fragment set forth in SEQ ID NO:7, or the fragment set
forth in SEQ ID NO:8, or the fragment set forth in SEQ ID NO:9, or the fragment set
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forth in SEQ ID NO:10, or the fragment set forth in SEQ ID NO:11, or the fragment

set forth in SEQ ID NO:12, or the fragment set forth in SEQ ID NO:13, or the

fragment set forth in SEQ ID NO:14, or the fragment set forth in SEQ ID NO:15, or
the fragment set forth in‘ SEQ ID NO:16, or the fragment set forth in SEQ ID NO:37, .

or a variant of any of these fragments.

Compositions of the invention

Compositions of the invention comprising one or more of polypeptides of the
invention can be used in various methods and for various applications as described
below. Having more than one polypeptide of the invention in such a composition can
have important advantages. For instance, immunisation or vaccination may be more
effective when several polypeptides or fragments are introduced at the same time.

Thus, in a main aspect the invention relates to a composition comprising one or
more extracellular Aspergillus polypeptides or polypeptide fragments of the
invention. Preferred compositions of the invention are ones that comprise one or
more preferred polypeptides of the invention, i.e. the polypeptides described above.
Thus, any preferred polypep;tide of the invention can be used to generate a
preferred composition of the invention. A preferred composition of the invention is a
pharmaceutical composition comprising one or more polypeptide(s) and/or one or
more polypeptide fragments of the invention and a pharmaceutically-acceptable

carrier.

Cssl, isopropylmalate dehydrogenase B and GAPDH-B

Three extracellular polypeptides that were identified by the inventors are of

particular interest, namely Cssl, isopropylmalate dehydrogenase B, and GAPDH-B.

Cssl

This document presents data indicating the first identifications of Cssl, a novel cell-
surface-exposed/secreted protein. This protein had previously been hypothesised
based on the output of a gene prediction programme. However, the inventors’
studies have confirmed the existence of this protein and have revealed it to be a
conidial cell-wall-associated protein that is exposed on the surface while also being
secreted/released into the surrounding milieu. The function of this protein is yet to
be determined. However, its location within the diffusate is interesting in light of the
documented abilities of diffusate to suppress the immune responses (Hobson RP
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(2000) .Med.'Mycol. 38, 133-141). Attempts to identify the protein(s) responsible for
this suppressing activity have to date been unsuccessful. Without being limited to
any specific theory, it is possible that Cssl is responsible for these functions, but that
they have not been atfributed to it‘ due to the basic difficulties in performing
molecular biology studies in Aspergillus fumigatus. It is interesting to note that the
protéin displays homology to LANA, a transcriptional regulator of Herpes virus (see
below under Examples). Again without limitation to a specific theory, the possibility
exists that Cssl possesses a similar function. If so, one could envisage it functioning
as an extracellular sensor that transmits signals into the interior of the fungus.
Alternatively, this protein may become active upon uptake into the host cell, where it
utilises its transcriptional activities to interfere with host processes, to the benefit of
the fungus. Other possible functions of this protein may include roles in adhesion,

invasion, conidial cell-wall processing or enzymatic digestion of host proteins.

Isopropylmalate dehydrogenase B

Isopropylmalate dehydrogenase B (IMDH B) is an enzyme involved in the
biosynthesis of leucine. It has previously been found intracellularly in other
microorganisms. The inventors have now identified this protein in cell surface
fractions of A. fumigatus. The primary sequence of the enzyme does not reveal a
traditional signal sequence and thus the question arises as to how the enzyme is
transported to the cell surface. Without being limited to a particular theory, it is
possible that the protein interacts with a heat shock protein and that the heat shock
protein mediates translocation of IMDH B across the membrane. Similar
mechanisms have been described for other proteins in Young et al. (2003) Cell
112:41-50.

GAPDH-B

The inventors have been the first to identify GAPDH-B, the polypeptide of SEQ ID
NO:3. In one aspect, the invention relates to the sequence set forth in SEQ ID NO:3,
and variants thereof. Furthermore, the invention relates to use of the polypeptide set
forth in SEQ ID NO:3 in any of the methods or preferred methods of the invention.

GAPDHs are documented to function in glycolysis. Without being limited to a
particular theory, the cell-surface localisation of GAPDH-B might suggest a role for
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this protein in the initiation of germination. It would seem logical to assume that
dormant conidia are more prone to germination when environmental conditions
become more favourable for growth and propagation of the species. One
requirement for growth is a carbon source, e.g. glucose. However, the dormant
conidia must have some way of detecting external environmental conditions while in
its state of low metabolic activity. It is possible that the presence of glycolytic
enzymes on the cell surface could result in the production of glucose by-products
that may communicate to the cell that the external environment is of sufficient status
to support propagation of the species. The protein may alternatively or additionally
function in other processes such as adhesion, invasion, intracellular motility or
intracellular survival. It is interesting to note that GAPDH proteins possess the
capability to bind to cytoskeletal components (see e.g. Tisdale (2002) J. Biol. Chem.
277, 3334-3341). This feature may provide conidia with a mechanism by which it
can traverse host cells in order to reach the basal membranes and cause invasive

disease.

Production of polypeptide and fragments

The polypeptides and fragments of the invention can be produced synthetically by
conventional techniques known in the art. Alternatively, they can be produced
recombinantly in heterologous host cells. Thus, the invention also encompasses
polynucleotide sequences encoding polypeptides and fragments of the invention,
expression vectors comprising such polynucleotides, and host cells transformed or
transfected with such polynucleotides or expression vectors. Non-exclusive
examples of polynucleotides of the invention are the polynucleotides of SEQ ID
NO:38 and SEQ ID NO:39. Suitable host cells can be mammalian cells, e.g. CHO,
COS or HEK293 cells. Alternatively, insect cells, bacterial cells or fungal cells can
be used. In preferred embodiments, yeast cells or cells from other Aspergillus
species than A. fumigatus are used. Methods for heterologous expression of
polynucleotide sequences in the cell types listed above and subsequent purification
of the produced polypeptides are well-known to those skilled in the art.

Preferably, polypeptides, fragments and polynucleotides of the invention are
isolated.
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Vaccination R

Exposure of a fungal polypeptide or a fragment thereof to the extracellular space
often allows it to be detected by the immune system of a host organism. If such a
polypephde furthermore has a relatively high copy number, such as is the case for
the extracellular polypeptides of this invention, such a polypeptide or a fragment
thereof becomes particularly suitable as a target for antibodies.

In an important aspect, the invention relates to usé of any one or more of the
polypeptides, polynucleotides or compositions as defined herein for the manufacture
of a medicament,' preferably a vaccine. Such a medicament can preferably be used
for prevention (i.e. prophylactic treatment) of Aspergillus infections in a mammal. In
such use the polypeptide, polynucleotide or composition is used for active
immunisation or vaccination. Accordingly, the invention also relates to a medicament
for treating Aspergillus infections comprising a polypeptide, polynucleotide or

composition of the invention as an active ingredient.

Thus, the invention relates to a vaccine comprising a pharmaceutically-acceptable

carrier and

- a polypeptide comprising a sequence selected from the group of extracellular
Aspergillus fumigatus sequences of SEQ ID NO:1-6, or an antigenic fragment of
any of said sequences,
or

- apolynucleotide comprising a sequence encoding said polypeptide or fragment.

Furthermore, the invention relates to a method of treatment comprising the step of
administering to an individual a pharmaceutically effective amount of any of the
polypeptides, polynucleotides or compositions of the invention. 'Preferably,‘ the
treatment generates a protective immune response. Preferably, the medicament is
used for the treatment or prophylactic treatment of a human being. Preferred
embodiments include the use of any of the polypeptides set forth in SEQ ID
NO:1,2,3 or 36 or fragments of these polypeptides for said manufacture of said
medicament or said method of treatment, preferably any of the preferred polypeptide

fragments defined herein.
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In preferred embodiments of this method, said polypeptide is selected from the
group of SEQ ID NOs:1, 2, 3, 5, 6, and 36. In a more preferred embodiment, the
polypeptide that is provided is Cssl (SEQ ID NO:1) or a fragment thereof, preferably
a fragment comprising one or more residues of the amino-acid sequences set forth
in SEQ ID NO:7,8,17,26,28,29 and/or 30, or a variant of said polypeptide. In another
more preferred embodiment, the polypeptide that is provided is hydrophobin (SEQ
ID NO:2) or a fragment thereof, preferably a fragment comprising one or more
residues of the amino-acid sequences set forth in SEQ ID NO:9,10,18 and/or 19, or
a variant of said polypeptide: In a further more preferred embodiment GAPDH-B
(SEQ ID NO:3) or a fragment thereof, preferably a fragment comprising one or more
residues of the amino-acid sequences set forth in SEQ ID NO:11,12,20,21,22,31,32.
and/or 33, or a variant of GAPDH-3 or the fragment is provided. In a still further
more preferred embodiment, the polypeptide that is provided is catalase A (SEQ ID
NO:6) or a fragment thereof, preferably a fragment comprising one or more residues
of the amino-acid sequence set forth in SEQ ID NO:34, or a variant of said
polypeptide. In a further more preferred embodiment, the polypeptide that is
provided is isopropylmalate dehydrogenase B (SEQ ID NO:36) or a variant or
fragment thereof, preferably a fragment comprising one or more residues of the
amino-acid sequence set forth in SEQ ID NO:37.

In other preferred embodiments, a fragment selected from the group of SEQ NO:7-
34 and 37 is provided, preferably a fragment selected from the group of SEQ ID
NO:7-16, such as the fragment set forth in SEQ ID NO:7, or the fragment set forth in
SEQ ID NO:8, or the fragment set forth in SEQ ID NO:9, or the fragment set forth in
SEQ ID NO:10, or the fragment set forth in SEQ 1D NO:11, or the fragment set forth
in SEQ ID NO:12, or the fragment set forth in SEQ ID NO:13, or the fragment set
forth in SEQ ID NO:14, or the fragment set forth in SEQ ID NO:15, or the fragment
set forth in SEQ ID NO:16.

Active immunisation or vaccination may be done in different ways, such as raising
anti-protein antibodies indirectly using DNA immunisation techniques or directly
using the polypeptide or a fragment thereof. The polypeptide may be administrated
to said mammal more than once, such as twice, for example 3 times, such as 3to 5
times, for example 5 to 10 times, such as 10 to 20 times, for example 20 to 50 times,
such as more than 50 times. It is also possible that different polypeptides or
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fragments are administered to the same mammal, either simultaneously of
sequentially in any order. Administration may be done by any suitable method, for
example parenterally, orally or topically. Preferably, however it is administered by
injection, for example intramuscular, intradermal, intravenous or subcutaneous

injection, more preferably by subcutaneous or intravenous injection.

Methods for determining suitable protocols for active immunisation, such as
determining dosage, use of adjuvants and/or pharmaceutically acceptable carriers
are known to those skilled in the art. Various adjuvants can be used to increase the
immunological response, depending on the host species, including, but not limited
to, Freund's (complete and incomplete), mineral gels such as aluminum hydroxide,
surface active substances such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanin, dinitrophenol, and potentially
useful human adjuvants such as BCG (bacille Calmette-Guerin) and

Corynebacterium parvum.

Antibodies

In another main aspect, the invention relates to isolated antibodies capable of
binding an extracellular Aspergillus fumigatus polypeptide selected from the group
consisting of isopropylmalate dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID
NO:1), hydrophobin (SEQ ID NO:2), GAPDH-B (SEQ ID NO:3), and catalase A
(SEQ ID NO:6).

In preferred embodiments, the antibody is capable of binding a polypeptide selected
from the group consisting of isopropylmalate dehydrogenase B (SEQ ID NO:36),
Cssl (SEQ ID NO:1) and catalase A (SEQ ID NO:6). More preferably, the antibody is
capable of binding a polypeptide selected from the group consisting of
isopropylmalate dehydrogenase B (SEQ ID NO:36) and Cssl (SEQ ID NO:1). Most
preferably, the antibody is capable of binding isopropylmalate dehydrogenase B
(SEQ ID NO:36).

Preferred affinities of the binding of the antibody to the target polypeptide include
those with a dissociation constant or Kd of less than 5 X 10*M, such as less than
10”M, e.g. less than 5 X 10°M, such as less than 10°M, e.g. less than 5 X 10°M,
such as less than 10°M, e.g. less than 5 X 10”M, such as less than 107M, e.g. less
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than 5 X 10®M, such as less than 10°M, e.g. less than 5 X 10°M, such as less than
10™°M, e.g. less than 5 X 107°M, such as less than 10"\, e.g. less than 5 X 10"\,
such as less than 10""M, e.g. less than 5 X 10°"2M, such as less than 1072V, e.g.
less than 5 X 10°*M, such as less than 10™M, e.g. less than 5 X 10°*M, such as
less than 10™M, e.g. less than 5 X 107M, or less than 10"°M. Binding constants
can be determined using methods well-known in the art, such as ELISA (e.g. as
described in Orosz and Ovadi (2002) J. Immunol. Methods 270:155-162) or surface

plasmon resonance analysis.

In preferred embodiments, the antibody of the invention is capable of binding an
intact Aspergillus fumigatus cell, i.e. capable of binding a living or a dead Aspergillus
cell which has maintained its structural integrity, preferably a cell that has
maintained the integrity of the plasma membrane (i.e. wherein the plasma
membrane is not permeabilised). Binding of antibodies to intact cells can e.g. be

tested as described in the Examples herein.

In further preferred embodiments, the antibody of the invention, or at least an Fab
fragment thereof, is capable of reducing the adhesion of Aspergilius fumigatus
conidia to lung epithelia in an in vitro assay set-up as described herein in the
Examples, preferably reducing said adhesion with at least 20%, such as at least
40%, e.g. at least 60% or at least 80%.

Furthermore, it is preferred that the antibody of the invention, or at least an Fab
fragment thereof, is capable of reducing the germination of Aspergillus fumigatus
conidia in an in vitro assay set-up as described herein in the Examples, preferably
reducing said adhesion with at least 20%, such as at least 40%, e.g. at least 60% or
at least 80%.

The antibodies of the invention are capable of specifically recognising and binding
an Aspergillus fumigatus target polypeptide selected from the group of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:6 and SEQ ID NO:36. ‘specifically’
is, in this content, not intended to mean absolute specificity. Thus, ‘species-specific’
is used when it is intended to indicate that the antibody cannot bind to homologous

polypeptides from other fungi.
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In some embodiments, the antibody of the invention is, in addition to being capable
of binding an Aspergillus fumigatus polypeptide, ‘capable of binding a homologous
polypeptide from another fungus. E.g. in these embodiments, the antibody of the
invention is further capable of binding a homologous polypeptide, wherein the
homologous polypeptide has a sequence identity of 39% or more, such as 42% or
more, e.g. 48% or more, such as 68% or more, e.g. 80% or more, such as 90% or
more, to a polypeptide selected from the group consisting of isopropyimalate
dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID NO:1), hydrophobin (SEQ ID
NO:2), GAPDH-B (SEQ ID NO:3), and catalase A (SEQ ID NO:6). Preferred are
antibodies that are capable of binding a homologous polypeptide originating from
one of the following species:

- an Aspergillus species, such as Aspergillus fumigatus, Aspergillus nidulans,
Aspergillus niger, or Aspergillus oryzea,

- Neurospora crassa,

- Saccharomyces cerevisiae,

- a Candida species such as Candida albicans,

- a Coccidioides species, such as Coccidioides posadasii, or Coccidioides immitis,

- a Cryptococcus species, such as Cryptococcus neoformans var. neoformans,

- a Fusarium species,

- a Pneumocystis species,

- a Penicillium species,

- Histoplasma capsulatum.

More preferably, the homologous polypeptide originates from

- an Aspergillus species, such as Aspergillus fumigatus, Aspergillus nidulans,
Aspergillus niger or Aspergillus oryzea,

- Candida albicans,

- Coccidioides posadasii,

or

- Cryptococcus neoformans var. neoformans.

In one specific embodiment, the antibody of the invention further recognises a
homologous polypeptide which also originates from Aspergillus fumigatus, such as
the polypeptide of SEQ ID NO:41. ‘

In preferred examples of the type of embodiments described above, said

homologous polypeptide is also extracellular. Thus, the antibody capable of binding
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both an Aspergillus fumigatus polypeptide as well as a homologous polypeptide, wil
be capable of binding an intact cell of any one or more of the species from which the
homologous polypeptide originates, i.e. one of

- an Aspergillus species other than Aspergillus fumigatus, such as Aspergillus
nidulans, Aspergillus niger, or Aspergillus oryzea,

- Neurospora crassa,

- Saccharomyces cerevisiae,

- a Candida species such as Candida albicans,

- a Coccidioides species, such as Coccidioides posadasii, or Coccidioides immitis,

- a Cryptococcus species, such as Cryptococcus neoformans var. neoformans,

- a Fusarium species,

- a Pneumocystis species,

- a Penicillium species,

and

- Histoplasma capsulatum.

Bindin'g of the antibodies of the invention to homologous polypeptides and/or other
intact cells of other fungi can be tested by the method described herein in the

Examples or by other standard methods known in the art.

In preferred embodiment, the antibody of the invention is capable of binding one or
more amino acid residues comprised within a region of SEQ ID NO:36 that has
significant identity to homologous polypeptides from other fungi, such as regions of
SEQ ID NO:36 that have identity with a homologous polypeptide of 4,5,6,7,8 or
more consecutive amino acids. Most preferably, antibody of the invention
recognises an epitope which is entirely consisting of residues comprised within one
of these regions of SEQ ID NO:36. In particular the following regions are preferred:
Ser67-Leu71, Ala74-Trp80, Ser191-Arg205, Leu268-Leu273, His292-Pro296,
Glu355-11e360, Asp193-Glu209, Asp193-Ala199, lle15-Val19, Val75-Trp80, and
Pro11-Glu18. Further preferred are antibodies that bind to an epitope of SEQ D
NO:36 which comprises one or more residues of SEQ ID NO:37. Methods for
epitope mapping are well known in the art. '
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In a different set of embodiments, the antibody of the invention is not capable of
binding intact cells from one or more another fungi. For instance, in one such
embodiment, the antibody is not capabie of binding an intact cell of any of

- Neurospora crassa,

- Saccharomyces cerevisiae,

-~ Candida albicans,

- Coccidioides posadasii, or Coccidioides immitis,

- Cryptococcus neoformans var. neoformans,

or

- Histoplasma capsulatum.

More preferably, the antibody of the invention is not capable of binding an intact cell
of any of

- Aspergilius nidulans

- Aspergillus niger

- Aspergillus oryzea,

- Neurospora crassa,

- Saccharomyces cerevisiae,

- Candida albicans,

- Coccidioides posadasii, or Coccidioides immitis,

- Cryptococcus neoformans var. neoformans,

or

- Histoplasma capsulatum.

In one specific embodiment, the antibody of the invention is species-specific, i.e. not
capable of binding homologous polypeptides or intact cells from other fungi than

Aspergillus fumigatus.

The invention also relates to pharmaceutical compositions comprising an antibody of

the invention and a pharmaceutically-acceptable carrier.

Raising antibodies and functional equivalents

In another aspect, the invention relates to a method for raising specific antibodies to

a polypeptide selected from the group of polypeptides set forth in SEQ ID NOs: 1-6

and 36 in a non-human animal comprising the steps of

a. providing a polypeptide selected from the group of polypeptides set forth in SEQ
ID NOs: 1-6 and 36 or a polypeptide selected from the group of the polypeptide
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fragments as defined in the present application, or a cell expressing any of these

polypeptides,

b. introducing a composition comprising said polypeptide or said cell into said

animal,
raising antibodies in said animal, and

d. isolating and optionally purifying the antibodies.

In one embodiment of the above method, the polypeptide that is provided is Cssl
(SEQ ID NO:1) or a fragment thereof, or a variant of said polypeptide. In another
embodiment of the above method, the polypeptide that is provided is hydrophobin
(SEQ ID NO:2) or a fragment thereof, or a variant of said polypeptide. In yet another
embodiment of the above method, the polypeptide that is provided is GAPDH-B
(SEQ ID NO:3) or a fragment thereof, or a variant of said polypeptide. In a yet
further embodiment of the above method, wherein the polypeptide that is provided is
catalase A (SEQ ID NO:6) or a fragment thereof, or a variant of said polypeptide.
And in an even further embodiment of the above method, the polypeptide that is
provided is isopropylmalate dehydrogenase B (SEQ ID NO:36) or a fragment
thereof, or a variant of said polypeptide.

Antibodies include polyclonal antibodies, monoclonal antibodies, human, humanised
or chimeric antibodies, single-chain antibodies, and also Fab fragments, F(ab’),
fragments, fragments produced by a Fab expression library, anti-idiotypic
antibodies, hybrids comprising antibody fragments, and epitope-binding fragments
of any of the these. The term also includes mixtures of monoclonal antibodies.

In some embodiments, the antibody of the invention is polyclonal. Polyclonal
antibodies are heterogeneous populations of antibody molecules derived from the

'sera of animals immunised with an antigen, such as one of the extracellular

polypeptides identified by the inventors, or a fragment, epitope or variant thereof.
For the production of polyclonal antibodies, host animals can be immunised by
injection with the polypeptide supplemented with adjuvants. The antibody titer in the
immunised animal can be monitored over time by standard techniques, such as
ELISA using immobilised polypeptide. If desired, the antibody molecules can be
isolated from the animal, for instance from the blood, and further purified by well-

known techniques, such as protein-A chromatography, to obtain the IgG fraction.



WO 2004/108765 PCT/DK2004/000407

10

15

20

25

30

35

32

Thus, in a preferred embodiment, the above described method for generating an
immune response comprises a step d. of isolating and purifying antibodies

generated in said immune response.

In other embodiments, the antibody of the invention is monoclonal. Monoclonal
antibodies, which are homogeneous populations of antibodies to a particular
epitope, can be obtained by any technique which provides for the production of
antibody molecules by continuous cell-lines in culture. These include, but are not
limited to the hybridoma technique of Kohler and Milstein ((1975) Nature 256, 495-
497; and U.S. 4,376,110), the human B-cell hybridoma technique (Kosbor et al.,
1983, Immunology Today 4, 72; Cole et al., 1983, Proc. Natl. Acad. Sci. USA 80,
2026-2030), and the EBV-hybridoma technique (Cole et al., 1985, Monoclonal
Antibodies And Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). SuchA antibodies can
be of any immunoglobulin class including 1gG, IgM, IgE, IgA, IgD and any subclass
thereof. A preferred class is IgG1. The hybridoma producing the monoclonal

antibody of this invention can be cultivated in vitro or in vivo.

Alternative to preparing monoclonal antibody-secreting hybridomas, a monocional
antibody directed against a polypeptide of the invention can be identified and
isolated by screening a recombinant combinatorial immunoglobulin library (e.g., an
antibody phage-display library) with the polypeptide of interest or a fragment thereof.
Kits for generating and screening phage display libraries are commercially available
(e.g., the Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-
01; and the Stratagene SurfZAP™ Phage Display Kit, Catalog No. 240612).
Additionally, examples of methods and reagents particularly amenable for use in
generating and screening antibody display library can be found in, for example, U.S.
5,223,409; WO 92/18619; WO 91/17271; WO 92/20791 ; WO 92/15679 ; WO
93/01288; WO 92/01047;, WO 92/09690; WO 90/02809; Fuchs et al. (1991) ’
Bio/Technology 9: 1370-1372; Hay et al.(1992) Hum. Antibod. Hybridomas 3, 81-85;
Huse et al. (1989) Science 246, 1275-1281; and Griffiths et al. (1993) EMBO J. 12,
725-734.

Additionally, recombinant antibodies, such as chimeric‘ and humanised monoclonal
antibodies comprising both human and ﬁon—hqman portidns, which can be made
using standard recombinant DNA techniques, are within the scope of the invention.
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A chimeric antibody is a molecule in which different portions are derived from

- different animal species, such as those having a variable region derived from a

murine mAb and a human immunoglobulin constant region. (See, e.g., UsS.
4,816,567; and U.S. 4,816,397, which are incorporated herein by reference in their
entirety.) Humanised antibodies are antibody molecules from non-human species
having one or more complementarity-determining regions from the non-human
species and a framework region from a human immunoglobulin molecule. (See, e.g.
U.S. 5,585,089, which is incorporated herein by reference in its entirety.) Such
chimeric and humanised monoclonal antibodies can be produced by recombinant
DNA techniques known in the art, for example using methods described in WO
87/02671 ; European Patent Application 184,187; European Patent Application
171,496; European Patent Application 173,494; WO 86/01533; U.S. 4,816,567;
European Patent Application 125,023. Better et al. (1988) Science 240:1041 -1043;
Liu et al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443: Liu et al. (1987) J.
Immunol. 139:3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA 84:214-218;
Nishimura et al. (1987) Cancer Res. 47:999-1005; Wood et al. (1985) Nature
314:446-449; and Shaw et al. (1988) J. Natl. Cancer Inst. 80:1553-1559); Morrison
(1985) Science 229:1202-1207; Oi et al. (1986) Bio/Techniques 4:214: U.S. Pat. No.
5,225,539; Jones et al. (1986) Nature 321:552-525; Verhoeyen et al. (1988) Science
239:1534-1536; Beidler et al. (1988) J. Immunol. 141:4053-4060: and Westin Kwon
et al. (2002) Clin. Diagn. Lab. Immunol. 9, 201-204.

In a highly preferred embodiment, the antibody of the invention is a human antibody.
Completely human antibodies are particularly desirable for therapeutic treatment of
human patients. Such antibodies can be produced using fransgenic mice which are
incapable of expressing endogenous immunoglobulin heavy and kappa light chains
genes, but which can express human heavy and light chain genes. The transgenic
mice are immunised in the normal fashion with a selected antigen, e.g., all or a
fragment of a polypeptide of the invention. Monoclonal antibodies directed against
the antigen can e.g. be obtained using conventional hybridoma technology. The
human immunoglobulin transgenes harboured by the transgenic mice rearrange
during B cell differentiation, and subsequently undergo class switching and somatic
mutation. Thus, using such a technique, it is possible to produce therapeutically
useful IgG, IgA and IgE antibodies. For an overview of this technology for producing
human antibodies, see Lonberg and Huszar (1995) Int. Rev. Immunol. 13: 65-93).
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For a detailed discussion of this technology for produbing human antibodies and
human monocional antibodies and protocols for producing such antibodies, see, e.g.
WO 02/43478; U.S. 5,625,126; U.S. 5,633,425; U.S. 5,569,825; U.S. 5,661,016;
and U.S. 5,545,806. Completely human antibodies which recognise a selected
epitope can be generated using a technique referred to as "guided selection”. In this
approach a selected non-human monoclonal antibody, e.g. a mouse antibody, is
used to guide the selection of a completely human antibody recognising the same
epitope (see Jespers et al. (1994) Bio/Technology 12, 899-903).

Highly suitable methods for the production of human monoclonal antibodies have
been described in WO 04/035607 (Genmab) and WO 04/043989 (Medarex). Further
similar methods have been described in WO 03/017935 (Genmab), WO 02/100348
(Genmab), WO 02/064634 (Medarex) and WO 03/040169 (Medarex).

Antibody fragments which recognise specific epitopes can be generated by known
techniques. For example, such fragments include but are not limited to: F(ab'),
fragments which can be produced by pepsin digestion of the antibody molecule and
Fab fragments which can be generated by reducing the disulfide bridges of the
F(ab'), fragments. Alternatively, Fab expression libraries can be constructed (Huse
et al. (1989) Science 246, 1275-1281) to allow rapid and easy identification of

monoclonal Fab fragments with the desired specificity.

Antibodies of the invention also include bispecific antibodies having two binding
specificities, of which at least one is a specificity for a polypeptide selected from the
group of SEQ ID NO:1-6 and 36, preferably selected from the group of SEQ ID
NOs:1-4 and 36.

In preferred embodiments, the antibody of the invention is purified.

