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Letters to the Editor
The Echinocandin “Target” Identified by Cross-Linking Is a Homolog of Pil1
and Lsp1, Sphingolipid-Dependent Regulators of Cell Wall Integrity Signaling
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role in the yeast response to echinocandins (11; T. Edlind and
S. Katiyar, Abstr. 42nd Intersci. Conf. Antimicrob. Agents and
Chemother., abstr. M-19, 2002).
These data raise the possibility that Pil1-Lsp1 associate with
␤-1,3-glucan synthase and, along with Rho1 (2, 3), play a role
in its regulation. Indeed, a protein complex containing both
Pil1 and Fks1 has been previously identified (6). Moreover,
these data raise questions regarding the echinocandin target
which have implications for further development of these antifungals and identification of potential resistance mechanisms.

Echinocandins such as caspofungin, recently approved for
treatment of specific yeast and mold infections, represent an
important group of antifungals with a distinct mechanism of
action (2). Early studies demonstrated that echinocandins inhibit the synthesis of ␤-1,3-glucan, a major cell wall component
in many fungi (3). Initial reports in 1994 and 1995 of efforts to
identify genes involved in ␤-1,3-glucan synthesis employed genetic characterization of echinocandin-resistant Saccharomyces
cerevisiae mutants. One such study identified GNS1, disruption
of which decreased ␤-1,3-glucan synthase activity 90 to 95%
(5). However, this gene is allelic to FEN1/ELO2 encoding a
fatty acid elongase involved in sphingolipid long-chain base
(LCB) biosynthesis. Other studies associated ␤-1,3-glucan synthase with the FKS family of genes encoding high-molecularweight membrane proteins that localize to sites of cell wall
remodeling (1, 4). Partial purification by glucan product entrapment supported this association (8).
Since further purification of ␤-1,3-glucan synthase proved
difficult, direct proof that FKS-encoded proteins represent the
echinocandin target was lacking. In a 1998 study, Radding et al.
(10) sought to define the echinocandin target within Candida
albicans membrane preparations by photoaffinity labeling with
an echinocandin analog that retained antifungal activity. Two
major proteins of 40 and 18 kDa were identified, cross-linking
to which was dependent on irradiation and was competed out
with unmodified echinocandin. Labeling of the 40-kDa protein
was sufficient to allow purification, and peptide sequences of 12
and 17 amino acids were obtained. The C. albicans genome
sequence was not yet available, but Radding et al. identified by
BLAST analysis a pair of related S. cerevisiae proteins, Ypl004
and Ygr086, with 50 to 76% identity to both peptide sequences.
We performed a BLAST search of the C. albicans sequence
database (www-sequence.stanford.edu/group/candida) and
confirmed that both peptides derive from a Ypl004-Ygr086
homolog within contig6-1742; a further search identified a second closely related C. albicans protein within contig6-1965.
The S. cerevisiae and C. albicans protein pairs are highly conserved, with 70 to 76% identity to each other.
The echinocandin-cross-linked 40-kDa C. albicans protein
and its partner are uncharacterized, but functions for their S.
cerevisiae homologs have recently come to light and, surprisingly, there is again a link to sphingolipids. By two different
assays, Ypl004 and Ygr086 were shown to physically interact
with Pkh1 or Pkh2 (7, 9). These protein kinases are regulated
by LCBs such as phytosphingosine (12). Indeed, Pkh2 phosphorylation of Ygr086 is inhibited by LCBs (hence the gene
name PIL1) whereas LCBs stimulate phosphorylation of
Ypl004 (hence the name LSP1). In a complex network of
signaling pathways, LCB-regulated phosphorylation of Pil1
and Lsp1 controls activation of the well-characterized protein
kinase C-MAP kinase pathway and the poorly characterized
Ypk1 kinase pathway (12); both pathways mediate cell wall
integrity in response to various stresses. In particular, the protein kinase C-MAP kinase pathway plays a major protective

