06/059228 A2 I K OO0 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 June 2006 (08.06.2006)

lﬂb A 00 O

(10) International Publication Number

WO 2006/059228 A2

(51) International Patent Classification: Not classified
(21) International Application Number:
PCT/IB2005/003941

(22) International Filing Date:
2 December 2005 (02.12.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
2,489,194 3 December 2004 (03.12.2004) CA
(71) Applicant (for all designated States except US): IN-
STITUT PASTEUR [FR/FR]; 25-28, rue du Dr.-Roux,

F-75015 Paris (FR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): JANBON, Guilhem
[FR/FR]; 75 rue Dutot, F-75015 PARIS (FR). IRAQUI
HOUSSAINI, Ismail [MA/FR]; 26, rue Sainte-Anne,
F-78200 Mantes La Jolie (FR). D’ENFERT, Christophe,
Didier [FR/FR]; 8, rue des Francs Bourgeois, F-75003
Paris (FR).

(74) Agents: MARTIN, Jean-Jacques, et al.; Cabinet Regim-
beau, 20, rue de Chazelles, F-75847 Paris Cedex 17 (FR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
of inventorship (Rule 4.17(iv))

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: POLYPEPTIDES INVOLVED IN CANDIDA BIOFILM FORMATION AND USES THEREOF

& (57) Abstract: The present invention relates to the field of fungal biofilm formation. More specifically, the present invention re-
lates to the identification of polypeptides and polynucleotide sequences encoding the same which are involved in Candida biofilm
formation. The present invention also relates to a method for identifying compounds that affect biofilm formation and use of such
compounds in compositions and methods for the prevention and the impairment of biofilm and/or treatment/prevention of candidi-
asis, such as those caused by Candida albicans or Candida glabatra.

=



10

15

20

25

WO 2006/059228 PCT/IB2005/003941

POLYPEPTIDES INVOLVED IN CANDIDA BIOFILM FORMATION

AND USES THEREOF

FIELD OF THE INVENTION

The present invention relates to the field of fungal biofilm formation. More
specifically, the present invention relates to the identification of polypeptides
and polynucleotide sequences encoding the same which are involved in
Candida biofilm formation. The present invention also relates to a method for
identifying compounds that affect biofilm formation and use of such compounds
in compositions and methods for the prevention and the impairment of biofilm
and/or treatment/prevention of candidiasis, such as those caused by Candida

albicans or Candida glabatra.

BRIEF DESCRIPTION OF THE PRIOR ART

!

A biofilm is a community of micro-organisms attached to a surface: it
contains an exopolymeric matrix and exhibits distinctive phenotypic properties
(Donlan and Costerton, 2002). This type of cell development is predomihéint
under many environmental 'conditions. For micro-organisms of clinical
importance, implanted devices (and indweliing intravascular catheters in
particular) provide pathogens with surfaces on which they can adhere and
subsequently form biofilms (Dgnlan and Costerton, 2002). Transcriptome and
proteome analysis has revealed that under these growth conditions, bacterial
cells adopt a metabolic proflle which differs to that seen in cells growing under
planktonic condltlons (Becker et al., 2001; Whiteley ef al., 2001; Schembri ef al.,
2003; Beloin ef al., 2004). Consequently, biofilms have been shown to be more
tolerant or resistant to both host defence machinery and antimicrobial agents
than free swimming cells: as ‘a result, implant infections are difficult fo treat
(Baillie and Douglas, 1999; Donlan and Costerton, 2002). Since surface
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attachment is a prerequisite for biofilm formation, the early stages of biofilm
formation are primarily conditioned by microbial surface molecules able to bind
to abiotic surfaces (referred to as adhesins). For example, in Streptococci,
surface associated proteins such as SpaP and Fap1 have been found to
function as high-affinity adhesins and play an important role in biofilm initiation
and development (Bowen ef al., 1991; Froeliger and Pives-Taylor, 2001). Other
adhesins are needed for cell-cell stabilization of the biofilm structure. For
example, three glucan-binding proteins (GbpA, GbpB and GbpC) are involved in
structural and functional regulation of plaque biofilms in Strepfococcus mutans
(Hazlett et al., 1999).

Candida species are now ranked as the fourth most common cause of
bloodstream infection in the United States and Candida glabrata represents the
second leading cause of candidiasis after Candida albicans in the Unifed States
and in France (Pfaller ef al., 1999; Vazquez et al., 1999) (F. Dromer on behalf of
the French Mycoses Study Group. Initiation of an active surveillance program
on yeast-related bloodstream infections in France (ASPYRIF). Abstract P9861,
4th European Congress of Clinical Microbiology and Infectious Diseases,
Prague 2004). Although the majority of implant infections are caused by
bacteria, the prevalence of implant infections due to fungal pathdgens has
dramatically increased over the last ten years.

In C. albicans, biofilm formation occurs in three steps. The first is the
adherence of the cells to the surface, and is followed by an intermeQiate phase
during which the microcolonies produce extracellular matrix. ‘Finally, a
maturation phase occurs, during which biofilm growth is accomplishéd by cells
completely embedded in extracellular material (Chandra et al, 2001). C.
glabrata has also been shown to be capable of forming a biofilm on a range of
plastic surfaces, although the presence of extracellular matrix haé not been
demonstrated (Nikawa ef al, 1997; Kumamoto, 2002; Shin et al., 2002).
Various adhesin classes have been identified in C. albicans, and éome have
been shown to be involved in biofilm formation (Sundstrom, 1999). For instance,
ALS1 expression is induced in biofilms (Chandra et al., 2001; Garcia-Sanchez
et al., 2004; Green ef al., 2004)., and ALS3 is necessary for wild-t))pe biofilm



10

15

20

25

WO 2006/059228 PCT/IB2005/003941

formation in C. albicans (Zhao, X., Daniels, J.K., Oh, S., Green, C.B., Soll, D.R.
and Hoyer L.L. Abstract 33C, 7th ASM conference on Candida and candidiasis,
2004). In C. glabrata, five adhesin encoding genes (EPA1, EPA2, EPA3, EPA4
and EPA5) have been previously identified (Cormack et al., 1999; De las Penas
et al,, 2003), although none has been studied for its involvement in biofilm
formation. EPA1 is mainly expressed during the exponential growth phase: it
encodes a Ca?*-dependent lectin which recognizes N-acetyl lactosamine and
which is necessary for the mediation of yeast cell adherence to cultured human
epithelial cells (Cormack et al., 1999). The five EPA genes are organized into
two clusters located within sub-telomeric regions and consequently, EPA2 to
EPAS5 are not expressed in wild type C. glabrata under all tested conditions (De
las Penas et al., 2003).

In view of the above, there is a need to provide new polypeptides as well
as polynucleotides encoding such polypeptides involved in regulation of
Candida biofilm formation. There is also a need to provide fof new compositions
comprising inhibitors of such polypeptides in the treatment and impairment of

biofilm formation in animals.
l SUMMARY OF THE INVENTION

The present invention satisfies at least one of the above-mentioned

needs.

More specifically, an object of the invention is to provide a method of
screening for a compound that affects expression of a gene involved in biofilm
formation of a Candida strain, said gene being selected from the group
consisting of EPAB, EPA7 and YAK1, the method comprising the steps of:

— providing a Candida biofilm with an initial expression level for said

L gene;
— contacting said biofilm with at least one compound to be tested;

~ evaluating expression of the gene; and
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— identifying the compound that inhibits the initial expression level of

said gene in the biofilm.

Another object of the invention concerns a compound that affects biofilm
formation of a Candida strain obtained by the method as defined above. A
related object is to provide a composition for preventing and/or treating

candidiasis, comprising a compound of the invention and an acceptable carrier.

A further object is to provide a method for an early diagnostic of a

Candida strain forming a biofilm, comprising the steps of:
a) obtaining a cell sample of said Candida strain;

b) measuring the mRNA level of EPAG, EPA7 and/or YAK1 genes in said

cell sample; and

c) measuring the mRNA level of said gene in a control Candida cell

culture at early planktonic growth,

wherein overexpression of EPAG, EPA7 and/or YAK1 genes in said cell sample
compared to the control cell culture, is indicative of the presence of a Candida

strain forming a biofilm.

Alternatively, a further object is to provide a method for an early in vitro

diagnostic of a Candida strain forming a biofilm, comprising the steps of:

a) measuring the mRNA level of EPA6, EPA7 and/or YAK1 genes in a

cell sample of said Candida strain; and

t

b) measuring the mRNA level of said gene in a control Candida cell

culture at early planktonic growth,

4

wherein overexpression of EPAB, EPA7 and/or YAK1 genes in said cell sample

1

]

compared to the control cell culture, is indicative of the presence of a Candida

strain forming a biofilm.
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Yet, another object is to provide a method for detecting the presence or

absence of a Candida biofilm in a sample, comprising the steps of:

a) contacting the sample with at least one molecule that specifically
recognizes a Candida Yak1, Epa7 or Epab6 polypeptide for a time and

under conditions sufficient to form a complex; and
b) detecting the presence or absence of the complex formed in a).

Another object of the invention is to provide a method for preventing
and/or treating candidiasis in an animal, the method comprising the step of
administering to the animal, a therapeutically effective amount of a composition

as defined above.

Furthermore, the present invention is concerned with the use of the
compound of the invention in the preparation of a medicament for préventing or
treating candidiasis. The present invention is further concerned witH the use of
at least one Candida protein selected from the group consisting of Epa6, Epa?,
Sir4, Rif1 and Yak1 or at least one gene encoding said protein as a target for
identifying a compound capable of impairing biofilm formation of a Candida

strain.

Yet, another embodiment of the invention is to provide a kit for the detection of

the presence or absence of a Candida biofilm, comprising:

- at least one antibody that specifically binds to a Candida Yak1, Epa7

or Epa6 protein;
- areagent to detect polypeptide-antibody immune complex;

- optionally a biological reference sample lacking Yak1, Epa7 or Epa6

polypeptides; and

- optionally a comparison sample comprising Yak1, Epa7 or Epa6

polypeptides which specifically bind to said antibody;
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wherein said antibody, reagent, biological reference sample, and
comparison sample are present in an amount sufficient to perform said

detection.

Yet, a further embodiment of the invention is to provide a kit for the early

diagnostic of a Candida strain forming a biofilm, comprising:
- specific primers for Candida EPAG, EPA7 and/or YAK1 genes;
- specific probes for Candida EPAG, EPA7 and/or YAK1 genes;

- reagents for detecting the mRNA level of EPA6, EPA7 and/or YAK1

genes;

- a control sample of Candida cell culture at an early planktonic growth

bhase;

- optionally a biological reference sample lacking Epa6, Epa7 and/or Yak1

polynucleotides; and

- optionally a cémparison sample comprising EPA6, EPA7 and/or YAK1
|
polynucleotides which specifically hybridize with said primers or probes;

wherein said primers, probes, reagents, biological reference sample, and
comparison sample, are present in an amount sufficient to perform said

determination.

The present invention also provides a method for selecting a biofilm
formation inhibitor of a Candida strain acting through a Yak1 dependent

pathway, comprising the following steps:

a) contacting a compound with a biofilm of a wild type Candida strain and

determining if it inhibits biofilm formation of said Candida strain;

b) contacting the compound selected in a) with a biofilm of a sir4 mutant
Candida strain and determining if it inhibits biofilm formation of said Candida

strain;
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c) selecting the compound identified in a) if said compound inhibits the
formation of biofilm of the wild-type Candida strain and do not inhibit the

formation of biofilm of the sir4 mutant Candida strain.

The present invention is also concerned with an in vifro screening
method for an inhibitor of the activity of a Yak1 polypeptide of Candida,

comprising the steps of :

a) contacting a purified or isolated Yak1 recombinant polypeptide or a

fragment thereof retaining the kinase activity with a candidate compound:;

b) measuring the capacity of said candidate compound to inhibit the
kinase activity of the Yak1 polypeptide or fragment thereof, said kinase activity

being measured by a fluorescent and/or luminescent kinase assay.

The present invention is also conéemed with a purified or isolated
polypeptide involved in Candida biofilm formation comprising an amino acid
sequence substantially identical to SEQ ID NO: 1, and a purified polynucleotide
encoding said purified polypeptide.

The present invention is further concerned with a'purified or isolated
purified polypeptide having a kinase activity sensitive to N-MPP1 comprising the
amino acid sequence SEQ ID NO: 9.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Biofilm formed by C. glabrata strain BG2 on a plastic slide. Biofilm
was formed in YPD medium at 37°C on the surface of a Thermanox slide. At the
highest magnification, residual extracellular polymeric material is visible. (A)
magnification X200; (B) magnification X2000; (C) magnificaicion X20000.

Figure 2. C. glabrata cells are more adherent in the stationary phase. (A)
Influence of the growth phase on biofilm formation by C. glabrata strain BG2.

The cells were grown on YPD medium and the ODgy of the culture was
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followed. At different stage of growth (ODgoo = 0.5, 2, 4, 5.4 and 12.5) an aliquot
was recovered. The cells were washed, resuspended in YPD medium (ODggp =
1). The relationship between the ODgyo and the number of cell in the suspension
was not affected by the stage of growth (2.7 £ 0.3 cell/m| for ODgy = 1). The
cells were then distributed into microtiter plate wells. After 24h of growth at
37°C, less-adherent cells were eliminated by serial washes and XTT reduction
was measured. (B) Kinetics of XTT reduction according to the time of incubation
of adherent cells with the XTT.

Figure 3. C. glabrata Biofilm mutants. (A) Biofilm formed by C. glabrata mutant
strains on a plastic slide. Biofilms were formed in SC medium at 37°C on the
surface of a Thermanox slide. The Biofilm- strains produced smaller structures
at the plastic surface whereas Biofilm++ strains produced very large and
complex structures (B) Strains were grown under biofilm conditions in 96 well
plates in SC medium at 37°C, with less-adherent cells being eliminated by serial
washes. Adherent cells were examined and photographed using an inverted
microscope (Zeiss Axiovert 200M) at two different magnifications. Wells
containing wildtype strain (BG2), Biofilm- (CG129) and Biofilm++ (CG137)

mutant strains are shown.

Figure 4. EPA6 and EPAY in Candida glabrata. (A) Schematic representations
of the EPA6-7 gene and the disruption strategy. (B) Southern-blot analysis of
the DNA digested by Clal or Hindlll and hybridized with the EPA6-EPA?7 specific

probe.

Figure 5. Epa6p (Epa6 protein) influences biofilm formation in C. glabrata (A)
Biofilm formation by the CG122 (epa6-1), CG164 (epabl), CG129 (yak1) and
BG570 (epa1-54) strains as monitored by an XTT reduction assay). 100% Ac
corresponds to the amount of the XTT reduced by the wild type strain (BG2).
The reported values are the means * SD of three independent experiments. (B)
Transcription of EPA6 and EPA7 as assessed by RT-PCR. Cells were grown
were grown under planktonic (late stationary phase of growth) or biofilm growth
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conditions (see Examples Section). ACT7 was used as a control. (C)
Transcription of EPA6 at different stages of the planktonic growth on SC
medium at 37°C as compare to biofilm growth. Cells were grown under
planktonic growth and an aliquot was recovered after (1) 2h of growth (DO600 =
0.1); (2) 4h of growth (DOgyo = 0.24); (3) 6h of growth (DOggo = 0.72); (4) 8h of
growth (DOeggp = 2.1); (5) 10h of growth (DOggo = 4.9); (6) 24h of growth (DOgno
= 7.7); (7) 48h of growth (DOggo = 7.42); (8) Cells were grown under biofilm
growth conditions for 24h using the 96 well plate model (see Examples

Section). ACT1 was used as a control.

Figure 6. Variation of URA3 gene expression when inserted at the EPAS locus.
Each strain of C. glabrata was grown on YPD medium at 37°C under agitation.
The cells were then washed with sterile water: serial dilutions of cells (107, 10°
and 10°) were spot;ted on YPD, SD and FOA media and incubated at 37°C for
24h. ‘

Figure 7. Biofilm formation is regulated by sub-telomeric silencing in C.
glabrata. (A) Biofilm formation by BG2, CG145 (sirdA), CG149 (rif1A), BG676
(sir34), BG592 (rap7-21) and CG170 (sir4Aepabl) strains was monitored by an
XTT reduction assay. 100% Ac correspond to the amount of the XTT reduced
by the wild type strain (BG2). The reported values are the means + SD of three
independent experiments. (B) Transcription of EPA6 and EPA7 as assessed by
RT-PCR. BG2, CG145 (sir44), CG149 (rif1A) and CG170 (sir4A epabl) strains
were grown under planktonic growth conditions (late stationary phase of growth)
(see Examples Section). ACT7 was used as control.

Figure 8. The biofilm signal and' Yak1p (Yak1 protein) act through a sub-
telomeric  silencing-dependent Mpk‘lp—independent pathway (A) Biofilm
formation by BG2, CG145 (sir4A), CG172 (sir4Ayak1) and CG174 (mpk1A)
strains was monitored by XTT reduction assay. 100% Ac correspond to the
amount of the XTT reduced by the wild type strain (BG2). (B) Transcription of
EPA6 and EPA7Y as assessed by RT-PCR. BG2, CG145 (sir44), CG149 (rif14),
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BG676 (sir34), CG172 (sir4A yak1) and CG174 (mpk1A) strains were grown
under planktonic (late stationary phase of growth) or biofilm growth conditions in

the 96-well plate model (see Examples Section). ACT7 was used as control.
Figure 9. Model for EPA6-EPA7 regulation in C. glabrata.

Figure 10. YAK1 is necessary to the formation of biofilm in Candida albicans.
Strains yak1D of C. albicans do not possess growth defects on complete media
(YPD) but their filament process is altered (Lee medium). These strains do not

produce biofilm microfermentor or tubular models.

Figure 11. Restoration of the capacity of biofilm formation of double mutant

Ayak1/Ayak1 of C. albicans after the introduction of wild-type yak1 gene.

Figure 12. YAK1 analogue sensitive kinase allele in C. albicans. A copy of the
yak1 gene with a mutation (Phe507 : Ala) was introduced in the Ayak1/Ayak1
strain to create a YAK1 analogue sensitive kinase allele with an enlarged
binding pocket. |
Figure 13. Sensitivity of Yak (Phe507 : Ala) of C. albicans to 1-N-MPP1.Hyphal
differentiation in LEE medium of the condition allele strain.

Figure 14. Candida albicans Yak1 amino acid sequence (SEQ ID NO: 1).,

Figure 15. Candida glabrata Epa6 amino acid sequence (SEQ ID NO: 2).

Figure 16. Candida glabrata Epa7 amino acid sequence (SEQ ID NO: 3).

1
X
! §

Figure 17. Amino acid sequence of a Candida albicans Yak1 functional
derivative (SEQ ID NO: 4).
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Figure 18. Nucleic acid sequence encoding the Candida albicans Yak1 amino
acid sequence of figure 14 (SEQ ID NO: 5).

Figure 19. Nucleic acid sequence encoding the Candida glabrata Epa6 amino
acid sequence of figure 15 (SEQ ID NO: 6).

Figure 20. Nucleic acid sequence encoding the Candida glabrata Epa7 amino
acid sequence of figure 16 (SEQ ID NO: 7).

Figure 21. Nucleic acid sequence encoding the Candida albicans Yak1 amino
acid sequence derivative of figure 17 (SEQ ID NO: 8).

Figure 22. Amino acid sequence of Candida albicans N-MPP1-sensitive
mutant Yak1 protein (SEQ ID NO: 9)

Figure 23. Candida glabrata Yak1 amino acid sequence (SEQ ID NO:10).

Figure 24. Nucleic sequence encoding the Candida glabrata Yak1 amino acid
sequence of Figure 23 (SEQ ID NO: 11).

DETAILED DESCRIPTION OF THE INVENTION

The inventors have surprinsingly found Candida genes and encoded
polypeptides (or proteins) that are implicated in the formation of Candida
biofilm. In fhis connection, the present invention specifically relates to the use of
said polypeptides in methods for identifying compounds that affect Candida
biofilm forrfnwation. Such compounds shall be used in compositions and methods
for the impairment and the prevention of Candida biofilm and/or for the
treatment/prevention of candidiasis, such as those caused by Candida albicans
or Candida glabatra. The present invention further relates to detection methods

of Candida biofilms.
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1. Methods of screening/selection and compounds

In a first embodiment, the present invention is thus concerned with the
use of at least one Candida protein selected from the group consisting of Epa6,
Epa7, Sir4, Rif1 and Yak1 or at least one gene encoding said protein as a target
for identifying a compound capable of impairing biofilm formation of a Candida
strain. The present invention is also concerned with the use uf such a
compound in the preparation of a medicament for preventing or ftreating

candidiasis.

As used herein, the expression “biofilm formation” refers to either already
formed biofilm or to a Candida cell culture which is in conditions that induce or

facilitate the formation of a biofilm.

In a related aspect, the invention is particularly concerned with a method
of screening for a compound that affects biofilm formation of a Candida strain
such as Candida glabrata or Candida albicans. More specifically, the method
contemplated by the present invention is for the screening of a compound that
affects expression of a gene involved in biofilm formation of a Candida strain,
wherein the genes are selected from the group consisting of EPAG, EPA7,
SIR4, RIF1 and YAK1. The method of the invention comprises the steps of:

- providing a Candida biofilm with an initial expression level for said gene;

1

- contacting said biofilm with at least one compound to be tested;
- evaluating expression of the gene; and

- identifying the compound that inhibits the initial' expression level of said gene

in the biofilm.

1

The screening method of the invention may further comprises a step

of evaluating inhibition of biofilm formation by the compound.

According to a preferred embodiment of the screening method of the
invention, the compound inhibits expression of gene EPA6, EPA7 and/or YAK1
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by down-regulating the transcription of the gene EPA6, EPA7 and/or YAK1, or
by down-regulating the translation of mRNA in a protein encoded by the gene
EPA6, EPA7 and/or YAK1. More preferably, the down-regulation of transcription
is evaluated by measuring the mRNA level whereas the the down-regulation of
translation is evaluated by measuring the protein level. The methods for
measuring the above-mentioned levels are well within the common knowledge

of a person in the art and will thus not be further detailed.

It will be further be noted that in the case where the Candida strain
preferably consists of Candida glabatra, the gene whose expression is
evaluated is preferably EPA6, EPA7 or YAK1, whereas where the Candida
strain preferably consists of Candida albicans, the gene whose expression is

evaluated is preferably YAK1.

In another embodiment, the present invention concerns a compound
obtained by the above-mentioned screening method of the invention. Such a
compound has the capacity of affecting biofilm formation of a Candida strain,
such as Candida albicans or Candida glabatra. 1t will be understood that the
compound of the invention affects biofilm formation (for instance, by inhibiting or
preventing biofilm formation or its development) preferably by decreasing the
expression of the polypeptide and/or the polynucleotide contemplated by the

present invention, in said fungus.

As it may be appreciated, the compound of the invention finds a

particular use as an anti-fungal agent.

According to another embodiment of the invention, it is provided a
method for an early diagnostic of a Candida strain forming a biofilm, comprising

the steps of:
a) obtaining a cell sample of said Candida strain;

b) measuring the mRNA level of EPA6, EPA7 and/or YAK1 genes in said

cell sample; and
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c) measuring the mRNA level of said gene in a control Candida cell

culture at early planktonic growth,

wherein overexpression of EPAG, EPA7 and/or YAK1 genes in said cell sample
compared to the control cell culture, is indicative of the presence of a Candida

strain forming a biofilm.

Alternatively, it is provided a method for an early in vitro diagnostic of a

Candida strain forming a biofilm, comprising the steps of:

a) measuring the mRNA level of EPAG, EPA7 and/or YAK1 genes in a

cell sample of said Candida strain; and

b) measuring the mRNA level of said gene in a control Candida cell

culture at early planktonic growth,

wherein overexpression of EPAG, EPA7 and/or YAK1 genes in said cell sample
compared to the control cell culture, is indicative of the presence of a Candida

strain forming a biofiim.

It will be further be noted that in the case where the Candida strain consists of
Candida glabatra, the gene whose mRNA level is measured is EPAG, EPA7
and/or YAK1, whereas where the Candida strain consists of Candida albicans,

the gene whose mRNA level is measured is YAK1.

Although the mRNA level is preferably quantified by RT-PCR, it will be
understood that any method known to be suitable for the quantification of the
level of mRNA, such as a hybridization assay, is within the scope of the present

invention.

According to a further object of the invention, there is provided a method
for selecting a biofilm formation inhibitor of a Candida strain acting through a

Yak1 dependent pathway, comprising the following steps:
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a) contacting a compound with a biofilm of a wild type Candida strain,
such as Candida glabrata, and determining if it inhibits biofilm formation of said

Candida strain;

b) contacting the compound selected in a) with a biofilm of a sir4 mutant
Candida strain, such as Candida glabrata, and determining if it inhibits biofilm

formation of said Candida strain;

c) selecting the compound identified in a) if said compound inhibits the
formation of biofilm of the wild-type Candida strain and do not inhibit the

formation of biofilm of the sir4 mutant Candida strain.

Preferably, the above mentioned method for selecting a biofilm formation
inhibitor may advantageously used the sir4 mutant Candida glabrata strain
Cg145 of the present invention, which was filed at the C.N.C.M. (Institut
Pasteur, 25 rue du docteur Roux, 75724 Paris cedex 15, France) on November
30, 2005 under the reference number [-3532.

