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Genotyping of the MTL loci and susceptibility to two antifungal agents
of Candida glabrata clinical isolates
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The opportunistic fungal pathogen Candida glabrata is the second most common isolate from bloodstream in-
fections worldwide and is naturally less susceptible to the antifungal drug fluconazole than other Candida species.
C. glabrata is a haploid yeast that contains three mating-type like loci (MTL), although no sexual cycle has been de-
scribed. Strains containing both types of mating information at the MTLI locus are found in clinical isolates, but it is
thought that strains containing type a information are more common. Here we investigated if a particular combina-
tion of mating type information at each MTL locus is more prevalent in clinical isolates from hospitalized patients in
Mexico and if there is a correlation between mating information and resistance to fluconazole and 5-fluorocytosine.
We found that while both types of information at MTLI are equally represented in a collection of 64 clinical isolates,
the vast majority of isolates contain a-type information at MTL2 and o-type at MTL3. We also found no correlation
of the particular combination of mating type information at the three MTL loci and resistance to fluconazole.
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Candida species are successful as both commen-
sal and opportunistic fungal pathogens, accounting for
12% of all bloodstream infections worldwide (Trick et
al. 2002, Richardson 2005, Pfaller & Diekema 2007).
Candida glabrata is a haploid budding yeast that has
only one known niche, the mammalian host and has re-
cently emerged as a common opportunistic pathogen.
In fact, C. glabrata is now the second most common
Candida species isolated from bloodstream infections
(Jarvis 1995, Nguyen et al. 1996) and most clinical iso-
lates are innately less susceptible to antifungal treat-
ment with azole compounds than other Candida species
(Pfaller & Diekema 2004, Richter et al. 2005, Messer et
al. 2006, Gonzalez et al. 2008, Manzano-Gayosso et al.
2008). Phylogenetically, C. glabrata is closely related to
Saccharomyces cerevisiae and close homologues of ap-
proximately 90% of S. cerevisiae genes can be found in
the C. glabrata genome (Byrne & Wolfe 2005).

Until recently, both Candida albicans and C. glabrata
had been considered “asexual” since no mating or sexual
forms had been documented. In the budding yeast S. ce-
revisiae, sexual reproduction is controlled by genes at the
mating-type locus (MAT), which encodes transcription fac-
tor proteins that control the sexual cycle and possibly other
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processes (Herskowitz et al. 1992, Bahn et al. 2007). The
discovery in C. albicans of various homologues of genes
known to be important for mating in the related yeast S.
cerevisiae, including a mating type-like locus (MTL), led
to the discovery of a cryptic sexual phase in C. albicans
(Hull & Johnson 1999, Hull et al. 2000, Magee & Magee
2000). This and subsequent work suggested that mating in
C. albicans is regulated by unusual mechanisms that might
be important for its survival in the host (Johnson 2003).

C. glabrata has also been considered an asexual or-
ganism because it has no known sexual cycle and it has a
predominantly clonal population (Dodgson et al. 2005).
It was recently discovered however, that C. glabrata, like
S. cerevisiae, contains three MTL loci (MTLI, MTL2 and
MTL3) (Srikantha et al. 2003), as well as the vast major-
ity of genes involved in mating, sporulation and meiosis
(Wong et al. 2003). It was reported that MTL2 and MTL3
appear to contain silent information (most frequently a
and o information respectively) and M7LI is thought to
be the expression locus and can contain either type of
information (Srikantha et al. 2003). More recently it was
discovered that the information present at M7TL2 is not
completely silenced. C. glabrata cells however, are able
to maintain cell type identity through differential regu-
lation of expression of the a genes and differential splic-
ing of the al gene transcript (Muller et al. 2008). The
clinical isolates characterized in the previous studies
identified five different classes according to the infor-
mation in each MTL locus with more strains containing
a-type information at MTL/ although both types were
found (Srikantha et al. 2003). More recently, in a world-
wide collection of 198 clinical isolates, it was found that
the majority of strains contained type a information at
MTLI (Brisse et al. 2009).
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In order to determine the distribution of different
classes of mating type information at the 3 MTL loci, we
determined the genotype of each of the three MTL loci of
64 clinical isolates obtained from hospitalized patients at
the Instituto Nacional de Ciencias Médicas y Nutricion
Salvador Zubiran (INNSZ), in Mexico City, and in the
Hospital Central Ignacio Morones Prieto in San Luis Po-
tosi (HCSLP), México. In addition, several genes, such
as multidrug resistance transporters and mitochondrial
biogenesis genes, have been implicated in resistance
to the antifungal agent fluconazole, (Rogers & Barker
2003, Kaur et al. 2004). Because the MTL loci encode
transcription factors that could regulate the expression
of various genes, including those involved in antifungal
drug resistance, we assessed whether there is a correla-
tion between the information present at the MTL loci and
the susceptibility to fluconazole and to 5-fluorocytosine
in some of these isolates.