Antibody treatment

Antibodies can be used for passive immunisation of mammals, preferably human
beings, more preferably immunocompromised patients. A treatment with antibodies
can be done to cure or to prevent Aspergillus infections. 'Thus, the invention relates
to use of an antibody as defined herein for the manufacture of a medicament,

preferably a medicament for the treatment of fungal infections or the prophylactic
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treatment (prevention) of fungal infections, preferably Aspergillus infections, such as
Aspergillus fumigatus infections. Examples of fungal infections are invasive
aspergillosis, aspergilloma, and allergic aspergillosis, such as allergic
bronchopulmonary aspergillosis.

Formulated in another way, the invention relates to an antibody as defined herein or
a composition as defined herein for use as a medicament. The invention also relates
to a method of treatment comprising the step of administering to an individual a
pharmaceutically-effective amount of an antibody of the invention as defined herein,
and to a medicament for treating Aspergillus infections comprising an antibody of

the invention as an active ingredient.

Antibodies of the invention may be mechanistically divided into the following
preferred groups:

1. Function-inhibiting antibodies that work as an antifungal (i.e. affect the viability of
the fungus, including both fungicidal and fungistatic effects). Such antibodies should
be effective regardless of the immune status of the patient. This category of
antibodies includes pathogenesis-inhibiting antibodies, which block a protein
required for disease (Adhesion/Invasion), and growth-inhibiting antibodies, which
block a protein required for germination and/or sporulation.

2. Opsonising antibodies that are designed to enhance phagocytic killing.
Effectiveness of such antibodies may depend on the immune status of the patient,
but it is very well possible that they will enhance phagocytic killing even in
compromised patients. Opsonising antibodies also comprise antibodies which
enhance clearance by the immune system via complement and phagocytosis.

3. Antibodies conjugated to a therapeutic moiety such as a toxin or fungicidal agent,
e g. ricin or radioisotopes, directed against fungal surface components. Techniques
for conjugating a therapeutic moiety to antibodies are well known, see, e.g. Thorpe
et al.(1982) Immunol. Rev. 62, 119-158. These antibodies should also be effective

regardless of the immune status of the patient.

Validation of targets and antibodies can be done by the following methods known in
the art:
- Invasion assays - test whether invasion of Aspergillus into lung cells is prevented
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- Adhesion assays — test whether adhesion to and colonisation of lung cells is
prevented _

- Germination assays — test whether growth and germination is prevented

- Opsonisation assay — test whether function ié inhibited, and clearance is eased

- Aggregation assays — test whether clumping is prevented, and whether clearance

is eased

- Invasive disease animal models — test whether disease is prevented

In another aspect, the present invention provides a composition, e.g., a
pharmaceutical composition, comprising an antibody, e.g. a human monoclonal
antibody of the present invention. The pharmaceutical compositions may be
formulated with pharmaceutically acceptable carriers or diluents as well as any other
known adjuvants and excipients in accordance with conventional techniques such
as those disclosed in Remington: The Science and Practice of Pharmacy, 19th
Edition, Gennaro, Ed., Mack Publishing Co., Easton, PA, 1995.

The pharmaceutical composition may be administered by any suitable route and
mode. As will be appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results. The pharmaceutical
compositions of the present invention include those suitable for oral, nasal, topical
(including buccal and sublingual), rectal, vaginal and/or parenteral administration.
Formulations of the present invention which are suitable for vaginal administration
include. pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing such carriers as are known in the art to be appropriate. Dosage forms for
the topical or transdermal administration of compositions of this invention include
powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches -and
inhalants.

The pharmaceutical composition is preferably administered parenterally. The
phrases "parenteral administration" and "administered parenterally” as used herein
means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid,
intra;pinal, epidural and intrasternal injection and infusion. In one embodiment the
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pharmaceutical composition is administered by intravenous or subcutaneous

injection or infusion. In one embodiment the antibodies of the invention are

administered in crystalline form by subcutaneous injection, cf. Yang et al. (2003)

PNAS, 100(12):6934-6939. -

Regardless of the route of administration selected, the compounds of the present
invention, which may be used in the form of a pharmaceutically acceptable salt or in
a suitable hydrated form, and/or the pharmaceutical compositions of the present
invention, are formulated into pharmaceutically acceptable dosage forms by
conventional methods known to those of skill in the art.

As used herein, "pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonicity agents,
antioxidants and absorption delaying agents, and the like that are physiologically
compatible. Pharmaceutically acceptable carriers include sterile aqueous solutions
or dispersions and sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersion. The use of such media and agents for
pharmaceutically active substances is known in the art. Except insofar as any
conventional media or agent is incompatible with the active compound, use thereof
in the pharmaceutical compositions of the invention is contemplated. Preferébly, the
carrier is suitable for parenteral administration, e.g. intravenous or subcutaneous
injection or infusion. Pharmaceutical compositions typically must be sterile and
stable under the conditions of manufacture and storage. The composition can be
formulated as a solution, microemulsion, liposome, or other ordered structure
suitable to high drug concentration. Examples of suitable aqueous and non-aqueous
carriers which may be employed in the pharmaceutical compositions of the invention
include water, ethanol, polyols (such as glycerol, propylene glycol, polyethylene
glycol, and the like), and suitable mixtures thereof, vegetable oils, such as olive oil,
and injectable organic esters, such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials, such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use
of surfactants. The pharmaceutical compositions may also contain adjuvants such
as preservatives, wetting agents, emulsifying agents and dispersing agents.

Prevention of presence of microorganisms may be ensured both by sterilization

- procedures and by the inclusion of various antibacterial and antifungal agents, for
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example, paraben, chlorobutanol, phenol, sorbic acid, and the like. It may also be
desirable to include isotonicity agents, such as sugars, polyalcbhols such as
mannitol, sorbitol, glycerol or sodium chloride in the compositions. Pharmaceutically-
acceptable antioxidants may also be included, for example (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride," sodium bisulfate,
sodium metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as
ascorbyl palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating
agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric
acid, phosphoric acid, and the like. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent that
delays absorption, for example, monostearate salts and gelatin. Sterile injectable
solutions can be prepared by incorporating the active compound in the required
amount in an appropriate solvent with one or a combination of ingredients e.g. as
enumerated above, as required, followed by sterilization microfiltration. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle
that contains a basic dispersion medium and the required other ingredients e.g. from
those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum drying and
freeze-drying (lyophilization) that yield a powder of the active ingredient plus any
additional desired ingredient from a previously sterile-filtered solution thereof.

If appropriate, the antibody may be used in a suitable hydrated form or in the form of
a pharmaceutically acceptable salt. A "pharmaceutically acceptable salt" refers to a ‘
salt that retains the desired biological activity of the parent compound and does not
impart any undesired toxicological effects (see e.g., Berge, S.M., et al. (1977) J.
Pharm. Sci. 66:1-19). Examples of such salts include acid addition salts and base
addition salts. Acid addition salts include those derived from nontoxic inorganic
acids, such as hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic,
phosphorous and the like, as well as from nontoxic organic acids such as aliphatic
mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy alkanoic

acids, aromatic acids, aliphatic and aromatic sulfonic acids and the like. Base

addition salts include those derived from alkaline earth metals, such as sodium,

potassium, magnesium, calcium and the like, as well as from nontoxic organic
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amines, such as N,N'-dibenzylethylenediamine, N-methylglucamine, chloroprocaine,

choline, diethanolamine, ethylenediamine, procaine and the like.

Depending on the route of administration, the active compound, i.e., antibody, and
bispecific/multispecific molecule, may be éoated in a material to protect the
compound from the action of acids and other natural conditions that may inactivate
the compound. For example, the compound may be administered to a subject in an
appropriate carrier, for example, liposomes. Liposomes include water-in-oil-in-water
CGF emulsions as well as conventional liposomes (Strejan et al. (1984) J.
Neuroimmunol. 7:27). The active compounds can be prepared with carriers that will
protect the compound against rapid release, such as a controlled release
formulation, including implants, transdermal patches, and microencapsulated
delivery systems. Biodegradable, biocompatible polymers can be used, such as
ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Methods for the preparation of such formulations are generally
known to those skilled in the art. See, e.g., Sustained and Controlled Release Drug
Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New York, 1978.

The pharmaceutical compositions can be administered with medical devices known
in the art. For example, in a preferred embodiment, a therapeutic composition of the
invention can be administered with a needleless hypodermic injection device, such
as the devices disclosed in US 5,399,163, US 5,383,851, US 5,312,335, US
5,064,413, US 4,941,880, US 4,790,824, or US 4,596,556. Examples of well-known
implants and modules useful in the present invention include: US 4,487,603, which
discloses an implantable micro-infusion pump for dispensing medication at a.
controlled rate; US 4,486,194, which discloses a therapeutic device for
administering medicaments through the skin; US 4,447,233, which discloses a
medication infusion pump for delivering medication at a precise infusion rate; US
4,447,224, which discloses a variable flow implantable infusion apparatus for
continuous drug delivery; US 4,439,196, which discloses an osmotic drug delivery
system having multi-chamber compartments; and US 4,475,196, which discloses an .
osmotic drug delivery system. Many other such implants, delivery systems, and

modules are known to those skilled in the art.
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In certain embédiments, the antibodies of the invention can be formulated to ensure
proper distribution in vivo. For example, the blood-brain barrier (BBB) excludes
many highly hydrophilic compounds. To ensure that the therapeutic compounds of
the invention cross the BBB (if desired), they can be formulated, for example, in
liposomes. For methods of manufacturing liposomes, see, 'e.g., US 4,522,811; US
5,374,548; and US 5,399,331. The liposomes may comprise one or more moieties
which are selectively transported into specific cells or organs, thus enhance targeted
drug delivery (see, e.g., V.V. Ranade (1989) J. Clin. Pharmacol. 29:685). Exemplary
targeting moieties include folate or biotin (see, e.g., US 5,416,016 to Low et al.);
mannosides (Umezawa et al., (1988) Biochem. Biophys. Res. Commun. 153:1038);
antibodies (P.G. Bloeman et al. (1995) FEBS Lett. 357:140; M. Owais et al. (1995)
Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe et al.
(1995) Am. J. Physiol. 1233:134), different species of which may comprise the
formulations of the inventions, as well as components of the invented molecules:
p120 (Schreier et al. (1994) J. Biol. Chem. 269:9090); see also K. Keinanen; M.L.
Laukkanen (1994) FEBS Left. 346:123; J.J. Kilion; 1J. Fidler (1994)
Immunomethods 4:273. In one embodiment of the invention, the therapeutic
compounds of the invention are formulated in liposomes; in a more preferred
embodiment, the liposomes include a targeting moiety. In a most preferred
embodiment, the therapeutic compounds in the liposomes are delivered by bolus
injection to a site proximal to the desired area, e.g., the site of infection. The
composition must be fluid to the extent that easy syringability exists. It must be
stable under the conditions of manufacture and storage and must be preserved
against the contaminating action of microorganisms such as bacteria and fungi.

In a further embodiment, the antibodies of the invention can be formulated to
prevent or reduce their transport across the placenta. This can be done by methods
known in the art, e.g., by PEGylation of the antibodies or by use of F(ab")2
fragments. Further references can be made to "Cunningham-Rundles C, Zhuo Z,
Griffith B, Keenan J. (1992) Biological activities of polyethylene-glycol
immunoglobulin conjugates. Resistance to enzymatic degradation. J Immunol
Methods. 152:177-190; and to "Landor M. (1995) Maternal-fetal transfer of
immunoglobulins, Ann Allergy Asthma Immunol 74:279-283.
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Dosage regimens are adjusted to provide the optimum desired response (e.g., a
therapeutic response). For example, a single bolus may be administered, several
divided doses may be administered over time or the dose may be proportionally
reduced or increased as indicated by the exigencies of the therapeutic situation. It is
especially édvantageous to formulate parenteral compositions in dosage unit form
for ease of administration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages for the subjects to
be ftreated; each unit contains a predetermined quantity of active compound

+ calculated to produce the desired therapeutic effect in association with the required

pharmaceutical carrier. The specification for the dosage unit forms of the invention
are dictated by and directly dependent on (a) the unique characteristics of the active
compound and the particular therapeutic effect to be achieved, and (b) the
limitations inherent in the art of compounding such an active compound fbr the
treatment of sensitivity in individuals. Actual dosage levels of the active ingredients
in the pharmaceutical compositions of the present invention may be varied so as to
obtain an amount of the active ingredient which is effective to achieve the desired
therapeutic response for a particular patient, composition, and mode of
administration, without being toxic to the patient. The selected dosage level will
depend upon a variety of pharmacokinetic factors including the activity of the
particular compositions of the present invention employed, or the ester, salt or
amide thereof, the route of administration, the time of administration, the rate of
excretion of the \particular compound being employed, the duration of the treatment,
other drugs, compounds and/or materials used in combination with the particular
compositions employed, the age, sex, weight, condition, general health and prior
medical history of the patient being treated, and like factors well known in the
medical arts. A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition
required. For example, the physician or veterinarian could start doses of the
compounds of the invention employed in the pharmaceutical composition at levels
lower than that required in order to achieve the desired therapeutic effect and
gradually increase the dosage until the desired effect is achieved. In general, a
suitable daily dose of a composition of the invention will be that amount of the
compound which is the lowest dose effective to produce a therapeutic effect. Such
an effective dose will generally depend upon the factors described above. It is

preferred that administration be intravenous, intramuscular, intraperitoneal, or
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subcutaneous, preferably administered proximal to the site of the target. If desired,
the effective daily dose of a therapeutic composition may be administered as two,
three, four, five, six or more sub-doses administered separately at appropriate
intervals throughout the day, optionally, in unit dosage forms. While it is possible for
a compound of the present invention to be administered alone, it is preferable to

administer the compound as a pharmaceutical formulation (composition).

In one embodiment, the antibodies according to the invention can be administered
by infusion in a weekly or daily dosage of from 10 to 500 mg/m2, such as of from
200 to 400 mg/m2. Such administration can be repeated, e.g., 1 to 8 times, such as
3 to 5 times. The administration may be performed by continuous infusion over a
period of from 2 to 24 hours, such as of from 2 to 12 hours. In another embodiment,
the human monoclonal antibodies can be administered by slow continuous infusion
over a long period, such as more than 24 hours, in order to reduce toxic side effects.
In still another embodiment the human monoclonal antibodies can be administered
in a weekly dosage of from 250 mg to 2000 mg, sgch as for example 300 mg, 500
mg, 700 mg, 1000 mg, 1500 mg or 2000 mg, for up to 8 times, such as from 4 to 6
times. The administration may be performed by continuous infusion over a period of
from 2 o 24 hours, such as of from 2 to 12 hours. Such regimen may be repeated
one or more times as necessary, for example, after 6 months or 12 months. In yet
another embodiment, the human monoclonal antibodies can be administered by
maintenance therapy, such as, e.g., once a week for a period of 6 months or more.

Combination treatment

The pharmaceutical composition of the invention may contain one or a combination
of antibodies of the invention. Thus, in a further embodiment, the pharmaceutical
compositions include a combination of multiple (e.g., two or more) isolated

antibodies of the invention which act by different mechanisms.

Treatment of antifungal infections as defined herein, for example passive
immunisation with antibodies specifically recognising and binding the extracellular
Aspergillus polypeptides as defined herein, can also be combined with any other
type of therapy, in particular other antifungal therapy. Thus, an antibody with or
without a therapeutic moiety conjugated to it can be used as a therapeutic that is

administered alone or in combination with antifungal chemotherapeutics or other
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therapeutic agents. For ihstance, treatment with an antibody as defined herein can
be combined with treatment with antifungal compounds, such as azoles (e.g.
fluconazole, itraconazole, ketoconazole, miconazole), amphotericin B, flucytpsine,
or echinocandins, such as Caspofungin. Alternatively, or in addition, treatment with
antibodies as defined herein can also be combined with treatment with other
antifungal antibodies, for instance antibodies directed against HSP90, such as
Mycograb (Matithews et al. (2003) Antimicr. Agents and Chemotherapy 47:2208-
2216).

Combination therapy can in some circumstances be more effective than single
component therapy. Combination therapy can be particularly useful for patients that
suffer from infection with multiple fungal species, for example patients having both a

Candida and an Aspergillus infections.

Binding partners and inhibitors of extracellular polypeptides

In addition to antibodies, it is of interest to identify other types of binding partners to
extracellular polypeptides. Extracellular polypeptides of a pathogenic fungus often
interact with the host organism. Any type of binding pariner of an extracellular
polypeptide may interfere with host-pathogen interaction. Binding partners may thus

antagonise the pathogenicity of the fungus.
Identification of binding partners of the exiracellular polypeptides set forth in SEQ ID
NO:1-6 and 36, or fragments thereof, is another main aspect of this invention. This

may be done using biochemical or cell-based methods.

Biochemical methods

In a main aspect, the invention relates to a method for identifying a binding partner

of a polypeptide of the invention and/or a polypeptide selected from the group of

SEQ ID NOs:1-6 and 36, comprising the steps of

a. providing a polypeptide of the invention as defined herein or a polypeptide
selected from the group of SEQ ID NOs:1-6 and 36,

b. contacting said polypeptide with a putative binding partner, and

c. determining whether said putative binding partner is capable of binding to s_aid
polypeptide.
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Thus, in one embodiment of the above method, the polypebtide that is provided is
Cssl (SEQ ID NO:‘1) or a fragment thereof, or a variant qf said polypeptide. In
another embodiment, the polypeptide that is provided is hydrophobin (SEQ ID NO:2)
or a fragment thereof, or a variant of said polypeptide. In another embodiment, the
polypeptide that is providedv is GAPDH-B (SEQ ID NO:3) or a fragment thereof, or a
variant of said polypeptide. In a yet other embodiment, the polypeptide that is
provided is catalase B (SEQ ID NO:5) or a fragment thereof, or a variant of said
polypeptide. In a further embodiment, wherein the polypeptide that is provided is
catalase A (SEQ ID NO:6) or a fragment thereof, or a variant of said polypeptide. In
an even further embodiment, wherein the polypeptide that is provided is
isopropylmalate dehydrogenase B (SEQ ID NO:36) or a fragment thereof, or a

variant of said polypeptide.

In a preferred embodiment of this method of the invention, said polypeptide is
selected from the group of SEQ ID NOs:1,2,3,5,6, and 36 such as the polypeptide
set forth in SEQ ID NO:1, or the polypeptide set forth in SEQ ID NO:2, or
polypeptide set forth in SEQ ID NO:3, or the polypeptide set forth in SEQ ID NO:5,
or the polypeptide set forth in SEQ ID NO:6 or the polypeptide set forth in SEQ ID
NO:36. In other preferred embodiments, an exposed domain, an epitope or a
fragment of one of the polypeptides set forth in SEQ ID NOs:1-6 and 36 comprising
one or more amino-acid residues of the sequences set forth in SEQ ID NO: 7-34
and 37 is provided in step a. In further preferred embodiments, a fragment selected
from the group of SEQ NO:7-34 and 37 is provided, preferably a fragment selected
from the group of SEQ ID NO:7-27 and 37, or a variant or fragment of any of the
amino-acid sequences set forth in SEQ ID NO:7-27 and 37.

In preferred embodiments of this method, the polypeptide or fragment thereof is
provided immobilised on a solid support, such as e.g. a column or microtiter plate,
and, after the contacting step, it is determined whether or not the putative binding
partner has bound to the solid support. Immobilisation of the polypeptide or fragment
thereof may be through direct binding to fhe solid support, or through indirect
binding e.g. using a specific antibody. In preferred embodiments, a washing step is
performed between the contacting step and the determination step, in order to’
improve the specificity of detection. In further preferred embodiments, the putative

binding partner is labelled. The putative partner may be labelled before the
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contacting takes place. Alternatively, labelling may also be performed after the
contacting step. Furthermore, in some embodiments of this method, immobilisation
may be performed after the polypeptide or fragment thereof has been bound to the
binding partner. In preferred embodiments, the method is repeated for a plurality of

putative binding partners. Putative binding partners include host-derived molecules.

Alternatively, a binding partner of a polypeptide of the invention or of a polypeptide
selected from the group of SEQ ID NO:1,2,4,5, 6 and 36 may be identified as
follows: purified host membranes are electrophoretically separated, blotted over to a
membrane and incubated with the polypeptide of interest or fragment thereof.
Binding can then be detected using antibodies specific for the polypeptide of interest
or fragment thereof. The host binding partner to which the polypeptide or fragment
thereof has bound can subsequently be identified by elution from the blot and
subsequent analysis by mass spectrometry, or by any other technique known in the
art.

If the binding partner of an extracellular polypeptide of a pathogenic organism is a

host-derived molecule, then such an interaction between the extracellular

polypeptide and the host may be important for the virulence of the fungus.

Compounds that interfere with the interaction of the extracellular polypeptide and the

host binding partner may thus be suitable for prevention or treatment of fungal

infections. Accordingly, another method of the invention relates to a method of

identifying an inhibitor of the interaction of an extracellular Aspergillus polypeptide

selected from the group of SEQ ID NO:1-6 and 36 or fragment thereof with a host-

derived binding partner comprising the steps of:

a. providing a polypeptide selected from the group of SEQ ID NO:1-6 and 36, or a
fragment thereof,

b. providing a host-derived binding partner of said polypeptide

c. contacting said polypeptide with said host-derived binding partner in the
absence of a putative inhibitor of said interaction

d. contacting said polypeptide with said host-derived binding partner in the
presence of said putative inhibitor

e. determining whether the strength of the binding of said polypeptide to said host-
derived binding partner resulting from step d. is reduced as compared to that

resulting from step c.
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In some embodiments, step c. and d. may be performed in two different sample

" compartments. In other embodiments, step d. may be performed by adding the

putative inhibitor to the mixture of step c. In preferred embodiments, a fragment
selected from the group of SEQ ID NO:7-34 and 37 is provided in step a. In other

~ preferred embodiments, the polypeptide of SEQ ID NO:1,2,3,5, 6, or 36 is provided.

In further preferred embodiments, the method is repeated for a plurality of putative
inhibitors. Of further particular interest are binding partners that inhibit an activity of
an extracellular polypeptide. Such activity may be enzymatic activity, transport
activity, or any type of other biochemical or cellular activity, preferably enzymatic
activity. Inhibitors of IMDH B, GAPDH, enolase or catalase may be screened for
using known biochemical assays of the enzymes, such as the catalase assay kit of
CALBIOCHEM, cat. no. 219263, and e.g. the assays described in Pirrung et al.
(1996) J Org Chem 61, 4527-4531; Bartolini et al. (2003) J. Chromatogr. 987, 331-
340; Lal et al.(1991) Plant Mol. Biol. 16, 787-795; Machida et al. (1996) Biosci
Biotechnol Biochem 60, 161-163; and Maitra and Lobo (1971) J Biol Chem 248,
475-88.

Cell-based methods

Reducing the level of an extracellular polypeptide, by deletion or disruption of the
structural gene for it or by down-regulating gene expression (see below), may affect
a fungal cell. The cell may become more sensitive to cytotoxic compounds.
Especially for extracellular polypeptides, a reduction of their level may affect the
function of the cell’s exterior parts, such as the plasma membrane or cell wall, in
preventing compounds of entering the cell. Thus, reduction of the level of an

extracellular polypeptide can make a cell more ‘permeable’ for various compounds.

An aspect of the preseht invention relates to a method for identifying a compound
with anti-Aspergillus fumigatus activity comprising the steps of

a. providing a sensitised cell which has a reduced level of a polypeptide selected
from tHe group of SEQ ID NO:1-6 and 36, and

b. determining the sensitivity of said cell to a putative inhibitor, for instance by a
growth assay. '
In a preferred embodiment, a sensitised cell which has a reduced level of a
polypeptide selected from the group of SEQ ID NO:1,2,3,5, 6, and 36 is provided in

step a. In an even more preferred embodiment of the method, a sensitised cell
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which has a reduced level of Cssl (SEQ ID NO:1), hydrophobin (SEQ ID NO:2),
GAPDH (SEQ ID NO:3), catalase A (SEQ ID NO:6), or isopropylmalate
dehydrogenase B (SEQ ID NO:36) is provided.

The rationale behind this approach is that a cell with a lower level of the extracellular
polypeptide will exhibit increased sensitivity to cytotoxic compounds, allowing
identification of antifungal compounds with low potency that are missed when using
wild-type cells for the assay. Compounds identified by this method will be often need
to be modified in order to improve potency. This can be done by chemical
modification. In preferred embodiments, the method is repeated for a plurality of
putative binding partners.

Inhibition of the activity of an extracellular polypeptide may affect the viability (i.e.
survival, growth and/or proliferation) of the fungus. Of particular interest is inhibition
of extracellular polypeptides that are essential for viability of A. fumigatus.
Essentiality of an Aspergillus gene - may be‘investigated e.g. using regulatable
expression as. described in WO 02/086090. Inhibitors of essential extracellular
polypeptides may not need to enter the fungal cell to be able to affect its viability.
Thus, generally fewer requirements are posed on the structure of an inhibitor of
essential extracellular target polypeptide than on an inhibitor of an intracellular

target, to be effective as an antifungal agent.

Thus, the invention relates to a method for identifying an inhibitor of an extracellular
Aspergillus fumigatus polypeptide selected from the group of SEQ ID NO:1-6 and 36
comprising the steps of

a. providing two cells which differ in the level of a polypeptide selected from the
group of SEQ ID NO:1-6 and 36, '

b. determining the sensitivity of said cells to a putative inhibitor, for instance by a
growth assay, and

c. determining whether said two cells are differently affected by the presence of said
putative inhibitor.

The rationale behind this approach is that the viability of a cell with a lower activity of
the essential polypeptide will be more affected by an inhibitor of the polypeptide than
the viability of the cell with a higher level. If the two cells are differently affected, this

is an indication that the inhibitor acts on the target or in the same biochemical
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pathway. In a preferred embodiment of the method, said polypeptide is Cssl (SEQ
ID NO:1), GAPDH (SEQ ID NO:3), catalase A (SEQ ID NO:6), or isopropylmalate
dehydrogenase B (SEQ ID NO:36).

In some embodimenis of the method, the two cells with different activity of the
polypeptide of interest are a wild-type cell (or other cell with wild-type activity of the
gene of interest) and a sensitised cell with a reduced activity of the polypeptide of
interest. In some embodiments, the different or reduced level in the sensitised cell
can be a different or reduced expression level of the gene of interest (resulting in a
different or reduced copy number of the polypeptide). This can be accomplished by

putting the gene under conirol of a regulatable promoter or by regulatable

expression of an antisense RNA which inhibits translation of an mRNA encoding the
essential polypeptide. In other embodiments, the different or reduced activity can be
a different or reduced activity of the polypeptide of interest, e.g. due to a mutation,
such as a temperature-sensitive mutation. In preferred embodiments, the method is

repeated for a plurality of putative binding partners.

Suitable ways of generating sensitised cells and of using these in screening for
inhibitors have been described in WO 02/086090. Sensitised cells may be obtained
by growing a conditional-expression A. fumigatus mutant strain in the presence of a
concentration of inducer or repressor which provides a level of a gene product
required for fungal viability such that the presence or absence of its function
becomes a rate-determining step for viability. A number of suitablé regulatable
promoters for constructing such conditional-expression mutants of Aspergillus is
described in WO 02/086090, page 76, line 34 through page 85, line 4. For example,
if the regulatable promoter is repressed by tetracycline, the conditional-expression
Aspergillus fumigatus mutant strain may be grown in the presence of partially
repressing concentrations of tetracyline. The sub-lethal concentration of inducer or
repressor may be any concentration consistent with the intended use of the assay.
For example, the sub-lethal concentration of the inducer or repressor may be such
that growth inhibition is at least about 10%, such as at least about 25%, e.g. at least
about 50%, such as at least about 75%, e.g. at least 90%, such as at least 95%.

Similarly, the virulence or pathogenicity of cells exposed to a candidate compound

which express a rate-limiting amount of a gene product required for virulence or
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pathogenicity may be compared to the virulence or pathogenicity of cellé exposed to
the candidate compound in which the level of expression of the gene product
required for virulence or pathogenicity is not rate-limiting. In éuch methods, test
animals are challenged with the conditional-expression A. fumigatus mutant strain
and fed a diet containing the desired amount of tetracycline and the candidate
compound. Thus, the conditional-expression mutant strain infecting the test animals
expresses a rate limiting amount of a gene product required for virulence or
pathogenicity (i. e. the conditional-expression mutant cells in the test animals are

sensitised). Control animals are challenged with the conditional-expression mutant

~ strain and are fed a diet containing the candidate compound but lacking tetracycline.