There is also provided an in vifro screening method for an inhibitor of the

activity of a Yak1 polypeptide of Candida, comprising the steps of :

a) contacting a purified or isolated Yak1 recombinant polypeptide or a

fragment thereof retaining the kinase activity with a candidate compound;

1

b) measuring the capacity of said candidate compound to inhibit the
kinase activity of the Yak1 polypeptide or fragment thereof, said kinase activity
being measured by a fluorescent and/or luminescent kinase assay. Preferably,
the Yak1 recombinant polypeptide has an amino acid sequémce substantially
identical to SEQ ID NO: 1, 4 or 10. r

As one skilled in the art may appreciate; the selectinb method of the
invention may be combined with the in vitro screening method of the invention
for selecting a biofilm formation inhibitor of a Candida strain acting through a

Yak1 dependent pathway.
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In another embodiment, the present invention concerns a compound
obtained by the above-mentioned in vitro screening and/or selecting methods of
the invention. Such a compound has the capacity of affecting biofilm formation

of a Candida strain, such as Candida albicans or Candida glabatra.

According to a further object of the invention, there is provided a method
for detecting the presence or absence of a Candida biofim in a sample,

comprising the steps of:

a) contacting the sample with at least one molecule that specifically
recognizes a Candida Yak1, Epa7 or Epa6 polypeptide for a time and

under conditions sufficient to form a complex; and
b) detecting the presence or absence of the complex formed in a).

It will be further be noted that in the case where the Candida strain is
preferably Candida glabatra, the at least one molecule preferably specifically
recognises the Yak1, Epa7 or Epa6 polypeptide, whereas where the Candida
strain is preferably Candida albicans, the at least one molecule preferably

specifically recognises the Yak1 polypeptide.

As used herein, the term “sample” refers to a variety of sample types
obtained from an individual and can be used in a detection assay or method.
The definition encompasses blood and other liquid samples of biological origin,
solid tissue samples such as a biopsy specimen or tissue cultures or cells

derived therefrom.

, According to preferred embodiments of the biofilm detection method of
the invention and of the in vitro screening method of the invention, the Yaki,
Epa6 and Epa7 polypeptides comprise respectively an amino acid sequence
:substantially identical to SEQ ID NO: 1 (and 10 for Yak1), 2 and 3 or functional
derivatives thereof. By “substantially identical”, it will be understood that the
Candida Yak1, Epa6 or Epa7 polypeptides contemplated by the present
invention preferably have an amino acid sequence having at least 80% identity,

or even preferably 85% identity, or even more preferably 95% identity to part or
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all respectively of SEQ ID NO:1 (and SEQ ID NO: 10 for Yak1), SEQ ID NO:2
and SEQ ID NO:3, or functional derivatives thereof.

Yet, more preferably, the Candida Yak1, Epa6 and Epa7 polypeptides
comprise an amino acid sequence having 100% identity respectively with SEQ
ID NO:1 (and SEQ ID NO: 10 for Yak1), SEQ ID NO:2 and SEQ ID NO:3.

As used herein, the terms “polypeptide” and “protein” are used
interchangeably to denote an amino acid polymer or a set of two or more

interacting or bound amino acid polymérs.

In this connection, the present invention further concerns a purified or
isolated polypeptide involved in Candida biofilm formation. Such a polypeptide
comprises an amino acid sequence substantially identical to SEQ ID NO: 1. The
present invention is also concerned with a purified or isolated polynucleotide
encoding the polypeptide contemplated by the invention. Such a polynucleotide

preferably comprises the nucleic acid sequence SEQ ID NO: 5.

The invention further concerns a purified or isolated polypeptide having a
kinase activity sensitive to N-MPP1 comprising the amino acid sequence SEQ
ID NO: 9.

By "isolated" is meant, when referring to a polypeptide, that the indicated
molecule is separate and discrete from the whole organism with which the
molecule is found in nature or is present in the substantial absence of other
biological macro-molecules of the sanﬁ‘e type. The term "isolated" with respect
to a polynucleotide is a nucleic acid molecule devoid, in whole or part, of
sequences normally associated with it'in nature; or a sequence, as it exists in
nature, but having heterologous seé;uences in association therewith; or a

molecule disassociated from the chromosome.

Broadly defined, the terms ‘“purified polypeptide” or “purified
polynucleotide” refer to polypeptides or polynucleotides that are sufficiently free
of other proteins or polynucleotide, or éarbohydrates, and lipids with which they

are naturally associated. The polypeptide or polynucleotide may be purified by
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any process by which the protein or polynucleotide are separated from other
elements or compounds on the basis for instance, of charge, molecular size, or

binding affinity.

A “functional derivative®, as is generally understood and used herein,
refers to a protein/peptide sequence that possesses a functional biological
activity that is substantially similar to the biological activity of the whole
protein/peptide sequence. In other words, it refers to a polypeptide or
fragment(s) thereof that substantially retain(s) the capacity of being involved in
fungal biofilm formation. A functional derivative of a protein/peptide may or may
not contain post-translational modifications such as covalently linked
carbohydrates, if such modification is not necessary for the performance of a
specific function. The term “functional derivative” is meant o encompass the
“fragments”, “segments”, “variants’, “analogs” or “chemical 'derivatives” of a
protein/peptide. As used herein, a protein/peptide is said to be a “chemical
derivative” of another protein/peptide when it contains additional chemical
moieties not normally part of the protein/peptide, said moieties being added by
using techniques well known in the art. Such moieties may improve the
protein/peptide solubility, absorption, bioavailability, biological half life, and the
like. Any undesirable toxicity and side-effects of the protein/peptide may be
attenuated and even eliminated by using such moieties. For instance, such a
derivative with regards to Yak1 protein is a polypeptide having an amino agid
sequence as shown in SEQ ID NO: 4 and comprising the sequence coding for

the kinase activity.

One can use a program such as the CLUSTAL program to compére
amino acid sequences. This program compares amino acid sequences a,r'1d
finds the optimal alignment by inserting spaces in either sequence as
appropriate. It is possible to calculate amino acid identity or homology for t.'an
optimal alignment. A program like BLASTp will align the longest stretch of
similar sequences and assign a value to the fit. It is thus possible to obtain a

comparison where several regions of similarity are found, each having: a
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different score. Both types of identity analysis are contemplated in the present

invention.

Moreover and according to other preferred embodiments, the preferred
Yak1, Epa6 and Epa7 amino acid sequences used in accordance with the
biofilm detection method of the invention are preferably encoded respectively by
a nucleotide sequence substantially identical to SEQ ID NOS: 5 (and 11 for

Yak1), 6 and 7, or functional fragments thereof.

By “substantially identical”, it will be understood that the nucleotide
sequence contemplated by the present invention preferably has a nucleic acid
sequence which is at least 65% identical, more particularly 80% identical and

gven more particularly 95% identical to part or all of any one of SEQ ID NOS 5,

11, 6 or 7 or functional fragments thereof.

A “functional fragment”, as is generally understood and used herein,
refers to a nucleic acid sequence that encodes for a functional biological activity
that is substantially similar to the biological activity of the whole nucleic acid
sequence. In other words, it refers to a nucleic acid that substantially retains the

capabity of encoding a polypeptide involved in Candida biofilm formation.

The term “fragment”, as used herein, refers to a polynucleotide sequence
(e.g., cDNA) which is an isolated portion of the subject nucleic acid constructed
artificially (e.g., by chemical synthesis) or by cleaving a natural product into
multiple pieces, using restriction endonucleases or mechanical shearing, or a
portion of a nucleic acid synthesized by PCR, DNA polymerase or any other
polymerizing technique well known in the art, or expressed in a host cell by
recombinant n,‘ucleic acid technology well known to one of skill in the art. For
instance, such a fragment with respect to YAK1 gene is a polynucleotide having

a'nucleic acid i‘sequence as shown in SEQ D NO 8.

Amino acid or nucleotide sequence "identity" and "similarity" are
determined from an optimal global alignment between the two sequences being

compared. An' optimal global alignment is achieved using, for example, the
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Needleman-Wunsch algorithm (Needleman and Wunsch, 1970, J. Mol. Biol.
48:443-453). "Identity" means that an amino acid or nucleotide at a particular
position in a first polypeptide or polynucleotide is identical to a corresponding
amino acid or nucleotide in a second polypeptide or polynucleotide that is in an
optimal global alignment with the first polypeptide or polynucleotide. In contrast
to identity, "similarity" encompasses amino acids that are conservative
substitutions. A "conservative" substitution is any substitution that has a positive
score in the blosum62 substitution matrix (Hentikoff and Hentikoff, 1992, Proc.
Natl. Acad. Sci. USA 89: 10915-10919). By the statement "sequence A is n%
similar to sequence B", it is meant that n% of the positions of an optimal global
alignment between sequences A and B consists of identical residues or
nucleotides and conservative substitutions. By the statement "sequence A is n%
identical to sequence B", it is meant that n% of the positions of an optimal global
alignment between sequences A énd B consists of identical residues or

nucleotides.

As one skilled in the art may appreciate, the molecule preferably used in
connection with the biofilm detection method of the invention is an antibody that
specifically binds to said Yak1, Epa6 or Epa7 polypeptides or functional
derivative thereof. More preferably, the antibody is a monoclonal antibody.

As used herein, the term "specifically binds to" refers to antibodies that
bind with a relatively high affinity to one or more epitopes of a protein of interest,
but which do not substantially recognize and bind to molecules othe'r than the
one(s) of interest. As used herein, the term “relatively high affinity” means a
binding affinity between the antibody and the proteih of intérest of at least 10®
M, and preferably of at least about 107 M and ever]'more preferably 10% M to
10"° M. Determination of such affinity is preferably conducted under standard
competitive binding immunoassay conditions which:' is common knowledge to

one skilled in the art.

As used herein, the term “antibody” refers to a glycoprotein produced by
lymphoid cells in response to a stimulation with an immunogen. Antibodies

possess the ability to react in vitro and in vivo specifically and selectively with
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an antigenic determinant or epitope eliciting their production or with an antigenic
determinant closely related to the homologous antigen. The term "antibody" is
meant to encompass constructions using the binding (variable) region of such
an antibody, and other antibody modifications. Thus, an antibody useful in the
method of the invention may comprise a whole antibody, an antibody fragment,
a polyfunctional antibody aggregate, or in general a substance comprising one
or more specific binding sites from an antibody. The antibody fragment may be
a fragment such as an Fv, Fab or F(ab'), fragment or a derivative thereof, such
as a single chain Fv fragment. The antibody or antibody fragment may be non-
recombinant, recombinant or humanized. The antibody may be of an
immunoglobulin isotype, e.g., IgG, IgM, and so forth. In addition, an aggregate,
polymer, derivative and conjugate of an immunoglobulin or a fragment thereof

can be used where appropriate.

2, Methods of use and compositions

The compounds obtained by the screening/selecting methods of the
invention may be used in many ways in the prevention and/or treatment of

candidiasis, preferably caused by the formation of biofilm by Candida strains.

In this connection, another embodiment of the present invention relates
to a composition for preventing and/or treating candidiasis, and more
particularly for preventing and/or impairing the formation of biofilm by Candida
strains. The composition of the present invention advantageously comprises a

compound of the invention and an acceptable carrier.

As used herein, the term "impairing" refers to a process by which the
formation or development of a Candida biofilm, such as one of C. ‘alb/'cans or
glabatra, is affected or completely destroyed. As used herein, the term
"preventing” when referring to biofilm formation, refers to a process by which
with the formation or development of a Candida biofilm, such as C. albicans or

glabatra, is obstructed or delayed.



10

15

20

25

30

WO 2006/059228 PCT/IB2005/003941

22

When referring in general to candidiasis, the term “preventing or

" prevention” refers to a process by which the symptoms of candidiasis is

obstructed or delayed. By the term "treating" is intended, for the purposes of
this invention, that the symptoms of candidiasis be ameliorated or completely

eliminated.

As used herein, the expression "an acceptable carrier" means a vehicle
for containing the compounds obtained by the method of the invention that can
be administered to a animal host without adverse effects. Suitable carriers
known in the art include, but are not limited to, gold particles, sterile water,
saline, glucose, dextrose, or buffered solutions. Carriers may include auxiliary
agents including, but not limited to, diluents, stabilizers (i. e., sugars and amino
acids), preservatives, wetting agents, emulsifying agents, pH buffering agents,

viscosity enhancing additives, colors and the like.

Further agents can be added to the composition of the invention. For
instance, the composition of the invention may also comprise other anti-fungal

agents well known in the art.

The amount of compounds obtained by the method of the invention is
preferably a therapeutically effective amount. A therapeutically effective amount
of compound obtained by the screening/selecting method of the invention is the
amount necessary to allow the same to perform their biofilm formation inhibitor

role without causing overly negative effects in the host to which the composition

~ is administered. The exact amount of compounds obtained by the method of the

invention to be used and the composition to be administered will vary according
to factors such as the mode of administration, as well as the other ingredients in

the composition.

b

The composition of the invention may be given to an animal through
various routes of administration. For instance, the composition may be
administered in the form of sterile injectable preparations, such as sterile
injectable aqueous or oleaginous suspensions. These suspensions may be

formulated according to techniques known in the art using suitable dispersing or
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wetting agents and suspending agents. The sterile injectable preparations may
also be sterile injectable solutions or suspensions in non-toxic parenterally-
acceptable diluents or solvents. They may be given parenterally, for example
intravenously, intramuscularly or sub-cutaneously by injection, by infusion or per
0s. Suitable dosages will vary, depending upon factors such as the amount of
each of the components in the composition, the desired effect (short or long
term), the route of administration, the age and the weight of the mammal to be
treated. Any other methods well known in the art may be used for administering

the composition of the invention.

Yet, another embodiment of the invention is to provide a method for
preventing and/or treating candidiasis in an animal, the method comprising the
step of administering to the animal a therapeutically effective amount of a
composition as defined above. Preferably, the animal is a human, and even
more preferably an immunocompromised human. An "immunocompromised
subject” is an individual whose immune system is compromised or not
functioning in a normal manner. For example, AIDS patients and patients
undergoing immunotherapy are immunocompromised subjects. Further, various
other conditions, such as certain cancers, viral infections and autoimmune
diseases may render the affected individuals immunocompromised. Individuals
who have undergone stem cell replacement therapy, bone marrow transplant,
chemotherapy, radiotherapy and the like are also typically immunocompromised

subjects.

The present invention further provides kits for use within any of the above
detection and diagnostic methods. As described herein after, such kits typically
comprise two or more components necessary for performing a,'detection or
diagnostic assay. Components may be compounds, reagents, containers and/or
equipment. '

Accordingly, there is provided a kit for the detection of the presence or

absence of a Candida biofilm, comprising:
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- at least one antibody that specifically binds to a Candida Yak1, Epa7

or Epa6 protein;
- areagent to detect polypeptide-antibody immune complex;

- optionally a biological reference sample lacking Yak1, Epa7 or Epa6
5 . polypeptides; and

- optionally a comparison sample comprising Yak1, Epa7 or Epa6

polypeptides which specifically bind to said antibody;

wherein said antibody, reagent, biological reference sample, and comparison

sample are present in an amount sufficient to perform said detection.

10 In a first preferred embodiment of the detection kit of the invention, the
Candida strain is Candida glabatra and the at least one antibody specifically
recognises the Yak1, Epa7 and/or Epa6 polypeptide. In a second preferred
embodiment of the detection kit of the invention, the Candida strain is Candida
albicans and the at least one antibody specifically recognises the Yak1

15 polypeptide.

There is also provided a kit for the early diagnostic of a Candida strain

forming a biofilm, comprising:
' - specific primers for Candida EPA6, EPA7 and/or YAK1 genes;
" - specific probes for Candida EPA6, EPA7 and/or YAK1 genes;

20 ' - reagents for detecting the mRNA level of EPAG, EPA7 and/or YAK1

1

. genes;

';— a control sample of Candida cell culture at an early plankionic growth

'phase;

- optionally a biological reference sample lacking EPA6, EPA7 and/or
25 "YAK1 polynucleotides; and
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- optionally a comparison sample comprising EPAB, EPA7 and/or YAK1

polynucleotides which specifically hybridize with said primers or probes;

wherein said primers, probes, reagents, biological reference sample, and
comparison sample are present in an amount sufficient to perform said

determination.

Specific primers for Candida EPA6 and EPA7 genes used in accordance

with the diagnostic kit of the invention are preferably the following :
For EPAG gene : |
RT-EPAGF 5'cgetgtttgatacattaccac 3' (SEQ ID NO: 12)
RT- EPA6-7R 5’ gaaggagtactattggtgatcg 3' (SEQ ID NO: 13).
For EPA7 gene : |
RT-EPA7F 5’ ccgaattagatcatttaccgg 3’ (SEQ ID NO: 14)
RT- EPA6-7TR 5 gaaggagtactattggtgatcg 3’ (SEQ ID NO: 13).

As used herein, “specific probes”| for Candida EPAB, EPA7 or YAK1
gene encompass polynucleotides substantially identical to the nucleic acid
sequences of Candida EPA6, EPA7 or YAK1 polynucleotides as mentionned
above or fragments thereof that retain the ‘capacity to specifically hybridize with
Candida EPA6, EPA7 or YAK1 polynucleotides as mentionned above under
stringent conditions commonly used by the skill in the art.”

The present invention will be more vneadily understood by referring to the
following examples. These examples are illustrative of the wide range of
applicability of the present ’inve'ntion and is not intended to limit its scope.
Modifications and variations can be made therein without departing from the
spirit and scope of the invention. Although any methods and materials similar or

equivalent to those described herein can be used in the practice for testing of
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the present invention, preferred methods and materials are described

hereinafter.

EXAMPLES

EXAMPLE 1
The yak1p kinase controls expression of adhesins and biofilm formation

in candida glabrata in a sirdp dependent pathway

Biofilm is the predominant type of microbial developmént in natural

environments, and potentially represents a major form of resistance or source of

recurrence during host infection. Although a large number of studies have
focussed on the genetics of bacterial biofilm formation, very little ié known about
the genes involved in this type of growth in fungi. A genetic screen for Candida
glabrata Biofilm mutants was performed using a 96-well plate model of biofilm

formation. This study of the isolated mutant strains allowed the identification of

four genes involved in biofilm formation (RIF1, SIR4, EPA6 and YAKT). Epabp

is a newly identified adhesin required for biofilm formation in this pathogenic
yeast. EPA6 and its close paralogue EPA7 are located in sub-telomeric regions
and their transcription is regulated by Sirdp and Rif1p, two proteins involved in

sub-telomeric silencing. Biofilm growth conditions induce the transcription of

EPAG6 and EPAY: this is dependent on the presence of an intact sub-telomeric .
silencing- machinery and -is- independent of the -Mpk1p signalling pathway. -

Finally, the kinase Yak1p is required for expression of both adhesin genes and =

acts through a sub-telomeric silencing machinery-dependent pathway.

The aim of this study was to identify C. glabrata genes involved in biofilm
formation. To date, two different approaches have been used to study biofilm
genetics. On one hand, the use of insertional mutant collections has been

particularly effective in identifying genes required for the early steps in bacterial

biofilm formation (O'Toole et al., 1999). On the other hand, global expression .

analysis comparing cells growing under biofim conditions to those in a
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planktonic state of growth has revealed new elements which are specifically
regulated during biofilm maturation (Whiteley et al., 2001; Schembri et al., 2003;
Beloin et al., 2004). Similarly, transcriptome analysis has confirmed the unique
physiology of C. albicans cells during biofilm formation (Garcia-Sanchez et al.,
2004).

In this study, a genetic screening strategy was used to identify genes
involved in biofilm formation in C. glabrata. The inventors identified a new
protein (Epa6p) which is the principal adhesin involved in biofilm formation in
this yeast. Finally, the inventors demonstrated that the expression of EPA6 is
regulated both by the Yakip kinase and a biofim signal which involve a

pathway dependent on the sub-telomeric silencing machinery.
Results

C. glabrata strain BG2 forms biofilm

When incubated in a 24 well plate and in the presence of a plastic slide,
C. glabrata grew as a thin biofilm on this plastic surface where C. glabrata
formed tridimentional structures (Figure 1). Although the technique used to
prepare the cells cljoes not usually allow the observation of the exopolymeric
matrix, residual polymeric structures are visible at the highest magnification. In
contrast with C. albicans biofilms, usually composed of a mix of yeast and
hyphae, C. glabrata biofims are composed of budding yeasts only with no
evidence of filamentation or pseudo filamentation on any media tested in this
study. ' | - ' '

When C. glabrata strain BG2 was incubated in a microtiter plate, similar
biofilm growth wasl'observed on the surface of the wells. Less than 0.1% of the
cells in the wells were in the planktonic state. Moreover, no cell accumulation at
the bottom of the §/vells due to sedimentation was visible. After washing out the
less adherent cells, the number of cells strongly adherent to the plastic surface
was estimated using a colorimetric assay based on XTT reduction (Ramage et
al., 2001). By analyzing the relationship between the cells growth phase and
their ability to adhere to the plastic surface and form biofilm, we showed that
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C.glabrata cells in the stationary phase had greater adherence than those in the

logarithmic growth phase (Figure 2A).

Identification of C. glabrata mutant strains with altered ability to form biofilms

An insertional mutant library (Cormack and Falkow, 1999) was used to
isolate C. glabrata strains with increased ability to form biofilm (phenotype
Biofilm++) or those which were partially or completely defective in terms of
biofilm formation (phenotype Biofilm-). The inventors plated 5000 mutant cells
on YPD, replicated them individually into 96-wéll microtiter plates and incubated
the resulting cultures at 37°C (see Experimental procedures). After elimination
of the least adherent cells, we used the XTT assay to estimate the quantity of
cells which adhered strongly to the plastic surface. So as to be able to identify
Biofilm++ and Biofilm-strains, measurefnents were made after 1 hour of
incubation with XTT - this is a time point at which XTT is not completely reduced
by the wild type strain (Figure 2B). the inventors identified 72 Biofilm- mutants
(chosen arbitrarily as having less than 30% of the number of adherent cells
seen with the wild type strain) and 44 Biofilm++ mutants (chosen arbitrarily as
having more than 200% of the number of adherent cells seen with the wild type
strain). |

The eight mutants that yielded the lowest XTT reductase activity and the
twelve that yielded the highest activity were selected for further analysis. The
inventors confirmed that these Biofilm mutant strains had the same growth rate
under planktonic conditions as the wild type strain (with the same media and
temperature used to grow biofilms). Moreover, as the enzyme reducing XTT in
yeast is a mitochondrial dehydrogenase (Bailie and Douglas, 1999), the
inventors checked that these Biofilm mutant strains weré not affected in their
mitochondrial metabolism by plating them on YPG (2% glycerol) medium.
Figure 3A shows a typical example of the structures préduced by Biofilm- and
Biofilm++ strains in the thermanox slide model of biofilm formation. In synthetic
medium, the original strain and the Biofilm- strain (CG129) produce small
structures that differ by their size and density. In the other hand, the Biofilm++

strain (CG137) formed large tridimentional structures that nearly completely
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covered the surface of the plastic slide. In the 96-well plate model of biofilm
formation, and after washing away the less adherent cells from the well surface,
the original BG2 strain showed small colonies of between two cells and one
hundred cells adhering to the plastic, whereas Biofilm- mutants were seen to be
single cells or as colonies of less than ten cells (Figure 3B). However, the total
number of cell clusters on the plastic surface did not seem to be affected in
these two mutants, as compared to the wild type strain. In contrast, a confluent
or near-confluent layer of cells was observed for Biofilm++ mutant strains.

Of the 20 mutants studied, the inventors were able to identify 15 insertion
sites for the plasmid used for insertional mutagenesis. For the five remaining
strains, the inventors were unable to recover any plasmid: it is likely that these
plasmids had undergone too many alterations and that the insertion site could
not be sequenced. The sequences obtained were compared by blast analysis:
with the genome sequence of C. glabrata strain ATCC2001 (Dujon et al., 2004)."
A high proportion of insertion sites were intergenic (7 out of 15). This result is in
good agreement with a previous analysis of the mutant library used in this
study, which showed that insertion sites for many of these strains were located
in intergenic regions (Cormack and Falkow, 1999). The present example will
focus on a detailed analysis of four mutant strains (two Biofim++ and two
Biofilm-).

Epabp is a newly identified adhesin involved in biofilm formation
In the CG122 strain (Biofilm-), the URA3-cassette was inserted 1019 bp

- upstream of a 2145-nucleotide open reading frame (CDS1045.1) encoding a

protein 35% identical to the previously identified Epa1p adhesin (Cormack ef al.,
1999). This newly identified EPA gene was designated EPA6. Epabp shares all
the features of an Epa protein, i.e. a peptide signal, a C-terminal putative
transmembrane domain, numerous putative N- glycosylation sites and a serine-
/threonine-rich domain of 295 amino acids respectively (Frieman ef al., 2002). In
the ATCC2001 strain, the EPA6 gene is located within one of the two
subtelomeric regions of chromosome 3. A 10 kb sequence 98% identical to the
EPA6 DNA sequence was identified at the other sub-telomeric end of this
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chromosome (Dujon et al., 2004). The inventors reasoned that this EPA6
paralogue could be present in the BG2 genome as well. The inventors therefore
amplified the complete EPA6 ORF from BG2: restriction analysis of the
amplified PCR product indeed revealed the presence of another EPA6-related
gene, which was named EPA7 (Figure 4A). These two EPA genes encode
proteins of 715 and 714 amino acids respectively and share 95% percent
identity at the nucleotide level. We deleted EPA6 by replacing a large part of the
open reading frame by the URA3 marker (see Figures 4A and 4B). One should
note that the disruption cassette used to delete EPA6 could also theoretically
disrupt EPA7. However, none of the 60 screened transformants carried
mutations in the EPA7 gene, whereas 6 independent epa6 .::URA3 strains were
obtained. 4

The inver}'tors next tested the respective contributions of the Epa
adhesins to C. glabrata biofilm formation. Whereas the quintuple epa’A-epa5A
mutant strain was very slightly affected in terms of biofilm formation (75 £ 14%)
as compared to the original strain (Figure 5A), the epa6A strains displayed a
clear Biofilm- phenotype, with 30 + 5% adherent cells as compared to the
parent strain (Figure 5A). The characteristics of this biofilm defect match those
observed in the originally isolateld epa6-1 mutant, indicating that Epa6p is the

main adhesin involved in biofilm formation in C. glabrata.

