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Malaria is a devastating disease that accounts
for nearly one million deaths every year.
Caused by parasites of the genus Plasmo-
dium, malaria transmission requires the bite
of a mosquito to transmit the parasite from
one host to another. Thus, understanding the
parasite life cycle in the mosquito host is of
prime importance. In PNAS, Ramphul et al.
(1) show that a protein, Pfs47, expressed in
the mosquito stages of the malaria parasite
can disrupt mosquito JNK signaling to render
parasites “invisible” to the mosquito immune
system, and in this way increase its survival
and chances of transmission.
A number of components (vertebrate fac-

tors, mosquito microbiota, and mosquito im-
mune responses) contribute to a pronounced
bottleneck in malaria parasite numbers in the
mosquito host (2). As such, the success of
ookinete invasion and subsequent oocyst for-
mation are critical determinants of malaria
transmission. In a landmark study by Collins
et al. (3), a refractory strain of Anopheles
gambiae was selected that displayed resis-
tance to multiple Plasmodium species, indi-
cating that there was a genetic basis for mos-
quito refractoriness to malaria parasites.
Importantly, when parasites of different geo-
graphic origins were used, it was shown that
Plasmodium falciparum isolates from Africa
were more successful at bypassing encapsula-
tion responses in African mosquitoes than
New World or Asian parasite isolates (3),
suggesting that malaria parasites have
adapted to their natural mosquito hosts
to increase survival and transmission.
In support of this hypothesis, recent evi-

dence using a refractory L3-5 line of A. gam-
biae suggest that some strains of P. falciparum
strains can evade the mosquito comple-
ment-like system (4). Silencing of thioester-
containing protein 1 (TEP1), a complement-
like protein required for parasite lysis and
melanization, had no effect on the intensity
of infection of African P. falciparum isolates,
yet proved integral to limiting New World
(Brazilian) P. falciparum isolates (4). A genetic

screen involving a cross between the Afri-
can and the Brazilian parasites led to the
identification of the Pfs47 gene encoding an
ookinete protein that allows African iso-
lates of P. falciparum to evade the mosquito
complement-like system (5). Disruption of
the Pfs47 locus led to parasite recognition
by the A. gambiae immune system, similar
to recognition of the Brazilian isolate (5).
Together, these studies suggest that genetic
divergence of P. falciparum Pfs47 alleles di-
rectly contributes to parasite survival in the
mosquito, yet the manner by which Pfs47
confers immune evasion in A. gambiae has
yet to be fully explored.
Recent work has shown that midgut

epithelial nitration is an essential step for
Plasmodium recognition by the mosquito im-
mune system (6). Triggered by ookinete in-
vasion, heme peroxidase 2 (HPX2) and
NAPDH oxidase 5 (NOX5) are critical
enzymes required for the mosquito nitration
response, in this way “marking” invading
parasites for subsequent TEP1-mediated
complement-like elimination (6). Previous
work suggests that the African Pfs47 allele
reduces HPX2 and NOX5 expression and
consequent reduced TEP1 recognition, pro-
viding the basis of its immune-evasion phe-
notype (5). The JNK pathway has been
shown to regulate HPX2 and NOX5 tran-
scription (7), yet a direct connection between
the JNK pathway and Pfs47 had yet to be
established.
The article by Ramphul et al. in PNAS

demonstrates that Pfs47 mediates suppres-
sion of the mosquito JNK signaling and anti-
Plasmodium immunity (1). To establish this
connection, gene-silencing experiments were
performed using NF54 WT (African Pfs47
allele “compatible” with the African mos-
quito) or Pfs47 knockout (KO) parasites.
When A. gambiae were infected with NF54
WT parasites, the silencing of JNK pathway
components had no effect on the intensity or
prevalence of infection, suggesting that the
JNK pathway does not actively participate

