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Cdc68p CHROMATIN REMODELING FACTOR

Field of the Invention

The invention encompasses the chromatin remodeling factor Cdc68p,
nucleic acid sequences encoding CDC68, and methods of screening for antifungal agents

and inhibitors of growth of Candida albicans and other fungi by targeting Cdc68p.

Background of the Invention

Fungi are a distinct class of microorganisms, of which most are free-living.
They are eukaryotic organisms containing a nuclear membrane, mitochondria and
endoplasmic reticulum. In addition, they are non-motile, do not contain chlorophyl and
develop from spores (i.e. yeasts, molds, mushrooms and rusts). The cell structure usually
includes a rigid cell wall of mannan, glucan and chitin and a cytoplasmic membrane with a
large percentage of ergosterol. The size and morphology of fungi vary from
monomorphic yeasts like Cryptococcus and Saccharomyces species and dimorphic fungi
like Candida albicans to filamentous fungi like Aspergillus species.

In contrast to bacteria, which are generally considered mammalian
pathogens, fungi tend to be plant pathogens. However, in addition to the well recognized
group of dermatophytes (e.g. cause of “athlete’s foot”), an increasingly large group of
fungi turn out to be able to act as opportunistic human pathogens producing disease only in
compromised individuals. As the result of an aging population as well as an increase in
the number of immunocompromised patients, e.g., patients with acquired
immunodeficiency syndrome (AIDS), patients undergoing cancer chemotherapy, or
immunosuppressive therapy (e.g. treatment with corticosteroids) and patients undergoing
organ transplantation, the incidence of fungal infections is increasing rapidly.

Fungi parasitize many different tissues. Most infections begin by
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colonization of the skin, a mucosal membrane or the respiratory epithelium. Superficial
fungi and subcutaneous pathogens cause indolent lesions of the skin. Passage through the
initial surface barrier is accomplished through a mechanical break in the epithelium.
Although most fungi are readily killed by neutrophils, some species are resistant to
phagocytic killing and can infect otherwise healthy individuals. The most virulent fungi
cause systemic infections, a progressive disease leading to deep seated visceral infections
in otherwise healthy individuals (see e.g. Sherris Medical Microbiology, Third Edition,
Kenneth J. Ryan, ed., Appleton & Lange, Norwalk, CT, 1994).

The major fungal pathogens in North America are Histoplasma capsulatum,
Coccidioides immitis, Blastomyces dermatitidis, Cryptococcus neoformans, Candida
species, such as but not limited to Candida albicans and Aspergillus species (Medically
Important Fungi, Second Edition, Davise H. Larone, Ed., American Society for
Microbiology, Washington, D.C.). The yeast C. albicans (C. albicans ) is one of the most
pervasive fungal pathogens in humans. It is the cause of an increasing financial and
logistic burden on the medical care system and its providers due to its ability to
opportunistically infect a diverse spectrum of immunocompromised hosts, which are a
quickly growing population of patients in today's society. Although C. albicans is a
member of the normal flora of the mucous membranes in the respiratory, gastrointestinal,
and female genital tracts, it may gain dominance (e.g. upon treatment with antibacterial
antibiotics, in patients with diabetes or in patients using corticosteroids) in such locations
and be associated with pathologic conditions. In addition, almost all HIV-positive
individuals suffer from a Candida infection prior to the onset of developing full-blown
AIDS.

Sometimes C. albicans produces progressive systemic disease, particularly
if cell-mediated immunity is impaired. In 1994, about thirty percent of patients suffering
from leukemia or undergoing organ transplants developed a systemic Candida infection
of which thirty percent have been estimated to have succumbed to the infection.

Only a handful of agents are active against fungi. For life threatening
disease caused by any of the pathogenic fungi, amphotericin B is the agent of choice. This
drug, however, is associated with numerous severe side effects such as fever, dyspnea and
tachycardia, and dosage is limited over the lifetime of the patient because of renal toxicity.

An agent frequently used concurrently is flucytosine, a nucleoside analog, which cannot be
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used independently of other agents because of the rapid appearance of resistance.

Untoward effects of treatment with flucytosine include leukopenia, thrombocytopenia,

rash, nausea, vomiting, diarrhea, and severe enterocolitis.

In conditions where the patient's life is not threatened, ketoconazole can be
used as a long-term therapy for blastomycosis, histoplasmosis, or coccidioidomycosis.
Fluconazole also has a significant role in the treatment of superficial fungal infections.
Both compounds are from the same class, the triazoles, and are cytostatic. The emergence
of resistance and hepatic toxicity limits the use of triazoles such as fluconazole and
ketoconazole. The newest triazole, itraconazole, has similar pharmacokinetics and
spectrum of activity as fluconazole. None of the azoles can be used for life threatening or
deep seated fungal infections. They are only effective in reducing colonization of fungi
such as Candida species and for treating superficial mycoses.

All major antifungal agents function by attacking either directly or
indirectly ergosterol, a component of the cell wall. Amphotericin B and other polyene
macrolide compounds like nystatin interact with ergosterol in the cell membrane and form
pores or channels that increase the permeability of the membrane. Resistance to
amphotericin B in mutant strains is accompanied by decreased concentrations of ergosterol
in their cell membranes. Imidazoles and triazoles inhibit sterol 14-a-demethylase, a
microsomal cytochrome P 45-dependent enzyme system. Imidazoles and triazoles thus
impair the biosynthesis of ergosterol for the cytoplasmic membrane, leading to the
accumulation of 14-a-methyl sterols, which impair certain membrane-bound enzyme
systems (see, The Pharmacological Basis of Therapeutics, Eighth Edition, Goodman and
Gilman, Pergamon Press, 1990).

Nystatin, amphotericin B, flucytosine and the various azoles have all been
used to treat oral and systemic Candida infections. However, orally administered nystatin
is limited to treatment within the gut and is not applicable to systemic treatment, and
resistance to flucytosine is so widespread that it is only used in combination with other
drugs. Some life-threatening systemic infections are susceptible to treatment with the
azoles or amphotericin B. Azoles have been the most successful drugs used for treatment
of such infections in the last few years but they work relatively slowly, have to be taken for
months, and are fungistatic rather than fungicidal. While such azole antifungal agents

exhibit significantly lower toxicity compared to amphotericin B, their mechanism of action
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and inactivation of cytochrome P, prosthetic groups in certain enzymes preclude their use
in patients that are simultaneously receiving other drugs that are metabolized by the body’s
cytochrome P, enzymes.

Widespread use of azoles has also resulted in an important change in the
spectrum of Candida infections. Whereas C. albicans used to be the common cause of
Candidosis, 50% of these infections are now caused by non-albicans species which tend
to be less susceptible to azole treatment. In addition, a quickly rising percentage of C.
albicans isolates obtained from infected patients have been found to be resistant to azoles.

There is thus an immediate need for an effective treatment of opportunistic
infections caused by C. albicans. Although the majority of life-threatening fungal
infections are caused by C. albicans, infections caused by other less common fungi as
discussed above, e.g., Aspergillus fumigatus have a worse prognosis. In large part this is
due to the absence of diagnosis until a very late stage of infection, usually post-mortem.
Therefore it is desirable that novel compounds be able to act against all pathogenic fungi,
preventing the need for precise, time-consuming diagnosis.

Development of an effective method and composition for treatment of
fungal infections is a critical goal of the pharmaceutical industry. The industry has made
numerous efforts to identify fungal-specific drugs, with only limited success. It would be
of great value to identify a new class of antifungal drugs that block a fungal target other
than ergosterol. This target should be fungal-specific and should lead to development of a
drug that is effective against the organisms that are resistant to current therapy.

Antifungal drug development often relies on the screening of a large
number of compounds before one or more lead compounds are found that are effective
against the target fungi. Thus, it is critical for the development of these screens to define
proteins essential for survival or growth of the target fungi and to discover means of
purifying or producing such proteins. Therefore, there is a need in the art to identify
essential fungal structural or functional elements that can serve as targets for drug
intervention, and for methods and compositions for identifying useful anti-fungal agents
that interact with or inhibit essential fungal elements that can be used to treat fungal
infections.

Mutations in a number of genetic loci in Saccharomyces cerevisiae result in

an inability to proceed through the cell-division cycle required for multiplication and
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growth of cells. One of these CDC genes (cell-division cycle) is CDC68. A temperature
sensitive mutation in CDC68 , cdc68-1, was found to render cells incapable of proceeding
through the START phase of the cell-division cycle at the restrictive temperature, resulting
in enlarged cells (Prendergast et al. 1990). Arrest at the START phase was attributed to
decreased amounts of G1-cyclins, Clnlp-3p, which are required for the performance of
START (Rowley et al. 1991). Studies into the nature of the defect showed that
transcription of many, and possibly all, genes was strongly decreased after cdc68-1 mutant
cells were incubated at the restrictive temperature.

Independently, another class of cdc68 mutations was obtained in the yeast
S. cerevisiae. Insertion of yeast transposable elements like Ty in a promoter stops efficient
transcription of a gene under control of that promoter. Mutant cells can be obtained
however, in which a defect of this type is overcome by mutations in Spt (suppressor of Ty)
loci. One of these loci isolated in S. cerevisiae, SPT16, has been shown to be identical to
CDC68 (Malone et al. 1991). This S. cerevisiae SPT16/CDC68 gene was cloned and the
nucleotide sequence determined (Rowley et al. 1991). Furthermore, diploid strains of .
cerevisiae were constructed in which one copy of the gene SPT16/CDC68 was disrupted.
Sporulation of these strains resulted in only two viable spores which corresponded to those
spores carrying the intact copies of SPT16/CDC68. Hence, SPT16/CDC68 is required for
sporulation and/or growth of vegetative cells (Malone et al. 1991). In addition, the N-
terminal third of the S. cerevisiae Cdc68p has been shown to be dispensable for gene
activation but required for the maintenance of chromatin repression. (Evans et al. 1998.)

Biochemical studies have shed light on the nature of the requirement for the
Cdc68 protein (Cdc68p) in gene transcription. In vitro transcription of class II genes from
naked template DNA requires RNA polymerase II (RNAP II) and the general transcription
factors IIB, IID, IIE, ITF and ITH. I vivo transcription occurs from DNA that is present in
nucleosomes. However, when packaged template DNA is used in in vitro experiments,
RNAP II and the general transcription factors are not sufficient. Transcription elongation
has been found to require an additional factor isolated from nuclear extract from HeLa
cells, FACT (facilitator of chromatin transcription) (Orphanides ez al. 1998). FACT is a
heterodimer composed of the human homologs of Pob3p and Cdc68p. (Brewster et al.
1998.)

Other studies suggest that, in addition to transcription, Cdc68p might be
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involved in DNA replication in S. cerevisiae (Wittmeyer and Formosa 1997). DNA

replication involves a multiprotein complex containing DNA polymerase a. Affinity

matrix-linked DNA polymerase o has been shown to be bound to two proteins, Pob3p and

Cdc68p, present in S. cerevisiae cell extracts. (Wittmeyer and Formosa 1997.)

References:

Brewster et al. (1998) J. Biol. Chem. 273 (34): 21972-21979.

Evans et al. (1998) Genetics 150 (4): 1393-1405.

Malone et al. (1991) Mol. Cell. Biology 11 (11): 5718-5726.
Orphanides et al. (1998) Cell 92, 105-116.

Prendergast et al. (1990) Genetics 124: 81-90.

Rowley et al. (1991) Mol. Cell. Biology 11 (11): 5718-5726.
Wittmeyer and Formosa (1997) Mol. Cell. Biology 17 (7): 4178-4190.

Summary of the Invention

The present invention is based on the isolation of a nucleic acid encoding
Candida albicans Cdc68 protein (CaCdc68p). In one aspect, the invention provides an
isolated nucleic acid having the sequence depicted in Figure 1, SEQ ID NO:1, as well as
sequence-conservative and function-conservative variants thereof. In another aspect, the
invention provides an isolated nucleic acid which encodes the polypeptide depicted in
SEQ ID NO:2. The invention also provides vectors comprising these sequences, and cells
comprising the vectors. Methods for producing the polypeptides, which comprise (1)
culturing the cells and (ii) recovering the polypeptide from the culture, are also provided.

In another aspect, the invention provides an isolated polypeptide having the
amino acid sequence depicted in Figure 1, SEQ ID NO:2, and a fragment or fragments
thereof, the fragments or fragments being characterized in that when expressed in S.
cerevisiae they facilitate rescue of temperature-sensitive knock out mutations in ScCDC68,
and function-conservative variants of said polypeptide and fragment or fragments thereof.

In a still further aspect, the invention provides a method for producing
recombinant Candida albicans Cdc68p, comprising culturing a host cell transformed with
anucleic acid encoding Candida albicans Cdc68p under conditions sufficient to permit

expression of the nucleic acid encoding Candida albicans Cdc68p, and isolating the
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Candida albicans Cdc68p.

In yet another aspect, the invention provides a screening method for
detecting and identifying compounds that bind to Cdc68p, as well as compounds which
can inhibit Candida albicans growth.

Detection may be performed in the presence of a plurality of candidate
inhibitor compounds. In carrying out the screening methods of the invention which
involve screening a plurality of candidate inhibitor compounds, the plurality of inhibitor
compounds may be screened together in a single assay or individually using multiple
simultaneous individual detecting steps.

In another aspect, the invention provides a method of preventing Candida
albicans growth in culture, by contacting the culture with an inhibitor compound that
selectively inhibits the biological activity of Candida albicans Cdc68p.