EPAG and EPATY expression is induced in biofilm

An EPAG6-EPA7 sequence comparison allowed the inventors to identify
specific primers for each gene that could be used to study their respective
transcription under planktonic and biofilm culture conditions through RT-PCR
analysis. The specificity of the"EPAB primers was confirmed using genomic
DNA from the epa6A strain, with genomic DNA from BG2 as a positive control.
The results of the RT-PCR ef‘xperiments are presented in Figure 5B and
demonstrated an increase (2.4 + 0.3 fold) in EPA6 transcript levels in biofilm,
compared to plankionic cultures. The inventors did not observe PCR
amplification products from RNAs of epa6A mutant strains, thereby confirming

the specificity of the EPA6 prirﬁers. The study of the expression of EPA6 at
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different stages of growth in planktonic condition (Figure 5C) demonstrated that
EPA6 gene is transcribed at the highest level during the late stationary growth
phase, consistent with the increased ability of stationary phase cells to form a
biofilm and the role of Epa6p in this process. This contrasts with other EPA
genes previously identified, which are either expressed during exponential
growth (EPA1) or not at all (EPA2-EPAS) (Cormack ef al., 1999; De las Penas
et al., 2003). Very low levels of the EPA7 transcript were detected in planktonic
cultures, while (as with EPABG) increased levels were observed in biofilm (Figure
5B). Similarly, EPA1 to EPA5 were not expressed in planktonic cultures. These
results demonstrate that the expression of EPA6 and EPA7 is induced in

biofilm, and show the existence of a response to the biofilm lifestyle.

EPAG6 and EPAT transcription is conirolled by YAK1 ' |
Further analysis of the Biofilm- mutant strains revealed that in two cases

the plasmid had inserted within an ORF encoding a protein with 58% similarity

at the amino acid level to the S. cerevisiae Yak1p protein. Originally isolated as

a suppressor of a ras? temperaturesensitive mutant, YAK? deletion conferred
growth on a fpk1 fpk2 tpk3 triple mutant strain in S. cerevisiae (Gérret and
Broach, 1989). Yak1p participates in a pathway parallel to that of thé cAMP-
dependent protein kinase (PKA): it has overlapping targets but antagonistic
effects, and seems to be involved in mediating the starvation signal (Werner-
Whashburne et al., 1991). The inventors transformed the BG14 strain (Ura-)
using an EcoRl digested plasmid containing the URA3 gene and the sequences
surrounding the insertion site from the original yak? mutant strain: 90% of the
transformants displayed the same Biofilm- phenotype as the original mutant. As
assayed by XTT analysis, the transformants had 30 £ 18% adherént cells,
compared to the wild type strain (Figure 5A). As the numbers of adherent cells
for the yak1 (CG129) and the epabA (CG164) mutant strains wefre nearly
identical (see Figure 2), the inventors studied transcription levels for EPA6 and
EPA7 in the yak1 mutant strains. As shown in Figure 5B, YAKT is required for
the transcription of EPA6 and EPA7 under both planktonic and biofilm

conditions.
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EPAG franscription is regulated by sub-telomeric silencing

When the inventors studied the growth of the epa6A strain (CG164) on
SD and FOA media, they noticed that it was able to grow on both media (Figure
6). This result indicated that some of the epabA cells expressed the URAS3 gene
(allowing strains to grow on SD) whereas the remainder had a silent URA3
gene (allowing them to grow on FOA). In S. cerevisiae, epigenetic gene
silencing has been shown to occur at the silent mating-type loci HML and HMR
or within sub-telomeric regions and the tandem rDNA array (Sherman and
Pillus, 1997; Lustig, 1998). At subtelomeric loci, silencing is mediated by a
multiprotein complex within which the Sir2/3/4 silent information regulator
proteins play critical roles (Huang, 2002). The telomeres contain multiple
Rap1p-binding sites that recruit the Sir complex: the Sir-Rap1 interaction is then
competed by two Rap1p interacting factors (Rif1p and Rif2p) (Huang, 2002). In
the ATCC2001 strain, EPA6 is located in a sub-telomeric region of chromosome
3. Moreover, in two Biofilm++ mutants, insertion sites were located just
upstream of genes encoding proteins involved in sub-telomeric silencing. Thus,
the €CG137 and CG140 strains had the plasmid insertion site 925 bp and 430 bp
upstream of the SIR4 homologue (CDS0129.1) and RIF1 homologue
(CDS0069.1) of C. glabrata, respectively. CgSirdp and CgRif1p show 17.8%
and 24.8% amino acid identity with their respective S. cerevisiae orthologues.
When SIR4 was deleted in an epa6 ..:URA3 mutant strain, the variegation of
URA3 gene expression was abolished and the epabA sir4A double mutant
strain (CG170) was not able to grow on FOA medium (Figure 6). As expected,
sir4A (CG160) and rif1A (CG149) strains displayed a Biofilm++ phenotype, thus

confirming that sub-telomeric silencing regulates biofilm formation in C. glabrata

~(Figure ?A). Accordingly, rap1-21 and sir3 . strains (De las Penas et al., 2003)

were also Biofilm++ (Figure 7A).

Measurements of EPAG6 expression in these strains showed that the
Biofilm++ phenotype was associated with significant overexpression of the
EPA6 gene (Figure 7B). However, the epabA. sir4A double mutant strain

(CG170) displayed the same level of biofilm formation as the single sir4A
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mutant strains: this shows that in a sir44A background, the EPA6 gene is not
necessary for the expression of a Biofilm++ phenotype (Figure 7B). One should
note that in the sir4A and to a lower extent in the rif1A. strains, EPA7 and
EPA1-EPA5 were also overexpressed suggesting that other Epa proteins could

be subject to sub-telomeric silencing in this context (Figure 7B).

The biofilm signal and Yak1p act through a sub-telomeric silencing -dependent
Mpk1p independent pathway

In order to determine whether or not Yakip regulation of EPA6
transcription was dependent on the sub-telomeric silencing machinery, the
inventors constructed a yak? sir4/A double mutant strain. As shown in Figure
8A, a yak1 mutation in a sir4A context did not affect cell adherence, and yak?
Sir4A strains were Biofilm++. Moreover, EPA6 and EPA7 transcription levels
were still higher than in the original strain. These results show that Yak1p
regulates the transcription of C. glabrata adhesins via a sub-telomeric silencing-
dependent mechanism.

In order to determine whether the biofilm signal responsible for the
increase of EPA6 expression in biofilm as bompared to planktonic growth
conditions was acting via regulation of sub-télomeric silencing, the inventors
compared EPA6 and EPA7 expression in a sir4A strain under both
circumstances. As shown in Figure 8B, no apparent further increase of the
EPAG6 and EPA?Y transcription levels were detectable in biofilms (compared to
planktonic growth conditions) in any of the sub-telomeric silencing mutant
strains. Thus, a mutation in any of the proteins involved in sub-telomeric
silencing seems to suppress the inducibility of C. glabrata adhesin encoding
genes in response to biofilm growth conditig'ns. This shows that the biofilm
signal regulates sub-telomeric silencing.

In S. cerevisiae, regulation of sub-telorheric silencing by stress (but not
by nitrogen starvation) acts via Sir3p phosphorylation by the Mpk1p kinase (Ai
et al., 2002), i.e. part of the cell wall integrity pathway. We reasoned that Mpk1p
could be also a key kinase for the regulation of sub-telomeric silencing in
response to biofilm growth conditions. We idelntiﬁed the MPK1 gene in the C.
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glabrata genome. It encodes a protein showing 76 % identity with the S.
cerevisiae homologous protein. Even though the deletion of Mpk1p increased
EPA6 and EPA? transcript levels during planktonic growth, it did not abolish its
biofilm dependent inducibility (Figure 8). The biofilm signalling pathway
therefore appears to be Mpk1pindependent.

Discussion

EPAG encodes the main adhesin for biofilm formation in C. glabrata

In this study, the inventors demonstrated that Epa6p represents the main
adhesin involved in biofilm formation in C. glabrata. Indeed, epa6A strains are
Biofilm-, and EPA6 transcription is induced by biofilm growth conditions. Epa7p
does not seem to play a major role in biofilm formation, since yak? stral'ins which
do not express EPA6 and EPA7 had a Biofilm phenotype comparable to that of
epabA strains. However, epa6A strains do not seem to be impaired in terms of
adherence to a plastic surface per se. As shown in Figure 3B, it is the size of
the colonies adhering to the plastic surface that is affected in epa6 . strains, not
their number. This result suggests that EApa6p is not involved in adherence fo
the plastic surface as such but rather in cell-cell adherence within the biofilm.
The fact that the closest homologue of Epa proteins in S. cerevisiae is Flo11p (a
protein known to be involved in cell flocculation and in biofim formation)
supports this hypothesis (Reynolds and Fink, 2001; Halme et al., 2004).

Theoretically, the adhesin candidate responsible for adherence to a
plastic surface should be expressed under planktonic and biofilm growth
conditions but should not be subject to Yak1p regulation since YAK? deletion
does not prevent adherence to the plastic (see below). In a recent report, De la
Penas and colleagues estimated that they may be at least 16 different EPA
genes in the C. glabrata ATCC2001 genome (De las Penas et al., 2003). It is
not yet known whether one or more of the other Epa proteins or other types of
adhesin (i.e. glucan- or protein-based) are responsible for adherence to plastic

in C. glabrata.
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Yak1p acts through a sub-telomeric silencing machinery dependent pathway in
C. glabrata

The inventors demonstrate here that Yak1p is necessary for EPA6 and
EPA7Y expression. Moreover, these phenotypes are bypassed by a mutation in
one of the genes encoding proteins necessary for sub-telomeric silencing.
These results show that Yakip acts through a sub-telomeric silencing-
dependent mechanism. It remains to be found whether Yak1p is itself regulated
by biofilm growth conditions. In S. cerevisiae, Yakip has been shown to be
regulated at three levels: firstly, its specific activity is regulated by nitrogen
starvation and stationary phase status (Garret et al., 1991). Secondly, the same
signals also regulate the level of expression of its encoding gene. Thirdly and
finally, nuclear localization is induced by glucose starvation or rapamycin
treatment (Schmelzle et al., 2004; Moriya ef al., 2001). In response to glucose
removal, Yak1p associates with Bmh1p-Bmh2p, enters the nucleus and
phosphorylates Pop2p, a component of a multiprotein complex that regulates
gene expression both positively and negatively (Moriya ef al., 2001). Yak1p
regulates also the nucleocytoplasmic localization of the PKA regulatory subunit
Beyl1p (Griffioen et al.", 2001). The action of Yak1p thus appears to be very
complex and multifactorial. Furthermore, in Dictyostelium discoideum, YakA is
necessary for starvation-induced growth arrest and the starvation-induced
induction of genes necessary for development (Mendes Souza et al., 1998). In
C. glabrata, YAKT ftranscription level was not affected by biofilm growth
conditions, although this kinase seems to be necessary for shifting from
planktonic growth to gfowth under biofilm conditions.

The present working model for the regulation of sub-telomeric silencing
by biofilm growth in Candida glabrata is presented in Figure 9. In this model,
expression of the Epa'adhesins is controlled by subtelomeric silencing which in

turn is regulated by a biofilm signal acting through or independently of Yak1p.

Modulation of sub-telomeric silencing by Rif1p and Mpk1p in C. glabrata
The results presented here show that C. glabrata adhesins are regulated

by a biofilm signal and Yakip via a sub-telomeric silencing machinery-
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dependent mechanism. In yeast, Sir3p is the limiting factor for propagation of
silencing in sub-telomeric regions (Stone and Pillus, 1998) and the only kinase
identified to date as being involved in Sir3p phosphorylation (and subsequently
in the regulation of sub-telomeric silencing) is Mpkip (Ai et al., 2002). In
response to stress (but not to nitrogen starvation), Mpkip is activated and
phosphorylates Sir3p, thus repressing sub-telomeric silencing. This leads to
expression of the PAU genes located in the sub-telomeric region encoding cell
wall proteins (Ai ef al., 2002). Additional factors (such as starvation, heat shock
or the presence of mating pheromone) can‘affect Sir3p pHosphorylation and
sub-telomeric silencing (Stone and Pillus, 1996; Ai et al., 2002). In this study,
the inventors demonstrated that biofilm-induced regulation of sub-telomeric
silencing was not dependent on Mpk1p. However, the function of Mpk1p in C.
glabrata seems to differ slightly from that ,'of its S. cerevisiae counterpart.
Indeed, deletion of MPKT in C. glabrata increases EPA6 transcription, most
probably due to modulation of sub-telomeric silencing, whereas in S. cerevisiae
deletion of the same gene does not modify the constitutive level of sub-
telomeric silencing (Ai et al., 2002). The function of Riflp seems also to be
different in C. glabrata when compared to S. cerevisiae. lr{deed, in the latter
organism, Rif1p acts as a negative regulator of telomeric siiencing and length
(Moretti ef al., 1994), whereas deletion of RIF1 in C. glabrata derepresses the
expression of the EPA genes located within sub-telomeric regions. These
results suggest that the overall mechanisms of sub-telomeric silencing are not
conserved between these two hemiascomycetous yeasts, even though the

same constitutive elements are present.

Variegation of EPA6 expression suggests phenotypic heter,c')geneity of the cell
surface in C. glabrata '

The inventors demonstrated that in a epabA::URA3 céll population, some
cells were Ura+ and others were Ura-. This result shows that in a BG2 cell
population, some cells express the EPA6 gene at the cell surface whilst others
do not. Similar results were obtained with the other EPA genes identified to date

(De las Penas et al., 2003). Moreover, previous studies in S. cerevisiae have
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shown that the degree of silencing within sub-telomeric regions differed from
one chromosome end to another (Pryde and Louis, 1999). One can thus
imagine that the Epa organization at the cell surface of a clonal C. glabrata cell

population is highly heterogeneous.

Experimental procedures

Strains and media

Candida glabrata strains used in this study are listed in Table 1: all strains were
isogenic to the BG2 strain (Fidel et al., 1996). The SC and —~Ura DO synthetic
media and the YPD rich medium were prepared as previously described
(Sherman, 1992). When needed, 5-fluoroorotic acid (FOA) was added to SC
medium at 1g/l. The bacterial strain Escherichia coli XL1-blue (Stratagene, La
Jolla, CA) was used for propagation of all plasmids. All procedures for
manipulating DNA were performed as previously described (Sambrook et
al.,1989).

« Biofilm formation

C. glabrata strains were grown to stationary phase with agitation in SC medium
at 37°C. Cells were then harvested by centrifugation, washed in sterile water
and resuspended in SC or YPD med.ium at a cell density adjusted to OD600 =
1. For the plastic slide model of biofilm formation, these cell suspensions were

distributed into prestelirized polystyrene 24-well plates (TPP) in which a round

] plastic slide was added (Thermanox, Nunc). After 24h of growth at 37°C, the
- culture medium was eliminated firstly by inverting the plates and secondly by

careful pipetting. Biofilm were then examined by scanning electronic microscopy
(SEM) as previously described (Prigent-Combaret ef al., 2000). Briefly, biofilm
samples were fixed for 1 h in 0.07 M sodium cacodylate buffer (pH 7.3)
containing 1.2% glutaraldehyde and 0.05% ruthenium red. The samples were
then washed in the same buffer containing 0.05% ruthenium red and postfixed

. In 1% osmium tetroxide in cacodylate buffer, treated by the critical point drying

" method, and observed on a Gemini DSM 982 scanning electron microscope.
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Transmission and scanning electron microscopy were performed by Brigitte
Arbeille and Claude Lebos at the Laboratoire de Biologie Cellulaire et
Microscopie Electronique, UFR Médecine, Tours, France. For the microtiter
plate model of biofilm formation, the cell suspension in SC medium were
distributed (100 ul per well) into presterilized, polystyrene 96-well microtiter
plates (TPP, round bottom) and incubated overnight at 37°C. Following biofilm
formation, less adherent cells were removed by washing the plates three times
in water and once in PBS buffer. Strongly adherent cells were quantified by
using the previously described metabolic 2,3-bis(2-methoxy-4-nitro-5-
sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT, Sigma) reduction assay
(Ramage et al., 2001). Briefly, XTT solution was prepared at 0.5 mg/ml in PBS,
filter-sterilized and stored at -20°C. Prior to each assay, an aliquot of stock XTT
was thawed and mej['hadione (1 pM final) was added. A 100 pl aliquot of the
XTT-methadione solution was added to each well. The microtiter plates were
then incubated for 1 hour at 37°C. A colorimetric change was measured at 492

nm using a microtiter plate reader (Labsystems Multiskan RS).

Characterization of the URA3-cassette insertion site in the Biofilm mutant
strains |

The mutant library used for screening for Biofilm mutant strains has been
previously described (Cormack et al., 1999). In order to determine the sequence
of the URA3-cassette insertion s&ite, the genomic DNA was extracted
(Philippsen et al., 1991) and digested by EcoRI. After ligation and amplification
in E. coli, a plasmid containing the URAS3-cassette and the genomic flanking
regions was recovered. The sequence of the insertion site was then determined
using M13-40 and M13-REV48 as séquencing primers.

Gene disruption '
The disruption cassette was constructed by PCR fusion using a similar strategy
to that used by Kuwayama and colleagues (Kuwayama et al., 2002). For EPAS,
upstream and downstream gene fragments and the URA3 marker were PCR-

amplified using the HFPCR kit from Clontech (Palo Alto, CA). The primers used
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for these ampilifications are listed in Table A (supplementary material), and their
positions are shown in Figure 4. EPAG-3'5 and EPA6-5'3 contain the reverse
complements of MKRfEPAG and MKRrEPAG, respectively. In addition, 5 ng of
each of the three gel-purified, amplified fragments were used as substrates for
PCR fusion with the primers EPA6-5'5 and EPA6-3'3 and the following
programme: 94°C for 30s, followed by 35 cycles of 94°C for 15s and 68°C for 4
min. The final PCR fragment represented the epa6 ...URA3 cassette. The BG14
(ura3) strain was transformed with the deletion cassette as previously described
(Cormack and Falkow, 1999), and Ura+ transformants were then selected on —
URA DO plates. Proper integration of the cassette was determined by PCR
using a primer that annealed to a region outside the disruption cassette
(EPABex) and a primer that annealed to a sequence within the marker (URA3F)
(Figure 4A, Table A). The inventors screened 55 coloni{as and identified 6
putative, homologous integrants. A second pair of primers was used to check
for correct integration of the cassette (EPA6ex2-URAS3R) (Figure 4A, Table A).
PCR amplifications of the EPAGex — EPABex2 region were used to verify the
knock-out of the wild-type gene in each putative deletion strain (Figure 4A,
Table A). Furthermore, Southern blot analysis was used to confirm Qene
deletion. A similar strategy was used to disrupt SIR4, RIF1 and M15K1.
Concerning YAK1, the plasmid recovered from the original yak1::URA3 strains
was used to transform the strain BG14 after EcoRl restriction. Primers for both
outer regions of the cassette in the C. glabrata genome were used to screen for
transformants having integrated the cassette in the YAK? locus. Southern blot
analysis was performed to confirm gene deletion.

So as to construct a double mutant sir4A epa6A and sird4 yak1 strain, a
spontaneous Ura- derivative of a sirdA::URA3 strain was isolated on ,I'=OA
medium. The stability of the Ura- phenotype was tested by growing the cells on
YPD medium and plating them on FOA and SD media. The inventorsf:also
checked that the Biofilm++ phenotype was not affected by this mutation. This
Sir4A::ura3 strain was then used as a recipient strain for constructing the sir4A
epabA and sir4A yak1 double mutants, using the same strategy as Wi'(hl the

corresponding single mutant strains.
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RNA preparation and RT-PCR

Cells were grown to stationary phase on SC medium, under agitation for
planktonic growth conditions or in microtiter plates for biofilm growth conditions.
Total RNA from 108 cells was prepared as previously described (Schmitt et al.,
1990). The purified RNA was treated with DNase to eliminate any trace of DNA,
and was then used to isolate the mRNA using the oligotex mRNA kit (Qiagen).
RT-PCR was performed by using the Access RT-PCR system kit (Promega)
and an lcycler (Biorad) thermocycler. After RNA denaturation (68°C for 5min),
the reverse transcription step was performed at 48°C for 45 min followed by
2min at 94°C. PCR amplifications were carried out as follows: 2 min at 94°C
(one cycle) 94°C for 30 sec, 58°C for 1 min, 68°C for 1 min (30 cycles) and
68°C for 7 min (one cycle). The primers used for the RT-PCR are listed in Table
A (supplementary material). ACT7 was used as the control. For each
preparation and each couple of primers, PCRs without the reverse transcription
step were performed to check that preparations were free of DNA. Three
independent RNA preparations were prepared from each strain and growth
condition. In order to compare the expression of EPA6 in each strain and each
growth condition, serial dilutions of the PCR products (ACT7 and EPAG)
obtained with the BG2 strain under planktonic growth conditions were deposited
in an agarose gel, and curves of the ratio of the fluorescence of the bands and
the dilutions were drawn. The fluorescence of each electrophoretic band was
measured using a VersaDoc Imaging System (Biorad) apparatus and Quantity
One 4.3.1 software (Biorad). For each sample, appropriate dilutions of the PCR
products were deposited on agarose gels and their fluorescence was compared

to the standérd curves.
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EXAMPLE 2

The mechanism of action of YAK1 on biofilm formation in C. albicans is

different from the one previously identified in C. glabrata

YAK1 is necessary for biofilm formation in Candida glabrata. A strain in
which YAK7 has been deleted produced only 30% of biofilm as compared to the
original strain. We identified the target of YAK? regulation in C. glabrata. Thus,
the gene EPA6 which encodes an adhesin necessary for biofilm formation is not
expressed in a yak1A strain. EPA6 as all the other members of this adhesins
family identified to date is located within a sub-telomeric region of the C.
glabrata genome and its transcription is regulated by the sub-telomeric silencing
machinery. The present results show that YAK7 regulates the expression of
EPA6 and consequently biofilm formation through the regulation of sub-
telomeric silencing level.

In Candida albicans, none adhesin has been shown to be individually
necessary for biofilm formation. This development state in C. albicans seems to
be under the control of multiple factors. Moreover, no sub-telomeric localization
of the C. albicans adhesin genes has been demonstrated. YAK? in C. albicans,
seems to act on biofilm formation through a mechanism completely different

from the one we have identified in C. glabrata.

Inactivation of the CaYAK? gene was conducted in C. albicans strain
RM1000 (ura3A:Aimm434/ ura3A::Aimm434 his1A::hisG/ his1A::hisG; Alonso-
Monge et al., 2003) according to the procedures of Enloe ef al. (2000) and Gola
et al (2003). Briefly the URA3 and HIS1 marke’r§ of pFA-Ura and pFA-His,
respectively (Gola et al, 2003), were amplified using the following

oligonucleotides and standard conditions for amplification :

1
i

Yak1-5p

5'-
CAAACAAAACGCAAGAGATCACATACCATTAATAATATATAAGACCAACCAT
TGTAACCACACAAAGTATCACAGTATCACCGACAAATTTATACATAGAAGCT
TCGTACGCTGCAGGTC-3’
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Yak1-3p

3-
TAAACAAAATTAATTAAAAAGTATCATTAAAGAGTATAAAACTTAATACTGGT
CAACCTCCCCCTCCCTCCACATTGTTATTCTTATTCTTATTCTTCTGATATCA
TCGATGAATTCGAG

with the underlined regions corresponding to the pFA plasmids and the non-
underlined regions corresponding to regions of the caYAK? gene (YAK? of C.
albicans) located 5’ or 3’ of the open reading frame.

The resulting PCR products were used to transform C. albicans RIM1000
cells prepared according to Walther and Wendland (2003). Ura3+ or HIS1+
transformants were selected on appropriate media and the replacement of one
copy of the CaYAKT gene in these transformants was confirmed by PCR using
standard procedures. Ura3+ or His+ transformants were subsequently
transformed by the PCR-amplified HIS7 or URA3 markers, respectively, using
the same technique. Transformants were selected for prototrophy and
replacement of the second ca YAK? allele was confirmed by PCR.

