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The TPSI1 gene from Candida albicans, which encodes trehalose-6-phosphate synthase, has been cloned by
functional complementation of a fpsI mutant from Saccharomyces cerevisiae. In contrast with the wild-type
strain, the double tpsi/tpsl disruptant did not accumulate trehalose at stationary phase or after heat shock.
Growth of the tpsi/tps] disruptant at 30°C was indistinguishable from that of the wild type. However, at 42°C
it did not grow on glucose or fructose but grew normally on galactose or glycerol. At 37°C, the yeast-hypha
transition in the mutant in glucose-calf serum medium did not occur. During growth at 42°C, the mutant did
not form hyphae in galactose or in glycerol. Some of the growth defects observed may be traced to an
unbalanced sugar metabolism that reduces the cellular content of ATP. Mice inoculated with 10° CFU of the
tps1/tps]1 mutant did not show visible symptoms of infection 16 days after inoculation, while those similarly
inoculated with wild-type cells were dead 12 days after inoculation.

The dimorphic yeast Candida albicans is commonly found as
a commensal in the human population. This organism is asso-
ciated with various types of lesions, mainly in cutaneous and
mucosal surfaces, and it can cause deep systemic infections in
humans with diminished defenses. Different properties of C.
albicans have been considered putative virulence factors (11),
prominent among them the ability to switch from the yeast to
the filamentous form, although both forms of the organism
have been found in infected tissues (38). Several antimycotic
agents are available for the treatment of candidiasis, but the
search for new specific targets is an issue of current pharma-
cological interest. Because C. albicans is a eukaryote, the num-
ber of specific targets is reduced since the host may be sensitive
to certain drugs acting on the fungus.

Trehalose is a disaccharide present in microorganisms and
absent from mammals. Saccharomyces cerevisiae and Kluyvero-
myces lactis strains mutant in the TPSI gene encoding treha-
lose-6-phosphate synthase (trehalose-6-P synthase) do not
grow in glucose (1, 20, 32). However, tps/ ~ mutants of Schizo-
saccharomyces pombe grow in glucose and show only a defect
in spore germination (7). Also, S. cerevisiae strains mutant in
the TPS2 gene encoding trehalose-6-P phosphatase show a
thermosensitive phenotype and are unable to grow at 37°C (12,
41). We reasoned that if C. albicans strains mutant with respect
to trehalose metabolism were affected in their growth charac-
teristics, enzymes of the trehalose biosynthetic pathway could
be considered potential targets for the design of specific ther-
apeutic agents. We therefore decided to isolate the TPS1 gene
from C. albicans and study the physiological effects of its in-
terruption. We show here that disruption of both copies of the
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C. albicans TPSI gene impairs development of hyphae and
decreases the infectivity of the organism.

MATERIALS AND METHODS

Yeast strains, growth and transformation conditions. The following yeast
strains were used: S. cerevisiaee WDC-3A (MATa ade2-1 his3-11,15 ura3-1 leu2-1
trpl-1 tps1::HIS3) (6) and its isogenic parental strain W303 (48), and C. albicans
SC5314 (19) and its derivative CAI4 (ura3A::imm434/ura3A::imm434) (16) (pro-
vided by C. Nombela, Madrid, Spain). The yeasts were grown with shaking at
30°C in 1% yeast extract-2% peptone (YP) or in a synthetic medium (Difco yeast
nitrogen base, 0.67%) with adequate auxotrophic requirements. As the carbon
source, 2% glucose, fructose, or galactose or 3% glycerol was added. For for-
mation of hyphae, C. albicans strains were grown at 30°C in YP-glucose until
stationary phase and then shifted to the same medium containing 10% newborn
calf serum (Gibco BRL) and the desired carbon source at 37°C. S. cerevisiae (26)
and C. albicans (28) were transformed as described previously.

Bacterial strains and plasmids. Escherichia coli TG1 and DH5a were used for
transformations and preparation of plasmid DNA. E. coli JM101 was used for
M13 propagation (35). Plasmids YEp352 (23) and pRS316 (46) were used for
constructions in S. cerevisiae, and plasmid pRM1 (42) was used for work with C.
albicans. A genomic library from C. albicans in vector YEp352 was provided by
C. Nombela and J. Pla (Madrid, Spain).