The virulence or pathogenicity of the conditional-expression A. fumigatus mutant
strain in the test animals is compared to that in the control animals. For example, if a
significant difference in growth is observed between the sensitised conditional-
expression mutant cells (i. e. the cells in animals whose diet included tetracycline)
and the non-sensitised cells (i. e. the conditional-expression mutant cells animals
whose diet did not include tetracycline), the candidate compound may be used to
inhibit the virulence or pathogenicity of the organism or may be further optimised to
identify compounds which have an even greater ability to inhibit the virulence or
pathogenicity of the organism. Virulence or pathogenicity may be measured using

the techniques known in the art.

In another embodiment of the cell-based assays of the present invention, sensitised
cells are obtained by reduction of the level activity of a polypeptide required for
fungal viability using a mutation, such as a temperature-sensitive mutation, in the
polypeptide. Growing such cells at an intermediate temperature between the
permissive and restrictive temperatures produces cells with reduced activity of the
gene product. It will be appreciated that the above method may be performed with
any mutation which reduces but does not eliminate the activity or level of the gene
product which is required for fungal viability. This approach may also be combined
with the conditional-expression approach. In this combined appfoach, cells are
created in which there is a temperature-sensitive mutation in the gene of interest
and in which this gene is also conditionally-expressed.

When screening for inhibitors of an essential polypeptide, growth inhibition can be

measured by directly comparing the amount of growth, measured by the optical
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density of the culture relative to uninoculated growth medium, in an experimental
sample with that of a control sample. Alternative methods for assaying cell
proliferation include measuring green fluorescent protein (GFP) reporter construct
emissions, various enzymatic activity assays, and other methods well known in the
art. Other parameters used to measure viability include e.g. colony forming units.
The above method may be performed in solid phase, liquid phase, a combination of
the two preceding media, or in vivo. Multiple compounds may be transferred to agar
plates and simultaneously tested using automated and semi-automated equipment.

Cell-based assays of the present invention are capable of detecting compounds
exhibiting low or moderate potency against the target molecule of interest because
such compounds are substantially more potent on sensitised cells than on non-
sensitised cells. The effect may be such that a test compound may be two to several
times more potent, e.g. at least 10 times more potent, such as at least 20 times
more potent, e.g. at least 50 times more potent, such as at least 100 times more
potent, e.g. at least 1000 times more potent, or even more than 1000 times more
potent when tested on the sensitised cells as compared to non-sensitised cells.

- A mutant A. fumigatus strain that overexpresses an exiracellular polypeptide can

also be used to identify a compound that inhibits such a polypeptide. If the

compound is cytotoxic, overexpression of the target polypeptide can make cells

more resistant. Thus, the invention also relates to a method for identifying an

inhibitor of an extracellular Aspergillus polypeptide selected from the group of SEQ

ID NO:1-6 and 36 comprising the steps of

a. providing two cells which differ in the activity of a polypeptide selected from the
group of SEQ ID NO:1-6 and 36, wherein one cell contains a substantially wild-
type copy number of said polypeptide and the other cell contains higher than
wild-type activity of said polypeptide

b. determining the sensitivity of said cells to a putative inhibitor, for instance by a
growth assay, and

c. determining whether or not said two cells are differently affected by the presence

of said putative inhibitor.

Preferably, the two cells differ in the activity of a polypeptide selected from the group
of SEQ ID NO:1,2,3,5,6, and 36, such as the polypeptide of SEQ ID NO:1, or the
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polypeptide of SEQ ID NO:2, or the polypeptide of SEQ ID NO:3, or the polypeptide

“of SEQ ID NO:5, or the polypeptide of SEQ ID NO:6 or the polypeptide of SEQ ID

NO:36

As also overexpression of polypeptides that are not the cellular target of an inhibitor
can make cells resistance to an inhibitor, inhibition of the target polypeptide of
interest by said inhibitor will need to be verified by other means, such as e.g. a
biochemical assay.

Overexpression may be achieved using strong promoters, e.g. the A. niger Pgla A
promoter, the A. nidulans promoter alcA(p), or the constitutive prohﬁoters PGK-
(phosphoglycero-kinase), GPD-(glucose-6-phosphate dehydrogenase) or ENO
(enolase) promoters or regulated promoters such as ADH2, PHO5, GAL1, GAL10,
CUP1 or HSP70. Other useful promoters include the ones described in Adams et al.
(1998) Microbiol. Mol. Biol. Rev. 62, 35-54; Adams et al. (1988) Cell 54, 353-362;
Andrianopoulos and Timberlake (1991) Plant Cell 3, 747-748; Gwynne et al. (1987)
Gene 51:205-216; Lockington et al. (1985) Gene 33:137-149.

In addition to inhibitors of a biochemical or other cellular activity of an extracellular
polypeptide, the cellular methods described above may identify compounds that
reduce the expression level of a target, and thereby its copy number, e.g. by
interfering with gene regulation.

In preferred embodiments of the any of the cell-based- or biochemical methods for
identifying binding partners or inhibitors, the method is repeated for a plurality of
candidate compounds.

In a further aspect, the invention relates to the mutant A. fumigatus strains used in
the cell-based methods described herein, such as sfrains in which the gene
encoding the extracellular polypeptide is placed under the control of a heterologous
regulatable promoter, strains carrying temperature-sensitive alleles of the

extracellular polypeptides, and strains overexpressing the extracellular polypeptides.

Other methods of interfering with fungal growth by targeting essential extracellular

polypeptides include suppression of gene expression using specific antisense
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molecules, such antisense RNA or DNA, and using ribozyme molecules specific for

mRNA encoding the essential extracellular polypeptides.

Diagnosis
In a further main aspect, the invention relates to a method of diagnosing Aspergillus

infection comprising the steps of

a. providing a sample from an individual,

b. contacting said sample with an indicator moiety specific for a polypeptide of the
invention as defined herein, or specific for a polypeptide selected from the group
of Cssl (SEQ ID NO:1), hydrophobin (SEQ ID NO:2), GAPDH (SEQ ID NO:3),
catalase A (SEQ ID NO:6) and isopropylmalate dehydrogenase B (SEQ ID
NO:36), and

c. determining whether a signal has been generated by the indicator moiety.

In a preferred embodiment of this method, the polypeptide of the invention is a
polypeptide selected from the group of SEQ ID NO:1,2,3,5,6, and 36 such as the
polypeptide of SEQ ID NO:1, or the polypeptide of SEQ ID NO:2, or the polypeptide
of SEQ ID NO:3, or the polypeptide of SEQ ID NO:5, or the polypeptide of SEQ ID
NO:6, or the polypeptide of SEQ ID NO:36. In other preferred embodiments of this
method, the indicator moiety is specific for a fragment selected from the group of
fragments set forth in SEQ ID NO:7-34 and 37.

The indicator moiety is capable of binding to the target polypeptide of interest. In
preferred embodiments, said indicator moiety is or comprises an antibody.
Antibodies directed against a target extracellular polypeptide or fragment thereof

‘can be used to detect the polypeptide in order to evaluate the abundance and

pattern of expression of the polypeptide under various environmental conditions, in
different morphological forms (mycelium, yeast, spores) and stages of an organism's
life cycle.

Preferably, however, antibodies directed against a target polypeptide or fragment
thereof can be used diagnostically to monitor levels of a target gene product in the
tissue of an infected host as part of a clinical testing procedure, e. g., to, for
example, diagnose a patient for Aspergillus infection or determine the efficacy of a

given treatment regimen. In particular Cssl is of considerable interest for diagnostic
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purposes. It appears that the protein is unique to A. fumigatus as no significant
homologues to the protein have yet been detected through the use of immunological

or sequence-based procedures. Furthermore, the cell-surface and secreted nature

‘of the protein is also favourable feature from the point of view of detecting the

protein in human fluids.

Detection using antibodies can be facilitated by coupling the antibody to a
detectable substance. Examples of detectable substances include various enzymes,
prosthetic groups, fluorescent materials, luminescent materials, bioluminescent
materials, and radioactive materials. Examples of suitable enzymes include
horseradish  peroxidase, alkaline phosphatase, beta-galactosidase, or
acetylcholinesterase ; examples of suitable prosthetic group complexes include
Streptavidin/biotin and avidin/biotin ; examples of suitable fluorescent materials
include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin ; an example of a
luminescent material includes luminol; examples of bioluminescent materials include
luciferase, luciferin, and aequorin, and examples of suitable radioactive material

include "1, "¥'[, 33 or H.

Various diagnostic assays employing the above indicator moieties can be set up to
test samples for Aspergillus. Exemplary assays are described in detail in Antibodies:
A Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor Laboratory
Press, 1988. Representative examples of such assays include: countercurrent
immuno-electrophoresis (CIEP), radioimmunoassays, radioimmunoprecipitations,
enzyme-linked immuno-sorbent assays (ELISA), dot blot assays, inhibition or
competition assays, and sandwich assays, immunostick (dipstick) assays,
simultaneous immunoassays, immunochromatographic assays, immunofiltration
assays, latex bead agglutination assays, immunofluorescent assays, biosensor
assays, and low-light detection assays (see U.S. Pat. Nos. 4,376,110 and
4,486,530; see also Antibodies: A Laboratory Manual, Harlow and Lane (eds.), Cold
Spring Harbor Laboratory Press, 1988.
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Detailed description of the tables and figures _

Table 1 shows the sequences of the peptides that were identified in the AfC
fractions. Shown are, for each of the polypeptideé (Cssl, Hydrophobin, GAPDH,
énolase,‘lcatalayse (A+B) and isopropylmalate dehydrogenase B), the peptideé that
were identified in the three different fractions (diffusate, cell-surface-exposed, and
cell wall), and the sequences of the peptides that were used for antibody production.

X4 is serine or alanine, X; is leucine or isoleucine.

Table 2 shows some biochemical characteristics for the full-length Cssl polypeptide
and for its N-terminal and its C-terminal half. ‘MW’ indicates molecular weight.

‘Residues’ indicates the number of residues.

Table 3. Sequence of peptides chosen for the production of multiple antigenic

peptides and antisera against selected target proteins

Table 4. Analysis of the ability of anti-IMDH B IgG to bind the surface of clinical

isolates.

Figure 1 shows the predicted full-length polypeptide sequences of Cssl (A) (SEQ ID
NO:1), hydrophobin (B) (SEQ ID NO:2), GAPDH-B (C) (SEQ ID NO:3), enolase (D)
(SEQ ID NO:4), catalase B (E) (SEQ ID NO:5), catalase A (F) (SEQ ID NO:6), and
isopropylmalate dehydrogenase B (G) (SEQ ID NO:36).

Figure 2 shows the predicted antigenicity indices of Cssl (A) and hydrophobin (B)
residues, predicted according to Jameson and Wolf (1988).

Figure 3. Alignment of the predicted protein sequences for GAPDH-A (AfA),
GAPDH-B (AfB), and GAPDH-C (AfC) from Asperygillus fumigatus. Residues that
are identical in all three proteins are presented on a dark background. Peptides of
GAPDH-B that have been identified by MS have been underlined.

Figure 4. Silver stained SDS-PAGE of AfM lysate samples (lanes 2 and 7) added to
affigel immunoaffinity columns prepared with (lanes 2-5) or without (lanes 6-10) anti-
AfM IgG. Lanes 1 and 6 indicate the samples that were eluted from these columns

after extensive washing steps (lanes 3-5 and 8-10). The proteins that are eluting at
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approximate weights of 97, 64 and 51 were all identified as IMDH B via mass

spectrometry.

Figure’ 5. Phase contrast (A) and immunofluorescent micrographs (B) of AfM
labelled with anti-AfM sera (C) and with secondary antibody alone (D).

Figure 6. Adhesion of AfC to lung epithelia demonstrating the ability of anti-AfM Fab
fragments to reduce adhesion of AfC to A549 cells.

Figure 7. A silver stained SDS-PAGE illustrating the steps involved in purification of
IMDH B. Lane 1, MW standard; lane 2, recombinant IMDH B purified via a nickel
sepharose column; lane 3, recombinant protein following purification via an S200 gel

filtration column; lane 4, as with lane 4 but ten times the quantity of protein is added.

Figure 8. Coomasie blue stained SDS-PAGE indicating the nickel sepharose purified
recombinant IMDH B that was used to immunize rabbits (1); and the reactivity of
preimmune serum (2), the first bleed post immunization (3) and the second bleed

post immunization against the recombinant protein as detected via Western blotting.

Figure 9. Immunofluorescent micrographs of AfC and AfM from ATCC 46640
stained with Pre and Post immune IgG isolated from a rabbit immunized with IMDH
B.

Figure 10. Pre-incubation of AfC with anti-IMDH B reactive post immune Fab

fragments reduces AfC adhesion to A549 cells.

Figure 11. Pre-incubation of rIMDH B with A549 cells, followed by washing, reduces
subsequent adherence of AfC in a linear manner.

Figure 12. Incubation of AfC in the presence of anti-IMDH B sera and normal
complement (sample 2) results in reduced germination as compared to samples
incubated in the presence of preimmune or unrelated sera (samples 5 and 8,

respectively).
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Figure 13. Incubation of AfC in the presence of anti-IMDH B IgG and normal
complement results in reduced germination as compared to samples incubated in

the presence of preimmune or anti-KLH IgG.
Figure 14. An alignment of IMDH B 1 versus IMDH B 2.

Figure 15. Immunofluorescent microscopy analysis of A. fumigatus ATCC 46640
performed with antisera raised against MAP molecules. AfC and AfM were stained

with both pre- and post-immunisation sera.

Figure 16. Immunofluorescent microscopy analysis performed with a clinical isolate
using antisera raised against GAP-B-2. AfC were stained with both pre- and post-

immunisation sera.

Figure 17. Western blot experiments illustrating the detection‘ of (A) recombinant
enolase with anti-his (lane 1) and anti-enolase (lane 3; ENO-2, see Table 3)
antibodies, but not with pre immune serum from the animal used to produce anti-
enolase sera (Lane 4); and (B) native enolase in the cell membrane of AfC by anti-
enolase (ENO-2, see Table 3) antibodies (lane 6).

Figure 18. An alignment of part of SEQ ID NO:36 with a homologous sequence from
Candida albicans, derived from publicly available nucleotide sequences (contig19-
10262 in the Ca-Assembly19.contigs).

Figure 19. An alignment of part of SEQ ID NO:36 with Aspergillus nidulans homolog
(ACCESSION: AnrP4374925 — DESCRIPTION: LE3B_ASPNG 3-isopropyimalate
dehydrogenase B (Beta-IPM dehydrogenase B) (IMDH B) (3-IPM-DH B) [Aspergillus
nidulans FGSC A4] DBXREF: gi|40744045|gb|EAAG3227.1)

Figure 20. An alignment of part of SEQ ID NO:36 with Aspergillus oryzae homolog
(ACCESSION: AnrP3711474 — DESCRIPTION: hypothetical protein [Aspergillus
oryzae] DBXREF: gi|27901558|dbj|BAC55906.1).
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Figure 21. An alignment of part of SEQ ID NO:36 with Aspergillqs nidulans homolog
(ACCESSION: AnrP4379986 - DESCRIPTION conserved hypothetical protein
[Aspergillus nidulans FGSC A4] DBXREF: gi|40741202|gb|EAA60392.1).

Figure 22. An alignment of part of SEQ ID NO:36 with a Coccidioides posadésii
homolog: TIGR 222929/contig 1772 C. posadasii C735.

Figure 23. An alignment of part of SEQ ID NO:36 with a Cryptococcus homolog.
Ref.nr.: chr01b.b3501.031220.c11.

Figure 24. ClustalW of IMDH B homologs from figures 18-22.
Figure 25. Continuation of figure 24.
Examples

Example 1. Identification of peptides in extracts of A. fumigatus.

A number of protein purification procedures were used to facilitate identification of A.
fumigatus proteins that are secreted, cell-surface exposed or cell-wall associated.

Proteins were then identified from these extracts via mass spectrometry techniques.

Culture of A. fumigatus. A. fumigatus conidia (AfC) of strain NCPF 2140 or ATCC
46640 were routinely prepared by inoculation of malt agar plates with AfC and

subsequent growth at 30°C for 10 days.

Preparation of a diffusible extract from A. fumigatus conidia. A. fumigatus Diffusate
(AfD) was routinely prepared as follows. AfC (2 x 10%) were added to water (0.5 ml)
containing protease inhibitors (Roche, cat. no. 1 697 498) and the mixture was
vortexed and then sonicated to solubilise the AfC. The resultant solution was
incubated for 1 hour at 37°C, with shaking. AfD was then separated from washed

spores by passage through a 0.2 um filter, or, by centrifugation (3000 x g) of

" washed spores and passage of the AfD through a 0.2 um filter.

Preparation of surface-exposed protein extracts from A. fumigatus conidia. Washed
AfC (2.0 x 10"°) were resuspended in 1 ml of PBS (0.01 M phosphate buffer, 0.0027
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M potassium chloride, 0.137 M sodium chloride, pH 7.4) containing a reducing agent
(10 mM Tris 2-carboxy-ethyl phosphine (TCEP)) and incubated for 20 min at room
temperature. AfC were pelleted by centrifugation (20000 x g, 30 min) and washed in
PBS to remove TCEP before being resuspended in a trypsin-solution (seq. grade
modified porcine trypsin, Promega cat. no. V5111, 20 pg/ml PBS) and incubated for
30 min at room temperature. AfC were then removed by centrifugation and filtration.
To get rid of any conidia in the supernatant, the supernatant was purified using a
YM-10 column (from Millipore, cat. no. 4206, 5000xg, 4°C for 30 min.) and the
supernatant was incubated over night at 37°C with shaking at 40 rpm. The
supernatant was concentrated using a SpeedVac concentrator, 1 pul was added to 6

ul 5% formic acid, and the resultant solution was analysed via mass spectrometry.

Preparation of cell wall extracts from A. fumigatus conidia. AfC solutions (20 ml; 1.8
x 10® conidia/ml) were prepared in both PYG (C rich) (Peptone-yeast extract and
glucose: 0.1% peptone, 0.1% g yeast extract and 0.3% glucose) and HBSS (C poor)
(HANKS 1X from Gibco, Invitrogen (cat. no. 24020-083)) media. These solutions
were vortexed for 3 min, sonicated for 5 min and then incubated for 4 hours at 37°C
with shaking (160 rpm). AfC were pelleted by centrifugation (6000 x g, 30 min) and
the supernatant from the HBSS incubation was collected and passed through a 0.2
um filter. The supernatant from the PYG was discarded. Both AfC pellets were
washed with 5 ml HBSS and pelleted as before. To each pellet 1 ml of lysis buffer
(2% Triton, 1% SDS, 10 mM Tris (pH=2), 1 mM EDTA, 100 mM NaCl, 1 proteinase
inhibitor tablet (Roche, cat. no. 1 697 498) and approx. 500 pl glass beads (200-300
microns) were added. The resultant solution was then incubated in a water bath
sonicator for 40 min, vortexed for 30 min, chilled on ice for 5 min, and finally
vortexed for another 30 min. Glass beads were then removed from the sample and
conidial walls were sedimented by centrifugation at 1200 x g for 10 min. The

supernatant was removed and stored for future use.

Conidial wall enriched pellets were washed three times with 1 ml of cold distilled
water, resuspended in 250 pl of 2% (w/v) SDS, 1% (w/v) 2-mercaptoethanol solution
and boiled for 5 min. The resultant solution was centrifuged (10,000 x g for 15 min),
the supernatant was transferred to a new tube, and added to 1 ml ice-cold acetone

prior to an overnight incubation at -30°C. Precipitated proteins were pelleted (20,810 '
x g for 45 min) and dried in a SpeedVac for 15 min to remove residual acetone.
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Pellets were resuspended in ddHZO, and proteins were separated -on an SDS-

'PAGE according to standard procedures. Resultant gels were then visualised via

silver staining.

Analysis of A. fumigatus protein extracts by mass spectrometry. Analysis of-A.
fumigatus proteins separated by SDS-PAGE was performed as follows. Fragments
of SDS-PAGE gels, corresponding to specific protein bands, were extracted and
placed in sodium bicarbonate solution (50 mM NH;sHCO3). These gel plugs were
then washed twice with 50 mM NH4;HCO; in 50% ethanol for 30 min and dehydrated
by incubation in 96% ethanol for 10 min. Reduction and alkylation was performed by
incubating in reducing solution (50 mM DTT, 50 mM NH4HCO;) for 45 min at 56°C
followed by a 30 min room temperature incubation in alkylation solution (55 mM
iodoacetamide, 50 mM NH,HCO;) in the dark. Two cycles of washing and
dehydration were then performed prior to the addition of 10 pl trypsin solution (12.5
ng/wl trypsin in 50 mM NH;HCO; (seq. grade modified porcine trypsin, Promega
batch no. V511X 14755007)). After 15 min an additional 20 pl of sodium bicarbonate
solution was added and the digests were incubated overnight at 37°C. Samples
were then extracted twice by 30 min incubations, with shaking, in 3 pl of 20%
trifluoroacetic acid, and 20 ul of a solution containing acetonitrile (10%) and
trifluoroacetic acid (1%). Both exiracts were pooled, dried down, and resuspended in

9% of 5% formic acid prior to analysis via LC-MS.

Peptide and fragment mass tolerance was set to 200 ppm and 0.5 Da, respectively.
Search parameters were adjusted to include oxidation of Met, the addition of alkyl of
polyacrylamide groups to Cys, and trypsin was allowed to miss one cleavage site

per peptide.

Search parameters for analysis of cell surface peptide fragments were adjusted to
include oxidation of Met, trypsin was allowed to miss one cleavage site on each
peptide; and, peptide and fragment mass tolerance was set to 100 ppm and 0.3 Da,

respectively.

Following the identification of a peptide sequence, a TBLASTN was performed
against A. fumigatus shotgun sequences in the public domain. This identified all
shotgun sequences capable of encoding the peptide fragment. These shotgun
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sequences were then used to exiract all other shotgun sequences that shared
regions of homology of at least 40 bp |n length with no less than 90% idéntity. All
appropriate shotgun sequences were then formed into a contiguous sequence using
Segman. Resulting contigs were submitted to a GenScan search using maize,
arabidopsis, and human parameters. Output predicted protein sequences were then
compared with the encoding nucleotide sequence and with the sequences of protein
homologues to facilitate the prediction of a potentially more accurate protein
sequence. Resulting predicted nucleotide and peptide sequences were then entered
into appropriate in-house databases and MASCOT searches were then rerun
against a database containing these newly predicted proteins. For isopropylmalate
dehydrogenase B, mismatches were found between the peptide found by peptide
sequencing and the corresponding polypeptides predicted from the nucleotide
sequences in the database. The mismatches may be due to differences between
strains due to mutation or to sequencing errors. Furthermore, an MS instrument
does not differentiate between a leucine and an isoleucine. Mutations in this region
may have significant structural implications and alter the thermostability of the
enzyme, as has been described for a homologous enzyme from Thermus
thermophilus (Qu et al. 1997 Protein Eng. 10, 45-52).

The peptides identified in the Diffusate, Cell-surface exposed, and Cell-wall fractions
are shown in Table 1. The corresponding predicted protein sequences are given in
Figure 1. SEQ ID NO:38 and SEQ ID NO:39 are predicted polynucleotide
sequences encoding isopropylmalate dehydrogenase B (SEQ ID NO:36).

Peptides from both hydrophobin and the hypothetical protein were identified in all
three fractions indicating both to be cell-wall-associated proteins that are exposed
on the surface of the AfC while also being secreted/released into the surrounding
milieu. Based on these data we propose to name the newly identified, former
hypothetical, protein Conidial Surface and Secreted protein I, Cssl. It was also
interesting to note the presence of GAPDH in the AfD and cell wall; .enolase in the
AfD; IMDH B in the cell-surface-exposed fraction and of cell wall located, and
surface exposed variants of catalase. Since the procedures used to purify and
identify these peptides are biased for proteins of high abundance, one can also

conclude that they are expressed in relatively high copy numbers.
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Example 2. Bioinformatic analyses

SignalP predictions were performed using the parameters recommended for a
eukaryotic protein, while Antigenicity index studies were perfofmed using the default
parameters determined by DNAStar. BLAST searches were performed using default

parameters.

Analysis of Cssl for the presence of a signal peptide. The group who reported the
original hypothetical sequence predicted an N-terminal signal peptide of 24 residues
(NCBI entry CAD29600. Protein AfA35G10.07). However, a repeat of these studies
using the SignalP program with default parameters (Nielsen et al. (1997) Protein
Engineering 10, 1-6) indicates the presence of a 47-residue signal peptide with
predicted signal cleavage occurring between A47 and R48.

Analysis of the predicted protein sequence of Cssl.

A brief overview of the sequence of this protein reveals the two most abundant
residues to be E and Q, which comprise 9.62% and 8.64%, respectively, of all
residues in the protein. A closer analysis revealed that 67% of charged residues (D,
E, K, R) are located in the C-terminal half of the protein (see Table 2), and 62% of
hydrophobic residues (A, I, L, F, W, V) in the N-terminal half.

The sequence of Cssl was analysed via the antigenicity index programme of
Jameson and Wolf (1988). This programme predicted the C-terminal half of the

protein to be most antigenic (see Figure 2).

BLAST analysis of Cssl revealed the absence of a protein with high homology.
However, a number of proteins displayed low, yet significant, levels of homology.
One such protein, ORF73 of Human herpesvirus 8, is the Latency associated
nuclear antigen (LAN/LANA) that is used as a marker for Kaposi's sarcoma. It
displays 26% identity and 46% similarity to the C-terminal half of Cssl. This region of
LANA is rich in Q and E repeats and is located in the middle of the protein. It has
been suggested that similar regions of acidic repeats often function in transcriptional
activation in viral and cellular transcription factors (Struhl, 1995, Annu. Rev. Genet.
29, 651-674). LANA has been shown to be capable of modulating both viral and
cellular gene expression (Renne et al., 2001, J. Virol. 75, 458-468).
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GAPDH sequences. An attempt to construct a gene sequence for this protein
revealed the presence of at least three genes in Aspergillus fumigatus that are
capable of expressing a GAPDH-related protein. These predicted proteins have
been labelled GAPDH-A, GAPDH-B, and GAPDH-C. A number of differences exist
between these two proteins (see Fig 3). However, it is possible to conclude that only
GAPDH-B has been identified to date. An inability to identify GAPDH-A or -C, to
date, could be due to a number of reasons, e.g., a failure to be expressed under
laboratory conditions; or, to the absence of an appropriate predicted protein
sequence in the databases. The fact that only GAPDH-B was identified in cell wall
and secreted preparations indicates that this version of the protein is likely to be

primarily a cell-wall variant, and perhaps GAPDH-A and -C the cytoplasmic variants.

GAPDH-A and GAPDH-B share 73% identity and 85% similarity over a over a
stretch of 269 residues. The more divergent GAPDH-C shares only 43% identity
with both GAPDH-A and GAPDH-B. An analysis of all three sequences via an
InterProScan revealed all three to be GAPDH sequences. However, only proteins A
and B had sequences that matched to the active-site motif ([ASV]-S-C-[NT]-T-x(2)-
[LIM]). This could imply that C does not function .as a true GAPDH protein. Upon
closer analysis of the sequences it is apparent that C contains a V residue, instead
of [LIM], at the last position in the motif. Considering that V, L, M, and | are all
hydrophobic residues, it is unlikely that the difference will result in a non-functional
GAPDH active site.

Isopropylmalate dehydrogenase B sequence.

The closest homologues of the predicted isopfopylmalate dehydrogenase sequence
were previously described enzymes from A. niger, (accession number in NCBI
database P87257 (77% identity over 363 aa)) and A. oryzae, (accession number in
NCBI database BAC55906 (52% identity over 367 aa)).

Homology to human proteins and essentiality to A. fumigatus. Of the protein
mentioned above, neither Cssl, IMDH B nor Hydrophobin have any significant
human homologues. Both enolase (61% identical, 77% similar) and GAPDH (77%
identical/ 83% similar), on the other hand, do have human homologues over the full

length of the protein. However, due to the small size of any given epitope, and to the
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specificity of antibodies in general, it is likely that a suitable antibody can be found to

distinguish A. fumigatus versions from the human versions.