The resulting C. albicans ura3/ura3 his1/his1 yak1A ::URA3/yak1A ::HIS1
strains were tested for their ability to form biofilms in two model of biofilm
formation on a plastic surface. The first model is based on the use of a micro-
fermentor containing a Thermanox™ slide which has been previously described
(Garcia-Sanchez ef al., 2004). In the second model, Thermanox™ slides are
incubated at 37°C in minimal medium in a glass tube under continuous rotation
for 2-48h. In both models the C. albicans yak1Myak1A strains were unable to
develop a biofilm of significant biomass. Yet, observation of the Thermanox™
slide obtained using the second biofilm model revealed that the mutant strain
was able to form microcolonies on the plastic surface. These micro-colonies
consisted mostly of yeast cells with some hyphal or pseudo-hyphal forms (figure
10). “ :
The resulting C. albicans ura3/ura3 his1/his1 yak1 A.'.'URAS/yak1A.'.‘I'-IIS1
strains were tested for their ability to produce hyphae in Lee’s medium (Lee et
al., 1975) which triggers the yeast-to-hypha transition in C. albicans. As shown
in the figure 10, in contrast to wild-type C. albicans which readily forms hyphae
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after a few hours of incubation in Lee’s medium, no true hypha was visible with
the mutant strain and only pseudo-hyphae were observed.

Taken all together, these data show that the Yak1 kinase is necessary for
the switch from yeast-to-hypha growth and for the switch from planktonic to

biofilm growth in C. albicans.
EXAMPLE 3
Role of YAK1 on biofilm formation in C. albicans
Experimental procedures

Biofilm and cultures,

An inoculum was prepared from an early-stationary-phase culture grown
in flasks at 30°C in an orbital shaker and diluted to an optical density at 600 nm
(ODggo) of 1. Biofilms were produced in microfermentors (Ghigo J.M., 2001).
These consist of a glass vessel with a 40-ml incubation chamber where two
glass tubes are inserted tc;‘ drive the entry of medium and air. Used medium is
evacuated through a third tube. Medium flow is controlied by a recirculation
pump (Ismatec) and pushed by the pressured air. Plastic slides (Thermanox;
Nunc) glued to a glass spatula were immersed in the inoculum for 30 min at
room temperature. After this adhesion period, the spatula was transferred to the
chamber and incubated at. 37°C, with the medium flow set to 0.6 ml/min and air
supplied at 10° Pa; under these conditions, the growth of thé planktonic phase is
minimized and most of thé cells remain on the spatula. For biofilm formation C.
albicans strains were grow'n in 0.67% yeast nitrogen base (YNB; Difco) with 0.4
% glucose.uridine 80 mg/liter, arginine 100 mg/liter, histidine 100 mgl/liter,
methionine '200 mg/liter:. After 40 hours, spatula was removed from
microfermentors, biomass is scrapped from the thermanox, and then filtered on
a 0, 22mm membrane, then dry at 70°C for 3 days. Amount of biomass is then

quantified by dry weight.
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Germ tube formations.

Germ tubes formation was determined in Lee (Lee et al., 1975) media at
37°C after 3 hours of induction, in the presence or absence of 4-Amino-1-tert-
butyl-3-(1’-naphthylmethyl)pyrazolo[3,4-d]pyrimidine (NMMP1) (1mM). (Toronto
Research Chemicals Inc. Canada) (Bishop et al., 1999).

Engineered YAK1 protein kinase

Engineered of protein kinases that contain an unique binding pockets
that are not present in any wild-type protein kinase have been described by
Bishop et al., 2000. Substitution of one amino acid in the ATP-binding sites
conferred unique inhibitor-sensitivity to NMPP1, an ATP analogue. By sequence
comparison with other protein kinases, we proposed that the conserved Phe at
position 507 was part of the ATP-binding sites." A mutation of Phe (507) to
Alanine was introduced Using PCR techniques.

In this example, the inventors show that the Yak1 protein plays an
important role in the formation of biofilm in C. albicans. Indeed, and as
ilustrated in figure 11, the inventors have restored the capacity of a double
mutant Ayak1/ Ayak1 of C. albicans to form biofilm by reintrodu'_cing in such a
strain the wild-type gene of YAK1. |

Secondly, the inventors have introduced an allele of the YAK1 gene
sensitive to N-MPP1 in a double Ayak1/ Ayak1 of C. albicans strain. As shown
in figures 11, 12 and 13, in absence of N-MPP1, the mutated Kinase is active
and the double mutated strains containing the allele of the YAK1 gene sensitive
to N-MPP1 have the capacity of forming normal filament when the filamentation
is induced in LEE medium. Whereas and as shown in figures~'12 and 13, in
presence of low concentration of N-MPP1, the capacity of the lel'tated kinase is
specifically inhibited and the strains have thus lost their capacity of forming
filaments. .

The inventors have further noted from assays with preformed filaments,
that these filaments did not further develop but rather returned to their
planktonic stage when the activity of the mutated kinase was i;nhibited by N-
MPP1.
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EXAMPLE 4

Identification of in vivo inhibitors of biofilm formation in Candida

The kinase focused collection (ChemDiv, Inc) will be screened to select
inhibitors of biofilm formation in a Yak1p-dependent or -independent way. The
96-wells plate model of C. glabrata biofilm will be used in this procedure. In
order to identify antibiofilm compounds acting through the inhibition of the Yak1
signalling pathway, two concomitant screens will be conducted. A first assay on
the wild-type strain will identify molecules able to inhibit biofilm formation. A
second assay will be conducted using a sir4 mutant strain since deletion of the
sir4 gene suppresses the biofilm-deficient phenotype of a yak? mutant strain.
Molecules inhibiting biofilm formation through the inhibition of Yak1 should
theoretically inhibit biofilm formation in a wild-type background but not in a sir4
background. Molecules identified though these'assays will then be tested on C.

albicans.

EXAMPLE 5

Identification of in vitro inhibitors of Yak1

Production of recombinant C. albicans Yak1 will be attempted using two
different hosts (Escherichia coli and Pichia pastoris) and various constructs,
depending on the type and position of the affinity tag fused to the Yak1
polypeptide. The C. albicans Yak1 is a large protein (809 aa) and contains, in its
N—:terminal part, 5 CTG codons which are coding for serine instead of leucine in
this yeast. In order to avoid this problem, the N-terminal part of the gene will be
synthesised in vifro using a codon usage optimal for the expression of the
prbtein in E. coli and P. pastoris. The C-terminal part containing the kinase

active site will be directly PCR-amplified and the complete gene sequence will
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be constructed. Culture protocols will be optimized and the best system will be
selected for the production of the full-length polypeptide as a soluble, active
protein. Purification will be carried out using the affinity tag (His6 or GST) fused
to the polypeptide. The activity of the protein will be tested using a kinase assay
as previously used for the S. cerevisiae orthologue. The active full-length
recombinant protein will be then used for the in vitro inhibitor screen.

A Fluorescent/Luminescent Kinase Assay adapted for screening in 96
well-plate format will first be set up. Following up, the activity of Yak1 will be
tested in the presence of known serine/threonine kinase inhibitors. A collection
of 3000 molecules of the kinase focused library will be selected (ChemDiv, Inc)
and tested for their inhibftory potency on the Yak1 activity. The results obtained
on the assay on the recombinant protein will be compared to the in vivo tests on

C. albicans and C. glabrafa
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Table 1. Strains used i this work.

PCT/IB2005/003941

Strain name

Genotype

Reference

BG2
BGI14
BG573
BG592
BG676
CG122
CG129
CG137
CGl140
CG145
CG149
CG160
CGl64
CG170
CG172

CG174

Clinical isolate
ura3A::Tn903Neo®

URA3 (hyrl epal epa? epa3 epad epas)A
wra3A::In903 G418k rapi-21
ura3A::Inf03 G413R sir3A
epab-1

yakl::URA3

sir4-1

rifl-1

sirdA::URA43

rifl A::URA3

SirdA:-ura3

epab A URAS

sirdA:ura3 epabA::URA3
sirdA:rura3 yakl::UR43

mpklA::URA3

(Fidel et al., 1996)
(Cormack and Falkow, 1999)
(De las Penas et al., 2003).
(De las Penas et al., 2003).
(De las Penas et al., 2003).
this work

this work

this work ,

this work

this work .

this work,

this work

this work

this work

this work

this work
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Table A. Sequence of primers used in this study.

Primer name
3iRd-=x

84IR4-3'3
3IR4-5'3
MERTSIRS
MERr3IR4
3iR4-3'3
3ir4-3'3

i
A
159
i
"
-3

3

A
i

=

[ I B )
AR

Hy b=t -
i

ol
-y
3
oo
W Wi W Wm R

f-

LI e R 75 I 8 ]

- hf 1

RiFl-
RIFi-
RiFlexZ
EF2éex
EPA6E-3"'3
EpPa6-5"'3
MEREfEPLG
MERrEPLG
EPAG—-3'3
EPRGE-3'3
EPZG-=2x2
MPRlex
MPR1-5'5
MPR1-53
MERxMER1
MPR1I-373
MRREMPRI
MPR1-3*3
MPElaxZ
URAZF
TURA3R
EPFLGF
EPL6R !
RE-LCPIF
RE-ACTIR
RT-EPZ6FT
RT-EPZTE !
RT~EPRE-TR

w U

Primer sequence (5'->3')

TTTTTGGTCARAGIECLCCCC
TAGTACAGGCATAGTEFCCACGTLG
GGGTGTCGEEECTEECTTRAACTAGARTCCTEEGTTATGCTLGTG
CACGAGCATALCCCAGGATTCTAGTTARGCCAGCCCCGACACCC
CGAGAGACAGTTTGGCTGEECTAALR AR TRGECETATCACGAGGCC
GGCCTCGTGATACGCCTATTTTTTACACCASCCARACTSTCTCTIG
ARGTACCTACCGTRTCOGTCCTEE
TCEGACTCCRATGETCECTACCCC
TTCARARANATEGETERAGTACGCC
CACGTTCAGTARACGTCCAGECTS
GGGTGTCGGGEECTGECTTAACTAGTEGEATGCARATCAGGTCTG
CAGACCTGATTFGCATCCCACTASTTARGICAGCCCCGRACRACTC
COGGTTCACTGECAATAGCARGRAAL D A TAGGCGTATCACGRAGG T
GGCCTCETGATACGCCTATTITTITCTTCTATTGCCAGTGRACCGS
TTTCTTCTGCRGATRRACEEGCCC
ABAGUTCRATTCTCRAARTTCECEL

GRACTRAACHTTCAPCRRCACGE
TCAGGTCTAGALCAZCCTEGTTGEG
GGGTGTUGGEGECPECCTTAACTCCALGAGERARTTCAGTAGGETCC
GGACCCTACTGAATTTCCTCTTGGAGTTARGCCAGCCCCGACACCT
CCTGARGCACTCCCACTGCPAGARR A A TRAGECESTATCACGRGGCD
GGCCTCGTGATACGCCTATTRTTCTAGCAGTGGGAGTGCUTTCAGG
GGRACCCTGAPCPCCATTAGCC

CGCCAGGCATTATRATACCGC

GGTTAGLAGAGTAATTGITOGGES
CTGACATAGCCAGCAGTGAGRG
GTCATAGCTGTTTCCTGRACTGTAGECTCCTCGCTTGCLTC
GAGGCRAAGCGAGGAGACTACAGPCAGCGARLCAGLCTLTGAL
TACARACGTCGTGRACTGGGACATTCTEGOATCACCTATGEEE
CCCATAGETGATGLCAGARTGECCCRGTCACGACETTETA
GACCAGCALTGATGACKRCCTGR

TGETTTOCTTGTRATTGEEARCOG

TTTAGCGGCTTARCTEEECCT

GGAAGGGATGCTFALGETAEAG

TTGTGRAGCGATDSAGCRETGS

AGTGTGTGATARTCETTRAGGC

GGCTTTCGATTRCERCACT

GTGGCRACGETTTELTGEC

CGCTGTTTGATACRTPILCCAC

CCGAATTAGRTCARTTACCGCE

GRAGGAGTACTATTGETCEATCG
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departing from the scope or spirit of the present invention.
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CLAIMS:

1. A method of screening for a compound that affects expression of a gene
involved in biofilm formation of a Candida strain, said gene being selected from
the group consisting of EPAG, EPA7 and YAK1, the method comprising the

steps of:

— providing a Candida biofilm with an initial expression level for said

gene;
— contacting said biofilm with at least one compound to be tested:;
— evaluating expression of the gene; and

~ identifying the compound that inhibits the initial expression level of

said gene in the biofilm.

2. The method of claim 1, wherein the compound inhibits expression of
gene EPAG, EPA7 and/or YAK1 by down-regulating the transcription of the
gene EPAG, EPA7 and/or YAK1, or by down-regulating the translation of mRNA
in a protein encoded by the gene EPAG, EPA7 and/or YAK1.

3. The method of claim 2, wherein the down-regulation of transcription is

evaluated by measuring the mRNA level.

4. The method of claim 2, wherein the down-regulation of translation is .

evaluated by measuring the protein level.

5. The method of any one of claims 1 to 4, wherein the Candida strain

consists of Candida glabrata or Candida albicans.

!

6. The method of any one of claims 1 to 5, wherein the Candida strain
consists of Candida glabafra and the gene whose expression is evaluated is
EPAG.
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7. The method of any one of claims 1 to 5, wherein the Candida strain
consists of Candida glabatra and the gene whose expression is evaluated is
EPA7Y.

8. The method of any one of claims 1 to 5, wherein the Candida strain
consists of Candida glabatra and the gene whose expression is evaluated is
YAK1.

9. The method of any one of claims 1 to 5, wherein the Candida strain
consists of Candida albicans and the gene whose expression is evaluated is
YAK1.

10. The method of any one of claims 1 to 9, further comprising a step of

evaluating inhibition of biofilm formation by the compound.

11. | A compound that affects biofilm formation of a Candida strain obtained

by the method as defined in any one of claims 1 to 10.

12.  The compound as defined in claim 11, for use as an anti-fungal agent.

1

13. A composition for preventing and/or treating candidiasis, comprising a

compound as defined in claims 11 or 12, and an acceptable carrier.

14. A method for an early diagnostic of a Candida strain forming a biofilm,

comprising the steps of:
a) obtaining a cell sample of said Candida strain;

b) measuring' the mRNA level of EPAB, EPA7 and/or YAK1 genes in said

cell sample; and |

.¢c) measuring the mRNA level of said gene in a control Candida cell

culture at early plahktonic growth,

wherein overexpression of EPA6, EPA7 and/or YAK1 genes in said cell sample
compared to the control cell culture, is indicative of the presence of a Candida

strain forming a biofilm.
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156.  The method of claim 14, wherein the mRNA level is quantified by RT-
PCR.

16. The method of claim 14, wherein the Candida strain consists of Candida
glabafra and the gene whose mRNA level is measured is EPAG, EPA7 and
YAK1.

17.  The methof of claim 14, wherein the Candida strain consists of Candida

albicans and the gene whose mRNA level is measured is YAK1.

18. A method for detecting the presence or absence of a Candida biofilm in a

sample, comprising the steps of: '

a) contacting the sample with at least one molecule that specifically
recognizes a Candida Yak1, Epa7 or Epa6 polypeptide for a time and

under conditions sufficient to form a complex; and
b) detecting the presence or absence of the complex formed in a).

19. The method of claim 18, wherein the molecule .is an antibody that
specifically binds to said Yak1, Epa7 or Epa6 polypeptide, or functional

derivative thereof.

20. The method of claim 18 or 19, wherein the Yak1 polypeptide comprises an
amino acid sequence substantially identical to SEQ ID NO: 1 or functional

derivative thereof.

21. The method of claim 20, wherein the functional derivative of said Yak1
polypeptide comprises an amino acid sequence substantially identical to
SEQ ID NO4. .'

22. The method of claim 18 or 19, wherein the Epa6 polypeptide comprises an
amino acid sequence substantially identical to SEQ ID NO: 2.

23. The method of claim 18 or 19, wherein the Epa7 polypeptide comprises an

amino acid sequence substantially identical to SEQ ID NO: 3.
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The method of claim 18 or 19, wherein the Candida strain is Candida
glabatra and the at least one molecule specifically recognises the Yak,

Epa7 and/or Epa6 polypeptide.

The method of claim 18 or 19, wherein the Candida strain is Candida
albicans and the at least one molecule specifically recognises the Yak1

polypeptide.

A method for preventing and/or treating candidiasis in an animal, the
method comprising the step of administering to the animal a

therapeutically effective amount of a composition as defined in claim 13.
The method of claim 26, wherein said animal is a human.

The method of claim 26 or 27, wherein said human is an .

immunocompromised human.

Use of the compound of claim 11 in the preparation of a medicament for

preventing or treating candidiasis.

Use of at least one Candida protein selected from the group consisting of
Epa6, Epa7, Sir4, Rif1 and Yak1 or at least one gene encoding said
protein as a target for identifying a compound capable of impairing biofilm

formation of a Candida strain.

Use according to claim 30, wherein said Candida strain consists of
Candida glabrata or Candida albicans.

Use according to claim 30, wherein the Candida protein consists of Epab
protein of Candlida glabrata.

Use according to claim 30, wherein the Candida protein consists of Epa7

protein of Candida glabrata.

Use according to claim 30, wherein the Candida protein consists of Sir4
protein of Candida glabrata.
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Use according to claim 30, wherein the Candida protein consists of Rif1
protein of Candida glabrata.

Use according to claim 30, wherein the Candida protein consists of Yak1

protein of Candida glabrata.

Use according to claim 30, wherein the Candida protein consists of

Yak1protein of Candida albicans.

A kit for the detection of the presence or absence of a Candida biofilm,

comprising:

at least one antibody that specifically binds to a Candida Yak1, Epa7

or Epa6 protein;
- a reage'nt to detect polypeptide—antibody immune complex;

- optionally a biological reference sample lacking Yak1, Epa7 or Epa6

polypeptides; and

- optionally a comparisdn sample comprising Yak1, Epa7 or Epa6
|
polypeptides which specifically bind to said antibody;

wherein said antibody, reagent, biological reference sample, and comparison

sample are present in an amount sufficient to perform said detection.

39.

40.

The kit of claim 38, wherein the Candida strain is Candida glabatra and the
at least one antibody specifically recognises the Yak1, Epa7 and/or Epa6
polypeptide. ’

The kit of claim 38, wherein the Candida strain is Candida albicans and

the at least one antibody specifically recognises the Yak1 polypeptide.

41.

A kit for the early diagnostic of a Candida strain forming a biofilm,

comprising:

- specific primers for Candida EPA6, EPA7 and/or YAK1 genes;
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- specific probes for Candida EPAGB, EPA7 and/or YAK1 genes;

- reagents for detecting the mRNA level of EPA6, EPA7 and/or YAK1

genes;

- a control sample of Candida cell culture at an early planktonic growth

phase;

- optionally a biological reference sample lacking Epa6, Epa7 and/or Yak1

polynucleotides; and

- optionally a comparison sample comprising EPA6, EPA7 and/or YAK1

polynucleotides which specifically hybridize with said primers or probes;

wherein said primers, probes, reagents, biological reference sample, and
comparison sample are present in an amount sufficient to perform said

determination.

42. A method for selecting a biofilm formation inhibitor of a Candida strain

acting through a Yak1 dependent pathway, comprising the following steps:

|
a) contacting a compound with a biofilm of a wild type Candida strain and

determining if it inhibits biofilm formation of said Candida strain;

b) contacting the compound selected in a) with a biofilm of a sir4 mutant
Candida strain and determining if it inhibits biofilm formation of said Candida

strain;

c) selecting the compound identified in a) if said compound inhibits the
formation of biofilm of the wild-type Candida strain and does not inhibit the

formation of biofilm of the sir4 mutant Candida strain.

43. The method of claim 42, wherein said wild type and sir4 mutant Candida

strains consist of Candida glabrata strains.
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44.  The method of claim 43, wherein the sir4 mutant Candida strain consist
of Candida glabrata strain filed at the C.N.C.M. on November 30, 2005 under

the reference number I-3532.

45. A compound obtained by the method of any one of the claim 42 to 44,
said compound having the capacity of affecting biofilm formation of a Candida

strain.

46. An in vitro screening method for an inhibitor of the activity of a Yak1

polypeptide of Candida, comprising the steps of :

a) contacting a purified or isolated Yak1 recombinant polypeptide or a

fragment thereof retaining the kinase activity with a candidate compound;

b) measuring the capacity of said candidate compound to inhibit the
kinase activity of the Yak1 polypeptide or fragment thereof, said kinase activity

being measured by a fluorescent and/or luminescent kinase assay.

47. The method of claim 46, wherein the Yak1 recombinant polypeptide has an

amino acid sequence substantially identical to SEQ ID NO: 1.
!

48. The method of claim 46, wherein the Yak1 recombinant polypeptide has an

amino acid sequence substantially identical to SEQ ID NO: 4.

49. The method of claim 46, wherein the Yak1 recombinant polypeptide has an
amino acid sequence substantially identical to SEQ ID NO: 10.

50. A compound obtained by the method of any one of claims 46 to 49, said
compound having the capacity of affecting biofilm formation of a Candida strain

51. A method for selecting a biofilm formation inhibitor of a Candida strain
acting through a Yak1 dependent pathway, comprising the implementation
of the method of claim 42 and the method of claim 46 whatever the order

the two methods are implemented.



10

WO 2006/059228 PCT/IB2005/003941

62

52. A purified or isolated polypeptide involved in Candida biofilm formation
comprising an amino acid sequence substantially identical to SEQ ID NO:
1.

53. A purified or isolated polynucleotide encoding the purified polypeptide of

claim 52.

54. The polynucleotide of claim 53 comprising the nucleic acid sequence SEQ
ID NO: 5.

55. A purified or isolated polypeptide having a kinase activity sensitive to N-

MPP1 comprising the amino acid sequence SEQ ID NO: 9.

56. A sir4 mutant Candida strain filed at the C.N.C.M. on November 30, 2005

under the reference number |-3532.
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MAYNNNNNSSNYNYNEFNRHNSIGGNWHLPPPPPPPTQLTSSGAYHHOQQOOQHLOQHLSPNHP
NGODILSSSDSQFLSQLKONQIPGFRNPWESQQOONSTPNMLSSSSSASSSLSQSPTKSHQIP
LLOQHOPPLLNKRLSFTNNLPITYEHESSSNSSSNNNSSSNGNGNNNNNDNNTNVPPYTHPP
TRADNPFNHYFATQEVTLGSNDRRMSAAVDGTHYNPYGFNQQLNAYPSGPAGIAGTQYLNNP
NLGPLVNANRRSSVGVLPNYYROQOOQQOQVODQSTAAAAAAAAAAAYYLPPARLGRSTLIVQY
QOYQOALHNQRITKHKNPAPKARKIYNKLDLTPKFHQHPKYRRCSINSIHISPVNALSIYLT
ESYSLCQPRKFQYSKSTNPKRVLTKPLEPKYNNGYDNEDSDYILYVNDVLGSEEGKKYMVLD
LLGSGTFGOQVVKCONLNNQTVCAVKVIKSKPAYMNQSLTEVRLLEFLNANSDGKNFIRLLDT
FMHKEHLCLVFEILASNLYELIKONQFQGLNMKLVKLLTKQLLDSMAQLKNFOMIHCDLKPE
NILLCOPDKPNIKVIDEGSACEFTRNTIYTYIQSRFYRSPEVILGLPYTESIDMWSLGCIVGE
LELGLPMFPGTSEYNQIFKIVDMLGPPPRHMIEVGKNSEFNFFKKKVNTTTTTINNNNNNTSE
TKPIYELKSFDEYCQFLEYKROKQEGATSTTNNNTNSSSSSNHHNNNHKKEQPNKNYFKHKL
LKDIIINYKLPSKKMTNSMIEKEYHDRLLLIDFLTKVLNLNPLERLTPQEALKHPFIIDVNT
TDL ’

FIGURE 14

MNLSSFTPSLRWLIIWTSLIPLLLAKDDYSSSLSNNNLGWTDPTEFPLGCSPNVTTPKNGLS
MELYSYDYLKSGSNPCWDAAYLDPNYPRTGYKSHRLLAKVENVAGNINFYYHAPMGCTSLFD
TLPQAYNYRTPLTMTNFTMLLYGYFKPKVIGYHTFTISADDLLFVNEGAGNAFDCCKRESSA
DDFGNYQAYAVWGSQTAKDDLTVHLDAGLYYPIRIFENNRDNDGALSLTLKTESDSNPVIDE
SDYFYSFDDTKDGCPGLVSYDTSCASVDSSTIIGVDYLTETPNKNLVPITRTIYHLGIPCTL
STTGKLCSTGFYDPLADSCVPTTKLSTLITSEPSSESSSETLYYSSSRSPSSSVSYSEHTST
NSSSPISSITNSTPSLSSQYTSTKESSITNSTKSPYSPSRSSSSSDISSETNSESSVYTLPRS
SSKPITSKTYQKNSTGVMSTSTDVKSTTLCSSVPTSKFGSSRSLESSVIDSTSSFVNNTNHQ
SEFTTESGTTSVNPSNLSTQISRMSSFSTFAKATTKISSSVQTSSHILQSPTTVSYMDHTRNR
TEASCSLDITNKLLFQQCAFNSVPEFHSKTOMSRSQIPFATYTTSSDKSVYYSSSGSASGIM
VSIESSIGFSISKTNSENTKNPHSIILQIQSEEAFTNYATTTETSSKEFKLADNNDSTNVGN I
QIETITIQGSGSDLVTMSGATVLEFFIVQLFGMFE

