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Mutations were introduced by recombinant DNA techniques into the vpr open reading frame of an infectious
molecular clone of human immunodeficiency virus type 1. The effect of these changes on the replicative and
cytopathologic properties of the virus recovered from transfected cells was studied in several human CD4+
lymphocyte cell lines. In all cases, mutant viruses were infectious and cytopathic. However, when a low-input
dose was used, mutants grew significantly more slowly than the wild-type virus. The growth kinetics of vpr
mutants were distinct from those of vif and vpu mutants.

Human immunodeficiency virus type 1 (HIV-1) is the
primary etiological retrovirus of acquired immunodeficiency
syndrome and related diseases (4, 15, 18). The complete
nucleotide sequences of several distinct strains of HIV-1
have revealed a very complex genetic structure (17, 20, 23,
34). In addition to the three structural genes, gag, pol, and
env, in common with other retroviruses, six extra genes have
already been identified. Of these, two trans-activator genes,
tat and rev, are essential for virus replication (5, 7, 27, 32).
nef, vif, and vpu are not required for virus infectivity,
although mutations in these genes greatly alter the pheno-
types of the virus (2, 6, 17, 26, 28, 31, 32, 34). Recently,
Wong-Staal et al. reported the presence of another gene, vpr,
which could encode a protein recognizable by sera of some
HIV-1-seropositive people (37). Functional analysis of vpr,
however, has not yet been carried out. Therefore, we
investigated the effects of mutations in vpr on the replication
and cytopathogenicity of the virus.

Figure 1 shows the structure of the genomes used for this
analysis, including plasmids pNL-Nd and pNL-Ss, which
are vifand vpu mutants, respectively. An infectious proviral
DNA, pNL432, which expressed all known HIV-1 proteins
(1, 2, 30, 31, 36), was used to generate all mutants. The
mutants were constructed by insertional frameshift muta-
tions at the restriction endonuclease sites shown in Fig. 1.
The nucleotide sequence of the vpr region of pNL432 was

determined to compare it with the published data (Fig. 2A).
pNL432 contains vpr, which can encode 102 codons (96 from
the first methionine codon). It overlaps with the vifgene and
terminates after the first tat coding exon. The deduced amino
acid sequence of vpr is highly conserved among seven
proviruses used for comparison (Fig. 2B). Of note is the
presence of an infectious clone which can encode only 78
amino acids. This short version of vpr is due to a frameshift
in the 3' portion of vpr of clone HXB-2. This frameshift is
observed in other clones derived from the HIV-IIIB cell line
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(37). vpr mutants in this communication all have a short
amino acid sequence relative to the wild-type clone pNL432.
pNL-Af2 contains 27 amino acids, and pNL-Ec and pNL-Sl
contain 79.
The effects of alterations in the virus genome on the

production of virus particles were determined in transfection
assays. The mutants and pNL432 were introduced into
SW480 cells, which efficiently express transfected DNA and
produce high reverse transcriptase (RT) in the culture fluids
within 24 h (1). The amount of particles produced by the
mutants was comparable to that produced by wild-type DNA
following transfection into SW480 cells, as determined by
RT activity (Fig. 1). However, the results obtained with
mutants of other regulator genes were quite different. tat and
rev mutants showed no RT activity, while nef mutants
produced higher RT activity than the wild type (not shown).
The effects of virus infection were first monitored in the

Molt-4 clone 8 cell line (M4-8) by measurements of viable
cell number and cell-free RT activity. This cell line was
shown to be highly sensitive to cytopathic effects (CPE)
caused by HIV (14). Cell-free samples of vpr mutants and
wild-type virus particles were prepared from the superna-
tants of SW480 cells transfected with pNL-Af2, pNL-Ec,
pNL-Sl, or pNL432 by low-speed centrifugation and filtra-
tion through a 0.22-jim filter. M4-8 cells were infected with
equivalent amounts (RT units) of each virus preparation, and
HIV replication was monitored (Fig. 3). M4-8 cells infected
with wild-type virus displayed strong CPE, including bal-
looning, multinuclear giant cells, and ghost cells as early as
day 7. This profound CPE was followed by a reduction in the
number of viable cells (Fig. 3A). The viable cell number
reached a peak at day 7 and fell gradually during the
observation period. RT activity in the culture fluids began to
increase on day 7 and was maximum on day 16 (Fig. 3B).
The kinetics of vpr mutant viruses in M4-8 cell were quite
different. The appearance of CPE, reduction of cell number,
and RT production were observed with delayed kinetics,
occurring about 7 to 10 days after confirmation of wild-type
virus infection. No significant difference of kinetics was
found among cells infected with three mutants. Interestingly,
when 10-fold-higher input multiplicities were used, infection
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FIG. 1. Mutants used in this study. Schematic representation of HIV-1 proviral genome at the top. (A) Restriction enzyme sites used to