In a still further aspect, the invention provides a method of preventing
Candida albicans growth in a mammal, comprising administering to the mammal an
effective amount of an inhibitor compound that selectively inhibits the biological activity
of Candida albicans Cdc68p.

In yet another aspect, the invention provides a method of preventing fungal
growth, comprising administering to a fungal infection an effective amount of an inhibitor
compound that selectively inhibits the biological activity of fungal Cdc68p.

Other features and advantages of the invention will be apparent from the

description, preferred embodiments thereof, the drawings, and from the claims.

Brief Description of the Drawings

Figure 1 depicts the nucleotide sequence encoding C. albicans CDC68
(CaCDC68), SEQ ID NO: 1 and the predicted amino acid sequence of C. albicans Cdc68
protein (CaCdc68p), SEQ ID NO: 2.

Figure 2 depicts a comparison of amino acid sequences of Cdc68p
homologous proteins obtained from humans (H. sapiens), SEQ ID NO: 3; D.
melanogaster, SEQ ID NO: 4; §. cerevisiae, SEQ ID NO: 5; C. albicans, SEQ ID NO: 2
and K. lactis, SEQ ID NO: 6. The sequences that are shaded with stippling depict those
residues that match H. sapiens Cdc68 exactly while those that are boxed depict those
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residues that match S. cerevisiae Cdc68 exactly.

Figure 3 depicts a comparison of predicted amino acid sequences from
PCR-amplified nucieotide fragments of Cdc68 obtained from A. nidulans [SEQ ID NO: 7]
and N. crassa [SEQ ID NO: 8] with similar regions of Cdc68p from humans [SEQ ID
NO: 9], D. melanogaster [SEQ ID NO: 10], S. cerevisiae [SEQ ID NO: 11], K. lactis
[SEQID NO: 12), and C. albicans [SEQ ID NO: 13]. The sequences that are shaded with
stippling depict tﬁose residues that match H. sapiens Cdc68 exactly while those that are
boxed depict those residues that match S. cerevisiae Cdc68 exactly. Due to the presence
of introns, the exact cDNA sequence, and thus the exact amino acid sequence, around the
splice site is uncertain in both 4. nidulans and N. crassa . The probable splice site
location is thus indicated by “X”.

Figure 4 depicts a graphic representation of viability expressed in colony
forming units (CFUYOD650 versus time (hours) for S. cerevisiae cdc68-1 mutant (circles)
and BM390 wild type (squares) strains. Cells were pregrown and incubated at 30°C (open
symbols) or 37°C (closed symbols). Optical density (OD650) and CFU/mL were followed
from which viability of cultures (CFU/OD650) was calculated.

Figure 5 depicts a graphic representation of viability (CFU/OD650) versus
time (hours) upon metal inducible depletion of Cdc68p in S. cerevisiae CUY106 wild type
(squares) and CUY106::CDC68 mutant (squares) strains. Cells were grown until they
reached exponential phase, after which they were incubated with (closed symbols) or
without (open symbols) ImM CuSO,. Optical density (OD650) and CFU/mL were
followed from which viability of cultures (CFU/OD650) was calculated.

Figure 6 is a depiction of the mechanism of gene disruption in C. albicans.

Figure 7A is a depiction of EcoR1 restriction maps, and fragments obtained
following EcoR1 digestion, of the CaCDC68 locus. From top to bottom: before
integration (4.5 kb fragment), after integration of the first disruption cassette (3.8 kb
fragment), after subsequent 5 fluoro-orotic acid (FOA) selection (2.7 kb fragment), and
after integration of the second disruption cassette (3.5 kb fragment).

Figure 7B is a depiction of a Southern blot of genomic DNA digested with
EcoR1. Lane 1: Control strain CAl4 transformed with second disruption plasmid. Lanes
2 and 4: Independently obtained pre-FOA transformants. Lanes 3 and 5: post-FOA

transformants derived from pre-FOA transformants shown in lanes 2 and 4 respectively.

RECTIFIED SHEET (RULE 91)
ISA / EP
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Lane 6: Putative double disruptant. Lane 7: Parental strain CAI4.

Figure 8A is a depiction of an SDS-PAGE gel electrophoresis of various
CaCdc68p purification stages. Lane 1: Molecular weight marker. Lane 2: Induced cells.
Lane 3: Uninduced cells. Lane 4: Post-hiTrap fraction. Lane 5: Post-MonoQ fraction.
Lane 6: purified CaCdc68p.

Figure 8B is a depiction of an SDS-PAGE gel electrophoresis of various
ScCdc68p purification stages. Lane 1: Molecular weight marker. Lane 2: Uninduced
cells. Lane 3: Induced cells. Lane 4: Post-hiTrap fraction. Lane 5: Purified ScCdc68p in

post MonoQ fraction.

Detailed Description of the Invention

All patent applications, patents, and literature references cited in this
specification are hereby incorporated by reference in their entirety.

This invention is directed to anovel protein, C. albicans Cdc68p (CaCdc68p).
The protein plays an essential role in cell viability, and is highly conserved among fungi. The
invention is also directed to the isolation of recombinant DNA encoding CaCdc68p. Because
CaCdc68p 1s essential for viability of fungal cells, a compound that blocks the biological
activity of the protein would be expected to have fungicidal properties. Since amino acid
sequences of Cdc68 proteins from fungal sources are more similar to one another than human
Cdc68 protein, it is expected that certain compounds that bind to fungal Cdc68 will not bind
to human Cdc68, and so will be specific inhibitors of fungal cell growth. Therefore, the
invention is also directed to assays to screen for inhibitors of CaCdc68p which are active

against other fungi.

Definitions:

1. “Inhibition” as used herein refers to a reduction in the parameter
being measured, whether it be C. albicans growth or viability or C. albicans DNA
transcription. The amount of such reduction is measured relative to a standard (control).
Because of the multiple interactions of C. albicans Cdc68p in cell division, growth and
cell cycle regulation the target product for detection will vary with respect to the particular

screening assay employed. “Reduction” is defined herein as a decrease of at least 25%
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relative to a control, preferably of at least 50%, and most preferably of at least 75%.

2. “Growth” as used herein refers to the normal growth pattern of C.
albicans, i.e., to a cell doubling time of 60-90 minutes during the log phase of growth.

3. “Viability” as used herein refers to the ability of C. albicans to
multiply, form strings of cells (“hyphae”) or increase in size. This can be measured by
following the optical density of batches of media inoculated with C. albicans cells and
spreading samples obtained from these batches on growth plates. An increasing optical
density indicates viability; absence of an increase may indicate inviability. Cells that fail
to form colonies on growth plates, irrespective of the growth conditions in that plate, are
classified as inviable.

4. “Biological activity” as used herein refers to the ability of Cdc68p to
promote transcription and cell cycle division through its chromatin remodeling capability.

5. "Nucleic acid" or "polynucleotide" as used herein refers to purine-
and pyrimidine-containing polymers of any length, either polyribonucleotides or
polydeoxyribonucleotides or mixed polyribo-polydeoxyribo nucleotides. This includes
single- and double-stranded molecules, i.e., DNA-DNA, DNA-RNA and RNA-RNA
hybrids, as well as "protein nucleic acids" (PNA) formed by conjugating bases to an amino
acid backbone. This also includes nucleic acids containing modified bases.

6. An "isolated" nucleic acid or polypeptide as used herein refers to a
nucleic acid or polypeptide that is removed from its original environment (for example, its
natural environment if it is naturally occurring). An isolated nucleic acid or polypeptide
contains less than about 50%, preferably less than about 75%, and most preferably less
than about 90%, of the cellular components with which it was originally associated.

7. A nucleic acid or polypeptide sequence that is "derived from" a
designated sequence refers to a sequence that is related in nucleotide or amino acid
sequence to a region of the designated sequence. For nucleic acid sequences, this
encompasses sequences that are homologous or complementary to the sequence, as well as
"sequence-conservative variants” and "function-conservative variants." For polypeptide
sequences, this encompasses "function-conservative variants." Sequence-conservative
variants are those in which a change of one or more nucleotides in a given codon position
results in no alteration in the amino acid encoded at that position. Function-conservative

variants are those in which a given amino acid residue in a polypeptide has been changed
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without altering the overall conformation and function of the native polypeptide, including,
but not limited to, replacement of an amino acid with one having similar physico-chemical
properties (such as, for example, acidic, basic, hydrophobic, and the like). "Function-
conservative" variants of a designated polypeptide also include any polypeptides that have
the ability to elicit antibodies specific to the designated polypeptide.

8. Nucleic acids are "hybridizable" to each other when at least one
strand of nucleic acid can anneal to another nucleic acid strand under defined stringency
conditions. Stringency of hybridization is determined, e.g., by a) the temperature at which
hybridization and/or washing is performed, and b) the ionic strength and polarity (e.g.,
formamide concentration) of the hybridization and washing solutions, as well as other
parameters. Hybridization requires that the two nucleic acids contain substantially
complementary sequences; depending on the stringency of hybridization, however,
mismatches may be tolerated. The appropriate stringency for hybridizing nucleic acids
depends on the length of the nucleic acids and the degree of complementarity, variables
well known in the art.

In general, nucleic acid manipulations used in practicing the present
invention employ methods that are well known in the art, as disclosed in, e.g., Molecular
Cloning, A Laboratory Manual (2nd Ed., Sambrook, Fritsch and Maniatis, Cold Spring
Harbor) and Current Protocols in Molecular Biology (Eds. Ausubel, Brent, Kingston,
More, Feidman, Smith and Stuhl, Greene Publ. Assoc., Wiley-Interscience, NY, NY,
1997).

The present invention is based on the isolation of DNA encoding the
protein Cdc 68 from Candida albicans (CaCdc68p). Based on results obtained in S.
cerevisiae and human cells, CaCdc68p is presumed to be a facilitator of DNA transcription
elongation through its activity as a chromatin remodeling factor. The discovery and
characterization of CaCdc68p, and the elucidation of differences between the fungal and
mammalian Cdc68 proteins, implicates this protein as an important target for the
development of new methods and compositions for the treatment of fungal infections. As
shown in Example 3 below, deletion and rescue analysis in S. cerevisiae demonstrated that

CaCdc68p is essential for cell viability. Therefore, agents which selectively interfere with
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CaCdc68p activity would likely be candidates for anti-C. albicans therapeutics. The
present invention also encompasses methods for identifying compounds that selectively
interfere with CaCdc68p activity and thus may comprise useful antifungal agents.

The gene encoding CaCdc68p was isolated as described in Example 1
below. Briefly, a genomic library from C. albicans was used to transform a strain of S.
cerevisiae containing a temperature sensitive Cdc68p mutation. A C. albicans-derived
DNA fragment capable of complementing the ScCdc68 temperature sensitive phenotype
was isolated. Nucleotide sequencing of the DNA identified by this procedure (Figure 1
and SEQ ID NO: 1) revealed an open reading frame of 3159 bp encoding a protein of 1053
amino acids which showed significant homology to Cdc68p/Spt16p from S. cerevisiae and
K. lactis. However, the inferred amino acid sequence of CaCdc68 diverges from that of
Drosophila melanogaster and humans. However, despite the homology, the inferred amino
acid sequence of CaCdc68 diverges considerably from that of S. cerevisiae and humans.

Ideally, an antifungal compound directs its cidal action against a target that
is present in fungi but absent in human cells. Cidal targets are important for cell function
and tend to be conserved in evolution and, thus, be present in both human and fungal cells.
Cdc68p is an example of a protein present in both cell types, as noted above, but the
human homolog of Cdc68p has an amino acid sequence that distinguishes it from fungal
Cdc68p. This allows for identification of compounds that act against fungal Cdc68p but
not human Cdc68p. This is shown in Table 1 which provides a pairwise comparison (%

identity) of Cdc68p from various organisms where the human sequence is the preliminary

sequence.
TABLE 1 - Pairwise Comparison Expressed in Percent (%) Identity
H. sapiens | D. melano. K. lactis S. C.
cerevisiae | albicans
H. sapiens ok 57.0% 35.0% 350% | 36.0%
D. melanogaster ("D. kK 35.0% 33.0% | 35.0%
melano.”)
K. lactis ok 720% | 51.0%
S. cerevisiae okk 51.0%
C. albicans Hokk
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The numbers indicate the percentage identity resulting from the pairwise
alignment according to the algorithm used to obtain the alignments shown in Figure 2.
The table shows that fungal species (K. lactis, C. albicans and S. cerevisiae) are 51-72%
identical over the full length Cdc68 proteins, while fungal species display approximately
32-36% sequence homology with human Cdc68. A similar result is shown in Figure 2
from which it is clear that there are regions within CaCdc68p that are conserved among
fungi but are absent from human Cdc68p.

The present invention provides isolated nucleic acids encoding CaCdc68
such as, e.g., the nucleic acid sequence depicted in Figure 1, SEQ ID NO: 1. The
invention also encompasses isolated nucleic acids encoding enzymatically active fragments
derived therefrom, and related sequences. For example, function-conservative variants of
CaCdc68-encoding nucleic acids are nucleic acids that encode polypeptides that retain one
or more of the chromatin remodeling and transcriptional regulatory functions of CaCdc68.
These functions of CaCdc68 as used herein include the gene transcription and elongation
and/or rescue of temperature sensitive mutations of Cdc68. Fragments of CaCdc68 that
retain one or more of these functions can be identified according to the methods described
herein, such as e.g., transcription assays and rescue experiments.