FIGURE 15
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MNLSSFTPSLRWLIIWTSLIPLLLAKDDYSSFLSNNNLGWTDPTEFPLGCSPNVITPKNGLS
MELYSYDLRKNGSYPCWDAAYLDPNYPRTGYKSHRLLAKVDGVTGNINFYYHATKGCTPELD
HLPASYNYPKPLTMTNFTMLLYGYFKPKVTGYHTFTISADDLLFVNFGAGNAFDCCKRESSA
DDFGNYQAYAVWGSQTAKDDLTVHLDAGLYYPIRIFFNNREYDAELSLTLKTESDSNPVIDE
SDYFYSFDDTKDGCPGLVSYDTSCASVDSSTIIGVDYLTETPNTNLVPITKTIYHLGIPCTL
STTGTLCSTGFYDPLADSCVPTTTVSTLITSEPSSESSSETLYYSSSRSPSSSVSYSEHTST
NSSSPISSITNSTPSLSSQYTSTKFSITNSTKSSYSPSRSSSSSDISSETNSDSSVYTLPSS
SKPITSKTYQKNSTGVMSTSTDVKSTTLCSSVPTSKFGSSRSLESSVIDSTSSFVNNTNHQS
FITESGTTSVNSSNLSTQISRMSSFSTFDKATTKISSSVQTSSHILQSPTTVSYMDHTRDRT
EASCSLDITNKLLFQQCAFNSVPEFQSKTOMSRSQIPFATYTTSSDKSVYYSRSGSSSGIMV
SIESSIGFSISKTNSENTKNPQSIILQVQSEEAFTNYATTTETSSKSKLADNNDSANVGNIQ
IETIIQGSGSDLVTMTGATVLFFFIVQLFGMF

FIGURE 16

LHLTPKFHQHPKYRRCSINSIHISPVNALSIYLTESYSLCQPRKFQYSKSTNPKRVLTKP
SEPKYNNGYDNEDSDYILYVNDVLGSEEGKKYMVLDLLGSGTFGQVVKCONLNNQTVCAV
KVIKSKPAYMNQSLTEVRLLEFLNANSDGKNFIRLLDTFMHEKEHLCLVFEILASNLYELT
KONQFQGLNMKLVKLLTKQLLDSMAQLKNFOMIHCDLKPENILLCQPDKPNIKVIDFGSA
CEFTRNTIYTYIQSREYRSPEVILGLPYTESIDMWSLGCIVGELFLGLPMFPGTSEYNQIF
KtVDMLGPPPRHMIEVGKNSFNFFKKKVNTTTTTINNNNNNTSETKPIYELKSFDEYCQF
LEYKRQKQEGATSTTNNNTNSSSSSNHHNNNHKKEQPNKNYFKHKLLKDI I INYKLPSKK
MTNSMIEKEYHDRLLLIDFLTKVLNLNPLERLTPQEALKHPFIIDVNTTDL

FIGURE 17
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ATGGCATATAATAACAATAACAACAGTTCTAATTATAATTATAATTTTAATCGACACAATTC
TATAGGAGGAAATTGGCATTTACCTCCACCACCACCTCCACCAACTCAACTTACTTCTAGTG
GTGCATACCACCACCAACAACAACAACAGCACCTGCAGCAACATTTATCACCTAATCATCCT
AATGGCCAAGATATTTTATCATCATCAGATTCTCAATTCCTGTCACAATTAAAACAAAATCA
AATTCCTGGATTCCGTAACCCTTGGTTTTCTCAACAACAAAATTCTACCCCTAATATGTTAT
CATCTTCATCATCTGCATCATCTTCATTATCTCAATCACCGACTAAATCACATCAAATACCA
TTATTACAACAACATCAACCTCCATTACTAAATAAACGATTATCATTTACAAATAATTTACC
AATAACTTATGAACATGAAAGTAGTAGTAATAGTAGTAGTAACAACAACAGCAGCAGCAATG
GCAATGGCAACAATAATAACAATGATAATAATACTAATGTACCACCATATATACATCCACCA
ACTCGTGCTGATAATCCATTTAATCATTATTTTGCCACTCAAGAAGTTACTTTGGGTAGTAA
TGACCGAAGAATGTCGGCTGCTGTAGATGGAACTCATTATAATCCATATGGATTCAATCAAC
AACTTAATGCTTATCCTTCTGGTCCTGCTGGAATTGCTGGTACTCAATATCTTAATAATCCT
AATTTGGGTCCACTGGTAAATGCCAATAGAAGATCATCTGTAGGGGTATTACCCAATTATTA
TCGTCAACAACAACAACAACAAGTTCAAGATCAGTCTACTGCTGCTGCTGCTGCTGCTGCTG
CGGCAGCGGCATATTATCTTCCACCAGCTAGATTGGGAAGATCAACTCTGATTGTTCAATAT
CAACAATATCAACAAGCATTACACAATCAAAGAATAACTAAACATAAGAACCCTGCACCCAA
GGCAAGGAAAATATATAATAAATTGGATTTAACGCCTAAATTCCATCAACACCCTAAATATA
GACGATGTTCTATAAATTCAATTCATATATCACCAGTCAATGCCTTATCGATATATTTAACA
GAATCATATAGTTTATGTCAACCAAGAAAATTCCAATATTCGAAATCAACTAATCCTAAACG
AGTATTAACTAAACCACTGGAACCTAAATATAATAATGGGTATGATAATGAAGATAGTGATT
ATATTTTATATGTTAATGATGTATTAGGAAGTGAAGAAGGGAAAAAATATATGGTATTAGAT
TTATTAGGTTCAGGTACATTTGGACAAGTAGTTAAATGTCAAAATCTTAATAATCAAACTGT
TTGTGCTGTTAAAGTGATCAAATCGAAACCAGCATATATGAATCAATCATTAACTGAAGTTC
GATTATTAGAATTTTTAAATGCTAATAGTGATGGGAAAAATTTCATTCGATTATTGGATACA
TTTATGCATAAAGAACATCTTTGTTTAGTATTTGAAATCTTGGCATCGAATTTATATGAATT
AATTAAACAAAATCAATTTCAAGGTCTTAATATGAAATTAGTTAAATTATTAACTAAACAAT
TGTTAGATTCAATGGCTCAATTGARAAATTTCCAAATGATTCATTGTGAT TTAAAACCAGAA
AATATCTTATTATGTCAACCCGATAAACCCAATATAAAAGTCATTGATTTTGGTAGTGCTTG
TTTCACAAGAAATACTATATATACTTATATTCAATCAAGATTTTATCGATCACCAGAAGTAA
TATTAGGTTTACCTTATACTGAATCAATTGATATGTGGTCATTAGGTTGTATCGTGGCGGAA
TTATTTTTAGGTTTACCAATGTTTCCTGGAACTTCAGAATATAATCAAATTTTTAAAATTGT
TGATATGTTGGGTCCTCCACCAAGACATATGATTGAAGT TGGGAAAAATTCATTCAATTTCT
TTAAAAAGAAAGTCAACACCACCACCACCACCATCAACAACAATAATAATAATACTTCAGAA
ACAAAACCAATTTATGAACTTAAATCATTTGATGAATATTGTCAATTTTTAGAATATAAACG
ACAAAAACAAGAAGGTGCTACATCTACAACCAACAACAATACTAATAGTAGTAGTAGTAGTA
ATCATCATAATAATAATCATAAAAAGGAACAACCAAATAAAAATTATTTTAAACATAAATTA
TTAAAAGATATTATTATTAATTATAAATTACCTTCAAAAAAAATGACAAATTCAATGATTGA
AAAAGAATATCATGATCGATTATTATTAATTGATTTTTTAACTAAAGTACTCAATTTAAATC
CATTAGAAAGATTAACACCTCAAGAAGCTTTAAAACATCCATTTATTATTGATGTTAATACC
ACTGATTTATAA '

]

FIGURE 18
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ATGAATTTATCATCTTTTACACCATCTCTAAGATGGTTGATTATCTGGACTTCTTTGATACC
TTTACTATTGGCAAAGGATGACTATTCTTCCTCCTTGTCCAATAATAATTTAGGATGGACGG
ACCCTACTGAATTTCCTCTTGGATGTTCACCAAATGTTACAACACCAAAAAATGGATTGTCG
ATGGAACTTTATTCCTATGATTATTTGAAATCAGGATCGAATCCATGTTGGGATGCAGCATA
TCTAGATCCGAATTATCCTCGAACAGGCTATAAATCACACAGACTTCTTGCAAAAGTTGAAA
ATGTTGCTGGAAATATAAATTTTTATTATCATGCCCCAATGGGGTGTACTTCGCTGTTTGAT
ACATTACCACAAGCTTATAACTATCGTACACCATTGACAATGACAAATTTTACTATGTTACT
CTATGGCTACTTTAAACCAAAAGTAACCGGTTATCATACGTTTACAATTTCGGCCGACGATT
TACTGTTTGTGAATTTTGGGGCTGGTAACGCGTTTGATTGTTGTAAAAGGGAATCCAGCGCT
GATGACTTTGGTAATTATCAGGCTTATGCCGTATGGGGTTCTCAAACAGCTAAGGATGATTT
AACAGTTCATTTAGATGCAGGTCTATACTATCCAATTAGAATTTTCTTTAATAATAGAGACA
ATGATGGTGCATTAAGTCTAACATTAAAAACTGAGTCAGATTCGAACCCTGTAATAGACTTC
TCTGACTATTTCTATTCATTTGATGATACAAAAGATGGTTGTCCAGGCTTAGTTAGTTATGA
TACTTCGTGTGCCTCAGTTGACTCATCTACAATCATCGGTGTTGACTACCTAACAGAAACAC
CAAACAAAAATCTAGTTCCAATCACTAGAACAATTTACCATCTAGGAATTCCTTGTACTCTA
TCCACAACAGGTAAATTATGCAGCACCGGGTTTTATGACCCGTTAGCAGATAGTTGTGTGCC
AACAACAAAACTCTCGACTCTGATAACATCAGAACCAAGTTCAGAGTCTTCTTCTGAAACTT
TATACTACTCTTCGAGTAGAAGCCCTTCTTCAAGTGTTTCATATTCGGAACATACTAGTATC
AACAGCAGCAGTCCTATCTCATCGATCACCAATAGTACTCCTTCATTATCTTCTCAATATAC
TTCTACCAAGTTTTCTTCAATAACCAACTCTACGAAGTCACCATATTCACCAAGTCGTTCTA
GTTCATCATCTGATATATCTTCTGAAACAAACTCTGAAAGTTCAGTCTATACACTACCAAGT
AGTAGCAAACCGATAACATCTAAAACCTACCAGAAGAATAGTACTGGGGTTATGTCTACGAG
CACAGATGTGAAATCAACAACTTTATGCAGTTCGGTTCCTACAAGTAAATTTGGTTCAAGTA
GGTCATTAGAATCGTCAGTAATTGATTCAACATCATCCTTTGTCAATAATACAAACCATCAA
TCATTTACTACAGAATCAGGTACCACTTCAGTTAACCCAAGCAATCTATCCACACAGATTTC
AAGGATGTCAAGTTTTTCTACATTTGCTAAGGCCACTACAAAAATAAGTTCATCTGTACAAA
CCTCCAGTCATATTCTACAAAGCCCAACAACAGTTTCATATATGGATCACACACGTAACAGA
ACAGAGGCTAGCTGTTCTTTGGACATTACGAATAAGCTTCTGTTCCAACAGTGTGCTTTTAA
TTCAGTTCCAGAGTTTCATAGCAAAACGCAGATGTCTAGATCTCAAATTCCCTTCGCAACTT
ACACAACTTCCTCAGACAAATCTGTTTATTACTCTAGCAGTGGGAGTGCTTCAGGTATAATG
GTTTCTATAGAGAGTTCCATTGGTTTTTCCATTTCAAAAACTAATTCTGAGAATACCAAGAA
CCCTCACTCTATTATTTTGCAAATACAATCTGAAGAAGCATTCACTAATTATGCTACTACAA
CAGAGACATCTTCAAAATTTAAACTGGCAGACAATAATGATTCTACTAATGTTGGAAACATA
CAAATTGAAACTATTATCCAAGGTTCTGGTTCTGATCTTGTGACGATGTCTGGGGCARCAGT
ATTGTTCTTTTTCATCGTGCAGCTATTTGGCATGTTCTAG

FIGURE 19
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ATGAATTTATCATCTTTTACACCATCTCTAAGATGGTTGATTATCTGGACTTCTTTGATACC
TTTACTATTGGCAAAGGATGACTATTCTITCCTTCTTGTCCAATAATAATTTAGGATGGACGG
ACCCTACTGAATTTCCTCTTGGATGTTCACCAAATGTTACAACACCAARARAATGGATTGTCG
ATGGAACTTTATTCCTATGATTTACGGAAGAATGGTTCGTACCCATGTTGGGATGCCGCATA
TTTAGATCCCAATTACCCTAGAACTGGCTATAAAAGCCACAGACTTCTAGCAAAAGTTGATG
GTGTTACCGGTAATATAAATTTCTATTATCATGCAACCAAAGGATGCACACCCGAATTAGAT
CATTTACCGGCAAGCTATAATTACCCTAAGCCATTAACAATGACAAATTTTACTATGTTACT
CTATGGCTACTTTAAACCAAAAGTAACCGGTTATCATACGTTTACAATTTCGGCCGACGATT
TACTGTTTGTGAATTTTGGGGCTGGTAACGCGTITTGATTGTTGTARAAGGGAATCCAGCGCT
GATGACTTTGGTAATTATCAGGCTTATGCCGTATGGGGTTCTCAAACAGCTAAGGATGATTT
AACAGTTCATTTAGATGCAGGTCTATACTATCCAATTAGAATTTTCTTTAATAATAGAGAAT
ATGATGCTGAATTAAGTCTAACATTAAAAACTGAGTCAGATTCGAACCCTGTAATAGACTTC
TCTGACTATTTCTATTCATTTGATGATACAAAAGATGGTTGTCCAGGCTTAGTTAGTTATGA
TACTTCGTGTGCCTCAGTTGACTCATCTACAATCATCGGTGTTGACTACCTAACAGAAACAC
CAAACACAAATCTAGTTCCAATCACTAAAACAATTTACCATCTAGGAATTCCTTGTACTCTA
TCCACAACAGGTACATTATGCAGCACCGGGTTTTATGACCCGTTAGCAGATAGTTGTGTGCC
AACAACAACAGTCTCGACTCTGATAACATCAGAACCAAGTTCAGAGTCTTCTTCTGAAACTT
TATACTACTCTTCGAGTAGAAGCCCTTCTTCAAGTGTTTCATATTCGGAACATACTAGTATC
AACAGCAGCAGTCCTATCTCATCGATCACCAATAGTACTCCTTCATTATCTTCTCAATATAC
TTCTACCAAGTTTTCAATAACCAACTCTACGAAGTCATCATATTCACCAAGTCGTTCTAGTT
CATCATCTGATATATCTTCTGAAACAAACTCTGATAGTTCAGTCTATACACTACCAAGTAGT
AGCAAACCGATAACATCTAAAACCTACCAGAAGAATAGTACTGGGGTTATGTCTACGAGCAC
AGATGTGAAATCAACAACTTTATGCAGITCGGTTCCTACAAGTAAATTTGGTTCAAGTAGGT
CATTAGAATCGTCAGTAATTGATTCAACATCATCTTTTGTCAATAATACAAACCATCAATCA
TTTACTACAGAATCAGGTACCACTTCAGTTAACTCAAGCAATCTATCCACACAGATTTCAAG
GATGTCAAGTTTTTCTACATTTGATAAGGCCACTACAAAAATAAGTTCGTCTGTACAAACTT
CCAGTCATATTCTACAAAGCCCAACAACAGTTTCATATATGGATCACACACGTGACAGAACA
GAGGCTAGCTGTTCTTTGGACATTACGAATAAGCTTCTGTTCCAACAGTGTGCTTTTAATTC
AGTTCCAGAGTTTCAAAGCAAAACGCAGATGTCTAGATCTCAAATTCCCTTCGCAACTTACA
CAACTTCCTCAGACAAATCTGTTTATTACTCTAGAAGTGGGAGTTCTTCAGGTATAATGGTT
TCTATAGAGAGTTCCATTGGTTTTTCCATTTCAAAAACTAATTCTGAGAATACCAAGAACCC
TCAATCTATTATTTTGCAAGTTCAATCTGAAGAAGCATTCACTAATTATGCTACTACAACAG
AGACATCTTCAAAATCTAAACTGGCAGACAATAATGATTCTGCTAATGTTGGAAACATACAA
ATTGAAACTATTATCCAAGGTTCTGGTTCTGATCTTGTGACGATGACTGGGGCAACAGTATT
GTTCTTTTTCATCGTGCAGCTATTTGGTATGTTCTAG

FIGURE 20
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CTGCATTTAACGCCTAAATTCCATCAACACCCTAAATATAGACGATGTTCTATAAATTCAAT
TCATATATCACCAGTCAATGCCTTATCGATATATTTAACAGAATCATATAGTTTATGTCAAC
CAAGAAAATTCCAATATTCGAAATCAACTAATCCTAAACGAGTATTAACTAAACCACTGGAA
CCTAAATATAATAATGGGTATGATAATGAAGATAGTGATTATATTTTATATGTTAATGATGT
ATTAGGAAGTCAAGAAGGGAAAAAATATATGGTATTAGATTTATTAGGTTCAGGTACATTTG
GACAAGTAGTTAAATGTCAAAATCTTAATAATCAAACTGTTTGTGCTGTTAAAGTGATCAAA
TCGAAACCAGCATATATGAATCAATCATTAACTGAAGTTCGATTATTAGAATTTTTAAATGC
TAATAGTGATGGGAAAAATTTCATTCGATTATTGGATACATTTATGCATAAAGAACATCTTT
GTTTAGTATTTGAAATCTTGGCATCGAATTTATATGAATTAATTAAACAAAATCAATTTCAA
GGTCTTAATATGAAATTAGTTAAATTATTAACTAAACAATTGTTAGATTCAATGGCTCAATT
GAAAAATTTCCAAATGATTCATTGTGATTTAAAACCAGAAAATATCTTATTATGTCAACCCG
ATAAACCCAATATAAAAGTCATTGATTTTGGTAGTGCTTGTTTCACAAGAAATACTATATAT
ACTTATATTCAATCAAGATTTTATCGATCACCAGAAGTAATATTAGGTTTACCTTATACTGA
ATCAATTGATATGTGGTCATTAGGTTGTATCGTGGGGGAATTATTTTTAGGTTTACCAATGT
TTCCTGGAACTTCAGAATATAATCAAAT?TTTAAAATTGTTGATATGTTGGGTCCTCCACCA
AGACATATGATTGAAGTTGGGAAAAATTCATTCAATTTCTTTAAAAAGAAAGTCAACACCAC
CACCACCACCATCAACAACAATAATAATAATACTTCAGAAACAAAACCAATTTATGAACTTA
AATCATTTGATGAATATTGTCAATTTTTAGAATATAAACGACAAARACAAGAAGGTGCTACA
TCTACAACCAACAACAATACTAATAGTAGTAGTAGTAGTAATCATCATAATAATAATCATAA
AAAGGAACAACCAAATAAAAATTATTTTAAACATAAATTATTAAAAGATATTATTATTAATT
ATAAATTACCTTCAAAAAAAATGACAAATTCAATGATTGAAAAAGAATATCATGATCGATTA
TTATTAATTGATTTTTTAACTAAAGTACTCAATTTAAATCCATTAGAAAGATTAACACCTCA
AGAAGCTTTAAAACATCCATTTATTATTGATGTTAATACCACTGATTTATAAgaataagaat
aagaataacaatgtggagggagggggaggttgaccagtattaagttttatactctttaatga
tactttttaattaattttgtttatgtaacaatcttgttttttgttaagaactgaatatggtt
tatatagcatcatataattttettaataggaataggaataagaataggaatatgaataatag
gaataggaatagtcataataataatgaattgaattggtatatcaacttgacaattaaaagaa
tggtcgtgtagaattgtaaatttteccaaaaaaaaaaagaaaaaaaatcttcaactetttca
gaagaagaacactggaaatcaacaaagtgtcaaccattcaaccatttaaccatttaactaac
cctcaataatatctacatcttgetattgaattggaatagattatcactacattgttttataa
tagagaataatcattatcattatcattatcattatcattagttttcagaaaagactacacct
tcaattaaatctgtaaatataatcaacaacattatttaaaaaaaaaataaattattgatcac
aataaaaacccaataattatcaatctaattacaatctacatttggacgaaaacaataaatca
tttattaatactatcatttttaaaaccattatagaaacatatatatatatatatatatacac
acacacattatcatacttactagcaacctatcattatgaétgtatcaactagtgctttagga
gt;agaagaagaaaagtaacaacacaaaacattgatgatgaagaaaattctgccgtattaaa
attaggaccagaattccaactaaatcaaatcacaaatgatggagaagaacaacaattaattg
cattaaatttatccgaagcaagattattaattcgagcagcattaaaagaaagaaaacataat
aaaaataaaaataaaaccagaaaaaagggaggtaataataataatagtagtagtatt

FIGURE 21
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MAYNNNNNSSNYNYNFNRHNSIGGNWHLPPPPPPPTQLTSSGAYHHQQQQQHLQQHLSPNHP
NGQDILSSSDSQFLSQLKQNQIPGFRNPWFSQQQNSTPNMLSSSSSASSSLSQSPTKSHQIP
LLQQHQPPLLNKRLSFTNNLPITYEHESSSNSSSNNNSSSNGNGNNNNNDNNTNVPPYIHPP
TRADNPFNHYFATQEVTLGSNDRRMSAAVDGTHYNPYGFNQQLNAYPSGPAGIAGTQYLNNP
NLGPLVNANRRSSVGVLPNYYROOQQQOVQODQSTAAAAAAAAAAAY YLPPARLGRSTLIVOQY
QQYQQALHNQRITKHKNPAPKARKIYNKLDLTPKFHQHPKYRRCSINSIHISPVNALSIYLT
ESYSLCQPRKFQYSKSTNPKRVLTKPLEPKYNNGYDNEDSDYILYVNDVLGSEEGKKYMVLD
LLGSGTFGQVVKCQNLNNQTVCAVKVIKSKPAYMNQSLTEVRLLEFLNANSDGKNFIRLLDT
FMHKEHLCLV%EILASNLYELIKQNQFQGLNMKLVKLLTKQLLDSMAQLKNFQMIHCDLKPE
NILLCQPDKPNIKVIDFGSACFTRNTIYTYIQSRFYRSPEVILGLPYTESIDMWSLGCIVGE
LFLGLPMFPGTSEYNQIFKIVDMLGPPPRHMIEVGKNSFNFFKKKVNTTTTTINNNNNNTSE
TKPIYELKSFDEYCQFLEYKRQKQEGATSTTNNNTNSSSSSNHHNNNHKKEQPNKNYFKHKL
LKDT I INYKLPSKKMTNSMIEKEYHDRLLLIDFLTKVLNLNPLERLTPQEALKHPFTIIDVNT
TDL

FIGURE 22 g
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MVQIYYNENQALEPMOHNQANGIWKAS YMDEANADSKRFAFTNPWGNEK I DEDEAMSYNYSS
ANSTADVDMNSDMYKRRKSSLVVPPSRAAAPNPFQYETMQNSTGTAQRAMYPESSAYQQQRQ
IMVPHQQQGQLASRFNSRFVPSLYNPQEFQRRQSLATAQFSTPSSLHGSASNQAFNTGSGNN
GVNLNYASANVTTNNSSTYLSAMTPNVPMEMGNIPLASPHRRLSAFPTSGTTNSSLQPPFKQ
LRRDEGSPRQIVIPQMHRCHSKNDLQPCINPNPKFRRASLHSNTISPLIGLTKSLLTTYALC
SPDFTYQTSKNPKRVLTKPSEGKYNNGYDNVNSDYILYVNDVLGTEQNRKYLVLDILGQGTF
GQVVKCONLQTKEIIAVKVVKSRSEYLNQSISEAKILELLNEKIDPNNKHHFLRMHDS FVHK
NHLCLVFELLSNNLYELLKONKFHGLSIQLIRTFTIQILDSLCVLKDSKLIHCDLKPENTILL
CSPDKPDLKVIDEFGSSCEETRTVYTYIQSRFYRAPEIILGIPYSTS IDMWSLGCIVAELFLG
IPIFPGSSEFNQLTRIITTLGYPPTWMIDMGKSSHKFLKKLNTLNLDMTNINDVEAQNNNAN
YTTANRMQKNQPTAKYRLKTIEEFNRDNNASEKVGKQYFKWALLEDIIRNYRIHKNIQKSPE
LIEQEMKNRECLIHFLKGILNLNPLERWTPQQAAMHPFITQQPFTGKWFPPGSFNTMNTSNF
GSQPRQEGNNSNNMKPNSQEGPTKEFTNLKIIED