DNA and RNA manipulations. Recombinant DNA manipulations were done
by standard techniques (44). DNA probes were labeled (13) and genomic DNA
was obtained (24) as described elsewhere. Total RNA from C. albicans was
extracted from 50-mg (wet weight) samples with the Gibco Trizol reagent (10)
and fractionated on a 1.5% formaldehyde agarose gel. Nucleic acids were trans-
ferred to nylon membranes as recommended by the manufacturer. As an internal
probe, the 1.5-kb Clal-Sall fragment from the C. albicans actin gene (30) was used.

DNA sequencing. Plasmid pSecCA1 was constructed by insertion of the 3-kb
Smal-Xbal fragment from plasmid pOZ31 (Fig. 1A) into pUC18 digested with
the same enzymes. Nested deletions were generated from this plasmid with
Exolll-mung bean nuclease (21), using a Stratagene deletion kit. Sequence
upstream of the DNA inserted in pSecCA1 was obtained from a plasmid that
carried the 1.2-kb EcoRV-Ball fragment from pOZ11 (Fig. 1A) into pUCI8.
Sequencing was performed by the dideoxy-chain termination method (45), using
either double- or single-stranded DNA as the template. Sequences were derived
from both strands. Computer analyses were carried out by using the University
of Wisconsin Genetics Computer Group software on a Digital 5000/200 workstation.

Chromosomal deletion of TPSI. To disrupt the chromosomal copy of the
C. albicans TPS1 gene, the following constructs were made. The 1.2-kb
Xhol-HindIII fragment from plasmid pSecCAl was inserted into pUCIS8 di-
gested with Sa/l and HindIII to give plasmid pCAl. The Kpnl site in the
polylinker from pSecCA1 was eliminated by digestion with Kpnl and made blunt
with the Klenow fragment to give pSecCA2. A 0.3-kb fragment comprising the
most external 5’ region of the cloned yeast DNA was obtained by PCR using
pSecCA2 as the template, the reverse primer, and the oligonucleotide 5'GTAA
TGCGGTACCGAGTCCACC3’, which introduces a Kpnl site at the 3’ end of
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FIG. 1. Structure of the TPS1 region from C. albicans and Southern blot analysis of tps] disruptants. (A) Restriction maps of the C. albicans DNA inserts in pOZ11
and pOZ31. Dotted lines indicate yeast DNA. The region corresponding to the CaTPSI gene and its direction of transcription are indicated. (B) Disruption of CaTPS!
with the hisG-URA3-hisG cassette (see Materials and Methods for details of the construction). (C) Southern analysis of the chromosomal disruption of CaTPSI1. The
probe used was the 0.3-kb Scal-EcoRV fragment and is indicated in panel A as PROBE. Genomic DNA was digested with Scal and HindIIL. The relevant genotypes
of the strains used for DNA analysis are indicated under the lanes. Sizes of the fragments are indicated at the left.

the fragment. The 0.3-kb EcoRI-KpnI fragment was cloned into pCA1 digested
with the same enzymes to produce pCA3. The cassette hisG-URA3-hisG carrying
the C. albicans URA3 gene flanked by Salmonella typhimurium hisG direct re-
peats was excised by digestion with BamHI and Bg/II from pCUB-6K1 (a deriv-
ative of pCUBG [16] constructed by J. Pla) and inserted into the BamHI site of
pCA3 to produce plasmid pTDU. The 5.5-kb Sacl-HindIII fragment of plasmid
pTDU was used to disrupt the chromosomal copy of the C. albicans TPS1 gene
(Fig. 1B and C).

Excision of the disruption cassette from the chromosome was performed by
growing the cells in YP-glucose supplemented with uridine (15 pg/ml) for several
generations and then plating the cells on minimal medium with proline (100
ng/ml) as the nitrogen source (34), supplemented with uridine (15 pg/ml) and
5-fluoro-orotic acid (200 pg/ml). Correct insertion and deletion of the disruption
cassette was checked by PCR using adequate primers. The colonies producing a
correct PCR pattern were also checked by Southern analysis (Fig. 1C). After
excision of the disruption cassette from one chromosomal copy of TPSI, the
other one was disrupted and treated similarly (Fig. 1C).

Heat shock. Cells growing exponentially at 30°C were shifted to 37 or 42°C,
and samples were taken at different times after the transfer.

Other methods. Rapid sampling of yeast and extraction of metabolites was
done as described elsewhere (43). Determinations of glucose, glycolytic inter-
mediates, and ATP were done spectrophotometrically as described by Berg-
meyer (2). Trehalose was determined by measuring the released glucose after
treatment with trehalase (7).