Also encompassed by the invention are nucleic acids that are hybridizable
to, or derived from, the CaCdc68 sequences described above. In one embodiment, the
invention relates to isolated nucleic acids capable of hybridizing with the CaCdc68
sequences or with their complements under the hybridization conditions defined below.

-- Prehybridization treatment of the support (nitrocellulose filter or
nylon membrane), to which is bound the nucleic acid capable of hybridizing with nucleic
acid encoding CaCdc68 at 65°C for 6 hours with a solution having the following
composition: 4 x SSC, 10 x Denhardt (1X Denhardt is 1% Ficoll, 1%
polyvinylpyrrolidone, 1% BSA (bovine serum albumin); 1 x SSC consists of 0.15M of
NaCl and 0.015M of sodium citrate, pH 7);

-- Replacement of the pre-hybridization solution in contact with the
support by a buffer solution having the following composition: 4 x SSC, 1 x Denhardt, 25
mM NaPO,, pH 7, 2 mM EDTA, 0.5% SDS, 100 pg/mL of sonicated salmon sperm DNA
containing a nucleic acid derived from the CaCdc68 sequence as probe, in particular as

radioactive probe, and previously denatured by a treatment at 100°C for 3 minutes;
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-- Incubation for 12 hours at 65°C;

- Successive washings with the following solutions: (i) four washings
with 2 x SSC, 1 x Denhardt, 0.5% SDS for 45 minutes at 65°C; (ii) two washings with 0.2
x SSC, 0.1 x SSC for 45 minutes at 65°C; and (iii) 0.1 x SSC, 0.1% SDS for 45 minutes at
65°C.

The invention also encompasses any nucleic acid exhibiting the property of
hybridizing specifically with the above-described CaCdc68-encoding DNA under the
conditions described above, but at 40°C, including successive washings in 2X SSC at
45°C for 15 minutes.

It will be understood that the conditions of hybridization defined above
constitute preferred conditions for hybridization, but are in no way limiting and may be
modified in ways known in the art which do not affect the overall properties of recognition
and hybridization of the probes and nucleic acids mentioned above.

The salt conditions and temperature during the hybridization and the
washing of the membranes can be modified without the detection of the hybridization
being affected. For example, it is possible to add formamide in order to lower the
temperature during hybridization.

The invention also encompasses vectors comprising CaCdc68-encoding
sequences, cells comprising the vectors, and methods for producing CaCdc68 that involve
culturing the cells.

A large number of vectors, including plasmid and fungal vectors, have been
described for expression in a variety of eukaryotic and prokaryotic hosts. Such vectors
will often include one or more replication systems for cloning or expression, one or more
markers for selection in the host, e.g. antibiotic resistance, and one or more expression
cassettes. The inserted CaCdc68 coding sequences may be synthesized, isolated from
natural sources, prepared as hybrids, etc. Ligation of the coding sequences to the
transcriptional regulatory sequences may be achieved by known methods. Suitable host
cells may be transformed/transfected/infected by any suitable method including
electroporation, CaCl, mediated DNA uptake, fungal infection, microinjection,
microprojectile, or other established methods.

A wide variety of host/expression vector combinations may be employed in

expressing DNA sequences encoding CaCdc68. Useful expression vectors, for example,
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may consist of segments of chromosomal, non-chromosomal and synthetic DNA
sequences. Suitable vectors include derivatives of SV40 and known bacterial plasmids,
e.g., E. coli plasmids col El, pCR1, pBR322, pMal-C2, pET, pGEX (Smith et al., Gene
67:31-40, 1988), pMB9 and their derivatives, plasmids such as RP4; phage DNAS, e.g.,
the numerous derivatives of phage 1, e.g., NM989, and other phage DNA, e.g., M13 and
filamentous single stranded phage DNA; yeast plasmids such as the 2 micron plasmid or
derivatives thereof; vectors useful in eukaryotic cells, such as vectors useful in insect or
mammalian cells; vectors derived from combinations of plasmids and phage DNAs, such
as plasmids that have been modified to employ phage DNA or other expression control
sequences; and the like.

Appropriate host cells for expressing protein include bacteria,
Archaebacteria, fungi, especially yeast, and plant and animal cells, especially mammalian
cells. Of particular interest are E. coli, B. subtilis, S. cerevisiae, Sf9 cells, C129 cells, 293
cells, Neurospora, and CHO cells, COS cells, HeLa cells, and immortalized mammalian
myeloid and lymphoid cell lines. Preferred replication systems include M13, ColEI,
SV40, baculovirus, lambda, adenovirus, and the like. A large number of transcription
initiation and termination regulatory regions have been isolated and shown to be effective
in the transcription and translation of heterologous proteins in the various hosts. Examples
of these regions, methods of isolation, manner of manipulation, etc. are known in the art.
Under the appropriate expression conditions, host cells can be used as a source of
recombinantly produced CaCdc68. Advantageously, vectors may also include a
promoter sequence operably linked to the CaCdc68 encoding portion. The encoded
CaCdc68 may be expressed by using any suitable vectors and host cells, using methods
disclosed or cited herein or otherwise known to those skilled in the relevant art. The
particular choice of vector/host is not critical to the invention.

A "promoter sequence” is a DNA regulatory region capable of binding
RNA polymerase in a cell and initiating transcription of a downstream (3' direction) coding
sequence. For purposes of defining the present invention, the promoter sequence is
bounded at its 3' terminus by the transcription initiation site and extends upstream (5'
direction) to include the minimum number of bases or elements necessary to initiate
transcription at levels detectable above background. Within the promoter sequence will be

found a transcription initiation site (conveniently defined for example, by mapping with
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nuclease S1), as well as protein binding domains (consensus sequences) responsible for the
binding of RNA polymerase.

Expression of CaCdc68 protein may be controlled by any
promoter/enhancer element known in the art, but these regulatory elements must be
functional in the host selected for expression. Promoters which may be used to control
CaCdc68 gene expression include, but are not limited to, Cytomegalovirus immediate
early promoter (CMV promoter; US Patent Nos. 5,385,839 and 5,168,062) the SV40 early
promoter region (Benoist and Chambon, 1981, Nature 290:304-310), the promoter
contained in the 3' long terminal repeat of Rous sarcoma virus (Yamamoto, et al., 1980,
Cell 22:787-797), the herpes thymidine kinase promoter (Wagner et al., 1981, Proc. Natl.
Acad. Sci. U.S.A. 78:1441-1445), the regulatory sequences of the metallothionein gene
(Brinster et al., 1982, Nature 296:39-42); prokaryotic expression vectors such as the b-
lactamase promoter (Villa-Kamaroff, et al., 1978, Proc. Natl. Acad. Sci. U.S.A. 75:3727-
3731), or the tac promoter (DeBoer, ef al., 1983, Proc. Natl. Acad. Sci. U.S.A. 80:21-25);
see also "Useful proteins from recombinant bacteria” in Scientific American, 1980,
242:74-94; promoter elements from yeast or other fungi such as the Gal 4 promoter, the
ADC (alcohol dehydrogenase) promoter, PGK (phosphoglycerol kinase) promoter, alkaline
phosphatase promoter; and the animal transcriptional control regions, which exhibit tissue
specificity and have been utilized in transgenic animals: elastase I gene control region
which is active in pancreatic acinar cells (Swift et al., 1984, Cell 38:639-646; Omitz et al.,
1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987, Hepatology
7:425-515); insulin gene control region which is active in pancreatic beta cells (Hanahan,
1985, Nature 315:115-122), immunoglobulin gene control region which is active in
lymphoid cells (Grosschedl et al., 1984, Cell 38:647-658; Adames et al., 1985, Nature
318:533-538; Alexander et al., 1987, Mol. Cell. Biol. 7:1436-1444), mouse mammary
tumor virus control region which is active in testicular, breast, lymphoid and mast cells
(Leder et al., 1986, Cell 45:485-495), albumin gene control region which is active in liver
(Pinkert et al., 1987, Genes and Devel. 1:268-276), alpha-fetoprotein gene control region
which is active in liver (Krumlauf et al., 1985, Mol. Cell. Biol. 5:1639-1648; Hammer et
al., 1987, Science 235:53-58), alpha 1-antitrypsin gene control region which is active in
the liver (Kelsey et al., 1987, Genes and Devel. 1:161-171), beta-globin gene control
region which is active in myeloid cells (Mogram et al., 1985, Nature 315:338-340; Kollias
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et al., 1986, Cell 46:89-94), myelin basic protein gene control region which is active in
oligodendrocyte cells in the brain (Readhead et al., 1987, Cell 48:703-712), myosin light
chain-2 gene control region which is active in skeletal muscle (Sani, 1985, Nature
314:283-286), and gonadotropic releasing hormone gene control region which is active in
the hypothalamus (Mason et al., 1986, Science 234:1372-1378).

Nucleic acids encoding wild-type or variant CaCdc68 polypeptides may
also be introduced into cells by recombination events. For example, such a sequence can
be introduced into a cell, and thereby effect homologous recombination at the site of an
endogenous gene or a sequence with substantial identity to the gene. Other recombination-
based methods, such as non-homologous recombinations or deletion of endogenous genes
by homologous recombination, may also be used.

The invention also encompasses isolated and purified CaCdc68
polypeptides, including, e.g., a polypeptide having the amino acid sequence depicted in
Figure 2, as well as function-conservative variants of this polypeptide, including fragments
that retain transcriptional regulatory activity as described above.

CaCdc68-derived polypeptides according to the present invention, including
function-conservative variants, may be isolated from wild-type or mutant C. albicans cells,
or from heterologous organisms or cells (including, but not limited to, bacteria, fungi,
insect, plant, and mammalian cells) into which a CaCdc68-derived protein-coding
sequence has been introduced and expressed. Furthermore, the polypeptides may be part
of recombinant fusion proteins. Alternatively, polypeptides may be chemically
synthesized by commercially available automated procedures, including, without
limitation, exclusive solid phase synthesis, partial solid phase methods, fragment
condensation or classical solution synthesis.

"Purification" of a CaCdc68 polypeptide refers to the isolation of the
polypeptide in a form that allows its transcription-activating activity to be measured
without interference by other components of the cell in which the polypeptide is expressed.

Methods for polypeptide purification are well-known in the art, including, without
limitation, preparative disc-gel electrophoresis, isoelectric focusing, HPLC, reversed-phase
HPLC, gel filtration, ion exchange and partition chromatography, and countercurrent
distribution. For some purposes, it is preferable to produce the polypeptide in a

recombinant system in which the protein contains an additional sequence tag that
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facilitates purification, such as, but not limited to, a polyhistidine sequence. The
polypeptide can then be purified from a crude lysate of the host cell by chromatography on
an appropriate solid-phase matrix. Alternatively, antibodies produced against CaCdc68 or
against peptides derived therefrom can be used as purification reagents. Other purification
methods are possible.

The isolated polypeptides may be modified by, for example,
phosphorylation, sulfation, acylation, or other protein modifications. They may also be
modified with a label capable of providing a detectable signal, either directly or indirectly,
including, but not limited to, radioisotopes and fluorescent compounds.

The present invention encompasses antibodies that are specific for CaCdc68
or fragment identified as described above. As used herein, antibodies "specific" for
CaCdc68 include without limitation antibodies that: bind to CaCdc68 but do not bind to
other nuclear proteins, bind Cdc68 proteins from non-Candida species with a lower
affinity share to CaCdc68, identify associational or other functional domains present in
CaCdc68 but not in other species, and the like. The antibodies may be polyclonal or
monoclonal. The antibodies may be elicited in an animal host by immunization with
CaCdc68 or fragments derived therefrom or may be formed by in vitro immunization of
immune cells. The immunogens used to elicit the antibodies may be isolated from C.
albicans cells or produced in recombinant systems. The antibodies may also be produced
in recombinant systems programmed with appropriate antibody-encoding DNA.
Alternatively, the antibodies may be constructed by biochemical reconstitution of purified
heavy and light chains. The antibodies include hybrid antibodies (i.e., containing two sets
of heavy chain/light chain combinations, each of which recognizes a different antigen),
chimeric antibodies (i.e., in which either the heavy chains, light chains, or both, are fusion
proteins), and univalent antibodies (i.e., comprised of a heavy chain/light chain complex
bound to the constant region of a second heavy chain). Also included are Fab fragments,
including Fab' and F(ab), fragments of antibodies.

Methods for the production of all of the above types of antibodies and
derivatives are well-known in the art and are discussed in more detail below. For example,
techniques for producing and processing polyclonal antisera are disclosed in Mayer and
Walker, 1987, Immunochemical Methods in Cell and Molecular Biology, (Academic Press,

London). Such antibodies are conveniently made using the methods and compositions
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disclosed in Harlow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, 1988, as well as immunological and hybridoma technologies known to those
of ordinary skill in the art. Where natural or synthetic CaCdc68-derived peptides are used
to induce an CaCdc68-specific immune response, the peptides may be conveniently
coupled to a suitable carrier such as KLH and administered in a suitable adjuvant such as
Freunds. Preferably, selected peptides are coupled to a lysine core carrier substantially
according to the methods of Tam (Proc. Natl. Acad. Sci. USA 85:5409, 1988).

In one embodiment, purified recombinant CaCdc68 is used to immunize
mice, after which their spleens are removed, and splenocytes used to form cell hybrids
with myeloma cells and obtain clones of antibody-secreted cells according to techniques
that are standard in the art. The resulting monoclonal antibodies are screened using in
vitro assays such as those described above for binding to CaCdc68 or inhibition of the
incorporation of CaCdc68 into the transcriptional machinery for use as a chromatin
remodeling factor.

