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The nucleocapsid protein of HIV-1 consists of two basic amino acid regions and two
zinc fingers. We investigated the requirement of these domains for the structural con-
version of a 39mer RNA covering the dimerization initiation site by using three pep-
tides; wild-type NCp7, a mutant in which the two zinc fingers are mutated, and
another mutant in which the two zinc fingers are deleted. The two mutants exhibited
similar conversion activities to each other, which were lower than that of the wild-
type, indicating that the two basic regions exhibit some activity for RNA chaperone,
as we suggested before, and the zinc fingers enhance the efficiency of this activity.
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Abbreviations: HIV-1, human immunodeficiency virus type 1; DIS, dimerization initiation site; NC, nucleocapsid
protein.

One of the functions of the nucleocapsid protein (NC) of
human immunodeficiency virus type-1 (HIV-1) is as an
RNA chaperone, which assists RNA molecules into their
thermodynamically most stable conformation (1). NC
consists of 55 amino acids (pNL4-3 sequence), of which
basic residues, Arg and Lys, account for 27%. Another
role of NC is in the recognition of genomic RNA during
the assembly process (2–5). NC consists of two basic
regions and two zinc fingers, as shown in Fig. 1A. A
number of experiments have been performed to under-
stand the role of the zinc fingers as well as the basic
regions, and some of the results are summarized in
Laughrea et al. 2001 (6). For example, mutations in the
basic regions as well as the zinc fingers were found to
inhibit the annealing of tRNALys

3 to the primer binding
site, whereas most site directed mutations, except for the
distal (C-terminal) zinc finger, were silent as to genomic
RNA dimerization. In contrast, the proximal (N-termi-
nal) zinc finger was critically required for genomic RNA
packaging. Recently, the CCHC fingers were found to be
required for efficient nucleic acid chaperone activity
including minus- and plus-strand transfer processes, as
determined using a mutant NC having SSHS sequences
instead of the native CCHC fingers (Fig. 1B) (7), and by
using CCHH or CCCC NC mutants (8). On the other
hand, the two basic regions of NC (Fig. 1C) can act as an
RNA chaperone by converting the dimeric form of a
39mer RNA corresponding to the dimerization initiation

site (Fig. 2) (9). It is difficult to compare these apparently
contradictory results because the experiments were per-
formed with different systems and conditions. Thus, it is
important to compare the function with same system and
conditions to examine the role of zinc fingers in the RNA
chaperone activity of NC.

To examine the RNA chaperone activity of NC, we used
the experimental system of a 39mer RNA (DIS39) cover-
ing the whole DIS sequence (10). DIS39 forms two types
of dimers, the kissing-loop and extended-duplex dimers
(Fig. 2), whose base pairing topologies have been con-
firmed by NMR analysis (11). They can be readily dis-
criminated on PAGE: both dimers retain their dimeric
states on electrophoresis through polyacrylamide gels
containing Mg2+. However, on PAGE without Mg2+, the
kissing-loop dimer separates into monomers, whereas
the extended-duplex dimer remains in the dimeric state,
because of their different Mg2+-dependent stabilities. As
reported in the previous paper, DIS39 mostly forms the
kissing-loop dimer by itself at 37�C (Fig. 3, lanes 1 and
12) and is converted into the extended-duplex dimer
when incubated at 55�C (lane 11).

We prepared three peptides, NCp7wt, NCp7-SSHS/
SSHS and NCBR[1+2], which correspond to NCp7 of the
pNL4-3 sequence, a mutant NCp7 having two SSHS
sequences instead of the two CCHC zinc fingers, and the
two basic regions of NCp7 of the LAV strain linked with
two glycine residues (Fig. 1). DIS39 was converted into
the extended-duplex dimer when incubated with equiva-
lent or more NCp7wt at 37�C (Fig. 3, lanes 2–4). On the
other hand, NCp7-SSHS/SSHS and NCBR[1+2] showed
chaperone activities that were nearly identical and lower
than that of NCp7wt (Fig. 3, lanes 5–7 and 8–10). This
result indicates that the two basic regions surrounding
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the N-terminal zinc finger has the RNA chaperone activ-
ity of NCp7 by themselves.

Although the NCp7wt sample used in the present
study contained Zn2+ to prevent the formation of
extended disulfide bridges within and among the mole-
cules, we demonstrated that Zn2+ is not required for the
efficient annealing activity in the DIS39 system in the
previous study (10). Judging from the above together
with the finding that NCp7-SSHS/SSHS and NCBR[1+2]
still have annealing activity, the two zinc fingers might
be important for defining the structural arrangement of
the two basic regions in the case of the DIS39 system.
Probably, the two basic regions in NCp7-SSHS/SSHS and
NCBR[1+2] cannot form the optimized arrangement of
the basic regions and/or residues for the chaperone activ-

ity. Some mutations in the basic regions as well as the
zinc fingers, but not the zinc coordinating residues
decrease the RNA chaperone activity for tRNALys

3
annealing (6, 12). This may also be due to the disruption
of the optimized arrangement of the basic regions and/or
residues. Probably because the process of conversion of
genomic RNA dimeric forms is simpler than that of
tRNALys

3 annealing, the effects of mutations on the
dimerization are less drastic than these on the tRNALys

3
annealing.