Peptides for antibody production
The peptides found in the mass spectrometry analysis were used for antibody
productioh. Some of them were extended with flanking residues from the predicted

or known sequences.

Example 3. Generation and properties of anti-AfM and anti-IMDH antibodies

Methods

Phosphate buffered saline
PBS tablets (Sigma) were used to produce a final solution of 0.01M phosphate
buffer, 0.0027 M KCI and 0.137 NaCl, pH 7.4 at 25°C.

Generation of anti-Aspergillus fumigatus mycelia (anti-AfM) antibodies

AfM-rich preparations were grown as folliows: 10E5 AfC were added to 10 ml RPMI
and incubated for approximately 10 hours at 37°C. AfM were then harvested by
centrifugation and washed twice in PBS. These preparations were fixed by
incubation in 3% formaldehyde for 30 min at room temperature, washed and 100 ug

quantities injected into rabbits according to the foliowing protocol.

Null sera was collected from New Zealand White female rabbits (4-6 months old,
approximately 3 kg) prior to immunisation with 100 pg AfM and Freunds complete
adjuvant. A booster was administered on day 14 in conjunction with Freunds
incomplete adjuvant and again on day 28. The first and second bleeds were
harvested on days 42 and 72, respectively, before the final bleed was taken on day
93. Subsequent analysis via immunofluorescent microscopy and western blotting

demonstrated that the rabbit raised an Ab-based immune response against AfM.

1gG purification

lgG was then purified from this sera using the MabTrap kit (Amersham) in

accordance with the manufacturers instructions. Fab fragments were purified from
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IgG via Immunopure Fab kit (Pierce) again in accordance with the manufacturers

instructions.

Adhesion assay protocol
A549 cells (1 x 10°) (DeHart et al. (1997) J. Infect Dis. 175(1):146-150) were seeded
into the well of a Lab-Tek Il 8 well chamber slide (Nalge Nunc International) and

grown overnight. A solution of AfC (1 x 10%ml) was prepared in RPMI medium,
vortexed for 10 min and sonicated for 10 sec to suspend the AfC (in house studies
have demonstrated that greater than 99% of AfC are viable after this step). The AfC
population was then aliquoted, 1gG preparations added where appropriate, and the
samples incubated with shaking for 30 min at 37°C. A549 cells were prepared by
washing three times with 400 pl F12K media. If required, purified protein was pre-
incubated with A549 cells for 30 mins at 37°C after which the cells were washed
three times with 400 wl F12K media. Finally, 190 pl of F12K was added to each
well, prior to the addition of 10 pl (1 x 10° AfC) of the appropriate AfC solution. The
samples were then incubated at 37°C for 60 min. Unbound AfC were removed by
washing 4 times with F12K media and A549 cells were detached using 400 pl
trypsin EDTA. Following detachment the solutions were removed from the wells,
stored in an eppendorf, and sonicated at medium intensity for 10 s to lyse
mammalian cells. Finally, 0.03% Triton-X-100 was added fo each solution to ensure
that the AfC existed in a single cell form. The quantity of AfC in each sample was
then determined by counting using a haemocytometer. All assays were run in

triplicate.

Antigen identification via IP with anti-AfM antibodies

Resultant IgG preparations were used, in conjunction with the Affigel kit (Biorad), to
prepare an anti-AfM affinity column. This was done in accordance with
manufacturers instructions. Thus, 20 mg of anti-AfM IgG was coupled to 200 ui affi-
gel and the resultant column was rotated overnight with 100 mg of whole AfM lysate
prepared in PBS. A column containing 200 pl affi-gel without 1gG was also treated in
the same manner. The supernatant was then removed and the gel washed twice
with 0.5 ml PBS adjusted to 0.5 M NaCl. Washing was then performed with 0.5 ml
PBS adjusted to 0.25 M NaCl and samples were eluted with 100 ul 0.2 M Glycin-HCI
pH 2.5. Following storage on ice for 5 mins the samples were neutralised via the
addition of 24 pl of 1 M Tris-HCI pH 8.5 and separated via SDS-PAGE.
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Amplification and cloning of the cDNA copy of IMDH B

Total RNA was purified from 1x10° AfC using the RNAEasy Kit (Qiagen) in

accordance with manufacturers instructions. In order to design oligonucleotide
primers to assist in the amplification of the cDNA, the sequence of the IMDH B was
predicted using a number of bioinformatic steps. First, peptides identified via LCMS
were BLASTED against the A. fumigatus shotgun database. All sequences matching
the peptide were then aligned to produce a large contig sequence that was then
input into the gene prediction program Genscan. This produced a number of
predicted gene sequences and those that were predicted to encode the peptide
identified via LCMS were selected for further study. IMDH B genes from other
organisms that displayed homology to the A. fumigatus sequence were also used to
assist in the selection of the most likely STOP and START codon. Thus, 18-mer
oligos (F: 5-ATGGTAACTACTTACAAC-3 (SEQ ID NO44), R 5-
TGAACTACCCTGCAACGC-3’ (SEQ ID NO:45)) were designed and used to amplify
a cDNA copy of the Af IMDH B gene using the Superscript One Step kit from
Invitrogen in accordance with manufacturers instructions. Following amplification
the product was cloned into pBAD using the TOPO TA cloning kit (Invifrogen) and

sequencing was used to confirm the sequence and orientation of the insert.

Sequencing
Sequence reactions were performed using the BigDye terminatorv3.1 (Applied

Biosystems) kit in accordance with the manufacturers instructions.

Expression of heterologous proteins

Upon identification of a clone containing the desired sequence a number of
experiments were performed to identify the optimal expression conditions for the
heterologous protein. These revealed optimal expression when induced with 0.02%
arabinose for 4 hours. Proteins were then purified via utilisation of pPBAD encoded

his-tag sequence.

Preparation of bacterial lysates

Each liter of E. coli culture was induced for four hours with 0.02% arabinose and
bacterial cells were harvested by centrifugation (5000 rpm, 15 min). The bacterial
pellet was then resuspended in 25 ml cold native buffer (20 mM NaPO,, 500 mM



WO 2004/108765 PCT/DK2004/000407

10

15

20

25

30

66

NaCI 25 mM imidazole, pH 7. 4) and the solution supplemented with 2 protease
lnhlbltor tablets (ROCHE, complete -EDTA free Protease inhibitors) and 625 l
lysozyme (25 pg/ul) before incubation on ice for 1h. The solution was then sonicated
for 4 min, subjected to a cycle of freeze thaw, and 7.5 ul benzonase (362 units/ul)
added prior to incubation on ice for 20 minutes. In order to assist in the removal of
insoluble components the solution was centrifuged at 5000 x g for 20 min and the
supernatant harvested. This step was repeated twice more and the cleared lysate
then analysed via SDS-PAGE.

Preparation of nickel sepharose columns for purification of his-tagged
proteins

Purification of recombinant proteins was performed using Probond resin (invitrogen),
a nickle-sepharose based resin that utilises the pBAD-encoded his-tag on the
heterologously-expressed recombinant protein. All centrifugation steps were
performed at 800 x g for 2 min. The resin was resuspended by inverting and gently
tapping the container and 2 ml slurry of resin was added to an Econo-Pac
Chromatography Columns (BioRad, Cat. No. 732-1010) for equilibration. The
column was centrifuged and the supernatant discarded. The resin was then washed
with 10 ml sterile water, and again the supernatant discarded following

- centrifugation. Next, the resin was resuspended in 10 ml Native buffer (20 mM

NaPO,, 500 mM NaCl, 25 mM imidazole, pH 7.4), centrifuged and the supernatant
discarded. This process was repeated twice. Finally the resin was resuspended in 1

ml native buffer giving a final volume of 2 ml.

‘Application of lysate, washing and elution of purified protein

The bacterial lysate containing the recombinant protein was added to the column
containing the equilibrated resin and the mixture incubated on a roller for 100 min at
4°C. The mixture was then centrifuged at 800 x g for 2 min and the supernatant
poured off and saved. The resin was then allowed to settle, the column plug was
removed and the liquid allowed to flow through. The run through from this step, and
all subsequent steps, was collected for SDS-PAGE analysis. The column was then
washed with 20 ml Native buffer (20 mM NaPO,, 500 mM NaCl, 25 mM imidazole,
pH 7.4) a total of 5 times and the protein eluted protein by applying 20 ml Native
elution buffer (20 mM NaPO,, 500 mM NaCl, 250 mM imidazole, pH 7.4) and
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collecting ten 2 ml aliquots. SDS-PAGE analysis was then performed to determine

the outcome of the procedure.

Gel filtration purification of nickel sepharose purified IMDH B

Probond purified IMDH B was first desalted via dialysis in PBS (dialysis tubing 12-
14000 Daltons, Visking). Gel filtration was performed using a HiPrep 16/60
Sephacryl S-200 High Resolution column (Amersham Biosciences). Preparation,
equilibration and cleaning of the column was completed according to the
manufacturers instructions. Protein purification was performed with a Tris running
buffer (10 mM Tris + 0.15 M NaCl, pH 8) at an approximate flow rate of 0.25 ml/min.
Batches of his-tagged protein (10-20 mg) were added to the column and were eluted
using 80 ml running buffer, a void volume of approximately 40 ml was calculated

and 18 x 2 ml fractions were collected.

Generation of anti-IMDH B antisera.

Probond-purified protein was used to immunise New Zealand White female rabbits
(4-6 months old, ~3 kg). Pre-immune sera were harvested on day 1 prior to
immunisation with 100 pg of protein in the presence of Freunds complete adjuvant.
Further immunisations were also carried out on days 28 and 49 in the presence of
Freunds incomplete adjuvant. Blood samples were taken on days 28, 42, 69 and

finally on 87. IgG and Fab fragments were prepéred as previously described.

Immunofluorescent microscopy

Immunofluorescence microscopy slides were first cleaned in a detergent solution
and rinsed in distilled water. The slides were then incubated in coating solution
(0.1% gelatin [w/v], 0.01% [w/v] chrome alum) and allowed dry at room temperature.
Harvested AfC spores were placed onto the well of a treated immunofluorescence
microscopy slide and the slide was washed three times with PBS to remove
unbound AfC. If AfM were required 30 pul RPMI was added to the surface of the well
and the slide incubated at 37°C for 12-14 hours before washing with PBS. IgG (30
ul, 1:500 dilution in PBS) was then added to each well and incubated at 37°C for 30
min in a moist environment. The wells were washed three times with PBS before the
addition of Alexa Fluor 488 goat-anti-rabbit IgG (30 ul of a 1:400 dilution prepared in
PBS) to each well. Again the slides were incubated at 37°C for 30 min in a moist

environment, washed three times with PBS and then fixed in 3% formaldehyde for
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30 min at room temperature. The slides were washed three times in PBS, allowed to
dry and then a drop of Sigma oil was added to the surface and a coverslip applied.
This was sealed with nail polish and the slides stored: at 4°C in the dark until use.

All wells were scanned in both bright and fluorescent fields.

Determination of the ability of IgG to inhibit conidial germination

AfC were resuspended in RPMI medium and the concentration adjusted to give a
solution containing 1 x 10° AfC ml. 0.5 ml of this solution was then added to an
eppendorf and 10 pl of each IgG/serum sample added to 3 aliquots of AfC. Normal
fresh rabbit serum was added to one aliquot, heat-inactivated (60°C for 30 min)
serum to the second, and 10 ul PBS o the third. The samples were then incubated |
for 7 hours at 200 rpm. The total number of cells was then counted and the number
of conidia that have germinated, or started to produce a germ tube, determined.
Percent filamentation equals the number of cells with germ tubes divided by the total

number of cells.

Generation of sera against predicted antigenic peptides of target proteins

Analysis of target proteins was performed with the aim of identifying a number of
antigenic peptides within each target sequence. The peptides chosen (see table 3
below) correspond to those that were identified during mass spectrometry
pfocedures used to identify surface exposed peptides (see table 1) and to those
predicted to be most antigenic (Jameson, B.A. & Wolf, H (1988) Comput Appl Biosci
4, 181-186).

Peptides and antisera were produced in accordance with Sigma’s standard Custom
Peptide Synthesis and rabbit immunisation protocols. The peptides were produced
as part of their multiple antigenic peptides (MAP) service.The immunisation protocol
used is as follows: on day O pre-immune sera was collected from New Zealand
white rabbits which were then immunised with 200 ug of MAP in complete freunds
adjuvant (CFA). A second immunisation was performed on day 14 with 100 pg in
Incomplete freunds adjuvant (IFA). This immunisation was repeated on days 28, 42,
56 and 70. Bleeds were taken on days 35, 49, 63, and finally on day 77.
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MS analysis

In-gel digestion

The gel bands are washed two times with 25mM NH;HCO4/50% ethanol. The
cysteine residues are reduced (DTT) and alkylated (iodoacetamide), followed by 2
cycles of wash and dehydration of the gel bands. Washing buffer is 50mM NH;sHCO3
and dehydrating agent is ethanol. After the last dehydration step, the digestion is
started by addition of protease, dissolved in suitable digestion buffer. Default
enzyme is trypsin for which a 50mM NH;HCO3/10% Acetonitrile digestion buffer is
used. The digestion takes place over night at 37°C. The resulting peptide pool are
extracted with TFA and formic acid and analysed by mass spectromeiry. The
handling of all samples takes place in a dust free environment with a minimum of

manual handling to avoid keratin contamination.

MALDI-TOF sample preparation and analysis

The peptide mixture extracted after in-gel digestion is analysed by a fully automated
procedure on an Uliraflex Bruker MALDI-TOF mass spectrometer. A peptide mass
fingerprint is recorded and each spectrum is annotated and internally calibrated

using trypsin auto-digest peaks. Sample preparation:

1. A 96 tip robot is used to prepare a Bruker 384 polished steel target with a
nitrocellulose/0-cyano-4-hydroxy-cinnamid acid (HCCA) matrix.

2. Approximately 5% of the sample is added to the matrix (1,5 Ol).

3. When the sample is completely dry, it is washed with 0.1% TFA and is now
ready to be analysed in the Bruker mass spectrometer.

Database search

The resulting peak list is used in a database search that is performed using Mascot
software (MATRIX SCIENCE).

The database is a non-redundant database (NRDB) based on data from NCBI.

Results
Antigen identification via IP with anti-AfM antibodies

An affinity column consisting of anti-AfM IgG was used to immunoprecipitate the

most antigenic proteins from an AfM lysate. Eluted samples were separated via
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- SDS-PAGE and then analysed via LC MSMS analysis, which revealed 3-

isopropylmalate dehydrogenase B (IMDH B) to be the prime target of anti-AfM
antibodies, suggesting IMDH B to be the main antigen of AfM (figure 4).

Anti-AfM antibodies bind to the surface of AfM giving a considerably higher
signal than the null sera.

IFM studies revealed that anti-AfM antibodies bound to both AfM and AfC giving a
higher signal than was observed with null sera. This again suggests IMDH B to be a
major surface antigen of both conidia and mycelia (figure 5).

Anti-AfM Fab fragments reduce the proportion of AfC that adhere to A549 cells
Having substantiated that IMDH B is a major surface antigen of both AfC and AfM it
was decided to analyse the potential ability of anti-IMDH B antibodies (in the form of
anti-AfM antisera) to interfere with the pathogenicity of AfC. Thus, adhesion assays
were performed where the ability of AfC, pre-incubated in IgG, to bind to lung
epithelia was measured. These studies indicated that antibodies, in the form of Fab
fragments, were indeed capable of reducing adhesion of the organism to lung
epithelia (figure 6). Without being bound by any theory, it is believed that the Fabs
possess the ability to reduce adhesion to lung epithelia by interfering with the
interaction between a receptor and its ligand, either by binding an adhesin and
preventing its function, or by binding to the AfC surface and sterically inhibiting the
function of an underlying adhesin. While IgG molecules may also possess such
properties, the Fc region is capable of binding Fc receptors on the surface of the
mammalian cells, an event which has the potential to elevate adhesion of AfC.

Cloning, expression and purification of recombinant IMDH B

A copy of cDNA encoding IMDH B was successfully cloned into pBAD and the
sequence of the insert confirmed (see SEQ ID NO:46 and SEQ'ID NO:47). The
protein was expressed following induction with 0.02% arabinose for 4 h and purified
to a high degree of purity using nickel speharose and gel filtration columns (figure
7). The nickel sepharose purified fraction was used to immunise rabbits and this
procedure was successful in generating anti-IMDH B antibodiés (figure 8). IFM
analysis also confirmed that anti-IMDH B IgG bound to the surface of AfC and AfM

(figure 9), thus confirming the surface localisation of IMDH B.
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IFM analysis of clinical isolates

1FM analysis was performed on a number of clinical isolates to confirm the presence

or absence of surface expressed IMDH B. All clinical isolates were purchased from
the Belgian Co-ordinated Collections of Micro-organisms (BCCMTM). Their features
and reactivity to anti-IMDH B IgG are listed in Table 4.

Post-translational modifications

A number of studies were performed with the aim of identifying the presence of post-
translational modifications in the recombinant IMDH B protein. These studies took a
number of forms. First, MALDI analysis was performed with the aim of identifying all
of the predicted tryptic fragments of the protein. Thus the protein was digested with
trypsin and analysed via MS. Using this method it was possible to get 84%
sequence coverage: (SEQ ID NO:47 (vector-derived sequences in italics,
sequences identified by MALDI analysis underlined)).

MGSGSGDDDDKLALMVTTYNILVLPGDGIGPEVMTEAVKVLKVFENEHRKFNLRQELIGGCSIDAHGKSVTEEVKK
AALESDAVLFAAVGGPKWDHIRRGLDGPEGGLLOLRKAMDIYANLRPCSASSPSASIAKEF SPFRQEVIEGVDFVV
VRENCGGAYFGKKIEEEDYAMDEWGY SEREIQRITRLSAETALRHNPPWPVISLDKANVLASSRLWRRVVEKTMTT

EYPQVKLVHQLADSASLILATNPRALNGVILADNTFGDMI SDOAGSIVGTLGVLPSASLDGLPSETRKRTNGLYEP
THGSAPTIAGOQNIANPVAMILCVALMFRY SLDMETEAQRIEKAVQGVLDAGIRTPDLGGKSGTNEVGDATIVAALQG

SSKGELEGKPIPNPLLGLDSTRTGHHHHHH.

SDS-PAGE and time of flight analyses of the predicted 44233 Da Protein revealed
apparent masses of 45000 Da and 44235 Da, respectively. In total, these studies
did not provide any evidence indicating the presence of post-translational

modifications.

Adhesion assays results

A number of studies support the theory that IMDH B acts as an adhesin. Thus, pre-
incubation of AfC with anti-IMDH B Fab fragments produced a decline in the number
of adherent AfC in comparison to AfC that had been pre-incubated in the presence
of Fab fragments isolated from pre-immune sera (see figure 10). Furthermore, pre-
incubation of A549 epithelia with varying quantities of recombinant IMDH B, followed
by washing to remove unbound protein, suggested that the protein had sequestered
the receptor on the surface of the A549 cells and thus prevented the AfC from
adhering (see figure 11).
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Germination inhibition expefiments

A number of experiments were performed to determine the ability of anti-IMDH B
antibodies to reduce germination of AfC in the presence of normal or heat-
inactivéted rabbit serum. These experiments revealed that only anti-IMDH B heat-
inactivated sera in the presence of fresh rabbit sera possessed the ability to reduce
the rate of germination of AfC (see figure 12). Further studies revealed that purified
anti-IMDH B IgG in the presence of normal rabbit serum also possessed the ability
to reduce germination of AfC in comparison to null IgG (see figure 13).

Identification of a second copy of IMDH B

Further bioinformatic analysis revealed the presence of a second region on the Af
genome that displays homology to the IMDH B gene and that is predicted to encode
a protein that is 50% 1D and 63% similar to IMDH B 1 (for alignment, see figure 14).
The sequence of the respective gene and protein were predicted by BLAST
analysis. Features of this protein are displayed below. .

Predicted Features of gene/protein compared to ACE5033 (IMDH B 1)

IMDHB 2 ACES5033
Number of exons 5 3
Size of ORF 1093 bp 1107 bp
Protein length 363 residues 368 residues
Protein size 38723 Da 39773 Da
pl 5.26 5.32
Identity to ACE5033 53% (over full length) -
Similarity to ACE5033 69% (over full length) e

IMDH B 2 contains the final predicted ORF sequence (SEQ ID NO: 40):

atgccgtcatataacattgtcgttttcgctggggaccactgtggtccggaggtaagttcggtcctgcgégtcatcgagaa
gtgcecgtgacgatgectaccttcaacctecaggatcaattgeteggtggtgtaagttegategatgetaccggatetecece
ttaccgacgaagctcttaacgecegecaaagaacgecgatgecgttetecteggtgecattggeggteccaaatggggeact
ggcgeegtecgeccegaacagggectectecgtetgegecaaggagatgggecacatteggtaaccteegecectgeaactt
cgccgecccgtegetggtegacggetecectetecgeccegaagtetgecgeggegtegact tecaacat tatecgegaac
tgaccggtggcatctactteggecgacegecaaggaggacgacggcageggct tecgecatggacacggageegtacteecge
gcggagatcgagegeatcaccegecttgeggeccacctegetetgeagecacaaccecectettecegtgtggagettgga
caaggccaacgtcctegegacgageeggetgtggeggaagacegtgacggaggtcatggecaaggagttecececcagetea
aggtggagcaccagctecattgactcegeggecatgatcatggtcaaggagectagaaagettaacggtattgttgtcact
agcaacctgttecggtgacatcatcagtgatgaagecagegttatecectggttetetgggactettgeccagegecaagett
gggcggcattcctgacggaaagaccaaggtcaatggtatctatgagcctattcacggttctgcccctgacattgccggca
agggcatcgttaacccegtegecgecattetetetgtegecatgatgatgecagtactecctgaaccgtatggatgacgec
agggccatcgagacggecgteegeaatgtgategaggeeggtatecgeactgecgatattggeggecaagtegacaactag
cgaggteggtgacgetgttgectgecgagetggagaagetgttgaagecaatagt ’
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This encodes the following protein (SEQ ID NO: 41):

MPSYNIVVFAGDHCGPEVSSVLRVIEKCRDDATFNLQDQLLGGVSST DA'I;G SPLTDEALNAAKNADAVLLGATIGGPKWGT
GAVRPEQGLLRLRKEMGTFGNLRPCNFAAPSLVDGSPLRPEVCRGVDFNIIRELTGGIYFGDRKEDDGSGFAMDTEPYSR
AETERTITRLAAHLALQHNPPLPVWSLDKANVLATSRLWRKTVTEVMAKEFPQLKVEHQLIDSAAMIMVKEPRKLNGIVVT
SNLFGDIISDEASVIPGSLGLLPSASLSGIPDGKTKVNGIYEPIHGSAPDIAGKGIVNPVAATILSVAMMMOY SLNRMDDA
RATETAVRNVIEAGIRTADIGGKSTTSEVGDAVAAELEKLLKQ

Example 4. Studies performed on additional ACE targets

Generation of sera aqainst predicted antigenic peptides of target proteins

Following the identification of a number of novel proteins on the surface of the AfC it
was decided to further these studies through the production of antisera that had
been raised against multiple antigenic peptides (MAP) of the novel molecules.
Thus, two peptides from each chosen target were selected (see table below) and
the information relayed to Sigma who produced the peptides and antisera in
accordance with their Custom Peptide Synthesis and rabbit immunisation protocols.
The peptides chosen (see table 3) correspond to those that were identified during
mass spectrometry procedures (see table 1) and to those predicted to be most
antigenic using the guidelines supplied by Sigma.

IFM analysis with sera raised against MAP molecules

Following the production of MAPs and the corresponding antisera, IgG was purified
and used in IFM experiments to assist in the confirmation of the surface expression
of the various target molecules. The resulis of these IFM experiments are
summarised in table 3 and exemplified for GAP-B-2 in figure 15. Sera raised against
the GAP-B-2 molecule of GAPDH2 were also tested against a number of the clinical
isolates. Reactivity of this sera against the surface of the clinical isolates
(exempilified in figure 16, other not shown) supports the surface localisation of
GAPDH2 within isolates other than ATCC 46640.

Cloning, expression and purification of recombinant enolase: plus detection of native

enolase.

The enolase gene of A. fumigatus was cloned and the protein expressed using the
same protocols detailed for IMDH B, the only difference being the sequence of the
forward (5-ATGCCTATCTCCAAGATC-3' (SEQ ID NO:42)) and reverse primers
(5-CAGGTTGACGGCAGT-3' (SEQ ID NO:43)). The sequence of the cloned cDNA
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molecule was confirmed using standard procedures) (SEQ lD NO:48 and SEQ ID

NO:49). Expression of the recombinant protein was confirmed using anti-his
antibodies (figure 1?(A)). Furfhermore, the protein was shown to react with anti-
MAP sera raised against ENO-2 (figure 17(A)). Having confirmed that the anti-MAP
sera binds recombinant enolase it was decided to test the sera against isolated
membrane and wall fractions from AfC. These studies revealed the protein to exist
in the cell membrane of AfC (figure 17(B)).

Example 5. Alignment of Aspergillus fumigatus IMDH B with homologous

polypeptides from other fungi

The sequence of Aspergillus fumigatus IMDH B (SEQ ID NO:36) was compared with
homologous sequences from other fungi in order to find areas of high sequence
identity. Figures 18-25 show alignments of SEQ ID NO:36 with homologous
polypeptides.
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- Claims

. An isolated antibody capable of binding an extracellular Aspergillus fumigatus

polypeptide selected from the group consisting of isopropylmalate
dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID NO:1), hydrophobin (SEQ ID
NO:2), GAPDH-B (SEQ ID NO:3), and catalase A (SEQ ID NO:6).

. The antibody of claim 1, wherein the antibody binds said polypeptide with a

dissociation constant of less than 107M, e.g. less than 5 X 10°M, éuch as less
than 10°®M, e.g. less than 5 X 10°M, such as less than 10°M, e.g. less than 5 X
107"°M, such as less than 107'°M, e.g. less than 5 X 10""'M, such as less than 10"
"M, e.g. less than 5 X 107?M, such as less than 10™M, e.g. less than 5 X 10°
M, such as less than 10"*M, e.g. less than 5 X 10™*M, such as less than 10"
M, e.g. less than 5 X 107°M, or less than 10™°M.

. The antibody of any of the preceding claims, wherein the antibody is selected

from the group consisting of IgG, IgA, IgE, IgM and IgD, wherein IgG preferably
is IgG1.

. The antibody of any of the preceding claims, wherein the antibody is capable of

binding an intact Aspergillus fumigatus cell.

. The antibody of any of the preceding claims, wherein the antibody, or at least an

Fab fragment thereof, is capable of reducing the adhesion of Aspergillus
fumigatus conidia to lung epithelia in an in vitro assay, preferably reducing said
adhesion with at least 20%, e.g. at least 40%, or at least 60%.

. The antibody of any of the preceding claims, wherein the antibody or at least an

Fab fragment thereof, is capable of reducing the germination of Aspergillus
fumigatus conidia in an in vitro assay, preferably reducing said adhesion with at
least 20%, e.g. at least 40%, or at least 60%.

. The antibody of any of claims 1-6, wherein the antibody is polyclonal.

. The antibody of any of claims 1-6, wherein the antibody is monoclonal.
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The antibody of claim 8, wherein the antibody is a chimeric, hu.man or

humanised antibody.
The antibody of claim 8, wherein the antibody is a human antibody.
The antibody of any of the preceding claims, wherein the antibody is purified.

The antibody of any of the preceding claims, wherein the antibody is further
capable of binding a homologous polypeptide, wherein the homologous
polypeptide has a sequence identity of 39% or more, such as 42% or more, e.g.
48% or more, such as 68% or more, e.g. 80% or more, such as 90% or more, to
a polypeptide selected from the group consisting of isopropylmalate
dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID NO:1), hydrophobin (SEQ ID
NO:2), GAPDH-B (SEQ ID NO:3), and catalase A (SEQ ID NO:6).