Anti-CaCdc68 antibodies may be used to quantify CaCdc68, using
immunoassays such as, but not limited to ELISA. Anti-CaCdc68 antibodies may also be
used to block the transcriptional function CaCdc68 by inhibiting the formation of
complexes between CaCdc68 subunits or between assembled RNA polymerase II
complexes and other transcription components, or by immunodepleting cell extracts or
transcription reactions of CaCdc68. In addition, these antibodies can be used to identify,
isolate, and purify CaCdc68 from different sources, and to perform subcellular and

histochemical localization studies.

Methods for Modifving Transcription

The present invention provides methods of modifying gene transcription by
contacting the CaCdc68 protein with substances that bind to, or interact with, the CaCdc68
protein or the DNA/RNA encoding the CaCdc68 protein. These substances modify the
influence of the CaCdc68 protein on transcription, chromatin remodeling or other
processes essential to gene transcription. Substances that bind to, or interact with, the
CaCdc68 protein or the DNA/RNA encoding the CaCdc68 protein can prevent or enhance
the remodeling of chromatin required for elongation of RNA during transcription thus

inhibiting or enhancing gene transcription. For example, antisense or nonsense nucleotide
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sequences that hybridize with the CaCdc68 DNA or RNA and either completely inhibit or

decrease their translation or transcription can prevent and inhibit the transcription of other

fungal genes. Alternatively, compounds that can bind to or interact with the CaCdc68

protein can prevent or enhance the function of the protein in the transcription process.

These substances include antibodies that are reactive with and bind to the CaCdc68

protein.

Candidate Inhibitors

A “candidate inhibitor,” as used herein, is any compound with a potential to
inhibit in Candida albicans the CaCdc68-mediated elongation of RNA during
transcriptions, chromatin remodeling, or cell division cycle maintenance. A candidate
inhibitor is tested in a concentration range that depends upon the molecular weight of the
molecule and the type of assay. For example, for inhibition of protein/protein or
protein/DNA complex formation or transcription elongation, small molecules (as defined
below) may be tested in a concentration range of 1pg - 100 ug/mL, preferably at about 100
pg - 20 ug/mL; large molecules, e.g., peptides, may be tested in the range of 10 ng - 100
ug/mL, preferably 100 ng - 10 ug/mL.

Inhibitors of Candida albicans growth or viability may target the novel
protein described herein, CaCdc68, or it may target a protein or nucleic acid that interacts
with CaCdc68 to prevent the natural biological interaction that occurs in vivo. An
inhibitor identified as described herein must possess the property that at some
concentration it will inhibit Candida albicans growth or viability, most preferably at the
same concentration it will not significantly affect the growth of mammalian, particularly
human, cells.

Candidate inhibitors include peptide and polypeptide inhibitors having an
amino acid sequence based upon the novel CaCdc68 sequences described herein. For
example, a fragment of CaCdc68 may act to prevent the growth of wild type Candida
albicans cells because it acts as a competitive inhibitor with respect to CaCdc68 binding to
other proteins involved in Candida chromatin binding, cell division or transcription.

Test inhibitory compounds are screened from large libraries of synthetic or
natural compounds. Numerous means are currently used for random and directed synthesis

of saccharide, peptide, and nucleic acid based compounds. Synthetic compound libraries
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are commercially available from Maybridge Chemical Co. (Trevillet, Cornwall, UK),
Comgenex (Princeton, NJ), Brandon Associates (Merrimack, NH), and Microsource (New
Milford, CT). A rare chemical library is available from Aldrich (Milwaukee, WI).
Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant and
animal extracts are available from e.g. Pan Laboratories (Bothell, WA) or MycoSearch
(NC), or are readily producible. Additionally, natural and synthetically produced libraries
and compounds are readily modified through conventional chemical, physical, and
biochemical means.

Useful compounds may be found within numerous chemical classes, though
typically they are organic compounds, and preferably small organic compounds. Small
organic compounds have a molecular weight of more than 50 yet less than about 2,500
daltons, preferably less than about 750, more preferably less than about 350 daltons.
Exemplary classes include heterocycles, peptides, saccharides, steroids, and the like. The
compounds may be modified to enhance efficacy, stability, pharmaceutical compatibility,
and the like. Structural identification of an agent may be used to identify, generate, or
screen additional agents. For example, where peptide agents are identified, they may be
modified in a variety of ways to enhance their stability, such as using an unnatural amino
acid, such as a D-amino acid, particularly D-alanine, by functionalizing the amino or
carboxylic terminus, e.g. for the amino group, acylation or alkylation, and for the carboxyl
group, esterification or amidification, or the like. Other methods of stabilization may

include encapsulation, for example, in liposomes, etc.

Inhibitor Screening

The present invention encompasses the identification of agents useful in
modulating fungal gene transcription, particularly the transcription of genes by RNA
polymerase Il in a CaCdc68-dependent manner
High-Throughout Methods For Screening Inhibitors:

In a preferred embodiment, a high-throughput screening protocol is used to
survey a large number of test compounds for their ability to bind with CaCdc68. High-
throughput screening methods are described in U.S. Patent Nos. 5,585,277 and 5,679,582,
in U.S.S.N. 08/547,889, and in PCT published application PCT/US96/19698 and may be
used for identifying a ligand that binds the CaCdc68 protein. According to these methods,
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a ligand, or a plurality of ligands for CaCdc68 target protein is identified by its ability to
influence the extent of folding or the rate of folding or unfolding of the target protein.
Experimental conditions are chosen so that the target protein unfolds to a measurable
extent, whether reversible or irreversible. If the test ligand binds to the target protein
under these conditions, the relative amount of folded:unfolded target protein or the rate of
folding or unfolding of the target protein in the presence of the test ligand will be different,
i.e. higher or lower, than that observed in the absence of the test ligand. Thus, the method
encompasses incubating CaCdc68 in the presence and absence of a plurality of test ligands
under conditions in which (in the absence of ligand) CaCdc68 would partially or totally
unfold. This is followed by analysis of the absolute or relative amounts of folded vs.
unfolded target protein or of the rate of folding or unfolding of the target protein.

An important feature of this method is that it will detect any compound that
binds to any sequence or domain of CaCdc68, and not only to sequences or domains that
are intimately involved in a biological activity or function. The binding sequence, region,
or domain may be present on the surface of CaCdc68 when it is in its folded state, or may
be buried in the interior of the protein. Some binding sites may only become accessible to
ligand binding when the protein is partially or totally unfolded.

Briefly, to carry out this method, the test ligand or ligands are combined
with CaCdc68, and the mixture is maintained under appropriate conditions and for a
sufficient time to allow binding of the test ligand. Experimental conditions are determined
empirically. When testing test ligands, incubation conditions are chosen so that most
ligand:CaCdc68 protein interactions would be expected to proceed to completion. The test
ligand is present in molar excess relative to CaCdc68. The target protein can be in a
soluble form, or, alternatively, can be bound to a solid phase matrix. The matrix may
comprise without limitation beads, membrane filters, plastic surfaces, or other suitable
solid supports.

In a preferred embodiment, binding of test ligand or ligands to CaCdc68 is
detected through the use of proteolysis. This assay is based on the increased susceptibility
of unfolded, denatured polypeptides to protease digestion relative to that of folded
proteins. In this case, the test ligand-CaCdc68 protein combination, and a control
combination lacking the test ligand, are treated with one or more proteases that act

preferentially upon unfolded target protein. After an appropriate period of incubation, the
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level of intact i.e. unproteolysed target protein is assessed using one of the methods
described below e.g. gel electrophoresis and/or immunoassay.

There are two possible outcomes that indicate that the test ligand has bound
the target protein. Either 1) a significantly higher, or 2) a significantly lower absolute
amount of intact or degraded protein may be observed in the presence of ligand than in its
absence.

Proteases useful in practicing the present invention include without
limitation trypsin, chymotrypsin, V8 protease, elastase, carboxypeptidase, proteinase K,
thermolysin, papain and subtilisin (all of which can be obtained from Sigma Chemical Co.,
St. Louis, MO). The most important criterion in selecting a protease or proteases for use in
practicing the present invention is that the protease(s) must be capable of digesting the
CaCdc68 protein under the chosen incubation conditions, and that this activity be
preferentially directed towards the unfolded form of the protein. To avoid "false positive"
results caused by test ligands that directly inhibit the protease, more than one protease,
particularly proteases with different enzymatic mechanisms of action, can be used
simultaneously or in parallel assays. In addition, co-factors that are required for the activity
of the protease(s) are provided in excess, to avoid false positive results due to test ligands
that may sequester these factors.

In a typical embodiment of this method, purified CaCdc68 protein is first
taken up to a final concentration of 1-100 pg/mL in a buffer containing 50 mM Tris-HCl,
pH 7.5, 10% DMSO, 50 mM NaCl, 10% glycerol, and 1.0 mM DTT. Proteases, such as,
for example, proteinase K or thermolysin (proteases with distinct mechanisms of action),
are then added individually to a final concentration of 0.2-10.0 pg/mL. Parallel
incubations are performed for different time periods ranging from 5 minutes to one hour,
preferably 30 minutes, at 4°C, 15°C, 25°C, and 35°C. Reactions are terminated by
addition of an appropriate protease inhibitor, such as, for example, phenylmethylsulfonyl
chloride (PMSF) to a final concentration of ImM (for serine proteases),
ethylenediaminotetraacetic acid (EDTA) to a final concentration of 20 mM (for
metalloproteases), or iodoacetamide (for cysteine proteases). The amount of intact protein
remaining in the reaction mixture at the end of the incubation period may then be assessed
by any method, including without limitation polyacrylamide gel electrophoresis, ELISA, or

binding to nitrocellulose filters. It will be understood that additional experiments
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employing a narrower range of temperatures can be performed to establish appropriate
conditions. This protocol allows the selection of appropriate conditions (e.g., protease
concentration and digestion temperature) that result in digestion of approximately 70% of
the target protein within a 30 minute incubation period, indicating that a significant degree
of unfolding has occurred.

In another embodiment, the relative amount of folded and unfolded
CaCdc68 protein in the presence and absence of test ligand is assessed by measuring the
relative amount of the protein that binds to an appropriate surface. This method takes
advantage of the increased propensity of unfolded proteins to adhere to surfaces, which is
due to the increased surface area, and decrease in masking of hydrophobic residues, that
results from unfolding. If a test ligand binds the CaCdc68 (i.e., is a ligand), it may
stabilize the folded form of the target protein and decrease its binding to a solid surface.
Alternatively, a ligand may stabilize the unfolded form of the protein and increase its
binding to a solid surface.

Surfaces suitable for this purpose include without limitation microtiter
plates constructed from a variety of treated or untreated plastics, plates treated for tissue
culture or for high protein binding, nitrocellulose filters and PVDF filters.

In another embodiment, the extent to which folded and unfolded target
protein are present in the test combination is assessed through the use of antibodies
specific for either the unfolded state or the folded state of the protein i.e. denatured-
specific ("DS"), or native-specific ("NS") antibodies, respectively. (Breyer, 1989, J. Biol.
Chem., 264 (5):13348-13354). Polyclonal or monoclonal antibodies are prepared as
described above. The resulting antibodies are screened for preferential binding to
CaCdc68 in its denatured state. These antibodies are used to screen for inhibitors of these
interactions.

In another embodiment, molecular chaperones are used to assess the
relative levels of folded and unfolded protein in a test combination. Chaperones
encompass known proteins that bind unfolded proteins as part of their normal
physiological function. In this embodiment, a test combination containing the test ligand
and CaCdc68 is exposed to a solid support e.g. microtiter plate or other suitable surface
coated with a molecular chaperone, under conditions appropriate for binding CaCdc68

with its ligand and binding of the molecular chaperone to unfolded target protein. The
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unfolded target protein in the solution will have a greater tendency to bind to the molecular
chaperone-covered surface relative to the ligand-stabilized folded target protein. Thus, the
ability of the test ligand to bind target protein can be determined by determining the
amount of target protein remaining unbound, or the amount bound to the chaperone-coated
surface. Alternatively, a competition assay for binding to molecular chaperones can be
utilized.

Once conditions are established for high-throughput screening as described
above, the protocol is repeated simultaneously with a large number of test ligands at
concentrations ranging from 20 to 200 uM. Observation of at least a two-fold increase or
decrease in the extent of digestion of the target protein signifies a "hit" compound, i.e., a
ligand that binds the target protein. Preferred conditions are those in which between 0.1%
and 1% of test ligands are identified as "hit" compounds using this procedure.

In yet another embodiment, the test and control combinations described
above can be contacted with a conformation-sensitive fluorescence probe, i.e., a probe that
binds preferentially to the folded, unfolded, or molten globule state of CaCdc68 or whose

fluorescence properties are in any way affected by the folding status of CaCdc68 protein.

Phage Display Technology Screening:

In addition to the high-throughput screening techniques described above,
technologies for molecular identification can be employed in the identification of inhibitor
molecules. One of these technologies is phage display technology (U.S. Patent No.
5,403,484. Viruses Expressing Chimeric Binding Proteins). Phage display permits
identification of a binding protein against a chosen target. Phage display is a protocol of
molecular screening which utilizes recombinant bacteriophage. The technology involves
transforming bacteriophage with a gene that encodes an appropriate ligand (in this case, a
candidate inhibitor) capable of binding to the target molecule of interest. For the purposes
of this disclosure, the target molecule may be CaCdc68. The transformed bacteriophage
(which preferably is tethered to a solid support) express the candidate inhibitor and display
it on their phage coat. The cells or viruses bearing the candidate inhibitor which recognize
the target molecule are isolated and amplified. The successful inhibitors are then
characterized.