in limiting wild-type parasite survival (1). In
contrast, similar experiments with the Pfs47
KO parasite indicate that parasite survival in
the mosquito is modulated by JNK signaling
(1), inferring that a single parasite protein
(Pfs47) can significantly alter mosquito im-
mune responses by suppressing JNK signal-
ing (Fig. 1).
In addition, Ramphul et al. further com-

pare gene expression in mosquitoes infected
with the NF54 WT and Pfs47 KO parasites to
provide evidence of a direct link between
JNK signaling, apoptosis, and midgut epithe-
lial nitration (1). In the absence of Pfs47, JNK
signaling promotes cell death mediated by
the induction of forkhead box O, caspase
(CASP)-L1, and several downstream effector
caspases, including CASP-S2 (1). When
CASP-S2 is silenced, the activation of HPX2
and NOX5 transcripts is attenuated, demon-
strating that cell death initiated by caspase
activation is required for midgut epithelial
nitration (1). Taken together, these data sug-
gest that in the absence of Pfs47, ookinete
invasion activates the JNK pathway and

Fig. 1. Role of parasite Pfs47 in evasion from mosquito
JNK-mediated immune responses. Ookinete invasion by
NF54 (WT) P. falciparum parasites results in the suppression
of JNK activation, ultimately leading to increased parasite
survival. In the absence of Pfs47 (Pfs47 KO), ookinete in-
vasion activates the JNK pathway. Downstream events in-
cluding caspase activation and epithelial nitration effectively
“mark” invading parasites for recognition and lysis by the
mosquito complement-like system.
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downstream signaling events that lead to in-
creased caspase activity, epithelial nitration,
immune recognition, and ultimately parasite
death (Fig. 1).
These findings provide significant new

insight into the molecular mechanisms that
accompany Plasmodium ookinete invasion.
Not only do Ramphul et al. (1) demonstrate
that a parasite protein, Pfs47, can modulate
immune recognition and signaling in its
mosquito host, but they also integrate exist-
ing knowledge of ookinete midgut invasion
to provide a more cohesive understanding
of the mosquito immune responses to
Plasmodium. Observations that ookinete
invasion promotes cell death (8) and epi-
thelial nitration (6, 9) have been made
previously, yet Ramphul et al. (1) now for-
mally connect these mosquito responses.
This added information provides a better
understanding of JNK signaling and the
cascade of events that lead to parasite im-
mune recognition by the mosquito comple-
ment-like system.
Several questions regarding the function

of Pfs47 have yet to be explored. Pfs47 is
a member of a conserved family of Plasmo-
dium proteins characterized by the presence
of multiple copies of 6-cysteine (6-cys)
domains, and initially characterized for its
localization to the parasite surface following
female gamete activation (10). Also present
on the surface of ookinetes (5), the expression
of Pfs47 can have significant effects on parasite
infection as early as 12 h postblood feeding,

well before midgut invasion. In addition,
Pfs47 dramatically alters midgut transcrip-
tional responses to ookinete invasion (1).
Likely mediated in part by evading JNK

As shown by Ramphul
et al., Pfs47 is an
important determinant
of success of parasite
development in the
mosquito host.
activation, these results suggest that Pfs47 can
modulate mosquito responses both before
and after ookinete invasion. What remains
unclear is how this parasite protein can so
dramatically influence responses in the
mosquito host. What is the molecular

connection between Pfs47 and suppression
of the JNK pathway? Pfs47 remains rela-
tively uncharacterized, with little information
regarding its function or biochemical prop-
erties. It is unclear if Pfs47 is secreted or has
an enzymatic activity that disrupts JNK sig-
naling, properties that may argue for an ac-
tive role in immune evasion. It is also possible
that the role of Pfs47 is passive, either in
masking immune recognition of parasite sur-
face proteins, or by serving as a ligand for
an alternate ookinete invasion pathway.
As shown by Ramphul et al. (1), Pfs47 is an
important determinant of success of parasite
development in the mosquito host. We may
now look forward to future reports detailing
how Pfs47 mediates immune evasion by ma-
laria parasites in more detail.
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