The antibody of claim 12, wherein said homologous polypeptide originates from
- an Aspergillus species, such as Aspergillus fumigatus, Aspergillus nidulans,
Aspergillus niger, or Aspergillus oryzea,

- Neurospora crassa,

- Saccharomyces cerevisiae,

- a Candida species such as Candida albicans,

- a Coccidioides species, such as Coccidioides posadasii, or Coccidioides
immitis,

- a Cryptococcus species, such as Cryptococcus neoformans var. neoformans,

- a Fusarium species,

- a Pneumocystis species,

- a Penicillium species,

or

- Histoplasma capsulatum.

The antibody of claim 13, wherein said homologous polypeptide originates from
- an Aspergillus species, such as Aspergillus fumigatus, Aspergillus nidulans,
Aspergillus niger or Aspergillus oryzea,

- Candida albicans,
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- Coccidioides posadasii,
or’ ‘

- Cryptococcus neoformans var. neoformans.

The antibody of claim 14, wherein said homologous polypeptide originates from
an Aspergilius species, such as Aspergillus fumigatus, Aspergillus nidulans,

Aspergillus niger or Aspergillus oryzea,

The antibody of claim 15, wherein said homologous polypeptide originates from
Aspergillus fumigatus. '

The antibody of claim 16, wherein the said homologous polypeptide is the
polypeptide of SEQ ID NO:41.

The antibody of any of claims 12-17, wherein said homologous polypeptide is
extracellular.
The antibody of any of the preceding claims, wherein the antibody further is

capable of binding an intact cell of any one or more of

- an Aspergillus species other than Aspergillus fumigatus, such as Aspergillus
nidulans, Aspergillus niger, or Aspergillus oryzea,

- Neurospora crassa,

- Saccharomyces cerevisiae,

- a Candida species such as Candida albicans,

- a Coccidioides species, such as Coccidioides posadasii, or Coccidioides
immitis,

- a Cryptococcus species, such as Cryptococcus neoformans var. neoformans,

- a Fusarium species,

- a Pneumocystis species,

- a Penicillium species,

or

- Histoplasma capsulatum.

The antibody of any of claims 1-11, wherein the antibody is not capable of
binding an intact cell of any of



WO 2004/108765 PCT/DK2004/000407

10

15

20

25

30 -

21.

22.

23.

24.

25.

26.

78

- Neurospora crassa,

- Saccharomyces cerevisiae,

- Candida albicans,

- Coccidioides posadasii, or Coccidioides immitis,
- Cryptococcus neoformans var. neoformans,

or

- Histoplasma capsulatum.

The antibody of any of the preceding claims, wherein the antibody is capable of
binding a polypeptide selected from the grdup consisting of isopropylmalate
dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID NO:1) and catalase A (SEQ
ID NO:6).

The antibody of any of the preceding claims, wherein the antibody is capable of
binding a polypeptide selected from the group consisting of isopropyimalate

dehydrogenase B (SEQ ID NO:36) and Cssl (SEQ ID NO:1).

The antibody of any of the preceding claims, wherein the antibody is capable of
binding isopropylmalate dehydrogenase B (SEQ ID NO:36).

The antibody of claim 23, wherein the antibody is capable of binding an epitope
which comprises one or more of the residues of a region of SEQ ID NO:36
selected from the group consisting of: Ser67- Leu71, Ala74-Trp80, Ser191-
Arg205, Leu268-Leu273, His292-Pro296, GIlu355-11e360, Asp193-Glu209,
Asp193-Ala199, lle15-Val19, Val75-Trp80, Pro11-Glu18 and the region defined
by SEQ ID NO:37, preferably an epitope which is entirely consiéting of residues

comprised within said region.

A pharmaceutical composition comprising an antibody as defined in any of

claims 1-24 and a pharmaceutically-acceptable carrier.

An antibody as defined in any of claims 1-24 .or a composition as defined in
claim 25 for use as a medicament.
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Use of an antibody as defined in any of claims 1-24 or a composition as defined
in claim 25 for the manufacture of a medicament for the treatment or prevention

of fungal infections.

Use of claim 27, wherein the medicament is a medicament for the treatment or

prevention of Aspergillus infections, preferably Aspergillus fumigatus infections.

Use of claim 27, wherein the medicament is a medicament for the treatment or
prevention of a fungal disease selected from the group consisting of: invasive
aspergillosis, aspergilloma, and allergic aspergillosis, such as allergic
bronchopulmonary aspergillosis.

A composition comprising one or more Aspergillus fumigatus polypeptides

selected from the group of
polypeptides comprising SEQ ID NO:36, fragments thereof and variants thereof,

fragments of SEQ ID NO:1 of less than 259 amino-acid residues in length, such
as less than 200, preferably less than 150, such as less than 100, e.g. less than
50, such as less than 25 amino-acid residues in length comprising one or more
residues of the amino-acid sequences set forth in SEQ ID NO:7,8,17,26,28,29
and/or 30 and variants of said fragments;

fragments of SEQ ID NO:2 of less than 106 amino-acid residues in length, such
as less than 75, preferably less than 50, such as less than 25 residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ
ID NO:9,10,18 and/or 19 and variants of said fragments;

polypeptides comprising SEQ ID NO:3, fragments thereof and variants thereof,
with the proviso that if the polypeptide is a fragment of SEQ ID NO:3, that this
fragment is not the fragment set forth in SEQ ID NO:35;

fragments of SEQ ID NO:4 of less than 437 amino-acid residues in length, such
as less than 200, preferably less than 100, such as less than 75, e.g. less than

50, such as less than 25 amino-acid residues in length comprising one or more
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residues of the amiho-acid sequences set forth in SEQ ID NO:13,14,23,24

and/or 25 and variants of said fragments;

fragments of SEQ ID NO:5 of less than 727 amino-acid residues in length, e.g.
less than 400, such as less than 200, preferably less than 160, such as less thén
75, e.g. less than 50, such as less than 25 amino-acid residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ
ID NO:15,16 and/or 27 and variants of said fragments;

and

fragments of SEQ ID NO:6 of less than 748 amino-acid residues in length, e.g.
less than 400, such as less than 200, preferably less than 100, such as less than
75, e.g. less than 50, such as less than 25 amino-acid residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ

ID NO:34 and variants of said fragments.
An Aspergillus fumigatus polypeptide selected from the group of
polypeptides comprising SEQ ID NO:36, fragments thereof and variants thereof,

fragments of SEQ ID NO:1 of less than 259 amino-acid residues in length, such
as less than 200, preferably less than 150, such as less than 100, e.g. less than
50, such as less than 25 amino-acid residues in length comprising one or more
residues of the amino-acid sequences set forth in SEQ 1D NO:7,8,17,26,28,29
and/or 30 and variants of said fragments;

fragments of SEQ ID NO:2 of less than 106 amino-acid residues in length, such
as less than 75, preferably less than 50, such as less than 25 residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ
ID NO:9,10,18 and/or 19 and variants of said fragments;

polypeptides comprising SEQ ID NO:3, fragments thereof and variants thereof,
with the proviso that if the polypeptide is a fragment of SEQ ID NO:3, that this
fragment is not the fragment set forth in SEQ ID NO:35;
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fragments of SEQ ID NO:4 of less than 437 amino-acid residues in length, such
as less than 200, preferably less than 100, such as less than 75, e.g. less than
50, such as less than 25 amino-acid residues in length comprising oné or more
residues of the amino-acid sequences set forth in SEQ ID NO:13,14,23,24

and/or 25 and variants of said fragments;

fragments of SEQ 1D NO:5 of less than 727 amino-acid residues in length, e.g.
less than 400, such as less than 200, preferably less than 100, such as less than
75, e.g. less than 50, such as less than 25 amino-acid residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ
ID NO:15,16 and/or 27 and variants of said fragments;

and

fragments of SEQ ID NO:6 of less than 748 amino-acid residues in length, e.g.
less than 400, such as less than 200, preferably less than 100, such as less than
75, e.g. less than 50, such as less than 25 amino-acid residues in length
comprising one or more residues of the amino-acid sequences set forth in SEQ

ID NO:34 and variants of said fragments.

The polypeptide of claim 31, wherein the polypeptide is a fragment comprising
one or more residues of the amino-acid sequences set forth in SEQ ID NOs: 7-

27 and/or 37, or a variant of said fragment.

The polypeptide of claim 32, wherein the polypeptide is a fragment comprising
one or more residues of the amino-acid sequences set forth in SEQ ID NOs: 7-

16, or a variant of said fragment.

The polypeptide of claim 32, wherein the polypeptide is a fragment comprising
one or more residues of the amino-acid sequences set forth in SEQ ID NOs: 17-
25 and/or SEQ ID NO:14, or a variant of said fragment.
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The polypeptide of claim 32, wherein the polypeptide is a fragment comprising
one or more residues of the amino-acid sequences set forth in SEQ ID NO: 18,
19, 26, 27, and/or 37, or a variant of said fragment.

A polynucleotide encoding a polypeptide as defined in any of claims 31-35.
An expression vector comprising a polynucleotide as defined in claim 36.

A host cell transformed or transfected with a polynucleotide as defined in claim
36 and/or an expression vector as defined in claim 37.

A pharmaceutical composition comprising a polypeptide as defined in any of
claims 31-35 or a polynucleotide as defined in claim 36 and a pharmaceutically-

acceptable carrier.

A polypeptide as defined in any of claims 31-35, or a polynucleotide as defined

in claim 36 for use as a medicament.

Use of a polypeptide as defined in any of claims 31-35, a polynucleotide as
defined in claim 36 for the manufacture of a medicament for the immunisation of

a mammal against fungal infections.

The use of claim 41, wherein said mammal is a human being.

A method for raising specific antibodies to a polypeptide selected from the group
of polypeptides set forth in SEQ ID NO:1,2,3,6 and 36 in a non-human mammal
comprising the steps of

providing a polypeptide selected from the group of isopropylmalate
dehydrogenase B (SEQ-ID NO:36), Cssl (SEQ ID NO:1), hydrophobin (SEQ ID
NO:2), GAPDH (SEQ ID NO:3), and catélase A (SEQ ID NO:6), or a polypeptide
as defined in any of claims 31-35, or a cell expressing any of these polypeptides,
introducing a composition comprising said polypeptide or said cell into said
animal, ‘

raising antibodies in said animal, and

d. isolating and optionally purifying the antibodies.
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44. The method of claim 43, wherein the raising of antibodies is done in a transgenic

animal which is capable of producing human antibodies.

45. The method of claim 43 or 44, wherein the polypeptide that is provided is
isopropylmalate dehydrogenase B (SEQ ID NO:36) or a fragment thereof, or a
variant of said polypeptide.

46. The method of claim 43 or 44, wherein the polypeptide that is provided is Cssl
(SEQ ID NO:1) or a fragment thereof, or a variant of said polypeptide.

47.The method of claim 43 or 44, wherein the polypeptide that is provided is
hydrophobin (SEQ ID NO:2) or a fragment thereof, or a variant of said
polypeptide.

48. The method of claim 43 or 44, wherein the polypeptide that is provided is
GAPDH-B (SEQ ID NO:3) or a fragment thereof, or a variant of said polypeptide.

49. The method of claim 43 or 44, wherein the polypeptide that is provided is
catalase A (SEQ ID NO:6) or a fragment thereof, or a variant of said polypeptide.

50. A method for identifying a binding partner of a polypeptide selected from the
group of isopropylmalate dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID
NO:1), hydrophobin (SEQ ID NO:2), GAPDH-B (SEQ ID NO:3), enolase (SEQ
ID NO:4), catalase B (SEQ ID NO:5) and catalase A (SEQ ID NO:6), comprising
the steps of

a. providing a polypeptide as defined in any of claims 31-35 or a polypeptide
selected from the group of isopropylmalate dehydrogenase B (SEQ ID NO:36),
Cssl (SEQ ID NO:1), hydrophobin (SEQ ID NO:2), GAPDH-B (SEQ ID NO:3),
catalase B (SEQ ID NO:5), and catalase A (SEQ ID NO:6),

b. contacting said polypeptide with a putative binding partner, and

c. determining whether said putative binding partner is capable of binding to said

polypeptide.

51. The method of claim 50, wherein the putative binding partner is a host-derived

molecule.
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The method of any of claims 50—51‘, wherein said method is repeated for a

plurality of putative binding partners.

A method for identifying a compound with antifungal activity comprising the
steps of

providing a sensitised cell which has a reduced level of a polypeptide selected
from the group of SEQ ID NOs:1,2,3,5,6, and 36 and

determining the sensitivity of said cell to a putative antifungal compound, for
instance by a growth assay.

A method for identifying an inhibitor of an extraceliular Aspergillus polypeptide
selected from the group of isopropylmalate der]ydrogenase B (SEQ ID NO:36),
Cssl (SEQ ID NO:1), GAPDH (SEQ ID NO:3), vand catalase A (SEQ ID NO:6),
comprising the steps of

providing two cells which differ in the level of a polypeptide selected from the
group of isopropyimalate dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID
NO:1), GAPDH (SEQ ID NO:3), and catalase A (SEQ ID NO:6),

determining the sensitivity of said cells to a putative inhibitor, for instance by a
growth assay, and

determining whether said two cells are differently affected by the presence of
said putative inhibitor.

The method of claim 54, wherein the two cells differ in the copy number of said
polypeptide.

The method of claim 54, wherein the two cells differ in the activity of said

polypeptide.

A method of diagnosing fungal, preferably Aspergillus fumigatus, infection

comprising the steps of

a. providing a sample from an individual,

contacting said sample with an indicator moiety capable of sbecifically
recognising and binding a polypeptide selected from the group of
isopropylmalate dehydrogenase B (SEQ ID NO:36), Cssl (SEQ ID NO:1),
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hydrophobin (SEQ ID NO:2), GAPDH-B (SEQ ID NO:3), and catalase A (SEQ ID
NO:6), and
c. determining whether a signal has been generated by the indicator moiety.

5 58. The method of the preceding claim, wherein said indicator moiety is or

comprises an antibody, such as an antibody as defined in any of claims 1-24 .

59. A kit for the detection of fungal material, preferably intact fungal cells, most
preferably intact Aspergillus fumigatus cells, in a biological sample comprising
10 a. an indicator moiety capable of specifically recognising and binding a
polypeptide selected from the group of isopropylmalate dehydrogenase B
(SEQ ID NO:36), Cssl (SEQ ID NO:1), hydrophobin (SEQ ID NO:2),
GAPDH-B (SEQ ID NO:3), and catalase A (SEQ ID NO:6), and
b. one or more of: a buffer for promoting binding of the indicator moiety to the
15 fungal material; a reagent for generating a detectable signal; and written

instructions to the usér.

60. The kit of claim 59, wherein said indicator is or comprises an antibody, such as
an antibody as defined in any of claims 1-24.
20
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Table 1. Identification of peptides in AfC fractions.

Protein CssI (AnrP440134) Hydrophobin (AnrP57221) GAPDH (AnrP539502) Enolase (AnrP7789) Catalases and IMDH B

extract

Diffusate KVAQETITNPGPK FPVPDDITVK AGISLNPNFVK NVNETIGPALIK Not detected

ATYAGDVTDIDEGILAGTLK TAAQNIIPSSTGAAK VNQIGTLTESIQAAK
NILGYTEDDVVSSDLNGDER TSDFQIVGDDLTVTNPGR
WLTYEQLADLYK

Cell VAQETITNPGPK FPVPDDITVK Not detected Not detected FGFDLLDPTK (Catalase

surface ATYAGDVTDIDEGILAGTLK B peptide

exposed AnrP977704)

LX,AEX,ALR (IMDH B
peptide)

Cell wall KVAQEIINPGPK FPVPDDITVK 3-12 AGISLNPNFVK Not detected TGPSLLEDQTIAR
VAQEIINPGPK ATYAGDVTDIDEGILAGTLK TAAQNIIPSSTGAAK (Catalase A peptide
SISFQLDCR 30-50 NILGYTEDDVVSSDLNGDER AnrP145557)
EGAEQSAPQAEHSTK VPTSNVSVVDLTCR
VVITTPYTCDQVK YDTTHGQFK

GTIETYDQGLIVNGK

wumﬂmmmmm KVAQEIINPGPKVVTT PVPDDITVKQATEKCGD TEDDVVSSDLNGDERS KNVNETIGPALIKENID DEEDQLRFGFDLLDPTKIVP

used for KEGAEQSAPQAEHSTK ATYAGDVTDIDEGIL FKGTIETYDQGLIVNGKK TSDFQIVGDDLTVTNPGR RIDNDLARRVARAIGV

Ab

production
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Table 2. Biochemical characteristics of Cssl.

Complete N-terminus C-terminus
MW 28179.92 13960.38 14236.54
Residues 260 130 130
Strongly Basic (+) Amino Acids (K, R) 25 10 15
Strongly Acidic (-) Amino Acids (D, E) 33 9 24
Hydrophobic Amino Acids (A, I, L,F, W, V) 89 55 34
Polar Amino Acids (N, C, Q, S, T, Y) 70 36 34
Isolectric Point 5.081 7.626 4.760
Charge at pH 7.0 -7.634 0.892 -8.617
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Table 3. Sequence of peptides chosen for the production of multiple antigenic peptides and antisera against

selected target proteins

Peptide name  Peptide sequence Parental protein

GAP-B-1 FKGTIETYDQGLIVNGKK (SEQID NO:12) ~ GAPDH B
GAP-B-2 TEDDVVSSDLNGDERS (SEQ ID NO:11) GAPDH B
HYD-1 PVPDDITVKQATEKCGD (SEQ ID NO:9) hydrophobin
HYD-2 ATYAGDVTDIDEGIL (SEQ ID NO:10) hydrophobin
CAT-B-1 DEEDQLRFGFDLLDPTKIVP (SEQ ID NO:15)  Catalase B
CAT-B-2 RIDNDLARRVARAIGV (SEQ ID NO:16) Catalase B
ENO-1 KNVNETIGPALIKENID (SEQ ID NO:13) Enolase
ENO-2 TSDFEQIVGDDLTVTNPGR (SEQID NO:14)  Enolase
Peptide 2 KEGAEQSAPQAEHSTK (SEQ ID NO:8) Cssl
Peptide 1 KVAQEIINPGPKVVTT (SEQ ID NO:7) Cssl

*Reactivity of sera raised against the peptide against the surface of AfC or AfM

Reactivity vs AfC*

++
+++
++
++
++
++
++

et
++

Reactivity vs AfM*
+4+

++

+++

++
++

+H+
++
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Table 4. Analysis of the ability of anti~IMDH B IgG to bind
the surface of clinical isolates.

Strain Number Original Pathogenicity Anti IMDH-B intensity
substratum EAMMM“MWWW Conidia Mycelium
Isolate 46640 Human Lung Aspergilloma ++ ++
THEM 1246 Outdoorair | ——— + +
IHEM 2494 Human sputum Allergic ++ ++
Bronchopulmonar
Aspergillosis
THEM 2739 Human sinus Mycotic sinusitis ++t ++
THEM 2895 Human Bronchitis ++ +
bronchoaspiration
(fungal ball)
IHEM 3007 Human lung Pulmonary - +++
aspergillosis
THEM 4184 Human lung biopsy | Aspergillosis (heart - ++
transplant)
IHEM 4185 Human bone Aspergillosis (heart - ++
transplant)
IHEM 4187 Human bronchial Aspergillosis (liver + +
secretions transplant)
THEM 4699 Human Aspergillosis (bone ++ +
bronchoaspiration marrow transplant)
THEM 4750 Human lung from Aspergillosis (liver +++ ND
autopsy transplant)
THEM 4756 Human sputum Aspergillosis - +
(marrow transplant
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Figure 1. The predicted protein sequences of Cssl (A), hydrophobin (B), GAPDH-B (C), enolase
(D), catalase B (E), catalase A(F), and isopropylmalate dehydrogenase B (G). X; is S or A and X, is
Lorl

A
MLASFQFCILPRTYRTLLCSAGAGPLLIIQFVIVASALALAPTAVVARQGAAAFVTVNSIDVCPKKVAQEIINPGPKVVTTP
YTCDQVKLGHGLDVSYYNFDIEPLTKDTFPYCKALKVFDNEGCLGFPTLWIPLESPLEDKCIPEHYFSDEVKSISFQLDCRE
DAPVKKEPYGPKEGAEQSAPQAEHSTKQODAQQGSHQGQEVONSPKQEARQGSRPAEAAPKQEQEAEQASEAAPEKKASNPAD
SLGLGELTKVLGFR

B
VRFPVPDDITVKQATEKCGDQAQLSCCNKATYAGDVTDIDEGILAGTLKNLIGGGSGTEGLGLFNQCSKLDLQSPIIGIPIQ
DLVNQKCKONIACCONSPSDAVRFP

Cc
MATPRKVGINGFGRIGRIVGLNSLSHGVDVVAVNDPFIEVHYAAYMLKYDTTHGQFKGTIETYDOGLIVNGKKIRFYAEKD
PSQIPWSETGAAYIVESTGVFTTKEKASAHLKGGAKKVIISAPSADAPMFVMGVNNTTYTSDIQVLSNASCTTNCLAPLA
KVINDKFGIVEGLMTTVHSYTATQKVVDAPSNKDWRGGRTAAQNIIPSSTGAAKAVGKVIPSLNGKLTGMAMRVPTSNVS
VVDLTCRLEKGASYDEIKQAIKAASEEGELKNILGYTEDDVVSSDLNGDERSSIFDAKAGISLNPNFVKLVAWYDNEW

D
MPISKTHARSVYDSRGNPTVEVDVATETGLHRATIVPSGASTGQHEAHELRDGDKTQWGGKGVLKAVKNVNETIGPALIKENT
DVKDQSKVDEFLNKLDGTANKSNLGANAILGVSLAVARKAGAAEKGVPLYAHTI SDLAGTKKPYVLPVPFQNVLNGGSHAGGRL
AFQEFMIVPDSAPSFSEALRQGAEVYQKLKALAKKKYGQSAGNVGDEGGVAPDIQTAEEALDLITEATEQAGYTGK
IKIAMDVASSEFYKADVKKYDLDFRNPESDPSKWLTYEQLADLYKSLAAKYPIVSIEDPFAEDDWEAWSYFYKTSDFQIVGD
DLTVINPGRIKKAIELKSCNALLLKVNQIGTLTESIQAAKDSYADNWGVMVSHRSGETEDVTIADIAVGLRSGQIKTGAPCR
SERLAKLNQILRIEEELGENTVYAGSKFRTAVNL

E
MRLTFIPSLIGVANAVCPYMTGELNRRDEISDGDAAAATEEFLSQYYLNDNDAFMTSDVGGPIEDONSLSAGERGPTLLEDF
IFRQKIQRFDHERVPERAVHARGAGAHGVEFTSYGDFSNITAASFLAREGKQTPVFVRF STVAGSRGSSDLARDVHGFATRFY
TDEGNFDIVGNNIPVFFIQDATLFPDLIHAVKPRGDNEIPQAATAHDSAWDFFSQQPSTMHTLLWAMSGHGIPRSEF
RHVDGFGVHTFRFVTDDGASKLVKFHWKSLQGKASMVWEEAQQTSGKNPDFMRQDLHDATIEAGRYPEWELGVQIMDEEDQLR
FGFDLLDPTKIVPEEFVPITKLGKMQLNRNPRNYFAETEQVMFQPGHIVRGVDFTEDPLLQGRLFSYLDTQLNRHGGPNFEQ
LPINQPRVPVHNNNRDGAGOMFIPLNPHAY SPKTSVNGSPKQANQTVGDGFFTAPGRTTSGKLVRAVSSSFEDVWS
QPRLFYNSLVPAEKQFVIDAIRFENANVKSPVVKNNVIIQLNRIDNDLARRVARAIGVAEPEPDPTFYHNNKTADVGTFGTK
LKKLDGLKVGVLGSVQHPGSVEGASTLRDRLKDDGVDVVLVAERLADGVDQTYSTSDATIQFDAVVVAAGAESLFAASSFTGG
SANSASGASSLYPTGRPLQILIDGFRFGKTVGALGSGTAALRNAGIATSRDGVYVAQSVTDDFANDLKEGLRTFKF
LDRFPVDH

F
ﬁATKIAGGLHRAQEVLQNTSSKSKKLVDLERDTADAHTQQPLTTDHGVRVSNTDQWLRVTNDRRTGPSLLEDQIAREKIHRF
DHERIPERVVHARGTGAFGNFKLKESIEDLTYAGVLTDTSRNTPVFVRFSTVQGSRGSADTVRDVRGFAVKFYTDEGNWDIV
GNNIPVFFIQDAVKFPDFVHAVKPEPHNEVPQAQTAHNNEFWDFVYLHPEATHMFMWAMSDRATIPRSYRMMQGFGVN
TFALVNKEGKRHFVKFHWI PHLGVHSLVWDEALKLGGQDPDFHRKDLMEATDNKAY PKWDFAIQVIPEEKQDDFEFDILDAT
KIWPENLVPLRVIGELELNRNVDEFFPQTEQVAFCTSHIVPGIDFTDDPLLQGRNFSYFDTQISRLGINWEELPINRPVCPV
LNHNRDGOMRHRITQGTVNYWPNRFEAVPPTGTKGSGVGGGFTTYPQRVEGIKNRALNDKFREHHNQAQLFYNSMS
EHEKLHMKKAFSFELDHCDDPTVYERLAGHRLAEIDLELAQKVAEMVGAPTPAKALKQNHGRRAPHLSQTEFIPKNPTIASR
RIAIIIGDGYDPVASTGLKTAIKAASALPFIIGTKRSAIYATEDKTSSKGITIPDHHYDGQRSTMFDATFIPGGPHVATLRON
GQIKYWISETFGHLKALGATGEAVDLVKETLSGTLHVQVASSQSPEPVEWYGVVTAGGKQKPESFKESVQILKGAT
DFVGKFFYQISQHRNYQRELDGLASTIAF

G

MVITYNILVLPGDGIGPEVMTEAVKVLKVFENEHRKFNLRQELIGGCSIDAHGKSVTEEVKKAALESDAVLFAAVGGPKW
DHIRRGLDGPEGGLLQLRKAMDIYANLRPCSASSPSASIAKEFSPFRQEVIEGVDFVVVRENCGGAYFGKKIEEEDYAMD
EWGYSEREIQRITRLX;AEX,ALRHNPPWPVISLDKANVLASSRLWRRVVEKTMTTEYPQVKLVHQLADSASLILATNPRALN
GVILADNTFGDMISDQAGSIVGTLGVLPSASLDGLPSETRKRTNGLYEPTHGSAPTIAGONIANPVAMILCVALMFRYSLDM
ETEAQRIEKAVQGVLDAGIRTPDLGGKSGTNEVGDAIVAALQGSS
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Afa
AfB
afc

AfA
AfB
aAfc

aAfa
AfB
AfcC

AfA
AfB
AfC

Figure 3. Alignment of the predicted protein sequences for GAPDH

A (AfA)

2

GAPDH-B (AfB) and GAPDH-

C (AfC).
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Figure 6
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Figure 13
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Fig. 14
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4 TYNILVLPGDGIGPEVMTEAVKVLKVFEN--EHRKFNLRQELIGGCS-IDAHGKSVTEEV 60

59

61

114

121

173

179

233

239

292

299

352

359

LNAAKNADAVLLGAIGGPKWG- - -TGAVRPEQGLLRLRKEMGTFGNLRPCNFAAPSLV -~
AA +DAVL A+GGPKW G PE GLL+LRK M + NLRPC+ ++PS
KKAALESDAVLFAAVGGPKWDHIRRGLDGPEGGLLOQLRKAMDIYANLRPCSASSPSASIA

—DGSPLRPEVCRGVDFNI IRELTGGIYFGDRKEDDGSGFAMDTEPYSRAETERITRLAAH
+ 8P R EV GVDF ++RE GG YFG + E++ +AMD YS EI+RITRL+A
KEFSPFRQEVIEGVDFVVVRENCGGAYFGKKIEEED—*YAMDEWGYSEREIQRITRLSAE