Phage display technology has advantages over standard affinity ligand
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screening technologies. The phage surface displays the microprotein ligand in a three

dimensional conformation, more closely resembling its naturally occurring conformation.

This allows for more specific and higher affinity binding for screening purposes.

Biospecific Interaction Analysis Screening:

Another relatively new screening technology which may be applied to the
inhibitor screening assays of this invention is biospecific interaction analysis (BIAcore,
Pharmacia Biosensor AB, Uppsala, Sweden). This technology is described in detail by
Jonsson et al. (Biotechniques 11:5, 620-627 (1991)). Biospecific interaction analysis
utilizes surface plasmon resonance (SPR) to monitor the adsorption of biomolecular
complexes on a sensor chip. SPR measures the changes in refractive index of a polarized
light directed at the surface of the sensor chip.

Specific ligands (i.e., candidate inhibitors) capable of binding to the target
molecule of interest (i.e., CaCdc68 or a protein-protein or protein-DNA complex
containing CaCdc68) are immobilized to the sensor chip. In the presence of the target
molecule, specific binding to the immobilized ligand occurs. The nascent immobilized
ligand-target molecule complex causes a change in the refractive index of the polarized
light and is detected on a diode array. Biospecific interaction analysis provides the
advantages of; 1) allowing for label-free studies of molecular complex formation; 2)
studying molecular interactions in real time as the assay is passed over the sensor chip; 3)
detecting surface concentrations down to 10 pg/mm?; detecting interactions between two or

more molecules; and 4) being fully automated (Biotechniques 11:5, 620-627 (1991)).

Screening Through Use Of A Transcription Assay:

Because CaCdc68 is essential for transcription elongation, inhibitors of
Candida albicans growth and viability may also be screened either by measuring inhibition
of transcription, transcription elongation, or cell cycle division regulation or by assaying
formation of a protei/DNA complex or inhibition of sporulation when cells are contacted

with Candida inhibitors.

In Vitro Transcription Assay

Once a particular test compound has been identified according to any of the
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screening methods described above, its activity can be confirmed by adding it to an in vitro
transcription reaction, and measuring its effect on CaCdc68-mediated activated
transcription, using an in vitro transcription assay. For example, DNA of interest (i.e.,
DNA to be transcribed) can be admixed with (i) purified RNA polymerase II, (ii) the SRB
proteins, (iii) transcription factors b, e, g or a, (iv) CaCdc68 and (v) the substance (ligand)
to be tested. The mixture is maintained under conditions sufficient for transcription to
occur. The resulting combination is referred to as a test mixture. DNA transcription can
be assessed by determining the quantity of mRNA produced. Transcription is determined
in the presence of the substance being tested and compared to DNA transcription in the
absence of the test substance taking place under identical conditions (e.g., a control
mixture). If transcription occurs to a lesser extent in the test mixture, (i.e., in the presence
of the substance being evaluated) than in the control mixture, the substance may have
interacted with one or more SRB proteins, or with CaCdc68, preferably in such a manner
as to inhibit transcription. If transcription occurs to a greater extent in the test mixture than
in the control mixture, the substance has interacted in such a manner as to stimulate
transcription.

Transcription of DNA sequences, or translation of mRNA sequences
encoding the CaCdc68 protein can also be inhibited or decreased by inhibitor compounds,
resulting in decreased production of, or the complete absence of CaCdc68. Gene
transcription can be modified by introducing an effective amount of a substance into a cell
that inhibits transcription of the CaCdc68 gene, or that inhibits translation of mRNA
encoding CaCdc68. For example, antisense nucleotide sequences can be introduced into
the cell that will hybridize with the gene encoding the CaCdc68 protein and inhibit
transcription of the gene. (See, Current Protocols in Molecular Biology, Eds. Ausubel et
al. Greene Publ. Assoc., Wiley-Interscience, NY, NY, 1997). Alternatively, an antisense
sequence can be introduced into the cell that will interfere with translation of the mRNA

encoding a CaCdc68 protein.

Other Methods For Testing Activity of Potential Candidate Inhibitors

1. Using S. cerevisiae conditional Cdc68 knock out mutants, expression of
Cdc68p (either S. cerevisiae or C. albicans) can be varied utilizing metal-inducible

repression of transcription of Cdc68 combined with a simultaneous, metal-inducible
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degradation of Cdc68p already present in the cells. Cells are grown to exponential phase,
after which they are incubated with CuSO,. Within one hour of initiation of incubation in
the presence of CuSQ,, viability starts to drop. Lower Cdc68p expression in the cell will
make the strain more sensitive to compounds that interfere with Cdc68p.

2. Temperature-sensitive Cdc68 mutant strains have been found to stop
growing shortly before Start Phase, resulting in enlarged cells. Treatment of wild type
cells (either S. cerevisiae or C. albicans) with candidate inhibitor compounds can be
followed by examination of the percentage of budded/unbudded cells, average cell size and
DNA content. Potential inhibitors are expected to stop growth shortly before START
phase.

3. ScCdc68p has been found as a heterodimer complexed with Pob3p.
Some potential inhibitors would be expected to interfere with heterodimer formation. Cell
extracts of either S. cerevisiae or C. albicans can be loaded onto size selective columns.
Eluted fractions are separated in SDS-PAGE and subjected to Western blot analysis. Any
decrease in the quantity of heterodimer and increase in the amount of monomer would be
observed. It also possible that monomer is quickly degraded in the cell and Cdc68p would
disappear from the cell extract derived from treated cells.

4. Overexpression of Cdc68p in S. cerevisiae can overcome changes in
transcription patterns caused by insertion of 8 elements in promoters. Pob3p is apparently
not involved in this change in transcription. Some potential inhibitors could be tested at
sublethal concentrations for their ability to lower expression of genes fused to such
promoters. Any potential inhibitors could then be tested for an effect on Cdc68p.

5. The Swi-Snf complex has chromatin remodeling activity, which is
required for efficient expression of a number of genes like SUC2, INOI and HO. When
one of the genes encoding a subunit of the Swi-Snf complex, suf3, is deleted, expression of
the genes is strongly reduced. The deletion can be compensated by overexpression of
Cdc68p or Pob3p. Promotors of genes like SUC2, INOI and HO can be fused to any
reporter gene. These constructs can be put in strains lacking SNF5 but overexpressing
Cdc68p (or Pob3p). Despite the absence of SNF5, this overexpression leads to an increase
in reporter signal. Some potential inhibitors could be tested at sublethal concentrations for
their ability to lower expression of genes fused to such promoters. Any potential inhibitors

could then be tested for an effect on Cdc68p.
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Measurement of Inhibition of Candida albicans Growth in Culture
Once a putative inhibitor has been identified, it may be desirable to

determine the effect of the inhibitor on the growth and/or viability of Candida albicans in
culture. Methods for performing tests on growth inhibition of Candida in culture are well-
known in the art. Once such procedure is based on the NCCLS M27P method (The
National Committee for Clinical Laboratory Standards, Reference Method for Broth
Dilution Antifungal Susceptibility Testing of Yeasts; proposed standard, 1992), as follows.
Serial dilutions (two- or three-fold steps starting from a maximum concentration of 100 -
200 pg/mL) of candidate inhibitor are prepared using RPMI-1640 medium as diluent and
an aliquot of 100 pl of each dilution is added to the wells of a 96-well polystyrene
microtiter plate. Five Candida albicans colonies, picked from a Sabouraud Dextrose Agar
plate inoculated 14-20 hr previously with the test Candida albicans strain (Catalog number
10231 from the American Type Culture Collection Yeast Catalog), are suspended with
RAMI-1640 medium such that the density of cells is 10,000 - 30,000 cells/mL. 100u I of
the cell suspension is added to each of the wells of the 96-well microtiter plate containing
diluted candidate inhibitor and medium control. Cultures are mixed by agitation and
incubated at 35°C for 48 hr without agitation, after which cell growth is monitored by
visual inspection for the formation of turbidity and/or mycelial colonies. The minimum
concentration of candidate inhibitor at which no cell growth is detected by this method is
defined as the minimum inhibitory concentration (MIC) for that compound. Examples of
MICs for known antifungal compounds obtained using this technique are 0.125 - 0.5
png/mL for fluconazole and 0.25 - 1.0 pg/mL for amphotericin B (The National Committee
for Clinical Laboratory Standards, Reference Method for Broth Dilution Antifungal
Susceptibility Testing of Yeasts; proposed standard, 1992). An inhibitor identified by the
methods described herein, will have MIC which is equivalent to or less than the MICs for

fluconazole or amphotericin B.

Transcription Inhibition Counterscreen Using Human Cdc68

A compound identified as an inhibitor of Candida albicans according to
one or more of the assays described herein may be tested further in order to determine its
effect on the host organism. In the development of useful antifungal compounds for

human therapeutics, it is desirable that such compounds act as effective agents in
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inhibiting the viability of the fungal pathogen while not significantly inhibiting human cell
systems. Specifically, inhibitors of Candida albicans identified in any one of the above
described assays may be counterscreened for inhibition of human Cdc68.

The human Cdc68 gene is available. Human Cdc68p can be expressed and
purified utilizing published methods and its homology to yeast Cdc68 homologues.
Human Cdc68p can be contacted with candidate inhibitor in assays such as those described
above using a human cell culture system. The effectiveness of a CaCdc68 inhibitor as a
human therapeutic is determined as one which exhibits a low level of inhibition against
human Cdc68 relative to the level of inhibition with respect to CaCdc68. For example, 1t
is preferred that the amount of inhibition by a given inhibitor of human Cdc68 in a human
system be no more than 20% with respect to the amount of inhibition of CaCdc68. Such |
inhibitors are “selective inhibitors” of CaCdc68P which “selective inhibit” CaCdc68. The
lack of effect of a test compound on mammalian transcription is tested by replacing yeast
components with an analogous human in vitro transcription system as in e.g. Manley ef al.

Proc.Natl.Acad.Sci. USA 77:3855, 1980.

Dosage and Pharmaceutical Formulations

For therapeutic uses, inhibitors identified as described herein may be
administered in a pharmaceutically acceptable/biologically compatible formulations. The
compositions of the present invention can be administered in dosages and by techniques
well known to those skilled in the medical, veterinary, and agricultural arts taking into
consideration such factors as the age, sex, weight, species and condition of the particular
patient, and the route of administration. The compositions of the present invention can be
administered alone or in combination, or can be co-administered or sequentially
administered with additional antifungal agents, such as, e.g., nystatin, amphotericin B,
flucytosine and the various antifungal azoles.

Moreover, the formulations of the present invention can be administered in
a formulation suitable for the manner of administration, including but not limited to liquid
preparations for mucosal administration, e.g., oral, nasal, anal, vaginal, peroral; intragastric
administration and the like, such as solutions, suspensions, syrups, elixirs; and topical
administration e.g., in the form of a cream, ointment, lotion or spray. Further, liquid

preparations for administration of the compositions of the present invention for parenteral,



10

15

20

25

30

WO 00/77215 PCT/US00/16560

31

subcutaneous, intradermal, intramuscular, intravenous administrations, and the like, such
as sterile solutions, suspensions or emulsions, e.g, for administration by injection, can be
formulated without undue experimentation.

In order for a composition to be administered to an animal or human, and
for any particular method of administration, it is preferred to determine the toxicity, such
as by determining the lethal dose (LD) and LDj, in a suitable animal model, e.g., mouse;
the dosage of the composition(s), and the concentration of components in the composition;
and the timing of administration in order to maximize the antiviral and/or antimicrobial
response. Such factors can be determined without undue experimentation by such methods
as titrations and analysis of sera for antibodies or antigens, e.g., by ELISA and/or EFFIT
analysis. Such determinations do not require undue experimentation from the knowledge
of the skilled artisan, the present disclosure and the documents cited herein.

The formulations can be administered in a pharmaceutically effective
amount and/or an antifungal effective amount, taking into account such factors as the
relative activity and toxicity for the target indication, e.g., antifungal activity, as well as the
route of administration, and the age, sex, weight, species and condition of the particular
patient.

The compositions of the present invention can be solutions, suspensions,
emulsions, syrups, elixirs, capsules, tablets, creams, lotions and the like. The
compositions may contain a suitable carrier, diluent, or excipient, such as sterile water,
physiological saline, glucose, or the like. Moreover, the compositions can also be
lyophilized, and/or may contain auxiliary substances, such as wetting or emulsifying
agents, pH buffering agents, adjuvants, gelling or viscosity enhancing additives,
preservatives, flavoring agents, colors, and the like, depending upon the route of
administration and the preparation desired. Standard texts, such as “Remington’s
Pharmaceutical Science”, 17th Ed., 1985, incorporated herein by reference, may be
consulted to prepare suitable preparations, without undue experimentation.

The amount of inhibitor administered will be determined according to the
degree of pathogenic infection and whether the infection is systemic or localized, and will
typically be in the range of about lug - 100 mg/kg body weight. Where the inhibitor is a
peptide or polypeptide, it will be administered in the range of about 100 - 500 ug/mL per

dose. A single dose of inhibitor or multiple doses, daily, weekly, or intermittently, is
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contemplated according to the invention.