The NC domain of the Gag polyprotein has been found
to tightly bind to the genomic RNA dimer via SL2 and
SL3 stem-loops just downstream of the DIS (SL1) region
(3, 13). Thus, during virus particle formation, the zinc
fingers are involved in recognizing the genomic RNAs in
the first step and then, after cleavage of the Gag polypro-
tein (14, 15), the basic regions of NCp7 induce the confor-
mational change of the genomic RNA dimer, which is
optimized by the presence of the zinc finger regions. The

Fig. 1. Peptide sequences of NCp7wt, NCp7-SSHS/SSHS and
NCBR[1+2]. NCp7wt corresponds to NCp7 of the pNL4-3 sequence
(A). NCp7-SSHS/SSHS has two SSHS sequences instead of the two
CCHC zinc fingers of NCp7wt (B). NCBR[1+2] comprises the two
basic regions of NCp7 of the LAV strain linked with two glycine res-
idues (C). Recombinant NCp7wt and NCp7-SSHS/SSHS were
expressed and purified as described previously (7, 17, 18). Synthetic
peptide NCBR[1+2] was purchased from Sawady Technology
(Tokyo).

Fig. 2. RNA sequence of a 39mer RNA corresponding to the
dimerization initiation site (DIS39). DIS39 forms two types of
dimers, the kissing-loop and extended-duplex dimers, and NCp7
assists this conversion. RNA samples were synthesized enzymati-
cally by in vitro transcription with AmpliScribe T7 Transcription
Kits (Epicentre Technologies, WI, USA). Purification was performed
by PAGE using 30 cm � 40 cm glass plates (Nihon Eido, Tokyo)
under denaturing conditions, and extensive desalting by ultrafiltra-
tion (Centricon YM3., Amicon, MA, USA) was carried out.

Fig. 3. Assay for conformational conversion of DIS39 by
NCp7wt, NCp7-SSHS/SSHS and NCBR[1+2]. Samples were
incubated for 2.5 h at 37�C (lanes 1 to 10 and 12) or 55�C (lane 11).
DIS39 was incubated alone (lanes 1, 11 and 12), or with 1, 2 and 3
equivalents of NCp7wt (lanes 2, 3 and 4, respectively), NCp7-SSHS/
SSHS (lanes 5, 6 and 7, respectively) and NCBR[1+2] (lanes 8, 9
and 10, respectively). In the absence of Mg2+, the kissing-loop dimer
(K) separates into monomers, whereas the extended-duplex dimer
(E) retains the dimeric state during electrophoresis through poly-
acrylamide gels. Both dimers retain their dimeric states in the pres-
ence of Mg2+. The assay was performed as follows. After heating 12
�M DIS39 in 4 �l of water at 95�C for 5 min, it was chilled on ice for
5 min. Then 4 �l of 2 � PN buffer (1 � PN buffer contains 10 mM
sodium phosphate [pH 7.0] and 50 mM NaCl) was added. After var-
ious concentrations of NCp7wt or its related peptides in 12 �l of 1 �
PN buffer had been added, the RNA solutions were incubated at
37�C for 2.5 h and then treated with a phenol/chloroform solution
regardless of the presence or absence of a peptide. Ten �l of the
aqueous layer containing RNA was collected and mixed with 10 �l
of loading buffer containing glycerol, and bromphenol and xylene
cyanol dyes. The solution was then divided in two, which were sepa-
rately analyzed by electrophoreses through nondenaturing polyacr-
ylamide gels (10%) in TBM buffer (89 mM Tris, 89 mM borate, 1
mM MgCl2) and TBE buffer (89 mM Tris, 89 mM borate, 2 mM
EDTA), respectively, at room temperature. After electrophoresis the
gels were stained with RedStain (BioRad Laboratories, CA, USA)
and the RNA was visualized with an ultraviolet illuminator
(FASIII., Toyobo, Osaka).
J. Biochem.
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present study showed that the DIS annealing activity,
which reflects the conversion efficiency of the conforma-
tion of DIS, of NCp7 was also decreased to roughly 10%
by the SSHS/SSHS mutation, judging from the band den-
sities on the gel (Fig. 3). On the other hand, a previous
study showed that the SSHS/SSHS mutation resulted in
a <10% wild-type RNA content in the virus (7), suggest-
ing a possible relation between the packaging of genomic
RNAs and DIS annealing. It should be noted that dele-
tion of the DIS (SL1) region also resulted in a 10% wild-
type RNA content in the virus and the mutant virus
exhibited 10% infectivity (unpublished results). Darlix et
al. also suggested that RNA dimerization and packaging
are related events (5, 13), whereas Sakuragi et al. showed
that dimerization can be dissociated from packaging (16).
This possibility should be verified through future
research.
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