LALQHNPPLPVWSLDKANVLATSRLWRKTVTEVMAKEFPQLKVEHQLIDSAAMIMVKEPR
+AL+HNPP PV SLDKANVLA+SRLWR+ V + M E+PQ+K+ HQL DSA++I+ PR
TALRHNPPWPVISLDKANVLASSRLWRRVVEKTMTTEY PQVKLVHQLADSASLILATNPR

KLNGIVVTSENLFGDIISDEASVIPGSLGLLPSASLSGIP-DGKTKVNGIYEPTHGSAPDI
ING+++ N FGD+ISD+A I G+LG+LPSASL G+P + + + NG+YEP HGSAP I
ALNGVILADNTFGDMISDOAGSIVGTLGVLPSASLDGLPSETRKRTNGLYEPTHGSAPTI

AGKGTVNPVAAILSVAMMMQYSLNRMDDARAIETAVRNVIEAGIRTADIGGKSTTSEVGD
AG+ I NPVA IL VA+M +YSL+ +A+ IE AV+ V++AGIRT D+GGKS T+EVGD
AGQNIANPVAMILCVALMFRYSLDMETEAQRIEKAVQGVLDAGIRTPDLGGKSGTNEVGD

AVAAELE 358
A+ A L+
AIVAALQ 365

113

120

172

178

232

238

291

298

351

358
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BLAST OF SEQ ID NO:36 AGAINST:

Candida orf:
>0rf19.7080 orfl0262:179916-178795:e 1122 bp, 373 aa, contig 244073 bp

Length = 1122

Score = 335 bits (860), Expect = le-92
Identities = 185/368 (50%), Positives = 246/368 (66%), Gaps = 9/368 (2
Prame = +1
Query: 2 VITYNILVLPGDGIGPEVMTEAVKVLKVEFEN---~EHRKFNLRQELIGGCSIDAHGKSVT
Vv T I VLPGD +G E++ EA+KVLK E + +F+ + LIGG +IDA G +
Sbjct: 7 VKTKTITVLPGDHVGTEILVNEAIKVLKAIEAATPYQKIQFDFKHHLIGGAAIDATGVPLP
Query: 58 EEVKKAALESDAVLFAAVGGPKWDHIRRGLDGPEGGLLQLRKAMDIYANLRPCSASSPSA
++ ++A SDAVL AVGGPKW G PE GLL++RK +++YAN+RPC+ +S S
Sbjct: 187 DDALESAKSSDAVLLGAVGGPKWG---TGTVRPEQGLLKIRKELNLYANIRPCNFASDSL
Query: 118 SIAKEFSPFRQEVIEGVDFVVVRENCGGAYFGKKIEEEDY----- AMDEWGYSEREIQRT
E SP + EV++G + ++VRE GG YFG++ E+E+ A D Y+ E+ RI
Sbijct: 358 L---ELSPLKAEVVKGTNLIIVRELVGGIYFGERQEQEESEDKKTAWDTEKYTVDEVTRI
Query: 173 TRLSAEIALRHNPPWPVISLDKANVLASSRLWRRVVEKTMTTEYPQVKLVHQLADSASLI
TR++A +AL+HNPP P+ SLDKANVLASSRLWR+ V+K ++ E+P + + HQL DSA++I
Sbjct: 529 TRMAAFMALQHNPPLPIWSLDKANVLASSRLWRKTVDKVISEEFPALSVQHQLIDSAAMI
Query: 233 LATNPRALNGVILADNTFGDMISDQAGSIVGTLGVLPSASLDGLPSETRKRTNGLYEPTH
L NP LNG+I+ N FGD+ISD+A I G+LG+LPSASL LP GLYEP H
Sbjct: 709 LIQNPTKLNGIIITSNMFGDIISDEASVIPGSLGLLPSASLASLPD--TNTAFGLYEPCH
Query: 293 GSAPTIAGQNIANPVAMILCVALMFRYSLDMETEAQRIEKAVQGVLDAGIRTPDLGGKSG
GSAP + N NP+A IL A M R SLD EA+ +E+AV+ VLD+GIRT DL G S
Sbjct: 883 GSAPDLPA-NKVNPIATILSAASMLRLSLDCVKEAEALEEAVKQVLDSGIRTADLRGTSS
Query: 353 TNEVGDAI 360
T EVGDAI
Sbjct: 1060TTEVGDAI 1083
Candida seq orfl10262:179916-178795 1

PCT/DK2004/000407

)

57

186
117
357
172
528
232
708
292
882
352

1059

VKTKTITVLPGDHVGTEIVNEAIKVLKAIEAATPYQKIQFDFKHHLIGGAATDATGVPLPDDALESAKSSDAVL
LGAVGGPKWGTGTVRPEQGLLKIRKELNLYANIRPCNFASDSLLELSPLKAEVVKGTNLITVRELVGGIYFGER
QEQEESEDKKTAWDTEKYTVDEVTRITRMAAFMALQHNPPLPIWSLDKANVLASSRLWRKTVDKVISEEFPALS
VQHQLIDSAAMILIQNPTKLNGIIITSNMFGDIISDEASVIPGSLGLLPSASLASLPDTNTAFGLYEPCHGSAP
DLPANKVNPIATILSAASMLRLSLDCVKEAEALEEAVKQVLDSGIRTADLRGTSS1060TTEVGDATL
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Figure 19

BLAST OF SEQ ID NO:36 AGAINST:

Elrond pep

A. nidulans

>AnrP4374925 LE3B_ASPNG 3-isopropylmalate dehydrogenase B (Beta-IPM
dehyd
Length = 370

Score = 597 bits (1540), Expect = e-171
Identities = 295/364 (81%), Positives = 326/364 (89%), Gaps = 1/364 (0%)

Query: 4 TYNILVLPGDGIGPEVMTEAVKVLKVFENEHRKFNLRQELIGGCSIDAHGKSVTEEVKKA 63
+YNILVLPGDGIGPEVM EA K+L +F +F + ELIGGCSID HGKSVT+ V A
Sbjct: 5 SYNILVLPGDGIGPEVMAEATKILSLFNTSTVRFRTQTELIGGCSIDTHGKSVTQAVLDA 64

Query: 64 ALESDAVLFAAVGGPKWDHIRRGLDGPEGGLLQLRKAMDIYANLRPCSASSPSASIAKEF 123
A+ SDAVLFAAVGGPKWDHIRRGLDGPEGGLLQ+RKAMDIYANLRPCS SPS IA++F
Sbjct: 65 AVSSDAVLFAAVGGPKWDHIRRGLDGPEGGLLQVRKAMDIYANLRPCSVDSPSREIARDF 124

Query: 124 SPFRQEVIEGVDFVVVRENCGGAYFGKKIEEEDYAMDEWGYSEREIQRITRLSAETIALRH 183
SPFRQ+VIEGVDFVVVRENCGGAYFGKK+EE+DYAMDEWGYS EIQRITRLSAE+ALRH
Sbjct: 125 SPFRQDVIEGVDFVVVRENCGGAYFGKKVEEDDYAMDEWGYSASEIQRITRLSAELALRH 184

Query: 184 NPPWPVISLDKANVLASSRLWRRVVEKTMTTEYPQVKLVHQLADSASLILATNPRALNGV 243
+PPWPVISLDKANVLASSRLWRRVVEKTM+ EYPQVKLVHQLADSASLI+ATNPRALNGV
Sbjct: 185 DPPWPVISLDKANVLASSRLWRRVVEKTMSEEYPQVKLVHQLADSASLIMATNPRALNGV 244

Query: 244 ILADNTFGDMISDQAGSIVGTLGVLPSASLDGLPSE-TRKRTNGLYEPTHGSAPTIAGQN 302
ILADNTFGDM+SDQAGS+VGTLGVLPSASLDGLP +++ +GLYEPTHGSAPTIAG+N
Sbjct: 245 ILADNTFGDMVSDQAGSLVGTLGVLPSASLDGLPKPGEQRKVHGLYEPTHGSAPTIAGKN 304

Query: 303 IANPVAMILCVALMFRYSLDMETEAQRIEKAVQGVLDAGIRTPDLGGKSGTNEVGDAIVA 362
IANP AMILCVALMFRYS +ME EA++IE AV+ VLD GIRT DLGG +GT E GDA+VA
Sbjct: 305 IANPTAMILCVALMFRYSFNMEAEARQIEAAVRTVLDKGIRTSDLGGSTGTREFGDAVVA 364

Query: 363 ALQG 366
AL+G
Sbjct: 365 ALKG 368

>AnrP4374925 niger seq
MSEKSYNILVLPGDGIGPEVMAEATKILSLFNTSTVRFRTQTELIGGCSIDTHGKSVTQA
VLDAAVSSDAVLFAAVGGPKWDHIRRGLDGPEGGLLQVRKAMDIYANLRPCSVDSPSREI
ARDFSPFRQDVIEGVDFVVVRENCGGAYFGKKVEEDDYAMDEWGYSASEIQRITRLSAEL
ALRHDPPWPVISLDKANVLASSRLWRRVVEKTMSEEYPQVKLVHQLADSASLIMATNPRA
LNGVILADNTFGDMVSDQAGSLVGTLGVLPSASLDGLPKPGEQRKVHGLYEPTHGSAPTI
AGKNIANPTAMILCVALMFRYSFNMEAEARQIEAAVRTVLDKGIRTSDLGGSTGTREFGD
AVVAALKGEL
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BLAST OF SEQ ID NO:36 AGAINST:

BLASTP:temp_job2_pep_6_AnrP3711474

>AnrP3711474 hypothetical protein [Aspergillus oryzae]

Score =
Identities
Query: 2
Sbijct: 1
Query: 61
Sbjct: 61
Query: 121
Sbjct: 116
Query: 179
Sbjct: 175
Query: 239
Sbjct: 235
Query: 299
Shjct: 294
Query: 359
Sbjct: 354

Length = 364

375 bits (963), Expect = e-104

= 195/367 (53%), Positives = 260/367 (70%), Gaps = 10/367 (2

VTTYNILVLPGDGIGPEVMTEAVKVLKVFE-NEHRKFNLRQELIGGCSIDAHGKSVTEEV
+++¥YNI+V GD GPEV EA+KVL+ E N FNL+ L+GG SIDA G +T+E
MSSYNIVVFGGDHCGPEVTAEAIKVLRAVEKNRDVTFNLQDHLLGGASIDATGSPLTDEA

KKAALESDAVLFAAVGGPKWDHIRRGLDGPEGGLLQLRKAMDIYANLRPCSASSPSASIA
AA +DAVL A+GGPKW G PE G+L+LRK M + NLRPC+ ++PS
L NAAKNADAVLLGAIGGPKWG-~-TGAVRPEQGILKLRKEMGTFGNLRPCNFAAPSLV--

KEFSPFRQEVIEGVDFVVVRENCGGAYFGKKIEEED——YAMDEWGYSEREIQRITRLSAE
E SP R +V GV+F ++RE GG YFG++ E++ YAMD ¥YS EI+RI RL+A
_ESSPLRADVCRGVNFNIIRELTGGIYFGERKEDDGSGYAMDTEPYSRAEIERIIRLAAH

TALRENPPWPVISLDKANVLASSRLWRRVVEKTMTTEYPQVKLVHQLADSASLILATNPR
+AL+H+PP PV SLDKANVLA+SRLWR+VV + M E+PQ+K+ HQL DSA++I+ NPR
LALQHDPPLPVWSLDKANVLATSRLWRKVVTEVMAKEFPQLKIEHQLIDSAAMIMVKNPR

ALNGVILADNTFGDMISDQAGSIVGTLGVLPSASLDGLPSETRKRTNGLYEPTHGSAPTI
LNG+++ N FGD+ISD+A I G+LG+LPSASL G+P + + NG+YEP HGSAP I
QLNGIVVTSNLFGDIISDEASVIPGSLGLLPSASLSGIP—DGNSKVNGIYEPIHGSAPDI

AGQNIANPVAMILCVALMFRYSLDMETEAQRIEKAVQGVLDAGIRTPDLGGKSGTNEVGD
AG+ I NPVA IL VA+M +YS + EA+ IE+AV V+++G+RT D+GGK+ T EVGD
AGKGIVNPVAAILSVAMMMQYSFGLFAEARATEQAVSNVIESGVRTGDIGGKATTAEVGD

AIVAALQ 365
A+ A L+
AVAAELE 360

Oryzae seq >AnrP3711474
MSSYNIVVFGGDHCGPEVTAEAIKVLRAVEKNRDVTFNLQDHLLGGASIDATGSPLTDEA
LNAAKNADAVLLGAIGGPKWGTGAVRPEQGILKLRKEMGTFGNLRPCNFAAPSLVESSPL
RADVCRGVNFNIIRELTGGIYFGERKEDDGSGYAMDTEPYSRAEIERIIRLAAHLALQHD
PPLPVWSLDKANVLATSRLWRKVVTEVMAKEFPQLKIEHQLIDSAAMIMVKNPRQLNGIV
VTSNLFGDIISDEASVIPGSLGLLPSASLSGIPDGNSKVNGIYEPIHGSAPDIAGKGIVN
PVAAILSVAMMMQY SFGLFAEARAIEQAVSNVIESGVRTGDIGGKATTAEVGDAVAAELE

KLLK

%)

60

60

120

115

178

174

238

234

298

293

358

353
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Figure 21

BLAST OF SEQ ID NO:36 AGAINST:

T BLASTP:temp_job2_pep_9_AnrP4379986

SAnrP4379986 conserved hypothetical protein [Aspergillus mnidulans
FGSC A4
Length = 357

Score = 149 bits (376), Expect = le-36
Tdentities = 113/369 (30%), Positives = 186/369 (49%), Gaps = 27/369 (7%)

Query: 1 MVTTYNILVLPGDGIGPEVMTEAVKVLKVFENEHRKFNLRQELIGGCS--IDAHGKSVTE 58
M TY I +P DGIGPEV+ V VLK ++ + P+L + S A GK + +
Sbjct: 1 MAKTYRIATIPADGIGPEVIDAGVIVLKALADKLQSFSLDFTHLDWSSETFKATGKYIPD 60

Query: 59 EVKKAALESDAVLFAAVGGPKW-DHIRRGLDGPEGGLLQLRKAMDIYANLRPCSASSPSA 117

+ ++DA+LF AVG P DHI G L + + YAN+R P+
Sbjct: 61 GGLEVLKKNDAILFGAVGAPDVPDHISLW----- GLRLAICQPFQQYANVR-~—-—--— PTR 109
Query: 118 SIAKEFSPFRQEVIEGVDFVVVRENCGGAYFGK----- KIEEEDYAMDEWGYSEREIQRTI 172
+ SP R+ +D+V+VREN G Y G+ + + A + +S + ++RI

Sbjct: 110 VLRGTQSPLRKCNTGDLDWVIVRENSEGEYAGQGGRSHRGHPWEVATEVAIFSRQGVERI 169

Query: 173 TRLSAEIALRHNPPWPVISLDKANVLASSRLWRRVVEKTMTTEYPQVKLVHQLADSASLI 232
R+EA+ P + + KN + + V. + ++P+V + L D+ +
Sbjct: 170 MRFAFETAAK-RPRKLLTVVTKSNAQRNGMVLWDEVANIVAKDFPEVTMDKMLVDAMTTR 228

Query: 233 LATNPRALNGVILADNTFGDMISDQAGSIVGTLGVLPSASLDGLPSETRKRTNGLYEPTH 292
+ P +L+ I+A N  D++SD A ++ G++G+ P+++LD ++  ++EP H
Sbjct: 229 MVLKPESLD-TIVASNLHADILSDLAAALAGSIGIAPTSNLD----- PTRQNPSMFEPTH 282

Query: 293 GSAPTIAGQONIANPVAMILCVALMFRYSLDMETEAQRIEKAVQGVLDAGIRTPDLGGKSG 352
GSA I G+ IANPVA AM +L 4+ A ++ + V+ V ++GI T DLGG +
Sbjct: 283 GSAFDITGKGIANPVATFWTAAEMLEW-LGEKDAADKLMQCVESVCESGILTADLGGTAT 341

Query: 353 TNEVGDAIV 361
T EV A+V
Sbjct: 342 TKEVTSAVV 350

Nidulans seq >AnrP4379986
MAKTYRIATIPADGIGPEVIDAGVIVLKALADKLQSFSLDFTHLDWSSETFKATGKYIPD
GGLEVLKKNDAILFGAVGAPDVPDHISLWGLRLAICQPFQQYANVRPTRVLRGTQSPLRK
CNTGDLDWVIVRENSEGEYAGQGGRSHRGHPWEVATEVAIFSRQGVERIMRFAFETAAKR
PRKLLTVVTKSNAQRNGMVLWDEVANIVAKDFPEVTMDKMLVYDAMTTRMVLKPESLDTIV
ASNLHADILSDLAAALAGSIGIAPTSNLDPTRQNPSMFEPIHGSAFDITGKGIANPVATF
WTAAEMLEWLGEKDAADKLMQCVESYVCESGILTADLGGTATTKEVTSAVVEEINRLN
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Figure 22
BLAST OF SEQ ID NO:36 AGAINST:
>gnl|TIGR_222929|contig:1772:c_posadasii Coccidioides posadasii C735
unfinished fragment of genome

Length = 119053

Score = 286 bits (732), Expect(2) = e-128
Identities = 146/233 (62%), Positives = 173/233 (74%), Gaps = 24/233 (10%)
Frame = -3

Query: 160 AMDEWGY STTEIQXXXXXXXXXXXXHDPPWPVISLDKANVLASSRLWRRVVENTISVEYP 219

AMDEWGYST E+Q HDPPWPVIS+DKANVLASSRLWRRVVE T++ E+P
Sbjct: 33806 AMDEWGYSTQEVQRIARLAAHVALRHDPPWPVISMDKANVLASSRLWRRVVEKTLTTEFP
33627

Query: 220 QVKLVHQLADSASLIMATDPRVLNGVILADNTFGDMLSDQAGSLIGTLGVLPSASLDGLP 279

QVK HQLADSASLIMAT+PR LNGV+LADNTFGDMLSDQAGS++G+LGVLPSASL G+P
Sbjct: 33626 QVKFSHQLADSASLIMATNPRSLNGVLLADNTFGDMLSDQAGSIVGSLGVLPSASLSGIP
33447

Query: 280 HPGKQE--KVRGLYEPTHGSAPT-——--==——————————m————— IAGRKNIANPTAMILC 315

+++ K LYEPTHGSAPT IAGKN+ANP AMILC
Sbjct: 33446 GEKRKDGKKSYALYEPTHGSAPT*VNCDLWMINTARKANRLD*CRIAGKNVANPLAMILC
33267

Query: 316 VSLMFRYSFNMENEARQIEDAVRAVLDRGLRTPDLGGNSSTQEFGDAVVAALQ 368
V++MFRYSFNME EA+ IE+AV A L+ G+RTPDLGG + T + G+A+VA ++
Sbjct: 33266 VAMMFRYSFNMEPEAKATENAVTATLEAGIRTPDLGGKAGTTDVGNAIVAHIK 33108

Query: 4 TRAYNILVLPGDGIGPEVMAEAIKVLRTFNSSSMOFHLQEELIGGISIDTHGHSVTQPXX 63
++ YNIL LPGDGIGPE+MAEAIKVL+ F+S ++ F+L+ ELIGG SID HG +T

Shjct: 34383 SKTYNILTLPGDGIGPEIMAEAIKVLQAFSSPNLNFNLRNELIGGCSIDAHGTPITDAVK

34204

Query: 64 XXXXXXXXXXXXXXGGSKVDHIRRGLDGPEGGLLQVRKAMDIYANLRPCSVDVPSREIAR 123

GG K D RRGL+GPEGGLLQ+RK +D+Y N+RPCS DV ++R
Sbjct: 34203 QAALESDAVLFASVGGPKWDSSRRGLEGPEGGLLQLRKVLDVYGNVRPCSTDV-CASVSR
34027

Query: 124 DFSPFRQEVIEGVDFVVVRENCGGAYFGKKVEEENY 159
+FSP+R EV+EGVDFVV+RENCGGAYFGK VE+E+Y
Sbijct: 34026 EFSPYRTEVVEGVDFVVLRENCGGAYFGKXVEDEDY 33919

Coccidioides 2

SKTYNILTLPGDGIGPEIMAEAIKVLQAFSSPNLNFNLRNELIGGCSIDAHGTPITDAVKQAALESDAVL
FASVGGPKWDSSRRGLEGPEGGLLQLRKVLDVYGNVRPCSTDVCASVSREFSPYRTEVVEGVDFV
VLRENCGGAYFGKXVEDEDYAMDEWGYSTQEVQRIARLAAHVALRHDPPWPVISMDKANVLASSR
LWRRVVEKTLTTEFPQVKFSHQLADSASLIMATNPRSLNGVLLADNTFGDMLSDQAGSIVGSLGVLP
SASLSGIPGEKRKDGKKSYALYEPTHGSAPT*VNCDLWMINTARKANRLD*CRIAGKNVANPLAMILC
VAMMFRYSFNMEPEAKAIENAVTATLEAGIRTPDLGGKAGTTDVGNAIVAHIK
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Figure 23 SEQ ID NO:36 against: Cryptococcus >chr01b.b3501.031220.C11
(289426 bp) Length = 289426

Score = 183 bits (465), Expect(3) = 3e-68 Frame = +3
Identities = 113/258 (43%), Positives = 144/258 (55%), Gaps = 39/258 (15%)

Query: 148 FGKKIE--EEDYAMDEWGYSEREIQRITRLSAEIALRHNPPWPVISLDKANVLASSRLWR 205
FG++ E +E A D+ YS+ EI+RITR++A+IAL PP P+ S+DKANVLA+SRLWR
Sbjct: 173334 FGERQETNDEGVAWDQCIYSKPEIERITRVAAQIALAAEPPLPITSVDKANVLATSRLWR 173513

Query: 206 RVVEKTMTTEYPQVKLVHQLADSASLILATNPRALNGVILADNTFGDM- - = == —w=—==— 253
+ V + M EYPQ+KL HQL DSA++I+ NPR LNGV+L +N FGDM
Sbjct: 173514 KTVSELMAKEYPQLKLEHQLVDSAAMIMIANPRKLNGVLLTENMFGDM*VLSMVTKYRC* 173693

Query: 254  --------- ISDQAGSIVGTLGVLPSASLDGLPSETRKRTNGLYE~———=———-- PTHGS 294
S A + L + P LP ++ HGS
Sbjct: 173694 VCVVFLTKAPSSPAPLVSSLLRLSPVPPTLSLPPWVSMSRTSIFPFLTYPN*PLCSIHGS 173873

Query: 295 APTIAGQNIANPVAMILCVALMFRYSLDMETEAQRIEKAVQGVLDAG-———~~ IRTPDLG 348
AP IAGQ IANP+ IL A+M RYSL EA IE+AVQ VLD+ RT DLG
Sbjct: 173874 APDIAGQGIANPIGTILSAAMMLRYSLGKGREAALIEQAVQKVLDSAESGGFDYRTKDLG 174053

Query: 349 GKSGTNEVGDAIVAALQG 366
G+ T EVGD +V L+G
Sbjct: 174054 GQRSTKEVGDKVVEVLKG 174107

Query: 15 IGPEVMTEAVKVLKVFENEHR-KFNLRQELIGGCSIDAHGKSVTEEVKKAALESDAVLFA 73
IGPEV+ EAV+VL+ N K +Int GG +ID HG + +E KA E+DAVL
Sbjct: 172844 IGPEVVAEAVRVLETIVNHSDLKLDLKSYDFGGAAIDNHGVPLPDETLKACKEADAVLMG 173023

Query: 74 A e VGGPKWDHIRRGLDGPEGGLLQLRKAMDIYANLRPCSASSPS 116
A VGGPKW G PE G+L+LRK + +YAN+RP A+ S
Sbjct: 173024 ACDFLAIRIKS*TA*KGSVGGPKWGV---GPVRPEQGILKLRKELGLYANIRP--ANFAS 173188

Query: 117 ASIAKEFSPFRQEVIEGVDFVVVRENCGG 145
S+ K SP +++ G D +V+RE GG
Sbjct: 173189 ESLLKR-SPLKEDTARGTDIIVLRELIGG 173272

Query: 244 ILADNTFGDMISDQAGSIVGTLGVLPSASLD~~—=~—~==~ GLPS---ETRKRTNGLYEPTH 292
+L  + +GD++SD + ++G LG+ PS ++ G PS K ++E H
Sbjct: 238292 LLIPHRYGDILSDLSAGLIGGLGLTPSGNIGKVSLSHDYGSPSIELTGDK*DASIFEAVH 238471

Query: 293 GSAPTIAGONIANPVAMILCVALMER - == = m —m —mm m o m 318
GSAP I G+ +ANP A++L +M R
Sbjct: 238472 GSAPDIEGKGLANPTALLLSSLMMLR*VTQIPSVIVPALYPSVPDHTHPLARNVADLEVH 238651

Query: 319 YSLDMETEAQRIEKA---VQG-=~—m—m——— VLDAGIRTPDLGGKSGTNEVGD 358
+ o+ A +IEKA vV G + + T DLGGK+GT E D
Sbjct: 238652 RHMSLYELADKIEKAALSVSGTPWLFHTFEMLIQVS*TIAEGKAITRDLGGKAGTKEYTD 238831

Query: 359 AIVAAL 364
AI++ L
Sbjct: 238832 AILSKL 238849

Query: 95 LQLRKAMDIYANLRPCSASSPSASIAKEFSPFRQEVIEGVDFVVVRENCGGAYFGKKIEE 154
L LR+ ++AN+RPC SI +P+ + V+ V#+REN G Y G IE
Sbjct: 237609 LTLRRTFSLFANVRPC------ VSIKGYKTPY-—--- DNVNTVLIRENTEGEYSG--IEH 237749

Query: 155 E 155
E
Sbjct: 237750 E 237752

Query: 5 YNILVLPGDGIGPEVMTEAVKVLK 28
Y + ++PGDGIGPE+ ++ K
Sbhjct: 237256 YTVTLIPGDGIGPEIANSVKQIFK 237327

Query: 4 TYNILVLPGDGIG 16
++ I VLPGDGIG
Sbjct: 172752 SFKITVLPGDGIG 172790
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1
SEQUENCE LISTING

<110> ACE Biosciences A/S

<120> Extracellular fungal polypeptides

<130> P758PC00

<160> 49

<170> PatentIn version 3.1

<210> 1
<211> 260
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:1 - CssI)

<400> 1

Met Leu Ala Ser Phe Gln Phe Cys Ile Leu Pro Arg Thr Tyr Arg Thr
1 5 10 15

Leu Leu Cys Ser Ala Gly Ala Gly Pro Leu Leu Ile Ile Gln Phe Val
20 25 30

Thr Val Ala Ser Ala Leu Ala Leu Ala Pro Thr Ala Val Val Ala Arg
35 40 45

Gln Gly Ala Ala Ala Phe Val Thr Val Asn Ser Ile Asp Val Cys Pro
50 55 60

Lys Lys Val Ala Gln Glu Ile Ile Asn Pro Gly Pro Lys Val Val Thr
65 70 75 80

Thr Pro Tyr Thr Cys Asp Gln Val Lys Leu Gly His Gly Leu Asp Val
85 90 95
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Ser Tyr Tyr Asn Phe Asp Ile Glu Pro Leu Thr Lys Asp Thr Phe Pro

100 105 110

Tyr Cys Lys Ala Leu Lys Val Phe Asp Asn Glu Gly Cys Leu Gly Phe
115 120 125

Pro Thr Leu Trp Ile Pro Leu Glu Ser Pro Leu Glu Asp Lys Cys Ile
130 135 140

Pro Glu His Tyr Phe Ser Asp Glu Val Lys Ser Ile Ser Phe Gln Leu
145 150 155 160

Asp Cys Arg Glu Asp Ala Pro Val Lys Lys Glu Pro Tyr Gly Pro Lys
165 170 175

Glu Gly Ala Glu Gln Ser Ala Pro Gln Ala Glu His Ser Thr Lys Gln
180 185 190

Asp Ala Gln Gln Gly Ser His Gln Gly Gln Glu Val Gln Asn Ser Pro
195 200 205

Lys Gln Glu Ala Arg Gln Gly Ser Arg Pro Ala Glu Ala Ala Pro Lys
210 215 220

Gln Glu Gln Glu Ala Glu Gln Ala Ser Glu Ala Ala Pro Glu Lys Lys
225 230 235 240

Ala Ser Asn Pro Ala Asp Ser Leu Gly Leu Gly Glu Leu Thr Lys Val
245 250 255

Leu Gly Phe Arg
260

<210> 2
<211> 107
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:2 - hydrophobin)