The route of administration will be chosen by the physician, and may be
topical, oral, transdermal, nasal, rectal, intravenous, intramuscular, or subcutaneous.

In a further embodiment, the compounds of the present invention can be
used as lead compounds to improve the antifungal activity of the compounds. This can be
done by modifying certain functional groups of the compounds of the present invention
based upon a recognition of the structure/activity relationship between a particular
functional group in a compound and its biological activity. Such modifications include
synthetic manipulation of the size, hydrophilicity, hydrophobicity, acidity and basicity of a

functional group, which may inhibit or enhance the activity of a compound.

The following examples are intended as non-limiting illustration of the

present invention.

EXAMPLES

Plasmids and Strains Used

Strain Genotype

ART68-1 S. cerevisiae cdc68-1 leu2-3,112 ura3-52 ade

BL21(DE3)pLysS  E. coli ¥ - ompT hsdSB(r-Bm-B) gal dcm (DE3) pLysS (Novagen)
BM390 S. cerevisiae leu2-3,112 ura3-52 ade

BL21(DE3)pLysS  E. coli ompT hsdSB(r-Bm-B) gal dcm (DE3) pLysS (Novagen)
CAl-4 C. albicans ura3::limm434 ura3::limm434

CUY106 S. cerevisiae Ace::ROXI Ace.:

UBRI DSLF1 his3D200 leu2-3,112 ura3-52
CUY106::CDC68  CUY106 HIS3::ABNI::UBRI::CDC68

YEB101 CAl-4 CDC68 cdc68::hisG-CaURA3-hisG
YEB103 CAI-4 CDC68 cdc68::CalURA3
YEB104 CAI-4 CDC68 cdc68::hisG

Plasmid  Description
pET14  E. coli expression vector for N-His6 tagged proteins (Novagen)

pET23  E. coli expression vector for C-His6 tagged proteins (Novagen)
pEB201 pET14 with ScCDC68

pEB203  pET23 with ScCDC68

pEB207 pBCSK with CaCDC68::HisG-CaURA3-HisG

pEB209 pET23 with CaCDC68

pEB211 pKS with CaCDC68::CaURA3

pEB214  pET14 with CaCDC68

pEB225  pKS + 2 PCR amplified products, one of which is NcCDC68
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pEB227 pKS + PCR amplified AnCDC68
pKS, pSK, pBCSK  Standard cloning vectors Standard cloning vector (Stratagene)
pWIJ68-1 pRS202 + C. albicans genomic fragment containing CaCDC68

EXAMPLE 1
Isolation and Characterization of the C. albicans CDC68 Gene

The approach used to clone the C. albicans homolog of CDC68 involved
genetic complementation of a S. cerevisiae strain, ART68-1, containing a cdc6§-1
temperature sensitive mutation (Rowley et al. 1991). This strain carries a temperature
sensitive mutation that is unable to grow at 37°C and grows normally at 30°C. A library
of genomic C. albicans sequences was introduced into this strain and transformants were
selected by growing at the restrictive 37°C temperature. Plasmids were isolated from
transformants and transformed again into the temperature sensitive S. cerevisiae ART68-1
strain to confirm their ability to rescue this at 37°C.

The nucleotide sequence of the insert of one of the clones, pWJ68-1, was
determined, SEQ ID NO: 1 (see also Figure 1) and found to contain a single ORF of which
the predicted amino acid sequence, SEQ ID NO: 2 (see also Figure 1) showed homology to
Cdc68 proteins from various organisms, some of which can be found in Genebank. These
include: H. sapiens, [SEQ ID NO: 3]; Drosophila melanogaster, Genebank accession
number AF023270, [SEQ ID NO: 4]; Saccharomyces cerevisiae, Genebank accession
number M73533, [SEQ ID NO: 5]; and Kluyveromyces lactis, Genebank accession
number U48701, [SEQ ID NO: 6] (see also Figure 2). This indicated that the isolated gene
encodes CaCdc68p.

EXAMPLE 2
Presence of CDC68 Genes in Other Fungi: Potential of Cdc68p as a Broad Range

Antifungal Target

Based on sequence alignments of the predicted amino acid sequences of
Cdc68p of C. albicans, SEQID NO: 2; §. cerevisiae SEQ ID NO: 5; and K. lactis, SEQ
ID NO: 6, degenerate oligonucleotides were designed with 5'BamHI restriction sites and
used for amplification of similar sequences from genomic DNA from two widely different
fungi, Aspergillus nidulans and Neurospora crassa. In both cases, products of the

expected size were cloned in pKS using the BamHI sites, resulting in plasmids pEB227



10

15

20

25

30

WO 00/77215 PCT/US00/16560
34

and pEB225 respectively, and sequenced. The predicted amino acid sequences encoded by
these products 4. nidulans, SEQ ID NO: 7 and N. crassa, SEQ ID NO: 8 were compared
to similar regions in Cdc68 proteins from the fungi and higher eukaryotes, namely, human,
SEQ ID NO: 9; Drosophila melanogaster, SEQ ID NO: 10; S. cerevisiae, SEQ ID NO: 11;
Kluyveromyces lactis, SEQ ID NO: 12 and C. albicans SEQ ID NO: 13 (see Figure 3).
From this comparison it is clear that in this part of the proteins, and very likely therefore
also in other parts of the proteins, there are sequence features that are present in fungi but
absent from higher eukaryotes. Compounds active against such parts of the protein could

therefore act as broad range antifungal compounds.

EXAMPLE 3

Cdc68p of S. cerevisiae is required for cell viability

Although Cdc68p has been shown to be required for vegetative growth of
spores, it was not clear whether Cdc68p was required for the sporulation process itself and
whether absence of Cdc68p results in lack of growth in otherwise viable cells. To this end,
cells of both S. cerevisiae cdc68-1 mutant strain (ART68-1) and wild type strain BM390
(control) were pregrown at the permissive temperature (30°C) and incubated at either the
permissive temperature (30°C) or the restrictive temperature (37°C). Optical density
(OD650) and CFU/mL were followed and the viability of the cultures (CFU/OD650) was
calculated. Figure 4 shows that very quickly after the temperature shift to 37°C, viability
of the ART68-1 cells dropped and reached a 10 million-fold decrease after 52 hours.
There was no temperature related growth effect on the wild type BM390 strain.

A similar experiment as that carried out above was performed using metal-
inducible repression of transcription of CDC68 combined with a simultaneous, metal-
inducible degradation of Cdc68p already present in the cells. Figure 5 depicts a graphic
representation of viability of a S. cerevisiae CUY106::CDC68 mutant and a S. cerevisiae
CUY106 wild type strains upon metal inducible depletion of Cdc68p present in the cells.
The cells were grown until exponential phase, after which they were incubated with ImM
CuSO0,. Optical density (OD650) and CFU/mL were followed from which viability of
cultures (CFU/OD650) was calculated. One hour after incubation in the presence of
CuSO,, viability started to drop and reached a 100,000-fold reduction after 24 hours

(Figure 5). This decrease parallels the reduction in viability found with the temperature



10

15

20

25

30

WO 00/77215 PCT/US00/16560
35

sensitive ART68-1 strain after 24 hours (Figure 4).

EXAMPLE 4

Cdc68p of C. albicans is required for cell viability.

C. albicans is a diploid fungus which, largely due to the absence of a sexual
phase in its life cycle, is resistant to a considerable number of genetic techniques that are
applicable to S. cerevisiae. In order to assess whether Cdc68p is essential in C. albicans,
we used plasmids pEB207 and pEB211, to construct a double CaCDC68 disruptant strain
according to the rationale shown in Figure 6. This is a common technique used in genetic
manipulation and screening in C. albicans. In this approach, a uridine auxotrophic strain
of C. albicans was transformed with linearized DNA fragments containing the CaURA3
gene (able to confer uridine prototrophy upon transformants) flanked by identical HisG
sequences. This HisG-CaURA3-HisG cassette is flanked by sequences upstream of the
gene of interest on one site and downstream of it on the other site. Prototrophic
transformants have undergone replacement of one copy of the gene of interest with the
HisG-CaURA3-HisG cassette. Auxotrophic, uridine requiring derivatives can be isolated
by selecting for 5 fluoro-orotic acid (FOA) resistance in the presence of uridine. The
URA3 gene product converts FOA into fluorouracil which is toxic. FOA selection
therefore allows one to select cells that have lost the URA3 gene upon cis-recombination of
the two identical 4isG flanking regions. A second disruption plasmid was used to attempt
to inactivate the second copy of the gene. The CalURA3 gene is flanked by sequences
removed from the first copy. Generation of prototrophic transformants can only occur by
integration of the cassette in the non-disrupted allele and is therefore proof that the gene of
interest is not essential.

The generation of viable transformants in the final step would thus indicate
that the remaining allele of CaCDC68 1is not essential for growth.

Following the procedure outlined above and in Figure 6, the only viable
transformants obtained turned out to have a second disruption plasmid inserted into the
previously inactivated locus (Figures 7A and 7B). A total of 13 transformants obtained in
4 independent transformations were analyzed. None of the transformants had both Cdc68
alleles inactivated. Since the second disruption plasmid had been designed to integrate into

the intact allele, integration in the already disrupted locus can be considered an extremely
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rare event. The results indicate that CaCDC68 is essential for growth.

EXAMPLE 5

Standard Techniques for Overproduction and Isolation of Recombinant ScCdc68p and

CaCdc68
CDC68 genes from S. cerevisiae, SEQ ID NO: 5 and C. albicans, SEQ ID

NO: 1 were cloned into both pET14 and pET23 vectors (Novagen) and the resulting
plasmids (pEB201, pEB203, pEB209, pEB214) were transformed into E. coli BL21(DE3)
pLysS (Novagen). Expression was induced by adding IPTG (0.25 mM final concentration)
to exponentially growing cultures in LB media supplemented with added antibiotics (70
ug/mL ampicillin and 34 ug/mL chloramphenicol) at room temperature. After 4-16 hours
cells were harvested by centrifugation (10 min., 10000 rpm, 4°C) and resuspended in 0.1
volume of buffer (20 mM NaPi pH 7.2, 1 mM DTT, 1 mM PMSF). This was followed by
sonication for 6 min on ice with pulses of 1 second after which the extract was twice
centrifuged at 17000 rpm for 20 min. at 4°C. The soluble fraction was collected, brought
to 0.5 M NaCl, 25 mM imidazole pH 7.2 and loaded onto a hiTrap column (Pharmacia).

Various fractions were eluted with increasing imidazole concentrations.
Fractions containing Cdc68p or a truncated form of it were eluted between 100-250 mM
imidazole, and the 25 mL fraction was dialyzed overnight at 40C in 20 mM Tris HC1 pH
8.0. This was loaded on to a HiTrap Q column and various fractions were eluted with
increasing NaCl concentration. Cdc68p eluted between 350-500 mM NaCl. These
fractions were combined and concentrated in a Centriprep-50 spin column. In order to
dilute low molecular weight contaminants the concentrated Cdc68p can be diluted in 10
mM NaPi pH7.2, 5% (v/v) glycerol and concentrated again. Finally, the preparation was
dialyzed into 10 mM NaPi pH 7.2, 5% (v/v) glycerol. This procedure yielded 2-3 mg
Cdc68p per liter of culture with a purity of more than 90% (Figures 8A and 8B).

OTHER EMBODIMENTS

The foregoing examples demonstrate experiments performed and
contemplated by the present inventors in making and carrying out the invention. It is
believed that these examples include a disclosure of techniques which serve to both apprise

the art of the practice of the invention and to demonstrate its usefulness. It will be
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appreciated by those of skill in the art that the techniques and embodiments disclosed
herein are preferred embodiments only that in general numerous equivalent methods and
techniques may be employed to achieve the same result.

All of the references identified hereinabove, are hereby expressly
incorporated herein by reference to the extent that they describe, set forth, provide a basis
for or enable compositions and/or methods which may be important to the practice of one

or more embodiments of the present inventions.
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WHAT IS CLAIMED IS:
1. An isolated nucleic acid having the sequence depicted in Figure 1,
SEQ ID NO: 1.
2. An 1solated nucleic acid comprising a nucleotide sequence that

encodes the polypeptide with SEQ ID NO:2.

3. An isolated nucleic acid that hybridizes to a nucleic acid as defined

in claim 1 under stringent hybridization conditions.

4. A nucleic acid vector comprising a nucleic acid as defined in claim

1 operably linked to a transcription regulatory element.

5. A cell comprising a vector as defined in claim 3.

6. A cell as defined in claim 4, wherein said cell is selected from a

group consisting of bacterial, fungal, insect, and mammalian cells.

7. A method for producing a polypeptide, which comprises:
(i) culturing a cell as defined in claim 5 under conditions
suitable for the expression of CaCdc68 polypeptide; and

(11) recovering said polypeptide from said culture.

8. An isolated polypeptide having the amino acid sequence depicted in
Figure 1, SEQ ID NO:2.

9. An antibody that specifically recognizes CaCdc68 polypeptide.

10. A fragment of CaCdc68 polypeptide or function-conservative

variants of said polypeptide, said fragment or function-conservative variant being
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characterized in that when expressed in a yeast cell, it rescues a temperature sensitive or

knock out mutation of Cdc68, and fragment or fragments thereof.

11. A fragment of CaCdc68, said fragment being characterized in that

when expressed in a wild type Candida albicans cell it prevents the growth of said cell.