Infectivity test. Male Swiss CD-1 mice (specific pathogen free; Charles River),
6 weeks old and weighing approximately 25 to 30 g, were used. They were
inoculated in the lateral caudal vein with 200 wl of suspensions with different cell
concentrations of each strain tested, and survival was scored over 16 days. A
group of six mice per condition was used.

Nucleotide sequence accession number. The sequence obtained for the C.
albicans TPSI1 gene has been submitted to the EMBL databank and assigned
accession no. Y07918.

RESULTS

Isolation of the C. albicans TPSI gene. S. cerevisiae tpsl
mutants do not grow in glucose (1, 20). To isolate the TPSI
gene from C. albicans, we screened for growth in glucose about

15,000 transformants obtained from a transformation on ga-
lactose of an S. cerevisiae tps] mutant with a C. albicans
genomic library. Two plasmids, pOZ11 and pOZ31, were re-
covered from the transformed S. cerevisiae tps1 cells growing in
glucose. They had a piece of inserted DNA with an overlapping
region (Fig. 1A), and their expression in a S. cerevisiae tpsl
mutant increased the trehalose level at the stationary phase of
growth from <1 to 22 nmol/mg of yeast. This result indicated
that plasmids pOZ11 and pOZ31 likely contain the C. albicans
TPS1 gene. The C. albicans DNA inserted into plasmid pOZ11
was subcloned, and a smaller DNA insert complementing the
tps] glucose-negative phenotype was sequenced. The DNA
sequence obtained, to which we will refer as CaTPS1, reveals a
single open reading frame encoding a putative protein of 478
amino acids with a calculated molecular mass of 54 kDa. The
predicted amino acid sequence exhibited high similarity with
the sequences of trehalose-6-P synthases from other organisms
(Fig. 2A). The highest identity was observed with the proteins
of S. cerevisiae and K. lactis (about 70%), although there were
also high homologies in certain regions with trehalose-6-P syn-
thases from other origins.

The 5’ noncoding region of CaTPS1 showed several inter-
esting features (Fig. 2B). One was the existence of several C,T
stretches (STRE sequences [27]) usually implicated in stress-
controlled transcription (33, 36). A possible binding site for
Migl (31), a protein involved in catabolite repression of certain
genes (37), and four copies of the hexameric HR repeat (47)
were also found.

Effects of the disruption of the CaTPS1 gene. To determine
the role of CaTPS1 in the physiology of C. albicans, we dis-
rupted both chromosomal copies of the gene (Fig. 1B and C;
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FIG. 2. Phylogenetic tree of trehalose-6-P synthase from different organisms and regions of putative regulatory importance in the CaTPSI promoter. (A) Amino
acid sequences of the various proteins were aligned with the CLUSTAL V program (22). A maximum parsimony consensus tree (100 bootstrap resamplings) was
obtained with the PHYLIP 3.5 package (14). The sequences were retrieved from the SWISSPROT database. Numbers at the intersections indicate the bootstrap value
as a percentage. The percentage of identity with respect to the C. albicans amino acid sequence is shown at the right. Figures in brackets were obtained by comparing
only the 500 initial amino acids in the case of Arabidopsis thaliana or using only amino acids 290 to 415 from C. albicans in the case of Methanobacterium
thermoautotrophicum. (B) Part of the 5’ noncoding region of the CaTPSI gene. Putative regulatory sequences are underlined.

Materials and Methods). Growth rates of the wild type and the
double disruptant in glucose were similar at 30°C (160-min
generation time). On plates, no striking differences in growth
on fructose, galactose, or glycerol were observed. At 37°C, the
disruptant grew more slowly than the wild type in glucose
(180-min versus 90-min generation time), but both had gener-
ation times of 90 min in galactose. At 42°C, the double dis-
ruptant did not grow on glucose but grew on galactose or
glycerol. Generation times in these latter carbon sources could
not be compared at this temperature because the wild type
flocculated (Fig. 3B). However, the wild type and disruptant
appeared to grow at similar rates on glycerol and galactose.
Trehalose accumulation upon entrance into the stationary
phase varied with the temperature of the culture, being higher
at 37°C than at 30°C (Table 1). However, heat shock at 37°C
per se did not elicit a noticeable increase in trehalose. A heat