<400> 2

Val Arg Phe Pro Val Pro Asp Asp Ile Thr Val Lys Gln Ala Thr Glu
1 5 10 15
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Lys Cys Gly Asp Gln Ala Gln Leu Ser Cys Cys Asn Lys Ala Thr Tyr
20 25 30

Ala Gly Asp Val Thr Asp Ile Asp Glu Gly Ile Leu Ala Gly Thr Leu
35 40 45

Lys Asn Leu Ile Gly Gly Gly Ser Gly Thr Glu Gly Leu Gly Leu Phe
50 55 60

Asn Gln Cys Ser Lys Leu Asp Leu Gln Ser Pro Ile Ile Gly Ile Pro
65 70 75 80

Ile Gln Asp Leu Val Asn Gln Lys Cys Lys Gln Asn Ile Ala Cys Cys
85 S0 95

Gln Asn Ser Pro Ser Asp Ala Val Arg Phe Pro
100 105

<210> 3
<211> 318
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:3 -GAPDH-B)

<400> 3

Met Ala Thr Pro Lys Val Gly Ile Asn Gly Phe Gly Arg Ile Gly Arg
1 5 10 15

Ile Val Gly Leu Asn Ser Leu Ser His Gly Val Asp Val val Ala Vval
20 25 30

Asn Asp Pro Phe Ile Glu Val His Tyr Ala Ala Tyr Met Leu Lys Tyr
35 40 45

Asp Thr Thr His Gly Gln Phe Lys Gly Thr Ile Glu Thr Tyr Asp Gln
50 55 60

Gly Leu Ile Val Asn Gly Lys Lys Ile Arg Phe Tyr Ala Glu Lys Asp
65 70 75 80

Pro Ser Gln Ile Pro Trp Ser Glu Thr Gly Ala Ala Tyr Ile Val Glu
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85 90 95

Ser Thr Gly Val Phe Thr Thr Lys Glu Lys Ala Ser Ala His Leu Lys
100 105 110

Gly Gly Ala Lys Lys Val Ile Ile Ser Ala Pro Ser Ala Asp Ala Pro
115 120 125

Met Phe Val Met Gly Val Asn Asn Thr Thr Tyr Thr Ser Asp Ile Gln
130 135 140

Val Leu Ser Asn Ala Ser Cys Thr Thr Asn Cys Leu Ala Pro Leu Ala
145 150 155 160

Lys Val Ile Asn Asp Lys Phe Gly Ile Val Glu Gly Leu Met Thr Thr
165 170 175

Val His Ser Tyr Thr Ala Thr Gln Lys Val Val Asp Ala Pro Ser Asn
180 185 190

Lys Asp Trp Arg Gly Gly Arg Thr Ala Ala Gln Asn Ile Ile Pro Ser
195 200 205

Ser Thr Gly Ala Ala Lys Ala Val Gly Lys Val Ile Pro Ser Leu Asn
210 215 220

Gly Lys Leu Thr Gly Met Ala Met Arg Val Pro Thr Ser Asn Val Ser
225 230 235 240

Val Val Asp Leu Thr Cys Arg Leu Glu Lys Gly Ala Ser Tyr Asp Glu
245 250 255

Ile Lys Gln Ala Ile Lys Ala Ala Ser Glu Glu Gly Glu Leu Lys Asn
260 265 270

Ile Leu Gly Tyr Thr Glu Asp Asp Val Val Ser Ser Asp Leu Asn Gly
275 280 285

Asp Glu Arg Ser Ser Ile Phe Asp Ala Lys Ala Gly Ile Ser Leu Asn
290 295 300

Pro Asn Phe Val Lys Leu Val Ala Trp Tyr Asp Asn Glu Trp
305 310 . 315
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5
<210> 4
<211> 438
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:4 - enolase)

<400> 4
Met Pro Ile Ser Lys Ile His Ala Arg Ser Val Tyr Asp Ser Arg Gly
1 5 10 15

Asn Pro Thr Val Glu Val Asp Val Ala Thr Glu Thr Gly Leu His Arg
20 25 30

Ala Ile Val Pro Ser Gly Ala Ser Thr Gly Gln His Glu Ala His Glu
35 40 45

Leu Arg Asp Gly Asp Lys Thr Gln Trp Gly Gly Lys Gly Val Leu Lys
50 55 60

Ala Val Lys Asn Val Asn Glu Thr Ile Gly Pro Ala Leu Ile Lys Glu
65 70 75 80

Asn Ile Asp Val Lys Asp Gln Ser Lys Val Asp Glu Phe Leu Asn Lys
85 90 95

Leu Asp Gly Thr Ala Asn Lys Ser Asn Leu Gly Ala Asn Ala Ile Leu
100 105 110

Gly Val Ser Leu Ala Val Ala Lys Ala Gly Ala Ala Glu Lys Gly Val
115 120 125

Pro Leu Tyr Ala His Ile Ser Asp Leu Ala Gly Thr Lys Lys Pro Tyr
130 135 140

Val Leu Pro Val Pro Phe Gln Asn Val Leu Asn Gly Gly Ser His Ala
145 150 155 160

Gly Gly Arg Leu Ala Phe Gln Glu Phe Met Ile Val Pro Asp Ser Ala
165 170 175

Pro Ser Phe Ser Glu Ala Leu Arg Gln Gly Ala Glu Val Tyr Gln Lys
180 185 190
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Leu Lys Ala Leu Ala Lys Lys Lys Tyr Gly Gln Ser Ala Gly Asn Val
195 200 205

Gly Asp Glu Gly Gly Val Ala Pro Asp Ile Gln Thr Ala Glu Glu Ala
210 215 220

Leu Asp Leu Ile Thr Glu Ala Ile Glu Gln Ala Gly Tyr Thr Gly Lys
225 230 235 240

Ile Lys Ile Ala Met Asp Val Ala Ser Ser Glu Phe Tyr Lys Ala Asp
245 250 255

Val Lys Lys Tyr Asp Leu Asp Phe Lys Asn Pro Glu Ser Asp Pro Ser
260 265 270

Lys Trp Leu Thr Tyr Glu Gln Leu Ala Asp Leu Tyr Lys Ser Leu Ala
275 280 285

Ala Lys Tyr Pro Ile Val Ser Ile Glu Asp Pro Phe Ala Glu Asp Asp
290 295 300

Trp Glu Ala Trp Ser Tyr Phe Tyr Lys Thr Ser Asp Phe Gln Ile Val
305 310 315 320

Gly Asp Asp Leu Thr Val Thr Asn Pro Gly Arg Ile Lys Lys Ala Ile
325 330 335

Glu Leu Lys Ser Cys Asn Ala Leu Leu Leu Lys Val Asn Gln Ile Gly
340 345 350

Thr Leu Thr Glu Ser Ile Gln Ala Ala Lys Asp Ser Tyr Ala Asp Asn
355 360 365

Trp Gly Val Met Val Ser His Arg Ser Gly Glu Thr Glu Asp Val Thr
370 375 380

Ile Ala Asp Ile Ala Val Gly Leu Arg Ser Gly Gln Ile Lys Thr Gly
385 390 395 400

Ala Pro Cys Arg Ser Glu Arg Leu Ala Lys Leu Asn Gln Ile Leu Arg
405 410 . 415

Ile Glu Glu Glu Leu Gly Glu Asn Thr Val Tyr Ala Gly Ser Lys Phe
420 425 430
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Arg Thr Ala Val Asn Leu

435
<210> 5
<211> 728
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:5 - catalase B)

<400> 5

Met Arg Leu Thr Phe Ile Pro Ser Leu Ile Gly Val Ala Asn Ala Val
1 5 10 15

Cys Pro Tyr Met Thr Gly Glu Leu Asn Arg Arg Asp Glu Ile Ser Asp
20 25 30

Gly Asp Ala Ala Ala Ala Thr Glu Glu Phe Leu Ser Gln Tyr Tyr Leu
35 40 45

Asn Asp Asn Asp Ala Phe Met Thr Ser Asp Val Gly Gly Pro Ile Glu
50 55 60

Asp Gln Asn Ser Leu Ser Ala Gly Glu Arg Gly Pro Thr Leu Leu Glu
65 70 75 80

Asp Phe Ile Phe Arg Gln Lys Ile Gln Arg Phe Asp His Glu Arg Val
85 90 95

Pro Glu Arg Ala Val His Ala Arg Gly Ala Gly Ala His Gly Val Phe
100 105 110

Thr Ser Tyr Gly Asp Phe Ser Asn Ile Thr Ala Ala Ser Phe Leu Ala
115 120 125

Lys Glu Gly Lys Gln Thr Pro Val Phe Val Arg Phe Ser Thr Val Ala
130 135 140

Gly Ser Arg Gly Ser Ser Asp Leu Ala Arg Asp Val His Gly Phe Ala
145 150 155 160

Thr Arg Phe Tyr Thr Asp Glu Gly Asn Phe Asp Ile Val Gly Asn Asn
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165 170 175

Ile Pro Val Phe Phe Ile Gln Asp Ala Ile Leu Phe Pro Asp Leu Ile
180 185 190

His Ala Val Lys Pro Arg Gly Asp Asn Glu Ile Pro Gln Ala Ala Thr
195 200 205

Ala His Asp Ser Ala Trp Asp Phe Phe Ser Gln Gln Pro Ser Thr Met
210 215 220

His Thr Leu Leu Trp Ala Met Ser Gly His Gly Ile Pro Arg Ser Phe
225 230 235 240

Arg His Val Asp Gly Phe Gly Val His Thr Phe Arg Phe Val Thr Asp
245 250 255

Asp Gly Ala Ser Lys Leu Val Lys Phe His Trp Lys Ser Leu Gln Gly
260 265 270

Lys Ala Ser Met Val Trp Glu Glu Ala Gln Gln Thr Ser Gly Lys Asn
275 280 285

Pro Asp Phe Met Arg Gln Asp Leu His Asp Ala Ile Glu Ala Gly Arg
290 295 300

Tyr Pro Glu Trp Glu Leu Gly Val Gln Ile Met Asp Glu Glu Asp Gln
305 310 315 320

Leu Arg Phe Gly Phe Asp Leu Leu Asp Pro Thr Lys Ile Val Pro Glu
325 330 335

Glu Phe Val Pro Ile Thr Lys Leu Gly Lys Met Gln Leu Asn Arg Asn
340 345 350

Pro Arg Asn Tyr Phe Ala Glu Thr Glu Gln Val Met Phe Gln Pro Gly
355 360 365

His Ile Val Arg Gly Val Asp Phe Thr Glu Asp Pro Leu Leu Gln Gly
370 375 380

Arg Leu Phe Ser Tyr Leu Asp Thr Gln Leu Asn Arg His Gly Gly Pro
385 390 395 400
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Asn Phe Glu Gln Leu Pro Ile Asn Gln Pro Arg Val Pro Val His Asn
405 410 415

Asn Asn Arg Asp Gly Ala Gly Gln Met Phe Ile Pro Leu Asn Pro His
420 425 430

Ala Tyr Ser Pro Lys Thr Ser Val Asn Gly Ser Pro Lys Gln Ala Asn
435 440 445

Gln Thr Val Gly Asp Gly Phe Phe Thr Ala Pro Gly Arg Thr Thr Ser
450 455 460

Gly Lys Leu Val Arg Ala Val Ser Ser Ser Phe Glu Asp Val Trp Ser
465 470 475 480

Gln Pro Arg Leu Phe Tyr Asn Ser Leu Val Pro Ala Glu Lys Gln Phe
485 490 495

Val Ile Asp Ala Ile Arg Phe Glu Asn Ala Asn Val Lys Ser Pro Val
500 505 510

Val Lys Asn Asn Val Ile Ile Gln Leu Asn Arg Ile Asp Asn Asp Leu
515 520 525

Ala Arg Arg Val Ala Arg Ala Ile Gly Val Ala Glu Pro Glu Pro Asp
530 535 540

Pro Thr Phe Tyr His Asn Asn Lys Thr Ala Asp Val Gly Thr Phe Gly
545 550 555 560

Thr Lys Leu Lys Lys Leu Asp Gly Leu Lys Val Gly Val Leu Gly Ser
565 570 575

Val Gln His Pro Gly Ser Val Glu Gly Ala Ser Thr Leu Arg Asp Arg
580 585 590

Leu Lys Asp Asp Gly Val Asp Val Val Leu Val Ala Glu Arg Leu Ala
595 600 605

Asp Gly Val Asp Gln Thr Tyr Ser Thr Ser Asp Ala Ile Gln Phe Asp
610 615 620

Ala val Vval Val Ala Ala Gly Ala Glu Ser Leu Phe Ala Ala Ser Ser
625 630 635 640
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Phe Thr Gly Gly Ser Ala Asn Ser Ala Ser Gly Ala Ser Ser Leu Tyr
645 650 655

Pro Thr Gly Arg Pro Leu Gln Ile Leu Ile Asp Gly Phe Arg Phe Gly
660 665 670

Lys Thr Val Gly Ala Leu Gly Ser Gly Thr Ala Ala Leu Arg Asn Ala
675 - 680 685

Gly Ile Ala Thr Ser Arg Asp Gly Val Tyr Val Ala Gln Ser val Thr
690 695 700

Asp Asp Phe Ala Asn Asp Leu Lys Glu Gly Leu Arg Thr Phe Lys Phe
705 710 715 720

Leu Asp Arg Phe Pro Val Asp His
725

<210> 6
<211> 749
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:6 - catalase A)

<400> 6

Met Ala Thr Lys Ile Ala Gly Gly Leu His Arg Ala Gln Glu Val Leu
1 5 10 15

Gln Asn Thr Ser Ser Lys Ser Lys Lys Leu Val Asp Leu Glu Arg Asp
20 25 30

Thr Ala Asp Ala His Thr Gln Gln Pro Leu Thr Thr Asp His Gly Val
35 40 45

Arg Val Ser Asn Thr Asp Gln Trp Leu Arg Val Thr Asn Asp Arg Arg
50 55 60

Thr Gly Pro Ser Leu Leu Glu Asp Gln Ile Ala Arg Glu Lys Ile His
65 70 75 80

Arg Phe Asp His Glu Arg Ile Pro Glu Arg Val Val His Ala Arg Gly
85 90 95
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Thr Gly Ala Phe Gly Asn Phe Lys Leu Lys Glu Ser Ile Glu Asp Leu
100 105 110

Thr Tyr Ala Gly Val Leu Thr Asp Thr Ser Arg Asn Thr Pro Val Phe
115 120 125

Val Arg Phe Ser Thr Val Gln Gly Ser Arg Gly Ser Ala Asp Thr Val
130 135 140

Arg Asp Val Arg Gly Phe Ala Val Lys Phe Tyr Thr Asp Glu Gly Asn
145 150 155 160

Trp Asp Ile Val Gly Asn Asn Ile Pro Val Phe Phe Ile Gln Asp Ala
165 170 © 175

Val Lys Phe Pro Asp Phe Val His Ala Val Lys Pro Glu Pro His Asn
180 185 190

Glu Val Pro Gln Ala Gln Thr Ala His Asn Asn Phe Trp Asp Phe Val
195 200 205

Tyr Leu His Pro Glu Ala Thr His Met Phe Met Trp Ala Met Ser Asp
210 215 220

Arg Ala Ile Pro Arg Ser Tyr Arg Met Met Gln Gly Phe Gly Val Asn
225 230 235 240

Thr Phe Ala Leu Val Asn Lys Glu Gly Lys Arxrg His Phe Val Lys Phe
245 250 255

His Trp Ile Pro His Leu Gly Val His Ser Leu Val Trp Asp Glu Ala
260 265 270

Leu Lys Leu Gly Gly Gln Asp Pro Asp Phe His Arg Lys Asp Leu Met
275 280 285

Glu Ala Ile Asp Asn Lys Ala Tyr Pro Lys Trp Asp Phe Ala Ile Gln
290 295 300

Val Ile Pro Glu Glu Lys Gln Asp Asp Phe Glu Phe Asp Ile Leu Asp
305 310 315 320

Ala Thr Lys Ile Trp Pro Glu Asn Leu Val Pro Leu Arg Val Ile Gly
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325 330 335

Glu Leu Glu Leu Asn Arg Asn Val Asp Glu Phe Phe Pro Gln Thr Glu
340 345 350

Gln Val Ala Phe Cys Thr Ser His Ile Val Pro Gly Ile Asp Phe Thr
355 360 365

Asp Asp Pro Leu Leu Gln Gly Axrg Asn Phe Ser Tyr Phe Asp Thr Gln
370 375 380

Ile Ser Arg Leu Gly Ile Asn Trp Glu Glu Leu Pro Ile Asn Arg Pro
385 390 395 400

Val Cys Pro Val Leu Asn His Asn Arg Asp Gly Gln Met Arxrg His Arg
405 410 415

Ile Thr Gln Gly Thr Val Asn Tyr Trp Pro Asn Arg Phe Glu Ala Val
420 425 430

Pro Pro Thr Gly Thr Lys Gly Ser Gly Val Gly Gly Gly Phe Thr Thr
435 440 445

Tyr Pro Gln Arg Val Glu Gly Ile Lys Asn Arg Ala Leu Asn Asp Lys
450 455 460

Phe Arg Glu His His Asn Gln Ala Gln Leu Phe Tyr Asn Ser Met Ser
465 470 475 480

Glu His Glu Lys Leu His Met Lys Lys Ala Phe Ser Phe Glu Leu Asp
485 490 495

His Cys Asp Asp Pro Thr Val Tyr Glu Arg Leu Ala Gly His Arg Leu
500 505 510

Ala Glu Ile Asp Leu Glu Leu Ala Gln Lys Val Ala Glu Met Val Gly
515 520 525

Ala Pro Ile Pro Ala Lys Ala Leu Lys Gln Asn His Gly Arg Arg Ala
530 535 540

Pro His Leu Ser Gln Thr Glu Phe Ile Pro Lys Asn Pro Thr Ile Ala
545 550 555 560
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Ser Arg Arg Ile Ala Ile Ile Ile Gly Asp Gly Tyr Asp Pro Val Ala
565 570 575

Ser Thr Gly Leu Lys Thr Ala Ile Lys Ala Ala Ser Ala Leu Pro Phe
580 585 590

Ile Ile Gly Thr Lys Arg Ser Ala Ile Tyr Ala Thr Glu Asp Lys Thr
595 600 605

Ser Ser Lys Gly Ile Ile Pro Asp His His Tyr Asp Gly Gln Arg Ser
610 615 620

Thr Met Phe Asp Ala Thr Phe Ile Pro Gly Gly Pro His Val Ala Thr
625 630 635 640

Leu Arg Gln Asn Gly Gln Ile Lys Tyr Trp Ile Ser Glu Thr Phe Gly
645 650 655

His Leu Lys Ala Leu Gly Ala Thr Gly Glu Ala Val Asp Leu Val Lys
660 665 670

Glu Thr Leu Ser Gly Thr Leu His Val Gln Val Ala Ser Ser Gln Ser
675 680 685

Pro Glu Pro Val Glu Trp Tyr Gly Val Val Thr Ala Gly Gly Lys Gln
690 695 700

Lys Pro Glu Ser Phe Lys Glu Ser Val Gln Ile Leu Lys Gly Ala Thr
705 710 715 720

Asp Phe vVal Gly Lys Phe Phe Tyr Gln Ile Ser Gln His Arg Asn Tyr
725 730 735

Gln Arg Glu Leu Asp Gly Leu Ala Ser Thr Ile Ala Phe

740 745
<210> 7
<211> 16
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:7- CssI fragment)

<400> 7
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Lys Val Ala Gln Glu Ile Ile Asn Pro Gly Pro Lys Val Val Thr Thr

1 5 10 15
<210> 8

<211> 16

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:8 - CssI fragment)

<400> 8

Lys Glu Gly Ala Glu Gln Ser Ala Pro Gln Ala Glu His Ser Thr Lys

1 5 10 15
<210> 9

<211> 17

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:9 - hydrophobin fragment)

<400> 9

Pro Val Pro Asp Asp Ile Thr Val Lys Gln Ala Thr Glu Lys Cys Gly

1 5 10 15
Asp

<210> 10

<211> 15

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:10 - hydrophobin fragment)

<400> 10

Ala Thr Tyr Ala Gly Asp Val Thr Asp Ile Asp Glu Gly Ile Leu
1 5 10 15

<210> 11
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15
<211> 16

<212> PRT

<213>‘ Aspergillus fumigatus (SEQ ID NO:11 - GAPDH-B fragment)

<400> 11

Thr Glu Asp Asp Val Val Ser Ser Asp Leu Asn Gly Asp Glu Arg Ser

1 5 10 15
<210> 12

<211> 18

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:12 - GAPDH-B fragment)

<400> 12

Phe Lys Gly Thr Ile Glu Thr Tyr Asp Gln Gly Leu Ile Val Asn Gly

1 5 10 15
Lys Lys

<210> 13

<211> 17

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:13 - enolase fragment)

<400> 13

Lys Asn Val Asn Glu Thr Ile Gly Pro Ala Leu Ile Lys Glu Asn Ile
1 5 10 15
Asp

<210> 14

<211> 18
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<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:14 - enolase fragment)

<400> 14

Thr Ser Asp Phe Gln Ile Val Gly Asp Asp Leu Thr Val Thr Asn Pro

1 5 10 15
Gly Arg

<210> 15

<211> 20

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:15 - catalase B fragment)

<400> 15

Asp Glu Glu Asp Gln Leu Arg Phe Gly Phe Asp Leu Leu Asp Pro Thr
1 5 10 15

Lys Ile Val Pro

20
<210> 16
<211> 16
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:16 - catalase B fragment)

<400> 16

Arg Ile Asp Asn Asp Leu Ala Arg Arg Val Ala Arg Ala Ile Gly Val

1 5 10 15
<210> 17
<211> 12

<212> PRT
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<213> Asgpergillus fumigatus (SEQ ID NO:17 - CssI fragment)

<400> 17

Lys Val Ala Gln Glu Ile Ile Asn Pro Gly Pro Lys

1 5 10
<210> 18

<211> 10

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:18 - hydrophobin fragment)

<400> 18

Phe Pro Val Pro Asp Asp Ile Thr Val Lys

1 5 10
<210> 19

<211> 20

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:19 - hydrophobin fragment)

<400> 19

Ala Thr Tyr Ala Gly Asp Val Thr Asp Ile Asp Glu Gly Ile Leu Ala
1 5 10 15

Gly Thr Leu Lys

20
<210> 20
<211> 11
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:20 - GAPDH-B fragment)

<400> 20

Ala Gly Ile Ser Leu Asn Pro Asn Phe Val Lys
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<210> 21
<211> 15
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:21 - GAPDH-B fragment)

<400> 21

Thr Ala Ala Gln Asn Ile Ile Pro Ser Ser Thr Gly Ala Ala Lys

1 . 5 10 15
<210> 22

<211> 20

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:22 - a GAPDH-B fragment)

<400> 22

Asn Ile Leu Gly Tyr Thr Glu Asp Asp Val Val Ser Ser Asp Leu Asn
1 5 10 15

Gly Asp Glu Axg
20

<210> 23
<211> 12
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:23 - enolase fragment)

<400> 23

Asn Val Asn Glu Thr Ile Gly Pro Ala Leu Ile Lys
1 5 10

<210> 24

<211> 15
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<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:24 - enolase fragment)

<400> 24

vVal Asn Gln Ile Gly Thr Leu Thr Glu Ser Ile Gln Ala Ala Lys

1 5 10 15
<210> 25

<211> 12

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:25 - enolase fragment)

<400> 25

Trp Leu Thr Tyr Glu Gln Leu Ala Asp Leu Tyr Lys

1 5 10
<210> 26
<211> 11

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:26 - CssI fragment)

<400> 26

val Ala Gln Glu Ile Ile Asn Pro Gly Pro Lys

1 5 10
<210> 27

<211> 10

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:27 - catalase B fragment)

<400> 27

Phe Gly Phe Asp Leu Leu Asp Pro Thr Lys
1 5 10



WO 2004/108765 PCT/DK2004/000407

20
<210> 28
<211> 9
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:28 - CssI fragment)

<400> 28

Ser Ile Ser Phe Gln Leu Asp Cys Arg
1 5

<210> 29
<211> 15
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:29 - CssI fragment)

<400> 29

Glu Gly Ala Glu Gln Ser Ala Pro Gln Ala Glu His Ser Thr Lys
1 5 10 15

<210> 30
<211> 12
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:30 - CssI fragment)

<400> 30

val val Thr Thr Pro Tyr Thr Cys Asp Gln Val Lys

1 5 10
<210> 31

<211> 14

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:31 - GAPDH-B fragment)
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<400> 31

Val Pro Thr Ser Asn Val Ser Val Val Asp Leu Thr Cys Arg

1 5 10
<210> 32

<211> 9

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:32 - GAPDH-B fragment)

<400> 32

Tyr Asp Thr Thr His Gly Gln Phe Lys

1 5
<210> 33

<211> 15

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:33 - GAPDH-B fragment)

<400> 33

Gly Thr Ile Glu Thr Tyr Asp Gln Gly Leu Ile Val Asn Gly Lys

1 5 10 15
<210> 34

<211> 12

<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:34 - catalase A fragment)

<400> 34

Thr Gly Pro Ser Leu Leu Glu Asp Gln Ile Ala Arg
1 5 10

<210> 35

<211> 172
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<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:35 -~ GAPDH-B fragment)

<400> 35
Ser Asn Ala Ser Cys Thr Thr Asn Cys Leu Ala Pro Leu Ala Lys Val
1 5 10 15

Ile Asn Asp Lys Phe Gly Ile Val Glu Gly Leu Met Thr Thr Val His
20 25 30

Ser Tyr Thr Ala Thr Gln Lys Val Val Asp Ala Pro Ser Asn Lys Asp
35 40 45

Trp Arg Gly Gly Arg Thr Ala Ala Gln Asn Ile Ile Pro Ser Ser Thr
50 55 60

Gly Ala Ala Lys Ala Val Gly Lys Val Ile Pro Ser Leu Asn Gly Lys
65 70 75 80

Leu Thr Gly Met Ala Met Arg Val Pro Thr Ser Asn Val Ser Val Val
85 90 95

Asp Leu Thr Cys Arg Leu Glu Lys Gly Ala Ser Tyr Asp Glu Ile Lys
100 105 110

Gln Ala Ile Lys Ala Ala Ser Glu Glu Gly Glu Leu Lys Asn Ile Leu
115 120 125

Gly Tyr Thr Glu Asp Asp Val Val Ser Ser Asp Leu Asn Gly Asp Glu
130 135 140

Arg Ser Ser Ile Phe Asp Ala Lys Ala Gly Ile Ser Leu Asn Pro Asn
145 150 155 160

Phe Val Lys Leu Val Ala Trp Tyr Asp Asn Glu Trp
165 170

<210> 36
<211> 368

<212> PRT
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<213> Aspergillus fumigatus (SEQ ID NO:36 -~ IMDH B)

<220>
<221> MISC_FEATURE
<222> (176)..(176)

<223> the amino acid at position 176 is Ala or Ser

<220>
<221> MISC_FEATURE
<222>  (179)..(179)

