malaria. Thus, derivatives of GA or other
traditional medicines might be used in the
future for treating human diseases caused
by latent virus infections.
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Unlocking the DEAD-box:
a key to cryptococcal virulence?
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The DEAD-box RNA helicases are enzymes involved in many critical
aspects of RNA metabolism within both eukaryotic and prokaryotic organ-
isms. Several studies have shown that these proteins may have important
functions in mediating microbial pathogenesis. A new study in this issue
of the JCI identifies the first DEAD-box RNA helicase in the pathogenic
fungus Cryptococcus neoformans and proposes novel roles for this family of
proteins in the development and progression of cryptococcosis (see the
related article beginning on page 632).

Cryptococcosis is a chronic human dis-
ease caused by the ubiquitous environ-
mental fungus Cryptococcus neoformans.
The disease occurs after inhalation of
yeast cells or basidiospores into the alveo-
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lar spaces and eventually progresses with
the dissemination of C. neoformans to the
central nervous system, causing menin-
goencephalitis (1). The majority of cryp-
tococcosis cases have been reported in
immunocompromised patients, such as
subjects with AIDS or those undergoing
transplantation, but certain varieties of
C. neoformans do affect immunocompetent
hosts (1). Current therapies cannot com-
pletely eradicate the chronic infection,
which necessitates life-long treatment.
Therefore, studies addressing the under-

http://www.jci.org ~ Volume 115

Number 3

standing of pathophysiological processes
leading to the development of the dis-
ease are particularly important for the
discovery of new therapeutic strategies.
C. neoformans is a facultative intracellular
pathogen with several well-established vir-
ulence factors, including growth at 37°C
(temperature of the mammalian host),
a large antiphagocytic polysaccharide
capsule, and the laccase enzyme, which
can produce melanin pigments from
host-derived substrates. With the goal of
identifying novel targets for drug devel-
opment, current Cryptococcus research is
focused on the signaling networks that
regulate these virulence factors. A few
virulence-related pathways have been
identified in C. neoformans, including the
Ga protein-cAMP-PKA and Ipcl-Pkcl
pathways (2, 3). In this issue of the JCI,
Panepinto et al. (4) describe a new class
of proteins and a novel signaling net-
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The 9 conserved motifs of the DEAD-box RNA helicase family and their putative functions (6). Motifs | and Il, also known as the Walker A and
B moitifs, bind nucleotide triphosphates; the DEAD-box helicases are named after the amino acid sequence of motif Il. Motifs Q and VI are also
involved in binding ATP for hydrolysis. Motifs la, Ib, IV, and V are proposed to bind RNA. Motif Ill may induce conformational changes required for

helicase activity upon ATP binding.

work in C. neoformans by identifying the
first putative DEAD-box RNA helicase,
named virulence-associated DEAD-box
RNA helicase-encoding protein (Vadl).
Here we discuss the DEAD-box helicases,
their roles in pathogenesis, and the signif-
icance of this discovery in an important

fungal pathogen.

What is a DEAD-box RNA helicase?
Helicase proteins are classically defined
as ATP-dependent enzymes that separate
DNA and/or RNA duplexes, and they
are divided into superfamilies (SFs) I-III
based on sequence similarity, without
distinguishing between DNA and RNA
helicases (5). Many RNA helicases have
been shown to have ATPase activity in the
presence of RNA, but not all have demon-
strated actual unwinding activity, prob-
ably due to a lack of specific substrates
and/or cofactors in an in vitro system
(6). RNA helicases may also exhibit other
activities, such as disrupting RNA-protein
complexes (6). Thus, RNA helicase func-
tion is presently not fully defined.

Members of the helicase families share
several conserved motifs, including the
Walker A and B motifs, which are involved
in the binding of nucleoside triphos-
phates. The DExD/H-box RNA helicases
(named for the consensus amino acid
sequence of the Walker B motif) belong to
the second superfamily of helicases (SF-II)
and are divided into 3 families: Ski 2,
DEAH-box, and DEAD-box. The DEAD-
box proteins share a total of 9 conserved
domains, inclusive of the Walker motifs
(Figure 1), and have been implicated in
multiple cellular processes, including gene
transcription, RNA splicing, ribosome bio-
genesis, RNA transport, translation initia-
tion, mitochondrial gene expression, and
mRNA degradation (6).

DEAD-box proteins are found in a
variety of organisms, both eukaryotes
and prokaryotes, but are absent in some
organisms, including bacteria such as
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Chlamydia and Borrelia and archaea such
as Pyrococcus and Halobacterium (6). The
number of DEAD-box helicases also var-
ies: Saccharomyces cerevisiae has 25, and
humans have 36 putative DEAD-box heli-
cases, whereas other organisms, such as the
archaean Methanococcus, have only 1 (6-8).