shock at 42°C increased the levels of trehalose (Table 1) and
expression of the TPSI gene (results not shown). Trehalose
accumulation in the double mutant was never observed (Table
1), indicating that no other significant activities contribute to
trehalose synthesis in C. albicans. Trehalose levels in the strain
carrying only one copy of CaTPSI were between those of the
wild type and the double mutant (results not shown). We
observed that in §. cerevisiae tps] mutants expressing the
CaTPSI gene, trehalose accumulated to a level higher than
that observed in the C. albicans strain in the same conditions.
Curiously, the trehalose values measured were not significantly
different when the CaTPS1 gene was expressed from a centro-
meric or a multicopy plasmid (Table 1). A noteworthy result
was that after heat shock, C. albicans CAl4 (TPSI ura™) ac-
cumulated about 75% less trehalose than its parental counter-
part SC5314 (TPS!I ura™) (Table 1).
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FIG. 3. Influence of disruption of the CaTPSI gene on formation of hyphae.
(A) Yeasts were grown in YP-glucose until stationary phase and suspended in
the same medium with 10% newborn calf serum. The pictures were taken at the
time of serum addition (0 h) and 4 h later. (B) Morphologies of cultures of
wild-type and tps1/tps1 disruptant on YP-glycerol during the exponential phase of
growth at 42°C.

Metabolite profile. In S. cerevisiae, the failure of the tpsl/
mutant to grow on glucose is associated with a severe imbal-
ance of glycolytic metabolites and a decrease in ATP (20). In
the case of C. albicans, the profile of internal metabolites in the
tpsl/tps] mutant in the presence of glucose was altered in all
circumstances tested. A lower level of ATP and an accumula-
tion of hexose phosphates with respect to the wild type were
measured even during growth at 30°C, a condition in which the
growth rate was identical to that of the wild type (Table 2). A
similar pattern was observed in cells suspended in buffer. At

TABLE 1. Trehalose accumulation in stationary phase and after
heat shock in C. albicans and in S. cerevisiae strains expressing the
CaTPSI gene

Trehalose (nmol/mg

Growth [wet wt] of yeast)
Strain (relevant genotype) temp -
0 Stationary Heat shock
phase
C. albicans SC5314 (wild type) 30 5 50 (17°)
37 20 NT
C. albicans (tpsl/tpsl) 30 2 1
37 2 NT
S. cerevisiae W303 (wild type) 30 20 29
S. cerevisiae WDC-3A (tpsl) 30 <1 <1
S. cerevisiae (tps1/CaTPS1) 30 18¢/22¢ 14

@ C. albicans and S. cerevisiae strains were grown in YPD and minimal medium
with 2% galactose as the carbon source (S. cerevisiae tpsl strains do not grow in
glucose), respectively. Heat shock was performed in exponentially growing cells
by a shift of the culture to 42°C during 1 h. In exponential-phase cells of all
strains tested, trehalose production was <1 nmol/mg. All C. albicans strains were
prototrophic for uracil, but see footnote b. NT, not tested.

b Refers to strain CAI4, which is auxotrophic for uracil.

“ CaTPS1 expressed in the centromeric plasmid pRS316.

4 CaTPS1 expressed from the multicopy plasmid YEp352.
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FIG. 4. Infectivity of C. albicans tps1/tps] mutants. Mice were inoculated with
different cell suspensions of the tpsI/ps] mutant (squares), the TPS1/tps] single
disruptant (triangles), and the wild type (circles), and survival was scored over
time. Panels A, B, and C correspond to inocula of 10°, 107, and 10® CFU. All
strains were prototrophic for uracil.

42°C the mutant accumulated a high amount of glucose-6-P,
but the level of fructose-1,6-bisphosphate was not higher than
that at 30°C. However, the level of ATP dropped drastically at
42°C, being barely detectable 1 min after glucose addition
(Table 2). In spite of the lower level of ATP, glucose consump-
tion was higher in the mutant than in the wild type (about 30%
higher at 30°C and about 10% higher at 42°C).
Morphological and infectivity changes. C. albicans can shift
from yeast to hyphal form when the organism is cultured at
37°C in the presence of newborn calf serum. This transition
was severely impaired in the tpsi/tps] mutant, where no hypha
formation was observed in shake flasks with glucose as the
carbon source (Fig. 3A). We observed no difference between



Vor. 180, 1998

TPS1 GENE FROM C. ALBICANS 3813

TABLE 2. Intracellular levels of some glycolytic intermediates in C. albicans wild-type and tpsl/tps] mutant strains after addition of glucose”