<223> the amino acid at position 179 is Leu or Ile

<400> 36

Met Val Thr Thr Tyr Asn Ile Leu Val Leu Pro Gly Asp Gly Ile Gly
1 5 10 15

Pro Glu Val Met Thr Glu Ala Val Lys Val Leu Lys Val Phe Glu Asn
20 25 30

Glu His Arg Lys Phe Asn Leu Arg Gln Glu Leu Ile Gly Gly Cys Ser
35 40 45

Ile Asp Ala His Gly Lys Ser Val Thr Glu Glu Val Lys Lys Ala Ala
50 55 60

Leu Glu Ser Asp Ala Val Leu Phe Ala Ala Val Gly Gly Pro Lys Trp
65 70 75 80

Asp His Ile Arg Arg Gly Leu Asp Gly Pro Glu Gly Gly Leu Leu Gln
85 90 95

Leu Arg Lys Ala Met Asp Ile Tyr Ala Asn Leu Arg Pro Cys Ser Ala
100 105 110

Ser Ser Pro Ser Ala Ser Ile Ala Lys Glu Phe Ser Pro Phe Arg Gln
115 120 125

Glu Val Ile Glu Gly Val Asp Phe Val Val Val Arg Glu Asn Cys Gly
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130 135 140

Gly Ala Tyr Phe Gly Lys Lys Ile Glu Glu Glu Asp Tyr Ala Met Asp
145 150 155 160

Glu Trp Gly Tyr Ser Glu Arg Glu Ile Gln Arg Ile Thr Arg Leu Xaa
165 170 175

Ala Glu Xaa Ala Leu Arg His Asn Pro Pro Trp Pro Val Ile Ser Leu
180 185 190

Asp Lys Ala Asn Val Leu Ala Ser Ser Arg Leu Trp Arg Arg Val Vval
195 200 205

Glu Lys Thr Met Thr Thr Glu Tyr Pro Gln Val Lys Leu Val His Gln
210 215 220

Leu Ala Asp Ser Ala Ser Leu Ile Leu Ala Thr Asn Pro Arg Ala Leu
225 230 235 240

Asn Gly Val Ile Leu Ala Asp Asn Thr Phe Gly Asp Met Ile Ser Asp
245 250 255

Gln Ala Gly Ser Ile Val Gly Thr Leu Gly Val Leu Pro Ser Ala Ser
260 265 270

Leu Asp Gly Leu Pro Ser Glu Thr Arg Lys Arg Thr Asn Gly Leu Tyr
275 280 285

Glu Pro Thr His Gly Ser Ala Pro Thr Ile Ala Gly Gln Asn Ile Ala
290 295 300

Asn Pro Val Ala Met Ile Leu Cys Val Ala Leu Met Phe Arg Tyr Ser
305 310 315 320

Leu Asp Met Glu Thr Glu Ala Gln Aig Ile Glu Lys Ala Val Gln Gly
325 330 335

Val Leu Asp Ala Gly Ile Arg Thr Pro Asp Leu Gly Gly Lys Ser Gly
340 345 350

Thr Asn Glu Val Gly Asp Ala Ile Val Ala Ala Leu Gln Gly Ser Ser
355 360 365
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<210> 37
<211> 8
<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:37 - IMDH B fragment)

<220>
<221> MISC_FEATURE
<222> (2)..(2)

<223> the amino acid at position 2 is Ala or Ser

<220>
<221> MISC_FEATURE
<222> (B5)..(5)

<223> the amino acid at position 5 is Leu or Ile

<400> 37

Leu Xaa Ala Glu Xaa Ala Leu Arg
1 5

<210> 38
<211> 1226
<212> DNA

<213> Aspergillus fumigatus (SEQ ID NO:38 - IMDH B incl introns)

<220>
<221> misc_feature
<222> (579)..(581)

<223> 579+580+581 enccode an Alanine or a Serine

<220>
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<221> misc

<222> (588

<223>

<400> 38
atggtaacta

accgaagcgg
caagagctca
aaaaaggccg
gaccatatcc
atggacatct
aaggagttta
gagaactgcg
tttttaacaa
gctatagcga
acaacccccec
tctggcggeg
accagctgge
tcatcttggce
ggacattggg
ggacaaatgg
ttacccgaat
agaacatcgc
tagacatgga
ggatccgcac

ttgctgegtt

<210> 39

<211> 1107

<212> DNA

_feature

) .. (590)

cttacaacat
tcaaggtgct
tcggeggttg
ctctggaatc
gtcgtggtct
acgcgaatct
gcccatteecg
ggggagcgta
gcagtatgct
gcgcgagatce
ctggececgtce
cgtcgttgaa
agactcagca
tgacaacaca
cgtgcttcecce
tctgtacgag
tatcatgttt
caaccccgtt
gaccgaggcg
ccectgatetg

gcagggtagt

cctegtecte
aaaggtcttt
cagcatcgat
cgacgccgtg
tgacgggceg
caggccgtge
ccaggaagtg
tttcgggaag
ttcgagactyg
cagcgcatca
atcteccectgg
aagaccatga
tcgectgattce
ttcggcgaca
agtgccagtc
ccgacccatg
cactgaagca
gccatgatcce
caacggatcg
ggtgggaaat

tcataa

26

cceggcecgatg
gagaacgagc
gcgcacggaa
ctcttecgeag
gagggaggcc
tcggecagtt
atcgagggcyg
aagatcgaag
actgtgttat
ccegecteonn
acaaagccaa
ccactgagta
tagcgaccaa
tgatttctga
tcgatggact
gatctgcacc
agctgacaat
tctgtgtggce
aaaaagcagt

cggggacdgaa

588+589+590 enccode a Leucine or an Isoleucine

ggatcggtcc
accgéaagtt
aatccgtcac
cagtcggagy
tgctgcagcet
cgccgagtge
tagatttcgt
aagaagatta
ttcagcgatg
ngcggaannn
tgtgctcgcee
tccecaggtyg
cccgegggcea
ccaggccggt
acccagtgaa
gacgtacgtt
catctgcaga
tctcatgttce
gcagggtgtt

tgaagttggg

PCT/DK2004/000407
cgaggtcatg 60
caacctccgyg 120
agaagaagtg 180
tceccaaatgg 240
ccgcaaggceyg 300
gtcgatcgeg 360
cogtggtgagg 420
tggtacgtcg 480
gacgaatggg 540
gcccteegte 600
tcgtcgegge 660
aagctcgtgc 720
ttgaacggtg 780
tccatecgteg 840
acaagaaagc 900
tctteectttg 960
attgcgggcec 1020
cgctattege 1080
cttgatgecg 1140
gatgcaattg 1200

1226
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<213>

<220>
<221>
<222>

<223>

<220>
<221>
<222>

<223>

<400> 39
atggtaacta

accgaagcgg
caagagctca
aaaaaggccg
gaccatatcc
atggacatct
aaggagttta
gagaactgcg
gaatggggct
ctcecgtcaca
tcgcggetcet
ctcgtgcecace
aacggtgtca
atcgtcggga
agaaagcgga
cagaacatcg

ctagacatgg

misc_feature

(526) ..(528)

misc_feature

(535)..(537)

cttacaacat
tcaaggtgcet
tcggeggttyg
ctctggaatc
gtcgtggtct
acgcgaatcet
gcccatteceg
ggggagcgta
atagcgageg
acccccectg
ggcggcegegt
agctggcaga
tcttggctga
cattgggcgt
caaatggtct
ccaacccegt

agaccgaggc

cctegtecte
aaaggtcttt
cagcatcgat
cgacgecgtg
tgacgggceg
caggccgtgce
ccaggaagtg
tttcgggaag
cgagatccag
gceccegtecate
cgttgaaaag
ctcagcatcg
caacacattc
gcttecceccagt
gtacgagccg
tgccatgatce

gcaacggatc

27

ccecggegatg
gagaacgagc
gcgcacggaa
ctcttcgecag
gagggaggcc
tcggccagtt
atcgagggcg
aagatcgaag
cgcatcaccc
tcectggaca
accatgacca
ctgattctag
ggcgacatga
gccagtcteg
acccatggat
ctctgtgtgg

gaaaaagcag

5274+527+528 encode an Alanine or a Serine

535+536+537 encode a Leucine or an Isoleucine

ggatcggtcec
accgaaagtt
aatccgtcac
cagtcggagyg
tgctgecaget
cgccgagtge
tagatttcgt
aagaagatta
gcctennngce
aagccaatgt
ctgagtatcc
cgaccaaccc
tttctgacca
atggactacc
ctgcaccgac

ctctcatgtt

tgcagggtot

PCT/DK2004/000407

Aspergillus fumigatus (SEQ ID NO:39 - IMDH B coding)

cgaggtcatg
caaccteccgg
agaagaagtg
tcccaaatgg
ccgcaaggcg
gtcgatcgeg
cgtggtgagg
tgcgatggac
ggaannngcc
gctecgececteg
ccaggtgaag
gcgggceattg
ggccggttcc
cagtgaaaca
gattgcggge
ccgcetatteg

tcttgatgece

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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PCT/DK2004/000407

gggatccgea cccctgatet gggtgggaaa tcggggacga atgaagttgg ggatgcaatt

gttgctgegt tgcagggtag ttcataa

<210> 40

<211> 1093
<212> DNA

<213>

<400> 40
atgccgtcat

gtcctgegeg
ctcggtggtg
gccgcéaaga
ggcgeecgtece
aacctcecgcece
gaagtctgcce
ggcgaccgca
gcggagatcg
cttceegtgt
accgtgacgg
gactccgegg
agcaacctgt
ctcttgceca
tatgagccta
gccgecatte
agggccatcyg
ggcggcaagt

ttgaagcaat

<210> 41

<211> 363

ataacattgt
tcatcgagaa
taagttcgat
acgccgatgce
gccccgaaca
cctgcaactt
gcggegtega
aggaggacga
agcgcatcac
ggagcttgga
aggtcatggc
ccatgatcat
tcggtgacat
gcgcaagett
ttcacggttc
tctctgtege
agacggccgt
cgacaactag

agt

cgttttcgcet
gtgccgtgac
cgatgctacc
cgttctcecte
gggcctecte
cgccgececeg
cttcaacatt
cggcagcgge
ccgecttgeg
caaggccaac
caaggagttc
ggtcaaggag
catcagtgat
gagcggcatt
tgeccectgac
catgatgatg
ccgcaatgtg

cgaggtcggt

ggggaccact
gatgctacct
ggatctcecce
ggtgccattg
cgtctgecgea
tcgectggteg
atcecgcecgaac
ttcgecatgg
gcccaccteg
gtcctegega
ccccagcectca
cctagaaagce
gaagccagcg
cctgacggaa
attgccggceca
cagtactccc
atcgaggccg

gacgctgttg

gtggtccgga
tcaacctcca
ttaccgacga
gcggtcccaa
aggagatggg
acggctcccce
tgaccggtgg
acacggagcce
ctctgcageca
cgagcegget
aggtggagca
ttaacggtat
ttatccctgg
agaccaaggt
agggcatcgt
tgaaccgtat
gtatccgceac

ctgccgagcet

ggtaagttcg
ggatcaattg
agctcttaac
atggggcact
cacattcggt
tctecgecece
catctacttc
gtactccege
caaccccccet
gtggcggaag
ccagctecatt
tgttgtcact
ttctctggga
caatggtatc
taaccccgtce
ggatgacgcc
tgcegatatt

ggagaagctg

1080

1107

Aspergillus fumigatus (SEQ ID NO:40 - IMDH B 2 - predicted ORF)

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1093
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<212> PRT

<213> Aspergillus fumigatus (SEQ ID NO:41 - IMDH B 2 - aa)

<400> 41

Met Pro Ser Tyr Asn Ile Val Val Phe Ala Gly Asp His Cys Gly Pro
1 5 10 15

Glu Val Ser Ser Val Leu Arg Val Ile Glu Lys Cys Arg Asp Asp Ala
20 25 30

Thr Phe Asn Leu Gln Asp Gln Leu Leu Gly Gly Val Ser Ser Ile Asp
35 40 45

Ala Thr Gly Ser Pro Leu Thr Asp Glu Ala Leu Asn Ala Ala Lys Asn
50 55 60

Ala Asp Ala Val Leu Leu Gly Ala Ile Gly Gly Pro Lys Trp Gly Thr
65 70 75 80

Gly Ala vVal Arg Pro Glu Gln Gly Leu Leu Arg Leu Arg Lys Glu Met
85 . 90 95

Gly Thr Phe Gly Asn Leu Arg Pro Cys Asn Phe Ala Ala Pro Ser Leu
100 105 110

Val Asp Gly Ser Pro Leu Arg Pro Glu Val Cys Arg Gly Val Asp Phe
115 120 125

Asn Ile Ile Arg Glu Leu Thr Gly Gly Ile Tyr Phe Gly Asp Arg Lys
130 135 140

Glu Asp Asp Gly Ser Gly Phe Ala Met Asp Thr Glu Pro Tyr Ser Arg
145 150 155 160

Ala Glu Ile Glu Arg Ile Thr Arg Leu Ala Ala His Leu Ala Leu Gln
165 170 175

His Asn Pro Pro Leu Pro Val Trp Ser Leu Asp Lys Ala Asn Val Leu
180 185 190

Ala Thr Ser Arg Leu Trp Arg Lys Thr Val Thr Glu Val Met Ala Lys
195 200 205
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Glu Phe Pro Gln Leu Lys Val Glu His Gln Leu Ile Asp Ser Ala Ala
210 215 220

Met Ile Met Val Lys Glu Pro Arg Lys Leu Asn Gly Ile Val Val Thr
225 230 235 240

Ser Asn Leu Phe Gly Asp Ile Ile Ser Asp Glu Ala Ser Val Ile Pro
245 250 255

Gly Ser Leu Gly Leu Leu Pro Ser Ala Ser Leu Ser Gly Ile Pro Asp
260 265 270

Gly Lys Thr Lys Val Asn Gly Ile Tyr Glu Pro Ile His Gly Ser Ala
275 280 285

Pro Asp Ile Ala Gly Lys Gly Ile Val Asn Pro Val Ala Ala Ile Leu
290 295 300

Ser Val Ala Met Met Met Gln Tyr Ser Leu Asn Arg Met Asp Asp Ala
305 310 315 320

Arg Ala Ile Glu Thr Ala Val Arg Asn Val Ile Glu Ala Gly Ile Arg
325 330 335

Thr Ala Asp Ile Gly Gly Lys Ser Thr Thr Ser Glu Val Gly Asp Ala
340 345 350

val Ala Ala Glu Leu Glu Lys Leu Leu Lys Gln

355 360
<210> 42
<211> 18
<212> DNA

<213> Aspergillus fumigatus (SEQ ID NO:42 - enolase primer)

<400> 42
atgcctatcet ccaagatc 18
<210> 43

<211> 15
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<212> DNA
<213>
<400> 43
caggttgacg
<210> 44
<211> 18
<212> DNA
<213>
<400> 44
atggtaacta
<210> 45
<211> 18
<212> DNA
<213>
<400> 45
tgaactaccc
<210> 46
<211> 1233
<212> DNA
<213>
<400> 46
atgggttctg
atcctegtcece
ctaaaggtct
tgcagcateg
tccgacgecg

gcagt

Aspergillus fumigatus

cttacaac

Aspergillus fumigatus

tgcaacgc

gatccggtga
tcececeggega
ttgagaacga
atgcgcacgg

tgctcttege

tgacgatgac
tgggatcggt
gcaccgaaag
aaaatcecgtce

agcagtcgga

31

aagctcgcecc ttatggtaac
cccgaggtca tgaccgaagce
ttcaacctcc ggcaagagct
acagaagaag tgaaaaaggc

ggtcccaaat gggaccatat

PCT/DK2004/000407

Aspergillus fumigatus (SEQ ID NO:43 - enolase primer)

(SEQ ID NO:44 - IMDH B primer)

(SEQ ID NO:45 - IMDH B primer)

Aspergillus fumigatus (SEQ ID NO:46 - IMDH B insert in pBAD)

tacttacaac
ggtcaaggtg
catcggeggt
cgctctggaa

ccgtegtggt

15

18

18

60

120

180

240

300
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cttgacgggce cggagggagg cctgctgeag ctccgcaagg cgatggacat ctacgegaat 360
ctcaggcegt gcteggecag ttegeccgagt gegtcgatcg cgaaggagtt tagceccattce 420
cgccaggaag tgatcgaggg cgtagattte gtegtggtga gggagaactg cgggggageg 480
tatttcggga agaagatcga agaagaagat tatgcgatgg acgaatgggg ctatagcgag 540
cgcgagatcg agcgcatcac ccgcctcteg gecggaaattg ccctccegtea caacccccecc 600
tggcccgtea tctccctgga caaagecaat gtgetcegect cgtegegget ctggeggege 660
gtcgttgaaa agaccatgac cactgagtat ccccaggtga agctcgtgeca ccagctggcea 720
gactcagcat cgctgattet agcgaccaac ccgcgggcat tgaacggtgt catcttgget 780
gacaacacat tcggcgacat gatttctgac caggccggtt ccatcgtcgg gacattggge 840
gtgcttcceca gtgccagtct cgatggacta cccagtgaaa caagaaagceg gacaaatggt 900
ctgtacgagc cgacccatgg atctgcaccg acaattgegg gccagaacat cgccaaccce 960
gttgecatga tcctctgtgt ggctctcatg ttccgetatt cgectagacat ggagaccgag 1020
gcgcaacgga tcgaaaaagce agtgcagggt gttcttgatg ccgggatccg cacccctgat 1080
ctgggtggga aatcggggac gaatgaagtt ggggatgcaa ttgttgctge gttgcagggt 1140
agttcaaagg gcgagcttga aggtaagcct atccctaacce ctctectegg tctcegattet 1200
acgcgtaccg gtcatcatca ccatcaccat tga 1233
<210> 47
<211> 410
<212> PRT
<213> Aspergillus fumigatus (SEQ ID NO:47 -~ IMDH B insert in pBAD)

<400> 47

Met Gly Ser Gly Ser Gly Asp Asp Asp Asp Lys Leu Ala
1 5 10

Leu Met Val
15

Thr Thr Tyr Asn Ile Leu Val Leu Pro Gly Asp Gly Ile
20 25

Gly Pro Glu
30

vVal Met Thr Glu Ala Val Lys Val Leu Lys Val Phe Glu
35 40 45

Asn Glu His

Arg Lys Phe Asn Leu Arg Gln Glu Leu Ile Gly Gly Cys
50 55 60

Ser Ile Asp
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Ala His Gly Lys Ser Val Thr Glu Glu Val Lys Lys Ala Ala Leu Glu
65 70 75 80

Ser Asp Ala Val Leu Phe Ala Ala Val Gly Gly Pro Lys Trp Asp His
85 90 95

Ile Arg Arg Gly Leu Asp Gly Pro Glu Gly Gly Leu Leu Gln Leu Arg
100 105 110

Lys Ala Met Asp Ile Tyr Ala Asn Leu Arg Pro Cys Ser Ala Ser Ser
115 120 125

Pro Ser Ala Ser Ile Ala Lys Glu Phe Ser Pro Phe Arg Gln Glu Val
130 135 140

Ile Glu Gly Val Asp Phe Val Val Val Arg Glu Asn Cys Gly Gly Ala
145 150 155 160

Tyr Phe Gly Lys Lys Ile Glu Glu Glu Asp Tyr Ala Met Asp Glu Trp
165 170 175

Gly Tyr Ser Glu Arg Glu Ile Gln Arg Ile Thr Arg Leu Ser Ala Glu
180 185 190

Ile Ala Leu Arg His Asn Pro Pro Trp Pro Val Ile Ser Leu Asp Lys
195 200 205

Ala Asn Val Leu Ala Ser Ser Arg Leu Trp Arg Arg Val Val Glu Lys
210 215 220

Thr Met Thr Thr Glu Tyr Pro Gln Val Lys Leu Val His Gln Leu Ala
225 230 235 240

Asp Ser Ala Ser Leu Ile Leu Ala Thr Asn Pro Arg Ala Leu Asn Gly
245 250 255

Val Ile Leu Ala Asp Asn Thr Phe Gly Asp Met Ile Sexr Asp Gln Ala
260 265 270

Gly Ser Ile Val Gly Thr Leu Gly Val Leu Pro Ser Ala Ser Leu Asp
275 280 285

Gly Leu Pro Ser Glu Thr Arg Lys Arg Thr Asn Gly Leu Tyr Glu Pro
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290

Thr His

305

Gly

Val Ala Met

Met Glu Thr

Ala Gly

355

Asp

Glu Vval

370

Gly

Glu
385

Leu Glu

Thr Arg Thr

<210> 48
<211> 1443
<212> DNA

<213>

<400> 48
atgggctctg

cacgctcgtt
gagaccggtt
cacgagctcc
aagaatgtca
cagtctaagg
ggtgctaatg
ggtgtcccte

ccegtteccet

Ser Ala

Pro

295

Thr Ile

310

Ile Leu

325

Glu
340

Ala
Ile Arg
Ala

Asp

Gly Lys

Cys

Gln

Thr

Tle

Pro

val Ala

Arg Ile

Pro Asp

360

Val
375

Ala

Ile Pro

390

His
405

Gly

Agspergillus fumigatus

gatccggtga
ccgtgtacga
tgcaccgtge
gtgacggtga
acgagaccat
tcgacgagtt
ccatcctegg
tctacgctca

tccagaacgt

His

His His

tgacgatgac
ctctecgeggt
tattgttcect
taagacccag
tggccctget
ccttaacaag
tgtcagcttg
catctcegac

cctgaacggce

Ala

Asn

34

Ala Gln

315

Gly

Met
330

Leu Phe

Glu
345

Lys Ala

Leu Gly Gly

Leu Gln

Pro Leu

395

His
410

His

aagctcgecc
aaccccaccg
tctggagett
tggggcggca
ctcatcaagg
cttgacggga
gctgttgeca
cttgccggta

ggctctcacg

300

Asn Ile

Arg

Tyr

val

Gln

Ser
365

Lys

Gly
380

Ser

Leu Gly

ttatgcctat
ttgaggtgga
ccaccggcca
agggtgtcct
agaacatcga
ctgccaacaa
aggctggtge
ccaagaagcc

ccggtggtcg

Ala

Ser

Gly

350

Gly

Ser

Leu

PCT/DK2004/000407

Asn Pro

320

Leu
335

Asp
Val Leu
Thr Asn
Lys

Gly

Ser
400

Asp

(SEQ ID NO:48 - enolase insert in pBAD)

ctccaagatc
cgttgtcacc
gcacgaggct
caaggctgtc
tgtgaaggac
gtccaacctc
tgctgagaag
ctatgtcctt

cctecgettte

60

120

180

240

300

360

420

480

540
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caggagttca
gctgaggtct
aacgttggtg
ctgatcaccg
gttgcctcca
cccgagageg
cttgctgcca
gcctggaget
actaaccctg
aaggtcaacc
gacaactggg
gacattgctg
cgtctggcta
tacgctggtt
atccctaacc

tga

<210> 49

<211> 480
<212> PRT
<213>

<400> 49

Met Gly Ser Gly Ser Gly Asp Asp Asp Asp Lys Leu

1

Ile Ser Lys Ile His Ala Arg Ser Val Tyr Asp Ser
25

Thr Vval
35

val Pro

tgatcgtccc
accagaagct
acgagggtgyg
aggccatcga
gcgagttcta
acccctccaa
agtaccccat
acttctacaa
ggcgtatcaa
agatcggtac
gtgtcatggt
tcggtctgeg
agctgaacca
ccaagttccg

ctctectegg

Aspergillus fumigatus

5

20

tgactccget
caaggctctg
tgttgctcce
gcaggccggce
caaggccgac
gtggctcacc
tgtcagcatt
gacctccgac
gaaggccatc
cctcaccgag
ctcecccaccge
ctctggceccag
gatcctcecgt
cactgccgtce

tctcgattct

40

35

ccctetttcet
gccaagaaga
gatattcaga
tacaccggca
gtcaagaagt
tacgagcagc
gaggacccct
ttccagattyg
gagctcaagt
tccatccagg
tctggtgaga
atcaagaccg
atcgaggagg
aacctgaagg

acgcgtaccyg

(enolase insert in

10

Glu Val Asp Val vVal Thr Glu Thr Gly Leu

Ser Gly Ala Ser Thr Gly Gln His Glu Ala

ccgaggecct
agtacggcca
ccgecgagga
agatcaagat
acgaccttga
ttgeccgaccet
tcgctgagga
ttggtgatga
cctgcaacgc
ccgccaagga
ctgaggacgt
gtgctccttg
agctcggcga
gcgagcttga

gtcatcatca

pBAD)

30

45

PCT/DK2004/000407
ccgccagggt 600
gtcecgetgge 660
ggctctecgac 720
cgctatggac 780
cttcaagaac 840
ctacaagtcc 200
tgattgggag 960
cctgactgtt 1020
cctectgete 1080
ctcctacgece 1140
caccattgcc 1200
ccgttcececgag 1260
gaatgccgtce 1320
aggtaagcect 1380
ccatcaccat 1440

1443

Ala Leu Met Pro

15

Arg Gly Asn Pro

His Arg Ala Ile

His Glu Leu Arg
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36
50 55 60

Asp Gly Asp Lys Thr Gln Trp Gly Gly Lys Gly Val Leu Lys Ala Val
65 70 75 80

Lys Asn Val Asn Glu Thr Ile Gly Pro Ala Leu Ile Lys Glu Asn Ile
85 90 95

Asp Val Lys Asp Gln Ser Lys Val Asp Glu Phe Leu Asn Lys Leu Asp
100 105 110

Gly Thr Ala Asn Lys Ser Asn Leu Gly Ala Asn Ala TIle Leu Gly Val
115 120 125

Ser Leu Ala Val Ala Lys Ala Gly Ala Ala Glu Lys Gly Val Pro Leu
130 135 140

Tyr Ala His Ile Ser Asp Leu Ala Gly Thr Lys Lys Pro Tyr Val Leu
145 150 155 160

Pro Val Pro Phe Gln Asn Val Leu Asn Gly Gly Ser His Ala Gly Gly
165 170 175

Arg Leu Ala Phe Gln Glu Phe Met Ile Val Pro Asp Ser Ala Pro Ser
i 180 185 190

Phe Ser Glu Ala Leu Arg Gln Gly Ala Glu Val Tyr Gln Lys Leu Lys
195 200 205

Ala Leu Ala Lys Lys Lys Tyr Gly Gln Ser Ala Gly Asn Val Gly Asp
210 215 220

Glu Gly Gly Val Ala Pro Asp Ile Gln Thr Ala Glu Glu Ala Leu Asp
225 230 235 , 240

Leu Ile Thr Glu Ala Ile Glu Gln Ala Gly Tyr Thr Gly Lys Ile Lys
245 250 255

Ile Ala Met Asp Val Ala Ser Ser Glu Phe Tyr Lys Ala Asp Val Lys
260 265 270

Lys Tyr Asp Leu Asp Phe Lys Asn Pro Glu Ser Asp Pro Ser Lys Trp
275 280 285
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37

Leu Thr Tyr Glu Gln Leu Ala Asp Leu Tyr Lys Ser Leu Ala Ala Lys
290 295 300

Tyr Pro Ile Val Ser Ile Glu Asp Pro Phe Ala Glu Asp Asp Trp Glu
305 310 315 320

Ala Trp Ser Tyr Phe Tyr Lys Thr Ser Asp Phe Gln Ile Val Gly Asp
325 330 335

Asp Leu Thr Val Thr Asn Pro Gly Arg Ile Lys Lys Ala Ile Glu Leu
340 345 350

Lys Ser Cys Asn Ala Leu Leu Leu Lys Val Asn Gln Ile Gly Thr Leu
355 360 365

Thr Glu Ser Ile Gln Ala Ala Lys Asp Ser Tyr Ala Asp Asn Trp Gly
370 375 380

Val Met Val Ser His Arg Ser Gly Glu Thr Glu Asp Val Thr Ile Ala
385 390 395 400

Asp Ile Ala Val Gly Leu Arg Ser Gly Gln Ile Lys Thr Gly Ala Pro
405 410 415

Cys Arg Ser Glu Arg Leu Ala Lys Leu Asn Gln Ile Leu Arg Ile Glu
420 425 430

Glu Glu Leu Gly Glu Asn Ala Val Tyr Ala Gly Ser Lys ﬁhe Arg Thr
435 440 445

Ala Val Asn Leu Lys Gly Glu Leu Glu Gly Lys Pro Ile Pro Asn Pro
450 455 460

Leu Leu Gly Leu Asp Ser Thr Arg Thr Gly His His His His His His
465 470 475 480

10

32
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