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ABSTRACT

During the replication of flaviviruses, the virus maturation process mediated by a
cellular proprotein convertase, furin, is required for the acquisition of infectivity.
Furin cleaves an envelope glycoprotein, prM, on the surface of immature viral
particles via the specific recognition of the furin consensus sequence, Arg(P4)-
Xaa(P3)-Lys/Arg (P2)-Arg(P1), where Xaa is any amino acid, just proximal to the pr-
M cleavage junction. While all flaviviruses share the basic residues at the cleavage
positions P1, P2 and P4 at the pr-M junction recognized by furin, it is intriguing that,
unlike those of other flaviviruses, cleavage of dengue virus prM is incomplete in
many infected cell lines. The molecular basis for partial cleavage of dengue virus
prM was not known. In this study, the role of amino acid residues located at furin
non-consensus positions of the pr-M junction in modulating the level of prM cleavage

was examined by employing the alanine-scanning and other multiple-point mutant



viruses, which were previously generated by employing a dengue virus background
that exhibited 60-70% prM cleavage and the preponderance of virion-sized
extracellular particles. Comparison of the levels of prM and its cleavage products in
the extracellular particles of the parent virus and the viable mutants revealed a strong
cleavage suppressive effect of the conserved P3 Glu residue of the pr-M junction.
Unexpectedly, the cleavage augmenting effect of the P5 Arg and P6 His residues were
also detected, indicating an interplay between opposing modulatory influences
mediated by the charged residues at these furin non-consensus positions on the
cleavage of prM of dengue virus. Changes in the extent of prM cleavage in the
mutant viruses were associated with altered proportions of extracellular virion-sized
particles and subviral particles. The mutants with reduced prM cleavage were
enriched with subviral particles and the prM-containing virion-sized particles,
whereas the mutant with enhanced prM cleavage consisted mainly of the mature
virion-sized particles. Further characterization of the virion-sized particles by cryo-
electron microscopy revealed the third type of viral particles, the partially mature
particles, which exhibited morphologic features of the immature particle and the
mature particle on the same particles. The partially mature particles constituted a
large fraction of the extracellular prM-containing virion-sized particles in the parent
dengue virus; its existence was compatible with a model suggesting the progressive
mode of prM cleavage. The dynamic shifts in the proportion of the three types of
particles among dengue viruses with different prM cleavage levels suggested that the
partially mature particles represented an intermediate stage of the virus particles in the
maturation pathway. Reduction of the virus multiplication was detected in mutants
with reduced prM cleavage, and correlated with their low specific infectivities. These
findings: 1) define the functional roles of charged residues located adjacent to the
furin consensus sequence in the cleavage of dengue virus prM, 2) provide plausible
mechanisms by which the reduction of pr-M junction cleavability may affect dengue
virus replication, and 3) present the morphologic evidence for a new type of virion-

sized particles of dengue virus and the underlying mode of prM cleavage.
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