Intracellular level (nmol/mg [dry wt] of yeast) Glucose consumption Growth yield
Strain (relevant genotype) Tc:mp Conditions (nmol/mg [dry wt] (g [dry wt] of
(°C) yeast/g of
Glucose-6-P Fructose-1,6-P, ATP of yeast/h) glucose)
C. albicans CAI4 (wild type) 30 Buffer 09,64 <0.1,1.2 3.6,1.7 0.56
C. albicans (tpsl/tpsI) 30 Buffer 13,84 <0.1,12 2.8,0.6 0.9
C. albicans CAI4 (wild type) 42 Buffer 0.4,5.2 <0.1,14 2,14 0.9
C. albicans (tps1/tpsl) 42 Buffer 0.2, 14 <0.1,11.6 1.3, <0.1 1
C. albicans CAI4 (wild type) 30 Growth 1.12 22 1.8 1 0.24
C. albicans (tps1/tpsl) 30 Growth 4.4 6.8 0.42 1.4 0.17

“ Yeasts were grown in rich medium-glycerol at 30°C and resuspended at 20 mg (dry weight)/ml in buffer as described in Materials and Methods. After equilibration
at the indicated temperatures, glucose was added at a final concentration of 55 mM and samples were taken at different times. For each metabolite, the first number
is the value at time zero (immediately after glucose addition), and the second is the value after 30 min, except for ATP, where the second number is the value 1 min
after glucose addition. The values obtained during growth were obtained in a culture during the exponential phase of growth.

ura~ and ura™ cells with respect to this behavior. However, at
this temperature, when galactose or glycerol was used instead,
hyphae formed as in the wild type. At 42°C, with galactose or
glycerol as the carbon source in the absence of serum, the wild
type formed hyphae that aggregated and made the culture
flocculent, while the mutant grew as yeast (Fig. 3B). The in-
fectivity of the #psi/tps] mutant was markedly less than that of
the wild type (Fig. 4). Mice inoculated with the lower dose of
10° cells did not show external symptoms of infection during
the 16 days of observation, while the controls died in 12 days.
Even those inoculated with 10% cells had a delayed onset of
symptoms. As shown in Fig. 4, strains with only one interrupted
copy behaved similarly to the wild type.

DISCUSSION

We have isolated and characterized the gene encoding tre-
halose-6-P synthase from the dimorphic yeast C. albicans. That
the gene isolated encodes trehalose-6-P synthase is evidenced
by the following findings: (i) it increases the trehalose content
in a S. cerevisiae tps] mutant, (ii) the sequence of the protein
putatively encoded by this gene has extensive regions of iden-
tity with trehalose-6-P synthases from other organisms, and
(iii) trehalose synthesis in C. albicans was absent in cells that
carried a disruption of the gene in both chromosomal copies.
Our results also show that in C. albicans there is only one, or
at least a major, trehalose-6-P synthase implicated in the syn-
thesis of trehalose. This is also the situation in S. cerevisiae
(40), although the existence of a minor trehalose-6-P synthase
activity that uses ADP-glucose as a cosubstrate has been re-
ported (15, 39). The situation contrasts with that found in
Aspergillus niger, where two trehalose-6-P synthases encoded by
genes ipsA and tpsB have been detected. In this fungus, the
products of these genes appear to play a different role in the
physiology of the organism (49).

In the promoter of yeast genes regulated by heat shock,
STRE sequences (CCCCT) (27) are usually found. In the case
of CaTPS1, four copies of the STRE element are present in the
5’ nontranslated region of the gene. Although one copy may
suffice for the heat shock response, the presence of multiple
elements increases this response (27). The finding of a Migl
binding site may indicate a regulatory role for this protein that
is involved in catabolite repression of certain genes (37). In
fact, Gonzalez et al. (20) found that transcription of TPSI
(then called CIFI) in S. cerevisiae was lower in glucose-grown
than in galactose-grown cultures. The existence of several cop-
ies of the hexameric repeat HR suggests some role for these
DNA stretches. They have been found in the 5" nontranslated

region of the WHII gene from C. albicans, but their function is
not known (47).