MATERIALS AND METHODS

Strains and oligonucleotides - Laboratory strains,
clinical isolates and oligonucleotides used in this work
are described in Table II. Clinical isolates obtained
from INNSZ and HCSLP were previously identified as
C. glabrata using Vitek identification cards (bioMerieux)
and API-20 (bioMerieux).

Media - Yeast were grown on standard yeast media
prepared as described previously (Sherman 1986). YPD
contained 10 g/L yeast extract (Fisher Cat. BP1422) and
20 g/L peptone (Fisher Cat. BP1420), supplemented with
2% glucose. For plates, 2% agar was added. When re-
quired, YPD was supplemented with different concen-
trations of fluconazole (Diflucan-Pfizer 2mg/mL aque-
ous solution) or 5-fluorocytosine (Fluka Cat. 46850).

Fluconazole and 5-fluorocytosine susceptibility as-
say - Twelve clinical isolates obtained from INNSZ and
HCSLP were tested for susceptibility to fluconazole or
5-fluorocytosine using the broth microdilution assay
with RPMI 1640 buffered with morpholinepropanesul-
fonic acid to pH 6.2. Briefly, 10* cells were inoculated
in 96-well microtiter plates containing 200 uL. of RPMI

1640 supplemented with 2% glucose, 0.5% ammonium
sulphate and 25 pg/uL uracil. Fluconazole was added at
concentrations of 8 pg/uL, 16 pg/uL, 32 pg/uLl, 64 pg/ulL
and 128 pg/uL. Plates were then incubated at 35°C and
the absorbance at OD_ was read in a microplate reader
every hour for 24 h. The 5-fluorocytosine was added at
0.05 pg/uL, 0.1 pg/uL, 0.2 pg/ul, 0.4 pg/pL, 0.8 pg/ul
and 1.6 pg/uL and treated in the same way. All of these
assays were carried out in triplicate and the data are the
mean of the triplicates. The lowest drug concentration
that reduced growth to 50% of that of the drug-free me-
dium was defined as the MIC, | for each isolate.

Yeast genomic DNA extraction and molecular biol-
ogy techniques - All yeast DNA preparations were per-
formed according to standard protocols as described
(Ausubel 2001).

PCR amplification of MTL loci - For amplification of
the three MTL loci we used a set of six oligonucleotides de-
scribed in Table II. After DNA extraction from each yeast
strain, 1 pL of the genomic DNA was used as the template
for all PCR reactions using standard procedures.

The following primers and conditions were used to
specifically amplify each MTL locus: for MTLI primers
146 and 149 with an annealing temperature of 56°C, for
MTL2, primers 70 and 181 with an annealing tempera-
ture of 51°C and for MTL3 primers 72 and 73 with an
annealing temperature of 51°C (Table II). All of the PCR
products were digested with the appropriate restriction
enzymes to confirm the information type at each locus.
All PCR products and their respective digestion products
were run on 0.8% agarose gels, stained with ethidium
bromide and photographed. The expected sizes of each
product are described in Table 1.

RESULTS

In C. glabrata, as in S. cerevisiae, most of the iso-
lates contain two copies of one of the two types of mat-
ing information (a and a), since in both organisms there
are three MTL loci (Fig. 1).

Clinical isolates of C. glabrata can contain either
type a or type o.at MTLI - In order to determine whether

TABLE 1

Expected fragment sizes for PCR-mating type-like locus (MTL)

Fragment size expected

Fragment size expected

kb Digested kb
MTL Type a Type a with Type a Type a
MTLI 2.302 2.488 Eco RV 1.376 1.562
0.926 0.926
MTL2 1.850 2.038 EcoRV 1.406 1.594
0.444 0.444
MTL3 2.339 2.530 Acc65 1 1.370 2.180
0.619 0.350

0.350
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TABLE 11

Strains and oligonucleotides used in this study

Strain Parent Relevant genotype/reference

BGl14 BGl, clinical isolate ura3A(- 85 + 932): Tn903Neo®, MTLIa
(Cormack & Falkow 1999)