Pathogenesis and DEAD-box
proteins

Several studies suggest that DEAD-box
proteins are crucial to signaling pathways
that mediate host-pathogen interactions.
For example, several mammalian DEAD-
box helicases have putative roles in rep-
lication and nuclear export of HIV-1
RNA (9, 10). Paramyxovirus proteins
can bind to the mammalian DEAD-box
helicase melanoma differentiation-asso-
ciated gene 5 to block its activation of
the IFN-f promoter, thus preventing the
antiviral IFN response (11). Proteins from
other viruses, such as hepatitis C virus
and human papillomavirus, have also
been shown to bind DEAD-box proteins,
although the significance of these inter-
actions to virulence is unclear (12-16).
Pathogen-derived helicases may also play
a role in pathogenesis. In the parasite
Trypanosoma cruzi, the putative DEAD-
box helicase HelTc is upregulated in try-
pomastigotes, the infective form of the
organism (17). Interestingly, the bacterial
RNA helicases have been studied mainly
for mechanistic purposes rather than in
the context of host-pathogen interaction.
However, there are some reports that sug-
gest bacterial DEAD-box proteins are also
involved in pathogenesis. For instance,
Helicobacter pylori deaD may play a role in
regulating urease activity (18), and in the
anaerobic bacterium Clostridium perfrin-
gens, a DEAD-box RNA helicase may be
involved in the adaptive response to oxi-
dative stress (19). The model system for
study of fungal DEAD-box proteins has
been the nonpathogenic yeast S. cerevisiae.
DEAD-box helicases have been identi-
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fied in pathogenic fungi, such as Chrl in
Candida albicans (20) and HelA in Asper-
gillus nidulans (21), but unlike Vadl in
C. neoformans, these proteins do not yet
have defined roles in virulence.

Cryptococcal DEAD-box proteins:

a new paradigm for study

Clearly, the role of pathogen-derived
DEAD-box helicases in virulence path-
ways needs further exploration. Panepinto
and coworkers identified the C. neoformans
DEAD-box helicase Vadl through a ran-
dom mutagenesis screen for defects in the
virulence factor laccase (4). The C. neofor-
mans strain Avad1 (in which the VADI gene
is disrupted) was analyzed by differential
display, and 4 transcripts (other than
LACI-encoding laccase) were found to be
modulated. The roles of these genes in the
phenotype exhibited by the Avad1 strain
were investigated by the examination of
deletion mutants or gene suppression by
RNA interference (RNAi). This study of
Vadl and the genes it modulates introduc-
es what we believe to be the first known
putative roles for the DEAD-box helicases
in fungal pathogenesis. First, Vadl may
have a role in the ability of C. neoformans to
sense the host environment upon initial
infection. By homology, Vad1 belongs to
the RCK/p54 subfamily of DEAD-box pro-
teins. The proteins of this subfamily are
known to interact with the CCR-negative
on TATA-less (Ccr4-Not) complex, which
has multiple roles in regulating gene
expression and may work with DEAD-box
helicases to facilitate RNA degradation
(22). One of the transcripts regulated by
Vad1l was shown to be NOTI, a compo-
nent of the Ccr4-Not complex. Interest-
ingly, it has been proposed that Ccr4-Not
may be able to sense glucose depletion
and other environmental stresses that
could be found within a host system (22).
Therefore, the association between Vad1
and Notl1 could play an important role in
coordinating the ability of C. neoformans
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to detect the host environment. Second,
Vad1l may initiate signaling pathways that
will enable the survival of a fungal cell
within that environment. The other tran-
scripts modulated by Vad1 include PCK1,
which encodes phosphoenolpyruvate car-
boxykinase; TUFI, which encodes an elon-
gation factor for mitochondrial protein
translation; and MPF3, which may encode
amannoprotein. These proteins have roles
in gluconeogenesis, mitochondrial func-
tion, and cell wall integrity, respectively,
processes that are crucial to survival in the
host environment. Finally, in response to
the host environment, Vad1 may regulate
expression of specific antihost virulence
factors. Vadl was originally identified
because its absence causes a decrease in the
transcription and activity of the virulence
factor laccase. This suggests that Vad1 not
only modifies normal metabolic pathways
upon infection but also actively helps to
express a virulence factor that will pro-
mote the pathogenesis of C. neoformans.

Is Vadl a “master regulator” of this
virulence network as Panepinto et al. (4)
propose? There are many interesting ques-
tions still to be answered, which will be
aided by the biochemical characterization
of Vadl. Does it truly function as a heli-
case? As with its DEAD-box relatives, does
it interact with the Ccr4-Not complex?
How does Vad1 specifically regulate only
the LACI, NOTI, PCK1, TUF1, and MPF3
transcripts? Does it possess substrate
specificity? Are there more DEAD-box
homologs to be found in C. neoformans,
and could they also play important roles
in regulating other virulence cascades?

Although investigations into the role
of DEAD-box RNA helicases in fungal
pathogenesis are relatively new, they have
already shown us the value of transcrip-
tome analysis to identify novel cellular
connections and have shed new light on
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how C. neoformans regulates its patho-
genesis. Results from future studies of
DEAD-box helicases may be the key to
effectively clearing cryptococcal infections
and improving the quality of life for many
immunocompromised patients.
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