The finding that expression of CaTPSI in S. cerevisiae pro-
duced at 30°C a level of trehalose higher than that accumu-
lated by C. albicans in the same conditions may be due to the
fermentative metabolism of S. cerevisiae. The ethanol accumu-
lated in S. cerevisiae cultures during glucose fermentation adds
a stress factor to the depletion of sugar, as shown by the finding
that trehalose levels in S. cerevisiae growing in ethanol are
elevated even in the exponential phase of growth (28a). We
observed that C. albicans strains auxotrophic for uracil accu-
mulated less trehalose during heat shock than congenic strains
without the nutritional requirement. A possible explanation for
this could be that in the uracil-requiring strains, the pool of
uridine derivatives necessary for the formation of trehalose-
6-P is decreased. We have not studied if other auxotrophic
requirements produce the same effect, but our results indicate
that it is important when comparing levels of trehalose in
congenic strains with interrupted genes to ensure that the
strains do not differ in nutritional requirements.

Disruption of both chromosomal CaTPS1 copies caused sev-
eral defects: lack of growth on glucose at certain temperatures,
impairment of hypha formation, and decrease of infectivity.
The effect on growth was specific for glucose or fructose, point-
ing to a defect in the metabolism of these sugars. This idea was
strengthened by the altered metabolite profile found either
during apparently normal growth at 30°C or in resting cells at
different temperatures. The severe depletion of ATP and the
accumulation of hexose phosphates are similar to those found
in S. cerevisiae (20) and K. lactis (32) when glucose is added to
a tpsl mutant. A loss of the inhibition of hexokinase by treha-
lose-6-P that results in an increased glycolytic flux has been
proposed as an explanation of this effect (6). In fact, the defect
is alleviated in S. cerevisiae by a decrease in hexokinase activity
(4, 25) or in glucose transport (5, 17). In S. pombe, where the
major hexokinase is not inhibited by trehalose-6-P (7), disrup-
tion of zpsI™ does not affect growth in glucose. The glucose-
phosphorylating activity of C. albicans is inhibited by trehalose-
6-P (3), and the phenotype observed in the CaTPSI disruptants
would be consistent with the explanation advanced for S. cer-
evisiae. The growth of C. albicans at 30 and 37°C (although at
the latter temperature more slowly than the wild type) may be
explained by the respiratory metabolism of this yeast that will
make the effects of CaTPSI disruption less severe than in a
yeast with a higher demand of glycolytic flux, such as S. cerevi-
siae (18). It is interesting that the effect of the disruption in
growth was different from that found in S. cerevisiae or K. lactis.
In the latter yeasts, tps! disruptants stopped growth at 30°C,
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whereas in C. albicans the effect was dependent on tempera-
ture and was total only at 42°C. Whether this is due to adap-
tation of C. albicans to higher temperatures or to a different
mode of action of trehalose or trehalose-6-P remains to be
studied.

The influence of CaTPSI on formation of hyphae is likely to
be indirect and not due to involvement of the gene product in
the transition process. The yeast-hypha transition is a complex
process in which different external factors produce signals
that converge on specific targets to trigger the morphological
changes. Although mutants that exist only as hyphae (9) or
predominantly as yeast (29) have been isolated, the mechanism
of the transition is not well understood. We hypothesize that
the lack of hypha formation at 37°C on glucose is due to the
disturbed glucose metabolism that drastically reduces the ATP
content of the cells. The fact that hyphae are formed at this
temperature on galactose or glycerol is compatible with this
idea. The manifest lack of hypha formation at 42°C in all
carbon sources may be related to the need for trehalose for
maintenance of hyphae at this temperature. In fact, spores of
tps1— mutants of S. pombe do not germinate because trehalose
is needed for their maintenance or for initiation of germination
(7).
The C. albicans tpsl/tps] mutants showed a drastic decrease
in pathogenicity for mice. Injection of as much as 107 cells did
not provoke visible symptoms during 8 days. In contrast, the
TPS1/tps] strains were as virulent as the wild type. We cannot
determine at present whether the lower infectivity is due to the
impairment of hypha formation or to poorer proliferation of
the mutant in mice. In fact, both yeast and hyphal forms were
detected in mice infected with the mutant (42a).

Mutations in the pathway of trehalose synthesis have pleio-
tropic effects in different microorganisms, affecting reactions in
carbohydrate metabolism not directly related to trehalose syn-
thesis (7, 8, 20). The effects described here on growth and
hypha formation in C. albicans add another target to those
observed in other organisms and indicate the important regu-
latory role of trehalose-6-P and trehalose in the life of fungi.
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