CBSI138 Clinical isolate wild-type, MTLIo (Genolevures 2004)

MCI1 through 64 Clinical isolates INNSZ and HCSLP

Oligonucleotides

Primer Sequence* Restriction site

70 CTATTCTAATTGAGATCCGAAAC

72 GAAGTTTAAAATTTCTTTAGG

73 GAATTGTCACATTGATAAAAC

146 CCGGTACCTTGTGCAGCTGCTGAACTGTGACGACCATC Kpnl, Bsg1

149 CCGAGCTCTTGTGCAGGCGTCTTTCCTGTGATTATGATG Sac1, Bsg 1

181 CCTTAGTGATTCATTTGTATCC

197 GGCTGTAGTTCCACAAAGAG

199 GACAGTCGCTCCCGGGGCCGTCG

a: sequence is from 5°-3’; HCSLP: Hospital Central Ignacio Morones Prieto, San Luis Potosi, Mexico; INNSZ: Instituto Nacional
de Ciencias Médicas y la Nutricion Salvador Zubiran, Mexico City, Mexico.

any particular arrangement of the information present at
each of the MTL loci is more common in a collection of
64 clinical isolates obtained from hospitalized patients
(Table II), we designed three pairs of oligonucleotides
(Table II) that specifically amplify each of the three
MTL loci. Fig. 1 A, B show a schematic representation
of the configuration of the MTL loci in C. glabrata, the
position where each primer set anneals and the expected
size of the fragment amplified for each locus for each of
the two possible information types. We PCR amplified
the MTLI locus from each of the 64 clinical isolates, as
well as two laboratory strains that served as controls:
BG14 (MTLIa genotype) and CBS138 (MTLIa genotype)
(Table II). Fig. 2A shows the bands amplified from each
of 10 representative clinical isolates and the two control
reference strains. In this example it can be seen that the
o information produces a larger band that is easily dis-
tinguishable by gel electrophoresis. All of the PCR prod-
ucts were digested with appropriate restriction enzymes
to generate smaller fragments specific for each type of
information to unambiguously determine the genotype
present at each locus (data not shown, see Materials and
Methods). We found that both types of information at
MTLI were almost equally represented (with possibly
a small overrepresentation of the a type). Among the
64 clinical isolates analyzed, 42.2% were MTLIa and
54.7% were MTLIa (Table I1T). Two isolates (MC28 and
MC54) could not be typed at this locus since we could
not amplify any band from this locus using the primers
described in Table 11. However, we were able to amplify
both junction fragments from both of these isolates us-
ing primers 146 and 197 (annealing within EMG/ and ol
respectively) and primers 149 and 199 (annealing within
BUDS and a2 respectively), suggesting the presence of

a large insertion between al and a2 or some other re-
arrangement (data not shown). This also suggests that
these isolates originally contained type o information at
MTLI. 1t is interesting to note that in one of these two
isolates, MTL3 could also not be amplified, although a
band corresponding to MTL2a was amplified (MC28)
(Table III). The other isolate contained type a and type
a information for MTL2 and MTL3 respectively (MC54)
(Table IIT). We are currently investigating the nature of
the rearrangement or insertion in MTLI of these isolates.

Most clinical isolates contain type a information at
MTL2 and o at MTL3 - Table IV shows the classifica-
tion of all the clinical isolates according to the particu-
lar combination of information contained in each of the
three MTL loci. Five different classes of C. glabrata
strains have been reported previously based on the mat-
ing type information in each of the three MTL loci of 38
clinical isolates (Srikantha et al. 2003), although theoret-
ically, there are eight possible combinations as indicated
in Table IV. In this classification we only included the
62 clinical isolates from which all three MTL loci could
be amplified. As can be seen in Tables III and IV, the
majority of the clinical isolates (60/62 or 96.8%) contain
a information at MTL2 and o information at MTL3 (61/62
or 98.4%). There were only two isolates with a informa-
tion in MTL2 and only one with a information in M7TL3.

