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Abstract

Vpr, an accessory gene product of HIV-1, is incorporated into cells when added to the culture medium. Via such function Vpr has
been shown to transduce a protein into cells that is expressed as a chimeric protein with Vpr. The domain required for protein
transduction, however, remained to be clarified. Here we identified a sequence encompassing 52-78 amino acids of Vpr (C45D18)
that enables nuclear trafficking of proteins. When chemically synthesized C45D18 was added to the culture medium of human cord
blood mononuclear (CBMN) cells, most cells became pesitive for the incorporated C45D18. Furthermore, recombinant proteins
conjugated with the C45D18 were efficiently transduced and transported to regions corresponding to the nucleus. Incorporation of
C45D18-conjugated protein was observed within a few hours after addition of the protein, independent of cellular growth. Although
it is well known that Tat-derived peptide has a transducing activity, C45D18 was more active than Tat peptide for trafficking
proteins into cells. Taking together with results from FACS analysis revealing that more than 90% of CBMN cells were positive for
X-gal staining after treatment of C45D18-conjugated B-galactosidase, we propose that C45D18 translocates bioactive macromol-

ecules directly into the nucleus.
© 2004 Elsevier Inc. All rights reserved.
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Vpr, one of six auxiliary genes of human immuno-
deficiency virus type 1 (HIV) [1,2] encodes a virion-as-
soctated protein [3-5], and has been proposed as a factor
crucial for HIV-1 infection in resting macrophages [6].
Several lines of evidence indicate that Vpr is involved in
translocation of preintegration complex from cytoplasm
to nucleus [6,7). Vpr is a small protein composed of 96
amino acids (aa), but has several functional domains of
three o-helix regions (17-29, 3647, and 53-78, respec-
tively), a leucine-rich region from 60 to 80 aa, and C-
terminal arginine-rich region [7]. It has been noted that
Vpr has two separable parts responsible for nuclear
translocation [8]. On the other hand, we previously re-
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ported that Vpr induces genomic instability by causing
chromosome breaks and aneuploidy [9,10]. Our experi-
ments also revealed that the C-terminal region of Vpr is
important for cell-cycle arrest, and Vpr mutant lacking
C-terminal 18 aa was negative for inducing cell-cycle
abnormality at the G2/M phase.

As a particularly interesting property, Vpr functions
like a transacting factor, and latently infected cells re-
start viral production, when Vpr is extracellularly added
to cells {11,12}. In addition to such an activity, Vpr can
enter cells when it is added to culture medium [7,13]).
Consistently, a synthetic full-length peptide of Vpr or
C-half of Vpr was used for eflicient transduction of
plasmid DNA [14]. On the other hand, Sherman et al.
[15] recently reported that Vpr could transport exoge-
nous proteins into cells. A fusion protein of Vpr with
B-galactosidase (B-gal) was also shown to enter cells.



