
cphl strains make pseudohyphae like the 
wild type. 

How do these varied observations on 
the control of cell morphology in Candida 
fit together? The most striking observa- 
tions suggest that the yeast form is the re- 
sult of negative control of the pseudohyphal 
growth state. The results of Braun and 
Johnson, implicating TUPl, are particu- 
larly provocative because TUPl in Saccha- 
romyces cerevisiae functions as a global re- 
pressor, turning off genes in response to 
major alterations in the state of the cells. 
There Tuplp protein (together with 
Ssn6p, the product of the SSN6 gene) con- 
trols such processes as cell type (a or a) and 
glucose repression. Tuplp is targeted to a 
particular site by DNA binding proteins 
like AlphaZp and Mcmlp (6, 7); it then 
acts to block transcription at the adjacent 
promoter, probably by altering the chro- 
matin structure. TUP1 -mediated repres- 
sion is alleviated when the targeting DNA 
binding protein is no longer present. Inter- 
estingly, deletion of TUPl in S. cerevisiae 
depresses formation of pseudohyphae. 

We are still early in the genetic analysis of 
the polymorphic character of this fungus, but 
a working model that incorporates almost all 
the data can be constructed (see figure). A 
likely explanation for the Braun and Johnson 
results is that in the absence of the TUPl 
gene product, the genes for pseudohypha for- 
mation are constitutively on. These genes 
may include a repressor for the yeast genes. 
The basic feature of the model is that the 
process is controlled by a series of negative 
and positive transcription factors, which ul- 
timately affect the TUP-mediated regulation 
of pseudohyphae and yeast cell formation. In 
this model, Efglp, the product of the gene 
studied by Stoldt et al. (3), would function as 
a repressor of the TUP complex (perhaps by 
repressing the synthesis of the putative DNA 
targeting protein). Then overexpression of 
Efglp would block the formation of the TUP 
complex and allow expression of the 
pseudohyphal genes. RBFl would serve as a 
repressor of EFG 1 ; a deletion of RBFl would 
increase the synthesis of Efglp and lead once 
more to a decrease in the amount of TUP 
repression. Chplp would activate the syn- 
thesis of Efglp; when CPHl is deleted, little 
Efglp is made, and synthesis of the TUP- 
complex continues at a high level. Thus, no 
pseudohyphae can be made. One piece of 
evidence not accounted for by this model is 

the synthesis of Efglp, deletion of CPHl 
should itself be epistatic to deletion of RBF1. 
In other words, the RBFI -CPHI double-de- 
letion strain should not form pseudohyphae. 
Finally, overexpression of Tuplp might pre- 
vent formation of pseudohyphae under most 
or all conditions. Given the early state of our 
analysis of this complex regulatory circuit, 
many other models can no doubt be devised 
to suit the data, but the one presented here, 
although highly speculative, has the advan- 
tage of being easily testable. 

There are several other implications of 
this group of papers. Most important, per- 
haps, is that C. albicans should not be 
thought of as a yeast that can assume various 
forms. The yeast form exists only if the gen- 
eral repressor TUPl is active. A strong case 
can be made that there is no "default" form 
for this organism. A second important impli- 
cation is that hypha formation seems to oc- 
cur by means of a pathway separate from that 
for pseudohyphae; none of the deletions or 
constructs that affect pseudohyphae affect 
hyphae in similar ways. It  also seems likely 
that alterations in chromatin structure are an 
important mode of control of morphogenesis 
in Candida; the sort of silencing that has been 
well studied in S, cereoisiae may occur in 
pseudohyphal genes. Finally, neither dele- 
tion of RBFl nor overexpression of Efglp 
completely blocks formation of yeast cells; 
hence, neither of these alterations causes as 
profound a change in the cell morphology as 
the TUPl deletion, reinforcing the view that 
the ultimate control of pseudohypha forma- 
tion is mediated by a TUP complex. 

The role of polymorphism in the patho- 
genesis of C. afbimns is far from proven, but 
the capability seems intuitively important 
for an organism that is found in a variety of 
different niches in the body. The elucidation 
of the regulatory cascade in the papers by 
Braun and Johnson and others is likely to be 
of great value in understanding the ways in 
which this organism causes disease, a topic 
about which we know little for any patho- 
genic fungus. 
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