There is no correlation between the particular infor-
mation at the MTL loci and susceptibility to fluconazole
— In order to determine whether there was any correla-
tion between the different classes of clinical isolates of
C. glabrata and the sensitivity of these strains to flucon-
azole, we performed a susceptibility assay to this drug
using a broth microdilution assay. Consistent with what
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Fig. 1: schematic representation of the mating type-like locus (MTL) of Candida glabrata. A: map of the MTLI, MTL2 and MTL3 loci. The
genes flanking these loci are represented by empty arrows indicating the direction of transcription. M7L2 and MTL3 are located close to the
left telomeres of chromosomes E and B, respectively. The positions of each pair of oligonucleotides used for the amplification of the MTL loci
are indicated. Only the EMG! gene at the MTLI locus is complete, the other two loci contain only partial duplications of the C-terminal region
of this gene (emgl), shown as truncated arrows; B: linear map of the MTL loci indicating the position of the primer pairs used to amplify each
locus. The sizes of the specific PCR products expected for each MTL locus are indicated and differs depending on whether the information

contained is either type a or type a.

has been previously reported (Kaur et al. 2004, Pfaller &
Diekema 2004, Messer et al. 2006), we found that 10 of
the 12 strains tested, grew in RPMI 1640 supplemented
with 8 pg/mL of fluconazole (Table VI). This correlates
very well with the growth breakpoint on fluconazole
plates previously determined for laboratory strains BG14
and CBSI138 (Kaur et al. 2004). Analysis of the drug sen-
sitivity data indicates that there is no clear correlation
between the particular arrangement of information at the
MTL loci and the level of resistance to fluconazole. For
example, MC3, MC4, MC6 and MC8 (MTLIa, MTL2a
and MTL30) are resistant to 32-128 pg/mL of flucon-
azole, but the control strain CBS138 and MC1 and MCS5,
which are identical at the MTL loci, are susceptible to >
8 ug/mL of fluconazole (Tables V, VI). Similarly, MC7,
MCI17 and MC44 (MTLIa, MTL2a and MTL3a) are re-
sistant to fluconazole at 128 pg/mL, but both the control
strain BG14 and MC2 (with the same genotype at the
MTL loci) are sensitive to 16-32 pg/mL (Tables V, VI).
Furthermore, clinical isolates MC14 (MTLla, MTL2a
MTL3a) and MC16 (MTLIa, MTL20. MTL30) which are
genotypically different from the previous two groups are
both resistant to high levels of fluconazole.

We also determined the susceptibility to 5-fluorocy-
tosine using the microdilution assay in RPMI 1640 with
increasing concentrations of S5-fluorocytosine ranging
from 0.05-1.6 pg/uL. As shown in Table VI, most clini-

cal isolates are sensitive to 5-fluorocytosine and some of
them could not grow in the presence of the lowest concen-
tration of 5-fluorocytosine used (0.05 pg/ulL). However,
there were three clinical isolates that could grow to 50%
(or more) of the OD attained in the drug-free media,
when 5-fluorocytosine was added to 1.6 pg/uL (MC3,
MC17 and MC44). Of these 5-fluorocytosine resistant
isolates, one of them contains type o information (MC3),
and the other two, type a information at MTLI (MC17
and MC44). We are currently determining the 5-fluoro-
cytosine susceptibility of all 64 clinical isolates.

DISCUSSION

The fungal pathogen C. glabrata has no known sexual
cycle even though it contains close homologues of the
genes that control the mating type in S. cerevisiae (MTL)
as well as the vast majority of the genes involved in mat-
ing and meiosis. The genes encoded at the MTL loci are
transcription factors that control the mating information
of the cell and also probably other processes, some of
which could be important for pathogenesis (Bahn et al.
2007). It is known that many fungal pathogens limit their
sexual reproduction, but still retain the capacity to repro-
duce sexually under certain laboratory and in vivo condi-
tions (Heitman 2006).

To begin addressing whether C. glabrata could have
a sexual phase and if the transcription factors encoded in
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Fig. 2: genotypification of the mating type-like locus (MTL) in Can-
dida glabrata. A: agarose gel of the amplification products of MTLI
locus using the specific primers # 146 and #149 (Fig. 1). The gel shows
only 10 clinical isolates (MC strains) and the two reference strains
BGl14 (MTL1a) and CBS138 (MTLIa). The expected size of the PCR
products for information type a or type a is indicated; B: agarose gel
of the amplification products of MTL2 locus of the same clinical iso-
lates used in A. The specific primers are # 70 and # 181 (Fig. 1). The
expected size of the PCR products for information type a or type a is
indicated; C: agarose gel of the amplification products of MTL3 locus
of the same clinical isolates used in A. The specific primers are # 72
and # 73 (Fig. 1). The expected size of the PCR products for informa-
tion type a or type a is indicated.

the MTL loci could regulate the expression of genes in-
volved in the innate resistance of C. glabrata to antifun-
gal drugs, we set out to analyze the information encoded
in each of the three MTL loci of 64 clinical isolates ob-
tained from hospitalized patients in Mexico.