12. A method for rapid, large-scale screening to identify a ligand that
binds to a folded CaCdc68 protein from a plurality of test ligands not known to bind folded
CaCdc68 protein, said CaCdc68 protein having been incubated in the presence and
absence of a plurality of test ligands and subsequently subjected to unfolding conditions,
which comprises:

detecting an increase or a decrease in the amount of CaCdc68 protein in the
folded state, wherein said increase or said decrease identifies a test ligand that binds to said

CaCdc68 protein.

13. A method for rapid, large-scale screening to identify a ligand that
binds to a folded CaCdc68 protein from a plurality of test ligands not known to bind to
said folded CaCdc68 protein, said CaCdc68 protein having been incubated in the presence
and absence of a plurality of test ligands which comprises:

subjecting said CaCdc68 protein to unfolding conditions; and

detecting an increase or a decrease in the amount of CaCdc68 protein in the
folded state, wherein said increase or said decrease identifies a test ligand that binds to said

CaCdc68 protein.

14. A method for rapid, large-scale screening to identify a ligand that
binds to a folded CaCdc68 protein from a plurality of test ligands not known to bind to a
folded CaCdc68 protein which comprises:

incubating said CaCdc68 protein in the presence and absence of a plurality
of test ligands;

subjecting said CaCdc68 protein to unfolding conditions; and

detecting an increase or a decrease in the amount of CaCdc68 protein in the

folded state, wherein said mcrease or said decrease identifies a test ligand that binds to said
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CaCdc68 protein.

15. A method of preventing Candida albicans growth in culture,
comprising contacting said culture with an inhibitor compound that inhibits the biological

activity of CaCdc68.

16. A method of preventing Candida albicans growth in a mammal,
comprising exposing said mammal to an inhibitor that selectively inhibits the biological

activity of CaCdc68.
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181ACAGCAA’ITTATA’I‘CACTGATAAGAAA'IG’PA’IT’I‘ICA’ITACT'ICGGAAGGGAAA'I'CCAAA 240
61T A I Y I T D K K ¢C I F I T S E G K S K 80

241CAT'I'I‘AAAACATT'IGACTAATCAGAAACCTGAT'I‘I‘GG‘ITGAA'ITATGGATTAGAACTAAA 300
81 H L K H L T N Q K P D L VvV E L W I R T K 100

301GATGI"I‘GAACATAATAAACAATIGTITATTAAA’ITA'I‘IGGAAACAA‘ICACAAAATTAGAT 360
100D V E H N K F I XK L L E T M T 120

©
=
=
t
o

361TCI‘AAATATGGGAAAA'ITTI‘AAAAGATAAATATGAT%GAAA'I'I'I‘A’I'I‘GATGAA’IGGAAT 420
121 s XK Y G K I L K D K Y D G K F I D E W N 140

421CAAA'I'I"I'IGAATGATAACAAE:AACAATACCACCAACGACCACGCG'I'ICAGTGCTG’I‘I‘GAT 480
141 Q I L N D N N N N T T N D H A L S A VvV D 160

481’I'IGGCCG’I‘TACGG’I"I"I’CTCAAGCA'ITAGCAGI'I‘AAAGATTCTGAAGAG‘I‘I‘I‘AATAATACC 540
161L, A VvV T VvV § Q A L A V K D 180

192}
jul
t
o]
2
2
]

541AAGATTGCATCTAATGCCAGTGTAGI‘TA‘IGATGGATACATITGTTAATGATATGA’IGA’I‘I‘ 600
181 K I A s N A S V V M M D T F V N D M M I 200

601ATI‘GI'I‘GATGATGAGAAAAAAA’XCACCAATAGTCH\ATI’GACTGATCAAA’I‘TGAAGATAAA 660
2011 v D D E K K I T N s ¢ L T D Q I E D K 220

661A‘1‘1‘GAAAATAATAAA'IGGTATTPAAAAACI‘AAATI‘AGGGAAAAAT'ITATTACAATCAA’IT 720
2217T E N N K W Y L K T K L 6 K N L L Q 240

0
H

721'AAAGATTITGATCCAGAATATC’I‘TGAATAT'IGTTAT'ICACCGA’I'I‘ATTCAAAGTGGTGGT 780
241K D F D P E Y L E Y C Y S P iI.I Q¢ S8 G G 260

781GATTATGATTI‘AAAACCAAGI‘GCI‘GI'I"ICCACI‘GATAAACCATI‘AA'I'I‘GGTGAA@GGIC 840
261D Y D L K P s A vV s T D K P G Vv 280

841A‘I'I"I‘1‘ATCA'ICAA’I'I‘GGT'I'PAAGATA‘I‘AAA’ICTTAT’IGP’K,‘PAATA’I‘PGCCAGAACATPI‘ 900
281 I L S s I G L R Y K s Y C S F 300

901 TTA ATT GAT CCA ACT AGT GAA ATG GAA ACT AAT TAT GAT TTC TTA TTA CAA TTA CAA ARA 960
301 L I D p T S E M E T N Y D F L L Q L Q K 320

961TATA’ITGI'TGATAAT'I‘I‘ATIGAAAGATGG'I‘GI‘CCCGGCI‘AGTAAAG’I‘I‘TATCAAGACACG 1020
3217y 1 VvV D N L L K D ¢ VvV P A S K VvV Y ©Q D T 340

1021ATAGACTATATTAAAAAGGAAAGACCAGAT'I’I‘AG’I‘TAAT CAT TTC ACG ARA AAC TGT GGT 1080
341 1 D Y I K K E R P D L V N H F T K N C G 360

1081'IGG'I‘TA'ITAGGTATGGAATTTAGAGATQ&ACATI‘PA‘ITTTAAATGCI‘AAAAC‘I‘ACI‘GAT 1140
361 W L L G M E F R D S T F I L N A K T T D 380

(1)
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1141AGAAAA'ITGACFACPGGACAAATCATTTCFTTAACTATTGGA'I‘ICAATAAT'I‘I‘A'[CAAAT 1200
331 R XK L T T G Q I I s L T I 6 F N N L S N 400

1201 GAT AAA AAT GAT AAA AAT GAT AAT AAG ACA ART CAT CAA AAA AAT AAA CAA ACT TAT GCT 1260
401D XK N D K N D N K T N H ©Q K N K Q T Y A 420

1261 TTA TTA TTG ACT GAC ACA ATT AAA ATT ACT GAT GAT TCA TCA ATC TTA TTA ACC AAT TAT 1320
421 L L L T D T I K I T D D S S I L L T N Y 440

1321'I‘CAAAAGATAGAGCTGCCAT‘I‘AGI"I'I‘CTCC'I‘I‘CAATGATGATAATGAGACC CAG AAG GAA 1380
441s XK D R A A I S 0 K E 460

ol
0
L]
2
o
o
z
m
=]

1381AATAATAATAACAATAATAAACGACCAGGA'I‘TATCCCAGACATCAAACACCACAGGCT’IC 1440
461N N N N N N K R P G L S Q T S N T T G L 480

1441AAG'I'I‘AGAG'ICTACAGAAAATACTGCTA’I‘I‘CTTAAA'ICGAAA'I'TACGTCATGAAAATACI‘ 1500
481 K L E s T E N T A I L K S K L R H E N T 500

1501AATGC‘TGA'I‘GATGCCAAT'IY.'PGAAAAA'ITAAGACAAGAAA‘ITCAAATAAAATTACATGAA 1560
S50l N A D D A N S E K L R Q E I Q I K L H E 520

1561AAAAGA‘I'I‘ACAAGAAGGATI‘AGCAAGA'I'I‘T'ICAAAAGCI‘GATGCCACTGATGCTGATGAT 1620
521K R L Q E G L A R F s X A D A T D A D D 540

1621’I'I'I‘AAACCAA‘I'1"I'I‘TAAAAAATATGAA'I‘CI‘TATG’I'I‘AGAGAATCACAAATCCCI‘AATAGP 1680
541 F X P I F K X Y E s Y VvV R E S8 Q I P N S 560

1681 GTT AAT GAT TTA AAA ATT CAT ATT GAT TAT AAA AAT CAA ACA ATA ATT TTA CCA ATT TCT 1740
s61v N D L K I H I D P I S 580

e
=
2z
0
3
H
H
=

174lGGI‘CGTCCCGTTCCA'I'I'I‘CATA‘ICAAT'I’CTTATAAGAGI‘GGATCACAAAATGAAGAAGGA 1800
581 G R P V P F H I N S Y K s G S Q N E E G 600

1801GAT'I'ICACI‘TATCPPCGA’ITAAATTPTAAT'ICACCAGGTGCF(X;TG}GMTGICACCAAA 1860
01p F T Y L R L N F N vV T K 620

0
d
]
>
@
@
z

1861AAACAAGAATI‘ACCTTATGAAGAT'I’CCCC'I‘GATAATTCATI‘I‘TI‘AAGATCAA'ITACI‘ATT 1920
621K Q@ E L P Y E D S P F L R S I T I 640

1921CGG'ICAAGAGATCGTCAAAGAA’IGGITGATGPTTATAAAGCCATTCAAGATTICAAAAAA 1980
641lR S R D R Q R M V D vV Y X A I Q D L K K 660

1981GAT'ICTG'I'I‘AAACGAGAACAAGAAAAGAAACAAA‘ICGCTGATG'I‘I‘A'I‘CACI‘CAAGCTAAT 2040
661D S VvV K R E Q E K K Q M A D V I T Q A N 680

2041’I‘TAA’ITGAA'I'I‘AAAAGGT'ICAAGAGITAAAAAATTAAATAATG'I‘ATI"I‘A'I'I‘AGACCAACA 2100
661, I E L K G S R ¥V K K L N N V F I R P T 700

2101CCI‘GATACGAAAAAAA’ITGGAGGAG’ITTTACAAA’I'I‘CATGAAAATGGG'I‘I‘AAGATATCAA 2160
701 P D T K XK I G G V L Q I H E N G L R Y Q 720

2161'ICACAACCACAATCACAA'ICACAA'ICAAAT'I‘I‘TAAAAATGATCAAAGAG‘I'PGATGTATTA 2220
721s Q@ P Q S Q s Q s N F K N D Q R V D V L 740

2221'I'I'I"ICCAATA’I'I‘AAACA’I"I'I‘A'I‘I‘I"I'I‘CCAACC'I"IGPAAAGATGAA'I'I‘AA’I'I‘G’I‘TTI‘AA’I'I‘ 2280
741 F S N I K H L F F Q P C X D E L I VvV L I 760

'F;‘\::S , co1. CL/J)



WO 00/77215 PCT/US00/16560

3/18

2281CAT'IGI‘CATTICAAAAATCCAATCATGA’I'I‘GGTAAAACI;AAAACTTI‘TGATG'PI‘CAA'ITI‘ 2340
761H C H L K N P I M I G K R K T F D V Q F 780

2341TATCGTGAAGC'I‘AGTGATA'IGGCA'I'PI‘GATGAAACTGGI‘C-BTCGTAAACGGAAATATCGT 2400
781 Y R E A S D M A F D E T G G R X R K Y R 800

2401'1‘ATGGAGATGAAGATGAATFACAACAAGAACAAGAAGAACGAAGAAGGAAAGCCCIC'I‘I'G 2460
go)ly G D E D E L Q0 Q E Q E E R R R K =& L L 820

2461GATAAAGAA’I'I‘TAAAGGA'I‘I'I‘GCI‘GAA'I‘TAAT'X‘GCTGAT'ICTTCI‘CATGGI‘A‘I‘GG‘I'I‘GAT 2520
821 D K E F K G F A E L I A D S S BE 6 M Vv D 840

2521TTAGATA’ITCCA’I‘I‘CCGAGAA’ITAGGATI‘CCAA@G'G’ITCCATI‘PAGA'ICCTCAGTATTA 2580
841 L. D I p F R E L G F Q G VvV P F R § s VvV L 860

2581_,'[‘GTG’I‘TCCTACAAGAGAT'IGTCITGI'PCAA'ITAA’I'I‘GATCCACCFTAT TTA GTC GTC ACA 2640
g1 Cc V p T R D C L V Q L I D P P Y L Vv Vv T 880

2641CI‘AGAAGAAA’ITGAAA’ITGC'I‘CAT'I'I‘AGAAAGAG‘I'PCAATI'I‘GGG'I'I‘AAAAAAT'I'ICGAT 2700
g8l L E E I E I A H L E R V Q F G L XK N F D 900

2701'I'I‘AG‘I‘G'I'I"I‘G’I'I"I"I‘CAAAGAT'I'ITAATAAACCCG'IGGTTCATA’ITAATACTATCCCCGIG 2760
901 L V F v F K D F N K P V V H I N T I P v 920

2761GAATI‘ATTAGAAGATG‘ITAAATCI‘TGG'I'I‘AACPGATG’ITGATATI‘CCI‘ATAAGTGAAGGA 2820
921 E L L E D V K S W L T D V D I P I S E G 940

2821 CAA ATG AAT TTAAAT'IGGGTACAAA'I'I‘ATGAAAACTGTA’ITGGCAGATCCI‘TATCAATI‘T 2880
941 Q M N L N W V Q I M XK T V L A D P Y Q F 960
TIC
F

A'I'I‘GATGGTGGI"I‘(EGCA'I‘I'I"I‘I‘AACTGGTCAAGGTGAAAG'I‘GATGAAGAAGAAGAA 2940
I D G G W A F L T G Q 6 E s D E E E E 980

2881
961

2941AGI‘GATGAAGAAAGTGATTTCCGI‘GITAGTGATGAAGATCCI‘CAAGATGAAGATGAAGAA 3000
¢gg1s b E E S D F R V 8§ D E D P Q D E D E E 1000