FIGURE 23
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atggtacagatatactataatgagaaccaagcgttagaaccgatgcaacacaaccaagctaa
cggcatatggaaggcctcctacatggacgaggccaatgcagactctaagaggttcegecattca
Cctaacccatggggcaatgaaaagatagacgaggacgaggccatgtcecctacaactactcgage
gctaacagcaccgctgatgtggacatgaacagcgacatgtacaagecgtaggaaatcgagtcet
ggtggtaccgccttcaagagecegcagcaccgaaccctttccaatacgagactatgcaaaaca
gcacaggtacagcacagcgagctatgtacccagagtcgtcagegtaccaacaacaaagacag
atcatggtcccacaccagcaacaaggacaactggcatccaggttcaactctagattcgtgee
ctctttgtacaacccgcaggagttccaaagaagacaaagtctcgcectactgectcagttctcaa
caccatcaagtctgcatggttcagcgtccaatcaggcgttcaacacgggttccggcaacaat
ggtgttaatctgaactacgccagtgcaaatgtaacaactaacaattcatccacatatctgag
tgctatgaccccgaacgtaccgatggagatgggcaacataccattagcatccccacacagaa
ggctcagtgcttttectaccagtggcaccacaaactectcectttgcaaccaccatttaaacag
ctaagaagggacgagggttccccaaggcagatagtcatcccacagatgcacagatgecacte
caaaaatgatctacaaccgtgtattaatcctaacccaaaatttaggagagectectttgeact
cgaacaccatatcgcctcttatcggectcaccaagagtctgetgactacttacgeecctgtge
tcaccagacttcacttaccaaacatctaagaatccaaaacgtgtgctaacgaaaccaagcga
aggtaagtacaataacggctacgataatgtgaacagtgattacatcttgtacgtcaatgacg
ttcttggtactgagcagaatagaaagtacttagtgectggatatactgggtcaaggtactttce
ggacaagtggtgaagtgtcaaaatttgcaaacaaaggagattattgcagtcaaggtggtgaa
gtcgagatcagagtatttgaaccaaagtatcagtgaggccaagattttggaactgttaaacg
agaaaattgatccaaacaataagcatcacttcttaagaatgcatgactcctttgttcacaag
aatcacttgtgtctggtatttgaactgttaagtaataacctttatgagcttctcaaacagaa
caagttccatggtttgtctattcaactgataaggaccttcacaattcaaatattagattcct
tatgtgttctcaaggatagtaaattaatacattgtgatctgaaacctgaaaatatactttta
tgctcacctgataaaccagacttaaaggttatagattttggttcatcatgtgaggagacaag
aaccgtatacacatacattcaatcaagattttatagagcgccagagattatactaggtattce
catactctaccagtatcgacatgtggtcactgggttgtattgttgetgagttgtttttaggt
atccctatcttcccaggatcttctgagtttaaccaactgaccagaataatdaccacattagg
atatcctccaacgtggatgattgatatgggtaagagttctcataagttcttaaagaagectga
acactttgaacttggatatgactaatattaacgacgtggaagctcaaaataataatgctaat
tatactacggctaatagaatgcagaagaatcagccaactgctaagtatagattaaaaacgat
agaagagtttaatagagataataatgcttctgaaaaggttgggaagcagtactttaaatggg
cactattggaagatattatcagaaattatagaattcataagaatatccaaaaatcacctgaa
ttgatagagcaagagatgaagaacagagaatgcttgattcatttcttgaaaggtattttaaa
tttgaatccacttgaaaggtggaccccacaacaagcagccatgecatccatttataacacaac
aaccatttacaggtaaatggtttccaccagggtctttcaatactatgaataccagtaacttc
gggagtcaacccagacaagaaggcaataactctaataacatgaagccaaactctcaagaagg
gccaacaaaggagttcaccaacttgaagattatagaggattga '

FIGURE 24
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SEQUENCE LISTING

<120> POLYPEPTIDES INVOLVED IN CANDIDA BIOFILM FORMATION
AND USES THEREOF

<130> D23940-348752

<160> 54

<170> PatentIn version 3.3

<210> 1

<211> 809
<212> PRT
<213> Candida albicans

<220>

<223> Yakl amino acid sequence

<400> 1

Met Ala
1
Asn Arg

Pro Pro

Gln Gln
50

Gln Asp

65

Gln Asn

Asn Ser!
Leu Ser

His Gln
130

Pro Ile

145

Asn Ser

Thr Asn
Phe Asn
Arg Arg

210
Phe Asn
225 :
Gly Thr
Asn Arg
Gln Gln

Ala Ala

Tyr

Pro
35

Gln
Ile
Gln
Thr
Gln
115
Pro
Thr
Ser
Val
His
195
Met
Gln
Gln
Arg
Gln

275
Ala

Asn
Asn
20

Thr
His
Leu
Ile
Pro
100
Ser
Pro
Tyr
Ser
Pro
180
Tyr
Ser
Gln
Tyr
Ser
260
Gln

Ala

Asn
Ser
Gln
Leu
Ser
Pro
85

Asn
Pro
Leu
Glu
Asn
165
Pro
Phe
Ala
Leu
Leu
245
Ser

Val

Ala

Asn
Ile
Leu
Gln
Ser
70

Gly
Met
Thr
Leu
His
150
Gly

Tyxr

Ala.

Ala
Asn
230
Asn
Val
Gln

Tyr

Asn
Gly
Thr
Gln
55

Ser
Phe
Leu
Lys
Asn
135
Glu
Asn
Ile
Thr
Val
215
Ala
Asn
Gly
Asp

Tyr

Asn
Gly
Ser
40

His
Asp
Arg
Ser
Ser
120
Lys

Ser

His
Gln
200
Asp
Tyr
Pro
Val
Gln

280
Leu

Ser
Asn
25

Ser
Leu
Ser
Asn
Ser
105
His
Arg
Ser
Asn
Pro
185
Glu
Gly
Pro
Asn
Leu
265

Ser

Pro

Ser
10

Trp
Gly
Ser
Gln
Pro
90

Ser
Gln
Leu
Ser
Asn
170
Pro
Val
Thr
Ser
Leu
250
Pro

Thr

Pro

Asn
His
Ala
Pro
Phe
75

Trp
Ser
Ile
Ser
Asn
155
Asn
Thr
Thr
His
Gly
235
Gly
Asn

Ala

Ala

Tyr
Leu
Tyr
Asn
60

Leu
Phe
Ser
Pro
Phe
140
Ser
Asn
Arg
Leu
Tyr
220
Pro
Pro
Tyr

Ala

Arg

Asn
Pro
His
45

His
Ser
Ser
Ala
Leu
125
Thr
Ser
Asn
Ala
Gly
205
Asn
Ala
Leu
Tyr
Ala

285
Leu

Tyr
Pro
30

His
Pro
Gln
Gln
Ser
110
Leu
Asn
Ser
Asp
Asp
190
Ser
Pro
Gly
Val
Arg
270
Ala

Gly

Asn
15

Pro
Gln
Asn
Leu
Gln
95

Ser
Gln
Asn
Asn
Asn
175
Asn
Asn
Tyr
Ile
Asn
255
Gln
Ala

Arg

PCT/IB2005/003941

Phe
Pro
Gln
Gly
Lys
80

Gln
Ser
Gln
Leu
Asn
160
Asn
Pro
Asp
Gly
Ala
240
Ala
Gln

Ala

Ser



Thr
305
Arg
Asn
Arg
Ile
Tyr
385
Pro
Tyr
Leu
Asn
Pro
465
Leu
Phe
Asn
Lys
Leu
545
Leu
Ser
Phe
Ile
Leu
625
Val
Asn
Tle
Leu
Lys
705
Ser
Lys
Lys

His

WO 2006/059228

290
Leu

Ile
Lys
Cys
Tyr
370
Ser
Lys
Val
Asp
Leu
450
Ala
Asn
Met
Leun
Leu
530
Lys
Leu
Ala
Tyr
Asp
610

Pro

Asp

Ser

Asn
Lys
690
Gln
Ser
Asn

Leu

Asp
770

Ile
Thr
Leu
Ser
355
Leu
Lys
Tyr
Asn
Leu
435
Asn
Tyr
Ala
His
Tyxr
515
Val
Asn
Cys
Cys
Arg
595
Met
Met
Met
Phe
Asn
675
Ser
Glu
Ser
Tyr
Pro

755
Arg

vVal
Lys
Asp
340
Ile
Thr
Ser
Asn
Asp
420
Leu
Asn
Met
Asn
Lys
500
Glu
Lys
Phe
Gln
Phe
580
Ser
Trp
Phe
Leu
Asn
660
Asn
Phe
Gly
Asn
Phe
740

Ser

Leu

Gln
His
325
Leu
Asn
Glu
Thr
Asn
405
Val
Gly
Gln
Asn
Ser
485
Glu
Leu
Leu
Gln
Pro
565
Thr
Pro
Ser
Pro
Gly
045
Phe
Asn
Asp
Ala
His
725
Lys
Lys

Leu

Tyxr
310
Lys
Thr
Ser
Ser
Asn
390
Gly
Leu
Ser
Thr
Gln
470
Asp
His
Ile
Leu
Met
550
Asp
Arg
Glu
Leu
Gly
630
Pro
Phe
Asn
Glu
Thr
710
His
His
Lys

Leu

295
Gln

Asn
Pro
Ile
Tyr
375
Pro
Tyr
Gly
Gly
Val
455
Ser

Gly

Leu.

Lys,

Thr
535
Ile
Lys
Asn
Val
Gly
615
Thr
Pro
Lys
Asn
Tyx
695
Ser
Asn
Lys
Met

Tle
775

Gln
Pro
Lys
His
360
Ser
Lys
Asp
Ser
Thr
440
Cys
Leu
Lys
Cys
Gln
520
Lys
His
Pro
Thr
Ile
600
Cys
Ser
Pro
Lys
Thr
680
Cys
Thr
Asn
Leu
Thr

760
Asp

Tyr
Ala
Phe
345
Ile
Leu
Arg
Asn
Glu
425
Phe
Ala
Thr
Asn
Leu
505
Asn
Gln
Cys
Asn
Ile
585
Leu
Ile
Glu
Arg
Lys
665
Ser
Gln
Thr
Asn
Leu
745

Asn

Phe

2/23

Gln
Pro
330
His
Ser
Cys
Val
Glu

410
Glu

Val
Glu
Phe
490
Val
Gln
Leu
Asp
Ile
570
Tyr
Gly
Val
Tyr
His
650
Val
Glu
Phe
Asn
His
730
Lys

Ser

Leu

Gln
315
Lys
Gln
Pro
Gln
Leu
395
Asp
Gly
Gln
Lys
Val
475
Ile
Phe
Phe
Leu
Leu
555
Lys
Thr
Leu
Gly
Asn
635
Met
Asn
Thr
Leu
Asn
715
Lys
Asp
Met

Thr

300
Ala

Ala
His
Val
Pro
380
Thr
Ser
Lys
Val
Val
460
Arg
Arg
Glu
Gln
Asp
540
Lys
Val
Tyr
Pro
Glu
620
Gln
Ile
Thr
Lys
Glu
700
Asn
Lys
Ile
Ile

Lys
780

Leu
Arg
Pro
Asn
365
Arg
Lys
Asp
Lys
Val
445
Ile
Leu
Leu
Ile
Gly
525
Ser
Pro
Ile
Ile
Tyr
605
Leu
Ile
Glu
Thr
Pro
685
Tyx
Thr
Glu
Ile
Glu

765
vVal

His
Lys
Lys
350
Ala
Lys
Pro
Tyr
Tyr
430
Lys
Lys
Leu
Leu
Leu
510
Leu
Met
Glu
Asp
Gln
590
Thr
Phe
Phe
Val
Thr
670
Ile
Lys
Asn
Gln
Ile
750
Lys

Leu

Asn
Ile
335
Tyr
Leu
Phe
Leu
Ile
415
Met
Cys
Ser
Glu
Asp
495
Ala
Asn
Ala
Asn
Phe
575
Ser
Glu
Leu
Lys
Gly
655
Thr
Tyxr
Axg
Ser
Pro
735
Asn

Glu

Asn

PCT/IB2005/003941

Gln
320
Tyr
Arg
Ser
Gln
Glu
400
Leu
Val
Gln
Lys
Phe
4380
Thr
Ser
Met
Gln
Ile
560
Gly
Arg
Ser
Gly
Ile
640
Lys
Thr
Glu
Gln
Ser
720
Asn
Tyr
Tyr

Leu
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Asn Pro Leu Glu Arg Leu Thr Pro Gln Glu Ala Leu Lys His Pro Phe
785 790 795 800
Ile Ile Asp Val Asn Thr Thr Asp Leu
805
<210> 2
<211> 715
<212> PRT

<213> Candida glabrata

Met Asn Leu Ser Ser Phe Thr Pro Ser Leu Arg Trp Leu Ile Ile Trp

Thr Ser Leu Ile Pro Leu Leu Leu Ala Lys Asp Asp Tyr Ser Ser Ser
20 25 30
Leu Ser Asn Asn Asn Leu Gly Trp Thr Asp Pro Thr Glu Phe Pro Leu
35 40 45 '
Gly Cys Ser Pro Asn Val Thr Thr Pro Lys Asn Gly Leu Ser Met Glu
50 55 60
Leu Tyr Ser Tyr Asp Tyr Leu Lys Ser Gly Ser Asn Pro Cys Trp Asp
65 70 75 80
Ala Ala Tyr Leu Asp Pro Asn Tyr Pro Arg Thr Gly Tyr Lys Ser His
85 90 95
Arg Leu Leu Ala Lys Val Glu Asn Val Ala Gly Asn Ile Asn Phe Tyr
100 105 110
Tyr His Ala Pro Met Gly Cys Thr Ser Leu Phe Asp Thr Leu Pro Gln
115 120 125
Ala Tyr Asn Tyr Arg Thr Pro Leu Thr Met Thr Asn Phe Thr Met Leu
130 135 140
Leu Tyr Gly Tyr Phe Lys Pro Lys Val Thr Gly Tyr His Thr Phe Thr
145 150 155 160
Ile Ser Ala Asp Asp Leu Leu Phe Val Asn Phe Gly Ala Gly Asn Ala
165 170 175
Phe Asp Cys Cys Lys Arg Glu Ser Ser Ala Asp Asp Phe Gly Asn Tyr
180 185 190
Gln Ala Tyr Ala Val Trp Gly Ser Gln Thr Ala Lys Asp Asp Leu Thr
195 200 205
Val His Leu Asp Ala Gly Leu Tyr Tyr Pro Ile Arg Ile Phe Phe Asn
210 215 220
Asn Arg Asp Asn Asp Gly Ala Leu Ser Leu Thr Leu Lys Thr Glu Ser
225 230 235 240
Asp Ser Asn Pro Val Ile Asp Phe Ser Asp Tyr Phe Tyr Ser Phe Asp
245 250 255
Asp Thr Lys Asp Gly Cys Pro Gly Leu Val Ser Tyr Asp Thr Ser Cys
260 265 270
Ala Ser Val Asp Ser Ser Thr Ile Ile Gly Val Asp Tyr Leu Thr Glu
275 280 285
Thr Pro Asn Lys Asn Leu Val Pro Ile Thr Arg Thr Ile Tyr His Leu
290 295 300
Gly Ile Pro Cys Thr Leu Ser Thr Thr Gly Lys Leu Cys Ser Thr Gly
305 310 315 320
Phe Tyr Asp Pro Leu Ala Asp Ser Cys Val Pro Thr Thr Lys Leu Ser
325 330 335
Thr Leu Ile Thr Ser Glu Pro Ser Ser Glu Ser Ser Ser Glu Thr Leu
340 345 350
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Tyr Tyr Ser Ser Ser Arg Ser Pro

355
His Thr Ser
370
Thr Pro Ser
385
Thr Asn Ser

Ser Asp Ile

Pro Ser Ser
435
Thr Gly Val
450
Ser Ser Val
465
Ser Val Ile

Ser Phe Thr

Ser Thr Gln

. 515

Thr Thr Lys
530

Ser Pro Thr
545 .

Ala Ser Cys

Ala Phe Asn

Ser Gln Ile
595
Tyr Tyr Ser
610
Ser Ser Ile
625
Asn Pro His

Asn Tyr Ala

Asn Asn Asp
675
Gln Gly Ser
690
Phe Phe Phe
705

<210> 3
<211> 714
<212> PRT

Ile
Leu
Thr
Ser
420
Ser
Met
Pro
Asp
Thr
500
Ile
Ile
Thr
Ser
Ser
580
Pro
Ser
Gly
Ser
Thr
660
Ser

Gly

Ile

Asn Ser

Ser Ser
390

Lys Ser

405

Ser Glu

Lys Pro
Ser Thr
Thr Ser
470
Ser Thr
485
Glu Ser
Ser Arg
Ser Ser
Val Ser
550
Leu Asp
565
Val Pro
Phe Ala
Ser Gly
Phe .Ser
630
Ile Ile
645
Thr Thr
Thr Asn
Ser' Asp

Val\Gln
710

<213> Candida glabrata

!

<220>

Ser
375
Gln
Pro
Thr
Ile
Ser
455
Lys
Ser
Gly
Met
Ser
535
Tyr
Ile
Glu
Thr
Ser
615
Ile
Leu
Glu
Val
Leu

695
Leu

360
Ser

Tyr
Tyr
Asn
Thr
440
Thr
Phe
Ser
Thr
Ser
520
Val
Met
Thr
Phe
Tyr
600
Ala
Ser
Gln
Thr
Gly
680

Val

Phe

<223> Epa’ amino acid sequence

<400> 3

Serxr
Pro
Thr
Ser
Ser
425
Ser
Asp
Gly
Phe
Thr
505
Ser
Gln
Asp
Asn
His
585
Thr
Serxr
Lys
Ile
Ser
665
Asn

Thr

Gly
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Ser
Ile
Ser
Pro

410
Glu

Val
Ser
Val
490
Ser
Phe
Thr
His
Lys
570
Ser
Thr
Gly
Thr
Gln
650
Ser
Ile

Met

Met

Ser
Ser
Thr
395
Ser
Ser
Thr
Lys
Ser
475
Asn
Val
Ser
Ser
Thr
555
Leu
Lys
Ser
Ile
Asn
635
Ser
Lys
Gln

Ser

Phe
715

Val
Ser
380
Lys
Arg
Ser
Tyx
Ser
460
Arg
Asn
Asn
Thr
Ser
540
Arg
Leu
Thr
Ser
Met
620
Ser
Glu
Phe

Ile

Gly
700

Ser
365
Ile
Phe
Ser
Val
Gln
445
Thr
Ser
Thr
Pro
Phe
525
His
Asn
Phe
Gln
Asp
605
Val
Glu
Glu
Lys
Glu

685
Ala

Tyr
Thr
Ser
Ser
Tyr
430
Lys
Thr
Leu
Asn
Ser
510
Ala
Ile
Arg
Gln
Met
590
Lys
Ser
Asn
Ala
Leu
670

Thr

Thr

Ser
Asn
Ser
Ser
415
Thr
Asn
Leu
Glu
His
495
Asn
Lys
Leu
Thr
Gln
575
Ser
Ser
Ile
Thr
Phe
655
Ala

Ile

Val

PCT/IB2005/003941

Glu
Ser
Ile
400
Ser
Leu
Ser
Cys
Ser
480
Gln
Leu
Ala
Gln
Glu
560
Cys
Arg
Val
Glu
Lys
640
Thr
Asp

Ile

Leu

Met Asn Leu Ser Ser'Phe Thr Pro Ser Leu Arg Trp Leu Ile Ile Trp

1

5

10

15



Leu
65

Ala
Arg
Tyr
Ser
Leu
145
Ile
Phe
Gln
Val
Asn

225
Asp

Ala
Thr
Gly
305
Phe
Thr
Tyx
His
Thr
385
Asn
Asp
Ser
Gly
Ser
465
Val

Phe

WO 2006/059228

Ser
Ser
Cys
50

Tyr
Ala
Leu
His
Tyr
130
Tyr
Ser
Asp
Ala
His
210
Arg
Ser
Thr
Serx
Pro
290
Ile
Tyr
Leu
Tyr
Thr
370
Pro
Ser
Ile
Ser
Val
450
Val
Ile

Thr

Leu
Asn
35

Ser
Ser
Tyr
Leu
Ala
115
Asn
Gly
Ala
Cys
Tyr
195
Leu
Glu
Asn
Lys
Val
275
Asn
Pro
Asp
Ile
Ser
355
Ser
Ser
Thr
Ser
Ser
435
Met
Pro

Asp

Thr

Ile
20

Asn
Pro
Tyr
Leu
Ala
100
Thr
Tyr
Tyr
Asp
Cys
180
Ala
Asp
Tyr
Pro
Asp
260
Asp
Thr
Cys
Pro
Thr
340
Ser
Ile
Leu
Lys
Ser
420
Lys
Ser
Thr

Ser

Glu

Pro
Asn
Asn
Asp
Asp
85

Lys
Lys
Pro
Phe
Asp
165
Lys
Val
Ala
Asp
Val
245
Gly
Ser
Asn
Thr
Leu
325
Ser
Ser
Asn
Ser
Ser
405
Glu
Pro
Thr
Ser
Thr

485
Ser

Leu
Leu
Val
Leu
70

Pro
Val
Gly
Lys
Lys
150
Leu
Arg
Trp
Gly
Ala
230
Ile
Cys
Ser
Leu
Leu
310
Ala
Glu
Arg
Ser
Ser
390
Ser
Thr
Ile
Ser
Lys
470

Ser

Gly

Leu
Gly
Thr
55

Arg
Asn
Asp
Cys
Pro
135
Pro
Leu
Glu
Gly
Leu
215
Glu
Asp
Pro
Thr
Val
295
Ser
Asp
Pro
Ser
Ser
375
Gln
Tyr
Asn
Thr
Thr
455
Phe

Ser

Thr

Leu
Trp
Thr
Lys
Tyxr
Gly
Thr
120
Leu
Lys
Phe
Ser
Ser
200
Tyr
Leu
Phe
Gly
Ile
280
Pro
Thr
Ser
Ser
Pro
360
Ser
Tyr
Ser
Ser
Ser
440
Asp
Gly

Phe

Thr

Ala
25

Thr
Pro
Asn
Pro
Val
105
Pro
Thr
Val
Val
Ser
185
Gln
Tyr
Ser
Ser
Leu
265
Ile
Ile
Thr
Cys
Ser
345
Ser
Pro
Thr
Pro
Asp
425
Lys
Val
Ser

Val

Ser

5/23
Lys Asp

Asp Pro
Lys Asn

Gly Ser
75

Arg Thr

90

Thr Gly

Glu Leu
Met Thr

Thr Gly
155

Asn Phe

170

Ala Asp

Thr 'Ala
Pro Ile

Leu Thr
'235

Asp Tyr

250

Val Ser

Gly Vval
Thr Lys

Gly Thr
315

Val Pro

330

Glu Ser

Ser Ser
Ile Ser

Ser Thr
395

Ser Arg

410

Ser Ser

Thr Tyr
!