generate mutants; (B) mutant designations: (C) transient expression of RT activity in transfected SW480 cells (ATCC CCL228). All mutants

except pNL-Ss were constructed by cleaving plasmid DNA with the enzyme indicated, blunt ended by T4 DNA polymerase, and resealed

by T4 DNA ligase. Thus. pNL-Nd has a 2-base-pair insertion: pNL-Af2, pNL-Ec. and pNL-SI have 4-base-pair insertions. pNL-Ss was

generated by digesting DNA with Sspl. inserting an 8-base-pair Clal linker by T4 DNA ligase. and reclosing by T4 DNA ligase. When

necessary, the appropriate DNA fragment was first subcloned into pUC19, the mutation was introduced, and the mutated DNA was put back

into the infectious clone, pNL432. DNA structure was confirmed by restriction mappings and partial sequencings. For transient transfection

assays, proviral DNA was introduced into SW480 cells by the calcium phosphate coprecipitation method (11. 35). Cr in part C shows

nondetectable RT activity in pUC19-transfected cells. RT activity was measured as reported previously (36). kb. Kilobases.

kinetics were indistinguishable between wild-type virus and

v'pr mutants (not shown).

We also examined cell line variation in v'pr mutant respon-

siveness, using other human CD4' leukemia cell lines in-

fected with wild-type and mutant viruses. Infection experi-

ments were carried out as above, and CPE and RT activity

were monitored at intervals (Fig. 4). In two cell lines, Molt-3

(JCRB9048) and TALL-i (JCRBO086), similar delayed kinet-

ics of the mutant virus infection were noted. In A3.01 cells

(8), however, the time course of CPE and RT production was

similar between wild-type- and mutant virus-infected cells,

although RT activity persisted longer in cells infected with

the mutant virus. This "tailing" of RT production in v'pr
mutant-infected A3.01 cells was always seen in several

independent experiments. A3.01 cells differed from the other

two cell lines in that they could produce large amounts of

virus shortly after infection (Fig. 4). This property of A3.01

cells was considered to result in high multiplicities of infec-

tion at a very early stage in the time course experiment.

Therefore, A3.01 cells were infected with two different doses

of virus and RT activity was monitored (Fig. 5). Virus

growth kinetics differed little among the three viruses when

high multiplicities were used (Fig. 5, bottom). A 10-fold

reduction of input dose clearly delayed the infection kinet-

ics, particularly in vpr' mutant-infected cells. The effect of

multiplicities was not as drastic on the time course of RT

production in wild type virus-infected cells. By contrast, in

mutant-infected cells, the peak day of RT activity was

delayed several days and the level of activity was low.

Progeny viruses, produced in these four cell lines after

inoculation with the mutant virus (pNL-Af2), behaved ex-

actly like the vpr~mutant, suggesting that "reversion" had

not occurred (not shown).

The phenotype of the i'pi mutant was compared with those

of vi' and vpit mutants. Published reports have demonstrated

that iff is required for efficient virus transmission (6, 30) and

i'pu is required for virus maturation or assembly (31). A3.01

cells were infected with various viruses with quite high

multiplicities. Figure 6 shows the virus growth curves of i'W,

v,pr, vpu, and wild-type virus as determined by RT assays.

Again, little difference was seen between wild-type and v,pr
mutant viruses. The vif mutant, pNL-Nd, grew so poorly

that faint RT activity was detected as late as day 23 (Fig.

6A). RT activity was detected even 60 days after infection in

i',f mutant-infected A3.01 cells with very weak CPE,

whereas cells infected with vpr mutant or wild-type virus did

not produce RT activity 40 days after infection (A. Adachi

and K. Ogawa, unpublished observation). Figure 6B gives a

phenotypical comparison of vpr and vpu mutants. The

growth curve of the i'pu mutant was striking, although the

kinetics was similar to that of the wild-type virus. A several-

fold reduction in progeny virions (as determined by RT

assays) relative to wild-type virus was observed, as reported

(31) after the infection of A3.01 cells with a i'pi mutant, in

contrast to the phenotype of the Vpr. mutant. This growth

characteristic of the i'pi mutant was seen in another infec-

tion experiment that used 10-fold-lower input multiplicities

(not shown).