3001AG1‘GA’I‘GATTATGCTAGI‘GAAGAAGAAAGTGATGATTAT'ICTGGAAGTGATGATGATGGI‘ 3060
1001s b p Y A S E E E s Dp p ¥ s G s D D D G 1020

3061AGI‘GG‘I‘GGTGGTGATGATGATGAT'ICAGAAAGTGGAGAAGAT'IGGGATGCATX‘AGAAAGA 3120
1021SGGGDDDDSESGEDWDALER1040

3121AAAGC'FGCTAAAGCCGATAGAAAT'ICPGGTTI‘I‘GATTAA 3159
041K A A K a D R N s G F D * 1053

F‘;‘X‘ | cond. (31)
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MSE--VNIDFDAFY XXXI;'"-—XKXYXE—EGSPN L = Majority
1 1 1

_ X1- - - -lY sk B F PNSLL 0dc68-S.cerevisiae
- IF----Q%o0oLTA-NN I|P[OFL{I - Ci68-C.albicans

s DGG I ELLDFQMK E§i§§n"'FTKE[-—-—G,KAESGFEGSPNSLLF Cdc68-K. lactis

VLGGVNEENPYQKSTALQNWLLGYEFTATLIAFCDDKVIF Majority
T T T T

JI UV

vrKEEFESD -

KNGKTVGVFXKDSYQGKFT —- Majority
T T

Cdc68-H.sapiens
Cke68-D.melanogaster
Cdc68-S.cerevisiae
Cdc68—-C.albicans
Cdc68-K. lactis

Majority
1
200
147 HRIT 0dc68-H.sapiens
109 I Odc68-D.melanogaster

146
138 Q A LA SE"Fodcea-c.albicans
146 s#{W K GEE DI KEB K CAc68-K.lactis

NNLSVASK—GSDVFMDLLSNEIMXIVDEELKITNSKLSDK Majority
1 1 1 1
240

181
143
18
178
182
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TENKIDDKK-YLKWPLS-DL------_- KI;‘DPXIWYS Majority
L]

RENEBR

! Odc68-H.sapiens
Cde68-D.melanogaster
O3c68-S.cerevisiae
Cdc68-C.albicans

} Odc68-K. lactis

SNITRTFLIDPTEEMQENYDFLLQLQEEIVDNLLKPGVKP Majority

33}0 340 350 360

BT TR . _

246

m - 50

294 DNLL, D VPA OchS—Can:.cans
299 1KV E A D[P] 0dc68-K.lactis

CDVYEKTLDFIKKEKPELVNNFTKNXGSLMGLEFRDSSFV Majority
370 380 330 400
1

Cdc68-H.sapiens

X Cdc68-D.melanogaster
Cdc68-S. cerevisiae
Cdc68-C.albicans
Cdc68-K. lactis

- - - Majority

1

440

1
363 LT - - - Odc68-H.sapiens
325 - - - (O&c68-D.melancgaster
379 TN DY B - 3 I Ni- - - O3c68-S.cerevisiae
374 |LNARKT T DIREFET T 0 I I8 ‘N NS5 - - - - DK N D:RIND N K Cde68-C.albicans
39 oAl P TARK IS ENcldYN S GINS KD - - - -[SIKTGQV - - - Cac68-K.lactis

399 T - - - AT bt - - DR
%l - --------

410 T NHQKN K Q Tp¥:A" : Bs ZNYEE{__:DRAA 0dc68-C.albicans
422 - ---- - - - -8 b cDhitaar SR P KLY TR R- Cdc68-K. lactis

Fio v (319
Con-ln‘mo(l
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i of Cdc68p alignment, usin ein method with PAM250 residue weight table.
Egn";egrc‘!:a?egggtmary 24, 1')999 12:50 PM E‘Q\f‘l )
ISFFFNNEEEEEX xx—-—l--ssATxp-_l--LG__vpgMajmw,

) 510 520

1 L
B - - - -G - -3RAEH - 0dc68-H.sapiens
0 AREETE ——-—13-—iSKA&%&nmhm@wz
43 [ISFY £ "““EE-—KEEEQHES&mmmm
0 |1sFEFNDDMHTOKENNN- - - - - NNNKRPGLSQT i--NTTGo&Gg_Calblm
4 ISFYFNNEEHNKAATVIE--- -~ [SEk SP - - - -[BALPKEDG Cic68-K.lactis

NSAILRSKLR—GETR——ADDAXEEQIRKENQKK Majority
1 i T T

— SRR 3

—DQHGGﬁAQ———GA

GAEDAOQKEQIKKE N
D|D NSEKLR@E

SQNEEGEYTYLRLNFNSPG-AGGGRNKGEELPYEESPEN'II‘ Majority
T T T

T
690 700 710 720
1 o0 0 l. . . % S5 FOXJ M

:;QDL&MDSV(ﬂﬁ&thmm
% B s[T] cdac68-X.lactis
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KREQEEKALADVYV DKLIENKTGRTKKLDDLFIRMT Majority”
1 1

750

& 0dc68-H.sapiens
Cdc68-D.melanogaster
Odc68-S.cerevisiae
Odc68~C.albicans
C3c68-K. lactis

1
'KmIERKTGRTKR”DoI

K@A D v'_I Tl At 1 E(Kle S RV EEEIN N

AlK: VENKTGRTKRIADOIFVR?SPDT

ERLERR

———————— VLRTDSRVDILFSN Mjority
1 i

b NOGcGS—Hsap:.as

S i 0dc68-D.melancgaster
y-------- PLRTDSRI 3 N
.,_QPQSQSQSNFKN!D@RE F SiN

A PLRTDS R LByt F g

0dc68-S.cerevisiae
IKNLFFQPCKGELIVVIHFHLKNPIMFGK'KKIQDVQFYRB Majority
T T T T

Cdc68-C.albicans
Qdc68-K. lactis

704
671
724
744
21

K :
- i < - !
SRFR$YGDED ELEQESEER

744
11

764 :
784 #YGDED ELOOEPEEER
261 Ry GDED ETLE O G EER RKEAA 0dc68-K. lactis

LDKEFKYFAEAIAEASKGLLDVDXPFRDLGFQGVPFRSAV Majority

L 0dc68-H.sapiens

TI6
743 Cc68-D.melanogaster
804 O3c68-S.cerevisiae

O3c68-C.albicans

820
0dc68-K. lactis

801

LCQPTSDCLVQLIE—PPFLVITLDEVEICHLERVQFGLKN Majority-
T

930 960
816 = 59 SIS 1 B s 3 Rl KRS T S R Cdc68-H. sapiens
783 : N L 3 -1 Ik : § Cdc68-D.melanogaster
844 i OAc68-S.cerevisiae

7 cdce8~C.albicans
% 0dc68-K.lactis
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Jement Report of Cdc68p alignment, using ”jleln method with PAM250 residue weight table.
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FDMVFVYKDFNKEP INTIPVESLDFVKEWLTDVD-Y'&"Majoﬁty
5
2
3
9
0

EGVINLNWXTIMKTLQDDPEQFFLDGGWSFLATGS-—GSEA Majority

1010 1020 1030 1040
% ¥ 3K C u Odc68-H.sapiens
2 CERMQUAN Q- £ : § R0 : G 0Odc68-D.melanogaster
23 ] : : : S L Qrbrdddn ¥ 5 -IDDE £} C3c68-S.cerevisiae
39 ; ESSH E Cdc68-C.albicans
20 _[DD ER cdc68-K.lactis
Majority

135 Cdc68-H.sapiens
01 - E
62 Odc68-S cerevisiae
n8 EEE s(DiE 0dc68-C.albicans
59 E Cdc68-K.lactis
943
940
976
991
973
QS R 5% & 25270 I 2 S -’
980 NSIRRSTAR QSTVAA S RRL DRRR
985 EE GCSEVHDDBIHGDESH - -~ -~ -—-—_D'- E EG ED
1000 D_¥”I_\S~'EESD:" ¥15:gSDDD - - - - - G&GGG—DDDSE.SGE Cdc68-C.albicans
o EIEE D Y s DIBEE K Fi piEcldp----- [OF - - A DI&EE p plEXE DY cac68K. lactis

WDDLEEKAAKADRXS----~--~-- NYXD S - § - - - K Majority

]
1180
3

990 [|[WDEEY SRR - 35:5 ———————— b 2% SEURTEEIDISIRIE: SRER :1 Cdc68-H.sapiens
1017 sss SPSKSSKDK NSRDKHHSﬁs.s.SGN:'K,OGCGB—DnelaIDgaSter
1017 . qm% Odc68-S.cerevisiae
1034 SGFID------------- Odc68-C.albicans
1015 TE K KA ARRDRING - - - - - - - - (b k3B Cdc68-K. lactis
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lignment Report of Cdc68p alignment, usir /\ Hein method with PAM250 residue welght table.
lednesday, February 24, 1999 12:50 PM -

K--R-- Majority

O&c68-H.sapiens
Odc68-D.melanogaster
dc68-S.cerevisiae
Odc68-C.albicans
O3c68-K.lactis

. Shade (with black at 25% fill) residues that match CAc68-H.sapiens

Jecoration ‘Decoration #1'
mxactly.

Decoration 'Decoration #2': Box residues that match Cdc68-S.cerevisiae exactly.

Py v (@9
Co-+7'~. v&(‘/
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gament Report of Cdo68-PCR, using J. He WethodwlthPAM250 residue weight table.
sdnesday, February 24, 1999 12:67 P% A _
V-PFHINTIKNGSK EGEYTYLRINFLSPG-AGGG Jorisy
{ 1 T

: Odc68-PCR-H.sapiens

. Odc68-PCR-D.melancgaster
Odc68-FCR-S.cerevisiae
C3c68-PFCR-K. lactis
CAc68-PCR-C. albicans
Odc68-PCR-A.nidulans
Cdc68-PCR-N.crassa

Majority

% Cdc68-PCR-H.sapiens

i Cdc68-PCR-D.melanogaster
CAc68-PCR-S .cerevisiae
Cdc68-PCR-K. lactis
Cdc68-PCR-C . albicans
Cdc68-PCR-A.nidulans
Cdc68-PCR-N.crassa

Majority

X Cdc68~PCR-H.sapiens
Cdc68-PCR-D.melanogaster
CAc68-FCR-S.cerevisiae
Cdc68-PCR-K. lactis

% C3c68-PCR-C.albicans

® CAc68-PCR-A.nidulans
Cdc68-PCR-N.crassa

ARBBEI AR

Majority

Cdc68-PCR-H. sapiens
C&c68-FCR-D.melancgaster

IVYQﬁ
Y SQPQSQSQSNF Cdc68-PCR-C .albicans
3 Sl-------- F Cdc68-PCR-A.nidulans
Sl - - - -~ --- CAc68-FCR-N.crassa

RTDSRVDILFSNIKHLFFQPCKGELIVLIHVHLKNPIMIG Majority
T T T

o TR e S D P g e SR N T 3 CAc68-PCR-H. sapiens

147 G| CAc68-PCR-D.melanogaster
142 5] Cdc68-PCR-S.cerevisiae
141 G Cdc68-PCR-K.lactis

149 K N|D Q|RE % CAc68-PCR-C.albicans
18 [RNEH -3 ) 7| Pt 1 Ccac68-PCR-A.nidulans

139 s(OT o’ plpl - - - - Cdc68-PCR-N.crassa
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\ignment Report of Cdc68-PCR, using J. t '\method with PAM250 residue weight table.
Vednesday, February 24, 1999 12:57 % o
KKKIQDVQFYREA MAVDETGGQRRKD—-——RYG['_L Majority
1 1 1

210
1

Cdc68-PCR-H. sapiefis
CAc68-PCR-D.melanocgaster
Cdc68-PCR-S . cerevisiae
Cdc68-PCR-K. lactis
C3c68-PCR-C.albicans
CAc68-PCR-A.nidulans
Cdc68-PCR-N. crassa

Decoration ‘Decoration #1': Shade (with black at 25% fill) residues. that match Cdc68-PCR-H.sapiens
exactly.

-~

Decoration 'Decoration #2': Box residues that match CAc68-PCR-S.cerevisiae exactly.

’F\ks 3 cony. CL/U_}
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Viability of cdc68-1 mutant strain
of S. cerevisiae

1 E+08

1 E+07

1 E+06 T

1 E+05 T

1 E+04 1

(CFU/ODB50)

1 E+03 T

1 E+02 T

Viability

1 E+01 T

1 E4+00 T

1 E-01 : ' : ' -
0 10 20 30 40 50 60
Time (hours)

‘Fis. L/
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Viability of S. cerevisiae upon
metal-inducible depletion of Cdc68p

1.00E+09

1.00E+08

=0
|

1.00E+07

1.00E+06

1.00E+05

(CFU/OD600)

1.00E+04

.00E+03

Viability

1.00E+02 A

1.00E+01 1

.00E+00 } : : :
0 5 10 15 20 25

Time (hours)

-t
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EcoR1 el
s miibi o
T
833 3992 5230
EcdR1
EcR] pisG CaURA3 HisG Probe w300
950 2000 E‘C(RI 36l00 4701 6030
2500
EcoR1 Probe EcaR1
HisG 3630
 S——
‘ S0 2000
EcoR1
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Disruption of CaCDC68
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