In a previous study with a collection of 38 clinical
isolates it was determined that strains with type a in-
formation at MTLI are more common than those con-
taining type o information at this locus (Srikantha et
al. 2003, Muller et al. 2008). In a more recent study, it
was found that in a large world-wide collection of 162
clinical isolates, the MTL/a genotype was much more
frequent than the MTLIo genotype (80% vs. 20%) and
that the two alleles were unevenly distributed (Brisse et
al. 2009). However, in our sample of 62 clinical isolates
from different geographical sites in Mexico, we found
that both types of information are almost equally re-
presented and that the o information might even be more
prevalent (Table III), indicating that among the clinical
isolates from hospitalized patients in Mexico, both geno-
types are common. It is possible that this difference is
due to the smaller sample that was characterized in this
work or that the isolates obtained in this study are bi-
ased in some unknown way. We are currently analyzing
whether there is a correlation between the clinical data
of the patients (site of colonization, treatment etc.) and a
specific mating type information.

TABLE III

Determination of the genotype at the MTLI, MTL2 and MTL3
loci of 64 clinical isolates

Clinical isolates containing
each mating information

% (n)*
Information type MTLI MTL2 MTL3
a 42.2 (27/64) 96.9 (62/64) 1.6 (1/64)
o 54.7(35/64) 3.1 (2/64)  96.8 (62/64)
not identified® 3.1 (2/64) 0 (0/64) 1.6 (1/64)

a: numbers show the percentage of clinical isolates that con-
tain the specified mating information at the indicated locus.
The numbers in parenthesis indicate the number of isolates
containing the indicated information from the total of 64 clini-
cal isolates tested; b: two clinical isolates did not give amplifi-
cation bands with the oligonucleotides used to amplify mating
type-like locus (MTL1I). Of these, one (MC54) gave amplifica-
tion bands for MTL2 and MTL3 (a and o information, respec-
tively). The second (MC28) only MTL2 could be amplified (a
information), but not MTL3.

TABLE IV

Classification and percentage of clinical isolates containing
different combinations of mating type information at each of
the three mating type-like locus (MTL)

Class MTLI MTL?2 MTL3 % (n%)

1® a a a 1.6 (1/62)
2¢ a a a 38.7 (24/62)
3 a o a 0 (0/62)
44 a a a 3.2 (2/62)
5¢ o o o 0 (0/62)

6 o a a 0 (0/62)
7 o a a 56.5 (35/62)
8 o a a 0 (0/62)

a: number of isolates containing the indicated information. Only
62 isolates were included and two could not be classified be-
cause there were no amplified bands with one or more pairs of
primers; b: corresponds to class V (Srikantha et al. 2003); c: cor-
responds to class I (Srikantha et al. 2003); d: corresponds to class
III (Srikantha et al. 2003); e: corresponds to Class IV (Srikantha
et al. 2003); f: corresponds to Class II (Srikantha et al. 2003).

In C. glabrata, the orthologues of S. cerevisiae HMR
and HML are MTL2 and MTL3 respectively. In both or-
ganisms, in the vast majority of the strains tested, the
information present at these two loci is MTL2a and
MTL3a. These results corroborate and expand the previ-
ous characterization of these loci in 38 clinical isolates
(Srikantha et al. 2003). We found one isolate (class 1)
that contained only type a information at the three MTL
loci, whereas Srikantha et al. (2003) found one isolate
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Susceptibility to fluconazole of clinical isolates

Fluconazole®

Mating type information Isolates tested %
Clinical isolate MTLI MTL?2 MTL3 n Resistant Sensitive
MC: 2,7, 17, 44 a a o 4 75 (3/4) 25 (1/4)
(class 2) (MC: 7, 17, 44) (MC2)
MC: 1,3,4,5,6,8 o a o 6 66.6 (4/6) 33 (3/6)
(class 7) (MC: 3,4,6,8) (MC: 1, 5)
Control BG14 a a o Reference Sensitive*
(class 2) strain?
Control CBS138 o a o Reference Sensitive
(class 7) strain?
MCl14 a a a 1 Resistant
(class 1)
MC16 a o o 1 Resistant
(class 4)