Lys Ser

Ser Arg
475

Asn Asn

490

Val Asn

Asp
Thr
Gly
Tyr
Gly
Asn
Asp
Asn
140
Tyr
Gly
Asp
Lys
Arg
220
Leu
Phe
Tyr
Asp
Thr
300
Leu
Thr
Ser
Val
Ser
380
Lys
Ser
Val
Gln
Thr
460
Ser

Thr

Ser

Tyr
Glu
45

Leu
Pro
Tyr
Ile
His
125
Phe
His
Ala
Phe
Asp
205
Ile
Lys
Tyr
Asp
Tyr
285
Ile
Cys
Thr
Ser
Ser
365
Ile
Phe
Ser
Tyr
Lys
445
Thr
Leu

Asn

Ser

Ser
30

Phe
Ser
Cys
Lys
Asn
110
Leu
Thr
Thr
Gly
Gly
190
Asp
Phe
Thr
Ser
Thr
270
Leu
Tyr
Ser
Thr
Glu
350
Tyr
Thr
Ser
Ser
Thr

430
Asn

Ser
Pro
Met
Trp
Ser
95

Phe
Pro
Met
Phe
Asn
175
Asn
Leu
Phe
Glu
Phe
255
Ser
Thr
His
Thr
Val
335
Thr
Ser
Asn
Ile
Ser
415
Leu
Ser
Cys
Ser
Gln

495
Leu

PCT/IB2005/003941

Phe
Leu
Glu
Asp
80

His
Tyr
Ala
Leu
Thr
160
Ala
Tyr
Thr
Asn
Ser
240
Asp
Cys
Glu
Leu
Gly
320
Ser
Leu
Glu
Ser
Thr
400
Ser
Pro
Thr
Ser
Ser
480

Ser

Ser



Thr
Thr
Pro
545
Ser
Phe
Gln
Tyr
Ser
625
Pro
Tyr
Asn

Gly

Phe
705

WO 2006/059228

Gln Ile
515

Lys Ile

530

Thr Thr

Cys Ser
Asn Ser

Ile Pro
595

Ser Arg

610

Ile Gly

Gln Ser
Ala Thr

Asp Ser
675

Ser Gly

690

Phe Ile

<210> 4
<211> 471
<212> PRT

<213>

<220>

<223>

<400> 4

Leu
1
Ser
Leu
Lys
Tyr
65
Asn
Leu
Asn
Tyr
Ala

145
His

His Leu
Ile Asn

Thr Glu
35

Ser Thr

50

Asn Asn

Asp Val
Leu Gly
Asn Gln

115
Met Asn
130

Asn Ser

Lys Glu

500
Ser

Ser
Val
Leu
Val
580
Phe
Ser
Phe
Ile
Thr
660
Ala

Ser

Val

Thr
Ser
20

Ser
Asn
Gly
Leu
Ser
100
Thxr
Gln
Asp

His

Arg
Ser
Ser
Asp
565

Pro

Ala

Ser
Ile
645
Thr
Asn

Asp

Gln

Pro
Ile
Tyr
Pro
Tyr
Gly
85

Gly
Val
Ser
Gly

Leu

Met
Ser
Tyr
550
Ile
Glu
Thr
Ser
Ile
630
Leu
Glu
Val

Leu

Leu
710

Candida albicans

Lys
His
Ser
Lys
Asp
70

Ser
Thr
Cys
Leu
Lys

150
Cys

Ser
Val
535
Met
Thr
Phe
Tyr
Ser
615
Ser
Gln
Thr
Gly
Val

695
Phe

Phe
Ile
Leu
Arg
Asn
Glu
Phe
Ala
Thr
135

Asn

Leu

Ser
520
Gln
Asp
Asn
Gln
Thr
600
Ser
Lys
Val
Ser
Asn
680
Thr

Gly

His
Ser
Cys
40

Val
Glu
Glu
Gly
Val
120
Glu
Phe

Val

505
Phe

Thr
His
Lys
Ser
585
Thr
Gly
Thr
Gln
Ser
665
Ile

Met

Met

Gln
Pro
25

Gln
Leu
Asp
Gly
Gln
105
Lys
Val

Ile

Phe

6/23

Ser
Ser
Thr
Leu
570
Lys
Ser
Ile
Asn
Ser
650
Lys
Gln
Thr

Phe

His
10

Val
Pro
Thr
Ser
Lys
90

Val
Val
Arg
Arg

Glu

Thr
Ser
Arg
555
Leu
Thr
Ser
Met
Ser
635
Glu
Ser

Ile

Gly

Yakl functional derivative amino acid

Pro
Asn
Arg
Lys
Asp
75

Lys
Val
Ile
Leu
Leu

155
Ile

Phe
His
540
Asp
Phe
Gln
Asp
Val
620
Glu
Glu
Lys
Glu

Ala
700

Asp
525
Ile
Arg
Gln
Met
Lys
605
Ser
Asn
Ala
Leu
Thr

685
Thr

510
Lys

Leu
Thr
Gln
Ser
590
Ser
Ile
Thr
Phe
Ala
670
Tle

Val

sequence

Lys
Ala
Lys
Pro
60

Tyr
Tyr
Lys
Lys
Leu
140

Leu

Leu

Tyr
Leu
Phe
45

Ser
Ile
Met
Cys
Ser
125
Glu
Asp

Ala

Arg
Ser
30

Gln
Glu
Leu
Val
Gln
110
Lys
Phe
Thr

Ser

Ala
Gln
Glu
Cys
575
Arg
Val
Glu
Lys
Thr
655
Asp

Ile

Leu

Arg
15

Ile
Tyr
Pro
Tyr
Leu
95

Asn
Pro
Leu

Phe

Asn

PCT/IB2005/003941

Thr
Ser
Ala
560
Ala
Ser
Tyr
Ser
Asn
640
Asn
Asn

Gln

Phe

Cys
Tyr
Ser
Lys
Val
80

Asp
Leu
Ala
Asn
Met

160
Leu
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B 7/23

165 170
Lys Gln

PCT/IB2005/003941

175
Met Lys
190

Gln

Gln Phe Asn Leu

185
Leu

Glu Ile Gln Asn Leu

180
Leu

Tyr Leu Gly
Ala
205

Asn

Val Thr Gln Leu Ser Met Leu

200
Asp

Leu Asp Lys
195

Gln

Lys Lys

Glu Leu Leu
220

Asp

Phe His Leu Pro Ile

210
Gln

Asn Met Ile Cys

215
Asn

Lys
Phe Ala
240
Tyr

Ile Val Ile
235

Ile

Pro Gly Ser
230

Thr

Cys Pro Lys
225

Cys

Asp Lys
Phe
255
Ile

Phe Thr Asn Ile Thr Gln Ser Arg

245
Val

Tyr
250
Pro

Arg Tyr

Thr Glu Ser
270

Gly

Glu
260
Leu

Ile Leu
265

Gly

Arg Ser Pro Leu Tyr Asp

Ile Val Phe Leu Pro

280
Tyr

Glu Leu
285

Lys

Met Sexr Leu
275

Pro

Trp Gly Cys

Glu Ile Val
295

Arg

Gln Ile Phe
300

Val

Met Phe Asn
290

Leu

Gly Thr Ser Asp

Ile Glu
315
Thr

Ser
320
Asn

Met His Asn
305

Phe

Pro Gly Lys
310

Lys

Gly Pro Pro Met

Thr Ile
335

Leu

Asn Phe Phe Lys Lys Val Asn Thr Thr

325
Asn Glu
' 350

Gln

Glu Thr
345

Leu

Asn Thr Ser Pro Ile Lys

340
Glu

Asn Asn Asn Tyr

Phe Gln
360

Asn

Ser Phe Gln Tyr Lys Arg

365
Ser

Asp Lys
355

Ala

Tyr Cys

Thr Asn Ser Ser Ser

380
Gln

Thr
375
Asn

Glu Gly Asn
370

Asn

Thr Ser Thr
Glu
395

Ile

Asn
400
Leu

Asn His iys Pro Asn

390
Leu

Ser His His Asn Lys

385
Tyxr

Lys

Ile
410
Ile

Phe His Leu Lys Asp Ile Asn Tyr Lys

415
His

Lys Lys
405
Met Met
425
Leu Thr
440 |

Gln Glu Ala
455 \

Leu

Pro Ser Thr Asn Ser Glu Lys Glu Tyr

430
Leu

Lys Lys Asp

420
Leu Val Pro

Asn Asn

445
Pro

Leu Ile Phe Leu

435
Arg

Arg Leu Asp Lys

His Phe Ile Ile

460

Glu
450
Val

Leu Leu Thr Pro Leu Lys

Asp Asn Thr Thr

465

Asp
470

<210> 5

<211> 2430

<212> DNA

<213> Candida albicans

<220>

<223> Yakl nucleic acid sequence
'

<400> 5

atggcatata
tctataggag
agtggtgcat
catcctaatg
caaaatcaaa
aatatgttat
catcaaatac
acaaataatt
aacagcagca
ccatatatac

ataacaataa
gaaattggca
accaccacca
gccaagatat
ttectggatt
catcttcatc
cattattaca
taccaataac
gcaatggcaa
atccaccaac

caacagttct
tttacctcceca
acaacaacaa
tttatcatca
ccgtaaccct
atctgcatca
acaacatcaa
ttatgaacat

tggcaacaat

tcgtgectgat

aattataatt
ccaccacctce
cagcacctgce
tcagattctc
tggttttcte
tcttcattat
cctccattac
gaaagtagta
aataacaatg
aatccattta

ataattttaa
caccaactca
agcaacattt
aattcctgtce
aacaacaaaa
ctcaatcacc
taaataaacg
gtaatagtag
ataataatac
atcattattt

tcgacacaat
acttacttct
atcacctaat
acaattaaaa
ttctacccct
gactaaatca
attatcattt
tagtaacaac
taatgtacca
tgccactcaa

60
120
180
240
300
360
420
480
540
600
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gaagttactt
aatccatatg
ggtactcaat
tctgtagggg
tctactgcetg
ttgggaagat
agaataacta
ttaacgccta
atatcaccag
agaaaattcc
cctaaatata
gtattaggaa
tttggacaag
atcaaatcga
ttaaatgcta
gaacatcttt
aatcaatttc
tcaatggctce
ttattatgte
acaagaaata
ttaggtttac
ttatttttag
gttgatatgt
ttctttaaaa
tcagaaacaa
tataaacgac
agtagtagta
aaacataaat
aattcaatga
gtactcaatt
attattgatg

<210> 6

<211> 2148
<212> DNA
<213>

<220>
<223> Epab
<400> 6

atgaatttat
cctttactat
acggacccta
ttgtcgatgg
gcagcatatc
aaagttgaaa
tcgctgtttg
tttactatgt
atttcggeeg
aaaagggaat
caaacagcta
attttcttta
gattcgaacc
ggttgtccag
atcggtgttg
atttaccatc
ttttatgacc
tcagaaccaa
tcttcaagtg

tgggtagtaa
gattcaatca
atcttaataa
tattacccaa
ctgctgctge
caactctgat
aacataagaa
aattccatca
tcaatgccett
aatattcgaa
ataatgggta
gtgaagaagg
tagttaaatg
aaccagcata
atagtgatgg
gtttagtatt
aaggtcttaa
aattgaaaaa
aacccgataa
ctatatatac
cttatactga
gtttaccaat
tgggtcctec
agaaagtcaa
aaccaattta
aaaaacaaga
atcatcataa
tattaaaaga
ttgaaaaaga
taaatccatt
ttaataccac

Candida glabrata

tgaccgaaga
acaacttaat
tcctaatttg
ttattatcgt
tgectgctgeg
tgttcaatat
ccctgeacec
acaccctaaa
atcgatatat
atcaactaat
tgataatgaa
gaaaaaatat
tcaaaatctt
tatgaatcaa
gaaaaatttc
tgaaatcttg
tatgaaatta
tttccaaatg
acccaatata
ttatattcaa
atcaattgat
gtttcctgga
accaagacat
caccaccacc
tgaacttaaa
aggtgctaca
taataatcat
tattattatt
atatcatgat
agaaagatta
tgatttataa

nucleic acid sequence

catcttttac
tggcaaagga
ctgaatttcc
aactttattc
tagatccgaa
atgttgctgg
atacattacc
tactctatgg
acgatttact
ccagegcetga
aggatgattt
ataatagaga
ctgtaataga
gcttagttag
actacctaac
taggaattcc
cgttagcaga
gttcagagtc
tttcatattc

accatctcta
tgactattct
tcttggatgt
ctatgattat
ttatcctcga
aaatataaat
acaagcttat
ctactttaaa
gtttgtgaat
tgactttggt
aacagttcat
caatgatggt
cttctctgac
ttatgatact
agaaacacca
ttgtactcta
tagttgtgtg
ttcttctgaa
ggaacatact

8/23

atgtcggctg
gcttatecctt
ggtccactgg
caacaacaac
gcagcggeat
caacaatatc
aaggcaagga
tatagacgat
ttaacagaat
cctaaacgag
gatagtgatt
atggtattag
aataatcaaa
tcattaactg
attcgattat
gcatcgaatt
gttaaattat
attcattgtg
aaagtcattg
tcaagatttt
atgtggtcat
acttcagaat
atgattgaag
accaccatca
tcatttgatg
tctacaacca
aaaaaggaac
aattataaat
cgattattat
acacctcaag

agatggttga
teccteettgt
tcaccaaatg
ttgaaatcag
acaggctata
ttttattate
aactatcgta
ccaaaagtaa
tttggggctyg
aattatcagg
ttagatgcag
gcattaagte
tatttctatt
tcgtgtgect
aacaaaaatc
tccacaacag
ccaacaacaa
actttatact
agtatcaaca

ctgtagatgg
ctggtcctge
taaatgccaa
aacaacaagt
attatcttce
aacaagcatt
aaatatataa
gttctataaa
catatagttt
tattaactaa
atattttata
atttattagg
ctgtttgtge
aagttcgatt
tggatacatt
tatatgaatt
taactaaaca
atttaaaacc
attttggtag
atcgatcacc
taggttgtat
ataatcaaat
ttgggaaaéa
acaacaataa
aatattgtca
acaacaatac
aaccaaataa
taccttcaaa
taattgattt
aagctttaaa

ttatctggac
ccaataataa
ttacaacacc
gatcgaatcc
aatcacacag
atgccccaat
caccattgac
ccggttatca
gtaacgcgtt
cttatgccgt
gtctatacta
taacattaaar
catttgatga
cagttgactc
tagttccaat
gtaaattatg
aactctcgac
actcttcgag
gcagcagtcc

PCT/IB2005/003941

aactcattat
tggaattgct
tagaagatca
tcaagatcag
accagctaga
acacaatcaa
taaattggat
ttcaattcat
atgtcaacca
accactggaa
tgttaatgat
ttcaggtaca
tgttaaagtg
attagaattt
tatgcataaa
aattaaacaa
attgttagat
agaaaatatc
tgcttgttte
agaagtaata
cgtgggggaa
ttttaaaatt
ttcattcaat
taataatact

atttttagaa

taatagtagt
aaattatttt
aaaaatgaca
tttaactaaa
acatccattt

ttctttgata
tttaggatgg
aaaaaatgga

atgttgggat ’

acttcttgeca
ggggtgtact

aatgacaaat’

tacgtttaca
tgattgttgt

atggggttet -

tccaattaga
aactgagtca
tacaaaagat
atctacaatc
cactagaaca
cagcaccggg
tctgataaca
tagaagccct
tatctcatcg

660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

© 1740

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2430

60
120
180
240
300
360
420

' 480
540
600
660
720
780
840
900
960

1020

v 1080

1140
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atcaccaata
accaactcta
tctgaaacaa
tctaaaacct
acaactttat
tcagtaattg
gaatcaggta
agtttttcta
catattctac
gctagctgtt
gttccagagt
acaacttcct
gtttctatag
aaccctcact
acaacagaga
aacatacaaa
gcaacagtat

<210> 7

<211> 2145
<212> DNA
<213>

<220>
<223> Epal
<400> 7

atgaatttat
cctttactat
acggacccta
ttgtcgatgg
gccgecatatt
aaagttgatg
cccgaattag,
tttactatgt

gtactcctte
cgaagtcacc
actctgaaag
accagaagaa
gcagttecggt
attcaacatc
ccacttcagt
catttgctaa
aaagcccaac
ctttggacat
ttcatagcaa
cagacaaatc
agagttccat
ctattatttt
catcttcaaa
ttgaaactat
tgttcttttt

Candida glabrata

attatcttct
atattcacca
ttcagtctat
tagtactggg
tcctacaagt
atcctttgte
taacccaagc
ggccactaca
aacagtttca
tacgaataag
aacgcagatg
tgtttattac
tggtttttecc
gcaaatacaa
atttaaactg
tatccaaggt
catcgtgcag

nucleic acid sequence

catcttttac
tggcaaagga
ctgaatttcc
aactttattc
tagatcccaa
gtgttaccgg
atcatttacc
tactctatgg

atttcggcecglacgatttact

aaaagggaat
caaacagcta
attttcttta
gattcgaacc
ggttgtccag
atcggtgttag
atttaccatc
ttttatgacc
tcagaaccaa
tcttcaagtg
atcaccaata.
aactctacga
gaaacaaact:!
aaaacctacc
actttatgca
gtaattgatt
tcaggtacca
ttttctacat
attctacaaa
agctgttett
ccagagttte
acttcctcag
tctatagaga’
cctcaatcta’

ccagcgctga
aggatgattt
ataatagaga
ctgtaataga
gcttagttag
actacctaac
taggaattcc
cgttagcaga
gttcagagtc
tttcatattc
gtactccttc
agtcatcata
ctgatagtte
agaagaatag
gttcggttcc
caacatcatc
cttcagttaa
ttgataaggc
gcccaacaac
tggacattac
aaagcaaaac
acaaatctgt
gttccattgg
ttattttgca

accatctcta
tgactattct
tcttggatgt
ctatgattta
ttaccctaga
taatataaat
ggcaagctat
ctactttaaa
gtttgtgaat
tgactttggt
aacagttcat
atatgatgct
cttctctgac
ttatgatact
agaaacacca
ttgtactcta
tagttgtgtg
ttcttctgaa
ggaacatact
attatcttct
ttcaccaagt
agtctataca
tactggggtt
tacaagtaaa
ttttgtcaat
ctcaagcaat
cactacaaaa
agtttcatat
gaataagctt
gcagatgtct
ttattactct
tttttccatt
agttcaatct

9/23

caatatactt
agtcgttcta
acactaccaa
gttatgtcta
aaatttggtt
aataatacaa
aatctatcca
aaaataagtt
tatatggatc
cttctgttce
tctagatcte
tctagcagtg
atttcaaaaa
tctgaagaag
gcagacaata
tctggttcetg
ctatttggca

agatggttga
tecttettgt
tcaccaaatg
cggaagaatg
actggctata
ttctattate
aattacccta
ccaaaagtaa
tttggggctg
aattatcagg
ttagatgcag
gaattaagtc
tatttctatt
tcgtgtgeet
aacacaaatc
tccacaacag
ccaacaacaa
actttatact
agtatcaaca
caatatactt
cgttctagtt
ctaccaagta
atgtctacga
tttggttcaa
aatacaaacc
ctatccacac
ataagttcgt
atggatcaca
ctgttccaac
agatctcaaa
agaagtggga
tcaaaaacta
gaagaagcat

ctaccaagtt
gttcatcatc
gtagtagcaa
cgagcacaga
caagtaggtc
accatcaatc
cacagatttc
catctgtaca
acacacgtaa
aacagtgtgce
aaattccctt
ggagtgcttc
ctaattctga
cattcactaa
atgattctac
atcttgtgac
tgttctag

ttatctggac
ccaataataa
ttacaacacc
gttecgtacce
aaagccacag
atgcaaccaa
agccattaac
ccggttatca
gtaacgegtt
cttatgcegt
gtctatacta
taacattaaa
catttgatga
cagttgactc
tagttccaat
gtacattatg
cagtctcgac
actcttcgag
gcagcagtce
ctaccaagtt
catcatctga
gtagcaaacc
gcacagatgt
gtaggtcatt
atcaatcatt
agatttcaag
ctgtacaaac
cacgtgacag
agtgtgcettt
ttcecttege
gttcttcagg
attctgagaa
tcactaatta

PCT/IB2005/003941

ttcttcaata
tgatatatct
accgataaca
tgtgaaatca
attagaatcg
atttactaca
aaggatgtca
aacctccagt
cagaacagag
ttttaattca
cgcaacttac
aggtataatg
gaataccaag
ttatgctact
taatgttgga
gatgtctggg

ttctttgata
tttaggatgg
aaaaaatgga
atgttgggat
acttctagca
aggatgcaca
aatgacaaat
tacgtttaca
tgattgttgt
atggggttct
tccaattaga
aactgagtca
tacaaaagat
atctacaatc
cactaaaaca
cagcaccggg
tctgataaca
tagaagccct
tatctcatcg
ttcaataacc
tatatcttct
gataacatct
gaaatcaaca
agaatcgtca
tactacagaa
gatgtcaagt
ttccagtcat
aacagaggct
taattcagtt
aacttacaca
tataatggtt
taccaagaac
tgctactaca

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2148

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
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PCT/IB2005/003941

acagagacat cttcaaaatc taaactggca gacaataatg attctgctaa tgttggaaac
atacaaattg aaactattat ccaaggttct ggttctgatc ttgtgacgat gactggggca
acagtattgt tctttttcat cgtgcagcta tttggtatgt tctag

<210> 8

<211> 2413
<212> DNA
<213>

<220>
<223>

<400> 8

ctgcatttaa
attcatatat
caaccaagaa
ctggaaccta
aatgatgtat
ggtacatttg
aaagtgatca
gaatttttaa
cataaagaac
aaacaaaatc
ttagattcaa
aatatcttat
tgtttcacaa
gtaatattag
ggggaattat
aaaattgttg
ttcaatttct
aatacttcag
ttagaatata
agtagtagta
tattttaaac
atgacaaatt
actaaagtac
ccatttatta
ggagggaggg
aattttgttt
catataattt
atagtcataa
tgtagaattg
aagaacactg
tcaataatat
tagagaataa
cttcaattaa
tcacaataaa
aaatcattta
atatacacac
tgctttagga
tgccgtatta
acaacaatta
agaaagaaaa
tagtagtagt

<210> 9
<211> 809
<212> PRT

<213> Candida albicans

Candida albicans

cgcctaaatt
caccagtcaa
aattccaata
aatataataa
taggaagtga
gacaagtagt
aatcgaaacc
atgctaatag
atctttgttt
aatttcaagg
tggctcaatt
tatgtcaacc
gaaatactat
gtttacctta
ttttaggttt
atatgttggg
ttaaaaagaa
aaacaaaacc
aacgacaaaa
gtagtaatca
ataaattatt
caatgattga
tcaatttaaa
ttgatgttaa
ggaggttgac
atgtaacaat
tcttaatagg
taataatgaa
taaattttce
gaaatcaaca
ctécatcttg
tcattatcat
atctgtaaat
aacccaataa
ttaatactat
acacattatc
gtaagaagaa
aaattaggac
attgcattaa
cataataaaa
att

Yakl functional derivative

ccatcaacac
tgccttateg
ttcgaaatca
tgggtatgat
agaagggaaa
taaatgtcaa
agcatatatg
tgatgggaaa
agtatttgéa
tcttaatatg
gaaaaatttc
cgataaaccc
atatacttat
tactgaatda
accaatgttt
tectcecacca
agtcaacacc
aatttatgaa
acaagaaggt
tcataataat
aaaagatatt
aaaagaatat
tccattagaa
taccactgat
cagtattaag
cttgtttttt
aataggaata
ttgaattggt
caaaaaaaaa
aagtgtcaac
ctattgaatt
tatcattatc
ataatcaaca
ttatcaatct
catttttaaa
atacttacta
gaaaagtaac
cagaattcca
atttatccga

nucleic acid sequence

cctaaatata
atatatttaa
actaatccta
aatgaagata
aaatatatgg
aatcttaata
aatcaatcat
aatttcatte
atcttggcat
aaattagtta
caaatgattc
aatataaaag
attcaatcaa
attgatatgt
cctggaactt
agacatatga
accaccacca
cttaaatcat
gctacatcta
aatcataaaa
attattaatt
catgatcgat
agattaacac
ttataagaat
ttttatactec
gttaagaact
agaataggaa
atatcaactt
aagaaaaaaa
cattcaacca
ggaatagatt
attatcatta
acattattta
aattacaatc
accattatag
gcaacctatc
aacacaaaac
actaaatcaa
agcaagatta

ataaaaataaraaccagaaaa

gacgatgttc
cagaatcata
aacgagtatt
gtgattatat
tattagattt
atcaaactgt
taactgaagt
gattattgga
cgaatttata
aattattaac
attgtgattt
tcattgattt
gattttatcg
ggtcattagg
cagaatataa
ttgaagttgg
ccatcaacaa
ttgatgaata
caaccaacaa
aggaacaacc
ataaattacc
tattattaat
cdtcaagaagc
aagaataaga
tttaatgata
gaatatggtt
tatgaataat
gacaattaaa
atcttcaact
tttaaccatt
atcactacat
éttttcagaa
aaaaaaaaat
tacatttgga
aaacatatat
dttatgaatg
attgatgatg
atcacaaatg
ttaattcgag

!
aagggaggta

tataaattca
tagtttatgt
aactaaacca
tttatatgtt
attaggttca
ttgtgetgtt
tcgattatta
tacatttatg
tgaattaatt
taaacaattg
aaaaccagaa
tggtagtgcet
atcaccagaa
ttgtatcgtg
tcaaattttt
gaaaaattca
caataataat
ttgtcaattt
caatactaat
aaataaaaat
ttcaaaaaaa
tgatttttta
tttaaaacat
ataacaatgt
ctttttaatt
tatatagcat
aggaatagga
agaatggtcg
ctttcagaag
taactaaccc
tgttttataa
aagactacac
aaattattga
cgaaaacaat
atatatatat
tatcaactag
aagaaaattc
atggagaaga
cagcattaaa
ataataataa

2040
2100
2145

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
860

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220
2280
2340
2400
2413
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<220>
<221> mutagen

<222>

(507)

<223> ALA instead of PHE

<220>

<223>

<400> 9

Met
1
Asn
Pro
Gln
Gln
65
Gln
Asn
Leu
His
Pro
145
Asn
Thr
Phe
Arg
Phe
225
Gly
Asn
Gln
Ala
Thr
305
Arg
Asn
Arg
Ile

Tyr
385

Ala
Arg
Pro
Gln
50

Asp
Asn
Ser
Ser
Gln
130
Ile
Ser
Asn
Asn
Arg
210
Asn
Thr
Arg
Gln
Ala
290
Leu
Ile
Lys
Cys
Tyr

370
Ser

Tyr
His
Pro
35

Gln
Ile
Gln
Thr
Gln
115
Pro
Thr
Ser
Val
His
195
Met
Gln
Gln
Arg
Gln
275
Ala
Ile
Thr
Leu
Ser
355

Leu

Lys

Asn
Asn
20

Thr
His
Leu
Ile
Pro
100
Ser
Pro
Tyr
Ser
Pro
180
Tyr
Ser
Gln
Tyr
Ser
260
Gln
Ala
Val
Lys
Asp
340
Ile
Thr

Ser

Asn
Ser
Gln
Leu
Ser
Pro
85

Asn
Pro
Leu
Glu
Asn
165
Pro
Phe
Ala
Leu
Leu
245
Ser
Val
Ala
Gln
His
325
Leu
Asn

Glu

Thr

Asn
Ile
Leu
Gln
Ser
70

Gly
Met
Thr
Leu
His
150
Gly
Tyr
Ala
Ala
Asn
230
Asn
Val
Gln
Tyr
Tyr
310
Lys
Thr
Ser

Ser

Asn
390

Asn
Gly
Thr
Gln
55

Ser
Phe
Leu
Lys
Asn
135
Glu
Asn
Ile
Thr
Val
215
Ala
Asn
Gly
Asp
Tyr
295
Gln
Asn
Pro
Ile
Tyr

375
Pro

Asn
Gly
Ser
40

His
Asp
Arg
Ser
Ser
120
Lys
Ser
Gly
His
Gln
200
Asp
Tyr
Pro
Val
Gln
280
Leu
Gln
Pro
Lys
His
360

Ser

Lys

Ser
Asn
25

Ser
Leu
Ser
Asn
Ser
105
His
Arg
Ser
Asn
Pro
185
Glu
Gly
Pro
Asn
Leu
265
Ser
Pro
Tyr
Ala
Phe
345
Ile