Our results suggest that 1'pr is necessary for efficient

replication of the virus and concurrent CPE in CD4' cell

cultures. In particular, pNL-Af2, which was constructed to

eliminate expression of most of the i'pr open reading frame,

is clearly inefficient for virus growth. The three i'pr mutants,

pNL-Af'2, pNL-Ec, and pNL-SI, showed similar delayed

kinetics of infection relative to wild-type virus. This suggests

that the C-terminal portion of i'pr' is important for v-pr
function (Fig. 2B3). However, v-pr is dispensable for growth

of the virus in CD4' cells. In our assay system, the function

of vpr' is only evident after multiple rounds of productive

infection have occurred, since the defective phenotype of
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FIG. 2. Sequence of pNL432 vpr region. (A) Nucleotide se-
quence of the vpr region. The nucleotide numbering system of
Wain-Hobson et al. (34) was used. Sequence was determined by the
dideoxy sequencing method (24). Both strands were sequenced. The
positions of the first methionine (M) and the stop codon (asterisk) in
vpr are indicated. A 4-base-pair insertion is shown above the
enzyme cleavage site (position also indicated). (B) Deduced amino
acid sequences of vpr of several HIV-1 strains, ARV2 (23), HXB2
(19), LAV (34), ELI (3), MAL (3), and HAT3 (29), are shown for
comparison. A one-letter amino acid code was used. Sequence is
from the first methionine codon (top left) to the stop codon (asterisk,
bottom right). Blank represents an amino acid identical to that of the
ARV2 strain. -, Deletion of the amino acid.

vpr mutants is very dependent on input multiplicities. This
mild effect of vpr mutation on virus replication is puzzling,
since this reading frame is well conserved not only among
many strains of HIV but also in the distantly related ungulate
lentivirus, visna virus (28). Moreover, some sera of infected
individuals recognize the bacterially expressed vpr products
(37). Conservation of the vpr open reading frame suggests
that it plays an important role in the life cycle of the virus.
Two possible functions for vpr can be considered. vpr may
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FIG. 3. Growth kinetics of 'pr mutants (Af2, Ec, and SI) and
wild-type virus (432) in M4-8 cells. (A) Viable cell counts per culture
as determined by trypan blue exclusion. (B) RT activity in culture
fluids (1.5 ,ul of supernatants). Cells were infected with the virus in
the presence of Polybrene, as reported previously (8). Equivalent
amounts of virus (2 x 105 cpm) were used to initiate infection.
Symbols: 0, mock; 0, pNL432; *, pNL-Af2; A, pNL-Ec; V,
pNL-SI.

be essential for the growth of HIV in cell types other than the
CD4t- lymphocytes used in this report. Productive infection
of monocytes and macrophages has been described recently
(10, 22). HIV has also been reported to propagate in the
central nervous system (13, 21, 25). vpr may perform a
function needed in these tissues. Alternatively, vpr may
exert a function not readily measured in the tissue culture
system. Nonpathogenic simian immunodeficiency virus iso-
lated from African green monkey lacks the vpr open reading
frame (9).
At present, the exact nature of vpr is not clear. vpr can

affect any step of the virus growth cycle (adsorption, pene-
tration, uncoating, transcription, mRNA processing, trans-
lation, protein processing, assembly, or maturation) and
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FIG. 4. Growth kinetics of a i'pr mutant (Af2) and wild-type
virus (432) in three human lymphocyte cell lines. Molt-3. TALL-1,
and A3.01, by RT assays. Values at the top indicate day after
infection. Equivalent dose (5 x 104 cpm) was used for infection.
Molt-3 and TALL-1 lines were obtained from the Japanese Cancer
Research Resources Bank.

mutants exhibiting the phenotype described here. Several
characteristics of vpr- mutants should be pointed out. No
significant difference in the transient expression of either
wild-type or 'pr mutant plasmids was observed by immuno-
blotting or electron microscopy (N. Ono, K. Ogawa, A.
Adachi, and S. Ueda, manuscript in preparation), and RT
activities in the culture fluids were indistinguishable. Growth
kinetics of the i'pr mutant is clearly distinct from those of v'if
and ipu mutants. These results suggest that HIV vpr is not
important in the transmissibility, in the regulation of viral
gene activity, or in the assembly and release of progeny
virions. However, detailed genetic analysis coupled with
biochemical study needs to be carried out to determine the
function of 'pr. In this respect, we have generated mutants
affecting other genes, and complementation experiments are
in progress in our laboratory. A comparative functional
study on l'pr of HIV-2 (12) is also important to evaluate this
question further.
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FIG. 5. Effect of input multiplicities on growth kinetics of vpr

mutants (Af_ and SI) and wild-type virus (432) in A3.01 cells by RT
assays. Values at the top indicate day after infection. Input amounts
of virus used for infection were 3 x 103 cpm (from 2nd line 2 to line
4) and 3 x 104 cpm (from line 5 to line 7).
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FIG. 6. Growth kinetics of vif (Nd). i'pr (Af2), and v'pu (Ss)
mutants and wild-type virus (432) in A3.01 cells by RT assays.
Values at the top indicate day after infection. Input dose for
infection was 3 x 104 cpm. Experiments in parts A and B were
carried out independently.
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