a: percentage of clinical isolates that show resistance or sensitivity to fluconazole (see footnotes b and ¢). The numbers in paren-
thesis indicate the number of isolates showing resistance or sensitivity to fluconazole from a total of 12 clinical isolates tested;
b: resistant means that cells can grow in RPMI 1640 with > 32 ug/mL fluconazole to at least 50% the OD, attained in RPMI
1640 without drug. MC3, MC8 can grow with 32 pg/mL of fluconazole and isolates MC4, MC6, MC7, MC14, MC16, MC17 and
MC44 with 128 ug/mL of fluconazole; c: sensitive means that cells grow in RPMI 1640 with up to 8 pg/mL of fluconazole, but
growth is inhibited (to less than 50% of the growth attained without fluconazole) at > 16 pg/mL of the drug (this marks a break-
point); d: control laboratory strains BG14 and CBS138 (Cormack & Falkow 1999, Genolevures 2004); e: control strain BG14
shows a sensitive-dose dependent phenotype with fluconazole concentrations from 16 pg/mL to 32 pg/mL in RPMI-1640 liquid

medium. The breakpoint of this strain on YPD plates is observed at 16 pg/mL (Kaur et al. 2004).

TABLE VI

Susceptibility to fluconazole and 5-fluorocytosine of clinical isolates

MIC, *
5-fluorocytosine Site of Geographical origin/

Clinical isolate Fluconazole (pg/mL) (pg/mL) colonization® city of isolation®
Control BG14 32 04 vaginal mucosa
Control CBS138 8 0.1 human feces
MCl1 «8 <0.05 endodontia San Luis Potosi
MC2 16 0.1 urine San Luis Potosi
MC3 32 1.6 urine San Luis Potosi
MC4 »128 0.4 urine San Luis Potosi
MC5 8 0.1 urine San Luis Potosi
MC6 »128 <0.05 urine San Luis Potosi
MC7 128 0.8 urine San Luis Potosi
MC8 32 <0.05 vaginal mucosa Leon
MCl14 »128 0.4 blood Meéxico City
MCl6 »128 0.1 blood México City
MC17 »128 1.6 blood México City
MC44 128 1.6 blood Meéxico City

a: MIC, was defined as the minimal concentration of fluconazole or 5-fluorocytosine that resulted in a growth decrease of at
least 50% compared to that in the drug-free RPMI-1640 media; b: body sites from where the clinical isolates were obtained from
hospitalized patients. Control strains have been previously described (reference is in Table II); ¢: all clinical isolates from this
study (MC) were obtained in Mexico from different cities/states and hospitals.
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that contained type a information at all three loci (class
5) (Table IV). Classes 3 and 6, in which both loci con-
tain the opposite information (M7TL2a and MTL3a), have
not yet been identified. Class 8, in which information at
both MTL2 and MTL3 is type a and type o at MTLI, has
also not yet been identified, although this seems likely
to exist since the same configuration at MTL2 and MTL3
but with type a information also at M7TL] was identified
(class 1, MC14) (Table I'V).

We also asked whether the information present at
the MTL loci could have an effect on the susceptibility
of the strains to the antifungal drugs fluconazole and
S-fluorocytosine. All but one of the 12 strains that we
tested for fluconazole sensitivity, showed resistance to
8 ng/mL of the drug and these data further confirm the
fact that C. glabrata is innately resistant to azole com-
pounds compared to other Candida species. We found
nine isolates that were resistant to high concentrations
of fluconazole and three that were sensitive to the drug,
but we could find no clear correlation between the geno-
type at the MTL loci and the level of resistance (Table
V). We conclude, therefore, that in the sample we have
analyzed, the information present at the mating loci
does not have an impact on the level of susceptibility
to the antifungal drug fluconazole. With the antifungal
drug 5-fluorocytosine, we found that only three of the
12 clinical isolates tested were resistant to this drug and
these were also resistant to high levels of fluconazole. In
the case of the 5-fluorocytosine resistant isolates, two
of the three have type a information at M7LI and the
other contains o information. Therefore, with the small
sample we have analyzed so far, there seems to be no
direct correlation between information at the M7L loci
and resistance to 5-fluorocytosine. It will therefore be
interesting to investigate whether there is a correlation
between the treatment the patients received (or sites of
colonization from where these strains were collected)
and the resistance level to fluconazole and 5-fluorocy-
tosine. It will also be important to determine whether
some of the classes outlined in Table IV are more fit for
colonizing certain sites or tissues in the mammalian host
using murine models of infection.
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