Leu

Arg

11/23

Ser
10

Trp
Gly
Ser
Gln
Pro
90

Ser
Gln
Leu
Ser
Asn
170
Pro
Val
Thr
Ser
Leu
250
Pro
Thr
Pro
Gln
Pro
330
His
Ser

Cys

Val

Asn
His
Ala
Pro

Phe

Ile
Ser
Asn
155
Asn
Thr
Thr
His
Gly
235
Gly
Asn
Ala
Ala
Gln
315
Lys
Gln
Pro

Gln

Leu
395

Tyr
Leu
Tyr
Asn
60

Leu
Phe
Ser
Pro
Phe
140
Ser
Asn
Arg
Leu
Tyr
220
Pro
Pro
Tyr
Ala
Arg
300
Ala
Ala
His
Val
Pro

380
Thr

N-MPPl-sensitive mutant Yakl protein sequence

Asn
Pro
His
45

His
Ser
Ser
Ala
Leu
125
Thr
Ser
Asn
Ala
Gly
205
Asn
Ala
Leu
Tyr
Ala
285
Leu
Leu
Arg
Pro
Asn
365
Arg

Lys

Tyr
Pro
30

His
Pro
Gln
Gln
Ser
110
Leu
Asn
Ser
Asp
Asp
190
Ser
Pro
Gly
Val
Arg
270
Ala
Gly
His
Lys
Lys
350
Ala
Lys

Pro

Asn
15

Pro
Gln
Asn
Leu
Gln
95

Ser
Gln
Asn
Asn
Asn
175
Asn
Asn
Tyr
Ile
Asn
255
Gln
Ala
Arg
Asn
Ile
335
Tyr
Leu

Phe

Leu

PCT/IB2005/003941

Phe
Pro
Gln
Gly
Lys
80
Gln
Ser
Gln
Leu
Asn
160
Asn
Pro
Asp
Gly
Ala
240
Ala
Gln
Ala
Ser
Gln
320
Tyr
Arg '
Ser

Gln

Glu
400
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Pro Lys Tyr Asn Asn Gly Tyr Asp Asn Glu Asp Ser Asp Tyr Ile Leu
405 410 415
Tyr Val Asn Asp Val Leu Gly Ser Glu Glu Gly Lys Lys Tyr Met Val
420 425 430
Leu Asp Leu Leu Gly Ser Gly Thr Phe Gly Gln Val Val Lys Cys Gln
435 440 445
Asn Leu Asn Asn Gln Thr Val Cys Ala Val Lys Val Ile Lys Ser Lys
450 455 460
Pro Ala Tyr Met Asn Gln Ser Leu Thr Glu Val Arg Leu Leu Glu Phe
465 470 475 480
Leu Asn Ala Asn Ser Asp Gly Lys Asn Phe Ile Arg Leu Leu Asp Thr
485 490 495
Phe Met His Lys Glu His Leu Cys Leu Val Ala Glu Ile Leu Ala Ser
500 505 510
Asn Leu Tyr Glu Leu Ile Lys Gln Asn Gln Phe Gln Gly Leu Asn Met
515 520 525
Lys Leu Val Lys Leu Leu Thr Lys Gln Leu Leu Asp Ser Met Ala Gln
530 535 540
Leu Lys Asn Phe Gln Met Ile His Cys Asp Leu Lys Pro Glu Asn Ile
545 550 555 560
Leu Leu Cys Gln Pro Asp Lys Pro Asn Ile Lys Val Ile Asp Phe Gly
565 570 575
Ser Ala Cys Phe Thr Arg Asn Thr Ile Tyr Thr Tyr Ile Gln Ser Arg
580 585 590
Phe Tyr Arg Ser Pro Glu Val Ile Leu Gly Leu Pro Tyr Thr Glu Ser
595 ‘ 600 605
Ile Asp Met Trp Ser Leu Gly Cys Ile Val Gly Glu Leu Phe Leu Gly
610 i " 615 620
Leu Pro Met Phe Pro Gly Thr Ser Glu Tyr Asn Gln Ile Phe Lys Ile
625 630 635 640
Val Asp Met Leu Gly Pro Pro Pro Arg His Met Ile Glu Val Gly Lys
‘ 645 650 655
Asn Ser Phe Asn Phe Phe Lys Lys Lys Val Asn Thr Thr Thr Thr Thr
660 665 670
Ile Asn Asn Asn Asn Asn Asn Thr Ser Glu Thr Lys Pro Ile Tyr Glu
675 680 685
Leu Lys Ser Phe Asp Glul Tyr Cys Gln Phe Leu Glu Tyr Lys Arg Gln
690 695 700
Lys Gln Glu Gly Ala Thr Ser Thr Thr Asn Asn Asn Thr Asn Ser Ser
705 710 715 720
Ser Ser Ser Asn His His Asn Asn Asn His Lys Lys Glu Gln Pro Asn
725 730 735
Lys Asn Tyr Phe Lys His Lys Leu Leu Lys Asp Ile Ile Ile Asn Tyr
740 745 750
Lys Leu Pro Ser Lys Lys Met Thr Asn Ser Met Ile Glu Lys Glu Tyr
755 ! 760 765
His Asp Arg Leu Leu Leu Ile Asp Phe Leu Thr Lys Val Leu Asn Leu
770 775 780
Asn Pro Leu Glu Arg Leu Thr Pro Gln Glu Ala Leu Lys His Pro Phe
785 790! 795 800
Ile Ile Asp Val Asn Thr Thr Asp Leu
805

<210> 10

<211> 778

<212> PRT

<213> Candida glabrata

<220> b
<223> Yakl amino acid sequence



<400> 10

WO 2006/059228

Met Val Gln

1

His
Asn
Lys
Ser
65

Ser
Gln
Tyr
His
Pro
145
Thr
Gln
Ala
Met
Pro
225
Ser
Arg
Leu
His
Thr
305
Asn
Gly
Leu
Gln
Glu
385
Gln
Asp
His
Tyr

Ile

Asn
Ala
Ile
50

Thr
Ser
Tyr
Pro
Gln
130
Ser
Ala
Ala
Ser
Thr
210
His
Leu
Gln
Gln
Ser
290
Thr
Pro
Tyr
Gly
Gly
370
Ile
Ser
Pro
Lys
Glu

450
Arg

Gln
Asp
35

Asp
Ala
Leu
Glu
Glu
115
Gln
Leu
Gln
Phe
Ala
195
Pro
Arg
Gln
Ile
Pro
275
Asn
Tyr
Lys
Asp
Thr
355
Thr
Ile
Ile
Asn
Asn
435

Leu

Thr

Ile
Ala
20

Ser
Glu
Asp
Val
Thr
100
Ser
Gln
Tyr
Phe
Asn
180
Asn
Asn
Arg
Pro
Val
260
Cys
Thr
Ala
Arg
Asn
340
Glu
Phe
Ala
Ser
Asn
420
His
Leu

Phe

Tyr
Asn
Lys
Asp
Val
Val
85

Met
Ser
Gly
Asn
Ser
165
Thr
Val
Val
Leu
Pro
245
Ile
Ile
Ile
Leu
Val
325
Val
Gln
Gly
Val
Glu
405
Lys
Leu

Lys

Thr

Tyr
Gly
Arg
Glu
Asp
70

Pro
Gln
Ala
Gln
Pro
150
Thr
Gly
Thr
Pro
Ser
230
Phe
Pro
Asn
Ser
Cys
310
Leu
Asn
Asn
Gln
Lys
390
Ala
His
Cys
Gln

Ile

Asn
Ile
Phe
Ala
55

Met
Pro
Asn
Tyr
Leu
135
Gln
Pro
Ser
Thr
Met
215
Ala
Lys
Gln
Pro
Pro
295
Ser
Thr
Ser
Arg
Val
375
Val
Lys
His
Leu
Asn

455
Gln

Glu
Trp
Ala
40

Met
Asn
Ser
Ser
Gln
120
Ala
Glu
Ser
Gly
Asn
200
Glu
Phe
Gln
Met
Asn
280
Leu
Pro
Lys
Asp
Lys
360
Val
Val
Ile
Phe
Val
440
Lys

Ile

Asn

Lys

2
£

Phe
Ser
Ser
Arg
Thr
105
Gln
Ser
Phe
Ser
Asn
185
Asn
Met
Pro
Leu
His
265
Pro
Ile
Asp
Pro
Tyr
345
Tyr
Lys
Lys
Leu
Leu
425
Phe

Phe

Leu

13/23

Gln
10

Ala
Thr
Tyxr
Asp
Ala
90

Gly
Gln
Arg
Gln
Leu
170
Asn
Ser
Gly
Thr
Arg
250
Arg
Lys
Gly
Phe
Ser
330
Ile
Leu
Cys
Ser
Glu
410
Arg
Glu
His

Asp

Ala
Ser
Asn
Asn
Met
75

Ala
Thr
Arg
Phe
Arg

155
His'

Asn
Ser

235.
Arg

Phe
Leu
Thr
315
Glu
Leu
Val
Gln
Arg
395
Leu

Met

Leu

Ser

Leu
Tyr
Pro
Tyr
60

Tyr
Ala
Ala
Gln
Asn
140
Arg

Gly

Val

Thr

Ile

1220

Gly
Asp
His
Arg
Thr
300
Tyr
Gly
Tyr
Leu
Asn
380
Ser
Leu
His
Leu
Leu

460
Leu

Glu
Met
Trp
45

Ser
Lys
Pro
Gln
Ile
125
Ser
Gln
Ser
Asn
Tyr
205
Pro
Thr
Glu
Ser
Arg
285
Lys
Gln
Lys
Val
Asp
365
Leu
Glu
Asn
Asp
Ser
445

Ser

Cys

Pro
Asp
Gly
Ser
Arg
Asn
Arg
110
Met
Arg
Ser
Ala
Leu
190
Leu
Leu
Thr
Gly
Lys
270
Ala
Ser
Thr
Tyr
Asn
350
Ile
Gln
Tyr
Glu
Ser
430
Asn

Ile

Val

Met
15

Glu
Asn
Ala
Arg
Pro
95

Ala
Val
Phe
Leu
Ser
175
Asn
Sgr
Ala
Asn
Ser
255
Asn
Ser
Leu
Ser
Asn
335
Asp

Leu

PCT/IB2005/003941

Gln
Ala
Glu
Asn
Lys
80

Phe
Met
Pro
Val
Ala
160
Asn
Tyr
Ala
Ser
Ser
240
Pro
Asp
Leu
Leu
Lys
320
Asn
Val
Gly
Lys
Asn
400
Ile
Val
Leu

Leu

Lys
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465 470 475 480
Asp Ser Lys Leu Ile His Cys Asp Leu Lys Pro Glu Asn Ile Leu Leu
485 490 495
Cys Ser Pro Asp Lys Pro Asp Leu Lys Val Ile Asp Phe Gly Ser Ser
500 505 510
Cys Glu Glu Thr Arg Thr Val Tyr Thr Tyr Ile Gln Ser Arg Phe Tyr
515 520 525
Arg Ala Pro Glu Ile Ile Leu Gly Ile Pro Tyr Ser Thr Ser Ile Asp
530 535 540
Met Trp Ser Leu Gly Cys Ile Val Ala Glu Leu Phe Leu Gly Ile Pro
545 550 555 560
Ile Phe Pro Gly Ser Ser Glu Phe Asn Gln Leu Thr Arg Ile Ile Thr
565 570 575
Thr Leu Gly Tyr Pro Pro Thr Trp Met Ile Asp Met Gly Lys Ser Ser
580 585 590
His Lys Phe Leu Lys Lys Leu Asn Thr Leu Asn Leu Asp Met Thr Asn
595 : 600 605
Ile Asn Asp Val Glu Ala Gln Asn Asn Asn Ala Asn Tyr Thr Thr Ala
. 610 615 620
Asn Arg Met Gln Lys Asn Gln Pro Thr Ala Lys Tyr Arg Leu Lys Thr
625 630 635 640
Ile Glu Glu Phe Asn Arg Asp Asn Asn Ala Ser Glu Lys Val Gly Lys
645 650 655
Gln Tyr Phe Lys Trp Ala Leu Leu Glu Asp Ile Ile Arg Asn Tyr Arg
660 665 670
Ile His Lys Asn Ile Gln Lys Ser Pro Glu Leu Ile Glu Gln Glu Met
675 680 685
Lys Asn Arg Glu Cys Leu Ile His Phe Leu Lys Gly Ile Leu Asn Leu
690 695 700
Asn Pro Leu Glu Arg Trp Thr Pro Gln Gln Ala Ala Met His Pro Phe
705 710 715 720
Ile Thr Gln Gln Pro Phe Thr Gly Lys Trp Phe Pro Pro Gly Ser Phe
725 730 735
Asn Thr Met Asn Thr Ser Asn Phe Gly Ser Gln Pro Arg Gln Glu Gly
. 740 745 750
Asn Asn Ser Asn Asn Met Lys Pro Asn Ser Gln Glu Gly Pro Thr Lys
| 755 760 765
Glu Phe Thr Asn Leu Lys Ile Ile Glu Asp
770 775

<210> 11

<211> 2337

<212> DNA

<213> Candida glabrata

<220>
<223> Yakl nucleic acid sequence

<400> 11 .

atggtacaga tatactataa tgagaaccaa gcgttagaac cgatgcaaca caaccaagct 60
aacggcatat ggaaggcctc ctacatggac gaggccaatg cagactctaa gaggttcgeca 120
ttcactaacc catggggcaa tgaaaagata gacgaggacg aggccatgtc ctacaactac 180
tcgagcgecta acagcaccge tgatgtggac atgaacagcg acatgtacaa gcgtaggaaa 240

tcgagtctgg tggtaccgec ttcaagagec gecagcaccga accctttceca atacgagact 300
atgcaaaaca gcacaggtac agcacagcga gctatgtacc cagagtcgtc agcgtaccaa 360
caacaaagac agatcatggt cccacaccag caacaaggac aactggcatc caggttcaac 420
tctagattcg tgcectcttt gtacaaccecg caggagttcce aaagaagaca aagtctcgcet 480
actgctcagt tctcaacacc atcaagtctg catggttcag cgtccaatca ggcgttcaac 540
atgggttccg gcaacaatgg tgttaatctg aactacgcca gtgcaaatgt aacaactaac 600

aattcatcca catatctgag tgctatgacc ccgaacgtac cgatggagat gggcaacata 660
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ccattagcat
tctttgcaac
atcccacaga
ccaaaattta
aagagtctgce
aatccaaaac
gtgaacagtg
tacttagtge
ttgcaaacaa
caaagtatca
aagcatcact
tttgaactgt
tctattcaac
gatagtaaat
aaaccagact
acatacattc
accagtatcg
atcttcccag
cctccaacgt
actttgaact
tatactacgg
atagaagagt
tgggcactat
cctgaattga
attttaaatt
ataacacaac
accagtaact
aactctcaag

<210> 12
<211> 21
<212> DNA

ccccacacag
caccatttaa
tgcacagatg
ggagagcctc
tgactactta
gtgtgctaac
attacatctt
tggatatact
aggagattat
gtgaggccaa
tcttaagaat
taagtaataa
tgataaggac
taatacattg
taaaggttat
aatcaagatt
acatgtggtc
gatcttctga
ggatgattga
tggatatgac
ctaatagaat
ttaatagaga
tggaagatat
tagagcaaga
tgaatccact
aaccatttac
tcgggagtca
aagggccaac

aaggctcagt
acagctaaga
ccactccaaa
tttgcacteg
cgccectgtge
gaaaccaagc
gtacgtcaat
gggtcaaggt
tgcagtcaag
gattttggaa
gcatgactcc
cctttatgag
cttcacaatt
tgatctgaaa
agattttggt
ttatagagcg
actgggttgt
gtttaaccaa
tatgggtaag
taatattaac
gcagaagaat
taataatgct
'tatcagaaat
gatgaagaac
tgaaaggtgg
aggtaaatgg
acccagacaa
:aaaggagttc

<213> artificial sequence

<220>
<223>

<400> 12

primer RT~EPA6F

cgctgtttga tacattacca c¢

13
22
DNA

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

<220>
<223>

<400> 13

artificial sequence

primer RT-EPA6-T7R

gaaggagtac tattggtgat cg

<210>
<211>
<212>

14
21
DNA

<213> artificial sequence

<220>
<223>

primer RT-EPATF

15/23

gcttttccta
agggacgagg
aatgatctac
aacaccatat
tcaccagact
gaaggtaagt
gacgttcttg
actttcggac
gtggtgaagt
ctgttaaacg
tttgttcaca
cttctcaaac
caaatattag
cctgaaaata
tcatcatgtg
ccagagatta
attgttgctg
ctgaccagaa
agttctcata
gacgtggaag
cagccaactg
tctgaaaagyg
tatagaattc
agagaatgct
accccacaac
ttﬁccaccag
gaaggcaata
acéaacttga

ccagtggcac
gttccccaag
aaccgtgtat
cgcctecttat
tcacttacca
acaataacgg
gtactgagca
aagtggtgaa
cgagatcaga
agaaaattga
agaatcactt
agaacaagtt
attccttatg
tacttttatg
aggagacaag
tactaggtat
agttgttttt
taataaccac
agttcttaaa
ctcaaaataa
ctaagtatag
ttgggaagca
ataagaatat
tgattcattt
aagcagccat
ggtctttcaa
actctaataa
agattataga

PCT/IB2005/003941

cacaaactcc
gcagatagtec
taatcctaac
cggcctcacce
aacatctaag
ctacgataat
gaatagaaag
gtgtcaaaat
gtatttgaac
tccaaacaat
gtgtctggta
ccatggtttg
tgttctcaag
ctcacctgat
aaccgtatac
tccatactcet
aggtatccct
attaggatat
gaagctgaac
taatgctaat
attaaaaacg
gtactttaaa
ccaaaaatca
cttgaaaggt
gcatccattt
tactatgaat
catgaagcca
ggattga

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2337

21

22
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<400> 14
ccgaattaga tcatttaccg g 21

<210> 15

<211> 21

<212> DNA

<213> artificial sequence

<220>
<223> primer SIR4-ex

<400> 15
tttttggtca aagctcacce c 21

<210> 16

<211> 24

<212> DNA

<213> artificial sequence

<220>
<223> primer SIR4-5'5

<400> 16
tagtacaggc atagttgcac gteg ‘24

<210> 17

<211> 44

<212> DNA

<213> artificial sequence

<220>
<223> primer SIR4-5'3

<400> 17
gggtgtcggg gctggcttaa ctagaatcct gggttatgct cgtg 44

<210> 18

<211> 44

<212> DNA

<213> artificial sequence

<220>
<223> primer MKREfSIR4

<400> 18
cacgagcata acccaggatt ctagttaagc cagcccecgac accc 44

<210> 19

<211> 46

<212> DNA

<213> artificial sequence

<220>
<223> primer MKRrSIR4
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<400> 19

cgagagacag tttggctggt gtaaaaaata ggcgtatcac gaggcc

<210> 20

<211> 46

<212> DNA

<213> artificial sequence

<220>
<223> primer SIR4-3'5

<400> 20

ggcctegtga tacgectatt ttttacacca geccaaactgt cteteg

<210> 21

<211> 24

<212> DNA ‘

<213> artificial seguence

<220>
<223> primer SIR4-3'3

<400> 21
aagtacctac cgtatcegte ctge

i

<210> 22

<211> 23

<212> DNA

<213> artificial sequence

<220>
<223> primer SIR4ex2

<400> 22 |
tcgactccaa tgttctctac ccc

<210> 23

<211> 23

<212> DNA |

<213> artificial sequence

<220> :
<223> primer RIFlex

<400> 23
ttcaaaaaat ggtgaagtac gcc

!

<210> 24

<211> 24 :

<212> DNA '

<213> artificial sequence

<220>
<223> primer RIF1-5'5

<400> 24

PCT/IB2005/003941

46

46

24

23

23
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cacgttcagt aaacgtccag tctg

<210> 25

<211> 44

<212> DNA

<213> artificial sequence

<220>
<223> primer RIF1-5'3

<400> 25
gggtgtcggg gctggcttaa ctagtgggat gcaaatcagg tctg

<210> 26

<211> 44

<212> DNA

<213> artificial sequence

<
<

[ SO O]

20>
23> primer MKRfRIF1

<400> 26
cagacctgat ttgcatccca ctagttaagc cagccccgac acce

<210> 27

<211> 45

<212> DNA

<213> artificial sequence

<220>
<223> primer MKRrRIF1

<400> 27
ccggttcact ggcaatagaa gaaaaaatag gcgtatcacg aggee

<210> 28

<211> 45

<212> DNA

<213> artificial sequence

<220>
<223> primer RIF1-3'5

<400> 28
ggectegtga tacgcctatt ttttettcta ttgeccagtga accgg

<210> 29

<211> 23

<212> DNA

<213> artificial sequence

<220>
<223> primer RIF1-3'3

<400> 29
tttettectge agataactgg ccc
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<210> 30

<211> 23

<212> DNA

<213> artificial sequence

<220>
<223> primer RIFlex2

<400> 30
aaagctcaat tctcaaattg cgc

<210> 31

<211> 21

<212> DNA

<213> artificial sequence

<220>
<223> primer EPA6ex

<400> 31
gaactaacat tcatgaacag g

<210> 32

<211> 24

<212> DNA

<213> artificial sequence

<220>
<223> primer EPA6-5'5

<400> 32
tcaggtctag aacacccttg ttgg

<210> 33

<211> 46

<212> DNA

<213> artificial sequence

<220>
<223> primer EPA6-5'3

<400> 33
gggtgtcggg gctggcttaa ctccaagagg aaattcagta gggtcce

<210> 34

<211> 46

<212> DNA

<213> artificial sequence

<220>
<223> primer MKREEPAG6

<400> 34
ggaccctact gaatttcctc ttggagttaa gccagccceg acacce
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<210> 35

<211> 45

<212> DNA

<213> artificial sequence

<220>
<223> primer MKRrEPA6

<400> 35
cctgaagcac tcccactgect agaaaaatag gcecgtatcacg aggec 45

<210> 36

<211> 45

<212> DNA

<213> artificial sequence

<220>
<223> primer EPA6-3'5

<400> 36
ggcctcgtga tacgectatt tttctagcag tgggagtget tcagg 45

<210> 37

<211> 22

<212> DNA

<213> artificial sequence

<220>
<223> primer EPA6-3'3

<400> 37
ggaaccctga tctccattag cc 22

<210> 38

<211> 21

<212> DNA

<213> artificial sequence

<220>
<223> primer EPA6-ex2

<400> 38
cgccaggcat tataataccg c 21

<210> 39

<211> 23

<212> DNA .
<213> artificial sequence
<220> '

<223> primer MPKlex

<400> 39
ggttagcaga gtaattgctc ggc 23
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<210> 40

<211> 22

<212> DNA

<213> artificial sequence

<220>
<223> Primer MPK1-5'5

<400> 40
ctgacatagc cagcagtgag ag

<210> 41

<211> 40

<212> DNA

<213> artificial sequence

<220>
<223> primer MPK1-5'3

<400> 41
gtcatagctg tttcctgact gtagtctect cgcettgecte

<210> 42

<211> 40

<212> DNA

<213> artificial sequence

<220>
<223> primer MKRrMPK1

<400> 42
gaggcaagcg aggagactac agtcaggaaa cagctatgac

<210> 43

<211> 40

<212> DNA

<213> artificial sequence

<220>
<223> primer MPK1-3'5

<400> 43
tacaacgtcg tgactgggac attctggcat cacctatggg

<210> 44

<211> 40

<212> DNA

<213> artificial sequence

<220>
<223> primer MKRfMPK1

<400> 44
cccataggtg atgccagaat gtcccagtca cgacgttgta

<210> 45
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<211> 22
<212> DNA
<213> artificial sequence

<220>
<223> primer MPK1-3'3

<400> 45
gaccagcaat gatgacacct ga

<210> 46

<211> 22

<212> DNA

<213> artificial sequence

<220>
<223> primer MPKlex2

<400> 46
tggtttcctt gtattggaac cg

<210> 47

<211> 21

<212> DNA

<213> artificial sequence

<220>
<223> primer URA3F

<400> 47
tttagcggcect taactgtgece ¢

<210> 48

<211>121

<212> DNA

<213> artificial sequence

<220>
<223> primer URA3R

1

<400> 48
ggaagggatg ctaaggtaga g

<210> 49

<211> 22

<212>' DNA

<213> artificial segquence

<220>
<223% primer EPAGF

<400> 49
ttgtgaagcg attgagcagt gg

<210> 50
<211> 22
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<212> DNA
213> artificial sequence

<220>
<223> primer EPAG6R

<400> 50
agtgtgtgat aatcgttaag gc 22

<210> 51

<211> 18

<212> DNA

<213> artificial sequence

<220>
<223> primer RT-ACT1F

<400> 51
ggctttcgat ttctcacc 18

<210> 52

<211> 18

<212> DNA

<213> artificial sequence,

<220>
<223> primer RT-ACT1R

<400> 52
gtggcaacgg tttgatgce : 18

<210> 53

<211> 120

<212> DNA

<213> artificial sequence

<220>
<223> primer Yakl-5p

<400> 53
caaacaaaac gcaagagatc acataccatt aataatatat aagaccaacc attgtaacca 60
cacaaagtat cacagtatca ccgacaaatt tatacataga agcttcgtac gctgeaggte 120

<210> 54

<211> 120

<212> DNA

<213> artificial sequence

<220>
<223> primer Yakl-3p

<400> 54
taaacaaaat taattaaaaa gtatcattaa agagtataaa acttaatact ggtcaacctc 60
ccecteecte cacattgtta ttcttattet tattcttctg atatcatcga tgaattcgag 120

t
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